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INVESTIGATION OF A POTENTIAL COMPOSITE ENDPOINT FOR IMMUNOLOGIC NON-RESPONDER TRIALS

Although most people with HIV experience substantial CD4 recovery after achieving virologic suppression on 
antiretroviral therapy (ART), a subgroup of people living with HIV, immunologic non-responders (INRs), have 
persistently low CD4 T cell counts (CD4). Studies suggest that INRs are at increased risk of mortality and serious 
morbidity. However, no therapies are specifically approved for this patient population. To facilitate INR drug 
development, patient advocates have urged FDA to provide guidance on appropriate INR clinical trial endpoints.

For most antiretroviral drug approvals today, the FDA relies on HIV RNA level, a well-validated endpoint predictive 
of clinical response, rather than serious AIDS-related events and mortality because these events are infrequent in 
ART-treated individuals over the timespan of most clinical trials. INRs have already achieved HIV RNA suppression 
and CD4 is not a reliable biomarker for clinical benefit, therefore neither of these biomarkers would be appropriate 
as late-phase INR clinical trial endpoints.

To determine if a broad clinical endpoint that includes less severe, but still clinically meaningful events, might be 
a feasible endpoint, we investigated a clinical composite endpoint designed to capture non-serious and serious 
adverse events associated with CD4 lymphopenia.

INR
(n=79)

IR
(n=481)

OIR
(n=4,110)

Total
(n=4,670)

Baseline demographics and immune parameters
Age (years) 41.8 (11.1) 39.6 (9.8) 36.7 (10.1) 37.1 (10.1)

Sex (%) Female 15 (19.0) 91 (18.9) 601 (14.6) 707 (15.1)
Male 64 (81.0) 390 (81.1) 3,509 (85.4) 3,963 (84.9)

Baseline CD4+ T-cell Count (cells/muL) 64 (50) 152 (103) 381 (180) 352 (189)
Baseline HIV Viral Load (log copies/mL) 5.05 (0.57) 4.97 (0.63) 4.70 (0.64) 4.73 (0.64)

Start of Study (%) 2003 - 2010 50 (63.3) 251 (52.2) 830 (20.2) 1,131 (24.2)
2010 - 2013 29 (36.7) 230 (47.8) 3280 (79.8) 3,539 (75.8)

Table 2: Baseline demographics, study start date, and immune 
parameters stratified by immune response status.

Adjusted odds ratio of the composite endpoint for INR and IR, compared to OIR

Log Odds Odds
Estimate 95% CI p-value Estimate 95% CI

Immunologic
Response

INR 0.29 0.02, 0.55 0.03 1.33 1.02, 1.74
IR 0.11 -0.15, 0.36 0.41 1.11 0.86, 1.43
OIR 0 NA NA 1 NA

Table 4: Adjusted odds ratio of the composite endpoint, stratified by immune 
response status.

Table 3: Number of participants in the composite endpoint and predefined adverse 
event categories, stratified by immune response status.

INR
(n=79)

IR
(n=481)

OIR
(n=4,110)

Total
(n=4,670)

Participants with AEs
in the composite endpoint (%) 17 (21.5) 92 (19.1) 709 (17.3) 818 (17.5)

Death 0 1 (0.2) 1 (<0.1) 2 (<0.1)
1993 CDC Category C Events 9 (11.4) 13 (2.7) 144 (3.5) 166 (3.6)
1993 CDC Categories
A and B Events 6 (7.6) 46 (9.6) 355 (8.6) 407 (8.7)

Serious Non-AIDS-related events 0 5 (1.0) 18 (0.4) 23 (0.5)
Neurocognitive, HPV-related,
and skin/soft tissue events 5 (6.3) 35 (7.3) 263 (6.4) 303 (6.5)

Table 1: Summary of trials in the pooled analysis.

We investigated a potential clinical composite endpoint that included:
• 1993 CDC HIV Classification System events (Category A, B and C [not limited by duration, response to
treatment, or recurrence due to the paucity of data reflecting these qualifiers])
• non-AIDS related events included in the START study
• HPV-related disease
• skin and soft tissue infections
• neurocognitive events

To assess the potential feasibility of the composite endpoint for INR trials, we applied the composite endpoint 
retrospectively to safety data from Phase 3 clinical trial datasets in support of ART approval for ART-naïve adults. 
We included trials submitted to the FDA between 2006 and 2016 with 144 weeks of HIV RNA, CD4, and safety 
data.

Of the 4,670 participants who had data available and maintained virologic suppression between Weeks 24 and 
144, 79 (1.7%) participants met criteria for INR, 481 (10.3%) for IR, and 4110 (88%) for OIR. INRs were slightly 
older (41.8 years) compared to IRs (39.6 years) and OIRs (36.7 years). In addition, INRs had lower baseline CD4 
(64 c/μL) compared to IRs (152 c/μL) and OIRs (381 c/μL) and were more likely to have enrolled in a trial that 
started before 2010 (63% of INRs) than IRs (52.2%) and OIRs (20.2%).

Overall, less than one fifth of individuals (17.5%) experienced at least one event in the composite endpoint, including a slightly higher 
proportion of INRs (21.5%) compared to IRs (19.1%) and OIRs (17.3%). Proportionality, more INRs had Category C events (not limited by 
duration, response to treatment, or recurrence), which included herpes simplex lesions (6 participants), cryptosporidiosis (1 participant), 
appetite loss (considered “wasting syndrome”, 1 participant), and Kaposi’s sarcoma (1 participant).

When adjusting for age, sex, race, baseline HIV RNA, and baseline CD4, IRs and INRs have an estimated 11% and 33% higher odds of 
experiencing an event in the composite endpoint compared to OIRs, respectively. The odds ratio estimate for INRs produced a significant 
association, while the estimate for those with IR did not.

Strengths:
• The clinical trial datasets we included provided comprehensive,
prospectively-collected safety data that reasonably predict the type 
of data that might be collected in INR clinical trials. 
• Our conservative definitions of INR, IR, and OIR, all of which
excluded participants with continued viremia, allowed for an 
assessment of events by immune response group while also 
limiting the confounding factors of ongoing viremia and ART non-
adherence.   

Limitations: 
• Our INR definition was strict in excluding viremia on ART.
Therefore, our results cannot be extrapolated to ART-treated 
individuals with low CD4 and continued viremia. 
• We included all Category C (AIDS-defining) events, regardless
of duration, response to treatment or recurrence because we 
were unable to thoroughly assess these factors using the available 
data. Therefore, we may have overestimated the proportion of 
individuals experiencing Category C (AIDS-defining) events. 
• Gender data were not available, and some datasets included
“ethnicity” data under the “race” variable.

Conclusion:
INRs were uncommon among participants initiating ART in 
the context of the included clinical trials; less than 2% of trial 
participants with virologic suppression through Week 144 met our 
INR criteria.  Most participants who met INR criteria participated 
in trials that started before 2010, suggesting that INRs may be less 
common in the context of treatment guidelines recommending the 
initiation of ART at higher CD4 thresholds.

Our results suggest that our composite endpoint is not a feasible 
endpoint for INR clinical trials Although the proportion of INRs 
who experienced at least one event included in the composite 
endpoint was slightly higher than those with IR and OIR, the 
differences in the proportions of participants experiencing the 
composite endpoint was small. In addition, although the adjusted 
odds of experiencing the composite endpoint was higher for INRs 
compared to IRs and OIRs, consistent with previous literature, 
the small numbers of INRs and events introduces uncertainly with 
regard to clinical trial sample size calculations and other statistical 
considerations.  Furthermore, the differences between groups were 
largely attributable to non-life-threatening Category C events for 
which safe and effective treatments are already approved, such as 
herpes simplex lesions.

Trial Start Year Treatment Arms
GS-01-934 (Study 934) 2003 EFV + FTC + TDF (n=257) EFV + 3TC/AZT (n=254)
TMC114-C211 (Artemis) 2005 DRV/r + TDF/FTC (n=345) LPV/r + TDF/FTC (n=346)
p021x1 (STARTMRK) 2006 RAL + FTC/TDF (n=281) EFV + FTC/TDF (n=282)
GS-US-216-0114 2015 ATV/c + FTC/TDF (n=349) ATV/r + FTC/TDF (n=349)
GS-US-236-0102 (Study 102) 2010 EVG/c/FTC/TDF (n=348) EFV/FTC/TDF (n=352)
GS-US-236-0103 (Study 103) 2010 EVG/c/FTC/TDF (n=353) EFV/FTC/TDF (n=355)
ING114467 (SINGLE) 2011 DTG/ABC/3TC (n=414) EFV/FTC/TDF (n=419)
GS-US-292-0104 2012 EVG/c/FTC/TAF (n=438) EVG/c/FTC/TDF (n=434)
GS-US-292-0111 2013 EVG/c/FTC/TAF (n=435) EVG/c/FTC/TDF (n=437)

Acronym Key: 3TC = lamivudine; ABC = abacavir; ATV = atazanavir; AZT = zidovudine; c = cobicistat;
DRV = darunavir; EFV = efavirenz; EVG = elvitegravir; FTC = emtricitabine; LPV = lopinavir; RAL =
raltegravir; r = ritonavir; TAF = tenofovir alafenamide; TDF = tenofovir disoproxil fumarate
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Figure 2: Number of participants in each immune response 
category by year of randomization.
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Figure 1: Flowchart showing analysis population selection and 
percentage of analysis population by immune response status.

Study Participants
Randomized (n=6,482)

Study Participants
with CD4 Data at w96
and w144 (n=4,947)

Study Participants
Virally-Suppressed
between w24 and
w144 (n=4,670)

IR
200 < CD4 < 350
at w96 (n=481)

(10.3%)

OIR
CD4 ≥ 350 at w96

(n=4,110)
(88.0%)

INR
CD4 ≤ 200 at
w96 (n=79)

(1.7%)

We excluded participants with virologic failure (defined as HIV RNA > 50 copies/ml x 3 consecutive timepoints,
> 500 copies/ml x 2 consecutive timepoints, or > 1000 copies/ml x 1 timepoint) between Weeks 24 and 144. 

Based on the Week 96 CD4 value, we categorized participants into the following immune response groups: 
• Immunologic non-responders (INR) (CD4 <200 cells/μL)
• Immunologic responders (IR) (CD4 200 – 349 cells/μL)
• Optimal immunologic responders (OIR) (CD4 ≥ 350 cells/μL)

Using safety data between Weeks 96 and 144 we evaluated differences in our composite endpoint. Association 
between immunologic response and experiencing one or more event(s) in the composite endpoint was assessed 
using generalized estimating equations to adjust for demographic and baseline characteristics and to account for 
possible between-participant correlation within a given trial.


