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Lamivudine in combination with zidovudine,
stavudine, or didanosine in patients with HIV-1
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Objective: To study the antiviral activity of lamivudine (3TC) plus zidovudine (ZDV),
didanosine (ddI), or stavudine (d4T).
Design: Randomized, placebo-controlled, partially double-blinded multicenter
study.
Setting: Adult AIDS Clinical Trials Units.
Patients: Treatment-naive HIV-infected adults with 200–600 × 106 CD4 
T lymphocytes/l.
Interventions: Patients were openly randomized to a d4T or a ddI limb, then
randomized in a blinded manner to receive: d4T (80 mg/day), d4T plus 3TC 
(300 mg/day), or ZDV (600 mg/day) plus 3TC, with matching placebos; or ddI 
(400 mg/day), ddI plus 3TC (300 mg/day), or ZDV (600 mg/day) plus 3TC, with
matching placebos. After 24 weeks 3TC was added for patients assigned to the
monotherapy arms.
Main outcome measure: The reduction in plasma HIV-1 RNA level at weeks 24 
and 48. 

From the *University of Colorado Health Sciences Center and Veterans Affairs Medical Center, Denver, Colorado, the 
†Center for Biostatistics in AIDS Research, Harvard School of Public Health, Boston, Massachusetts, the ‡University of Alabama
at Birmingham School of Medicine and Birmingham Veterans Affairs Medical Center, Birmingham, Alabama, the §University
of North Carolina at Chapel Hill, North Carolina, the IIUniversity of Miami, Miami, Florida, the ¶Northwestern University,
Chicago, Illinios, **Indiana University, Indianapolis, Indiana, the ††Johns Hopkins University School of Medicine, Baltimore,
Maryland, the ‡‡Adult AIDS Clinical Trials Group Operations Center, Rockville, Maryland, the §§Frontier Science &
Technology Research Foundation, Amherst, New York and the IIIIDivision of AIDS, NIAID, NIH, Bethesda, Maryland, USA.
Sponsorship: Supported in part by the AIDS Clinical Trials Group (AI-38858), Statistical and Data Management Center 
(AI-38855) and AIDS Clinical Trials Unit awards from the NIAID (AI-32770, AI-32775) and by Virology Advanced Technical
Laboratory Awards from the Adult AIDS Clinical Trials Group (subcontracts of AI-38858). Additional support was received
from General Clinical Research Grants RR-00046 and RR-00051 and the Flow Cytometry Core Laboratory of the University of
Colorado Cancer Center (CA-46934). Victoria Johnson was supported in part by a research grant from the NIH (AI-40876).
Note. Presented in part at the 5th Conference on Retroviruses and Opportunistic Infections, Chicago, IL, February 1–5, 1998.
Abstract 1.
Requests for reprints to: D.R. Kuritzkes, Division of Infectious Disease, University of Colorado Health Sciences Center, 4200
E. Ninth Ave B-168, Denver, CO 80262, USA.
Date of receipt: 9 November 1998; revised: 25 January 1999; accepted: 1 February 1999.



AIDS 1999, Vol 13 No 6686

Introduction

Current treatment guidelines for the treatment of HIV-
1 infection recommend the use of a combination of
nucleoside analogue inhibitors of reverse transcriptase
together with a protease inhibitor or non-nucleoside
reverse transcriptase inhibitor [1,2]. Most studies cited
in support of these guidelines have used the combina-
tion of zidovudine (ZDV) and lamivudine (3TC) as the
nucleoside component of such triple-therapy regimens.
The combination of 3TC plus ZDV results in greater
virologic and immunologic improvement than either
drug alone and confers significant clinical benefit
despite the rapid emergence of 3TC resistance [3–8].
Resistance to 3TC is conferred by a point mutation in
the HIV-1 reverse transcriptase gene that results in a
methionine to valine substitution at codon 184
(M184V) [9–12]; within weeks of initiating 3TC, wild-
type HIV-1 in the plasma is replaced by variants carry-
ing this mutation [13]. Introduction of the M184V
mutation restores ZDV susceptibility in HIV-1 strains
that carry ZDV resistance mutations [11,14,15].
Moreover, the frequency of ZDV resistance mutations
in HIV-1 isolates from patients receiving ZDV plus
3TC is significantly lower than that seen during ZDV
monotherapy [4,16]. Therefore it has been proposed
that the sustained activity of 3TC in combination with
ZDV is due to the prevention or reversal of ZDV 
resistance [16].

Because a number of HIV-1-infected individuals 
cannot tolerate ZDV it was important to determine
whether 3TC could be used in combination with other
available nucleoside analogues. However, if the benefits
of 3TC are due solely to suppression of ZDV 
resistance, the rapid emergence of 3TC resistance could
limit the activity of treatment regimens in which 3TC is
combined with other nucleoside analogues such as
didanosine (ddI) or stavudine (d4T) for which similar
favorable resistance interactions have not been described.

Several uncontrolled pilot studies suggest that the com-
bination of 3TC plus d4T produces sustained virologic
and immunologic improvement [17,18]. Studies to
examine the combination of 3TC with ddI, a 
nucleoside analogue that also confers significant clinical
benefit, have not been performed. The AIDS Clinical
Trials Group (ACTG) protocol 306 tested the hypoth-
esis that 3TC was uniquely effective in combination
with ZDV and superior to 3TC in combination with
either d4T or ddI.

Methods

This multicenter, randomized, placebo-controlled,
double-blind trial was conducted by 21 collaborating
units of the Adult ACTG. The protocol was reviewed
and approved by the institutional review boards of: the
Northwestern University, University of North
Carolina, Indiana University, University of Colorado
Health Sciences Center, John Hopkins University,
University of Alabama at Birmingham School of
Medicine, University of Rochester Medical Center,
Stanford University, Ohio State University, University
of Washington, University of California, San Diego,
University of Puerto Rico, University of California,
Los Angeles, Washington University, St. Louis,
University of Miami, University of Pennsylvania,
University of Hawaii, Case Western Reserve
University, Beth Israel Deaconess Medical Center,
Vanderbilt University Medical Center. Informed con-
sent was obtained from all subjects participating in this
study. Conduct of this study conformed to human
experimentation guidelines of the US Department of
Health and Human Services.

Patients
Individuals with documented HIV-1 infection, at least
12 years of age with CD4 T-lymphocyte counts of

Results: Two hundred ninety-nine patients were enrolled. After 24 weeks the mean
reduction in plasma HIV-1 RNA copies/ml from baseline was 0.49 log10 (d4T
monotherapy) versus 1.03 log10 (d4T plus 3TC; P = 0.001), and 0.68 log10 (ddI
monotherapy) versus 0.82 log10 (ddI plus 3TC; P > 0.22). After 48 weeks the mean
reduction was 1.08 log10 (d4T plus 3TC) versus 1.01 log10 (ZDV plus 3TC) in the d4T
limb (P = 0.66), and 0.94 log10 (ddI plus 3TC) versus 0.88 log10 (ZDV plus 3TC; 
P = 0.70) in the ddI limb. 
Conclusions: 3TC added significantly to the virologic effects of d4T, but not ddI, in
treatment-naive patients. 3TC plus d4T produced virologic changes comparable to
those of 3TC plus ZDV. These results support the use of 3TC with either ZDV or d4T
as a component of initial combination antiretroviral therapy.  
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200–600 × 106/l and less than 7 days of antiretroviral
nucleoside analogue treatment were eligible. Eligibility
criteria also included a Karnofsky score ≥ 80%, a hemo-
globin of ≥ 90 g/l for men and ≥ 85 g/l for women, a
neutrophil count of ≥ 1000 × 106 cells/l, a serum 
creatinine concentration ≤ 1.5 times the upper limit of
normal, serum concentrations of alanine aminotrans-
ferase and aspartate aminotransferase ≤ 5 times the
upper limit of normal, and a serum amylase concentra-
tion ≤ 1.5 times the upper limit of normal (unless the
serum lipase concentration was ≤ 1.5 times the upper
limit of normal). Patients were excluded if they had
unexplained temperature elevations to ≥ 38.5°C for 
7 consecutive days within 30 days prior to randomiza-
tion, had a history of acute or chronic pancreatitis, had
moderate peripheral neuropathy [≥ grade 2 according
to the National Institute of Allergy and Infectious
Disease (NIAID) Division of AIDS Table for Grading
Adult Adverse Experiences], or were pregnant. Patients
were also excluded if they had received any antiretrovi-
ral agents within 90 days of randomization or had
malignancies that required systemic cytotoxic
chemotherapy.

Study design and treatment regimens
Patients entering step 1 of the study were first random-
ized openly to either a d4T or ddI limb, then random-
ized within each limb in a double-blind fashion to
receive one of three treatments in a 1.5 : 1.5 : 1 ratio,
respectively (Fig. 1). The allotted sample size was
greater in the combination therapy arms as it was
expected that the variability of virologic response
would be greater [3,19]. In the d4T limb, patients
received either ZDV plus 3TC with d4T placebo, d4T
plus 3TC with ZDV placebo, or d4T with ZDV and

3TC placebos. In the ddI limb, patients received either
ZDV plus 3TC with ddI placebo, ddI plus 3TC with
ZDV placebo, or ddI with ZDV and 3TC placebos. At
study week 24, patients entered step 2 of the study:
patients on monotherapy had 3TC added to their regi-
men in a blinded fashion (beyond week 24 these arms
are referred to as the d4T/ or ddI/delayed 3TC arms,
respectively). Patients on combination therapy
remained on their originally assigned regimens. Step 2
continued for an additional 24 weeks for a total study
duration of 48 weeks. A subset of patients at four sites
were also enrolled in a pharmacology substudy to eval-
uate pharmacokinetic interactions of 3TC with either
ZDV, d4T or ddI, which will be reported separately.

ZDV (Retrovir) and 3TC (Epivir) were provided by
GlaxoWellcome, Research Triangle Park, North
Carolina, USA; d4T (Zerit) and ddI (Videx) were pro-
vided by Bristol-Myers Squibb, Wallingford,
Connecticut, USA. ZDV was given as three 100-mg
tablets and 3TC as one 150-mg tablet twice daily. d4T
was given as one 40-mg tablet and ddI as two 100-mg
chewable tablets twice daily for patients weighing 
≥ 60 kg and d4T as one 30-mg tablet and ddI as one
100-mg tablet and one 25-mg tablet twice daily for
patients weighing < 60 kg. Patients could receive ddI
(or matching placebo) as an oral suspension of the
equivalent dose made up from the pediatric oral formu-
lation.

Measurements and follow-up
Study visits included plasma HIV-1 RNA titer, CD4
T-lymphocyte counts, a clinical assessment and safety
laboratory tests at pre-entry and study entry, and at
weeks 2, 4, 8, 12, 16, 20, 24, 28, 36, 44, and 48.

Fig. 1. Schema showing study design and treatment allocation for ACTG protocol 306. ZDV, zidovudine; d4T, stavudine; ddI,
didanosine; 3TC, lamivudine.
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Patients who prematurely discontinued study treatment
were encouraged to return for all scheduled study visits
and were included in all analyses. For the primary
analyses for step 1 and step 2, all plasma HIV-1 RNA
assays were performed in batch for each step by the
branched DNA assay (HIV-1 Quantiplex Version 2.0,
Chiron Corp., Emeryville, California, USA; limit of
detection, 500 copies/ml) in a single laboratory
(University of Colorado Health Sciences Center). As a
secondary analysis, plasma HIV-1 RNA assays were
repeated on samples from baseline, weeks 20 and 24,
and weeks 44 and 48 using the ‘ultrasensitive’ modifi-
cation of a reverse transcriptase (RT)–PCR assay
(Amplicor HIV-1 Monitor, Roche Molecular Systems,
Branchburg, New Jersey, USA; limit of detection, 
50 copies/ml). Lymphocyte subsets were enumerated at
each participating site by using a standardized, quality-
controlled flow cytometry protocol [20].

The primary endpoints for the study were mean
change from baseline in plasma HIV-1 RNA at weeks
24 and 48, the maximum decrease in plasma HIV-1
RNA within the first 8 weeks, and the occurrence of
serious adverse events leading to treatment discontinua-
tion. Secondary endpoints included increases in mean
CD4 T-lymphocyte count from baseline at weeks 24
and 48, and the proportion of patients with plasma
HIV-1 RNA levels below the limit of detection at
weeks 24 and 48. HIV-1 RNA levels and CD4 T-lym-
phocyte counts at week 24 and at week 48 were
defined as the average of the results at weeks 20 and
24, or 44 and 48, respectively. Additional secondary
endpoints were change in CD4 cell count within the
first 8 weeks; time to return to 50% reduction of
plasma HIV-1 RNA from baseline, and area under the
curve below baseline for plasma HIV-1 RNA levels
and area under the curve above baseline for CD4 
T-lymphocyte count. 

Statistical analysis
CD4 T-lymphocyte counts were analyzed on an
absolute scale, whereas a log10 transformation was used
in the analysis of HIV-1 RNA levels. Descriptive
analyses and all statistical comparisons of change in the
HIV-1 RNA levels were first performed by replacing
any measurement below 500 copies/ml using the
branched DNA assay by the value of 500 copies/ml.
Because this approach can introduce bias into the treat-
ment comparisons by underestimating the true magni-
tude of the HIV-1 RNA reduction, additional analyses
were performed that adjusted for the effects of censor-
ing by treating the change in HIV-1 RNA level as a
censored normally distributed outcome variable [21].
Analyses of the primary endpoint were also repeated
adjusting for baseline HIV-1 RNA level and CD4 T-
lymphocyte counts; however, these additional analyses
are not reported because the results were similar to
analyses which did not adjust for baseline HIV-1 RNA

level and CD4 T-lymphocyte counts. Secondary analy-
ses that used plasma HIV-1 RNA data generated by the
ultrasensitive RT–PCR assay were performed as for
the branched DNA assay data, with the exception that
the lower limit of detection was taken to be 50
copies/ml, and an upper limit of detection was
imposed of 50 000 copies/ml.

All analyses were conducted using an intent-to-treat
approach. In all cases, time was measured from the date
of dispensation of protocol treatment. Analyses of
changes in immunologic and virologic parameters used
an analysis of variance (both with and without adjust-
ing for censoring). Differences in proportions below
the limit of detection of plasma HIV-1 RNA were
compared among treatments using Fisher’s exact test
[22]. For the analysis of the proportion of patients with
plasma HIV-1 RNA levels below the limit of detection
at weeks 20/24 and weeks 44/48 it was required that
measurements at both weeks were below the limit of
detection to be considered undetectable (patients with
only one measurement were classified as detectable or
undetectable on the basis of the available measure-
ment). Time-to-event distributions were estimated
using the method of Kaplan and Meier and compared
between treatment arms using the log-rank test [23].
Analyses of safety data were censored at 56 days after
the date of the last dose of protocol treatment, except
that all safety follow-up was censored at 50 weeks after
the date of treatment dispensation.

Results

Patient disposition and follow-up
Between December 1995 and July 1996 299 patients
were randomly assigned to treatment . Three patients
in each limb were randomized but never started treat-
ment, and one patient was randomized to the study and
found to be ineligible due to prior ZDV use. These
patients were excluded from analyses.

Table 1 contains the baseline characteristics for patients
by treatment arm. In the d4T limb, 86% of the patients
were male, 60% were white, non-Hispanic and the
median age was 36 years. The median CD4 T-lympho-
cyte count was 407 × 106/l, and the median HIV-1
RNA was 11 137 (4.05 log10) copies/ml. In the ddI
limb, 84% of the patients were male, 55% were white
non-Hispanic, and the median age was 33 years. The
median CD4 T-lymphocyte count was 391 × /l, and
the median HIV-1 RNA level was 11 422 (4.06 log10)
copies/ml. Baseline characteristics were well balanced
across treatment arms and limbs.

Of the 146 patients who began study treatment in the
d4T limb, 146 (100%) remained on study and 136
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(94.4%) remained on study treatment through week 24;
128 (87.7%) patients remained on study and 118
(80.8%) remained on study treatment through week 48.
In the ddI limb, of the 146 patients who began study
treatment 144 (98.6%) remained on study and 135
(92.5%) remained on study treatment through week 24;
121 (82.9%) patients remained on study and 106
(72.6%) remained on study treatment through week 48.
There were no significant differences in the rate of pre-
mature discontinuation of study treatment.

Virologic endpoints
A pronounced initial decline in HIV-1 RNA level
from baseline that was sustained out to 24 weeks was
evident in all treatment arms (Fig. 2). After week 24
the addition of 3TC to d4T monotherapy led to an
additional mean reduction in plasma HIV-1 RNA level
of 0.26 log10 (P = 0.096), which increased to 0.44 log10
after adjustment for censoring (P = 0.042). The 
addition of 3TC to ddI monotherapy led to an addi-
tional reduction of 0.42 log10 in plasma HIV-1 RNA

[P = 0.002; 0.79 log10 after adjustment for censoring 
(P = 0.021)]. At week 48 the combination treatment
arms in both limbs all showed sustained reductions
from baseline in HIV-1 RNA level [on the order of
1.0 log10 (unadjusted)].

The mean change in plasma HIV-1 RNA level from
baseline to week 20/24 was significantly greater for the
d4T/3TC arm than the d4T monotherapy arm before
and after adjustment for censoring (0.54 log10 before
and 1.04 log10 after adjustment, respectively; P ≤ 0.001
in each case; Fig. 2A). There was a greater decrease in
mean plasma HIV-1 RNA level in the d4T/3TC arm
than in the ZDV/3TC arm at week 20/24 (0.22 log10)
that was not statistically significant in the unadjusted
analysis (P = 0.14), but which approached significance
after adjustment for censoring (0.54 log10; P = 0.052).
However, no significant difference in virologic
response between the d4T/3TC and ZDV/3TC arms
was observed at week 44/48 (P > 0.66; Table 2). 

Table 1. Baseline characteristics by treatment arm.

Characteristic Treatment arm Total

Stavudine (d4T) limb ZDV/3TC d4T/3TC d4T/delayed 3TC
n 54 57 35 146
Male (%) 87 86 83 86
White non-Hispanic (%) 59 63 57 60
Median age (years) 35 37 35 36
Median weight (kg) 77 77 80 78
Median (range) CD4 T lymphocytes (× 106/l) 401 (122–675) 405 (216–716) 424 (212–630) 407 (122–716)
Median (range) plasma HIV-1 RNA (log10 copies/ml) 4.13 (2.70–5.41) 4.15 (2.70–5.46) 4.00 (2.70–5.50) 4.05 (2.70–5.51)

Didanosine (ddI) limb ZDV/3TC ddI/3TC ddI/delayed 3TC
n 54 55 37 146
Male (%) 87 80 84 84
White non-Hispanic (%) 59 47 59 55
Median age (years) 33 35 31 33
Median weight (kg) 80 78 74 76
Median (range) CD4 T lymphocytes (× 106/l) 386 (201–624) 387 (150–663) 398 (206–689) 391 (150–689)
Median (range) plasma HIV-1 RNA (log10 copies/ml) 4.08 (2.70–5.85) 4.01 (2.70–5.78) 4.08 (2.70–5.41) 4.06 (2.70–5.85)

ZDV, Zidovudine; 3TC, lamivudine.

Fig. 2. Mean change from baseline in plasma HIV-1 RNA level. (a) Stavudine limb; (b) didanosine limb. ZDV, zidovudine;
d4T, stavudine; ddI, didanosine; 3TC, lamivudine.
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In the ddI limb there was little difference between the
three treatment arms with respect to changes in HIV-1
RNA level at week 20/24 (P > 0.20 in all cases, with
or without adjustment for censoring; Fig. 2B; Table 2).
Similarly, there were no statistically significant differ-
ences between the two combination arms (ddI/3TC
and ZDV/3TC) with respect to changes in HIV-1
RNA level at week 44/48, with or without adjustment
for censoring (P ≥ 0.14 in all cases, Table 2).

Maximum reductions in HIV-1 RNA during the
first 8 weeks
The d4T/3TC combination achieved a maximum
reduction in mean plasma HIV-1 RNA level that was
0.49 log10 greater than observed in the d4T monother-
apy arm during this initial period (P ≤ 0.003; Table 3).
There was evidence of a moderate difference in maxi-
mum HIV-1 RNA decrease between the ddI and

ddI/3TC arms. Prior to adjustment for censoring, the
difference was 0.26 log10 in favor of the ddI/3TC arm;
after adjustment this difference increased to 0.58 log10
(P = 0.068 and 0.003, respectively; Table 3).

Results of ultrasensitive plasma HIV-1 RNA
testing
With the exception of the d4T monotherapy arm,
median plasma HIV-1 RNA levels at weeks 20 and 24
and weeks 44 and 48 were equal to or less than the
threshold of detection for the branched DNA assay
(500 copies/ml). In view of the high proportion of
patients below the threshold of detection, additional
analyses were performed using plasma HIV-1 RNA
levels determined by an ultrasensitive RT–PCR assay.
Less than 20% of patients in any treatment arm
achieved a plasma HIV-1 RNA level below the limits
of detection of this assay (< 50 copies/ml). Treatment

Table 2. Change in log10 plasma HIV-1 RNA copies/ml from baseline to weeks 20/24 and 44/48.

20/24 Weeks 44/48 Weeks

Mean P Mean change P Mean P Mean change P
n change unadjusted adjusted* adjusted n change unadjusted adjusted* adjusted

Stavudine (d4T) limb
ZDV/3TC 51 –0.81 0.14† –1.05 0.052† 50 –1.01 0.66† –1.50 0.95†

d4T/3TC 53 –1.03 0.001‡ –1.59 0.001‡ 52 –1.08 0.081‡ –1.50 0.089‡

d4T/delayed 3TC 34 –0.49 – –0.55 – 30 –0.76 – –0.96 –
Didanosine (ddI) limb

ZDV/3TC 50 –0.80 0.92§ –1.13 0.64§ 43 –0.88 0.70§ –1.27 0.78§

ddI/3TC 51 –0.82 0.33II –1.08 0.31II 44 –0.94 0.34II –1.15 0.14II

ddI/delayed 3TC 36 –0.68 – –0.90 – 33 –1.10 – –1.61 –

*Adjusted for censoring. †Zidovudine (ZDV)/lamivudine (3TC) versus d4T/3TC. ‡d4T/3TC versus d4T/delayed 3TC. §ZDV/3TC versus ddI/3TC.
IIddI/3TC versus ddI/delayed 3TC.

Table 3. Maximum change in log10 plasma HIV-1 RNA copies/ml from baseline in the first 8 weeks.

Mean P Mean change P
n change unadjusted adjusted* adjusted

Stavudine (d4T) limb
ZDV/3TC 52 –1.28 0.72† –3.59 0.60†

d4T/3TC 57 –1.23 0.003‡ –3.56 0.001‡

d4T/delayed 3TC 34 –0.74 – –1.20 –
Didanosine (ddI) limb

ZDV/3TC 52 –1.20 0.82§ –3.77 0.13§

ddI/3TC 54 –1.16 0.068II –1.94 0.003II

ddI/delayed 3TC 36 –0.90 – –1.36

*Adjusted for censoring. †Zidovudine (ZDV)/lamivudine (3TC) versus d4T/3TC. ‡d4T/3TC versus d4T/delayed 3TC. §ZDV/3TC versus ddI/3TC.
IIddI/3TC versus ddI/delayed 3TC.

Table 4. Estimated change in log10 plasma HIV-1 RNA copies/ml from baseline using ultrasensitive reverse transcriptase–PCR assay.

20/24 Weeks 44/48 Weeks

Estimated Estimated
n mean change P* n mean P*

Stavudine (d4T) limb
ZDV/3TC 52 –1.57 0.77† 52 –1.51 0.47†

d4T/3TC 54 –1.64 0.0001‡ 52 –1.51 0.064‡

d4T/delayed 3TC 34 –0.47 – 30 –1.19 –
Didanosine (ddI) limb

ZDV/3TC 44 –1.40 0.15§ 40 –1.23 0.79§

ddI/3TC 53 –1.16 0.52|| 47 –1.27 0.17||

ddI/delayed 3TC 35 –1.32 – 30 –1.78 –

*Adjusted for upper and lower censoring. †Zidovudine (ZDV)/lamivudine (3TC) versus d4T/3TC. ‡d4T/3TC versus d4T/delayed 3TC.
§ZDV/3TC versus ddI/3TC. IIddI/3TC versus ddI/delayed 3TC.
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arms did not differ with respect to the proportion of
patients below the limit of detection at weeks 20 and
24 and weeks 44 and 48 (P ≥ 0.095 in all cases).

Table 4 summarizes analyses of the mean change in
HIV-1 RNA levels at weeks 20/24 and 44/48 using
results of the ultrasensitive RT–PCR assay adjusted for
the upper and lower measurement limits (50 000 and
50 copies/ml, respectively). Within the d4T limb, the
difference between the d4T/3TC and d4T/delayed
3TC arms was highly significant at week 20/24 
(P < 0.0001) and marginally significant at week 44/48
(P = 0.064). The difference between the ZDV/3TC
and d4T/3TC arms was insignificant at both week
20/24 (P = 0.77) and 44/48 (P = 0.47), as were the
differences at weeks 20/24 (P = 0.15) or 44/48 
(P = 0.79) between the ZDV/3TC and ddI/3TC arms,
or between the ddI/3TC and ddI/delayed 3TC arms
(P = 0.52 and P = 0.17 for weeks 20/24 and 44/48,
respectively).

Change in CD4 T-lymphocyte count
In all treatment arms there was an initial increase in
mean CD4 T-lymphocyte count, which was sustained
out to 48 weeks (Fig. 3). In the d4T limb, the mean
increase in CD4 T-lymphocyte count at week 44/48
ranged from 80 × 106 CD4 T lymphocytes/l
(d4T/delayed 3TC arm) to 118 × 106 CD4 T 
lymphocytes/l (d4T/ 3TC arm). In the ddI limb, the
mean increase in CD4 T-lymphocyte count at week
44/48 ranged from 77 × 106 CD4 T lymphocytes/l
(ZDV/3TC arm) to 109 × 106 CD4 T lymphocytes/l
(ddI/delayed 3TC arm). None of the statistical 
comparisons of change in CD4 T lymphocytes were
significant in either limb, although in both limbs the
ZDV/ 3TC arm had CD4 T-lymphocyte increases that
were approximately 30 cells less than the other combi-
nation therapy arm.

Adverse events
Study treatment was tolerated well overall. In the d4T
limb, a severe (grade 3) or worse toxicity occurred in

17 out of 54 (31%) patients on ZDV/3TC, 13 out of
57 (23%) patients on d4T/3TC, and 10 out of 35
(29%) patients on d4T/delayed 3TC (P = 0.39 for the
two combination arms; P = 0.62 for d4T/3TC versus
d4T/delayed 3TC). Of patients on the ddI limb, seven
out of 54 (13%) patients on ZDV/3TC, 14 out of 55
(25%) patients on ddI/3TC, and 11 out of 37 (30%)
patients on ddI/delayed 3TC experienced a severe or
worse toxicity (P = 0.14 for ZDV/3TC versus
ddI/3TC; P = 0.81 for ddI/3TC versus ddI/delayed
3TC). The most frequent severe or worse laboratory
abnormalities were abnormalities of liver function tests
and neutropenia; the most frequent severe or worse
signs or symptoms included aches and pains, malaise or
fatigue, and gastrointestinal complaints. Fourteen out of
292 (4.8%) patients permanently discontinued study
treatment as a result of severe or worse toxicity. The
time to first severe or worse laboratory toxicity or
severe or worse sign or symptom did not differ signifi-
cantly between treatment arms in either limb.

One patient experienced clinical progression to AIDS
during the study. This patient, who was assigned to
ddI/3TC, died at week 16 because of cytomegalovirus
infection; the patient had discontinued study therapy at
the time of developing the infection. Two other
patients died during the course of the study of causes
unrelated to HIV-1 infection or study treatment. 

Discussion

This study was a randomized, double-blind, placebo-
controlled comparison of the virologic and immuno-
logic activity of 3TC in combination with either ZDV,
d4T or ddI in previously untreated HIV-1-infected
individuals with 200–600 × 106 CD4 T lymphocytes/l.
The combination of d4T plus 3TC had significantly
greater virologic activity than d4T alone, and was com-
parable to the combination of ZDV plus 3TC. The

Fig. 3. Mean change from baseline in CD4 T-lymphocyte count. (a) Stavudine limb; (b) didanosine limb. ZDV, zidovudine;
d4T, stavudine; ddI, didanosine; 3TC, lamivudine.
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ddI/3TC combination resulted in greater virologic and
immunologic responses during the first 8 weeks of
treatment as compared to ddI monotherapy, but this
difference was diminished (and was insignificant) by
week 24. There were no significant differences in viro-
logic and immunologic response at weeks 24 and 48 for
the ZDV/3TC and ddI/3TC combinations. Although
the combination therapy arms tended to have greater
increases in CD4 T-lymphocyte counts than the initial
monotherapy/delayed 3TC arms, these differences
were not statistically significant.

Results of the d4T limb of our trial are the first to
demonstrate, in a controlled fashion, comparable
antiviral effects of d4T/3TC and ZDV/3TC, extend-
ing the results of uncontrolled pilot studies [17,18].
Our results show conclusively that 3TC adds signifi-
cantly to the activity of d4T, and that the combination
of d4T plus 3TC has virologic activity that is similar to
that of ZDV plus 3TC. Thus, the hypothesis that 3TC
is uniquely active in combination with ZDV was dis-
proved. Factors other than initial antiretroviral activity
such as toxicity, ease of administration, or cost need to
be considered in choosing whether to use d4T/3TC or
ZDV/3TC as part of initial potent combination 
regimens.

Results of the ddI limb are consistent with those of
other studies that have compared ddI to other nucleo-
sides in the treatment of HIV-1 infection. Two studies
by the ACTG, one in children and one in adults, found
that the clinical benefits of ZDV plus ddI were not
superior to those of ddI alone [24,25]. Moreover, in
the adult study, ACTG Protocol 175, the combination
of ZDV plus ddI was associated with greater reduction
in plasma HIV-1 RNA titers than was ddI monother-
apy at week 8, but these differences were not signifi-
cant at week 56 [26]. Similarly, we found that 3TC
plus ddI was associated with greater suppression of
plasma HIV-1 RNA than was ddI alone at week 8, but
this difference was not significant by week 24.
Although the difference in antiviral activity of the ddI
monotherapy and ZDV/3TC arms was not formally
tested, the two arms had comparable antiviral activity.
This result appears to contradict results of another study
ACTG Protocol 300, that showed a significant reduc-
tion in progression to AIDS and death for HIV-1-
infected children, who received ZDV plus 3TC as
compared with ddI alone [27]. In that study, the differ-
ence in treatment benefit was observed only in children
under 3 years of age. However, the very small number
of clinical endpoints observed in children > 3 years of
age may have precluded detection of any treatment 
differences in older children.

Treatment in the present study was well-tolerated in all
arms. Only 14 out of 292 (4.8%) patients permanently
discontinued therapy as a result of severe or worse toxi-

city. Addition of 3TC to d4T or ddI did not result in
any unexpected toxicities or an increase in toxicity.
Thus, this study demonstrates that 3TC can safely be
added to ZDV, d4T or ddI.

A limitation of the current study was the moderately
low plasma HIV-1 RNA level of the participants at
study entry (around 4.0 log10 copies/ml). As the
branched DNA assay has a threshold for detection of
500 copies/ml, the maximum observable decrease in
plasma HIV-1 RNA for half of the patients was 20-fold
(1.3 log10) or less. These factors tended to underesti-
mate the true magnitude of suppression of HIV-1 by
the study treatments and may have limited our ability
to discern differences among the treatment arms. This
difficulty was avoided to some extent by the use of 
statistical methods that treated values that fell below
500 copies/ml as censored data. Moreover, the qualita-
tive results of the study were unchanged when analyzed
using the results of the ultrasensitive RT–PCR assay
and were comparable to previously reported results of
ZDV/3TC trials [3,5].

In summary, results of the present study, which may
represent the last opportunity to compare activities of
nucleoside combinations that contribute to potency of
currently recommended three-drug regimens, suggest
that 3TC can be combined safely and effectively with
either ZDV or d4T. 3TC can also safely be combined
with ddI, but this combination did not provide a 
significant advantage over ddI monotherapy. Further
exploration of the combination of 3TC and ddI is war-
ranted, since the prolonged intracellular half-lives of
the respective nucleoside triphosphates might make it
possible to dose both drugs once a day. These combi-
nations should be used as part of potent regimens that
include a protease inhibitor or non-nucleoside reverse
transcriptase inhibitor as a third agent [2].
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