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Background. In cryptococcal meningitis phase 2 clinical trials, early fungicidal activity (EFA) of Cryptococcus clearance from
cerebrospinal fluid (CSF) is used as a surrogate endpoint for all-cause mortality. The Food and Drug Administration allows for using
surrogate endpoints for accelerated regulatory approval, but EFA as a surrogate endpoint requires further validation. We examined
the relationship between rate of CSF Cryptococcus clearance (EFA) and mortality through 18 weeks.

Methods. We pooled individual-level CSF data from 3 sequential cryptococcal meningitis clinical trials conducted during
2010-2017. All 738 subjects received amphotericin + fluconazole induction therapy and had serial quantitative CSF cultures. The
log, -transformed colony-forming units (CFUs) per mL CSF were analyzed by general linear regression versus day of culture over
the first 10 days.

Results. Mortality through 18 weeks was 37% for EFA > = 0.60 (n = 170), 36% for 0.40-0.59 (n = 182), 39% for 0.30-0.39
(n=112), 35% for 0.20-0.29 (n = 87), and 50% for those with EFA < 0.20 CFU/mL/day (n = 187). The hazard ratio for 18-week
mortality, comparing those with EFA < 0.20 to those with EFA > = 0.20, was 1.60 (95% confidence interval, 1.25, 2.04; P = .002). The
lowest EFA group had lower median CD4 T-cell counts (P < .01) and lower proportion of patients with CSF pleocytosis (P < .001).

Conclusions. EFA is associated with all-cause mortality in cryptococcal meningitis. An EFA threshold of > = 0.20 log,, CFU/
mL/day was associated with similar 18-week mortality (37%) compared to 50% mortality with EFA < 0.20. This EFA threshold may

be considered a target for a surrogate endpoint. This builds upon existing studies to validate EFA as a surrogate endpoint.
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of AIDS-related
deaths globally [1]. Despite this significant disease burden,

Cryptococcal meningitis causes 15%
Cryptococcus remains a neglected disease [2]. Antifungal ther-
apies exist, but less toxic, more effective therapies are needed.
The most recent US Food and Drug Administration (FDA) ap-
proval for antifungals effective for Cryptococcus date back to
1997 for Ambisome and 1990 for fluconazole [3, 4].

One hindrance in the search for new therapeutic approaches
is the length of time that clinical trials can take to reach a conclu-
sion due to the use of all-cause mortality as a primary endpoint.

To decrease the time required to determine the effectiveness of
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new treatments, the FDA allows for using surrogate endpoints.
FDA defines a “surrogate endpoint’ to mean a marker, such as a
laboratory measurement, radiographic image, physical sign, or
other measure, that is not itself a direct measurement of clinical
benefit, and a) is known to predict clinical benefit and could
be used to support traditional approval of a drug or biological
product; or b) is reasonably likely to predict clinical benefit and
could be used to support the accelerated approval of a drug or
biological product. From a regulatory perspective, endpoints
are grouped as validated surrogated endpoints, reasonably
likely surrogated endpoints, or candidate surrogated endpoints.

With neglected diseases, surrogate endpoints are critical to
decrease costs and accelerate development of new therapies. In
tuberculosis, a validated surrogate endpoint used for acceler-
ated FDA approval has been “time to sputum culture conversion
to negative” In cryptococcal meningitis, a surrogate endpoint
used in phase II trials has been early fungicidal activity (EFA).
EFA is a quantitative measure of the rate of fungal Cryptococcus
yeast clearance from the cerebrospinal fluid (CSF). Several
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studies have reported a relationship between EFA and all-cause
mortality through 10 weeks when analyzing pooled individual-
level or group-level data [5-7]. A limitation has been the need
to pool data from different treatment regimens and across dif-
ferent countries.

We sought to investigate the association between EFA and
all-cause mortality using a large cohort of cryptococcal menin-
gitis research participants enrolled in sequential clinical trials.
Participants in these sequential trials received the same back-
ground induction regimen of amphotericin B deoxycholate and
fluconazole. We examined the relationship between EFA and
survival through 18 weeks.

METHODS

Study Population

Three sequential clinical trials were pooled in this analysis: the
“Cryptococcal Optimal ART Timing” (COAT; n = 162) trial [8],
the “Adjunctive Sertraline for the Treatment of HIV-associated
Cryptococcal Meningitis” (ASTRO-CM; n = 179) phase 2 pilot
trial [9], and ASTRO-CM randomized trial (n=397) [10].
Participants were Ugandan adults living with human immu-
nodeficiency virus (HIV) who presented to Mulago National
Referral Hospital, Kampala or Mbarara Regional Referral
Hospital, between November 2010 and June 2017 and who were
diagnosed with cryptococcal meningitis by CSF cryptococcal
antigen. The COAT trial additionally included participants
from GF Jooste Hospital in Cape Town, South Africa.

CSF Quantitative Cultures and EFA Calculation

During the COAT trial, CSF quantitative cultures were per-
formed on days 1, 7, 14, and additionally as needed for intra-
cranial pressure control [11]. During the ASTRO-CM trials,
cultures were performed on days 1, 3, 7, 10-14, and additionally
as needed for intracranial pressure control. In brief, quantitative
Cryptococcus CSF cultures were performed with a series of five
1:10 serial dilutions on the CSFE, as previously described [12].
The colony-forming units (CFUs) per mL of CSF were analyzed
by general linear regression on log CFU/mL versus day of CSF
culture. The rate of fungal clearance from the CSF in units of
log, ,CFU/mL/day was calculated from the slope of the fit line
for each patient [5, 12]. To minimize survival bias, we limited
the contributions of quantitative cultures to the first 10 days of
antifungal therapy.

Statistical Analysis

We divided subject EFA measurements into 4 groups of: 0.40
log,, CFU/mL per day or greater, 0.30 to 0.39, 0.20 to 0.29,
and < 0.20 or less. These breakpoints were chosen for ease of
interpretation in 0.10 log | CFU/mL/day increments. A further
analysis was performed with additional breakpoints above 0.40
(of 0.40 to 0.59 and 0.60 or greater). For the 4 EFA groups, we
plotted the cumulative survival against time from cryptococcal

meningitis diagnosis, with a total follow-up time of 18 weeks
and compared the survival curves with a log-rank test. We used
Cox-regression to adjust for risk factors associated with cryp-
tococcal mortality or factors differentially distributed across
EFA groups. With the parabolic risk of mortality by CD4 T-cell
count [13], adjustment for CD4 utilized 2 indicator variables of:
CD4 < 50 cells/puL or CD4 > 100 cells/pL. Association between
EFA group and other markers or demographic data was exam-
ined via Kruskall-Wallis and y” tests.

RESULTS

We analyzed data from 738 participants with a calculable EFA
within the first 10 days of meningitis diagnosis. Overall, 1249
individuals were screened during the studies used for this anal-
ysis. Of these, 56 were not enrolled, 133 had an initial sterile
culture, 135 died prior to day 10 with <2 LPs performed, and
189 had had <2 LPs despite surviving to day 10, leaving 738
participants. A full breakdown of these decision points is given
in a consort diagram (Supplemental Figure 1). Of the 738 par-
ticipants, 62% (461/738) were ART-naive with a median [P25,
P75] CD4 count of 16 [6, 49] cells/uL. Mortality at 10 weeks was
36% (262/738) and 40% (297/738) by 18 weeks. Complete dem-
ographic and outcome information separated by EFA group is
available in Table 1.

In assessing EFA versus 18-week survival time, participants
were divided into groups by EFA, producing the following
groupings: >0.40 (n = 352), 0.30 to 0.39 (n = 112), 0.20 to 0.29
(n =87), and < 0.20 (n = 187) log CFU/mL/day. Participants
with EFA < 0.20 had the lowest median CD4 T-cell counts (me-
dian 11 cells/uL; P < .01) and lowest proportion with CSF pleo-
cytosis (30% with > 5 white cells/pL CSF; P < .001).

The 18-week mortality rates were 37%, 39%, 36%, and 50% for
the EFA > = 0.40, 0.30 to 0.39, 0.20 to 0.29, and < 0.20 groups,
respectively. Compared to those with EFA > 0.20, there was in-
creased 18-weekmortalitywhen EFAwas<0.20log, CFU/mL/day
(Figure 1, hazard ratio = 1.60; 95% confidence interval [CI],
1.25 to 2.04; P =.0002). When adjusting for baseline Glasgow
coma scale, hemoglobin, CSF quantitative culture, CSF pleocy-
tosis (white cells > 5/uL), biological sex, and cohort, EFA less
than 0.20 log, CFU/mL/day remained significantly associated
with 18-week survival (adjusted hazard ratio = 1.83; 95% CI,
1.40 to 2.40; P <.0001). Additionally when adjusting for CD4
cell count using indicator variables (CD4 1-24, 25-49, 50-99
[13], CD4 > 100 cells/puL), increased hazard of 18-week mor-
tality remained present for those with EFA < 0.20 log CFU/
mL/day (hazard ratio = 1.71; 95% CI, 1.30 to 2.26; P < .0001).

Even when examining higher EFAs by further separating out
the > 0.40 EFA group, mortality did not improve further with
the highest CSF yeast clearance. Mortality through 18 weeks
was 37% for EFA > 0.60 (n=170), 36% for EFA 0.40-0.59
(n =182), 39% for EFA 0.30-0.39 (n = 112), and 36% for EFA
0.2-0.29 (n = 87). Thus, even as the EFA increased to > 0.60
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Table 1.

Participant Characteristics and Outcomes by Early Fungicidal Activity (EFA) Group

EFA Group, log,, CFU/mL/day

>0.40 0.30-0.39 0.20-0.29 <0.19 P-value

N 352 87 187

Age, years 35 [29, 41] 36 [30, 41] 35 [30, 38] 35 [30, 40] 73
Men 203 (58%) 71 (63%) 50 (58%) 127 (68%) i
Prior cryptococcosis 30 (9%) 6 (5%) 12 (14%) 22 (12%) A3
Receiving ART 131 (37%) 35 (31%) 41 (47 %) 70 (37%) .15
TB diagnosis at baseline 20 (5.7%) 8(7.1%) 8(9.2%) 16 (8.6%) .52
Glasgow coma scale < 15 140 (40%) 43 (38%) 36 (41%) 68 (37%) .87
Hemoglobin, g/dL 11.7 [10.4, 13.1] 11.6 [9.5, 13.5] 11.8[10.4, 13.2] 11.8 [10.0, 13.5] .82
CD4 count, cells/uL 20 [8, 56] 16 16, 51] 14 [6, 46] 11 [6, 35] <.01
CSF quantitative culture, CFU/mL 87 000 [4 600, 425 000] 112 000 [8 000, 430 000] 43000 [1 000, 290 000] 54 000 [3 000, 250 000] .03
CSF pressure, >25 cmH,0 191 (65%) 49 (50%) 42 (58%) 99 (61%) .08
CSF > 5 white cells/uL 164 (47 %) 54 (51%) 34 (40%) 55 (30%) <.001
18-week mortality 129 (37%) 44 (39%) 31 (36%) 93 (560%) .02

Data are n (%) or median [P25, P75]. P-values from Kruskall-Wallis test for medians or x? test for proportions.

Abbreviations: ART, antiretroviral therapy; CFU, colony-forming units; CSF, cerebrospinal fluid; EFA, early fungicidal activity; HIV, human immunodeficiency virus; TB, tuberculosis.

log ,CFU/mL/day, 18-week survival did not further improve as
compared to EFAs 0.20 to 0.59 log CFU/mL/day. There was no
inoculum effect with amphotericin B combination therapy as
EFA was not correlated with baseline CSF quantitative culture
log,, CFU/mL (r = —0.003, P = .93).

DISCUSSION

We have observed that EFA is independently associated with
survival through 18 weeks, with increased mortality when
the rate of CSF Cryptococcus clearance was lower than 0.20
log ,CFU/mL/day. Overall, analysis of EFA has become an im-
portant component of early-phase clinical trials investigating
new treatment options for cryptococcal meningitis, serving
as a surrogate marker for all-cause mortality. In this study, we
expand on the existing reports of EFA as a surrogate marker
using a robust participant cohort. Those with an EFA greater
than 0.20 log, . CFU/mL/day, regardless of measurement, had a
similar 18-week survival of 63% compared to 50% survival with
EFA < 0.20. Our data suggest that target EFA for new antifungal
therapies should be above 0.20 log CFU/mL/day as an EFA
surrogate endpoint.

This study builds on 2 prior analyses that reported that EFA
was a surrogate endpoint for 10-week survival [6, 7]. Bicanic
and colleagues pooled individual level data from 4 trials from
South Africa, Thailand, and Uganda among subjects receiving
amphotericin-based combination therapy or fluconazole
therapy [6]. Conversely, Montezuma-Rusca and colleagues
compared the reported group mean EFA versus 10-week sur-
vival of 9 studies [7]. Notably, Montezuma-Rusca combined
different publications utilizing different statistical techniques
for estimating EFA (linear regression vs linear mixed-effects
model), yet there remained a correlation between 10-week

survival and EFA. Our study, using different cohorts—not in-
cluded in the prior publications, validates these earlier findings.

There are some limitations to this study. When looking at fac-
tors affecting patient survival after cryptococcal meningitis, it
is key to remember that this is a complex issue with EFA being
just one of multiple factors contributing to mortality. Other risk
factors for mortality such as altered mental status, anemia, high
peripheral white blood cell count, high C-reactive protein, very
low or high CD4 T-cell counts, poor cerebral oxygenation, and
immune reconstitution inflammatory syndrome are less directly
dependent on antifungal therapy [14-20]. Although we do con-
trol for many of these in our analysis, the fact remains that EFA
does not perfectly predict patient outcome as antifungal therapy
alone does not address all of the factors contributing to death in
HIV-related cryptococcal meningitis. Although EFA estimates
are limited to those who survived to receive 2 lumbar punc-
tures, EFA is a quantitative marker of microbiologic activity
of an antifungal regimen. When adjusting for other factors as-
sociated with mortality, the hazard ratio minimally changed,
strongly supporting that EFA is an independent risk factor for
mortality. Whether EFA is also associated with mortality in
HIV-negative cryptococcosis is unknown.

Recognizing this potential prognostic feature of EFA may be
important when considering clinical trial cessation or continua-
tion in the early stages of a trial. Future studies may benefit from
examining the average EFA of trial participants while on a study
treatment. Those resulting in EFA measurements <0.20 are un-
likely to increase mean length of survival and should be ter-
minated early, whereas those with better EFAs could potentially
lead to survival consistent with current regimens. Given that
the goal in using EFA as a surrogate marker is to decrease the
time needed to determine the efficacy of novel antifungal agents
in treating cryptococcal meningitis, adding this new facet to
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Figure 1.

EFA of Cryptococcus CSF clearance rate values demonstrating a difference in survival for those with an EFA of 0.20 or less log,, CFU/mL/day among 738 persons

living with HIV with culture-positive cryptococcal meningitis. Abbreviations: CFU, colony-forming units; CSF, cerebrospinal fluid; EFA, early fungicidal activity; HIV, human

immunodeficiency virus.

our understanding EFAs role in patient outcome would accel-
erate the time to interpretable results. EFA should be a surrogate
endpoint for accelerated regulatory approval of new antifungal
therapies in cryptococcal meningitis, a neglected disease.
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