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Objective: We determined the impact of immune reconstitution inflammatory syndrome (IRIS)
on antiretroviral therapy (ART) adherence in a cohort of 274 human immunodeficiency virus
(HIV)-infected South African adults initiating ART.

Methods: We carried out a secondary analysis of data from a randomized controlled trial of
partially supervised ART in Cape Town, South Africa. Monthly pill count adherence, viral
suppression (HIV viral load < 50 ¢/mL), and IRIS events were documented. Poisson regression
was used to identify variables associated with ART adherence below the median in the first
6 months of ART.

Results: We enrolled 274 patients: 58% women, median age 34 years, median CD4 count
98 cells/uL, 46% World Health Organization clinical stage 1V, and 40% on treatment for
tuberculosis (TB). IRIS and TB-IRIS developed in 8.4% and 6.6% of patients, respectively.
The median cumulative adherence at 6 months for those with an IRIS event vs no IRIS was
95.5% vs 98.2% (P = 0.04). Although not statistically significant, patients developing IRIS had
a lower 6-month viral load suppression than those without IRIS (68% vs 80%, P =0.32). ART
adherence below the median of 98% was independently associated with alcohol abuse (relative
risk [RR] 1.5; 95% confidence interval [CI] 1.2-1.9; P =0.003) and IRIS events (RR 1.7; 95%
CI 1.2-2.2; P=0.001).

Conclusion: Although IRIS events were associated with slightly lower adherence rates, overall
adherence to ART remained high in this study population. Concerns about IRIS should not deter
clinicians from early ART initiation.
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Antiretroviral therapy (ART) improves outcomes of human immunodeficiency
virus (HIV)-related tuberculosis (TB),!2 and results from the Starting Antiretroviral
Therapy at Three Points in Tuberculosis (SAPIT), Cambodian Early versus Late
Introduction of Antiretrovirals (CAMELIA), and The AIDS Clinical Trial Group
(ACTG) Study 5221 (STRIDE) randomized controlled trials showed that early ART
initiation (within the first 2 months of anti-TB therapy) is associated with lower
morbidity and mortality in TB-HIV co-infected patients, despite being associated
with a two to threefold increase in immune reconstitution inflammatory syndrome
(IRIS) events.> Whether IRIS events related to TB or other diseases affect ART
adherence is largely unknown.

We measured the frequency and timing of IRIS events in a cohort of HIV-infected
South African adults initiating ART and measured the association of these events with
subsequent ART adherence.
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Methods

Study design, setting, and patient
enrollment

This was a secondary analysis of a randomized controlled trial
evaluating the impact of patient-nominated treatment supporters
with partial directly observed administration of ART (DOT-
ART) on ART adherence, HIV viral load, and CD4+T-cell count.
This trial, which was reported in detail elsewhere,® showed that
the presence of a patient-nominated supporter was not associated
with improved ART adherence or virologic suppression but was
associated with increased survival (a secondary endpoint).

The study was conducted at GF Jooste Hospital, Cape
Town, South Africa, a public sector, secondary-level,
peri-urban hospital with more than 12,000 admissions
annually, about 20% of which are for infectious diseases
(61% HIV). Government-funded comprehensive ART care
is provided free of charge at primary care clinics and in the
hospital clinic.

Eligibility criteria in the parent study were: (1) male or
nonpregnant female 18 years of age or older; (2) HIV infection
documented by two serologic tests; (3) eligible to start ART
according to South African guidelines at the time® CD4+ T-cell
count = 200 cells/uL. or World Health Organization clinical
stage IV disease; (4) living in the study catchment area; and (5)
willing to disclose HIV status to a treatment supporter. Patients
were excluded ifthey had: (1) prior ART use; (2) life expectancy
less than 6 months; (3) Karnofsky Performance Score’ less than
60; (4) transaminases more than five times the upper limit of
normal; or (5) history of single-dose nevirapine for prevention
of mother to child transmission of HIV infection.

Antiretroviral therapy and anti-

tuberculosis regimens

Standard first-line anti-TB treatment regimen was given per
South African TB guidelines,® administered 5 days per week,
and directly observed during the 2-month intensive phase.
The initial ART regimen consisted of stavudine, lamivudine,
and efavirenz.” For women not willing to use contraception,
nevirapine was substituted for efavirenz. Regimen changes
were permitted following South African HIV guidelines.” All
patients were followed monthly for clinical evaluation, pill
counts, and ART adherence counseling as needed.

Immune reconstitution inflammatory

syndrome case definition
We retrospectively applied standardized definitions for
tuberculosis and cryptococcal-associated IRIS, which have

been proposed by the International Network for the Study of
HIV-Associated IRIS (INSHI), for use in resource-limited
settings.!®!! Other events, such as herpes zoster virus
(HZV) or herpes simplex virus (HSV), were considered as
IRIS if they appeared within 3 months of ART initiation
and had documented decreased viral load and/or immune
reconstitution as evidenced by CD4+ T-cell count as per
previously published reports.'?

Regulatory approvals

The study was approved by the committees on the Protection
of Human Individuals or Research Ethics Boards from
Johns Hopkins University School of Medicine, Baltimore,
Maryland, and the University of Cape Town, Cape Town,
South Africa.

Data analysis

We measured the proportions of patients with any IRIS and
TB-IRIS events during the first 6 months of follow-up. We
calculated ART adherence as the median cumulative monthly
pill count over the same time period. Chi-square tests and
Wilcoxon rank sum tests were used for comparisons of pro-
portions and medians, as appropriate. We used log-binomial
regression for both univariate and multivariate regression;
this was followed by Poisson regression with robust variance
estimation since the log-binomial model failed to converge.
Our rationale for not using a logistic regression method is
that odds ratios are likely to be biased (inflated) estimates of
the relative risk, and thus misleading, when the outcome is
common. Variables were included in the multivariate model
if they were associated with adherence or IRIS events in uni-
variate analysis (P = 0.2). Associations with adherence were
considered statistically significant in the multivariate regres-
sion model if P = 0.05. Baseline alcohol abuse was evaluated
by the validated, short, four-question, Cut down, Annoyed by
criticism, Guilty about drinking, Eye-opener drinks (CAGE)
screening questionnaire that diagnoses alcohol problems over
a lifetime. A total score of two or higher (answering “yes” to
two or more questions) indicates a problem with alcohol."
Data analysis was performed using STATA 11 (Stata Cor-
poration, College Station, TX, USA).

Results

Baseline characteristics and frequency

of IRIS events

The baseline characteristics of patients with and without IRIS

events are shown in Table 1. Overall, patients had advanced
HIV disease, with 46% having AIDS and a median CD4+
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Table | Patient clinical and demographic characteristics at enrollment

Variable IRIS No IRIS Total P-value
n=23 n=25I n=274
Median age in years (range) 32 (29-44) 35 (3041) 34 (18-74) 0.52
Enrolled in DOT-ART arm of parent RCT, n (%) 12 (52%) 125 (48%) 137 (50%) 0.83
Female, n (%) 13 (57%) 145 (58%) 158 (58%) 0.91
WHO clinical stage, n (%)
-l 10 (43%) 138 (55%) 148 (54%) 0.29
v 13 (57%) 113 (45%) 126 (46%)
Alcohol abuse (CAGE+), n (%) 5 (22%) 42 (17%) 47 (17%) 0.54
Median (IQR) CD4+ T-cell count (cells/uL) 78 (37-112) 99 (45-150) 98 (43—148) 0.09
Type of NNRTI
Efavirenz 19 (83%) 207 (83%) 226 (83%) 0.92
Nevirapine 4 (17%) 41 (17%) 45 (17%)
Median (IQR) Log,, HIV-1 RNA 5.0 (4.5-5.4) 5.0 (4.6-5.4) 5.0 (4.6-5.4) 0.94

Abbreviations: IRIS, immune response inflammatory response; DOT-ART, directly observed antiviral therapy; RCT, randomized controlled trial; WHO, World Health
Organization; CAGE+, Cut down, Annoyed by criticism, Guilty about drinking, Eye-opener drinks questionnaire; IQR, interquartile range; NNRTI, non-nucleoside reverse

transcriptase inhibitor; HIV, human immunodeficiency virus.

T-cell count of 98 cells/uUL (Interquartile range [[QR] 93—148).
Twenty-three patients out of 274 (8.4%) experienced an IRIS
event (one patient with genital HSV- and TB-IRIS, one with
HZV-IRIS, three with paradoxical cryptococcal meningitis-
IRIS, and 18 with TB-IRIS, which included 14 paradoxical
TB-IRIS cases and four unmasking TB-IRIS cases).
Overall, 6.6% of patients (n = 18) developed any TB-IRIS, and
9.8% of patients on TB treatment at ART initiation (11 of 112)
developed paradoxical TB-IRIS. The median (IQR) time to
any IRIS event from ART initiation was 15 days (7—42), to any
TB-IRIS was 14 days (6-24.5), and to paradoxical TB-IRIS
in those on TB treatment at ART initiation was 9 days (3—18).
In univariate analysis, IRIS events were associated with a
nonsignificant lower baseline median (IQR) CD4+ T-cell
count (78 [37-112] vs 99 [45-150]; P = 0.09) and earlier
ART initiation after commencing TB treatment (proportion
initiating ART within 2 months of starting TB chemotherapy
0.83 vs 0.58; P=10.09). IRIS events were not associated with
type of non-nucleoside reverse transcriptase inhibitor (8.1%
of those on efavirenz versus 8.9% of those on nevirapine
experienced an IRIS event; P = 0.9).

ART adherence, immunologic, virologic,
and clinical outcomes

The median (IQR) cumulative pill count adherence at 6 months
for those with an IRIS event was 95.5% (91.4-97.8) vs 98.2%
(94.6-99.5) for those with no IRIS (P = 0.04). Seventy-eight
percent of patients with an IRIS event had 6-month adherence
below the median adherence of 98% compared to 44% of
those without an IRIS event (P = 0.006). Median absolute
change in CD4+T-cell count (IQR) from baseline to 6 months
in those with and without an IRIS event was an increase

of 130 (44-222) and 134 (58-217) cells/uL, respectively
(P =0.98). Eighty percent of patients without an IRIS event
compared with 68% of those with an IRIS event had an HIV
viral load < 50 ¢/mL at 6 months (relative risk [RR] 0.85,
95% confidence interval [CI] 0.62—1.16; P = 0.32). There
were five hospital admissions (all TB-IRIS cases), but no
documented fatal outcomes related to any of the IRIS events.
In a multivariate Poisson regression model, alcohol abuse
(RR 1.5, 95% CI 1.2-1.9; P = 0.003) and having any IRIS
event (RR 1.7,95% CI 1.2-2.2; P=0.001) were independently
and significantly associated with ART adherence below the
median of 98% (Table 2).

Discussion
In this study of South African adults initiating ART, we found
that 6-month adherence rates were high (median 98%) but
that having an IRIS event was associated with moderately
lower adherence (median 95%). Although this observed
difference in median ART adherence is unlikely to be of
any clinical significance, it is worth noting that patients with
IRIS events also experienced poorer virologic suppression
at 6 months, although the difference was not statistically
significant, raising the possibility of low statistical power to
account for such nonsignificance. IRIS events may reduce
ART adherence either because of the resulting morbidity or
the erosion of patient confidence in the efficacy of ART.
ART adherence rates observed in this trial are similar to
those in the SAPIT trial (97%),® suggesting that the high pill
burden necessary to treat both HIV and TB does not affect
ART adherence. However, ART adherence stratified by IRIS
status was not reported in SAPIT, leaving open the question
of whether IRIS events (rather than pill burden) might be
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Table 2 Univariate and multivariate factors associated with ART adherence below the median
Variable Univariate RR P-value Multivariate RR P-value
(95% CI) (95% CI)

Age (years)

<40 1.00

=40 1.15 (0.87-1.51) 0.34 N/A N/A
Sex

Male 1.0

Female 1.02 (0.77-1.34) 0.90 N/A N/A
WHO clinical stage

Stage |-lI 1.00

Stage IV 1.09 (0.82-1.43) 0.70 N/A N/A
Alcohol abuse (CAGE+)

No 1.00

Yes 1.61 (1.24-2.10) 0.003 I.51 (1.15-1.99) 0.003
IRIS event

No 1.00

Yes 1.76 (1.31-2.34) 0.007 1.65 (1.22-2.23) 0.001
CD4+ T-cell count (cells/uL)

=100 1.00

<100 1.12 (0.85-1.47) 0.43 0.90 (0.69-1.18) 0.45
Log,, HIV-1 RNA (copies/mL)

<5.0 1.00

=50 1.08 (0.83—1.42) 0.60 N/A N/A

Abbreviations: RR, relative risk; Cl, confidence interval; N/A, not applicable; CAGE+, Cut down, Annoyed by criticism, Guilty about drinking, Eye-opener drinks
questionnaire; IRIS, immune reconstitution inflammatory syndrome; HIV, human immunodeficiency virus.

associated with lower mortality. No ART adherence data were
reported from the CAMELIA and STRIDE trials. In these
three trials, similar proportions of viral suppression at 24
weeks were achieved among study participants in the earlier
ART initiation group versus participants for whom ART was
delayed after the initiation of TB treatment. This suggests that
ART nonadherence events did not have a significant impact
on virologic outcomes; however, virologic data stratified by
IRIS events were not reported.>

Most of the IRIS events in this study were of minor or
moderate morbidity and mortality, in agreement with other
previously published reports.'*'¢ Five of the 18 TB-IRIS
cases were admitted to hospital for an average of 1 week,
and there were no fatal outcomes related to any of the IRIS
events. Of note, if ART was discontinued at home, it was
re-administrated during inpatient stay from patient’s original
ART stock. Therefore, it is unlikely that hospital admissions
of these few IRIS cases could have a significant impact on
the pill count adherence data.

Given the clear mortality benefit to early ART initiation
in TB-HIV co-infected patients and the overall high rates
of adherence seen both here and in SAPIT, concern about
nonadherence to ART due to IRIS events should not deter
clinicians from early ART initiation. Rather, patients

experiencing IRIS events may be appropriate targets for
additional ART adherence support in the first 6 months after
ART initiation. It is important that clinicians counsel patients
starting ART beforehand on the possibility that an IRIS event
may occur and that it should not be viewed as a failure of
ART and/or TB treatment. There is also a need for further
research to evaluate interventions to prevent TB-IRIS in high
TB-HIV endemic settings.!”

While informative, limitations of this study are the
relatively small number of IRIS events and as a consequence
a limited statistical power to detect significance for some of
our findings. Therefore, future research that includes larger
IRIS events should be undertaken to confirm our findings.
In addition, the high overall rates of adherence and limited
number of IRIS events limited our ability to consider other
meaningful ART adherence cut points (eg, 80%, 90%). Finally,
the sensitivity of pill count to detect nonadherence could be
questioned. However, to date there are no established gold
standard tools to monitor adherence since each measurement
method has its own strengths and weaknesses.'

Conclusion
ART adherence was excellent (>>95%) in this study, regardless
of whether IRIS events occurred. Thus, concerns about IRIS
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should not deter clinicians from early ART initiation, but
close ART adherence monitoring is warranted as for any
HIV-infected patient, irrespective of an IRIS event.
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