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Background. Progress in therapy for cryptococcal meningitis has been slow because of the lack of a suitable
marker of treatment response. Previously, we demonstrated the statistical power of a novel endpoint, the rate of
clearance of infection, based on serial quantitative cultures of cerebrospinal fluid, to differentiate the fungicidal
activity of alternative antifungal drug regimens. We hypothesized that the rate of clearance of infection should
also be a clinically meaningful endpoint.

Methods. 'We combined data from cohorts of patients with human immunodeficiency virus—associated cryp-
tococcal meningitis from Thailand, South Africa, and Uganda, for whom the rate of clearance of infection was
determined, and clinical and laboratory data prospectively collected, and explored the association between the rate
of clearance of infection and mortality by Cox survival analyses.

Results. The combined cohort comprised 262 subjects. Altered mental status at presentation, a high baseline
organism load, and a slow rate of clearance of infection were independently associated with increased mortality
at 2 and 10 weeks. Rate of clearance of infection was associated with antifungal drug regimen and baseline
cerebrospinal fluid interferon-vy levels.

Conclusions. The results support the use of the rate of clearance of infection or early fungicidal activity as a
means to explore antifungal drug dosages and combinations in phase II studies. An increased understanding of
how the factors determining outcome interrelate may help clarify opportunities for intervention.

Acute mortality due to human immunodeficiency virus
(HIV)-associated cryptococcal meningitis remains un-
acceptably high [1-5], and, consequently, cryptococcal
disease remains a leading cause of death in cohorts of
HIV-infected individuals in Africa and Asia [6-8]. The
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urgent need to improve the acute management of cryp-
tococcal meningitis is further reinforced by expanding
access to antiretroviral therapy (ART). With access to
ART, these patients have a good long-term prognosis,
provided they survive the initial critical months [4].
After landmark studies in the 1990s [9, 10], recent
progress in therapy for cryptococcal disease has been
slow, because of the large numbers of patients needed
for clinical endpoint trials and the lack of a suitable
marker of treatment response. However, in a study car-
ried out in Thailand, we demonstrated the feasibility
and statistical power of a novel endpoint, the rate of
clearance of cryptococcal colony-forming units from
cerebrospinal fluid (CSF), based on serial quantitative
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culture of CSF from lumbar punctures during the initial 2 weeks
of treatment [1]. The use of a summary statistic (ie, the rate
of decrease in colony-forming units), based on repeated quan-
titative measures in individual patients, means this endpoint is
statistically more powerful than other markers of response pre-
viously used, for example, the proportion of patients with a
positive CSF culture result at 2 weeks [11]. In the study, the
fungicidal activity of alternative combinations of antifungal
drugs could be differentiated with only 16 patients enrolled per
arm [1].

We hypothesized that the rate of clearance of infection should
also be a clinically meaningful endpoint. The organism load at
baseline is a powerful prognostic factor [1], and sterilization
of the CSF at 2 weeks has previously been shown to be asso-
ciated with clinical outcome at 10 weeks [12]. Herein, we in-
vestigate the association of rate of clearance of infection and
acute mortality due to HIV-associated cryptococcal meningitis,
using data from a combined cohort of 262 patients from the
Thai study and subsequent studies in Cape Town, South Africa,
and Mbarara, Uganda.

PATIENTS AND METHODS

Data for our study were collected from 4 trials of initial an-
tifungal therapy for treatment of HIV-associated cryptococcal
meningitis [1, 4, 13, 14]. These studies were approved by the
ethical and scientific review subcommittee of the Thai Ministry
of Public Health, by the research ethics committee of the Faculty
of Health Sciences, University of Cape Town, and the Medicines
Control Council of South Africa, by the ethics committee of
the University Hospital of Mbarara, Uganda, and by Wands-
worth local research ethics committee, covering St. George’s
Hospital in London, England. They are as follows:

1. A randomized study of 63 ART-naive HIV-seropositive
patients treated with amphotericin B (AmB) 0.7 mg/kg per day,
alone or in combination with flucytosine (100 mg/kg per day),
fluconazole (400 mg per day), or both, in Ubon Ratchathani
in Northeast Thailand [1].

2. An observational study of 54 ART-naive or -experienced
patients treated with AmB 1 mg/kg per day or with fluconazole
400 mg per day, according to local protocol, in Cape Town,
South Africa [4].

3. Randomized studies of ART-naive patients who were re-
ceiving AmB-based combination therapy in Cape Town, South
Africa (International Standard Randomized Controlled Trial
Number [ISRCTN] 68133435) [13]. In step 1, the use of 1 mg/
kg per day of AmB was compared with the use of 0.7 mg/kg
per day of AmB, both with flucytosine 100 mg/kg per day (64
patients). In step 2, the use of AmB 1 mg/kg per day plus
flucytosine was compared with the use of AmB 1 mg/kg per

day plus fluconazole (at 800 or 1200 mg per day, 21 patients,
recruitment ongoing).

4. A cohort, dose-escalation study of initial therapy with
fluconazole at Mbarara University Hospital, Uganda, where
standard treatment was with fluconazole at 400 mg per day.
Thirty patients were treated with fluconazole at 800 mg per
day, and 30 patients were treated with fluconazole at 1200 mg
per day [14].

For the randomized studies of combination therapy in Thai-
land and Cape Town, the exclusion criteria were an alanine
aminotransferase level >5 times the upper limit of normal (ie,
>200 IU), an absolute neutrophil count of <500 X 10° cells/L,
a platelet count of <50,000 X 10° platelets/L, pregnancy, lac-
tation, previous serious reaction to AmB, flucytosine, or flu-
conazole, and patient already on ART. In Mbarara, Uganda,
the exclusion criteria were an alanine aminotransferase level
>5 times upper limit of normal (>200 IU), pregnancy, and
prior ART.

In the above-mentioned trials 1, 3, and 4, after 2 weeks, 400
mg per day of fluconazole was used for 8 weeks, and 200 mg
per day of fluconazole was used thereafter. In trial 2, AmB was
given to patients for a median of 7 days prior to switching to
fluconazole. After initial inpatient treatment, patients contin-
ued to be followed up in established HIV outpatient clinics at
the study sites. At the time of the trial in Thailand, ART was
not generally available in that country. In all the more recent
trials, patients have been counselled and started on ART at a
median interval of 47 days (Cape Town) and 38 days (Mbarara)
after starting antifungal therapy.

Lumbar punctures were done on days 1, 3, 7, and 14, for
quantitative culture to assess the rate of clearance of infection.
Quantitative culture of CSF was performed as previously de-
scribed elsewhere [1, 4]. The rate of decrease in log,, cfu/mL
of CSF per day was derived from the slope of the linear re-
gression of log,, cfu against time for each patient [1, 4]. Pop-
ulation modelling confirmed that a linear model best fitted the
colony-forming unit clearance data, and gave results consistent
with the individual patient analysis. CSF cytokine levels (in-
terferon [IFN]—y, tumor necrosis factor [TNF]-«, and inter-
leukin [IL]-6) were determined using the Luminex multianalyte
system (Luminex), cytokine kits (Bio-Rad), and a separate en-
zyme-linked immunosorbent assay (Quantikine; R&D Sys-
tems), as previously described elsewhere [4, 15]. Plasma viral
load and CSF cytokine levels were not available for patients
enrolled in Uganda.

Plasma viral load, baseline CSF colony-forming units, and
cytokine data were log transformed. Continuous data were cat-
egorized into equal-sized groups and analyzed by use of the x*
test. Rate of clearance of infection was analyzed both as a con-
tinuous variable and categorized into quartiles. Survival analysis
was conducted using Cox regression, with time calculated from
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Figure 1. Frequency distribution for the rate of clearance of infection
(log,, colony-forming units [cfu] per mL of cerebrospinal fluid per day) in
the combined cohort of 262 patients.

the date treatment was started to either 14 or 70 days, de-
pending on the analysis, the date last seen, or the date of death.
Models were compared using the likelihood ratio test. Addi-
tional analyses were done with patients who were lost to follow-
up classified as having died. The findings from these analyses

were similar, and so only the data with subjects who were lost
to follow-up censored when last seen are presented here. Linear
regression was used to explore associations of other variables
with the rate of clearance of infection [15] and the Spearman
rank correlation coefficient, to examine the association between
cytokines and CD4 cell count. Analyses were conducted using
Stata, version 10 (StataCorp).

RESULTS

Table 1 shows the characteristics at baseline of the 262 subjects
recruited from the 4 cohorts. Five subjects (2%) were lost to
follow-up within 2 weeks, and an additional 38 subjects (15%)
died. By 10 weeks, 9 subjects (3%) were lost to follow-up, and
an additional 81 subjects (31%) had died. The rate of clearance
of infection could not be measured for 31 subjects who died
or were lost to follow-up before a second measurement of
colony-forming units; for the remaining 231 subjects, the rate
of clearance of infection was approximately normally distrib-
uted with a mean (* standard deviation [SD]) clearance of
—0.37 %= 0.27 log,, cfu per day (figure 1).

Associations with mortality at 2 and 10 weeks. Consistent

Table 1. Baseline Clinical and Laboratory Characteristics and Clinical Outcomes of the

Combined Cohort

Patients

Characteristic (n = 262)
Sex

Female 143 (55)

Male 119 (45)
Age, years 33 (29-38)
Weight, mean kg (=SD) 52 + 11
Abnormal mental status 65 (25)
CD4 cell count, 108 cells/L 26 (9-56)

Viral load, copies/mL

CSF data at baseline
Opening pressure,? cm H,0
WBC count, cells/uL
Fungal burden, cfu/mL of CSF
IFN-y level, pg/mL
TNF-« level, pg/mL
IL-6 level, pg/mL

Mean rate of clearance of infection (+SD), log,, cfu per day

Deaths®
At 2 weeks
At 10 weeks

150,997 (480,00-372,475)

27 (17-36)
14 (1-54)
271,371 (38,963-1,112,423)
30 (7-96)
9 (3-22)
192 (43-1417)
—-0.37 = 0.27

NOTE. Data are no. (%) of patients or median values (interquartile range), unless otherwise indicated.
Data on viral load and cytokine levels were not available from the Uganda cohort. Cfu, colony-forming
units; CSF, cerebrospinal fluid; IFN, interferon; IL, interleukin; SD, standard deviation; TNF, tumor necrosis

factor; WBC, white blood cell.
# Normal range, 7-18 cm H,0.

® Five patients were lost to follow-up before 2 weeks, and 9 patients were lost to follow-up before 10

weeks.
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with prior studies [1, 9, 12], altered mental status (defined as
a Glasgow coma score of <15) at presentation and high baseline
organism load were associated, very significantly, with mortality
(table 2; figure 2). In addition, a slow rate of clearance of
infection was associated with mortality in both univariate and
multivariate analysis (table 2; figure 2). None of the other var-
iables examined (CD4 cell count, sex, age, weight, CSF opening
pressure, CSF white cell count, or viral load) were associated
with mortality.

The mean (% SD) rate of clearance of infection for those
who died and those who survived was —0.17 + 0.27 and —0.40
+ 0.27 log,, cfu per day, respectively, at 2 weeks, and —0.27
+ 0.27 and —0.41 * 0.26 log,, cfu per day, respectively, at 10
weeks. These rates were significantly less rapid for those who
died, compared with those who survived, at both 2 and 10
weeks (difference in mean rate of decline per day, —0.23 log,,
cfu per day [95% confidence interval {CI}, —0.35 to —0.11
log,, cfu per day] vs. —0.15 log,, cfu per day [95% CI, —0.22
to —0.069 log,, cfu per day]; P<.001, for both cases).

In multivariate models that included altered mental status,
baseline organism count, and rate of clearance of infection, all
3 factors remained independently associated with mortality.
When the rate of clearance was fitted onto a continuum scale,
after adjusting for baseline count and altered mental status, the
hazard ratio for each 0.1 log-unit decrease in the rate of clear-
ance of infection was 1.34 (95% CI, 1.06-1.68; P = .01) at 2
weeks and 1.18 (95% CI, 1.04-1.33; P = .008) at 10 weeks
(table 2).

We also fitted the serial colony-forming unit counts as a
time-dependent variable. After adjusting for altered mental
status at baseline, the hazard ratios for death were 1.91 (95%
CI, 1.28-2.85; P<.001) at 2 weeks and 1.14 (95% CI, 1.01-
1.30; P = .04) at 10 weeks, for each unit increase in the last
log,, cfu count. When we also adjusted for the baseline colony-
forming unit count (in addition to altered mental status), these
hazard ratios were 1.82 (95% CI, 1.12-2.96; P = .007) at 2
weeks and 1.13 (95% CI, 0.65-1.32; P = .14) at 10 weeks, for
each unit increase in the last log,, cfu count.

Associations of other variables with rate of clearance of
infection. In previous work based on the Thai study, only the
antifungal drug regimen and the baseline CSF IFN-y level were
independently associated with the rate of clearance of infection
[15]. Patients in this larger cohort were treated with a total of
9 different regimens containing AmB and 3 regimens of flu-
conazole. In univariate analysis, the strongest associations with
the rate of clearance of infection were with treatment that in-
cluded AmB, CSF IFN-vy level, and baseline organism count
(P<.001, for all 3 associations). Consistent with the prior anal-
ysis, in a multivariate model that included all 3 factors, only
treatment with AmB and CSF IFN-v level remained indepen-
dently associated with the rate of clearance. In a final model
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Figure 2. Kaplan-Meier survival curves by (A) altered mental status at
presentation (yes or no), (B) baseline cerebrospinal fluid (CSF) organism
load (categorized into tertiles: <4.95, 4.95-5.87, and >5.87 log,, colony-
forming units [cfu] per mL of CSF), and (C) rate of clearance of infection
(categorized into quartiles: >—0.18, —0.18 to —0.33, —0.33 to —0.55,
and <—0.55 log,, cfu per mL of CSF per day).

that included these 2 factors, the mean rate of decrease in CSF
log,, cfu counts was more rapid for AmB-containing regimens,
compared with fluconazole regimens (difference, 0.45 log,, cfu
per day; 95% CI, 0.26-0.63 log,, cfu per day; P<.001). The
log,, IFN-~ level was significantly associated with a more rapid
clearance; the increase in the rate of fall in colony-forming
units for each unit increment in log,, IFN-vy level was 0.11 log,,
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Figure 3. Association of median baseline cerebrospinal fluid cytokine
levels (interquartile range) and CD4 cell counts. CD4 cell counts were
categorized into quartiles: first quartile, 0-8 X 10° cells/L; second quartile,
9-25 X 10° cells/L; third quartile, 26-56 X 10° cells/L; and fourth quartile,
=57 X 10° cells/L. IFN, interferon; IL, interleukin; TNF, tumor necrosis
factor.

cfu/mL of CSF per day (95% CI, 0.06-0.15 log,, cfu/mL of CSF
per day; P<.001).

Correlations between CSF cytokines and CD4 T cell count.
There was a positive correlation between CD4 cell count and
log CSF IEN-y levels (r = 0.4; P<.0001; figure 3) and between
CD4 cell count and CSF TNF-« levels (r = 0.3; P = .001). CSF
IL-6 levels were not correlated with CD4 cell count. In this
data set, CSF IFN-y and TNF-« levels remained strongly pos-
itively correlated (r = 0.7; P<.001), but, in contrast to earlier
analysis [15], there was no statistically significant correlation
between IFN-y and IL-6 levels (r = 0.1; P = .08).

DISCUSSION

In this cohort of 262 patients, we have demonstrated an as-
sociation between the rate of clearance of infection and survival,

immuno- m~anaa | Immune

responss

independent of the other 2 major prognostic factors (ie, altered
mental status at presentation and baseline organism load). The
strength of the association in multivariate analysis was stronger
with survival at 2 weeks than at 10 weeks. This may reflect the
fact that deaths within 2 weeks are nearly all related to cryp-
tococcal infection, whereas, after this time point, deaths are
increasingly related to other complications of late-stage HIV
infection. The results lend strong support to the use of the rate
of clearance of infection as both a statistically powerful and
clinically relevant marker of treatment response. The shape of
this relationship, whether it is linear or whether there is a cutoff
above which more rapid clearance has little further benefit,
remains to be defined by analysis of larger cohorts, although
the data do suggest that there may be a lesser impact on out-
come at the more rapid rates of clearance. Larger phase III
cohorts, with larger numbers of patients on particular drug
regimens, will also be needed to test whether the rate of clear-
ance fulfills the additional criteria of a surrogate marker of
treatment response [16]. Larger cohorts will also be needed to
explore with adequate power the possible effect of additional
factors, such as fungemia (not examined in this study), on
mortality.

Given the dependence of the rate of clearance of infection on
antifungal regimen, it is not possible to completely exclude the
possibility that an association between rate of clearance and out-
come could be observed in this cohort if fluconazole therapy
were associated with higher mortality by a separate unknown
mechanism, independent of its association with a slow clearance
of infection. However, it seems more likely that a prolonged
exposure to the organism, as a result of a high organism load at
baseline and a slow clearance, had a direct impact on outcome,
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Figure 4. Model illustrating possible relationships between factors associated with rate of clearance of infection and survival. Proposed causal
links are shown with solid arrows, noncausal associations with long-dashed arrows, and speculative associations with short-dashed arrows. IFN,

interferon; TNF, tumor necrosis factor.
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as suggested by an examination of prior trials [9, 10, 12, 17]
and our analysis.

The associations between variables in the cohort have led us
to propose a model for how the factors determining the rate
of clearance of infection and mortality may interrelate (figure
4). The proposed causal nature of the associations in the model
remain speculative, although in one instance (ie, the association
between IFN-+ level and rate of clearance of infection), causality
could be tested by intervention studies, such as those published
and ongoing to examine the effects of adjunctive therapy on
IFN-y level (ISRCTN72024361) [18].

Notable was the fact that, in this cohort, we could not dem-
onstrate an association between baseline CSF opening pressure
and survival, as has been found in some prior studies [19].
Efforts were made to ensure accurate measurement of opening
pressure in all patients, and in all trials, patients had a minimum
of 4 lumbar punctures, according to protocol, and further lum-
bar punctures if the opening pressure was raised. This aggressive
approach to management of increased CSF pressure may have
reduced its effect on outcome [20]. The size of this cohort
enabled us to demonstrate an association between CSF IFN-vy
level (but not IL-6 level) and CD4 cell count, consistent with
the known reduction in IFN-v level and the preservation of
IL-6 release in late-stage HIV infection [21, 22].

An increased understanding of the factors determining the
rate of clearance of infection and outcomes increases our abil-
ity to examine the impact of individual components. Thus,
for example, variations in the immunity (eg, CSF IFN-vy level)
of individual patients can be controlled for in trials examining
the effect of novel drug regimens on clearance of infection. An
increased understanding of how the factors determining out-
come interrelate may also help clarify opportunities for inter-
vention—for example, more rapidly active drug combinations,
adjunctive immunotherapy, or earlier diagnosis and treat-
ment—and may help prioritize research questions—for ex-
ample, understanding the pathophysiological basis of increased
CSF pressure and altered mental status.

Our study demonstrates that the rate of clearance of infection
is not only a statistically powerful endpoint but also a clinically
meaningful one. The results support the use of rate of clearance,
or early fungicidal activity, as a means to explore antifungal
drug dosages and combinations in phase II studies that can
prioritize novel regimens for testing in phase III clinical end-
point trials.
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