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Main Text: 

 

HIV-associated cryptococcal meningitis continues to have acute mortality rates in excess of 

15% even in well-resourced settings [1, 2]. Rapid restoration of immune function with early 

antiretroviral therapy (ART) in immunosuppressed patients could facilitate clearance of 

Cryptococcus and prevent other fatal opportunistic infections. However, this benefit must be 

balanced against the risk of immune reconstitution inflammatory syndrome (IRIS) if ART is 

initiated in the context of infection [3]. To address this uncertainty, a series of randomized 

controlled trials examining when to start ART in cryptococcal meningitis were conducted almost 

a decade ago [4-6], culminating in the definitive COAT trial, led by Boulware, that demonstrated 

early ART was associated with a 15% higher absolute mortality than delayed ART [7].  

Should these randomized trials be the final word on ART timing in cryptococcal meningitis? The 

trials showing significant benefit of deferred ART were conducted in Africa, in patient 

populations who are not equivalent as in high-income settings. It is plausible that in the context 

of less severe disease and more fungicidal amphotericin and flucytosine based treatments, the 

risk/benefit balance may differ. In order to gain insights into the impact of ART timing on 

mortality in cryptococcal meningitis in high-income settings, Ingle et al. analyzed observational 

data drawn from three US/European cohorts {Ingle_CID_REFERENCE}. They conclude that 

their findings do not suggest increased mortality with early ART initiation. The key question is 

whether the observational data presented can support these conclusions? As we have seen 

during COVID, analyses of observational data have concluded that therapies such as 

hydroxychloroquine and ivermectin are effective, yet these have failed when tested in rigorous 

randomized trials [8, 9]. In the analyses presented by Ingle et al, several potentially important 

caveats exist. 
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Firstly, observational data are vulnerable to confounding by indication. How physicians practice 

medicine and make decisions cannot be fully accounted for with statistical adjustments, no 

matter how complex. In cryptococcal meningitis management, low-risk clinically stable patients 

deemed by a physician as ready to start ART are likely to have been given earlier ART, 

whereas clinically unstable (i.e. “sicker”) patients may have had their ART deferred, or never 

started -- pursuing hospice. Across the data reported in the current analysis, derived from 30 

different observational cohorts over two decades from 1994-2012, individual physicians practice 

is impossible to standardize and quantify. Furthermore, the known markers of cryptococcal 

meningitis severity, e.g. Glasgow coma scale, CSF cryptococcal antigen titer, CSF quantitative 

culture, CSF white cell count, serum sodium, or hemoglobin [10-12] were not reported or 

included in statistical modeling. Mimicking trials using such observational data is not equivalent 

to randomized trials.   

A second and perhaps even more consequential concern with this dataset is sampling bias. In 

this observational cohort of 630 Europeans and North Americans with cryptococcosis, 256 

(41%) were lost to follow up with no outcome data and another 176 (28%) excluded for missing 

CD4 or HIV viral load. After further exclusions, Ingle et al report outcomes on just 190 

individuals (30%), of whom 145 started ART. How many individuals started ART early during 

hospitalization then became “lost” is unknown. Prior experience strongly suggests that persons 

with a median CD4 count of 20 cells/L with cryptococcal meningitis who are lost to follow up 

are often dead, creating a very probable ascertainment bias. It is unclear why these prospective 

cohort studies in high-income countries have such a high lost to follow up of consented research 

participants. Among three large, multinational African cryptococcal meningitis trials comprising 

1712 participants, only 4 (0.2%) participants were lost [13-15]. As the excess mortality observed 

during the COAT trial was between 7-30 days after earlier ART initiation [7], persons given early 

ART and then “lost” could appreciably affect the study’s conclusion. Additionally, by excluding 

the 176 persons with missing CD4's or viral loads, the investigators removed a further 39 deaths 

from analysis; this excluded group’s mortality was 22.1% (39/176) which is significantly higher 

than those included in this study of 13.2% (25/190) (P=.028). Again, the authors do not report 

how many of those excluded initiated early ART.  

Within the context of these major limitations, the authors reported no excess risk of death in a 

“mimicked trial” in which data from the 190 individuals not excluded from the initial cohort of 630 

were cloned and included in each hypothetical trial arm; 56 initiated ART within 14 days and 68 

delayed ART initiation after 14 days. In the mimicked trial, 13 deaths occurred with early ART 

compared to 20 with late ART, with no significant differences in survival between arms (95%CI 

for hazard ratio ranged from 0.64 to 2.56). A formal non-inferiority analysis with a pre-specified 

non-inferiority margin was not performed, which would be a standard expectation when 

declaring a strategy officially non-inferior.  

Several other caveats need to be considered in interpreting these results. In the early ART 

group in this observational cohort, the median time to start ART was zero days, which no 

guidelines have ever recommended.  Same day ART initiation in people just diagnosed with HIV 

presenting with a life-threatening neurological infection has never been standard practice in our 

experience. An alternative explanation for such efficiency could be that differences in database 

coding across 30 cohorts have introduced an error as to how zero is coded in records going as 

far back to 1994.  Second, the categories compared in the mimicked trial are not distinct groups. 

The data were dichotomized at precisely 14 days, which is not comparable to “delayed” ART of 



ART Timing after Cryptococcosis 

4-6 weeks as studied in the randomized trials versus <4 weeks. Numerous deaths occurred 

between 2-4 weeks, all assigned to the late ART group. The fact that the actual raw data are not 

presented means that readers cannot see when actual mortality occurred in relation to ART 

timing in the underlying cohort, and the authors will not publicly share their deidentified dataset.  

Third, those who never started ART are included in the delayed ART group. Thus, much of the 

comparison is early ART versus no ART.  Whether hospice intent was present in those never 

starting ART is unknown. Lastly, the analytic method utilized means that the vast majority of 

hypothetical participants were censored at day 14 in the early ART group meaning any deaths 

after this time point were only considered in the delayed ART group. 

If the lack of association between early ART initiation and excess mortality in high income 

settings reported by Ingle et al. is genuine, is it biologically plausible?  The 15% mortality 

difference observed in the COAT trial was driven by two key groups who did worse with earlier 

ART initiation. The first were those with altered mental status at time of starting earlier ART.  

Earlier ART did not rescue such patients but was associated with excess mortality. Second, 

those lacking CSF pleocytosis (<5 white cells/L) had ~30% better survival with deferred ART.  

Lack of CSF pleocytosis is a known risk factor for paradoxical immune reconstitution 

inflammatory syndrome (IRIS), [16, 17], and earlier ART was associated with an influx of CSF 

white cells and macrophage/microglial activation in those without pleocytosis [18]. Could 

differences in outcomes be explained by the European and North American cohorts having 

more people with CSF pleocytosis and less altered mental status versus the COAT trial?  While 

certainly possible, no meningitis-related clinical data are presented in these European and North 

American cohorts, including rates of altered mental status or CSF pleocytosis, meaning that this 

hypothesis cannot be examined. The potential benefits of early ART in terms of aiding clearance 

of cryptococcal infection and preventing other opportunistic infections would be expected to be 

more marked in African cohorts with more severe baseline disease and higher rates of other 

infections than seen in Europe and North America, making this an unlikely explanation for better 

outcomes with early ART outside of the African context. 

Our Ugandan team’s clinical practice since 2013 among the last 1625 cryptococcosis patients 

has been to defer ART for 4-6 weeks. This delay allows for focused diagnostics for opportunistic 

infections [19], initiating trimethoprim-sulfamethoxazole prophylaxis, giving TB preventive 

therapy (e.g. 1 month of isoniazid and rifapentine), allowing neurocognitive function recovery 

[20], and initiating consolidation fluconazole therapy at 800mg/day to assure CSF culture 

sterility before starting ART [17, 21]. Our paradoxical IRIS incidence has fallen to <5% with this 

strategy.  The incidence of paradoxical IRIS in these US/European cohorts is unknown. With 

early ART in one randomized trial in Botswana, 7 of 13 who initiated ART at a median of 7 days 

developed paradoxical IRIS [5].    

Clinical trials are difficult to conduct. Careful analysis of observational data plays an important 

role in informing clinical care. Mimicking clinical trials using “big data” is an interesting and 

increasingly used; however, complex statistical methods can never overcome the limitations 

inherent in observational datasets, especially when large amounts of missing data exist. Small 

observational studies cannot replace appropriately powered randomized clinical trials. To 

determine whether the impact of early ART initiation in cryptococcal meningitis differs in high-

income countries and whether guidelines should change, the authors would need to conduct 

further randomized clinical trials.  
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