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Abstract

Data on the long-term efﬁcacy and safety of abacavir/lamivudine (ABC/3TC) and nevirapine (NVP) are scarce. This combination has
the advantage of simplifying treatment and improving long-term tolerance. The aim of this study was to compare the rate of any
discontinuation of antiretroviral (ARV) regimen because of virologic failure (VF), and/or adverse drug reaction (ADR) among patients
receiving stable ARV regimens for at least 6 months.
ABC/3TC/NVP was compared to ABC/3TC with either ritonavir-boosted darunavir (DRV/r) or ritonavir-boosted atazanavir (ATV/r),
unboosted ATV, or tenofovir/emtricitabine (TDF/FTC) with either one of the following: ATV/r, unboosted ATV, DRV/r, efavirenz (EFV),
or NVP, in the French prospective multicenter Dat’AIDS cohort.
The study enrolled 16,511 patients treated with following ARV regimens: ABC/3TC/NVP (n = 1089), TDF/FTC/NVP (n = 1542),
ABC/3TC/DRV/r (n = 1065), ABC/3TC/ATV/r (n = 1847), ABC/3TC/ATV (n = 563), TDF/FTC/ATV/r (n = 3519), TDF/FTC/DRV/r (n =
2767), TDF/FTC/ATV (n = 419), and TDF/FTC/EFV (n = 3700). Mean follow-up was 36 ± 24 months. Patients treated with ABC/3TC/
NVP received this regimen as a switch regimen in 97% of cases. By multivariable analysis, the risk of treatment discontinuation due to
VF was similar between ABC/3TC/NVP and other ARV regimens, except for TDF/FTC/ATV and ABC/3TC/ATV, which were
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associated with a higher risk of treatment interruption due to VF (hazard ratio [HR] 1.99; 95% conﬁdence interval [CI] 1.29–3.06 and
HR 2.19; 95% CI 1.51–3.18, respectively). Treatment discontinuation due to ADR was lowest with the ABC/3TC/NVP regimen. Other
ARV regimens were associated with a 1.80- to 3.19-fold increase in the risk of treatment discontinuation due to ADR (P < 0.0001 for
all comparisons).
ABC/3TC/NVP as a simpliﬁcation regimen is a long-term effective regimen with lower discontinuation due to long-term toxicity
compared with other standard ARV regimens.
Abbreviations: ABC/3TC = abacavir/lamivudine, ADR = adverse drug reaction, ARV = antiretroviral, ATV = atazanavir, ATV/r =

ritonavir-boosted atazanavir, CI = conﬁdence interval, DRV/r = ritonavir-boosted darunavir, EFV = efavirenz, GFR = glomerular
ﬁltration rate, HR = hazard ratio, NNRTI = nonnucleoside reverse transcriptase inhibitor, NVP = nevirapine, PI = protease inhibitor,
TDF = tenofovir, TDF/FTC = tenofovir/emtricitabine, VF = virologic failure.
Keywords: abacavir/lamivudine, abacavir/lamivudine/nevirapine, antiretroviral treatment, ARV long-term efﬁcacy, ARV long-term
tolerance, ARV long-term toxicity, Dat’AIDS cohort, nevirapine

approved by the French national commission on informatics and
liberty.[12]
Dat’AIDS collects demographic and clinical data, ARV history,
HIV RNA, and CD4 cell counts at regular 3- to 6-month intervals
during routine clinical assessment.[12] Automated checks are
performed during data capture. For example, if the treatment is
changed during a visit, the prescription and the treatment history
have to be coherent, and the reason for the discontinuation must
be clearly indicated. The reasons for the discontinuation of the
ARV regimen are given by the physician. For each of the
following entries, quality control aims for 100% completeness
and correctness: date of ﬁrst HIV-positive test, CDC stage, date of
ﬁrst AIDS-deﬁning event (if any), full ARV treatment history
including all treatment discontinuations or changes with date and
cause, and medical history. The ADRs are listed under speciﬁc
organ system sections including neurological, renal, cardiovascular, osteoarticular, liver, cutaneous, psychiatric, dyslipidemia,
lipodystrophy, and others.
Based on frequency of use in the cohort during the study
period, we selected 8 ARV regimens for this study: ABC/3TC/
NVP, TDF/FTC/NVP, ABC/3TC/DRV/r, ABC/3TC/ATV/r,
ABC/3TC/ATV, TDF/FTC/DRV/r, TDF/FTC/ATV/r, TDF/
FTC/ATV, and TDF/FTC/EFV. Patients were included if they
started one of these combinations between January 1, 2000 and
July 31, 2013. Because the main objective of the study was longterm tolerability and efﬁcacy, we restricted the population to
patients treated at least 6 months with one of these regimens. A
sensitivity analysis was performed restricted to non-naïve
patients who had undetectable HIV viral load at each ARV
initiation.

1. Introduction
In the majority of recent guidelines for antiretroviral (ARV)
therapy of HIV-1 infection in adults, nevirapine (NVP)containing regimens are no longer recommended in treatmentnaïve patients due to the risk of hypersensitivity, hepatotoxicity,
and insufﬁcient evidence in favor of efﬁcacy.[1,2] However, it
remains an option for treatment optimization in patients with
viral suppression.[1,2] Several randomized trials have shown the
efﬁcacy of such a treatment strategy with NVP.[3] Among the
most frequently used nucleoside/nucleotide reverse transcriptase
inhibitors backbones, abacavir/lamivudine (ABC/3TC) may have
a better long-term safety proﬁle than tenofovir/emtricitabine
(TDF/FTC) and lacks renal or bone toxicity.[4,5] Data on the longterm efﬁcacy and toxicity of ABC/3TC/NVP are scarce.[6] With
the availability of NVP extended release, this combination has the
advantage of being a simple treatment, with 2 tablets once daily.
It could also potentially improve long-term safety (e.g., lipid
proﬁle and cardiovascular risk for NVP and renal and bone risk
for ABC/3TC).[4,5,7–10] Thanks to these perceived advantages, the
combination of ABC/3TC/NVP has been extensively used as a
long-term simpliﬁcation regimen in France, despite few data
regarding its beneﬁts.
The aim of this study was to compare the long-term efﬁcacy
and tolerability of ABC/3TC/NVP to 8 other frequently
prescribed ARV regimens in France before 2013, namely ABC/
3TC and ritonavir-boosted darunavir (DRV/r) or ritonavirboosted or not atazanavir (ATV); TDF/FTC/NVP, TDF/FTC/
ATV (ritonavir-boosted or not) or TDF/FTC/DRV/r, and TDF/
FTC/efavirenz (EFV) in the French prospective Dat’AIDS cohort.
As the rate of treatment switching due to adverse cutaneous and
hepatic events is particularly high with NVP in the ﬁrst few
months,[11] to allow for long-term evaluation, we included only
patients receiving each regimen for a duration of at least 6
months. The primary outcome was deﬁned as any discontinuation of the ARV regimen due to virologic failure (VF) and/or
adverse drug reaction (ADR).

2.2. Data collection
The following data were collected: age, gender, risk categories for
HIV infection, duration of HIV infection, prior duration of ARV
therapy, AIDS status, and CD4 lymphocyte count at the initiation
of each prior duration of ARV therapy, number of prior ARV
regimen, and death rate for each ARV regimen.

2. Methods
2.1. Cohort and patients

2.3. Statistical analysis

Dat’AIDS is a French multicenter prospective cohort involving 12
large HIV reference centers in France.[12] Data are collected in
real time during clinical visits, and data collection is ongoing since
2000 using a computerized medical record (Nadis, Fedialis
Medica, Marly le Roi, France). The data collection has been

The primary study endpoints were time to discontinuation of
ARV regimen due to VF, deﬁned by any modiﬁcation of the ARV
regimen due to lack of efﬁcacy, and time to discontinuation of
ARV regimen due to ADR, deﬁned by any modiﬁcation of the
ARV regimen due to poor tolerability.
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was observed in, respectively, 76% and 82% of patients at 3
months after discontinuation. In contrast, renal toxicity was one
of the main reasons for discontinuation of TDF or ATV-based
regimens, with the highest rate observed with TDF/FTC/ATV/r
(n = 263; 7.5%), while it was rare with ABC/3TC + NVP (n = 1) or
+DRV/r (n = 2) (Table 2). Overall, discontinuation of the ARV
regimen due to renal toxicity was reported in 20.8% (n = 559) of
all cases of discontinuation for ADR. Discontinuation of ARV
due to digestive disorders was mostly observed in protease
inhibitor (PI) regimens (2.1%–3.5%). Discontinuation of ARV
therapy due to dyslipidemia was rarely observed with the NVP or
EFV regimens (0.2%–0.6%), as compared to ritonavir-boosted
PI regimens (0.9%–3.0%). Discontinuation for cardiovascular
events was rare in all groups (<1%), while discontinuation due to
psychiatric or neurological events was almost solely observed
with the TDF/FTC/EFV regimen, that is, n = 214 (5.8%) and n =
140 (3.8%), respectively. Sensitivity analysis restricted to nonnaïve patients who had undetectable HIV viral load at ARV
initiation (n = 6997) conﬁrmed the results of the overall sample,
except for TDF/FTC/EFV (HR 2.31; 95% CI 1.35–3.97; P =
0.002). By sensitivity analysis, which had also a higher risk of
discontinuation for VF, ABC/3TC/NVP was still found to be
associated with the lowest rate of discontinuation due to ADR
(P < 0.0001).

Population characteristics were described as mean (standard
deviation) or number (%), as appropriate. Baseline comparisons
were calculated using Pearson chi-squared test or analysis of
variance, as appropriate.
For each patient, time from initiation of an eligible ARV
regimen to the primary endpoint was calculated. If no event
occurred, follow-up was censored at the last follow-up visit or
July 31, 2013, whichever came ﬁrst.
Bivariable and multivariable analysis were performed using
Cox proportional hazard model. Variables with a P value <0.20
by bivariable analysis were included in the multivariable model.
Hazard ratios (HRs) and 95% conﬁdence interval (CI) were
estimated. Statistical analyses were performed with SAS version
9.4 (SAS Institute Inc., Cary, NC). Tests were considered as
signiﬁcant at a P value <0.05.

3. Results
Our analysis included 16,511 patients who were treated for at
least 6 months between 2000 and 2013 with the following
regimens: ABC/3TC/NVP (n = 1089), TDF/FTC/NVP (n = 1542),
ABC/3TC/DRV/r (n = 1065), ABC/3TC/ATV/r (n = 1847), ABC/
3TC/ATV (n = 563), TDF/FTC/ATV/r (n = 3519), TDF/FTC/
DRV/r (n = 2767), TDF/FTC/ATV (n = 419), and TDF/FTC/
EFV (n = 3700). Mean follow-up was 36 ± 24 months.
The baseline characteristics of the patients are presented in
Table 1. All baseline characteristics differed signiﬁcantly between
ARV regimen groups (age, gender, risk categories for HIV
infection, duration of HIV infection, number of prior ARV
regimen, AIDS status, and CD4 count at initiation of each
regimen). Patients treated with ABC/3TC/NVP were oldest and
were less-frequent drug users than the other patients. The mean
duration of ABC/3TC/NVP regimen was signiﬁcantly longer than
all other regimens. In addition, ABC/3TC/NVP was rarely given
as the ﬁrst ARV regimen (only 3%) or in patients with CD4 cell
count 200/mm3 (4%).
Discontinuation of the ARV regimen due to VF was observed
in 748/16,511 patients overall (4.5%). The frequency of VF
among the different ARV regimens is given in Table 2 (5% for
all regimens except TDF/FTC/ATV [9%] and ABC/3TC/ATV
[11%]).
By multivariable analysis, after adjusting for age, gender, risk
categories for HIV infection, CD4, and AIDS status at initiation
of each regimen and number of prior ARV regimens, the time to
discontinuation of ARV regimen due to VF was not signiﬁcantly
different between ARV regimens, except for TDF/FTC/ATV (HR
1.99; 95% CI 1.29–3.06; P = 0.002) and ABC/3TC/ATV (HR
2.19; 95% CI 1.51–3.18; P < 0.0001) (Table 3).
Discontinuation of the ARV regimen due to ADR was reported
in 2677 (16.2%) patients. The lowest rate of discontinuation was
observed with the ABC/3TC/NVP regimen (9%) and the highest
with the TDF/FTC/ATV/r regimen (23%). By multivariable
analysis, ABC/3TC/NVP was the regimen associated with the
lowest rate of discontinuation due to ADR (P < 0.0001) (Table 4).

4. Discussion
This study is the largest to date to compare time to any
discontinuation of ARV therapy due to VF and/or ADR, between
8 frequently prescribed ARV regimens before 2013, with ABC/
3TC or TDF/FTC and either a nonnucleoside reverse transcriptase inhibitor (NNRTI) or a PI. Based on real-life data from this
large, multicenter prospective cohort of HIV patients (n =
16,511) receiving the same ARV regimen for at least 6 months,
the rate of discontinuation for VF was not different between
ABC/3TC/NVP and other ARV regimens, except for TDF/FTC/
ATV and ABC/3TC/ATV, which had a higher risk of
discontinuation, while discontinuation for ADR was signiﬁcantly
lower with ABC/3TC/NVP regimen compared to all other 8
regimens, that is, TDF/FTC with either DRV/r, ATV/r, ATV,
EFV, or NVP; ABC/3TC with either ATV/r, ATV, or DRV/r.
Patients treated with ABC/3TC/NVP were signiﬁcantly older,
less frequently ARV treatment-naïve (3%), and had the longest
regimen duration (50 ± 29 months). Almost all of them received
this regimen as the result of a switch in treatment (97%). The rate
of treatment discontinuation due to VF with ABC/3TC/NVP was
low (5%) and similar to the other frequently prescribed regimens,
after adjustment for age, gender, risk categories for HIV
infection, CD4, and AIDS status at initiation of each regimen
and number of prior ARV regimens. Such a low rate could be
partially explained by the inclusion of patients who stayed on the
same treatment for more than 6 months, since the objective of the
study was to assess the long-term effect of the different ARV
regimens. Our results are in line with the rate of VF (1%)
observed in a retrospective study including 98 patients receiving
ABC/3TC/NVP as a simpliﬁcation with a median follow-up of 27
months.[6] In another study evaluating TDF/FTC/NVP as a
switch regimen, only 2.9% of 341 patients experienced VF at 1
year.[13] In contrast, TDF/FTC and ABC/3TC and unboosted
ATV were associated with a 2-fold increase in the risk of VF (HR
1.99; 95% CI 1.29–3.06; P = 0.002 and HR 2.19; 95% CI
1.51–3.18; P < 0.0001, respectively). Drug–drug interactions
between TDF and unboosted ATV might compromise the clinical

As discontinuation of the ARV regimen due to speciﬁc ADRs
was very rare with some regimens, the sample size was too small
to compare speciﬁc ADRs between the different regimens and/or
ADRs. Speciﬁc ADRs leading to ARV discontinuation differed
between regimens: liver toxicity was the main reason for
discontinuation of ABC/3TC/NVP (>1/3 of discontinuations).
In patients who discontinued this regimen, normalization of
alanine aminotransferase and aspartate aminotransferase levels
3

Table 1

4
(3)
(15)
(21)
(18)
(13)
(30)
(20)
(4)

113
308
302
209
161
436
273
73

(7)
(20)
(20)
(14)
(11)
(28)
(18)
(5)

726 (47)
570 (37)
98 (6)
24 (2)
124 (8)
129 ± 82
85 ± 62
47 ± 28

475 (44)
441 (41)
50 (5)
18 (2)
105 (8)
131 ± 76
92 ± 58
50 ± 29
29
165
223
193
142
327
217
38

1123 (73)
45 ± 10

749 (69)
46 ± 11

TDF/FTC/NVP
(n = 1542)

214
163
131
93
81
340
296
186

(21)
(16)
(13)
(9)
(8)
(33)
(28)
(17)

409 (38)
469 (44)
80 (8)
18 (2)
89 (8)
120 ± 97
81 ± 75
26 ± 17

760 (71)
45 ± 12

ABC/3TC/DRV/r
(n = 1065)

258
157
273
237
167
638
405
215

(14)
(14)
(15)
(13)
(9)
(35)
(22)
(12)

669 (39)
836 (45)
188 (10)
34 (2)
120 (4)
120 ± 82
79 ± 64
40 ± 28

1265 (68)
44 ± 11

ABC/3TC/ATV/r
(n = 1847)

48
72
71
61
63
248
109
32

(8)
(13)
(13)
(11)
(11)
(44)
(19)
(6)

172 (30)
267 (48)
46 (8)
6 (1)
72 (13)
123 ± 81
80 ± 62
44 ± 28

305 (54)
44 ± 11

ABC/3TC/ATV
(n = 563)

768
570
466
348
294
1017
675
488

(22)
(16)
(13)
(10)
(8)
(29)
(19)
(14)

1384 (39)
1454 (41)
387 (11)
46 (1)
248 (8)
119 ± 88
72 ± 67
39 ± 26

2451 (70)
43 ± 10

TDF/FTC/ATV/r
(n = 3519)

934
392
241
203
155
745
670
668

(35)
(15)
(9)
(8)
(6)
(28)
(24)
(24)

1199 (43)
1072 (39)
235 (8)
25 (1)
236 (9)
109 ± 100
69 ± 76
27 ± 16

2058 (74)
43 ± 10

TDF/FTC/DRV/r
(n = 2767)

/r = ritonavir-boost, ABC/3TC = abacavir/lamivudine, ARV = antiretroviral, ATV = atazanavir, DRV = darunavir, EFV = efavirenz, NVP = nevirapine, SD = standard deviation, TDF/FTC = tenofovir/emtricitabine.

Male, sex (n [%])
Age, y (mean [SD])
Mode of HIV transmission (n [%])
Homo or bisexual
Heterosexual
Injection drug users
Transfusion
Other
Duration of HIV infection, mo (mean [SD])
Duration of ARV treatment, mo (mean [SD])
Duration of ARV regimen, mo (mean [SD])
Number of previous ARV regimens (n [%])
None
1
2
3
4
5 or more
AIDS at initiation of ARV regimen (n [%])
CD4 cell count 200/mm3 at initiation
of each ARV regimen (n [%])

ABC/3TC/NVP
(n = 1089)

ARV regimen

Patient characteristics at the time of treatment initiation in each ARV regimen (n = 16,511).

28
70
60
41
36
161
74
33

(7)
(18)
(15)
(10)
(9)
(41)
(18)
(8)

161 (39)
176 (42)
39 (9)
7 (2)
36 (8)
137 ± 88
89 ± 70
39 ± 25

270 (64)
44 ± 10

TDF/FTC/ATV
(n = 419)

1104
842
502
360
272
600
797
380

(30)
(23)
(14)
(10)
(7)
(16)
(22)
(10)

1623 (44)
1503 (41)
220 (6)
39 (1)
315 (8)
164 ± 98
59 ± 62
30 ± 20

2764 (75)
43 ± 11

TDF/FTC/EFV
(n = 3700)

<0.0001
<0.0001

<0.0001

<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

P
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Table 2
Rate and reasons for discontinuation for each ARV regimen.
ARV regimen
ABC/3TC/NVP TDF/FTC/NVP ABC/3TC/DRV/r ABC/3TC/ATV/r ABC/3TC/ATV TDF/FTC/ATV/r TDF/FTC/DRV/r TDF/FTC/ATV TDF/FTC/EFV
(n = 1089)
(n = 1542)
(n = 1065)
(n = 1847)
(n = 563)
(n = 3519)
(n = 2767)
(n = 419)
(n = 3700)
Discontinuation for
virological failure (n [%])
Discontinuation for
ADR (n [%])
Type of ADR (n [%])
Liver toxicity
Lipodystrophy
Gastrointestinal
Dyslipidemia
Cardiovascular
Osteoarticular
Neurologic
Cutaneous
Renal toxicity
Psychiatric
Death during the ARV
regimen (n [%])

53 (5)

83 (5)

46 (4)

91 (5)

60 (11)

163 (5)

102 (4)

36 (9)

114 (3)

102 (9)

242 (17)

130 (12)

374 (20)

90 (16)

805 (23)

301 (11)

79 (19)

554 (15)

10
15
12
6
5
2
4
5
4
1
5

118
70
120
34
8
29
23
20
263
1
48

10
10
12
3
3
4
2
2
21
2
10

25
20
10
21
1
11
140
8
47
214
52

34
10
10
6
7
5
3
2
1

(3.1)
(0.9)
(0.9)
(0.6)
(0.6)
(0.5)
(0.3)
(0.2)
(0.09)
–
13 (1.2)

54 (3.5)
9 (0.6)
20 (1.3)
3 (0.2)
–
26 (1.7)
9 (0.6)
6 (0.4)
82 (5.3)
2 (0.1)
25 (1.6)

3
18
37
24
9
2
1

(0.3)
(1.7)
(3.5)
(2.3)
(0.8)
(0.2)
(0.1)
–
2 (0.2)
–
12 (1.1)

48
45
51
55
13
5
8
10
62
1
35

(2.6)
(2.4)
(2.8)
(3.0)
(0.7)
(0.3)
(0.4)
(0.5)
(3.4)
(0.05)
(1.9)

(1.8)
(2.7)
(2.1)
(1.1)
(0.9)
(0.3)
(0.7)
(0.9)
(0.7)
(0.2)
(0.9)

(3.4)
(2.0)
(3.4)
(1.0)
(0.2)
(0.8)
(0.7)
(0.6)
(7.5)
(0.03)
(1.4)

6
32
74
25
7
20
1
4
77
3
42

(0.2)
(1)
(2.7)
(0.9)
(0.3)
(0.7)
(<0.1)
(0.1)
(2.8)
(0.1)
(1.5)

(2.4)
(2.4)
(2.9)
(0.7)
(0.7)
(0.9)
(0.5)
(0.4)
(5)
(0.4)
(2.4)

(0.7)
(0.5)
(0.3)
(0.6)
(0.1)
(0.3)
(3.8)
(0.2)
(1.3)
(5.8)
(1.4)

/r = ritonavir-boost, ABC/3TC = abacavir/lamivudine, ADR = adverse drug reaction, ARV = antiretroviral, ATV = atazanavir, DRV = darunavir, EFV = efavirenz, NVP = nevirapine, TDF/FTC = tenofovir/
emtricitabine.

patients, the prevalence of chronic kidney disease (deﬁned as
glomerular ﬁltration rate [GFR] <60 mL/min/1.73 m2) ranges in
industrialized countries from 4.7% to 9.7% and up to 20% in
patients aged 60 years or over.[4,15] HIV infection and ARVs
themselves are associated with a higher risk of renal impairment.[4,16] Furthermore, the age-standardized and relative
risks of chronic kidney disease increase substantially with time
after ARV initiation.[17] The frequently prescribed ARV drugs
TDF and ATV have mostly been associated with renal function
impairment.[4,18] TDF has also been associated with greater
declines in GFR when combined with ATV or a ritonavir-boosted
PI in some studies, suggesting an increased risk for nephrotoxicity
with these combinations.[4,19] In our study, renal toxicity was one
of the main reasons for discontinuation due to ADR among all
TDF-based regimens, particularly in association with ATV,
whether ritonavir-boosted or not. In addition, the rate of
discontinuation of the TDF/FTC/NVP regimen due to renal

activity of ATV, especially in ARV-experienced patients and
could partly explain our ﬁndings.[14] In the 2013 French
guidelines for ARV therapy of HIV-1 infection, these regimens
could be considered as optimization of ARV therapy in order to
improve tolerance; however, only in patients without a history of
prior VF and with a recommendation for ATV dosage in patients
receiving TDF/FTC as a backbone.[1]
The ABC/3TC/NVP regimen was associated with the lowest
rate of treatment discontinuation due to ADR; with all other
regimens being associated with a 1.80- to 3.19-fold increase in the
risk of treatment discontinuation due to ADR (P < 0.0001).
These results conﬁrm that, when considering long-term safety,
beyond the ﬁrst 6 months of exposure—therefore, excluding
patients with early toxicity—ABC/3TC/NVP has one of the most
favorable proﬁles of current ARV regimens.
Overall, renal toxicity was the most frequent reason of
discontinuation of ARV regimen due to ADR. Among HIV

Table 3

Table 4

Factors associated with time to discontinuation due to virological
failure by multivariable analysis.

Factors associated with time to discontinuation due to ADR by
multivariable analysis.

∗

ARV regimen
ABC/3TC/NVP
TDF/FTC/NVP
ABC/3TC/DRV/r
ABC/3TC/ATV/r
ABC/3TC/ATV
TDF/FTC/DRV/r
TDF/FTC/ATV/r
TDF/FTC/ATV
TDF/FTC/EFV

HR

Multivariable
CI 95%

1
1.20
1.19
1.15
2.19
0.92
1.16
1.97
1.00

–
0.85–1.70
0.79–1.80
0.82–1.62
1.51–3.18
0.65–1.30
0.85–1.58
1.28–3.03
0.72–1.39

Variable

P
–
0.29
0.41
0.42
<0.0001
0.63
0.36
0.002
0.99

Multivariable

∗

ARV regimen

HR

CI 95%

P

ABC/3TC/NVP
TDF/FTC/NVP
ABC/3TC/DRV/r
ABC/3TC/ATV/r
ABC/3TC/ATV
TDF/FTC/DRV/r
TDF/FTC/ATV/r
TDF/FTC/ATV
TDF/FTC/EFV

1
1.80
2.45
2.72
1.96
2.19
3.19
2.68
2.61

–
1.43–2.27
1.88–3.19
2.18–3.39
1.47–2.60
1.75–2.76
2.59–3.92
1.99–3.62
2.10–3.23

–
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

/r = ritonavir-boost, ABC/3TC = abacavir/lamivudine, ARV = antiretroviral, ATV = atazanavir, DRV =
darunavir, EFV = efavirenz, NVP = nevirapine, TDF/FTC = tenofovir/emtricitabine.
∗
Adjusted for age, gender, risk categories for HIV infection, CD4, and AIDS status at initiation of each
regimen and number of prior ARV regimen.

/r = ritonavir-boost, ABC/3TC = abacavir/lamivudine, ARV = antiretroviral, ATV = atazanavir, DRV =
darunavir, EFV = efavirenz, NVP = nevirapine, TDF/FTC = tenofovir/emtricitabine.
∗
Adjusted for age, gender, risk categories for HIV infection, CD4, and AIDS status at initiation of each
regimen and number of prior ARV regimen.
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this does not strictly qualify as toxicity, ARV-associated
gastrointestinal symptoms should prompt physicians to discuss
a potential switch in treatment.
The major strength of this study is that it provides data from a
large nationwide prevalent cohort of over 16,000 patients
followed in routine practice in France. Since early discontinuation
of ARV regimens due to short-term tolerability problems is high
in many cohort studies (>25% at 1 year), we included in our
analyses only patients who received the same regimen for at least
6 months, whatever the ARV type, in order to evaluate both longterm tolerance and virological effectiveness.[26,27] Nonetheless,
our study suffers from some limitations that deserve to be
acknowledged. Although the multivariable model was adjusted
for major patient and ARV characteristics known to be
associated with better adherence to HIV therapy, such as age,
gender, HIV route of transmission, CD4, and AIDS status at
initiation of each regimen, and number of prior ARV regimen,
other sociodemographic factors and/or medical factors that drive
the physician’s decision in selecting the ARV regimen were not
evaluated in our study. Therefore, we cannot exclude the
possibility of indication and channeling biases or other
confounding factors. However, except for TDF/FTC/EFV, our
results were conﬁrmed by sensitivity analysis restricted to nonnaïve patients who had undetectable HIV viral load at ARV
initiation. The difference observed with TDF/FTC/EFV could be
due to a selection bias arising from the exclusion of naïve subjects.
Indeed, TDF/FTC/EFV is used both as ﬁrst-line treatment and as
simpliﬁcation. In contrast, ATV/r or DRV/r-based regimens are
more often prescribed in naïve patients than as simpliﬁcation.
Second, the ADRs reported in the Dat’AIDS database are not
graded or detailed other than by the main organ-speciﬁc items,
and the exact diagnosis is not systematically recorded. Moreover,
we only evaluated adverse events leading to ARV discontinuation, and therefore we cannot evaluate the prevalence of the
various ADRs. As in all large observational multicenter cohorts,
criteria to discontinue for ADR were decided by each physician,
with a certain degree of subjectivity. However, due to the very
large number of patients in each subgroup, and the long followup, our results reﬂect real-life experience and practice. Furthermore, the ﬁndings are in line with the well known toxicity of each
ARV drug.
In conclusion, in this representative French cohort of HIV
patients receiving the same ARV regimen for at least 6 months,
ABC/3TC/NVP was associated with the same risk of long-term
VF as TDF/FTC/NVP, ABC/3TC/DRV/r, ABC/3TC/ATV/r, TDF/
FTC/DRV/r, TDF/FTC/ATV/r, and TDF/FTC/EFV, and had the
lowest rate of treatment discontinuation due to ADR. Therefore,
ABC/3TC/NVP is an effective long-term option for treatment
simpliﬁcation in patients with viral suppression. Furthermore,
this regimen could yield signiﬁcant cost savings in the current
economic climate, where many Western countries are seeking to
limit public ﬁnancing of national health systems.

toxicity was high, but was rare with ABC/3TC/NVP, highlighting
the role of TDF in the renal toxicity. It was also very rare when
ABC/3TC was given in combination with DRV/r but was higher
in combination with ATV/r, suggesting a role of ATV/r in the
occurrence of renal toxicity.
NVP has been reported to be associated with a protective effect
on cardiovascular risk, but studies of the impact of ABC have
given conﬂicting results.[7,17,20] NVP was shown to have a
favorable lipid proﬁle when compared with EFV and PIs, but this
was documented in studies conducted with PIs, which are no
longer recommended.[7,8,21] In our study, discontinuation of the
ARV regimen due to cardiovascular events was very rare across
all groups. However, dyslipidemia, which was the cause of 6.6%
of ARV discontinuations, was nonetheless mainly observed
in boosted PI-based regimens, that is, DRV/r and ATV/r in
combination with ABC/3TC.
The major treatment-limiting side effect of NVP is the drug
hypersensitivity syndrome, characterized by fever, skin rash, and/
or hepatitis occurring during the ﬁrst few weeks of therapy. This
phenomenon is well described, but studies on the long-term liver
tolerance of NVP are scarce.[11] In 1 study evaluating the long-term
NVP and EFV liver tolerance with a mean follow-up of 6 years, no
signiﬁcant difference in liver toxicity was observed between
patients receiving NNRTI or PI regimens or between patients
prescribed EFV or NVP.[22] In this same study, twice as many
hepatotoxic events occurred during the ﬁrst year of NVP or EFV
therapy as compared with the entire period after 1 year.[22]
Hepatitis C and hepatitis B virus coinfections have been shown to
be associated with a higher risk of hepatotoxicity, which increases
steadily over time during NNRTI therapy.[11,22] Liver toxicity was
the most frequent reason for discontinuation of NVP regimens
either in association with ABC/3TC (3.1%) or TDF/3TC (3.5%).
One of the limitations of our study is that we could not ascertain the
exact cause of liver toxicity. However, the toxicity was probably
related to NVP, since normalization of alanine aminotransferase
and aspartate aminotransferase was observed in, respectively,
76% and 82% of patients 3 months after discontinuation of the
ABC/3TC/NVP of this regimen. Liver toxicity was also more
frequently observed with ritonavir-boosted or unboosted ATV
regimens (1.8%–2.4%), where it was likely related to hyperbilirubinemia compared with DRV/r regimens (0.2%–0.3%).
These results conﬁrm those of a large randomized study in ﬁrst-line
therapy, where maximum treatment-emergent alanine aminotransferase increase (>3 times the upper limit of normal) was 2%
with DRV/r + 2 NRTIs at week 48.[23]
In keeping with other studies, discontinuation of ARV
regimens due to neuropsychiatric adverse events was almost
only observed with the EFV regimen. A switch from EFV to NVP
in subjects with virological suppression has been shown to be
effective in resolving neuropsychiatric symptoms.[24] Many
alternatives among NNRTI or other classes are now available,
with the result that EFV is no longer preferred, mainly because of
these long-term ADRs.[25]
During the early years after the advent of potent ARV therapy,
gastrointestinal toxicity was one of the most frequent adverse
events and was often a reason for treatment discontinuation,
particularly grades 2 to 4 diarrhea with lopinavir/r and
fosamprenavir/r.[9] Interestingly, in our study, the rate of
discontinuation for gastrointestinal problems was very low with
NNRTIs, as expected and around 3% across all 5 PI-containing
regimens. The implication is that physicians should keep in mind
that currently used PIs, although associated with less digestive
discomfort, may still cause problems in the long term. Although
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