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Abstract
Central nervous system infections are of an important focus for clinical research, especially
in tropical settings such as Vietnam. Of particular concern is cryptococcal meningitis, a leading cause of death particularly in HIV patients. These issues suggest studies to improve our
understanding of the epidemiology of central nervous system infections, and to advance the
treatment of cryptococcal meningitis. With this thesis, I study the changing aetiology and
outcomes of central nervous system infections at Cho Ray Hospital in Ho Chi Minh City,
Vietnam and assess tamoxifen in combination with standard antifungal therapy for cryptococcal meningitis, and characterize the clinical Cryptococcus isolates as well as electrocardiograms in the tamoxifen trial.
The first results chapter, Chapter 2, I conducted a retrospective study of central nervous system infections presenting to Cho Ray Hospital, Ho Chi Minh City, Vietnam, from 2008 to
2017. Cryptococcal meningitis is an especially severe CNS infection, and the basis of my thesis is an open label randomized controlled trial of tamoxifen combined with amphotericin B
and fluconazole for cryptococcal meningitis, which aimed to improve treatment outcomes.
This trial is presented in Chapter 3. In chapter 4, I describe the characteristics of clinical
Cryptococcus isolates in the tamoxifen trial and investigate their association with the outcomes of the trial. Because QTc prolongation can be driven by the study drug, tamoxifen, I
then characterized QTc and other electrocardiogram data of patients in the tamoxifen trial,
in chapter 5.
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Introduction

1.1. EXECUTIVE SUMMARY OF THESIS
Central nervous system (CNS) infections are a major concern globally because they cause
high mortality and morbidity. In my work as an infectious disease doctor at Cho Ray Hospital, I see a large number of patients presenting with meningitis and or encephalitis due to a
number of different pathogens. The outcomes from these different syndromes are variable.
To better understand their relative impact in my practice, I conducted a retrospective review
of CNS infections presenting to Cho Ray Hospital, Ho Chi Minh City. This study is presented in chapter 2. I used high level hospital coding data to define the relative burden of
each disease, and determine how patterns of disease have changed over time. I performed an
in-depth case record review of patients with cryptococcal meningitis because this is an especially severe CNS infection with a clear need to improve treatment. I also performed an indepth review of cases of community-acquired bacterial meningitis, because we see large
numbers but there appears to have been little progress in improving outcomes from this
disease globally in recent years.
I then co-designed and implemented a small phase 2 trial repurposing tamoxifen as a potential antifungal treatment for cryptococcal meningitis. This study is presented in chapter 3. In
the following chapter, I describe the genotyping, phenotyping and drug susceptibility characteristics of the clinical Cryptococcus isolates from the tamoxifen trial in order to understand
how these may have affected patient outcomes. In the final data chapter, I investigate the
impact of cryptococcal disease and tamoxifen on the cardiac cycle. A number of anti-
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microbials are associated with prolongation of the QT interval of the ECG, which is associated with life-threatening arrhythmias. Antifungals are no exception, with fluconazole listed
as having this side-effect. In addition, amphotericin also causes electrolyte disturbances
which can affect cardiac depolarization. Tamoxifen is also reported to cause QT prolongation, although the clinical consequences of this are not clear. My trial was an opportunity to
carefully described the impact of these interventions, cryptococcal meningitis itself, and electrolyte disturbances on the ECG.
To set this planned work in context, in this introduction I provide a review of the epidemiology of CNS infections in general, and a review of treatment and outcomes from cryptococcal meningitis.

1.2. CENTRAL NERVOUS SYSTEM INFECTIONS
1.2.1. Global Epidemiology
Central nervous system (CNS) infections can involve the meninges (meningitis), the cerebral
parenchyma (encephalitis) or both (meningoencephalitis). The incidence and aetiology of
CNS infections are affected by geographical location.
The incidence of CNS infections varies by geographical region. In European countries, for
example, Denmark, between 1990 and 2012 the incidence was 17.7 cases per 100,000 person
years; this contrasts with the incidence of 35.6 per 100,000 person years reported from
Greenland [1]. In United Kingdom in 2010, the annual incidence for bacterial meningitis
was 2.9 per 100,000, 4.1 per 100,000 for aseptic meningitis, and 2.9 per 100,000 for encephalitis [2]. However, the scale of the problem in poorer and tropical countries is less well characterized. According to a prospective study in Congo from 2012 to 2015, there were 63 patients presented with bacterial meningitis and unspecified meningoencephalitides accounting for about 20% of a total 351 patients with neurological disorders [3]. A retrospective study
from 37 referral centres in 20 countries between 2012 and 2014 showed a total of 2,583
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patients with community-acquired CNS infections where Streptococcus pneumoniae (n =
206, 8%) and Mycobacterium tuberculosis (n = 152, 5.9%) were the most common causative
agents [4].
In Asian regions, and particularly in Southeast Asia, the disease burden and aetiology of CNS
infections are poorly understood due to the lack of advanced microbiological resources and
national surveillance programmes. Studies variably report that aetiologies are identified in
40-50% of patients with CNS infections [5-7]. Outbreaks of CNS infections have been reported due to Streptococcus suis and enterovirus serotype 71 (EV71) [8-11]. Arboviruses such
as Japanese encephalitis and dengue fever are also important causes in the region that can
show geographical localisation and variability with seasons. Southeast Asia is also considered
a hotspot for emerging infectious diseases including CNS infections. The probable explanation is multifactorial but includes rapid population growth, high population density, rapid
urbanization, significant population movement (e.g., migration to the cities), close contacts
with wild and domestic animals, poorly regulated animal trade, developing water and sanitation infrastructure, changing land use, and potentially climate change [12]. Socio-economic factors including access to vaccines may also affect incidence and aetiology, as I will
highlight by specific examples in following sections.
Acute Bacterial Meningitis
Bacteria are important aetiologic agents of CNS infections and can cause widely varying clinical presentations. The paradigm is acute bacterial meningitis (BM), globally the commonest
CNS infection, with an estimated incidence in adults in the western world ranging from 0.6
to 4 per 100,000 population per year [13]. However, in wealthy countries, as result of the
introduction of national vaccination programs for organisms including Hemophilus influenzae type b, Streptococcus pneumoniae, and Neisseria meningitidis, the incidence of BM due to
these common pathogens has decreased significantly over the past decade [14-16]. In a recent study from Turkey, the annual incidence of laboratory-confirmed BM among hospitalized persons between 1 month and 18 years of age ranged from 0.3 to 0.9 per 100,000
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population in 2013 and 2014 [17]. In Japan between 2013 to 2015, paediatric BM due to H.
influenzae and S. pneumoniae significantly decreased from 0.06 to 0.01 per 1,000 and from
0.3 to 0.09 per 1,000 admissions every year respectively [18]. Similar low incidence rates of
invasive meningococcal disease in North America and Europe (0.5 to 0.9 per 100,000 population) contrast dramatically with the African meningitis belt where rates can vary between
10 and 1,000 per 100,000 of the population [19].
In Asian and Southeast Asian countries, Streptococcus spp. are the most common causative
microorganisms, accounting for up to 40% of all confirmed cases of bacterial meningitis [2022]. Of particular note is disease due to infection with Streptococcus suis, a primary pathogen
of pigs. This is a particularly important cause of bacterial meningitis in China, Vietnam, and
neighbouring countries where small scale pig rearing and undercooked-pork consumption
are common practices [23-26].
There is an emergence of acute bacterial meningitis caused by antibiotic resistant bacteria,
including Gram negative organisms, which challenges the effective treatment of this disease.
Klebsiella pneumonia, Escherichia coli, Acinetobacter baumannii were the most frequent
pathogens of Gram-negative bacterial meningitis which can occur as either spontaneous or
nosocomial infections following neurosurgery [27-32]. While carbapenem-resistant Acinetobacter baumannii is common post-neurosurgical meningitis according to studies in the USA,
Taiwan and Turkey [33-36], patients with Gram negative bacterial meningitis due to
Klebsiella pneumonia, Escherichia coli often have immunocompromised status, and some of
them have coinfection with disseminated strongyloidiasis [27, 30].
An important causative agent of BM not to be overlooked is Listeria monocytogenes, which
is particularly important in neonates, pregnant women, and elderly patients, although disease is occurs in all age groups. The reported incidence varied from 0.61 to 0.53 cases per
100,000 population in the Netherlands from 1985 to 2014 [37]. Listeriosis has rarely been
reported from the developing world. The first cases in Vietnam were reported in 2010 [38].
This low reporting rate may represent lack of clinical suspicion and misdiagnoses
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(particularly as tuberculous meningitis and brainstem encephalitis). However, changes in
culture may in part explain an emergence of this pathogen, as a consequence of changes in
dietary habits, the development of supermarkets and the chilled food chain. If this is the
reason, then more cases are to be expected, but currently data are lacking.
Brain abscesses
Bacterial brain abscesses occur either due to spread from adjacent sites of infection or
through hematogenous seeding in the setting of bacteraemia. The risk factors for brain abscess development include otitis media and other sinus infections, intracranial surgery, endocarditis, and immunosuppression [39-41]. The most common bacterial pathogens associated with brain abscess are anaerobes arising from the normal microbiota of mouth and upper respiratory tract. In one case series, the prevalent anaerobes included anaerobic streptococci, Prevotella melaninogenica, Propionibacterium species, Fusobacterium species, Eubacterium species, Veillonella species, and Actinomyces species. These were isolated from about
50% of the patients, either alone or in combination with aerobic bacteria [42]. Aerobic bacteria implicated include viridians streptococci, microaerophilic streptococci, and Staphylococcus aureus. S. aureus is significant cause in brain abscesses associated with neurosurgery
or trauma [43]. Epidemiological data are lacking. The most detailed surveillance data comes
from Denmark and Finland where the reported incidence was estimated to be 0.3 to 0.4 per
100,000 in the period 1970 to 2000 [44, 45].
Brain abscess reports from Asia share some common characteristics with reports from other
parts of the world in terms of causative microorganisms and predisposing factors. Data from
Thailand, showed that pyogenic brain abscess is frequently reported in elderly or paediatric
males [46]. Streptococci, Proteus, and Staphylococcus aureus were the leading causative agents.
Of note, brain abscess due to Burkholderia pseudomallei, a soil saprophyte associated with
sepsis occurring during the rainy season particularly in Thailand, is reported as a potential
cause in that location. Data from a 14-year population-based cohort study in Taiwan (2000
to 2013), suggested an overall incidence of brain abscesses of about 1.88 per 100,000
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population-years [47]. However, in the over 60 year-olds, this rose to 4.67 per 100,000 person-years.
An important non-bacterial cause of brain abscess is Toxoplasma gondii. This is a frequent
cause of brain infection in profoundly immunosuppressed HIV infected patients [48]. Diagnosis is made through confirmation of immunosuppression, contrast-enhanced MRI or CT
brain scanning, and trial of treatment.
Tuberculous Meningitis
CNS involvement, presenting as a meningoencephalitis, accounts for about 1-5% of cases of
active tuberculosis [49, 50]. A recent systemic surveillance estimated that in 2019, there were
164,000 adults developed TBM globally; 23% were among people living with HIV [51]. HIV
infected persons are at higher risks of developing TBM [52]. Generally, the prevalence of
TBM-HIV co-infection ranges from 12.1% to 30% [53]. In high HIV prevalence settings such
as South Africa, TBM accounts for about 50% of all CNS infections in adults [54, 55]. The
epidemiology of tuberculosis has changed in Western countries because of the less important
role of HIV infection with the increasing availability of effect anti-HIV therapy [56]. A recent
study from Spain found that while there was a significant decrease in tuberculosis incidence
overall, there was in fact a trend for the TBM incidence to remain stable [57]. The authors
suggest this is due to a rise in ageing, comorbidities, and non-HIV immunosuppression in
the population [56].
In Southeast Asia, there were an estimated 4.3 million people of TB and estimated 632,000
died from this disease which accounted for more than half of worldwide TB deaths [58]. The
proportion of TBM varied according to countries in this region. For instance, the proportion
of TBM in Thailand was 37% of chronic meningitis [59] while TBM in Indonesia accounted
up to 82% of sub-acute meningitis [60]. Five year data in Vietnam showed that there were
3,447 TBM of a total 62,487 TB patients (5.5%) [51].
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Viral meningoencephalitis
Viruses including herpes virus, arboviruses, and enterovirus are also important causes of
CNS infections. The Danish population-based cohort study found that the highest incidence
of viral meningitis was seen in the first 6 months of life (38.7 per 100,000 person years) [61].
Studies from Canada and England estimate the incidence of viral encephalitis to be in the
order of 3-8 cases per 100,000 population per year [62, 63]. Amongst adults, Herpes simplex
virus (HSV) is considered one of the most important causes of encephalitis. The incidences
of HSV encephalitis are variously reported from 2.2 to 12 cases per million of the population
per year in Sweden, France and Denmark depending on the methodological approaches [6466].
Contrastingly, in Asia and the western Pacific Japanese encephalitis (JE) virus (JEV) is the
leading cause of encephalitis. There are an estimated 67,900 cases of JE annually in 24 JEendemic countries equivalent to an incidence of 1.8 per 100,000 overall [67]. A recent prospective study on acute paediatric encephalitis from four countries including Cambodia,
Laos, Vietnam and Myanmar in Southeast Asia (SouthEast Asia Encephalitis project-SEAe)
showed that Japanese encephalitis virus (JEV) and Enterovirus 71 (EV71) are the most common aetiologies [68]. In Thailand, JEV is also an important cause of encephalitis in both
children and adults accounting for approximately 15% of hospitalized encephalitis cases
[69].
Cytomegalovirus (CMV) is a rare cause of viral encephalitis in adults but an important cause
of morbidity and mortality in immunocompromised individuals, those on immunosuppressant therapy and recipients of solid organ transplants or hematopoietic stem cell transplant
[70, 71].
Parasitic meningoencephalitis
There are a number of parasitic and multicellular organisms capable of causing meningoencephalitis. This most frequently presents as a subacute illness characterized by the presence
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of eosinophils on CSF examination. Diagnosis is frequently delayed. In Asia, Angiostrongylus
cantonensis is probably the most frequent culprit, but accurate diagnosis is inhibited by a
lack of specific and sensitive tests. Accurate incidence of this disease is currently unavailable.
The incidence of neurocysticercosis, a CNS infection caused by the larvae of the pork tapeworm Taenia solium, is estimated from 0.2 to 0.6 cases per 100,000 population in America
[72]. Other important causes of parasitic meningoencephalitis include Gnathostoma spinigerum, Spirometra mansoni (sparganosis). Here a detailed history of dietary habits can be
helpful in identifying the probable cause, but treatment options are limited. Non-parasitic
cases of eosinophilic meningitis include tuberculosis, drugs, and neoplasia.
Fungal CNS infections
Fungal CNS infections most usually occur in immunocompromised patients and were very
rare before the HIV pandemic. Globally, Cryptococcus is the most important cause in HIV
patients and those with other forms of immunosuppression including prolonged corticosteroid therapy, organ transplantation, neutropenia, and solid and haematological malignancies.
However, up to 20% of patients with cryptococcal meningitis may have no clear underlying
risk factors [73-75]. Cryptococcal meningitis will be further reviewed in the Section 1.4 of
this thesis.
Other fungi that can affect CNS infections include Aspergillus species, Mucorales (Rhizopus,
Mucor, and Rhizomucor), which most usually present with intracranial mass lesions.

1.2.2. Risk factors
Risk factors for CNS infections include HIV infection, diabetes, chronic organ diseases
(asthma, chronic obstructive pulmonary disease (COPD), renal impairment, cirrhosis), malignancy, long-term steroid treatment, and biologic immunomodulatory therapies (TNF inhibitors, B cell targeted agents) [76-78]. Breach of the skull integrity is also an important risk
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factor for CNS infection – for example skull fracture involving breach of the sinuses, penetrating skull injuries, and cerebral surgery.

1.2.3. Diagnosis
Early diagnosis of CNS infections plays an important role in disease management. In addition to obtaining a detailed history and clinical examination, cerebrospinal fluid (CSF) examination is the main investigation that enables the narrowing of the differential diagnosis.
CSF cytology, biochemistry and staining provide the most helpful data in initial decisionmaking and guide institution of appropriate empirical treatment. Simple microbiological
staining measures are useful in the hands of skilled operators. Gram’s stain of CSF has good
specificity in BM (up to 97%) but can be negative in 40-75% of cases depending upon the
concentration of microorganisms. In TBM, the sensitivity of Ziehl-Nielsen (ZN) staining for
acid-fast bacilli (AFB) in general practice is only 5-30%, although can be significantly higher
when larger volumes of CSF are used and in specialist centres. Consistently, the aetiology
remains unconfirmed in up to 50% of cases of clinically diagnosed viral encephalitis [79].
The CSF examination in viral encephalitis often demonstrates a result consistent with aseptic
meningitis in terms of cell counts, protein and glucose.
CNS imaging is considered depending upon availability of resources and clinical status of
the patient. CT- scan and MRI may show abnormalities in encephalitis. The temporal lobes
are often affected in case of HSV encephalitis although other aetiologies should be considered in differential diagnosis such as neurosyphilis, Japanese Encephalitis virus [80-83]. Brain
scanning with contrast, either CT or MRI, is important where brain abscesses, other spaceoccupying lesions, or raised intracranial pressure are suspected [84].

1.2.4. Treatment
Timely instigation of treatment is key in ensuring the best possible outcomes and therefore
treatment of CNS infections is often empirical. It should be started as soon as possible.
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Unfortunately, effective treatment does not exist for all pathogens. In addition, the rise of
bacterial drug resistance is a major concern globally, particularly for pneumococcus and
Gram-negative organisms, and influences the treatment of CNS infections [85, 86]. Understanding the prevalence of resistant organisms in particular localities is key in designing effective empirical therapy. Regarding encephalitis, supportive therapy and management of
complications have been recommended while there are limited specific antiviral drugs except
acyclovir for HSV and ganciclovir in CMV infections [87].
The use of adjunctive dexamethasone for acute bacterial meningitis globally remains controversial, although data from Vietnam and Europe suggest that it can reduce the incidence of
death or complications [88, 89]. Adjunctive dexamethasone improves survival in patients
over 14 years of age with TBM with persisting benefit for at least two years after diagnosis,
but probably does not prevent severe disability [90, 91]. Adjunctive dexamethasone has been
shown to be harmful in cryptococcal meningitis, with increased risk of adverse events [92].

1.2.5. Outcome and prognosis
The limited capacity of brain tissue to regenerate means that the outcomes of CNS infections
are often poor. Complications can be immediate or delayed and include shock, coma, seizures, paralysis, intellectual deficits, deafness, blindness, and death.
The death rate from acute bacterial meningitis depends to some extent upon the infecting
organism and resources of the treating centre. Death rates of between 25-33% are typical
according to reports from the US, Denmark, and Netherlands [93-95]. Meningitis is the most
devastating clinical manifestation of tuberculosis killing about 30-40% of adult patients [91,
96, 97]. The mortality rate from Japanese encephalitis is 30% [98]. With the improved diagnosis thanks to the increased availability of CT scanning, mortality from brain abscess has
declined from approximately 50% to less than 20% [99].
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In terms of risk factors for death, the results of a retrospective study in Turkey identified that
three factors - age, level of consciousness at admission and corticosteroid treatment - were
associated with mortality in pyogenic brain abscess [39]. Predictors of death in patients with
encephalitis (all cause) included status epilepticus, cerebral oedema, and thrombocytopenia
[100].
Many survivors are left with residual neurological sequelae. Rates in survivors vary between
30% and 50% after BM, TBM, and JE [94, 98, 101, 102]. Three factors including older age,
delayed initiation of acyclovir treatment and a high Knaus score or high Apache score (a
score that classifies disease severity based on physiologic status, age, and pre-existing health
conditions) were associated with poor outcome in herpes simplex encephalitis (HSE) but
there was no association between CSF HSV load and outcome [103, 104]. Eastern equine and
St. Louis as well as West Nile Virus encephalitis generally have high mortality rates and neurologic sequelae and mental disability were seen among survivors with JE [105, 106].

1.3. CENTRAL NERVOUS SYSTEM INFECTIONS IN VIETNAM
CNS infections are of special concern to clinicians in lower-middle income countries including Vietnam, as they occur more commonly and have higher mortality and disability in these
regions. A recent prospective study from Hanoi reported that a microbiologically confirmed
diagnosis was made in just over 25% of patients and confirmed BM accounted for the largest
proportion [107]. Regarding confirmed and suspected cases, BM was the main type of CNS
infections followed by TBM and aseptic encephalitis/meningitis. The data from a referral
hospital in Ho Chi Minh City had results consistent with this [108]. This low rate of confirmed diagnosis is likely caused by previous antibiotic treatment, natural clearance of virus,
lack of PCR, and delayed lumbar puncture (i.e., after sterilization has been achieved with
empirical therapy) [109].

1.3 CENTRAL NERVOUS SYSTEM INFECTIONS IN VIETNAM

12

1.3.1. Bacterial meningitis
Most aetiological data have come from recent studies conducted in southern Vietnam [25,
110, 111]. These series have identified Streptococcus suis as the leading cause of BM accounting for 40% of BM cases. Other causes included Streptococcus pneumoniae (23%), Neisseria
meningitidis (8%), Klebsiella pneumoniae (3%), and 2.5% each for Escherichia coli, Hemophilus influenzae, and Staphylococcus aureus. Streptococcus suis, the main cause of BM, is associated with occupational exposure to pigs/pork or consuming practice of undercooked pig
products in Vietnam [25].
The overall mortality rate is about 10%. The highest death rate occurred in Gram negative
rod infections (60%), followed by Listeria sp. (50%) and Streptococcus pneumoniae (15%)
[112].
Data on brain abscesses are limited in Vietnam. To date, very few studies have described the
clinical manifestations, microbiological aetiologies, and outcomes here [113].

1.3.2. Tuberculous meningitis
Severe outcomes from TBM are strongly associated with delayed diagnosis and treatment.
The development of the GeneXpert test has resulted in significant gains in diagnostic sensitivity but is generally available only in larger centres [114]. Thwaites devised a scoring system
that enabled the differentiation of TBM from BM using five features including age, length of
history, white blood cell count, CSF white blood cell count and CSF neutrophil proportion
[115]. However, this scoring system has had limited evaluation in different settings and its
performance where the case mix differs significantly is unknown. In particular, its performance is compromised where patients have HIV infection [116].
The treatment of TBM in HIV infected patients in Vietnam is challenged by high TB drug
resistance rates according to a study from the Hospital for Tropical Diseases, Vietnam. This
found that 13% of patients had mono-resistance, 32.6% poly-resistance, and 8.7% multidrug
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resistance [111]. However, even in the absence of drug resistance outcomes from TBM remain poor, with around 20% of patients dying by 9 months. The vast majority of deaths
occur within the first 4 weeks, suggesting that they are likely a direct result of the pathogen
itself rather than a complication of disability. However, a recent trial in HIV infected and
HIV uninfected adults which compared a standard anti-tuberculosis regimen with an intensified regimen, of presumed greater sterilizing power, unfortunately found no significant improvement in outcomes [97]. In this study three baseline variables were found to be independently associated with death: British Medical Research Council (UK MRC) TBM grade;
low serum sodium, and decreased CSF lymphocyte percentage. HIV infection and drug resistant TB also significantly reduced the survival rate.

1.3.3. Viral meningoencephalitis
According to previous studies conducted in Vietnam, Japanese-Encephalitis Virus (JEV),
Dengue Virus (DENV), HSV, and enterovirus 71 are the leading causes of viral CNS infections [6, 117]. Viral encephalitis accounted for about 20% of CNS infections in both adult
and children. Patients infected with JEV were mostly young adults and were significantly
younger than the other patients with DENV and for those with HSV [117]. No clear seasonal
trend has been identified for specific viral infections except JEV, which peaked in June, when
the rainy season begins in the southern part of Vietnam [117].
The mortality rate of viral encephalitis overall in Vietnam was reported to be 10% but was
particularly marked in patients with confirmed HSE (47%) [117].

1.3.4. Parasitic CNS infections
Parasitic meningitis is uncommon in Vietnam, with microbiological confirmation remaining
elusive. It is treated empirically with the broad spectrum albendazole, and adjunctive corticosteroids, which have been shown to be of benefit in reducing the time to defervescence
[118]. Several parasites that can invade the CNS are endemic in Vietnam, including
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Angiostrongylus cantonesis [119], Gnathostoma spinerigium [120], Trichinella spiralis [121],
Cysticercosis [122], Paragonimus and Toxocara [123, 124].

1.3.5. Fungal CNS infections
According to Beardsley et al., there were an estimated 2 million cases of serious fungal infections in Vietnam in 2012 [125]. However, few data exist regarding the fungal causes of CNS
infections other than Cryptococcus in Vietnam.

1.4. CRYPTOCOCCAL MENINGITIS
1.4.1. Cryptococcus sp.
Cryptococcus neoformans was first isolated from peach juice in 1894 (Sanfelice, Italy) and at
the same time, the first case of cryptococcosis was reported by Busse [126]. Since then, the
characteristics of Cryptococcus have been described deeply. The C. neoformans species complex includes C. neoformans (formerly C. neoformans var grubii) and C. deneoformans (formerly C. neoformans var neoformans) which have been known as serotype A and D, respectively. Cryptococcus gattii (serotype B or C) has been classified as a separate species from C.
neoformans since 2002 [127, 128]. C. neoformans and C. gattii can be distinguished by using
different methods including L-canavanine-glycine bromothymol blue agar (CGB), serotyping, RAPD patterns, PCR fingerprints, RFLP patterns, AFLP patterns and DNA sequencing
[129-133]. Cryptococcus spp. are dimorphic yeasts. They are most commonly described in
the asexual yeast form, where they consist of oval to spherical cells with a prominent polysaccharide capsule, and reproduction occurs through budding. Clinical disease is always due
to infection with the yeast form. Cryptococcus also have a sexual or ‘perfect’ state characterised by the presence of basidiospores. However, this has only been observed under laboratory
conditions [134]. When grown in the laboratory Cryptococcus presents as mucoid
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white/cream colonies which generally are apparent 36 to 72 hours following inoculation of
blood or Sabouraud’s agar.
Cryptococcosis was previously considered a rare disease until the wide use of immunosuppressive therapy from the 1970s and the emergence of HIV in the 1980s. The two commonest
causative agents in humans are Cryptococcus neoformans and the Cryptococcus gattii species
complex. These two species are quite different regarding geographic distribution, ecology,
host range, phenotyping, and target organs. These characteristics are shown in Table 1-1.
Table 1-1. Characterization of Cryptococcus neoformans and Cryptococcus gattii.
Characterizations

C. neoformans

C. gattii

Geographic distribution

Worldwide distribution (~80%)

Less frequent globally (<20%)
Prevalent presenting in tropical and subtropical regions and infrequent in temperate zones

Ecology
Host range

Avian guanos, bark, tree trunk
hollow
A vast majority of patients having
immunocompromised

Eucalyptus camaldulensis, contaminated soil
Apparently normal individuals

Phenotyping

Uniformly globose

Mixture of globose and oblong to elliptical cells

Target organs

CNS infections

Pulmonary infection is more common

1.4.2. Cryptococcal meningitis – global epidemiology
According to a study published in 2009, an estimated 1 million cases of cryptococcosis occurred per year globally [134]. Since then, due to the expansion of antiretroviral therapy
(ART), the number of vulnerable globally has decreased. More recently Rajasingham and
colleagues estimated there were about 220,000 incident cases of cryptococcal meningitis
(CM) in 2014, but depressingly these led to >180,000 deaths. The main burden of CM is
where the burden of HIV infection is greatest-regions such as Sub-Saharan Africa and the
Asia-Pacific with estimated cases numbers of 162,500 and 43,200 annually, respectively (see
Figure 1-1). Notably, in these two areas the death rates remain as high as 80% (135,900) and
90% (39,700), respectively [135].
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Figure 1-1. The cryptococcal infection annual incidence around the world [135].

Two Cryptococcus species account for disease in humans: C. neoformans and the C. gattii
complex. C. neoformans is seen in HIV infected patients and others with immunosuppression
including prolonged steroid use, organ transplantation, advanced malignancy, diabetes, sarcoidosis and idiopathic CD4 lymphocytopenia. C. gattii is rarer but is well recognized to
cause disease in immunocompetent individuals. In Asia, disease due to C. neoformans is seen
in "apparently immunocompetent" patients (i.e., patients who have no evidence of immunodeficiency on routine tests, concomitant medication associated with immunosuppression or
past medical history suggestive of an immune deficit) [136-139].

1.4.3. Cryptococcal meningitis in Vietnam
CM in HIV patients and other forms of immunosuppression is most usually due to infection
with either C. neoformans (formerly C. neoformans var. grubii) and C. deneoformans (formerly C. neoformans var. neoformans). CM is rare in immunocompetent patients and a prospective study conducted at the Hospital of Tropical Diseases found that uninfected patients
in Vietnam is most commonly due to Cryptococcus neoformans var. grubii [137, 139].
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Vietnam has contributed significantly to the development of optimal treatment for cryptococcal meningitis. The Hospital for Tropical Diseases and Oxford University Clinical Research Unit (OUCRU) delivered the largest ever trial in cryptococcal meningitis at a single
site and the first powered to a mortality endpoint to demonstrate that combination therapy
with amphotericin and flucytosine is associated with improved survival compared to amphotericin alone [140]. A subsequent study found adjunctive treatment with dexamethasone did
not reduce mortality among patients with HIV- associated cryptococcal meningitis and was
associated with more adverse events and disability [92]. Importantly, in both these studies,
the rate of clearance of yeast from CSF was highly associated with outcome, with more rapid
rates of clearance being associated with reduced risks of death or death and disability. Therefore, improving the potency of antifungal therapy is likely to result in improved outcomes.

1.4.4. Clinical manifestation
Exposure to Cryptococcus neoformans is believed to occur early in the first two decades of life
with increasing prevalence of antibody seropositivity as age increases. Disease in the main is
believed to be a consequence of recrudescence of infection due to acquired immunosuppression [141]. The yeast can traverse the blood brain barrier and invade the meninges and parenchyma [142].
The clinical manifestations of cryptococcosis are different according to the organ it affects.
Generally, infection is chronic or sub-acute, and the onset may range from weeks to months.
Cryptococcal meningitis has a subacute neurological presentation with headache, fever, nausea and vomiting as well as mental status alteration. Particularly, visual defects have been
reported in many cases of cryptococcal meningitis [143]. The clinical findings vary among
patients depending on their HIV status and species of Cryptococcus. HIV uninfected patients
may have a more insidious onset resulting in delayed diagnosis and treatment. Apart from
the brain, cryptococcosis is also frequently found in lungs [144]. The clinical manifestations
of cryptococcal pneumonia include persistent fever and cough. Other forms of
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cryptococcosis include skin, prostate, and disseminated disease [145]. Possibly as result of
stimulating more robust secretion of pro-inflammatory cytokines, C. gattii infections have
been associated with an increased risk of inflammatory sequelae compared with C. neoformans [146].

1.4.5. Diagnosis
The diagnosis of cryptococcal meningitis is relatively straightforward. Disease can be confirmed by the demonstration of the presence of Cryptococcus in CSF through India ink counter staining, which reveals the presence of oval to spherical encapsulated yeasts with budding.
India ink examination of CSF has a diagnostic sensitivity of 70-90%. Cryptococcal antigen
detection tests have been available for many years and are highly specific and sensitive. The
past 10 years has seen the development of the Cryptococcus antigen (CrAg) lateral flow assay
(LFA), which in HIV infected patients has a sensitivity of up to 98% in CSF or serum [147].
A finger prick of blood is sufficient for diagnosis and allows bedside diagnosis in resourcepoor settings. Because the burden due to cryptococcosis in HIV patients, the World Health
Organization (WHO) recommends routine LFA test for HIV infected patients with CD4
count less than 200 cells/ul [148]. Culture of CSF is also highly sensitive, with characteristic
beige colonies being visible with the naked eye on solid media within 48-72 hours. The vast
majority of HIV infected patients will also have positive blood cultures if taken prior to treatment, although blood is usually rapidly sterilized within a few days of treatment. The cerebrospinal fluid (CSF) in cryptococcal meningitis is characterized by mildly to intermediately
elevated white cell count, protein, and low glucose.

1.4.6. Treatments
Antifungals
Amphotericin B (AmB) is the key antifungal treatment for cryptococcosis. It has fungicidal
activity through binding to sterols in the cell membrane resulting in pore formation and cell
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leakage, and through stimulating macrophage function [150, 151]. In vitro resistance to amphotericin B is rare [152]. AmB has the disadvantages of having to be administered intravenously and having significant haematologic and renal toxicities, requiring administration
and monitoring in hospital [153]. Intravenous administration is necessary because of the low
oral bioavailability of 0.2–0.9% [154]. However, a novel, oral AmB formulation, is currently
under development and could revolutionise administration of this drug and its availability
in low-income settings [155]. AmB can also be administered intrathecally. This route has
been practiced in the treatment of coccidiosis meningitis since the late 1950s, but is infrequently used in cryptococcal meningitis and has not been rigorously tested [156].
Flucytosine, a pyrimadine analogue, is also a key drug for the induction phase of treatment
of cryptococcal meningitis. The mechanism of its activity against fungal species is through
metabolisation to fluorouracil within the fungal cell. This then inhibits both fungal DNA and
RNA biosynthesis [157]. Flucytosine can be given either orally or intravenously. When combined with AmB, it shows a synergistic interaction [158] and this combination delivers both
more rapid CSF sterilisation and improved survival compared with amphotericin monotherapy for cryptococcal meningitis. However, flucytosine is extremely expensive. Resistance develops rapidly when it is used as monotherapy.
Azole drugs have revolutionized the treatment of fungal diseases thanks to their oral bioavailability and tolerability. Fluconazole, because of its good CNS penetration, with concentrations in CSF reaching 74% - 89% of those seen in serum [159], is the azole of choice for
cryptococcal meningitis. It can be used in all of the induction, consolidation, and maintenance phases of treatment. Fluconazole inhibits sterol synthesis by the fungal cell, but appears to have a fungistatic effect [160]. Other azoles include itraconazole, voriconazole and
posaconazole, but there are fewer data from clinical trials on their use, and their pharmacokinetics and costs are less favourable compared with fluconazole [161].
Echinocandins impair cell wall synthesis via inhibiting beta-(1,3)-D-glucan synthase [162].
However, while they display fungicidal activity against a broad spectrum of yeasts, including
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those which have azole resistance, they unfortunately have no activity against Cryptococcus
species.
Challenges in treatment
Cryptococcal meningitis causes high mortality and morbidity throughout countries in subSaharan Africa and in South and Southeast Asia where the HIV infection burden is highest.
However, the current treatment for cryptococcal meningitis has considerable challenges.
Firstly, there are very few drugs available for cryptococcal meningitis. Amphotericin B, flucytosine and fluconazole are old drugs (30-60 years) [149-151]. Secondly, these antifungal
drugs can cause a wide range of side effects, particularly the amphotericin B [152-155].
Thirdly, in resource-limited countries, there is a poor access to key antifungal drugs [156,
157]. Lastly, the current treatment guidelines have been mainly based on the trials focusing
on cryptococcal meningitis associated with HIV infected patients rather than HIV uninfected
individuals. Therefore, we lack understanding of optimal treatment for such patients.
Amphotericin was first tested in combination with flucytosine as a treatment for cryptococcal
disease in the pre-HIV era in the 1970s. A small trial in 50 patients suggested the combination
with low dose amphotericin was associated with significantly improved CSF sterilization
rates [158]. In 1997 van Der Horst published a larger trial in HIV affected patients and again
found a faster rate of CSF sterilization [159]. However it was not until 2013 that the combination of amphotericin combined with flucytosine was found to reduce the risk of death
compared with amphotericin monotherapy, and also that this combination was associated
with better outcomes after 6 months than amphotericin combined with fluconazole [140].
This latter study also provided mechanistic plausibility, showing that the combination of
amphotericin plus flucytosine was associated with the better early fungicidal activity (EFA)
which is defined as the rate of fungal clearance from CSF over the first 2 weeks of treatment
compared with the other induction treatments [140].
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Current antifungal recommendations and evidence underlying them
The most recent guideline for treatment of cryptococcal meningitis in HIV infected patients
from the WHO is presented in Table 1-2 [148].
Table 1-2. WHO guideline for cryptococcosis in HIV infected patients [148].
Induction therapy

Consolidation therapy

Maintenance/secondary
prophylaxis

Option

Week 1

1

AmB* + 5FC

!

Week 2

Weeks 8-10

Onwards

FCZ

FCZ 800mg/day

FCZ 200mg/day

1200mg/day
2

FCZ 1200mg/day + 5 FC

FCZ 800mg/day

FCZ 200mg/day

3

AmB + FCZ 1200mg/day

FCZ 800mg/day

FCZ 200mg/day

*Amphotericin dose 1mg/kg/day; 5FC! Flucytosine dose 100mg/kg/day in 4 divided doses; FCZ, fluconazole

Current standard treatment requires three cornerstone drugs - amphotericin B, flucytosine
and fluconazole. These drugs are administered in three stages: 'induction’ (first 2 weeks, amphotericin combined with flucytosine), ‘consolidation’ (fluconazole monotherapy in high
dose for a further 8 to 10 weeks) and ‘maintenance' (low dose fluconazole monotherapy until
immune recovery). Although the combination of amphotericin and flucytosine is superior
compared to other therapies (amphotericin combined with fluconazole; amphotericin monotherapy; fluconazole monotherapy) flucytosine is unaffordable and unavailable outside the
US and Europe. Therefore, in resource-limited settings, the WHO guidelines recommend
the combination of amphotericin B and fluconazole for induction therapy.
There are important changes in the latest 2018 WHO guideline. The current guidelines recommend induction therapy with a combination of amphotericin B and flucytosine for the
first week followed by one week of high dose of fluconazole (1200mg) before simplification
to lower dose fluconazole monotherapy. This compares with the previous guideline from
2014, where the combination of two weeks of amphotericin B and flucytosine was recommended, based upon the studies of Day and van der Horst [140, 159]. The change in
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guidelines was driven by the results of the trial of Molloy and colleagues [160]. This trial, the
trial of Antifungal Combinations for Treatment of Cryptococcal Meningitis in Africa
(ACTA), published in 2018 showed that there is no significant difference in outcome improvement between one week versus two weeks of amphotericin B treatment and that adverse events were more frequent with longer durations of amphotericin B. This was a complex randomized trial that had 5 treatment arms comparing treatment as per Day et al with
1 or 2 week amphotericin strategies and with or without flucytosine. Another pressure to
reduce the duration of flucytosine treatment may have been the extraordinary rise in cost of
this generic and off patent drug. The price rose in 2016 to 15,000 USD per week of treatment
in the USA [161].
Additional changes in the guideline include the higher recommended dose of fluconazole
(1200mg versus 800mg per day) during induction therapy. This was the dose used in the
ACTA trial and reflects pharmacokinetic evidence showing large inter-patient variability in
serum and CSF concentrations, and that higher levels are associated with better outcomes
[162]. While there is variability in susceptibility to fluconazole amongst Cryptococcus isolates,
it is not clear that this influences disease outcome [163-168]. Instead, ensuring good tissue
concentrations in patients is considered more of a priority.
The second line recommendation for induction therapy is also based upon data from the
ACTA trial. A significant problem is that key drugs – amphotericin and flucytosine are frequently unavailable, even where the disease burden is greatest. Although clinical trials on
oral formulations of amphotericin are in progress [169, 170], it can now only be given intravenously for treatment of systemic infections and requires monitoring for the side effects of
anaemia and renal impairment. This is frequently not possible in rural Africa. The ACTA
trial showed that the combination of flucytosine and fluconazole can be effective where amphotericin B is not available, or in patients who cannot tolerate amphotericin B due to its
side effects [160].
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Following 10-12 weeks of antifungal therapy, patients are switch to long term/ maintenance
therapy, usually with low dose fluconazole (200mg/day). The rational for this low dose is
somewhat opaque, given the wide variability in patient PK already discussed. However, the
strategy seems to be effective. Once an HIV infected patient has attained some immune reconstitution, evidenced by undetectable HIV load and a CD4 count that has risen above
100cells/uL, then this can be stopped. However, the clinical decision to stop secondary
prophylaxis in HIV uninfected patients is difficult in the absence of markers of immune reconstitution, even if that were to happen. HIV uninfected patients without other evidence of
immune impairment often received prolonged treatment (e.g., 2 years) prior to a trial of
withdrawal.
Adjunctive treatment with corticosteroids can be helpful in acute bacterial meningitis and
tuberculous meningitis, and because of the complications associated with cryptococcal meningitis including raised intracranial pressure and vasculitis, has been mooted as a potential
treatment for many years, even forming a part of Infectious Diseases Society of America
(IDSA) guidelines in some circumstances. Its role in HIV infected cryptococcal meningitis
was investigated in the CryptoDex trial that recruited across Asia and Africa. This found that
its use during induction therapy and for 4 weeks afterwards is associated with worse outcomes, despite significantly lowering raised intracranial pressure [92].
Novel treatments and new approaches
Current treatment for cryptococcal meningitis is clearly unsatisfactory, with death rates of
30-40% at 10 weeks after diagnosis [92, 140, 160]. New approaches to treatment are needed
to reduce the global mortality burden. One approach is to simplify treatment in order to ease
administration and potentially reduce side effects. This strategy has been investigated
through the certain trials, e.g., AMBITION trial (AMBIsome Therapy Induction OptimisatioN). A second approach is, given that the current antifungal drugs are associated with high
toxicities and generally poor efficacy, to develop novel drugs. However, developing novel
drugs is extremely expensive and time consuming. A third approach would be to investigate
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repurposing existing drugs that may have antifungal activity. Finally, there is an exciting
fourth approach developing a novel non-drug treatment for cryptococcal disease.
Treatment simplification
Amphotericin B deoxycholate (AmB-d)-based therapy, while the most effective drug for
cryptococcal disease, has disadvantages. It must be intravenously administered for 14 days,
meaning patients need to be hospitalized. It has marrow and renal toxicity, and laboratory
monitoring for these effects is needed (the toxicities respond to treatment interruption).
Hospital admission and laboratory monitoring is unaffordable for many patients, and frequently unavailable in resource-poor settings. Liposomal amphotericin B (L-AmB) is a modified form of amphotericin where the drug is delivered encapsulated within microscopic lipid
micelles. While intravenous administration is needed, this approach is considered to be associated with fewer drug-induced toxicities than AmB-d. In addition, it has a prolonged tissue half-life and excellent penetration into the brain tissue. This suggests it may be possible
to deliver effective treatment with short courses of high-dose L-AmB. Such short, high dose
and intermittent use of L-AmB was studied in patients with neutropenic hematologic diseases [171]. In this trial, patients in the intervention arm received L-AmB at high dose of 10
mg/kg/day on day 1 and followed by 5 mg/kg/day on days 3 and 6 of study while the control
group received L-AmB 3 mg/kg/day for 14 days. The results of this study showed that intermittent high dose of L-AmB may be as safe and effective as standard lower dose given for a
longer period. A phase 2 noninferiority trial studied the effect of a similar strategy on the EFA
in HIV infected patients with cryptococcal meningitis in Botswana [172]. Three shortcourse, high-dose L-AmB regimens for cryptococcal meningitis were studied in Tanzania
and Botswana. The regimens were (i) L-AmB 10 mg/kg on day 1 (single dose); (ii) L-AmB
10 mg/kg on day 1 and 5 mg/kg on day 3 (2 doses); (iii) L-AmB 10 mg/kg on day 1 and 5
mg/kg on days 3 and 7 (3 doses); compared with standard of care of (iv) L-AmB 3 mg/kg/day
for 14 days. All patients also received oral fluconazole 1200 mg/day for 14 days. The primary
endpoint was the mean rate of clearance of cerebrospinal fluid cryptococcal infection (EFA).
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The trial concluded that the EFA in all short-course arms was noninferior to control [172].
Recently induction based on a single 10 mg/kg L-AmB dose has been taken forward to a
phase 3 clinical trial (AMBITION trial) where the primary outcome will be 10 weeks mortality rate [173]. The results of this trial are in preparation as this thesis is being written.
Novel drugs
Among new drugs with new anticryptococcal mechanisms, APX001A, formerly E1210, is an
active product from N-phosphonooxymethyl prodrug, APX001 (formerly 1211). APX001A
has activity against fungi by targeting the Gwt1 fungal enzyme. This enzyme plays an important role in the glycosylphosphatidylinositol (GPI)-anchored biosynthesis pathway.
APX001A prevents the localization of cell wall mannoproteins [174]. APX001A has in vitro
MICs ranging from 0.004 to 0.25 µg/ml against C. neoformans, C. gattii, Candida albicans,
and Aspergillus fumigatus [175, 176]. In addition, APX001A is synergistic when combined
with fluconazole, and no antagonism was observed during combination therapy experiments
with other drugs. The combination of APX001A with fluconazole resulted in significantly
increased reductions in brain fungal loads in animal models compared with either drug as
monotherapy [176].
Newer agents have also been developed that have greater specificity for the fungal CYP51
enzyme compared to the mammalian CYP450 enzymes. These novel drugs prevent the biosynthesis of ergosterol within fungal cell membranes through inhibition of CYP51. They include VT-1161, VT-1129, and especially VT-1598 which is likely to have the broadest spectrum antifungal activity. In vitro, the MIC of VT-1598 against C. neoformans and C. gattii was
ranged from 0.016 to 0.25 µg /mL [177]. While VT-1161 proved potential antifungal effect
against Candida sp., VT-1129 has both in vitro and in vivo antifungal effect against Candida
sp. and Cryptococcus. In a murine model of cryptococcal meningitis, this agent has improved
the survival and the clearance of tissue fungal burden as well as increased the concentration
in brain long after dosing was stopped in mice due to its long half-life [178]. Both APX001A
and VT-1598 need further investigations to establish their efficacy and safety in human.
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Unfortunately, development of VT-1598 for cryptococcal disease has currently stalled due to
lack of funding.
Drug Re-purposing
As mentioned above, flucytosine plays a key role in treatment of cryptococcal meningitis.
However, flucytosine has been unavailable where disease burden is highest. Also, there has
been very few manufacturers and few indications for flucytosine outside cryptococcal infections. In this challenging condition, drug repurposing has their advantages regarding their
availability, price stability and affordability.
Among potential candidates for repurposing, sertraline, a selective serotonin reuptake inhibitor antidepressant, has previously shown antibacterial, antiparasitic, antiviral and antitumoral effects. It also has demonstrated in vitro and in vivo activity against Cryptococcus
through inhibiting intracellular vesicle transport [179, 180]. This drug has great properties
including inexpensive, available worldwide and well tolerated even prolonged use. Not only
this, the most valuable aspect of sertraline is its superior ability to concentrate in brain relative to other antifungals [180]. In vitro, sertraline showed the range of susceptibility was between 1 and 8 μg/ml with a MIC50 of 2 μg/ml and a MIC90 of 4 μg/ml [179]. ASTRO-Cryptococcal meningitis pilot study identified the dose for sertraline using in cryptococcal meningitis [181]. Standard therapy plus adjunctive sertraline at doses of 100-400mg daily. The
results show there was improved rate of CSF fungal clearance compared to historical controls
with 85% of isolates had MIC ≤ 4 µg/mL. At the doses of 400mg daily, sertraline levels predicted to exceed MIC in central nervous system. However, small trials from Mexico and Tanzania showed that there was no significant difference in mortality between patients received
sertraline and control group [182, 183]. Despite the controversial results from various studies, a phase III, multicentre, double blind, placebo-controlled trial on sertraline had been
conducted in Africa. As the result of this study, sertraline did not reduce mortality in cryptococcal meningitis associated with HIV infected patients. The reasons for sertraline inactivity
are likely multifactorial including drug concentration and possible immunomodulatory
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effects of sertraline itself and whether there is a role for sertraline at higher doses, longer
durations, in the absence of amphotericin [184].
Another repurposing drug is tamoxifen which has been previously well known for anti-cancer drugs and highly prescribed for breast cancer which will be further discussed in the chapter 3 (Tamoxifen trial) in this thesis.
Novel non-drug therapies
Recently there has been interest in adapting a novel technology, designed to treat sub-arachnoid haemorrhage, to treat cryptococcal meningitis. This system is a novel technology that
allows filtration of CSF, and has been termed Neurapheresis (Minnetronix, Inc). This system
may help us deal with the poor penetration of amphotericin B into the subarachnoid space a consequence of its large size and the selectivity of the blood–brain barrier. The Neurapheresis device operates as a filter machine. CSF is removed and returned from the lumbar subarachnoid space via a custom dual-lumen catheter, with passage through a filtration system.
The filtration system is capable of removing red blood cells, particles a few microns across
(such as yeast cells), and even larger proteins. It is a potential technology that can remove
pathogens from CSF. A recent study found it could effectively remove Cryptococcus from
solution and from CSF in experimentally infected animals [185]. This ability to reduce fungal
load offers a potential efficient adjunctive treatment for cryptococcal meningitis in addition
to systemic antifungal therapy. In addition to having an effect on removal of pathogen from
CSF, the system may also be an effective way of managing raised intracranial pressure and
in managing pro-inflammatory cytokines. The device is likely to be approved by the Food
and Drug Administration (FDA) for treatment of stroke in 2022. However, trials in brain
infections are some way off.
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1.4.7. Complications
Raised intracranial pressure is amongst the commonest complications of cryptococcal meningitis and can lead to worse symptoms including severe headache, vomiting, cranial nerve
palsy, reduced level of consciousness and eventually death through cerebral herniation [186].
Drainage of CSF through repeated therapeutic lumbar puncture, or a temporary lumbar
drain, can effectively manage this complication. Cryptococcal immune reconstitution inflammatory syndrome (IRIS) is considered as another hazardous complication. Previously,
patients with HIV, low CD4+ cell count, low CSF white cell count, low inflammatory markers, and high fungal burden at presentation and day 14, have been considered at particular
risk for cryptococcal meningitis-IRIS [187]. Since the result of Cryptococcus Optimal ART
Timing (COAT) study showed worse outcomes in patients commencing HIV antiretroviral
therapy (ART) early after diagnosis, current guidelines suggest that ART should be delayed
until 4-6 weeks after cryptococcal meningitis diagnosis and treatment [188].
Regarding the side effects caused by amphotericin B and flucytosine, patients can often have
acute kidney failure, electrolyte disturbances. Consequently, a pre-emptive hydration, electrolyte replacement, and toxicity monitoring should be provided to prevent patients from
these side effects [148].

1.5. THESIS AIMS
As a clinician working in a busy infectious disease department, central nervous system infections are my particular interest, because I see the huge burden they place on patients and
families. Despite the large numbers of CNS infections seen in my hospital, we have had few
studies, which reflects the difficulties in performing research while managing an enormously
busy service. This inhibits our ability to define the scale of our problem, and what the research priorities are.
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Our hospital is a referral hospital in the south of Vietnam. We received tens of thousands of
inpatients with primary infectious diseases annually. Here, patients with CNS infections account for about 10% of the total of infectious syndromes admitted. Although only 10%, these
diseases have a disproportionate effect on society because of their poor outcome and serious
sequelae including impairment of cognitive and motor abilities.
Patients in my hospital with CNS infections can stay in various wards, including my department (Tropical Diseases), Neurology, Neurosurgery, Head Trauma, and the Intensive Care
Unit. This dispersion has meant we have not yet had systemic studies to see if there has been
a change in aetiology, diagnosis, treatment, and outcome. However, keen to serve our community better my hospital management are keen that this work is undertaken. Since introducing the national Expanded Program on Immunization (EPI) and the accessibility of vaccination involved in pathogen-induced CNS infections such as Hemophilus influenzae, Streptococcus pneumoniae, Japanese Encephalitis virus, Neisseria meningitidis, the number cases
of CNS infections are expected to have decreased. The development of diagnostic tools in
terms of molecular microbiology and imaging can help clinicians to approach the diagnosis
earlier and more accurately. Specific treatments including antibiotics, antivirals, antiparasitic, etc. for CNS infections are now more affordable and available in Vietnam compared to
the past. The improving socio-economic status of Vietnam has meant that geographical distance and being older are no longer barriers to accessing healthcare services. One would
expect that these changes should positively impact outcomes from CNS infections. However,
there remain challenges. People suffer from more and more non-infectious diseases like diabetes, malignancy which eventually make them more vulnerable to infectious diseases. Also,
the emergence of multi-antibiotic-resistant bacteria because of antibiotic abuse can harmfully affect the outcome of CNS infections. Therefore, its outcome, especially in our hospital,
remains open to question and has driven me to undertake research in CNS infections at my
workplace, Cho Ray Hospital.
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Among the CNS infection syndromes, I have most interest in 2 conditions, because of their
outcomes. One is acute bacterial meningitis. Similar to other diseases due to bacteria, bacterial meningitis faces the spectrum of antibiotic resistance. Given the economic, demographic,
and technical advances seen in Vietnam, I would like to review how the presentation of this
disease has changed over the years, understand whether antimicrobial resistance (AMR) is a
problem that has already, or is likely to emerge in future years, and so be prepared to offer
the best possible outcomes for patients in my department.
The other CNS infectious syndrome of particular concern to me is cryptococcal meningitis,
because of its high death rate, regardless of treatment (see Chapter 2). I once took part in a
randomized control trial on adjunctive corticosteroids (dexamethasone) in HIV associated
cryptococcal meningitis (CryptoDex trial). While the results of this trial were disappointing,
they were useful in helping us define better how to manage our patients and inspired me to
undertake more clinical research in order to improve its outcome [92]. The failure of dexamethasone, and the fact that EFA seems to be so strongly associated with outcome, leads me
to believe that improvements from cryptococcal meningitis are dependent upon developing
treatments that have better antifungal efficacy. However, they must also be affordable and
available where the disease burden is greatest. Tamoxifen, an anticancer drug most frequently prescribed for breast cancer, has been discovered to have antifungal activity, especially against Cryptococcus sp. [189]. We performed in vitro susceptibility testing of our historic clinical isolates to tamoxifen and observed an antifungal effect and synergistic interactions with amphotericin [190]. Tamoxifen possesses numerous advantages as a potential
therapy in low-income settings which I highlight in Chapter 3 of this thesis. However, its use
is not without potential risk. In common with many drugs, including anti-infectives, it can
cause QT prolongation on the ECG with a possible risk of life-threatening cardiac arrhythmias. Brain pathology is also associated with ECG abnormalities. I use this opportunity to
define whether cryptococcal meningitis is associated with ECG abnormalities, whether there
is an additional effect of high dose tamoxifen, and whether this is associated with outcome.
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To sum up, CNS infections are a significant burden of disease in tropical settings such as
Vietnam. Within this thesis, I study the changing aetiology and outcomes of CNS infections
at Cho Ray Hospital in Ho Chi Minh City, Vietnam over a 10-year period. I look in more
detail at 2 diseases of particular interest in my department because of their poor outcomes –
acute bacterial meningitis and cryptococcal meningitis. I assess tamoxifen in combination
with standard antifungal therapy for cryptococcal meningitis. I characterize the Cryptococcus
isolates from the clinical trial including their drug susceptibility and virulence phenotypes in
an attempt to better understand the trial outcome, and I use the trial as an opportunity to
understand the effect of cryptococcal meningitis and its treatment on the cardiac cycle.

2
A Retrospective Study of
Central Nervous System Infections
at Cho Ray Hospital
in Ho Chi Minh City, Vietnam
2 .

2.1. SUMMARY
Introduction. The disease burden from central nervous system (CNS) infections is a
worldwide concern due to the high morbidity and mortality they cause. The optimal management of patients with CNS infections depends upon sufficient understanding of aetiology and outcomes. The aim of this chapter is to understand the changing aetiology and
outcomes in patients with CNS infections presenting to the Department of Tropical Diseases, Cho Ray Hospital, over a ten-year time period.
Materials and Methods. I conducted a retrospective study review of all patients presenting
to Cho Ray Hospital with syndromes suggestive of CNS infections between January 1, 2008
and December 31, 2017. Also, I performed a case note review for detailed clinical and microbiological data on community-acquired bacterial meningitis and cryptococcal meningitis from available medical records on three 12-month periods, 4 years apart (2009, 2013,
and 2017).
Results. Between 2008 and 2017, a total of 8542 patients with CNS infections were hospitalized at Cho Ray Hospital. Males between the median ages of 36-45 accounted for the
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two-thirds of the total. The three commonest CNS infection syndromes were communityacquired bacterial meningitis, tuberculous meningitis, and encephalitis. Seasonality was
observed in community-acquired bacterial meningitis, neurosurgery-associated meningitis, tuberculous meningitis, viral meningitis, and encephalitis. The most frequently isolated
pathogens in community-acquired and neurosurgery-associated meningitis were Streptococcus sp. and Acinetobacter baumannii, respectively. Adjunctive dexamethasone therapy
and streptococcal meningitis were associated with better outcome for patients with community-acquired bacterial meningitis (Hazard Ratio: 0.45, 95% Confidence Interval: 0.270.77, p-value = 0.004; and Hazard Ratio: 0.08, 95% Confidence Interval: 0.01-0.69, p-value
= 0.02, respectively). Overall, the outcome of community-acquired bacterial meningitis got
worse over time, although this may be related to increases in factors associated with unfavourable outcomes including older patients, baseline neurological deficits, and comorbidities. With an overall mortality rate of 23.6%, cryptococcal meningitis had the worst outcome among these syndromes.
Conclusions. Understanding CNS infection changes regarding the aetiology and outcome
is essential to identify ongoing and changing epidemiological patterns and aid in improving diagnosis and treatment. The study confirmed the benefit of adjunctive dexamethasone
to the outcome of community-acquired bacterial meningitis. Cryptococcal meningitis remains the CNS infection syndrome with the worst outcome and requires further study.

2.2. BACKGROUND
2.2.1. Global burden of central nervous system infections
The annual incidence of central nervous system (CNS) infections varies globally, with rates
of 726 cases/100,000 people, 299/100,000, and 11/100,000 estimated from low-, middle-,
and high-income countries respectively [191]. CNS infections represent a disproportionate
burden on individuals, families, and states, due to the high morbidity and mortality they
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cause. According to the Global Health Data Exchange and the Institute for Health Metrics
and Evaluation in 2019 there were an estimated 2.5 million new cases of meningitis (excluding tuberculous and cryptococcal meningitis), resulting in over 236,000 deaths [192].
Of note, the burden of disabling sequelae is greatest in low- and middle-income countries
[193].

2.2.2. CNS infections in Vietnam
CNS infections in Vietnam share common causative agents with elsewhere in Southeast
Asia and Asia. Acute bacterial meningitis and tuberculosis are the most frequent community-acquired CNS infections [4, 6, 194]. Streptococcus sp. is an important cause of acute
bacterial meningitis [20, 25, 195-197] and encephalitis is often due to enterovirus 71 and
Japanese encephalitis [98, 198]. In the Southeast Asia region, among 15 neurological disorders, meningitis ranked as the 5th and encephalitis as 13th most important in terms of ageadjusted causes of disability [199]. CNS infections, particularly syndromes caused by bacteria in Vietnam are of increasing concern as evidenced by increasing public research outputs over time. Among Southeast Asia countries, Vietnam, with around 140 publications
over a period of 35 years (21.6% of total publications in this region), has one of the countries had the highest number of publications [200]. However, most publications from the
region, and the upward trajectory, is in tuberculous meningitis. There has not been a randomised control trial (RCT) of a treatment for acute BM, or viral encephalitis, for more
than 10 years in the region and less than 150 patients enrolled in RCTs of acute BM globally
in the last 10 years. Therefore, there is the need for more indigenous research on CNS
infections from Southeast Asia.
In Vietnam, the overall case fatality rate of CNS infections is between 8 and 12%, with between 10 and 30% of survivors suffering residual disability [6, 107]. The death rate among
CNS infection syndromes vary widely according to aetiology, e.g. mortality of cryptococcal
meningitis and tuberculous meningitis are as high as 30-40% [91, 92, 140], while those of
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viral meningoencephalitis are significantly lower, but still substantial, at 10% [194]. The
most common CNS infection syndromes seen in Vietnam are acute bacterial meningitis,
tuberculosis meningitis, and aseptic encephalitis/meningitis [107]. However, these reports
are notable in that a microbiological diagnosis is not confirmed in a large proportion (~4070%) of patients even as diagnostic techniques have developed and become available [6,
107]. While brains are adaptable, neurological tissue has little capacity to regenerate, and
successful outcomes from brain infections therefore depend upon early diagnosis and rapid
instigation of appropriate treatment. Despite advances in the development of more rapid
diagnostic tests, including automated, antigen and sequencing-based approaches, the diagnosis is unknown for the majority of patients for the first 2-3 days of admission, and therefore empirical treatment must be given. The choice of appropriate empirical treatment is
dependent upon a clear understanding of the epidemiology and aetiology of brain infections in patients presenting to that centre. This may vary over time with changes in patient
demographics, hospital catchment areas and referral patterns, wealth, nutrition, climate,
and of course antimicrobial resistance. This is the purpose of this chapter – to define the
epidemiology, aetiology, and outcomes of CNS infections at my hospital, and whether this,
and disease outcomes, have changed with time.
In Vietnam we expect to see high rates of tuberculous meningitis (TBM) and acute community-acquired bacterial meningitis. In addition, because of the well-established referral
patterns from provincial to central hospitals, rare diseases such as cryptococcal meningitis
can account for a significant workload in tertiary centres. In my department we see cryptococcal meningitis in both HIV infected and uninfected patients and I have been involved
in recruitment and care of patients enrolled in previous studies [92]. Cryptococcal meningitis is usually a disease of immunosuppressed individuals, and accounts for up to 15% of
AIDS-related deaths. There are an estimated 181,100 deaths in HIV infected patients annually [135]. The 6-month mortality from cryptococcal meningitis, despite best available
antifungal therapy, ranges from 40% to 60% in resource-limited settings [201, 202]. Despite these poor outcomes and significant burden of deaths in HIV infected patients, there
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have been no new antifungal drugs developed for the treatment of cryptococcal meningitis
since the introduction of azoles in the 1990s.
Of the other CNS infection syndromes, tuberculous meningitis and acute bacterial meningitis have the worst outcomes. In Ho Chi Minh City, all patients with tuberculous meningitis (TBM) are transferred to the specialist TB hospital for treatment; patients and outcomes have been well characterized through studies performed by OUCRU [90, 91, 111,
115, 203]. However, acute bacterial meningitis is less well characterized. Bacterial meningitis results in complications with long-term neurological sequelae even with appropriate
antibiotic therapy and vaccine availability [204]. There has been a dearth of adequately
randomized controlled trials in this disease, probably representing the fact that most hospitals see on a few tens of cases each year. In my department we believe we see large numbers of cases each year such that large intervention trials powered to survival may be feasible in our single centre. However, we need to better describe our hospital epidemiology
and outcomes to determine this and to define appropriate research questions.

2.2.3. CNS infections in Cho Ray Hospital
Cho Ray Hospital is an 1800 bed hospital based in Ho Chi Minh City, in the south of Vietnam where all the major medical specialties are provided. The hospital serves the whole
of southern Vietnam with a population of ~40 million and receives patients directly from
the community as well as referrals from district and provincial hospitals. Patients can either
self-refer or be referred by other hospitals for diagnosis and treatment. The proportion of
patients receiving healthcare prior to admission to Cho Ray Hospital is about 70 to 80%
(according to the data from the Department of General Administration, Cho Ray Hospital).
Health insurance pays about 80% of hospital costs for patients regardless of the route of
referral.
Approximately 800 to 1,000 cases of CNS infections are admitted to Cho Ray Hospital each
year and these patients are treated at the Departments of Tropical Diseases, Neurosurgery
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and Neurology. A close cooperation amongst specialties delivers a multi-disciplinary approach to clinical problem solving to deliver the best outcomes for patients. Over the years
the laboratory diagnostic facilities have been developed and improved in order to shorten
the time to pathogen detection and definitive diagnosis. Also, the sensitivity and specificity
of microbiological tests have been enhanced to meet the needs of clinical practice. In addition to classical microbiological methods, the department now also offers molecular diagnostic services for viruses (HSV, CMV) and tuberculosis on CSF and serological investigations of CSF are available for Japanese Encephalitis virus (see Table 2-1). MRI and EEG
imaging are available to patients with encephalitis.
Table 2-1. Microbiological tests for diagnosis of CNS infections at Cho Ray Hospital.
Microbiological tests available at Cho Ray Hospital

Year introduced

Culture
Aerobic blood culture

Before 2013

Anaerobic blood culture

2013

Method for organism identification and susceptibility testing
Manual organism identification and susceptibility testing

Before 2008

VITEK 2 Compact (bioMérieux, USA)

2008

Matrix assisted laser desorption ionization – time of flight (MALDI TOF-MS)

2017

Polymerase chain reaction (PCR)
PCR for detection of Mycobacterium tuberculosis in cerebrospinal fluid

2006

PCR for detection of Herpes simplex virus in cerebrospinal fluid

2006

PCR for detection of Cytomegalovirus in blood

2006

PCR for detection of Epstein-Barr virus in blood

2006

IgM detection
Japanese Encephalitis virus-specific IgM in cerebrospinal fluid

2004

In terms of prevention and treatment, the introduction of vaccination programs and new
generations of antibiotics as well as intravenous (IV) antiviral medications serve a pivotal
role in improving the outcomes of CNS infections. Not only this, intensive supportive treatment with ventilation, circulatory support, blood transfusion and haemodialysis are available within the departments and used routinely where indicated. These advances have
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happened in Vietnam and Cho Ray Hospital over the past few years, and we would hope
that they will have delivered improvements in outcomes. However, there has been no systematic review of CNS infections at Cho Ray Hospital to determine if that is the case, and
that is why we are doing this study. Also, a better understanding of the changing aetiology
and outcomes of CNS infections will help the hospital identify unmet needs and plan services for the future.

2.3. STUDY AIMS
2.3.1. Primary aims
This retrospective investigation was designed to study the changing aetiology and outcomes of CNS infections at Cho Ray Hospital (CRH) in Ho Chi Minh City (HCMC), Vietnam over time. The main aims were,
❖ To describe the epidemiology, aetiology and geographical province distribution of

CNS infections presenting over a 10-year period to Cho Ray Hospital (all CNS
infections and specific syndromes: acute bacterial meningitis, cryptococcal meningitis, tuberculous meningitis, encephalitis, viral meningitis, and parasitic CNS
infections).
❖ To determine whether there were time trends and seasonality affecting the presen-

tation of particular syndromes.

2.3.2. Secondary aims
❖ To describe in greater detail the changes in presentation and outcome of commu-

nity-acquired bacterial meningitis, with particular emphasis on infecting species,
treatment use and drug susceptibility. The purpose of this analysis is to identify
research priorities for my department and to inform the feasibility and design of
intervention studies aimed at improving outcomes.
❖ To describe time trends of incidence, presentation, and outcome of cryptococcal

meningitis at Cho Ray Hospital.
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2.4. METHODS
2.4.1. Study overview
My study contained two sub-studies to fulfil the primary and secondary study aims as mentioned above. For the primary aims (10-year time trend analysis) I used information contained within the hospital-based e-data discharge database. For the secondary aims focusing on the two CNS infection syndromes of particular interest (community-acquired bacterial meningitis and cryptococcal meningitis) is performed a retrospective case note review. The study approach is summarised in Figure 2-1:
Figure 2-1. Study overview.
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2.4.2. Ten-year time trend analysis (2008 to 2017)
For general analysis of CNS infections from 2008 to 2017, patients were firstly identified
through searching of the hospital diagnosis at discharge records. I used the hospital discharge records from a central electronic database to determine the number of cases of particular CNS infection syndromes admitted to our hospital.
All patients diagnosed between 2008 and 2015 were manually identified by searching case
records with the discharge diagnosis containing one of the following phrases: "bacterial/purulent meningitis", "viral meningitis", "tuberculous meningitis", "cryptococcal meningitis", "meningoencephalitis", "meningomyelitis", "encephalitis", "encephalomyelitis",
"brain abscess", "cranial epidural abscess", "subdural empyema", "ventriculitis", “parasitic
meningitis”, or “eosinophilic meningitis”. From 2016, Cho Ray Hospital applied the International Statistical Classification of Diseases and Related Health Problems 10th Revision
(ICD-10) for discharge diagnosis. For these years I therefore chose the relevant ICD-10
codes to search as shown in Table 2-2.
Then the information needed for analysis was extracted from hospital-based e-data. These
data include the diagnosis or coding diagnosis at discharge as per ICD-10 where available,
the gender, the date of birth, the addresses (district and provincial levels), the duration and
dates of hospital stay, and simple outcome data (recovery, no change or died). I collected
these data and exported as an Excel database.
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Table 2-2. ICD-10 for discharged diagnosis-based data.
Aetiologies

ICD-10

Bacteria
Bacterial meningitis

G00-G04

CNS abscess

G06 – G07

Intracranial and intraspinal phlebitis and thrombophlebitis

G08

Meningococcal meningitis

A39.0

Salmonella meningitis

A02.21

Listeria meningitis and meningoencephalitis

A32.1

Meningococcal meningitis

A39.0

Meningococcal encephalitis
Aseptic meningitis in leptospirosis

A39.81
A27.81

Mycobacteria
Tuberculosis of CNS

A17

Virus
Encephalitis and encephalomyelitis

G05

Encephalitis, viral meningitis

A80-A89

Herpes viral meningitis

B00.3 (G02.0*)

Herpes viral encephalitis

B00.4 (G05.1*)

Varicella meningitis

B01.0 (G02.0*)

Varicella encephalitis, myelitis, and encephalomyelitis

B01.1 (G05.1*)

Zoster meningitis

B02.1 (G02.0*)

Zoster encephalitis

B02.0 (G05.1*)

Other human herpesvirus encephalitis

B10.0 (G05.1*)

Mumps meningitis

B26.1 (G02.0*)

Mumps encephalitis

B26.2 (G05.1*)

Rubella encephalitis

B06.01 (G05.1*)

Rubella with neurological complications
(Rubella encephalitis /meningitis/meningoencephalitis)

B06.0+,
(G05.1*)

Fungi
Candida meningitis

B37.5

Cerebral cryptococcosis

B45.1

Coccidioidomycosis meningitis

B38.4

Parasitic
Parasitic meningitis

G02

Cysticercosis of central nervous system

B69.0

Other
Toxoplasma meningoencephalitis

B58.2

Amoebic brain abscess

A06.6

(G02.0*),
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2.4.2.1. Variables
The variables collected for the 10-year time-trend analysis are presented in Table 2-3.
Table 2-3. Summary of variables in the dataset of ten-year analysis.
Variable description

Variable name

Variable type

Admission year

year

Continuous

Age

age

Continuous

Gender

gender

Binary

Date of admission

date_adm

Date

Date of discharge

date_dis

Date

Province*

province

Category

District*

district

Category

Length of hospital stay

los

Continuous

Discharge diagnosis

diagnosis

Category

Units/Coding
years
-

female

-

male

-

community acquired

days
bacterial meningitis
-

neurosurgery-associated meningitis

-

cryptococcal meningitis

-

viral meningitis

-

encephalitis

-

tuberculous meningitis

-

parasitic CNS infections

Outcome

outcome

Category

-

unidentified

-

recovery

-

no change

-

died

*: province and district did not always match with the patients’ residence.

CNS infection syndromes. CNS infections at Cho Ray Hospital were categorized into
seven specific syndromes including community-acquired bacterial meningitis, neurosurgery-associated meningitis, cryptococcal meningitis, tuberculous meningitis, encephalitis,
viral meningitis, and parasitic CNS infections. Bacterial meningitis cases were classified
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into community-acquired and neurosurgery-associated meningitis since they have a different spectrum of bacterial pathogens. Patients with current neurosurgery, head trauma, or
indwelling neurosurgical devices, such as ventriculoperitoneal shunt, extra ventricular
drain, and lumbar drain, were classified as having neurosurgery-associated meningitis. Patients without evidence of neurosurgery-associated infection were classified as having community-acquired bacterial meningitis.
As expected, neurosurgery-associated meningitis had distinctive characteristics regarding
the underlying brain diseases, aetiology, hospitalisation duration, and outcome compared
with other community-acquired CNS infections, especially community-acquired bacterial
meningitis. In the neurosurgery-associated meningitis concurrent brain conditions were
identified from the hospital discharge record. Unfortunately, the hospital discharge records
did not include the bacterial agents associated with neurosurgery-associated meningitis
other than for the years 2009, 2013, and 2017 representing the beginning, middle and end
of 10-year study period. Therefore, I present the microbiological data in neurosurgery-associated meningitis only for those years.
Geographical data. Patients’ home addresses were categorized into six regions containing
the following provinces as presented below:

❖

Ho Chi Minh City

❖

Mekong River Delta: Long An, Tien Giang, Ben Tre, Tra Vinh, Vinh Long, Dong
Thap, An Giang, Kien Giang, Can Tho, Hau Giang, Soc Trang, Bac Lieu, and Ca Mau.

❖

Southeast: Ninh Thuan, Binh Thuan, Lam Dong, Binh Phuoc, Tay Ninh, Binh Duong,
Dong Nai, and Ba Ria-Vung Tau.

❖

South Central Coast and Central Highlands: Hue, Da Nang, Quang Nam, Quang
Ngai, Binh Dinh, Phu Yen, Khanh Hoa, Kon Tum, Gia Lai, Dak Lak, and Dak Nong.
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Northern region: Thanh Hoa, Nghe An, Ha Tinh, Quang Binh, Quang Tri, Ha Noi,
Vinh Phuc, Bac Ninh, Quang Ninh, Hai Duong, Hai Phong, Hung Yen, Thai Binh, Ha
Nam, Nam Dinh, Ninh Binh, Lao Cai, Yen Bai, Phu Tho, Dien Bien, Lai Chau, Son
La, Hoa Binh, Ha Giang, Cao Bang, Bac Kan, Tuyen Quang, Thai Nguyen, Lang Son,
and Bac Giang.

❖

Other than Vietnam: Cambodia.

Outcome assessment. Patients who were discharged in a state of improving health were
classified as the ‘recovery’ outcome. The outcome ‘no change’ indicates that the patient’s
condition at discharge was unchanged compared with the status at hospital admission. This
outcome generally occurred for one of two reasons: when the patient was discharged at the
relatives’ request (for economic or other reasons than death), or because of the need for
specialised treatment (e.g., tuberculosis meningitis, which has to be treated in the TB specialist hospital).
2.4.2.2. Statistical methods
Descriptive analysis
Demographic characteristics of CNS infections. Using “tableby” in R (version 4.0.4) (R
Foundation for Statistical Computing, Vienna, Austria), I presented the demographic data
of 10-year CNS infections including gender (male, female, binary variable), age (continuous variable); the number of cases of specific CNS infections was summarized in frequencies and proportions (%). For 2015, only data from the Department of Tropical Diseases
were available because of a transition in the methods through which hospital discharge
records were being collated. Therefore, there were no data for neurosurgery-associated
meningitis for this year since these patients were cared for in the Neurosurgery, Neurology,
or Head Trauma wards. For 2015 I classified neurosurgery-associated meningitis as missing data. I presented the underlying brain diseases of neurosurgery-associated meningitis
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(2008 to 2017, excluding 2015 due to missing data) and microbiological confirmation
(2009, 2013, and 2017) by number of cases and percentage (%). Continuous and categorical
variables were compared using Mann-Whitney U/Linear Model ANOVA test and the chisquare test/Fisher's exact test, where appropriate.
Geographic origins. I presented geographic origins (five regions defined above) of patients
admitted to Cho Ray Hospital in frequencies and proportion according to specific CNS
infection syndrome by year. Supported by Map chart in Microsoft Excel, I created the map
of distribution of all and every CNS infection syndrome across provinces in Vietnam over
10 years.
Time trend and seasonal analysis. I described the monthly incidence of CNS infections
every year and compared these across years to determine whether there were trends in seasonality for specific CNS infections. For community-acquired bacterial meningitis, encephalitis, and viral meningitis, I hypothesized that there were seasonal trends within a year. For
other CNS infections, including neurosurgery-associated meningitis, tuberculous meningitis, cryptococcal meningitis and parasitic CNS infections, the time series analysis was performed as exploratory analysis.
To assess the time trends and seasonality, time-series analyses were performed using the R
package “surveillance” and the endemic-epidemic univariate time-series model “hhh4”
[205, 206]. For each CNS infection syndrome, I considered monthly case data from January
2008 until December 2017. I fitted an endemic-epidemic (EE) model to the univariate time
series of CNS infection syndrome counts {𝑦𝑡 ; 𝑡 = 1, … , 𝑇}
The counts are assumed to be Poisson distributed with conditional mean
𝜇𝑡 = 𝜆𝑦𝑡−1 + 𝜈𝑡
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where 𝜇𝑡 is the mean incidence, 𝜆𝑦𝑡−1 is an epidemic/autoregressive component (capturing occasional outbreak), and 𝜈𝑡 is an endemic component (explaining a baseline rate of
cases with stable temporal pattern).
Then the parametric model for the endemic component is as following [206]: log(𝜈𝑡 ) =
𝛼 + 𝛽𝑡 + {∑𝑆𝑠=1 𝛾𝑠 𝑠𝑖𝑛(𝜔𝑠 𝑡) + 𝛿𝑠 𝑐𝑜𝑠(𝜔𝑠 𝑡)}
In this formula, α is an intercept, β is a trend parameter, and the terms in curly brackets
represent the model seasonal variation. This seasonal term can be written equivalent as:
𝛾𝑠 𝑠𝑖𝑛(𝜔𝑠 𝑡) + 𝛿𝑠 𝑐𝑜𝑠(𝜔𝑠 𝑡) = 𝐴𝑠 𝑠𝑖𝑛(𝜔𝑠 𝑡 + 𝜑𝑠 ), with amplitude 𝐴𝑠 = √𝛾𝑠 2 + 𝛿𝑠 2 describing the magnitude, and phase difference tan(𝜔𝑠 ) = 𝛿𝑠 /𝛾𝑠 describing the onset of sin
wave. To account for overdispersion, a negative binomial model can replace for the Poisson
model. The outline of this modelling is summarized as following (see Figure 2-2):
Figure 2-2. Endemic-epidemic univariate time-series model for specific CNS infections.

Every endemic-epidemic model of specific CNS infection syndrome with seasonality would
be presented in three parts as following:

❖

A table shows coefficient estimates of autoregressive component and endemic component (95% Confidence Intervals and standard errors) from the time-series model. The
estimates of autoregressive component indicate the epidemic proportion of disease
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incidence [207]. The endemic component includes the sine and cosine waves with different periodicity regarding CNS infection syndrome.

❖

A figure presents the estimated effect of the seasonality of CNS infections on the endemic mean. It shows the start, the peak, and the end of endemic.

❖

A plot shows the monthly counts and simulation-based long-term from 2008 to 2017
of each CNS infection syndrome.

For CNS infection syndromes having no seasonality, a figure demonstrating the monthly
case number of them over the 10-year period (2008-2017) is included.
Outcome analysis
Survival probability of CNS infections by year and aetiology. I used Kaplan-Meier curves
to describe the survival probability of specific CNS infection syndromes by aetiologies over
time from admission.
Because the length of hospitalization between community and hospital-acquired CNS infections was markedly different, I categorised CNS infection syndromes into two groups:
(1) community-acquired infections (community-acquired bacterial meningitis, cryptococcal meningitis, viral meningitis, encephalitis, parasitic CNS infections) and (2) hospitalacquired infections (only neurosurgery-associated meningitis). The maximum duration of
hospitalization of community and hospital-acquired CNS infections were approximately
120 days and 210 days, respectively. Therefore, I chose them as the time scale to display the
Kaplan-Meier curves.
For community-acquired CNS infections, I excluded patients with tuberculous meningitis
from the outcome analysis. This is because all patients in whom tuberculous meningitis is
diagnosed are transferred to the specialist tuberculosis treatment hospital, irrespective of
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condition, and therefore the eventual discharge condition of patients with tuberculous
meningitis was unknown but was not represented by the date of transfer.
Cox-regression model. I used a Cox model to identify risk factors for death in patients with
CNS infections. The model included the aetiologies (specific CNS infection syndromes or
variable ‘diagnosis’) as exposure factors and was corrected for other factors including ‘age’,
‘year of diagnosis’ (surrogating for the treatment) and ‘gender’ (see Figure 2-3).
I alternatively performed this analysis in three models:
❖

Model 1 (reference): variables ‘age’ and ‘year’ were treated as linear factors.

❖

Model 2: variable ‘age’ was treated as non-linear factor.

❖

Model 3: variable ‘year’ was treated as non-linear factor.

I performed the ANOVA test to see if there was difference between either model 2 or model
3 with model 1. I also did a sub-group analysis to observe the trend of the outcome of each
CNS infection syndrome over time. In cases of non-linear trend, I fitted a generalized additive model (GAM) to the data using “mgcv” package in R [208].
Figure 2-3. Directed Acyclic Graphs show the relationship of aetiology, age, and admission year with
outcome.
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2.4.3. Specific analysis of community-acquired bacterial meningitis and cryp-

tococcal meningitis on three occasions (2009, 2013 and 2017)
Patients with community-acquired bacterial meningitis and cryptococcal meningitis were
primarily identified through searching the hospital diagnosis on the discharge records.
Data were then collected from the medical case notes for three separate 12-month periods
(January to December inclusive), 4 years apart (2009, 2013 and 2017) during the 10-year
period of interest. Following this, I reviewed all cases according to the World Health Organisation’s case definitions for bacterial and cryptococcal meningitis (as shown in Table
2-4) and included only cases that met these case definitions in the analyses. Neurosurgeryassociated cases of bacterial meningitis were excluded, as defined in the previous section
(Section 2.4.2.1). I further classified cases of community-acquired bacterial meningitis as
laboratory-confirmed or probable cases. The analysis of CBM was performed by calendar
year of study while the analysis of cryptococcal meningitis was compared by HIV status.
HIV status was identified by either the presence of HIV infections in past medical history
or an HIV rapid test at hospital.
Table 2-4. The diagnostic criteria for bacterial and cryptococcal meningitis.
Bacterial meningitis (modified from case definition of WHO) [6, 209]
Confirmed (laboratory-confirmed -at least one of
the following criteria)
Positive culture, Gram stain or real-time PCR of
CSF sample
Positive bacterial blood culture and clinical syndrome consistent with BM (see probable criteria)

Probable
1.

Sudden onset of fever (>38°C) (≤ 7 days)

2.

AND at least one of the following signs:
a. Meningeal signs
b. Altered consciousness
AND CSF examination showing at least one of
the following:
a. Leukocytosis (≥10 cells/ml) AND at least
2 of the following criteria
b. An elevated protein (>1 g/l), decreased
glucose (2.2 mmol/l or less than 50% of
blood glucose), lactate ≥4 mmol/l
c. Turbid appearance (when WC is missing
or WC<10/ml)
AND no aetiologic agent was identified

3.

4.

Cryptococcal meningitis
An India ink stain of CSF positive encapsulated yeasts, or Cryptococcus neoformans cultured from CSF
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2.4.3.1. Variables
Table 2-5 shows the 9 groups of variables I included for the analysis of three occasions
(2009, 2013 and 2017) on community-acquired bacterial meningitis and cryptococcal meningitis. Final status of patients included alive and dead status. Patients who were discharged
to die were classified as died. Detailed information of the variables of the three-year analysis
of community-acquired bacterial meningitis and cryptococcal meningitis were collected on
a standardized Case Report Form and uploaded into an electronic database.
Table 2-5. Summary of variables in the dataset of three-occasion analysis.
Group of variables

Variable description

Demographic

Age, gender, occupation

Prior to hospital admission

Treatment
Type of anti-infective therapy

Past medical history and risk factors

Diabetes
Chef/Keeping pigs
Kidney/liver diseases
Malignancy/ Alcohol
Long-term steroid therapy
Head trauma/ CNS surgery
TB co-infection
HIV infection
CNS/ENT infection

Baseline characteristics

Clinical presentations
Laboratory tests

Characteristics of CSF

Cytology
Biochemistry

Aetiology

Microorganism
Susceptibility

Treatment

Antibiotic/antifungal
Steroids
Duration of treatment

Complications

Neurological
Others

Outcome

Length of hospital stay
Final status
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2.4.3.2. Microbiological investigations
Blood and cerebrospinal fluid (CSF) culture using standard culture methods were performed in the Department of Microbiology, Cho Ray Hospital. Since 2008 the organism
identification and susceptibility testing have been performed using VITEK 2 Compact (bioMérieux, USA) and since 2017 Matrix assisted laser desorption ionization – time of flight
(MALDI TOF-MS) has been applied. Anaerobic blood culture was introduced in our hospital in 2013.
Further investigations were available for microbiological detection in CSF including Indiaink, PCR for Mycobacteria tuberculosis, Herpes simplex virus, and Japanese Encephalitis virus IgM. Decisions to order specific tests are made by the attending doctor.
2.4.3.3. Statistical methods
Descriptive analysis
I calculated the median and interquartile ranges for continuous variables (as most data
were not normally distributed), and frequencies for categorical variables.
Community-acquired bacterial meningitis. I described the demographics and underlying
health conditions. I used simple descriptive statistics to show the clinical signs and symptoms at presentation, including laboratory investigations, cerebrospinal fluid findings, microbiology, and drug susceptibilities. I included results of chest and brain imaging where
available, and treatment (antimicrobial and adjunctive).
I described complications in terms of the numbers and proportions of patients with at least
one event as well as the total number of events. Complications were defined using the Common Terminology for Clinical Adverse Events 2020 (CTCAE) and categorized by body system according to the Medical Dictionary for Regulatory Activities system organ class.
All results were performed and compared between the three years (2009, 2013, and 2017).
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Cryptococcal meningitis. Similar to community-acquired bacterial meningitis, I described
the clinical presentations and laboratory investigations for cryptococcal meningitis. Cases
of cryptococcal meningitis were compared by HIV infection status.
Categorical variables were compared using Pearson's Chi-squared test and continuous variables were compared using the Linear Model ANOVA test. Where the value of any cell for
categorical variable was less than one I used Fisher’s exact test [210].
Outcome analysis
Cox regression models were used to evaluate risk factors for death and severe disability.
Community-acquired bacterial meningitis. In the Cox regression model to assess the risk
factors for outcome, dexamethasone therapy was included in the model and corrected by
the time interval from baseline to dexamethasone therapy and the duration of dexamethasone therapy. I also included age, gender, comorbidity, baseline neurological defects,
the CSF/blood glucose ratio, and the microbiology in the model (positive culture positive
for Streptococcus spp., positive culture positive for other bacteria rather than Streptococcus
spp., and culture negative).
The pre-antibiotic treatment playing a role as an effect modifier could differently modify
the observed effect of the microbiology on the outcome. Therefore, I analysed the impact
of the microbiology stratified by the previous antibiotic treatment.
I performed a Charlson comorbidity score for all patients at baseline. This Charlson
comorbidity score was based on the package ‘comorbidity’ [211]. The comorbidities included acute myocardial infarction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic obstructive pulmonary disease, rheumatoid disease, peptic ulcer disease, mild liver disease, diabetes with/without complications, hemiplegia or paraplegia, renal disease, cancer (any malignancy), moderate or severe liver disease, metastatic solid tumour, and AIDS/HIV. The Charlson comorbidity score was
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calculated as the sum of total comorbidities presenting at baseline with each comorbidity
event was equivalent “1” score.
The binary variable of baseline neurological defect was defined based on the presence of at
least one of the following baseline conditions in patients: Glasgow Coma Score (GCS) <15,
convulsion, hearing/visual impairment, paralysis, and cranial nerve palsy.
Patient outcomes were classified as good, intermediate, and severe using the ‘Two simple
questions’ [91]. Intermediate and severe disability were defined as the presence of any problems left by the illness and requirement of support from anybody for patients’ daily activities, respectively.
Cryptococcal meningitis. Similarly, I considered factors such as comorbidity (including
HIV status), age, gender, baseline neurological defects, and the CSF/blood glucose ratio in
the model for identifying risk factors affecting the outcome of cryptococcal meningitis.
All statistical analyses were performed using R (version 4.0.4) (R Foundation for Statistical
Computing, Vienna, Austria).
Incomplete data were imputed using multivariable imputation by chained equations
(MICE) [212]. The number of imputed datasets was 20. The multiple imputation was used
in the outcome analysis (Cox-regression model) for community-acquired bacterial meningitis and cryptococcal meningitis and based on the following information:
-

Baseline variables: Age, gender, neurological defect, Charlson comorbidity
score, prior antibiotic treatment (in cases of community-acquired bacterial
meningitis), and HIV status (in cases of cryptococcal meningitis)

-

CSF and blood glucose ratio, and microbiological information ((in cases
of community-acquired bacterial meningitis)

-

Mortality and disability at discharge.
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2.5. ETHICS
This was a retrospective case note review. I requested that the study be conducted under
the approval of a waiver of informed consent by the ethical committee of reference. A
waiver of consent was deemed appropriate for this work because:

❖

The study involved minimal risk to patients.

❖

Informed consent cannot feasibly be collected from ~ 8,500 patients’ whose records
span the previous 10 years, some of whom will have died; therefore, a requirement to
obtain informed consent would make the work unfeasible.

❖

All data collected were kept anonymous within OUCRU’s secure database and protected from the possibility of being traced back to identify the participant.

This study was approved by the Institutional Review Board of Cho Ray Hospital (Decision
number: 634/BVCR-HDDD).

2.6. RESULTS
2.6.1. Participants
The discharge search identified a total of 8,542 patients classified as having a CNS infection
over the 10-year period. Noticeably in 2015, only data in the Department of Tropical Diseases was available. Therefore, all 2015 data on neurosurgery-associated meningitis was
missing as patients with this condition tended to remain in the Neurosurgery or Head
Trauma wards. Figure 2-4 shows the number of participants included in the study analysis.
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Figure 2-4. Flow chart of number of study participants in each analysis.

2.6.2. The 10-year time trend analysis
2.6.2.1. Case numbers and demographic characteristics of CNS infections
Case numbers and demographic characteristics of all CNS infection syndromes
Table 2-6 details the numbers of patients with the various CNS infection syndromes presenting by year, along with the gender and age distribution. The total number of cases of
all specific CNS infection syndromes each year ranged from 600 to 1,000 cases. Of all cases
with CNS infections in Cho Ray Hospital males consistently accounted for about two-
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thirds of the total over 10 years (Table 2-6). The median age of patients significantly increased over the study period, from 36 years in 2008 to 44 years in 2017 (p-value <0.001).
Of the seven specific CNS infection syndromes I defined, the most common were community-acquired bacterial meningitis, tuberculous meningitis, and encephalitis. These each
accounted for around almost a quarter of the total cases. Cryptococcal, viral meningitis and
parasitic CNS infections together accounted for about 12% of the total. Notably, as demonstrated in Figure 2-5, case numbers of neurosurgery-associated meningitis increased
sharply in 2016 and 2017 compared to 2008 to 2014. There was also a considerable increase
in the number of cases of tuberculous meningitis seen in 2016 and 2017. The number of
cases of unspecified CNS infections decreased over the 10-year period perhaps representing improved diagnostic capabilities over the time-period (see Figure 2-5).
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Table 2-6. General characteristics of patients presenting with CNS infection syndromes from 2008-2017.
2008

2009

2010

2011

2012

2013

2014

(N=832) (N=914) (N=676) (N=884) (N=826) (N=811) (N=761)
Male,
(%)
Median

n

2015
(N=609)

2016

2017

Total

(N=1094) (N=1135) (N=8542)

530

575

432

556

533

521

480

390

692

738

5447

(64)

(63)

(64)

(63)

(65)

(64)

(63)

(64)

(63)

(65)

(64)

36

37

41

40

41

40

40

40

45

44

40

(26, 51)

(28, 55)

(27, 56)

(28, 57)

(27, 57)

(28, 56)

(28, 55)

(30, 58)

(29, 58)

(27, 56)

age, years (25, 52)

p-value
1.00

< 0.001

(IQR)
Diagnosis, n (%)
CBM

NM

CM

TBM
EN

VM

PCI

UN

178

241

187

221

213

180

129

126

227

214

1916

(21.4)

(26.4)

(27.7)

(25.0)

(25.8)

(22.2)

(17.0)

(20.7)

20.7)

18.9)

(22.4)

NA

31

31

27

23

36

52

20

(3.7)

(3.4)

(4.0)

(2.6)

(4.4)

(6.4)

(2.6)

163

184

567

(14.9)

(16.2)

(6.6)

35

35

26

23

22

24

20

22

23

22

252

(4.2)

(3.8)

(3.8)

(2.6)

(2.7)

(3.0)

(2.6)

(3.6)

(2.1)

(1.9)

(3.0)

172

207

167

199

193

233

201

157

335

349

2213

(20.7)

(22.6)

(24.7)

(22.5)

(23.4)

(28.7)

(26.4)

(25.8)

(30.6)

(30.7)

(25.9)

233

169

158

201

171

163

273

146

228

236

1978

(28.0)

(18.5)

(23.4)

(22.7)

(20.7)

(20.1)

(35.9)

(24.0)

(20.8)

(20.8)

(23.2)

24

80

29

62

50

50

43

38

60

72

508

(2.9)

(8.8)

(4.3)

(7.0)

(6.1)

(6.2)

(5.7)

(6.2)

(5.5)

(6.3)

(5.9)

12

28

12

26

11

18

9

33

31

40

220

(1.4)

(3.1)

(1.8)

(2.9)

(1.3)

(2.2)

(1.2)

(5.4)

(2.8)

(3.5)

(2.6)

147

123

70

129

130

91

66

87

27

18

888

(17.7)

(13.5)

(10.4)

(14.6)

(15.7)

(11.2)

(8.7)

(14.3)

(2.5)

(1.6)

(10.4)

N, total number of cases (denominator); n, number of cases of each characteristic (numerator); IQR, interquartile range; NA, not available.
¥

p-value: categorical variables were compared using Pearson's Chi-squared test, continuous ones were compared using Linear Model ANOVA test

CBM, community-acquired bacterial meningitis;
NM, neurosurgery-associated meningitis;
CM, cryptococcal meningitis;
TBM, tuberculous meningitis,
EN, encephalitis;
PCI, parasitic CNS infections;
VM, viral meningitis;
UN, unidentified, patients with diagnosis of CNS infections but no confirmed pathogen (e.g., meningitis).

¥
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Demographic characteristics by specific CNS infection syndromes
The age and gender distributions of each CNS infection syndrome are summarized in Table 2-7. Generally, males consistently accounted for the majority of all specific CNS infection syndromes. Patients with viral meningitis and encephalitis were likely younger than
those with other forms of CNS infections, i.e., median age of them was about 33 years while
others ranged from 40 to 50 years. There was an increase in median age of patients with
community-acquired bacterial meningitis (from 42 to 50 years), with cryptococcal meningitis (from 29 to 40 years), with tuberculous meningitis (from 40 to nearly 50 years) during
the study period (2008-2017). Meanwhile, the median age of patients with neurosurgeryassociated meningitis varied widely from 28 to 46 years. In viral meningitis, the median age
was around 33 years and a higher median age was observed in years 2011, 2012, and 2017.
The median ages of patients with encephalitis (33 years) and parasitic CNS infections (37
years) were consistent over time.
Table 2-7. Gender distribution and median age (IQR) of specific CNS infection syndromes.
2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

p-value¥
0.36

Gender distribution, male, n (%)
CBM

120

166

131

158

154

129

96

102

164

161

1381

(N=1916)

(68)

(69)

(70)

(72)

(72)

(72)

(74)

(81)

(72)

(75)

(72)

21

23

20

16

24

39

17

NA

127

138

425

(68)

(74)

(74)

(70)

(67)

(75)

(85)

(78)

(75)

(75)

20

26

13

16

15

14

12

11

15

14

156

(57)

(74)

(50)

(70)

(68)

(58)

(60)

(50)

(65)

(63)

(62)

NM
(N=567)
CM
(N=252)
TBM

105

129

101

121

119

138

120

85

194

203

1315

(N=2213)

(61)

(62)

(61)

(61)

(62)

(59)

(60)

(55)

(58)

(58)

(60)

EN

147

93

100

109

102

95

159

91

120

138

1154

(N=1978)

(63)

(55)

(63)

(54)

(60)

(58)

(58)

(62)

(53)

(59)

(58)

17

51

18

39

27

32

28

26

34

47

319

(71)

(64)

(62)

(63)

(54)

(64)

(65)

(70)

(57)

(65)

(63)

VM
(N=508)
PCI
(N=220)

9

15

9

14

8

16

5

19

24

23

142

(75)

(53)

(75)

(54)

(73)

(89)

(56)

(58)

(77)

(58)

(65)

0.82
0.66
0.94
0.35
0.87
0.16

Median age, years (IQR)
CBM

42

42

46

49

49

50

48

51

50

49

48

(N=1916)

(26,

(29,

(34,

(35,

(34,

(34,

(34,

(33,

(35,

(36,

(33,

57)

57)

60)

59)

64)

61)

62)

64)

61)

62)

61)

0.002
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60

2009

2010

2011

2012

2013

2014

2015
NA

2016

2017

Total

p-value¥
< 0.001

NM

46

32

28

43

29

32

33

40

39

38

(N=567)

(26,

(23,

(22,

(22,

(21,

(21,

(23,

(28,

(23,

(23,

51)

48)

44)

52)

42)

49)

47)

55)

53)

53)

CM

29

35

40

35

40

38

42

40

43

40

38

(N=252)

(25,

(30,

(32,

(29,

(32,

(31,

(35,

(28,

(34,

(27,

(30,

35)

44)

46)

43)

46)

46)

54)

59)

61)

59)

47)

TBM

42

40

42

43

46

43

46

47

49

48

45

(N=2213)

(27,

(26,

(30,

(29,

(31,

(28,

(31,

(34,

(36,

(34,

(31,

60)

58)

60)

58)

59)

61)

61)

59)

61)

62)

60)

EN

31

30

34

33

35

34

33

33

35

35

33

(N=1978)

(22,

(22,

(22,

(23,

(27,

(23,

(24,

(22,

(24,

(26,

(23,

47)

45)

47)

48)

47)

52)

51)

47)

52)

53)

49)

VM

30

31

38

41

47

30

31

26

30

42

33

(N=508)

(19,

(22,

(29,

(27,

(25,

(25,

(24,

(23,

(23,

(24,

(24,

40)

40)

53)

57)

56)

48)

37)

34)

43)

53)

49)

PCI

42

38

36

32

33

35

32

33

35

40

37

(N=220)

(32,

(25,

(27,

(24,

(25,

(28,

(31,

(26,

(28,

(32,

(28,

53)

47)

48)

46)

42)

45)

41)

45)

48)

52)

47)

0.006

< 0.001

0.09

< 0.001

0.71

N, total number of cases in study period (2008-2017); n, number of cases; NA, not available; IQR, interquartile range.
p-value: categorical variables were compared using Pearson's Chi-squared test and continuous variables were compared using Lin-

¥

ear Model ANOVA test.
CBM, community-acquired bacterial meningitis;
NM, neurosurgery-associated meningitis;
CM, cryptococcal meningitis;
TBM, tuberculous meningitis,
EN, encephalitis;
PCI, parasitic CNS infections;
VM, viral meningitis.
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2.6.2.2. Neurosurgery-associated meningitis
When compared with community-acquired bacterial meningitis, neurosurgery-associated
meningitis had different characteristics in terms of underlying conditions and causative
agents. This part is for description of these characteristics.
The characteristics of underlying brain diseases. Neurosurgery-associated meningitis occurred in patients admitted to Cho Ray Hospital for reasons other than meningitis itself.
Neurosurgery could be followed by nosocomial meningitis. The underlying brain diseases
associated with the cases of neurosurgery-associated meningitis are presented in Table 2-8.
They included traumatic brain injury, cerebral and cranial nerve tumours, cerebrospinal
fluid (CSF) leaks, ventriculoperitoneal (VP) shunts, hydrocephalus, cerebrovascular diseases, brain abscesses, and surgical site infections. Traumatic brain injury accounted for
the highest proportion throughout the 10-year study period (~ from 50 to 60% by year of
all cases).
Table 2-8. Characteristics of underlying brain diseases in neurosurgery-associated meningitis.
Brain diseases,
n (%)
TBI*
Brain tumour!
Cerebrovascular diseases λ
SSI/
brain abscess
Hydrocephalus
CSF leak
VP shunt
Other£

2008
(N=31)

2009
(N=31)

2010
(N=27)

2011
(N=23)

2012
(N=36) β

2013
(N=52)

2014
(N=20)

2016
(N=163)

2017
(N=184)

Total
(N=567)

15
(50)
3
(10)
3
(10)
5
(14)
3
(10)
0
(0)
1
(3)
1
(3)

20
(67)
4
(12)
4
(12)
1
(3)
0
(0)
1
(3)
1
(3)
0
(0)

18
(67)
3
(11)
4
(14)
0
(0)
0
(0)
1
(4)
1
(4)
0
(0)

15
(65)
0
(0)
4
(17)
0
(0)
2
(9)
0
(0)
2
(9)
0
(0)

17
(47)
4
(12)
1
(3)
3
(8)
0
(0)
3
(8)
3
(8)
0
(0)

26
(50)
14
(26)
1
(2)
3
(6)
2
(4)
3
(6)
3
(6)
0
(0)

10
(50)
2
(10)
0
(0)
4
(20)
0
(0)
1
(5)
1
(5)
2
(10)

94
(58)
27
(17)
21
(13)
3
(1.5)
11
(7)
1
(0.5)
5
(3)
1
(0.5)

95
(52)
46
(25)
23
(13)
6
(3)
8
(4)
6
(3)
0
(0)
0
(0)

310
(55)
103
(18)
61
(10)
25
(4)
26
(5)
16
(3)
17
(3)
4
(1)

*TBI, Traumatic brain injury includes one or more brain injuries usually due to car or motorbike accidents such as subdural hematoma, extradural hematoma, intracerebral haemorrhage, subarachnoid haemorrhage, etc.
!
Brain tumour (no. of cases), meningioma (22), astrocytoma (14), pituitary adenoma (11), tumour of nerves V (4), VIII (6), cerebral haemangioma (1), tumour of spinal cord (1), unspecified (44); λ Cerebrovascular diseases, cerebral aneurysm (39), cerebral infarction (12), cerebrovascular malformation (7); £ Other, lumbar disk herniation (2), arachnoid cyst (1), endophthalmitis (1)
β
2012, 5 cases with data not available; 2015, data not available
CSF, cerebrospinal fluid; VP, ventriculoperitoneal; SSI, surgical site infections; N, number of total cases.
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Microbiological causes of neurosurgery-associated meningitis
Note microbiological diagnoses for neurosurgery-associated meningitis were not available
from discharge data; therefore, I only have these for the years of detailed review (2009,
2013, and 2017) when medical case notes were accessed.
Table 2-9 shows that the percentage of positive culture in CSF or blood of patients with
neurosurgery-associated meningitis was as low as 13.6%. The most common pathogens
among microbiological-confirmed cases were listed by descending order:
i.

Acinetobacter baumannii (12/32, 37.5%),

ii. Staphylococcus aureus MRSA (4/32, 12.5%),
iii. Pseudomonas aeruginosa (4/32, 12.5%),
iv. Klebsiella pneumonia (3/32, 9.4%),
v. Escherichia coli (2/32, 6.2%).
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Table 2-9. Microbiological investigations of laboratory-confirmed neurosurgery-associated meningitis
in 2009, 2013, and 2017.
2009
(N=31)

2013
(N=52)

2017
(N=184)

Total
(N=267)

No. of cases available for microbiological investigations

22

50

163

235

Total no. of cases with confirmed
microbiology, n/N (%)
Samples

3/22
(13.6)
CSF
Blood

12/50
(24.0)
CSF
Blood

17/163
(13.2)
CSF Blood

32/235
(13.6)
CSF
Blood

No. of cases with confirmed microbiology, n (%)

2
(67)

1
(33)

12
(100)

2
(17)

17
(100)

1
(6)

31
(97)

4
(13)

Staphylococcus aureus MRSA

0
(0)

0
(0)

2
(17)

0
(0)

2
(12)

1
(6)

4
(13)

1
(4)

Staphylococcus hemolyticus

0
(0)
0
(0)
0
(0)
1
(33)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
1
(33)

0
(0)
0
(0)
1
(33)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)

0
(0)
1
(9)
0
(0)
5
(42)
1
(9)
1
(9)
0
(0)
1
(9)
1
(9)
0
(0)
0
(0)

0
(0)
0
(0)
0
(0)
1
(9)
0
(0)
1
(9)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)

1
(6)
0
(0)
0
(0)
6
(36)
1
(6)
0
(0)
3
(18)
3
(18)
0
(0)
1
(6)
0
(0)

0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)

1
(4)
1
(4)
1
(4)
12
(39)
2
(8)
1
(4)
3
(12)
4
(13)
1
(4)
1
(4)
1
(4)

0
(0)
0
(0)
1
(4)
1
(4)
0
(0)
1
(4)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)

Staphylococcus coagulase negative
Enterococcus faecalis
Acinetobacter baumannii
Escherichia coli
Klebsiella spp.
Klebsiella pneumonia
Pseudomonas aeruginosa
Pseudomonas putida
Enterobacter aerogenes
Proteus mirabilis

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
CSF, cerebrospinal fluid
MRSA, methicillin resistant Staphylococcus aureus.

2.6 RESULTS

64

2.6.2.3. Geographic origins of patients admitted to Cho Ray Hospital with particular CNS

infection syndromes by year
Geographic origins of all patients admitted to Cho Ray Hospital with CNS infections
by year. Table 2-10 presents the numbers of all CNS infection syndromes presenting by
crude location. The distribution of CNS infections by province and year is mapped in Figure 2-6 and Figure 2-7. Ho Chi Minh City and the neighbouring provinces had higher case
numbers compared to other regions.
Table 2-10. Geographic origins of all patients admitted to Cho Ray Hospital with CNS infections.
Region,
n (%)
HCMC

MRD

Southeast

Central*

Northern
gion
Cambodia

Unknown

re-

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

N=832

N=914

N=676

N=884

N=826

N=811

N=761

N=60

N=109

N=113

N=8542

9

4

5

131

243

100

114

98

166

101

56

110

118

1237

(16)

(27)

(15)

(13)

(12)

(21)

(13)

(9)

(10)

(10)

(15)

321

298

281

406

377

276

330

274

534

582

3679

(39)

(33)

(42)

(46)

(46)

(34)

(43)

(45)

(49)

(51)

(43)

229

237

175

233

225

175

192

163

274

248

2151

(28)

(26)

(26)

(26)

(27)

(22)

(25)

(27)

(25)

(22)

(25)

115

75

86

94

104

67

114

90

163

170

1078

(14)

(8)

(13)

(11)

(13)

(8)

(15)

(15)

(15)

(15)

(13)

7

24

2

6

3

13

3

4

12

15

89

(1)

(3)

(0.3)

(1)

(0.4)

(2)

(0.4)

(1)

(1)

(1)

(1)

0

19

32

25

8

19

21

19

1

0

144

(0)

(2)

(5)

(3)

(1)

(2)

(3)

(3)

(0.1)

(0)

(2)

29

18

0

6

11

95

0

3

0

2

164

(4)

(2)

(0)

(1)

(1)

(12)

(0)

(1)

(0)

(1)

(2)

N, total number of cases (denominator);
n, number of cases of each characteristic (numerator);
MRD, Mekong River Delta;
* Central, South Central Coast & Central Highlands.
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Figure 2-6. Provincial origins of all patients with CNS infections admitted to Cho Ray Hospital over a
10-year period from 2008 to 2017.
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Figure 2-7. Provincial origins of all patients with CNS infections admitted to Cho Ray Hospital for each
year of study.
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Geographic origins of patients admitted to Cho Ray Hospital with particular CNS infection syndromes by year
The characteristic that higher case numbers of CNS infections were observed in Ho Chi
Minh City and the neighbouring provinces compared to the one in other regions was further seen in each specific CNS infection syndrome. The geographic origins of patients with
each CNS infection syndrome by year are summarised in Table 2-11 and are mapped by
province in Figure 2-8, Figure 2-9, Figure 2-10, Figure 2-11, Figure 2-12, Figure 2-13, and
Figure 2-14.
While the addresses of patients with other specific CNS infections were reported to be
mostly in Ho Chi Minh City and neighbouring regions like the Mekong River Delta and
the southeast, a major proportion of patients with parasitic CNS infections were seen not
only in these regions, but also in the South Central Coast & Central Highlands (28.2% of
total cases with parasitic CNS infections, see Table 2-11).
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Table 2-11. Geographic origins of patients with particular CNS infection syndrome admitted to Cho
Ray Hospital by year.
Number
of cases,
n (%)

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

28
(16)
72
(40)
40
(22)
11
(6)
2
(1)

15
(12)
62
(48)
36
(28)
14
(11)
1
(1)

10
(8)
67
(53)
33
(26)
13
(10)
0
(0)

23
(10)
125
(55)
54
(24)
21
(9)
3
(1)

23
(11)
126
(59)
45
(21)
17
(8)
3
(1)

251
(13)
921
(48)
496
(26)
172
(9)
18
(1)

6
(3)
21
(12)

1
(1)
0
(0)

2
(2)
1
(1)

1
(0.4)
0
(0)

0
(0)
0
(0)

26
(1)
32
(2)

8
(15)
14
(27)
13
(25)
3
(6)
0
(0)

3
(15)
5
(25)
6
(30)
5
(25)
0
(0)

NA

13
(8)
63
(39)
50
(31)
36
(22)
1
(1)

26
(14)
82
(45)
41
(22)
35
(19)
0
(0)

72
(13)
210
(37)
158
(28)
104
(18)
4
(1)

2
(4)
12
(23)

1
(5)
0
(0)

NA

0
(0)
0
(0)

0
(0)
0
(0)

5
(1)
14
(3)

5
(21)
5
(21)
11
(46)

3
(15)
7
(35)
10
(50)

3
(14)
7
(32)
10
(46)

3
(13)
8
(35)
10
(44)

0
(0)
12
(55)
4
(18)

43
(17)
86
(34)
86
(34)

Community-acquired bacterial meningitis (N=1916)
HCMC
MRD
Southeast
Central

30
(17)
62
(35)
56
(32)
24
(14)
1
(1)

63
(26)
86
(36)
60
(25)
20
(8)
5
(2)

19
(10)
98
(52)
46
(25)
18
(10)
0
(0)

21
(10)
111
(50
62
(28)
18
(8)
2
(1)

19
(9)
112
(53)
64
(30)
16
(8)
1
(0.5)

Northern region
Cambo0
4
6
6
0
dia
(0)
(2)
(3)
(3)
(0)
Un5
3
0
1
1
known
(3)
(1)
(0)
(0.5) (0.5)
Neurosurgery-associated meningitis (N=567)
HCMC
7
12
1
0
2
(23) (38)
(4)
(0)
(6)
MRD
8
7
11
8
12
(26) (23) (41) (35) (33)
South10
6
10
10
12
east
(32) (19) (37) (44) (33)
Central
5
2
4
5
9
(16)
(7)
(15) (22) (25)
North0
2
0
0
1
ern re- (0)
(7)
(0)
(0)
(3)
gion
Cambo0
1
1
0
0
dia
(0)
(3)
(4)
(0)
(0)
Un1
1
0
0
0
known
(3)
(3)
(0)
(0)
(0)
Cryptococcal meningitis (N=252)
HCMC
7
11
3
5
3
(20) (31) (12) (22) (14)
MRD
11
10
10
8
8
(31) (29) (39) (35) (36)
South12
11
7
6
5
east
(34) (31) (27) (26) (23)

NA
NA
NA
NA

NA
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Table 2-11. Geographic origins of patients with particular CNS infection syndrome admitted to Cho
Ray Hospital by year.
Number
of cases,
n (%)
Central

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

3
(9)
0
(0)

1
(3)
0
(0)

4
(15)
0
(0)

0
(0)
0
(0)

5
(23)
0
(0)

0
(0)
0
(0)

0
(0)
0
(0)

2
(9)
0
(0)

2
(9)
0
(0)

3
(14)
2
(9)

20
(8)
2
(1)

4
(17)
0
(0)

0
(0)
1
(5)

3
(13)
0
(0)

0
(0)
0
(0)

0
(0)
0
(0)

0
(0)
0
(0)

0
(0)
1
(5)

10
(4)
5
(2)

28
(14)
99
(50)
46
(23)
19
(10)
0
(0)

25
(13)
95
(49)
44
(23)
25
(13)
0
(0)

49
(21)
78
(34)
51
(22)
21
(9)
4
(2)

29
(14)
87
(43)
50
(25)
27
(13)
1
(0.5)

16
(10)
73
(47)
38
(24)
22
(14)
2
(1)

31
(9)
191
(57)
60
(18)
52
(16)
1
(0.3)

30
(9)
194
(56)
74
(21)
46
(13)
4
(1)

315
(14)
1007
(46)
506
(23)
280
(13)
21
(1)

6
(3)
1
(0.5)

2
(1)
2
(1)

4
(2)
26
(11)

7
(4)
0
(0)

6
(4)
0
(0)

0
(0)
0
(0)

0
(0)
1
(0.3)

41
(2)
43
(2)

29
(14)
81
(40)
55
(27)
27
(13)
0
(0)

22
(13)
70
(41)
44
(26)
29
(17)
0
(0)

32
(20)
56
(34)
30
(18)
13
(8)
6
(4)

39
(14)
118
(43)
56
(21)
51
(19)
0
(0)

15
(10)
65
(45)
34
(23)
23
(16)
0
(0)

30
(13)
96
(42)
66
(29)
32
(14)
4
(2)

28
(12)
112
(48)
52
(22)
40
(17)
4
(2)

295
(15)
813
(41)
469
(24)
289
(15)
26
(1)

6
(3)

5
(3)

3
(2)

9
(3)

9
(6)

0
(0)

0
(0)

47
(2)

Northern region
Cambo0
1
2
dia
(0)
(3)
(8)
Un2
1
0
known
(6)
(3)
(0)
Tuberculous meningitis (N=2213)
HCMC
25
50
32
(15) (24) (19)
MRD
64
70
56
(37) (33) (33)
South47
51
45
east
(27) (25) (27)
Central
26
21
21
(15) (10) (13)
North1
7
1
ern re- (1)
(3)
(1)
gion
Cambo0
4
12
dia
(0)
(2)
(7)
Un9
4
0
known
(5)
(2)
(0)
Encephalitis (N=1978)
HCMC
34
40
26
(15) (24) (17)
MRD
105
50
60
(45
(30) (38)
South50
42
40
east
(22) (25) (25)
Central
34
17
23
(15) (10) (15)
North3
8
1
ern re- (1)
(5)
(1)
gion
Cambo0
7
8
dia
(0)
(4)
(5)

2.6 RESULTS

70

Table 2-11. Geographic origins of patients with particular CNS infection syndrome admitted to Cho
Ray Hospital by year.
Number
of cases,
n (%)
Unknown
Viral
(N=508)
HCMC
MRD
Southeast
Central

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

7
5
(3)
(3)
meningitis

0
(0)

3
(2)

1
(1)

23
(14)

0
(0)

0
(0)

0
(0)

0
(0)

39
(2)

4
(17)
6
(25)
10
(42
3
(13)

2
(7)
12
(41)
11
(38)
3
(10)

10
(16)
26
(42)
18
(29)
5
(8)

12
(24)
16
(32)
17
(34)
5
(10)

15
(30)
14
(28)
12
(24)
4
(8)

5
(12)
16
(37)
13
(30)
8
(19)

3
(8)
13
(34)
11
(29)
9
(24)

5
(8)
27
(45)
20
(33)
6
(10)

8
(11)
32
(44)
21
(29)
10
(14)

89
(18)
188
(37)
156
(31)
56
(11)

1
(2)

0
(0)

1
(2)

1
(2)

0
(0)

2
(3)

1
(1)

8
(2)

2
(3)
0
(0)

0
(0)
0
(0)

0
(0)
4
(8)

0
(0)
0
(0)

0
(0)
2
(5)

0
(0)
0
(0)

0
(0)
0
(0)

3
(1)
8
(2)

2
(8)
11
(42)
4
(15)
9
(35)
0
(0)

2
(18)
5
(46)
2
(18)
2
(18)
0
(0)

5
(28)
4
(22)
3
(17)
4
(22)
0
(0)

0
(0)
5
(56)
2
(22)
2
(22)
0
(0)

2
(6)
7
(21)
10
(30.3)
12
(36)
1
(3)

2
(7)
11
(36)
9
(29)
9
(29)
0
(0)

3
(8)
15
(38)
6
(15)
16
(40)
0
(0)

28
(13)
71
(32)
52
(24)
62
(28)
1
(0.5)

0
(0)
0
(0)

0
(0)
0
(0)

1
(6)
1
(6)

0
(0)
0
(0)

1
(3)
0
(0)

0
(0)
0
(0)

0
(0)
0
(0)

3
(1)
3
(1)

25
(31)
26
(33)
23
(29)
3
(4)

North0
2
0
ern re(0)
(3)
(0)
gion
Cambo0
0
1
dia
(0)
(0)
(3)
Un1
1
0
known
(4)
(1)
(0)
Parasitic CNS infections (N=220)
HCMC
4
6
2
(33) (21) (17)
MRD
3
6
4
(25) (21) (33)
South3
10
3
east
(25) (36) (25)
Central
1
4
3
(8
(14) (25)
North0
0
0
ern re- (0)
(0)
(0)
gion
Cambo0
1
0
dia
(0)
(4)
(0)
Un1
1
0
known
(8)
(4)
(0)

N, total number of cases (denominator);
n, number of cases of each characteristic (numerator)
MRD, Mekong River Delta;
Central, South Central Coast & Central Highlands.
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Figure 2-8. Provincial origins of patients with community-acquired bacterial meningitis admitted to
Cho Ray Hospital each year of study.
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Figure 2-9. Provincial origins of patients with neurosurgery-associated meningitis admitted to Cho
Ray Hospital each year of study.
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Figure 2-10. Provincial origins of patients with cryptococcal meningitis admitted to Cho Ray Hospital
each year of study.
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Figure 2-11. Provincial distribution of case numbers with tuberculous meningitis admitted to Cho
Ray Hospital each year of study.
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Figure 2-12. Provincial origins of patients with encephalitis admitted to Cho Ray Hospital each year
of study
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Figure 2-13. Provincial origins of patients with viral meningitis admitted to Cho Ray Hospital each
year of study.
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Figure 2-14. Provincial origins of patients with parasitic CNS infections admitted to Cho Ray Hospital each year of study.
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2.6.2.4. Time trend and seasonality of CNS infections
I fitted an endemic-epidemic model to the univariate time series of each CNS infection
syndrome between 2008 and 2017. I observed the seasonality in:
-

community-acquired bacterial meningitis,

-

neurosurgery-associated meningitis,

-

tuberculous meningitis,

-

encephalitis,

-

viral meningitis.

Seasonality was not found in cryptococcal meningitis and parasitic CNS infections.
The seasonal pattern of each CNS infection mentioned above is detailed in the next part.

2.6 RESULTS

79

Community-acquired bacterial meningitis. Table 2-12 shows an autoregressive coefficient estimate of 0.43 which indicates the epidemic proportion of community-acquired
bacterial meningitis. In terms of endemic component, the case numbers of communityacquired bacterial meningitis increased from February to August (Figure 2-15). The
monthly case numbers of community-acquired bacterial meningitis over the 10-year period
are illustrated in Figure 2-16. The overall time-series plot reveals a seasonality in community-acquired bacterial meningitis with a significant 12-month periodicity.
Table 2-12. Coefficient estimates from the time-series model of community-acquired bacterial meningitis.
Estimate

95% Confidence Interval

Standard Error

0.43£

0.29, 0.64

0.09

Intercept

8.90

6.70, 12.00

1.33

Sine (2*pi*t/12)

1.18

1.00, 1.39

0.08

Cosine (2*pi*t/12)

0.86

0.74, 1.01

0.08

Overdispersion

1.07

1.03, 1.10

0.02

Autoregressive component
Endemic component

£

The estimate (0.43) is the autoregressive coefficient λ and can be interpreted as the epidemic proportion of

disease incidence [207]
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Figure 2-15. The estimated effect of the seasonality of community-acquired bacterial meningitis on the
endemic mean.
The peak starts from February and ends in August of a year.

Figure 2-16. Simulation-based long-term of community-acquired meningitis from 2008 to 2017.
The plot shows the monthly counts of community-acquired bacterial meningitis. The fan chart represents the 1% to 99% uncertainty interval of the simulations of each month; their mean is displayed
as a dark-blue line in the middle. The white line corresponds to the observed counts. The green
numbers (3, 6, 9) in the x-axis represent March, June, and September.

2.6 RESULTS

81

Neurosurgery-associated meningitis. No data for neurosurgery-associated meningitis were

available for 2015 owing to changes in the hospital coding systems. The coefficient estimates from the time-series model are presented in Table 2-13 (the epidemic proportion of
disease was 0.70). As shown in Figure 2-17, regarding endemic component, it was observed
that the case numbers of neurosurgery-associated meningitis peaked from February to
June. The monthly case numbers of this syndrome in 9 years (2008-2017, except for 2015)
are presented in Figure 2-18. The overall time-series plot revealed a seasonality in neurosurgery-associated meningitis with a significant 12-month periodicity (Figure 2-18).

Table 2-13. Coefficient estimates from the time-series model of neurosurgery-associated meningitis.
Estimate

95% Confidence Interval

Standard Error

0.70£

0.54, 0.91

0.09

Intercept

1.26

0.86, 1.84

0.25

Sine (2*pi*t/12)

1.70

1.04, 2.79

0.25

Cosine (2*pi*t/12)

1.23

0.80, 1.90

0.22

Overdispersion

1.53

1.25, 1.87

0.10

Autoregressive component
Endemic component

£

The estimate (0.70) is the autoregressive coefficient λ and can be interpreted as the epidemic proportion

of disease incidence [207]
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Figure 2-17. The estimated effect of the seasonality of neurosurgery-associated meningitis on the endemic mean.
The peak starts from February and ends in June of a year.

Figure 2-18. Simulation-based long-term of neurosurgery-associated meningitis from 2008 to 2017.
The plot shows the monthly counts of neurosurgery-associated meningitis. Data from 2015 was
missing. The fan chart represents the 1% to 99% uncertainty interval of the simulations of each
month; their mean is displayed as a dark-blue line in the middle. The white line corresponds to the
observed counts. The green numbers (3, 6, 9) in the x-axis represent March, June, and September.
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Cryptococcal meningitis. Figure 2-19 shows the number of cryptococcal meningitis cases
over 10 years. Seasonality of cryptococcal meningitis was not found.
Figure 2-19. The monthly number of cases of cryptococcal meningitis over the 10-year period (20082017).
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Tuberculous meningitis. The autoregressive coefficient of 0.44 (the epidemic proportion
of disease incidence) is shown in Table 2-14. The estimated effect of the seasonality on the
endemic mean in Figure 2-20 shows that tuberculous meningitis had a significant 48month periodicity with higher case numbers in the first 2 years and then decreasing in the
last 2 years of each 4-year cycle. The peak started from January of a year and ended in December of the next year. The monthly case numbers of tuberculous meningitis are presented in Figure 2-21. There was a clear increase in the number of cases in 2016 and 2017
in comparison with the previous period (2008-2015).
Table 2-14. Coefficient estimates from the time-series model of tuberculous meningitis.
Estimate

95% Confidence Interval

Standard Error

0.44£

0.30, 0.64

0.09

Intercept

10.00

7.48, 13.35

1.48

Sine (2*pi*t/48)

1.22

1.06, 1.41

0.07

Cosine (2*pi*t/48)

0.96

0.83, 1.30

0.07

Overdispersion

1.04

1.02, 1.07

0.01

Autoregressive component
Endemic component

£

The estimate (0.44) is the autoregressive coefficient λ and can be interpreted as the epidemic proportion of

disease incidence [207]
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Figure 2-20. The estimated effect of the seasonality of tuberculous meningitis on the endemic mean.
The peak starts from January of a year and ends in December of the next year.

Figure 2-21. Simulation-based long-term of tuberculous meningitis from 2008 to 2017.
The plot shows the monthly counts of tuberculous meningitis. The fan chart represents the 1% to
99% uncertainty interval of the simulations of each month; their mean is displayed as a dark-blue
line in the middle. The white line corresponds to the observed counts. The green numbers (3, 6, 9)
in the x-axis represent March, June, and September.

2.6 RESULTS

86

Encephalitis. The coefficient estimates from the time-series model of encephalitis are described in Table 2-15 with then estimate of autoregressive component was 0.42 (95% Confidence Interval 0.29, 0.62). As presented in Figure 2-22 and Figure 2-23 encephalitis had a
significant 24-month periodicity with the case numbers peaking within about 12 months
every two years (from March of a year to August of the next year). Also, Figure 2-23 shows
a peak of encephalitis in 2014.
Table 2-15. Coefficient estimates from the time-series model of encephalitis.
Estimate

95% Confidence Interval

Standard Error

0.42£

0.29, 0.62

0.08

Intercept

9.39

7.12, 12.40

1.33

Sine (2*pi*t/24)

1.02

0.87, 1.18

0.08

Cosine (2*pi*t/24)

1.21

1.05, 1.41

0.08

Overdispersion

1.06

1.03, 1.09

0.02

Autoregressive component
Endemic component

£

The estimate (0.42) is the autoregressive coefficient λ and can be interpreted as the epidemic

proportion of disease incidence [207]
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Figure 2-22. The estimated effect of the seasonality of encephalitis on the endemic mean.
The peak starts from March of a year and ends in August of the next year.

Figure 2-23. Simulation-based long-term of encephalitis from 2008 to 2017.
The plot shows the monthly counts of encephalitis. The fan chart represents the 1% to 99% uncertainty interval of the simulations of each month; their mean is displayed as a dark-blue line in the
middle. The white line corresponds to the observed counts. The green numbers (3, 6, 9) in the x-axis
represent March, June, and September.
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Viral meningitis. Table 2-16 shows the coefficient estimates of the time-series model of
viral meningitis with the epidemic proportion of 0.45 (95% Confidence Interval 0.30, 0.68).
The plots (Figure 2-24 and Figure 2-25) show a seasonality in viral meningitis with a significant 12-month periodicity. There was a peak beginning in February and ending in August.
Table 2-16. Coefficient estimates from the time-series model of viral meningitis.
Estimate

95% Confidence Interval

Standard Error

0.45£

0.30, 0.68

0.09

Intercept

2.22

1.59, 3.11

0.38

Sine (2*pi*t/12)

0.69

0.52, 0.91

0.14

Cosine (2*pi*t/12)

0.83

0.64, 1.07

0.13

Overdispersion

1.11

1.02, 1.21

0.04

Autoregressive component
Endemic component

£

The estimate (0.45) is the autoregressive coefficient λ and can be interpreted as the epidemic proportion of

disease incidence [207]
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Figure 2-24. The estimated effect of the seasonality of viral meningitis on the endemic mean.
The peak starts from February and ends in August of a year.

Figure 2-25. Simulation-based long-term of viral meningitis from 2008 to 2017.
The plot shows the monthly counts of viral meningitis. The fan chart represents the 1% to 99%
uncertainty interval of the simulations of each month; their mean is displayed as a dark-blue line in
the middle. The white line corresponds to the observed counts. The green numbers (3, 6, 9) in the
x-axis represent March, June, and September.
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Parasitic CNS infections. The monthly case numbers of parasitic CNS infections are presented in Figure 2-26. A peak is observed at the end of 2015, however a trend in seasonality
of parasitic CNS infections over time was not found.
Figure 2-26. The monthly case number of parasitic CNS infections over 10 years (2008-2017).

2.6.2.5. Outcomes of CNS infections
Outcome of all CNS infection syndromes. The outcome of all CNS infection syndromes
over time is presented in Table 2-17. There was a difference in the outcome regarding the
recovery rate at hospital discharge. It declined from 75.1% in 2008 to 54.8% in 2017. The
overall mortality was about 10.0%.
Outcome by specific CNS infection syndromes. Considering the outcome of the specific
CNS infection syndromes, cryptococcal meningitis had the worst outcome with mortality
of 21.8% while parasitic CNS infections and viral meningitis had the best outcome with
mortality of 2.8% and 0.2%, respectively Table 2-18).
As mentioned in Section 2.4.2.2 (Statistical analysis for outcome of 10-year CNS infections), I divided CNS infections into two categories including community-acquired CNS
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infections (community-acquired bacterial meningitis, cryptococcal meningitis, encephalitis, viral meningitis, and parasitic CNS infections) and neurosurgery-associated meningitis.
Kaplan-Meier curves display the survival probabilities over 120 days and 210 days of community-acquired CNS infection syndromes and neurosurgery-associated meningitis
throughout the 10-year period, respectively (Figure 2-27,
Figure 2-28). Table 2-19 shows the outcome of each CNS infection syndrome by year. The
trend of the outcome of each CNS infection syndrome was further analysed in the following
sections.
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Table 2-17. Outcomes of all CNS infection syndromes over time (2008-2017).
Out-

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

come

N=832

N=914

N=676

N=884

N=826

N=811

N=761

N=609

N=1094

N=1135

N=8542

625

709

506

751

699

693

600

372

580

622

6157

(75.1)

(77.6)

(74.9)

(85.0)

(84.7)

(85.4)

(78.8)

(61.2)

(53.0)

(54.8)

(72.2)

105

70

71

83

73

54

69

69

123

139

856

(12.6)

(7.6)

(10.5)

(9.3)

(8.8)

(6.7)

(9.1)

(11.3)

(11.3)

(12.2)

(10.0)

102

135

99

50

54

64

92

168

391

374

1529

(12.3)

(14.8)

(14.6)

(5.7)

(6.5)

(7.9)

(12.1)

(27.5)

(35.7)

(33.0)

(17.8)

n, (%)
Recovery
Died

No
change

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)

Table 2-18. Outcomes of specific CNS infection syndromes (2008 to 2017)
Outcome

CBM

NM

CM

EN

VM

PCI

N=1916

N=567

N=252

N=1978

N=508

N=220

1552

455

181

1603

486

200

(81.0)

(80.2)

(71.8)

(81.0)

(96.6)

(90.9)

217

79

55

293

1

6

(11.3)

(14.0)

(21.8)

(14.8)

(0.2)

(2.7)

No change, n

147

33

16

82

21

14

(%)

(7.7)

(5.8)

(6.4)

(4.2)

(3.2)

(6.4)

Recovery, n (%)

Died, n (%)

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
CBM, community-acquired bacterial meningitis; NM, neurosurgery-associated meningitis; CM, cryptococcal meningitis; EN, encephalitis; PCI, parasitic CNS infections, VM, viral meningitis
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Figure 2-27. Kaplan Meier curves of mortality by specific community-acquired CNS infection syndromes over 10 years (2008-2017).
Note: CBM, community-acquired bacterial meningitis; CM, cryptococcal meningitis; EN, encephalitis; PCI, parasitic CNS infections, VM, viral meningitis.

Figure 2-28. Kaplan Meier curves of mortality of neurosurgery-associated meningitis over 10 years
(2008-2017).
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Table 2-19. Outcomes of each CNS infection syndrome by year from 2008 to 2017.
`
CBM, N
Recovery, n
(%)
Died, n (%)

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Total

178

241

187

221

213

180

129

126

227

214

1916

150

220

157

196

178

159

109

78

149

156

1552

(84.3)

(91.3)

(84.0)

(88.7)

(83.5)

(88.3)

(84.5)

(61.9)

(65.6)

(72.9)

(81.0)

25

15

19

25

11

20

19

6

37

40

217

(14.0)

(6.2)

(10.2)

(11.3)

(5.2)

(11.1)

(14.7)

(4.8)

(16.3)

(18.7)

(11.3)

3

6

11

0

24

1

1

42

41

18

147

n (%)

(1.7)

(2.5)

(5.8)

(0.0)

(11.3)

(0.6)

(0.8)

(33.3)

(18.1)

(8.4)

(7.7)

NM, N

31

31

27

23

36

52

20

NA

163

184

567

Recovery, n

25

25

22

18

33

51

17

NA

127

137

455

(80.6)

(80.6)

(81.5)

(78.3)

(91.7)

(98.1)

(85.0)

(77.9)

(74.5)

(80.2)

6

5

5

5

3

1

2

13

39

79

(19.4)

(16.1)

(18.5)

(21.7)

(8.3)

(1.9)

(10.0)

(8.0)

(21.2)

(14.0)

0

1

0

0

0

0

1

23

8

33

n (%)

(0.0)

(3.2)

(0.0)

(0.0)

(0.0)

(0.0)

(5.0)

(14.1)

(4.3)

(5.8)

CM, N

35

35

26

23

22

24

20

23

22

252

No change,

(%)
Died, n (%)
No change,

Recovery, n
(%)
Died, n (%)

NA
NA
22

25

29

21

15

19

20

15

11

15

11

181

(71.4)

(82.9)

(80.8)

(65.2)

(86.4)

(83.3)

(75.0)

(50.0)

(65.2)

(50.0)

(71.8)

8

6

5

8

3

3

5

8

4

5

55

(22.9)

(17.1)

(19.2)

(34.8)

(13.6)

(12.5)

(25.0)

(36.4)

(17.4)

(22.7)

(21.8)

2

0

0

0

0

1

0

3

4

6

16

n (%)

(5.7)

(0.0)

(0.0)

(0.0)

(0.0)

(4.2)

(0.0)

(13.6)

(17.4)

(27.3)

(6.3)

EN, N

233

169

158

201

171

163

273

146

228

236

1978

No change,

Recovery, n
(%)
Died, n (%)
No change,

193

135

132

181

151

141

228

113

149

180

1603

(82.8)

(79.9)

(83.6)

(90.0)

(88.3)

(86.5)

(83.5)

(77.4)

(65.3)

(76.3)

(81.0)

37

25

25

20

20

20

30

23

56

37

293

(15.9)

(14.8)

(15.8)

(10.0)

(11.7)

(12.3)

(11.0)

(15.8)

(24.6)

(15.7)

(14.8)

3

9

1

0

0

2

15

10

23

19

82

n (%)

(1.3)

(5.3)

(0.6)

(0.0)

(0.0)

(1.2)

(5.5)

(6.8)

(10.1)

(8.1)

(4.2)

VM, N

24

80

29

62

50

50

43

38

60

72

508

Recovery, n
(%)
Died, n (%)

23

80

29

61

43

50

43

27

58

72

486

(95.8)

(100.0)

(100.0)

(98.4)

(95.6)

(100.0)

(100.0)

(71.1)

(96.7)

(100.0)

(96.6)

0

0

0

1

0

0

0

0

0

0

1

(0.0)

(0.0)

(0.0)

(1.6)

(0.0)

(0.0)

(0.0)

(0.0)

(0.0)

(0.0)

(0.2)

1

0

0

0

7

0

0

11

2

0

21

n (%)

(4.2)

(0.0)

(0.0)

(0.0)

(4.4)

(0.0)

(0.0)

(28.9)

(3.3)

(0.0)

(3.2)

PCI, N

12

28

12

26

11

18

9

33

31

40

220

Recovery

11

27

12

25

9

18

9

20

31

38

200

(91.7)

(96.4)

(100.0)

(96.2)

(81.8)

(100.0)

(100.0)

(60.6)

(100.0)

(95.0)

(90.9)

No change,

Died, n (%)
No change,
n (%)

1

1

0

1

0

0

0

1

0

2

6

(8.3)

(3.6)

(0.0)

(3.8)

(0.0)

(0.0)

(0.0)

(3.0)

(0.0)

(5.0)

(2.7)

0

0

0

0

2

0

0

12

0

0

14

(0.0)

(0.0)

(0.0)

(0.0)

(18.2)

(0.0)

(0.0)

(36.4)

(0.0)

(0.0)

(6.4)

N, total number of cases (denominator); n, number of cases of each characteristic (numerator); NA, not available; CBM, community-acquired
bacterial meningitis; NM, neurosurgery-associated meningitis; CM, cryptococcal meningitis; EN, encephalitis; PCI, parasitic CNS infections,
VM, viral meningitis
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The risk factors for poor outcome from CNS infections were analysed using a Cox-regression model considering the aetiologies or specific CNS infection syndromes as exposure
factors and corrected with others including age, gender, and admission year.
In community-acquired CNS infection syndromes including community-acquired bacterial meningitis, cryptococcal meningitis, encephalitis, viral meningitis, and parasitic CNS
infections, being an elderly patient was associated with worse outcome (Hazard Ratio: 1.17,
per 10-year age increase, 95% Confidence interval: 1.15, 1.20, p-value < 0.001). Contrastingly, male sex was associated with better outcomes (Hazard Ratio: 0.84, 95% Confidence interval: 0.78, 0.92, p-value = 0.04).
This contrasts with neurosurgery-associated bacterial meningitis, where neither age (Hazard Ratio: 1.002, per 10-year age increase, 95% Confidence interval: 0.996, 1.009, p-value
=0.70) nor male sex (Hazard Ratio: 1.38, 95% Confidence interval: 0.76, 1.84, p-value
=0.26) were associated with worse outcomes.
I assessed the non-linear pattern of the change in outcome of each CNS infection syndrome
(represented by log hazard ratio) by calendar time using the Generalized Additive model
(GAM). I found a linear increasing mortality in community-acquired bacterial meningitis
by calendar time and a non-linear pattern in encephalitis and neurosurgery-associated
meningitis (Figure 2-29). For neurosurgery-associated meningitis, I observed a U shape
pattern of outcomes. It demonstrated that the death outcome of this CNS infection syndrome declined by time up to 2013 and then bound-up to the level comparable with mortality in 2008. Regarding outcomes of encephalitis, there was a wavy pattern which was
consistent with significantly worse outcomes of patients with encephalitis around 2014.
The outcomes of cryptococcal meningitis, viral meningitis, and parasitic CNS infections
did not change significantly over time (p-value > 0.05, see Table 2-20). However, outcomes
from community-acquired bacterial meningitis appear to worsen over the 10-year study
period (p-value=0.003, see Table 2-20).
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Table 2-20. The Generalized Additive model of each CNS infection syndrome.
p-value
Time (admission year): community-acquired bacterial meningitis

0.003

Time (admission year): cryptococcal meningitis

0.47

Time (admission year): encephalitis

<0.001

Time (admission year): viral meningitis

0.52

Time (admission year): parasitic CNS infections

0.22

Time (admission year): neurosurgery-associated meningitis

<0.001
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Figure 2-29. The trend of hazard ratio of death of specific CNS infection syndromes by admission year from
2008 to 2017.
The solid lines represent the log hazard ratio of death, the dashed lines represent the 95% Confidence
Interval.
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2.6.3. The specific analysis of community-acquired bacterial meningitis and

cryptococcal meningitis in 3 years (2009, 2013, and 2017)
2.6.3.1. Community-acquired bacterial meningitis in 3 years (2009, 2013, and 2017)
To better understand the epidemiology and outcomes of acute community-acquired bacterial meningitis I performed a retrospective case note review of all cases of acute community-acquired bacterial meningitis from 3 years during the 10-year time-period representing the beginning, middle and end – 2009, 2013 and 2017. During these three years, there
were a total of 902 cases of bacterial meningitis. The number of cases with medical case
notes available were 767. Among these, there were 532 patients of community-acquired
bacterial meningitis with medical records available for analysis, and 235 cases of neurosurgery-associated meningitis which I excluded from the analysis.
Demographics and underlying conditions and risk factors of community-acquired bacterial meningitis in 2009, 2013 and 2017
According to the case definition of World Health Organisation (WHO) (see Section 2.4.3),
of a total 532 cases of community-acquired bacterial meningitis (CBM), there were 115
cases of laboratory confirmed and 417 cases of probable CBM. The rate of microbiological
confirmation of bacterial meningitis significantly increased from 2009 to 2013 and 2017
(10.7%, 27.8%, and 28.2%, respectively, p-value <0.001).
As demonstrated in Table 2-21, the median age and proportion of males among patients in
the individual years were consistent with the results of my previous 10-year analysis (see
Table 2-7). Median age significantly increased from 2009 to 2013 and 2017 (43, 50, and 53,
respectively, p-value < 0.001). Males accounted for about two thirds of total cases of each
year. The median duration of illness prior to admission was the same in each of the 3 years
of study at 4 days (5 (3, 7), 4 (2, 7), 4 (3, 7), respectively, p-value=0.41). Noticeably, diabetes
was seen more frequently in 2017 compared to 2009 (23% vs. 9%, p-value= 0.003).
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Additionally, more patients were reported to have received anti-microbial treatment and
local hospital admission in 2013 and 2017 compared to 2009 (p-value < 0.001).
Table 2-21. Demographics and underlying conditions of community-acquired bacterial meningitis by
admission year (2009, 2013 and 2017).
2009
(N=197)

2013
(N=158)

Case definition, n (%)
Laboratory confirmed
21 (10.7)
44 (27.8)
Probable
176 (89.3)
114 (72.2)
Median age, years (IQR)
43 (31, 57)
50 (35, 63)
Male, n (%)
132 (67.0)
113 (71.5)
Occupation, n (%)
Farmer
58 (29.4)
54 (34.2)
Other
104 (52.8)
87 (55.1)
Unknown
35 (17.8)
17 (10.8)
Anti-microbial treatment before CRH admission, n (%)
Yes
70 (35.5)
67 (42.4)
No
119 (60.4)
70 (44.3)
Unknown
8 (4.1)
21 (13.3)
Local hospital admission before CRH admission, n (%)
Yes
122 (61.9)
114 (72.2)
No
71 (36.0)
40 (25.3)
Unknown
4 (2.0)
4 (2.5)
The median duration of on5 (3, 7)
4 (2, 7)
set, days (IQR)
Underlying conditions/risk factors, n (%)
Diabetes
18 (9.1)
21 (13.3)
Keeping pigs
1 (0.5)
1 (0.6)
Chef
0 (0.0)
0 (0.0)
Previous meningitis
6 (3.0)
14 (8.9)
Previous basal skull fracture
2 (1.0)
3 (1.9)
Previous neurosurgery
4 (2.0)
9 (5.7)
Chronic sinusitis
HIV infections
Liver diseases
Renal diseases
Malignancy
Alcoholic
Long term steroid therapy
Other co-infections£
Other underlying conditions¥

10 (5.1)
3 (1.5)
2 (1.0)
3 (1.5)
2 (1.0)
10 (5.1)
8 (4.1)
14 (7.1)
76 (38.6)

7 (4.4)
1 (0.6)
4 (2.5)
10 (6.3)
2 (1.3)
16 (10.1)
13 (8.2)
14 (8.9)
74 (46.8)

2017
(N=177)

Total
(N=532)

50 (28.2)
127 (71.8)
53 (42, 65)
126 (71.2%)

115 (21.6)
417 (78.4)
50 (35, 62)
371 (69.7)

58 (32.8)
91 (51.4)
28 (15.8)

170 (32.0)
282 (53.0)
80 (15.0)

103 (58.2)
43 (24.3)
31 (17.5)

240 (45.1)
232 (43.6)
60 (11.3)

148 (83.6)
25 (14.1)
4 (2.3)
4 (3, 7)

384 (72.2)
136 (25.6)
12 (2.3)
4 (3, 7)

0.41

41 (23.2)
5 (2.8)
2 (1.1)
9 (5.1)
8 (4.5)
5 (2.8)

80 (15.0)
7 (1.3)
2 (0.4)
29 (5.5)
13 (2.4)
18 (3.4)

0.003
0.17
0.22
0.11
0.20
0.25

8 (4.5)
1 (0.6)
7 (4.0)
3 (1.7)
4 (2.3)
14 (7.9)
17 (9.6)
17 (9.6)
88 (49.7)

25 (4.7)
5 (0.9)
13 (2.4)
16 (3.0)
8 (1.5)
40 (7.5)
38 (7.1)
45 (8.5)
238 (44.7)

0.73
0.56
0.29
0.05
0.75
0.29
0.27
0.8
0.08

p-value ɸ
< 0.001

< 0.001
0.57
0.43

< 0.001

< 0.001

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
IQR, interquartile range; CRH, Cho Ray Hospital.
£
Other co-infections: pneumoniae, chronic otitis media, skin and soft tissues infections, previously treated pulmonary tuberculosis, urinary
tract infection, endophthalmitis, varicella zoster infection, osteitis, dental abscess, esophagomycosis, parasitic infections of unknown origin.
¥
Other underlying conditions: cardiovascular diseases (hypertension, coronary artery diseases, valvular heart diseases), pulmonary diseases
(bronchial asthma, chronic obstructive pulmonary disease), integumentary diseases (gastritis, colitis), haematological diseases (beta thalassemia, thrombocytopenic purpura, anaemia), rheumatological diseases (osteoarthritis, gout disease), hyperthyroidism, thyroid enlargement, neuropsychiatric sequelae of stroke, epilepsy, anatomic asplenia, eczema, smoker.
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables were compared using Linear Model
ANOVA test.
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Baseline clinical manifestations and laboratory investigations of community-acquired
bacterial meningitis in 2009, 2013, and 2017. The baseline clinical manifestations of the
patients are shown in Table 2-22. The three commonest symptoms were fever, headache,
and neck stiffness present in 70-80% of patients. Of note, the percentage of patients presenting with decreased GCS (49.7%, 60.8%, and 66.7%, respectively, p-value=0.002) and
paralysis (11.7%, 9.5%, and 18.6%, respectively, p-value<0.001) gradually increased from
2009 and 2013 to 2017, suggesting a possible increase in disease severity at presentation to
our hospital over time.
Table 2-22. Baseline clinical manifestations and laboratory investigations of community-acquired bacterial meningitis by admission year (2009, 2013 and 2017).
Characteristics, n (%)

2009
(N=197)

2013
(N=158)

2017
(N=177)

Total
(N=532)

p-value ɸ

Fever

148 (75.1)

116 (73.4)

147 (83.1)

411 (77.3)

0.05

Headache

153 (77.7)

106 (67.1)

121 (68.4)

380 (71.4)

< 0.001

Nausea/vomiting

88 (44.7)

64 (40.5)

71 (40.1)

223 (41.9)

< 0.001

Convulsions

27 (13.7)

16 (10.1)

24 (13.6)

67 (12.6)

< 0.001

Visual impairment

6 (3.0)

10 (6.3)

6 (3.4)

22 (4.1)

< 0.001

Hearing impairment

8 (4.1)

22 (13.9)

7 (4.0)

37 (7.0)

< 0.001

Paralysis

23 (11.7)

15 (9.5)

33 (18.6)

71 (13.3)

< 0.001

Cranial nerve palsy

13 (6.6)

5 (3.2)

13 (7.3)

31 (5.8)

< 0.001

Neck stiffness

128 (65.0)

111 (70.3)

133 (75.1)

372 (69.9)

< 0.001

Decreased GCS

98 (49.7)

96 (60.8)

118 (66.7)

312 (58.6)

0.002

Respiratory failure

15 (7.7)

19 (12.0)

53 (29.9)

87 (16.4)

< 0.001

Shock

3 (1.5)

3 (1.9)

6 (3.4)

12 (2.3)

0. 46

Liver transaminitis

72 (36.5)

88 (55.7)

89 (50.3)

249 (46.8)

0.003

Renal failure

21 (10.7)

29 (18.4)

27 (15.3)

77 (14.5)

0.08

Electrolyte disturbance

116 (58.9)

104 (65.8)

123 (69.5)

343 (64.5)

0.14

Other abnormalities

75 (38.1)

95 (60.1)

139 (78.5)

309 (58.1)

< 0.001

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
GCS, Glasgow coma score
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test
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Baseline cerebrospinal fluid findings, community-acquired bacterial meningitis 2009,
2013, and 2017. The results of CSF investigations are presented in Table 2-23. Consistent
with the increase in patients presenting with worse coma scores and more disability, CSF
findings tended to suggest increasingly severe disease over the study period. In other words,
from 2009 to 2013 and 2017, there was an increase in the median cell count (360, 467, and
900, respectively, p-value=0.04) and protein present in CSF (105, 151, and 172 mg/dl, respectively, p-value =0.002). Consistently, the CSF/blood glucose ratio decreased from 2009
to 2013 and 2017 (0.40, 0.30, and 0.30, respectively, p-value=0.001). A higher proportion of
baseline CSF samples with positive Gram stains was recorded in 2013 and 2017 compared
to 2009 (3.0%, 11.0%, and 8.5%, respectively, p-value <0.001).
Table 2-23. Baseline cerebrospinal fluid findings, community-acquired bacterial meningitis by admission year (2009, 2013 and 2017).
Results of CSF (unit, normal
range)

2009
(N=197)

2013
(N=158)

2017
(N=177)

Uncountable cell, n (%)
Median cell count (cell/mL,
<5) (IQR)
Median Neutrophils (%)
(IQR)
CSF Protein (mg/dl, <45)
(IQR)
CSF: Blood glucose (0.6-0.8)
(IQR)

7 (3.6)
360
(134, 932)
20
(4, 58)
105
(63, 194)
0.40
(0.21, 0.52)

6 (3.9)
467
(148, 1252)
46
(13, 80)
151
(82, 286)
0.30
(0.09, 0.48)

16 (9.6)
900
(316, 1965)
64
(40, 80)
172
(98, 282)
0.30
(0.09, 0.44)

Total
(N=532)

29 (5.6)
0.03
522
0.04
(167, 1408)
46
< 0.001
(11, 77)
138
0.002
(77, 263)
0.34
0.001
(0.12, 0.49)

Gram stain, n (%)
Positive
Negative
Not done

pvalue ɸ

< 0.001
6 (3.0)
60 (30.4)
131 (66.4)

17 (11.0)
82 (52.0)
59 (37.0)

15 (8.5)
112 (63.3)
50 (28.2)

38 (7.1)
254 (47.7)
240 (45.1)

Gram stain positive, n

6

17

15

38

Gram-positive cocci, n
Gram-positive bacilli, n
Gram-negative cocci, n
Gram-negative bacilli, n
Gram-negative & positive, n
Missing value, n

4
0
1
1
0
0

12
1
0
3
1
0

10
0
0
4
0
1

26
1
1
8
1
1

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
IQR, interquartile range; CSF, cerebrospinal fluid
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables
were compared using Linear Model ANOVA test
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Microbiological diagnoses in confirmed community-acquired bacterial meningitis in
2009, 2013, and 2017. According to the modified definition of confirmed-case of bacterial
meningitis previously mentioned in Section 2.4.3 of this chapter, a total of 115 laboratoryconfirmed cases of community-acquired bacterial meningitis (consistent organism identified in blood or CSF) were reported in the three years studied. Of 115 laboratory-confirmed
cases, neither CSF nor blood culture was performed in 1 case in 2013. Therefore, there were
114 cases of laboratory-confirmed with the microorganism data available. Microorganism
were confirmed in 112 cases accounting for about 21% of the total of 532 cases seen in the
3 years. Overall, Streptococcus spp., were the most frequently identified pathogens accounting for 50% of confirmed cases, followed by Gram-negative bacteria (26%, including Escherichia coli, Klebsiella spp., and Pseudomonas spp.) and other Gram-positive bacteria (24%,
including Staphylococcus spp., Enterococcus spp., and Listeria monocytogenes) (see Table
2-24).
The median time from admission to Cho Ray Hospital to CSF/blood culture was 1 day (1,
5). Apart from this, a case (in 2013) with Klebsiella pneumonia and another case (in 2017)
with Enterococcus faecium infection confirmed 15, 11 days following Cho Ray Hospital admission, respectively.
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Table 2-24. The microbiological investigations of laboratory-confirmed cases of community-acquired
bacterial meningitis (confirmed blood/CSF samples) by admission year (2009, 2013 and 2017).
2009

2013

2017

Total

(N=197)

(N=158)

(N=177)

(N=532)

N=21

N=43

N=50

N=114

Streptococcus spp., n (%)

5 (23.8)

22 (51.2)

30 (60.0)

57 (50.0)

Streptococcus suis

0 (0.0)

0 (0.0)

25 (50.0)

25 (21.9)

Streptococcus pneumonia

0 (0.0)

3 (7.0)

4 (8.0)

7 (6.1)

Streptococcus unspecified

5 (23.8)

19 (44.2)

1 (2.0)

25 (21.9)

Staphylococcus spp., n (%)

1 (4.8)

6 (14.0)

5 (10.0)

12 (10.5)

MSSA

0 (0.0)

1 (2.3)

0 (0.0)

1 (0.9)

MRSA

0 (0.0)

2 (4.7)

5 (10.0)

7 (6.1)

Staphylococcus coagulase negative

1 (4.8)

3 (7.0)

0 (0.0)

4 (3.5)

Enterococcus spp., n (%)

1 (4.8)

3 (7.0)

3 (6.0)

7 (6.1)

Enterococcus faecalis

1 (4.8)

2 (4.7)

0 (0.0)

3 (2.6)

Enterococcus faecium

0 (0.0)

1 (2.3)

3 (6.0)

4 (3.5)

2 (9.5)

0 (0.0)

1 (2.0)

3 (2.6)

Other Gram-positive bacteria , n (%)

1 (4.8)

0 (0.0)

0 (0.0)

1 (0.01)

Escherichia coli, n (%)

2 (9.5)

4 (9.3)

2 (4.0)

8 (7.0)

Escherichia coli non ESBL

0 (0.0)

3 (7.0)

0 (0.0)

3 (2.6)

Escherichia coli ESBL

2 (9.5)

1 (2.3)

2 (4.0)

5 (4.4)

Klebsiella spp.*, n (%)

1 (4.8)

5!!! (11.6)

2 (4.0)

8 (7.0)

Pseudomonas spp.€, n (%)

2 (9.5)

1 (2.3)

0 (0.0)

3 (2.6)

Other Gram-negative bacteria£, n (%)

4 (19.0)

2 (4.7)

7 (14.0)

13 (11.4)

Negative, n (%)

2 (9.5)

0 (0.0)

0 (0.0)

2 (1.8)

Number of laboratory-confirmed cases

Listeria monocytogenes, n (%)
¥

!!

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus;
ESBL, extended spectrum beta-lactamases;
Klebsiella spp.*, Klebsiella pneumonia;
Pseudomonas spp.€, Pseudomonas vesicularis, Pseudomonas stutzeri
Other Gram-positive bacteria¥, Arcanobacterium haemolyticum
Other Gram-negative bacteria£, Burkholderia pseudomallei, Citrobacter freundii, Stenotrophomonas maltophilia, Sphingomonas paucimobilis, Salmonella, Ochrobactrum anthropic, Acinetobacter baumannii
!!

, confirmed 11 days following CRH admission

!!!

, one of 5 cases was confirmed 15 days following CRH admission.
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The antibiogram of all bacteria confirmed from community-acquired bacterial meningitis
is shown in Table 2-25. Separate isolates with the same antibiogram are presented in a single row of the table. Noticeably, in 2017, we identified Streptococcus spp. isolates (both S.
suis and S. pneumoniae) with penicillin resistance for the first time. In 2009 there were
26.3% of isolates with any resistance, in 2013 and 2017 these were 86.0% and 94.0%, respectively.
Table 2-25. The antibiogram profile of all species confirmed from community-acquired bacterial meningitis (2009, 2013, and 2017)

Year

Streptococcus suis

2017

2013
Streptococcus pneumonia
2017
Streptococcus group F

2009

Streptococcus beta haemolytic

2013

Other Streptococcus spp.

2009

N
1
1
1
2
8
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
2
1
1
1
1
1
2

P
E
N
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
I
R
S
S
S
R
R
S
S
S
S

A
M
P
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
I
I

T
E
T
S
R
R
R
R
R
R
R
R
R
R

C
L
I
S
R
S
R

R
R
S
R
R
R S
R S
R I
R R
S
R
I S
R R
R R
S
S
R

Antimicrobial tested
C L G E C V
T V E R I A
X X N Y P N
S S
S S S
S S S S R S
S S S R S S
S S
S S S
S S
R S S
S S
S S
S S
R S S
S I
R S S
S S
R S S
S R
R S S
S S
R S S
S
R S
S S
S S S
S S
S S
S S S
S
S S
I R S
S S
R R S
S S
S
S S
S
S S
S S S
S S
R S S
S R
R R S
S S
S S
S S
S S
S S
S S

S S S

S S

T L I T
E Z P G
C D M C
S
S
S S
S
S
S
S
S
S
S
S
S
S
S

S
S
S

2.6 RESULTS

105

Year

MSSA

MRSA

2017
2013
2013

2017

2009
Staphylococcus coagulase negative

2013
2009

Enterococcus faecalis

2013
2013

Enterococcus faecium

2017

Escherichia coli

2009
2017
2013

Escherichia coli

2013

Listeria monocytogenes

2009
Escherichia coli ESBL

2013
2017

Klebsiella pneumonia

2017

N
1
1
5
1
1
1
6
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1

P
E
N
S
S
S
S
S
S
S
S
R

R
R
R

A T C
M E L
P T I
S
S
S
S
S
I
R
R
R
R
S
R
R
R
S R
R R
R
R R R
S
S
I
R

S S
R S
R
S R
R
R
R R S R
I
R

Antimicrobial tested
C L G E C V
T V E R I A
X X N Y P N
S R S
S
S S S
S S
S S
S S
S S
S
S R
S S
S S
S S
S S
S S
S S
S S
S R
S S
S S
I S
S S
S
R R
S
S R R S
I R
S
S R
S
S
S
S S R
S
S S
S
R S
S
S R
S
R R
S
S S
R S
R R

S
S
R
R
S
R
S

S R
R
S

T L I T
E Z P G
C D M C
S

S
S
S
S
S
S
S
S
S
S
S

S
S
S
S
S

S
S
S
S

S
S
S
S S
S
S S

S
S

R
R

S S
R S

S
R

S
S

R

R R
R
R R
R S
R
S
R

R
R
R
R
R
S S

S
S
S
S
S

R
R
R
S S R R

S

S
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Year

Klebsiella ozanae

Klebsiella spp.

Pseudomonas vesicularis
Pseudomonas stutzeri
Pseudomonas sp.
Burkholderia pseudomallei

2013
2009
2013
2009
2009
2013
2009
2017
2009

Acinetobacter baumannii

Citrobacter freundii
Arcanobacterium haemolyticum
Stenotrophomonas maltophilia
Sphingomonas paucimobilis
Salmonella
Ochrobactrum anthropic

2013
2017
2009
2009
2017
2017
2017
2017

N
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1

P
E
N

S

Antimicrobial tested
A T C C L G E C V T L I T
M E L T V E R I A E Z P G
P T I X X N Y P N C D M C
R
S
S S
R
S R
S
S
R
S S
S
S
R
S S
S
S
R
S S
R
S
R
I R
R
S
R
R R
S
S
R
S
S
R
I
R
R
I
S
R
S
S
R
R
R
R
R
S
S
S
S
R
R
R
R

R
R

I

S S
S
S
R S

R
R

Grey shading indication “Not-tested”
N, number of separate isolates from different patients with the same antibiogram
R, resistant; S, susceptible; I, intermediate
MSSA, methicillin-susceptible Staphylococcus aureus
MRSA, methicillin-resistant Staphylococcus aureus
ESBL, extended spectrum beta-lactamases
PEN, penicillin; AMP, ampicillin; TET, tetracycline
CLI, clindamycin; CTX, ceftriaxone; LVX, levofloxacin
GEN, gentamycin; ERY, erythromycin; CIP, ciprofloxacin
VAN, vancomycin; TEC, teicoplanin; LZD, linezolid
IPM, imipenem; TGC, tigecycline.

S

S
S

R
S
S

R
S
S

2.6 RESULTS

107

Other investigational findings at baseline in community-acquired bacterial meningitis in
2009, 2013 and 2017
Baseline imaging and haematological findings at baseline are shown in Table 2-26 and Table
2-27, respectively.
In terms of imaging, more patients underwent chest X-ray, brain CT-scans and brain MRI
scans at baseline in 2013 and 2017 compared with 2009. Despite the lower numbers of imaging
investigations performed in 2009, a higher proportion of patients were found to have abnormalities in 2013 and 2017 (see Table 2-26).
Table 2-26. Baseline imaging findings from patients with community-acquired bacterial meningitis by admission year (2009, 2013 and 2017).
Results, n (%)

2009
(N=197)

2013
(N=158)

2017
(N=177)

Total
(N=532)

Chest X-ray

< 0.001

Normal

55 (27.9)

103 (65.2)

118 (66.7)

276 (51.9)

Abnormal

20 (10.2)

43 (27.2)

52 (29.4)

115 (21.6)

Not done

122 (61.9)

12 (7.6)

7 (4.0)

141 (26.5)

Brain CT-Scan
Missing data

< 0.001
1

0

0

1

Normal

43 (21.9)

68 (43.0)

90 (50.8)

201 (37.9)

Abnormal

22 (11.2)

37 (23.4)

58 (32.8)

117 (22.0)

Not done

131 (66.8)

53 (33.5)

29 (16.4%)

213 (40.1)

Brain MRI
Missing data

p-value ɸ

< 0.001
0

3

0

3

Normal

4 (2.0)

1 (0.6)

6 (3.4)

11 (2.1)

Abnormal

7 (3.6)

13 (8.4)

36 (20.3)

56 (10.6)

Not done

186 (94.4)

141 (91.0)

135 (76.3)

462 (87.3)

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
CT, Computed Tomography; MRI, Magnetic Resonance Imaging
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test
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The median white blood cell significantly increased in 2013 and 2017 compared to 2009
(13, 16, and 17 x 103/mm3 respectively, p-value <0.001). This change appeared to be largely
driven by an increase in neutrophils, which had median percentages of 80%, 86%, and 89%
in 2009, 2013, and 2017 respectively (p-value <0.001).
Table 2-27. Baseline haematological test results from patients with community-acquired bacterial meningitis by admission year (2009, 2013 and 2017).
Complete blood count (unit,

2009

2013

2017

Total

p-value

(N=197)

(N=158)

(N=177)

(N=531)

ɸ

Median haemoglobin

130

132

128

130

0.57

(g/L, 120-170) (IQR)

(119, 140)

(117, 143)

(115, 139)

(116, 141)

Median white blood cell

13

16

17

15

(x103/mm3, 4-11) (IQR)

(9, 18)

(11, 21)

(12, 23)

(10, 21)

80

86

89

85

(%, 45-75) (IQR)

(70, 88)

(75, 91)

(83, 92)

(75, 91)

Median platelet

222

205

205

214

(164, 290)

(152, 279)

(121, 290)

(147, 288)

normal range)

Median Neutrophils

(x103/mm3, 200-400) (IQR)

N, total number of cases; IQR, interquartile range
ɸ

p-value, continuous variables were compared using Linear Model ANOVA test

< 0.001

< 0.001

0.37
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Treatment of community-acquired bacterial meningitis in 2009, 2013 and 2017
In terms of specific antimicrobials, there was no difference in the median time to antibiotic
treatment, with patients receiving prompt treatment after admission (Table 2-28).
Ceftriaxone was the most frequent choice with about 80% of all cases receiving it. There
was an increase in using newer antibiotics such as meropenem and linezolid in 2017 compared with 2009 and 2013.
Adjunctive treatment with dexamethasone was provided in about 80-90% of all cases. However, its use significantly decreased in 2017 compared to 2009 and 2013 (p-value=0.02).
The median duration of dexamethasone therapy was 4 days and the median interval time
from hospital admission to first dose was consistently within 24 hours in the three years of
study.
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Table 2-28. Antibiotic prescribing for patients with community-acquired bacterial meningitis by admission year (2009, 2013 and 2017).
Treatment

2009
(N=197)

2013
(N=158)

2017
(N=177)

Total
(N=532)

p-value

1 (1, 2)

1 (1, 2)

1 (1, 2)

1 (1, 2)

0.37

ɸ

Antibiotic treatments
Median time from admission to
Cho Ray Hospital to antibiotic
treatment for bacterial meningitis,
days (IQR)

Number of cases using specific antibiotic, n (%)
Ceftriaxone

168
(85.3)

127
(80.4)

139
(78.5)

434
(81.6)

0.22

Vancomycin

30
(15.2)

60
(38.0)

105
(59.3)

195
(36.7)

< 0.001

Ceftazidime

63
(32.0)

35
(22.2)

35
(19.8)

133
(25.0)

0.015

Meropenem

5
(2.5)

22
(13.9)

60
(33.9)

87
(16.4)

< 0.001

Ampicillin

9
(4.6)

8
(5.1)

32
(18.1)

49
(9.2)

< 0.001

Linezolid

0
(0.0)

0
(0.0)

8
(4.5)

8
(1.5)

< 0.001

Colistin

1
(0.5)

2
(1.3)

5
(2.8)

8
(1.5)

0.177

Number of cases using dexamethasone, n (%)

178
(90.4)

134
(84.8)

142
(80.2)

454
(85.3)

0.02

The median duration of dexamethasone treatment, days (IQR)

4 (4, 5)

4 (4, 4)

4 (4, 4)

4 (4, 5)

0.01

2 (1, 2)

1 (1, 2)

2 (1, 2)

1 (1, 2)

0.13

Dexamethasone

Median time from admission to
Cho Ray Hospital to dexamethasone
treatment, days (IQR)

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
IQR, interquartile range.
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables
were compared using Linear Model ANOVA test.
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Complications of community-acquired bacterial meningitis in 2009, 2013 and 2017

Neurological complications. During hospitalisation, patients with community-acquired
bacterial meningitis developed numerous neurological complications (Table 2-29). The
leading event was a fall in conscious level as measured by the Glasgow Coma Score (GCS)
which occurred in 27.8%. Deafness, paresis, and seizures were reported in approximately
14%, 9%, and 7% of all cases with neurological complications, respectively. The number of
patient severe events, and the total number of neurological events with major severity
(grade 3-4 of CTCAE), significantly increased in 2013 and 2017 compared to 2009 (12.7%,
19.0%, 21.6%, respectively, p-value<0.001).
Table 2-29. Neurological complications of community-acquired bacterial meningitis by admission year
(2009, 2013 and 2017).
2009
(N=197)

2013
(N=158)

2017
(N=177)

Total
(N=532)

p-value ɸ

93/197
(47.2)

67/158
(42.4)

79/177
(44.6)

239/532
(44.9)

0.66

Number of patients with 1 event (%)

59 (63.4)

51 (76.1)

48 (60.8)

158 (66.1)

0.58

Number of patients with 2 events (%)

23 (24.7)

12 (17.9)

26 (32.9)

61(25.5)

0.12

Number of patients with 3 events (%)
Number of patients with 4 events (%)

9 (9.7)
1 (1.1)

4 (6.0)
0 (0.0)

3 (3.8)
2 (2.5)

16 (6.7)
3 (1.3)

0.24
0.27

Number of patients with 5 events (%)

1 (1.1)

0 (0.0)

0 (0.0)

1(0.4)

1.00

78 (39.6)
25 (12.7)

44 (27.8)
30 (19.0)

30 (16.9)
60 (33.9)

152 (28.6)
115 (21.6)

< 0.001
< 0.001

141

87

117

345

104 (73.8)
37 (26.2)

51 (58.6)
36 (41.4)

36 (30.8)
81 (69.2)

191 (55.4)
154 (44.6)

< 0.001
< 0.001

Blindness
Cerebellar Syndrome
Cranial Nerve Paralysis
Deafness
Decreased GCS
Headache
Hemiplegia Paresis
Monoplegia Paresis
Seizure

3 (2.1)
1 (0.7)
8 (5.7)
20 (14.2)
21 (14.9)
48 (34.0)
9 (6.4)
3 (2.1)
7 (5.0)

0 (0.0)
0 (0.0)
2 (2.3)
13 (14.9)
27 (31.0)
20 (23.0)
4 (4.6)
1 (1.1)
6 (6.9)

0 (0.0)
0 (0.0)
3 (2.6)
15 (12.8)
48 (41.0)
4 (3.4)
9 (7.7)
5 (4.3)
11 (9.4)

3 (0.9)
1 (0.3)
13 (3.8)
48 (13.9)
96 (27.8)
72 (20.9)
22 (6.4)
9 (2.6)
24 (7.0)

0.18
1.00
0.42
0.90
< 0.001
< 0.001
0.67
0.43
0.38

Other£

21 (14.9)

14 (16.1)

22 (18.8)

57 (16.5)

0.70

Number of patients having events, n/N (%)

Number of patients with events as per severity grades, n (%)
Number of patients with events of grade 1 or 2
Number of patients with events of grade 3 or 4
Total number of events, N
By grade of events, n (%)
Number of events of grade 1 or 2
Number of events of grade 3 or 4
Number of events specified, n (%)

N, total number of cases (denominator); n, number of cases of each characteristic (numerator); GCS, Glasgow Coma Score; ɸ p-value, categorical variables were compared using Pearson's Chi-squared test and Fisher’s exact test when expected value of any cell less than 1
£
other neurological complications, dizziness, urinary retention, cerebral venous sinus thrombosis, hydrocephalus, pyogenic ventriculitis
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Other complications. Apart from neurological complications, patients with communityacquired bacterial meningitis suffered from other complications (see Table 2-30). There
were more patients with complications grade 3-4 in 2013 and 2017, compared with the
ones in 2009 (29.4%, 39.2%, and 50.8%, respectively, p-value =0.02). The most common
complication was hypokalaemia (17.0%), followed by anaemia (10.7%), hyponatremia
(9.7%), and hyperglycaemia (9.1%).
Table 2-30. Other complications of community-acquired bacterial meningitis by admission year (2009,
2013 and 2017).
Number of patients having events, n/N (%)

2009 (N=197)

2013 (N=158)

2017 (N=177)

Total (N=532)

p-value ɸ

125/197 (63.5)

121/158 (76.6)

138/177 (78.0)

384/532 (72.2)

0.002

Number of patients with 1 event (%)

58 (46.4)

42 (34.7)

50 (36.2)

150 (39.1)

0.43

Number of patients with 2 events (%)

25 (20.0)

37 (30.6)

33 (23.9)

95 (24.7)

0.03

Number of patients with 3 events (%)
Number of patients with 4 events (%)
Number of patients with 5 events (%)
Number of patients with 6 events (%)
Number of patients with 7 events (%)
Number of patients with 8 events (%)
Number of patients with 9 events (%)
Number of patients with 10 events (%)

14 (11.2)
11 (8.8)
7 (5.6)
5 (4.0)
1 (0.8)
3 (2.4)
0 (0.0)
1 (0.8)

19 (15.7)
9 (7.4)
7 (5.8)
4 (3.3)
1 (0.8)
1 (0.8)
1 (0.8)
0 (0.0)

24 (17.4)
10 (7.2)
9 (6.5)
4 (2.9)
3 (2.2)
3 (2.2)
1 (0.7)
1 (0.7)

57 (14.8)
30 (7.8)
23 (6.0)
13 (3.4)
5 (1.3)
7 (1.8)
2 (0.5)
2 (0.5)

0.11
1.00
0.77
0.98
0.44
0.66
0.53
1.00

Number of patients with events as per severity grades, n/N (%)
Number of patients with events of grade 1 or 2

110 (55.8)

97 (61.4)

94 (53.1)

301 (56.6)

0.30

Number of patients with events of grade 3 or 4

58 (29.4)

62 (39.2)

90 (50.8)

210 (39.5)

< 0.001

300

292

361

953

Number of events of grade 1 or 2 (%)

193 (64.3)

183 (62.7)

168 (46.5)

544 (57.1)

Number of events of grade 3 or 4 (%)

107 (35.7)

109 (37.3)

193 (53.5)

409 (42.9)

0 (0.0)
33 (11.0)
46 (15.3)
30 (10.0)
5 (1.7)
52 (17.3)
35 (11.7)
6 (2.0)
9 (3.0)
7 (2.3)
3 (1.0)
74 (24.7)

2 (0.7)
29 (9.9)
26 (8.9)
30 (10.3)
4 (1.4)
51 (17.5)
29 (9.9)
10 (3.4)
13 (4.5)
19 (6.5)
2 (0.6)
77 (26.4)

9 (2.5)
40 (11.1)
15 (4.2)
18 (5.0)
1 (0.3)
59 (16.3)
28 (7.8)
28 (7.8)
16 (4.4)
23 (6.4)
5 (1.4)
119 (33.0)

11 (1.2)
102 (10.7)
87 (9.1)
78 (8.2)
10 (1.0)
162 (17.0)
92 (9.7)
44 (4.6)
38 (4.0)
49 (5.1)
10 (1.0)
270 (28.3)

Total number of events, N
By grade of events, n (%)

< 0.001

Number of events specified, n (%)
Acute kidney failure
Anaemia
Hyperglycaemia
Hypersensitivity
Hypoglycaemia
Hypokalaemia
Hyponatremia
Hypotension
Pneumonitis
Transaminitis
Gastrointestinal haemorrhage
Other£

0.88
< 0.001
0.02
0.18
0.91
0.23
0.001
0.57
0.03
0.68
0.04

N, total number of cases (denominator); n, number of cases of each characteristic (numerator). ɸ p-value, categorical variables were compared using Pearson's Chisquared test and Fisher’s exact test when expected value of any cell less than 1. £ other complications, hypocalcaemia, hyperkalaemia, hypernatremia, hypoalbuminemia,
leukocytopenia, thrombocytopenia, thrombocytosis, coagulation disorders, secondary adrenal insufficiency, cardiac arrhythmia, diarrhoea, conjunctivitis, oral herpes,
varicella zoster infection.
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Outcome of community-acquired bacterial meningitis in 2009, 2013 and 2017. The outcomes of community-acquired bacterial meningitis are shown in Table 2-31. The overall
mortality at hospital discharged of community-acquired bacterial meningitis in three years
(2009, 2013, and 2017) was 14.5%. The mortality in 2009, 2013, and 2017 was 5.1%, 15.2%,
and 24.3%, respectively (p-value <0.001). This increase in mortality is consistent with the
trend of the outcome of community-acquired bacterial meningitis over the 10-year period of
this study (2008-2017). Consistently, the percentage of patients with severe disability or
death at discharge escalated from 2009 to 2013 and 2017 (13.7%, 24.1%, and 41.8%, respectively, p-value<0.001). The median duration of hospitalisation (days) in 2009, 2013, and 2017
were 15, 15, and 12, respectively (p-value<0.001).

Table 2-31. Outcome of community-acquired bacterial meningitis by admission year (2009, 2013 and 2017).

Number of deaths, n (%)

2009

2013

2017

Total

(N=197)

(N=158)

(N=177)

(N=532)

10 (5.1)

24 (15.2)

43 (24.3)

77 (14.5)

Disability at discharged£,

p-value ɸ
<0.001
<0.001

n (%)
Good

133 (67.5)

86 (54.4)

69 (39.0)

288 (54.1)

Intermediate

37 (18.8)

34 (21.5)

34 (19.2)

105 (19.7)

Severe disability/death

27 (13.7)

38 (24.1)

74 (41.8)

139 (26.1)

15

15

12

14

(11, 20)

(12, 17)

(7, 16)

(10, 18)

Median length of hospitalization, days (IQR)

<0.001

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
IQR, interquartile range
ɸ

p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables

were compared using Linear Model ANOVA test
£

Disability was assessed by using the ‘Two simple questions’
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Factors associated with outcome from community-acquired bacterial meningitis. A
Cox-regression model was used to assess the risk factors associated with the outcome of
severe disability/death. Within the model, I corrected for the time to instigation of dexamethasone therapy, and the total duration of dexamethasone therapy. The other factors
included were age, gender (male), comorbidity (Charlson comorbidity score), baseline
neurological defects (as described in the statistical methods - Section 2.4.3.3), the
CSF/blood glucose ratio, and the microbiological results.
The microbiology results were categorized into 3 groups: (1) positive culture, blood or CSF,
for Streptococcus spp., (2) positive cultures, CSF or blood, for bacteria rather than Streptococcus spp., and (3) culture negative. Since culture results may be affected by the prior administration of antibiotics the model was analysed and stratified by the presence/absence
of previous antibiotic treatment.
Risks factors associated with death. As presented in Table 2-32, dexamethasone therapy
was associated with a significantly decreased risk of death (Hazard Ratio: 0.45, 95% Confidence Interval: 0.27-0.77, p-value = 0.004).
More severe baseline comorbidity (represented as higher Charlson comorbidity score)
(Hazard Ratio: 1.25, 95% Confidence Interval: 1.11-1.40, p-value <0.001), increasing age
(Hazard Ratio: 1.15, per 10 year age increase, 95% Confidence Interval: 1.00-1.31, p-value
= 0.045), and presence of neurological defects at baseline (Hazard Ratio: 2.05, 95% Confidence Interval: 1.02-4.18, p-value = 0.045), were independently associated with increasing
risk of death (see Table 2-32).
In terms of microbiological results, among patients having no prior-antibiotic treatment,
culture of Streptococcus spp. from blood or CSF was associated with reduced hazard of
death (Hazard Ratio: 0.08, 95% Confidence Interval: 0.01-0.69, p-value = 0.02). Patients
without prior antibiotic treatment and negative CSF/blood cultures also had lower risk of
death (Hazard Ratio: 0.31, 95% Confidence Interval: 0.13-0.74, p-value = 0.009).
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There were two situations where the outcome of community-acquired bacterial meningitis
was more unfavourable although not significantly. Of note, not receiving prior antibiotics
was not associated with worse outcomes when the blood or CSF was positive for pathogens
other than Streptococcus spp. (Hazard Ratio: 1.04, 95% Confidence Interval: 0.39-2.75, pvalue = 0.93). Receiving prior antibiotics was not associated with better outcomes in patients culture positive for Streptococcus spp. (Hazard Ratio: 4.95, 95% Confidence Interval:
0.40-63.4, p-value = 0.21). However, the confidence intervals were wide indicating the lack
of power of my study for this analysis, and therefore a lack of precision around the estimate.
Table 2-32. Cox-regression model for death outcome of community-acquired bacterial meningitis.
HR

95% CI

p-value

Dexamethasone therapy

0.45

0.27

0.77

0.004

Baseline comorbidity¥

1.25

1.11

1.40

<0.001

Baseline neurological defect

2.05

1.02

4.18

0.045

Age

1.15

1.00

1.31

0.045

Gender (Male)

1.06

0.64

1.75

0.82

CSF/blood glucose ratio

1.05

0.31

3.56

0.94

No prior antibiotic and CSF/blood culture positive
with bacteria other than Streptococcus spp. **

1.04

0.39

2.75

0.93

No prior antibiotic and CSF/blood culture positive
with Streptococcus spp.

0.08

0.01

0.69

0.02

No prior antibiotic and culture-negative

0.31

0.13

0.74

0.009

Prior-antibiotic and CSF/blood culture positive
with Streptococcus spp.

4.95

0.40

63.4

0.21

Prior-antibiotic and culture-negative

1.15

0.36

3.67

0.81

this was measured by Charlson comorbidity score, higher score was comparable with more comorbidity
** group baseline-reference; HR, Hazard Ratio; CI, Confidence Interval
¥
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Risks factors associated with severe outcome (disability or death). Similar results were
observed in the Cox-regression model for the severe disability/death outcome, as demonstrated in Table 2-33.

Factors associated with a better outcome included dexamethasone therapy (Hazard Ratio:
0.41, 95% Confidence Interval: 0.28-0.61, p-value <0.001), no prior-antibiotic in patients
culture positive for Streptococcus spp. (Hazard Ratio: 0.09, 95% Confidence Interval: 0.020.43, p-value =0.003), and no prior antibiotic and being culture negative (Hazard Ratio:
0.45, 95% Confidence Interval: 0.23-0.90, p-value = 0.02).
Risk factors associated with increased risk of severe disability or death were baseline comorbidity (Hazard Ratio: 1.19, 95% Confidence Interval: 1.08-1.30, p-value <0.001), presence
of neurological deficit (Hazard Ratio: 2.31, 95% Confidence Interval: 1.37-3.90, p-value =
0.002), and increasing age (Hazard Ratio: 1.19 per 10-year age increase, 95% Confidence
Interval: 1.08-1.31, p-value <0.001).
Table 2-33. Factors associated with risk of severe disability/death in community acquired bacterial meningitis.
HR

95% CI

p-value

Dexamethasone therapy
Baseline comorbidity¥
Baseline neurological defect

0.41
1.19
2.31

0.28
1.08
1.37

0.61
1.30
3.90

<0.001
<0.001
0.002

Age
Gender (Male)
CSF/blood glucose ratio
No prior antibiotic and CSF/blood culture positive with
bacteria other than Streptococcus spp.**
No prior antibiotic and CSF/blood culture positive with
Streptococcus spp.
No prior antibiotic and culture-negative

1.19
0.93
0.45
1.18

1.08
0.65
0.29
0.54

1.31
1.34
1.95
2.61

<0.001
0.70
0.55
0.67

0.09

0.02

0.43

0.003

0.45

0.23

0.90

0.02

Prior-antibiotic and CSF/blood culture positive with Streptococcus spp.
Prior-antibiotic and culture-negative

2.22

0.31

16.18

0.43

0.95

0.39

2.31

0.90

this was measured by Charlson comorbidity score, higher score was comparable with more comorbidity
** group baseline-reference; HR, Hazard Ratio; CI, Confidence Interval.
¥
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2.6.3.2. Cryptococcal meningitis in 3 years (2009, 2013, and 2017)
In the three years 2009, 2013, and 2017, there were a total of 81 cases of cryptococcal meningitis, from which there were 72 cases with medical records available for further analysis.
Baseline characteristics of cryptococcal meningitis cases by year and HIV serostatus
The baseline characteristics are presented in Table 2-34. HIV infections were seen in about
60% of patients with cryptococcal meningitis. HIV infected patients were generally younger
(median age 34 years versus 41 years, p=0.02) and more likely to be male (78.6% versus
53.3%, p=0.02) than HIV uninfected patients. HIV uninfected patients were more likely to
have received antibacterial agents prior to diagnosis of cryptococcal meningitis than HIV
infected patients (46.7% vs. 23.8%, p-value=0.004) and to have been admitted to a provincial hospital (66.7% vs. 33.3%, p-value=0.02) compared with HIV infected patients. However, the median duration of disease prior to diagnosis was 10 days for each patient group
and was not significantly different.
Table 2-34. Demographics and underlying conditions of cryptococcal meningitis in 2009, 2013 and
2017 by HIV status
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Baseline clinical manifestations of cryptococcal meningitis in 2009, 2013, and 2017 by
HIV status.
Regarding clinical manifestations, headache and fever were the most common symptoms
in patients with cryptococcal meningitis and accounted for 94.2% and 62.3% of all cases,
respectively (see Table 2-35). There was likely not a difference between HIV infected and
HIV uninfected individuals in clinical presentation except for decreased GCS which was
seen significantly more frequently in HIV uninfected patients (41.4% vs. 17.5%, pvalue=0.04).
Table 2-35. Baseline clinical manifestations of cryptococcal meningitis in 2009, 2013, and 2017 by HIV
status.
Characteristics, n (%)

HIV uninfected
(N=30)

HIV infected
(N=42)

Total
(N=72)

p-value ɸ

Fever

19 (65.5)

24 (60.0)

43 (62.3)

0.35

Headache

26 (89.7)

39 (97.5)

65 (94.2)

0.46

Nausea/vomiting

10 (34.5)

24 (60.0)

34 (49.3)

0.07

Convulsions

3 (10.3)

4 (10.0)

7 (10.1)

0.96

Visual impairment

2 (6.9)

3 (7.5)

5 (7.2)

0.68

Hearing impairment

4 (13.8)

1 (2.5)

5 (7.2)

0.17

Paralysis

2 (6.9)

3 (7.5)

5 (7.2)

0.99

Cranial nerve palsy

2 (6.9)

4 (10.0)

6 (8.7)

0.91

Neck stiffness

15 (51.7)

17 (42.5)

32 (46.4)

0.55

Decreased GCS

12 (41.4)

7 (17.5)

19 (27.5)

0.04

Respiratory failure

4 (13.8)

3 (7.5)

7 (10.1)

0.38

Transaminitis

11 (37.9)

17 (42.5)

28 (40.6)

0.60

Renal failure

3 (10.3)

3 (7.5)

6 (8.7)

0.61

Electrolyte disturbance

24 (82.8)

28 (70.0)

52 (75.4)

0.41

Other abnormalities

13 (44.8)

21 (52.5)

34 (49.3)

0.50

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
GCS, Glasgow coma score
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test
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Baseline cerebrospinal fluid and cerebrospinal fluid/blood culture of cryptococcal
meningitis in 2009, 2013, and 2017 by HIV status.
The characteristics of white cell count and biochemical analysis of cerebrospinal fluid
(CSF) significantly differed according to HIV status (see Table 2-36).
The CSF India-ink stain revealing the presence of C. neoformans was reported in 91.6% of
all cases. The Cryptococcus isolate was also confirmed in 38.5% of cases undergoing
blood/CSF culture.
Measuring CSF opening pressure and lateral flow assay test for cryptococcal meningitis are
not routinely performed at Cho Ray Hospital. Therefore, data on CSF opening pressure
and antigen test results for cryptococcal meningitis were not available in my study.
Table 2-36. Results of baseline CSF and CSF/blood culture investigations in cryptococcal meningitis in
2009, 2013, and 2017 by HIV status.
Baseline CSF (unit, normal range)
Median cell count (cell/mL, <5)
(IQR)
Median Neutrophils (%, <1) (IQR)
CSF Protein (mg/dl, <45) (IQR)
CSF: Blood glucose (0.6-0.8) (IQR)
India ink n (%)
Positive
Negative
Not done
Number of patients performed
CSF/blood culture
Confirmed with C. neoformans,
n/N (%)
CSF confirmed with C. neoformans
Both CSF and blood confirmed
with C. neoformans
CSF confirmed with C. neoformans
and blood negative
CSF negative and blood confirmed
with C. neoformans
Other

HIV uninfected
(N=30)

HIV infected
(N=42)

Total (N=72)

p-value ɸ

80 (24, 182)

12 (3, 53)

34 (6, 104)

0.03

8 (3, 20)
89 (74, 104)
0.21 (0.09, 0.38)

2 (0, 14)
46 (33, 79)
0.39 (0.27, 0.47)

5 (2, 18)
68 (36, 90)
0.34 (0.17, 0.45)

0.54
0.70
0.02
0.47

26 (86.7)
1 (3.3)
3 (10.0)
HIV uninfected
(N=22)

40 (95.2)
2 (4.8)
0 (0.0)
HIV infected
(N=30)

66 (91.6)
3 (4.2)
3 (4.2)
Total (N=52)

6/22 (27.3)

14/30 (46.7)

20/52 (38.5)

0.15

5/22 (22.7)
0/22 (0.0)

7/30 (23.3)
1/30 (3.3)

12/52 (23.1)
1/52 (1.9)

0.95
1.00

1/22 (4.5)

4/30 (13.3)

5/52 (9.6)

0.29

0/22 (0.0)

2/30 (6.7)

2/52 (3.8)

0.50

1/22 (4.5) *

1/30 (3.3) £

2/52 (3.8)

0.82

N, total number of cases (denominator); n, number of cases of each characteristic (numerator); IQR, interquartile range, CSF, cerebrospinal fluid.
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables were compared using Linear Model
ANOVA test. *, CSF confirmed with Pseudomonas stutzeri; £, Blood confirmed with Staphylococcus coagulase negative.
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Other baseline investigations in cryptococcal meningitis by HIV status.
The findings of imaging and haematological investigations of patients with cryptococcal
meningitis at baseline are shown in Table 2-37 and Table 2-38, respectively.
Approximately 2/3 of patients had chest X-rays and head CT-scans at baseline; brain MRI
scans were performed in ~15% of all cases (see Table 2-37). Imaging findings were not
statistically significantly different between HIV uninfected and infected patients (abnormal
chest X-ray: 26.7% vs. 21.4%, p-value=0.85; abnormal head CT-Scan: 33.3% vs. 11.9%, pvalue=0.08; abnormal brain MRI: 16.7% vs. 12.5%, p-value=0.62).
Table 2-37. Imaging findings at baseline in cases of cryptococcal meningitis in 2009, 2013, and 2017 by HIV status.
Images, n (%)

HIV uninfected (N=30)

HIV infected (N=42)

Total (N=72)

16 (53.3)
8 (26.7)
6 (20.0)

23 (54.8)
9 (21.4)
10 (23.8)

39 (54.2)
17 (23.6)
16 (22.2)

9 (30.0)
10 (33.3)
11 (36.7)

16 (38.1)
5 (11.9)
21 (50.0)

25 (34.7)
15 (20.8)
32 (44.4)

5 (16.7)
25 (83.3)
0

5 (12.5)
35 (87.5)
2

10 (14.3)
60 (85.7)
2

Chest X-ray
Normal
Abnormal
Not done
Brain CT-Scan
Normal
Abnormal
Not done
Brain MRI
Abnormal
Not done
Missing data

p-value ɸ
0.85

0.08

0.62

N, total number of cases (denominator); n, number of cases of each characteristic (numerator); CT, Computed Tomography; MRI,
Magnetic Resonance Imaging; ɸ p-value, categorical variables were compared using Pearson's Chi-squared test

As shown in Table 2-38, white blood cell and CD4 counts of HIV infected patients were
significantly lower than those in HIV uninfected patients (median white cell count
(x103/mm3): 5 vs 11, p-value<0.001; median CD4 count (cells/mL): 13 vs. 301, pvalue=0.002).
Table 2-38. The result of baseline blood tests of cryptococcal meningitis in 2009, 2013, and 2017 by HIV status.
Blood test (unit, normal range)

HIV uninfected (N=30)

HIV infected (N=42)

Total (N=72)

p-value ɸ

129 (108, 139)

123 (115, 136)

126 (112, 138)

0.94

Median white blood cell (x103/mm3, 4-11) (IQR)

11 (8, 15)

5 (4, 8)

7 (5, 11)

< 0.001

Median Neutrophils (%, 45-75) (IQR)

81 (76, 86)

79 (68, 87)

80 (73, 87)

0.14

258 (218, 362)

214 (145, 261)

234 (177, 292)

< 0.001

301 (228, 482)

13 (6, 40)

34 (8, 259)

0.002

Median haemoglobin (g/L, 120-170) (IQR)

Median platelet (x10 /mm , 200-400) (IQR)
3

3

Median CD4 count (cell/mL, 500-1500) (IQR)

N, total number of cases; IQR, interquartile range; p-value, continuous variables were compared using Linear Model ANOVA test
ɸ
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Treatment of cryptococcal meningitis in 2009, 2013, and 2017 by HIV status.
As presented in Table 2-39, approximately 90% of all cryptococcal meningitis cases received amphotericin B and the median duration of treatment was 14 days. There was no
significant difference in treatment by HIV status, although the duration of treatment with
amphotericin appeared longer in HIV uninfected patients.
Table 2-39. The treatment of cryptococcal meningitis in 2009, 2013, and 2017 by HIV status.
Treatment

HIV uninfected

HIV infected

Total

(N=30)

(N=42)

(N=72)

Number of cases with no antifungal treatment, n/N (%)

1/30

1/42

2/72

Median time from Cho Ray
hospital admission to antifungal treatment, days (IQR)

2

2

2

(1, 3)

(1, 3)

(1, 3)

14

14

14

(7, 21)

(4, 15)

(5, 15)

8

5

6

(0, 13)

(0, 11)

(0, 12)

28/30

39/42

67/72

(96.6)

(95.1)

(95.7)

22/30

30/42

52/72

(75.9)

(73.2)

(74.3)

21/30

28/42

49/72

(72.4)

(68.3)

(70.0)

Median duration of amphotericin treatment, days (IQR)
Median duration of fluconazole treatment, days (IQR)
Number of cases treated with
amphotericin, n/N (%)
Number of cases treated with
fluconazole, n/N (%)
Number of cases treated with
combination of amphotericin
and fluconazole, n/N (%)

p-value ɸ

0.79

0.06

0.68

0.77

0.80

0.71

N, total number of cases (denominator); n, number of cases of each characteristic (numerator); IQR, interquartile range
p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables
were compared using Linear Model ANOVA test
ɸ
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Complications of cryptococcal meningitis in 2009, 2013, and 2017 by HIV status.
Hypokalaemia, depressed conscious level, and anaemia were the most frequent complications seen in cryptococcal meningitis (27.6%, 18.5%, and 12.9%, by year respectively). Further detailed results of complications are provided in Table 2-40 and Table 2-41.
Neurological complications. Table 2-40 shows that there were a significantly higher number of serious neurological complications of CTCAE grade 3-4 in HIV uninfected patients
compared with in HIV infected patients (46.7% vs. 16.7%, p-value=0.005). In terms of particular kinds of neurological events, these were similar between the two groups.
Other complications were similar between HIV infected and uninfected patients regarding
the events per patient, the event severities, and the kinds of events (see Table 2-41).
Table 2-40. Neurological complication events of cryptococcal meningitis in 2009, 2013, and 2017 by HIV
status.
Neurological complications

HIV uninfected (N=30)

HIV infected (N=42)

Total (N=72)

p-value ɸ

Number of patients having events, n/N (%)
18/30 (60.0)
16/42 (38.1)
34/72 (47.2)
0.07
Number of patients with 1 event (%)
9 (50.0)
11 (68.8)
20 (58.8)
0.72
Number of patients with 2 events (%)
4 (22.2)
5 (31.2)
9 (26.5)
0.86
Number of patients with 3 events (%)
2 (11.1)
0 (0.0)
2 (5.9)
0.17
Number of patients with 4 events (%)
2 (11.1)
0 (0.0)
2 (5.9)
0.17
Number of patients with 5 events (%)
1 (5.6)
0 (0.0)
1 (2.9)
0.42
Number of patients with events as per severity grades, n (%)
Number of patients with events of grade 1 or 2
8 (26.7)
12 (28.6)
20 (27.8)
0.86
Number of patients with events of grade 3 or 4
14 (46.7)
7 (16.7)
21 (29.2)
0.005
Total number of events
35
19
54
By grade of events, n (%)
0.21
Number of events of grade 1 or 2
14 (40.0)
11 (57.9)
25 (46.3)
Number of events of grade 3 or 4
21 (60.0)
8 (42.1)
29 (53.7)
Number of events specified, n (%)
Blindness
3 (8.6)
0 (0.0)
3 (5.5)
0.54
Brain Herniation
1 (2.9)
0 (0.0)
1 (1.9)
1.00
Cranial Nerve Paralysis
5 (14.3)
1 (5.3)
6 (11.1)
0.31
Deafness
2 (5.7)
1 (5.3)
3 (5.6)
0.94
Decreased GCS
5 (14.3)
5 (26.3)
10 (18.5)
0.28
Headache
4 (11.4)
4 (21.1)
8 (14.8)
0.34
Hemiplegia Paresis
2 (5.7)
1 (5.3)
3 (5.6)
0.94
Monoplegia Paresis
1 (2.9)
0 (0.0)
1 (1.9)
1.00
Seizure
3 (8.6)
3 (15.8)
6 (11.1)
0.42
Other£
11 (31.4)
5 (26.3)
16 (29.6)
0.60
N, total number of cases (denominator); n, number of cases of each characteristic (numerator); GCS, Glasgow Coma Score
ɸ
p-value, categorical variables were compared using Pearson's Chi-squared test and Fisher’s exact test when expected value of any cell less than 1
£
other neurological complications, dizziness, papilledema, raised intracranial pressure, psychological disorder
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Table 2-41. Other complication events of cryptococcal meningitis by HIV status (2009, 2013, and 2017).
Other complication events

HIV uninfected

HIV infected (N=42)

Total (N=72)

p-value ɸ

25/30 (83.3)

35/42 (83.3)

60/72 (83.3)

1.00

Number of patients with 1 event (%)

5 (20.0)

16 (45.7)

21 (35.0)

0.05

Number of patients with 2 events (%)

6 (24.0)

5 (14.3)

11 (18.3)

0.35

Number of patients with 3 events (%)

3 (12.0)

3 (8.6)

6 (10.0)

0.67

Number of patients with 4 events (%)

4 (16.0)

3 (8.6)

7 (11.7)

0.38

Number of patients with 5 events (%)

3 (12.0)

3 (8.6)

6 (10.0)

0.67

Number of patients with 6 events (%)

3 (12.0)

1 (2.9)

4 (6.7)

0.16

Number of patients with 7 events (%)

0 (0.0)

2 (5.7)

2 (3.3)

0.51

Number of patients with 8 events (%)

0 (0.0)

1 (2.9)

1 (1.7)

1.00

Number of patients with 9 events (%)

1 (4.0)

0 (0.0)

1 (1.7)

0.42

Number of patients with 10 events (%)

0 (0.0)

1 (2.9)

1 (1.7)

1.00

16 (53.3)

24 (57.1)

40 (55.5)

0.75

22 (73.3)

24 (57.1)

46 (58.3)

0.16

80

90

170

Number of patients having events, n/N

(N=30)

(%)

Number of patients with events as per severity grades, n (%)
Number of patients with events of grade
1 or 2
Number of patients with events of grade
3 or 4
Total number of events
By grade of events (%)

0.54

Number of events of grade 1 or 2

38 (47.5)

47 (52.2)

85 (50.0)

Number of events of grade 3 or 4

42 (52.5)

43 (47.8)

85 (50.0)

Number of events specified, n (%)
Acute kidney failure

3 (3.8)

3 (3.3)

6 (3.5)

0.88

11 (13.8)

11 (12.2)

22 (12.9)

0.77

Hyperglycaemia

3 (3.8)

5 (5.6)

8 (4.7)

0.58

Hypersensitivity

2 (2.5)

2 (2.2)

4 (2.4)

0.91

Hypoglycaemia

0 (0.0)

1 (1.1)

1 (0.6)

1.00

Hypokalaemia

22 (27.5)

25 (27.8)

47 (27.6)

0.97

Hyponatremia

8 (10.0)

7 (7.8)

15 (8.8)

0.61

Hypotension

2 (2.5)

4 (4.4)

6 (3.5)

0.49

Pneumonitis

7 (8.8)

6 (6.7)

13 (7.6)

0.61

Transaminitis

4 (5.0)

3 (3.3)

7 (4.1)

0.59

18 (22.5)

23 (25.6)

41 (24.1)

0.64

Anaemia

Other

£

N, total number of cases (denominator); n, number of cases of each characteristic (numerator).
ɸ

p-value, categorical variables were compared using Pearson's Chi-squared test and Fisher’s exact test when expected value of any cell

less than 1.
£

other complications, hyperkalaemia, hypoalbuminemia, leukocytopenia, thrombocytopenia, cardiac arrhythmia, myocardial infarction,

nausea/vomiting, diarrhoea, constipation, muscles ache, conjunctivitis, oral herpes, varicella zoster infection, sepsis.
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Outcome from cryptococcal meningitis
Cryptococcal meningitis had the worst outcome of any CNS infection over the 3-year study
period with an overall mortality of 23.6%. Around one third of patients suffered severe disability or death. The median time of hospitalization was 15 days (IQR: 8, 24). These characteristics were not significantly different between HIV uninfected and HIV infected patients (see Table 2-42).
Table 2-42. Outcome of cryptococcal meningitis in 2009, 2013 and 2017 by HIV status.

Number of deaths, n (%)

HIV uninfected

HIV infected

Total

(N=30)

(N=42)

(N=72)

8 (26.7)

9 (21.4)

17 (23.6)

Disability at discharged£, n (%)

p-value ɸ
0.61
0.22

Good

11 (36.7)

24 (57.1)

35 (48.6)

Intermediate

5 (16.7)

4 (9.5)

9 (12.5)

Severe disability/death

14 (46.7)

14 (33.3)

28 (38.9)

Median length of hospitalization,
days (IQR)

17 (9, 27)

15 (8, 20)

15 (8, 24)

0.18

N, total number of cases (denominator); n, number of cases of each characteristic (numerator)
IQR, interquartile range
p-value, categorical variables were compared using Pearson's Chi-squared test and continuous variables
were compared using Linear Model ANOVA test
ɸ

£

Disability was assessed by using the ‘Two simple questions’
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Risk factors for poor outcome from cryptococcal meningitis
To evaluate the risk factors severe disability/death of cryptococcal meningitis, I used Coxregression model including the variables age, gender (male), comorbidity (Charlson
comorbidity score), HIV status, baseline neurological defects (as described in statistical
method – Section 2.4.3.3), and the CSF/blood glucose ratio.
Risks factors for death outcome of cryptococcal meningitis. Table 2-43 shows that
comorbidity (Hazard Ratio: 1.18, 95% Confidence Interval: 0.64-2.17, p-value = 0.55) and
neurological defect at baseline (Hazard Ratio: 2.45, 95% Confidence Interval: 0.68-8.79, pvalue = 0.14) and a change in 10 years of age (Hazard Ratio: 1.71, 95% Confidence Interval:
0.99-2.95, p-value = 0.05) may have increased the risk of death but these did not reach statistical levels of significance, likely reflecting the small size of the study.
Table 2-43. Cox-regression model for death outcome of cryptococcal meningitis.

Hazard Ratio

95% Confidence Interval

p-value

HIV positive

0.65

0.01

36.6

0.81

Baseline comorbidity¥

1.18

0.64

2.17

0.55

HIV positive*Baseline

1.04

0.47

2.30

0.92

Baseline neurological defect

2.45

0.68

8.79

0.14

Age

1.71

0.99

2.95

0.05

Gender (Male)

0.69

0.19

2.49

0.52

CSF/blood glucose ratio

0.14

0.00

13.77

0.34

comorbidity

¥

this was measured by Charlson comorbidity score, higher score was comparable with more comorbidity
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Risks factors for severe disability/death outcome of cryptococcal meningitis. In the Coxregression model for severe disability/death outcome of cryptococcal meningitis (see Table
2-44), baseline neurological defect increased the risk of poor outcome (severe disability/death) with Hazard Ratio 2.66, 95% Confidence Interval 1.09, 6.5 and p-value=0.03.
Also, an increase in 10 years of age was significantly associated with severe outcome (Hazard Ratio 1.59, 95% Confidence Interval 1.08, 2.34, p-value=0.02).
Table 2-44. Cox-regression model for severe disability/death outcome of cryptococcal meningitis.
Hazard Ratio

95% Confidence interval

p-value

HIV positive

0.27

0.01

5.52

0.38

Baseline comorbidity¥

1.01

0.63

1.61

0.95

HIV positive*Baseline

1.27

0.68

2.35

0.43

Baseline neurological defect

2.66

1.09

6.5

0.03

Age

1.59

1.08

2.34

0.02

Gender (Male)

0.70

0.29

1.75

0.43

CSF/blood glucose ratio

0.06

0.00

1.92

0.34

comorbidity

¥

this was measured by Charlson comorbidity score, higher score was comparable with more comorbidity
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2.6.4. Summary of results
After analysing all specific CNS infection syndromes, the results can be summarized as follows:
- For the results of the ten-year time trend analysis
i.

The most common CNS infection syndromes included community-acquired
bacterial, tuberculous meningitis and encephalitis accounting for 22.4%,
25.9%, and 23.2% of all CNS infection syndromes, respectively. The case numbers of neurosurgery-associated and tuberculous meningitis in 2016 and 2017
increased about six-fold and two-fold, respectively compared to the ones in
the previous study period (2008 to 2015). For all specific CNS infection syndromes, males accounted for about 60% of the total. The median age of patients presenting with CNS infection syndromes generally increased over
time, particularly for community-acquired bacterial, tuberculous, and cryptococcal meningitis. The median age was the lowest in patients with encephalitis
and viral meningitis.

ii.

Neurosurgery-associated meningitis frequently followed traumatic brain injury and was caused by Acinetobacter baumannii.

iii.

Patients with CNS infections admitted to Cho Ray Hospital mainly came from
Ho Chi Minh City and the neighbouring regions, except for parasitic CNS
infections where most of the cases were from the South Central Coast or Central Highlands.

iv.

Periodicity was observed in patients with bacterial meningitis (both community-acquired and neurosurgery-associated), tuberculous meningitis, viral
meningitis, and encephalitis, but with different periodicities.

v.

The best outcome with the highest recovery rate at hospital discharge (>90%
of all cases) was observed in viral meningitis and parasitic CNS infections
while the worst outcome was in cryptococcal meningitis (21.8%). For all
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community- acquired CNS infection syndromes (excluding neurosurgery-associated bacterial and tuberculous meningitis), increasing age was associated
with unfavourable outcome while males were associated with better outcome.
- For the results of specific analysis of community-acquired and cryptococcal meningitis in 2009, 2013, and 2017
i.

Community-acquired bacterial meningitis
✓ The rate of microbiological confirmation increased from 2009 to 2013
and 2017. Streptococcus sp., especially Streptococcus suis remained the
prominent pathogen.
✓ From 2009 to 2013 and 2017, patients were likely older and received
more previous antibiotic treatment and local hospital admission prior
to Cho Ray Hospital admission. The clinical presentations and laboratory findings seemed to become more severe over the years.
✓ Outcomes of community-acquired bacterial meningitis worsened in
terms of death and severe disability over the 10-year time period. Dexamethasone therapy and other factors including the underlying causative organism, patient age, presence of neurological deficits at presentation, and comorbidities, were associated with poor outcomes in community-acquired bacterial meningitis.

ii.

Cryptococcal meningitis
✓ HIV infected and uninfected patients accounted for 60% and 40% of
total cases, respectively. Compared to HIV infected patients, higher case
numbers of HIV uninfected received local hospital admission and antimicrobials prior to Cho Ray Hospital admission. HIV uninfected patients tended to be older and had a more equal gender balance than in
HIV infected cases. Clinical manifestations were similar between HIV
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infected and uninfected patients except for conscious level which
tended to be worse in HIV uninfected patients.
✓ Apart from a lower neutrophil percentage and CD4 counts in HIV positive patients, there was no difference regarding the results of CSF and
imaging between HIV stratified groups.
✓ The treatment and death outcome were not different between HIV infected and uninfected patients although higher numbers of HIV uninfected patients suffered from more severe grades of neurological complications (grade 3-4) than HIV infected patients.
✓ Patients with neurological defects at baseline and being elderly were associated with risk of severe disability or death.

2.7. DISCUSSION
My study was designed to provide a comprehensive overview of the burden of CNS infections at Cho Ray Hospital over a 10-year period from 2008 to 2017.
I found the most common CNS infection syndromes were community-acquired bacterial
meningitis, tuberculous meningitis, and encephalitis. This is consistent with the results of
previous studies conducted in both the north and south of Vietnam [6, 107]. In a country
with a higher prevalence of tuberculosis like Vietnam, tuberculous meningitis is estimated
to account up to one third to one half of all cases of bacterial meningitis [213]. The case
numbers of tuberculous meningitis increased in 2016 and 2017 compared to the previous
period (2008 to 2015). This contrasts with the stable prevalence of tuberculosis in general
in Vietnam. In fact, national tuberculosis surveys in Vietnam showed that the prevalence of
laboratory-confirmed tuberculosis in adults was 307 per 100,000 people in 2006 and 322
per 100,000 people in 2017, respectively [214, 215]. The increase in tuberculous meningitis
in my study was unlikely due to improved diagnostics. At Cho Ray Hospital, the diagnosis
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of tuberculous meningitis is mainly based on clinical manifestations and relevant non-microbiological cerebrospinal fluid findings (predominant lymphocyte proportion and low
CSF/blood glucose ratio). PCR for Mycobacterium tuberculosis detection has been available
since 2006 at Cho Ray Hospital. There were no introductions of new diagnostic methods
for tuberculosis in 2016 and 2017 when I observed the rise of tuberculous meningitis.
Therefore, tuberculous meningitis at my hospital was diagnosed as suspected cases rather
than confirmed-laboratory ones. Patients with suspected tuberculous meningitis were then
referred to a tertiary TB hospital to confirm the diagnosis and manage further anti-TB therapy. The amount of subsequently confirmed-tuberculous meningitis was not available from
the discharge records of Cho Ray Hospital. It is possible that the rising number of patients
with tuberculous meningitis could be due to either increased willingness to refer from provincial hospitals for cases where they could not make the diagnosis, or increased health
seeking behaviour as families have got wealthier, an increased willingness of doctors to
consider the diagnosis, or a real increase in cases.
There was a sharp increase in case number of neurosurgery-associated meningitis in 2016
and 2017 compared with the period of 2008-2014. The reasons for this are not entirely
clear. One potential explanation is that this is an artefact driven by a change in the recording/coding of discharge information by my neurosurgical colleagues. A detailed review of
the cases of neurosurgery-associated meningitis was beyond the scope of this PhD, but it is
an area that we may need to address in the near future. If there has been a real growth in
the number of cases of neurosurgery-associated meningitis, it should be considered an important issue. Neurosurgery-associated meningitis includes both diseases brought from the
community into hospital (e.g., as a result of head trauma, or infection of pre-existing
shunts), as well as nosocomial infection following brain surgery. Clearly an increase in nosocomial infections would be a cause for concern, suggesting there may be problems with
equipment or procedure. Some of this can be difficult to fix – for example the neurosurgery
typically has bed occupancy rates of 150%. A particular problem with nosocomial disease
is the risk of infection with antibiotic-resistant bacteria. Carbapenem-resistant
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Enterobacteriaceae and Acinetobacter baumannii most commonly occur among neurosurgery-associated meningitis patients [31, 32, 216]. In my study, I observed Acinetobacter baumannii to be the predominant causative agent. The overall high mortality rate of this syndrome was high at 14.5%.
In terms of demographics, the median age of patients tended to increase in communityacquired bacterial, cryptococcal, and tuberculous meningitis over time. There are some explanations for this observation. As time went on, the socioeconomic status of Vietnamese
people has increased. In fact, Vietnam is no longer a low-income country but a middle lowincome one since 2010 [217]. As a result, the age expectancy has increased from 73.0 in
2000 to 75.2 in 2017 [218]. Also, being elderly is not a barrier to hospital admission anymore. The male preponderance accounting for around 60% of all specific CNS infection
syndromes was similar to that reported from previous studies of CNS infection in Vietnam
[6, 107, 194]. This characteristic may be related to increased occupational exposure in males
compared with females. For instance, the percentage of male patients with bacterial meningitis due to S. suis (associated with pig farming) is even higher (70-77%) [25, 197]. Discrepancies in blood brain barrier between males and females which have been reported in
vivo is another potential explanation for this finding [219, 220].
Considering the geographic origins of patients with CNS infections admitted to Cho Ray
Hospital, parasitic CNS infections were reported not only in Ho Chi Minh City and neighbouring regions, but also from the South-Central Coast & Central Highlands. According
to a recent systemic review on parasitic infections (taeniasis, cysticercosis and trichinellosis) in Vietnam, data from the south remain relatively scant [221]. About recent study reported two thirds of cases with eosinophilic meningitis were due to Angiostrongylus cantonensis in southern Vietnam, but the detailed geographical distribution for this disease was
not available [222]. Any reports of causation must be interpreted cautiously given the difficulty in confirming causes microbiologically. The main risk factors for parasitic infections
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in Vietnam include the consumption of undercooked or raw meat and vegetables and the
use of night soil for fertilization of local produce.
Periodicity was seen with a number of the CNS infection syndromes in my study. The seasonality of community-acquired bacterial meningitis increased from February to August,
i.e., mainly during the rainy season. This is opposite to the seasonality reported in the African meningitis belt (Ghana and Burkina Faso) and outside the belt (Congo, Bangladesh)
where it is more prominent in the dry season [223-226]. An explanation for the fact that the
dry season is the meningitis season in these countries is associated with climatic conditions
such as low relative air humidity and dust-loaded wind, and a high incidence of upper respiratory tract infections [224]. Southern Vietnam is generally dry and hot from November
to April, and warm and wet between May and October, with the highest rainfall in June,
July, and August. Although the climatic characteristics throughout the year of the African
countries mentioned are similar to southern Vietnam, the difference in bacterial meningitis
season might be driven by a different distribution of causative pathogens. The prominent
pathogen confirmed from patients with bacterial meningitis in the African meningitis belt
is Neisseria meningitides while investigations in Vietnam, including our study results, show
that Streptococcus sp. are the most frequent agent [6]. However, the hypothesis that the
incidence of diseases due to Streptococcus spp. (particularly Streptococcus suis) change with
the seasons or climatic conditions in a year is controversial. A study of clinically healthy pig
herds in both China and the United Kingdom found that the isolation rates of Streptococcus
suis from pig farms sampled on high-temperature occasions were significantly greater than
for those sampled on low-temperature occasions [227]. However, according to another
study of Streptococcus suis prevalence among swine at industrial pig farms in Northern Vietnam, there was no significant relationship between the month of sample collection and
the likelihood of a positive swine oral, or bioaerosol, sample [228].
I found neurosurgery-associated meningitis to occur more often between February and
June every year. Traumatic brain injury was the most common underlying condition in
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patients with neurosurgery-associated meningitis. Road traffic injury is one of the most
important reasons for traumatic brain injury and occurs more frequently during big festivals in Vietnam many of which take place between February and June. For example, the
Lunar New Year, one of the biggest celebrations in Vietnam and with the greatest movement of people, is often in February. High numbers of traffic accidents during holidays are
also reported in other countries including Thailand and the United Kingdom [229, 230]. I
think this is the most likely explanation for the peak of neurosurgery-associated meningitis
seen in my study.
In terms of encephalitis and its trend over the 10 years of this study, I found there to be a
24-month periodicity, with the peak lasting from the rainy season of one year until the dry
season of the next year. In Vietnam, studies on the aetiology of viral encephalitis have
shown that the most prominent causes are Japanese encephalitis virus (JEV), Dengue virus
(DENV), Herpes simplex virus (HSV), and enterovirus [231]. JEV is an arthropod-borne
virus (arbovirus) that is transmitted in an enzootic cycle between mosquito vectors and
vertebrate hosts. The emergence of Japanese encephalitis is driven by environmental factors, such as climate. In tropical and subtropical countries including Indonesia, Malaysia,
the Philippines, and specifically Vietnam, sporadic Japanese encephalitis cases occur yearround, but there is a peak during the rainy season [231, 232]. Similarly studies in Vietnam
demonstrated disease peaks of dengue fever in the rainy season between June and November [233, 234]. Enteroviral encephalitis has also been reported to have a seasonality, being
seen more frequently between July and September in the United States and during summertime (June to August) in Korea and Taiwan [235, 236]. The peaks in the rainy season
of these causes likely reflects better habitats at that time for the mosquito population, and
for faecal-oral transmission. In contrast to arboviruses and enteroviruses, the incidence of
Herpes simplex encephalitis does not vary with seasons [237]. Therefore, the periodicity
observed in my study is likely driven by periodic incidence of encephalitis due to JEV,
DENV, and enterovirus, rather than HSV. My study was retrospective, and the uncertainty
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around the aetiology around the cases of encephalitis reflects the limited facilities for viral
and immune diagnostics.
Regarding periodicity of viral meningitis, among viral meningitis aetiology, enteroviruses
(EVs) are the most common worldwide causative agents of viral meningitis [238, 239]. Enterovirus meningitis can occur throughout the year, but is usually seen in summer and autumn [240]. In our study, viral meningitis peaked from February to August, i.e., in the period of seasonal change from dry to rainy season. The start of the rainy season is associated
with remobilisation of sewers, flooding and may explain increased transmission of EVs.
My exploratory analysis for time trends of tuberculous meningitis delivered a surprising
result – I identified a 48-month periodicity. To my knowledge, a seasonality of tuberculous
meningitis has not been previously reported. It seems counter-intuitive given that the
dogma is that tuberculous meningitis generally represents recrudescence of latent disease
rather than an acute infectious event. A study of trends and risk of tuberculosis in Mexico
(2007–2017) showed that the largest number of cases of pulmonary tuberculosis was identified in spring and summer (March–July) but no such findings for tuberculous meningitis
[241]. The 48-month periodicity of tuberculous meningitis seen in my study could be tested
as an a priori hypothesis by reviewing older records over a similar time period. A potential
explanation for periodicity of tuberculous meningitis is that disease is somehow triggered
by some other periodic event, such as fluctuations in climate or perhaps a coexistent infection. Exploring the reason for that finding and identifying its role in the management of
tuberculous meningitis may need further investigations in the future.
In the matter of outcome, the better ones observed in viral meningitis and parasitic CNS
infections were consistent with the findings from a number of other studies [242-244]. In
the 10-year time trend analysis, with limited variables to assess the risk factor outcome for
CNS infections, I found that being older was associated with poor outcomes and being
male was associated with favourable outcomes. Additionally, I found that the 10-year trends
in outcomes differed according to the specific CNS syndrome. While community-acquired
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bacterial meningitis, viral meningitis, cryptococcal meningitis, and parasitic CNS infections showed linear trends of outcomes, neurosurgery-associated meningitis and encephalitis had non-linear trends. The non-linear trends of neurosurgery-associated meningitis
and encephalitis showed that the worse outcomes occurred when there were strikingly increased case numbers (2016 and 2017 for neurosurgery-associated meningitis and 2014 for
encephalitis). For viral encephalitis, it is possible that this is related to a particular infection
prevalent in those years. For the neurosurgery-associated cases, the cause is less clear. Significantly more cases of neurosurgery-associated meningitis were seen in 2016 and 2017. It
is not clear whether this is a real effect, and if so, why it might have occurred, or whether it
is simply an effect of a different approach to disease coding.
Outcomes of viral meningitis, cryptococcal meningitis and parasitic CNS infections were
constant over the 10-year study period. Cryptococcal meningitis had the worst outcomes
with the highest mortality of the CNS infection syndromes. Outcomes of community-acquired bacterial meningitis and cryptococcal meningitis are discussed in more detail in the
next paragraphs of this section through the results from specific analysis on 3 occasions
(2009, 2013, and 2017) representing the start, the middle and the end of study period.
Regarding community-acquired bacterial meningitis, I found differences in the characteristics of patients presenting to Cho Ray Hospital in each of the 3 years studied in detail.
The most striking findings were that the patient population was older in 2017 and had more
underlying disease such as diabetes. This is consistent with the growing burden of diabetes
in Vietnam that has been described over the 10 years [245-247]. Additionally, in 2013 and
2017, patients received more prior antibiotic treatment, and were more likely to have been
referred following a local hospital admission compared to 2009. A potential explanation for
these findings was that the provincial hospitals had better capacity by 2017 to manage uncomplicated cases, and therefore only referred very sick patients to Cho Ray Hospital. In
agreement with this late Cho Ray Hospital admission, patients presented with worse
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clinical manifestations (decreased GCS, paralysis) and cerebrospinal fluid results in 2013
and 2017 than those in 2009.
The fact that the case numbers of laboratory-confirmed bacterial meningitis increased over
time could be explained by advances in available microbiological diagnostic tests in our
hospital, particularly in terms of microbiological identification. In 2009, most Streptococcus
isolates were not identified to the species level. This compares with 2013 and 2017, where
isolates were identified as S. suis, S. pneumoniae, etc. Streptococcus spp. including S. suis and
S. pneumoniae remained the most common confirmed pathogens reported to cause acute
bacterial meningitis in studies from Vietnam [107, 248, 249]. Appropriately, ceftriaxone was
the first choice in specific treatment for this disease. However, worryingly I found that increasing evidence of antibiotic resistant bacteria being isolated from the blood and CSF of
patients with community-acquired bacterial meningitis over time. My study shows that
concerns about the growth of antimicrobial resistance in general in Vietnam are also justified from patients with CNS infections [250-252]. Of note, the antibiotic selections in 2013
and 2017 at Cho Ray Hospital favoured the latest broad-spectrum antibiotics such as meropenem, linezolid, and colistin. Whether this reflects a concern amongst clinicians about
susceptibility, or is a reflection of marketing, is not clear. However, good antibiotic stewardship will be needed in my hospital to ensure that treatments remain effective for as long
as possible.
Fewer patients received dexamethasone at our hospital in 2013 and 2017 in comparison
with those admitted in 2009. This may reflect the increasing rate of referral from other
hospitals where patients had potentially already received corticosteroid treatment. We received more patients with higher grades of severity over time, outcomes in terms of death
and severe disabilities were eventually worse in 2013 and 2017 than ones in 2009. Deafness,
along with paresis, decreased conscious level and seizures, was a common neurological
complication in my study, and leads me to think that perhaps more patients would benefit
from the continued administration of corticosteroids in my department, even if transferred
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from elsewhere. The high rates of deafness likely reflect the high rates of infection with S.
suis and pneumococcus and has been well-described in previous studies [253-256]. Meanwhile, hypokalaemia, anaemia, hyponatremia, and hyperglycaemia often occurred as other
complications. These events could be results of infectious disease and adversely affected the
success of treatment. Therefore, electrolyte and haemoglobin concentration, and glycemia
should be frequently monitored in inpatients with bacterial meningitis.
To assess risk factors of poor outcomes in community-acquired bacterial meningitis, I used
a Cox-regression model including age, gender, comorbidity, neurological deficit at baseline, CSF: blood glucose ratio, microbiology, and dexamethasone therapy. Of note, the likelihood of microbiological confirmation depended upon status regarding prior antibiotic
treatment. My study showed that factors including age, comorbidity, baseline neurological
defects, and no dexamethasone treatment were associated with poorer outcomes. Regarding the role of aetiologies, patients without previous antibiotic therapy and confirmed with
S. suis or negative had better outcomes.
The association of increasing age and increased risk of death has been identified elsewhere.
It was found to be a significant predictor of death in a nationwide study from the Netherlands [257]. I also found comorbidities contributed to unfavourable outcomes. This result
was consistent with previous findings involving bacterial meningitis in vulnerable individuals with diabetes, malignancy, or on immunosuppressive medication [258, 259]. The impact of baseline neurological defects such as impaired consciousness on outcomes has also
been seen in European patients [257]. Another factor associated with outcome was identifying a microbial aetiology. I suspect that in patients presenting to my hospital without
prior antibiotics then the likelihood of identifying a bacterial pathogen reflects the pathogen load in that patient. This could explain why the failure to culture an organism from
CSF or blood was associated with a better outcome. Moreover, given that S. suis meningitis
is predominant and its outcome remains good among bacterial meningitis, I assumed that
unconfirmed cases without prior antibiotics could be due to S. suis. Different outcomes
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from CBM according to the infection pathogen have been reported before from Vietnam.
The highest death rate often occurred in Gram-negative rod infections (60%), followed by
Listeria spp. (50%) and Streptococcus pneumoniae (15%) [260]. The mortality of meningitis
due to S. suis was reported to be as low as 2.6% [25]. Non-streptococcal pathogens often
occurred in immunocompromised patients such as diabetes, while Streptococcus spp. in
patients receiving pre-antibiotics were likely to be less susceptible to the first-line recommended antibiotics such as ceftriaxone. These could explain the worse outcomes occurring
in such individuals although these finding were not significant.
My retrospective data showed that dexamethasone therapy was associated with decreased
both death and severe disabilities. Respecting to disabilities, my result was accordant with
studies in European countries where demonstrated that dexamethasone can reduce cerebrospinal fluid inflammation and thereby improve neurological outcomes [261]. Moreover, treatment with adjunctive dexamethasone does not worsen long-term cognitive outcomes in adults after bacterial meningitis [262]. Additionally, according to the results of a
randomized control trial among Vietnamese patients, adjunctive dexamethasone therapy
could enhance the CSF opening pressure and CSF/blood glucose ratios as well as levels of
CSF cytokines [197]. But contrasting with my data, that trial did not identify the role of
dexamethasone in survival outcome. In spite of that, study of bacterial meningitis in the
Netherland where the rate of positive Gram stain of CSF as high as 85%, dexamethasone
therapy was independently associated with favourable outcome and increased survival in
patients with both pneumococcal and non-pneumococcal meningitis [263]. A similar result
was reported in a study in Sweden, but the favourable outcome was not seen in Listeria
monocytogenes [264]. Given that the RCT of adjunctive dexamethasone therapy for bacterial meningitis in Vietnam was conducted more than 10 years ago and the ongoing changes
in aetiologies of this CNS infection syndrome, the question whether dexamethasone therapy provides survival benefit should be re-addressed.
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As presented in this study, most factors associated with outcome could be measured at hospital admission. Identification of these factors may help prioritise patients needing intensive care, particularly in resource-limited settings.
Cryptococcal meningitis is an important cause of death in AIDS patients [135]. However,
around a fifth of cases are reported to occur in HIV uninfected patients [73-75]. In the era
of antiretroviral therapy, there is a decline of HIV-associated with cryptococcal meningitis
in developed nations such the United States, Canada, and Australia [73, 265, 266]. Cryptococcal meningitis in HIV uninfected patients is now attracting more attention, particularly
in the era of iatrogenic immunosuppression. This present study showed that in my hospital
the proportion of HIV uninfected people associated with cryptococcal meningitis is 40% of
total cases. This higher percentage of HIV negative patients could be due to the broadspectrum underlying conditions of patients referred to our hospital from local centres and
provincial hospitals, or a higher pressure of infection in our tropical setting. Cryptococcal
disease in the HIV uninfected is reported surprisingly frequently in Asia [137, 139, 267,
268]. However, the diagnosis is often not at the forefront of physicians’ minds in such patients. Accordingly, more uninfected HIV patients received previous antimicrobials and local hospital admission than infected HIV ones, and potentially suffered delayed diagnosis
and treatment. Young and more males were observed in HIV associated cryptococcal meningitis in the present study. Given that HIV greatly affects young and sexually active, these
features are similar to findings of retrospective reviews in Taiwan and the United States
[269-271]. The fact that more HIV negative patients presented with decreased GCS at hospital admission compared with HIV positive in this study was suggestively caused by complex mechanisms involved in underlying state of the immune system [272]. I suspect it is
more likely due to delayed diagnosis in HIV negative patients. Other potential diagnoses
than cryptococcal meningitis may be preferentially considered, such as tuberculous meningitis or malignancy. The availability of highly sensitive and cheap antigen tests should
reduce this risk, but unfortunately the sensitivity of an unused test remains 0%.
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Regarding the laboratory investigations, HIV infected patients undoubtedly had profound
CD4 lymphocytopenia and lower CSF cell count compared to the remain group. Similar
results were reported in comparison between infected and uninfected HIV population associated with cryptococcal meningitis [273].
The three most common complications of cryptococcal meningitis listed in descending order including hypokalaemia, decreased GCS, and anaemia. Hypokalaemia and anaemia are
frequent side effects of amphotericin which can account up to 50% and 60% of total cases
receiving this drug, respectively [274-276]. Decreased potassium level is a result of damaging the renal tubules induced by amphotericin [277]. Anaemia, as a consequence of erythropoietin suppression is caused by the direct marrow toxicity of amphotericin [278]. There
could be a role of interplay between multiple mechanisms in decreased GCS in cryptococcal meningitis. Impaired consciousness probably results from raised intracranial pressure
which commonly occur in cryptococcal meningitis [186, 279]. It could be also involved in
brain infarction [279]. Comparison of outcome of cryptococcal meningitis considering severe complications/disabilities and death between HIV infected and HIV uninfected patients has been already performed in various studies. Majority of them showed that HIV
negative had worse outcome compared to HIV positive [271, 272, 280, 281]. In our study,
more severe neurological complications were reported in HIV uninfected associated with
cryptococcal meningitis. There was no difference in death between these two groups.
A 23.6% overall mortality rate in patients with cryptococcal meningitis in 2009, 2013, and
2017 was similar to some recent literature reports worldwide [282, 283]. Also, in a nationwide analysis of the trends and outcomes of cryptococcal meningitis in the United States,
the death rate did not change over the study period [284]. There were various clinical observations linked to poor survival outcomes including anaemia, cerebella hypoxia, <100
CD4 T cells, high fungal burden, altered mental status, seizure, and fibrosis (MRI) [285].
Furthermore, an ineffectual immune system with a skewed Th-2 response was associated
with poor disease outcomes [286]. Potential factors involved in only death outcome of
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cryptococcal meningitis were not identified in this study, but the elderly and neurological
defect at baseline were significantly associated with severe disability/death. The fact that
cryptococcal meningitis remains the worst outcome among CNS infection syndromes demands combined interventions targeting multiple pathways in patients.

2.8. CONCLUSION
My study provided a comprehensive description on CNS infections in 10 years (2008 to
2017) and specified on community-acquired bacterial meningitis and cryptococcal meningitis. It suggested a potential seasonality in several CNS infection syndromes including
community-acquired and neurosurgery-associated meningitis, viral meningitis, encephalitis, and tuberculous meningitis. It also underlined the role of adjunctive dexamethasone
among factors associated with the outcome of community-acquired bacterial meningitis. It
raised concerns involving in the appearance of non-streptococcal pathogens which are less
susceptible to current recommended antibiotics in both community-acquired and neurosurgery-associated meningitis. Therefore, the current guidelines for bacterial meningitis
should be repeatedly reviewed. Cryptococcal meningitis with the worst outcome among
CNS infection syndromes demands further interventions and therapeutic improvement.
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Tamoxifen trial

3.1. SUMMARY
Introduction. Cryptococcal meningitis (CM) is a leading cause of death in HIV patients
with mortality rates of 30 to 70%. International treatment guidelines recommend therapy
with amphotericin B and flucytosine. However, flucytosine is expensive and difficult to access. Where unavailable, guidelines recommend treatment with amphotericin and fluconazole, but this combination is inferior. Tamoxifen, a selective oestrogen receptor modulator
used to treat breast cancer, has synergistic anti-cryptococcal activity when combined with
amphotericin in vitro. It is concentrated in the central nervous system and within macrophages, is off-patent, cheap, and widely available. We designed a clinical trial to determine
initial efficacy and safety data of the combination of tamoxifen with amphotericin and fluconazole.
Materials and Methods. The tamoxifen trial was an open label randomized controlled trial
of tamoxifen-boosted antifungal induction therapy in adults with cryptococcal meningitis
in Vietnam. Participants were randomized (1:1) to either standard of care - amphotericin
1 mg/kg/day with fluconazole 800 mg/day for the first 2 weeks of treatment - or standard
of care combined with tamoxifen 300 mg/day. HIV infected and uninfected patients were
enrolled. The primary end point was early fungicidal activity (EFA), i.e., the rate of clearance of viable yeast from cerebrospinal fluid (CSF) over the first 2 weeks of treatment.
Based on simulations of data from previously published trials, 50 patients were required to
have a clearance power of 80% and 90% in order to detect a difference in early fungicidal
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activity of -0.11 or -0.13 log10 colony-forming units (CFU)/ml/day, respectively. Such differences in EFA have previously been associated with survival benefits.
Results. Between October 2017 and May 2018 a total of 70 patients were assessed for eligibility. Fifty patients underwent randomisation, 41 of which were HIV positive. The median
age was 34 years (range 20-73 years) and 35 patients were male. There was no difference in
the rate of fungal decline of CSF between the control and tamoxifen groups (-0.48 and 0.49 log10 CFU/ml, respectively) with a difference of -0.005 log10 CFU/ml/day (95% Confidence Interval (CI): -0.16, 0.15, p-value =0.95). Tamoxifen was associated with greater
QTc prolongation over the first 2 weeks than standard treatment (p-value <0.001). There
was no difference in survival between treatment groups over the 10 weeks following randomisation (risk difference 6.5%; 95% CI, -19.2% to 32.1%; p-value=0.62). Other than QT
prolongation, there was no difference in rate of adverse events between groups.
Conclusions. Despite in vitro evidence of a direct anti-cryptococcal effect including synergy when combined with amphotericin, combining a high dose of tamoxifen with amphotericin and fluconazole did not increase the rate of clearance of yeast from cerebrospinal
fluid. Our data does not support a larger trial powered to survival. There remains a pressing
need to develop novel and affordable anti-cryptococcal therapies.

3.2. BACKGROUND
Cryptococcal meningitis is a leading cause of death in HIV infected patients, with an estimated 223,000 cases in 2014 [135]. Current international guidelines recommend initial induction treatment with amphotericin combined with flucytosine, followed by consolidation therapy with fluconazole [287]. This regimen delivers the fastest rates of yeast clearance from cerebrospinal fluid (CSF) and the best survival rates [140, 160]. However, the
death rate of such a gold standard therapy remains 30% 10 weeks after diagnosis [140, 160].
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In Vietnam, there are approximately 25 and 120 patients with cryptococcal meningitis each
year at Cho Ray Hospital and Hospital for Tropical diseases, respectively. HIV uninfected
patients account for 20% of total [137]. Data from a randomized controlled trial in Vietnam
showed that amphotericin combination therapy reduced mortality when compared with
amphotericin monotherapy [140]. In that trial, in Vietnamese patients treated with gold
standard therapy with amphotericin and flucytosine, the mortality rate at 10 weeks and 6
months was 31% and 35%. This was statistically significantly better than in patients receiving prolonged amphotericin monotherapy, where the death rates were 44% and 54%, respectively [140]. The difference in patients receiving amphotericin-fluconazole induction
therapy, did not reach statistical significance at 10 weeks (death rate 33%) but was significantly better by 6 months after adjusting for baseline factors associated with disease severity
(46%, p=0.01)). A randomized controlled trial of adjunctive therapy with corticosteroids,
in which I and my department participated, was found to result in worse outcomes in HIVassociated cryptococcal meningitis [92].
Cryptococcal meningitis can cause a wide range of neurological complications leading to
disability and death. Among these complications, increased intracranial pressure occurs in
about 80% of patients with HIV-associated cryptococcal meningitis and can be life-threatening [186, 279]. Careful management of raised intracranial pressure is considered important for good outcomes [186]. Brain infarction and cognitive deficits are reported in
about one third of patients with cryptococcal CNS infections [288]. About 10% and 16% of
people with AIDS and cryptococcal infections presented with visual loss and hearing impairment, respectively [288, 289].
These poor outcomes described globally but worse in low-income countries, and mirrored
in the patients in my department, were the stimulus for my interest to develop better, affordable and available treatments for patients with cryptococcal meningitis.
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3.2.1. Drug re-purposing
There has been little development of antifungal drugs for cryptococcal meningitis. Amphotericin and flucytosine are each more than 60 years old [149, 150]; the last novel drug class
developed was the azoles, introduced 30 years ago [151]. Unfortunately, a 2-week course
with flucytosine now costs around 30,000 USD in the USA and it is not available where
disease burden is highest [161]. Therefore, it is an unattractive prospect for generic manufacturers because the geographical location of the majority of patients, and few indications
outside of cryptococcal disease, promise only limited financial returns. These same factors
hamper the development of novel treatments for cryptococcal disease and have driven interest in drug re-purposing.
The initial definition of drug re-purposing was mentioned in an article by Ashburn and
Thor in 2004 [290]. This term was defined as the process of finding new uses for existing
drugs. Since new drug discovery and development demands high attrition rates, substantial
costs and occurs at a slow pace, re-purposing of 'old' drugs is increasingly becoming an
attractive proposition. It takes advantage of already available safety and toxicity data, which
can make the initial phases of development for a repurposed drug considerably faster and
more cost-effective. Therefore, re-purposing can be a solution for neglected diseases provided the new indication accounts for only a minority of total prescriptions, and the de
facto indications are sufficiently prevalent to ensure availability, price stability and affordability.

3.2.2. Rationale for a trial of tamoxifen
Tamoxifen is an off-patent, widely available (licensed in Vietnam) and affordable selective
oestrogen receptor modulator (SERM) [291]. Its initial indication was the treatment of
breast cancer. There are many thousand patient years of experience of its use for this disease, where it has proved to be a safe, effective, and tolerable long-term therapy. In higher
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doses, tamoxifen also has activity against other tumours including glioblastoma multiforme
(GBM), desmoid tumours, and lung and prostate cancer [292-296].
In addition to its anti-cancer effects, tamoxifen has been known to have activity against
yeasts for several years, the first being identified against the model yeast Saccharomyces
cerevisiae in 1989, and subsequently demonstrated against Candida albicans [297-299]. In
2009 the first reports of activity against Cryptococcus neoformans were described [189]. The
antifungal activity is of particular interest for the following reasons:
i. In vitro, the combination of tamoxifen with amphotericin is synergistic which can
offer the opportunity to significantly improve CSF clearance and survival [291].
ii. In the mouse model of cryptococcosis, the combination of tamoxifen with fluconazole is fungicidal [291, 300].
iii. Tamoxifen is concentrated in brain tissue [301, 302]. This is the main site of cryptococcal disease. Current antifungal drugs result in relatively rapid clearance of blood,
but they are much less effective at clearing the central nervous system, with only approximately 50% of patients having sterile cerebrospinal fluid after 2 weeks of conventional treatment [140].
iv. Tamoxifen is concentrated in the macrophage phagosome [291]. In cryptococcal
meningitis, yeast cells are engulfed by macrophages, but can survive and even reproduce within them. Unlike tamoxifen, conventional antifungal drugs cannot penetrate the macrophage phagosome, and this therefore represents a site where yeast
cells may be relatively protected from treatment.
In vitro and in vivo experimental data concerning the efficacy of tamoxifen have been derived from experiments using the C. neoformans type strain H99. The Minimum Inhibitory
Concentration (MIC) of tamoxifen for H99 is 8-16 ug/ml [190]. To ensure applicability in
Vietnam, the MIC of tamoxifen for 30 clinical isolates of C. neoformans and C. gattii from
Vietnamese patients with cryptococcal meningitis was determined and confirmed to be
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between 2-16 ug/ml. Tamoxifen was found to act synergistically with amphotericin against
two-thirds of clinical isolates of Cryptococcus neoformans and C. gattii from our archive and
to have an additive interaction when combined with fluconazole in vitro [190].
In Cryptococcus, tamoxifen binds to calmodulin and calmodulin-like protein, preventing
the activation of calcineurin [189, 291]. The calmodulin-calcineurin pathway is key in intra-cellular signalling and in controlling the response of Cryptococcus to stress, such as that
encountered following phagocytosis by macrophages. In vitro, tamoxifen having calmodulin antagonism effect could inhibit HIV-associated apoptosis of CD4 T cells and could result in an increase in the ratio of CD4 to CD8 T cells [303].
Tamoxifen has excellent dose-independent oral bioavailability (approximately 100%) with
minimal first-pass metabolism [304]. The half-life is 5-7 days. Tamoxifen’s SERM activity
requires serum concentrations of ~100 ng/ml. This is achieved with doses of 20 - 60
mg/day, and breast cancer treatment at this dose is recommended for 5-10 years [305]. At
these doses, brain tissue concentrations are 40 to 100-fold higher (4-10 µg/ml) than in serum [302]. Higher doses of 240-500 mg/day have been studied in clinical trials for the
treatment of CNS tumours, desmoid tumours and lung cancer and are well tolerated, safely
achieving serum concentrations of 2-8 µg/ml [292, 293, 296, 306-308]. Treatment administration regimens at these doses vary: month-long cycles of 300 mg/day are given for desmoid tumours in children [308]; doses of 120 mg/m2 BID have been given for up to 1 year
and is well tolerated in patients with glioblastoma multiforme [307]. Such treatment regimens establish tamoxifen serum concentrations around the C. neoformans MIC and will
achieve brain concentrations 40 to 100-fold higher, suggesting levels sufficient to treat CM
will be achieved using oral dosing in humans [302]. Moreover, uniquely compared with
other antifungal drugs, tamoxifen is further concentrated in macrophage phagosomes – an
important site of C. neoformans replication [291].
Tamoxifen is a well-tolerated drug. Adverse effects must be considered in the context of the
severity of the disease being treated. Survival rates for breast cancer, GBM and cryptococcal
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meningitis are illustrated in Table 3-1 below. The beneficial effects of tamoxifen in women
diagnosed with breast cancer are considered to considerably outweigh the potential adverse
effects of tamoxifen.
Table 3-1. Survival rates: breast cancer, glioblastoma and cryptococcal meningitis.
Condition

Survival metric

Survival rate*

Breast Cancer

1-year survival

95%

20-40 mg/day

2-year survival rate

66%

300 mg/day

Small cell lung cancer

5-year survival rate

8 – 31%

300-500 mg/day

Cryptococcal meningi-

6-month survival rate

45 - 55%

Suggested 300 mg/day

Glioblastoma

multi-

Tamoxifen dose used

forme

tis
*Sources: http://www.cancerresearchuk.org/about-cancer/type, American Cancer Society,
Beardsley et al., NEJM 2014, Park et al., 2009. Note: survival rates are overall survival rates for the
condition stated and not specifically for tamoxifen containing regimens.

Data from randomised controlled trials suggest that symptoms including headaches, nausea, and vomiting are no more common than in patients receiving placebo [309]. Hot
flushes and impaired libido are likely mediated through oestrogen modulation, can occur
acutely, and are reversible when treatment stops. Moreover, data from trials of prophylactic
treatment for breast cancer suggests that long term use is associated with an increased risk
of pulmonary embolism (Relative Risk (RR) = 3.01, 95% Confidence Interval (CI): 1.15 to
9.27), cataracts (RR = 1.13, 95% CI: 1.00 to 1.28), and endometrial cancer (RR = 2.48, 95%
CI: 1.27 to 4.92) [310]. However, the actual rate of these events is very low: 0.75 per 1,000
patient years, 25 per 1,000 patient years and 2.2 per 1,000 patient years, respectively [309,
310]. Thromboembolic events occurred on average 19 months after starting treatment, and
none were reported within the first 2 months [310]. The risk of these events with short
course treatment is much lower. In terms of teratogenicity, the increased risk of endometrial cancer is likely due to chronic modulation of oestrogen, is related to duration of use,
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and clearly does not exist for male patients. Tamoxifen is teratogenic and should not be
taken by pregnant women.
Like many drugs, tamoxifen can result in prolongation of the QT interval of cardiac depolarisation [294, 311]. QT prolongation is associated with a risk of developing ventricular
arrhythmias, particularly Torsade de Pointes (TdP). While this is a rare event, if it occurs,
TdP can be life-threatening. The mechanism through which tamoxifen causes QT interval
prolongation in humans is unknown. In animals there is evidence that the block is multichannel, due to inhibition of both the IKr and ICa channels [309-311]. A recent study using
data from the European database on Adverse Drug Reactions reported 24 cases of QTc
prolongation and 5 cases of TdP related to tamoxifen occurring in more than 8000 cases of
patients receiving selective oestrogen receptor modulators [312].
Additional side effects reported in early trials of high dose tamoxifen (equivalent to >450
mg/day) in patients with epithelial tumours included a sense of light-headedness and unsteady gait in a proportion of patients, which resolved within 2-5 days of stopping the drug
[306]. Tamoxifen does not have any expected haematological or hepatic side effects.
Considering drug interactions, tamoxifen enhances the effects of warfarin and similar medications, which should be avoided. It is metabolised via the cytochrome P450 pathway and
may elevate the levels of drugs metabolized through this pathway, including fluconazole.
In summary, tamoxifen, a SERM used to treat breast cancer, is a candidate of interest for
the treatment of cryptococcal disease because it has anticryptococcal effect in vitro, is fungicidal and synergistic when combined with other antifungals, is concentrated in the central nervous system and within macrophages, is widely available, affordable, and has a well
understood safety profile. It is therefore an exciting prospect for cryptococcal disease, with
the potential to significantly improve outcomes.
In Vietnam induction treatment for cryptococcal meningitis consists of amphotericin combined with fluconazole, consistent with WHO recommendations where flucytosine is
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unavailable. However, this combination is less effective than amphotericin with flucytosine
[140]. A biological explanation for the better outcomes in patients receiving the amphotericin-flucytosine combination is that this regimen results in significantly more rapid clearance of yeast from cerebrospinal fluid [140]. Consistent with this, treatment with adjunctive
dexamethasone in HIV-associated cryptococcal meningitis is associated with both reduced
rates of clearance of yeast from CSF and worse clinical outcomes [92]. Bicanic et colleagues
described an independent association between the rate of fungal clearance from CSF and
mortality in cryptococcal meningitis in a combined cohort studied [313]. This relationship
between the rate of fungal clearance from CSF and survival is generally robust. Therefore,
improving the potency of antifungal therapy is likely to be an effective way to reduce deaths.
The rate of clearance of yeast from CSF associated with an antifungal treatment, measured
as the rate of decline in colony forming units per defined volume of CSF per day, and
termed the early fungicidal activity (EFA), is a sensitive measure able to detect differences
between treatment regimens likely to be associated with survival benefits with far fewer
patients than studies powered to survival itself. Differences in EFA of -0.1 log10 CFU/ml
CSF/day have been associated with improved survival [92, 140]. Small studies powered to
this endpoint can therefore serve to filter treatment regimens that can be taken forward in
larger trials. We performed an open label randomized controlled trial of tamoxifen combined with amphotericin B and fluconazole for cryptococcal meningitis in HIV infected
and uninfected patients, to determine whether this combination would result in enhanced
EFA, and to generate initial safety data in order to define its potential as a treatment for
cryptococcal meningitis.
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3.3. STUDY AIMS
3.3.1. Primary aim
To determine whether adding tamoxifen to standard antifungal therapy increases the rate
of clearance of yeast from cerebrospinal fluid in patients with cryptococcal meningitis. The
rate of clearance will be defined as the early fungicidal activity (EFA).

3.3.2. Secondary aims
The secondary aims are to
i. demonstrate the proof of concept that tamoxifen can be safely administered with
amphotericin and fluconazole to generate preliminary data that will support a larger
phase 3 trial of tamoxifen in cryptococcal disease,
ii. measure the effect of antifungal treatment boosted with fluconazole on clinical outcome at 10 weeks following study treatment initiation.

3.4. METHODS
3.4.1. Study design and participants
The outline of the trial is demonstrated in Figure 3-1.
Figure 3-1. Study outline for tamoxifen trial
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The study was located at the Hospital for Tropical Diseases and in the Department of Tropical Diseases, Cho Ray Hospital in Ho Chi Minh City. To be eligible adult patients had to
be ≥ 18 years of age and have a clinical syndrome consistent with cryptococcal meningitis
and one or more of: (1) positive cerebrospinal fluid (CSF) India ink; (2) C. neoformans
cultured in CSF or blood; (3) positive cryptococcal antigen Lateral Flow Antigen Test
(LFA) in CSF. All patients were tested for HIV infection in accordance with standard of
care. Both HIV infected and uninfected patients could be enrolled. Patients who were pregnant, had a history of thromboembolic disease, had received more than 4 days of anti-cryptococcal antifungal therapy, had any other indication for tamoxifen, renal failure, or a ratecorrected (Framingham formula) QT interval >500 ms on their electrocardiogram were
ineligible. Informed written consent was obtained from all patients or their representatives.
The inclusion and exclusion criteria are summarised in Table 3-2.
Study specific screening tests included a directed clinical history and examination, pregnancy testing, serum creatinine, electrocardiogram, and confirmatory HIV testing (unless
a properly documented result was already available). Lumbar puncture was performed as
part of screening, but this could be avoided for patients who had had a lumbar puncture
within the preceding 48 hours and who did not require another one for clinical care.
Table 3-2. Inclusion and exclusion criteria for the tamoxifen trial.
Inclusion criteria:
Age  18 years.
Cryptococcal meningitis defined as a syndrome consistent with CM and one or more of:
positive CSF India ink (budding encapsulated yeasts), or C. neoformans cultured from CSF or blood, or positive
cryptococcal antigen Lateral Flow Antigen Test (LFA) in CSF.
Informed consent to participate given by patient or acceptable representative.
Known HIV infection status, or patient agrees to HIV testing on admission.
Exclusion criteria:
Pregnant or breast-feeding
History of thromboembolic disease (pulmonary embolism or deep venous thrombosis); on anti-coagulant medication.
On medication known to prolong the QT interval other than fluconazole, such as fluoroquinolones or antidepressants.
Known cardiac conduction defect including long QT syndromes; QTc at baseline > 500 ms.
Currently receiving treatment for CM and having received > 4 days of anti-CM therapy.
Known allergy to tamoxifen.
Currently receiving or history of receiving treatment with tamoxifen for breast cancer or other indication.
Current or history of uterine cancer including endometrial cancer and uterine sarcoma.
Renal failure (defined as creatinine > 3*ULN, despite adequate hydration).
Failure to consent – the patient, or if they are incapacitated, their responsible relative, declines to enter the study.
Allergy to amphotericin B or fluconazole.
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3.4.2. Randomisation
Patients were randomized to receive either tamoxifen boosted or standard of care treatment. Randomisation was in a ratio of 1:1, in blocks of 4 or 6, and stratified by HIV serostatus (rapid test) and treating centre. The computer-generated randomisation list was
password protected and stored on a secure server to which only the Study Pharmacist had
access. Enrolment logs specific to each centre were used to assign patients to the next available sequential number and corresponding sealed treatment pack.

3.4.3. Interventions
All patients received standard of care antifungal therapy consisting of intravenous amphotericin B deoxycholate 1mg/kg/day (Amphotret, Bharat Serums and Vaccines, India) combined with oral fluconazole 800mg/day (Zolmed, Glomed Pharmaceuticals, Vietnam) for
the first 14 days following randomisation. Following this all patients received treatment
with fluconazole 800mg once daily for a further 8 weeks. Patients randomized to the tamoxifen arm received standard of care antifungal therapy and oral tamoxifen 300mg/day
(Nolvadex, AstraZeneca UK Ltd). Fluconazole and tamoxifen were administered simultaneously. Amphotericin B was infused over 4 hours. All patients received pre-hydration with
normal saline and potassium supplementation. All medication administration was directly
observed while the patient was in hospital. All participants were in-patients for at least the
first 14 days of the study. All HIV infected patients received daily pneumocystis prophylaxis
with trimethoprim– sulfamethoxazole. Antiretroviral therapy was instituted 5-6 weeks after
diagnosis via the national treatment program in line with international guidelines.

3.4.4. Outcome Measures
The primary outcome was the early fungicidal activity (EFA), defined as the rate of fungal
clearance from cerebrospinal fluid over the first 2 weeks following randomisation.
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Secondary outcomes included survival until 10 weeks after randomisation, disability at 10
weeks, frequency of grade 3, grade 4 or serious adverse events, rate of immune reconstitution inflammatory syndrome (IRIS), cryptococcal meningitis relapse, QTc prolongation,
visual deficit at 10 weeks, and time to new neurological events. Disability at 10 weeks was
categorized as good, intermediate, poor, or death, as described previously [140]. Adverse
events were classified according to the Common Terminology Criteria for Adverse Events
(CTCAE) and categorized by organ system according to the Medical Dictionary for Regulatory Activities (MedDRA) System Organ Class (SOC).

3.4.5. Monitoring and laboratory investigations
Patients had daily monitoring of potassium and alternate day monitoring of creatinine,
calcium, and magnesium concentrations for the first 2 weeks of the study. Lumbar puncture was performed on days 1, 3, 7 and 14 following randomisation and more frequently if
indicated. Fungal burden, and CSF opening and closing pressure were measured on each
sampling. Electrocardiograms (50 mm/sec) were performed twice daily immediately before
and 2 hours after administration of tamoxifen during the first 14 days, and on days 21 and
28. The QT interval was manually determined by measuring the interval in 3 limb and 3
chest leads, and calculating the median [314]. The QT interval was corrected (QTc) for rate
using the Framingham formula [315]. The full laboratory investigation schedule is detailed
in Appendix 1. Outpatient assessments with medication review were performed weekly until 4 weeks and then at the completion of 6 and 10 weeks. More frequent review occurred if
clinically indicated.
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3.5. STATISTICAL METHODS
3.5.1. Sample size
Sample size considerations were based on two separate simulation experiments using data
from two previously published trials on cryptococcal meningitis conducted in Vietnam (BK
study and 04CN study) [316]: 96 patients from a trial (all recruited at the Hospital for
Tropical Diseases) with at least one quantitative fungal count measurement randomized to
amphotericin B plus fluconazole, and 97 randomized to amphotericin B plus flucytosine
[140]; plus 49 patients from the a trial recruited at the Hospital for Tropical Diseases or
Cho Ray Hospital randomized to placebo (all of these received antifungal treatment with
amphotericin B plus fluconazole) [92].
The first set of simulations assumed that the tamoxifen group was associated with a similar
effect on early fungicidal activity (EFA) as amphotericin B plus flucytosine. For sample sizes
ranging from 15-30 patients per group, we repeatedly sampled patients from both included
BK study arms of that size with replacement, analysed them, i.e., compared EFA between
the two groups, and then determined the proportion of significant results (i.e., the estimated power).
For the second set of simulations, the control group consisted of the combined 145 patients
from the BK study and 04CN receiving amphotericin B plus fluconazole. For assumed EFA
treatment effects ranging from -0.16 to -0.10 log10 CFU/ml/day faster declines in the intervention group, hypothetical intervention group data was generated by simulating this treatment effect on top of the observed fungal count measurements for patients receiving amphotericin B plus fluconazole. Power was then determined based on resampling-based simulation as for the first set of simulations.
Estimated power was based on 10,000 repetitions of each simulation experiment. Estimating EFA based on a mixed model accounting for the detection limit of fungal count
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measurements was not feasible because this would require excessive computing time. Thus,
we used a simple mixed model ignoring the detection limit for the simulations instead but
removed values after the first undetectable (zero) fungal count measurements and kept the
first fungal count of zero only if it led to a steeper estimated least-squares decline for that
patient compared to omitting the measurement.
Results for both sets of simulations are shown in Table 3-2. Based on the first simulation
study, n=25 subjects per group provided approximately 80% power to detect a difference
in EFA of a similar size as the difference between amphotericin B plus fluconazole and
amphotericin B plus flucytosine observed in the BK study. Based on the second simulation
study, n=25 subjects per group provide 80% and 90% power to detect a difference in EFA
of -0.11 or -0.13 log10 CFU/ml/day, respectively. This size of effect has previously been
associated with a survival benefit in Vietnamese patients [140].
Figure 3-2. Estimated power based on the two simulation studies.

3.5.2. Analysis populations
Intention-to treat population (ITT) The primary analysis population for all analysis was
the full analysis population containing all randomized patients. Patients not receiving any
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study treatment were still included in the ITT. Patients were analysed according to their
randomized arm (intention-to-treat).
Per-protocol population (PP) The primary endpoint was also analysed for the per-protocol population, which excluded the following patients: one receiving less than 1 week of
administration of the randomized study drug for reason other than death and one not receiving tamoxifen because of severe elevated liver transaminases.

3.5.3. Primary endpoint analysis
For the primary outcome, all recorded longitudinal quantitative fungal count measurements up to day 17 following randomisation (allowing for some delays in the day 14 sampling) were included in the analysis. EFA, defined as the decline in fungal count (slope),
was modelled based on a joint model consisting of a survival model and a linear mixed
effects model with longitudinal log10 CSF quantitative culture fungal counts as the outcome. In the linear mixed effect model, treatment groups and time were modelled since
enrolment and their interaction as fixed covariates. Random patient-specific intercepts and
slopes were used. The model was implemented in a Bayesian framework using R stan. It
allows appropriate handling of detection limits with longitudinal measurements, and also
allows adjustment for informative dropout due to early death within the first 17 days following randomisation [317, 318].

3.5.4. Secondary endpoint analysis
Survival until 10 weeks after randomisation
Overall survival was visualized using Kaplan-Meier curves and modelled using the Cox
proportional hazards regression model with stratification by HIV status. In addition, survival was modelled with a multivariable Cox regression model including the following covariates in addition to the treatment group: baseline log10-fungal load, Glasgow coma
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score less than 15 (yes or no), HIV infection status, and ARV treatment status at study entry
(naïve or experienced).
Regarding the censoring in survival analysis, if a final status form was available for the patient (which should be the case for every patient at completion of the study) then the date
of censoring was defined as the date of study completion or, if the patient did not complete
the study, the date of last contact. If the patient was still under follow-up, i.e., no final status
form was available, the date of censoring was defined as the last recorded date of an inpatient or outpatient assessment, the week 10, a GCS, haematology, or blood chemistry date,
or a study drug administration date.
Disability at 10 weeks
The disability score at week 10 follow-up was defined as the higher (worse) of “the two
simple questions” and the Rankin score was assessed at that time point, and categorized as
good outcome, intermediate disability, severe disability, or death (in case the patient died
before 10 weeks). The ordinal 10-week score (“good” > “intermediate” > “severe” > “death”)
was compared between the two arms with a proportional odds logistic regression model
depending on the treatment arm and HIV infection status. The result was summarized as
a cumulative odds ratio with corresponding 95% confidence interval and p‐value.
Patients lost to follow up were analysed according to their last recorded disability status. If
the rate of patients lost to follow-up exceeds 10%, an alternative analysis was performed
based on multiple imputation of missing values. The percentage of individuals with disabilities at 10 weeks was compared using the chi-squared test, if the expected value of any
cell was less than one then Fisher’s exact test was used [210].
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CD4 cell count
CD4 cell count at baseline and 10 weeks was summarized and the change compared between the two groups based on a linear regression model with treatment as the main covariate and adjustment for HIV status and baseline CD4 cell count.
Adverse events
The frequency of serious and grade 3 and 4 adverse reactions as well as the frequency of
specific adverse events were summarized (both in terms of the total number of events as
well as the number of patients with at least one event). The proportion of patients with at
least one such event (overall and for each specific event separately) was summarized and
(informally) compared between the two treatment groups based on Fisher’s exact test. The
percentage of individuals with adverse events of grade 3 or 4 were compared using a test
similar to as described in the disability analysis.
QT prolongation
The QTc was classified as “normal” (<450 ms for males, <460 ms for females), mildly prolonged (≥450 ms for males or ≥460 ms but ≤500 ms for females) and prolonged (>500 ms).
The frequency of patients with a maximum QTc in these categories was summarized for
the following time intervals: day 1 (baseline), days 2-3, 4-7, 8-14, and after day 14. Comparisons were with a proportional odds logistic regression model depending on the treatment arm and HIV infection status.
The maximum absolute change from baseline of the QTc during follow-up was also summarized. The comparison between treatment groups was based on a linear regression
model with treatment as the main covariate and adjustment for HIV status and the baseline
QTc interval.

3.5 STATISTICAL METHODS

160

Analysis of other secondary outcomes
The visual acuity at 10 weeks was recorded on a 6-point scale and was summarized by treatment arm for each eye separately, and overall, where “overall” is defined as the worst recorded acuity of either eye. The odds of having “normal acuity” (amongst all surviving patients with a visual assessment) were informally compared between the treatment arms
with a logistic regression model adjusted for HIV status.
The time to the first new neurological event or new AIDS-Illness Defining event or death
until 10 weeks was analysed in the same way as overall survival. Longitudinal measurements of intracranial pressure during the first 2 weeks were modelled using a mixed effect
model as described for the primary outcome. The survival part acted as a missing data
mechanism to allow potentially informative truncation of quantitative count measurements due to death.
Imputation of missing data
Multiple imputation was used to impute missing baseline covariates as well as the outcomes
of disability and visual impairment on days 70. The multiple imputation was based on the
following information:
- Baseline covariates: Age, gender, IV drug usage, GCS, CSF opening pressure, CSF
CrAg (log-transformed), CSF white cell count (log-transformed), CD4 cell count,
sodium, visual impairment
- Treatment arm
- Fungal count (all log-transformed): enrolment value (log-transformed, up to 2
days prior enrolment)
- Mortality, disability, and visual impairment on day 70.
I used Multivariate Imputation by Chained Equations as implemented in the companion
R package mice and the number of imputed datasets was 20 [212].
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3.6. ETHICS
The study protocol was approved by the Ethical Review Committees of the Hospital for
Tropical Diseases, Cho Ray Hospital, the Vietnamese Ministry of Health, and by the Oxford
University Tropical Research Ethics Committee. A trial steering committee with 2 independent members oversaw the running of the trial, and an independent data and safety
monitoring committee oversaw trial safety. The first safety analysis was performed after the
first 20 patients had reached the primary endpoint. The funding bodies and drug manufacturers played no role in the study design, implementation, analysis, or decision to publish
the results. The trial was registered at https://clinicaltrials.gov/ct2/show/NCT03112031.

3.7. RESULTS
3.7.1. Trial recruitment
The study recruited participants between October 2017 and May 2018. Seventy patients
were screened and 50 enrolled with 24 assigned to the intervention arm and 26 assigned to
the control arm. Reasons for exclusion are shown in the study flow diagram (see Figure
3-3). One patient who was assigned to the intervention arm did not receive tamoxifen because of severe elevated liver transaminases.
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Figure 3-3. Trial flow chart showing enrolment, randomisation, and follow-up.

3.7.2. Baseline characteristics
The baseline characteristics of patients at study entry were broadly balanced between the
two study groups. There were slightly more patients with normal Glasgow coma scores in
the control group (24 of 26) than in the intervention group (19 of 24) (Table 3-3).
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Table 3-3. Baseline patient characteristics by treatment arm.
Characteristic

Total
N

Tamoxifen

Total

N (%) or IQR¥

N

Control
N (%) or IQR¥

Male sex

24

17 (71)

26

18 (69)

Median age in years

24

35 (31, 39)

26

32 (25,35)

History of intravenous drug use

24

3 (13)

26

3 (12)

HIV infection

24

20 (83)

26

21 (81)

24
24
24
24

18 (75)
4 (17)
2 (8)
14 (10, 25)

26
26
26
26

22 (84)
2 (8)
2 (8)
12 (7, 28)

24
24
22
24
22
21
24

24 (100)
22 (92)
20 (91)
2 (8)
6 (27)
2 (10)

26
26
26
26
26
25
26

26 (100)
23 (88)
21 (81)
3 (12)
4 (15)
1 (4)

Current anti-retroviral therapy use
None
≤3 months duration
>3 months duration
Median duration of illness—days
Symptoms
Headache
Fever
Neck stiffness
Seizures
Abnormal visual acuity
Papilledema
Glasgow Coma score
15
11–14
<11
Cranial nerve palsy

19 (79)
5 (21)
0 (0)

24 (92)
2 (8)
0 (0)

None

24

19 (79)

26

23 (88)

Cranial nerve VI

24

4 (17)

26

1 (4)

Other cranial nerve

24

1 (4)

26

3 (11)

Median CSF opening pressure — cm of CSF

19

26.5 (18, 37)

23

24.5 (16, 47)

Median CSF white-cell count in HIV infected patients —
cells/mm3
Median CSF white-cell count in HIV uninfected patients —
cells/mm3

18

38.5 (7, 52)

20

27 (10, 55)

5

122 (64, 187)

5

94 (45, 117)

Median CSF glucose — mmol/litre

24

25

Median blood glucose — mmol/litre

24

Median CSF: blood glucose ratio

24

Median CSF fungal count — log10 CFU/ml

24

Median CD4 count in HIV infected patients — cells/mm3

17

Median CD4 count in HIV uninfected patients — cells/mm3

5

Median creatinine — mg/dl

24

QTc interval — ms

24

2.47
(1.70, 3.14)
5.86
(4.92, 6.84)
0.40
(0.24, 0.53)
4.60
(3.90, 5.17)
20
(8, 49)
376
(348, 382)
0.82
(0.66, 1.05)
395.03
(377.55, 410.45)

2.31
(1.44, 2.76)
6.21
(5.11, 7.81)
0.37
(0.16, 0.45)
5.16
(3.17, 5.87)
17
(9, 45)
504
(305, 968)
0.78
(0.66, 0.98)
401.20
(374.76, 420.06)

Investigations

¥

Median, interquartile range (IQR) for continuous data and N (%) for categorical data.

N, number of patients; log10 CFU/ml, log10 colony-forming unit per millilitre.

26
25
26
21
5
26
26
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3.7.3. Primary outcome-Early fungicidal activity
There was no detectable difference in the early fungicidal activity (EFA) of the two treatment regimens by population analysis (Figure 3-4). In the intention-to-treat analysis, the
rates of fungal decline per day were -0.48 and -0.49 log10 CFU/ml/day in the control and
tamoxifen groups, respectively (difference -0.005 log10 CFU/ml/day, 95% CI: -0.16, 0.15,
p-value = 0.95) (Table 3-4). There was no detectable difference in EFA in the per-protocol
population analysis, or by HIV infection status (Table 3-4, Figure 3-5, Figure 3-6, and Figure 3-7).
Figure 3-4. Decline in fungal count in CSF as measured in CFU per millilitre over the first 2 weeks of treatment
by treatment arm in intention-to-treat population.
Data from individual patients are shown in grey lines. Bold blue lines show estimated mean with 95% credible intervals (shaded band) of
CSF fungal counts based on the joint model described in the statistical analysis. Decline = -0.49 log10 CFU/ml/day in patients receiving
tamoxifen versus -0.48 log10 CFU/ml/day in control patients. The horizontal dashed lines represent the value of detection limit (4.5
CFU/ml). The fitted line crosses the horizontal dashed lines of the detection limit value after day 8 because 25% and 75% of patients had
fungal counts under the detection limit at day 8 and 15, respectively. (Note: Control, control arm; Tamox, tamoxifen arm; CSF, cerebrospinal fluid; CFU, colony forming unit).

Figure 3-5. Decline in fungal count in CSF as measured in CFU per millilitre over the first 2 weeks of treatment
by treatment arm in per-protocol population.
Decline = -0.48 log10 CFU/ml/day in patients receiving tamoxifen versus -0.48 log10 CFU/ml/day in control patients. (Note: Control,
control arm; Tamox, tamoxifen arm; CSF, cerebrospinal fluid; CFU, colony forming unit).
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Figure 3-6. Decline in fungal count in CSF as measured in CFU per millilitre over the first 2 weeks of treatment by
treatment arm in HIV infected patients.
Decline = -0.49 log10 CFU/ml/day in patients receiving tamoxifen versus -0.42 log10 CFU/ml/day in control patients. (Note: Control, control
arm; Tamox, tamoxifen arm; CSF, cerebrospinal fluid; CFU, colony forming unit).

Figure 3-7. Decline in fungal count in CSF as measured in colony-forming units (CFU) per millilitre over the first 2
weeks of treatment by treatment arm in HIV uninfected patients.
Decline = -0.42 log10 CFU/ml/day in patients receiving tamoxifen versus -0.57 log10 CFU/ml/day in control patients. (Note: Control, control
arm; Tamox, tamoxifen arm; CSF, cerebrospinal fluid; CFU, colony forming unit).
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Table 3-4. Primary outcome: early fungicidal activity over the first 2 weeks following randomisation (log10
CFU/ml/day).
Treatment Arm
Analysis population

Total

Tamoxifen

Total

Standard of
Care

Difference
in change

p-valueⱡ

N

Change/day
(95% CI⸙)

N

Change/day
(95% CI⸙)

(95% CI⸙)

Intention-to-treat

24

-0.49
(-0.62, -0.37)

26

-0.48
(-0.61, -0.37)

-0.005
(-0.16, 0.15)

0.95

Per-protocol

23

-0.48
(-0.61, -0.36)

25

-0.48
(-0.61, -0.37)

0.004
(-0.17, 0.17)

0.96

HIV infected patients

19

-0.49
(-0.65, -0.37)

21

-0.42
(-0.55, -0.31)

-0.072
(-0.25, 0.10)

0.41

HIV uninfected patients

5

-0.42
(-0.74, -0.21)

5

-0.57
(-0.93, -0.33)

0.16
(-0.18, 0.55)

0.37

95% CI corresponds to Bayesian 95% credible intervals,
refers to crude “Wald-type” tests of the mean estimate divided by its standard deviation of the Monte Carlo Markov
chain sampling of coefficients derived from the joint model.
log10 CFU/ml/day: log10 colony-form unit/millilitre/day, N: number of patients
⸙

ⱡp-value

3.7.4. Exploratory analyses around the primary endpoint
The study population was categorized into subgroups according to the baseline CSF log10
fungal load. The numbers of patient in these subgroups are provided in Table 3-5. Subgroup analysis was performed on the primary endpoint, EFA, as demonstrated in Table 3-5
and Figure 3-8. There was no difference in EFA between the two study treatments in patients with baseline CSF fungal count <5 log10 CFU/ml (Table 3-5). In patients with baseline CSF fungal count ranging from 5 to 6 log10 CFU/ml, the rates of fungal decline per
day were -0.44 and -0.26 log10 CFU/ml/day in the control and tamoxifen groups, respectively (difference 0.18 log10 CFU/ml/day, 95% CI: 0.05, 0.33, p-value = 0.08) (Table 3-5).
However, in the subgroup of patients with baseline counts >6 log10 CFU/ml there was a
statistically significant increased EFA in the tamoxifen arm including after adjusting for
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multiple testing, but there was only one patient in the tamoxifen arm in this subgroup (Table 3-5).
Figure 3-8. Decline in fungal count in CSF as measured in CFU per millilitre over the first 2 weeks of
treatment by treatment arm and by baseline CSF fungal load respectively from the top: low, middle,
and high fungal load.
(Note: Control, control arm; Tamox, tamoxifen arm; CSF, cerebrospinal fluid; CFU, colony forming unit)
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Table 3-5. Early fungicidal activity over the first 2 weeks following randomisation (log10
CFU/ml/day) by baseline CSF fungal load.
Treatment Arm
Subgroups

Total

Tamoxifen

Total

Standard of
Care

Difference in
change

p-valueⱡ

N

Change/day
(95% CI⸙)

N

Change/day
(95% CI⸙)

(95% CI⸙)

Patients with baseline count <5 log10
CFU/ml

16

-0.59
(-0.82, -0.41)

12

-0.56
(-0.80, -0.35)

-0.03
(-0.32, 0.24)

0.96

Patients with baseline count 5-6
log10 CFU/ml

7

-0.26
(-0.37, -0.16)

8

-0.44
(-0.57, -0.35)

0.18
(0.05, 0.33)

0.08

Patients with baseline count >6 log10
CFU/ml

1

-0.67
(-0.87, -0.46)

6

-0.30
(-0.39, -0.23)

-0.37
(-0.59, -0.15)

0.00

95% CI corresponds to Bayesian 95% credible intervals,
refers to crude “Wald-type” tests of the mean estimate divided by its standard deviation of the Monte
Carlo Markov chain sampling of coefficients derived from the joint model.
N, number of patients; log10 CFU/ml, log10 colony-forming unit per millilitre.
⸙

ⱡp-value

3.7.5. Mortality, disability, and CD4 count at 10 weeks
Death occurred in 8 of 24 patients in the tamoxifen group and 7 of 26 in the control group
(Kaplan-Meier mortality estimates 34% and 27% respectively, risk difference 6.5%; 95%
CI, -19.2% to 32.1%, P=0.62) (Figure 3-9). The mortality rate by 10 weeks was also not
significantly different in the per-protocol analysis or by HIV status (Figure 3-10, Figure
3-11, and Figure 3-12).
However, fewer patients in the tamoxifen arm were classified as having a good outcome at
10 weeks compared with the control arm (9% versus 36%) (Table 3-6). No difference in
change in CD4 counts in HIV patients by study arm was found over the 10-week follow-up
period (Table 3-6).
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Figure 3-9. Kaplan-Meier survival curves for each study arm over the 10-week study period in intentionto-treat population (risk difference 6.5%; 95% CI, -19.2% to 32.1%; p-value=0.62).
(Note: Control, control arm; Tamox, tamoxifen arm).

Figure 3-10. Kaplan-Meier survival curves for each study arm over the 10-week study period in the
per protocol population (risk difference 6.5%; 95% CI, -18.9% to 31.9%; p-value=0.62).
(Note: Control, control arm; Tamox, tamoxifen arm).
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Figure 3-11. Kaplan-Meier survival curves for each study arm over the 10-week study period in HIV
infected patients (risk difference 8.4%; 95% CI, -21.0% to 37.8%; p-value=0.58).
(Note: Control, control arm; Tamox, tamoxifen arm).

Figure 3-12. Kaplan-Meier survival curves for each study arm over the 10-week study period in HIV
uninfected patients (risk difference 0.0%; 95% CI, -49.6% to 49.6%; p-value=1.00).
(Note: Control, control arm; Tamox, tamoxifen arm).
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Table 3-6. Secondary outcomes: death, disability and change in CD4 count.
Tamoxifen
N/total
(%)

Control
N/total
(%)

Risk difference
% (95% CI)

p- value

Intention-to-treat population

8/24 (34)

7/26 (27)

6.5
(-19.2, 32.1)

0.62

Per-protocol population

7/23 (31)

6/25 (24)

6.5
(-18.9, 31.9)

0.62

HIV infected patients

7/19 (37)

6/21 (29)

8.4
(-21.0, 37.8)

0.58

HIV uninfected patients

1/5 (20)

1/5 (20)

0.0
(-49.6, 49.6)

1.00

Death by 10 weeks

Disability at 10 weeks

0.14

Good

2/23 (9)

9/25 (36)

Intermediate

7/23 (30)

6/25 (24)

Severe disability

6/23 (26)

3/25 (12)

Death

8/23 (35)

7/25 (28)

Disability at 10 weeks in HIV infected patients

0.057

Good

2/18 (11)

8/20 (40)

Intermediate

5/18 (28)

6/20 (30)

Severe disability

4/18 (22)

0/20 (0)

Death

7/18 (39)

6/20 (30)

Disability at 10 weeks in HIV uninfected patients

0.68

Good

0/5 (0)

1/5 (20)

Intermediate

2/5(40)

0/5 (0)

Severe disability

2/5 (40)

3/5 (60)

Death

1/5 (20)

1/5 (20)

Median
Change
(IQR), (N)

Median
Change
(IQR), (N)

HIV infected patients

50.0
(5.00, 142.5),
(10)

40.0
(7.0, 76.0),
(13)

HIV uninfected patients

393.5
(211.3, 613.8),
(4)

-257.5
(-413.7, -171.0),
(4)

Change in CD4 count over 10 weeks
(cells/uL)

0.5

0.02
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3.7.6. Cox regression on survival outcome at 10 weeks
Survival outcome of patients at 10 weeks in the trial was modelled with a multivariable Cox
regression model and is presented in Table 3-7. Among baseline factors including tamoxifen boosted therapy, fungal load, GCS < 15 and duration of ARV therapy at study entry,
patients with baseline GCS < 15 had significantly worse outcomes (Hazard Ratio: 17.5, 95%
Confidence Interval: 1.09, 282.7, p-value=0.04).
Table 3-7. Cox regression of survival at 10 weeks.
Hazard Ratio

95% Confidence Interval

p-value

Tamoxifen

1.33

0.45, 3.90

0.61

Baseline log10-fungal load

1.45

0.92, 2.27

0.10

GCS <15

17.5

1.09, 282.7

0.04

On ARV for <=3 months at

1.57

0.33, 7.53

0.57

0.38

0.02, 8.17

0.54

study entry
On ARV for >3 months at
study entry
ARV, antiretroviral; GCS, Glasgow Coma Score
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3.7.7. QTc prolongation
Eight patients had grade 3 or 4 QTc prolongation events in the tamoxifen arm, compared
with one in the control arm (p=0.02). The trend and difference in QTc intervals over the
first 2 weeks of treatment are shown in Figure 3-13. Tamoxifen resulted in QTc prolongation over the two-week treatment period (p<0.001). Comprehensive results of the characteristics of ECGs of patients in this trial are described in Chapter 5 (Chapter of ECG).
Figure 3-13. Change in QTc interval over the first 2 weeks of treatment by study arm.
Faint lines display changes in individual patient QTcs, bold lines display the estimated mean, and
shaded bands 95% Confidence Interval; blue = control arm, red = tamoxifen arm.

3.7.8. Adverse events
The number of patients having adverse events of any grade was similar between treatment
arms (Table 3-8), with the exception of QTc prolongation events as mentioned above.
Among grade 3 or 4 laboratory adverse events, hypokalaemia, hyponatremia, and anaemia
occurred most commonly. There was no significant difference in numbers of grade 3 or 4
laboratory adverse events between the two study groups (Table 3-9).
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Table 3-8. Adverse events of any grade.
Tamoxifen

Control

Comparison

(N=24)

(N=26)

(p-value) ⱡ

24 (100)

26 (100)

1.00

0 (0)

1 (4)

1.00

NEW AIDS DEFINING ILLNESS

7 (29)

10 (38)

0.69

Meningitis tuberculosis

1 (4)

1 (4)

1.00

Other AIDS events

1 (4)

3 (12)

0.66

Other extrapulmonary tuberculosis

1 (4)

0 (0)

0.48

Pneumocystis jiroveci pneumonia

3 (13)

6 (23)

0.55

Cerebral toxoplasmosis

2 (8)

0 (0)

0.23

Pulmonary tuberculosis

2 (8)

1 (4)

0.94

NEW CARDIAC ADVERSE EVENT¥

23 (96)

24 (92)

1.00

NEW NEUROLOGICAL EVENT

11 (46)

12 (46)

1.00

Brain herniation (coning)

0 (0)

1 (4)

1.00

Cranial nerve paralysis

1 (4)

1 (4)

1.00

Depressed level of consciousness (fall in

7 (29)

7 (27)

1.00

Headache

1 (4)

0 (0)

0.48

Hemiplegia/paresis

1 (4)

0 (0)

0.48

Seizure (fit)

3 (13)

5 (19)

0.79

Other neurological events

2 (8)

5 (19)

0.48

24 (100)

26 (100)

1.00

Hypersensitivity (Allergic reaction)

3 (13)

2 (8)

0.93

Anaemia

18 (75)

18 (70)

0.89

Diarrhoea

3 (13)

2 (8)

0.93

Hypertension

0 (0)

2 (8)

0.49

Hypotension

2 (8)

3 (12)

1.00

Jaundice

2 (8)

0 (0)

0.23

17 (71)

17 (65)

0.91

Acute Kidney Injury

0 (0)

3 (12)

0.26

Pleural effusion

0 (0)

1 (4)

1.00

Pneumonitis

5 (21)

9 (35)

0.44

Upper gastrointestinal haemorrhage

0 (0)

1 (4)

1.00

Vomiting

5 (21)

3 (12)

0.61

Other adverse events

20 (83)

22 (85)

1.00

Number of patients with adverse events of any grade (%)
All AEs combined
IMMUNE RECONSTITUTION
INFLAMMATORY SYNDROME

GCS >=2 points for >=48 hours)

OTHER ADVERSE EVENT

Hypokalaemia

ⱡp-values

were not corrected for multiple testing.

New cardiac adverse events are further presented in Chapter 5 (Chapter of ECG).

¥

N: number of patients in each study arm

3.7 RESULTS

175

Table 3-9. Grade 3 or 4 Adverse Events by week 10.
Event

Tamoxifen

Control

(N=24)

(N= 26)

p-value

Number of patients with Grade 3 or 4 adverse events (%)
Any adverse event

24 (100)

26 (100)

1.0

New neurological events

9 (38)

7 (27)

0.62

New AIDS-defining illness (HIV patients only)

3 (16)

5 (24)

0.58

New cardiac events

9 (38)

4 (15)

0.15

18 (75)

18 (69)

0.89

Leukopenia

2 (8)

2 (8)

1.0

Thrombocytopenia

2 (8)

4 (15)

0.74

Elevated aminotransferase

2 (8)

4 (15)

0.74

Raised Creatinine

3 (13)

6 (23)

0.55

Hyperkalaemia

2 (8)

6 (23)

0.48

Hypokalaemia

17 (71)

20 (77)

0.87

Hyponatremia

18 (75)

23 (88)

0.39

Laboratory abnormalities
Anaemia

N: number of patients in each study arm

3.7.9. Visual deficit at 10 weeks
Table 3-10 provides a detailed visual assessment at 10 weeks. The probability of “normal”
acuity between 2 treatment groups at 10 weeks is summarized in Table 3-11. There was no
difference between the 2 groups.
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Table 3-10. Visual assessment at 10 weeks.
Characteristics

Tamoxifen

Control

N=15

N=18

12/15 (80)
2/15 (13)
0/15 (0)
1/15 (7)
0/15 (0)
0/15 (0)
0/15 (0)

13/18 (72)
2/18 (11)
0/18 (0)
0/18 (0)
0/18 (0)
0/18 (0)
3/18 (17)

N=15

N=18

12/15 (80)
2/15 (13)
0/15 (0)
1/15 (7)
0/15 (0)
0/15 (0)
0/15 (0)

14/18 (78)
1/18 (6)
0/18 (0)
0/18 (0)
0/18 (0)
0/18 (0)
3/18 (17)

N=15

N=18

13/15 (87)
1/15 (7)
0/15 (0)
1/15 (7)
0/15 (0)
0/15 (0)
0/15 (0)

14/18 (78)
1/18 (6)
0/18 (0)
0/18 (0)
0/18 (0)
0/18 (0)
3/18 (17)

N=15

N=18

Normal

13/15 (87)

16/18 (89)

Abnormal
Unable to visualize fundoscopy
Not done

2/15 (13)
0/15 (0)
0/15 (0)

1/18 (6)
0/18 (0)
1/18 (6)

Number of patients with visual assessment at 10 weeks for either eye,
n/N (%)
Normal
Blurred
Finger counting
Movement perception
Light perception
No light perception
Unable to assess
Number of patients with assessment
for the left eye at 10 weeks, n/N (%)
Normal
Blurred
Finger counting
Movement perception
Light perception
No light perception
Unable to assess
Number of patients with assessment
for the right eye at 10 weeks, n/N
(%)
Normal
Blurred
Finger counting
Movement perception
Light perception
No light perception
Unable to assess
Fundoscopy at 10 weeks, n/N (%)

N: number of patients with visual assessment at 10 weeks for either eye
n: number of patients having events
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Table 3-11. The probability of “normal” acuity at 10 weeks.
Subgroups

Tamoxifen

Control

(N=24)

(N= 26)

Events/n (%)

Events/n (%)

OR (95% CI)

p-value

12/15 (80)

13/15 (87)

0.73

0.76

Intention-to-treat
population
Patients with normal

Comparison

Test for heterogeneity

(0.08, 5.80)
9/10 (90)

12/13 (92)

acuity at baseline

0.82

0.91

(0.02, 34.49)

HIV status
Negative

0.14
2/4 (50)

2/2 (100)

0.00

0.15

(NA-inf)
Positive

10/11 (91)

11/13 (85)

1.82
(0.15, 42.74)

n, number of patients having assessment; OR, Odds Ratio; CI, Confidence Interval;
NA, not available; inf: infinity

p-value

0.61
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3.7.10. Time to adverse events (neurology and new AIDS illness-findings) or

death at 10 weeks
Regarding time to adverse events (neurology and new AIDS illness-findings) or death at 10
weeks, there was also no difference between the 2 treatment groups (Table 3-12).
Table 3-12. Time to adverse events or death at 10 weeks.
Tamoxifen
Control
Comparison
(N=24)
(N= 26)
Events/n
Events/n
HR
p-value
(risk, %)
(risk, %)
(95% CI)
Time to new AIDS
illness-findings or
death at 10 weeks,
ITT population

10/24 (42)

13/26 (50)

0.77
(0.34-1.77)

0.54

Time to new neurological events or
death at 10 weeks,
ITT population

11/24 (46)

11/26 (43)

1.08
(0.46-2.50)

0.86

Time to new neurological events or death at 10 weeks, HIV status

Test for heterogeneity
p-value

0.34

Negative

3/5 (60)

4/5 (80)

0.61
(0.14-2.75)

0.52

Positive

8/19 (43)

7/21 (33.67)

1.40
(0.51-3.86)

0.52

n, number of patients; HR, Hazard Ratio; CI, Confidence Interval, ITT, intention-to-treat
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3.7.11. CSF opening pressure during the first 2 weeks.
The graphs below show the changes of CSF opening pressure during the first 2 weeks of
the study between the two study arms. Tamoxifen was not associated with a significant
change in CSF opening pressure during the first two weeks in comparison with the control
group (-14.6 vs. 2.2 cm of CSF) with a difference of -16.5 cm of CSF (95% CI: -42.2, 20.6,
p-value =0.34). Similar results were observed in subgroup analysis (HIV status and baseline
CSF fungal load) (Table 3-13 and Figure 3-14).
Figure 3-14. Longitudinal CSF opening pressure during the first 2 weeks of the study.
Grey lines display changes in individual patient CSF opening pressure (cm of CSF).
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Table 3-13. CSF opening pressure changes during the first 2 weeks.
Treatment Arm
Analysis populations

Total

Tamoxifen

Total

Standard of
Care

Difference in
change

p-valueⱡ

N

Change
over 2
weeks
(95% CI⸙)

N

Change over
2 weeks
(95% CI⸙)

(95% CI⸙)

Intention-to-treat

23

-14.6
(-39.1, 19.6)

26

2.2
(-26.2, 41.4)

-16.5
(-42.2, 20.6)

0.34

Per-protocol

22

-14.2
(-39.0, 20.6)

25

3.2
(-25.8, 43.4)

-16.9
(-42.5, 20.3)

0.33

HIV infected patients

18

-31.1
(-53.6, 2.2)

21

-1.7
(-31.0, 40.3)

-30.0
(-54.2, 7.1)

0.10

HIV uninfected patients

5

32.6
(-33.5,
164.1)

5

12.1
(-47.6, 139.7)

18.2
(-40.6, 135.5)

0.63

Patients with baseline count
<5 log10 CFU/ml

16

-23.9
(-47.6, 10.6)

12

-16.9
(-44.7, 24.9)

-8.4
(-42.5, 45.9)

0.71

Patients with baseline count
5-6 log10 CFU/ml

6

7.3
(-45.4,
110.9)

8

24.4
(-34.7, 136.7)

-13.7
(-59.6, 84.54)

0.70

Patients with baseline count
>6 log10 CFU/ml

1

-24.6
(-87.2,345.9)

6

10.8
(-56.6, 183.3)

-32.0
(-87.5, 269.8)

0.66

95% CI corresponds to Bayesian 95% credible intervals.
refers to crude “Wald-type” tests of the mean estimate divided by its standard deviation of the Monte Carlo
Markov chain sampling of coefficients derived from the joint model.
N, number of patients; log10 CFU/ml, log 10 colony-forming unit per millilitre.
⸙

ⱡp-value
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3.7.12. Microbiology and susceptibility testing
All HIV infected patients, and 6 HIV uninfected patients, had meningitis due to Cryptococcus neoformans molecular group VNI. Three HIV uninfected patients had disease due to
Cryptococcus gattii (VGI). The speciation and susceptibility testing methods were presented
in the methods section of Chapter 4 of this thesis (Chapter of Cryptococcus isolate) and
according to previous published study [190].
The Minimal Inhibitory Concentrations to inhibit the growth of 90% of Cryptococcus
(MIC90) of amphotericin B and fluconazole were 2 mg/L and 4 mg/L respectively. The
MIC90 of tamoxifen was 8 mg/L. The presence of drug interactions was estimated by calculating the fractional inhibitory concentration index (FICI) for each isolate. The formula
for calculating the FICI is: FICI = (MICAcombi/MICAalone) + (MICBcombi/MICBalone). MICAalone and MICBalone are the MICs determined for drug A and B alone while MICAcombi and
MICBcombi are the MIC of each drug when tested in combination. The FICI was ≤0.5 for
tamoxifen combined with amphotericin in 6 isolates (12%), and for tamoxifen combined
with fluconazole in 2 isolates (4%) and is suggestive of a possible synergistic interaction.
The detailed results of microbiology and susceptibility are further presented in Chapter 4
(Chapter of Cryptococcus isolate).

3.8. DISCUSSION
I wanted to determine whether tamoxifen could be repurposed as an affordable treatment
for cryptococcal meningitis. Our study was powered to detect an increase in the rate of
yeast clearance of at least -0.11 log10 CFU/ml/day when tamoxifen was added to standard
of care therapy. Differences of this order of magnitude are associated with improved survival in patients in low-income settings [92, 140, 160]. Despite having previously shown
that tamoxifen had activity in vitro against historical clinical isolates of C. neoformans, I
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found its addition had no impact on EFA. Therefore, I do not believe that proceeding to a
larger trial powered to survival is justified.
It is not clear why tamoxifen did not provide benefits to patients in this study. The susceptibilities of the Cryptococcus isolates from this study to tamoxifen, fluconazole and amphotericin were somewhat different to those of isolates from our previous clinical trials [190,
319]. We previously described MIC90s of 16ug/mL for tamoxifen and 2ug/mL for amphotericin, similar to those in this study. The MIC90 for fluconazole that we previously reported was 64 ug/mL, which is substantially greater than that found for the isolates in this
study. Most striking, and in contrast with our previous findings, I found evidence of synergy when tamoxifen was combined with amphotericin in only 12% (95% CI 5%, 24%) of
isolates from my trial. This compares with the rate in archived isolates of 67% (95% CI
47%, 81%) [190]. Synergy has been suggested as an explanation for the superiority of the
amphotericin-flucytosine combination which has delivered improved yeast clearance and
survival in a number of trials [320]. In this study, we had insufficient numbers of isolates
where tamoxifen-amphotericin synergy was seen to be able to determine whether synergy
per se influences EFA.
A second potential explanation is that sufficient concentrations of tamoxifen were not
achieved at the site of disease. A dose of 300 mg/day was chosen based on the MIC90 of
tamoxifen against historical isolates (16 mg/L) and the expected plasma concentrations this
would achieve. However, given that tamoxifen is concentrated in the brain (10 to 100-fold),
and in macrophage phagosomes, it seems unlikely that drug concentrations of greater than
the MIC90 were not achieved at the disease site, although it is possible that absorption of
orally administered drug was impaired in some patients. Wide inter-patient variability is
seen in the pharmacokinetics of amphotericin and fluconazole in cerebrospinal fluid [162,
321].
The rates of adverse events were similar between patients receiving tamoxifen and those in
the control arm. However, there was greater prolongation of the QTc interval in patients
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receiving tamoxifen. The mechanism through which tamoxifen causes QT interval prolongation in humans is unknown. In animals there is evidence that the block is multi-channel,
due to inhibition of both the IKr and ICa channels [322-324]. Such multi-channel block is
considered to confer a reduced risk of life-threatening arrhythmias compared with drugs
that block single ion channels. Fluconazole is also a recognised cause of QT prolongation.
Here, the mechanism is believed to be through modulation of the IKr current of the cardiac
depolarisation cycle [325]. However, little evidence of significant QT prolongation was
found in patients in the control arm of our study, and in fact the acute effect of administration of fluconazole was shortening of the QTc interval.
Our experience with tamoxifen is similar to that reported with the anti-depressant drug
sertraline. Sertraline has in vitro fungicidal activity against Cryptococcus neoformans and a
synergistic effect when combined with fluconazole. Results from a pilot dose-finding study
of adjunctive sertraline for cryptococcal meningitis suggested it was a safe and potentially
effective treatment, although no contemporaneous controls were enrolled in the trial [181].
Subsequently a large randomised controlled trial powered to mortality was stopped due to
futility having enrolled 460 patients [184]. There was no difference in survival or EFA between the standard therapy or sertraline boosted treatment arms. Of note, a small randomized-placebo controlled trial from Mexico, published after the phase 3 trial had begun,
found no difference in EFA when sertraline was added to amphotericin and fluconazole,
although only 12 patients were enrolled, and formal statistical testing was not performed
[182]. However, it lends further support for the screening of antifungal treatments in small
scale studies using this endpoint.
Although the results from the attempted repurposing of both tamoxifen and sertraline were
disappointing, other potential candidates should continue to be studied in future. One possibility is the phenothiazines such as thioridazine. These have been shown to have an anticryptococcal effect in vitro through calmodulin antagonist activity [326-328]. Phenothiazine has activity against intracellular C. neoformans within the phagolysosome in murine
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macrophages and it has been suggested it may decrease the risk of disease relapses [328].
Other potential agents include amiodarone and perhexiline which appear promising when
combined with fluconazole for cryptococcal meningitis. These drugs appear to have a syncretic effect when combined with fluconazole increasing its antifungal activity [300, 328].
Other drugs suggested as repurposing candidates for cryptococcal meningitis include calcium antagonists, such as nifedipine and other drugs used to treat hypertension, and
flubendazole, an anti-helminthic [329]. Flubendazole is perhaps the most promising of
these, appearing to be more potent in vitro than fluconazole, and active against Cryptococcus isolates across a range of fluconazole susceptibilities. It crosses the blood brain barrier
in mice, but data is lacking regarding humans [330]. While nifedipine crosses the blood
brain barrier, it seems unlikely that normal doses and oral administration would reach the
plasma levels needed to inhibit Cryptococcus growth. However, given our experiences with
tamoxifen, and those of others with sertraline, we would caution that better laboratory
screening methods than those currently in use are needed to identify potential new treatments for cryptococcal meningitis.
In the meantime, improving access to flucytosine remains a key goal. Progress has been
made through efforts to increase generic manufacture through the Unitaid- Clinton Health
Access Initiative for Advanced HIV Disease Initiative’s partnership with the Global Fund
and the President's Emergency Plan for AIDS Relief. This has resulted in price reductions
allowing 2-week treatment courses to be procured for around $100 in some locations.
Other efforts are ongoing to improve survival and reduce toxicity based on backbone fungal
therapy. The phase 3 Ambition-CM study (ISRCTN 72509687), unpublished but recently
reported, found that high-dose Liposomal-Amphotericin B given with high-dose fluconazole and flucytosine is non-inferior to a seven-day course of amphotericin B deoxycholate
plus flucytosine (the current World Health Organization (WHO) recommended treatment
regimen) [173]. A clinical trial in China is conducted to investigate the effective treatment

3.8 DISCUSSION

185

of cryptococcal meningitis using voriconazole compared to standard antifungal therapy
(https://clinicaltrials.gov/ct2/show/NCT04072640).
There are a number of novel antifungal agents with anticryptococcal activity under development such as APX001A, VT-1161, VT-1129, and VT-1598. APX001A targets the Gwt1
fungal enzyme, and then prevents the appropriate formation of fungal cell wall [174]. The
combination of APX001A with fluconazole showed synergistic effect which significantly reduced the fungal load in CSF compared to either APX001A or fluconazole alone [176]. New
agents including VT-1161, VT-1129, and VT-1598 inhibit the fungal CYP51 enzyme necessary for the biosynthesis of ergosterol within fungal cell membranes. In a murine model of
cryptococcal meningitis, VT-1129 improved survival achieving high brain concentrations
and resulting in rapid clearance of the tissue fungal burden [178]. However, it is unlikely to
be specifically developed for cryptococcal disease because it is too similar to VT-1161 which
has now been bought and is being developed for dermatophyte infections (J Day, personal
communication). APX001A and VT-1598 need further investigation to establish their efficacy and safety in humans.
Novel treatment modalities such as Neurapheresis [185, 331], offers promise that the unacceptably high mortality from cryptococcal meningitis can be substantially reduced in the
near future. This system has been developed to filter CSF in patients with brain haemorrhage, effectively removing red blood cells pro-inflammatory mediators such as cytokines.
It is a potential non-drug method to reduce the fungal burden in CSF. In addition to a
potential antifungal effect, it may also allow fine resolution management of CSF pressure.
However, the Neurapheresis system needs further evaluation through clinical trials and it
may be some years before it is available [185].
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3.9. CONCLUSION
Despite apparent in vitro anti-cryptococcal effects including synergy when combined with
amphotericin, tamoxifen did not increase the rate of clearance of yeast from cerebrospinal
fluid in HIV infected and uninfected patients with cryptococcal meningitis and is unlikely
to result in clinical benefit. Small scale phase 2 trials such as the one presented here should
precede the evaluation of potentially re-purposable drugs in clinical endpoint studies.
However, the failure of both tamoxifen and sertraline in recent studies underlines the importance of developing novel, specifically anti-cryptococcal drugs. This will require the
support of government and charitable bodies to ensure treatments remain affordable.
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4
Characteristics of Cryptococcus
isolates from HIV infected and
uninfected patients from Vietnam
enrolled in a randomized
controlled trial of antifungal
therapy boosted with tamoxifen
4 .

4.1. SUMMARY
Introduction. Our open label randomized controlled trial of tamoxifen combined with
amphotericin B and fluconazole for cryptococcal meningitis (see Chapter 3 – Chapter of
tamoxifen trial) showed that this combination did not improve the rate of clearance of yeast
from cerebrospinal fluid. There is a wide variety of Cryptococcus species and lineages in
Vietnam, including C. neoformans and C. gattii species complex, well recognized to be able
to cause disease in humans. In this chapter, I investigate the microbiology of the clinical
isolates from the patients, including speciation, lineage, virulence phenotype, and drug susceptibility, in order to shed light on the reasons for the lack of effect seen with tamoxifen.
Materials and Methods. I included all trial-entry clinical isolates from the 50 participants
in the tamoxifen trial, prior to administration of antifungal therapy. I measured the following in vitro virulence phenotypes: capsule size, the ability to grow at host temperature, and
the activity of enzyme secretion. Genotyping and sequence type were obtained by URA-5
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restriction fragment length polymorphism analysis and multi-locus sequence typing, respectively. I determined the anti-fungal susceptibility of the isolates according to CLSI
broth microdilution method and investigated potential drug synergy between tamoxifen
and amphotericin or fluconazole using two‐dimensional chequerboard testing.
Results. C. neoformans VNI was the prominent pathogen in our trial, affecting all 41 HIV
infected patients, and 6 HIV uninfected patients while C. gattii VGI affected 3 HIV uninfected patients. Neither in vitro virulence phenotypes nor genotype, showed a significant
relationship to clinical presentation or outcome. Both MIC50 and 90 of amphotericin B
were 2mg/L; the MIC50 and 90 of fluconazole were 2mg/L and 4mg/L, respectively. The
MIC50 and 90 of tamoxifen were both 8mg/L. All isolates appeared susceptible to tamoxifen but a synergistic interaction with amphotericin was seen in only 6 isolates (12%), and
with fluconazole in only 2 isolates (4%).
Conclusions. The population of Cryptococcus causing disease in this randomized controlled trial was consistent with that seen in our previous studies suggesting patients were
generally representative of the wider population. However, despite isolates appearing to be
at least as susceptible to tamoxifen in vitro as isolates from previous studies, there was little
evidence of synergy with other antifungal drugs. Detectable susceptibility in vitro to tamoxifen did not seem to deliver any synergistic or additive effect in vivo in terms of acceleration
of EFA.

4.2. BACKGROUND
I conducted a clinical trial of standard antifungal treatment boosted with tamoxifen to investigate safety and efficacy in terms of Early Fungicidal Activity (EFA). The results of the
trial are described in the previous chapter of this thesis. Using samples from our archive,
we previously showed that tamoxifen was synergistic when combined with amphotericin
B, or with combination of amphotericin B and fluconazole against the majority of our isolates (~70%) from our archives, in vitro [190]. Therefore, the results of my trial, where no
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effect of tamoxifen on the rate of yeast clearance from CSF was seen, were somewhat surprising.
In this chapter, I attempt to explain those anomalous findings by investigating whether
phenotypic, genotypic, or antifungal susceptibility characteristics of the trial isolates may
explain the results.

4.2.1. Genetic and genotypic variations
The Cryptococcus genus composes more than 50 different species. However, the vast majority are incapable of causing human disease. Most human disease is due to infection with
either C. neoformans or the C. gattii species complex [136]. Both complexes divide into further serotypes and PCR Restriction Fragment Length analysis of the orotodine (URA-5)
gene divides the C. neoformans and C. gattii complexes into a number of molecular groups
as demonstrated in Table 4-1. The C. neoformans species complex includes the species C.
neoformans (formerly C. neoformans var. grubii) and C. deneoformans (formerly C. neoformans var. neoformans). Delineation of molecular types of C. neoformans and C. gattii may
be performed by various techniques: sequencing of the rDNA internal transcribed spacer
(ITS), PCR-fingerprinting, amplified fragment length polymorphism (AFLP), restriction
fragment length polymorphism (RFLP), and multi-locus sequence typing (MLST) [332338]. C. neoformans accounts for the vast majority of clinical isolates from reports throughout the world, and the VNI group is predominant being identified in approximately 94%
of environment and clinical isolates [339]. The C. gattii complex is more diverse; of note,
recently an as yet un-named C. gattii sub-species, forming the VGV group, has been discovered [340].
The Cryptococcus neoformans MLST system is based on the genetic sequences of CAP59,
GPD1, IGS1, LAC1, PLB1, SOD1, and URA5 [341]. Significant numbers of genome sequences have now been published confirming that MLST divides isolates into broadly
meaningful lineages [342]. Of note, the MLST defined ST5 sequence type maps perfectly
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within the VNIa-5 lineage. The predominant ST in the VNIa-4 lineage is ST4, but this lineage also contains a number of other sequence types.

Table 4-1. The Cryptococcus species complex, adapted from Montoya et al [343].
Genus

Species complex

Species

Serotype

C. neoformans (C.
neoformans
C. neoformans

var.

grubii)
C.

A

Lineage
VNI,

VNII,

VNBI,

VNBII

AD hybrid

VNIII

D

VNIV

deneoformans

(C. neoformans var.
neoformans)

Cryptococcus

C. gattii

C. gattii

VGI

C. deuterogattii

VGII

C. bacillisporus
C. decagattii

B or C

VGIII
VGIIIc/VGIV hybrid

C. tetragattii

VGIV

Unnamed

VGV

4.2.2. Association between genotypes and clinical presentations
C. neoformans primarily causes infections in immunocompromised individuals while C.
gattii has been observed in immunocompetent ones [137, 344, 345]. Most cryptococcal infections in humans globally are due to strains from the C. neoformans species complex including the VNI and VNII lineages [279, 346]. C. neoformans, C. deneoformans, and the C.
gattii complex can all cause infections in lung, brain, and skin. Among them, C. neoformans
has a global distribution and is the most frequent cause of central nervous system disease
(CNS) [347]. It generally affects immunosuppressed patients but notably the VNIa-5 lineage, predominant in Vietnam and China, causes disease in the immunocompetent [138,
342, 348]. C. deneoformans most often causes skin disease in Western Europe [349-351].
The C. gattii complex is notable for causing disease in immunocompetent patients and is
associated with tropical and subtropical rain forest [74, 352-354]. C. gattii primarily causes
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pulmonary cryptococcosis although meningoencephalitis is well recognized and occurs in
about 25% of cases.
Among the C. neoformans species complex, particularly, strains within the VNI molecular
type are phenotypically associated with Micro cells [343, 355]. This characteristic may explain how these strains are able to disseminate to the CNS [356]. Vomiting and raised intracranial pressures more frequently occur in patients infected with these strains [355].
Within the C. gattii species complex, both VGI and VGII cause diseases in HIV-negative/immunocompetent individuals while VGIII and VGIV lineages primarily affect immunocompromised and HIV infected patients [344].
The MLST sequence typing methodology offers little in financial advantage compared with
whole genomic sequencing these days but is robust and easy to perform and interpret. STs
have been associated with cryptococcal phenotypes, clinical presentations, and death of
disease. The C. neoformans VNI MLST ST5 is an important strain in southeast and east
Asia. It has been described from China, Vietnam, Thailand, Korea, Laos, and Brazil [138,
139, 348, 357-361]., The ST5/VNIa-5 lineage is of particular interest because it accounts for
the vast majority of disease occurring in apparently immunocompetent, HIV uninfected
patients [138, 342]. However, despite this increased pathogenic potential, data from a large
RCT from a single centre in Vietnam found that it had similar virulence to ST4 and ST93
in HIV infected patients, in terms of survival [138]. There were some differences in disease
phenotype - ST5 infection was associated with lymphadenopathy, a higher blood lymphocyte count, and a lower CSF yeast burden at baseline [138]. Consistent with the experience
in HIV infected patients, a study of clinical isolates from Vietnam did not find ST5 to be
associated with greater mortality in a mouse inhalation model, although only a small number of isolates were tested [362]. However, our group has subsequently found that the virulence phenotype of ST5/VNIa-5 isolates their (in two different models of infection - macrophage and Galleria) depends upon their source. Those from immunocompetent patients
are significantly more virulent than those from HIV infected patients or the environment,
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the

same

genetic

lineage

(https://www.biorxiv.org/con-

tent/10.1101/2020.02.24.962134v2.full.pdf).

4.2.3. Phenotypes and determinants of pathogenicity in humans
Cryptococcus is an environmental saprophyte; disease is due to inhalation of infectious
propagules (spores or desiccated yeast) from the environment rather than direct person to
person spread. Factors associated with pathogenicity/virulence are likely a consequence of
adaptations that have evolved to allow survival in the stressful conditions in its natural habitat, rather than to cause disease per se. These adaptations include the polysaccharide capsule, melanin formation, and secretion of enzymes such as phospholipase, laccase, and urease [363]. These features, which coincidentally contribute to virulence in humans, can be
detected and in some cases quantified. The association of these factors with outcomes in
infection models are well characterized; however, their value in predicting outcome in human disease is less clear.
The virulence factors of Cryptococcus including the polysaccharide capsule, melanin formation, and secretion of enzymes such as phospholipase, laccase, and urease are regulated
by a number of stress-signalling pathways [343]:
i.

high osmolarity glycerol (HOG) pathway,

ii.

Ras/cyclic AMP/protein kinase A (Ras/cAMP/PKA) pathway,

iii.

calcineurin-calmodulin pathway,

iv.

Mpk1 pathway,

v.

target of rapamycin (TOR pathway),

vi.

unfolded protein response (UPR) pathway,

vii.

Rim101 pathway.

These pathways contribute to the survival of the yeast in the host body and induce disease.
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Capsule. Cryptococcus capsule is a complex and dynamic structure primarily comprised of
glucuronoxylomannan (GXM), glucurono-xylo-manno-galactan (GXMGal), and mannoproteins [364]. The capsule is of key importance for survival within the host and therefore
for virulence. Depending upon the particular environmental conditions, Cryptococcus can
both increase the size of capsule and change its composition. Capsule has the important
function in disease of inhibiting phagocytosis by macrophages; in addition, it confers protection against other stress factors such as dehydration and free radical attack [365, 366].
The key importance of capsule in mammalian disease is demonstrated within the mouse
model. Mice infected with acapsular strains recovered from disease spontaneously [367,
368]. In humans a large ex vivo capsule size has been associated with increased shedding of
capsular antigens, greater CSF viscosity, higher CSF opening pressures, and a deficient CSF
inflammatory response [369].
Cell wall and Melanin. Cell wall can help to protect the cryptococcal cell from immune
cells and host environments. It has a dynamic composition and variation in the proportions
and arrangements of α-glucans, β-glucans, chitin, chitosan, glycosylphosphatidylinositol
(GPI)-anchored proteins and sialic acids confer these protective properties [370]. C. neoformans also synthesizes melanin, using the enzyme laccase. Melanin provides protection
from enzymatic degradation, antimicrobial peptides, oxidative stress, and heavy metal toxicity [371-374]. Cell wall changes and melanisation, in addition to hampering the host immune response, also likely inhibit antifungal penetration into the cryptococcal cell. Its role
counteracting the effects of free radicals may promote survival within the macrophage
phagosome [375]. Melanin may also have direct antifungal effects - it has been shown to
decrease the efficacy of amphotericin B in vitro [372]. Data from human clinical isolates
suggest there is an association between higher laccase activity and increased ex vivo CSF
survival and anti-fungal resistance [376]. Laccase also plays an important role in the process
of nonlytic exocytosis where cryptococcal cells can exit from macrophages [377].
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Secretion of degradative enzymes. Active enzymes including protease, phospholipases,
and urease are capable of damaging and degrading host substrate molecules [378-380]. For
instance, phospholipases support cryptococcal cell to invade host tissue by facilitating the
adhesion to lung epithelial cells and hydrolyse phospholipid ester linkages [381, 382]. Urease regulates the environmental pH and damages host cell membranes [378].
Yeast cell size. Morphological transformations in Cryptococcus occur during mammalian
infection. In addition to the regulation of capsule size described above, there is variability
in the expression of yeast cell size. Yeast cell size may influence fungal virulence and survival. Three groups of Cryptococcus cell are described by cell diameter: (1) Average cells
~4–7 µm; (2) Micro cells ≤ 1 µm; (3) Giant or Titan cells ≥11 µm; diameter up to 100 µm
[383]. The so-called Giant/Titan cells are remarkable not only for their size but also their
polyploidy. The associated daughter cells are variably haploid, diploid, or aneuploid, which
may confer the ability to overcome environmental or antifungal stress [384]. Giant cells are
frequently found in extracellular spaces and are more resistant to phagocytosis compared
with standard cells. It is postulated that the role of Micro cells is to enable further dissemination and localization in the CNS [356, 371]. Micro cells are associated with increased
capsule shedding. Shed capsule is itself immunomodulating and can impede phagocytosis
by immune cells and the immune response by preventing T-cell proliferation and proinflammatory cytokine production [369].
Apart from these virulent factors mentioned above, there are certain determinants of pathogenicity of Cryptococcus in humans. They are described below.
Intracellular proliferation. Historically, the interaction between C. neoformans and the
amoeba Acanthamoeba castellani, a fungivorous organism for this yeast, was observed by
Ruiz et al [385]. The way intracellular proliferation and melanin production of C. neoformans protects itself from this amoeba’s ingestion suggested the link with the evolution of
human pathogenicity factors. C. neoformans is a facultative intracellular pathogen in mammals. It can survive phagocytosis and proliferate intracellularly. Phagocytosis may aid
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dissemination of yeast cells through the non-lytic extrusion of yeast cells into the extracellular spaces and adjacent host cells.
Growth at 37°C. Thermotolerance is a crucial virulence attribute for human pathogens like
C. neoformans. C. neoformans can grow in temperature ranges from 30oC to 40oC [386].

4.2.4. Association between phenotypes and clinical presentations
Although the classical cryptococcal virulence phenotypes may play a role in pathogenicity
and mortality, their expression in vitro does not necessarily mirror their expression in humans or in all animal models. An example of the complex relationships between phenotype
and disease manifestation regarding cryptococcal capsule and cell size is summarized in a
review by Montoya et al. [343]. As I presented in Section 4.2.3, the cryptococcal capsule
plays important role in pathogenesis. In mice, the size of the polysaccharide capsule
changes depending upon the organ from which it has been recovered. It is thicker in the
lung compared with the brain, and is thinnest under in vitro conditions [387]. In humans,
capsule thickness is associated with cell size which can vary by cryptococcal species and
infection site [355]. Additionally, capsule size is associated with different clinical presentation [355]. Capsule shedding is positively associated with vomiting and mortality [355,
369]. Although in vivo experiments have variable results, in some studies capsule size has
been associated with raised intracranial pressure, slow fungal clearance, and low CSF inflammatory responses [369].

4.2.5. Susceptibility
In vitro testing is able to distinguish variation in antifungal susceptibility amongst isolates
of Cryptococcus species [388, 389]. Common methods used include the CLSI M27A broth
microdilution method, and the similar [390, 391]. However, the relationship between in
vitro susceptibility and clinical outcome is unclear. Previously the combination of amphotericin and flucytosine has been shown to be synergistic in vitro [167]; this treatment
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combination has the best clinical outcomes in terms of both survival and rates of CSF sterilization [140]. The synergy of amphotericin and tamoxifen previously observed in Vietnamese clinical isolates gave us high hopes that this combination would result in faster CSF
sterilization in human disease [190]. However, as the previous chapter demonstrated, I saw
no such effect in my trial. To better understand this lack of effect I investigate the susceptibility of the isolates form that trial, and the drug interactions, of the trial isolates in this
chapter.
Numerous factors may contribute to the variability in antifungal susceptibility seen in baseline isolates. These include endogenous isolate specific qualities, environmental effects and
drug pressure within the host. For the most part cryptococcal disease, at least in HIV infected patients, represents the recrudescence of latent infection. Therefore, it is possible
that the long-term use of fluconazole, in HIV or other patients – e.g., for chronic mucocutaneous candidiasis, or as primary or secondary prophylaxis - could select azole resistant
strains when cryptococcal disease arises. The phenomenon of heteroresistance may play a
role, although clinical evidence is lacking. Heteroresistance describes the (laboratory) phenomenon whereby low-level exposure to antifungal leads to selection and induction of resistance in a small percentage of isolates within the population [392]. This appears to be
driven by aneuploidy and chromosome duplication. It is not clear that this event occurs in
human latent infection (or disease) but it is plausible.
Antifungal susceptibility, particularly to fluconazole, also varies depending on the species
and molecular genotype, and by geographic regions. The majority of Cryptococcus isolates
from HIV infected cryptococcal meningitis patients in Zimbabwe remained susceptible to
most antifungal agents [163]. However, according to a study on clinical isolates of C. neoformans in Argentina, high MIC values (> 16 mcg/ml) in fluconazole susceptibility testing was
reported while a molecular characterisations of environmental C. neoformans in Nigeria
show that the MICs for fluconazole ranged from 2-4 mcg/ml [164, 165]. Another study in
China on C. neoformans var. grubii concluded that antifungal susceptibility has been generally stable over time although there has been increase of non-wild-type isolates of
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Cryptococcus with higher MICs on fluconazole (>8 mcg/ml) [166]. In addition, both C.
neoformans and C. gattii have been reported to be innately heteroresistant to azoles [167,
336].
Recently, an assessment was performed on South African clinical Cryptococcus isolates to
see whether fluconazole resistance had emerged over a decade (2007 vs. 2017). The study
result showed that the fluconazole MIC50, MIC90 and geometric mean MIC were higher
in 2017 compared to 2007-2008. In detail, the fluconazole MIC50, MIC90 and geometric
mean MIC were 4 μg/ml, 8 μg/ml and 4.11 μg/ml in 2017 (n = 229) compared to 1 μg/ml,
2 μg/ml and 2.08 μg/ml in 2007-2008 (n = 249), respectively [393].
Overall, there remain inconsistencies between in vitro findings and in vivo animal models
or patient outcomes [394-396]. This emphasizes the relevance of studying strain specific
genotypes and phenotypes directly from humans such as Cryptococcus isolates in tamoxifen
trial to better understand the yeast virulence and fitness attributes required for pathogenicity in humans. The analysis of clinical Cryptococcus isolates collected from both HIV infected and uninfected patients in this trial can also help us better acknowledge the distribution of Cryptococcus species according to the immune status of the host, and whether
susceptibility has influenced outcome. Moreover, it offered an opportunity to discover the
drug susceptibility of the strains when data on this current issue remains limited in Vietnam
and to see if there was a change in MIC over time.

4.3. STUDY AIMS
4.3.1. Primary aims
i.

Describe the species, genotypes and virulence phenotypes of clinical Cryptococcus
isolates from the tamoxifen trial.
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ii. Measure the susceptibility of the strains to amphotericin, fluconazole, and tamoxifen, and determine whether there is synergy between tamoxifen and amphotericin
or fluconazole.
iii. Evaluate the effect of infection with ST4, ST5 or the other STs of C. neoformans
VNI on baseline clinical manifestations of patients with cryptococcal meningitis.

4.3.2. Secondary aims
i. Identify how sequence types were associated with the virulence phenotypes. Hypothesis: sequence types 4 and 5 have different phenotypes since ST5 is recognised
to be able to cause disease in immunocompetent patients.
ii. Describe whether sequence types are associated with the clinical outcomes.

4.4. METHODS
4.4.1. C. neoformans isolates
The study used stored Cryptococcus spp. isolated at the time of diagnosis (i.e., the baseline
isolate) from the cerebrospinal fluid from the 50 patients in the tamoxifen trial described
in the previous chapter. The clinical isolates were obtained prior to antifungal therapy.

4.4.2. In vitro capsule measurement
Yeast growth conditions. I grew the Cryptococcus cells overnight in Sabouraud agar at
30oC.
India Ink staining and light microscopy. I mixed 10 µl of a cell suspension with an India
Ink drop (Becton Dickinson, NJ, Cat. Number 261194) and observed capsules in an Olympus CX43 microscope. At least five different fields were randomly chosen. I used camera
Olympus U-CMAD3 to photograph yeast cells. A total of 40 to 60 cells were analysed by
LCmicro image analysis software.
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Measurement of capsule volume. I performed single cell measurement by using ImageJ
software (https://imagej.nih.gov/ij/index.html). Capsule thickness was calculated by subtracting cell body diameter from total cell diameter. At least 10 cells were measured for each
determination.

4.4.3. Growth at human host temperature and melanin production
Growth at human host temperature. I adjusted the inoculum to 108 cells/ml, then serially
diluted and spot-inoculated in duplicate on Sabouraud Dextrose agar in 5 μl aliquots and
incubated at 30°C or 37°C. After 48 hours, I counted colony-forming units (CFU) and recorded in CFU/ml. I did 2 biological replicates for each isolate to evaluate the fungal growth
at different temperatures.
Melanin production. I grew the isolates for 48 hours in yeast extract-peptone-dextrose
(YPD) at 30°C (shaking, 200 rpm). Then I centrifuged the growth medium and washed the
yeast cells twice in phosphate-buffered saline (PBS). I used a Nexelom Cellometer X2 to
count the cells and adjusted to obtain an inoculum of 4 × 106 cells/ml. Cryptococci were
then incubated in L-DOPA medium (0.1% glucose anhydrous, 0.1% L-asparagine, 0.3%
KH2PO4, 0.025% MgSO4 •7H2O, and 0.01% L-DOPA, pH 5.56) for 72 hours at 30°C to
induce melanin production.
After incubation, the supernatants were harvested at 4,000 g for 5 minutes. Pigment production was assessed spectrophotometrically (Spectrostar Nano (BMG Labtech) at 475nm wavelength and converted into laccase units (U) by a factor of 0.001 optical density
(OD) = 1 U [376]. I performed 3 biological replicates for each sample. Laccase activity of
the clinical isolates was expressed as a ratio in relation to the result of the experiment using
the H99 positive control. Results were reported as the median of the repeats.
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4.4.4. Extracellular urease and phospholipase activity
Extracellular urease production was semi-quantified using Christensen’s agar. I placed 10
μl of 108 cells/ml yeast suspension on Christensen’s agar and incubated them at room temperature. The growth of Cryptococcus on Christensen’s agar (urease test) created a typical
pink/red discoloration. I determined manually the duration of completing plate coloration
every 24 hours. I used C. neoformans H99 as a positive control and Candida albicans as a
negative control.
Extracellular phospholipase activity was observed on egg yolk medium as per Chen et al
with minor modifications. The egg yolk medium included Sabouraud Dextrose agar with 1
molarity (M) sodium chloride, 0.005 M calcium chloride and fresh egg yolk. I spotted a 5
µl aliquot of C. neoformans yeast suspension (108 cells/ml) on this medium and incubated
them at 30°C for 72 hours [397]. I measured the diameters of the precipitation zone (D)
forming around the colonies and the ones of the respective colonies (d). I calculated the
D/d ratio for each isolate and presented the ratio between the test isolate’s D/d ratio and
that of H99 (reference isolates) as the final results. All isolates were tested in pentaplicate
for each phenotype.

4.4.5. DNA extraction and restriction fragment length polymorphism (RFLP)

analysis
Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) test
amplifies the orotidine monophosphate pyrophosphorylase (URA5) gene that is shared between C. neoformans and C. gattii and then restriction enzymes cut it in different places
depending on where the mutations are that are associated with the different species which
gives a fingerprint patter of different fragment lengths because of the slightly different cut
sites.

4.4 METHODS

201

I used the Masterpure Yeast DNA kit (Epicentre Biotechnologies, Madison, WI, USA) to
extract total genomic DNA from all organisms. PCR for the URA5 gene was conducted in
a final volume of 50 μl. Each reaction contained 50 ng of DNA, 1X Bioline PCR buffer (Bioline, USA), 0.2 mM each of dATP, dCTP, dGTP, and dTTP (Bioline, USA), 2mM magnesium acetate, 0.5U Bioline Taq DNA polymerase (Bioline, USA), and 0.15 μM of primer
Sigma. I used a FlexCycler, TAMAR, Israel to perform PCR at 95oC for 15 minutes followed
by 35 cycles of 20 seconds denaturation at 94oC, 40 seconds annealing at 61oC, and 1 minute extension at 72oC, followed by a final extension cycle for 3 minutes at 72oC. To sum
up, 10 μl of PCR products were double digested with Sau96I (0.2 U/μl) and HhaI (0.8 U/μl)
(NEB, USA) for 3 hours at 37oC, followed by a final 10 minute-incubation at 60oC. I then
divided restriction products by using 2% agarose gel electrophoresis at 100 Volts for 90
minutes. I observed RFLP patterns to confirm species and molecular group by comparing
them with the ones obtained from the control strains (VNI-VNIV and VGI-VGIV) kindly
provided by Prof. Wieland Meyer, University of Sydney.

4.4.6. Multi-locus sequence typing (MLST)
I amplified seven MLST loci (CAP59, GPD1, IGS1, LAC1, PLB1, SOD1, and URA5) and
sequenced according to the instructions of the International Society for Human and Animal Mycology (ISHAM) MLST consensus typing scheme for C. neoformans. I checked the
quality of amplification by running 1% gel agarose + 2,5% Nancy 50 DNA gel stain, Sigma.
PCR products were purified by kit of QIAquick PCR purification (Quiagen). Sequencing
process was performed using BigDye Terminator v3.1 Cycle Sequence Kit (Applied Biosystems, CA, USA) on an 3130xl Genetic Analyzer (Applied BioSystem, Hitachi). I did both
forward and reverse amplicons for each locus. Consensus sequences were manually edited
using Bioedit, implemented in VectorNTI Suite 7.0. Eventually, I assigned a single Allele
Type (AT) number to each of the seven loci by uploading the sequences to a website
https://mlst.mycologylab.org/. The allelic profiles defined the corresponding STs.
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4.4.7. Susceptibility testing
I determined the susceptibility of all C. neoformans isolates to amphotericin, fluconazole,
and tamoxifen using the M27‐A3 broth microdilution protocol of the Clinical and Laboratory Standards Institute (CLSI) [391]. The C. neoformans (H99) and Candida krusei
(ATCC 6258) were used as reference and quality control, respectively.
All antifungal drugs were provided from Sigma‐Aldrich, Germany. I prepared fluconazole
stock solutions in sterile water while amphotericin B (Sigma) and tamoxifen in dimethyl
sulfoxide (DMSO). The minimum inhibitory concentration (MIC) of each of amphotericin
and tamoxifen were determined.
I prepared these antifungal agents and inoculum in RPMI 1640 (Difco) buffer at a pH of
7.0 using 0.165 mol/L morpholine propane sulphonic acid (MOPS; Sigma). Using an automated cell counter Cellometer X2 (Nexcelom Bioscience) and serial dilution, I obtain the
infectious inoculum (0.5‐2.5 × 103 CFU/mL). Next step, I prepared serial twofold drug dilutions on 96‐well microtiter plates. I achieved the concentrations of fluconazole 0.125‐64
μg/ml, amphotericin 0.0625‐32 µg/mL, and tamoxifen, 0.125‐64 µg/ml. All microplates
were incubated at 35°C for 72 hours and inspected by two observers. For amphotericin and
tamoxifen, the MICs were defined as the lowest concentration completely inhibited visual
growth of yeast cells. For fluconazole, the endpoint was the lowest drug concentration
where we had an 80% reduction of visual growth compared with that of the drug‐free
growth control well.
Combinations of tamoxifen plus amphotericin and tamoxifen plus fluconazole were tested
as has been described previously [190]. For the two‐dimensional chequerboard, I prepared
a stock solution of each antifungal drug in RPMI at fourfold the final desired test concentrations. To test a combination of two drugs, a volume of 50 µl of each drug at fourfold the
desired final concentration was combined with each other to give a total volume of 100 µl.
Then I added 100 µl of inoculum to this to give a final volume of 200 µl. The final drug
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concentrations tested in combination for tamoxifen were from 0.25 to 64 µg/ml, and for
fluconazole and amphotericin were 1 to 64 µg/ml, and 0.25 to 16 µg/ml, respectively. All
plates had a drug‐free growth control well and a sterility control well.

4.4.8. Statistical analysis
I performed all statistical analyses by using R (version 4.0.4) (R Foundation for Statistical
Computing, Vienna, Austria).
I described the cryptococcal genotypes from the tamoxifen trial by Restriction Fragment
Length Polymorphism (RFLP) and Multi-Locus Sequence Typing (MLST) and included
underlying diseases and gender of host for each isolate.
In terms of phenotype, as clarified in the Sections 4.4.3, 4.4.4 capsule size (µm), ability to
grow at 30°C and 37°C represented by CSF fungal count (log10CFU/ml), melanin production represented by optical density ratio to H99 strain, and extra cellular phospholipase
represented by D/d ratio to H99 strain of all isolates were summarized as median values
and interquartile ranges (IQR) by sequence type (ST4, ST5, and other STs). The values of
all measurements for particular phenotypes were visualized by box plots.
I performed the phenotype comparison among sequence types (three groups according to
sequence types: ST4, ST5, and other). In the experiments of Cryptococcus virulence phenotypes including capsule, phospholipase activity and melanin production as well as growth
at 37oC, every isolate was repeatedly measured, i.e., there were more than one value for an
isolate. To deal with such panel data (repeated measurements) I ran Generalized Estimating Equations (GEE) analysis in R (version 1.3-2) using the ‘geepack’ package [398]. This
model was used to assess the effect of sequence types on the virulence phenotype.
Meanwhile, the urease activity of strains was assessed by the time to presence of urease
activity. To visualize and compare the activity of extra cellular urease among sequence types
(STs), Kaplan-Meier survival curves (plot cumulative events) and the log-rank test were
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used. Additionally, Cox regression analysis was used to compare the rate of presenting the
activity of extracellular urease between ST4 with ST5, and with the group of other STs.
Considering the association between sequence type and clinical phenotypes, the distribution of HIV status (HIV positive and HIV negative) was compared between ST5 and other
STs using the Chi-squared test. I describe the demographics, clinical manifestations, and
laboratory investigation results at baseline by sequence type. The number and proportion
of patients were summarized and compared by sequence type based on Pearson's Chisquared test for categorical variables, and Linear Model ANOVA for numerical variables.
Overall survival at 10 weeks was visualized using Kaplan-Meier curves with stratification
by sequence type. Also, survival rate was compared among groups with a Cox regression
analysis.
Susceptibility was presented as the minimum inhibitory concentration (MIC) of each drug
at which growth was inhibited 50% and 90% (MIC50 and 90) of all isolates, and as the
geometric mean inhibitory concentration of each drug. I used the Wilcoxon rank‐sum test
to compare the differences in MICs of amphotericin, fluconazole, and tamoxifen between
isolates from the tamoxifen trial and the previous study [190].
The fractional inhibitory concentration index (FICI), the sum of the fractional inhibitory
concentrations (FIC) of each drug in the 2-dimensional testing, was calculated to assess the
drug interaction. The summary of FIC and FICI formula and interpretation of FICI are as
following:
FIC (A) =

𝑀𝐼𝐶 (𝐴) 𝑖𝑛 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛
;
𝑀𝐼𝐶 (𝐴) 𝑎𝑙𝑜𝑛𝑒

FIC (B) =

𝑀𝐼𝐶 (𝐵) 𝑖𝑛 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛
𝑀𝐼𝐶 (𝐵) 𝑎𝑙𝑜𝑛𝑒

FICI = FIC (A) + FIC (B)
The interpretation of FICI in 2-dimensional chequerboard testing [399]:
FICI ≤ 0.5

Evidence of synergy

0.5 < FICI ≤ 4

No evidence of drug interaction

FICI > 4

Evidence of drug antagonism
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4.5. ETHICS
All samples came from a study approved by the relevant institutional review board: The
Hospital for Tropical Diseases Ethical Review Board, Ho Chi Minh City, Cho Ray Hospital,
the National Ethics Committee for Health Research Vietnam, the Ministry of Health, and
the Oxford Tropical Ethics Committee, University of Oxford. Written informed consent to
enter the clinical studies were obtained from patients or where the patients lacked capacity
to consent through illness, the written consent of the responsible next of kin. All clinical
data and samples were anonymized.

4.6. RESULTS
4.6.1. Genotypes of C. neoformans by Restriction fragment length polymor-

phism (RFLP) and Multi-locus sequence typing (MLST)
Of the 50 patients in the trial, 41 had HIV infection (82%). Based on RFLP method, I identified that all HIV infected patients, and 6 HIV uninfected patients, had meningitis due to
Cryptococcus neoformans molecular group VNI (94%). Three HIV uninfected patients had
disease due to Cryptococcus gattii (VGI) (6%). MLST sequencing was performed for all C.
neoformans VNI, but not for C. gattii (VGI). I found 18/47 (38%) isolates were ST4, 16/47
(34%) isolates were ST5, and 12/47 (26%) were other STs (ST32, ST39, ST81, ST93, ST174,
ST175, ST187, ST193). It was not possible to determine the ST for one isolate. All 4 of the
6 HIV uninfected patients with cryptococcal meningitis had infection due to C. neoformans
VNI ST5. The detailed results of genotypes of all strains isolated from the trial are presented
in Table 4-2.
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Table 4-2. Cryptococcus neoformans isolate typing.
Isolate
003 – 001
003 – 003
003 – 005
003 – 006
003 – 008
003 – 009
003 – 010
003 – 012
003 – 013
003 – 014
003 – 015
003 – 016
003 – 017
003 – 018
003 – 019
003 – 020
003 – 021
003 – 022
003 – 023
003 – 024
003 – 027
003 – 029
003 – 030
003 – 031
003 – 033
003 – 034
003 – 036
003 – 037
003 – 038
003 – 039
003 – 041
003 – 042
003 – 045
003 – 046
003 – 048
003 – 049
003 – 050
003 – 051
003 – 052
003 – 053
003 – 102
003 – 103
003 – 104
003 – 105
003 – 106
003 – 107
003 – 108
011 – 004
011 – 103
011 – 105

Isolate data
RFLP
MLST sequence type

Study arm

Clinical data
Underlying diseases

Gender

VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VN1
VG1
VN1
VN1
VN1
VN1
VG1
VG1

Control
Tamoxifen
Control
Control
Tamoxifen
Tamoxifen
Tamoxifen
Tamoxifen
Control
Control
Tamoxifen
Control
Control
Tamoxifen
Control
Tamoxifen
Tamoxifen
Control
Tamoxifen
Control
Tamoxifen
Control
Control
Control
Tamoxifen
Tamoxifen
Control
Tamoxifen
Tamoxifen
Control
Control
Tamoxifen
Tamoxifen
Control
Control
Tamoxifen
Tamoxifen
Control
Control
Control
Tamoxifen
Control
Tamoxifen
Control
Control
Tamoxifen
Control
Tamoxifen
Tamoxifen
Control

HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
HIV
ITP
Diabetes
Diabetes
HIV
-

Female
Female
Female
Male
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male

ST4
ST5
ST4
ST32
ST5
ST5
ST174
ST5
ST5
ST93
Unidentified
ST4
ST187
ST81
ST4
ST4
ST4
ST4
ST4
ST32
ST4
ST175
ST193
ST5
ST4
ST4
ST4
ST4
ST4
ST93
ST4
ST4
ST93
ST5
ST5
ST39
ST5
ST5
ST5
ST5
ST5
ST5
ST4
Not done
ST5
ST5
ST93
ST4
Not done
Not done

4.6 RESULTS

207

4.6.2. C. neoformans phenotypes
Given there were only 3 C. gattii isolates, virulence phenotyping was limited to C. neoformans. I classified them into 3 groups: ST4, ST5 and the other STs. The phenotyping results
were presented by these groups.
Capsule. The capsule size of C. neoformans isolates by sequence type is presented in Table
4-3 and plotted in Figure 4-1. There was no significant difference in capsule size among
sequence types based on a generalized estimating equations (GEE) model (see Table 4-4)
although the capsule size in the group of other sequence types was likely thicker than in
ST4 or ST5 (see Table 4-3 and Figure 4-1).
Table 4-3. Capsule size of C. neoformans isolates by sequence type.
ST4

ST5

Other STs

Total

Number of isolates

18

16

13

47

Number of measurements

180

160

130

470

1.155

1.261

1.494

1.257

(0.873, 1.549)

(0.948, 1.706)

(0.975, 2.090)

(0.911, 1.753)

Median

capsule

size

(IQR), (µm)
IQR, interquartile range
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Figure 4-1. The variability in in vitro capsule thickness of Cryptococcus neoformans strains by Sequence
Type (ST).
The y-axis represents the size of capsule (µm). The x-axis indicates the sequence types, purple: ST4,
green: ST5, yellow: other ST. The black dot represents every single capsule size measured in the
experiment.

Table 4-4. The results of GEE model to assess the effect of sequence type on capsule size.
Capsule size difference

Estimate (95% Confidence Interval)

p-value

1.30 (1.05, 1.54)

<0.001

ST5 and ST4 (µm)

0.28 (-0.27, 0.84)

0.32

Other STs and ST4 (µm)

0.29 (-0.06, 0.84)

0.09

(Intercept)

ST4: Reference group
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Growth at 37 oC. I compared the temperature dependent growth (at 30 and 37oC) between
the 18 ST4, 16 ST5, and the 13 other STs of C. neoformans isolates from the trial by counting
the CFU (see Table 4-5).
Table 4-6 shows the average difference in growth at different temperatures between the ST5
and other ST groups compared with ST4. I observed a significant genotype-specific difference in growth at 30°C. Among sequence types, the ST5 had the highest fungal count implying a faster growth rate at this temperature. However, at 37°C, no significant differences
in growth were seen by sequence type (see Table 4-6, Figure 4-2 and
Figure 4-3).
Table 4-5. Cerebrospinal fluid fungal count at 30 and 37oC by sequence type.
ST4

ST5

Other STs

Total

Number of isolates

18

16

13

47

Number of measurements

36

32

26

94

5.62

5.79

5.72

5.73

(5.60, 5.76)

(5.71, 5.85)

(5.59, 5.81)

(5.60, 5.81)

5.65

5.72

5.72

5.69

(5.48, 5.71)

(5.61, 5.77)

(5.57, 5.79)

(5.56, 5.76)

Median CSF fungal count at
30oC (IQR) (log10 CFU/ml)
Median CSF fungal count at
37oC (IQR) (log10 CFU/ml)

CSF, cerebrospinal fluid; CFU, colony-forming unit; IQR, interquartile range
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Figure 4-2. The cryptococcal quantification at 30oC by sequence type.
The y-axis represents the fungal count at 30oC (log10 CFU/ml). The x-axis indicates the sequence
types, purple: ST4, green: ST5, yellow: other ST. The black dot represents every single fungal count
in the experiment.

Figure 4-3. The cryptococcal quantification at 37oC by sequence type.
The y-axis represents the fungal count at 37oC (log10 CFU/ml). The x-axis indicates the sequence
types, purple: ST4, green: ST5, yellow: other ST. The black dot represents every single fungal count
in the experiment.
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Table 4-6. The results of GEE model to assess the effect of sequence type on the activity of growth at
30oC and 37oC.
Difference of CSF fungal count at 30oC

Estimate (95% Confidence Interval)

p-value

(Intercept)

5.64 (5.58, 5.69)

<0.001

ST5 and ST4 (log10 CFU/ml)

0.13 (0.06, 0.19)

<0.001

Other ST and ST4 (log10 CFU/ml)

0.04 (-0.03, 0.12)

0.28

Estimate (95% Confidence Interval)

p-value

5.60 (5.55, 5.66)

<0.001

ST5 and ST4 (log10 CFU/ml)

-0.007 (-0.16, 0.15)

0.93

Other ST and ST4 (log10 CFU/ml)

-0.42 (-1.05, 0.22)

0.20

Difference of CSF fungal count at 37oC
(Intercept)

ST4: Reference group

Melanin production. I measured the pigment production in laccase units (U) by a factor of 0.001
optical density (OD) = 1 U, then presented the result as the ratio of it to the one of C. neoformans
H99 strain (positive control). The activity of melanin production by sequence type is shown in Table
4-7 and Figure 4-4. There was no effect of sequence type on the activity of melanin production according to the GEE model (see
Table 4-8).
Table 4-7. Melanin production by sequence type.

Number of isolates
Median optical density ratio of
particular ST to H99 strain (IQR)
IQR, interquartile range

ST4

ST5

Other STs

Total

18

16

13

47

0.31

0.23

0.37

0.30

(0.16, 0.49)

(0.14, 0.45)

(0.18, 0.67)

(0.18, 0.50)
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Figure 4-4. Activity of melanin production by sequence type.
The y-axis represents the differences in colony melanisation (µm). The x-axis indicates the sequence
types, purple: ST4, green: ST5, yellow: other ST. The black dot represents every single measurement
(ratio) in the experiment.

Table 4-8. The results of GEE model to assess the effect of sequence type on the melanin production.
Difference of optical density ratio

Estimate (95% Confidence Interval)

p-value

0.36 (0.22, 0.50)

<0.001

ST5 and ST4

-0.07 (-0.24, 0.10)

0.45

Other ST and ST4

0.06 (-0.12, 0.25)

0.50

(Intercept)

ST4: Reference group
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Extracellular urease. I compared urease production by C. neoformans lineage over time (days). In

Figure 4-5 the ST4 lineage appeared to produce less urease than the other 2 groups, although this didn’t quite reach statistical significance (p-value=0.057). However, when I used
a Cox regression specifically comparing ST4 with ST5 I found a statistically significantly
higher rate of extracellular urease activity in the ST5 group (Hazard Ratio: 2.44, 95%Confidence Interval: 1.20 - 4.98, p-value=0.01). There was increased urease activity in the other
ST group compared with ST4, but this was not statistically significant (Hazard Ratio: 1.54,
95%Confidence Interval: 0.75 - 3.19, p-value=0.24).

Figure 4-5. Activity of extracellular urease by sequence type.
Lines display the estimated mean. Purple = ST4, green = ST5, and yellow = other STs. The Log-rank
test was used for difference in cumulative incidence among groups (p-value=0.057).
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Extra cellular phospholipase. This activity was observed under the incubated condition
described in the Methods (Section 4.4.4) and illustrated in Figure 4-6. Final results were
measured as the ratio between the test isolate’s D/d ratio and that of H99 (reference isolates) where ‘D’ represented the diameters of the precipitation zone forming around the
colonies and ‘d’ indicated the ones of the respective colonies. These results by sequence
type are shown in Table 4-9 and Figure 4-7.
When assessing the effect of sequence type on the activity of extra cellular phospholipase
using a GEE model, I saw no significant effect (see Table 4-10).
Figure 4-6. Extra cellular phospholipase.
Cryptococcus isolates inoculated onto egg yolk agar illustrate zones of precipitation around colonies
at 72 h.

4.6 RESULTS

215

Table 4-9. Extra cellular phospholipase by sequence type.
ST4

ST5

Other STs

Total

Number of isolates

18

16

13

47

Number of measurements

90

80

65

235

0.89

0.85

0.87

0.87

(0.77, 0.96)

(0.79, 0.91)

(0.80, 0.93)

(0.77, 0.94)

Median D/d ratio of particular
ST to H99 strain (IQR)

IQR, interquartile range; D, the diameters of the precipitation zone forming around the colonies;
d, the diameters of the respective colonies.

Figure 4-7. Activity of extra cellular phospholipase by Sequence type.
The y-axis (Ratio£) represents the ratio between the test isolate’s D/d ratio and that of H99 (see
Section Methods). The x-axis indicates the sequence types, purple: ST4, green: ST5, yellow: other
ST. The black dot represents every single measurement (ratio) in the experiment.
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Table 4-10. The results of GEE model to assess the effect of sequence type on the extra cellular phospholipase.
Difference of D/d ratio

Estimate (95% Confidence Interval)

p-value

0.89 (0.84, 0.94)

<0.001

ST5 and ST4

-0.08 (-0.08, 0.03)

0.35

Other ST and ST4

-0.02 (-0.08, 0.04)

0.43

(Intercept)

ST4: Reference group
D, the diameters of the precipitation zone forming around the colonies; d, the diameters of the respective
colonies.

❖ In summary, the ST5 lineage was associated with faster growth at 30oC and increased
urease activity compared with the ST4 lineage. There were no statistically significant
differences in capsule size, growth at 37oC, melanisation or phospholipase activity between lineages.

4.6.3. Association between sequence types and clinical phenotypes
Sequence types and baseline clinical manifestations and investigations. I assessed the
effect of infection with ST4, ST5 or the other STs of C. neoformans VGI on baseline clinical
manifestation of patients with cryptococcal meningitis in the trial.
As presented in Table 4-11, C. neoformans VNI ST5 strains could cause meningitis in both
HIV infected (12 of total 16 cases) and HIV negative patients (4 of total 16 cases) while ST4
and the other STs mainly caused infection in HIV infected individuals (29 of total 31 cases),
but the difference of HIV status distribution between ST5 and other STs just failed to reach
statistical significance (p-value=0.07).
Table 4-11. Distribution of HIV status by C. neoformans VNI sequence type.
Number cases of C. neoformans
VNI meningitis

HIV uninfected
(N=6)

HIV infected
(N=41)

Total
(N=47)

ST5

4

12

16

Other

2

29

31

ɸ

p-value, Chi-square test

p-value ɸ

0.07
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Table 4-12 presents the baseline clinical phenotype of cryptococcal meningitis in the tamoxifen trial by sequence type. There was more visual dysfunction (blurred vision) reported at the baseline in patients infected with ST4 and 5 compared with the others (17%
and 19% vs. 8%, p-value=0.37). There were some differences in the prevalence of clinical
findings by sequence groups, but these did not tend to reach statistical significance. Focal
limb weakness and shortness of breath were observed more frequently in ST5 (19% and
25%, respectively), but there was no significant difference when compared with ST4 and
other ST (p-value=0.17 for comparison in focal limb weakness and p-value=0.06 for comparison in shortness of breath among ST groups). On examination at the baseline, more
patients had decreased GCS in ST4 and 5 in comparison with the others group (17% and
13% vs. 0%, p-value=0.32). Neurological defects including cranial nerve palsy, hemiplegia
were more common in patients of groups ST4 and 5. Similar results were obtained in
papilledema and neck stiffness as well as skin lesion. However, these differences were not
significant (see Table 4-12).
Regarding the baseline investigations, the median CD4 counts (IQR) at baseline (cells/ul)
of ST4, ST5 and other STs were 18.5 (8.8, 53.0), 47.0 (17.5, 250.8) and 22.0 (8.5, 93.2), respectively. The median CD4 count was the highest in patients infected by ST5, but again
was not statistically significantly different than in other ST groups (p-value=0.47). Other
blood cell counts did not differ significantly among groups. The baseline fungal counts
were similar. The patients infected with ST4 had a significantly lower CSF opening pressure
at the baseline (median CSF opening pressure (IQR) (cm of CSF) of ST4 18.0 (11.2, 28.8)
vs. that of ST5 32.5 (18.0, 54.5) and vs. that of other STs 38.5 (24.4, 42.5), p-value=0.03).
There was a similar number of abnormal imaging findings among the groups.
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Table 4-12. Baseline clinical phenotype of cryptococcal meningitis in the trial by Sequence type.
ST 4 (N=18)
Characteristics
Demographics
HIV positive, n (%)
Gender male, n (%)
Median age, years (IQR)
History
Median duration of illness, days (IQR)
Fever, n (%)
Headache, n (%)
Neck stiffness, n (%)
Confusion, n (%)
Nausea/vomiting, n (%)
Fits, n (%)
Visual impairment, n
(%)
Blurred vision
Double vision
Hearing impairment, n
(%)
Focal limb weakness, n
(%)
Shortness of breath, n
(%)
Chronic liver disease, n
(%)
Diabetes, n (%)
Findings on examination
Median weight, kg
(IQR)
Median temperature, o C
(IQR)
Median heart rate, bpm
(IQR)
Glasgow Coma Score, n
(%)
15
11-14
Cranial nerve lesions, n
(%)
Nerve 6
Other nerves
None
Fundoscopy, n (%)
Abnormal
Normal
Not done
Neck stiffness, n (%)
Hemiplegia, n (%)
Skin lesion, n (%)
Baseline investigations
Blood**, median (IQR)

ST 5 (N=16)

Other ST (N=13)

pvalue¥

n

Summary
statistic

n

Summary
statistic

n

Summary
statistic

18
18
18

17 (94)
13 (72)
34
(30, 38)

16
16
16

12 (75)
10 (63)
30
(25, 34)

13
13
12

12 (92)
11 (85)
34
(30, 40)

0.36
0.42
0.88

18

12 (7, 24)

16

13 (10, 21)

13

14 (7, 22)

0.63

18
18
18
18
18
18

17 (94)
18 (100)
14 (78)
4 (22)
14 (78)
2 (11)

16
16
16
16
16
16

15 (94)
16 (100)
15 (94)
3 (19)
14 (88)
1 (6)

13
13
13
13
13
13

11 (85)
13 (100)
10 (77)
2 (15)
10 (77)
2 (15)

0.58
0.67
0.29
0.89
0.71
0.73

16
16
16

3 (17)
1 (6)
0 (0)

16
16
16

3 (19)
1 (6)
1 (6)

13
13
13

1 (8)
0 (0)
0 (0)

0.37
0.38
0.26

18

1 (6)

16

3 (19)

13

0 (0)

0.17

18

1 (6)

16

4 (25)

13

0 (0)

0.06

16

0 (0)

14

2 (13)

11

0 (0)

0.38

18

0 (0)

16

1 (6)

12

1 (8)

0.40

18

50
(41, 54)
38
(38, 39)
90
(88, 103)

16

50
(46, 54)
39
(38, 40)
92
(84, 94)

13

53
(45, 57)
38
(37, 39)
92
(86, 98)

0.61

18
18
18

16
16
16

15 (83)
3 (17)
18

14 (87)
2 (13)

3 (17)
0 (0)
15 (83)

18
18
18

16
16
16

0.94

13 (100)
0 (0)

0 (0)
3 (19)
13 (81)

0.07
1 (8)
0 (0)
12 (92)

13
1 (6)
13 (81)
2 (13)
13 (81)
1 (6)
5 (31)

0.12

0.32

13

16
1 (6)
17 (94)
0 (0)
13 (72)
1 (6)
4 (22)

13
13

16

18

13

13
13
13

0.28
0 (0)
12 (92)
1 (8)
7 (54)
0 (0)
2 (15)

0.28
0.67
0.60
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ST 4 (N=18)
Characteristics

n

CD4 count, cells/mL

18

Haemoglobin, g/L

18

White
cell
x103/mm3
% Neutrophils

18

count,

% Lymphocyte

18
18

Cerebrospinal fluid λ, median (IQR)
Baseline fungal count,
18
log10 CFU/ml
15
CSF pressure, cm of CSF
CSF white cell count,
cells/ml

16

% CSF neutrophil

16

% CSF lymphocyte

16

Summary
statistic
18.5
(9, 53)
112
(102, 126)
6
(4, 10)
77
(68, 85)
12
(7, 22)

ST 5 (N=16)
n
15
16
16
16
16

4.5
(3.7, 5.4)
18
(11, 29)
33
(8, 54)

16

19
(13, 23)
81
(73, 84)

16

14
16

16

Summary
statistic
47
(18, 251)
116
(95, 128)
6
(5, 10)
78
(71, 81)
14
(8, 16)

Other ST (N=13)
n
13
13
13
13
13

5.1
(4.1, 5.7)
33
(18, 55)
49
(16, 100)

13

22
(17, 42)
79
(58, 83)

13

12
13

13

Summary
statistic
22
(9, 93)
130
(123, 132)
6
(4, 9)
80
(76, 86)
11
(9, 17)

pvalue¥

0.47
0.37
0.91
0.72
0.74

4.6
(2.8, 5.3)
39
(24, 43)
42
(10, 94)

0.29

17
(13, 20)
83
(80, 87)

0.85

0.03
0.25

0.91

Imaging, n (%)
Abnormal chest X-ray
17
7 (41)
16
6 (38)
10
4 (40)
0.98
Abnormal CT brain im5
1 (20)
3
1 (33)
1
1 (100)
0.22
aging
p-value¥: Pearson's Chi-squared test for categorical variables, Linear Model ANOVA for numerical variables
IQR, interquartile range; N, number of patients in each group; n, number of patients receiving assessment.
bpm, beat per minute; CSF, cerebrospinal fluid; log10CFU/ml, log10 colony-forming unit per millilitre, CT, computed
tomography.
**Normal range of blood tests, CD4 count (500-1500 cells/mL), haemoglobin (120-170 g/L), white cell count (4-11 x
103/mm3)
λ
Normal range of cerebrospinal fluid, CSF pressure (6-25 cm of CSF), CSF white cell count (<5 cells/ml)

Sequence types and survival outcome at 10 weeks. As presented in the previous chapter
there was no significant difference in survival at 10 weeks by treatment arm, i.e., treatment
did not affect the survival outcome. Therefore, I performed a survival analysis by the sequence type, regardless of treatment. Kaplan-Meier curves in Figure 4-7 show the survival
probability at 10 weeks. There was no significant difference in survival probability among
groups (p-value= 0.65). The Hazard ratios for the Cox regression analysis for ST5 and other
STs versus ST4 were: 0.63, 95%CI: 0.18-2.16, p-value=0.46; and 0.59, 95%CI: 0.15-2.28, pvalue=0.44, respectively).
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Figure 4-8. Kaplan-Meier survival curves for each sequence type over the 10-week study period.
The Log-rank test was used for difference in survival probability among groups (p-value=0.65). Purple = ST4, green = ST5, and yellow = other STs.

4.6.4. Susceptibility testing
The susceptibilities of all isolates of C. neoformans and C. gattii in the tamoxifen trial expressed as the minimum inhibitory concentration (MIC) of amphotericin and tamoxifen,
alone and in combination are presented in Table 4-13. The MIC50 and 90 of amphotericin
B were 2mg/L and 2mg/L, respectively. The susceptibilities of individual strains of C.
neoformans and C. gattii to fluconazole and tamoxifen, alone and in combination are shown
in Table 4-14. The MIC50 and 90 of fluconazole were 2mg/L and 4mg/L, respectively. All
isolates appeared susceptible to tamoxifen (MIC50 and MIC90 were both 8mg/L).
The fractional inhibitory concentration index (FICI) of each strain is shown in the last
column of each table to assess drug interaction (amphotericin combined with tamoxifen in
Table 4-13, and fluconazole combined with tamoxifen in Table 4-14).
(Note: *FICI = fractional inhibitory concentration index. An FICI ≤0.5 is considered evidence of synergy; 0.5
<FICI ≤ 4.0 – no interaction; FIC> 4.0 – antagonism).
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Table 4-13. Susceptibilities of individual strains of C. neoformans and C. gattii to amphotericin B and tamoxifen,
alone and in combination.
Minimum Inhibitory Concentration (mg/L)
Isolate

Amphotericin
Alone
Combined

Alone

Tamoxifen
Combined

FICI ⃰

Cryptococcus neoformans
003-001

2

0.5

16

2

0.375

003-003

1

0.5

16

4

0.75

003-005
003-006
003-008
003-009
003-010
003-012
003-013
003-014
003-015
003-016
003-017
003-018
003-019
003-020
003-021
003-022
003-023
003-024
003-027
003-029
003-030
003-031
003-033
003-034
003-036
003-037
003-038
003-039
003-041
003-042
003-045
003-046
003-048
003-049
003-050
003-051
003-052
003-053
003-102
003-103
003-104
003-106
003-107
003-108
011-004
Cryptococcus gattii

2
2
1
1
1
2
2
1
1
1
1
1
1
1
1
2
2
2
2
1
1
1
2
1
1
1
2
2
2
2
2
1
2
1
1
2
2
2
2
2
2
2
2
2
4

0.5
1
0.5
0.5
0.5
1
1
0.5
0.5
0.5
0.25
0.5
0.5
0.5
0.5
1
0.5
0.5
0.5
0.5
0.5
0.5
2
0.5
0.25
0.5
1
0.5
0.5
0.5
1
0.5
0.5
0.5
1
0.5
1
1
1
1
0.5
0.5
1
1
0.06

16
8
4
4
4
8
8
4
4
4
4
8
8
8
4
8
4
8
8
8
4
4
4
4
4
4
8
8
8
8
8
8
8
8
8
8
8
8
8
16
8
8
4
8
8

1
0.5
2
2
2
1
1
2
2
1
2
4
4
2
1
2
2
4
1
4
1
2
0.06
1
2
2
4
4
1
2
1
2
4
0.5
2
4
1
1
1
2
4
4
0.5
0.5
4

0.3125
0.5625
1
1
1
0.625
0.625
1
1
0.75
0.75
1
1
0.75
0.75
0.75
0.75
0.75
0.375
1
0.75
1
1.015
0.75
0.75
1
1
0.75
0.375
0.5
0.625
0.75
0.75
0.5625
1.25
0.75
0.625
0.625
0.625
0.625
0.75
0.75
0.625
0.5625
0.515

003-105

2

0.5

8

4

0.75

011-103
011-105

2
2

1
0.5

8
8

1
2

0.625
0.5
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Table 4-14. Susceptibilities of individual strains of C. neoformans and C. gattii to fluconazole and tamoxifen, alone
and in combination.
Minimum Inhibitory Concentration (mg/L)
Isolate
Cryptococcus neoformans
003-001
003-003
003-005
003-006
003-008
003-009
003-010
003-012
003-013
003-014
003-015
003-016
003-017
003-018
003-019
003-020
003-021
003-022
003-023
003-024
003-027
003-029
003-030
003-031
003-033
003-034
003-036
003-037
003-038
003-039
003-041
003-042
003-045
003-046
003-048
003-049
003-050
003-051
003-052
003-053
003-102
003-103
003-104
003-106
003-107
003-108
011-004
Cryptococcus gattii
003-105
011-103
011-105

Fluconazole
Alone
Combined

Alone

Tamoxifen
Combined

FICI ⃰

2
2
4
2
2
2
1
4
2
2
8
2
2
8
4
1
2
2
4
4
4
2
8
2
4
2
2
4
2
2
4
4
2
4
2
2
2
2
4
2
2
2
2
4
4
1
1

1
0.5
0.5
2
2
2
2
0.5
2
0.5
0.5
4
2
8
2
1
1
1
2
0.5
1
0.5
0.5
1
1
2
4
2
0.5
4
1
8
0.5
4
0.5
1
0.5
2
4
0.5
0.5
2
2
0.5
0.5
2
0.5

8
16
16
8
8
4
4
4
4
4
4
4
4
8
8
8
8
8
8
8
8
8
4
8
8
4
4
8
8
4
8
4
8
4
4
8
4
8
4
8
8
8
4
8
4
4
4

2
4
4
2
4
2
2
4
2
4
4
2
2
4
4
4
4
4
4
8
4
8
4
4
4
2
2
2
4
4
4
2
4
2
4
4
4
2
4
4
4
2
2
4
4
2
4

0.75
0.5
0.375
1.25
1.5
1.5
2.5
1.125
1.5
1.25
1.0625
2.5
1.5
1.5
1
1.5
1
1
1
1.125
0.75
1.25
1.0625
1
0.75
1.5
2.5
0.75
0.75
3
0.75
2.5
0.75
1.5
1.25
1
1.25
1.25
2
0.75
0.75
1.25
1.5
0.625
1.125
2.5
1.5

8
1
4

0.5
0.5
2

8
8
8

8
8
4

1.0625
1.5
1
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The drug susceptibility (MIC90, ranges and geometric means) by species is summarized in
Table 4-15. Tamoxifen MICs ranged from 4 to 16 µg/ml. The fluconazole and amphotericin
B MICs ranged between 1 and 8, and 1 and 4 µg/ml, respectively. I have included the drug
susceptibility of isolates from the previous study [190] to this table and compared the susceptibility between two the two groups. There were statistically significant differences in
antifungal and tamoxifen susceptibilities of isolates from the two studies (see Table 4-15).
Table 4-15. Comparison the in vitro susceptibility of clinical isolates of Cryptococcus neoformans and
Cryptococcus gattii to tamoxifen, amphotericin, and fluconazole between the tamoxifen trial and previous data [190].
MIC (µg/ml)
Tamoxifen trial

Antifungal
N

MIC90,

Geometric

Range

Mean

Comparison

Previous data€

N

MIC90,

Geometric

Range

Mean

p-value¥

C. neoformans
Amphotericin

47

2, 1-4

1.5

30

2, 0.25-2

1.1

0.03

Fluconazole

47

4, 1-8

2.5

20

64, 0.5-64

9.2

<0.001

Tamoxifen

47

8, 4-16

6.4

30

16, 2-16

7.1

<0.001

Amphotericin

3

2, 2-2

2

8

1, 0.25-2

0.6

0.005

Fluconazole

3

4, 1-8

3.2

8

NA

NA

NA

Tamoxifen

3

8, 8-8

8

8

8, 2-8

4

0.08

C. gattii

€

Source: https://doi.org/10.1111/myc.12955. Hai, T. P. et al., Mycoses, 2019 [190]

¥

p-value, the differences in MICs of amphotericin, fluconazole, and tamoxifen from the two studies (Ta-

moxifen trial vs. previous data) were compared using the Wilcoxon rank‐sum test.
N, Number of isolates tested; NA, not available.
MIC, minimum inhibitory concentration.

4.6 RESULTS

224

For tamoxifen combined with amphotericin, synergistic interaction was observed in 6 isolates (5 of ST4 and 1 of C. gattii), and for tamoxifen combined with fluconazole, in 2 isolates
of ST4). The detailed results of drug interactions from two‐dimensional chequerboard for
all C. neoformans isolates of the trial are shown in Table 4-16.
Table 4-16. Results of drug interactions from two‐dimensional chequerboard testing of tamoxifen in
combination with either amphotericin, fluconazole.
Proportion (%) of isolates where particular drug interactions was
Antifungal combination

observed£
Synergy

No interaction

Antagonism

FICI ≤ 0.5

0.5 < FICI ≤ 4

FICI > 4

Tamoxifen + amphotericin

11 (5/47)

89 (42/47)

0 (0/47)

Tamoxifen + fluconazole

4 (2/47)

96 (45/47)

0 (0/47)

Tamoxifen + amphotericin

33 (1/3)

67 (2/3)

0 (0/3)

Tamoxifen + fluconazole

0 (0/3)

100 (3/3)

0 (0/3)

C. neoformans

C. gattii

£

Numbers in brackets: Numerators are the numbers of strains where interaction was observed; denomina-

tors are the numbers of isolates tested.
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4.7. DISCUSSION
The results of this study showed that majority of patients with cryptococcal meningitis in
the tamoxifen trial had infection with C. neoformans VNI. C. gattii infections were seen in
only three HIV negative patients, none were seen in HIV infected patients. As described in
literature, C. neoformans is the dominant pathogen in human infections while C. gattii more
frequently affects apparently immunocompetent individuals (Kwon-Chung et al., 2014).
C. gattii was initially named as C. neoformans var. gattii because it possesses features resembling those of C. neoformans. Since 2002, it has been reclassified as a separate species C.
gattii due to distinctions in terms of phenotype, biology, and genetic taxonomy [128]. C.
gattii cryptococcosis has remained a disease predominantly in tropical and sub-tropical
countries [74, 400-404] although there has been a significant emergence over the last 20
years in British Columbia, Canada and the Pacific Northwest of the USA (USPNW), etc.
[352, 353, 405, 406]. Reports from South and Southeast Asia countries including Korea,
China, Japan, India, Vietnam, Thailand, and Malaysia have shown that there were multiple
C. gattii endemic regions in the tropics [137, 267, 407-410]. C. gattii is becoming of concern
in immunocompromised patients including those on oral steroid, with lung conditions, the
elderly, smokers, and those with history of invasive cancer, etc.[266, 411]. However, it was
rare in my study, C. gattii meningitis, being seen in only 3 HIV uninfected patients (~33%
of all HIV uninfected patients in the trial). This proportion was consistent with the one
reported in previous study of cryptococcal meningitis due to C. gattii in HIV negative patients in Vietnam [137]. The fact that there was no HIV patient associated with C. gattii
infection in my study might suggests that C. gattii is very rare in the environment. Comparing to data in Africa, a highly HIV prevalent region, C. gattii has been isolated from about
10 to 30% of HIV infected patients with cryptococcosis [412-414]. Correspondingly, environmental isolates of C. gattii have been found from trees/tree hollows in African countries
[415-418].
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Regarding the sequence types, in our trial, ST4 and ST5 were the predominant sequence
types. This distribution of lineages is consistent with findings in recent reports where ST4
and ST5 were predominant in Vietnam [138, 342, 348]. This contrasts with other countries
in SE Asia where a single sequence type predominates [348]. My study was also consistent
with others in that ST5 was the lineage predominantly infecting HIV uninfected patients,
although the small number of patients of HIV uninfected patients in my study meant I
lacked statistical power.
Although ST5 is strongly associated with cryptococcal meningitis in immunocompetent
hosts, according to clinical data in Vietnam, other Southeast Asia countries and South Africa, there was no significant difference in outcome between ST5 and other sequence types
[140, 342, 395]. Similarly, the comparison of infections between ST4 and ST5 with other
lineage in my study did not reveal a significant difference in survival rate at 10 weeks. My
study had not primarily been designed to define the differences among ST isolates, and
with only 50 patients may have lacked power. But even with a larger number of isolates,
Ashton and colleague found that there were no differences in outcomes between ST5 lineages and others in HIV infected patients [342].
I did not find significant sequence type-specific differences between virulence factors in my
study. This is consistent with previous in vitro findings in C. neoformans in Vietnam [362].
This might be a real finding, or it might reflect that in vitro measures of virulence are poor
models of infection and may not adequately reflect the complex association between genotypes/phenotypes with human host. C. neoformans VNI ST5 remains a sequence type of
interest due to its ability to infect immunocompetent patients. Recent unpublished data on
the virulence of C. neoformans ST5 in the infection models of Galleria and macrophage
shows that this ST possesses highly plastic virulent phenotypes which depend upon the
ecological background of the isolate, i.e. ST5 isolates derived from immunocompetent patients are more virulent than ones from either HIV infected patients or the environment
(https://www.biorxiv.org/content/10.1101/2020.02.24.962134v2.full.pdf). These data also
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demonstrate an induction phenomenon in ST5 whereby highly virulent ST5 isolates can
induce increased virulence in less virulent ST5 isolates.
The MICs of amphotericin, fluconazole, and tamoxifen were statistically significantly different for the clinical isolates from my study compared with those previously reported from
Vietnam [190]. For amphotericin and tamoxifen, it is hard to conceive that the differences
I detected would have clinical consequence, given that the MIC90 from my data and those
of Hai et al. were 2 vs. 2mg/L for amphotericin and 8 vs. 16mg/L, for tamoxifen. However,
previous isolates did seem significantly less susceptible to fluconazole with higher MIC90
(64mg/L) compared with the fluconazole MIC90 measured for my isolates (4mg/L).
Whether this is somehow linked with the reduced rates of amphotericin-tamoxifen synergy
I detected is not clear, but not entirely biologically implausible because common, crossclass drug efflux systems are associated with antifungal drug susceptibility in yeast.
The superiority of the amphotericin flucytosine treatment combination has previously
been postulated to be due to the synergy that can be demonstrated for this combination in
vitro [320]. The identification of synergy was a catalyst for my research, as it also for the
trials of repurposing sertraline for cryptococcal disease [181, 184]. Like tamoxifen sertraline
had fungicidal activity against Cryptococcus and synergistic effect when combined, in this
case with fluconazole. However, a large randomised controlled trial found that sertraline
had no effect mortality in cryptococcal meningitis [184]. There was no subsequent effort to
assess the susceptibility of the isolates from that trial to sertraline +/- fluconazole. Instead,
the investigators focussed on sertraline concentrations in the clinical samples. They suggest
that a potential explanation for the failure of sertraline trial was that lower plasma sertraline
concentrations were achieved due to the co-administration of HIV ART.
The low proportion of isolates where synergy was demonstrated might explain why I did
not see a significant difference in EFA between the 2 study groups in my trial. However, it
remains unclear why there were marked differences in the two‐dimensional chequerboard
testing of tamoxifen in combination with either amphotericin, fluconazole between two
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archives, i.e., our present archive and the previous one. This could simply be due to chance
or might reflect the difference in fluconazole susceptibility seen between the groups or be
an artefact of susceptibility testing in samples that have been archived for a considerable
time, rather than the relatively ‘fresh’ isolates that I tested. However, given the complete
lack of effect I saw, I don’t think another trial of tamoxifen can currently be justified on the
grounds that somehow patients in my trial were not representative. The clinical presentations and distribution of STs causing disease in fact rather suggests that they were.

4.8. CONCLUSION
My study showed that the majority of cases of cryptococcal meningitis in our patients were
caused by C. neoformans VNI. This is consistent with our previous trials. Among sequence
types determined from the tamoxifen clinical isolates, sequence types 4 and 5 accounted
for the largest proportion with little change in ST prevalence over the years suggesting the
environmental population of Cryptococcus stable in Vietnam. There were no significant differences in in vitro virulence and clinical phenotypes or as survival outcome by sequence
type except for the lower CSF opening pressure in sequence type 4 compared to others.
Tamoxifen had been reported to have synergy when combine with either amphotericin,
fluconazole but this happened at a lower proportion with our clinical isolates. This surprising result may explain in part why we failed to see an effect of tamoxifen in EFA in my study.
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5
Characteristics of
electrocardiograms in patients
with cryptococcal meningitis
5 .

5.1. SUMMARY
Introduction. A frequent concern for physicians is balancing the potential benefits of any
prescribed drug for a patient with its potential harms. A well-recognized side effect of many
drugs, including antibiotics, is modulation of the cardiac ventricular de/repolarization cycle, manifested as prolongation of the QT interval. This effect is of concern because it is
associated with development of severe, potentially life-threatening arrhythmias. In addition
to drugs, other factors present in severe illness can also affect the cardiac cycle. These include abnormalities of electrolyte concentrations that can occur due to disordered homeostasis, drugs, or the disease pathophysiology itself. Intracranial pathology (such as raised
intracranial pressure or intracranial bleeding) can itself affect the heart, manifesting as
changes in the electrocardiogram (ECG) and heart rhythm.
Cryptococcal meningitis is complicated by intracranial pathology including raised intracranial pressure, abnormalities of electrolytes key in re/depolarization, and the administration of drugs directly associated with QT prolongation (fluconazole). However, ECG
changes in cryptococcal meningitis are poorly described. In the tamoxifen trial described
previously, I administered high doses of tamoxifen which have the potential to prolong the
QT interval. We believed this was justified within a controlled trial because of the high rate
of mortality in cryptococcal meningitis and the pressing need to develop improved
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treatment. The aim of this chapter is to describe the abnormalities seen in the ECG when
patients present with cryptococcal meningitis, to define the effect of high dose tamoxifen
on QTc prolongation, and to determine the interplay between electrolytes, tamoxifen, and
raised intracranial pressure on QTc over the first 2 weeks of treatment.
Materials and Methods. All patients recruited in the trial described in the previous chapter
had ECGs performed at study entry, immediately before, and 2 hours after administration
of tamoxifen. Baseline ECG data from 50 patients recruited to the tamoxifen trial are described. The effects of GCS, CSF opening pressure, and electrolyte levels on ECG abnormalities presented at study entry were assessed. In addition, cardiac events and QTc prolongation after 10 weeks were compared between two study arms and reported. Potential
factors associated with QTc prolongation were considered.
Results. Twelve of a total 50 cryptococcal meningitis patients (24%) had ECG alterations
at the baseline. Changes in ST segment and T wave accounted for the majority (8 cases).
GCS lower than 15 and hypokalaemia were associated with ECG abnormalities at the baseline. Administration of tamoxifen was associated with an increased number of cardiac
events, particularly QTc prolongation (Hazard Ratio: 3.90, 95% Confidence Interval: 1.79,
8.61, p-value=0.001). Hypocalcaemia was also associated with prolonged QTc (Hazard Ratio: 0.02, per 1 mmol/L increase, 95% Confidence Interval: 0.00, 0.18, p-value <0.001).
Conclusions. ECG abnormalities are common at presentation in patients with cryptococcal meningitis. They were not associated with worse outcomes. High dose tamoxifen caused
QTc prolongation in the majority of patients but no ventricular arrhythmias were observed.
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5.2. BACKGROUND
5.2.1. Electrocardiogram
An electrocardiogram (ECG), the recording of electrical potentials spreading from the
heart into the adjacent tissues surrounding the heart, is considered an important diagnostic
tool in clinical practice. Information is obtained from both the duration and morphology
of the complexes (Figure 5-1). The P wave and QRS complex represent atrial and ventricular depolarization, respectively. The PR interval describes the time between the beginning
of the P wave and the beginning of the Q wave. The PR segment represents atrial repolarization, although the amplitude of this event is usually too small to be detected, and part of
the wave is “lost” within the QRS complex. The T wave represents ventricular repolarization, and the ST segment is an electro-physiologically silent period between ventricular depolarization and their subsequent repolarization.
Figure 5-1. ECG waves and complexes (Source: RK Goit)
(Note: mm, millimetre; mV, millivolt; sec, second)
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The normal amplitude of waves and duration of complex intervals are provided as following (see Table 5-1).
Table 5-1. Amplitudes and durations of the ECG during the cardiac cycle [419]
Normal value
Amplitude
P wave
R wave
Q wave
T wave

0.25 mV
1.60 mV
25% of R wave
0.1 to 0.5 mV

Duration
PR interval
QR interval
ST interval
P wave interval
QRS interval
ms: millisecond, mV: millivolt

120 - 200 ms
350 - 440 ms
50 - 150 ms
110 ms
90 ms

Rate. Normal heart rate values range from 60 to 100 bpm. Rates lower than 60 bpm are
referred to as bradycardia, and rates higher than 100 bpm are called tachycardia. Of note,
raised intracranial pressure can result in bradycardia. Based on ECG interpretation, there
are 15 classes of cardiac arrhythmias according to the Massachusetts Institute of Technology-Boston's Beth Israel Hospital (MIT-BIH) database which correspond with the classifications of the Association for the Advancement of Medical Instrumentation (AAMI) (see
Table 5-2).
Table 5-2. Principal types of heartbeats present in the AAMI and MIT-BIH database [420, 421].
AAMI heartbeat classes

Symbol

MIT-BIH heartbeat types

N

N

Normal beat

Any heartbeat not categorized as SVEB,

L

Left bundle branch block beat

VEB, F or Q

R

Right bundle branch block beat

e

Atrial escape beat

j

Nodal (junctional) escape beat

SVEB

A

Atrial premature beat

Supraventricular ectopic beat

a

Aberrated atrial premature beat

J

Nodal (junctional) premature beat

S

Supraventricular premature beat

V

Premature ventricular contraction

E

Ventricular escape beat

F Fusion beat

F

Fusion of ventricular and normal beat

Q Unknown beat

P

Paced beat

f

Fusion of paced and normal beat

U

Unclassifiable beat

VEB Ventricular ectopic
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Axis. Determining the electrical axis of the heart is key in ECG interpretation. Axis deviation can be associated with various cardiac syndromes and/or underlying disease states.
There are five main electrical axis classifications [422]:
i.

Normal axis (QRS axis between -30° to +90°),

ii.

Left axis deviation (QRS axis less than -30°),

iii.

Right axis deviation (QRS axis greater than +90°),

iv.

Extreme axis deviation (QRS axis between -90° to 180° ), and

v.

Indeterminate axis.

PR interval. This interval describes cardiac depolarization from the time of depolarization
of the sinus node and its propagation through the atrioventricular (AV) node to the onset
of ventricular depolarization. A prolonged PR interval reflects delayed AV conduction. The
PR interval can be shortened where accessory conduction pathways bypass the AV node,
such as in Wolff-Parkinson-White syndrome.
PR prolongation is a potential predictor of numerous conditions including ischemic stroke,
myocardial infarction, and cardiovascular death in coronary patients [423].
QRS complex. This complex represents ventricular depolarization. Usually less than 0.10
seconds, the QRS can be prolonged where there are bundle branch blocks or ventricular
foci of depolarization (abnormal pacemaker site).
T wave. Normal T wave morphology is presented as an upright low amplitude broad hump
following the QRS complex at the end of the last phase of ventricular repolarization.
Variability in T wave morphology may represent either normal cardiac electrophysiology
or be signs of pathology. Tall T waves can be an early sign of ST-elevation signifying myocardial infarction (STEMI) or a sign of ventricular hypertrophy. Particularly, peaked T
waves can be observed in hyperkalaemia [424]. Inverted T waves might be associated with
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myocardial ischemia with a suggestive clinical history of ischemia [425]. T wave abnormalities can also occur where there are disturbances in electrolyte homeostasis, for example
due to diuretic drugs, or with antiarrhythmics such as digoxin. Of note, intracranial pathology is associated with abnormalities of T waves. Known as cerebral T waves and appearing
as deep and symmetrically inverted (see Figure 5-2), they can be observed in severe central
nervous system trauma or pathology such as cerebral stroke, intracranial bleeding, and
traumatic brain injury [425, 426]. Other conditions associated with T wave inversion include pericarditis and pulmonary embolism [427].
Figure 5-2. Cerebral T waves on a patient with a severe acute haemorrhagic cerebrovascular accident [426].

ST interval. This segment indicates the duration between ventricular depolarization and
repolarization. The junction (J) point is identified where the QRS complex and ST interval
meet.
According to the displacement of the J point above or below baseline, ST can be elevated
or depressed, respectively. Apart from acute myocardial infarctions, ST elevation can result
from early repolarization, left ventricular hypertrophy, ventricular aneurysm, left bundle
branch block, and other conduction defects [428, 429]. ST depression can also occur and
causes include hypokalaemia, cardiac ischemia, and digitalis treatment [430-433].
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U wave. The U wave, or the six wave is an upward small (0.5 mm) deflection. It can follow
the T wave or before the P wave. The origin of the U wave remains in question, although
there are some hypothesis as follows: (i), delayed repolarization of Purkinje fibres [434],
(ii), prolonged repolarization of mid-myocardial "M-cells"[435], and (iii), after-potentials
resulting from mechano-electric feedback in the ventricular wall (for example relaxation of
papillary muscles) [436]. Prominent and inverted U waves are considered as the two common abnormal presentations. A prominent U wave is defined as >1-2mm or 25% of the
height of the T wave. It is commonly observed in bradycardia and severe hypokalaemia
[424]. Other conditions are also involved in prominent U waves including hypocalcaemia,
hypomagnesemia, and raised intracranial pressure [437, 438]. U wave inversion is considered abnormal in leads with upright T waves where it can be a sign of myocardial ischemia,
especially in patients presenting with relevant clinical symptoms and history [439, 440].

5.2.2. Prolonged QTc syndrome
QT interval. Is defined as the time of ventricular depolarization and repolarization, i.e.,
from the beginning of the Q wave to the end of the T wave. Because the QT interval is ratedependent, it must be corrected (i.e., rate adjusted: QTc) taking the rate into account for
accurate interpretation. The American college of Cardiology defined the normal range for
a normal QTc as being from 390ms to 460ms for women, and from 390ms to 450ms for
men.
QTc measurement. The QT interval shortens with tachycardia and lengthens with bradycardia. The rate corrected QT interval is known as the QTc. QTc measurement includes
three main steps:
i.

Selecting the appropriate leads,

ii.

Manually measuring the QT interval,

iii.

Apply methods for corrected QT (see Table 5-3).

The gold standard approach is to measure the QT interval in all 12 ECG leads and then
obtaining the QT calculation based on the average (mean). However, this approach is time
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consuming and generally not practical. Where only a single lead is used for estimation, then
it has been conventional to use lead II. There are several reasons for this selection. First, in
the earliest years of the ECG limb leads were used because of the absence precordial leads.
Also, the P, QRS, T and U waves are more recognizable in lead II, which enables accurate
measurement of intervals. As a consequence, reference values for the QTc have traditionally
been determined from this lead [441]. Occasionally, where the T wave is too flat in II to
determine the end of the interval, then lead V5 is often used as a replacement [442]. The
American Heart Association recommends using the lead with the most clearly defined T
wave [443]. Regardless of which lead is chosen, this must be kept consistent when examining serial ECGs from the same patient. It must be noted that where the chest leads are used
for estimation, slight changes in placement of V1-V6 are potential confounders when measuring serially using only a single lead.
While the start of the QRS complex is usually clear, determining the end of the T wave can
be complicated, particularly where there is a U wave present. Inaccuracies here can lead to
overestimation of the QTc. To deal with this, the tangent method for QTc measurement
was proposed by Lepeschkin and Surawicz in 1952 [444]. Their method involves drawing
a tangent to the steepest last limb of the T wave. The end of T wave is determined as the
intersection of this tangent with the baseline (see Figure 5-3).
Figure 5-3. Schematic illustration of the use of the tangent method to define the end of the
T wave in normal and abnormal TU morphologies [444].
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Correcting for rate. In terms of QT correction, several formulae have been proposed. They
all possess strengths and limitations. A summary of QT correctional formulae is presented
below.
While QT estimation derived from machine is not likely reliable, the QT interval is often
manually determined by measuring the interval in 3 limb and 3 chest leads from a high
resolution (50mm/sec) 12-lead ECG, and then the median would be obtained [445]. This
method has been considered to provide similar performance to high resolution holter ECG
monitoring [445].
Table 5-3. Methods for Correction of the QT Interval [446]
Formula
Bazett

Fridericia

Framingham

Hodges

Equation

Strength

Limitation

Indication

Simplest and
most widely accepted
and
used method.

Tendency to overdiagnose long QT as
it overcorrects at
high HR and undercorrects at low HR.

Best used when
50 < HR <70 bpm

Tendency to overcorrect at high HR.

Useful in bradycardic patients
(HR < 50 bpm)

𝑄𝑇𝑐 = 𝑄𝑇 +
0.154 (1 − 𝑅𝑅)

More accurate
than Bazett formula at abnormal HR.
Less affected by
abnormal HR.

Complex formula.

𝑄𝑇𝑐 = 𝑄𝑇 +
1
105(

Less affected by
abnormal HR.

Complex formula.

See Figure 5-4

Designed for
use with abnormal HR.

If QT is less than
half the RR interval, it is normal.

No calculation
required.

Needs to be physically or digitally
available at point of
care.
Difficult for serial
testing.
Non-quantitative.
If the QT is greater
than half the RR interval, it may still be
normal.
Cannot be used at
HR < 60 bpm.

In any patient,
HR is < 50 bpm
or > 70 bpm
In any patient,
HR is < 50 bpm
or > 70 bpm
Abnormal HR.
Toxicology and
overdose.

𝑄𝑇𝑐 =

𝑄𝑇𝑐 =

𝑄𝑇
√𝑅𝑅

𝑄𝑇
3

√𝑅𝑅

𝑅𝑅−1)

Nomogram

The “Half RR” method

RR, the R-R interval, measured in seconds; HR, heart rate; AF, atrial fibrillation

Useful
as
a
“screening” test,
especially in AF
but not as a true
diagnostic test.
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Figure 5-4. The QT nomogram [446, 447]
(TdP, Torsade de Pointes; msec, millisecond; bpm, beat per minute)

Of note, there are certain methods of QT correction in cases of abnormal heart rate. For
instance, the QT nomogram as seen in Figure 5-4 which has been well described in toxicology and overdose is often applied in patients with abnormal heart rate [446, 447]. When
a broad QRS complex in a bundle branch block or a paced rhythm resulting in the QT
interval prolongation, Bogossian formula should be applied: 𝑄𝑇𝑐 = 𝑄𝑇 − 0.5 ×
(𝑄𝑅𝑆 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛). In the setting of atrial fibrillation, QTc is calculated as an average of the
QT over five consecutive beats of the ECG.
QTc prolongation. QTc values greater than ≥450 ms in males and ≥460 ms in females are
considered as prolonged [448].
Impacts of QTc prolongation. QTc prolongation can lead to ventricular tachyarrhythmias, particularly Torsade de Pointes (TdP) and increase the risk of sudden cardiac death
(SCD). SCD is considered an unexpected death resulting from cardiovascular causes within
1 hour of the onset of symptoms.
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However, the QTc interval alone is a relatively poor predictor of the development of TdP
[449]. In a recent prospective study of 257 critically ill patients, the authors failed to find an
association between QTc interval and ventricular tachyarrhythmias in an adjusted analysis
[450]. However, patients with prolonged QTc intervals tended to have longer hospital and
ICU stays as well as higher mortality [450].
Management of QTc prolongation. In cases of QTc prolongation, first all potential underlying causes including congenital long QT syndrome, cardiomyopathy, or severe intracranial disease should be considered. Also, any prolonged QTc-induced drugs should be
identified and halted [451]. Apart from that, hypokalaemia, hypomagnesemia, and hypocalcaemia may cause QTc prolongation [452]. Hence, electrolyte levels should be
checked and corrected where necessary. Patients with acquired QTc prolongation should
receive hospital care and daily ECGs until the QTc has normalized.
Factors affecting QTc prolongation. Figure 5-5 illustrates the five phases of cardiac depolarisation and repolarisation and the action potential reflecting the flow of ion currents
across a cell membrane. The QT prolongation is caused by the prolonged duration of the
action potential of ventricular myocytes predominantly through delaying the repolarisation phase 3. This phase is mediated by outward movement of potassium ions through two
main subtypes of the delayed rectifier potassium currents including IKr (“rapid”) and
IKs (“slow”) currents. Blocking the IKr current, also known as the hERG (ether a go go)
channel, leads to an excess sodium influx or a decreased potassium efflux, and hence QT
prolongation.
QTc prolongation is affected by heart rate, congenital causes, metabolic imbalances, and
pharmacotherapy. First, chronic arrhythmias such as sinus bradycardia may induce the risk
of QTc prolongation through a lengthened repolarization time. Secondly, regarding the
genetically inherited QTc prolongation, mutations in the human ether-a-go-go-related
gene (hERG) can influence the function of potassium channels and the repolarization of
cells during the cardiac action potential. Mutations of genes encoding other protein ionic
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channels (IKr, IKs, IKi, and INa) are also associated with prolonged QTc. Thirdly, electrolyte disturbances of potassium, calcium and magnesium can contribute to QTc prolongation. Lastly, there are a wide range of drugs associated with QTc prolongation including
antimicrobials (fluoroquinolones, macrolides, trimethoprim, azoles, and quinine), antidysrhythmics (particularly Class IA sodium channel blockers and Class III potassium
channel blockers), antiemetics (ondansetron and metoclopramide), antipsychotics (thioridazine, pimozide, and IV haloperidol), and antihistamines. These drugs can lead to QTc
prolongation based on the direct or indirect effects on the rapid delayed rectifier (IKr)
channel.
Figure 5-5. Cardiac-cell action potential.
There are five phases of ventricular action potential. Phase 0 rapid depolarisation is driven by inward
current of sodium ions. Phase 1 repolarisation is mediated by inactivation of INa and the transient
efflux of potassium ions from myocytes. Phase 2 is characterised as a plateau pattern with slow influx
of calcium ions ICa-L and outward repolarizing potassium currents (IKs). Phase 3 repolarisation
results from potassium efflux (IKs, IKr, IKi). Potassium reenters and sodium exits cells during phase
4 recovery. Resting potential in phase 4 is maintained by inward rectifier potassium current (IKi)
(Adapted from [453])
ICa, calcium current; INa, sodium current; Ito, transient outward potassium current; IK, potassium
current; IKi, inwardly rectifying potassium current; IKr, rapidly activating delayed rectifier potassium current; IKs, slowly activating delayed rectifier potassium current.
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Additional risk factors that may contribute to QTc prolongation include being elderly, female, having hemodynamic instability, medication interactions, and cardiac abnormalities
such as coronary artery disease and heart failure. Interactions between drugs metabolized
by cytochrome P450 enzymes and gene-drug interactions may induce QTc prolongation.
Other noncardiac diseases including diabetes mellitus, thyroid hormonal dysfunction, cerebrovascular diseases, neuromuscular diseases and having a stroke can also affect the QT
interval.
Tamoxifen, fluconazole and QTc prolongation. Both fluconazole and tamoxifen, the drug
of interest in the present trial, are known to be associated with QTc prolongation. The
mechanism of drug-induced QT interval prolongation varies according to kinds of medication and has not been elucidated in many cases. It can be due to modulation of single or
multiple currents involved in cardiac depolarisation [454, 455]. Data suggest that arrhythmias are more likely to occur where the underlying mechanism of QT prolongation is a
single channel block, and that they are less likely to occur where the underlying mechanism
is multi-channel block [456].
The mechanism of tamoxifen-induced QT prolongation in humans is unknown. In experiments on rat cardiac myocyte contractility, high-dose tamoxifen can cause decreased contraction amplitude, slow relaxation, and impaired Ca2+ transient amplitude. These findings
may explain the observed QT prolongation [322]. The dual inhibition of both the IKr and
ICa channels may cause fewer arrhythmias [323, 456]. Supportive of a multichannel blocking mechanism for tamoxifen in humans is the fact that there are a few case reports of TdP
with tamoxifen use [312], despite its extensive prescription.
Similarly, the exact mechanism underlying QTc prolongation with fluconazole is unclear.
Existing data suggested that QT prolongation is a result of modulation of the IKr current,
but it is unknown whether there are effects on other currents [325]. TdP has been described
in patients taking fluconazole, although it is rare [457, 458]. Where multiple drugs are co-
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prescribed that can each prolong the QTc, the effect is considered likely to depend upon
the total number of mechanisms through which the QT is prolonged. Therefore, combining such drugs will not necessarily increase the risk of TdP or other ventricular tachyarrhythmias [459, 460]. Of note some anti-arrhythmics – notably Vaughan-Williams Class
III such as sotalol and amiodarone, result in prolongation of the QTc.

5.2.3. ECG and non-cardiac diseases
In terms of non-cardiac conditions, ECGs contribute helpful information to diagnosis and
prognosis of other disease. ECG abnormalities serve as a predictor for poor outcomes in
cancer survivors and malaria patients [461, 462].

5.2.4. ECG and intracranial pathology
Patients with elevated intracranial pressure can have ECG changes at presentation. Sinus
bradycardia, one feature of Cushing’s triad (alongside hypertension and irregular respiration), is seen in elevated intracranial pressure. Changes in the ST segment, T wave, prolongation of QT, and presentation of a prominent U wave are known as the most common
ECG characteristics in patients with intracranial hypertension [438, 463, 464]. As mentioned earlier, cerebral T waves, appearing as deep and symmetrically inverted (see Figure
5-2), can occur in cerebral stroke, intracranial bleeding, and traumatic brain injury.

5.2.5. ECG and CNS infections
ECG alterations occurring in CNS infections have been reported sporadically as case reports. There are few systematic studies on the occurrence of electrocardiographic changes
in CNS infections. Prominent U waves were reported in patients with acute bacterial meningitis [465]. Recently, a patient with acute bacterial meningitis was described who developed Osborn waves or J waves [466]. The pathophysiology of the Osborn wave in the patient with meningitis was unclear. Osborn waves were first described in dogs with
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hypothermia in 1953 and termed the “current of injury” (see Figure 5-6) [467]. However,
they are also seen at normal temperatures and in various conditions including benign early
repolarization, hypercalcemia, myocardial injury, illicit drug overdose, channelopathies,
and subarachnoid haemorrhage [468].
Figure 5-6. Osborn wave.
This wave, named as the ‘current of injury’, is presented as the deflection at the J point on the ECG
caused by experimentally-induced hypothermia [467].

Changes in the ST segment have been described in a number of brain infections. In West
Nile virus encephalitis, ST elevation associated with fatal acute STEMI has been reported
in a 77-year-old female patient having past medical history of hypertension [469]. That
patient had confirmed West Nile virus encephalitis and developed elevated cardiac troponin I, ST elevation in ECG and coronary artery stenosis identified by coronary angiography. Adverse events including ST elevation, raised cardiac enzymes, and myocardial
infarction have been reported in patients receiving treatment for cryptococcal meningitis
[470]. Clearly presentation with an acute ischemic injury in a patient with a subacute or
chronic brain infection may simply be chance (since the prevalence of ischemic heart disease is so high), or a non-specific effect due to infection-induced physiological stress. However, there are potential direct mechanisms whereby infection could cause ECG changes
and cardiac disease. These include autonomic stimulation of the brain, intracranial hypertension, electrolyte disturbances and stimulation of the myocardium by aldosterone. However, there has been little to no-systematic description of the effect of cryptococcal meningitis or other brain infections on the ECG and cardiac pathology. This chapter aims to
address that data gap, to describe the degree of QTc prolongation reported over time
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during treatment with standard therapy for cryptococcal meningitis including fluconazole,
and to determine the additional effects, if any, of high dose tamoxifen.
In summary, the alterations of ECGs including QT intervals can be driven by numerous
factors. Specifically, patients with cryptococcal meningitis who frequently present with intracranial hypertension and electrolyte disturbances (which may be exacerbated by antifungal therapy (amphotericin)) are likely to have changes on ECGs. Here, I describe the
characteristics of ECGs and changes in QTc during the tamoxifen treatment period in order to better understand the effect of cryptococcal meningitis and antifungal drugs on the
cardia de/repolarization.

5.3. STUDY AIMS
5.3.1. Primary aims
The primary aims of this chapter are to:
i.

Characterize the ECGs of patients presenting with cryptococcal meningitis in the
tamoxifen trial.

ii. Identify ECG changes and cardiac adverse events occurring in the tamoxifen trial
and determine whether the prevalence increases with tamoxifen use.

5.3.2. Secondary aims
The secondary aims of this study were to:
i.

Assess the impact of neurological severity and electrolytes on ECG alterations at
the baseline.

ii. Assess the impact of factors including age, gender, baseline intracranial pressure,
electrolyte disturbance, and tamoxifen on QTc prolongation over time during 10
weeks of treatment.
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5.4. METHODS
5.4.1. Data and measurements
All patients enrolled in the RCT of tamoxifen for cryptococcal meningitis were included in
the study. All patients had ECGs performed at study entry, 2 hours after tamoxifen and
fluconazole co-administration, and immediately prior to tamoxifen/fluconazole co-administration, for the first 2 weeks of treatment. In addition, patients had ECGs 3 weeks and 4
weeks after randomisation. Data from all the ECGs of patients in the trial were collected. A
descriptive analysis was performed to characterize ECGs of patients with cryptococcal
meningitis at the study entry.
Changes in ECGs and new cardiac events at 10 weeks with respect to the control and tamoxifen group were recorded. The QT interval was determined by manually measuring the
interval in 3 limb and 3 chest leads and determining the median (machine derived estimates of the QT interval are unreliable) [314]. The tangent method which was previously
described in Figure 5-3 was used to determine the end of the T wave in the presence of U
wave. The rate-corrected QT interval (QTc) was then calculated using the Framingham
formula. This manual estimation of the QT interval has been shown to have similar performance to high resolution Holter ECG monitoring [314]. All QTc estimation was rechecked by a second investigator.

5.4.2. Statistical methods
All statistical analyses were performed using R (version 4.0.4) (R Foundation for Statistical
Computing, Vienna, Austria). Baseline characteristics of ECGs were summarized as median (interquartile range (IQR)) for continuous data and n (%) for categorical data. The
effect of baseline characteristics including GCS, CSF opening pressure, and serum electrolyte levels (potassium, calcium, and magnesium) on ECG morphology in patients with
cryptococcal meningitis at study entry were assessed using a logistic regression model. The
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endpoint of this logistic regression model was classified as a binary outcome (presence or
absence of ECG abnormalities). The baseline GCS was categorized as abnormal (GCS<15)
or normal (GCS=15). The baseline serum electrolytes concentrations were obtained on the
day of randomisation or the previous day where this was not available on the day of randomisation. Missing data were managed by using the R 'mice' package [212]. The multiple
imputation was based on the covariates including fungal count at baseline, GCS categories,
and baseline electrolyte levels (potassium, magnesium, and calcium). Twenty imputed datasets were performed.
The frequency of cardiac adverse events and new ECG findings after 10 weeks were summarized as the number of patients with at least one event. The proportion of patients with
at least one such event (overall and for each specific event separately) was summarized and
compared between the two treatment groups using Fisher's exact test.
The QTc was classified as “normal” (<450ms for males, <460ms for females) and mildly
prolonged or grade 1 or 2 (≥450ms for males or ≥460 for females but ≤500ms) and prolonged grade 3 or 4 (>500ms). For analysis of QTc prolongation, the summary measure
was i) the number of patients who had prolonged QTc within the first 14 days after randomisation, and ii) the number of events of QTc prolongation per patient within the first
14 days per study arm. The test for the different effects of each treatment arm on QTc prolongation was based on a linear mixed effect model on the QTc data which allowed for
different trends over the pre-dose and post-dose measurements. The linear mixed effect
model was implemented using the R package 'lmec'. The relationship between time and
QTc was modelled in a flexible way using restricted cubic splines. An interaction term between the treatment arm and both time variables was included. A random patient-specific
intercept and slope was included to account for heterogeneity of individuals. The model
can be written as follows:
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Yi (t, post i , treatment i )
= α + ai + (ns(t, df = 3) + ns(t, df = 3) ∗ treatment i ) ∗ I(post i = 0)
+ (ns(t, df = 3) + ns(t, df = 3) ∗ treatment i ) ∗ I(post i == 1) + bi ∗ t
+ ϵ(t),
where:
-

Yi (t, post i , treatment i ): QTc measurement at day t (t = 0, … ,14, ), of the pre and
2 hours post-dose measurement in treatment group treatment i of patient i,

-

ns(t, df = 3): natural spline function of time with 3 degrees of freedom,

-

post = 0 for pre-dose measurement and =1 for post-dose measurement,

-

treatment =0 for control arm and =1 for tamoxifen arm,

-

ai and bi are random intercepts and random slopes of the mixed model,

-

ϵ(t) is the measurement error.

Based on this model, longitudinal QTc measurements were compared between treatment
arms over the first 14 days of treatment following randomisation. In addition, the output
of the fitted linear mixed effect model was then used to compute the differences in QTc
between treatment arm by study day, separately for pre-dose and 2 hours post-dose measurements, based on the delta method.
Time to new cardiac events of any grade or death at 10 weeks was visualized using KaplanMeier curves by treatment arm. Similarly, Kaplan-Meier curves were also used to present
time to new cardiac events of grade 3-4 or death at 10 weeks by study arm.
The risk factors of QTc prolongation were determined using a multivariable Cox regression
model. The outcome of this Cox-regression model, QTc prolongation, was defined as QTc
≥450ms for males or ≥460 for females. This multivariable Cox regression model included
the following covariates in addition to the treatment group: age, gender, baseline intracranial pressure, and electrolyte levels (potassium, magnesium, and calcium). Electrolyte concentrations were treated as time-dependent variables.
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5.5. ETHICS
Study data was obtained from patients enrolled in the tamoxifen trial, which had full ethical
permission as detailed in Chapter 3 (Chapter of Tamoxifen trial).

5.6. RESULTS
5.6.1. Characteristics of ECGs at baseline
ECGs were performed on fifty patients eligible for the trial at study entry to obtain the
baseline rhythmic, QTc intervals, and other ECG characteristics. Twelve of the 50 patients
(24%) had abnormal ECG findings. The detailed results are presented in Table 5-4.
Table 5-4. The overall characteristics of ECGs at baseline.
Characteristics
Median rate (beat per minute, IQR)
Sinus rhythm, number of cases (%)
Axis, number of cases (%)
Normal (QRS axis between -30° to +90°)
Left axis deviation (QRS axis less than -30°)
Right axis deviation (QRS axis greater than +90°)
QTc intervals, millisecond (IQR)
Left ventricular hypertrophy, number of cases (%)
Other abnormalities, number of cases (%)
Flattened T wave
Prominent U wave
ST segment depression in leads II, aVF and V5
Short PR
First degree AV block, ST-T wave abnormality
Suggestive myocardial infarction, flattened T wave in leads II, aVL and
V1; inverted T wave in leads V2, V3, V4, V5 and V6
ST-T wave abnormality, extrasystole ventricular
ST segment depression in leads V1, V2 and V3
Inverted T wave in leads V2 and V3

Total cases

Results

50
50
50

88 (72, 104)
50 (100)

50
50
50

48 (96)
1 (2)
1 (2)
399.65 (376.41, 414.47)
1 (2)
11 (22)
2 (4)
2 (4)
1 (2)
1 (2)
1 (2)
1 (2)
1 (2)
1 (2)
1 (2)

The baseline characteristics of patients with abnormal ECG findings are detailed in Table
5-5. The age, gender, HIV status, underlying diseases, and baseline vital signs, CSF opening
pressure, and electrolyte levels are included. Alterations of ST segment and T wave were
the most common (8 patients) followed by a prominent U wave (2 patients).
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Table 5-5. Baseline characteristics of patients with abnormal ECG findings.
Baseline investigations
SC

ECG findings

003106

003013

Suggestive myocardial infarction
Flattened T
wave (II, aVL,
V1) and inverted T wave
(V2-6)
Left ventricular
hypertrophy

003006

Flattened T
wave

003108

Flattened T
wave

003023

Prominent U
wave

003024

Prominent U
wave

003041

ST segment depression (II,
aVF, V5)
Short PR

003052
003105

003107

First degree AV
block, ST-T
wave abnormality, and inverted T wave
ST-T wave abnormality, and
extrasystole
ventricular
ST segment depression (V1-3)

Age (years)
Gender
HIV status
73
Male
HIV uninfected

25
Male
HIV infected
28
Male
HIV infected
62
Female
HIV uninfected
36
Male
HIV infected
44
Male
HIV infected
32
Female
HIV infected
25
Male
HIV infected
68
Female
HIV uninfected

Past medical history
Hepatitis C

Illness duration
(days)
38

Temp
HRΩ
BP¥
37
73
124/81

None

10

None

None

56

None

7

None

7

None

20

None

30

Diabetes
Hepatitis B

30

Neurology

Cardio-respiratory

CSF
OP

*Na, K
Mg, Ca

GCS 14
Papilledema
Paralysis

Normal

8

134,2.9
0.9, 1.0

37.5
71
100/60
37.6
115
100/60
37.6
114
140/80

Normal

Normal

60

135, 3.5
NA, NA

Normal

Normal

39

135, 3.3
0.9, 2.5

Normal

Normal

24

122, 4.6
0.8, 2.3

37.4
72
100/60
37.4
59
100/60
39.5
127
100/60
37.5
162
120/90
37
90
136/90

Normal

Normal

31

140, 3.2
0.7, 2.3

Normal

Normal

42

125, 2.0
0.7, 1.8

Normal

Normal

12.5

131, 2.5
0.9, 2.1

Normal

Tachycardia

80

134, 3.3
0.9, 2.4

GCS 13
Quadriparesis

Normal

28.5

125, 3.6
0.9, 2.2

59
Diabetes
12
40.2
GCS 13
Tachypneoa
22
132, 3.1
Female
132
Hemiparesis
0.6, 1.7
HIV unin150/80
fected
01130
None
30
37.4
GCS 12
Tachycardia
60
139, 2.4
103
Female
149
Papilledema
0.6, 2.1
HIV unin120/80
Quadriparesis
fected
011Inverted T
32
None
2
37.3
Normal
Normal
NA
133, 2.4
105
wave (V2 and
Male
51
0.6, 2.3
V3)
HIV unin120/80
fected
SC, study code of patients; ECG, electrocardiogram; Temp, temperature (o C); HRΩ,, Heart rate (beat per minute); BP¥ , Blood pressure (mmHg):
CSF OP, cerebrospinal fluid opening pressure (cm of CSF); *Serum electrolyte levels (mmol/l)
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The impact of baseline factors on the presence of ECG abnormalities was assessed using a
logistic regression model. These risk factors including the baseline GCS, CSF opening pressure, and serum electrolytes on ECG changes in patients with cryptococcal meningitis at
study entry is demonstrated in Table 5-6 below. In the univariable analysis, I found that
potassium level and GCS=15 (versus <15) at baseline were associated with lower rate of
ECG abnormalities. For 1.00 mmol/L increase in the potassium level the odds are expected
to change by a factor of 0.77 (95% CI 0.64, 0.92, p <0.001), holding all other variables constant. The odds ratio (OR) for the association between GCS=15 and ECG abnormalities
was 0.68 (95% Confidence Interval 0.48, 0.95, p-value = 0.03). Other factors at the time of
admission including magnesium, calcium levels and CSF opening pressure were not significantly associated with ECG changes. Similar findings were seen in the multivariate
model where both an increase in 1.00 mmol/L of potassium level (OR 0.78 (0.61, 0.99), pvalue=0.04) and normal GCS (OR=0.66 (0.44, 0.97), p-value=0.03) lowered risk of ECG
abnormalities.
Table 5-6. The association between baseline GCS, CSF opening pressure, electrolyte levels and ECG
abnormalities using logistic regression model.
Univariate analysis
Characteristics at baseline

Potassium level (mmol/l)

OR
(95%CI)

p-value

Multivariate analysis
OR
(95%CI)

p-value

0.77
<0.001
0.78
0.04
(0.64, 0.92)
(0.61, 0.99)
Magnesium level (mmol/l)
1.12
0.88
0.80
0.75
(0.26, 4.71)
(0.20, 3.25)
Calcium level (mmol/l)
0.49
0.21
1.04
0.96
(0.15, 1.55)
(0.23, 4.76)
CSF opening pressure (cm of
1.00
0.47
1.00
0.34
CSF)
(0.99, 1.01)
(0.99, 1.00)
Normal GCS£ (=15)
0.68
0.03
0.66
0.03
(0.48, 0.95)
(0.44, 0.97)
£
: the baseline GCS was treated as binary variable (abnormal (GCS<15) or normal (GCS=15))
OR: Odds Ratio, CI: Confidence Interval
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5.6.2. New cardiac adverse events and ECG findings until 10 weeks
New cardiac and ECG events until 10 weeks. As presented in Table 5-7, ventricular extrasystoles, QT prolongation and prominent U wave were statistically significantly more frequent in patients receiving tamoxifen than in those receiving standard of care. Eight patients (33.33%) in the tamoxifen arm developed ventricular extrasystoles compared to none
in the control arm (p-value=0.005). QTc prolongation occurred in 18 patients (75%) receiving tamoxifen compared with 8 (31%) in the control group (p-value=0.004). Prominent
U waves were seen in 13 patients in the intervention arm (54%) compared with in 3 patients
in the control arm (12%) (p-value=0.003). Of note, a case of cardiorespiratory arrest occurred in the tamoxifen arm. This patient was a 33-year-old HIV infected male. He suffered
a cardiorespiratory arrest following a convulsion on day 21 of the study. He had no history
of pre-existing cardiac disease. His ECG on admission was normal with a QTc of 409 ms,
and when performed routinely on the morning of day 21 showed mild sinus bradycardia
(57 beats/minute) and a slightly prolonged QTc interval (477 ms). The arrest was not associated with ventricular arrhythmia although he had had grade 3 prolongation of QTc
during the first 14 days of the study (maximal QTc prolongation of 575ms occurring before
using drugs on day 8 of the study), which had resolved following completion of tamoxifen
(mildly QTc prolongation of 460ms on day 14 of the study). The patient was then discharged from hospital as per his relatives’ request and eventually died within the next 2
days at home. Beside tamoxifen boosted with standard antifungal therapy, he only received
treatment with acetaminophen and potassium, magnesium supplement.
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Table 5-7. New cardiac and ECG events of any grade until 10 weeks
Event

Tamoxifen (N=24)

Control (N= 26) p-valueⱡ

Number of patients with new cardiac ECG events of any grade (%)
New cardiac events
Ischemia

1 (4)

0 (0)

0.48

Myocardial infarction

0 (0)

1 (4)

1

Cardiac arrest

1 (4)

0 (0)

0.48

QRS axis abnormal (New axis deviation)

3 (13)

1 (4)

0.545

Supraventricular tachycardia

1 (4)

0 (0)

0.48

Ventricular extrasystoles

8 (33)

0 (0)

0.005

Sinus tachycardia

13 (54)

15 (58)

1

Sinus bradycardia

3 (13)

3 (12)

1

Right Bundle branch block

0 (0)

1 (4)

1

18 (75)

8 (31)

0.004

QTc prolongation of grade 1 or 2

10 (42)

7 (27)

0.28

QTc prolongation of grade 3 or 4

8 (33)

1 (4)

0.009

Atrioventricular block first degree

2 (8)

2 (8)

1

Short PR

1 (4)

2 (8)

0.94

Flattened T wave

12 (50)

6 (23)

0.09

Inverted T wave

6 (25)

4 (15)

0.62

ST elevation

1 (4)

1 (4)

0.51

ST depression

2 (8)

2 (8)

0.66

Abnormal ST-T

1 (4)

4 (15)

0.40

13 (54)

3 (12)

0.003

Number of patients with new ECG findings (%)

QTc prolongation of any grade

Prominent U waves
ⱡp-values

were not corrected for multiple testing.
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Time to new cardiac events of any grade or death at 10 weeks. In an exploratory analysis,
patients receiving tamoxifen had a higher rate of new cardiac events of any grade or death
than patients in the control arm, but the difference was not clear (p-value=0.24) (see Figure
5-7).

Figure 5-7. Kaplan-Meier curves of probability of cardiac event-free survival for each study arm over
the 10-week study period.
Lines display the estimated mean. Blue = control, red = tamoxifen arm. The Log-rank test was used
for differences in probability of cardiac event-free survival between the two study arms (pvalue=0.24).
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Time to new cardiac events of grade 3-4 or death at 10 weeks. The patients receiving
tamoxifen had significantly higher probability of new cardiac events of grade 3-4 or death
than those in the control group (p-value=0.045) (see Figure 5-8)

Figure 5-8. Kaplan-Meier curves of probability of cardiac event-free survival of grade 3-4 for each study
arm over the 10-week study period.
Lines display the estimated mean. Blue = control, red = tamoxifen arm. The Log-rank test was used
for differences in probability of cardiac event-free survival between the two study arms (pvalue=0.045).
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5.6.3. QTc prolongation
We observed QTc prolongation events in both the control and tamoxifen study arms. However, this affected only 8 of 26 (31%) patients in the control arm versus 18 of 24 (75%) in
the tamoxifen arm (Table 5-7).
Difference in change in QTc before and 2 hours after drug administration by study
arms. Figure 5-9 illustrates the change in QTc that occurs during the first two weeks of
treatment by study arm. In the control arm where patients received amphotericin B and
fluconazole, as shown in Figure 5-9, the QTcs before drug administration were increased
parallel with those 2 hours after dosing. In the tamoxifen arm, in the first 9 days of the
study, the QTcs 2 hours after drug administration were increased higher than those before
drug administration. After that day, the trend of increased QTcs before and 2 hours after
drug administration were similar.
Figure 5-9. QTc changes in the first two weeks of treatment by study arm.
Faint lines display change in individual patient QTcs; bold lines display the estimated mean; blue =
immediately prior to drug administration, red = 2 hours after drug administration.
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Difference in change in QTc before and 2 hours after drug administration between two
study arms
To obtain further understanding of the effect of tamoxifen on QTc intervals, the difference
in QTc before and 2 hours after drug administration between the two study arms was compared over the first 14 days of the study (see Table 5-8 and Figure 5-10).
For the first few days since randomisation, the difference in QTc between the two study
groups is greater in the post-dosing measure compared with the pre-dosing. The difference
between both the pre- and post-dosing group was largest from day 10 onwards. After that
day, the post-dosing gap continued to increase but was not as great as previous period.
Table 5-8. Difference of QTc before and 2 hours after drug administration between study arms.
Study

Difference in QTc between study arms before drug

Difference in QTc between study arms 2 hours after

day

administration (95% CI)

drug administration (95% CI)

1

0.00 (0.00, 0.00)

0.00 (0.00, 0.00)

2

3.73 (-0.29, 7.74)

7.44 (3.45, 11.44)

3

7.63 (0.09, 15.18)

14.51 (6.99, 22.02)

4

11.91 (1.75, 22.06)

20.8 (10.69, 30.92)

5

16.73 (5.2, 28.25)

25.96 (14.47, 37.45)

6

22.13 (10.28, 33.97)

29.68 (17.85, 41.5)

7

27.55 (15.32, 39.78)

32.05 (19.82, 44.27)

8

32.29 (18.96, 45.62)

33.24 (19.92, 46.57)

9

35.63 (20.85, 50.42)

33.44 (18.67, 48.21)

10

37.07 (21.09, 53.04)

32.82 (16.86, 48.77)

11

36.82 (19.81, 53.83)

31.54 (14.55, 48.53)

12

35.32 (16.92, 53.72)

29.77 (11.39, 48.15)

13

32.97 (12.41, 53.54)

27.67 (7.13, 48.21)

14

30.21 (6.65, 53.77)

25.41 (1.89, 48.93)

CI, Confidence Interval.
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Figure 5-10. Difference of QTc before and 2 hours after drug administration between study arms.
The bold lines and the shaded bands represent the estimated mean difference with 95% Confidence
Interval of QTc between the two study arms. The output of the fitted linear mixed effect model computes the differences in QTc between study arms by study day, separately for pre-dose and 2 hours
post-dose measurements.

Factors impacting on time to QTc prolongation

I used a Cox regression to identify other factors associated with QTc prolongation. The
factors entered into the model, and the results, are shown in Table 5-9 below. The main
influence on QTc prolongation was treatment with tamoxifen, increasing the hazard of
prolongation by 3.90 (95% Confidence Interval: 1.79, 8.50, p-value = 0.001). Plausibly, an
increase in 1.00 mmol/l of total serum calcium concentration was associated with a change
in the hazard of QTc prolongation of 0.03 (95% Confidence Interval: 0.002, 0.18, p-value
< 0.001). However, I did not detect any effect of serum potassium or magnesium levels on
the risk of QTc prolongation. The hazards changed 0.74 (95% Confidence Interval: 0.40,

5.7 DISCUSSION

258

1.37, p-value=0.33) and 0.39 (95% Confidence Interval: 0.03, 5.28, p-value=0.46) for every
increase of 1mmol/L in potassium and magnesium concentration, respectively.
Table 5-9. Cox-regression for time to QTc prolongation

Variables

Hazard Ratio

95% CI

p-value

Gender male

1.04

0.43, 2.49

0.93

Age (year)

0.99

0.95, 1.02

0.44

Tamoxifen arm

3.90

1.79, 8.50

0.001

Potassium level (mmol/l)

0.74

0.40, 1.37

0.33

Magnesium level (mmol/l)

0.39

0.03, 5.28

0.46

Calcium level (mmol/l)

0.02

0.002, 0.18

<0.001

Baseline CSF opening pressure (cm of CSF)

1.00

0.99, 1.02

0.93

CI, Confidence Interval

5.7. DISCUSSION
I undertook extensive electrocardiographic monitoring of patients presenting with cryptococcal meningitis in my randomized controlled trial of tamoxifen repurposing because of
a concern about the possibility of QTc prolongation. Most patients who present with cryptococcal meningitis in my practice are young and therefore would not normally undergo
ECG measurement. I used this opportunity to describe the presence/absence of abnormalities that may be associated with cryptococcal meningitis. I found that ECG abnormalities
were present in 24% of patients at diagnosis. The majority of patients were young (only 2
of 10 patients were older than 60 years, 7 were below 40 years). None of the patients enrolled in the trial had previously diagnosed cardiovascular comorbidities. Therefore, the
ECG abnormalities seen were likely to be due to the cryptococcal meningitis itself and its
consequent metabolic disorders. In fact, as I found, a decrease in potassium concentration
of 1.00 mmol/L and impaired GCS (<15) were significantly associated with a particular
change in the risk of having an abnormal ECG. The association between the depletion of
potassium and the presence of abnormalities on the ECG was consistent with the wave
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forms observed – i.e., changes in the ST segment and T wave accounted for the majority of
abnormal ECG findings in my trial.
I found abnormal conscious level (GCS<15) to increase the risk of ECG abnormalities. The
pathology contributing to altered mental status in patients with cryptococcal meningitis is
complex with multiple potential mechanisms, and includes nerve invasion and destruction,
host inflammation and brain infarction. Cryptococcus is believed to invade the CNS
through three main pathways. These are the transcellular and paracellular traversal models
and the so-called “Trojan horse” model [142, 471-475]. The transcellular traversal pathway
describes how fungi cross the blood-brain barrier with direct endocytosis by brain endothelial cells; the paracellular route is characterized by penetration of the pathogen through
endothelial cell junctions. The “Trojan horse” model is characterised by microbial dissemination via infected phagocytes. After damaging the capillary vessels, the yeast can cause
perivascular lesions in the brain parenchyma and congestion, oedema, lymphocytic pleocytosis and fibrin precipitation in the meninges. Fungal virulence factors induce the cellular
activation and pro-inflammatory cytokine responses [285]. According to Lofgren et al., the
decreased GCS in cryptococcal meningitis may in fact be mainly due to the host immune
response rather than with Cryptococcus burden itself [476]. The immune responses induced by Cryptococcus result in an increase in osmotic pressure, and along with substances
such as mannitol and inositol, together with the obstruction of ventricular holes by shed
capsule, likely all contribute to the raised intracranial pressure so commonly seen in patients with cryptococcal meningitis. The decreased GCS resulting from raised intracranial
pressure is known to be associated with ECG changes [438] but the underlying pathophysiology of raised pressure in cryptococcal meningitis is not fully understood. It may be a
consequence of a surge of systemic catecholamines as a result of significant sympathetic
activation from the central neuroendocrine axis and activation of the adrenal glands [477].
Although the raised CSF opening pressure is known to be associated with alterations in
mental status and the ECG, in my study, I found only impaired consciousness (GCS<15)
(and not the CSF opening pressure) to be independently associated with ECG
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abnormalities. The reason I did not find an association between CSF opening pressure and
ECG changes might be related to the order of procedures in my trial. At baseline, patients
in my trial usually underwent lumbar puncture prior to ECG. Lumbar puncture has a therapeutic effect relieving intracranial pressure. This may have led to normalization of ECG
alterations. At least in HIV infected patients, apart from fungal burden (defined as the
amount of yeast culturable form cerebrospinal fluid), conscious level at diagnosis is associated with death [140, 188, 478].
My study was not powered to mortality endpoints. It is perhaps not surprising that I did
not find an association between ECG abnormalities and death. However, the given the link
between lowered conscious level and ECG abnormalities that I identified, and the previous
association between lowered conscious level and death, baseline ECG may be a useful tool
to help identify patients with worse outcomes - this should be tested in larger studies.
Tamoxifen administration caused cardiac side effects. I found a clear relationship between
tamoxifen administration and prolongation of the QTc interval, ventricular extrasystoles,
and prominent U waves. A systemic review published in 2017, including the results of two
phase I clinical trials and three case reports, found an association between tamoxifen and
QTc intervals, but concluded that QTc prolongation was not simply due to tamoxifen itself
[479]. At a low dose, for example 20 mg per day in breast cancer or meningioma, this prolongation occurred as result of interactions between drugs, such as tamoxifen used concurrently with either acitretin, norfloxacin, or glycolpyrronium [480-482]. There are two suggestive mechanisms for drug interactions inducing QTc prolongation. The first is due to
an additive or synergistic effect when two or more drugs are combined, with each prolonging the QT interval. This phenomenon was recently reported in breast cancer patients
treated with tamoxifen combined with serotonin reuptake inhibitors like citalopram, escitalopram, or paroxetine [483]. The second mechanism occurs when one drug inhibits the
metabolism of the drug inducing QT prolongation and consequently causes its elevated
plasma level. For instance, the CYP 3A4 enzyme plays a key role in tamoxifen metabolism.
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When this enzyme is inhibited by a concurrent drug using with tamoxifen, it leads to an
increased tamoxifen concentration in the plasma and produces prolongation of the QT
interval. Additionally, tamoxifen could result in QT prolongation when given in higher
dose (>80 mg/m2 given twice daily), comparable with the dose of this trial (300 mg per day
for 14 days) [294, 311].
Previous studies have largely drawn inference about the risk of QTc prolongation with tamoxifen from case studies. These are complicated by lack of controls, or presence of multiple comorbidities, and the presence of other drugs potentially with cardiotoxic properties
either alone or in combination with tamoxifen. My randomised controlled trial allows a
rigorous assessment of the effect of addition of tamoxifen on the cardiac cycle, and I found
a clear effect of QTc prolongation. The high dose of tamoxifen administered in this trial
was given with a QT prolonging drug, fluconazole, that may also additionally prolong QT
intervals. The finding that QT prolongation seen with tamoxifen is an additive or synergistic effect remains unclear as I could not determine how much tamoxifen prolongs the QTc
on its own.
The risk of QTc prolongation is that it is associated with the development of polymorphic
ventricular tachycardia including torsade de pointes. Torsade is a rare but potentially lifethreatening arrhythmia. Treatment is by administration of intravenous magnesium [454].
According to a recent review on risk factors for QTc prolongation, hypokalaemia and hypocalcaemia are strongly associated with QTc prolongation [452]. That review also found
little evidence for the association between hypomagnesemia and QTc prolongation. In my
study, I only detected the impact of a change in 1.00 mmol/l of total serum calcium concentration on lower risk QTc prolongation but not in potassium and magnesium level.
However, as suggested in literature review and guideline recommendation, electrolyte levels remain an important role for management of QTc prolongation [452, 454]. Within my
study I attempted to mitigate the risk of ventricular tachycardia with intensive electrolyte
monitoring and remediation (daily monitoring of potassium and alternate day monitoring
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of calcium and magnesium levels in the first 2 weeks of the study). While there weren't any
cases of ventricular tachycardia in this study, there was an episode of cardiorespiratory arrest in the tamoxifen arm. There are multiple potential causes of cardiorespiratory arrest in
patients with cryptococcal meningitis, including intracranial pathology and electrolyte disturbances. The cardiorespiratory arrest in this study occurred on day 21, one week after
administration of tamoxifen was completed. However, given tamoxifen's half-life of 5 to 7
days and the doses used, it is possible that this event was related.
An increase in QTc intervals was seen as early as 24 hours following the first dose of tamoxifen. The gradual increase in QTc interval over several days likely indicates tamoxifen, or
its metabolites, have a cumulative effect. The greatest difference in QTc was observed
around 8-9 days after tamoxifen was administered. Theoretically, peak concentrations of
tamoxifen occur 4-7 hours after oral dosing. Its elimination is biphasic, with an initial halflife of around 7 hours and a terminal half-life of 7-11 days [484]. However, in order to reach
a sufficient explanation for the QTc prolongation trends seen in this trial, pharmacokinetic
and pharmacodynamic analysis of tamoxifen would need to be performed. Unfortunately,
those are outside the scope of this thesis.
This study has some weaknesses. First, I enrolled only 50 patients, meaning that I had limited power to identify associations with QTc prolongation. However, my study had very
broad inclusion and exclusion criteria, and enrolled both HIV infected and uninfected patients, meaning that the study population likely is at least quite representative of the population of patients with cryptococcal meningitis in Vietnam. I believe my presentation of the
ECG findings in association with baseline investigations is novel and adds to the knowledge
of cryptococcal meningitis. Of note, absolute changes in QTc over time in the control arm
were relatively small, suggesting that any effects of fluconazole on QTc should not be a
major concern. Given that amphotericin can affect calcium concentrations, and that I
found that hypocalcaemia was associated with QTc prolongation, there is a role for monitoring and correcting this electrolyte where resources allow.
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5.8. CONCLUSION
Individuals infected with cryptococcal meningitis commonly have abnormalities on the
ECG at diagnosis, which are associated with impaired consciousness and hypokalaemia.
The boosted tamoxifen at a daily dose of 300 mg for 14 days with standard antifungal therapy increased QTc intervals in cryptococcal meningitis patients in comparison with standard care. Changes in QTc ascribable to standard antifungal therapy are minor.

6
6 .

Future directions

6.1. SUMMARY OF THESIS
The overall aims of my research were to improve our understanding of the epidemiology and
outcomes of CNS infections presenting to my hospital in the south of Vietnam in order to be
able to identify the clinical needs of our patients, identify research needs and develop solutions. The CNS infections with the worst outcomes are acute bacterial meningitis, cryptococcal meningitis and tuberculous meningitis. All cases of tuberculous meningitis are transferred to and managed either at Pham Ngoc Thach tuberculosis hospital or the Hospital for
Tropical Diseases, and research in tuberculous meningitis in these centres is well established.
Therefore, within CNS infections I chose to focus on acute bacterial meningitis and cryptococcal meningitis. I had 4 specific aims within my PhD:
1.

To describe the changes in epidemiology and outcomes of CNS infections, with a
focus on acute bacterial meningitis and cryptococcal meningitis, over a 10-year period at Cho Ray Hospital, Ho Chi Minh City.

2.

To determine whether tamoxifen has the potential to be repurposed as an antifungal
treatment for cryptococcal meningitis.

3.

To describe the species, sequence types, virulence phenotypes and antifungal susceptibilities of the Cryptococcus isolates from the tamoxifen trial to shed light on patient outcomes.
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To determine the impact of cryptococcal meningitis, and high dose tamoxifen, on
the electrocardiogram and particularly the QTc interval in the trial subjects.

I believe I have been successful in achieving these aims although the lack of detection of any
beneficial effect of tamoxifen has been disappointing.

6.2. PERIODICITIES IN CENTRAL NERVOUS SYSTEM INFECTIONS
My retrospective study of CNS infections involved more than 8000 patients over the 10- year
period. I found periodicities in certain CNS infection syndromes including community-acquired and neurosurgery-associated meningitis, viral meningitis, encephalitis, and tuberculous meningitis. The periodicities varied from yearly to 4 yearly. Temporal periodicity is seen
in a number of infectious diseases. For example, influenza has a clear seasonality in temperate climates, although this is less clear in tropical sites. In Vietnam, dengue is recognized to
have seasonality, being most common between June and November, and driven by the presence of the rainy season which is most favourable for the vector (Aedes spp.) [234]. Similarly,
Japanese encephalitis is known to have a seasonality, alongside its predominant, but not totally (70%) rural distribution [194]. While I had no preconceptions, the identification of a
periodicity then, for encephalitis, was not surprising. A weakness of my high-level study using
discharge data is that I am lacking precise aetiological data for encephalitis. This in part of
course reflects the general difficulty in confirming microbiological diagnoses for CNS infections. By the time of presentation, the pathogen itself may be undetectable or sparsely present
in the more easily accessible tissues such as CSF. Because of the lack of specific therapies,
brain biopsy to confirm diagnosis, while perhaps likely to have a higher yield, is not justifiable. Novel diagnostic methods such as metabolomics or Fourier transformed infra-red spectroscopy hold promise for higher yields from CSF examination in the future. I would be interested in participating in such research in the future - significant caseload of patients would
allow us to develop a library of well characterised human clinical samples for exploratory
and confirmatory evaluation of these novel technologies. Unfortunately, there is not a culture
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of performing medical post-mortems in Vietnam, this not being acceptable to most relatives,
and therefore innovative methods for arriving at diagnoses are needed.
According to my retrospective data, death in patients with encephalitis were about 14% of
total cases with encephalitis. Antiviral therapy such as acyclovir has been widely prescribed
for Herpes simplex encephalitis, currently a systematic review of randomized controlled trials of acyclovir is on-going [485]. Attempts to improve evidence-based decisions making have
been seriously inhibited by difficulty in implementing randomized controlled trials. Globally
only a handful of patients have been recruited in RCTs. The planned German RCT of dexamethasone combined with acyclovir for HSV encephalitis, which aimed to recruit 450 patients, was stopped after 5 years having recruited only 41 patients [486]. The delivery of trials
in a timely manner will be dependent upon centres with sufficient numbers of patients participating in research, perhaps collaboratively, and improved and more pragmatic study designs. The development of improved diagnostics, such as rapid tests, to help identify affected
patients may increase the confidence of doctors to enrol patients. In the meantime, better
understanding of the periodicity of viral encephalitis and associated risk factors could help
healthcare preparedness through public health measures (e.g., through improved mosquito
control and personal protection methods at certain times of year, or better management of
sewerage/water run-off in the rainy season). The impact of such public health interventions
on disease incidence and periodicity could be measured without precise understanding of
the underlying aetiology using cluster randomized controlled trials of the public health intervention(s). It is important to note that there are likely to be regional variations in the seasonality of encephalitis within Vietnam. Lee and colleagues found that there is seasonality
associated with encephalitis in the north of Vietnam in Son La and Thai Binh provinces in
Vietnam [231]. However, in contrast to my study, where the disease peak was in Q1 (January
to March), the peak disease incidence in the north was in Q3 (June onwards). Rather than
reflecting different aetiologies, this may reflect the different climates in the north compared
with the south of Vietnam. Lee was able to relate changes in weather in the preceding months
with changes in vector-borne disease incidence. While better knowledge of aetiologies is
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clearly desirable, a precise understanding of periodicity is essential for public health
measures to have the maximum and least disruptive effects. I propose a similar study to
assess the seasonal patterns and associated risk factors, including climate variability, of viral
encephalitis in the urban and rural areas of the south of Vietnam. Covariates such as monthly
temperature, precipitation, humidity, and duration of sunshine would be included in this
time-series model.
I also identified a seasonality in relation to both community-acquired and neurosurgeryassociated meningitis. The variability in seasonality of community-acquired BM could be
explained if it occurs in part as a consequence of upper or lower respiratory tract infections
which may impact on the spread and carriage of organisms associated with BM in the community. The seasonality seen with neurosurgery associated infections is harder to fathom but
may be a consequence of road traffic accidents around festive periods. Evidence exists that
there is indeed a periodicity to road traffic deaths in Vietnam, with peaks in January (potentially festivity related) and in June (perhaps due to the start of the rainy season or increased
use of motor vehicles by students coming of age) [487]. For neurosurgery related disease the
intervention would be one of a public health camping and improved driving assessments,
but changing human behaviour is always challenging.
Among CNS infection syndromes revealing periodicity, the 48-month periodicity I identified
in tuberculous meningitis was the most intriguing. This is surprising because TBM, at least
in adults, is generally believed to represent recrudescence of latent disease. Such a periodicity
has not been described before to my knowledge. Therefore, I believe the next research step
would be to test the seasonality of TBM as a prior hypothesis, and I would do this by reviewing case load data over a previous time period, and similar time periods from other centres.
If the 4-year periodicity appeared real, then I would investigate variability in climate, pollution, and potential co-infections (e.g., Mycoplasma, enteroviruses, which can show similar
periodicities) as potential risk factors.

6.3 COMMUNITY-ACQUIRED BACTERIAL MENINGITIS

268

6.3. COMMUNITY-ACQUIRED BACTERIAL MENINGITIS
Regarding community-acquired bacterial meningitis, although case numbers changed little
over the study period, there were worsening outcomes. My detailed review found that patients were presenting with more severe disease and had more comorbidities at baseline. I
found an increase in presence of pathogens with lower susceptibilities to current recommended antibiotics over the time period. These observations partly explained the poor outcome of community-acquired bacterial meningitis. Unfavourable outcomes in bacterial
meningitis are associated with pathogen and host factors: both antibiotic resistance and vigorous hots inflammatory responses are associated with worse outcomes [488-490]. Therefore, research efforts should focus on methods for rapid identification of antibiotic resistance, and RCTs investigating the best choice and administration of antibiotics and identifying adjunctive therapies which might reduce inflammation and brain oedema in this disease [116, 197, 491-493].
Antibiotic-decision making for bacterial meningitis demands better insight into the bacteria’s susceptibilities. Since the epidemiology of community-acquired bacterial meningitis is
continually changing, surveillance is needed to:
i.

Determine the causative agents and antimicrobial resistance.

ii. Research into risk factors for disease and preventative strategies.
There are advantages and disadvantages associated with retrospective studies, such as mine
on CNS infections, that use data from hospital records to understand disease epidemiology.
Strengths of retrospective studies, compared with prospective studies, include time and costeffectiveness. The availability of electronic health records enables the convenient assimilation of large amounts of data with significant less effort than manual trawling through physical written patient records. However, retrospective studies, depending on design, may be
more prone to missing data than prospective studies. In my hospital, since the electronic
records represent a subset of data extricated from patient records ate the time of patient
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admission, they are potentially prone to data input errors which may reduce the reliability of
the dataset. Data input errors may represent errors in transcription, or possibly errors in
interpretation where medical records are interpreted by coding staff. The only way to ascertain the rate of error would be by reviewing the source data (the patient notes) – not practical
for every case in my study. However, where the overall numbers of cases of disease are high,
and data errors are relatively infrequent, it is unlikely that there will be significant misinterpretations of data. Where I was more interested in specific diseases (cryptococcal meningitis
and bacterial meningitis) I performed a more in-depth analysis using the actual source data
(the written medical records).
An important potential source of error with descriptive studies, whether retrospective or prospective, is trying to infer the effect of a specific treatment where this has not been randomised. The lack of randomisation means that one cannot be certain that there are not significant differences between patient groups receiving different treatments, even if statistical analyses of collected variables suggest they are similar. I found that dexamethasone therapy appeared to be associated with better outcomes in my patients with community-acquired bacterial meningitis. My study cannot show causality, but my finding is consistent with expectations given the results of RCTs of dexamethasone performed in Vietnam and Europe [197,
491]. The RCT in Vietnam found better outcomes in patients with confirmed acute bacterial
meningitis, but not in all patients randomised. The lack of overall effect probably reflects a
mis-categorisation of patients presenting relatively acutely with tuberculous meningitis. The
advance in acute diagnostics including real time nucleic amplification and antigen tests since
then may explain the better outcomes I see. However, to confirm this would require a repeat
RCT of dexamethasone, with our broadened array of diagnostic tests, which can confirm
causes of acute bacterial meningitis and exclude TBM.
Enhancing the sensitivity and specificity of routine diagnostic tests will play a key role in
improving the resolution of future prospective studies in bacterial meningitis. The rate of
microbiological confirmation was 28.2% in my patients in 2017, showing an improvement
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from 10.7% in the 2009. There therefore remains considerable room for improvement. The
use of PCR to identify bacterial DNA in cerebrospinal fluid or blood has been shown to have
95-100% sensitivity in culture-proven cases of bacterial meningitis caused by S. pneumoniae,
N. meningitidis, and H. influenzae [494]. Multiplex PCR point-of-care panels with a wider
range of pathogens included (E. coli, H. influenzae, L. monocytogenes, N. meningitidis, S. pneumoniae, and S. agalactiae) offer the advantage over culture of providing prompt diagnosis
within hours of presentation [495]. These methods offer the promise of increased speed, sensitivity and specificity compared with Gram stain and culture. However, despite their specificity, there continue to be issues with the sensitivity of such tests. Novel diagnostic methods
including metabolomics and Fourier-transform infrared spectroscopy of biofluid hold the
promise of significantly superior sensitivity to nucleic acid amplification and culture and
faster results, but it remains to be seen whether the high costs of such commercial systems
(~$100 per sample, at least in low-income countries) will translate into individual and public
health benefits [496].
Given that the trial in Vietnam was conducted about 15 years ago, there are now changes in
the aetiology of community-acquired bacterial meningitis, and that there are better rapid
diagnostic tests to exclude patients with tuberculous meningitis, I suggest that the role of
dexamethasone could be re-evaluated by an intervention trial powered to survival. The trial
would address following questions:
i.

Whether dexamethasone adjunctive therapy improves survival until 1 month and 6
months, in adult patients with community-acquired bacterial meningitis.

ii.

Whether dexamethasone decreases hearing loss and disabilities at 1 month and 6
months.

The mortality from community-acquired bacterial meningitis among adult patients at Cho
Ray Hospital when dexamethasone was not administered in my retrospective study was
about 33%. I calculated that 140 to 180 patients with community-acquired bacterial meningitis would be required in each treatment group to provide at least 80 to 90% power to detect
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a reduction in mortality from 33% to 16.5%, with a significance level of 0.05. Because numbers of patients presented with community-acquired bacterial meningitis admitted to Cho
Ray Hospital around 200 cases per year, a trial powered to survival here is feasible.

6.4. NEUROSURGERY-ASSOCIATED MENINGITIS
I found striking emergence of neurosurgery-associated meningitis through the years 2016
and 2017 compared to earlier years. There are several potential explanations for this: (1) a
change in reporting/definition or lack of recognition of cases in the previous period, (2) an
actual increase in neurosurgery-associated meningitis due to a nosocomial source, (3) an
increase in the number of patients undergoing neurosurgery. Going forward, I would recommend institution of a formal surveillance program, incorporating health economic analyses, would provide a better understanding of the burden of this CNS infection syndrome
and help identify cost-effective measures to reduce hospital associated disease if that is found
to be the explanation.
At Cho Ray Hospital, the diagnosis of neurosurgery-associated meningitis is dependent on
CSF culture. Awaiting results could affect the timely institution of proper treatment; empirical treatment could result in overuse and poor stewardship of antibiotics. The diagnosis of
meningitis around neurosurgery is complicated because the operative procedures themselves
affect the CSF and cloud the interpretation of findings. For example:
- CSF cell counts and biochemical parameters (such as protein and glucose levels) are
poorly specific for infection because of surgery induced inflammation which leads to
a postoperative aseptic meningitis induced by blood, bone chips, sloughing tissue, and
surgical implants [497];
- The routine administration of peri-operative antibiotics significantly impacts the sensitivity of CSF culture [498].
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Molecular diagnostic tests to some extent address the reduced sensitivity and delays of CSF
culture. PCR testing has been used but has limitations including a risk of false positives due
to sample contamination during lumbar puncture, and interaction between the gene probes
and other unrelated germs, resulting in a low specificity of the technique [499]. The high cost
and the complexity of the procedure have hampered the widespread adoption of PCR diagnostics in low-income settings, although this is likely to become less problematic over coming years.
Failure to diagnose neurosurgery-associated meningitis is a major concern. The delayed administration of treatment can result in death with rates ranging from 20 to 50% [500]. A
prompt and accurate diagnosis is critical for neurosurgery-associated meningitis. Moreover,
improved diagnosis of neurosurgery-associated meningitis will enhance the accuracy of its
surveillance.
The CSF lactate level has been used as another useful biomarker in diagnosing bacterial meningitis after neurosurgery in a number of previous reports [501-504]. In fact, the production
of lactate by the astrocytes in the CSF which is triggered by bacterial infection can reflect the
intracranial infection accurately because it is rarely affected by serum lactate [505]. A recent
study suggested that in terms of sensitivity and specificity, the CSF lactate level served as a
sufficiently qualified marker for bacterial meningitis after neurosurgery [504]. However, its
role has not been studied in neurosurgery-associated meningitis in Vietnam. Therefore, I
propose a program of research to investigate the burden, clinical and microbiological characteristics, validation diagnostic tool, and the treatment of neurosurgery-associated meningitis in tropical setting, specifically addressing the following questions:
i.

What are the prevalence, incidence, and health economic impact of neurosurgeryassociated meningitis?

ii. What are the clinical characteristics of neurosurgery-associated meningitis, which
pathogen species are responsible for this disease, and how are their susceptibilities?
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iii. What is the sensitivity and specificity of CSF lactate for the diagnosis of neurosurgery-associated meningitis?
iv. What are the predictors of a good outcome from the treatment of neurosurgery-associated meningitis?

6.5. CRYPTOCOCCAL MENINGITIS
6.5.1. Retrospective data
Data from my retrospective investigation had distinctive features compared to previous RCT
data from Vietnam - we had higher proportions of HIV uninfected patients with cryptococcal
meningitis. Therefore, the characteristics in terms of clinical manifestations, concomitant
disease other than HIV, laboratory investigations and outcomes were not only described in
HIV infected but also in HIV uninfected patients. The finding that more HIV uninfected
patients had impaired consciousness at diagnosis suggests they may have had delayed diagnosis and treatment in comparison with HIV infected, perhaps reflecting lack of suspicion
of the diagnosis in the attending physicians. Alternatively, the more severe presentation may
be a consequence of a more robust immune response. Previously trials on cryptococcal meningitis have tended to focus on HIV infected patients. Going forward, certainly for antifungal
treatments, I would recommend that we include both HIV infected and uninfected patients
in our trials, since this is the population that makes up our practice.
My detailed retrospective case note review was somewhat limited in that it was small, there
being only 72 patients admitted in the 3 years 2009, 2013 and 2017. I lacked power to find
factors associated with death but did identify that being elderly and having neurological deficits at baseline were associated with poor outcome (death or severe disabilities).
The death rate from cryptococcal meningitis remained stable over the 10-year time period,
and it had the worst outcomes of all CNSI (death rate at hospital discharge 21-23%).
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Consequently, this disease continues to be of major concern among needs further studies to
improve treatment.

6.5.2. Tamoxifen and trials for re-purposing drugs
I was excited to design and deliver a trial of drug repurposing for cryptococcal meningitis.
However, I found that combining antifungals with high dose tamoxifen did not improve the
rate of fungal clearance from CSF. My findings are similarly disappointing to those seen with
repurposing the anti-depressant drug sertraline, as discussed earlier in this thesis.
However, there are other candidates potentially suitable for repurposing. One of these I
would be interested to study is flubendazole. This antiparasitic agent has previously been
demonstrated to have in vitro activity against Cryptococcus neoformans by disrupting microtubule mitosis through binding to cryptococcal β-tubulin subunit [330, 506]. A small-scale
phase 2 trial powered to early fungicidal activity (EFA) modelled on my tamoxifen trial could
relatively easily test this and other drugs. However, given the disappointing results of both
sertraline and tamoxifen, I am left wondering whether most progress could in fact be made
by developing better laboratory-based screening methods for potential treatments.
Making expensive but effective drugs such as flucytosine available in low-middle income
country is also a potential solution. Vietnam-Clinton Health Access Initiative (CHAI) is supporting the government in Vietnam in various programmes including new vaccination introduction, fights against malaria, tuberculosis (TB), hepatitis C, and particularly HIV/AIDS
since 2006 (https://www.clintonhealthaccess.org/vietnam/). The CHAI Global Markets
Team helps increase and expand patients’ access to expensive treatment such as flucytosine.
In fact, generic manufacture from the Unitaid-Clinton Health Access Initiative for Advanced
HIV Disease Initiative’s partnership hopes to reduce the cost of a 2-week treatment course
of flucytosine to around $100 in some countries.

6.5 CRYPTOCOCCAL MENINGITIS

275

6.5.3. Clinical Cryptococcus isolates
In terms of genotyping characteristics, C. neoformans VNI was the prominent lineage causing
cryptococcal meningitis in the tamoxifen trial with sequence types 4 and 5 accounted for the
largest proportion. Disease in HIV uninfected patients was more likely to be cause by ST5
strains. However, I was unable to identify significant differences in in vitro virulence and
clinical phenotypes, or patient survival, by sequence type.
A surprising observation from the study isolates was that while they were all apparently susceptible to tamoxifen, the prevalence of amphotericin-tamoxifen synergy was much less than
in in our previous susceptibility studies [190]. It is possible that this explains the lack of effect
seen in my study. However, I am not sure that this justifies a repeat trial of tamoxifen – this
could only be countenanced if future studies showed much higher rates of synergy.
Another possible explanation for the lack of effect is that despite giving high doses of tamoxifen we did not achieve blood/CSF tamoxifen levels exceeding the MICs. All patients in my
trial had rich blood sampling at times guided by results of our previous pharmacokinetic
studies, and sparse CSF sampling with paired blood samples. Data collected in the trial include the timing of all drug administration and lumbar punctures. There are approximately
1000 samples in total. Measuring the drug levels could potentially explain why I didn’t see
an effect of tamoxifen in the trial. The pharmacokinetic and pharmacodynamic works would
identify the relationship between tamoxifen, fluconazole and amphotericin CSF concentrations and isolate MICs on the rate of decline of yeast in cerebrospinal fluid of patients with
cryptococcal meningitis. I hope this analysis can be completed in the future.

6.5.4. ECGs and cryptococcal meningitis
Despite the fact that it is know that intracranial pathology can affect the heart, there has been
little study of the effects of brain infections themselves. This is potentially of importance
given that a number of commonly used anti-infectives, such as azoles, fluoroquinolones,
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macrolides, sulphonamides, antimalarials and protease inhibitors, likely to be prescribed in
those with CNS infections, can cause QT prolongation which is associated with life-threatening arrhythmias. My study has provided detailed information on the ECG abnormalities
that can be expected in patients with cryptococcal meningitis. The ECG abnormalities at
diagnosis were associated with impaired consciousness and hypokalaemia. I did not identify
any ECG abnormalities at diagnosis that were associated with an increased risk death. However, impaired consciousness has been known to be linked with death outcome, and the role
of ECGs as a potential prognostic marker for cryptococcal meningitis and other CNS infection syndromes should be further studied in larger trials. ECGs could be a simple, affordable,
and accessible tool to identify patients at increased risk of poor outcomes from CNS infections who might benefit from treatment intensification.
Administering tamoxifen at a daily dose of 300 mg for 14 days with standard antifungal therapy increased QTc intervals in cryptococcal meningitis patients compared with standard
care. I demonstrated that over the period of 2 weeks of tamoxifen treatment there was a general trend for prolongation of the QTc. This suggests that tamoxifen has a complex metabolism, with accumulation of itself or its metabolites over the period it was administered. In
addition to receiving drugs that directly prolong the QT interval, patients with cryptococcal
meningitis are also at risk of cardiac conduction defects because amphotericin, and the disease itself, can lead to disorders of cation homeostasis. Cations affected by amphotericin include sodium, potassium, calcium, and magnesium [452, 507, 508]. The influx and efflux of
these ions in cardiac myocytes effect the contraction and relaxation of the heart and hence
its pumping function [509, 510]. In fact, as shown by my data, the serum calcium level was
significantly associated with QTc prolongation.
The rich dataset from the tamoxifen study including ECGs, electrolyte concentration (sodium, potassium, calcium, and magnesium), CSF opening pressures, CSF/blood drug concentration is a powerful opportunity to model the roles of fluconazole, tamoxifen, electrolyte
concentrations and raised intracranial pressure on QT prolongation. I hypothesize that QTc
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prolongation in cryptococcal meningitis results from a complex interplay of specific drug
interactions, cations, and intracranial pressure. To justify this hypothesis, I would propose
to develop a mathematical model that describes the effects of fluconazole and tamoxifen drug
concentrations, cations and raised intracranial pressure on the QTc interval.
To sum up, there would be challenges in addressing these areas of future research, particularly during the COVID-19 pandemic. Nevertheless, they would be useful for further understanding the burden of CNS infection in Vietnam and improving patient outcomes.
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Appendix
1. Table- Lab sampling and clinical assessment of the tamoxifen trial.
2. Pdfs of publications arising from PhD research.

Table-Lab sampling and clinical assessment of the tamoxifen trial.
Lab schedule

Day 1

Informed consent
Clinical Assessment**
FBC (Hb, WCC, PLT) 2 ml
Na, Urea, creatinin, glucose 2 ml
Mg, Ca
ALT and AST
Potassium 0.5 ml
CD4 / CD8 count 1.5 ml
HIV antibody 1.5 ml
Blood cultures 2-5 ml
CSF Opening pressure
Lateral Flow Antigen on CSF
CSF Gram stain, India Ink 0.5 ml
CSF cell count, protein, glucose 1 ml
CSF TB smear/GeneXpert***
CSF Yeast Quant Count 0.5 ml
Store C. neoformans isolate
Process CSF for RNAseq – up to 25 ml****
CSF for pharmacokinetics
Plasma for pharmacokinetics 7.5 ml
Sputum TB smear***
ECG
Chest X-ray
Store blood plasma 4.5 ml
Store blood cell pellet
Approximate total blood volume ml
Approximate CSF volume ml – depends on
CSF opening pressure

x
x
x
x
x
x

Day 3

Day 5

x
x
x

x

Day 7
x
x
x
x
x

Day 9

x

Day 11

Day 14

Day 21

Day 28

Day 42

Day 70

x

x
x
x
x
x

x

x

x

x
x

x

x

x
x
x

x

x

x
x

Daily for first 14 days
Sometime in first week
x
x
x
x
x
x
x
x
x
Sometime during the first week
x
x
x
x
x
x
x
x
x
x

x

x

x

If indicated

If indicated

If indicated

x
x

x
x

If indicated
If indicated

If indicated
If indicated

If indicated
If indicated

x
x
x
x

If indicated
If indicated
If indicated

If indicated
If indicated
If indicated

If indicated
If indicated
If indicated

x

x

3
If indicated,
up to 25 ml

3
If indicated,
up to 25 ml

x
x
x
x
x

x

Twice daily for first 14 days
x
x
x
21.5
Up to 25
ml

3
Up to 25
ml

2

10
Up to 25 ml

2

3

3
Up to 25 ml

2

5.5
If indicated,
up to 25 ml

* Study drug is given daily from day 1 – day 14. ** GCS Assessment is daily while an in-patient. When outpatient assessment can take place at the scheduled time + up to 5 days (e.g., 4-week assessment on day 2833). ***at doctor discretion. **** volume determined by CSF pressure. NB: Blood volumes are estimates.

Wellcome Open Research 2019, 4:8 Last updated: 11 MAR 2019

STUDY PROTOCOL

A randomized open label trial of tamoxifen combined with
amphotericin B and fluconazole for cryptococcal meningitis.
[version 1; referees: 2 approved, 1 approved with reservations]
Nguyen Thi Thuy Ngan1,2, Nguyen Thi Hoang Mai1, Nguyen Le Nhu Tung3,
Nguyen Phu Huong Lan3, Luong Thi Hue Tai3, Nguyen Hoan Phu1,3,
Nguyen Van Vinh Chau3, Tran Quang Binh2, Le Quoc Hung2, Justin Beardsley
Nicholas White1,4, David Lalloo
Ronald Geskus
Evelyne Kestelyn

1,

5, Damian Krysan6, William Hope7,

1,4, Marcel Wolbers1, Le Thanh Hoang Nhat1, Guy Thwaites
1,4, Jeremy Day

1,4,

1,4

1Oxford University Clinical Research Unit, University of Oxford, Ho Chi Minh City, Vietnam
2Dept of Tropical Medicine, Cho Ray Hospital, Ho Chi Minh City, Vietnam
3Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam
4Cente for Tropical Medicine, University of Oxford, Oxford, UK
5Liverpool School of Tropical Medicine, Liverpool, UK
6Depatrment of Pediatrics and Microbiology/Immunology, University of Iowa, Iowa City, USA
7Molecular and Clinical Pharmacology, Universitly of Liverpool, Liverpool, UK

v1

First published: 22 Jan 2019, 4:8 (
https://doi.org/10.12688/wellcomeopenres.15010.1)

Open Peer Review

Latest published: 22 Jan 2019, 4:8 (
https://doi.org/10.12688/wellcomeopenres.15010.1)

Referee Status:

Abstract
Background: Cryptococcal meningitis is a leading cause of death in
HIV-infected patients. International treatment guidelines recommend induction
therapy with amphotericin B and flucytosine. This antifungal combination is
most effective, but unfortunately flucytosine is expensive and unavailable
where the burden of disease is greatest. Where unavailable, guidelines
recommend treatment with amphotericin and fluconazole, but this is less
effective, with mortality rates of 40-50%. Faster rates of clearance of yeast from
cerebrospinal fluid (CSF) are associated with better outcomes - improving the
potency of antifungal therapy is likely to be an effective strategy to improve
survival. Tamoxifen, a selective estrogen receptor modulator used to treat
breast cancer, has anti-cryptococcal activity, appearing synergistic when
combined in vitro with amphotericin, and fungicidal when combined with
fluconazole. It is concentrated in the brain and macrophages, off-patent, cheap
and widely available. We designed a randomized trial to deliver initial efficacy
and safety data for tamoxifen combined with amphotericin and fluconazole.
Method: A phase II, open-label, randomized (1:1) controlled trial of tamoxifen
(300mg/day) combined with amphotericin (1mg/kg/day) and fluconazole
(800mg/day) for the first 2 weeks therapy for HIV infected or uninfected adults
with cryptococcal meningitis. The study recruits at Cho Ray Hospital and the
Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam. The primary end
point is Early Fungicidal Activity (EFA-the rate of yeast clearance from CSF),
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Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam. The primary end
point is Early Fungicidal Activity (EFA-the rate of yeast clearance from CSF),
over the first two weeks of treatment. 50 patients will be recruited providing
≈80% and 90% power to detect a difference in the EFA of -0.11 or -0.13
log10CFU/ml/day, respectively.
Discussion: The results of the study will inform the decision to proceed to a
larger trial powered to mortality. The size of effect detectable has previously
been associated with reduced mortality from this devastating disease.
Particular side effects of interest include QT prolongation.
Trial registration: Clinicaltrials.gov NCT03112031 (11/04/2017)

Any reports and responses or comments on
the article can be found at the end of the
article.

Keywords
Tamoxifen, fluconazole, amphotericin B, antifungal therapy, cryptococcal
meningitis, Crytococcus, drug re-purposing
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Background
Worldwide cryptococcal meningitis results in approximately
625 000 deaths each year, most occurring within 3 months of
diagnosis1. It is the leading cause of death in HIV patients in Asia
and Africa affecting 3.2% of the HIV infected population per
year1. Despite improvements in access to HIV care, the WHO
estimates that even if 80% access to HIV treatment is achieved,
there will be 6.5 million AIDS deaths p.a. by 20302. Thus, CM is
likely to remain a significant health burden for the foreseeable
future. While cryptococcal meningitis predominantly occurs
in HIV infected patients, patients with other forms of immunosuppression are also affected3,4. Furthermore, in Viet Nam we
see disease in apparently immunocompetent patients (N = 30
each year at the Hospital for Tropical Diseases and Cho Ray
Hospital) due to infection with Cryptococcus neoformans var.
grubii, or, more rarely, C. gattii5.
There has been no major advance in the treatment of
cryptococcal meningitis since the 1980’s, and the 90 day case
fatality rate of cryptococcal meningitis remains unacceptably
high, estimated at 55% in Asia and 70% in Africa1. The mainstays
of induction therapy are drugs that are over 50 years old – amphotericin B and flucytosine - although these are often poorly
available where disease burden is highest6,7. While amphotericin monotherapy is undoubtedly superior to fluconazole monotherapy, amphotericin combination therapy has only recently been
shown to reduce mortality when compared with amphotericin monotherapy in a randomized controlled trial in Vietnam8.
In this study, in Vietnamese patients receiving gold standard
treatment with amphotericin and flucytosine, the death rate at
10 weeks and 6 months was 31% and 35%. This compared with
33% and 46% in patients receiving amphotericin-fluconazole induction therapy (the current WHO guideline), and was significantly
better than in patients receiving prolonged amphotericin monotherapy, where the death rates were 44% and 54% respectively8.
A biological explanation for these better outcomes is that the
amphotericin-flucytosine combination has increased sterilising power – it results in significantly more rapid clearance of
yeast from cerebrospinal fluid than amphotericin monotherapy8.
Consistent with this, the recent multi-country trial of adjunctive dexamethasone in HIV associated cryptococcal meningitis
has shown that this immune modulating treatment is associated
with both reduced rates of clearance of yeast from CSF and
worse clinical outcomes9.
Therefore, it seems that the rate of clearance of yeast from
CSF is an important determinant of outcome from cryptococcal
meningitis, and that improving the potency of antifungal therapy
is likely to result in improved outcomes. Currently, flucytosine
is unaffordable (costs of the most recently developed generic
version are 15 000 USD/week), unavailable outside of Europe
and the US, and has significant toxicities which can be difficult
to manage in resource-poor settings. Therefore it is not currently
a viable solution for patients where the vast burden of cryptococcal disease occurs10. Instead, most patients worldwide are treated
with amphotericin and fluconazole, as per WHO guidelines7.
There is a pressing need to develop affordable, safe and
practicable antifungal treatment regimens with greater sterilising
power.

Current Treatment recommendations for CM
Successful treatment of CM depends upon effective anti-fungal
therapy and successful management of complications, notably
raised intracranial pressure. Antifungal treatment schedules
for cryptococcal meningitis are not globally uniform but are
affected by drug availability, costs and human resources. The
Infectious Diseases Society of America convenes an international panel to draw up treatment guidelines, most recently published in 2010, and the WHO published guidelines aimed at
management in resource-poor countries in 20116,7. These conform closely to the IDSA guidelines. Treatment generally
consists of a period of induction therapy using high dose or
combination antifungal therapy (usually for 2 weeks), followed
by a period of consolidation therapy of 8 weeks with fluconazole. After this time, provided the patient has responded to treatment, secondary prophylaxis using lower dose fluconazole is
given to prevent disease relapse. It is generally considered safe to
stop secondary prophylaxis if ARV therapy has resulted in suppression of the plasma viral load and there has been immune
reconstitution with recovery of the CD4 cell count to
> 100 cells/uL for at least 6 months.
Consistent with the local practices and the WHO and IDSA
guidelines, in this study all patients in the control arm will
receive anti-fungal therapy consisting of amphotericin B
(1mg/kg/day) combined with fluconazole 800mg/day for
2 weeks, followed by fluconazole 800mg/day for a further
8 weeks before switching to secondary prophylaxis6,7.

Rationale for a trial of tamoxifen
Current indications
Tamoxifen is an off-patent, widely available (licensed in Vietnam) and affordable selective oestrogen receptor modulator
(SERM)11. Its initial indication was the treatment of breast cancer. There are many thousands of patient years’ experience of
its use for this disease, where it has proved to be a safe, effective, and tolerable long term therapy. In addition to its effects
against breast cancer, Tamoxifen, in higher doses, also has
activity against other tumours including glioblastoma multiforme
(GBM), desmoid tumours, lung and prostate cancer12–16.

Antifungal activity
In addition to its anti-cancer effects, Tamoxifen has been
known to have activity against yeasts for several years, this first
being identified against the model yeast Saccharomyces cerevisiae
in 1989, and subsequently demonstrated against C. albicans17–19.
In 2009 the first reports of activity against Cryptococcus
neoformans were described20. The antifungal activity is of
particular interest for the following reasons:
1. I n vitro, the combination of Tamoxifen with amphotericin
is synergistic. This contrasts with the current most effective antifungal therapy – amphotericin and flucytosine
– where the effects of each drug are simply additive11.
A synergistic antifungal combination offers the
opportunity to significantly improve CSF sterilisation
and survival.
2. I n the mouse model of cryptococcosis, the combination
of Tamoxifen with fluconazole is fungicidal11,21. No other
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antifungal drug clearly has a fungicidal effect in vivo.
The lack of fungicidal effect of conventional antifungal
therapies may in part explain the slow cerebrospinal fluid
(CSF) sterilisation and high death rates seen in cryptococcal disease.
3. T
 amoxifen is concentrated in brain tissue22,23. This
is the main site of cryptococcal disease. Current antifungal drugs result in relatively rapid sterilisation of
blood. However, they are much less effective at sterilising the central nervous system, with only approximately
50% of patients having sterile cerebrospinal fluid
after 2 weeks of conventional treatment8.
4. T
 amoxifen is concentrated in the macrophage
phagosome11. In cryptococcal meningitis, yeast cells
are engulfed by macrophages, but can survive and even
reproduce within them. Unlike Tamoxifen, conventional antifungal drugs cannot penetrate the macrophage
phagosome, and this therefore represents a site where
yeast cells may be relatively protected from treatment.
A drug combination with both fungicidal and synergistic
activity, that is concentrated in the central nervous system and
within macrophages, is an exciting prospect for cryptococcal
disease, and has the potential to significantly improve outcomes.

Data from Vietnam
In vitro and in vivo experimental data concerning the efficacy of Tamoxifen have been derived from experiments using
the C. neoformans type strain H99. The Minimum Inhibitory
Concentration (MIC) of Tamoxifen for H99 is 8-16ug/ml.
To ensure applicability in Vietnam, we have determined the
MIC of Tamoxifen for 30 clinical isolates of C. neoformans and
C. gattii from Vietnamese patients with cryptococcal meningitis
and confirmed it to be between 2-16ug/ml (unpublished data).
We have also demonstrated that synergy with amphotericin B
in vitro is seen for the majority of strains tested. Subsequently
we have performed 3D chequerboard testing of the triple
combination of amphotericin with fluconazole and Tamoxifen,
and have shown that there is also synergy between the 3 drugs
in triple combination, and moreover that a synergistic interaction is also present for the few strains in which we failed to
demonstrate synergy with the 2 drug combination. We have also
demonstrated that there is no synergistic interaction in vitro
when Tamoxifen is combined with flucytosine.

Mechanism of action
Tamoxifen is a selective estrogen modulating drug (SERM)
that has both pro- and anti-estrogen effects. In breast cancer,
it inhibits growth of (cancerous) breast tissue through modulating the expression of estrogen dependent genes and the subsequent expression of growth promoting signals. In Cryptococcus,
Tamoxifen binds to calmodulin and calmodulin-like protein,
preventing the activation of calcineurin11,20. The calmodulincalcineurin pathway is key in intra-cellular signalling and
in controlling the response of Cryptococcus to stress, such as
that encountered following phagocytosis by macrophages.
Pharmacology and dosing
Tamoxifen has excellent dose-independent oral bioavailability (approximately 100%) with minimal first-pass metabolism24.
The half-life is 5–7 days. Tamoxifen’s SERM activity requires
serum concentrations ~100 ng/mL. This is achieved with
doses of 20 – 60 mg/day, and for breast cancer treatment at this
dose is recommended for 5–10 years25. At these doses, brain tissue concentrations are 40-100-fold higher (4-10 µg/mL), than in
serum23. Higher doses of 240 – 500mg/day have been studied in clinical trials of treatment for CNS tumours, desmoid
tumours and lung cancer and are well tolerated, safely achieving
serum concentrations of 2-8ug/mL12–14,26–28. Treatment administration regimens at these doses vary: month-long cycles of
300mg/day are given for desmoid tumours in children28; doses of
120mg/m2 BID have been given for up to 1 year and well tolerated in patients with glioblastoma multiforme27. Such treatment
regimens establish Tamoxifen serum concentrations around the
C. neoformans MIC and, will achieve brain concentrations
40-100-fold higher, suggesting levels sufficient to treat CM
will be achieved using oral dosing in humans23. Moreover,
uniquely compared with other antifungal drugs, Tamoxifen is
further concentrated in macrophage phagosomes – an important
site of C. neoformans replication11.
Adverse effects
Tamoxifen is a well-tolerated drug. Adverse effects must
be considered in the context of the severity of the disease being
treated. Survival rates for breast cancer, GBM and cryptococcal meningitis are illustrated in Table 1. The beneficial
effects of Tamoxifen in women diagnosed with breast cancer
are considered to considerably outweigh the potential adverse
effects of Tamoxifen.

Table 1. Survival rates: breast cancer, glioblastoma and cryptococcal meningitis.
Condition

Survival Metric

Survival rate*

Tamoxifen dose used

Breast Cancer

1 year survival

95%

20–40mg/day

Glioblastoma multiforme 2 year survival rate

66%

300mg/day

Small cell lung cancer

8 – 31%

300–500mg/day

45 – 55%

Suggested 300mg/day

5 year survival rate

Cryptococcal meningitis 6 month survival rate

*Sources: http://www.cancerresearchuk.org/about-cancer/type, American Cancer Society, Beardsley
et al., NEJM 2014, Park et al., 2009. Note, survival rates are overall survival rates for the condition stated,
and not specifically for Tamoxifen containing regimens.

Page 4 of 28

Wellcome Open Research 2019, 4:8 Last updated: 11 MAR 2019

Headaches, nausea and vomiting
Data from randomised controlled trials suggest that these
symptoms are no more common than in patients receiving
placebo29.

Hot flushes and impaired libido
These symptoms are likely mediated through oestrogen
modulation, can occur acutely, and are reversible when treatment
stops.

Pulmonary embolism, cataracts and endometrial
cancer
Data from trials of prophylactic treatment for breast cancer suggest that long term use is associated with an increased
risk of pulmonary embolism (Relative Risk (RR) = 3.01, 95%
Confidence Interval (CI): 1.15 to 9.27), cataracts (RR = 1.13,
95% CI: 1.00 to 1.28)and endometrial cancer (RR = 2.48, 95%
CI: 1.27 to 4.92,30. However, the actual rate of these events is
very low (0.75 per 1000 patient years, 25 per 1000 patient years
and 2.2 per 1000 patient years respectively)29,30. Thromboembolic
events occurred an average of 19 months after starting treatment,
and none within the first 2 months30. The risk of these events
with short course treatment is much lower. It is not considered
worthwhile to screen for factor V Leiden prior to treatment
with Tamoxifen unless there is a family or personal history of
previous thromboembolic disease. The increased risk of
endometrial cancer is likely due to chronic modulation of oestrogen, is related to duration of use, and clearly does not exist for
male patients.

Teratogenicity
Tamoxifen is teratogenic and should not be taken by pregnant
women. Fluconazole is also a teratogenic drug, and pregnant
women are not eligible to enter this study. Women of childbearing potential will be screened at study entry for pregnancy
with a urine pregnancy test. All study participants will be advised
to use barrier contraception until at least 3 months after study end.

Prolongation of the QT interval
Tamoxifen can result in prolongation of the QT interval of cardiac depolarisation16,31. QT prolongation is a recognised side
effect of a number of drugs including some antimicrobials, antiarrhythmic drugs and psychoactive drugs32. For some drugs, QT
prolongation is associated with a risk of developing ventricular arrhythmias, particularly Torsades de Pointes (TdP). While
this is a rare event, if it occurs, TdP can be life-threatening.
However, not all drugs that prolong the QT increase this
risk – some drugs that prolong the QT actually have antiarrhythmic effects. Whether a drug increases the risk of TdP or
not is believed to be determined by the mechanism of inhibition
of ventricular repolarisation, and the duration of prolongation
of the QT interval. TdP is treated with removal of the stimulus,
intravenous magnesium, correction of electrolyte abnormalities,
and DC cardioversion or overdrive pacing.
The mechanism of QT interval prolongation varies with different drugs and can be due to modulation of single or multiple

currents involved in cardiac depolarisation32,33. Data suggest that
modulation of a single current may be more likely to result in
arrhythmias than QT prolongation due to modulation of multiple currents/channels34. The mechanism of QT prolongation with Tamoxifen in humans is unknown. In animals there is
evidence that the block is multi-channel, due to both inhibition of
the IKR and ICa channels, and may be therefore less likely to cause
arrhythmia35–37. Supportive of a multichannel block mechanism
for Tamoxifen is the fact that there are no case reports of TdP
with Tamoxifen use, despite its extensive prescription.
Fluconazole can also result in QT prolongation. This is
believed to be mediated through modulation of the IKR current of the cardiac depolarisation cycle, but data are lacking
concerning whether there are also effects on other currents38.
TdP has been reported in patients receiving fluconazole, although
again, this is a rare event39,40.
The effect of combining drugs that prolong the QT may depend
upon the total number of mechanisms through which the
QT is prolonged, and combining such drugs will not necessarily increase the risk of TdP41,42. In this study, to mitigate any
risk of prolonged QT, all patients will have meticulous monitoring and correction of electrolyte disturbances including
potassium, calcium and magnesium, and twice daily ECG
monitoring. The QT interval will be manually determined by
measuring the interval in 3 limb and 3 chest leads, and
determining the median (machine derived estimates of the QT
interval are unreliable)43. The use of manual estimate of the QT
has been shown to have similar performance to high resolution holter ECG monitoring43. Management of QTc prolongation
will be in line with the recommendations of the American Heart
Association32. The QT interval will be corrected (QTc) for rate
using the Framingham formula. Where the QTc is found to
be >500ms, the status of the patients K, Ca and Mg levels
will be reviewed, corrected if necessary, and the ECG repeated
before the next dose of Tamoxifen is due. If the QTc remains
>500ms, the next due dose of Tamoxifen will be omitted
until it is less than 500ms. When the QTc is less than
500ms, Tamoxifen will be restarted.

Other effects
An early trial of high dose Tamoxifen (equivalent to
>450mg/day) in patients with epithelial tumours reported a
sense of light-headedness and unsteady gait in a proportion of
patients, which resolved within 2–5 days of stopping the drug26.
Tamoxifen does not have any expected haematological or
hepatic side effects.

Drug interactions
Tamoxifen enhances the effects of warfarin and similar medications, which should be avoided. It is metabolised via the
cytochrome p450 pathway and may elevate the levels of drugs
metabolized through this pathway, including fluconazole. Pharmacokinetic sampling will define whether there is any measurable effect of Tamoxifen on fluconazole levels in this study.
For all patients the drug history will be ascertained at
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admission through the medical clerking and through
examination of any accompanying medication where the patient
is unsure of the nature of previously prescribed treatment.

Study aims
Primary aim
To determine whether adding Tamoxifen to standard antifungal therapy increases the rate of clearance of yeast from
cerebrospinal fluid in patients with cryptococcal meningitis.
The rate of clearance will be defined as the Early Fungicidal
Activity (EFA), as previously described8,9.

Secondary aims
The secondary aims are to
- demonstrate the proof of concept that Tamoxifen
can be safely administered with amphotericin and
fluconazole to generate preliminary data that will support
a larger phase 3 trial of Tamoxifen in cryptococcal disease
- d etermine the effects on survival and disability at
10 weeks following study treatment initiation,
- d efine the pharmacokinetics of amphotericin, fluconazole
and Tamoxifen in blood and CSF
- b etter understand the pathogenesis of cryptococcal
meningitis through defining the species, subtype, drug
susceptibility and in situ gene expression of the infecting
Cryptococcus and host response

Endpoints
Primary endpoint
The primary outcome is Early Fungicidal Activity (EFA),
i.e. the rate of clearance of yeast from cerebrospinal fluid, over
the first 2 weeks following randomisation. Repeated lumbar
punctures are part of routine care for cryptococcal meningitis in order to identify and manage raised intracranial pressure
and to determine the response to treatment. In this trial, lumbar
punctures are scheduled on days 1, 3, 7, 14, and additionally as
clinically indicated. Whenever a lumbar puncture is performed
we will determine the amount of viable yeast in CSF through
culture. Based on the patients’ longitudinal quantitative yeast
count measurements, EFA will be determined as described in
the statistics section. Higher EFAs have been associated with
better outcomes (survival and disability) in Vietnamese patients
with cryptococcal meningitis8,9.

Secondary endpoints
Survival until 10 weeks after randomization. International
treatment guidelines recommend 10 weeks of high dose antifungal therapy for cryptococcal meningitis – an initial phase of
amphotericin based induction therapy for 2 weeks followed by
8 weeks of moderate to high dose fluconazole. The rate of
survival until this 10 week period of therapy is completed
is a frequent endpoint in trials of treatment for cryptococcal
meningitis8,9,44. Improvements in EFA over the first 2 weeks
of treatment have been associated with improved survival at
10 weeks. Therefore survival until 10 weeks after randomization
will be a secondary endpoint in this study.

Disability at 10 weeks. Disability is an expected consequence
of cryptococcal meningitis, including blindness, deafness
and other focal neurological deficits. In addition to improving
the sterilizing power of antifungal therapy, Tamoxifen may also
reduce the rates of disability in survivors. Neurological disability will be assessed using the modified Rankin score and the Two
Simple Questions and classified as good, intermediate, severe
disability, or death, as previously described45.
Adverse events. The proportion of patients with any
grade 3 or 4 adverse event, serious adverse event, or unexpected
serious adverse event will be compared between treatment groups.
Rate of IRIS until 10 weeks (in HIV infected patients only).
We will model the rate of IRIS over time with a cause-specific
hazards model taking into account the competing risk of
prior death. CM-related IRIS will be defined as per the recent
proposed definition46.
Rate of Cryptococcal meningitis relapse. A pragmatic
definition of relapse will be used. This is defined as either
intensification of antifungal therapy above that according to
the study antifungal schedule, or readmission for treatment of
cryptococcal disease.
QT prolongation. Prolongation of the QT interval is a potential side-effect of both Tamoxifen and fluconazole, although
it is not clear that either drug increases the risk of Torsade de
Pointes, a potentially life-threatening arrhythmia. The QT
interval will be estimated manually from 3 chest and 3 limb leads
from a high resolution (50mm/sec) 12-lead ECG. The median
value will be determined and used to calculate the corrected
QT interval (QTc) using Framinghams’ formula.
Visual deficit at 10 weeks. Visual deficit occurs in
5–40% of patients with cryptococcal meningitis depending
upon underlying immune status5,8. The pathogenesis is unclear.
We will compare the incidence of blindness and other visual
deficit between treatment groups. Visual deficit will be assessed
using a simple 6 point scale, as used in previous studies (see
Table 3).
Time to new neurological event or death until 10 weeks.
A neurological event is defined as a fall in Glasgow coma score
by ≥2 points for ≥2 days from the highest previously recorded
Glasgow coma score (including baseline) or the occurrence
of any of the following adverse events: cerebellar symptoms,
coma, hemiplegia, paraplegia, seizures, cerebral herniation, new
onset blindness or deafness, or cranial nerve palsy.
Longitudinal measurements of intracranial pressure during
the first 2 weeks. Intracranial pressure (ICP) will be measured
at study entry, day 3, 7, and 14, and if clinically indicated
(depending on local practice). The main outcomes are
longitudinal ICP-measurements until day 14.
Clinical need and local practice will determine the frequency
of lumbar punctures post day 14 and clinician’s diagnoses
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of raised ICP based upon the presence of headache, nausea,
diurnal and postural variation, relief with lumbar puncture
and presence of papilloedema. Thus, these measures will
only be descriptively analyzed.
CD4 count at 10 weeks. CD4 count measurement is
indicated in HIV infected patients, and CD4 lymphopenia has
been described in HIV uninfected patients with cryptococcal
meningitis. Moreover, Tamoxifen may reduce CD4 cell
apoptosis which may be beneficial47.
Blood and CSF concentrations of amphotericin, Tamoxifen
and fluconazole. Pharmacological data on antifungal drugs
are lacking. Dosing has been inferred from studies in
healthy volunteers, or patients with other diseases. There
are no studies of combination therapy at the doses currently
recommended48–50, and no data on the effect of Tamoxifen on
fluconazole concentrations. This study is an opportunity to
improve our understanding of the pharmacokinetics and pharmacodynamics of the currently recommended treatment combination in patients in a real world setting. It offers the chance to
better understand how plasma concentrations of the drugs relate
to clinical and microbiological outcomes, and therefore how
treatment regimens might be improved. All patients will undergo
pharmacokinetic sampling to enable the description of the
concentrations of Tamoxifen and fluconazole in plasma and
CSF, and of amphotericin in blood, and relate these to the
rate of clearance of yeast from CSF. The yeast burden at each
lumbar puncture will be determined using standard methods
as in previous OUCRU studies9. PK and PD data will eventually be considered alongside data from the previously published
CryptoDex trial9.
Pathogen and host gene expression. The second aim of the
study is to improve understanding of the pathogenesis of CM
by analyzing gene expression of both the pathogen and host.
Fungi require a minimum set of interacting properties for pathogenicity51–53. For Cryptococcus, it is clear that pathogenicity factors identified to date represent only a fraction of the
genes vital to cause disease52. Data suggest that variation in
gene expression may be a major virulence determinant52–55. In
Vietnam where we have identified 14 circulating lineages of
C. neoformans, and found that lineage is associated with disease phenotype56. In particular, we have identified a clade
(VNIγ) responsible for almost all (>92%) of cases in apparently immunocompetent patients. We hypothesize that this strain
has increased pathogenicity. These VNIγ strains also account
for 35% of disease in HIV-infected patients. Whole genome
sequencing of Vietnamese isolates has demonstrated substantial differences between VNIγ and the most closely related clade,
including over 100 gene insertions and deletions, and multiple single nucleotide polymorphisms (≈40k)57. To better understand exactly which genes define disease in HIV infected and
uninfected patients, we will compare their relative expression
according to infecting sequence type and host immune phenotype.
Drainage of CSF to manage raised CSF pressure (see extended
data appendix 158) is a key part of the usual management of
cryptococcal meningitis, and together with the high burden

of yeasts in CSF in cryptococcal disease, makes the measurement of gene expression during disease using RNAseq feasible.
Whenever a patient undergoes lumbar puncture, the CSF
opening pressure will be measured and if elevated CSF will
be drained according to international guidelines6. These
state that the volume of CSF drained should be sufficient to
reduce the pressure to half the opening pressure or to within the
normal range (<18cm CSF) - whichever comes sooner. Typical
volumes of CSF drained are 10–40ml. Following removal,
CSF will be aliquoted for any indicated standard analyses (eg
glucose, quantitative count, PK studies), and the remainder
will undergo immediate processing for RNA extraction.
RNAseq is not organism specific and will not distinguish
between pathogen and host (human) gene expression – all
genes will be captured. However, yeast cells will be dominant
in CSF and the majority of genes measured will be from Cryptococcus. For patients who do not consent to having their
own gene expression measured, only yeast gene expression will
be analysed - the human signal will be subtracted. However,
our past experience suggests that almost all patients are comfortable to take part in human genetic studies following
explanation of the purpose of the study.

Design
Study design
A randomized, open-label trial with 2 parallel arms of standard antifungal therapy versus Tamoxifen augmented antifungal
therapy during the first 2 weeks (induction phase) of treatment
(see Figure 1). The study will recruit patients in two sites in
Ho Chi Minh City, Viet Nam: the Hospital for Tropical Diseases
(HTD), and the Department of Tropical Medicine, Cho Ray
Hospital (CRH). The study is pragmatic, designed to maintain
relevance through trialing Tamoxifen in the context of the best
standard of locally available care. 25 patients will be enrolled
into the two study arms (intervention versus control). All antifungal administration will be directly observed by ward staff.

Intervention arm: Induction phase treatment (days 1–14)
Tamoxifen will be given orally in a dose of 300mg/day for
the first 14 days following randomization. It will be administered by nasogastric tube where patients are unconscious. In
addition patients will receive amphotericin 1mg/kg once
daily i.v. and fluconazole 800mg once daily orally. The Tamoxifen
will be administered in the morning combined with amphotericin
and fluconazole dose.
Control arm: Induction phase treatment (days 1–14)
Patients will receive amphotericin 1mg/kg/day i.v. combined
with fluconazole 800mg once daily orally for the first
2 weeks. Amphotericin and fluconazole will be administered
simultaneously.
Continuation phase of treatment (days 15–70)
After the first 2 weeks of study treatment, all patients will receive
fluconazole 800mg/day for 8 further weeks, until the study
end. At this point, HIV infected patients will be switched to
long term secondary prophylaxis with fluconazole 200mg/day as

Page 7 of 28

Wellcome Open Research 2019, 4:8 Last updated: 11 MAR 2019

per standard practice. For HIV uninfected patients, the decision
to continue antifungal treatment, and at which dose, will be
made on a case by case basis by the attending physician in
consultation with the patient.

Study Population
All HIV infected and uninfected adult patients with a diagnosis of cryptococcal meningitis presenting to the study centres
will be eligible to enter the study, subject to meeting the inclusion/
exclusion criteria.
Trial Location
The study will recruit patients at sites on Ward E, Ward C
and the Viet-Anh Ward, at HTD and in the Department of
Tropical Medicine at CRH.
Inclusion criteria
• Age ≥ 18 years
• C
 ryptococcal meningitis defined as a syndrome consistent
with CM and one or more of:
○ p ositive CSF India ink (budding encapsulated
yeasts),
○ C. neoformans cultured from CSF or blood,
○ p ositive cryptococcal antigen Lateral Flow Antigen
Test (LFA) in CSF
• I nformed consent to participate given by patient or
acceptable representative

• F
 ailure to consent – the patient, or if they are incapacitated,
their responsible relative, declines to enter the study
• Allergy to amphotericin B or fluconazole

Study procedures
Recruitment
The target population for study screening is any patient
known or suspected to have cryptococcal meningitis. To enter
the study patients must be confirmed to have cryptococcal
meningitis according to the definition in the inclusion criteria.
According to the clinical care of the treating hospital, patients
suspected of having cryptococcal meningitis will undergo:
a) an IMMY lateral flow cryptococcal antigen test (LFA) on serum,
whole blood, plasma, or urine
AND/OR
b) blood culture for Cryptococcus
AND/OR
c) a lumbar puncture with an lateral flow cryptococcal antigen
test (Ref CR2003, IMMY, OK, USA), and/or microscopic
examination of CSF, and/or culture of CSF.
When the results of the IMMY lateral flow test (plasma, serum,
urine or CSF), or CSF microscopy, or blood or CSF culture
are available study staff may approach the patient regarding
the study. Only patients 18 years or older who are not known
to be pregnant and who have evidence of cryptococcal disease
from one of the specified tests will be approached.

• Known HIV infection status, or patient agrees to HIV
testing on this admission

Exclusion criteria
• Pregnancy or breast-feeding
• H
 istory of thromboembolic disease such as pulmonary
embolism or deep venous thrombosis
• On anti-coagulant medication
• On medication known to prolong the QT interval other than
fluconazole, such as fluoroquinolones or antidepressants.
•
Known cardiac conduction defect including long QT
syndromes
• QTc at baseline > 500ms
• Currently receiving treatment for cryptococcal meningitis
and having received ≥4 days of anti-cryptococcal meningitis
therapy
• Known allergy to Tamoxifen
• C
 urrently or history of receiving treatment with Tamoxifen
for breast cancer or other indication
• C
 urrent or history of uterine cancer including endometrial
cancer and uterine sarcoma
• R
 enal failure (defined as creatinine>3*ULN, despite
adequate hydration)

A study staff member will invite the patient to discuss the
details of the study. If the patient is judged by the staff to
be unfit or unable to give informed consent, an acceptable representative will act on their behalf for the following
procedures. The study staff will give the patient/representative a copy of the informed consent form and explain the details
of the study including the study procedures, risks and benefits,
financial and confidentiality considerations, treatment alternatives and how to obtain more information. The study staff will
invite the patient/representative to ask questions and will
endeavour to ensure that s/he understands the information
given. The study staff will then ask the patient/representative to
consider study participation. Those who refuse consent will
be treated as per the best available standard care and will not
have any study related procedures performed.
Those who consent to the study will sign and date two copies
of the informed consent form. The study staff will also sign and
date the two copies.
If the patient/representative is illiterate, a witness who is not
a member of the study staff will be present during the informed
consent discussion. The informed consent form will be read
to the patient/representative in the presence of the witness. If
the patient/representative agrees to participate, the form will be
signed and dated by the witness. Consented patients will be
screened for eligibility.
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Screening
Only patients who are 18 years or older, who are not
known to be pregnant, and who have at least one of positive
CSF or blood/serum/plasma/urine LFA test, positive blood or
CSF culture, or positive CSF microscopy will be consented.
Consented patients will undergo the following screening
procedures/tests. In the case of an unconscious patient,
information will be obtained from a knowledgeable relative or
caregiver.
- M
 edical history will be taken including: 1) signs and
symptoms consistent with cryptococcal meningitis,
2) allergy to Tamoxifen, 3) history of breast or uterine
cancer, venous thromboembolic events and > 4 days
anti-fungal therapy.
- A
 ll females of child bearing age will have a urine or
blood pregnancy test.
- 12 lead ECG to exclude cardiac conduction defects
- Creatinine level.
- H
 IV status will be confirmed from clinical history or
testing as per standard of care. HIV testing is indicated
and part of routine care for all patients with cryptococcal
meningitis, since it defines the need for antiretroviral
therapy and prophylaxis against other opportunistic
infections.
- A
 lumbar puncture will be performed on all patients to
obtain CSF. The opening CSF pressure will be determined
using a spinal manometer. CSF will be tested by: 1) India
ink stain or equivalent, 2) quantitative culture, 3) lateral
flow cryptococcal antigen test. Cultured isolates will be
stored for subsequent studies. Residual CSF will be stored
for cryptococcal gene expression studies which will be
done in patients who pass screening and enter the full
study.
- If a lumbar puncture was done recently (within
48 hours) for clinical care and volume of fresh
CSF remains available for these tests (stored
according to established SOPs), the lumbar puncture
need not be repeated.
- If the patient underwent a recent lumbar puncture,
an additional puncture will be performed (provided
there are no contra-indications) if any of the
following are true: 1) there is uncertainty regarding
the microbiological diagnosis, 2) raised intracranial
pressure is suspected, 3) the previous puncture
was >2 days prior and no effective treatment has
been given, 4) it is required for standard care. If
none of the above are true or if the patient refuses
further lumbar puncture, they may be randomized
without additional lumbar puncture provided
they are eligible for the study.
- If the lumbar puncture was not recent, it will be
repeated (provided there are no contraindications)

in order to confirm the diagnosis, and to determine
CSF pressure and fungal burden.
All lumbar punctures require verbal or written consent
according to local standard clinical practice. Failure to consent
is a contraindication to the procedure.
When all inclusion and exclusion criteria are verified, eligible
patients will be randomized to treatment.
Patients who are determined to be ineligible will be withdrawn
from the study and the reason recorded. Patients withdrawn
from the study will be treated according to the best available
standard care. Screening flow is illustrated in Figure 2.
The number of patients who do meet inclusion/exclusion
criteria, but are not enrolled to the study will be recorded.

Randomization
Randomization will be 1:1 to either Tamoxifen augmented
or standard antifungal therapy. Block randomization with
stratification by hospital of enrolment and by HIV infection
status, and variable block sizes of 4 and 6, respectively, will
be used to assign subjects to treatment. The randomization list
will be generated according to OUCRU standard operating
procedures. In brief, the Research Biostatistician will set up
statistical code to generate the randomization list and transfer
it to the central Study Pharmacist. The Study Pharmacist will
change the random seed, i.e. the initialization of the random
numbers generator, in the statistical code in order to blind the
Research Biostatistician and then run the code to prepare the
final randomization list for treatment preparation. The randomization list will be password protected and stored on a secure
server to which only the Study Pharmacist has access.
Based on the randomization list, the central Study Pharmacist will
generate identical sealed treatment packs for each study ID and
distribute them to the sites in batches as required. All
treatment packs will be identical in appearance and will contain
either Tamoxifen and fluconazole or fluconazole alone. Each
pack will contain sufficient fluconazole for the first 2 weeks of
treatment. Enrolment logs specific to each ward will be used to
assign patients to the next available sequential number and
corresponding sealed treatment pack.

Patient management
Initial evaluation
On admission all patients will have a full clinical assessment
and examination.
Study entry laboratory tests will be performed as per the
study schedule in Table 2.
A baseline chest radiograph will be performed. A CT or
MRI brain scan will be performed if there is evidence of raised
intracranial pressure or focal neurological abnormalities
according to local practice and resources.
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Table 2. Trial Assessment and Investigation Schedule*.

Action

Day
1(study
Entry)

Day 3

Take informed consent

X

Clinical Assessment **

X

Full blood count

X

Sodium, Urea, Creatinine,
Glucose

X

X

Magnesium and Calcium

X

X

ALT and AST

X

Day 5

Day 7

X

Day 9

Day 11

Day 14

Day 21

Day28

Day 42

Day 70

X

X

X

X

X

X

X
X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

In first week

CD4 count
HIV test

X

Blood cultures

X

Cerebrospinal fluid (CSF)
opening pressure

X

Cryptococcal Lateral flow
antigen test (CSF)

X

CSF Gram’s stain, India ink
CSF cell count, protein,
glucose

X

X

X

X

X

X

X

X

X

X

X

X

if clinically indicated

During first week

CSF TB smear/geneXpert
CSF Yeast quantitative
culture

X

X

X

X

Store C. neoformans
isolate

X

X

X

X

CSF for Pharmacokinetics

X

X

X

Plasma for
pharmacokinetics

X

Sputum TB smear***

X

X

Twice daily for first 14 days

Electrocardiogram
Chest X-ray

X

X

Daily for first 14 days

Potassium

X

X

Approximate total blood
volume mL

21.5

Approximate total CSF
volume mL

up to
25

up to
25

up to
25

up to
25

up to
25

up to
25

up to
25

up to
25

* Study drug is given daily from day 1 – day 14** GCS Assessment is daily while an in-patient. When outpatient, assessment can take place at the scheduled
time + up to 5 days (e.g. 4 week assessment on day 28-33). ***at doctor’s discretion **** volume determined by CSF pressure N.B.: Blood volumes are
estimates

Table 3. simple visual assessment.
Record the best performance of each eye
Function

Score

Normal

1

Blurred

2

Finger counting

3

Movement perception

4

Light perception

5

No light perception

6

Page 10 of 28

Wellcome Open Research 2019, 4:8 Last updated: 11 MAR 2019

*OEVDUJPO5IFSBQZGJSTUXFFLT

*OUFSWFOUJPO"SN
/

%JBHOPTFEXJUI
DSZQUPDPDDBMNFOJOHJUJT
BTQFSTUVEZDSJUFSJB
3BOEPNJTBUJPO
4USBUJGJFECZIPTQJUBM
BOE)*7TFSPTUBUVT

5BNPYJGFONHPODFEBJMZ
QMVT"NQIPUFSJDJONHLHEBZ
QMVTGMVDPOB[PMFNHPODF
EBJMZGPSXFFLT

'PSBMMQBUJFOUT
5XJDFEBJMZ&$(
$IFDLCMPPEQPUBTTJVNEBJMZGPSUIFGJSTUEBZT
$IFDLCMPPEDBMDJVNBOENBHOFTJVNPOEBZT     
BOE
$IFDLNPSFGSFRVFOUMZJGDMJOJDBMMZJOEJDBUFE

$POUSPM"SN
/

$POTPMJEBUJPOUIFSBQZXFFLTmJODMVTJWF

'MVDPOB[PMFNHPODFEBJMZ

"NQIPUFSJDJONHLHEBZQMVT
GMVDPOB[PMFNHPODFEBJMZGPS
XFFLT

Figure 1. Trial design and flow diagram.

Hospital admission
Intravenous amphotericin B is administered for 14 days
necessitating hospital admission during this period. Study treatment and antifungals will be directly administered during this
time period.
Clinical monitoring
Patients will have daily Glasgow Coma Score and review as
per standard care until discharge from hospital. The decision
to discharge patients from the hospital is at the attending physician’s discretion and is based upon the clinical status of the
patient. Following discharge patients will be seen weekly
until 4 weeks, at 6 weeks and at 10 weeks. If the exact visit
day is not feasible, scheduled visits can occur at up to 5 days
following the stipulated time to account for weekends and
holidays (for example, the 4 week review should occur at on
day 28–33 following randomisation, week 10 visit on day 70–75).
Patients will be monitored closely for
• Death - the date of death and cause will be recorded
• N
 ew neurological events (onset of new focal neurological signs or fall in Glasgow coma score of ≥ 2 points for
≥ 2 days, following > 7 days clinical stability or
improvement after randomization)
• Drug-related adverse events
• New or recurrent AIDS defining illnesses
• Visual deficit (at week 10)
• IRIS
• Raised intracranial pressure (clinical or measured)
Uniform management of patients and recording of data
will be ensured by the local study staff who will do clinical
assessments daily while admitted and at follow-up visits.

Uniform management and data recording will be ensured through
training of study staff, standard operating procedures for the
administration of drugs and identification and management of
specific complications, and the use of a clinical reporting form
that has been developed in previous OUCRU studies. The
study has a follow-up period of 10 weeks post-randomisation,
and the full study analysis will be performed and the data submitted for publication when the last patient under follow-up has
reached this timepoint.

Adherence monitoring
All administration of study and antifungal drugs will
be directly observed and recorded in the treatment medication
sheet of the CRF during the in-patient stay. On discharge, sufficient
fluconazole will be dispensed to meet the patient’s needs until
10 weeks following randomization, plus 3 extra days. At each
study visit a pill count will be performed to monitor adherence
to antifungal therapy.
Cardiac monitoring
ECGs (50mm/sec) will be performed twice daily immediately before and 2 hours after administration of Tamoxifen
during the first 14 days, and on days 21 and 28. ECGs can
be repeated more frequently according to the patient’s needs.
The QTc will be calculated as described in section ’Prolongation
of the QT Interval’.
Laboratory monitoring

Blood
Inpatient laboratory monitoring will be as shown in the
study schedule (Table 2). Patients will have daily monitoring
of potassium and alternate day monitoring of creatinine, calcium and magnesium levels for the first 2 weeks of the study(i.e.
days 1, 3, 5, 7, 9, 11, and 14. Following this point levels will be
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Figure 2. Estimated power based on the two simulation studies.
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monitored as clinically indicated. Full blood count will be
measured at study entry, and at days 7 and 14, and thereafter
as clinically indicated. CD4 count will be measured in all
patients during week 1 and at day 70.

Cerebrospinal fluid
Lumbar puncture will be performed on days 1, 3, 7 and
14 following randomization. CSF opening and closing pressure will be measured on each sampling. Following the initial
diagnostic lumbar puncture, routine diagnostic investigations
will be performed according to clinical need. Whenever CSF
is sampled, the fungal burden will be determined by culture
(0.5mL), an aliquot immediately processed and frozen to -80°C
for subsequent drug level measurement (1-1.5mL), and the
remainder of any CSF (ie above that needed for clinical care
and the PK measurements, and between 1-40mls, depending
upon the amount needed to be removed to manage the CSF
pressure) immediately processed for RNA extraction for gene
expression studies. Rarely (approximately 0.5%) TB meningitis can occur at the same time as cryptococcal meningitis.
Patients should have CSF tested by GeneXpert or smear or other
nucleic acid amplification test during the first week of study
treatment.

PK sampling
Plasma sampling for PK
Participation in the plasma PK study will require additional
consent from the patient. Patients who agree to participate
will have baseline bloods taken prior to medication being given,
but amphotericin will be prepared, ready for administration,
so that the infusion can commence without delay following venesection. 1.5ml of blood will be taken in a plain tube
and transported in iced water to the laboratory where it will be
immediately centrifuged and the plasma frozen to -80°C for
storage. This will be the 0hr sample. The standard 4 hour
amphotericin infusion will then commence, and oral fluconazole and Tamoxifen will be administered. Patients will be
sampled for PK a total of 5 times each on day 1 and day 7.
The total volume of blood drawn will be 7.5mL on each day.
The exact timing of blood draws is currently being modelled
based on previous Vietnamese data by Prof Hope in Liverpool,
such that the most efficient sampling schedule is used.
The timing of administration of all antifungal drugs will be
meticulously recorded. In addition, every time a lumbar puncture
is performed, a paired plasma sample will be taken (1.5mL).

CSF sampling for PK
PK CSF sampling will not require additional lumbar punctures
(see section ’Clinical Monitoring’, subsection ‘Cerebrospinal
fluid’). Rather, the timing of all lumbar punctures will be meticulously recorded along with the timing of antifungal drug
administration. 1-1.5ml of CSF will be required for PK studies.
PK studies will only be done if there is sufficient sample available
after routine clinically indicated investigations have been
performed. Every time a lumbar puncture is performed, a paired
plasma sample (1.5mL) will be taken for drug concentration
determination (see section ‘Laboratory Monitoring’, subsection
‘PK Sampling’).

Other investigations
Other investigations may be performed as clinically indicated.
Data for the following will be recorded when performed for
routine clinical care:
• C
 SF, if neurological deterioration (Gram stain and routine
culture, ZN stain and mycobacterial culture, India ink stain
and fungal quantitative culture)
• Sputum, if symptomatic (routine culture, ZN stain)
• Urine culture, if urinary symptoms (urine culture)
• S
 tool culture, if prolonged diarrhoea (microscopy, culture
and parasites)
• Blood cultures, if persistent fever
• L
 ymph node aspiration (routine and mycobacterial
cultures)
• B
 lood glucose will be measured when CSF is examined or
if hyper or hypoglycaemia is suspected
• Liver function tests
A window period of +/- 2 days outside of the scheduled
laboratory tests will apply to all tests except for electrolytes
including potassium, magnesium and calcium, and those needed
at baseline for inclusion/exclusion criteria.

Evaluation of Cryptococcus isolates
All Cryptococcus isolates will be speciated using classical
mycological and molecular methods, and typed through genome
sequencing and phenotypic testing. All isolates will undergo
susceptibility testing for antifungal drugs and Tamoxifen. Isolates
will be securely stored in OUCRU, HTD.
Imaging
A chest X-ray will be performed on study entry if it has
not been done at the time of diagnosis. The result will be
recorded in the CRF. Brain imaging is not mandated by the
study. The decision to perform brain imaging will be according to local practice. Results of brain imaging when available
will be recorded. The brain imaging modality of choice will be
MRI.
Other treatment

Antifungal treatment
All patients – control and intervention arm - will receive antifungal treatment consisting of 2 weeks of intravenous amphotericin B 1mg/kg/day combined with high dose fluconazole
(800mg once daily), followed by fluconazole 800mg once
daily for 8 weeks (10 weeks in total). This is locally feasible
and consistent with recent guidelines6,7. Amphotericin will be
administered according to recommended guidelines (see
extended data, appendix 258). Following the 10 week period of
therapy, HIV infected patients, provided they have responded
to treatment, will receive long term secondary prophylaxis
with fluconazole 200mg/day as per standard of care7. For
HIV uninfected patients, the dose of antifungal therapy after
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10 weeks will be determined on a case by case basis depending on response to treatment and the attending physician’s
judgement regarding the likelihood of there being some other
chronic immunosuppressive condition. After the initial 2 weeks
of the study, modification of antifungal therapy for any patient
can be made according to the patient’s needs and the judgment
of the attending physician. Any changes to antifungal therapy
will be recorded in the case record form. The cost of antifungal
treatment until 10 weeks following randomization will be
covered by existing local financial support or trial finances.
Following the final follow-up visit patients will continue in care
under the existing local services.

Antiretroviral therapy
All HIV infected patients will be referred to local HIV
services as soon as practicable, preferably while still admitted
to hospital, to ensure that they have access to locally available
HIV services including counseling and ARVs.
The recent COAT trial suggests that early (within 5 weeks
of diagnosis and institution of effective antifungal therapy) introduction of ARVs is associated with worse outcomes. Therefore
the study protocol recommends that ARVs are begun at least
5 weeks after institution of antifungal treatment, provided
the patient has made a good response. The date that ARVs
are started (or stopped) in patients in the study will be recorded.
Where a patient is already receiving ARVs at the time of
diagnosis, the decision to continue them will depend upon
the decision of the local attending physician who will make
a judgement regarding whether the cryptococcal meningitis
represents antiretroviral failure or not.

Opportunistic infection (OI) prophylaxis for
immunosuppressed patients
HIV infected patients will be profoundly immunosuppressed
and will receive prophylactic therapy against pneumocystis
pneumonia with daily trimethoprim-sulfamethoxazole, in accordance with local guidelines and practices. If other patients with
non-HIV related immunosuppression are identified, then they
will receive OI prophylaxis according to the local physicians’
judgement.

Data on concomitant medications
At each visit, information on other medications, including
start dates and reason for taking them, will be documented in the
case record forms.

Management and prevention of potential cardiac
adverse events
Possible side effects of Tamoxifen are described earlier.

Electrolyte disturbances and raised creatinine
Electrolyte disturbances are common in cryptococcal disease,
usually precipitated by amphotericin treatment. The likelihood
of such disturbances are mitigated by pre-emptive electrolyte
replacement, sodium loading, and ensuring adequate hydration.
It is routine practice to administer 2 litres of normal saline and
80mmol/L of potassium chloride daily to patients receiving

amphotericin treatment. All patients in the study will receive
such pre-emptive fluid and electrolyte replacement unless they
are fluid overloaded or have elevated serum potassium concentrations. In the event of the serum creatinine being greater than
300umol/L, the next amphotericin dose will be missed, and
the hydration status of the patient re-assessed and corrected.
Amphotericin will be restarted when the serum creatinine is
<200umol/L.

Prolonged QTc
Prolongation of the QT interval will be actively monitored
with daily pre and 2 hour post Tamoxifen dose 12 lead ECGs at
50mm/s for the first 2 weeks of treatment, and weekly after
that, unless they are indicated more frequently. Trained study
staff will measure and calculate the corrected QT interval.
It is expected that around 10–50% of patients will develop
prolonged QTc intervals while on treatment13,16. With some
drugs, a prolonged QTc can lead to a polymorphic ventricular tachyarrhythmia (Torsades de Pointes, TdP) which can be
life threatening. However, this has not been described in patients
receiving Tamoxifen, including in those receiving higher
doses as will be used in this study12,13,16,26. Prolongation of the QT
interval has also been reported in patients receiving fluconazole,
but TdP has only rarely been described with less than 10 reports
published at the time of writing, despite its extensive use38,40.
Moreover, in a case series of cancer patients receiving fluoroquinolones (which also prolong the QT interval) combined with
fluconazole, despite QT prolongation there were no episodes of
arrhythmias42. In this study QT prolongation will be managed in
line with American Heart Association guidelines as described
below32. Any risk of TdP will be mitigated by close monitoring
and management of electrolytes, particularly potassium, calcium and magnesium. The use of other drugs which can prolong
the QTc and have been associated with TdP, other than fluconazole, will be prohibited during the first 14 days following
randomization. Appendix 4 of Extended data58 lists such drugs.
If the QTc is >500ms,
1. D
 o not administer further tamoxifen until the QTc is
≤ 500ms.
2. I mmediately recheck blood potassium, calcium and
magnesium levels.
3. Complete a Cardiac Adverse Event form from the CRF
4. C
 orrect abnormal electrolytes into the mid normal range
with intravenous supplementation (potassium chloride,
calcium gluconate or chloride, and magnesium sulfate).
Use intravenous access separate to the amphotericin
infusion when administering electrolytes.
5. R
 epeat the ECG, a 30 second rhythm strip, and serum
electrolytes 2 hours prior to the next due dose of
Tamoxifen.
a) I f the QTc is >500ms, the due dose of tamoxifen
should be omitted.
b) I f the QTc is ≤500ms but there are extra-systoles, the next
dose of tamoxifen should be omitted
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c) I f the QTc is ≤500ms and there are grade 2 or greater
abnormalities in serum potassium, magnesium or
calcium levels, the next dose of tamoxifen should be
omitted.
d) I f the QTc is ≤500ms, and there are no extra-sytoles,
and the calcium, potassium and magnesium levels are
normal or no more than grade 1 abnormal, the next
due dose of tamoxifen can be given.
6. W
 here the QTC is >500msec, the administration of
tamoxifen is suspended and the patient must
a) h ave daily ECGs and monitoring and correction of
electrolytes until the QTc is less than 500ms.
b) W
 hen the QTc is <500ms, Tamoxifen can be restarted
according to the guidance in 5 a-d above.
7. T
 amoxifen is administered until day 15 after
randomization. All due, received and missed drug
doses must be recorded in the study case record form
(CRF).
8. A
 ny patient where the QTc is greater than 500ms
AND is accompanied by syncope OR arrhythmia
should have review by a cardiologist.

Ventricular tachyarrhythmia
In the event of TdP or any other ventricular tachyarrhythmia,
patients will receive oxygen and be transferred to a high care
environment for continuous cardiac monitoring. If there is cardiovascular compromise, resuscitation will follow normal
practice. Electrolytes will be rechecked, corrected if needed,
and administration of Tamoxifen and fluconazole suspended.
TdP usually occurs in unsustained bursts that spontaneously terminate. However, the specific treatment of TdP is
intravenous magnesium, given as Magnesium sulfate in a
dose of 1–2 g intravenously over 5 to 10 minutes diluted in
50–100mls of 5% dextrose. This can be repeated in
5–15 minutes. Alternatively, a continuous infusion can be
started at a rate of 3–10 mg/min. Note: Magnesium is effective
even in patients with normal magnesium levels.
Temporary transvenous pacing can be used to treat refractory TdP. Temporary pacing is used based on the fact that
the QT interval shortens with a faster heart rate. Therefore, pacing can be effective in terminating torsade. Atrial pacing is the
preferred mode because it preserves the atrial contribution to
ventricular filling and also results in a narrower QRS complex
and hence a shorter QT. Pacing should be instituted at a rate of
90–110 bpm until the QT interval is normalized. Overdrive
pacing may be necessary at a rate of up to 140 bpm to control
the rhythm.
Patients who are in extremis with TdP, or who develop ventricular fibrillation, should be treated with electrical cardioversion or
defibrillation.

All arrhythmias are adverse events and must be recorded on
the appropriate form in the CRF.
Patients who have arrhythmias should be reviewed by a
cardiologist.
Fluconazole should be restarted when the arrhythmia is
resolved for 24 hours. Tamoxifen will not be restarted for any
patient who has a ventricular tachyarrhythmia.

Syncope
Any patient who has sudden onset of loss of consciousness
will be assessed by a clinician according to normal practice.
ECG and electrolytes will be checked and corrected. The
patient will be monitored in a high care environment. Tamoxifen
administration will be stopped and not restarted. Patients who
have syncope due to suspected arrhythmia should be reviewed by
a cardiologist.

Stopping study drug
Occasionally it can be necessary to stop the study intervention
(Tamoxifen). Stopping a patient’s treatment does not mean that
they have withdrawn from the study. Patients continue in the study
and follow the protocol schedule for visits and investigations
until its conclusion.

Indications for stopping Tamoxifen
Tamoxifen is generally a well tolerated drug. Studies from
breast cancer suggest increased risks of pulmonary embolism,
and uterine malignancies, but the absolute risks of these are
very low and they are associated with prolonged use over many
months rather than short course duration, as will be used in this
study29. It is unlikely that the 2 weeks duration of treatment in
this study will increase these risks. Prolongation of the QTc
interval is to be expected in this study and does not necessarily
indicate a risk of ventricular arrhythmia. The management of
study drug in the face of prolonged QTc (>500ms) has been
described in section ‘Management of Adverse Events’, subsection ‘Prolonged QTc’. However, Tamoxifen will be stopped
and not restarted if any of the following events occur in a
particular patient:
1. deep venous thrombosis
2. venous thromboembolism
3. syncope
4. ventricular tachyarrhythmia

Withdrawal from the trial
Patients may voluntarily withdraw from the trial for any reason. If this occurs, the patient will be referred to standard
clinical care facilities. The patient’s withdrawal from the trial
will not affect their access to the best standard of care within the
local health system. With the agreement of the patient, clinical
and laboratory assessment should be performed and recorded at
the time of withdrawal. Patients may also decide to stop study
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treatment without withdrawing from the study, in which case
Tamoxifen will be stopped and follow-up will continue as per
the study schedule.

Adverse events
Definition of adverse events
An adverse event (AE) is any undesirable event that occurs
to a study participant during the course of the study whether or
not that event is considered related to the study drug. An AE can,
therefore, be any unfavorable and unintended sign (including
an abnormal laboratory finding, for example), symptom, or disease temporally associated with the study drug, whether or not
considered related to the study drug.
Examples include:
• A
 n increase in severity (grade) or frequency of a pre-existing abnormality or disorder (events that are marked by a
change from the participant’s baseline/entry status, including changes in blood tests such as electrolytes)
• All reactions from sensitivity or toxicity to study drug
• I njuries or accidents (e.g., for a fall secondary to
dizziness, “dizziness” is the event and the injury secondary
to the fall is the “outcome”)
• N
 ew clinically significant abnormalities in clinical
laboratory values, physiological testing or physical
examination.
Stable chronic conditions, such as arthritis, which are present
prior to clinical trial entry and do not worsen are not
considered AEs and will be documented in the subject’s clinical
chart as medical history.
Clinical or laboratory events are considered adverse events
only if they occur after the first dose of study treatment and
before the patient completes trial participation. (See below for
reporting of adverse events.)

Definition of Serious Adverse Events
An AE is considered to be “serious” if it results in one of the
following outcomes
• Death,
• L
 ife-threatening event (the subject was at immediate
risk of death at the time of the event; it does not refer
to an event which hypothetically might have caused
death if it were more severe),
• I npatient hospitalization or prolongation of existing
hospitalization
• P
 ersistent or significant disability/incapacity (a substantial disruption of a person's ability to conduct normal
life functions),
• Congenital anomaly/birth defect
• I mportant medical event that may not be immediately
life-threatening or result in death or hospitalization but

may jeopardize the patient or may require intervention
to prevent one of the other outcomes listed in the
definition above.

Definition of Unexpected Serious Adverse Events
Unexpected Serious Adverse Events are untoward medical
events which fit one or more of the criteria for SAEs above
and which are not considered a part of normal clinical
progression of disease or an expected drug reaction. Any event
which becomes of concern to the investigators or study doctors
during the course of the trial may be reported as a USAE.
Assessment of Adverse Events
Adverse events will be defined according to the Common
Terminology Criteria for Adverse Events (CTCAE). New AIDS
defining events will be defined according to the revised CDC
criteria modified for this trial (see extended data, Appendix 358).
In the event that an adverse event is not described within the
CTCAE definitions, or is a new AIDS defining event, the
following generic severity grading will be used:
Grade 1 Mild; asymptomatic or mild symptoms; clinical or
diagnostic observations only; intervention not indicated.
Grade 2 Moderate; minimal, local or noninvasive intervention indicated; limiting age-appropriate instrumental Activities of
Daily Living (ADL)*.
Grade 3 Severe or medically significant but not immediately life-threatening; hospitalization or prolongation of
hospitalization indicated; disabling; limiting self-care ADL**.
Grade 4 Life-threatening consequences; urgent intervention
indicated.
*Instrumental ADL refer to preparing meals, shopping for
groceries or clothes, using the telephone, managing money, etc.
**Self-care ADL refer to bathing, dressing and undressing,
feeding self, using the toilet, taking medications, and not bedridden.
[Note: “Life-threatening” as a severity grade is not necessarily the same as “life-threatening” as a “serious” criterion used to
define a serious adverse event. The former is a “potential” threat
to life and the latter is an “immediate” threat to life.]
A laboratory abnormality only needs to be recorded as a
clinical adverse event if it is associated with an intervention.
Intervention includes, but is not limited to, discontinuation of a
current treatment, dose reduction/delay of a current treatment,
or initiation of a specific treatment. In addition, any medically
important laboratory abnormality may be reported as an adverse
event at the discretion of the investigator. This would include
a laboratory result for which there is no intervention but
the abnormal value suggests a disease or organ toxicity. Laboratory events will be graded according to CTCAE
definitions.
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If clinical sequelae are associated with a laboratory abnormality, the diagnosis or medical condition should be reported as the
adverse event (e.g., renal failure, haematuria, cardiac
arrhythmia) - not the laboratory abnormality (e.g., elevated
creatinine, urine RBC increase).

Recording and reporting of Adverse Events and
protocol violations
Adverse event recording
Grade 3 and 4 adverse events will be recorded in the case
report form and entered to the study database. Grade 1 & 2 events
will not be recorded since in a severe disease such as cryptococcal meningitis the number of low grade adverse events is likely
to be high representing a large reporting burden which may impact
upon the quality of recording and reporting of more important
grade 3 and 4 adverse events.

Adverse event reporting
Serious adverse events and serious unexpected adverse
events will be reported to the Principal Investigator within
3 days of occurrence, or sooner according to local
requirements. The Principal Investigator will report all unexpected serious adverse events to the DSMB within 10 days of
occurrence. Unexpected serious adverse events will be reported
to the responsible ethical committees within 10 days of
occurrence or as required by the committee. Serious adverse
events will be reported to the local IRBs on a monthly basis.
Protocol violations
Protocol violations are events which contradict or omit protocol instructions. Violations which compromise patient safety
or the integrity of trial data will be recorded and reported to the
responsible Ethics Committees as required by the regulations
of each Committee.

For the second set of simulations, the control group consisted
of the combined 145 patients from the BK study and 04CN
receiving amphotericin B plus fluconazole. For assumed EFA
treatment effects ranging from -0.16 to -0.10 log10CFU/ml
per day faster declines in the intervention group, we generated
hypothetical intervention group data by simulating this treatment effect on top of the observed fungal count measurements for
patients receiving amphotericin B plus fluconazole. Power was
then determined based on resampling-based simulation as for
the first set of simulations.
Estimated power was based on 10 000 repetitions of each simulation experiment. Estimating EFA based on a mixed model
accounting for the detection limit of fungal count measurements
was not feasible because this would require excessive computing
time. Thus, we used a simple mixed model ignoring the detection limit for the simulations instead but removed values after
the first undetectable (zero) fungal count measurements and
kept the first fungal count of zero only if it lead to a steeper
estimated least-squares decline for that patient compared to
omitting the measurement.
Results for both sets of simulations are shown in Figure 3.
Based on the first simulation study, n=25 subjects per group provide approximately 80% power to detect a difference in EFA
of similar size as the difference between amphotericin B plus
fluconazole and amphotericin B plus flucytosine observed in
the BK study. Based on the second simulation study, n=25
subjects per group provide 80% and 90% power to detect a difference in EFA of -0.11 or -0.13 log10CFU/ml/day, respectively.
We consider that this size of effect is likely to deliver a clinical
benefit. All simulations were performed using R software
version 3.2.259.
Analysis

Statistics
Sample size and power considerations
Sample size considerations were based on simulation using
data from two previously published trials in cryptococcal
meningitis conducted in Vietnam8,9: 96 patients from the BK trial
(all recruited at HTD) with at least one quantitative fungal count
measurement randomized to amphotericin B plus fluconazole,
and 97 randomized to amphotericin B plus flucytosine;
plus 49 patients from the CryptoDex trial recruited at HTD or
Cho Ray Hospital randomized to placebo (all of these received
antifungal treatment with amphotericin B plus fluconazole).
The first set of simulations assumed that the Tamoxifen group
was associated with a similar effect on Early Fungicidal Activity
(EFA) as amphotericin B plus flucytosine. For sample sizes
ranging from 15-30 patients per group, we repeatedly sampled
patients from both included BK study arms of that size with
replacement, analyzed them, i.e. compared EFA between the two
groups, and then determined the proportion of significant results
(i.e. the estimated power).

Analysis of the primary endpoint: early fungicidal
activity (EFA)
All recorded longitudinal quantitative fungal count measurements up to day 17 (allowing for some delays in the day 14
measurements) will be included in the analysis. EFA will be
modeled based on a linear mixed effects model with longtitudinal log10-CSF quantitative culture fungal counts as the outcome,
interaction terms between the treatment groups and the time since
enrolment of the measurement as fixed covariates and random
patient-specific intercepts and slopes. The lowest measurable
quantitative count is 5 CFU/ml and values below the detection
limit (which correspond to recorded values of 0) will be treated
as <4.5 CFU/ml, i.e. non-detectable measurements will be
treated as left-censored longitudinal observations in the analysis
as we have done previously8.
Based on this model, EFA will be compared between the
two treatment arms in all patients (intention to treat), in the
per-protocol population, and subgroups defined by HIV sta-
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Figure 3. Screening study flow diagram.

tus (uninfected; infected) and baseline fungal burden (<5 log10
CFU/ml; ≥5 log10 CFU/ml).

Analysis of secondary endpoints
Survival until 10 weeks after randomization
Overall survival will be visualized using Kaplan-Meier curves
and modeled using the Cox proportional hazards regression
model with stratification by HIV status. In addition, survival will
be modeled with a multivariable Cox regression model including the following covariates in addition to the treatment group:
baseline log10-fungal load, Glasgow coma score less than 15
(yes or no), HIV infection status, and ARV treatment status
at study entry (naïve or experienced).

Disability at 10 weeks.
The disability score at week 10 follow-up is defined as the
higher (worse) of “ the two simple questions” and the Rankin
score assessed at that time point, and will be categorized as good
outcome, intermediate disability, severe disability, or death (in
case the patient died before 10 weeks) as previously described45.
The ordinal 10-week score (“good”>”intermediate”>”severe”>
”death”) will be compared between the two arms with a proportional odds logistic regression model depending on the treatment
arm and HIV infection status. The result will be summarized as
a cumulative odds ratio with corresponding 95% confidence
interval and p-value. Patients lost to follow up will be analyzed
according to their last recorded disability status. If the rate of
patients lost to follow-up exceeds 10%, we will also perform an
alternative analysis based on multiple imputation of missing
values.

Adverse events.
The frequency of serious and grade 3 & 4 adverse reactions
as well as the frequency of specific adverse events will be
summarized (both in terms of the total number of events as
well as the number of patients with at least one event). The
proportion of patients with at least one such event (overall
and for each specific event separately) will be summarized
and (informally) compared between the two treatment groups
based on Fisher’s exact test.
QT prolongation
The QTc will be classified as “normal” (<450ms for males,
<460ms for females), mildly prolonged (≥450ms for males or
≥460 for females but ≤500ms) and prolonged (>500ms). The
frequency of patients with a maximum QTc in these categories
will be summarized for the following time intervals: day 1
(baseline), days 2-3, 4-7, 8-14, and after day 14. Comparisons
will be with a proportional odds logistic regression model
depending on the treatment arm and HIV infection status.
The maximum absolute change from baseline of the QTc
during follow-up will also be summarized; the comparison
between treatment groups will be based on a linear regression
model with treatment as the main covariate and adjustment for
HIV status and the baseline QTc interval.

Analysis of other secondary outcomes
The rate of IRIS and the rate of relapse (defined as antifungal
treatment intensification or re-treatment) will be modeled with
cause-specific proportional hazards models with treatment as the
only covariate and stratification by HIV infection status.
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The visual acuity at 10 weeks is recorded on a 6 point scale and
will be summarized by treatment arm for each eye separately,
and overall where “overall” is defined as the worst recorded acuity of either eye. The odds of having “normal acuity” (amongst
all surviving patients with a visual assessment) will be informally compared between the treatment arms with a logistic
regression model adjusted for HIV status.

As the dissemination of preliminary summary data could
influence the further conduct of the trial and introduce bias,
access to interim data and results will be confidential and
strictly limited to the involved independent statistician and the
monitoring board and results (except for the recommendation)
will not be communicated to the outside and/or clinical
investigators involved in the trial.

The time to the first new neurological event or death until
10 weeks will be analyzed in the same way as overall survival.
Longitudinal measurements of intracranial pressure during the
first 2 weeks will be modeled using a mixed effect model as
described for the primary outcome. CD4 cell count at baseline
and 10 weeks will be summarized and the change compared
between the two groups based on a linear regression model with
treatment as the main covariate and adjustment for HIV status
and baseline CD4 cell count.

Further reviews will be at the discretion of the DSMB. All
DSMB reports, replies or decisions will be sent to the responsible
Research Ethical Committees.

Analysis populations
The primary analysis population for all analysis is the full
analysis population containing all randomized patients except
for those mistakenly randomized without cryptococcal meningitis. Patients will be analyzed according to their randomized arm
(intention-to-treat). In addition the primary endpoint will
be analyzed on the per-protocol population which will exclude
the following patients: major protocol violations and those
receiving less than 1 week of administration of the randomized
study drug for reasons other than death.

Interim analysis and role of the Data and Safety
Monitoring Board (DSMB)
An independent DSMB will oversee the trial. Cardiac and
unexpected serious adverse events with treatment allocation
blinded will be reported to the DSMB within 10 days of occurrence and followed-up until resolution. The DSMB will
perform an unblinded safety analysis after the first 20 patients
have completed the allocated 2-week induction treatment or died.
Particular attention will be paid to cardiac adverse events. Stopping for harm of Tamoxifen will be considered if a safety issue
emerges which is sufficiently large, in the judgement of the DSMB,
to suggest that continued exposure of patients to Tamoxifen
is unethical. Early stopping for efficacy of Tamoxifen is not
foreseen as this is a pilot study. The DSMB will be able to
mandate additional safety analyses at any timepoint they deem fit.
At the interim analyses, the DSMB will receive a report
including summaries of mortality, serious adverse events,
grade 3 & 4 adverse events, and estimates of early fungicidal
activity during the first 14 days by treatment arm. The report
will be prepared by the DSMB statistician and distributed to all
DSMB members for review. Based on these data, the committee
will make recommendations on the continuation, cessation
or amendment of the study. The study statistician will aid in
setting-up the code for generating the interim analysis summaries in a blinded fashion, i.e. without access to the randomization
assignment. The randomization list will be sent to the DSMB
statistician directly from the study central pharmacist.

Ethical considerations
Declaration of Helsinki and Good Clinical Practice
The Investigator will ensure that this study is conducted
in compliance with the current revision of the Declaration of
Helsinki (Seoul 2008) and the Medical Research Council
Guidelines on Good Clinical Practice (1998).

Ethical Review
The study has been approved by the Oxford Tropical Research
Ethics Committee (Reference 25-16), The ethics Committees of
the Hospital for Tropical Diseases, Ho Chi Minh City (Reference
CS/ND/17/07) and Cho Ray Hospital, Ho Chi Minh City
(Reference 179 – CN-HDDD), and the Vietnam Ministry of
Health (reference 3110/QD-BYT).
Informed consent
The study staff will discuss the study with all potential adult
participants or, in the case of a participant who is unable to give
informed consent independently, with a representative appropriate within local culture. Study staff will describe the purpose of the study, the study procedures, possible risks/benefits,
the rights and responsibilities of participants, and alternatives
to enrolment. The participant or representative will be invited to
ask questions which will be answered by study staff, and they
will be provided with appropriate numbers to contact if they
have any questions subsequently. If the participant or representative agrees to participate, they will be asked to sign and
date an informed consent form (Appendix 5, Extended data58).
A copy of the form will be given to them to keep. If required,
the participant or representative will be given up to 24 hours to
consider the study provided the participant remains eligible
for the study.
Participants who were consented by a representative will
be approached to consider consent independently if at any
time during study participation s/he becomes able to consider
consent independently.
In addition to the procedures above, illiterate signatories
will have the informed consent form read to them in the presence of a witness who will sign to confirm that the form was read
accurately and that the participant or representative agrees to
participation. All patient information sheets and Consent/
Assent forms will be written in the local language and will
use terms that are easily understandable. Clinical care will
not be delayed in any case during consideration of consent.
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Risks
This study will use a drug that has been studied thoroughly and
its toxicities are well described. Further details can be found
in the Study Treatment section of this protocol. While QT
prolongation is described for Tamoxifen, life threatening arrhythmias have not been. QT prolongation has also been described
for fluconazole. Polymorphic ventricular tachycardia has been
described in association with fluconazole use, but this is an
extremely rare event. It is not clear if combining Tamoxifen with
fluconazole will increase the risk of prolonged QT interval and
TdP. Less than 20% of cases of TdP will progress to ventricular
fibrillation. The possible risk of TdP must be considered in the
context of the risk of death of approximately 50% for patients
with cryptococcal meningitis. Patients will be closely monitored
for all adverse events and treated as per standard of care. Additional volumes of blood and cerebral spinal fluid will be taken for
research tests. These volumes have very little risk of affecting
the participant’s health. Some phlebotomy may be performed
more often than is required by clinical care. This procedure
carries the small risk of bruising and infection.

will be granted to authorized representatives from the host
institution and the regulatory authorities, if applicable, to permit
trial-related monitoring and inspections.

Tamoxifen and fluconazole may be teratogenic and Tamoxifen
is present in breast milk. Therefore pregnant and breast-feeding
women are excluded from this trial, and will be counselled
to use contraception until 3 months after the study end.

The participants will be identified only by a study specific
participant number and/or code in any database. The name and
any other identifying detail will NOT be included in any study
data electronic file.

Benefits
It is unknown if study participants who receive study treatment will benefit. The additional monitoring and follow-up of
patients by dedicated study staff may be of benefit to patients
treated in resource limited settings. For the duration of the study
all treatment costs associated with cryptococcal meningitis
will be met including antifungal therapy, lumbar puncture, and
study investigations. The study will pay for anti-arrhythmic
drugs if needed, ECGs, and review by a cardiologist if clinically indicated. Training in laboratory and clinical procedures,
research methods and good clinical practice, will be given
to all participating centres. Investigators will engage with the
HIV/AIDS community in each setting to ensure that trial conduct
is cohesive with local patient support services.

Sponsorship and Insurance
The University of Oxford has appropriate insurance-related
arrangements in place in respect of the University’s role as
research sponsor for this study (Contact: University of Oxford,
Research Services, University Offices, Wellington Square,
Oxford OX1 2JD, Tel +44 (0) 1865 282585).

Alternatives to Study Participation
The alternative to participation in this study is routine care
by the doctors in the hospital. Patients will be responsible for
their own treatment costs as per local norms and hospital policy.
Confidentiality
Participants will be assured that all information generated in
this study will remain confidential. The trial staff will ensure
that the participants’ anonymity is maintained. Participant’s
names will be recorded at the time of enrolment to allow for their
identification at follow-up visits. However identifiable information will be linked to stored data or samples only by a protected
Master List. This list will not be shared outside the study staff.
All documents will be stored securely and all reports or samples will be coded without identifying information. Direct access

Withdrawal of participants from the study
Each participant has the right to withdraw from the study
at any time. All patients who withdraw will be referred for
treatment as per routine clinical care. The reason for withdrawal
will be recorded in the CRF.
Sample sharing and storage
Samples collected will be used for the purpose of this study
as stated in the protocol and stored for future use in studies
not yet conceived, which may include genetic studies. Consent will be obtained from subjects for genetic testing and for
sample storage and/or shipment of specific samples to collaborating institutions for investigations that cannot be performed
locally. Any proposed plans to use samples other than for those
investigations detailed in this protocol will be submitted to
the relevant ethics committees prior to any testing.

Trial Registration
The trial was registered at ClinicalTrials.gov ID: NCT03112031 on
the 13 April 2017

Data
Data collection and entry
Source documents will be generated during the study by the
site study staff at participating institutions. Source documents
include all original recordings of observations or notations of
clinical activities, and all reports and records necessary for the
evaluation and reconstruction of the clinical trial. Source documents include, but are not limited to, the subject’s medical records,
research case record forms (paper or electronic), laboratory
reports, ECG tracings, x-rays, radiologist’s reports, subject’s
diaries and questionnaires, biopsy reports, ultrasound photographs, progress notes, pharmacy records, and any other similar
reports or records of procedures performed during the subject’s
participation in the study.
Access to applicable source documents is required for study
purposes. The site investigators are responsible for maintaining any source documentation related to the study. Source
documentation should support the data collected on the
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CRF when the CRF is not the original site of recording. Source
documentation must be available for review or audit by the
sponsor or designee and any applicable regulatory authorities.
Case Report Forms (CRFs) will be used as a data collection
tool. The study team will transfer the information from the
source documents onto the CRFs. CRFs may be used as source
documents if they are the primary data collection tool for
specified data as documented in written standard operating
procedures. The site Investigators are responsible for maintaining accurate, complete and up-to-date records. These forms
are to be completed on an ongoing basis during the course
of the study by authorized individuals.
Corrections to paper CRFs must be initialed and dated by the
person making the correction and must not obliterate the original
entry. All CRFs should be reviewed by the designated study staff
and signed as required with written or electronic signature, as
appropriate.
Selected study members (study doctors or nurses) will be
trained on how to enter all clinical data as source information
from the CRFs and from laboratory source documents into an
internet-based computerized data entry system called CliRes
hosted by OUCRU Viet Nam. Data entry will occur simultaneously as data are being generated during the trial as soon as
possible after the information is generated. Data may
be manually entered or scanned and electronically uploaded
dependent on available software. Source documents and
electronic data will be verified according to the Trial Monitoring
Plan.
Following study completion and the main analyses and publication of the study results, the study sub-datasets consisting
of the patient data from particular recruiting sites will be
available to the investigators from those sites.

Record Retention
The trial will be conducted to Good Clinical Practice (GCP)
in line with the UK medical Research Council guidelines. The
investigator is responsible for retaining all essential documents as listed in the MRC guidelines on GCP. All essential
documentation for all study subjects are to be maintained in
original paper format by the investigators in a secure storage
facility for a minimum of 3 years and as required by local
regulations thereafter. All essential documentation will be
converted from paper to electronic format (if required) and
stored centrally for at least 10 years after the completion of the
trial and as required by local regulations thereafter.
All stored records are to be kept secure and confidential.

Monitoring
The trial will be conducted in compliance with this protocol,
Medical Research Council Guidelines of Good Clinical Practice
and any applicable regulatory requirement(s).

The study will be adequately monitored by the OUCRU or
their designate. Monitors will visit the clinical research site to
monitor all aspects of the study in accordance with the appropriate regulations and the approved protocol. The objectives
of a monitoring visit will be: 1) to verify the existence of adequately signed informed consent documents for each enrolled
subject; 2) to verify the prompt, complete and accurate recording of all monitored data points, and prompt reporting of all
SAEs and unexpected SAEs; 3) to compare abstracted information with individual subjects’ records and source documents
(subjects’ charts, case report forms, laboratory analyses and test
results, physicians’ progress notes, nurses’ notes, and any other
relevant original subject information); 4) to verify the supply
and condition of the study drug and the accurate and
secure assignment of randomization code; and 5) to ensure
protection of study subjects, investigators’ compliance with
the protocol, and completeness and accuracy of study records.
The monitors also will inspect the clinical site regulatory files
to ensure that regulatory requirements and applicable guidelines
are being followed. During the monitoring visits, the investigator (and/or designee) and other study personnel will be available
to discuss the study progress and monitoring visit.

Dissemination of findings
Results of the study will be published in international peer
reviewed journals, presented at national and international
conference, and publicized on the OUCRU website and through
OUCRU social media accounts. Any publication or presentation during the active phase of the study must have permission
from the Investigators. The investigators will define the strategy for publication, resolve any problems of authorship and
maintain the quality of publications. All publications will acknowledge the appropriate authors and funding sources according
to normal academic practice. The investigators are the custodian
of the data and specimens generated from this trial.

Trial status
The trial started recruiting patients in November 2017 and
finished enrollment in May 2018. Data analysis is on-going.

Discussion
Current best treatment for cryptococcal meningitis, consisting
of amphotericin combined with flucytosine for the initial two
weeks of treatment, is life-saving but remains associated with
unacceptably high death rates in the order of 30–40%.
Moreover, flucytosine, while an old drug that is off–patent,
remains poorly available and extremely expensive. Its high cost
(10–15,000 USD per week in the USA) illustrates that narrow
spectrum, Cryptococcus-specific drugs are never likely to be
a solution for the vast majority of patients, because there are no
economies of scale in either drug development or manufacture. For
this reason, the repurposing of off-patent drugs that have frequent indications for common, unrelated conditions, holds the
main hope of improving outcomes from this devastating disease.
Tamoxifen fits this profile perfectly. This controlled trial will
deliver initial efficacy and safety data to enable the field to
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determine whether tamoxifen should be trialed in a larger study
powered to mortality. If successful, tamoxifen has the potential
to transform care of cryptococcal disease since it is cheap, has
stable costs driven by a common alternate diagnosis (breast
cancer), and is widely available.

Data availability
Underlying data
All data underlying the results are available as part of the article
and no additional source data are required

Extended data
Additional information regarding the protocol is available
as Extended data from the Oxford University Research
Archive (ORA).
The document contain the following –
Appendix 1 - Management of raised intracranial pressure
Appendix 2 - Amphotericin administration and complications
Appendix 3 - Presumptive and definitive criteria for AIDS defining
events
Appendix 4 - Drugs associated with prolonged QTc and TdP
which must not be coadministered with Tamoxifen during the
first 2 weeks of this study.

Appendix 5 - Patient Information sheet and Informed Consent
Form
ORA: Extended data. Extended data - Appendices - A
randomised controlled trial of tamoxifen for cryptococcal
meningitis. https://doi.org/10.5287/bodleian:NG5DwvJDN58
Licence: CC0 (CC Zero) attribution
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Thoughts:
This protocol describes a phase 2, open label randomized trial to evaluate the efficacy of the combination
of tamoxifen, amphotericin and fluconazole compared to amphotericin and fluconazole alone. The
reasons to use tamoxifen as an adjunct are valid given its synergistic activity with amphotercin and
fungicidal effects. Tamoxifen has also proven to be synergistic with fluconazole in vivo, but mortality was
not assessed in the mouse models used in that study.
However, the primary endpoint chosen is the EFA, which is a controversial surrogate marker for all cause
mortality in patients with cryptococcal meningitis. While there are no studies that have shown a worsened
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now recorded as 181,000/year2.
Some relevant questions about the protocol:
Has the potential risk for Qt prolongation been included and well explained in the consent?
Is there a sense of how much tamoxifen in the serum is protein bound and how much is available to
be utilized by tissues?
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tamoxifen to amphotericin B and fluconazole for cryptococcal meningitis, using as an end-point the early
fungicidal activity of the combination therapy. The primary outcome has been well accepted as an early
indicator of clinical efficacy and has correlated with clinical outcomes in other trials,
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control. The authors do make the very relevant point that given the widespread unavailability of
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Ngan and colleagues have presented a well-written and detailed protocol of a phase II, open-label,
randomized controlled trial designed to evaluate initial efficacy and safety data for adjunctive tamoxifen
added to standard antifungal therapy for cryptococcal meningitis. As the authors point out, the most
effective treatment combination with amphotericin and flucytosine remains unavailable in much of the
world where the burden of cryptococcal meningitis is the greatest. As such, the identification of a novel
drug effective against Cryptococcus would represent an important advance. Given the inherent
challenges involved in de novo antifungal development, drug repurposing is an attractive approach for
new antifungal discovery.
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This experienced research group should be commended for advancing tamoxifen, a widely accessible
SERM used in breast cancer, into clinical trial status for cryptococcal meningitis. In pre-clinical studies,
tamoxifen has demonstrated fungicidal activity against Cryptococcus when combined with fluconazole
and appears synergistic with amphotericin. In this protocol, the authors outline a well-designed
randomized study in Vietnam comparing standard induction therapy (amphotericin + fluconazole) to
standard induction therapy with the addition of tamoxifen 300mg daily. The primary outcome is EFA.
Secondary outcomes include 10-week survival and disability, grade ≥3 AEs including QT prolongation
and visual deficits, rates of paradoxical IRIS and relapse, changes in intracranial pressure and CD4 count,
and concentrations of tamoxifen and fluconazole in blood and CSF. The goal of the study is to inform the
decision to proceed to a phase III trial powered for mortality, which is planned if adjunctive tamoxifen is
found to improve CSF fungal clearance.
I have no specific amendments suggested to this publication, but would offer the following comments as
the authors move forward through the study process:
Background and Rationale: Well-reasoned with appropriate background provided, including rationale of
tamoxifen as antifungal, existing pre-clinical data, pharmacology and adverse effects. My only comment
would be regarding headings (might be more of a publication error). Adverse events should be bolded,
while subsequent subsections should not.
Regarding EFA as a primary endpoint: have the authors considered the possibility of an “efficacy ceiling”
for EFA that masks any potential activity of tamoxifen when it comes fungal clearance? For example,
fluconazole is effective for cryptococcosis outside the induction period (consolidation, maintenance,
asymptomatic CrAg antigenemia), though no mortality benefit has ever been convincingly demonstrated
for fluconazole as part of combination induction therapy. In other words, demonstrating efficacy of
tamoxifen in this study might be difficult using EFA as primary endpoint given presence of potent regimen
containing amphotericin. If no improvement in EFA is observed during this trial, would the idea of
tamoxifen as treatment for Cryptococcus be abandoned? Perhaps there would still be room for evaluating
outcomes outside of the induction period?
Statistics: again on the topic of EFA… I would agree with the authors decision to determine EFA based
on a linear mixed-effects model including all LP timepoint collected, as this would provide the most
accurate and sensitive EFA for purposes of comparison between the two study groups. However, have
the authors considered including other methods of calculating EFA as well? It may be helpful in the final
analysis to also include general linear regression models and to include models that limit the LP
timepoints used in calculations to day 1, 7, and 14. This would be useful in comparing EFA across other
studies, and bring attention to the fact that standardization of EFA across cryptococcal meningitis studies
needs to be prioritized.
Trial status: I am excited to see the results of this study! Just curious why the authors submitted the
protocol for publication only after enrollment into the study has concluded?
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are strongly associated at the population level with improvements in survival. Particularly, the
combination of amphotericin with flucytosine, which appears synergistic in vitro for the majority
(~80%) of clinical isolates (as we found for tamoxifen and amphotericin), delivers the steepest
declines in CSF fungal load, so EFA seemed an appropriate endpoint for this combination at this
juncture. This this will be the first use of tamoxifen within humans with cryptococcal disease - we
felt it imperative to generate these efficacy and safety data prior to any trial powered to mortality.
However, all patients will be followed until 10 weeks after randomisation, although we will lack
power to demonstrate and effect with this sample size.
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Abstract
Background: Cryptococcal meningitis has high mortality. Flucytosine is a key treatment but is
expensive and rarely available. The anticancer agent tamoxifen has synergistic anti-cryptococcal
activity with amphotericin in vitro. It is off-patent, cheap, and widely available. We performed a trial
to determine its therapeutic potential.
Methods: Open label randomized controlled trial. Participants received standard care –
amphotericin combined with fluconazole for the first 2 weeks – or standard care plus tamoxifen 300
mg/day. The primary end point was Early Fungicidal Activity (EFA) – the rate of yeast clearance
from cerebrospinal fluid (CSF). Trial registration https://clinicaltrials.gov/ct2/show/NCT03112031.
Results: Fifty patients were enrolled (median age 34 years, 35 male). Tamoxifen had no effect on
EFA ( 0.48log10 colony-forming units/mL/CSF control arm versus 0.49 tamoxifen arm, difference
0.005log10CFU/ml/day, 95% CI: 0.16, 0.15, p=0.95). Tamoxifen caused QTc prolongation.
Conclusions: High-dose tamoxifen does not increase the clearance rate of Cryptococcus from CSF.
Novel, affordable therapies are needed.
Funding: The trial was funded through the Wellcome Trust Asia Programme Vietnam Core Grant
106680 and a Wellcome Trust Intermediate Fellowship to JND grant number WT097147MA.
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Introduction
Cryptococcal meningitis is a leading cause of death in HIV-infected patients, with an estimated
223,000 cases in 2014 (Rajasingham et al., 2017). The vast majority of infections are due to C. neoformans, and occur in low-income tropical settings. Current international guidelines recommend initial induction treatment with amphotericin combined with flucytosine, followed by consolidation
therapy with fluconazole (World Health Organization, 2018). This combination delivers the fastest
rates of clearance of yeast from cerebrospinal fluid (CSF) and the best survival rates (Day et al.,
2013; Molloy et al., 2018). However, even on this gold standard therapy, 30% of patients will die
within 10 weeks of diagnosis (Day et al., 2013; Molloy et al., 2018). Adjunctive therapy with corticosteroids, which has proven beneficial in other forms of meningitis, results in worse outcomes
(Beardsley et al., 2016).
Cryptococcal meningitis can also occur in HIV-uninfected patients, including immunocompetent
people and those with other causes of immunosuppression. Survival rates are similar to those seen
in HIV-infected patients. There are few data from randomized controlled trials to guide treatment in
these circumstances. In Vietnam around 20% of cases of cryptococcal meningitis are in HIV-uninfected patients (Chau et al., 2010). Disease is predominantly due to the C. neoformans VNIa-5 lineage; C. gattii is responsible for around 25% of cases (Chau et al., 2010; Ashton et al., 2019;
Day et al., 2011; Day et al., 2017).
There has been little progress in development of antifungal drugs for cryptococcal meningitis.
Amphotericin and flucytosine are each more than 60 years old; the last novel drug class developed
was the azoles, introduced 30 years ago. Access to flucytosine is severely restricted by availability
and cost, meaning it is rarely used where disease burden is highest. Despite being off-patent, it has
been subject to extraordinary price rises in recent years, with a 2-week course now costs around
30,000 USD in the USA (Merry and Boulware, 2016). Flucytosine is an unattractive prospect for
generic manufacturers, because the location of the majority of patients and the few indications outside cryptococcal disease promise only limited financial returns. These same factors hamper the
development of novel treatments for cryptococcal disease, and have driven interest in drug re-purposing (Butts et al., 2014; Dolan et al., 2009; Zhai et al., 2012). Re-purposing can be a solution for
neglected diseases provided the new indication accounts for only a minority of total prescriptions,
and the de facto indications are sufficiently prevalent to ensure availability, price stability, and
affordability.
Tamoxifen, a selective estrogen receptor modulator used to treat breast cancer, has anti-cryptococcal activity, appearing to act synergistically when combined with other antifungals against the
type strain in vitro, and to be fungicidal when combined with fluconazole in the mouse infection
model (Butts et al., 2014; Dolan et al., 2009). We found it to act synergistically with amphotericin
against two-thirds of clinical isolates of Cryptococcus neoformans and C. gattii from our archive and
to have an additive interaction when combined with fluconazole in vitro (Hai et al., 2019).
Tamoxifen is concentrated in brain tissue (10- to 100-fold compared with plasma) and macrophage phagosomes (a site of growth for Cryptococcus spp.), is off-patent, cheap (~10US cents/tablet) and widely available (Lien et al., 1991a; Lien et al., 1991b). Therefore, it is a promising
candidate for the treatment of cryptococcal meningitis. Pharmacokinetic data suggest that doses 5to 10-fold that used in breast cancer (typically 30 mg/day) should deliver plasma concentrations of
tamoxifen greater than the Minimum Inhibitory Concentration 90 (MIC90 16 mg/mL) of Vietnamese
clinical isolates (Lien et al., 1991a). Such doses have been used, and well-tolerated, in small cell
lung cancer, desmoid tumours, and prostate cancer. These illnesses have comparable or better 1year survival rates than cryptococcal meningitis (Ngan et al., 2019). While generally well-tolerated,
acute side effects that could be detrimental from short-course treatment include QT prolongation of
the cardiac de/repolarization cycle, although the risk of life-threatening arrhythmias appears to be
low (Grouthier et al., 2018).
In Vietnam induction treatment for cryptococcal meningitis consists of amphotericin combined
with fluconazole, consistent with WHO recommendations where flucytosine is unavailable
(World Health Organization, 2018). However, this combination is less effective than amphotericin
with flucytosine, resulting in slower rates of fungal clearance and worse survival rates (Day et al.,
2013; Molloy et al., 2018). The relationship between the rate of fungal clearance from CSF and survival is generally robust; improving the potency of antifungal therapy is likely to be an effective way
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to reduce deaths (Day et al., 2013; Molloy et al., 2018; Beardsley et al., 2016). The rate of clearance of yeast from CSF associated with an antifungal treatment (the early fungicidal activity, EFA) is
a sensitive measure able to detect differences between treatment regimens likely to be associated
with survival benefits with far fewer patients than studies powered to survival itself (Brouwer et al.,
2004). Small studies powered to this endpoint can serve to filter treatment regimens that can be
taken forward in larger trials (Brouwer et al., 2004; Bicanic et al., 2009). We performed an openlabel randomised controlled trial to determine whether combining tamoxifen with amphotericin B
and fluconazole results in enhanced EFA in HIV infected and uninfected patients with cryptococcal
meningitis, and to generate safety data as a prelude to a larger trial powered to mortality
(Ngan et al., 2019).

Materials and methods
Study design and participants
The study design is described in detail in the published protocol (Ngan et al., 2019). In brief, we
enrolled 50 patients in two hospitals in Ho Chi Minh City – the Hospital for Tropical Diseases and
Cho Ray Hospital. Eligible adult patients (18 years of age) had a clinical syndrome consistent with
cryptococcal meningitis and one or more of: (1) positive cerebrospinal fluid (CSF) India ink; (2) C.
neoformans cultured from CSF or blood; (3) positive cryptococcal antigen Lateral Flow Antigen Test
(LFA) in CSF. All patients were tested for HIV infection in accordance with standard of care. We
excluded patients who were pregnant, had a history of thromboembolic disease, had received more
than 4 days of anti-cryptococcal antifungal therapy, had any other indication for tamoxifen, had renal
failure, or a rate-corrected (Framingham formula) QT interval >500ms. Written informed consent was
obtained from all patients or their representatives.

Interventions
Patients were randomized to receive either standard of care induction antifungal therapy or standard
of care plus tamoxifen. Standard of care antifungal therapy consisted of intravenous amphotericin B
deoxycholate 1 mg/kg/day (Amphotret, Bharat Serums and Vaccines, India) combined with oral fluconazole 800 mg/day (Zolmed, Glomed Pharmaceuticals, Vietnam) for the first 14 days following randomization. Tamoxifen (Nolvadex, AstraZeneca UK Ltd) 300 mg/day was given orally. Amphotericin
was infused over 4 hr after prehydration with normal saline and potassium supplementation
(Khoo et al., 1994). Fluconazole and tamoxifen were administered simultaneously. All medication
was directly observed while the patient was in hospital; all participants were in-patients for at least
the first 14 days of the study.
Following induction therapy all patients received fluconazole 800 mg once daily for 8 weeks. HIVinfected patients received daily pneumocystis prophylaxis with trimethoprim– sulfamethoxazole.
Antiretroviral therapy was instituted 5–6 weeks after diagnosis via the national treatment
programme.

Randomization
Randomization was in a ratio of 1:1, in blocks of 4 or 6, stratified by HIV serostatus (rapid test) and
treating centre. The computer generated randomization list was password protected and stored on
a secure server to which only the study pharmacist had access. Enrolment logs specific to each centre were used to assign patients to the next available sequential number and corresponding sealed
treatment pack.

Outcome measures
The primary outcome was Early Fungicidal Activity (EFA), defined as the rate of decline in culturable
yeast from CSF over the first 2 weeks following randomization.
Secondary outcomes included survival until 10 weeks after randomization, disability at 10 weeks,
frequency of grade 3, 4 or serious adverse events, immune reconstitution inflammatory syndrome
(IRIS), QTc prolongation, visual deficit at 10 weeks, and time to new neurological events. Adverse
events were defined according to the Common Terminology Criteria for Adverse Events (CTCAE)
and categorized according to the Medical Dictionary for Regulary Activities system organ class. We
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categorized prolonged QTc intervals using this classification as normal (<450 ms for males, <460 ms
for females), mildly prolonged (grade 1 or 2, 450 ms for males or 460 for females but 500 ms)
and grade 3 or 4 (>500ms). Disability at 10 weeks was categorised as good, intermediate, poor, or
death, as described previously (Day et al., 2013; Beardsley et al., 2016).

Monitoring and laboratory investigations
Lumbar puncture was performed on study entry, days 3, 7, and 14 following randomization, and
more frequently if indicated. Fungal burden was determined as previously described (Day et al.,
2013). Twelve-lead electrocardiograms were recorded twice daily (10 s at 50 mm/sec), immediately
before and 2 hr after administration of tamoxifen during the first 14 days, and on days 21 and 28.
The QT interval was manually determined by measuring the interval in three limb and three chest
leads, to calculate the median. The median QT interval was corrected (QTc) for rate using the Framingham formula[20]. Calmodulin inhibitors such as tamoxifen have previously been suggested to
inhibit CD4 cell apoptosis in HIV-infected patients (Pan et al., 1998). CD4 counts were measured at
baseline and at study week 10. The full laboratory investigation schedule is detailed in the published
protocol (Ngan et al., 2019). Outpatient assessments with medication review were performed
weekly until 4 weeks and at the completion of 6 and 10 weeks; more frequent review occurred if clinically indicated. Adherence following hospital discharge was assessed using pill counts. Cryptococcus isolates were typed using URA5-RFLP and underwent (microbroth) antifungal susceptibility
testing as per CLSI guidelines (CLSI, 2002; Franzot et al., 1997). Previously tested clinical isolates
were included as controls.

Sample size
Sample size considerations were based on two separate simulation experiments using data from our
previously published trials in cryptococcal meningitis (Day et al., 2013; Beardsley et al., 2016). The
estimated power was based upon 10,000 repetitions of each experiment. The full methodology is
available within the published protocol (Ngan et al., 2019). Based on these simulations, enrolling 25
subjects per treatment group provided 80% and 90% power to detect a difference in EFA of 0.11
or 0.13 log10 colony-forming units/ml/day, respectively. This size of effect has previously been
associated with survival benefit (Day et al., 2013; Beardsley et al., 2016).

Statistical analysis
For the primary outcome, all recorded longitudinal quantitative fungal count measurements up to
day 17 following randomization (allowing for some delays in the day 14 sampling) were included in
the analysis. EFA, defined as the decline in fungal count (slope), was modeled based on a joint
model consisting of a survival model and a linear mixed effects model with longitudinal log10 CSF
quantitative culture fungal counts as the outcome. In the linear mixed effect model, we modeled the
treatment groups and the time since enrolment and their interaction as fixed covariates. We used
random patient-specific intercepts and slopes. The model was implemented in a Bayesian framework
using Rstan. It allows appropriate handling of detection limits with longitudinal measurements and
also allows adjustment for informative dropout due to early death within the first 17 days following
randomization (Stan Development Team, 2019; R Development Core Team, 2018).
For the secondary outcomes, overall survival was visualized using Kaplan-Meier curves for each
treatment arm and the comparison between them was based on the Kaplan Meier estimates of 10week mortality. The percentage of individuals with disabilities at 10 weeks and with adverse events
of grade 3 or 4 were compared using the chi-squared test; if the expected value of any cell was less
than one then Fisher’s exact test was used (Campbell, 2007). We presented the median (IQR) of the
difference in CD4 counts over 10 weeks and compared their distributions using the Mann-WhitneyWilcoxon rank sum test. We compared the trend in QTc over the period of study drug administration
(i.e. the first 14 days) between the two treatment arms using a linear mixed effect model which
allowed for different non-linear trends between the pre-dose and post-dose measurements. We
then used the output of the fitted linear mixed effect model to compute the differences in QTc
between treatment arms by study day, separately for pre-dose and 2 hr post-dose measurements.
Further details of the analytical approach are available in the the Supplementary Appendix in the
Statistical Analysis Plan.
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Results
Trial recruitment
The study recruited between October 2017 and May 2018. We screened 70 patients, enrolling 50
(40 HIV infected; 10 HIV uninfected) with 24 assigned to the intervention arm and 26 assigned to the

Figure 1. Trial flow chart: enrollment, randomization, and follow-up.
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control arm. Reasons for exclusion are shown in the study flow diagram (see Figure 1). One patient
who was assigned to the intervention arm did not receive tamoxifen because of severe transaminitis.

Baseline characteristics
The baseline characteristics of the patients were broadly balanced between treatment groups. There
were slightly more patients with normal Glasgow coma scores in the control group than in the intervention group (24 of 26 versus 19 of 24, see Table 1).

Primary outcome
There was no detectable difference in the early fungicidal activity (EFA) of the two treatment regimens (see Figure 2A). In the intention-to-treat analysis, the rates of fungal decline per day were
0.48 and 0.49 log10colony-forming units (CFU)/ml/day in the control and tamoxifen groups
respectively (difference 0.005 log10 CFU/ml/day, 95% CI: 0.16, 0.15); p-value = 0.95, (see
Table 2). There was no detectable difference in EFA in the per-protocol population analysis, or by
HIV infection status (see Table 2).

Secondary endpoints
The secondary outcomes in terms of mortality, disabilities, and change in CD4 count are summarized
in Table 3. Death occured in 8 of 24 patients in the tamoxifen group and 7 of 26 in the control group
(Kaplan-Meier mortality estimates 34% and 27% respectively, risk difference 6.5%; 95% confidence
interval [CI], 19.2 to 32.1%; P=0.62 Figure 2B). Fewer patients in the tamoxifen arm were classified
as having a good outcome at 10 weeks compared with the control arm (9% versus 36%). We found
no difference in change in CD4 counts in HIV patients by study arm over the 10-week period of follow-up (see Table 3).
The number of patients having grade 3 or 4 adverse events were similar between treatment arms
(see Table 4), with the exception of QTc prolongation events. Eight patients had grade 3 or 4 QTc
prolongation events in the tamoxifen arm, compared with one in the control arm (p=0.02). The trend
and difference in QTc intervals over the first 2 weeks of treatment are shown in Figure 3. Tamoxifen
resulted in QTc prolongation over the 2-week treatment period (p<0.001).
Three patients in the tamoxifen arm had grade 3 or 4 ventricular extra-systole events compared
with none in the control arm (p=0.21). A 33-year-old male patient who had received tamoxifen suffered a cardiorespiratory arrest following a convulsion on day 21 of the study. He had no history of
pre-existing cardiac disease. His ECG on admission had been normal with a QTc of 409 ms, and
when performed routinely on the morning of day 21 showed mild sinus bradycardia (57 beats/minute) and a QTc interval of 477 ms. The arrest was not associated with ventricular arrhythmia although
he had had grade 3 prolongation of QTc during the first 14 days of the study, which had resolved
following tamoxifen interruption.

Microbiology and susceptiblity testing
All HIV infected patients, and seven HIV uninfected patients, had meningitis due to Cryptococcus
neoformans molecular group VNI. Three HIV uninfected patients had disease due to Cryptococcus
gattii (VGI). All isolates underwent susceptibility testing. The MIC90 of amphotericin B and fluconazole were 2 mg/L and 4 mg/L, respectively. The MIC90 of tamoxifen was 8 mg/L. We estimated the
presence of drug interactions by calculating the fractional inhibitory concentration index (FICI) for
each isolate. This was 0.5 (suggestive of a possible synergistic interaction) for tamoxifen combined
with amphotericin in six isolates (12%), and for tamoxifen combined with fluconazole in two isolates
(4%).

Discussion
We wanted to determine whether tamoxifen could be repurposed as an affordable treatment for
cryptococcal meningitis. Our study was powered to detect an increase in the rate of yeast clearance
of at least 0.11 log10 CFU/ml/day when tamoxifen was added to standard of care therapy. Differences of this order of magnitude are associated with improved survival in patients in low-income settings (Day et al., 2013; Molloy et al., 2018; Beardsley et al., 2016). Despite having previously
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Table 1. Clinical and investigation characteristics of patients at study entry.
Characteristic

Total

Tamoxifen

Total

Control

N

N (%) or IQR*

N

N (%) or IQR*

Male sex

24

17 (71)

26

18 (69)

Median age in years

24

35
(31, 39)

26

32
(25, 35)

History of intravenous drug use

24

3 (13)

26

3/26 (12)

HIV infection

24

19 (83)

26

21/26 (81)

None

24

18 (75)

26

22 (84)

3 months duration

24

4 (17)

26

2 (8)

>3 months duration

24

2 (8)

26

2 (8)

Median duration of illness — days

24

14
(10, 25)

26

12
(7, 28)

Headache

24

24 (100)

26

26 (100)

Fever

24

22 (92)

26

23 (88)

Neck stiffness

22

20 (91)

26

21 (81)

Seizures

24

2 (8)

26

3 (12)

Abnormal visual acuity

22

6 (27)

26

4 (15)

Papilledema

21

2 (10)

25

1 (4)

Glasgow Coma Scale score

24

Current antiretroviral-therapy use

Symptoms

26

15

19 (79)

24 (92)

11–14

5 (21)

2 (8)

<11

0 (0)

0 (0)

Cranial nerve palsy
None

24

19 (79)

26

23 (88)

Cranial nerve VI

24

4 (17)

26

1 (4)

Other cranial nerve

24

1 (4)

26

3 (11)

Median CSF opening pressure — cm of CSF

19

26.5
(18, 37)

23

24.5
(16, 47)

Median CSF white-cell count in HIV infected patients — cells/mm3

18

38.5
(7, 52)

20

27
(10, 55)

Median CSF white-cell count in HIV uninfected patients — cells/mm3

5

122
(64, 187)

5

94
(45, 117)

Median CSF glucose — mmol/l

24

2.47
(1.70, 3.14)

25

2.31
(1.44, 2.76)

Median blood glucose — mmol/l

24

5.86
(4.92, 6.84)

26

6.21
(5.11, 7.81)

Median CSF: blood glucose ratio

24

0.40
(0.24, 0.53)

25

0.37
(0.16, 0.45)

Median CSF fungal count — log10 CFU/ml

24

4.60
(3.90, 5.17)

26

5.16
(3.17, 5.87)

Median CD4 count in HIV infected patients — cells/mm3

17

20
(8, 49)

21

17
(9, 45)

Median CD4 count in HIV uninfected patients — cells/mm3

5

376
(348, 382)

5

504
(305, 968)

Median creatinine — mg/dl

24

0.82
(0.66, 1.05)

26

0.78
(0.66, 0.98)

QTc interval — ms

24

395.03
(377.55, 410.45)

26

401.20
(374.76, 420.06)

Investigations
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* Median, interquartile range (IQR) for continuous data and N (%) for categorical data.

shown that tamoxifen had activity in vitro against historical clinical isolates of C. neoformans, we
found its addition had no impact on EFA. Therefore we do not believe that proceeding to a larger
trial, powered to survival, is justified.
It is not clear why tamoxifen did not provide benefit in our patients. The susceptibilities of the
Cryptococcus isolates from this study to tamoxifen, fluconazole, and amphotericin, were similar to
those of isolates from our previous clinical trials (Hai et al., 2019; O’Connor et al., 2020). However,
in contrast with our previous findings we found evidence of synergy when tamoxifen was combined
with amphotericin in only 12% (95CI 5%, 24%) of isolates from the trial. This compares with the rate
in archived isolates of 67% (95CI 47%, 81%) (Hai et al., 2019). Synergy has been suggested as an
explanation for the superiority of the amphotericin-flucytosine combination which has delivered
improved yeast clearance and survival in a number of trials (Schwarz et al., 2003). In this study, we
lack sufficient numbers of isolates where tamoxifen-amphotericin synergy is seen to be able to determine whether synergy per se influences EFA.
A second potential explanation is that we may have failed to attain sufficient concentrations of
tamoxifen in our patients. We chose a dose of 300 mg/day, based upon the MIC90 of tamoxifen
against our historical isolates (16 mg/L) and the expected plasma concentrations this would achieve.
Given that tamoxifen is concentrated in the brain (10- to 100-fold), and in macrophage phagosomes,
we consider it unlikely that we did not reach drug concentrations greater than the MIC90 at the disease site, although it is possible that absorption of orally administered drug was impaired in our
patients.
The rates of adverse events in our study were similar between patients receiving tamoxifen and
those in the control arm. Our study was powered to detect a difference in the rate of clearance of

"#!

"$!

!

Figure 2. The impact of addition of tamoxifen to standard treatment on (A) the rate of sterilzation of cerebrospinal fluid, and (B) survival until 10 weeks
after randomisation. (A) Decline in fungal count in CSF as measured in colony-forming units (CFU) per milliliter over the first 2 weeks of treatment by
treatment arm. Data from individual patients are shown in grey lines. Bold blue lines show estimated mean with 95% credible intervals (shaded band) of
CSF fungal counts based on the joint model described in the statistical analysis. The rate of decline was 0.49 log10CFU/ml/day in patients receiving
tamoxifen versus 0.48 log10CFU/ml/day in control patients. The horizontal dashed lines represent the value of detection limit (4.5 CFU/ml). The fitted
line crosses the horizontal dashed lines of the detection limit value after day 8 because 25% and 75% of patients had fungal counts under the detection
limit at days 8 and 15, respectively. (B) Kaplan-Meier survival cures for each study arm over the 10-week study period. Seven death events occurred in
the control arm versus 8 in the tamoxifen intervention arm by 10 weeks (estimated risk 27% versus 34%, absolute risk difference = 6.5%) (95%
Confidence Interval 19.2 to 32.1%, p = 0.62).
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Table 2. Primary outcome: Early Fungicidal Activity over the first 2 weeks following randomization (log10 colony-forming units (CFU)/
ml/day).
Treatment Arm
Analysis populations

p-value†

Total

Tamoxifen

Total

Standard of Care

Difference in change

N

Change/day (95% CI*)

N

Change/day (95% CI*)

(95% CI*)

Intention-to-treat

24

0.49
( 0.62,–0.37)

26

0.48
( 0.61,–0.37)

0.005
( 0.16, 0.15)

0.95

Per-protocol

23

0.48
( 0.61,–0.36)

25

0.48
( 0.61,–0.37)

0.004
( 0.17, 0.17)

0.96

HIV-infected patients

19

0.49
( 0.65,–0.37)

21

0.42
( 0.55,–0.31)

0.072
( 0.25, 0.10)

0.41

HIV-uninfected patients

5

0.42
( 0.74,–0.21)

5

0.57
( 0.93,–0.33)

0.16
( 0.18, 0.55)

0.37

*95% CI corresponds to Bayesian 95% credible intervals.
†
p-value refers to crude ‘Wald-type’ tests of the mean estimate divided by its standard deviation of the Monte Carlo Markov chain sampling of coefficients
derived from the joint model.

yeast from CSF and therefore may have lacked power to detect differences in rates of rarer adverse
events. However, there was greater prolongation of the QTc interval in patients on tamoxifen. The
mechanism through which tamoxifen causes QT interval prolongation in humans is unknown. In animals there is evidence that the block is multi-channel, due to both inhibition of the IKR and ICa channels (Asp et al., 2013; He et al., 2003; Liu et al., 1998). Such multi-channel block is considered to
confer a reduced risk of life-threatening arrhythmias compared with drugs that block single ion channels. While we did not have any cases of ventricular tachycardia in our study, there was an episode
of cardiac arrest in the tamoxifen arm. There are multiple potential causes of cardiac arrest in
patients with cryptococcal meningitis, including intracranial pathology and electrolyte disturbances.
The cardiac arrest in our study occurred on day 21, 1 week after administration of tamoxifen had finished. However, given tamoxifen’s half-life of 5 to 7 days, and the doses used, it is possible that this
event was related. Fluconazole is also a recognised cause of QT prolongation. Here, the mechanism

Figure 3. Change in QTc interval over the first 2 weeks of treatment by study arm. Faint lines display change in
individual patient QTcs; bold lines display the estimated mean and shaded bands the 95% Confidence Intervals;
blue = control arm, red = tamoxifen arm. The maximum median difference in the QTc intervals between study
arms immediately prior to drug administration was 37.07 ms (95% CI: 21.09, 53.04) and occurred on day 9 of the
study. The largest difference in median QTc 2 hr post-drug administration was 33.44 ms (95% CI: 18.67, 48.21) and
occurred on day 8 of the study. Additional details regarding change in QTc are provided in the Supplementary
Appendix.
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Table 3. Secondary outcomes: death, disability, and change in CD4 count.
Death by 10 weeks

Tamoxifen
N/total (%)

Control
N/total (%)

Risk difference
% (95% CI)

Intention-to-treat population

8/24 (34)

7/26 (27)

6.47
( 19.15, 32.09)

0.62

Per-protocol population

7/23 (31)

6/25 (24)

6.50
( 18.90, 31.89)

0.62

HIV infected patients

7/19 (37)

6/21 (29)

8.39
( 20.99, 37.77)

0.58

HIV uninfected patients

1/5 (20)

1/5 (20)

0.00
( 49.58, 49.58)

1.00

Good

2/23 (9)

9/25 (36)

Intermediate

7/23 (30)

6/25 (24)

Severe disability

6/23 (26)

3/25 (12)

Death

8/23 (35)

7/25 (28)

Disability at 10 weeks

p- value*

0.14

Disability at 10 weeks in HIV
infected patients

0.05

Good

2/18 (11)

8/20 (40)

Intermediate

5/18 (28)

6/20 (30)

Severe disability

4/18 (22)

0/20 (0)

Death

7/18 (39)

6/20 (30)

Disability at 10 weeks in HIV
uninfected patients

0.68

Good

0/5 (0)

1/5 (20)

Intermediate

2/5 (40)

0/5 (0)

Severe disability

2/5 (40)

3/5 (60)

Death

1/5 (20)

1/5 (20)

Change in CD4 count over 10
weeks (cells/uL)

Median Change (IQR)
(N)

Median Change (IQR)
(N)

HIV-infected patients

50.0
(5.00, 142.5)
(10)

40.0
(7.0, 76.0)
(13)

0.5

HIV-uninfected patients

393.5
(211.3, 613.8)
(4)

257.5
( 413.7,–171.0)
(4)

0.02

*p-Values not corrected for multiple testing.

is believed to be through modulation of the Ikr current of the cardiac depolarization cycle
(Han et al., 2011). However, we found little evidence of significant QT prolongation in patients in
the control arm of our study, and in fact the acute effect of administration of fluconazole was shortening of the QTc interval.
Our experience with tamoxifen is similar to that reported with the anti-depressant drug sertraline.
Sertraline has in vitro fungicidal activity against Cryptococcus neoformans and a synergistic effect
when combined with fluconazole. Results from a pilot dose-finding study of adjunctive sertraline for
cryptococcal meningitis suggested it was a safe and potentially effective treatment, although no contemporaneous controls were enrolled in the trial (Rhein et al., 2016). Subsequently a large randomized controlled trial powered to mortality was stopped due to futility having enrolled 460 patients
(Rhein et al., 2019). There was no difference in survival or EFA between the standard therapy or sertraline boosted treatment arms. Of note, a small randomized placebo controled trial from Mexico,
published after the phase three trial had begun, found no difference in EFA when sertraline was
added to amphotericin and fluconazole, although only 12 patients were enrolled and formal
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Table 4. Grade 3 or 4 adverse events by 10 weeks.
Event

Tamoxifen (N = 24)

Control (N = 26)

p-value*

Number of patients with Grade 3 or 4 adverse events (%)
Any adverse event

24 (100)

26 (100)

1.0

New neurological events

9 (38)

7 (27)

0.62

New AIDS-defining illness (HIV patients only)

3 (16)

5 (24)

0.58

New cardiac events

9 (38)

4 (15)

0.145

Supraventricular tachycardia

1 (4)

0 (0)

0.48

Ventricular extrasystoles

3 (13)

0 (0)

0.21

Right Bundle Branch Block

0 (0)

1 (4)

1.00

QTc prolongation

8 (33)

1 (4)

0.02

Myocardial infarction

0 (0)

1 (4)

1.00

Cardiac arrest

1 (4)

0 (0)

0.48

Other cardiac adverse events

1 (4)

1 (4)

1.0

18 (75)

18 (69)

0.89

Laboratory abnormalities
Anemia
Leukopenia

2 (8)

2 (8)

1.0

Thrombocytopenia

2 (8)

4 (15)

0.74

Elevated aminotransferase

2 (8)

4 (15)

0.74

Raised Creatinine

3 (13)

6 (23)

0.55

Hyperkalemia

2 (8)

6 (23)

0.48

Hypokalemia

17 (71)

20 (77)

0.87

Hyponatremia

18 (75)

23 (88)

0.39

*p-Values were not corrected for multiple testing.

statistical testing was not performed (Villanueva-Lozano et al., 2018). However, it lends further support for the screening of antifungal treatments in small scale studies using this endpoint.
Other drugs suggested as repurposing candidates for cryptococcal meningitis include the calcium
antagonists, such as nifedipine and its sister drugs, used to treat hypertension, and flubendazole, an
antihelminthic (Truong et al., 2018). Flubendazole is perhaps the most promising of these, appearing to be more potent in vitro than fluconazole, and active against Cryptococcus isolates across a
range of fluconazole susceptibilities. It crosses the blood brain barrier in mice, but data are lacking
regarding humans (Fok and Kassai, 1998). While nifedipine crosses the blood brain barrier, it seems
unlikley that normal doses and oral administration would reach the plasma levels needed to inhibit
Cryptococcus growth. However, given our experiences with tamoxifen, and those of others with sertraline, we would caution that better laboratory screening methods than those currently in use are
needed to identify potential new treatments for cryptococcal meningitis.
In the mean time, improving access to flucytosine remains a key goal. Progress has been made
through efforst to increase generic manufacture through the the Unitaid- Clinton Health Access Initiative for Advanced HIV Disease Initiative’s partnership with the Global Fund and the President’s
Emergency Plan for AIDS Relief. This has resulted in price reductions allowing 2-week treatment
courses to be procured for around $100 in some locations.

Conclusion
Despite apparent in vitro anti-cryptococcal effect including synergy when combined with amphotericin, tamoxifen does not increase the rate of clearance of yeast from cerebrospinal fluid in HIV
infected and uninfected patients with cryptococcal meningitis; it is unlikely to result in clinical benefit. Small scale phase two trials such as the one presented here should precede the evaluation of
potentially repurposable drugs in clinical endpoint studies. However, the failure of both tamoxifen
and sertraline in recent studies underlines the importance of developing novel, specifically anti-
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cryptococcal drugs. This will require the support of government and charitable bodies to ensure
treatments remain affordable.

Data access
The original de-identified clinical data underlying the study are available by emailing the OUCRU
Data Access Committee at DAC@oucru.org or ekestelyn@oucru.org (Head of the Clinical Trials Unit
and Data Access Committee Chair). The review procedures (the data sharing policy and the data
request form) are available on the OUCRU website at http://www.oucru.org/data-sharing/.
The statistical code is freely available at https://doi.org/10.5287/bodleian:XmeOzdR8z.
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Appendix 1
This appendix has been provided by the authors to give readers additional information about their
work.

Section 1. Statistical analysis plan
Purpose
This document details the planned analyses and endpoint derivations for the randomized open label
trial of tamoxifen combined with amphotericin B and fluconazole for cryptococcal meningitis
(NCT03112031) as outlined in the study protocol. It focuses on the analysis for the main clinical trial
outcomes and does not include analysis for any subsidiary studies.

Statistical software
Data derivations will be performed with the statistical software SAS v9.4 (SAS Institute, Cary, North
Carolina, US). All statistical analyses will be performed with the statistical software R version R version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria)[1].

Interim analyses and early stopping of the trial
Interim analyses for this trial will be conducted by an independent data and safety monitoring board
with statistical expertise (Chair: Tim Peto) after the first 20 cases have reached the primary endpoint
(completed the first 2 weeks of treatment following randomization or died), as detailed in the study
protocol.
Raw data will be transferred from the study statistician (Nhat Le Thanh Hoang) to the Data Safety
and Monitoring Board (DSMB) chair and statistician (Tim Peto) in csv format (csv data can be viewed
in Excel and imported to any statistical software) together with R code to generate all summary
tables.
The trial is not blinded with placebo; however, the clinician investigators of the trial will not be
informed of the interim analyses results, but only the decision as to whether to continue the trial or
not, and whether any additional safety reporting is needed.
Based on this information, the DSMB chair and statistician will generate the output tables
and distribute the interim report amongst the Data Monitoring and Ethics Committee (DMEC)
members.

Analysis populations
Intention-to treat population (ITT)
The primary analysis population for all analysis is the full analysis population containing all randomized patients except for those mistakenly randomized without cryptococcal meningitis. Patients not
receiving any study treatment will still be included in the ITT. Patients will be analyzed according to
their randomized arm (intention-to-treat).

Per-protocol population
The primary endpoint will also be analyzed on the per-protocol population, which will exclude the
following patients: major protocol violations and those receiving less than 1 week of administration
of the randomized study drug for reasons other than death.

Derivation rules for the definition of study populations
The following will be considered as ‘major protocol violations’:
.
.

Pregnancy
Less than 1 week of amphotericin B antifungal therapy after randomization for reasons other
than death (interpreted in the same way as for the study drug, see below). Amphotericin B
antifungal therapy is recorded on the antifungal drug (AFDR) form.
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Less than 1 week of administration of tamoxifen study drug for reasons other than death: To
allow that study drug is stopped up to 3 days prior to death, this will be interpreted as receiving <7 days of study drug for those who did not die within the first 9 days and as receiving
less than [day of death] 3 doses of study drug for those who died earlier (i.e. <six doses for
patients who die on day 9, <five doses for patients who die on day 8, . . ., no study drug at all
for patients who die on days 1–4).

Baseline characteristics
Baseline characteristics will be summarized as median (interquartile-range (IQR)) for continuous data
and n (%) for categorical data. The amount of missing data for each baseline characteristic will also
be displayed.
Formal comparisons of baseline characteristics between study arms are discouraged by most statisticians (see e.g. Senn SS (2008): Statistical Issues in Drug Development, 2nd Edition, Wiley [p. 98
f]) but mandated by some journals. To satisfy all potential publishers, we will calculate p-values
(based on the Wilcoxon rank sum test for continuous and Fisher’s exact test categorical data) but
will only report them if mandated by the journal.
Baseline/date of randomization is defined as the date of the first dose of study treatment
(AMPHOTERICINBDATESTART where DAY=1 in dataset AFDR). If a subject did not receive any
study treatment at all, baseline will be defined as the date of the baseline (history and examination)
assessment (BASE.ASSDTC).
The following baseline characteristics will be summarized by treatment arm [with derivation rules
in brackets]:

BASE: baseline – history and examination
All recorded variables in the BASE form with the following modifications:
.
.

.
.

.

.

.
.

- Free text specifications will not be summarized.
If dates are given (e.g. date of birth, prior HIV diagnosis, or prior to cryptococcal meningitis),
the time from that date to baseline will be summarized rather than the date.
For fluconazole prophylaxis: only yes/no, not the duration will be summarized
For any antifungal treatment for THIS CURRENT diagnosis of cryptococcal meningitis
BEFORE randomization: Only the given antifungals (yes/no), whether it was fluconazole
monotherapy (yes/no) and the maximum recorded days on any prior antifungal treatment
will be reported.
Other Opportunistic Infection Prophylaxis up to this admission: Only the given drugs (co-trimoxazole, isoniazid, and/or other) will be summarized.
Glasgow coma score (GCS) will also be summarized as a categorical variable with values 10,
11–14, and 15.
For visual acuity, the worst result of both eyes will also be summarized.
Cranial nerve palsies (CNP) will be summarized as ‘CNP 6’ [CNPLeft6 or CNPRight6 ticked],
‘Other CNP’ [at least one CNP other than CNP six ticked], ‘None’ [CNPnone ticked] or ‘Unable
to assess’ [CNPUnableAssess ticked].

HEMA (laboratory investigations – hematology), CHEMIS (laboratory
investigations – biochemistry), MICRO (microbiology), and HIVFU (CD4 and
CD8 count)
Baseline results for all values (with proper unit conversion) will be recorded. If no values are
available before or at enrolment, values up to one day post enrolment will be used as baseline
values for hematology, chemistry, and values up to 14 days post enrolment will be imputed as
baseline values for CD4 and CD8. (The latest CD4 value recorded on the Base form will also be
included in this derivation as long as it did not occur >3 months [91 days] prior to enrolment.)
For chemistry, blood glucose values recorded on the lumbar puncture form will also be included
in the derivation.
For microbiology tests, the baseline test result will be summarized as ‘positive’ if at least one positive test result was recorded up to 3 days post enrolment, and ‘negative’ if at least one negative
and no positive test result was recorded.
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LP (lumbar puncture)
Baseline results for the following values (with proper unit conversion, if necessary) will be recorded:
Opening and closing pressure, WCC, % of lymph, % of neut, % of mono, % of eosin, protein, csf glucose, csf/blood glucose ratio, and yeast quantitative count. If no values are available at or before
enrolment, values up to 1 day post enrolment will be used as baseline values. For the calculation of
the csf/blood glucose ratio, missing blood glucose values on the lumbar puncture form will be
imputed with the blood glucose value recorded on the chemistry form if that value is from the same
day as the csf glucose value.
Test results for microbiology cerebrospinal fluid (CSF) tests, the baseline test result will be summarized as ‘positive’ if at least one positive test result was recorded up to 3 days post enrolment,
and ‘negative’ if at least one negative and no positive test result was recorded.

Imaging (Xray and brainscan)
The number of patients with a chest Xray, a brain magnetic resonance imaging (MRI), or a brain computerized tomography (CT) scan at baseline (allowing 7/+2 days) and the respective numbers of
abnormal findings for each imaging method will be summarized.

Electrocardiogram (ECG) findings
Baseline ECG findings will be presented according to treatment group in terms of heart rate, corrected QT interval (median, IQR, proportion > 500 ms). The QT corrected (QTc) will be classified as
‘normal’ (<450ms for males, <460ms for females), mildly prolonged (450 ms for males or 460 for
females but 500 ms), and prolonged (>500ms).
Baseline QTc category values will be summarized by treatment arm. Frequency of omitting
doses during treatment if QTc remains >500ms will be also summarized by treatment arm.

Planned analyses
Baseline table for all variables as detailed above for the ITT population will be presented by treatment group.

Primary endpoint – rate of CSF sterilization during the first 2 weeks
All recorded longitudinal quantitative fungal count measurements up to day 17 (allowing for some
delays in the day 14 measurements) will be included in the analysis. Early Fungicidal Activity (EFA)
defined as fungal decline (slope) will be modeled based on a linear mixed effects model with longitudinal log10-CSF quantitative culture fungal counts as the outcome, the treatment groups and the
time since enrolment, with their interaction, as fixed covariates and random patient-specific intercepts and slopes. The lowest measurable quantitative count is five colony-forming units (CFU)/ml
and values below the detection limit (which correspond to recorded values of 0) will be treated as
<4.5 CFU/ml, that is non-detectable measurements will be treated as left-censored longitudinal
observations. If a patient who misses day 1 measurement completely at random, we will exclude this
patient from the analysis; otherwise we keep this patient in the analysis. Based on this model, EFA
will be compared between the two treatment arms in all patients (ITT), in the PP population, and
subgroups defined by HIV status (uninfected; infected) and baseline fungal burden (<5 log10 CFU/
ml;  5 log10 CFU/ml). For the ITT population, the comparison between two arms will also be
adjusted for study site and HIV status. Correction for multiple testing (Hochberg procedure as implemented in R function multtest:: mt.rawp2adjp) of all the p-values from the tests for difference effects
on EFA between two treatment arms or interaction tests between treatment and subgroups will be
provided.
The model will be implemented with the R package Rstan version 2.19.2 which allows to
appropriately handle detection limits for longitudinal measurements and also to adjust for the
selection bias due to early death in the first 14 days. Stan code will be provided in the appendix. Reported ‘95% confidence intervals’ correspond to Bayesian 95% credible intervals and the
reported ‘p-values’ refer to crude ‘Wald-type’ tests of the mean estimate divided by its standard
deviation. In case Monte Carlo Markov chain diagnostics plots of the fitted stan models indicate
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failure of the algorithm we will report results from a mixed model with a detection limit (but
ignoring truncation by death) instead and this will be implemented with the R package lmec version 1.0.

Derivation of overall survival until 10 weeks after randomization
.
.
.
.
.

.

Definition of time to death: [date of death or censoring] - [date of randomization] + 1
Definition event indicator: = 1 if patient died = 0 otherwise
[Date of randomization]: date of the baseline which is derived in Baseline characteristic section
[Date of death]:
Final status is death (FINAL.FINALSTT = 2) and the corresponding date of death is FINAL.
DEATHDATE2.
[Date of censoring]:
 If a final status form is available for the patient (which should be the case for every patient
at completion of the study) then the date of censoring is defined as the date of study
completion (FINAL.FINALDATE1) or, if the patient did not complete the study, the date of
last contact (FINAL.LASTDATE3).
 If the patient is still under follow-up, that is no final status form is available, the date of
censoring is defined as the last recorded date of an inpatient or outpatient assessment,
the week 10, a GCS, hematology, or blood chemistry date, or a study drug administration
date.

Planned analysis
.

.

Overall survival will be visualized using Kaplan-Meier curves by treatment arm and displayed
with separated panel for each HIV status. The analysis will be based on a Cox proportional hazards regression model with HIV status as stratum variable and treatment arm is the only covariate. We will test for proportional hazards of the treatment effect by means of Schoenfeld
residuals (as implemented in R function survival::cox.zph).
If we have enough event (at least 30 events in total), survival will be modeled with a multivariable Cox regression model including the following covariates in addition to the treatment
group: baseline log10-fungal load (modeled linearly), Glasgow coma score less than 15 (yes or
no), interaction between HIV infection status and treatment, and Anti Retrovirus (ARV) treatment status at study entry (naive or experienced).

Subgroup analyses
The following subgroups are pre-defined:
.
.
.

Per protocol analysis – yes
HIV serostatus (infected, uninfected)
Quantitative fungal count at enrolment (<105 cells/ml, 105 cells/ml CSF)

Potential heterogeneity of the treatment effect across sub-groups will be tested using likelihood
ratio tests for an interaction term between treatment and the grouping variable. All the p-values
from these interaction tests and the test of the treatment effect in survival of the ITT population will
be corrected for multiple testing (Hochberg procedure as implemented in R function multtest:: mt.
rawp2adjp) due to the small sample size of the first interim analysis n=20, we won’t perform subgroup analysis and only do it in the final analysis.

Secondary endpoints-disability at 10 weeks
Derivation: The disability score assessed at week 10 is composed of two sub-scores:
.

.

The ‘two simple questions’ score [ACTHELP and ISPROBLEM in datasets WEEK10]:
 If answer to the first question = yes; outcome is classified as ‘severe disability’
 If answer to the second question = yes; outcome is classified as ‘intermediate’
 If answer to both questions = no; outcome is classified as ‘good’
The modified Rankin score: [LB30 in datasets WEEK10]
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 If Rankin score = 1; outcome will be classified as ‘good’
 If Rankin score = 2 or = 3; outcome will be classified as ‘intermediate’
 If Rankin score = 4, = 5 or = 6; outcome will be classified as ‘severe disability’
[Note that the Rankin scale is coded as taking values from 1 to 6 on the database, that is, +1 compared to the levels 0–5 according to the published study protocol.]
The worst disability outcome from either questionnaire (‘two simple questions’ or Rankin score)
will be used for analysis. Disability will be defined as ‘death’ if the patient died before the scheduled
time point.
Planned analysis
The ordinal 10-week score (‘good’> ‘intermediate’> ‘severe’> ‘death’) will be compared between
the two arms with a proportional odds logistic regression model depending on the treatment arm
and HIV infection status. The result will be summarized as a cumulative odds ratio with corresponding 95% confidence interval and p-value. Patients lost to follow up will be analyzed according to their
last recorded disability status. If the fraction of patients lost to follow-up exceeds 10%, we will also
perform an alternative analysis based on multiple imputation of missing values. See section Treatment of missing values (multiple imputation).

Secondary endpoint – clinical adverse events and new laboratory adverse
abnormalities
Derivation: Adverse events (AE) are all events recorded on the NEW CARDIAC ADVERSE EVENT
(NCAE), NEW NEUROLOGICAL EVENT (NNE), NEW AIDS DEFINING ILLNESS (NADI), or OTHER
ADVERSE EVENT (OAE) forms. All grade 3 and 4 AE are collected and will be considered as serious
adverse events (SAE); grade 1 and 2 AE are only collected for NCAE, NNE, and NADI events but
not OAE.
New laboratory abnormalities are defined as any worsening of a lab value to grade 3 or 4 (including changes from grade 3 to 4) compared to the subject’s previous lab value. In addition, to be conservative, if a subject’s baseline lab missing value, the worst post-enrolment lab value will be
considered a new lab abnormality if it is of grade 3 or 4. A grading table for laboratory abnormalities
is provided in the Appendix.
Planned analysis
.

.
.
.
.
.
.

Summary of all reported AE – overall (separate summaries by type only and by type and subtype will be produced)
Summary of all grade 3 and 4 AE – overall and by HIV status
Summary of grade 3 and 4 AE with onset within the first 2 weeks by type
Summary of grade 3 and 4 AE with onset during weeks 3–4 by type
Summary of grade 3 and 4 AE with onset during weeks 5–10 by type
Summary of total number of grade 3 and 4 AE per patient
Summary of new laboratory abnormalities

All the summaries will report the frequency of specific adverse events both in terms of the
total number of events as well as the number of patients with at least one event. The proportion of patients with at least one such event (overall and for each specific event separately) will
be presented and (informally) compared between the two treatment groups based on Fisher’s
exact test.

Secondary endpoint - QT prolongation
The QTc will be classified as ‘normal’ (<450ms for males, <460ms for females), mildly prolonged
(450 ms for males or 460 for females but 500 ms) and prolonged (>500ms). All recorded QTc
intervals in the first 14 days of treatment and day 21, day 28 following randomization will be
included in the analysis. All the measurement after 14 days will be considered as pre-dose measurement and all the QTc measurement values at the time of omitting dose during treatment will be considered as missing values. The main summary measure is the number of patients who has prolonged
QTc within the first 14 days and the number of events of QTC prolongation per patient within the
first 14 days per arm. The test for the different effect of treatment arm on QTC prolongation will be
based on a linear mixed effect model to the QTc data in which will allow for different trends over
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the pre-dose and post-dose measurements. The linear mixed effect model was implemented with
the R package ‘lmec’. In details, we model the relation between time and QTc in a flexible way using
restricted cubic splines. We include an interaction term between the treatment arm and both time
variables. A random patient-specific intercept and slope is included to account for the heterogeneity
of individuals. The model can be written as follows:
Yi ðt; posti ; treatmenti Þ
¼ a þ ai þ ðnsðt; df ¼ 3Þ þ nsðt; df ¼ 3Þtreatmenti ÞIðposti ¼ 0Þ
þðnsðt; df ¼ 3Þ þ nsðt; df ¼ 3Þtreatmenti ÞIðposti ¼¼ 1Þ þ bi t þ ðtÞ;
where,
.

.
.
.
.
.

Yi ðt; posti ; treatmenti Þ: QTc measurement at day tðt ¼ 0; . . . ; 14;Þ; of the pre and 2 hr post-dose
measurement in treatment group treatmenti of patient i,
nsðt; df ¼ 3): natural spline function of time with 3 degree of freedom,
post ¼ 0 if for pre-dose measurement and = 1 for post-dose measurement,
treatment = 0 for control arm and = 1 for Tamoxifen arm,
ai and bi are random intercept and random slope of the mixed model,
ðtÞ is the measurement error.

Based on this model, longitudinal of QTc measurements will be compared between treatment
arms over the first 14 days of treatment following randomization. In addition, we then used the output of the fitted linear mixed effect model to compute the differences in QTc between treatment
arm by study day, separately for pre-dose and 2 hr post-dose measurements, based on the delta
method[2].

Analysis of other secondary outcomes
Secondary endpoint – Rate of Immune reconstitution inflammatory syndrome (IRIS) until 10 weeks
Derivation: The derived endpoint will be the competing risks endpoint of the time to first IRIS or
death defined as:
Time to event = [date of first IRIS event or death or censoring] - [date of randomization] + 1
Event type:
0: ‘censored’: if patient is censored (no IRIS events or death recorded).
1: ‘IRIS’: if patient had an IRIS event (any adverse event recorded as IRIS).
2: ‘prior death’: if patient died without prior IRIS.
Planned analysis
The rate of IRIS will be modeled with cause-specific proportional hazards models with treatment
as the only covariate and stratification by HIV infection status, taking into account the competing risk
of prior death. Non-parametric estimates of the cumulative incidence functions for the two competing events (IRIS/relapse and prior death) will also be calculated and displayed by treatment arm and
tested using Gray log-rank test for sub-distribution hazard.
Secondary endpoint – Rate of Cryptococcal Meningitis Relapse in the 10 weeks after
randomization.
As for the endpoint ‘Rate of IRIS until 10 weeks’ (see above) will be analyzed.
Secondary endpoint – Visual deficit at 10 weeks.
The visual acuity at 10 weeks is recorded on a six-point scale and will be summarized by treatment arm for each eye separately, and overall where ‘overall’ is defined as the worst recorded acuity
of either eye. The odds of having ‘normal acuity’ (amongst all surviving patients with a visual assessment) will be informally compared between the treatment arms with a logistic regression model
adjusted for HIV status.
Secondary endpoint – Time to new neurologic event or death until 10 weeks
Derivation: The derived endpoint will be the competing risks endpoint of the time to first new
neurological event or death defined as:
Time to event = [date of first neurological event or death or censoring] - [date of randomization] + 1
Event type:
0/ ‘censored’: if patient is censored (no neurological event or death recorded).
1/ ‘NNE’: if patient had a new neurological event (defined below).
2/ ‘prior death’: if patient died without a prior new neurological event.
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Neurological events are defined as any grade 3 or 4 new neurological events or any fall in GCS
2 points, for  48 hr (which will also be programmed separately based on recorded longitudinal
GCS).
Planned analysis
The time to the first new neurological event or death until 10 weeks will be analyzed in the same
way as overall survival.
Secondary endpoint – Longitudinal measurements of intracranial pressure during the first 2
weeks.
This endpoint will be modeled using a mixed effect model as described for the primary outcome.
Secondary endpoint – the change of CD4 cell counts over 10 weeks of survived patients.
The change of CD4 cell counts over 10 weeks of survived patients will be summarized and compared using the Kruskal-Wallis rank sum test, separately for HIV status.

Other exploratory analyses
Will be performed as appropriate.

Treatment of missing values (multiple imputation)
Multiple imputation will be performed if do this is the amount of missing values is large. Multiple
imputation by chained equations as implemented in the R package ‘mice’ will be used to deal with
missing covariate values for all the Cox regression analysis and the proportional odds logistic regression analysis for disability at 10 weeks. Specifically, 20 imputed sets will be generated and the dataset for multiple imputation will include the following variables:
.

.

.

.

Baseline variables: continent, country, age, sex, GCS, on ARV at study entry (no/ yes but  3
months/ yes, > 3 MONTHS), CD4 cell count
CSF measurements: opening pressure and yeast quant counts at baseline [both logtransformed]
Outcomes: overall survival until 10 weeks after randomization, Rankin score at 10 weeks (using
method polr in mice package).
Time-to-event outcomes (i.e. overall survival) will be included as the cumulative (cause-specific)
baseline hazard at the observed event or censoring time and an event indicator as recommended by White and Royston (Statist. Med. 2009; 28:1982–1998).

Additional planned auxiliary analyses
Summary of time to ARV initiation:
.

.
.

Categorized outcome: On ARVs at study entry/ARVs started after study entry/No ARVs
documented.
Median (IQR) time to ARV initiation in those who started ARV after study entry.
Details for subjects with no ARVs documented: Subject died within <42 days without ARV/
subject died after >= 42 days without ARV/ subject alive but no ARVs documented.

Number of chest X-rays, CT scans and MRI performed after baseline and proportion with an
abnormal result.
Summary whether study drug was terminated before 2 weeks (for reasons other than death) by
treatment group – based on tick-box on final status form. Summary of the number of days of tamoxifen treatment after enrolment.
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Grading of laboratory abnormalities
Laboratory tests

Grade 3

Grade 4

Hematology
Hemoglobin

6.5–7.9 g/dl

<6.5 g/dl

White cell count

1.0–1.9 K/ml or g/L

<1.0 K/ml or g/L

Neutrophils

NEU % xWBC=NEU K/ml: 0.5–1.0 K/ml

NEU % xWBC=NEU K/ml <0.5 K/ml

Platelets

25–50 K/ml or g/L

<25 K/ml or g/L

120–130 mmol/l

<120 mmol/l

Sodium - HYPERNATRAEMIA

155–160 mmol/l

>160 mmol/l

Potassium

2.5–3.0 mmol/l

<2.5 mmol/l

Potassium

6.0–7.0 mmol/l

>7.0 mmol/l

Biochemistry
Sodium - HYPONATRAEMIA

Hypocalcemia

1.5–1.75 mmol/l

<1.5 mmol/l

Hypercalcemia

3.1–3.4 mmol/l

>3.4 mmol/l

Hypomagnesemia

0.3–0.4 mmol/l

<0.3 mmol/l

Hypermagnesemia

1.23–3.3 mmol/l

> 3.3 mmol/l

Blood glucose

1.7–2.2 mmol/l or 30–40 mg/dl
13.9–27.8 mmol/l or 250–500 mg/dl

<1.7 mmol/l or < 30 mg/dl
>27.8 mmol/l or >500 mg/dl

Creatinine

>3X BASELINE OR
3–6 X ULN

>6X ULN

Aspartate aminotransferase (AST)

>5–20-X ULN

>20X ULN

Alanine aminotransferase (ALT)

>5–20-X ULN

>20X ULN

ULN for Creatinine: 1.36 mg/dL (males), 1.13 mg/dL (females).
ULN for AST/ALT: 40 IU.

General conventions and mock-up tables/templates
General conventions
All patients randomized up to the time-point of the interim analysis database snapshot will be
included in the tables following an intention-to-treat principle. Tables will contain actual (placebo,
tamoxifen) and not masked treatment names.
Statistical tests will report raw p-values and confidence intervals without any adjustment for multiplicity. As described in the protocol stopping for harm of Tamoxifen will be considered if a safety
issue emerges which is sufficiently large, in the judgement of the DSMB, to suggest that continued
exposure of patients to Tamoxifen is unethical. Early stopping for efficacy of Tamoxifen is not foreseen as this is a pilot study.
As a guidance for stopping early for harm of tamoxifen, the DSMB should consider the following
information:
A p-value <0.01 in the direction of harm at an interim analysis.
Clear evidence of harm of tamoxifen in terms of safety or morbidity in the absence of any evidence of a survival benefit due to tamoxifen.
Below are mock-up tables/templates of all information that is planned to be provided to the
DMEC.
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Table 1. Summary of patient characteristics at study entry.
Tamoxifen
(N=XXX)

Characteristic

Standard treatment
(N=XXX)

N

Summary statistic

N

Summary statistic

Age (years)

XXX

XX (XX, XX)

XXX

XX (XX, XX)

Sex – male

XX

XX (XX%)

XXX

XX (XX%)

Glasgow Coma Score
- 15
- 11 to 14
- 10 or lower

XXX

XX (XX%)
XX (XX%)
XX (XX%)

XXX

XX (XX%)
XX (XX%)
XX (XX%)

Baseline quantitative fungal count (log10-CFU/ml)
QTc (ms)
Proportion with QTc>500ms

XXX
XX
XX

XX (XX, XX)
XX
XX

XXX
XX
XX

XX (XX, XX)
XX
XX

n refers to the number of patients included in the summary statistic, the summary statistic is the
number (%) of patients with the characteristic for categorical data and median (IQR) for continuous
data.
Note: Table 1 will be generated for all patients, and for patients according to HIV infection
status.
Table 2. Summary of the primary outcome: EFA over the 1 st 2 weeks after randomization.
Population

Tamoxifen
(N=XXX)
N

Placebo
(N=XXX)

Summary
statistic

N

Estimated change (95% CI) in log10 CFU/mL of
CSF per day

Summary
statistic

All patients (ITT)

XXX X.XX (X.XX, X. XXX X.XX (X.XX, X. X.XX (X.XX-X.XX); p=X.XX
XX)
XX)

HIV-infected
patients

XXX X.XX (X.XX, X. XXX X.XX (X.XX, X. X.XX (X.XX-X.XX); p=X.XX
XX)
XX)

HIV-uninfected
patients

XXX X.XX (X.XX, X. XXX X.XX (X.XX, X. X.XX (X.XXX.XX); p=X.XX
XX)
XX)

Table 3. Summary of key secondary outcome: survival outcome.
Population

No. of deaths
Hazard ratio
Tamoxifen Placebo (95% CI)

p-value p-value for heterogeneity*

All patients (ITT)

XX/XX

XX/XX

X.XX (X.XX, X.XX) X.XX

Per protocol populations

XX/XX

XX/XX

X.XX (X.XX, X.XX) X.XX

HIV status- Infected
- Uninfected

XX/XX
XX/XX

XX/XX
XX/XX

X.XX (X.XX, X.XX) X.XX
X.XX (X.XX, X.XX) X.XX

X.XX

Baseline quantitative fungal count XX/XX
- <5 log10 CFU/ml
XX/XX
- 5 log10 CFU/ml

XX/XX
XX/XX

X.XX (X.XX, X.XX) X.XX
X.XX (X.XX, X.XX) X.XX

X.XX

* Hazard ratios and p-values are based on stratified Cox proportional hazards models allowing for
separate baseline hazards according to HIV serostatus, except for subgroup analysis of HIV status,
model without stratification will be used.
Figure 1. Kaplan-Meier curves of overall survival by treatment arm.
Standard Kaplan-Meier curves for the two treatment groups with numbers at risk at the bottom
will be displayed. The time axis of the Kaplan-Meier curves will extend to the maximum followup duration of 70 days. Note: Figure 1 will be generated for all patients only.
Figure 2. Kaplan-Meier curves of overall survival by treatment arm and stratified HIV status.
Table 4. Summary of other secondary outcomes.
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Outcome

Tamoxifen
(N=XXX)
N

Summary
statistic

N

Estimate (95% CI); p-value

Summary
statistic

XX XX
XX
XX
XX

OR of status ‘good’:
X.XX (X.XX-X.XX); p=X.XX

(XX%)
(XX%)
(XX%)
(XX%)

Disability at 10 weeks
- Good
- Intermediate
- Severe disability
- Death

XX XX
XX
XX
XX

Change in QTc

XX X.XX(X.XX-X.XX) XX X.XX(X.XX-X.XX) Difference in estimated change
X.XX (X.XX-X.XX); p=X.XX

AUC QTc of the first 2 weeks

(XX%)
(XX%)
(XX%)
(XX%)

Placebo
(N=XXX)

XX(XX%)

XX(XX%)

Difference in estimated change
X.XX (X.XX-X.XX); p=X.XX

IRIS

XX XX (XX%)

XX XX (XX%)

Cause-specifc HR of IRIS event:
X.XX (X.XX-X.XX); p=X.XX

Visual deficit at 10 weeks
(in survivors)
- Normal
- Blurred
- Finger counting
- Movement detection
- Light perception
- No light perception

XX XX
XX
XX
XX
XX
XX

XX XX
XX
XX
XX
XX
XX

OR for normal vision:
X.XX (X.XX-X.XX); p=X.XX

New neurological event or
death

XX XX (XX%)

XX XX (XX%)

Cause-specifc HR of new neurological
event:
X.XX (X.XX-X.XX); p=X.XX

Relapses

XX XX (XX%)

XX XX (XX%)

Cause-specifc HR of relapse event:
X.XX (X.XX-X.XX); p=X.XX

Intracranial pressure

XX X.XX(X.XX-X.XX) XX X.XX(X.XX-X.XX) Difference in estimated slope
X.XX (X.XX-X.XX); p=X.XX

CD4 cell count

XX X.XX(X.XX-X.XX) XX X.XX(X.XX-X.XX) Difference in estimated change from
baseline
X.XX (X.XX-X.XX); p=X.XX

(XX%)
(XX%)
(XX%)
(XX%)
(XX%)
(XX%)

(XX%)
(XX%)
(XX%)
(XX%)
(XX%)
(XX%)

n refers to the number of patients included in the analysis of each outcome. Relapse is defined as
need for antifungal treatment intensification or readmission for treatment of cryptococcal disease (as
in the protocol). All analyses were done as outlined in the protocol.
Note: Table 3 will be generated for all patients and by HIV infection status.
Table 5. Summary of clinical grade 3 and 4 adverse events.
Characteristic

Tamoxifen
(N=XX)

Placebo
(N=XX)

Comparison
(p-value)

n.pt

n.ae

n.pt

n.ae

Any adverse event

XX (XX%)

XX (XX%)

XX (XX%)

XX (XX%)

X.XX

New cardiac event

XX (XX%)

XX (XX%)

XX (XX%)

XX (XX%)

X.XX

Neurological event

XX (XX%)

XX (XX%)

XX (XX%)

XX (XX%)

X.XX

New AIDS defining illness

XX (XX%)

XX (XX%)

XX (XX%)

XX (XX%)

X.XX

. . . (other collected AE) . . .

XX (XX%)

XX (XX%)

XX (XX%)

XX (XX%)

X.XX

n.pt refers to the number of patients with at least one event, n.ae to the total number of adverse
event episodes. Comparison between the two groups based on the number of patients with at least
one adverse event and Fisher’s exact test. Note: Table 5 will be generated for all patients. AIDS
defining illness will only be defined for patients who are HIV seropositive.
Table 6. Summary of laboratory grade 3 and 4 adverse events.
Table 7. Summary of serious adverse events.
Table 8. Summary of unexpected serious adverse events.
Note: Tables 6-8 will have the same layout as Table 5.
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Stan code of the joint model
data{
//for longitudinal data
int<lower=1> N_long; // no. rows
int<lower=0,upper=1> y2_censInd[N_long]; // under detection limit index
int<lower=1> I; // no. patient
int<lower=1,upper=I> patid[N_long]; //patid index for random effect
vector [N_long]time_scale; // time_scale censoring data
real log10fc_obs[N_long];// log10fc observing data
real <upper=log10(5)>C;
int<lower=1> p_X;
int<lower=1> p_X_intercept;
int<lower=1> p_X_slope;
vector[p_X]mean_X;
vector<lower=0>[p_X]sd_X;
matrix[N_long,p_X] X_long_scale;//treatment on EFA
// for survival data
matrix[I,p_X_intercept] X_intercept_unscale;//treatment on EFA
matrix[I,p_X_slope] X_slope_unscale;//treatment on EFA;. ~trt.group only
int<lower=0> p_Z;
matrix<lower=0>[I,p_Z] Z; //treatment on survival
real<lower=0,upper=71>ttdeath[I];
int<lower=0> n_time_interval;
vector<lower=0,upper=71>[n_time_interval+1]time_spec;
vector<lower=0,upper=1>[I] death;
matrix<lower=0>[I,n_time_interval]zeros;
int<lower=1,upper=n_time_interval>index_interval[I];
}
parameters{
//for longitudinal data
vector[p_X] fix_eff_scale;//fixed effects for intercept
real<lower=0> sigma; // SD of error measurement
cholesky_factor_corr[2] L_Omega; // prior correlation
vector<lower=0,upper=pi()/2>[2] tau_unif;
//vector<lower=0>[2] tau; // prior scale
matrix[2,I] z;
// for survival data
vector[p_Z] beta;//fixed effects for survival
real<lower=0>lambda[n_time_interval]; // piecewise hazard rate
real eta;// trajectory parameter
real<lower=0> sigma_lambda;
}
transformed parameters {
// for longitudinal data
vector[p_X_slope] b_fix_unscale;//original fixed effects for slope
vector[p_X_intercept] a_fix_unscale;//original fixed effects for intercept
vector[N_long]fit_X_long_scale;
vector[I] a_unscale;// estimated intercept
vector[I] b_unscale;// estimated slope

matrix[I,2] U_raw; // patient random effects
matrix[I,2] U_raw_unscale; // patient random effects
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// for survival data
vector[I] beta_hat;
real test;
vector<lower=0>[2] tau; // prior scale for random effects
for (k in 1:2) tau[k] = 2.5 * tan(tau_unif[k]);

test=sum((fix_eff_scale[2:p_X].*mean_X[2:p_X])./sd_X[2:p_X]);
a_fix_unscale[1]=fix_eff_scale[1]-sum((fix_eff_scale[2:p_X].*mean_X[2:
p_X])./sd_X[2:p_X]);
a_fix_unscale[2:p_X_intercept]=fix_eff_scale[2:p_X_intercept]./sd_X[2:p_X_intercept];
b_fix_unscale=(fix_eff_scale[(p_X_intercept+1):p_X])./sd_X[(p_X_intercept
+1):p_X];

U_raw = (diag_pre_multiply(tau,L_Omega) * z)';
for(i in 1:I){
U_raw_unscale[i,1]= U_raw[i,1]-(U_raw[i,2])*mean_X[(p_X_intercept+1)]/sd_X
[(p_X_intercept+1)];
}
U_raw_unscale[,2] = U_raw[,2]/sd_X[(p_X_intercept+1)];
// compute individual intercept
fit_X_long_scale=X_long_scale*fix_eff_scale;
a_unscale=X_intercept_unscale*a_fix_unscale+U_raw_unscale[,1];// contains
only random effects.
// // compute individual slope
for(i in 1:I){
b_unscale[i]=X_slope_unscale[i,]*b_fix_unscale+U_raw_unscale[i,2];
}
//for survival data
beta_hat=Z*beta;
}
model{
vector[N_long] mu;
vector[I] H;//cummulative hazard function;
vector[I] LL;//log density function
matrix[I,n_time_interval] integral_ht;// cummulative hazard function
// Likelihood for longitudinal component
// Set all priors for all parameters of longitudinal component
fix_eff_scale~normal(0,10);
to_vector(z) ~ normal(0,1);
tau_unif ~ uniform(0,pi()/2);
L_Omega ~ lkj_corr_cholesky(2);
for (k in 1:N_long){
mu[k]=fit_X_long_scale[k]+U_raw[patid[k],1]+(U_raw[patid[k],2])*time_scale
[k];
if(y2_censInd[k]==0){
log10fc_obs[k] ~ normal(mu[k],sigma);
}else{
target +=normal_lcdf(C|mu[k],sigma);
}
}
//Likelihood for survival component
//Compute the cumulative hazard function from 0 to ttdeath.
integral_ht=zeros;
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for(i in 1:I){
integral_ht[i,index_interval[i]] = lambda[index_interval[i]]*exp(eta*a_unscale[i]+beta_hat[i])*(exp((eta*b_unscale[i])*ttdeath[i])-exp((eta*b_unscale
[i])*time_spec[index_interval[i]]))/(eta*b_unscale[i]);
for(j in 1:(index_interval[i]-1)){
integral_ht[i,j] = lambda[j]*exp(eta*a_unscale[i]+beta_hat[i])*(exp((eta*b_unscale[i])*time_spec[j+1])-exp((eta*b_unscale[i])*time_spec[j]))/(eta*b_unscale[i]);
}
//Integrated hazard for individual i from 0 to survival time t.surv[i]
H[i]=sum(integral_ht[i,]);// cummulative hazard function
//Survival function
LL[i]=(log(lambda[index_interval[i]])+eta*(a_unscale[i]+b_unscale[i]*ttdeath
[i])+beta_hat[i])*death[i]-H[i];
}
target += sum(LL);
//Set all priors for all parameters of survival component
beta ~ normal(0,10);
if(n_time_interval>2){
lambda[1] ~ lognormal(0,5);
}else{
lambda[1] ~ normal(0,5);
}
for(i in 2:n_time_interval){
lambda[i]~lognormal(lambda[i-1],sigma_lambda);
}
sigma_lambda~cauchy(0,2.5);
eta ~ normal(0,10);
}
generated quantities {
vector[p_X_slope] b_fix_unscale_true;
b_fix_unscale_true[1]=b_fix_unscale[1];
for(i in 2:p_X_slope){
b_fix_unscale_true[i]=b_fix_unscale[1]+b_fix_unscale[i];

Section 2. Data monitoring committee charter
Data monitoring committee (DMC) overview
1. Trial description and study design
Trial number: 28CN
Trial design: A randomized trial of Tamoxifen combined with amphotericin B and fluconazole
for cryptococcal meningitis
Trial sponsor: University of Oxford
Number of patients: 50
Names of sites:
#

Country

City

Name of site

Site number

1

Viet Nam

Ho Chi Minh

Hospital for Tropical Diseases

03

2

Viet Nam

Ho Chi Minh

Cho Ray Hospital

11

Principal Investigators: Dr Jeremy Day, Dr Nguyen Le Nhu Tung, Dr Le Quoc Hung.

2. DMC terms of reference
This independent DMC has been convened to assess the progress of a clinical study, the safety data
and provide recommendations to the sponsor. The members of the DMC serve in an individual
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capacity and provide their expertise and recommendations. The DMC will review cumulative study
data to evaluate safety, study conduct, and data integrity of the study. This charter will outline the
roles and responsibilities and serve as the standard operating procedure (SOP) for the DMC.
1. To consider the data from interim analyses, information from the investigators and relevant
information from other sources.
2. In the light of 1, and ensuring that ethical considerations are of prime importance, to report
(following each DMC meeting or special meeting if required) to the study sponsor and to recommend on the continuation of the trial.
3. To determine if additional interim analyses of trial data should be undertaken.
4. To consider any requests for release of interim trial data and to recommend on the advisability
of this.

3. DMC membership
This charter will be agreed by all DMC members Composition of membership will be:
Chairperson: Professor Tim Peto (Professor of Medicine, Consultant Physician in Infectious Diseases, General Physician).
Independent members: Dr Matt Scarborough (Consultant, Infectious Diseases and General Medicine, OUH NHS trust), Dr Nguyen Duc Bang (Infectious Disease physician, Pham Ngoc Thach Hospital, Ho Chi Minh City, Viet Nam).

Acronyms
CTU – Clinical Trials Unit (of OUCRU-VN)
DMC – Data Monitoring Committee
OUCRU-VN – Oxford University Clinical Research Unit – Viet Nam
PI – Principal Investigator
TMG – Trial Management Group

Introduction
The purpose of this charter is to define the roles and responsibilities of the Data Monitoring Committee (DMC), delineate qualifications of the membership, describe the purpose and timing of meetings, provide the procedures for ensuring confidentiality and proper communication, and outline the
content of the reports.
The DMC will function in accordance with the ICH guidelines for Good Clinical Practice and the
approved trial protocol.
The DMC administration will be coordinated by the OUCRU-VN Clinical Trials Unit. All significant
communications, meetings and reports will be made in writing, communicated to all relevant parties
and maintained with the Trial Master File.

Definitions
The following definitions apply to this protocol:
(S)AE
Table

Definition

Adverse Event (AE)

Any untoward medical occurrence in a participant or
clinical trial subject to whom an investigational medicinal
product has been administered including occurrences
that are not necessarily caused by or related to that
product.

Grade 3 or 4 Adverse Event:

Any untoward medical occurrence of severity defined as
grade 3 or 4 by the Common Terminology Criteria for
Adverse Events from National Cancer Institute (CTCAE)
http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/ctc.htm

Continued on next page
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continued
Table

Definition

Adverse Reaction (AR)

Any untoward and unintended response to an
investigational medicinal product related to any dose
administered.

Unexpected Adverse Reaction (UAR)

An adverse reaction, the nature or severity of which is not
consistent with the information about the investigational
medicinal product in question set out in the Summary of
Product Characteristics (SPC) for that product.

Serious Adverse Event (SAE) or Serious Adverse Reaction Respectively any adverse event, adverse reaction or
unexpected adverse reaction that:
(SAR) or Suspected Unexpected Serious Adverse
Results in death
Reaction (SUSAR)
Is life-threatening*
Requires hospitalization or prolongation of existing
hospitalization†
Results in persistent or significant disability or incapacity
Consists of a congenital anomaly or birth defect
Is another important medical condition‡

*The term life-threatening in the definition of a serious event refers to an event in which the participant is at risk of death at the time of the event; it does not refer to an event that hypothetically might
cause death if it were more severe, for example, a silent myocardial infarction.
†

Hospitalization is defined as an in-participant admission, regardless of length of stay, even if the hospitalization is a precautionary measure for continued observation. Hospitalizations for a pre-existing
condition (including elective procedures that have not worsened) do not constitute an SAE.

‡

Medical judgement should be exercised in deciding whether an AE or AR is serious in other situations. The following should also be considered serious: important AEs or ARs that are not immediately life-threatening or do not result in death or hospitalization but may jeopardize the subject or
may require intervention to prevent one of the other outcomes listed in the definition above; for
example, a secondary malignancy, an allergic bronchospasm requiring intensive emergency treatment, seizures or blood dyscrasias that do not result in hospitalization or development of drug
dependency.
Ethical Committee of Reference: the lead ethical committee to which all safety reporting and
DSMB reports are issued. In the case of this trial, the ethical committee of reference is the Oxford
Tropical Research Ethics Committee.

Roles and responsibilities
DMC roles and responsibilities
1. This DMC will
i. Receive, review and feedback when necessary on USAEs reported in detail within 2 weeks
of occurrence and followed until resolution
ii. Meet periodically (see DMC Meetings) to review summary tables of serious adverse events
(SAEs), grade 3 and 4 AEs. The DMC may request additional data as required including
aggregate and individual subject data related to safety, data integrity and overall conduct
of the trial.
iii. Provide recommendations to continue, modify or terminate the trial depending upon these
analyses.
iv. Communicate other recommendations or concerns as appropriate including requests for
additional reviews based on regular reporting and USAE reporting.
v. Comply with and operate according to the procedures described in this charter.
vi. Maintain documentation and records of all activities as described below (see DMC Chairman, DMC Meetings, DMC Reports).
vii. DMC members will have the ability to review unmasked clinical data (this will only be discussed during closed sessions).
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viii.Consider factors external to the study when relevant information becomes available, such
as scientific or therapeutic developments that may have an impact on the safety of the participants or the ethics of the study.
ix. What about review the conduct of the study including protocol violations?
2. DMC Chairman will
i. Be responsible to archive the interim analysis reports and documentation of rationale for
decisions made by the Committee during closed sessions. These will be provided to the
Principal Investigator upon completion of the trial.
3. DSMB Statistician will
i. Generate the analysis tables and distribute the interim report amongst the DSMB members
as described below (see section ‘Creation of interim analysis reports’ below).

Principal investigator roles and responsibilities
The PI will directly or through delegation:
.
.
.
.

Assure the proper conduct of the study including collection of accurate and timely data.
Compile and report USAEs as described below.
Promptly report potential safety concern(s) to the DMC.
Communicate with regulatory authorities, ethical committees and investigators, in a manner
that maintains patient safety and integrity of the data.

DMC participation
Membership will be selected by the Principal Investigator and approved by the trial Sponsor. If a
DMC member is unable to continue participation on the board, the reason will be documented and
a replacement will be selected by the Principal Investigator with the agreement of the other DMC
members and endorsement of the Sponsor.
DMC members will declare any existing or potential conflicts of interest to the Principal Investigator who will report to the Sponsor. Conflicts of interest will be reduced to the greatest extent that is
consistent with assembling an independent and highly competent DMC. Any questions or concerns
that arise regarding conflicts of interest will be addressed by the DMC Chair and the Sponsor if necessary. In the case of the Chair having a conflict, by the Sponsor.
A conflict of interest exists or potentially exists when a member has a personal, professional or
financial interest which could unduly influence the member’s position with respect to the trial or trial
related issues. A conflict of interest should also be addressed if an interest could result in the member’s objectivity being questioned by others.

DMC meetings
1. Projected schedule of meetings
Correspondence with the DMC will be initiated by the OUCRU Clinical Trials Unit prior to any subject enrollment in the trial in order for the members to review the charter, to discuss the protocol,
agree to the safety reporting procedures, to establish a meeting schedule and to review the study
modification and/or termination guidelines. Subsequent interim review meetings will be held to
review and discuss interim study data according to the schedule below. Additional meetings may be
scheduled at the request of the DMC Chairman or the Sponsor. If scheduled meetings are more
than 12 months apart, the DMC Chairman may consider an additional interim review.
Timeline
Before study initiation

Data
Review by Type of Data
Entire DMC Study protocol, safety concerns, DMC Charter and
associated procedures/reports

After 6 and 12 months of recruitment and Entire DMC Enrolment summary
yearly thereafter
Tables of grade 3 and 4 AEs and SAEs, SARs and SUSARs.
Any other requested data
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2. Meeting format
DMC meetings will generally be conducted by teleconference and coordinated by the OUCRU-VN
CTU. A quorum, defined as a minimum of 2 members (including the Chairman) will be required to
hold a DMC meeting. Any member of the DMC may be absent during the meeting provided data
tables are circulated in advance and the member has opportunity to forward any concerns to the
Chairman before the meeting. Decisions of the DMC should be made by unanimous consensus.
However, if this is not possible, majority vote will decide. When appropriate, DMC review sessions
may be held by email exchange in lieu of a meeting.

3. Open and closed sessions
Sessions may be open (attended by representatives of the sponsor and study team) or closed
(attended only by DMC members) at the direction of the DMC. A report based on each DMC meeting will be organized by the Chairman and submitted to the Sponsor. This report will include a recommendation to:
.
.
.
.

Continue the trial without modification
Continue the trial with modification
Stop the trial due to safety concerns
Stop the trial for another reason

Reports will be circulated to all DMC members for their approval before being issued.

4. Creation and conduct of interim analysis reports
The study statistician will generate the code (in the statistical software R) to generate all tables outlined in the Interim Analysis Plan. The intention is to analyze safety outcomes only to prevent stopping the study when important secondary outcomes including antibiotic use may not yet be clear.
Prior to each interim analysis, raw data will be transferred from the study statistician to the DMC
statistician together with R code to generate all summary tables. Based on this information, the
DMC statistician generates the tables and distribute the interim report amongst the DMC members.

Interim analysis plan
All planned analyses will be described in detail in a full Statistical Analysis Plan. This section summarizes the main issues.

1. Analysis populations
The primary analysis population for all analyses is the full analysis population containing all randomised patients. Patients will be analysed according to their randomised arm (intention-to-treat). In
addition, the primary end point will also be analysed on the per-protocol population, which will
exclude the following patients: major protocol violations and those receiving less than 1 week of
administration of the randomised study drug for reasons other than death.

2. Analysis of primary endpoint
The primary efficacy endpoint is the Early Fungicidal Activity – the rate of decline of yeast counts in
cerebrospinal fluid measured over the first 2 weeks of the study. All recorded longitudinal quantitative fungal count measurements up to day 17 (to allow for some delays in the day 14 measurements)
will be included in the analysis. EFA will be modeled based on a linear mixed effects model with longitudinal log10-CSF quantitative culture fungal counts as the outcome, interaction terms between
the treatment groups and the time since enrolment of the measurement as fixed covariates and random patient-specific intercepts and slopes. The lowest measurable quantitative count is 5 CFU/ml
and values below the detection limit (which correspond to recorded values of 0) will be treated as
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<5 CFU/ml, i.e. non-detectable measurements will be treated as left-censored longitudinal observations in the analysis as we have done previously. Based on this model, EFA will be compared
between the two treatment arms in all patients (intention to treat), in the per-protocol population,
and subgroups defined by HIV status (uninfected; infected) and baseline fungal burden (<5 log10
CFU/ml; 5log10 CFU/ml).

3. Analysis of secondary efficacy endpoints
Survival until 10 weeks after randomization
Overall survival will be visualized using Kaplan-Meier curves and modeled using the Cox proportional hazards regression model with stratification by HIV status. In addition, survival will be modeled
with a multivariable Cox regression model including the following covariates in addition to the treatment group: baseline log10-fungal load, Glasgow coma score less than 15 (yes or no), HIV infection
status, and ARV treatment status at study entry (naı̈ve or experienced).
Disability at 10 weeks
The disability score at week 10 follow-up is defined as the higher (worse) of “ the two simple
questions” and the Rankin score assessed at that time point, and will be categorized as good outcome, intermediate disability, severe disability, or death (in case the patient died before 10 weeks)
as previously described. The ordinal 10-week score (“good”> “intermediate”> “severe”> “death”)
will be compared between the two arms with a proportional odds logistic regression model depending on the treatment arm and HIV infection status. The result will be summarized as a cumulative
odds ratio with corresponding 95% confidence interval and p-value. Patients lost to follow up will be
analyzed according to their last recorded disability status. If the rate of patients lost to follow-up
exceeds 10%, we will also perform an alternative analysis based on multiple imputation of missing
values.

4. Analysis of adverse event
The frequency of serious and grade 3&4 adverse reactions as well as the frequency of specific
adverse events will be summarized (both in terms of the total number of events as well as the number of patients with at least one event). The proportion of patients with at least one such event
(overall and for each specific event separately) will be summarized and (informally) compared
between the two treatment groups based on Fisher’s exact test.

5. Analysis of QTc prolongation
Baseline QTc values will be summarised by patient group. The change in QTc between pre- and 2
hours post-dose of study drug will be summarised, modelled and compared between patient groups
over the first 14 days of treatment. QTc intervals at 21 and 28 days following randomisation will be
summarised for each treatment group. If outwith the normal range, changes in QTc from baseline
will be compared between study groups. The proportion of patients with any episode of
QTc>500ms will be compared between study groups.

6. Baseline descriptive analyses
Baseline characteristics will be summarized as median (lower and upper quartiles) for continuous
data and frequency (percentage) for categorical data. The amount of missing data for each baseline
characteristic will also be displayed.

Study review criteria, stopping rules and guidelines
1. Safety analyses
The primary safety endpoint is survival. In addition to the primary safety endpoint, the DMC will consider grade 3 and 4 adverse events, serious adverse events and unexpected or events concerning to
the Investigators at the time points defined above.
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2. Consideration of external data
The DMC will also consider data from other studies or external sources during its deliberations, if
available, as these results may have an impact on the status of the patients and design of the current
study.

DMC reports
1. Monitoring for safety
The primary charge of the DMC is to monitor patient safety during the study. Formal DMC safety
reviews will occur as specified above (see DMC Meetings).
Safety reporting to regulatory and ethical committees will be in accordance with the requirements
of each committee and the study protocol.

2. Content of DMC reports at formal interim analyses
The detailed content of the interim analysis report will be outlined in a separate document, the
Interim Analysis Plan.

3. Monitoring for study conduct
The DMC will be updated at each scheduled meeting on study enrolment and major operational
issues.

4. DMC communication of findings and recommendations
Following each meeting and within 2 weeks of the meeting the chairman will send findings and recommendations of the DMC in writing to the Sponsor. The report should include the date of the
meeting, participants, data reviewed by the Committee and a recommendation to continue the trial
with/without modification or to stop the trial on a specified basis. The report may include minutes of
relevant non- confidential discussion points and any requests for clarification of further information.
These findings and recommendations can result from both the open and closed sessions of the
DMC. If these findings include serious and potentially consequential recommendations that require
immediate action, the chairman will promptly notify the Principal Investigator and sponsor.

5. Response to DMC findings and recommendations
The Sponsor will review and respond to the DMC recommendations. If the DMC recommends continuation of the study without modification, no formal response will be required. If the recommendations request action, such as a recommendation for termination of the study or modification of the
protocol, the Sponsor or Principal Investigator will provide a response stating whether the recommendations will be followed and the plan for addressing the issues.
Upon receipt, the DMC will consider the response and will attempt to resolve relevant issues,
resulting in a final decision.
The Principal Investigator will disseminate all DMC reports to the relevant ethical committees
according to the reporting requirements of that committee.

DMC study closeout
This study may be terminated based on safety issues or DMC monitoring guidelines. A final study
report will be issued to the DMC who may recommend continuing action items to the Sponsor
based upon the report.
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Confidentiality
All data provided to the DMC and all deliberations of the DMC will be privileged and confidential.
The DMC will agree to use this information to accomplish the responsibilities of the DMC and will
not use it for other purposes without written consent from the Sponsor. No communication of the
deliberations or recommendations of the DMC, either written or oral, will occur except as required
for the DMC to fulfill its responsibilities. Individual DMC members must not have direct communication regarding the study outside the DMC (including, but not limited to the investigators, IRB/EC,
regulatory agencies, or sponsor) except as authorized by the DMC.

Amendments to the DMC charter
This DMC charter can be amended as needed during the course of the study. All amendments will
be documented with sequential revision dates, and will be recorded in the report from the DMC
meetings. Each revision will be reviewed and agreed upon by the DMC, the Principal Investigator
and the Sponsor. All versions of the charter will be archived in the Trial Master File.

Archiving of DMC activities and related documents
All DMC documentation and records will be retained in the Trial Master File in accordance with local
and international regulatory requirements.

Agreement of DSMB members
Signatures below confirm the agreement of all DSMB members to the contents of this charter and
the confidentiality statement above.
Name: Professor Tim Peto Date: Signature:
Name: Dr Matt Scarborough Date: Signature:
Name: Dr Nguyen Duc Bang Date: Signature:

Agreement of sponsor
Signatures below confirm the agreement of the Sponsor with the contents of this charter.
Name: Evelyne Kestelyn Date: Signature:

Section 3. The difference in QTc between two study arms over the first
2 weeks of study drug administration
Study
day

Difference of QTC between study arms before drug Difference of QTC between study arms 2 hr
using (95% CI)
after drug using (95% CI)

0

0.00 (0.00, 0.00)

0.00 (0.00, 0.00)

1

3.73 (-0.29, 7.74)

7.44 (3.45, 11.44)

2

7.63 (0.09, 15.18)

14.51 (6.99, 22.02)

3

11.91 (1.75, 22.06)

20.8 (10.69, 30.92)

4

16.73 (5.2, 28.25)

25.96 (14.47, 37.45)

5

22.13 (10.28, 33.97)

29.68 (17.85, 41.5)

6

27.55 (15.32, 39.78)

32.05 (19.82, 44.27)

7

32.29 (18.96, 45.62)

33.24 (19.92, 46.57)

8

35.63 (20.85, 50.42)

33.44 (18.67, 48.21)

9

37.07 (21.09, 53.04)

32.82 (16.86, 48.77)

Continued on next page
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continued
Study
day

Difference of QTC between study arms before drug Difference of QTC between study arms 2 hr
using (95% CI)
after drug using (95% CI)

10

36.82 (19.81, 53.83)

31.54 (14.55, 48.53)

11

35.32 (16.92, 53.72)

29.77 (11.39, 48.15)

12

32.97 (12.41, 53.54)

27.67 (7.13, 48.21)

13

30.21 (6.65, 53.77)

25.41 (1.89, 48.93)

Section 4. Adverse events by type and subtype
Tamoxifen (N = Control (N =
24)
26)

Comparison (pvalue) *

All AEs combined

24 (100%)

26 (100%)

1

IMMUNE RECONSTITUTION
INFLAMMATORY SYNDROME

0 (0%)

1 (3.85%)

1

NEW AIDS DEFINING ILLNESS

7 (29.17%)

10 (38.46%)

0.693

Meningitis tuberculosis

1 (4.17%)

1 (3.85%)

1

Other AIDS events

1 (4.17%)

3 (11.54%)

0.661

Other extrapulmonary tuberculosis

1 (4.17%)

0 (0%)

0.48

Pneumocystis jiroveci pneumonia

3 (12.5%)

6 (23.08%)

0.546

Adverse events (AEs)
Number of patients with adverse events of any grade (%)

Continued on next page

Appendix 1—figure 1. Graphical representation of differences in QTc between study arm of ther first 2 weeks of
the trial. The bold lines and the shaded bands represent the estimated mean difference with 95% Confidence
Interval of QTc between two study arms. The output of the fitted linear mixed effect model computes the
differences in QTc between study arms by study day, separately for pre-dose and 2 hours post-dose
measurements.
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continued
Adverse events (AEs)

Tamoxifen (N = Control (N =
24)
26)

Comparison (pvalue) *

Cerebral toxoplasmosis

2 (8.33%)

0 (0%)

0.225

Pulmonary tuberculosis

2 (8.33%)

1 (3.85%)

0.943

NEW CARDIAC ADVERSE EVENT

23 (95.83%)

24 (92.31%)

1

QRS axis abnormal (New axis deviation)

3 (12.5%)

1 (3.85%)

0.545

Supraventricular tachycardia

1 (4.17%)

0 (0%)

0.48

Ventricular extrasystoles

8 (33.33%)

0 (0%)

0.005

Bundle branch block right

0 (0%)

1 (3.85%)

1

Electrocardiogram QT prolonged

18 (75%)

8 (30.77%)

0.004

Atrioventricular block first degree

2 (8.33%)

2 (7.69%)

1

Myocardial infarction

0 (0%)

1 (3.85%)

1

Sinus tachycardia

13 (54.17%)

15 (57.69%)

1

Cardiac arrest

1 (4.17%)

0 (0%)

0.48

Other cardiac adverse event

18 (75%)

13 (50%)

0.127

Sinus bradycardia

3 (12.5%)

3 (11.54%)

1

NEW NEUROLOGICAL EVENT

11 (45.83%)

12 (46.15%)

1

Brain herniation (coning)

0 (0%)

1 (3.85%)

1

Cranial nerve paralysis

1 (4.17%)

1 (3.85%)

1

Depressed level of consciousness (fall in GCS >= 2 points 7 (29.17%)
for >= 48 hr)

7 (26.92%)

1

Headache

1 (4.17%)

0 (0%)

0.48

Hemiplegia/paresis

1 (4.17%)

0 (0%)

0.48

Seizure (fit)

3 (12.5%)

5 (19.23%)

0.793

Other neurological event

2 (8.33%)

5 (19.23%)

0.483

OTHER ADVERSE EVENT

24 (100%)

26 (100%)

1

Hypersensitivity (Allergic reaction)

3 (12.5%)

2 (7.69%)

0.925

Anemia

18 (75%)

18 (69.23%)

0.89

Diarrhea

3 (12.5%)

2 (7.69%)

0.925

Hypertension

0 (0%)

2 (7.69%)

0.491

Hypotension

2 (8.33%)

3 (11.54%)

1

Jaundice

2 (8.33%)

0 (0%)

0.225

Hypokalemia

17 (70.83%)

17 (65.38%)

0.913

Acute Kidney Injury

0 (0%)

3 (11.54%)

0.263

Pleural effusion

0 (0%)

1 (3.85%)

1

Pneumonitis

5 (20.83%)

9 (34.62%)

0.442

Upper gastrointestinal hemorrhage

0 (0%)

1 (3.85%)

1

Vomit

5 (20.83%)

3 (11.54%)

0.61

Other adverse event

20 (83.33%)

22 (84.62%)

1

*p-values were not corrected for multiple testing.
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Section 5. Results of drug interactions from two-dimensional
chequerboard testing of tamoxifen in combination with either
amphotericin, fluconazole
Proportion (%) of isolates where particular drug interactions was observed*
Synergy
FICI  0.5

No interaction
0.5 < FICI  4

Antagonism
FICI > 4

Tamoxifen + amphotericin

11 (5/47)

89 (42/47)

0 (0/47)

Tamoxifen + fluconazole

4 (2/47)

96 (45/47)

0 (0/47)

Tamoxifen + amphotericin

33 (1/3)

67 (2/3)

0 (0/3)

Tamoxifen + fluconazole

0 (0/3)

100 (3/3)

0 (0/3)

Antifungal combination
C. neoformans

C. gattii

* Numbers in brackets: Numerators are the numbers of strains where interaction was observed;
denominators are the numbers of isolates tested.
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