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Abstract

Background: While the relationship between average adherence to HIV potent antiretroviral therapy is well defined, the
relationship between patterns of adherence within adherence strata has not been investigated. We examined medication
event monitoring system (MEMS) defined adherence patterns and their relation to subsequent virologic rebound.

Methods and Results: We selected subjects with at least 3-months of previous virologic suppression on a non-nucleoside
reverse transcriptase inhibitor (NNRTI)-based regimen from two prospective cohorts in France and North America. We
assessed the risk of virologic rebound, defined as HIV RNA of >400 copies/mL according to several MEMS adherence
measurements. Seventy two subjects were studied, five of them experienced virologic rebound. Subjects with and
without virologic rebound had similar baseline characteristics including treatment durations, regimen (efavirenz vs
nevirapine), and dosing schedule. Each 10% increase in average adherence decreased the risk of virologic rebound
(OR=0.56; 95% confidence interval (Cl) [0.37, 0.81], P<<0.002). Each additional consecutive day off therapy for the longest
treatment interruption (OR = 1.34; 95%CI [1.15, 1.68], P<<0.0001) and each additional treatment interruption for more than 2
days (OR=1.38; 95%Cl [1.13, 1.77], P<<0.002) increased the risk of virologic rebound. In those with low-to-moderate
adherence (i.e. <80%), treatment interruption duration (16.2 days versus 6.1 days in the control group, P<<0.02), but not
average adherence (53.1% vs 55.9%, respectively, P=0.65) was significantly associated with virologic rebound.

Conclusions: Sustained treatment interruption may pose a greater risk of virologic rebound on NNRTI therapy than the
same number of interspersed missed doses at low-to-moderate adherence.
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Because the NNRTIs are potent and have a very long-half life in
vivo, we hypothesized that once viral suppression was achieved, a
sustained treatment interruption rather than frequent missed doses
would be associated with virologic failure.

Introduction

Adherence to HIV antiretroviral therapy is the strongest
predictor of virologic suppression[1,2], HIV drug resistance[3],
disease progression and death[4,5]. While treatment with
unboosted protease inhibitors (PI) requires near perfect adherence
for virologic suppression[1], the introduction of more potent non-
nucleoside reverse transcriptase inhibitors (NNR'TT) and ritonavir
boosted PI therapy has lead to reliable virologic suppression at
moderate levels of adherence for most, but not all patients[6-9].

To test this hypothesis, we analyzed prospectively collected data
from NNR'T treated individuals who achieved an initial virologic
response during adherence monitoring with electronic medication
monitors. Electronic medication monitors measure patterns of
missed doses with a time-date record of pill bottle opening
behaviour. The objective of this study was to identify adherence
patterns predictive of virologic rebound on NNRTI-based
antiretroviral therapy. We examined the temporal association

Because not all patients with moderate adherence are
suppressed, we asked if all missed doses are the same. Specifically,

we hypothesized that patterns of adherence in addition to average
adherence may be an important determinant of incomplete viral
suppression. We focused on NNRTT based regimens because these
drugs are the cornerstone for most first line regimens world-wide.
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between average adherence, treatment interruptions and subse-
quent viral rebound in all subjects, but in particular, subjects with
<80% adherence because they are at highest risk for virologic

rebound(7,10].
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Methods

Patients Population and Study Design

We conducted a case-control study of NNRTT treated patients
nested in two prospective observational cohorts: the Posology of
Nevirapine (POSOVIR) Study and the Research in Access to Care
(REACH) Cohort. POSOVIR is a randomized study of once
versus twice daily nevirapine at 4 teaching medical institutions in
France[10]. The REACH cohort is an observational study of HIV
positive homeless and marginally housed individuals in San
Francisco[7]. Written informed consent was obtained from all
participants for adherence monitoring, monthly phlebotomy, and
assessment of viral load and CD#4 cell count. The University of
Caen Institutional Review Board (POSOVIR) and the University
of California, San Francisco Committee on Human Subjects
Research (REACH) approved all study procedures. We selected
NNRTI-based treated individuals with HIV RNA level (VL) <400
copies/ml after at least 3 months of treatment and monitored
adherence with the AARDEX Medication Event Monitoring
System (MEMS). Virologic rebound was defined as VL. =400
copies/ml at any point during adherence monitoring.

Adherence Monitoring and Definitions

Adherence was prospectively measured using the Medication
Event Monitoring System (MEMS) 6 caps (AARDEX Ltd,
Switzerland or Union City, Ca., USA). Individuals with no
MEMS events for >15 days immediately prior to virologic
rebound were excluded in order to exclude rebound due to simple
treatment discontinuation. Percent dose adherence was defined as
MEMS events/prescribed number of dosesx100. We character-
ized patterns of missed doses by several a priori measures: (1)
number of days without a dose, defined as drug discontinuation for
more than 24 hours and less than 48 hours; (2) number of
treatment interruptions lasting =48 hours, and (3) the duration of
the longest treatment interruption (in days).

Statistical Analysis

Continuous variables were summarized as means, medians,
standard deviations and ranges. Dichotomous data were summa-
rized as proportions. Rates were compared by Fisher exact test
and continuous variable were compared by test. The effect of
adherence on the probability of virologic rebound was estimated
by calculating the exact odds ratios (ORs) and their 95%
confidence intervals using univariate exact conditional logistic
models, to account for the small sample size with sparse data[11].
Goodness of fit was assessed by the Farrington test for sparse data
(GOFLOGIT SAS macro). A logistic regression model curve was
used to estimate the relationship between treatment interruption
duration and the probability of virologic rebound.

We conducted a sensitivity analysis limited to subjects with
<80% adherence in order: (1) to create a closer balance in the
distribution of adherence between the groups with and without
virologic rebound, since all the subjects in the former group had
<80% adherence; and (2) to test whether adherence patterns still
predicted viral rebound at low-to-moderate adherence. Quantita-
tive variables were compared between groups with and without
virologic rebound by exact Wilcoxon two-sample non-parametric
tests because of the uncertainty of whether the small sample met
assumptions of a normal distribution.

Analyses were performed using PowerView 2.3.3 (AARDEX
Ltd, Switzerland) and SAS version 9.1 (SAS Institute Inc, Cary,
NCQ). All reported P values are 2-sided, and P<<.05 was considered

significant.
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Results

Study population

Seventy-two participants met eligibility criteria. By design, all
subjects had a HIV RNA less than 400 copies/ml during at least 3
months of NNRTI-based antiretroviral therapy. Five subjects
experienced virologic rebound. Other antiretroviral agents
included zidovudine plus lamivudine in 33 (46%), tenofovir plus
lamivudine or emtricitabine in 18 (25%), abacavir plus lamivudine
in 5 (7%), other nucleosides without protease inhibitors in 11
(15%) and ritonavir-boosted protease Inhibitors in 5 (7%). The
mean (SD) duration of MEMS monitoring in days among subjects
with and without virologic rebound were 85 (6) and 88 (6) days,
respectively. Other baseline characteristics were similar between
groups (Table 1).

Predictors of virologic rebound

All adherence measurements significantly predicted virologic
rebound, except the frequency of short-term interruptions (24 to
48 hours), as shown in Table 2. All explanatory models
demonstrated good statistical fit with virologic rebound. The
probability of virologic control according to the longer durations
of treatment interruption is displayed in Figure 1. Based on our
logistic model, a treatment interruption of 15 days was associated
with a 50% probability (95% CI=15%, 86%) of virologic rebound
(Figure 1). Figure 2 shows the relationship between average
adherence and the longer durations of treatment interruption in
days. Not surprisingly, subjects with >80% average adherence
also had short treatment interruptions and all of them achieved
virologic control.

Table 1. Baseline characteristics by study groups.
Virologic Virologic P
rebound (n=5) control (n=67) value*

Age, y (SD) 47.0 (6,3) 46.8 (10.6) 0.97

Male, No (%) 5 (100) 56 (84) 1.0

Cohort, No (%)

POSOVIR 2 (40) 50 (75) 0.13
REACH 3 (60) 17 (25)

Race, No (%)

Caucasian 4 (75) 61 (91) 0.41
Black 1(25) 6(9)

CD4 cell count, mean (SD) 478 (310) 532 (223) 0.62

CD4 cell nadir, mean (SD) 188 (139) 233 (175) 0.57

Prior exposure to NNRTI in 28.4 (22.9) 30,5 (28,0) 0.88

months, mean (SD)

Prior suboptimal nucleoside 1 (20) 24 (36) 0.48

exposure, No (%)

Current NNRTI, No (%)

Nevirapine 4 (80) 56 (84) 1.0
Efavirenz 1 (20) 11 (16)

Daily dosage, No (%)

Once-daily 2 (40) 27 (40) 1.0
Twice daily 3 (60) 40 (60)

“Exact Fisher chi-square test for percentages and t-test for continuous variables.

doi:10.1371/journal.pone.0002783.t001
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Table 2. Effect of adherence rates and patterns on the risk of virologic rebound.

Controls (n=67) Cases (n=5) OR* [95% ClI] P value
Percentage adherence rate®, mean (SD) 88.5 (2.2) 53.1 (7.3) 0.56 [0.37-0.81] <0.002
No. of days without dose®, mean (SD) 2.1 (0.4) 5.0 (1.4) 1.15 [0.94-1.40] 0.16
No. of TI¥ mean (SD) 1.2 (0.3) 8.0 (27) 1.38 [1.13-1.77] <0.002
Longest interval w/o dose, mean in days (SD) 1.5 (0.4) 16.2 (3.9) 1.34 [1.15-1.68] <0.0001

SOR and 95% Cl are provided for a 10% increase in adherence rate.

doi:10.1371/journal.pone.0002783.t002

Sensitivity analyses

In the sensitivity analysis limited to subjects with low-to-
moderate (<80%) adherence, the mean difference in longest
interruption between those with and without viral rebound was
10.1 days (16.2 vs 6.1, respectively) and statistically significant
(p<<0.02); whereas, the mean difference in adherence between
those with and without viral rebound was 2.8% (53.1% vs 55.9%,
respectively) and was not statistically significant (p =0.65).
(Figure 2). There were no other differences in patterns of
adherence between the two groups (data not shown).

Discussion

These data suggest that sustained and repeated NNRTI
treatment interruptions are associated with viral rebound.

"OR [95% CI]: Odds Ratio [95% confidence Interval]l computed by conditional exact logistic regression. OR>1 means an increased probability of viral rebound.

SDays without dose defined as drug discontinuations for more than 24 hours and less than 48 hours.
&T1: Treatment interruptions defined as drug discontinuations for more than 48 hours.

predicted viral rebound than interspersed missed doses in patients
with low-to-moderate adherence, which represented 24% of our
sample. Average adherence and the potential duration of
treatment interruptions are, of course, not independent; 100%
adherence precludes an interruption in treatment. As adherence
rates decline, however, different patterns of missed doses are
possible, as shown in Figure 2. Missed doses can either occur as
sustained interruptions or more regularly interspersed missed
doses. Our data suggest that not all missed doses are the same. In
particular, sustained interruptions of NNRTI-based antiretroviral
therapy are more closely associated with viral rebound than the
same number of regularly interspersed missed doses among
individuals with <80% adherence.

Our finding derived from “real life” treatment interruptions in
socio-economically and ethnically diverse patients is consistent
with both observational and experimental studies of treatment

Specifically, sustained treatment interruptions more closely
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Figure 1. Predicted and observed risk of viral control according to the longer interval of treatment discontinuation, POSOVIR and

REACH cohorts.
doi:10.1371/journal.pone.0002783.g001
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Figure 2. Relationship between average adherence and longer treatment interruption among subjects with (red) and without
(green and blue) virologic rebound, POSOVIR and REACH cohorts. - The red lines on the X and Y-axis correspond to mean average
adherence (%) and treatment interruption duration (days), respectively, among subjects with subsequent HIV RNA=400 copies/ml. The blue lines on
the X and Y-axis correspond to mean average adherence (%) and treatment interruption duration (days), respectively, among subjects with
subsequent HIV RNA<<400 copies/ml and low-to-moderate adherence (<80%). The difference in treatment interruption duration, but not adherence
rate, is statistically significant between those with HIV RNA=400 copies/ml and those with HIV RNA<<400 copies/ml.

doi:10.1371/journal.pone.0002783.9002

mterruptions. For example, Oyugi et al. found that MEMS
defined treatment interruptions with a mean of 11.5 days were
associated with NNRTT resistance in Uganda[12]. In two trials,
Dybul and colleagues found that repeated long cycles of 4-week off
8-week-on of efavirenz-based therapy was associated with
resistance failure[13] while repeated short cycles of 1-week off 1-
week-on was not associated with failure[14], even though the 4-8
week schedule delivered more medication over time than that 1-1
week schedule (67% vs 50%, respectively). Similarly, Cohen et al.
found that virologic rebound was uncommon among an NNR'TT-
treated patients with repeated short cycles of 5-days on and 2-days
off [15]. Our estimate of 50% probability of viral rebound
occurring at 15 days is consistent with these data as well as
pharmacokinetic data indicating that efavirenz clearance leads to
drug levels that allow for viral replication in 5.8 to 14 days after
discontinuation [16].

There are several limitations to our study. The number of events
(five) is small, mainly because MEMS technology is not routinely
used and because the risk of virologic rebound subsequent to viral
suppression on NNRTI-based antiretroviral therapy is low[17].
Larger studies will be needed to confirm our results. Our
observational design does not demonstrate causality and we did
not measure drug-resistance. However, the risk of resistance after
rebound on NNRTI-based therapy is predictably high [13,18-20].
In contrast to structured treatment interruption trials, our study
represents the distribution of “unstructured” interruptions common
in routine practice. Finally, the result may have been different in a
fully antiretroviral naive population with ongoing viral replication.

Gross et al. found that patients treated with efavirenz-based
regimens had suboptimal adherence up to 90 days prior to viral
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In summary, near perfect adherence leading to sustained
virologic suppression remains the goal of HIV therapy. However,
patients with moderate adherence to NNRTIs-based regimens can
still achieve virologic control. For these patients with incomplete
adherence, missing doses over a continuous and sustained interval
may pose more risk for virologic rebound than interspersed missed
doses. Limiting sustained NNRTI treatment interruptions may
improve durable virologic suppression, especially in patients with
incomplete adherence.

Acknowledgments

The authors thank Dr. Oliver Kuss from Institute of Medical Epidemi-
ology, Biostatistics, and Informatics, University of Halle-Wittenberg,
Halle/Saale, Germany for his expert statistical advice on sparse data.

Author Contributions

Conceived and designed the experiments: JJP DG RV DRB. Performed
the experiments: JJP DRB. Analyzed the data: JJP VM DG DRB.
Contributed reagents/materials/analysis tools: JJP RV DRB. Wrote the
paper: JJP MDD VM DG SGD RV DRB.

3. Parienti JJ, Massari V, Descamps D, Vabret A, Bouvet E, et al. (2004) Predictors
of virologic failure and resistance in HIV-infected patients treated with
nevirapine- or efavirenz-based antiretroviral therapy. Clin Infect Dis 38:
1311-1316.

4. Bangsberg DR, Perry S, Charlebois ED, Clark RA, Roberston M, et al. (2001)
Non-adherence to highly active antiretroviral therapy predicts progression to
AIDS. Aids 15: 1181-1183.

July 2008 | Volume 3 | Issue 7 | e2783



. Hogg RS, Heath K, Bangsberg D, Yip B, Press N, et al. (2002) Intermittent use

of triple-combination therapy is predictive of mortality at baseline and after 1
year of follow-up. Aids 16: 1051-1058.

. Maggiolo F, Ravasio L, Ripamonti D, Gregis G, Quinzan G, et al. (2005)

Similar adherence rates favor different virologic outcomes for patients treated
with nonnucleoside analogues or protease inhibitors. Clin Infect Dis 40:

158-163.

. Bangsberg DR (2006) Less than 95% adherence to nonnucleoside reverse-

transcriptase inhibitor therapy can lead to viral suppression. Clin Infect Dis 43:
939-941.

Shuter J, Sarlo JA, Kanmaz T], Rode RA, Zingman BS (2007) HIV-infected
patients receiving lopinavir/ritonavir-based antiretroviral therapy achieve high
rates of virologic suppression despite adherence rates less than 95%. J Acquir
Immune Defic Syndr 45: 4-8.

. Nachega JB, Hislop M, Dowdy DW, Chaisson RE, Regensberg L, et al. (2007)

Adherence to nonnucleoside reverse transcriptase inhibitor-based HIV therapy
and virologic outcomes. Ann Intern Med 146: 564-573.

. Parienti JJ, Massari V, Reliquet V, Chaillot I, Le Moal G, et al. (2007) Effect of

twice-daily nevirapine on adherence in HIV-1-infected patients: a randomized
controlled study. Aids 21: 2217-2222.

. Kuss O (2002) Global goodness-of-fit tests in logistic regression with sparse data.

Stat Med 21: 3789-3801.

. Oyugi JH, Byakika-Tusiime J, Ragland K, Laeyendecker O, Mugerwa R, et al.

2007) Treatment interruptions predict resistance in HIV-positive individuals
P p P!
purchasing fixed-dose combination antiretroviral therapy in Kampala, Uganda.

Aids 21: 965-971.

. Dybul M, Nies-Kraske E, Daucher M, Hertogs K, Hallahan CW, et al. (2003)

Long-cycle structured intermittent versus continuous highly active antiretroviral
therapy for the treatment of chronic infection with human immunodeficiency
virus: effects on drug toxicity and on immunologic and virologic parameters.

J Infect Dis 188: 388-396.

@ PLoS ONE | www.plosone.org

20.

Adherence and HIV Rebound

. Dybul M, Nies-Kraske E, Dewar R, Maldarelli F, Hallahan CW, et al. (2004) A

proof-of-concept study of short-cycle intermittent antiretroviral therapy with a
once-daily regimen of didanosine, lamivudine, and efavirenz for the treatment of

chronic HIV infection. J Infect Dis 189: 1974-1982.

. Cohen CJ, Colson AE, Sheble-Hall AG, McLaughlin KA, Morse GD (2007)

Pilot study of a novel short-cycle antiretroviral treatment interruption strategy:
48-week results of the five-days-on, two-days-off (FOTO) study. HIV Clin Trials
8:19-23.

. Ribaudo HJ, Haas DW, Tierney C, Kim RB, Wilkinson GR, et al. (2006)

Pharmacogenetics of plasma efavirenz exposure after treatment discontinuation:

an Adult AIDS Clinical Trials Group Study. Clin Infect Dis 42: 401-407.

. Martinez E, Arnaiz JA, Podzamczer D, Dalmau D, Ribera E, et al. (2003)

Substitution of nevirapine, efavirenz, or abacavir for protease inhibitors in
patients with human immunodeficiency virus infection. N Engl J Med 349:
1036-1046.

. Ruiz L, Paredes R, Gomez G, Romeu J, Domingo P, et al. (2007) Antiretroviral

therapy interruption guided by CD#4 cell counts and plasma HIV-1 RNA levels
in chronically HIV-1-infected patients. Aids 21: 169-178.

. Danel C, Moh R, Chaix ML, Gabillard D, Messou E, et al. (2008) A 2-months-

off/4-Months-on antiretroviral therapy is clinically non-inferior to continuous
therapy but leads to unacceptable resistance rates in african adults: Final results
of the Trivacan ANRS 1269 Trial. Fifteenth Conference on Retroviruses and
Opportunistic Infections, Boston, abstract 778.

Riddler SA, Haubrich R, DiRienzo AG, Peeples L, Powderly WG, et al. (2008)
Class-sparing regimens for initial treatment of HIV-1 infection. N Engl J Med
358: 2095-2106.

Gross R, Bilker WB, Wang H, Chapman J (2008) How Long Is the Window of
Opportunity Between Adherence Failure and Virologic Failure on Efavirenz-
Based HAART? HIV Clin Trials 9: 202-206.

July 2008 | Volume 3 | Issue 7 | e2783



