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Background. Efavirenz (EFV) and boosted protease inhibitors (bPIs) are still the preferred options for firstline antiretroviral
regimens (firstline ART) in Latin America and have comparable short-term efficacy. We assessed the long-term durability and out-
comes of patients receiving EFV or bPIs as firstline ART in the Caribbean, Central and South America network for HIV epidemi-
ology (CCASAnet).

Methods. We included ART-naive, HIV-positive adults on EFV or bPIs as firstline ART in CCASAnet between 2000 and 2016.
We investigated the time from starting until ending firstline ART according to changes of third component for any reason, including
toxicity and treatment failure, death, and/or loss to follow-up. Use of a third-line regimen was a secondary outcome. Kaplan-Meier
estimators of composite end points were generated. Crude cumulative incidence of events and adjusted hazard ratios (aHRs) were
estimated accounting for competing risk events.

Results. We included 14 519 patients: 12 898 (89%) started EFV and 1621 (11%) bPIs. The adjusted median years on firstline
ART were 4.6 (95% confidence interval [CI], 4.4-4.7) on EFV and 3.8 (95% CI, 3.8-4.0) on bPI (P < .001). Cumulative incidence of
firstline ART ending at 10 years of follow-up was 32% (95% CI, 31-33) on EFV and 44% (95% CI, 39-48) on bPI (aHR, 0.88; 95% CI,
0.78-0.97). The cumulative incidence rates of third-line initiation in the bPI-based group were 6% (95% CI, 2.4-9.6) and 2% (95%
CI, 1.4-2.2) among the EFV-based group (P < .01).

Conclusions.
ferred firstline regimen for our region in the near future due to their high efficacy, relatively low toxicity (especially at lower doses),

Durability of firstline ART was longer with EFV than with bPIs. EFV-based regimens may continue to be the pre-

existence of generic formulations, and affordability for national programs.
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Life expectancy of people living with HIV (PLWH) increased
substantially with the introduction of combined active anti-
retroviral therapy (cART) [1]. Consequently, assessing long-
term treatment outcomes and regimen durability has become
increasingly relevant. Patients still experience treatment mod-
ifications and interruptions for reasons that may include viro-
logical failure, adverse events, or poor adherence [2, 3]; and
treatment modifications or interruptions may be associated with
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increased costs or adverse clinical outcomes. Efavirenz (EFV)
has been, until now, the preferred option for the third com-
ponent in first antiretroviral regimens (firstline ART) to treat
HIV infection, according to the World Health Organization
Consolidated Guidelines (WHO) [4] and several other cART
guidelines from Latin American countries [5, 6].

In most clinical trials, before the introduction of integrase
strand transfer inhibitors (INSTIs), efavirenz showed better
efficacy or noninferiority in suppressing HIV replication when
compared with other regimens [7-9]. Randomized clinical tri-
als, however, are typically conducted over 48- to 96-week peri-
ods and evaluate primarily rates of virological suppression in
populations selected with stringent criteria. A recent meta-anal-
ysis using pooled data of 29 clinical trials evaluated the risk of
death [10], AIDS progression, and treatment discontinuation
in ART-naive patients comparing non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs), including EFV-based regimens,
with boosted protease inhibitor (bPI)-based regimens, and it
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showed no statistically significant differences between regimens
in any of the individual and combined outcomes.

Observational studies, in contrast to clinical trials, have the
potential to offer valuable additional information with respect
to real-life settings, such as durability of the regimen over longer
periods of time, survival, and loss to follow-up. Cohort studies
carried out in Latin America and the Caribbean have evaluated
the reasons for change of firstline regimen in the short term
[2,11] and long term [3], the prevalence of use of third-line regi-
mens [12], and clinical outcomes such as death, loss to follow-up,
and virological suppression after 1 year of cART initiation
[13, 14]. Nevertheless, long-term outcomes on firstline ART and
other outcomes that are seldom measured in these studies, such
as the probability of requiring a third-line regimen, may have
significant economic and public health relevance. Therefore, in
this study, we compared the durability of firstline ART according
to the third component in a cohort from Latin America and the
Caribbean, and explored the effect of the use of EFV vs bPI as a
third component of firstline ART on the subsequent need of a
third-line regimen over a long period of time.

METHODS

Study Design and Study Population
In this observational, retrospective cohort study, we included
ART-naive adults (18 years or older), living with HIV infection,

who started their firstline ART between January 1, 2000,
and June 30, 2016, at sites participating in the Caribbean,
Central and South America network for HIV epidemiology
(CCASAnet) cohort in Argentina, Brazil, Chile, Honduras,
Mexico, Peru, and Haiti. Patients were included if the third
component of their firstline ART was either EFV or a bPI. Only
lopinavir/ritonavir and atazanavir/ritonavir were considered
qualifying bPIs for this study; 15 patients starting darunavir/
ritonavir were excluded.

Definitions and Statistical Analyses

We compared the durability of EFV-based or bPI-based first-
line ART by assessing the time from treatment initiation
to the end of firstline ART. We defined the end of firstline
ART as the occurrence of any of the following: (1) changes
in third component for any reason (eg, virological or treat-
ment failure [TF], toxicity, or drug interactions); (2) inter-
ruption of treatment longer than 180 days; (3) death; or (4)
loss to follow-up (LTFU), whichever occurred first. Detailed
definitions of specific events including virological failure and
LTFU are given in Figure 1. Time in follow-up started on the
date of firstline ART initiation and ended at the date of the
first event of interest or the database closing date. (Database
closing dates differed by study site and are included in the
Supplemental Material.)

the following, whichever occurred first:

months of ART; or

3. Death

4. Lost to follow-up

End of the first antiretroviral regimen was defined as the occurrence of any of

1. Changes in the third component

Virological or treatment failure! recorded as a reason for ART change; or
changes due to reasons such as toxicity, drug-interaction, or unknown
reasons which do not include only NRTT changes; or

documented virological failure defined as:

(1)  HIV RNA levels never decreased to <400 copies/mL after 6
(2)  Two consecutive measurements of HIV RNA levels >400 copies/mL
after a measurement <400 copies/mL; or

(3)  Asingle measurement of HIV-RNA levels >1000 copies/mL after

a measurement <400 copies/mL.

2. Treatment interruption longer than 180 days

No visits in the year before the closing date of the dataset at each site.

OR

OR

OR

! Treatment failure was defined as any change in the third component of their first ART regimen for
patients receiving care in Haiti, where HIV RNA measurement is not routinely performed.

Figure 1. Operational definition of end of the first antiretroviral treatment regimen.
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The median time on the firstline ART was estimated as the
time corresponding to the 50th percentile taken from a covari-
ate-adjusted Kaplan-Meier survival curve. Kaplan Meier curves
were estimated adjusting for covariates at firstline ART initia-
tion using inverse probability of treatment weights, defined as
the inverse of the predicted probability of the patient getting
their observed regimen (EFV vs bPI). These weights were pro-
duced by fitting a logistic regression model for the probability
of starting a bPI regimen as firstline ART based on study site,
date of ART initiation, sex, probable route of HIV transmission,
age at ART initiation, CD4 at ART initiation, and nucleoside
reverse transcriptase inhibitor (NRTI) backbone of the regimen
[15]. We evaluated the balance of baseline covariables among
regimens in the weighted sample estimating standardized mean
differences; results are available in Figure S8 (Supplementary
Material). Analyses were repeated among those who were late
ART initiators (LI, CD4 <200 cells/uL or AIDS-defining event
[ADE]) and among those who were non-LI (CD4 >200 cells/uL
and no previous ADE). In secondary analysis, we stratified the
bPI group by type of PI (AT V/r: atazanavir/ritonavir vs LPV/r:
lopinavir/ritonavir) to explore whether any differences with
EFV could be attributed to either.

We also performed analyses that did not include death and
LTFU as part of the outcome, but treated death and LTFU as
competing events. In this second analysis, cumulative incidence
of changing/interrupting firstline ART was estimated, account-
ing for competing events, both for the overall cohort and among
LI and non-LI. We used a proportional subdistribution hazard
regression model to assess the association between clinical and
demographic variables on the time to ending firstline ART
due to changes/interruptions in the third component [16]. We
included sex, age, year of ART initiation, probable route of HIV
transmission, CD4 count at ART initiation, ADE at ART initi-
ation, and NRTI backbone of the regimen as covariables and
stratified by site. CD4 count at ART initiation was the closest
measurement to the date of ART initiation within 180 days
prior to, or 30 days following, ART start. We calculated e-values
to measure the strength of association on the risk ratio scale
that an unmeasured confounder would need to have with both
the regimen and the change/interruption of third component,
conditional on the measured covariates, to explain away the
observed association [17].

We performed a separate, unadjusted analysis to estimate the
percentage of patients that required the initiation of a third-
line ART regimen at any time point during follow-up, and the
cumulative incidence of this event by firstline ART accounting
for the competing events of death and LTFU. The initiation of a
third-line regimen was defined as follows: (1) 2 previous ART
regimen changes due to treatment failure and at least 1 of the
drugs in the selected third regimen was etravirine, raltegravir,
maraviroc, tipranavir, dolutegravir, or darunavir; or (2) 1 pre-
vious ART regimen change due to treatment failure and the use

of at least 2 of the above-mentioned drugs in the selected third
regimen.

In secondary analyses, we performed a cross-sectional ana-
lysis at different time points after firstline ART initiation (1, 3,
5, and 10 years) and took snapshots of patient status (remain-
ing on firstline ART, LTFU, ART interrupted, change of third
component, or death) by firstline ART group in subgroups of
patients who started ART early enough to reach the potential
follow-up time. For example, for the analysis looking at patient
status after 1 year, we only included patients who started ART
at least 1 year before the database closing date for their site, so
that all included patients had the chance of being in follow-up at
least 1 year. When death or LTFU occurred before a given time
point, those events were considered the outcome at that time
point even if the patient had presented a prior end of firstline
ART event. A sensitivity analysis was done excluding patients
from Haiti because viral load measurements were not routinely
performed at that site.

Ethical Considerations
Ethical approval was obtained from institutional review boards
at each study site and at Vanderbilt University Medical Center.

RESULTS

Characteristics of Study Population

We included data on 14 519 patients: 12 898 (89%) started
ART with an EFV-based regimen and 1621 (11%) with a bPI-
based regimen. Of these, 920 (57%) started with LPV/r and
701 (43%) with ATV/r. Patients were followed for a median of
3.4 years (interquartile range [IQR], 1.5-6.2 years). The median
time in follow-up was slightly longer for the EFV-based group
(3.44 years; IQR, 1.5-6.3 years) than for the bPI-based group
(3.16 years; IQR, 1.4-5.6 years; P < .001). Demographic and
baseline clinical characteristics are summarized in Table 1.
Patients started on EFV-based regimens were on average 2 years
older and more likely to be male (76% vs 59%) than patients
starting a bPI-based regimen. Median CD4 count at ART initi-
ation was lower among patients starting an EFV-based regimen
(175 vs 217 cells/uL); 61% of patients starting an EFV-based
regimen were late ART initiators (LI) compared with 49% start-
ing a bPI-based regimen. There were also differences in the dis-
tribution of the type of NRTI backbone between those starting
EFV- vs bPI-based regimens. The proportion of patients initi-
ating EFV- vs bPI-based regimens differed between study sites
(Table 1). Comparisons stratifying the bPI regimens are pre-
sented in Supplementary Table S1. Briefly, patients started on
ATV/r were older, more frequently male, had higher baseline
CD4 counts, and were more likely to be started with TDF- and
ABC-based regimens than their counterparts.

Durability of First ART Regimen
The adjusted median time to the end of the first ART regi-
men for any reason was 4.6 years (95% confidence interval
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Table 1. Summary of Patient Demographics and Clinical Characteristics by Third Component of First ART Regimen

EFV-Based Boosted Pl Combined
Characteristics (n =12 898) (n =1621) (n=14519) P
Age at ART initiation, y 37 (30-45) 35 (29-44) 37 (30-45) <.001
Male, n (%) 9864 (76) 956 (59) 10 820 (75) <.001
CD4 at ART initiation, cells/uL 175 (66-289) 217 (79-351) 178 (67-295) <.001
Missing CD4 at ART, n (%) 1208 (9) 203 (13) 1411 (10)
Late ART initiation, n (%) 7863 (61) 804 (49) 8667 (60) <.001
Probable route of HIV transmission, n (%) <.001
Heterosexual 3874 (30) 665 (41) 4539 (31)
MSM 4100 (32) 529 (33) 4629 (32)
Other 130 (1) 25(2) 165 (1)
Unknown 4794 (37) 402 (25) 5196 (36)
NRTI backbone, n (%) <.001
3TC/ABC 483 (4) 126 (8) 609 (4)
3TC/AZT 8234 (64) 858 (53) 9092 (63)
3TC/DAT 744 (6) 60 (4) 804 (6)
3TC/TDF 1754 (14) 351 (22) 2105 (14)
FTC/TDF 1683 (13) 226 (14) 1909 (13)
Patients per site, n (%) <.001
Argentina 1680 (13) 345 (21) 2025 (14)
Brazil 2258 (18) 507 (31) 2765 (19)
Chile 1109 (9) 186 (11) 1295 (9)
Haiti 3824 (30) 234 (14) 4058 (28)
Honduras 800 (6) 26 (2) 826 (6)
Mexico 873 (7) 145 (9) 1018 (7)
Peru 2354 (18) 178 (11) 2532 (17)
Year of ART initiation 2009 (2007-2012) 2011 (2008-2013) <.001

Continuous variables are reported as medians (interquartile range). CCASAnet participating centers per country are: Hospital Fernandez and Centro Medico Huesped in Buenos Aires,
Argentina; Instituto de Pesquisa Clinica Evandro Chagas, Fundacao Oswaldo Cruz in Rio de Janeiro, Brazil; Fundacion Arriardn in Santiago, Chile; Le Groupe Haitien d'Etude du Sarcome de
Kaposi et des Infections Opportunistes in Port-au-Prince, Haiti; Instituto Hondurefio de Seguridad Social and Hospital Escuela Universitario in Tegucigalpa, Honduras; Instituto Nacional de
Ciencias Médicas y Nutricién Salvador Zubiran in Mexico City, Mexico; and Instituto de Medicina Tropical Alexander von Humboldt in Lima, Peru.

Abbreviations: 3TC, lamivudine; ABC, abacavir; AZT, zidovudine; D4T, stavudine; EFV, efavirenz; FTC, emtricitabine; late ART Initiation, CD4 <200 or AIDS-defining event at ART initiation;
MSM, men having sex with men; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; TDF, tenofovir.

[CI], 4.4-4.7 years) in the EFV-based group vs 3.8 years (95%
CI, 3.8-4.0 years; P < .001) in the bPI-based group (Figure 2
A). In stratified analysis, the median durations of first ART
were 4.0 years (95% CI, 3.3-4.5 years) on ATV/r and 2.9 years
(95% CI, 2.4-3.2 years) on LPV/r. Among non-LI, the adjusted
median duration of the first ART regimen was 4.7 years (95%
CI, 4.5-5.0 years) for those who started with an EFV-based reg-
imen vs 3.4 years (95% CI, 3.2-3.6 years) for those who started
a bPI-based regimen (P < .01) (Figure 2B). The median time
on first ART was 4.1 years (95% CI, 3.2-6.2 years) on ATV/r
and 3.2 years (95% CI, 2.7-3.9 years) on LPV/r. Among LI, the
median time to the end of the first ART regimen was 4.4 years
(95% CI, 4.1-4.6 years) for the EFV-based group and 3.6 years
(95% CI, 3.6-3.9 years) among those in the bPI-based group
(P = .37) (Figure 2C). The median time on first ART was
3.8 years (95% CI, 3.1-4.9 years) on ATV/r and 2.2 years (95%
CI, 1.8-3.1 years) on LPV/r. See Figure S1 in the Supplementary
Material for stratified comparative analysis.

Treating death and loss to follow-up as competing events, the
crude cumulative incidences of ending firstline ART 10 years

after ART initiation were 32% (95% CI, 31%-33%) for those
started on EFV and 44% (95% CI, 39%-48%) for those started
on a bPI (P < .001). Among non-LI, cumulative incidence at
10 years was 31% (95% CI, 29%-33%) for EFV and 48% (95%
CL, 37%-59%) for bPI (P < .01); among LI, cumulative inci-
dence at 10 years was 33% (95% CI, 32%-34%) for EFV and 42%
(95% CI, 37%-47%) for bPI (P < .01) (Figure 3). The adjusted
hazard ratio for changing or interrupting the third component
among patients starting EFV vs bPI was 0.88 (95% CI, 0.78-
0.97; P =.016). This point estimate and 95% CI correspond with
e-values of 1.41 and 1.17. Other covariables, including sex, age,
men having sex with men (MSM) route of HIV transmission,
and CD4 count at firstline ART, were also independently asso-
ciated with the incidence of changing or interrupting the third
component (Table 2). The results of the analysis stratifying bPI
regimen in ATV/r and LPV/r are shown in Table S3.

Reasons for Ending Firstline ART

The distribution of the reasons for ending the first ART reg-
imen differed between the EFV and bPI groups (P < .001)
(Table 3). There were 6914/12 898 (53%) events of firstline
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Figure 2.  Adjusted probability of first antiretroviral regimen (firstline ART) termination in the overall cohort, stratified based on stage of HIV-associated disease at firstline
ART start (non-LI vs Ll), by group of first treatment regimen (efavirenz vs boosted protease inhibitor). Abbreviations: EFV, efavirenz; LI, patients initiating with CD4 <200
cells/uL or AIDS-defining event; Non-LI, patients initiating with CD4 >200 cells/pL and no AIDS-defining event; P, protease inhibitor.
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the overall cohort (A), and in analysis stratified by stage of HIV-associated disease at firstline ART initiation, for non-late ART initiators (B) or late ART initiators (C) over time.
Abbreviations: bPI, boosted protease inhibitor; Change, includes changes in the third component of firstline ART for any reason or interruptions of treatment; EFV, efavirenz;
firstline ART, first antiretroviral regimen; LI, patients initiating with CD4 <200 cells/pL or AIDS-defining event; LTFU, lost to follow-up, defined as no visits in the year before
the closing date of data set for each site; Non-LI, patients initiating with CD4 >200 cells/pL and no AIDS-defining event.
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Table 2. Adjusted Hazard Ratio for Cumulative Incidence of Changes of
Third Component by First Antiretroviral Regimen

aHR (95% Cl) P
EFV vs boosted PI 0.88 (0.78-0.97) .016
Year of firstline ART 0.99 (0.97-1.00) .05
Male 0.79 (0.72-0.86) <.001
Age (per 10'y) 0.81(0.78-0.84) <.001
Route of HIV transmission
MSM vs heterosexual 0.78 (0.71-0.86) <.001
Other vs heterosexual 1.06 (0.79-1.41) .70
Unknown vs heterosexual 0.89 (0.77-1.04) 15
CD4 count at ART initiation 0.99 (0.98-0.99) .016
ADE at ART initiation
ADE vs unknown 0.94 (0.83-1.06) .36
Non-ADE vs unknown 0.91 (0.82-1.01) .09
NRTI backbone
3TC/ABC vs 3TC/AZT 0.89 (0.75-1.07) 22
3TC/DA4T vs 3TC/AZT 1.09 (0.94-1.26) 24
FTC/TDF vs 3TC/AZT 0.74 (0.64-0.86) <.001
3TC/TDF vs 3TC/AZT 0.82 (0.72-0.93) <.001

Abbreviations: 3TC, lamivudine; ABC, abacavir; ADE, AIDS-defining event; AHR, adjusted
hazard ratio; AZT, zidovudine; D4T, stavudine; EFV, efavirenz; firstline ART, firstline antire-
troviral regimen; FTC, emtricitabine; MSM, men having sex with men; NRTI, nucleoside
reverse transcriptase inhibitor; Pl, protease inhibitor; TDF, tenofovir.

ART termination in the EFV group: 821 (12%) were deaths,
3040 (44%) losses to follow-up, 2894 (42%) changes in
third component, and 159 (2%) ART interruptions. In the
bPI-based group, we observed 928/1621 (57%) events: 77
(8%) were deaths, 343 (37%) losses to follow-up, 491 (53%)
changes in third component, and 17 (2%) ART interruptions.
The proportion of changes of the third component as firstline
ART ending events due to treatment failure was significantly
higher for bPI-based regimens than for regimens contain-
ing EFV in the overall cohort, and for both LI and non-LI
(Table 3).

The distribution of different reasons for ending firstline ART
at 1, 3, 5, and 10 years is shown in Figure 4. The percentage of
patients remaining on firstline ART was nearly 5% higher in the
EFV group than in the bPI group during the first 5 years, but
only 1% at 10 years (Figure 4).

Need of Third-Line Regimen

In the analysis of the need to start a third-line regimen, we
observed 218 events of third-line initiation: 185 in the EFV-
based group (1.43%) and 33 in the bPI-based group (2.03%;
P = .07). Using competing events, the cumulative incidence of
third-line initiation in the bPI-based group was 6% (95% CI,
2.4%-9.6%), and among the EFV-based group it was 2% (95%
CI, 1.4%-2.2%; P < .01) (Figure 5).

Sensitivity Analysis

In a sensitivity analysis excluding data of patients receiving care
in Haiti because they did not routinely measure HIV-1 RNA,
we included a total of 10461 patients: 9074 (86.74%) in the
EFV group and 1387 (13.26%) in the bPI group. The results
were similar to the main analysis, except that the durability of
the EFV-based regimen was statistically longer in both LI and
non-LI. Details are shown in the Supplementary Material.

DISCUSSION

In this large, observational cohort study of people living with
HIV and receiving care in Latin America, we found that in ART-
naive patients starting treatment, the median duration of EFV-
based regimens was almost a year longer than boosted PI-based
regimens. A lower incidence of changes in the third component
for EFV regimens for any reason, rather than the number of
deaths and losses to follow-up, seems to explain this difference.
This difference was determined mainly by the significantly
longer duration of EFV-based regimens than those receiving
lopinavir/ritonavir, and to a lesser extent by differences with

Table 3. Number of Patients Ending First Antiretroviral Regimen by Reason of Ending in the Cohort and Stratifying by late ART Initiation

All Non-LI LI
EFV-Based Boosted PI EFV-Based Boosted PI EFV-Based Boosted PI
(n=12898), n (%) (n=1621), n (%) (n =5035), n (%) (n=817), n (%) (n=7863), n (%) (n=804), n (%)

Patients ending firstline 6914 (563) 928 (57) 2378 (42) 449 (50) 4536 (58) 479 (59)

ART
Reason of ending
Death 821 (12) 77 (8) 149 (6) 15 (3) 672 (15) 62 (13)
LTFU 3040 (44) 343 (37) 1190 (50) 184 (41) 1850 (41) 159 (33)
Changes of third 2894 (42) 491(53) 978 (41) 238 (53) 1916 (42) 253 (53)

component®
Treatment failure 1866 (27) 340 (37) 595 (25) 179 (40) 1271 (28) 161 (34)
Other reasons 1028 (15) 155 (17) 383 (16) 59 (13) 645 (14) 92 (19)

Percentages for reason of ending are relative to the total number of ending firstline ART.

Abbreviations: EFV, efavirenz; firstline ART, first antiretroviral regimen; LI, patients initiating with CD4 <200 cells/uL or AIDS-defining event; LTFU, lost to follow-up, defined as no visits in
the year before the closing date of data set in each site; Non-LI, patients initiating with CD4 >200 cells/uL and no AlIDS-defining event; PI, protease inhibitor.

“Changes of third component include changes for any reason; in this table, we show the changes due to treatment failure, which could be documented virological failures and virological
or treatment failures recorded as reason for change. Other reasons include toxicity and drug interactions, and changes with reason unknown. ART interruption is defined as interruptions

longer than 180 days.
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regimen; LTFU, lost to follow-up, defined as no visits in the year before the closing date of data set for each site; Pl, protease inhibitor.

boosted atazanavir. In the main analysis, patients starting EFV
without advanced HIV disease had a significantly longer dur-
ability of firstline ART. Among patients initiating ART with
advanced disease (CD4 <200 cells/uL or ADE), those starting
EFV also had a longer durability of firstline ART, although the
association was no longer statistically significant. At differ-
ent time points during follow-up, the proportion of patients
remaining in firstline ART was significantly higher among
patients who started EFV. In addition, third-line regimen use
among subjects starting ART with EFV-based regimens during
complete follow-up was significantly lower than among those
starting a bPI-based regimen.

This study is consistent with previous clinical trials, obser-
vational cohort studies, and meta-analyses that separately have
compared the short-term efficacy of EFV- vs bPI-based regi-
mens to suppress HIV replication and time to regimen dis-
continuation or modification. Overall, treatment failure due to
virological failure or treatment discontinuation is more com-
mon in patients starting ART with bPI regimens than those
starting with EFV [18-21]. Nonetheless, information derived
from clinical trials is limited because of the short-term fol-
low-up [19, 20], small numbers of participants [18, 19, 21], and
restrictive inclusion criteria [18-20] that may not allow for wide
applicability in all contexts of routine clinical care [22]. Our
results are also consistent with previous observations published

by our group reporting that patients who had started bPI reg-
imens were overrepresented as a group among those starting
second-line regimens in CCASAnet centers [2].

The difference in durability among PLWH starting ART with
advanced HIV-associated disease was not statistically signifi-
cant, even though clinical trials in this population have found
significant differences [19]. In a sensitivity analysis excluding
Haiti, however, firstline EFV-based regimens had a longer dur-
ability in both LI and non-LI (see the Supplementary Materials).
This discrepancy might be explained by clinical practice at the
center in Haiti, where rather than routine viral load measure-
ment, CD4 count and clinical status were used to monitor ART
efficacy and to direct changes in regimen. In addition, bPI use
in Haiti was extremely unusual, and our analyses may not have
sufficiently adjusted for confounding variables. Other factors
such as differences in study populations and estimands [23] and
selection bias might also contribute to this discrepancy.

Our study adds to previous knowledge by showing that, over
a 10-year period, in day-to-day routine care, starting treatment
with EFV as the third component of a combined ART regimen
had advantages over selected boosted Pls in terms of regimen
durability in a cohort of patients from 7 Latin American and
Caribbean countries. The longer durability of EFV-based regi-
mens in this study, explained largely by differences with boosted
lopinavir, was attributed to lower rates of treatment failure, which
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could be due to lower toxicity, lower rates of virological failure,
or a combination of both. We consider that our definitions of
durability, which includes a combination of several possible
outcomes, and of the secondary outcome (need of a third-line
regimen) are relevant from a public health and programmatic
perspective because of the increased cost of switching a failing
ART regimen and the use of broader options of active drugs in
salvage regimens [12, 24]. In addition, we observed a small but
statistically significant reduction in the subsequent need to use
third-line drugs in the EFV-treated group. The small difference
might be explained partially by the lack of access to third-line
drugs in the region during the study period or to practice in the
region where patients failing a bPI are more likely to escalate to
third-line therapy than those failing EFV.

We acknowledge that these results may not be fully repre-
sentative due to the limited sample of centers and the unique
characteristics of the participating sites in CCASAnet, which
are primarily academic centers. While we have discussed the
issue of representativeness in other analyses by our group, we
are uncertain how our results would vary had a wider variety
of centers been included. Nonetheless, previous reports from
other local and multinational groups in the region usually have
been consistent with results reported from our centers [11, 13,
25-27]. Moreover, patients were likely started on bPI-based

regimens for reasons not fully captured in our analyses. It is
possible that unmeasured variables (ie, confounders) associated
with both the choice of firstline ART and subsequent events
may explain the differences between EFV- and bPI-based regi-
mens seen in this study. For instance, young women were over-
represented among people starting boosted lopinavir-based
regimens, which were recommended as the firstline regimen
for reproductive-age women during the study period in several
countries [28-32]. While we controlled for sex and age, we were
not able to account for pregnancy status at ART initiation, but
there were only 28 women with end of pregnancy registered
as a reason for ending bPI (data not shown), which makes it
unlikely to have had a strong confounding effect. In addition,
because of limited data, we were unable to include tubercu-
losis information in our analyses. In the primary analysis, an
unmeasured confounder with an association with both expos-
ure and outcome of at least 1.41 (for the point estimate to be
1) or 1.17 (for the upper limit of the 95% CI to include 1) would
be needed to explain away the observed association. It is quite
possible that such an unmeasured confounder exists, which is a
limitation of our study.

Finally, our study leaves unanswered questions that warrant
further investigation. Due to the limited number and follow-up
of patients started on INSTI, we did not compare the durabil-
ity of this drug class in our study, even though these regimens
are currently recommended as preferred initial ART regimens
in high-income countries, and by the WHO as an alternative
to EFV [4]. While our results support continuing use of EFV-
based regimens as firstline ART over bPIs, particularly boosted
LPV/r, they do not provide any information comparing EFV
with INSTI. However, they suggest that in cases where EFV
is not a valid option, skipping past bPI to Integrase inhibi-
tor-based therapy may be warranted. Despite the preference
of INSTT in firstline regimens in high-income countries [33],
EFV-based regimens may continue to be preferred for our
region in the future, due to their high efficacy, relatively low
toxicity (especially at lower doses) [34], the existence of generic
formulations, and most importantly, affordability for national
programs.

CONCLUSIONS

In summary, in our study, patients initiating ART with EFV-
based regimens had longer durability of their first ART regimen
and eventually required the use of a third-line ART regimen less
frequently than patients starting ART with bPI-based regimens.
Our results are relevant because in our region, as in other devel-
oping countries where the consolidated WHO recommenda-
tions for ART use are currently followed, EFV-based regimens
are still the preferred options for first ART regimen. Our results
strengthen and support current WHO recommendations, as
well as most regional national guidelines.
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Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online (http://ofid.oxfordjournals.org): results of the stratified analysis
for Boosted-PI as ATV/r and LPV/r vs EFV and the sensitivity analysis to
evaluate long-term outcomes among naive patients initiating with EFV-
based and Boosted-PI regimes, excluding Haiti.
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