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Background: Atazanavir boosted with ritonavir (ATV/r) and efavirenz (EFV) are both 
recommended as fi rst-line therapies for HIV-infected patients. We compared the 
2 therapies for virologic effi cacy and immune recovery. Methods: We included all 
treatment-naïve patients in the Swiss HIV Cohort Study starting therapy after May 
2003 with either ATV/r or EFV and a backbone of tenofovir and either emtricitabine 
or lamivudine. We used Cox models to assess time to virologic failure and repeated 
measures models to assess the change in CD4 cell counts over time. All models 
were fi t as marginal structural models using both point of treatment and censoring 
weights. Intent-to-treat and various as-treated analyses were carried out: In the 
latter, patients were censored at their last recorded measurement if they changed 
therapy or if they were no longer adherent to therapy. Results: Patients starting EFV 
(n = 1,097) and ATV/r (n = 384) were followed for a median of 35 and 37 months, 
respectively. During follow-up, 51% patients on EFV and 33% patients on ATV/r 
remained adherent and made no change to their fi rst-line therapy. Although intent-
to-treat analyses suggest virologic failure was more likely with ATV/r, there was no 
evidence for this disadvantage in patients who adhered to fi rst-line therapy. Patients 
starting ATV/r had a greater increase in CD4 cell count during the fi rst year of therapy, 
but this advantage disappeared after one year. Conclusions: In this observational 
study, there was no good evidence of any intrinsic advantage for one therapy over 
the other, consistent with earlier clinical trials. Differences between therapies may 
arise in a clinical setting because of differences in adherence to therapy. Key words: 
antiretroviral therapy, CD4, epidemiology, protease inhibitors, reverse transcriptase 
inhibitors, viral load

Atazanavir boosted with ritonavir (ATV/r) 
and efavirenz (EFV) are both recommended 
 as once-daily fi rst-line therapies for HIV-

infected patients when combined with 2 nucleoside 
reverse transcriptase inhibitors (NRTIs).1,2

AIDS Clinical Trials Group (ACTG) A5202 was 
the fi rst adequately powered randomized trial 
comparing EFV and ATV/r.3 Trial results suggest 
that there are no important clinical differences 
between these 2 drugs when both are used in 
combination with the preferred NRTI backbone of 

tenofovir (TDF) and emtricitabine (FTC). Slightly 
greater increases in CD4 cell count were reported 
at both 48 and 96 weeks with ATV/r, albeit of 
unknown clinical relevance. The results were 
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broadly in line with earlier smaller studies; typi-
cally patients in these studies were followed for 
only 48 weeks.4-6

ACTG 5202 has 2 important limitations. First, 
the trial was open-label. Second, around one-third 
of the patients in each arm modifi ed or discontin-
ued treatment during this trial. These limitations 
complicate claims of equivalence between the 
2 therapies. As more patients switch from their 
randomized therapy to the other therapy, any 
differences between therapies are reduced in an 
intent-to-treat analysis so that the 2 therapies are 
more likely to be seen as equivalent.7

We aim to mimic ACTG 5202 using data from the 
Swiss HIV Cohort Study (SHCS), comparing the 2 
therapies for virologic effi cacy and immunologic 
recovery in a clinical practice setting. Our study 
builds on an earlier intent-to-treat analysis of SHCS 
data where treatment-naïve patients starting differ-
ent fi rst therapies, including EFV and ATV/r both 
with TDF and FTC, were compared after one year 
of follow-up.4 We consider similar outcomes but 
extend the period of follow-up. We also report as-
treated analyses using inverse probability weights 
to adjust for the informative censoring that could 
arise when patients stop taking a fi rst therapy.

METHODS

Patients

The SHCS is a prospective cohort study with 
continuing enrollment of HIV-infected adults.8 
Our population of interest includes all treatment-
naïve patients starting first-line therapy with 
either ATV/r or EFV and a backbone of TDF and 
either FTC or lamivudine (3TC) after May 2003, 
when questions on adherence became part of 
routine follow-up in the SHCS. Pregnant women 
were excluded from our population, because for 
most of this period EFV was not recommended 
for use in pregnancy. Our sample included all 
patients from this population with at least one 
HIV RNA viral load measurement within 6 
months before starting therapy and at least one 
CD4 cell count measurement between 6 months 
before and 3 months after starting therapy. Hence 
the baseline CD4 cell count was measured up to 3 
months after starting therapy for some patients; 
without this compromise, such patients would be 
excluded from our analyses.

Both intent-to-treat and as-treated analyses were 
carried out. In intent-to-treat analyses, we followed 
patients from the start of therapy until their last 
recorded laboratory measurement to date (admin-
istrative censoring). In 3 different as-treated analy-
ses, we censored measurements (1) after a patient 
started or stopped any protease inhibitor (PI) or 
non-nucleoside reverse transcriptase inhibitor 
(NNRTI); (2) after a patient started or stopped any 
component of antiretroviral therapy; or (3) after 
either a patient’s last report of adherence to fi rst-
line therapy or any change to the patient’s therapy, 
whichever came fi rst.

Adherence to treatment was evaluated through 
patient self-report. A patient was considered non-
adherent if he or she missed more than one dose 
in the last month. If adherence was not recorded, 
nonadherence was assumed as missing adherence 
data have been shown to be informative with an 
effect similar to that of nonadherence.9

Outcomes

We defi ned virologic failure as in ACTG 5202: a 
viral load ≥1,000 copies/mL at or after 16 weeks 
from the start of therapy or ≥200 copies/mL at or 
after 24 weeks. In the trial, these measurements 
had to be confi rmed; in our study, we required 
failure due to a viral load ≥200 copies/mL to be the 
fi rst of 2 consecutive measurements ≥200 copies/
mL regardless of the time between these 2 mea-
surements. We did not require confi rmation of fail-
ure if it was due to a viral load ≥1,000 copies/mL, 
because such a high viral load was unlikely to be 
an artifactual measurement.10 We also estimated 
the difference between the 2 therapies in the pro-
portion of patients with a viral load below 50 cop-
ies/mL at both 48 and 96 weeks, as in ACTG 5202.

Immunologic recovery was assessed by estimat-
ing the difference over time between the 2 therapies 
in mean CD4 cell count. We modelled this differ-
ence between therapies as a linear increase per year 
but with a change in slope at one year, because an 
earlier comparison between EFV and lopinavir 
suggested that differences between therapies may 
vary over time.11 The model we fi t implies that the 
mean CD4 cell count for a patient on ATV/r at a 
given point in time increases linearly with cumula-
tive treatment at a certain slope until one year of 
cumulative treatment and at another slope after 
one year of cumulative treatment, relative to the 
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depression or psychiatric illness, diabetes, hyper-
tension, chronic hepatitis B or hepatitis C infection, 
estimated glomerular fi ltration rate (eGFR, based 
on the Chronic Kidney Disease Epidemiology 
Collaboration formula16), viral load, and CD4 cell 
count both at baseline and time updated. Time-
invariant covariates and covariates measured at 
baseline were used to construct point of treatment 
weights; an indicator for therapy and all covariates, 
except the number of years since 2003 and cohort 
center, were used to construct censoring weights 
(even for intent-to-treat analyses). Although fi rst-
line therapy seems to vary between cohort centers,4 
we assumed that common reasons for changing 
therapy – such as adverse events, the failure of 
therapy, or patient preferences – would be inde-
pendent of time and place.

We report 3 sets of results for each analysis. 
The fi rst set of results uses unstabilized weights; 
extreme weights were excluded by truncating 
these at the value of the 1st or 99th percentile if 
below or above this value, respectively.17 Regres-
sion models were then fi t without baseline covari-
ates, so that the effects of therapy estimated by Cox 
or logistic models were equivalent to the effects 
typically estimated in a randomized controlled 
trial18 and, in addition, were not subject to a small 
sample bias that can arise when many parameters 
are estimated from relatively few events.19 The 
second set of results uses unstabilized weights 
without truncation. The third set of results uses sta-
bilized weights with truncation; however weights 
were found from a reduced set of variables thought 
to strongly infl uence censoring: female gender, 
IDU, depression, diabetes, hepatitis B, eGFR, viral 
load, and CD4 cell count. Of the 3 sets of results, 
the second set is likely to be the least biased but the 
most variable, whereas the third set is likely to be 
the most biased but the least variable.15,17-19

We also carried out 3 additional sensitivity 
analyses. First, we excluded censoring weights 
from intent-to-treat analyses where patients were 
administratively censored – a process that was 
probably independent of the therapy received. Sec-
ond, we analyzed a square root transformation of 
CD4 cell count, because the transformed CD4 cell 
count should more closely approximate a normal 
distribution as required by our model.20 Finally, 
we considered whether CD4 cell count when start-
ing therapy was an effect modifi er by adding an 
interaction term between therapy and an indicator 
of whether patients had a CD4 cell count above or 

mean CD4 cell count for a patient on EFV at the 
same point in time.12,13

Viral load and CD4 cell count were measured at 
routine follow-up visits scheduled every 6 months, 
but measurements were also made between cohort 
visits and both routine and nonroutine measure-
ments were used in our analyses.

Statistical Analyses

We used a discrete time version of the Cox pro-
portional hazards model to assess time to virologic 
failure, a logistic regression model to estimate the 
difference between the 2 therapies in the propor-
tion of patients with a viral load below 50 copies/
mL at both 48 and 96 weeks, and a repeated mea-
sures model for the difference between therapies 
in CD4 cell count over time. Note that this discrete 
time version of the Cox model included an offset to 
adjust for variation in the time between consecu-
tive measurements.14 All models were fi t as mar-
ginal structural models using inverse probability 
weights for confounder control12,13,15: Point of treat-
ment weights were used to adjust for differences in 
the characteristics of patients starting each therapy, 
and censoring weights were used to adjust for dif-
ferences in the characteristics of patients remain-
ing on each therapy over time. Time- dependent 
intercepts were fi t using cubic splines: For the 
Cox model, this provided the nonparametric base-
line hazard function15; for the repeated measures 
model, this provided a fl exible model of the mean 
CD4 cell count over time under the reference 
therapy.12 In the logistic regression model, censor-
ing weights were used to adjust for differences in 
the characteristics of patients with and without a 
measurement within a window of plus or minus 3 
months from the index date (48 or 96 weeks).

The inverse probability weights were estimated 
using logistic regression with covariates that poten-
tially infl uence outcome as well as determine the 
choice of fi rst-line therapy, the decision to change 
therapy, or adherence to therapy. The covari-
ates were (1) female gender, Caucasian ethnicity, 
intravenous drug use (IDU) as the likely mode of 
HIV transmission; (2) age, time since diagnosis, 
cohort center (categorized as private clinics, small 
hospitals, large hospitals in the French-speaking 
part of Switzerland, large hospitals in the German-
speaking part), and the number of years since 2003 
all at baseline; and (3) advanced HIV infection 
(CDC group C), IDU or methadone substitution, 
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below 200 cells/mm3 when starting therapy. This 
seems an important threshold below which lasting 
damage to the immune system may occur such that 
immunologic recovery is impeded.21-24

For each analysis, we report estimates and their 
95% confi dence intervals (CI) with EFV as the 
reference therapy. We use SAS version 9.2 (SAS 
Institute Inc., Cary, NC) for analyses and R version 
2.15.2 (R Foundation for Statistical Computing, 
www.r-project.org) for graphics.

RESULTS

Patient Characteristics

As of January 2013, 1,681 patients in the SHCS 
started fi rst-line therapy with either EFV or ATV/r 
and a backbone of TDF and either FTC or 3TC. 
We excluded 10 women who were pregnant when 
starting therapy and 26 women who became preg-
nant during follow-up. Of the remaining 1,645 
patients, 1,481 (90%) had at least one viral load 
measurement within 6 months before starting 
therapy and at least one measurement of CD4 cell 
counts between 6 months before and 3 months 
after starting therapy. Compared with patients 
starting EFV (n = 1,097), those starting ATV/r (n = 
384) were more likely to have been infected with 
HIV through IDU, suffered from depression or 
psychiatric illness, or were co-infected with chronic 
hepatitis B or hepatitis C (Table 1).

These 1,481 patients were followed for a total of 
4,881 person-years, with a median follow-up of 35 
and 37 months for patients starting EFV and ATV/r, 
respectively. During this time, 17,361 viral load mea-
surements were made, with a median time between 
measurements of 3.0 months (interquartile range 
[IQR], 2.5 to 4.0) and 2.9 months (IQR, 2.3 to 3.8) for 
patients starting EFV and ATV/r, respectively.

During the study, 637 (58%) patients on EFV and 
172 (45%) patients on ATV/r stayed on the main 
component of their therapy until the end of follow-
up; median times on this main component were 
21 and 20 months for patients starting EFV and 
ATV/r, respectively. At the end of follow-up, 612 
(56%) patients on EFV and 150 (39%) patients on 
ATV/r were still on their fi rst-line therapy; median 
times on fi rst-line therapy were 20 and 17 months 
for patients starting EFV and ATV/r, respectively. 
Furthermore, 558 (51%) patients on EFV and 127 
(33%) patients on ATV/r remained adherent to 
their fi rst-line therapy until the end of follow-up; 

Characteristic
EFV 

(n = 1,097)
ATV/r 

(n = 384)

FTC as second nucleoside 
reverse transcriptase 
inhibitor, % 

85 90

Median HIV RNA, log10 
copies/mL

4.7 4.8

HIV RNA <100,000 copies/
mL, %

 67  63

Median CD4 cell count, 
cells/mm3

268 248

CD4 cell count ≥200 cells/
mm3, %

 70  65

Median age, years  40  41
Female gender, %  18  22
Caucasian ethnicity, %  76  82
Intravenous drug use 

as the likely mode of 
transmission, %

 6  17

Median time since HIV 
diagnosis, years

 1.4  1.8

Advanced HIV infection, %  12  12
Chronic hepatitis B or 

hepatitis C infection, %
 13  25

Diabetes, %  4  2
Hypertension, %  22  21
Depression or psychiatric 

problem, %
 13  19

Median estimated 
glomerular fi ltration rate, 
mL/min/1.73 m2

104 104

Year therapy started, %

2003-2007
2008-2013

 34
 66

 33
 67

Center, %

Large hospitals, German-
speaking part of 
Switzerland

Large hospitals, French-
speaking part of 
Switzerland

Small hospitals
Private clinics

 42

 22

 4
 32

 57

 12

 4
 27

Table 1. Patient characteristics when starting 
fi rst-line therapy with either efavirenz (EFV) or rito-
navir-boosted atazanavir (ATV/r) and a backbone of 
tenofovir and either emtricitabine (FTC) or lamivudine

median times on fi rst-line therapy while reporting 
adherence to that therapy were 19 and 16 months 
for patients starting EFV and ATV/r, respectively.
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Around 48 weeks, viral load measurements were 
available in 949 (87%) and 322 (84%) patients start-
ing EFV and ATV/r, respectively; values for 96 
weeks were 763 (70%) and 282 (73%), respectively. 
Data were missing largely due to early administra-
tive censoring (75% and 89% of patients with miss-
ing measurements at 48 and 96 weeks, respectively). 
Among patients with available viral load measure-
ments, 865 (91%) and 283 (88%) patients starting 
EFV and ATV/r, respectively, had a viral load below 
50 copies/mL at 48 weeks; values at 96 weeks were 
702 (92%) and 251 (89%), respectively. In intent-to-
treat analyses, the proportion of patients with a viral 
load below 50 copies/mL at 48 weeks was lower 
for patients starting ATV/r (odds ratio [OR], 0.67; 
95% CI, 0.46 to 0.99) and perhaps lower at 96 weeks 
as well (OR, 0.71; 95% CI, 0.46 to 1.10) (Table 3). In 
 as-treated analyses, differences between therapies at 
weeks 48 and 96 were similar, but estimates became 
less precise (with wider confi dence intervals) as 
more patients were censored in these analyses.

Immunologic Response

In intent-to-treat analyses, patients starting 
ATV/r had an estimated difference in CD4 cell 
count of 44 (95% CI, 3 to 85) cells/mm3 during 
the first year of therapy, which was followed by 
a difference of -18 (95% CI ,-31 to -4) cells/mm3 
for each additional year of therapy (Table 4). 

Among the 485 (44%) patients on EFV and 
234 (61%) patients on ATV/r who changed 
their fi rst-line therapy, changes often took place 
quickly with a median time to a fi rst change of 
10 and 12 months, respectively. Treatment was 
interrupted in 155 (14%) patients on EFV and 
79 (21%) patients on ATV/r. Among those who 
switched to other regimens, patients starting EFV 
typically switched to a PI (143; 13%), to another 
NNRTI (75; 7%) or to an integrase inhibitor (23; 
2%), whereas patients starting ATV/r typically 
switched to another PI (42; 11%), to an NNRTI 
(45; 12%), or replaced tenofovir with abacavir 
(22; 6%).

Virologic Failure

In an intent-to-treat analysis, 109 (10%) of 1,097 
patients starting EFV experienced virologic failure 
with a median time to failure of 17 months; 56 (15%) 
of 384 patients starting ATV/r experienced virologic 
failure with a median time to failure of 17 months. 
There was a tendency for patients starting ATV/r 
to have a higher risk of virologic failure (hazards 
ratio [HR], 1.34; 95% CI, 0.93 to 1.93) (Table 2, Figure 
1). However, this possible difference between the 2 
therapies was not apparent in as-treated analyses 
(HR, 0.96; 95% CI, 0.47 to 1.94) when patients were 
censored after last reporting adherence to fi rst-line 
therapy.

Table 2. Estimates of the relative effect of therapy on time to virologic failure when patients start fi rst-
line therapy with either efavirenz or ritonavir-boosted atazanavir and a backbone of tenofovir and either 
emtricitabine or lamivudine

HR (95% CI)

Censoring type

Truncated 
unstabilized 

weights
Full unstabilized 

weights

Truncated 
stabilized 
weights

Administrative censoring (intent-to-treat) a 1.34 (0.93, 1.93) 1.44 (0.96, 2.16) 1.36 (0.97, 1.90)

Censored after change to main component 1.37 (0.75, 2.48) 1.33 (0.73, 2.42) 1.48 (0.80, 2.69)

Censored after change to any component 1.42 (0.78, 2.59) 1.36 (0.74, 2.49) 1.57 (0.85, 2.92)

Censored after last report of adherence to fi rst-line 
therapy

0.96 (0.47, 1.94) 0.92 (0.45, 1.87) 0.97 (0.47, 2.03)

Note: Each estimate is a hazard ratio (HR) and its 95% confi dence interval (CI) with efavirenz as the reference therapy.
a Intent-to-treat estimates: without censoring weights, 1.26 (0.89-1.77); no weights but adjusted for baseline covariates, 1.41 

(1.01-1.97); no weights and no baseline covariates, 1.52 (1.10-2.10).
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These estimates of the relative effect of therapy 
suggested that patients starting ATV/r had 
greater early increase in CD4 cell count, but this 
advantage then disappeared. Figure 2 suggests 
that any differences between EFV and ATV/r 
in CD4 cell count over time are not clinically 
important.

As-treated analyses and analyses with different 
weights showed the same pattern, which was a 
greater increase in CD4 cell count with ATV/r in 
the fi rst year of therapy that was then attenuated 
beyond one year.

Sensitivity Analyses

In sensitivity analyses, if censoring weights 
were excluded from intent-to-treat analyses, dif-
ferences between therapies were slightly reduced 
for both virologic efficacy and immunologic 
recovery (see footnotes to Tables 2, 3 and 4). We 
did not have suffi cient power to draw conclusions 
from our interaction model about whether differ-
ences in CD4 cell count between therapies depend 
on the CD4 cell count when starting  therapy. 
Modelling square root transformed CD4 cell 

count gave results that again suggested greater 
early increases in CD4 cell count with ATV/r. 
With square root transformed CD4 cell counts, 
the difference between therapies must be calcu-
lated from model parameters but that calculation 
implied an additional increase after one year on 
ATV/r of 31, 53, or 7 cells/mm3 above an expected 
CD4 cell count of 459, 447, or 461 cells/mm3 for 
patients on EFV (using truncated unstabilized, 
full unstabilized, or truncated stabilized weights, 
respectively).

DISCUSSION

We compared EFV and ATV/r with a common 
backbone of TDF and either FTC or 3TC, 2 of the 
most frequently used fi rst-line therapies in the 
SHCS. While intent-to-treat analyses suggested 
that virologic failure was more likely with ATV/r, 
there was no evidence for this disadvantage in 
patients who adhered to therapy. Our data were 
consistent with greater early increases in CD4 cell 
count for patients on ATV/r, but there was no 
good evidence of any long-term advantage for one 
therapy or the other.

0.00

0.25

0.50

0.75

1.00

0 20 40 60 80 100
Time since starting therapy, months

P
ro

ba
bi

lit
y 

of
 n

o 
vi

ro
lo

gi
ca

l f
ai

lu
re

EFV
ATV/r

1097  713  418  217   66    6
 384  264  143   69   16    0

EFV
ATV/r

Numbers at risk

Figure 1. Intent-to-treat Kaplan Meier curves of virologic failure for patients 
starting fi rst-line therapy with either efavirenz (EFV) or ritonavir-boosted atazana-
vir (ATV/r) and a backbone of tenofovir and either emtricitabine or lamivudine.
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Table 3. Estimate of the relative effect of therapy on proportion of patients with a viral load below 50 copies/
mL at 48 and 96 weeks when patients start fi rst-line therapy with either efavirenz (EFV) or ritonavir-boosted 
atazanavir (ATV/r) and a backbone of tenofovir and either emtricitabine or lamivudine.

OR (95% CI)

Censoring type, patients remaining in the analysis

Truncated 
unstabilized 

weights
Full unstabilized 

weights
Truncated 

stabilized weights

48 weeks

Administrative censoring (intent-to-treat) a, 
EFV (n = 949), ATV/r (n = 322)

0.67 (0.46, 0.99) 0.67 (0.46, 0.97) 0.71 (0.48, 1.05)

Censored after change to main component,
EFV (n = 755), ATV/r (n =255)

0.61 (0.39, 0.95) 0.96 (0.63, 1.45) 0.59 (0.37, 0.94)

Censored after change to any component,
EFV (n = 738), ATV/r (n = 242)

0.51 (0.33, 0.80) 0.80 (0.53, 1.22) 0.52 (0.33, 0.83)

Censored after last report of adherence to fi rst-line 
therapy, EFV (n = 712), ATV/r (n = 227)

0.74 (0.45, 1.22) 1.17 (0.74, 1.87) 0.72 (0.43, 1.20)

96 weeks

Administrative censoring (intent-to-treat) b, 
EFV (n = 763), ATV/r (n = 282)

0.71 (0.46, 1.10) 0.79 (0.51, 1.21) 0.71 (0.45, 1.12)

Censored after change to main component, 
EFV (n = 557), ATV/r (n = 179)

0.82 (0.35, 1.90) 0.99 (0.43-2.27) 0.78 (0.33-1.87)

Censored after change to any component, 
EFV (n = 535), ATV/r (n = 168)

0.71 (0.30, 1.69) 0.97 (0.42, 2.25) 0.70 (0.29, 1.71)

Censored after last report of adherence to fi rst-line 
therapy, EFV (n = 497), ATV/r (n = 150)

0.66 (0.28, 1.56) 0.85 (0.36, 1.99) 0.59 (0.24, 1.46)

Note: Each estimate is an odds ratio (OR) and its 95% confi dence interval (CI) with efavirenz as the reference therapy.
a Intent-to-treat estimates: without censoring weights, 0.76 (0.50-1.14); no weights but adjusted for baseline covariates, 

0.75 (0.49-1.14); no weights and no baseline covariates, 0.70 (0.47-1.05).
b Intent-to-treat estimates: without censoring weights, 0.74 (0.47-1.17); no weights but adjusted for baseline covariates, 

0.72 (0.45-1.16); no weights and no baseline covariates, 0.70 (0.45-1.11).

In ACTG 5202, the rate of virologic failure for 
both EFV and ATV/r was 52 per 1,000 person-
years during a median follow-up of 2.6 years. In 
our study, the rate of virologic failure was lower: 
33 and 49 per 1,000 patient-years during a median 
follow-up of 3.0 and 3.2 years for patients starting 
EFV and ATV/r, respectively. Hence, in ACTG 
5202, the risk of virologic failure did not differ 
between therapies (HR, 1.01; 95% CI, 0.70 to 1.46); 
in our study, intent-to-treat analyses suggest a dif-
ference between therapies (HR, 1.34; 95% CI, 0.93 
to 1.93), although no difference was apparent in 
patients who adhered to therapy (HR, 0.96; 95% CI, 

0.47 to 1.94). In ACTG 5202, 90% and 84% of those 
starting EFV and ATV/r, respectively, had a sup-
pressed viral load at 48 weeks; values at 96 weeks 
were 91% and 90%, respectively. In our study, 91% 
and 88% of those starting EFV and ATV/r, respec-
tively, had a suppressed viral load at 48 weeks; 
values at 96 weeks were 92% and 89%, respectively. 
Hence in both our study and ACTG 5202, early 
virologic suppression was more likely with EFV 
than with ATV/r.

In the SHCS, ATV/r is often given to patients 
at risk of nonadherence (patients using injection 
drugs or with psychiatric illness), because of its 
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Table 4. Estimates of the relative effect of therapy over time on CD4 cell count when patients start fi rst-
line therapy with either efavirenz or ritonavir-boosted atazanavir and a backbone of tenofovir and either 
emtricitabine or lamivudine

Difference in CD4 cell count, cells/mm3 per year (95% CI)

Truncated unstabilized 
weights Full unstabilized weights

Truncated stabilized 
weights

Censoring type ≤1 year >1 year ≤1 year >1 year ≤1 year >1 year

Administrative censoring (intent-
to-treat) a

44 (3, 85) -18 (-31, -4) 72 (25, 119) -27 (-47, -7) 14 (-8, 36)  -5 (-18, 7)

Censored after change to main 
component

60 (12, 109) -26 (-46, -6) 73 (18, 128) -18 (-57, 21) 26 (4, 48) -14 (-27, -1)

Censored after change to any 
component

73 (25, 122) -26 (-48, 5) 82 (25, 139)  -5 (-60, 50) 37 (13, 58) -15 (-27, -3)

Censored after last report of 
adherence to fi rst-line therapy

64 (15, 113) -21 (-44, 3) 67 (10, 123)   5 (-51, 61) 37 (13, 61) -17 (-29, -4)

Note: Each estimate is the difference between therapies in CD4 cell count per year and its 95% confi dence interval (CI) with 
efavirenz as the reference therapy.

a Intent-to-treat estimates: without censoring weights, ≤1 year 26 (-10, 62), >1 year -12 (-25, 1); no weights but adjusted for base-
line covariates, ≤1 year 12 (-10, 33), >1 year -4 (-16, 7); no weights and no baseline covariates, ≤1 year 9 (-24, 42), >1 year -7 (-20, 6).

Figure 2. CD4 cell count over time for patients starting fi rst-line therapy with either efavirenz (EFV) or 
ritonavir-boosted atazanavir (ATV/r) and a backbone of tenofovir and either emtricitabine or lamivudine. 
The average response curves shown are calculated by the default LOESS function in R version 2.15.2. 
Response curves are shown (A) for the whole study period, and (B) for the fi rst 2 years.
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degrees of adherence in patients on these thera-
pies rather than differences between therapies in 
intrinsic potency.

With respect to immunologic recovery, patients 
on ATV/r in our study had a greater increase in 
CD4 cell count during the fi rst year of therapy, but 
this advantage was not sustained. In ACTG 5202, 
patients on ATV/r also had a greater early increase 
in CD4 cell count, with a difference of 12 cells/
mm3 at 48 weeks. This difference is similar to the 
14 cells/mm3 difference estimated in the fi rst year 
of our study using stabilized weights; of the 3 esti-
mates in Table 4, this estimate is the most precise. 
Our sensitivity analyses of square root transformed 
CD4 cell counts suggest that estimated differences 
between therapies are exaggerated in analyses of 
untransformed CD4 cell counts.

There are other factors to consider when choos-
ing between these 2 fi rst-line therapies. An EFV-
based regimen is simpler to take, as it requires 
fewer pills and it can be taken once daily without 
dietary restrictions. Hence the lower adherence 
we saw in patients on ATV/r could partly be due 
to the fact that this therapy was more diffi cult to 
take. This is consistent with the higher rate (61%) at 
which patients on ATV/r discontinued their fi rst-
line therapy in this study relative to patients on 
EFV (44%). Compared to EFV, ATV/r is associated 
with a greater increase in body fat30 and a greater 
decrease in eGFR when used in combination with 
TDF.31,32 However, patients on EFV show greater 
increases in total cholesterol and low-density lipo-
protein cholesterol but also in high-density lipo-
protein cholesterol.3,33 EFV may cause neurotoxic 
side effects and so is not recommended for women 
planning a pregnancy or who are sexually active 
without effective contraception.2

We acknowledge that our study has some limita-
tions. Causality is inherently diffi cult to establish 
from observational data, and our estimate of the 
causal effect of one therapy relative to another 
requires correctly specifi ed models for the 2 sets of 
weights and for the differences between therapies. 
There were fewer patients on ATV/r than in ACTG 
5202; as a consequence, we did not have the power 
to adequately estimate any interaction between the 
effects of therapy and CD4 cell count when starting 
therapy. We did not look at differences in adverse 
events, because the reporting of these events and 
reasons for treatment discontinuation is neither 
as detailed nor as conscientious in the SHCS as in 

relatively high barrier to resistance.4 Injection drug 
users receiving treatment for opioid addiction 
may also be given ATV/r, because of an interac-
tion between EFV and methadone.2 As expected, 
patients on ATV/r in our study reported lower 
adherence than those on EFV. In our study, 92% 
and 88% of patients on EFV and ATV/r, respec-
tively, reported perfect adherence at 48 weeks (ie, 
no missed doses in the last month); values at 96 
weeks were 90% and 88%, respectively. In ACTG 
5202, there was no difference in reported adherence 
between therapies: At 48 weeks, 92% and 93% of 
patients on EFV and ATV/r, respectively, reported 
no missed doses in the last week; values at 96 
weeks were 92% and 91%, respectively. This is to 
be expected unless one therapy is much harder to 
take than the other; randomization ensures similar 
patients receive each therapy.

Taken together, our effi cacy and adherence data 
suggest that virologic failure was more likely for 
patients on ATV/r in our study, because these 
patients were less adherent to therapy. Poor adher-
ence on ATV/r is more likely to lead to virologic fail-
ure than poor adherence on EFV, because EFV has 
the longer elimination half-life.25 Patients reporting 
poor adherence in the SHCS are at greater risk of 
virologic failure.9 It is still appropriate to give such 
patients ATV/r, even though virologic suppression 
can probably be maintained with a lower degree 
of adherence on EFV; resistance mutations are less 
likely to emerge in patients who fail on ATV/r, so 
future treatment options are preserved.3

Studies comparing the efficacy of EFV and 
ATV/r have shown confl icting results. Clinical 
trials other than ACTG 5202, with either the same6 
or different backbones,26-28 have in general shown 
no difference in virologic and immunologic out-
comes between the 2 therapies, although these 
trials have lacked the power of ACTG 5202. On the 
other hand, some short-term observational stud-
ies showed lower rates of virologic suppression at 
48 weeks with ATV/r.4,5 In another observational 
study, patients on ATV/r had better adherence 
than those on EFV, and virologic suppression at 
6 months was more likely with ATV/r than with 
EFV.29 None of these studies estimates the relative 
effect of therapy in adherent patients by censoring 
the nonadherent and then re-weighting data, as 
we do here. Our results reconcile these differences 
between studies; our results are consistent with 
differences in effi cacy arising because of different 
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a typical clinical trial. Our limited data show that 
among patients who stopped taking EFV, 27% did 
so because of neurotoxicity. However 24% and 41% 
of patients who stopped taking EFV and ATV/r, 
respectively, did so without any reason being 
recorded. Data on genetic markers in genes asso-
ciated with toxicity or pharmacokinetics of the 2 
therapies were only available for a limited number 
of patients and were therefore not included in our 
study, but patients with relevant genetic risk mark-
ers are more likely to discontinue therapy.34

On the other hand, our study has several 
strengths. We include patients with hepatitis B or C 
and substance abuse so that our patients represent 
a more typical clinical population than the patients 
usually recruited into clinical trials. Our use of mar-
ginal structural models allows us to mimic a clini-
cal trial by adjusting for differences both between 
patients starting each therapy and between patients 
remaining on each therapy. This approach com-
bined with our data on adherence allows us to bet-
ter appreciate the consequences of prescribing one 
therapy or the other in a clinical setting.

In conclusion, our observational study confi rms 
results from the only large randomized trial to 
date (ACTG 5202). Differences between therapies 
in observational studies appear to arise because of 
differences in adherence to therapy. In this study, 
there were no important clinical differences in 
adherent patients between fi rst-line therapy with 
either EFV or ATV/r when combined with a back-
bone of TDF and either FTC or 3TC. The statistical 
methods we use allow us to replicate a clinical trial 
in a routine clinical care setting and, along with 
adherence data, to develop a clearer picture of the 
practical consequences of prescribing each therapy.
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