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Background. More than half of people diagnosed with human immunodeficiency virus–associated cryptococcal meningitis are 
antiretroviral therapy (ART)-experienced. The impact of recent ART initiation (≤14 days) on outcomes from cryptococcal 
meningitis, and how to optimally manage ART in this patient population, are unknown.

Methods. We analyzed data from the recent Ambisome Therapy Induction Optimisation (AMBITION) trial to (1) examine 
whether patients diagnosed with cryptococcal meningitis within 14 days of ART initiation are at higher risk of mortality and (2) 
determine the impact of ART interruption at diagnosis of cryptococcal meningitis. Combined data from the AMBITION trial 
and the earlier Antifungal Combinations for Treatment of Cryptococcal Meningitis in Africa trial were analyzed to describe 
baseline characteristics of patients according to ART status.

Results. Among the 810 AMBITION participants, adjusted 2-week mortality risk was 20.8% (95% confidence interval [CI]: 11.5–30.2; 
26/120) in those on ART for 14 days or less at presentation, 10.4% (95% CI: 3.6–17.2; 18/130) on ART for >2 weeks to 2 months, 7.1% 
(95% CI: 0–14.9; 7/92) on ART for >2 months to 6 months, and 13.0% (95% CI: 8.5–17.6; 50/307) in those on ART for more than 6 months 
compared to 12.4% (95% CI: 9.2–15.5; 111/707) among individuals not on ART. In the combined dataset, baseline fungal burdens were 
lower and baseline CD4 counts were higher with increasing ART duration. Among individuals on ART for ≤14 days at presentation, 
2-week mortality was 35% (8/23) in those continuing ART versus 14% (7/49) in those discontinuing ART.

Conclusions. Mortality from cryptococcal meningitis was higher in recent ART initiators. ART interruption in this group may lead to 
improved outcomes.

Keywords. HIV; AIDS; cryptococcal meningitis; cryptococcosis; antiretroviral therapy.

Received 17 May 2024; editorial decision 04 November 2024; published online 15 January 
2025

Correspondence: J.N. Jarvis, Department of Clinical Research, Faculty of Infectious and 
Tropical Diseases, Keppel Street, London WC1E 7HT, UK (joseph.jarvis@lshtm.ac.uk).

Clinical Infectious Diseases® 2025;81(1):75–83 
© The Author(s) 2025. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distri
bution, and reproduction in any medium, provided the original work is properly cited.
https://doi.org/10.1093/cid/ciae586

Cryptococcal meningitis causes up to 19% of all AIDS-related 
deaths globally [1]. In recent studies of human immunodeficiency 

virus (HIV)-associated cryptococcal meningitis, more than half 
of participants were antiretroviral therapy (ART)-experienced 
(currently receiving or previously received ART) when develop
ing meningitis [2,3]. The evidence base for ART management 
among ART-naïve individuals presenting with cryptococcal 
meningitis is clear, with a causal association between early 
ART initiation following antifungal treatment and excess mor
tality; the COAT trial showed that ART initiation should be de
layed for 4–6 weeks in ART-naïve individuals presenting with 
cryptococcal meningitis [4, 5]. However, the implications of 
being on ART at the time of diagnosis with cryptococcal men
ingitis, and the optimal ART management strategies in 
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individuals presenting with cryptococcal meningitis after ART 
initiation, are less well understood.

Studies have consistently shown no overall mortality dif
ference between ART-naïve and ART-experienced individu
als with cryptococcal meningitis [3, 6, 7]. But a secondary 
analysis from the Adjunctive Sertraline for Treatment of 
Cryptococcal Meningitis trial suggested an increased risk of 
mortality in people with HIV who presented with cryptococ
cal meningitis within 14 days of initiating ART compared 
with those on ART for longer (hazard ratio [HR], 1.90 
[1.2–2.9]; P < .01) [8], with similar finding in the 
Antifungal Combinations for Treatment of Cryptococcal 
Meningitis in Africa (ACTA) trial (HR, 1.70 [0.85–3.39]) [9]. 
Individuals presenting with cryptococcal meningitis after initi
ating ART within the previous 14 days are highly likely to have 
had undiagnosed cryptococcal meningitis at the time of ART 
initiation. It has been hypothesized that these recent ART ini
tiators may have increased mortality risk because of excessive 
immune responses induced by ART initiation in the context 
of active cryptococcal meningitis [8] similar to that seen with 
early ART initiation among ART-naive individuals with cryp
tococcal meningitis [4, 5], and that temporary discontinuation 
of ART may improve outcomes.

In addition to the group of individuals started on ART with
in the 14 days before their diagnosis of cryptococcal meningitis, 
with probable active cryptococcal meningitis at the time of 
ART start, a further proportion diagnosed with cryptococcal 
meningitis may have had asymptomatic or early subclinical 
cryptococcal infection at the time of ART initiation and present 
with “unmasking” immune reconstitution inflammatory syn
drome (IRIS), typically within 2 months of ART initiation. 
There are also individuals taking effective ART but who have 
not yet achieved significant reconstitution of CD4 counts, leaving 
them vulnerable to cryptococcal disease. Finally, a proportion 
have been on ART for longer durations but may have virological 
nonsuppression due to challenges with ART adherence or HIV 
drug resistance [2, 3, 8, 10]. The population developing cryptococ
cal meningitis after ART initiation is therefore a heterogenous 
group who need different ART management strategies.

To address these evidence gaps, we performed a second
ary analysis of Ambisome Therapy Induction Optimisation 
(AMBITION) trial data [3] and another analysis combining 
AMBITION data with the preceding ACTA trial [2] to (1) 
examine whether patients who are diagnosed with cryptococcal 
meningitis within 14 days of ART initiation are at higher risk 
of mortality when compared to those not on ART or on ART 
for longer durations; (2) to describe the baseline characteristics 
of individuals presenting with cryptococcal meningitis according 
to their ART status; and (3) to determine whether interrupting 
ART at diagnosis of cryptococcal meningitis in recent ART initi
ators improves clinical outcomes.

METHODS

Study Population

For our initial analysis, the study population comprised all 
AMBITION trial participants. ART status and duration data 
were captured for all participants. A standardized ART man
agement approach including ART discontinuation in those 
who had initiated ART in the 14 days preceding trial enrolment 
was recommended [11], but ART management was at the dis
cretion of the attending clinicians.

To increase study power, participants from the AMBITION 
and the preceding ACTA trials, which had comparable eligibil
ity criteria, were combined in a second analysis to describe 
baseline associations with ART status and perform a secondary 
analysis of outcomes. ACTA data were excluded from the initial 
analysis of outcomes for 2 reasons: (1) ART timing data were 
missing for 34% of individuals; these data were unlikely to be 
missing at random with more missing data in those who 
were very unwell at admission and died early, and for all pa
tients who were on ART in the ACTA trial continuation was 
recommended and (2) ACTA had 5 treatment arms with signif
icantly differing mortality rates.

Study Design and Data Analysis

The main exposure was time on ART prior to cryptococcal 
meningitis diagnosis. Participants were grouped according to 
ART status into those “on ART” and those “not taking ART,” 
which included both ART-naïve patients and those who had 
disengaged from ART (defined as having not taken ART for 
at least 60 consecutive days). Participants on ART were classi
fied according to the duration of effective ART (ie, period from 
ART introduction, reintroduction, or ART regimen switch). 
Because there are no standardized criteria, categories were de
fined a priori based on expert opinion as follows: 

(i) On ART ≤2 weeks at presentation with cryptococcal men
ingitis; 14 days was the median duration of headache re
ported by trial participants in the AMBITION trial [3]; 
therefore, individuals in this group were likely to have 
had cryptococcal meningitis at the time of ART initiation. 
This categorization enabled comparison with published 
literature [2, 8].

(ii) On ART from >2 weeks to ≤2 months; individuals who 
were likely to have had subclinical cryptococcal infec
tion at the time of ART initiation based on published lit
erature showing that blood cryptococcal antigen is 
detectable at least 35 days before development of crypto
coccal meningitis [12], including those with an “un
masking” IRIS that typically occurs within 2 months of 
ART initiation [13].

(iii) On ART for >2 months to ≤6 months; selected as a group 
“established” on ART, based on median times from ART 
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initiation to virological suppression, but who have not yet 
achieved significant reconstitution of CD4 counts [14].

(iv) On ART >6 months; individuals likely to be immunosup
pressed due to difficulties with adherence to ART or HIV 
drug resistance.

All-cause mortality within 2 weeks was the primary outcome, 
with 10-week mortality as a secondary outcome. We hypothe
sized that participants diagnosed with cryptococcal meningitis 
within 14 days of ART initiation, reinitiation or regimen switch 
would have higher all-cause mortality and that ART interrup
tion reduces mortality risk in these patients by preventing path
ological immune reconstitution reactions.

A generalized linear model with a binomial distribution and 
log link function was used to calculate the differences in mor
tality risk and risk ratios between ART groups. Mortality esti
mates were adjusted for the antifungal induction regimen. 
Age and sex were included in the model if they modified the 
risk ratio by more than 5%. Variables that may be on the causal 
pathway between ART status and outcome, including CD4 
count, cerebrospinal fluid (CSF) white cell count, and CSF fun
gal burden, were not included in the adjusted models. ART dis
continuation was added to a model as an interaction term to 
determine whether it modified the association between recent 
ART initiation and mortality risk. As an indicative sample 
size, 118 individuals per group would give an 80% power to de
tect a 15% absolute 2-week mortality risk increase from 15% to 
30% at an alpha of 0.05.

To describe the dynamic relationship between time on ART 
and mortality risk, in those who had recently started ART, uni
variable logistic regression models were constructed with days 
on ART as the single predictor (using restricted cubic splines 
with 3 knots) and mortality as the outcome (2-week and 
10-week), restricted to participants on ART for up to 6 months.

Analyses were conducted using R and Stata version 17 
(College Station, TX).

Ethical Considerations

Both trials were approved by the London School of Hygiene 
and Tropical Medicine Ethics Committee. Participating sites 
obtained approvals from local regulatory and ethics authorities.

RESULTS

Study Population

We analyzed data from 810 AMBITION participants enrolled 
between 2018 and 2021. The median age was 37 years (inter
quartile range [IQR] 32–43); 491/810 (60.6%) were male; and 
the median CD4 count was 27 cells/µL (IQR 10–58); 398/810 
(49%) were currently taking ART (Table 1). ART duration 
data were available for all individuals taking ART, with a medi
an duration of 9 months (269 days, IQR 25–1952 days); 72/398 

(18%) had initiated ART ≤14 days before presentation with 
cryptococcal meningitis, 77/398 (19%) had been on ART be
tween >14 days and 2 months, 42/398 (11%) between >2 
months and 6 months, and 207/398 (52%) had been on ART 
for >6 months.

A total of 674 ACTA participants with complete outcome 
data were included in the combined second analysis; enrolled 
between 2013 and 2016. Baseline characteristics were similar 
to those enrolled on the AMBITION trial (Table 1). 
Combining the 2 studies gave a total of 1484 individuals; this 
combined population was used to describe baseline character
istics according to ART status and for second supportive anal
ysis of outcomes (Figure 1).

Baseline Characteristics According to ART Status

Participants presenting with cryptococcal meningitis while tak
ing ART had similar demographics to those not on ART but 
had higher baseline CD4 counts and lower baseline fungal bur
dens in both the AMBITION study and combined dataset 
(Table 2). There were no significant differences in antifungal 
treatment allocation between those taking ART and those not 
on ART. In the combined dataset, CD4 counts and baseline 
fungal burdens differed significantly (P < .001) by time on 
ART; individuals on ART for >6 months had a median CD4 
count of 21 cells/µL, comparable to individuals not on ART 
whose median CD4 count was 23 cells/µL, whereas those on 
ART <14 days,  > 2 weeks to 2 months, and >2 months to 6 
months, had CD4 counts of 41 cells/µL, 47 cells/µL, and 55 
cells/µL, respectively. Those on ART for >6 months had high 
fungal burdens, comparable to those not on ART; among those 
on ART for up to 6 months, baseline fungal burdens declined 
with increasing ART duration (Table 2). Of those who were 
on ART for >6 months, 93/307 (30%) reported poor ART ad
herence having missed a median of 8 doses in the past month 
(IQR 4−15), compared to 27/342 (8%) on ART for less than 
6 months; viral load results were available for 216 of the 307 in
dividuals on ART for >6 months of whom 188/216 (87%) had 
detectable viral loads.

Mortality Analyses

In the main analysis restricted to AMBITION trial data mortal
ity was 13% (104/810) at 2 weeks and 27% (218/810) at 
10 weeks. There were no significant mortality differences be
tween participants taking ART and those not taking ART 
(Table 3); 2-week mortality was 12% (95% CI: 9.1–16.2) among 
those not on ART versus 13% (95% CI: 10.0–16.7) in the group 
on ART, and 10-week mortality was 26% (95% CI: 21.7–30.2) in 
those not on ART versus 28% (23.4–32.2) in those on ART.

Mortality risk differed significantly according to time on 
ART but did not decline progressively with increasing ART du
ration, with ongoing mortality reductions up to 6 months of 
prior ART exposure, but increased mortality risk in those on 
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ART for more than 6 months (Figure 2). In models adjusted for 
antifungal treatment group, participants who had initiated 
ART within 14 days had higher mortality risk than those on 
ART for longer (Table 3); 2-week mortality risk was 20.8% 
(95% CI: 11.5–30.2) in those on ART for ≤14 days, 10.4% (95% 
CI: 3.6–17.2) on ART for >2 weeks to 2 months, 7.1% 
(95% CI: 0–14.9) on ART for >2 months to 6 months, and 
13.0% (95% CI: 8.5–17.6) in those on ART for >6 months. 
Using the group not on ART as a reference, those initiating 
ART within 14 days had a 1.7-fold (95% CI: 1.0–2.8) increased 
risk of 2-week mortality and a 1.4-fold (95% CI: 1.0–2.0) in
creased risk of 10-week mortality. Adjustment for age and 
sex did not change the strength of association between 2- and 
10-week mortality and recent ART initiation. Similar mortality 
trends were seen in the analysis using combined AMBITION 
and ACTA trial cohorts (Supplementary Table 1 and Figure 2).

Effect of ART Discontinuation on Mortality

In an analysis restricted to the 72 AMBITION participants who 
had initiated ART within 14 days of cryptococcal meningitis di
agnosis, there was a significant interaction between the clinical 
decision to interrupt ART at enrollment and ART timing on 
mortality risk at 2- and 10-weeks (P value for interaction 
.01 for 2-week mortality and .05 for 10-week mortality). 
Two-week mortality was 35% (8/23) among those who continued 

ART versus 14% (7/49) among those who discontinued ART 
(P = .06); at 10 weeks’ mortality was 52% (12/23) in those 
who continued ART versus 31% (15/49) in those who discon
tinued ART (P = .08) (Table 3). Compared to the group not 
on ART, the risk ratio for 2-week mortality was 3.7 (95% CI: 
1.8–7.5) in those who had initiated ART within 14 days of cryp
tococcal meningitis diagnosis and continued ART, and 0.9 
(95% CI: .4–2.1) in those who discontinued ART (P = .01).

DISCUSSION

Individuals started on ART within 2 weeks before presentation 
with cryptococcal meningitis, presumably in the context of ac
tive cryptococcal infection, have higher mortality, whereas 
those presenting on ART for 2 weeks or more have a more fa
vorable prognosis. Individuals presenting with cryptococcal 
meningitis after 6 months on ART had similar characteristics 
and outcomes to individuals not on ART, with self-reported ad
herence and viral load data indicating that the majority of these 
individuals were not on effective suppressive HIV therapy.

Previous analyses have found no difference in acute mortal
ity between individuals presenting on and off ART. However, 
considering all individuals “on ART” as a homogenous group 
is misleading, encompassing those initiated on ART with active 
cryptococcal meningitis, individuals presenting with unmask
ing IRIS after ART initiation in the context of early subclinical 

Figure 1. Classification of antiretroviral therapy (ART) status at time of presentation with cryptococcal meningitis in the Ambisome Therapy Induction Optimisation 
(AMBITION) trial and combined AMBITION and Antifungal Combinations for Treatment of Cryptococcal Meningitis in Africa (ACTA) trial datasets. Data were analyzed 
from 810 AMBITION participants. ART duration data were available for all individuals taking ART. A total of 674 ACTA participants with complete outcome data were added 
to a combined secondary analysis, giving a total of 1484 individuals. ACTA data were excluded from primary mortality analysis as ART timing data were missing for 34% of 
individuals; the combined population was used to describe baseline characteristics according to ART status and for secondary analysis of outcomes. *The AMBITION trial 
randomized 844 participants, 30 of whom met late exclusion criteria and were not included, and further 4 who did not give consent for additional analysis, leaving 810 
individuals for this study. The ACTA trial included 674 participants with complete outcome data who were added into the combined dataset; however, although it was known 
who was taking ART at baseline in the ACTA trial, ART timing data were missing for 128 participants of the 379 on ART.

ART in Cryptococcal Meningitis • CID 2025:81 (15 July) • 79

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/81/1/75/7954113 by guest on 20 August 2025

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae586#supplementary-data


cryptococcal infection, individuals who have not yet immune 
reconstituted, and individuals experiencing ART treatment 
failure.

Our results confirm the findings of Rhein et al [8] who 
observed excess 2-week mortality in patients diagnosed with 
cryptococcal meningitis within 14 days of ART initiation in a 
Ugandan cohort. Our data showing that the vast majority 
(91/115, 79%) of individuals diagnosed with cryptococcal men
ingitis within 14 days of initiating effective ART had symptoms 
including headache that preceded their ART initiation, strongly 

suggest that patients had active but undiagnosed cryptococcal 
meningitis at ART initiation. It is known from prior random
ized clinical trials that ART initiation in the context of untreat
ed or inadequately treated cryptococcal meningitis (at the time 
of presentation or very early during antifungal treatment) 
is associated with increased mortality [5, 15]; the exact causal 
mechanisms are unknown, but almost certainly involve immu
nopathology and excessive dysregulated inflammation from 
ART-mediated immune restoration in the context of a high 
pathogen load [16].

Table 2. Baseline Characteristic of Patients Presenting With Cryptococcal Meningitis According to ART Status (A) in the AMBITION Study and (B) in the 
Combined AMBITION and ACTA Datasets

Not on ART

On ART

PVariable Median (IQR) % (n) ≤14 d >14 d–2 m >2 m–6 m >6 m

A. AMBITION Study Data

Age 
(y)

… 37 (32–44) 38 (31–44) 38 (32–43) 36 (33–43) 36 (30–41) .13

Sex 
(male, % n)

… 64% (262) 61% (44) 66% (51) 62% (26) 52% (108) .07

CD4 cell count 
(cells/µL)

… 21 (9–44) 40 (20–66) 41 (25–89) 69 (37–107) 20 (9–63) <.001

Baseline CSF fungal burden (log10 CFU/mL) … 4.87 (3.3–5.7) 4.33 (2.3–5.2) 3.65 (1.8–5.1) 2.11 (1.2–3.5) 4.73 (2.6–5.7) <.001

Abnormal mental status 
(Glasgow Coma Score <15)

… 30% (124) 39% (28) 27% (21) 26% (11) 23% (47) .09

CSF white cell count 
(cells/µL)

… 5 (3–47) 5 (4–70) 15 (4–52) 35 (4–120) 6 (2–59) .005

CSF protein 
(g/dL)

… 0.8 (0.4–1.4 0.9 (0.4–1.5) 1.1 (0.8–1.6) 1.1 (0.7–2.2) 0.8 (0.4–1.3) .001

Symptom duration 
(d)

… 14 (7–21) 14 (7–21)a 14 (7–21) 14 (10–28) 14 (7–21) .12

ART adherence 
(reporting good adherence)

… … 92% (66) 90% (69) 88% (37) 69% (143) <.001

Viral suppressionb

(<50 copies/mL)
… … … … … 13% (23/184) –

B. Combined AMBITION and ACTA Study Data

Age 
(y)

… 37 (32–43) 39 (31–44) 39 (33–45) 36 (32–43) 36 (31–42) .06

Sex 
(male, % n)

… 61% (433) 63% (75) 65% (84) 54% (50) 54% (166) .11

CD4 cell count 
(cells/µL)

… 23 (9–48) 41 (21–73) 47 (22–86) 55 (30–93) 21 (9–63) <.001

Baseline CSF fungal burden (log10 CFU/mL) … 5.02 (3.8–5.7) 4.59 (2.6–5.5) 3.72 (2.0–5.1) 2.72 (1.2–4.4) 4.79 (3.0–5.7) <.001

Abnormal mental status 
(Glasgow Coma Score <15)

… 28% (199) 36% (43) 25% (33) 23% (21) 22% (67) .03

CSF white cell count 
(cells/µL)

… 4 (1–35) 4 (3–60) 7 (3–40) 6 (2–80) 5 (1–38) .17

CSF protein 
(g/dL)

… 0.9 (0.5–1.5) 1.0 (0.5–1.5) 1.1 (0.8–1.8) 1.2 (0.8–2.2) 0.8 (0.4–1.4) <.001

Symptom duration 
(d)

… 14 (7–21) 14 (7–21)a 14 (7–26) 14 (9–30) 14 (7–21) .03

ART adherence 
(reporting good adherence)

… … 95% (114) 92% (119) 89% (82) 70% (214) <.001

Viral suppressionb

(<50 copies/mL)
… … … … … 13% (28/216) …

ART adherence was based on self-report, with those reporting no missed doses in the past month classified as reporting good adherence. P values were derived from Fisher exact test, 
chi-squared tests, or rank-sum tests as appropriate.

Abbreviations: ART, antiretroviral therapy; CSF, cerebrospinal fluid.
a91/115 (79%) of individuals on ART for ≤14 d had symptoms of cryptococcal meningitis at the time of ART initiation.
bViral load testing is not performed until 6 m on therapy so viral load results were not available for most participants in the earlier timepoints. Viral load test results were available for 216/307 
individuals on ART >6 m.
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A rational approach to reduce excess mortality in individuals 
presenting with cryptococcal meningitis having very recently 
started ART may be to interrupt ART. Discontinuation 
of ART to manage IRIS is generally avoided because of 
risks of developing HIV drug resistance and other opportu
nistic infections, and a lack of evidence that ART discontin
uation in this situation would lead to a sufficiently rapid 
reduction in ART-mediated immune restoration to be of 
benefit [17, 18]. In the context of individuals who initiated 
ART within 14 days of being diagnosed with cryptococcal 
meningitis the risk–benefit balance is different; significant 
ART-mediated immune restoration is unlikely to have oc
curred within such a short timeframe, making it plausible 
that ART interruption can prevent pathological inflammato
ry responses.

An expert opinion published by investigators in the 
AMBITION trial [3, 19] recommended discontinuation of 
ART in individuals presenting with cryptococcal meningitis 
within 2 weeks of ART initiation; continuation of ART in those 
on ART for longer than 14 days but less than 6 months with re
ported adherence to ART; and ART discontinuation in individ
uals who reported poor adherence or were likely to have 
resistance, with reinitiation of appropriate ART after 4 to 
6 weeks of antifungal treatment [11]. We observed lower 
2-week mortality in recent ART initiators if ART was interrupt
ed and demonstrated that this approach did not lead to harm. 
However, this was not a protocol-specified intervention, uptake 
was variable, and selection biases impacting comparisons of 
those on ART for less than 2 weeks in whom ART was inter
rupted at diagnosis of cryptococcal meningitis and those in 

whom ART was continued preclude any definitive conclusions 
from our data.

Individuals established on ART for 2 weeks to 6 months had 
evidence of less severe cryptococcal disease with lower fungal 
burdens and higher CD4 counts. Excess mortality risk rapidly 
declined with increasing time on ART at presentation, match
ing the risk seen in individuals not on ART shortly after 2 weeks, 
and declining further up to 6 months on ART. Many of these 
individuals are likely to have had an “unmasking” IRIS, with ev
idence for more active inflammation in terms of higher CD4 
counts, higher CSF white cell counts, and higher CSF protein 
levels, and meningitis could have been prevented by CD4 
testing, reflex cryptococcal antigen screening and preemptive 
fluconazole at ART initiation [20–23].

People presenting with cryptococcal meningitis after longer 
durations of ART had similar clinical presentations and out
comes to individuals not on ART, reflecting that the majority 
of these individuals were not virologically suppressed, and 
highlighting the frequency of treatment interruptions and cy
clical nature of the HIV care cascade [24]. Individuals who 
are currently “in care” but not suppressed on ART, usually be
cause of difficulties in maintaining adherence to therapy, ac
count for a considerable burden of advanced HIV disease. 
“Continuing” ART in this setting would in most cases effective
ly be ART reinitiation in the context of active cryptococcal 
meningitis; our data therefore support recommendations to 
hold ART in this patient group until 4 to 6 weeks of antifungal 
therapy have been completed [25].

The results of this study should be interpreted with consid
eration of the following limitations. Analyses were limited by 

Table 3. Mortality Outcomes Among AMBITION Participants With HIV-associated Cryptococcal Meningitis Stratified by ART Status at the Time of 
Presentation

ART Statusa

2-week Mortalityb 10-week Mortalityb

Mortality risk (95% CI) N Risk ratio (95% CI) Mortality risk (95% CI) N Risk ratio (95% CI)

A.

Not on ARTc 12.4% (9.1–16.2) 51/412 Base 26.0% (21.7–30.2) 107/412 Base

On ART Overall 13.3% (10.0–16.7) 53/398 1.07 (0.8–1.5) 27.8% (23.4–32.2) 111/398 1.07 (0.9–1.3)

… ≤14 d 20.8% (11.5–30.2) 15/72 1.68 (1.0–2.8) 37.2% (26.1–48.3) 27/72 1.43 (1.0–2.0)

… >14 d ≤2 m 10.4% (3.6–17.2) 8/77 0.84 (0.4–1.7) 22.0% (12.8–31.2) 17/77 0.85 (0.5–1.3)

… >2 m ≤6 m 7.1% (0.0–14.9) 3/42 0.58 (0.2–1.8) 23.9% (11.0–37.8) 10/42 0.92 (0.5–1.6)

… >6 m 13.0% (8.5–17.6) 27/207 1.05 (0.7–1.6) 27.5% (21.5–33.6) 57/207 1.05 (0.8–1.4)

B.

On ART ≤14 d, ART 
continued

34.8% (15.4–57.2) 8/23 3.71 (1.8–7.5) 52.2% (30.6–73.1) 12/23 2.16 (1.4–3.4)

On ART ≤14 d, ART 
stopped

14.3% (5.9–27.2) 7/49 0.92 (0.4–2.1) 30.6% (18.3–45.4) 15/49 1.08 (0.6–1.8)

Abbreviations: ART: antiretroviral therapy; CI: confidence interval. N: raw numbers, numerator/denominator.
aAnalysis restricted to the AMBITION study participants, for whom complete ART timing data were available. Given the missing ART timing data for ∼30% of ACTA trial participants it was felt 
that there was a high risk of bias; ART timing data were likely to be differentially missing in those who were most unwell with reduced consciousness or who died early during the course of 
treatment.
bMortality risk derived from the generalized linear model adjusted for antifungal treatment group in the primary analysis presented in (A), with risk ratios derived using the group not on ART as 
the comparator. Age and sex were not included in the final models as they did not change the associations between exposure and outcome. For the secondary analysis examining the impact of 
ART discontinuation in those very recently initiated on ART-unadjusted mortality data are presented as the limited sample size precluded adjustment.
cTwo-week mortality was the same in ART-naïve patients and ART defaulters (RR 0.98, P value .94), the 2 groups which were combined for this analysis.
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the relatively low number of participants who had recently ini
tiated ART and ART interruption in these individuals was not 
randomized, making it difficult to draw firm conclusions about 
association between ART interruption and mortality. ART ad
herence data were subject to recall and desirability bias, and we 
had incomplete viral load data, resistance testing, or assessment 
of ART drug levels.

In conclusion, our findings confirm increased risk of early 
mortality in cryptococcal meningitis patients who present 
very soon after initiating ART and provide some evidence sup
porting recommendations to temporarily interrupt ART in 
these individuals and in those likely to be failing ART after 

longer durations of therapy, while continuing ART in individ
uals established on effective therapy [11].
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