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Abstract
Introduction—Where virologic monitoring is not routinely available, immunologic criteria are
commonly used to determine treatment failure while on antiretroviral therapy (ART). However, few
have studied CD4+ response and its relationship to subsequent clinical outcomes in a programmatic
setting.

Methods—We analyzed cohort data from Zambia to investigate whether 6- and 12-month CD4+

response following ART initiation was associated with later mortality. We used Cox proportional
hazard models that accounted for different strata of baseline CD4+ counts and adjusted for age,
gender, clinical stage, tuberculosis co-infection, baseline hemoglobin, initial ART regimen, and
adherence behavior.

Results—We analyzed data from two cohorts, from 6 months onward (n=24,366; median follow-
up=467 days, IQR 222, 791) and from 12 months onward (n= 17,920; median follow-up = 423 days,
IQR 191, 689). In the post-6 month analysis, hazard for death was significantly higher when absolute
CD4+ response was <100 cells/μL (adjusted hazard ratio [AHR]=2.25, 95%CI=1.91–2.64), relative
response was <10% above baseline (AHR=2.60, 95%CI=2.12–3.19), and absolute CD4+ count was
<100 cells/μL (AHR=2.79, 95%CI=2.26–3.45). In the post-12 month analysis, mortality was
associated with rise in absolute CD4+ cell count <200 cells/μL (AHR=2.41, 95%CI=1.83–3.17),
relative rise in CD4+ cell count of <10% above baseline (AHR=3.41, 95%CI=2.51–4.64), and
absolute CD4+ count at 12 months was <100 cells/μL (AHR=4.11, 95%CI=2.96–5.68).

Conclusion—Commonly used definitions for immunologic treatment failure are associated with
elevated mortality risk among patients on ART.
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Introduction
In resource-constrained settings, where access to viral load testing is typically unavailable,
long-term assessment of antiretroviral therapy (ART) response presents operational challenges.
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Without the means to detect viremia, many programs must rely on immunologic (i.e. CD4+)
response to diagnose treatment failure,1–4 despite the lack of clear scientific evidence
validating such criteria. The World Health Organization (WHO), for example, established
“reasonable working definitions” in 2006,5 based on expert opinion rather than clinical or
epidemiologic studies. In this study, we investigate the relationship between immunologic
response following ART initiation and risk for subsequent death. Field validations such as this
are urgently needed, so that appropriate long-term assessment of ART can be made and
utilization of second-line therapy can be improved among patients in need.6

Methods
We conducted a cohort analysis of patients accessing HIV care and treatment in Lusaka,
Zambia. This program has been previously described.1, 7 Briefly, HIV-infected patients are
enrolled into one of 18 primary care centers within the Lusaka district. They undergo history
and physical exam (including WHO clinical staging) and blood is collected for CD4+ cell count.
Those with < 200 CD4+ cells/μL; WHO stage 4; or WHO stage 3 and < 350 CD4+ cells/μl are
eligible for ART. First-line ART regimens comprise a non-nucleoside reverse transcriptase
inhibitor (NNRTI; nevirapine or efavirenz) with a nucleoside reverse transcriptase inhibitor
“backbone” of lamivudine and either zidovudine or stavudine. Beginning July 2007, the
Zambian Ministry of Health introduced tenofovir and emtricitabine as alternative components
for first-line therapy. Over the first 6 months, patients initiating ART undergo an intensive visit
schedule to assess adherence and regimen toxicities. Clinical visits occur every 3 months;
repeat CD4+ screening occurs every 6 months.

In our setting, viral load testing is available but limited. To assess for treatment failure,
clinicians review the patient’s immunologic and clinical response to therapy. Immunologic
failure is defined locally as: (1) CD4+ cell count rise of <50 cells/μL during the first 6 months
of therapy; (2) persistent CD4+ cell count <100 cells/μL after 12 months of ART; (3) decline
in CD4+ cell count to value below that of pre-treatment baseline; or (4) CD4+ cell count decline
of >30% from on-treatment peak. Clinical treatment failure is defined as progression of HIV
disease, signaled by new or recurrent stage 3 or 4 condition, when ART has been given for at
least 6 months. When both immunologic and clinical treatment failure are diagnosed, providers
are advised to switch the patient to a second-line regimen. When clinical and immunologic
criteria are discordant (i.e., one suggests failure and the other does not), viral load testing is
performed to further guide care.8

We developed two separate cohorts for this analysis. The first cohort comprised individuals
>15 years of age who: (1) initiated and continued ART for greater than 6 months in the Lusaka
program, and (2) had available baseline and 6-month CD4+ cell counts. Those who were
switched to second-line therapy before 6 months were excluded. The second cohort comprised
adults who initiated and continued ART for greater than 12 months and used analogous
inclusion and exclusion criteria. For each analysis cohort, we categorized patients according
to several CD4+ response criteria, including: absolute CD4+ cell change, absolute CD4 cell
count, and drop below baseline value. In addition, for the 12-month analysis, we evaluated the
relative drop from peak post-therapy CD4+ as a criterion. Individuals meeting criteria were
included in both cohorts for this analysis.

We performed post-6 month and post-12 month survival analyses using Cox proportional
hazards regression to understand hazard of death among patients meeting various criteria for
CD4+ cell response. We examined each criterion separately; we did not consider combinations
of criterion for CD4+ cell response. Multivariable models adjusted for potential confounders:
age, gender, WHO stage at ART initiation, tuberculosis co-infection status, baseline
hemoglobin, initial ART regimen, and adherence behavior. Adherence was measured over the
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pre-observation period – either the first 6 months or the first 12 months – using a variation of
the medication possession ratio (MPR). We divided the number of days late for pharmacy
refills by total days on therapy, and then subtracted that percentage from 100%. Because
patients in the Lusaka district are provided a buffer stock of three days with each drug
dispensation; we began calculating lateness on the fourth day after a missed pharmacy
appointment.9, 10

Individuals who were switched to second-line therapy in the observation window (i.e. after 6
or 12 months) were censored on the date of regimen change. As shown in other reports,11 initial
CD4+ cell count was demonstrated as an effect modifier in this cohort (Figure 1). For this
reason, we calculated hazard ratios for each CD4+ response criterion across five different
baseline CD4+ categories: ≤ 100 cells/μL, 101–200 cells/μL, 201–300 cells/μL, 301–400 cells/
μL, > 400 cells/μL. From these, we calculated a weighted summary measure based on the
population’s relative distribution of CD4+ cell count at enrollment. All analyses were
performed using SAS version 9.1.3 (SAS Institute, Cary, NC). This analysis was approved by
the Institutional Review Boards of the University of Zambia (Lusaka, Zambia) and the
University of Alabama at Birmingham (Birmingham, Alabama, USA).

Results
From May 1, 2004 to June 2, 2008, 38,150 patients enrolled ≥ 6 months prior to the data freeze
date and had a baseline CD4+ result. Of these, 4,535 (11%) were more than 30 days late for a
scheduled appointment or had withdrawn from the program, 2,996 (7%) had died, and 168
(<1%) had switched to second-line therapy prior to 6 months. Of the remaining 30,451 patients,
24,366 (80%) had a documented 6-month CD4+ test result. Those included in the analysis were
more likely to have ≥ 95% adherence to ART when compared to those without 6-month
CD4+ test result (73% vs. 64%; p< 0.01). Otherwise, differences between the two groups may
have reached statistical significance with respect to age, body mass index, baseline CD4+ count
distribution, baseline hemoglobin, entry WHO stage, and ART regimen (all p≤ 0.01), but none
were believed to be clinically meaningful (Table 1). From 6 months onward, mortality rate in
this cohort was 2.0 per 100 patient-years (95%CI = 1.9, 2.2); rate for follow-up losses was 10.4
per 100 patient-years (95%CI = 10.1, 10.8); and rate for switching to second-line therapy was
1.4 per 100 patient-years (95%CI = 1.2, 1.5). Median observation time after 6 months was 467
days (IQR 222, 791).

Overall, 32,121 patients with baseline CD4+ result enrolled ≥12 months prior to the data freeze
date. Of these, 5,380 (17%) were more than 30 days late for a scheduled appointment or had
withdrawn from the program, 3,210 (10%) had died, and 191 (1%) had started second-line
ART prior to 12 months. Of the remaining 23,340 patients, 17,920 (77%) had a recorded 12-
month CD4+ value. Those included and excluded from the analysis differed across multiple
medical and demographic characteristics; with the exception of adherence, however, none were
believed to be clinically meaningful (Table 1). From 12 months onward, mortality rate in this
cohort was 1.5 per 100 patient-years (95%CI = 1.4, 1.7); rate for follow-up losses was 9.4 per
100 patient-years (95%CI = 9.0, 9.8); and rate for switching to second-line therapy was 1.8
per 100 patient-years (95%CI = 1.6, 1.9). Median observation time after 12 months was 423
days (IQR 191, 689).

When we applied our local criteria for immunologic treatment failure at 6 months, 2681 (11%)
had a decline of CD4+ cell count to pre-therapy level or below and 5488 (23%) demonstrated
a CD4+ cell rise of < 50 cells/μL. By definition, individuals who meet the first criteria also met
the second. For those in the post-12 month observational cohort, 1452 (8%) had a decline of
CD4+ cell count to or below pre-therapy levels; 761 (4%) had a CD4+ cell count less than 100
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cells/μL; and 2844 (19%) had a CD4+ cell count decline of >30% from on-treatment peak.
1171 (8%) met two criteria and 320 (2%) met all three criteria.

We investigated discrete cut-offs for mortality associated with different CD4+ response
thresholds at 6 months. In adjusted models that accounted for baseline CD4+ strata, the hazard
for death was significantly higher when the absolute CD4+ response was < 100 cells/μL
(adjusted hazard ratio [AHR] = 2.25, 95% CI = 1.91, 2.64), relative response was < 10% above
baseline (AHR = 2.60, 95% CI = 2.12, 3.19), and absolute CD4+ count under 100 cells/μL
(AHR = 2.79, 95% CI = 2.26, 3.45). Similar trends were noted at 12 months. Mortality
following 12 months of ART was associated with rise in absolute CD4+ cell count of less than
200 cells/μL (AHR = 2.41, 95% CI = 1.83, 3.17), relative rise in CD4+ cell count of < 10%
above baseline (AHR = 3.41, 95% CI = 2.51, 4.64), and CD4+ cell count at 12 months under
100 cells/μL (AHR = 4.11, 95% CI = 2.96, 5.68). In the subset of patients in the 12-month
cohort with ≥ 3 documented CD4+ tests, those with a drop of ≥ 50% from the peak CD4+ value
had a greater than three-fold hazard for death when compared to those without such a decline.
We provide further stratification of CD4+ response criteria at 6 and 12 months in Tables 2 and
3 respectively.

Discussion
In this programmatic analysis, a blunted CD4+ response at either 6 or 12 months post-ART
initiation was associated with higher subsequent mortality. While poor immunologic response
was consistently associated with adverse patient outcomes across various criteria, underlying
causes of death were not tracked. Patients identified by poor immunologic response would
require further clinical and/or laboratory evaluation to differentiate treatment failure from other
medical conditions (e.g. untreated opportunistic infections).

Immunologic response has been well-correlated with clinical outcomes among HIV-infected
patients on ART. However, definitions for adequate CD4+ recovery have varied greatly across
studies. Moore and colleagues demonstrated that two criteria at 6 months post-initiation –
increase of <25 cells/μL from baseline and absolute cell count of <200 cells/μL – were
associated with elevated risk or death and/or AIDS-related event among patients with
documented virologic suppression.12 Modeling from the Aquitaine cohort suggested that
incremental increases of 50 cell/μL resulted in 60% reductions in opportunistic infections.13

Data from 13 developed world cohorts demonstrated a protective effect from death and AIDS
as CD4+ response rose categorically.14 Other criteria have included CD4+ change of greater
than 100 cells/μL and CD4+ recovery to over 200 cells/μL.15, 16 For the purposes of this
analysis, we adapted commonly referenced criteria and prognostic thresholds from
international treatment guidelines. These results support use of the three criteria recommended
by the World Health Organization for determining poor immunologic response: (1) fall of
CD4+ cell count to pre-therapy value or below, (2) 50% fall from peak on-treatment value, and
(3) persistent CD4+ levels below 100 cells/μL.5 Our findings also suggest that another criterion
may be useful in the identification of patients at high risk for mortality: minimum rise in
absolute CD4+ cell count over time.

Because baseline CD4+ cell count is a demonstrated effect modifier for CD4+ response,11 we
did not include it as a covariate in our Cox proportional hazards models. Instead, we performed
a stratified analysis according to baseline CD4+ category and then calculated a summary hazard
ratio by weighing each category according to its relative frequency in the study population.
The primary advantage of such an approach is that is provides an overall summary statistic at
the population level. With the complexity of our planned analysis and the multiple models used
to generate our findings, this was an important consideration in our design. External validity
of study findings could be negatively impacted by such an approach, since it is dependent on
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the distribution of baseline CD4+ cell counts within the target group. Given our large cohort
size, however, we believe our findings are representative of our population and others like it
in the region.

In our multivariable analyses, we adjusted for patient adherence over the pre-observation
period (i.e. first 6 months or first 12 months). Adherence was measured according to MPR, a
crude metric based on pharmacy refills. In our previous work, MPR of less than 80% over the
first 12 months of ART was associated with nearly two-fold hazard for death (adjusted HR =
1.7; 95%CI = 1.4, 2.3).9 We recognize that bias could be introduced by including adherence
behavior in our Cox proportional hazard models. Because adherence may lie on the causal
pathway from blunted CD4+ cell response and mortality, by controlling for it we could be
underestimating the hazard for death associated with different measures of CD4+ cell response.
Despite this potential bias, we demonstrated significantly elevated risk for mortality in patients
with poor CD4+ cell response, independent of previous adherence behaviors.

A significant proportion of individuals met immunologic criteria for treatment failure at 6 and
12 months (i.e., the start of observation), yet switch to second-line therapy appeared infrequent
in both cohorts (< 2.0 per 100 patient-years). Two factors may have contributed to these
findings. Like others,17–21 we have recognized the poor performance of CD4+ criteria in
predicting virologic failure, particularly among asymptomatic patients. For this reason,
individuals with discordant clinical and immunologic responses to ART undergo virologic
screening to confirm treatment failure. In a study of these patients, Goldman et al found that
up to 74% had undetectable viremia and thus did not require switch to second-line therapy.
10 Another contributing factor to the low switch rate may be reluctance among health providers
to prescribe second-line regimens when there are currently no third-line alternatives available.
We have observed this locally and the phenomenon has been reported in other regional
programs.6, 22

We recognize several limitations to this analysis. First, a notable proportion of eligible patients
(11% at 6 months and 17% at 12 months) was lost to follow-up and thus excluded. Although
greater ascertainment of this population would have been preferable, we believe our analysis
cohorts were representative of those seeking care at these time points in large African ART
programs. Similar retention rates have been observed in other programmatic cohorts in the
region.23 Secondly, each of the proposed immunologic criteria was evaluated in a separate
multivariable model; we did not consider the predictive value of combined thresholds due to
reasons of complexity. Whether such multi-level models would be of use clinically is currently
unknown. Our use of all-cause mortality made it difficult to delineate the relationships between
immunologic response and AIDS-related events. Because viral load testing is very limited in
our setting,8 we were also unable to correlate CD4+ response and virologic failure, a potentially
more meaningful outcome in the context of clinical decision-making. Finally, because of the
nature of our data collection methods and the limited diagnostic capacity for key opportunistic
infections, we did not include clinical disease progression in our predictive models. Inclusion
of such data would have added substantively and should be considered for future analyses of
ART outcomes in resource-constrained settings.

In summary, our findings emphasize the importance of immunologic response as measured by
serial CD4+ measurements in identifying patients at elevated risk for mortality. To improve
clinical outcomes, this marker should prompt diagnostic work-up for opportunistic infections,
comprehensive assessment of adherence, and/or early diagnosis of treatment failure using
virologic testing where available. Given the poor correlation between CD4+ response and
virologic failure,18–21 switching to second-line therapy without such evaluations may be
premature and could limit future treatment options.
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Figure 1.
Kaplan-Meier survival curves by absolute CD4+ response at 6 months, stratified according to
baseline CD4+ result: (A) < 100 cells/μL, (B) 100–199 cells/μL, (C) 200–299 cells/μL, and
(D) ≥ 300 cells/μL. Because of notable differences in mortality trends across strata, we used a
weighted summary measure to calculate overall hazard for death across all measures of
CD4+ response.
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Table 2
Immunologic response at 6 months and subsequent risk of mortality in Lusaka, Zambia

Crude HR (95% CI) Adjusted HR (95% CI)*

Absolute change in CD4+ cell count
from baseline

N = 24,366 N = 21,865

Below baseline n = 2,681 3.69 (2.43 – 5.60) n = 2,389 3.94 (2.53 – 6.14)

0 – 49 cells/μL n = 2,807 2.58 (1.68 – 3.96) n = 2,548 2.28 (1.45 – 3.57)

50 – 99 cells/μL n = 3,969 2.26 (1.49 – 3.44) n = 3,599 1.86 (1.20 – 2.89)

100 – 199 cells/μL n = 7,536 1.43 (0.95 – 2.16) n = 6,793 1.12 (0.73 – 1.73)

200 – 299 cells/μL n = 4,094 1.07 (0.68 – 1.67) n = 3,659 1.01 (0.63 – 1.60)

300 – 399 cells/μL n =1,815 1.37 (0.84 – 2.23) n = 1,588 1.08 (0.64 – 1.83)

≥ 400 cells/μL n = 1,464 1.0 n = 1,289 1.0

CD4+ cell count in relation to
baseline

N = 24,366 N = 21,865

> 20% below baseline n = 1,503 2.45 (1.95 – 3.08) n = 1,335 3.16 (2.45 – 4.09)

> 10% to ≤ 20% below baseline n = 565 1.77 (1.17 – 2.69) n = 498 2.38 (1.52 – 3.73)

≤ 10% below to < 10% above
baseline

n = 1,414 1.82 (1.38 – 2.39) n = 1,285 2.19 (1.61 – 2.99)

≥ 10% to < 20% above baseline n = 818 1.10 (0.71 – 1.70) n = 731 1.40 (0.87 – 2.27)

≥ 20% above baseline n = 20,066 1.0 n = 18,015 1.0

Absolute CD4+ cell count at 6
months

N = 24,366 N = 21,865

< 100 cells/μL n = 1,738 3.92 (3.21 – 4.79) n = 1,552 3.77 (2.99 – 4.76)

100 – 149 cells/μL n = 2,480 2.27 (1.83 – 2.81) n = 2,190 2.39 (1.89 – 3.03)

150 – 199 cells/μL n = 3,280 1.61 (1.30 – 2.00) n = 2,963 1.69 (1.34 – 2.15)

≥ 200 cells/μL n = 16,868 1.0 n = 15,160 1.0

*
Model adjusted for age, gender, WHO stage at ART initiation, tuberculosis co-infection status, baseline hemoglobin, adherence behavior, and initial

ART regimen. Each criterion for immunologic response was modeled separately.
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Table 3
Immunologic response at 12 months and subsequent risk of mortality in Lusaka, Zambia

Crude HR (95% CI) Adjusted HR (95% CI)*

Absolute change in CD4+ cell count
from baseline

N = 17,920 N = 15,727

Below baseline n = 1,452 4.56 (2.68 – 7.78) n = 1,303 6.55 (3.63 – 11.82)

0 – 49 cells/μL n = 1,513 3.65 (2.11 – 6.29) n = 1,335 3.53 (1.93 – 6.47)

50 – 99 cells/μL n = 2,355 2.67 (1.56 – 4.54) n = 2,108 2.44 (1.36 – 4.38)

100 – 199 cells/μL n = 5,379 2.02 (1.22 – 3.34) n = 4,732 1.74 (1.00 – 3.03)

200 – 299 cells/μL n = 3,651 1.15 (0.66 – 2.01) n = 3,188 0.95 (0.51 – 1.76)

300 – 399 cells/μL n = 1,904 1.39 (0.76 – 2.52) n = 1,638 1.25 (0.65 – 2.42)

≥ 400 cells/μL n = 1,666 1.0 n = 1,423 1.0

CD4+ cell count in relation to
baseline

N = 17,920 N = 15,727

> 20% below baseline n = 813 2.97 (2.10 – 4.21) n = 733 4.75 (3.23 – 6.97)

> 10% to ≤ 20% below baseline n = 290 2.13 (1.10 – 4.14) n = 269 3.20 (1.55 – 6.60)

≤ 10% below to < 10% above baseline n = 845 1.63 (1.05 – 2.54) n = 747 2.50 (1.56 – 4.01)

≥ 10% to < 20% above baseline n = 472 1.14 (0.57 – 2.31) n = 416 1.73 (0.80 – 3.71)

≥ 20% above baseline n = 15,500 1.0 n = 13,562 1.0

Absolute CD4+ cell count at 6
months

N = 17,920 N = 15,727

< 100 cells/μL n =761 5.53 (4.09 – 7.48) n = 672 5.35 (3.79 – 7.55)

100 – 149 cells/μL n = 1,365 2.82 (2.07 – 3.85) n = 1,209 2.85 (2.01 – 4.04)

150 – 199 cells/μL n = 2,073 1.62 (1.17 – 2.24) n = 1,836 1.61 (1.12 – 2.31)

≥ 200 cells/μL n = 13,721 1.0 n = 12,010 1.0

Drop from peak CD4+ cell count
(analysis limited to patients with ≥ 3
values)

N = 15,092 N = 13,269

≥ 50% drop from peak n = 947 3.14 (2.23 – 4.42) n = 836 3.23 (2.23 – 4.67)

30% – 49% drop from peak n = 1,624 1.31 (0.89 – 1.94) n = 1,432 1.33 (0.87 – 2.05)

< 30% drop from peak n = 4,141 1.02 (0.75 – 1.38) n = 3,678 1.19 (0.87 – 1.65)

No drop from peak n = 8,380 1.0 n = 7,323 1.0

*
Model adjusted for age, gender, WHO stage at ART initiation, tuberculosis co-infection status, baseline hemoglobin, adherence behavior, and initial

ART regimen. Each criterion for immunologic response was modeled separately.
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