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Abstract

Background: Despite wide use of nevirapine- and efavirenz-based highly active antiretroviral therapy regimens in Ethiopia, their
treatment outcome has not been well studied. The objective of this study was to compare treatment outcome of nevirapine- and
efavirenz-based regimens. Methods: This retrospective cohort study was conducted on antiretroviral-naive adult patients with
human immunodeficiency virus (HIV) who had started antiretroviral therapy. Study participants were excluded after treatment
failure, regimen change, loss to follow-up, or transfer to other health facility. The outcomes of interest included immunologic
recovery, immunologic failure, clinical failure, and treatment failure. Results: There were 1064 HIV patients in the study; an equal
proportion (1:1) from both efavirenz- and nevirapine-based regimens was included. Patients in both regimens had similar baseline
CD4 cells count (P = .876). In multivariate analysis, efavirenz-based regimens showed more likelihood of immunologic recovery,
whether defined as a CD4 cell count of >200 cells/mm? (hazard ratio [HR] = 1.31 [95% ClI, 1.05-1.59]), >350 cells/mm? (HR =
1.26 [95% Cl, 1.08-1.47]), or >500 cells/mm? (HR = 1.95 [95% Cl, 1.57-2.41]). Moreover, efavirenz-based regimens showed a
lower hazard of treatment failure (HR = 0.66 [95% Cl, 0.49-0.88]). Conclusion: Although the finding of retrospective study should

be interpreted with caution, efavirenz-based regimens were associated with superior treatment outcome.
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Introduction

The emergence of the human immunodeficiency virus (HIV)
epidemic is one of the worst public health challenges the world
has faced in history. Globally, it is estimated that 2.7 million
people were newly infected with HIV in 2010. Of those newly
infected individuals, about 1.9 million are living in sub-
Saharan Africa, and they represent 70% of all people who
acquired the HIV infection globally. Globally, about half of the
HIV-positive cases have been women, whereas in sub-Saharan
Africa, women make up 60% of the HIV-positive population.'-*

Ethiopia is a country in sub-Saharan Africa with one of the
highest HIV epidemic rates. In Ethiopia, the first case of AIDS
was reported in 1986, and an antiretroviral therapy (ART) pro-
gram was launched in 2003. The ART service has been univer-
sally available in Ethiopia since 2005 for free and has been
shown to prolong survival.'” A total of 333,434 people have

started ART, and 249,174 adults and 16,000 children were
receiving treatment at the end of 2011.%

Highly active antiretroviral therapy (HAART) has led to a
major reduction of AIDS-related morbidity and mortality both
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in developed and developing countries.** In order to maintain
long-term virologic suppression and immunologic recovery at a
level that significantly reduces the risk of AIDS-defining ill-
ness and mortality due to HIV, an evidence-based selection
of regimens from the existing alternatives is essential.

World Health Organization (WHO) guidelines®® recommend
either of the nonnucleotide reverse transcriptase inhibitors
(NNRTIs) efavirenz or nevirapine as a component of first-line
HAART regimens for resource-limited countries. In contrast, the
International AIDS Society—United States guidelines,”"' the
United States Department of Health and Human Services,'' and
the British HIV Association guidelines'? prefer efavirenz-based
first-line HAART regimens over nevirapine-based ones.

Although clinical trials and previous Cochrane reviews of
clinical trials'*'> have shown noninferiority of nevirapine-
based HAART regimens to efavirenz-based ones, the findings
of many observational studies and recent systematic reviews and
meta-analyses contradict those studies. In these observational
studies and systematic reviews, patients treated with efavirenz-
based HAART regimens showed better immunologic recov-
ery,'®'® better virologic outcomes,'®?" better adherence,”' less
probability of developing treatment failure,'®?' longer time to
treatment failure,”"** and lower chance of AIDS-defining ill-
ness'® than patients treated with nevirapine-based regimens.

In sub-Saharan Africa, despite the wide use of efavirenz- and
nevirapine-based HAART regimens, studies on the long-term
effectiveness of these 2 NNRTI regimens are limited.?"***
Similarly, in Ethiopia, despite the wide use of first-line HAART
regimens containing efavirenz and nevirapine for a decade, no
study has directly compared their treatment outcomes. Due
to the limited accessibility of HIV viral load assays and scarce
availability of second-line drugs, evidence regarding the com-
parative efficacy of these 2 NNRTI-based first-line HAART
regimens is highly valuable to determine the most effective
treatment options for future use.

This study compared treatment outcomes of nevirapine- and
efavirenz-based HAART regimens in terms of likelihood of
immunologic recovery using CD4 cell counts of 200 cells/
mm?, 350 cells/mm>, and 500 cells/mm> as cutoff points;
hazard of immunologic failure; clinical failure; treatment fail-
ure; and time to occurrence of immunologic recovery.

Materials and Methods
Patients and Study Setting

Since 2005, Adama Referral Hospital, located 100 km southeast
from the Ethiopian capital of Addis Ababa, has been providing a
free ART service as part of the National AIDS Control Program
in the country. This hospital provides clinical care, including
laboratory and pharmacy services. Before January 2008, first-
line HAART regimens containing either nevirapine or efavirenz

in combination with lamivudine plus stavudine or lamivudine
plus zidovudine were used. After January 2008, in addition to
lamivudine plus stavudine or lamivudine plus zidovudine, teno-
fovir plus lamivudine was started as a component of first-line
HAART regimens. The doses of specific drugs in HAART regi-
mens were as follows: stavudine 30 mg twice daily; zidovudine
300 mg twice daily; lamivudine 150 mg twice daily; nevirapine
200 mg once daily for first 14 days, then 200 mg twice daily;
tenofovir 300 mg once daily; and efavirenz 600 mg once daily.
In this study, in order to minimize the heterogeneity of HAART
regimens, data were extracted from the medical records of
patients started on nevirapine- and efavirenz-based HAART
regimens from after January 2008 up to August 2012.

Study inclusion criteria were treatment-naive adult HIV
patients (age >18 years), patients receiving treatment follow-
up at least for 6 months, and patients with a pretreatment
CD4 cell count of <350 cells/mm?; exclusion criteria involved
patients whose ART intake record and/or follow-up format was
lost and patients who transferred out, whose regimen was chan-
ged, or who were lost to follow-up before the first CD4 cell
count measurement.

During extraction of the medical records, initially the med-
ical records of antiretroviral-naive adult patients started on
nevirapine- and efavirenz-based HAART regimens were iso-
lated. Then, those patients fulfilling inclusion criteria were
arranged in ascending order by their card number for both
nevirapine- and efavirenz-based regimens separately. Finally,
a systematic sampling technique was used to identify specific
patients included in this study.

Study Design

This was a hospital-based retrospective cohort study. See
Table 1 for definitions of terms used.

Study Variables

The primary study outcome was treatment failure, while the
secondary outcomes included immunologic recovery, immuno-
logic failure, and clinical failure. Patients who developed treat-
ment failure, regimen change, loss to follow-up, or transfer out
were censored, while those who developed secondary out-
comes were followed up to the occurrence of a primary out-
come or end of the study (April 10, 2013).

Time to the first occurrence of any of these outcomes was
calculated by subtracting the date of the HAART regimen
initiation from the date the event occurred. Predictor variables
were coded into discrete categories: NNRTI (efavirenz vs
nevirapine), HAART backbone (zidovudine + lamivudine vs
stavudine + lamivudine and tenofovir + lamivudine vs stavu-
dine + lamivudine), CD4 count category (<200 vs >200 cells/
mm3, <350 vs >350 cells/mm3, and <500 vs >500 cells/mm3),
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Table I. Definition of Terms Used.

Advanced disease: Refers to the group of opportunistic infections
categorized under World Health Organization (WHO) clinical
stage Il or IV.

Antiretroviral-naive patient: A patient with no previous history of
taking a highly active antiretroviral therapy (HAART) regimen.

Clinical failure: The occurrence of new or recurrence of advanced
disease.

Functional status: Categorized as working (patients able to perform
usual work in or out of the house), ambulatory (patients able to
perform activities of daily living but not able to work), or bedridden
(patients not able to perform activities of daily living).

Immunological failure: A drop in the CD4 count value below
baseline (pretreatment value) or a drop of more than half from
treatment peak value.

Lost to follow-up: A patient who has missed any drug pick-up
appointment.

Regimen change: A switch from first-line regimen containing
nevirapine and efavirenz to another regimen not containing nevir-
apine or efavirenz, respectively.

Treatment failure: The occurrence of clinical failure or
immunologic failure or confirmed virologic failure.

sex (male vs female), age (>40 vs <40 years), WHO clinical
stage (3 or 4 vs 1 or 2), and functional status (working vs bed-
ridden or ambulatory).

Data Analysis

The baseline characteristics of patients were compared by using
the y? test for categorical variables and 2-sample ¢ test for contin-
uous variables. The proportional hazards assumption was
checked by Schoenfeld residuals. Cox proportional hazards
regression was used to model the individual and simultaneous
effect of NNRTI, HAART backbone, sex, age, baseline clinical
stage, and functional status. Any predictor having significant
association with treatment outcomes at the 25% level in unad-
justed analysis and fulfilled proportional hazards assumption was
included in adjusted analysis. Cox proportional hazards regres-
sion analysis was used to compare NNRTI difference in the like-
lihood of immunologic recovery and hazard of immunologic
failure, clinical failure, and treatment failure after adjusting for
other potential determinants. The time to immunologic recovery
and treatment failure was estimated by Kaplan-Meier plot and
compared with the log-rank test. In multivariate analysis and
log-rank test, statistical significance was attained if P < .05. All
P values were 2-tailed. Analysis was performed using STATA
version 11.0 software (StataCorp LP, College Station, Texas).

Results
Patient Characteristics

A total of 1064 patients (532 each for nevirapine-based and
efavirenz-based regimen) were retrospectively followed for a

total of 5 years and achieved a mean of 2.55 years and 2.32 years
respectively. At the time of enrollment, 594 (55.83%) of patients
were female, 229 (21.52%) had advanced WHO clinical disease
(stage 3 or 4), 733 (68.89%) were enrolled with a CD4 count less
than 200 cellsymm?, and 331 (31.11%) were enrolled in the
upper CD4 count stratum (CD4 cell count value between 201
and 350 cells/mm?). Baseline CD4 cell count and sex distribu-
tion of patients exposed to both nevirapine- and efavirenz-
based regimens were similar at the beginning of follow-up,
while the other baseline characteristics (age, WHO stage, and
functional status) were not uniformly distributed (Table 2).

Immunologic Recovery

After adjusting for other potential predictors, efavirenz-based
regimens showed more likelihood of immunologic recovery,
whether defined as a CD4 cell count of >200 cells/mm?® (P =
.002), >350 cells/mm® (P = 0.003), or >500 cells/mm® (P =
0.001) (Table 3).

The comparison of time to reach CD4 cell count >200 cells/
mm° by Kaplan-Meier plot showed overlap between the 2 regi-
mens, indicating a similar time for both regimens to reach a
CD4 cell count >200 cells/mm® (Figure 1). However, this dif-
ference was statistically significant (log rank, P = .021). In the
Kaplan-Meier plot of time to achieve CD4 cell counts >350
cellsymm® and >500 cells/mm?®, the curve representing
efavirenz-based regimens was completely above the curve for
nevirapine-based regimes for most of follow-up period, indi-
cating a significant difference in time to immunologic recovery
(log rank, P = .001 and .0001, respectively) (Figures 2 and 3).
At all these CD4 cell count cutoff points, efavirenz-based regi-
mens showed faster immunologic recovery compared with
nevirapine-based regimens.

Treatment Failure

In nevirapine-based regimens, there were 128 cases of treat-
ment failure (112 immunologic failures, 29 cases of clinical
failure, and 13 cases of both immunologic and clinical failure).
Of all cases of treatment failure in nevirapine-based regimens,
3 were confirmed as virologic failure besides immunologic and
clinical failure. On the other hand, there were 93 cases of treat-
ment failure (72 immunologic failures, 23 cases of clinical fail-
ure, and 2 cases of both immunologic and clinical failure) in
efavirenz-based regimens.

The incidence of treatment failure in nevirapine- and
efavirenz-based regimens was 10.96 per 100 person-years and
6.96 per 100 person-years, respectively. Compared with
nevirapine-based regimens, in efavirenz-based regimens, the
hazard ratio (HR) of treatment failure was lower (adjusted
HR = 0.66 [95% CI, 0.49-0.88], P = .005), as displayed in
Table 3. Moreover, in the Kaplan-Meier plot of time to
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Table 2. Baseline Characteristics of Patients at the Initiation of Nevirapine- and Efavirenz-Based Highly Active Antiretroviral Therapy Regimens.

Characteristic Nevirapine Group (n = 532) Efavirenz Group (n = 532) P Value®
Sex .902
Female 298 (56.02) 296 (55.64)
Male 234 (43.98) 236 (44.36)
Age, mean, y 34.77 36.12 017
Baseline CD4 count, mean 152.89 152.06 .876
Initial NRTI backbone .001
Stavudine-lamivudine 283 (53.19) 264 (49.62)
Zidovudine-lamivudine 174 (32.71) 55 (10.34)
Tenofovir-lamivudine 75 (14.10) 213 (40.04)
Functional status .001
Working 478 (89.85) 375 (70.49)
Bedridden or ambulatory 54 (10.15) 157 (29.51)
WHO stage .001
lorll 384 (71.18) 451 (84.77)
llor IV 148 (27.82) 81 (15.23)

Values are presented as number (%) unless otherwise indicated. NRTI, nucleotide reverse transcriptase inhibitor; WHO, World Health Organization.
*Pearson ” test was used for categorical variables and the 2-sample t test was used for continuous variables.

Table 3. Cox Proportional Hazards Regression of Factors Associated With Treatment Outcomes Measured by NNRTI Component of First-

Line Highly Active Antiretroviral Therapy Regimens.

Treatment Outcome NNRTI Unadjusted HR (95% ClI) P Value Adjusted HR (95% ClI) P Value®
CD4 count >200 cells/mm? Nevirapine I |

Efavirenz 1.20 (1.02-1.41) .027 1.31 (1.05-1.59) .002
CD4 count >350 cells/mm? Nevirapine | |

Efavirenz 1.29 (1.10-1.50) .001 1.26 (1.08-1.47) .003
CD4 count >500 cells/mm? Nevirapine | |

Efavirenz 1.53 (1.25-1.87) .001 1.95 (1.57-2.41) .001
Immunologic failure Nevirapine I |

Efavirenz 0.70 (0.52-0.95) .020 0.62 (0.45-0.86) .004
Clinical failure Nevirapine |

Efavirenz 1.15 (0.66-2.01) b —
Treatment failure Nevirapine I |

Efavirenz 0.72 (0.03-0.74) 019 0.66 (0.49-0.88) .005
Cl, confidence interval; HR, hazard ratio; NNRTI, nonnucleotide reverse transcriptase inhibitor; —, Not Applicable.

?Adjusted HRs included adjustments for sex, age, baseline CD4 counts, baseline World Health Organization clinical stage, and baseline functional status.
®No adjusted HR was calculated because NNRTI was not associated with the outcome variable to the specified 25% level in unadjusted analysis.

treatment failure, the curve representing nevirapine-based regi-
mens was above the curve of efavirenz-based regimens, indi-
cating a significant difference in time to treatment failure
(log rank, P = .019) (Figure 4).

Discussion

The study compared the treatment outcomes of nevirapine- and
efavirenz-based regimens among antiretroviral-naive adult
HIV patients who started HAART regimens at Adama Referral
Hospital from January 2008 to August 2012. A total of 532 HIV
patients from both nevirapine- and efavirenz-based regimens
were retrospectively followed for a total of 5 years and attained

1358.75 person-years and 1235.17 person-years, respectively.
At the time of HAART initiation, patients in both groups had
similar sex distribution and average baseline CD4 cell count.
Nevirapine-based regimens showed a lower likelihood of
immunologic recovery at all CD4 cell count cutoff points of
200 cells/mm?, 350 cells/mm?, and 500 cells/mm”. This finding
was consistent with the HIV-CAUSAL Collaboration study,'®
which identified an 11-cell/mL smaller increase in CD4 cell
in nevirapine-based regimens (HR = —11.49 [95% CI, —18.13
to —4.86). Similarly, the Italian Cohort Naive Antiretroviral
Study'® and study of Veterans Affairs patients'’ also identified
more immunologic recovery in efavirenz-based regimens,
although their result was less robust (P = .05 and .09,
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Figure |. Kaplan-Meier estimates of time to achieve CD4 count >200
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Figure 2. Kaplan-Meier estimates of time to achieve CD4 count >350
cells/mm? among nevirapine- and efavirenz-based highly active anti-
retroviral therapy (HAART) regimens.

respectively). However, other studies'**

reported similar
immunologic recovery in both efavirenz- and nevirapine-
based regimens. The possible reason for this inconsistency may
be related to shorter follow-up period or smaller sample size of

antiretroviral-naive participants in those studies.
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Figure 4. Kaplan-Meier estimates of time to treatment failure among
nevirapine- and efavirenz-based highly active antiretroviral therapy
(HAART) regimens.

During the follow-up period, the hazard ratio of clinical fail-
ure (HR = 1.15 [95% CI, 0.66-2.01]) was similar in both efa-
virenz- and nevirapine-based regimens. This finding is
consistent with the results reported in a study conducted in
Senegal (HR = 1.25 [95% CI, 0.61-2.58]).>* However, the
HIV-CAUSAL Collaboration study'® identified more AIDS-
defining illness in nevirapine-based regimens (HR = 1.28
[95% CI, 1.09-1.50]). This inconsistency may be related to
study design; in the latter case, the occurrence of AIDS-
defining illness was prospectively followed, while in a
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retrospective record review (in the case of this study), these ill-
nesses may not have been recorded or even diagnosed.

The overall incidence rate of treatment failure in this study
was very low (0.09 events/person-years) compared with the Ita-
lian Cohort Naive Antiretrovirals Study (0.33 events/person-
years).'® The most likely explanation for this difference may
be related to the poor sensitivity of WHO treatment failure cri-
teria used in this study, since most treatment failures in the Ita-
lian Cohort Naive Antiretrovirals Study were not confirmed
with viral load determination or the presence of drug-
experienced patients at initiation of NNRTI-based regimens,
which may have increased the rate of treatment failure.

In this study, efavirenz-based regimens showed a lower risk
of treatment failure (HR = 0.66 [95% CI, 0.49-0.88]). This
finding is consistent with those studies that defined treatment
failure using virological load determination.'®*'** Moreover,
nevirapine-based regimens showed shorter time to the occur-
rence of treatment failure (P = .019); this is also consistent
with other studies.*'**

Compared with previous studies, this study used a sufficient
number of antiretroviral-naive HIV participants. The limitations
of this study included the absence of viral load measurement for
confirmation of suspected immunologic failure or clinical fail-
ure, which may underestimate the rate of treatment failure and
individual variations in the diagnosis of AIDS-defining illness.

Conclusion

Although the results of this retrospective study should be inter-
preted with caution, initial efavirenz-based HAART regimens
were associated with superior immunologic recovery and lower
hazard of treatment failures compared with nevirapine-based
regimens. Therefore, further longitudinal study, ideally a pro-
spective cohort study, should be conducted at the national level
for the determination of a preferred NNRTI component of
HAART regimens in Ethiopia.
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