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M A J O R A R T I C L E

Rates of Disease Progression according to Initial Highly
Active Antiretroviral Therapy Regimen: A Collaborative
Analysis of 12 Prospective Cohort Studies

The Antiretroviral Therapy Cohort Collaborationa

(See the editorial commentary by Hughes, on pages 542–4.)
Background. No large clinical end-point trials have been conducted comparing regimens among human

immunodeficiency virus type 1–positive persons starting antiretroviral therapy. We examined clinical progression
according to initial regimen in the Antiretroviral Therapy Cohort Collaboration, which is based on 12 European
and North American cohort studies.

Methods. We analyzed progression to death from any cause and to AIDS or death (AIDS/death), comparing
efavirenz (EFV), nevirapine (NVP), nelfinavir, idinavir, ritonavir (RTV), RTV-boosted protease inhibitors (PIs),
saquinavir, and abacavir. We also compared nucleoside reverse-transcriptase inhibitor pairs: zidovudine/lamivudine
(AZT/3TC), stavudine (D4T)/3TC, D4T/didanosine (DDI), and others.

Results. A total of 17,666 treatment-naive patients, 55,622 person-years at risk, 1617 new AIDS events, and
895 deaths were analyzed. Compared with EFV, the adjusted hazard ratio (HR) for AIDS/death was 1.28 (95%
confidence interval [CI], 1.03–1.60) for NVP, 1.31 (95% CI, 1.01–1.71) for RTV, and 1.45 (95% CI, 1.15–1.81)
for RTV-boosted PIs. For death, the adjusted HR for NVP was 1.65 (95% CI, 1.16–2.36). The adjusted HR for
death for D4T/3TC was 1.35 (95% CI, 1.14–1.59), compared with AZT/3TC.

Conclusions. Outcomes may vary across initial regimens. Results are observational and may have been affected
by bias due to unmeasured or residual confounding. There is a need for large, randomized, clinical end-point
trials.

Several clinical trials have compared the effects that

nonnucleoside reverse-transcriptase inhibitor (NNRTI)–

based and protease inhibitor (PI)–based highly active

antiretroviral therapy (HAART) has on biological end

points [1–3]. Most recently, the 2NN trial compared

efavirenz (EFV)–based and nevirapine (NVP)–based

NNRTI regimens and demonstrated that both were

valid options for first-line therapy [2]. Other studies

have compared the effectiveness of EFV-based and nel-

finavir (NFV)–based HAART regimens [4, 5], and the

Atlantic and Combine Studies compared NVP-based

with idinavir (IDV)- and NFV-based HAART regimens,

respectively [3, 6, 7]. However, no trials have compared

Received 28 November 2005; accepted 27 February 2006; electronically pub-
lished 31 July 2006.

Reprints or correspondence: Prof. Matthias Egger, Dept. of Social and Pre-
ventive Medicine, University of Bern, Finkenhubelweg 11, Berne CH-3012, Switzer-
land (egger@ispm.unibe.ch).

The Journal of Infectious Diseases 2006; 194:612–22
� 2006 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2006/19405-0013$15.00

the clinical efficacy of the most commonly prescribed

regimens [8].

In the absence of large-scale trials directly comparing

HAART regimens, observational studies might be the
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Table 1. Baseline prognostic factors for study patients, by third drug and nucleoside reverse-transcriptase
inhibitor (NRTI) pair.

Category
Patients,
no. (%)

Age,
median

(IQR), years

CD4 cell
count, median
(IQR), cells/mL

HIV-1 RNA level,
median (IQR),
log copies/mL

CDC
clinical

stage C, % IDU, %

Third drug
EFV 2254 (13) 36 (31–43) 225 (111–341) 4.9 (4.5–5.4) 22 13
NVP 2378 (13) 36 (30–42) 293 (180–425) 4.7 (4.2–5.1) 12 17
NFV 3802 (22) 36 (31–42) 200 (76–353) 5.0 (4.5–5.4) 27 14
RTV 1148 (7) 36 (31–43) 200 (84–374) 5.1 (4.4–5.5) 22 19
SQV 1145 (6) 35 (31–41) 288 (130–417) 4.9 (4.4–5.4) 18 25
RTV-boosted PI 1285 (7) 37 (32–44) 130 (40–276) 5.2 (4.7–5.7) 34 9
IDV 4555 (26) 36 (31–42) 228 (81–380) 5.0 (4.5–5.5) 24 20
ABC 1099 (6) 36 (31–43) 260 (169–369) 4.7 (4.3–5.1) 15 15

NRTI pair
AZT/3TC 10,964 (62) 36 (31–43) 236 (104–371) 4.9 (4.3–5.4) 21 15
D4T/3TC 3468 (20) 36 (31–42) 200 (70–357) 5.0 (4.4–5.5) 30 18
D4T/DDI 1716 (10) 35 (31–42) 230 (89–385) 4.9 (4.3–5.4) 23 15
Other 1518 (9) 36 (31–41) 256 (121–392) 4.9 (4.5–5.4) 19 26

Overall 17,666 36 (31–42) 230 (97–372) 4.9 (4.4–5.4) 22 17

NOTE. 3TC, lamivudine; ABC, abacavir; AZT, zidovudine; CDC, Centers for Disease Control and Prevention; D4T, stavudine;
DDI, didanosine; EFV, efavirenz; IDU, injection drug use; IDV, idinavir; IQR, interquartile range; NFV, nelfinavir; NVP, nevirapine;
PI, protease inhibitor; RTV, ritonavir; SQV, saquinavir.

only means of identifying potential differences in rates of clin-

ical progression. Several studies have been undertaken [9–13],

but none to date has been large enough to examine differences

in rates of clinical progression or death. The objective of the

present study was to examine whether rates of progression dif-

fered according to initial HAART regimen among patients ini-

tiating therapy with either a NNRTI- or PI-based regimen.

METHODS

ART Cohort Collaboration (ART-CC). The ART-CC is a mul-

tinational prospective study of ART-naive HIV-positive patients

initiating HAART. The study has been described in detail else-

where [14–17]. It includes 12 cohort studies from Canada,

Europe, and the United States: the French Hospital Database

on HIV; the Italian Cohort of Antiretroviral-Naive Patients; the

Swiss HIV Cohort Study; the AIDS Therapy Evaluation Project

Netherlands; the Multicenter Study Group on EuroSIDA; Col-

laborations in HIV Outcomes Research–US; the Frankfurt HIV

Cohort Study; the Aquitaine Cohort Study; the HAART Ob-

servational Medical Evaluation and Research Cohort Study,

British Columbia Centre for Excellence in HIV/AIDS; the Royal

Free Hospital Cohort Study; the South Alberta Clinic Cohort

Study; and the Köln/Bonn Cohort Study. All cohort studies

have been approved by institutional review boards, use stan-

dardized methods of data collection, and schedule follow-up

visits at least once every 6 months. Patient selection and data

extraction for the present study were performed at the cohorts’

data centers. Anonymized data on a predefined set of demo-

graphic, laboratory, and clinical variables were pooled and an-

alyzed centrally.

Statistical analyses. Analyses were restricted to patients

who were HIV-1 positive, were �16 years old, had an HIV-1

RNA level �1000 copies/mL at treatment initiation, and first

started HAART after 1 January 1996. The primary end points

were death from any cause and the combined end point of a

new AIDS-defining illness or death (AIDS/death). All centers

used the 1993 US Centers for Disease Control and Prevention

(CDC) criteria for the definitive or presumptive diagnosis of

AIDS-defining opportunistic events [18]. A new AIDS diagnosis

was defined as the first occurrence of each AIDS-defining con-

dition; recurrences were not considered. Detectable HIV-1 RNA

level (1500 copies/mL) and change in regimen at 6 months

after initiation of HAART were secondary outcomes.

We measured time from the date of initiation of therapy to

the date the end points occurred. For patients free of events,

follow-up was censored either on the date of the most recent

follow-up visit (for the combined end point) or on the date

the patient was last known to be alive (for mortality). Cox

regression was used to model the effect that initial treatment

regimen and other prognostic factors have on disease progres-

sion [19]. All models were stratified by cohort (12 strata) and

by calendar year of starting HAART (from 1996 onward, with

2002 and 2003 grouped together; 7 strata). We estimated hazard

ratios (HRs) with 95% confidence intervals (CIs), comparing

8 third drugs: EFV, abacavir (ABC), a boosted PI (amprenavir,

lopinavir, saquinavir [SQV], or IDV), IDV, NFV, NVP, ritonavir  at D
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Table 2. Receipt of each drug, by cohort.

The table is available in its entirety in the online
edition of The Journal of Infectious Diseases

Table 3. Receipt of each drug, by year of
starting highly active antiretroviral therapy.

The table is available in its entirety in the online
edition of The Journal of Infectious Diseases

(RTV), and SQV (soft or hard). These models also compared

nucleoside reverse-transcriptase inhibitor (NRTI) pairs: zido-

vudine/lamivudine (AZT/3TC), stavudine (D4T)/3TC, D4T/di-

danosine (DDI), and others. Patients treated with 4 or more

drugs (except when the fourth drug was low-dose RTV used

as part of a boosted PI regimen) were excluded from the anal-

yses. We used EFV as the comparator for the third drugs and

AZT/3TC as the comparator for the NRTI pairs. Variables con-

sidered were age at initiation of HAART (16–29, 30–39, 40–

49, and �50 years), sex, transmission risk group (injection drug

use [IDU] or non-IDU), CDC clinical stage (A/B or C), CD4

cell count (!25, 25–49, 50–99, 100–199, 200–349, and �350

cells/mL), and plasma HIV-1 RNA level (1000–9999, 10,000–

99,999, and �100,000 copies/mL). Variables with Wald P 1 .2

were omitted from the final models. Analyses followed an “in-

tent to continue initial regimen” principle, in that eligible pa-

tients were analyzed according to initial regimen, regardless of

whether they later discontinued or modified their therapeutic

regimen.

We compared the effect that initial regimen had on HIV-1

RNA levels and regimen change at 6 months. Logistic regression

models were used to estimate the crude and adjusted odds ratios

(ORs) for detectable HIV-1 RNA level (i.e., 1500 copies/mL),

first for patients with available measurements at 6 months and

second for all patients, using the combined-failure end point:

detectable HIV-1 RNA level, death, or missing data on HIV-1

RNA level. Logistic models were also used to estimate the crude

and adjusted ORs at 6 months for not receiving the initial

regimen, first restricted to patients who had clinical follow-up

measurements at 6 months (i.e., failure was considered to be

either a change of drug regimen or cessation of HAART) and

second for all patients (i.e., failure included regimen change,

cessation of HAART, death, or missing data). Finally, we assessed

whether there was evidence of between-cohort heterogeneity in

the effects that initial regimen had on progression to AIDS/death

by estimating the effect of initial regimen separately in each

cohort and then combining these estimates by use of random-

effects meta-analysis. The proportion of the total variance due

to heterogeneity between cohorts was estimated using the I 2

statistic [20].

RESULTS

A total of 17,666 patients (55,622 person-years at risk) were

available for analyses. A total of 1617 new AIDS events, 895

deaths, and 2017 AIDS cases or deaths were observed over the

study period. Table 1 shows prognostic factors by initial drug

regimen. The most common third drugs in a combination were

IDV (26%), NFV (22%), and EFV and NVP (13%, for both).

The most widely used NRTI pair was AZT/3TC (62%), followed

by D4T/3TC (20%) and D4T/DDI (10%). The percentage of

patients with AIDS ranged from 12% to 34%, and the per-

centage of patients with a history of IDU ranged from 9% to

26%. At initiation of treatment, the median CD4 cell count

was lower in patients receiving RTV-boosted PIs than in pa-

tients receiving other regimens (130 vs. 240 cells/mL). The num-

ber and percentage of patients receiving each drug by cohort

and by calendar year is shown in tables 2 and 3.

Table 4 shows crude and adjusted HRs for AIDS/death and

for death, for both third drugs and for NRTI pairs. When AIDS/

death was considered, the adjusted HRs were 1.28 (95% CI,

1.03–1.60) for NVP, 1.31 (95% CI, 1.01–1.71) for RTV, and

1.45 (95% CI, 1.15–1.81) for boosted regimens. There was little

difference in the effect of the NRTI pairs. When mortality was

considered, patients receiving EFV appeared to do best, but

there was little evidence that the HR for death differed ac-

cording to other third drugs, except for NVP: the adjusted HR

relative to EFV was 1.65 (95% CI, 1.16–2.36). Compared with

patients receiving AZT/3TC, the adjusted HR for death for

patients receiving D4T/3TC was 1.35 (95% CI, 1.14–1.59).

Again, there was little evidence of differences in rates according

to other NRTI pairs. We found little evidence of between-cohort

heterogeneity in the effect that the drugs had on clinical out-

comes, except for RTV-boosted PIs ( ) and D4T/3TC2I p 47%

( ). The heterogeneity of the effect that RTV-boosted2I p 56%

PIs had among cohorts might have been due to different PIs

being prescribed.

Table 5 shows crude and adjusted ORs for detectable HIV-

1 RNA level at 6 months after initiation of HAART for each

third drug and NRTI pair. Patients who started with EFV-con-

taining regimens were more likely than patients who started

with any other third drug to suppress HIV-1 RNA level by the

6-month time point: adjusted ORs for the comparison with

EFV ranged from 1.67 (95% CI, 1.35–2.07) for boosted PIs to

5.33 (95% CI, 4.25–6.69) for SQV. These patterns were also

seen when patients with missing data or who had died were

considered to have experienced virological failure, although

ORs were generally attenuated. Patients receiving other NRTI

pairs were at greater risk of having a detectable HIV-1 RNA

level at 6 months, compared with patients receiving AZT/3TC.

Table 6 shows the crude and adjusted ORs for regimen change

at 6 months after initiation of HAART for each third drug and

NRTI pair. The drug most likely to result in regimen change
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Table 4. Crude and adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the end
point of death from any cause and for the combined end point of AIDS or death (AIDS/death).

Category
Patients,

no.
Events,
no (%)

Follow-up,
years

HR (95% CI)

Crude Adjusteda

End point of AIDS/death
Third drug

EFV 2007 162 (8) 3617 1 1
NVP 2252 192 (9) 5341 1.04 (0.84–1.30) 1.28 (1.03–1.60)
NFV 3361 460 (14) 9339 1.50 (1.23–1.82) 1.18 (0.97–1.44)
RTV 1034 170 (16) 4082 1.60 (1.23–2.08) 1.31 (1.01–1.71)
SQV 1090 149 (14) 4181 1.32 (1.00–1.73) 1.21 (0.92–1.60)
RTV-boosted PI 1118 189 (17) 2478 2.07 (1.65–2.58) 1.45 (1.15–1.81)
IDV 4159 632 (15) 15,376 1.51 (1.21–1.87) 1.18 (0.94–1.47)
ABC 1006 63 (6) 1647 0.73 (0.54–0.99) 0.90 (0.66–1.22)

NRTI pair
AZT/3TC 10,043 1139 (11) 27,867 1 1
D4T/3TC 3095 493 (16) 9380 1.37 (1.23–1.54) 1.11 (0.99–1.24)
D4T/DDI 1500 207 (14) 4440 1.23 (1.06–1.44) 1.14 (0.97–1.34)
Other 1389 178 (13) 4374 1.05 (0.89–1.24) 1.09 (0.92–1.29)

Overall 16,027 2017 (13) 46,060 … …
End point of death

Third drug
EFV 2254 58 (3) 4344 1 1
NVP 2378 92 (4) 6127 1.41 (1.00–2.00) 1.65 (1.16–2.36)
NFV 3802 191 (5) 11,615 1.38 (1.00–1.89) 1.07 (0.77–1.47)
RTV 1148 91 (8) 5051 1.58 (1.06–2.35) 1.36 (0.91–2.02)
SQV 1145 67 (6) 4790 1.15 (0.75–1.75) 1.15 (0.75–1.75)
RTV-boosted PI 1285 52 (4) 3174 1.57 (1.07–2.32) 1.14 (0.77–1.69)
IDV 4555 318 (7) 18,658 1.47 (1.04–2.08) 1.20 (0.85–1.71)
ABC 1099 26 (2) 1862 1.07 (0.66–1.74) 1.27 (0.77–2.09)

NRTI pair
AZT/3TC 10,964 462 (4) 32,927 1 1
D4T/3TC 3468 255 (7) 12,005 1.60 (1.36–1.88) 1.35 (1.14–1.59)
D4T/DDI 1716 96 (6) 5551 1.25 (0.99–1.57) 1.15 (0.91–1.45)
Other 1518 82 (5) 5139 1.10 (0.86–1.41) 1.13 (0.88–1.46)

Overall 17,666 895 (5) 55,623 … …

NOTE. 3TC, lamivudine; ABC, abacavir; APV, amprenavir; AZT, zidovudine; D4T, stavudine; DDI, didanosine; EFV,
efavirenz; IDV, idinavir; LPV, lopinavir; NFV, nelfinavir; NRTI, nucleoside reverse-transcriptase inhibitor; NVP, nevirapine;
PI, protease inhibitor; RTV, ritonavir; SQV, saquinavir.

a Adjusted for age, injection drug use, clinical stage, CD4 cell count, and HIV-1 RNA level and stratified by cohort
and year of starting HAART.

was RTV (adjusted OR, 4.53 [95% CI, 3.69–5.57]). ORs were

slightly attenuated when those patients with missing data or

who had died were considered to have experienced treatment

failure.

In sensitivity analyses, we examined whether the NRTI pair

modifies the effect of NFV (compared with that of EFV) by in-

cluding an interaction term in the model. There was no evi-

dence of interaction between EFV or NFV and the NRTI pairs

for AIDS/death ( ) or for death ( ). However, thereP p .36 P p .78

was evidence of interaction for the outcome of detectable HIV-

1 RNA level at 6 months ( ) and of regimen change atP p .02

6 months ( ). For suppression of HIV-1 RNA level, EFVP p .04

was more effective with AZT/3TC than with D4T/DDI, but

there was no evidence of a difference in efficacy between the

NRTI pairs when combined with NFV. In light of the results

for regimen change, it appears that the combination of EFV

with D4T/DDI was less likely to be maintained than was AZT/

3TC, whereas NFV was most frequently maintained with D4T/

DDI as the NRTI pair.

We examined whether the adjusted HR for NVP (compared

with EFV) for all-cause mortality remained elevated if we re-

stricted follow-up to 6 months, when patients were most likely

to be still receiving their initial regimen. Compared with EFV,

the adjusted HR for all-cause mortality for NVP was 2.28 (95%
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Table 5. Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for de-
tectable HIV-1 RNA level at 6 months after initiation of highly active antiretroviral therapy
(HAART), for patients with a 6-month HIV-1 RNA measurement (end point considered as de-
tectable HIV-1 RNA level at 6 months) and for all patients (end point considered as detectable
HIV-1 RNA level at 6 months, missing, or dead).

Category
Patients,

no.
Events,
no (%)

OR (95% CI)

Crude Adjusteda

Patients with an HIV-1 RNA mea-
surement at 6 months

Third drug
EFV 1898 236 (12) 1 1
NVP 2095 455 (22) 1.95 (1.65–2.32) 2.19 (1.83–2.62)
NFV 3233 754 (23) 2.14 (1.83–2.51) 2.19 (1.85–2.59)
RTV 997 267 (27) 2.58 (2.12–3.13) 2.20 (1.75–2.78)
SQV 1033 508 (49) 6.81 (5.68–8.18) 5.33 (4.25–6.69)
RTV-boosted PI 1153 205 (18) 1.52 (1.24–1.87) 1.67 (1.35–2.07)
IDV 3907 984 (25) 2.37 (2.03–2.77) 2.05 (1.69–2.48)
ABC 956 190 (20) 1.75 (1.42–2.15) 1.89 (1.52–2.35)

NRTI pair
AZT/3TC 9443 2090 (22) 1 1
D4T/3TC 2984 651 (22) 0.98 (0.89–1.08) 0.90 (0.81–1.00)
D4T/DDI 1494 380 (25) 1.20 (1.06–1.36) 1.14 (0.99–1.30)
Other 1351 478 (35) 1.93 (1.71–2.18) 1.31 (1.15–1.51)

Overall 15,272 3599 (24) … …
All patients

Third drug
EFV 2254 592 (26) 1 1
NVP 2378 738 (31) 1.26 (1.11–1.44) 1.62 (1.42–1.86)
NFV 3802 1323 (35) 1.50 (1.34–1.68) 1.53 (1.35–1.74)
RTV 1148 418 (36) 1.61 (1.38–1.87) 1.59 (1.32–1.91)
SQV 1145 620 (54) 3.32 (2.86–3.85) 3.29 (2.73–3.97)
RTV-boosted PI 1285 948 (74) 1.00 (0.85–1.17) 1.18 (1.01–1.39)
IDV 4555 1632 (36) 1.57 (1.40–1.75) 1.63 (1.41–1.88)
ABC 1099 333 (30) 1.22 (1.04–1.43) 1.46 (1.23–1.72)

NRTI pair
AZT/3TC 10,964 3611 (33) 1 1
D4T/3TC 3468 1135 (33) 0.99 (0.91–1.07) 0.93 (0.85–1.01)
D4T/DDI 1716 602 (35) 1.10 (0.99–1.22) 1.06 (0.94–1.19)
Other 1518 645 (42) 1.50 (1.35–1.68) 1.19 (1.06–1.35)

Overall 17,666 5993 (34) … …

NOTE. 3TC, lamivudine; ABC, abacavir; APV, amprenavir; AZT, zidovudine; D4T, stavudine; DDI, didanosine;
EFV, efavirenz; IDV, idinavir; LPV, lopinavir; NFV, nelfinavir; NRTI, nucleoside reverse-transcriptase inhibitor; NVP,
nevirapine; PI, protease inhibitor; RTV, ritonavir; SQV, saquinavir.

a Adjusted for age, injection drug use, clinical stage, CD4 cell count, HIV-1 RNA level, and year of starting
HAART.

CI, 1.20–4.36) during the first 6 months, which decreased to

1.31 (95% CI, 0.81–2.18) after 6 months. We examined the

hypothesis that, because of selective differences in toxicities,

patients who initiated therapy at a high CD4 cell count would

be at a greater risk of death if they were receiving NVP-based

HAART than would those receiving other regimens. We be-

lieved that this difference would be especially pronounced in

women and those who were positive for hepatitis C virus

(HCV). Table 7 shows HRs for death, comparing NVP with all

other third drugs in models including interaction terms for sex,

high CD4 cell count (�350 cells/mL), and IDU, first for all

patients and second restricted to patients with known HCV

status. The data are consistent with the hypothesis that the risk

of death is increased in women with high CD4 cell counts,

especially those who are HCV positive. However, the power to

detect interaction effects was low.
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Table 6. Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs)
for regimen change at 6 months, for patients with 6 months of follow-up (end point
considered as regimen change at 6 months) and for all patients (end point considered
as regimen change at 6 months, missing, or dead).

Category
Patients,

no.
Events,
no. (%)

OR (95% CI)

Crude Adjusteda

Patients with 6 months
of follow-up

Third drug
EFV 2106 466 (22) 1 1
NVP 2146 539 (25) 1.18 (1.02–1.36) 1.40 (1.20–1.64)
NFV 3501 756 (22) 0.97 (0.85–1.10) 1.09 (0.94–1.27)
RTV 1055 483 (46) 2.97 (2.54–3.48) 4.53 (3.69–5.57)
SQV 1067 324 (30) 1.53 (1.30–1.81) 2.21 (1.78–2.74)
RTV-boosted PI 1182 473 (40) 2.35 (2.01–2.74) 2.82 (2.38–3.34)
IDV 4233 1203 (28) 1.40 (1.24–1.58) 2.03 (1.72–2.40)
ABC 996 199 (20) 0.88 (0.73–1.06) 0.88 (0.72–1.08)

NRTI pair
AZT/3TC 10,101 2808 (28) 1 1
D4T/3TC 3159 685 (22) 0.72 (0.65–0.79) 0.64 (0.58–0.71)
D4T/DDI 1618 483 (34) 1.11 (0.99–1.24) 1.07 (0.95–1.22)
Other 1408 467 (34) 1.29 (1.14–1.45) 1.24 (1.09–1.42)

Overall 16,286 4443 (27) … …
All patients

Third drug
EFV 2254 614 (27) 1 1
NVP 2378 771 (32) 1.28 (1.13–1.45) 1.51 (1.31–1.73)
NFV 3802 1057 (28) 1.03 (0.92–1.16) 1.21 (1.06–1.38)
RTV 1148 576 (50) 2.69 (2.32–3.12) 4.37 (3.62–5.28)
SQV 1145 402 (34) 1.45 (1.24–1.68) 2.20 (1.80–2.68)
RTV-boosted PI 1285 576 (43) 2.17 (1.88–2.51) 2.71 (2.32–3.17)
IDV 4555 1525 (33) 1.34 (1.20–1.50) 2.09 (1.80–2.42)
ABC 1099 302 (27) 1.01 (0.86–1.19) 1.00 (0.84–1.18)

NRTI pair
AZT/3TC 10,964 3671 (33) 1 1
D4T/3TC 3468 994 (29) 0.80 (0.73–0.87) 0.69 (0.63–0.76)
D4T/DDI 1716 581 (34) 1.02 (0.91–1.13) 1.02 (0.91–1.15)
Other 1518 577 (38) 1.22 (1.09–1.36) 1.22 (1.08–1.38)

Overall 17,666 5823 (33) … …

NOTE. 3TC, lamivudine; ABC, abacavir; APV, amprenavir; AZT, zidovudine; D4T, stavudine; DDI,
didanosine; EFV, efavirenz; IDV, idinavir; LPV, lopinavir; NFV, nelfinavir; NRTI, nucleoside reverse-
transcriptase inhibitor; NVP, nevirapine; PI, protease inhibitor; RTV, ritonavir; SQV, saquinavir.

a Adjusted for age, injection drug use, clinical stage, CD4 cell count, HIV-1 RNA level, and year of
starting HAART.

We evaluated patterns of survival after 6 months of therapy,

accounting for the initial response to HAART. The adjusted

model controlled for CDC clinical stage, CD4 cell count, and

HIV-1 RNA level at 6 months as well as age, IDU status, and

clinical stage at initiation of HAART. At 6 months, compared

with EFV, elevated crude HRs for mortality were observed for

RTV (1.73 [95% CI, 1.02–2.91]) and for RTV-boosted PI reg-

imens (1.76 [95% CI, 1.02–3.01]). However, these HRs were

attenuated in the multivariable analysis, to 1.09 (95% CI, 0.64–

1.87) for RTV and to 1.00 (95% CI, 0.58–1.73) for boosted

regimens, suggesting that the higher HRs resulted from poor

immunological and virological response during the first 6

months. The corresponding crude HR for NVP was 1.57 (95%

CI, 0.97–2.54), which was attenuated to 1.33 (95% CI, 0.81–

2.18). Therefore, the excess deaths in those who started with

NVP, compared with deaths in those who started with EFV,

might not have been the result of poor initial response. Among

those who subsequently died, the mean CD4 cell count mea-
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Table 8. Crude and adjusted hazard ratios
(HRs) and 95% confidence intervals (CIs) for
the end point of death from any cause and for
the combined end point of AIDS or death (AIDS/
death), from sensitivity analyses for all patients
but with follow-up censored at 2 years after
starting highly active antiretroviral therapy
(HAART) and restricted to patients without a
history of injection drug use (IDU), patients
with a history of IDU, patients starting HAART
after 1 January 1998, and patients with a CD4
cell count 1200 cells/mL at initiation of HAART.

The table is available in its entirety in the online
edition of The Journal of Infectious Diseases

sured at 6 months was 403 cells/mL for those who started with

NVP, compared with 294 cells/mL for those who started with

other drugs, showing that the deaths of those who started with

NVP occurred in less immunologically suppressed individuals.

We examined whether the effects of drug regimens differed

according to whether patients’ presumed transmission was via

IDU. Models including and excluding the interaction between

each third drug and IDU status were compared using likelihood

ratio tests. In analyses that used separate models for IDU and

non-IDU, the HRs for the third drugs were generally attenuated

for non-IDU and increased for IDU. There was evidence only

of an interaction between the third drug and IDU for NVP

( ). Results from analyses restricted to patients with aP p .05

history of IDU, patients without a history of IDU, patients with

a baseline CD4 cell count 1200 cells/mL, and patients who started

HAART after 1 January 1998 and for all patients but with follow-

up censored at 2 years after starting HAART are presented in

table 8. Censoring at 2 years did not affect estimates substantially.

The HR for NVP was increased to 1.43 (95% CI, 0.97–2.10) in

patients with a CD4 cell count 1200 cells/mL at initiation of

HAART. When the analysis was restricted to those starting

HAART after 1 January 1998, the HR for RTV was increased

to 1.41 (95% CI, 0.96–2.08).

DISCUSSION

Thanks to a collaborative effort involving 12 different studies,

the prognosis of HIV infection in patients initiating HAART

could be elucidated for several initial regimens. We found that

the choice of drugs used in the initial regimen was associated

with the probability of viral suppression and with the sustained

use of this regimen 6 months after starting HAART. We ob-

served few differences in the rates of mortality between regi-

mens, and these rates were much lower than were those in the

pre-HAART era [21]. EFV performed the best of the third

drugs, but several other drugs had similar effectiveness. Com-

pared with EFV, the highest mortality risk was for patients who

initiated HAART by receiving NVP.

In the absence of large trials, the present observational study

provides important information on potential differences be-

tween regimens. Because all patients involved were treatment

naive, our results were not confounded by previous ART and

are relevant to many patients starting HAART. Data were com-

bined across continents and countries, and our results should,

therefore, be generalizable. Confounding is an important issue,

because prognostic factors differed between groups of patients

starting different regimens. Additional, unmeasured confound-

ing factors could have distorted our results. Cox models were

stratified both by cohort and by calendar year, and the results

should not, therefore, be biased by between-cohort differences

in treatment choices or by secular changes in the risk of the end

points. AIDS diagnoses were not centrally reviewed or verified,

which may have introduced bias due to misclassification. How-

ever, all cohorts used the same CDC criteria for the prospective

diagnosis of AIDS-defining events, and study clinics are based

in specialized centers with extensive expertise in HIV medicine.

Some patients may have participated in clinical trials comparing

different initial regimens, but it is likely that the proportion of

such patients was small, and enrollment in the cohorts was in-

dependent of participation in trials.

HRs changed after adjustments were made for prognostic fac-

tors in multivariable models. In all cases except for NVP-based

regimens, effects were attenuated. For example, in the unadjusted

analysis, PI regimens boosted with RTV were associated with a

2-fold higher rate of AIDS/death (HR, 2.07), but this effect was

considerably smaller after adjustments were made for prognostic

factors (HR, 1.45), because these combinations were more likely

to be prescribed to patients with more-advanced disease. Prog-

nostic factors will have been subject to measurement error, and,

therefore, it is possible that, because of residual confounding, the

adjusted HR continues to be an overestimate of the true risk

associated with boosted PI regimens. The opposite was the case

for NVP-based therapies: patients at lower risk of progression

were more likely to have received these regimens, and adjustment

for prognostic factors at baseline, therefore, increased the HR for

progression to AIDS/death, from 1.04 to 1.28. It is, therefore,

possible that, because of residual confounding, the adjusted HR

underestimates the true increase in the risk of progression as-

sociated with NVP.

Differences in outcome between EFV and NVP might have

been the result of confounding by indication if patients with

a poorer propensity to adhere tended to be prescribed NVP in

preference to EFV. To distinguish this possibility from differ-

ences in discontinuation rates due to differences in efficacy or

toxicity would require data both on reasons for choice of drug

regimen and on reasons for discontinuation, which are difficult

to collect. It is also important to consider whether observed

differences could have been the result of differences in socio-

economic status [22, 23]. However, except for the United States,
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our patient populations came from countries where all indi-

viduals (with the possible exception of migrants of sub-Saharan

African origin, who are not always legal migrants) had similar

low-cost access to HAART and laboratory monitoring.

Our analyses did not account for adherence to treatment, be-

cause this information was not available. Formally, adherence

to treatment cannot confound the effect of initial regimen, be-

cause it occurs subsequent to the choice of regimen. Rather,

failure to adhere to treatment is likely to modify the effect of

treatment, because poor adherence has been shown in previous

studies to be associated with poor CD4 cell count and HIV-

1 RNA response as well as mortality [24–27]. However, choice

of initial regimen might be affected by physicians’ perception

of the extent to which the patient is likely to adhere to treatment

[25, 28, 29], because different HAART regimens have clear dif-

ferences in pill burden [28, 30]. This is reflected, for example,

in the fact that presumed mode of transmission is associated

with initial regimen. Unmeasured patient characteristics that

affect propensity to adhere and also predict choice of regimen

could confound our results.

Although our analyses were conducted on the basis of intent

to continue initial regimen, 27% of patients were no longer re-

ceiving their initial regimen at 6 months after initiation. Those

patients initially receiving RTV (46%) or RTV-boosted PIs (40%)

were particularly likely to change regimens. To estimate the effect

of initial regimen accounting for regimen change would be dif-

ficult, since regimen-specific factors (such as toxicities) will them-

selves be associated with regimen change.

Large variations in therapeutic responses by initial regimen

have been observed previously. A recent meta-analysis of clinical

trials comparing HAART regimens among persons with extensive

ART experience demonstrated that unboosted PI regimens were

clearly superior to NNRTI regimens based on NVP or delavirdine

[31]. In particular, CD4 cell count response and the suppression

of viral replication was found to be less for NNRTI regimens

than for PI regimens. In contrast, a systematic review of trials

evaluating HAART regimens in treatment-naive HIV-infected

adults demonstrated that boosted PI and NNRTI regimens pro-

vided superior virological suppression than did PI and triple

nucleoside-containing regimens [32]. However, boosted PI reg-

imens showed the greatest increase in CD4 cell counts, compared

with the other 3 regimen types.

Our results do not confirm the main findings from the 2NN

trial [2], although a sensitivity analysis in the 2NN trial, which

included only those participants who received at least 1 dose

of drugs, did find a significant benefit of EFV [2, 33, 34]. In

our analysis, EFV appears to be more efficacious than any other

third drug in a HAART regimen. These differences could be

attributed to the superiority of EFV or might reflect underlying

unmeasured differences in the ways in which physicians pre-

scribe and patients use EFV, compared with other third drugs

[28, 35–37]. Other observational studies have also suggested that

EFV may be more efficacious than NVP with regard to CD4 cell

count gain and virological efficacy [38, 39]. Of note, in our study,

differences in viral load response were not generally associated

with differences in rates of mortality, and differences in rates of

mortality between EFV and NVP were associated with deaths

that occurred during the first 6 months. These deaths could have

been the result of either drug-induced toxicities or other factors

not related to toxicity or therapeutic response [40]. The 2NN

trial lacked the power to demonstrate, or to exclude with cer-

tainty, smaller differences in rates of mortality.

The present study arose from the need to characterize dif-

ferences in response and survival by initial HAART regimen.

No previous observational study has examined this issue with

such a large patient population or large number of regimen types.

Some of the third drugs analyzed here are no longer being pre-

scribed in most settings, and there is a need for future work to

examine regimens that have been prescribed in more recent years,

once sufficient numbers of patients and follow-up time have

accrued. The long-term impact of initial regimen choice may

not be evident after 3 years of follow-up. It is not possible to

simultaneously compare recently prescribed drug regimens and

long-term effects—our approach represents a compromise be-

tween these 2 competing requirements.

In conclusion, the choice of drugs used in the initial HAART

regimen is associated with the probability of viral suppression

and with the sustained use of this regimen 6 months after the

start of HAART. However, poorer response and higher rate of

regimen change do not necessarily indicate subsequent differ-

ences in mortality. We cannot rule out confounding, rather than

differences in drug effectiveness, as an explanation for our find-

ings. Large clinical trials that are powered to assess differences

in clinical outcomes are required to produce a more-definitive

answer, and we strongly urge funding bodies to support such

large, long-term trials in the future.
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