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Background:

A substantial proportion of patients with HIV infection will not respond to antiretroviral therapy. Early predictors
of response to treatment are needed to identify patients who are
at risk for treatment failure.

Objective:

To determine predictors of virologic and clinical response to indinavir, zidovudine, and lamivudine therapy.

Design:

Observational analysis of one treatment group in a
phase III trial.

Setting:

40 AIDS Clinical Trials units.

Patients: 489 patients receiving indinavir, zidovudine, and lamivudine who had 1) a CD4 count of 0.200 ⴛ 109 cells/L or less
after 8 or more weeks of study therapy and 2) plasma HIV-1 RNA
measurements obtained at baseline and week 8.
Measurements: HIV-1 RNA level and CD4 cell count at weeks
0, 4, 8, 24, and 40. Clinical progression was defined as a new
AIDS-defining illness or death.
Results: Patients’ levels of HIV-1 RNA at the 8th study week of
therapy predicted whether patients would achieve virologic suppression to below 500 (or 50) copies/mL at study week 24. An
HIV-1 RNA level less than 500 copies/mL at week 24 was
achieved in 71% of patients whose level at week 8 had been less
than 500 copies/mL, 53% of those with a level of 500 copies/mL
or more and at least 2–log10 copies/mL reduction since baseline,
29% of those with a level of 500 copies/mL or more with a 1– to

P

otent antiretroviral regimens lead to viral load suppression in 60% to 90% of patients with HIV-1
infection (1– 6). Several studies have analyzed early
plasma HIV-1 RNA level and CD4 cell count as predictors of response to antiretroviral therapy (7–11). Few
patients in these studies received protease inhibitors or
achieved virologic suppression. To design maximally effective treatment strategies for patients with HIV-1 infection, more information is needed regarding factors
that predict response to regimens that more closely reflect current standards of care (12, 13). We report fac954 © 2001 American College of Physicians–American Society of Internal Medicine

1.99 –log10 copies/mL reduction, and 9% of those with a level of
500 copies/mL or greater and less than 1–log10 copies/mL reduction since baseline (P < 0.001). HIV-1 RNA level at week 8 also
predicted clinical progression. HIV-1 disease progressed in 2.2%
of the patients with a week-8 HIV-1 RNA level less than 500
copies/mL, 2.3% of patients with 500 copies/mL or greater and at
least 2–log10 copies/mL reduction since baseline, 4.9% of patients
with 500 copies/mL or greater and 1– to 1.99 –log10 copies/mL
reduction since baseline, and 10.6% of patients with 500 copies/mL or greater and less than 1–log10 copies/mL decrease since
baseline (P ⴝ 0.009). After adjustment for HIV-1 RNA level, patients with a higher week-8 CD4 cell count were more likely to
have a week-24 HIV-1 RNA level less than 500 copies/mL (relative risk for patients with a week-8 CD4 count > 0.10 ⴛ 109
cells/L, 1.47 [95% CI, 1.00 to 2.16] compared with <0.050 ⴛ 109
cells/L; relative risk for patients with a week-8 CD4 count of 0.05
to 0.099 ⴛ 109 cells/L, 0.98 [CI, 0.61 to 1.57] compared with
<0.050 ⴛ 109 cells/L). After adjustment for HIV-1 RNA level,
patients with a week-8 CD4 count of 0.05 ⴛ 109 cells/L or greater
(compared with <0.05 ⴛ 109 cells/L) had a decreased hazard for
clinical progression (hazard ratio, 0.25 [CI, 0.09 to 0.67]).

Conclusions: The HIV-1 RNA level and CD4 cell count achieved
at 8 weeks of treatment are important predictors of subsequent
virologic and clinical outcomes.
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tors that predicted virologic and clinical responses to
treatment with indinavir, zidovudine, and lamivudine in
a phase III clinical trial.

METHODS
Study Design

The AIDS Clinical Trials Group (ACTG) protocol
320 was a phase III trial in patients with at least 3
months of previous zidovudine therapy and a CD4 cell
count of 0.200 ⫻ 109 cells/L or less. The study demon-
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strated that indinavir, zidovudine, and lamivudine were
superior to zidovudine and lamivudine in delaying clinical progression (2). A preliminary subset analysis of 190
patients (2) demonstrated that greater suppression of
HIV-1 RNA level occurred in the study patients receiving indinavir. Because HIV-1 RNA level responses in
the dual nucleoside group were poor, we limited our
analysis to patients who initiated concurrent treatment
with indinavir, zidovudine, and lamivudine. All participants gave informed consent, and the appropriate institutional review boards approved the study procedures.
Patient Selection

Study enrollment began in January 1996. A total of
583 patients were randomly assigned to receive indinavir, zidovudine, and lamivudine before 21 February
1997, when randomization and blinded study treatment
were terminated. For the present study, we limited our
analysis to 489 patients (84% of 583 patients), who
initiated study treatment and had HIV-1 RNA measurements obtained at baseline and week 8. Sixteen patients
(3%) were excluded because they did not start treatment
or were randomly assigned too late to complete 8 weeks
of treatment. Forty-four patients (8%) did not complete
8 weeks of study treatment because of death (n ⫽ 2),
discontinuation of treatment after development of a new
AIDS-defining event (n ⫽ 7), discontinuation due to
adverse experiences (n ⫽ 8), or discontinuation at the
request of the patient or loss to follow-up (n ⫽ 27). The
remaining 34 patients (6%) had no baseline or no
week-8 HIV-1 RNA measurement.
HIV-1 RNA Level Quantitation

At the conclusion of the study, researchers at six
ACTG laboratories measured plasma HIV-1 RNA levels
by using the Roche Amplicor Monitor assay (Roche Diagnostics, Branchburg, New Jersey) with a quantification limit of 500 copies/mL. Plasma samples with an
HIV-1 RNA level of 2000 copies/mL or less according
to the standard Monitor assay were retested by use of an
ultrasensitive assay with a quantification limit of 50 copies/mL.
Statistical Analysis

Baseline HIV-1 RNA level was defined as the geometric mean of two measurements obtained before the
www.annals.org
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patient started study treatment. If either measurement
was less than 500 copies/mL, then 500 copies/mL was
used as the baseline level (1% of patients); if either
measurement was greater than 750 000 copies/mL, then
750 000 copies/mL was used (4% of patients).
To evaluate the associations between HIV-1 RNA
level suppression at week 24 to less than 500 copies/mL
(or to ⬍50 copies/mL) and HIV-1 RNA level at week 8,
including change in HIV-1 RNA level from baseline to
week 8, we used the extension of the Fisher exact test.
We used logistic regression to assess other potential predictors of virologic suppression at week 24. In developing a logistic regression model, we evaluated variables
without and then with adjustment for baseline HIV-1
RNA level and the change in HIV-1 RNA level from
baseline to week 8; we anticipated that these variables
would best predict subsequent HIV-1 RNA suppression.
In the models, we included a binary variable to identify
two groups of patients on the basis of a week-8 HIV-1
RNA level less than 500 copies/mL versus a level of
500 copies/mL or greater (or a week-8 level of ⬍50
copies/mL versus ⱖ50 copies/mL). To maximize the
adjustment, we also included continuous variables for
baseline log10 HIV-1 RNA level in each of these two
groups and, for patients with 500 copies/mL or more at
week 8, change in log10 HIV-1 RNA level from baseline. Because CD4 cell counts are widely used as a prognostic marker in clinical practice, we added the baseline
and week-8 CD4 cell counts to the model by using
standard clinical categories. We also evaluated sex, age,
race/ethnicity, intravenous drug use, Karnofsky score,
and length of previous zidovudine use according to ordered categories. To simplify the presentation of data,
we provide results by using ordered categories for CD4
cell counts, patient age, and duration of previous
zidovudine use; however, the same conclusions were obtained by using continuous variables.
We repeated all logistic regression analyses by using
conditional logistic regression and generalized estimating equations (14) (with an exchangeable working correlation matrix) to allow for any possible clustering
within clinical sites (data not shown). The estimated
correlation within sites was extremely small (0.00 to
0.06, depending on the model). Results from the different modeling approaches did not differ sufficiently to
affect our conclusions. Adjusted relative risks were obtained from the logistic regression models for patients
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Table 1. Proportion of Patients Who Achieved
Suppression of Plasma HIV-1 RNA Level to Less Than
500 or 50 copies/mL*
Measurement

Patients with an
HIV-1 RNA Level
< 500 copies/mL

Patients with an
HIV-1 RNA Level
< 50 copies/mL

RESULTS

n/n (%)
Week
Week
Week
Week
Week

0
4
8
24
40

3/489 (0.6)
139/466 (30)
228/489 (47)
201/412 (49)
126/290 (43)

Wellcome provided study drugs. Members of the
ACTG performed all assays. The authors analyzed and
interpreted the data and had sole responsibility for submitting the manuscript for publication.

2/489 (0.4)
28/466 (6)
72/489 (15)
123/412 (30)
90/290 (31)

* The denominator is the number of patients who had an HIV-1 RNA measurement and who could have completed the given number of weeks of treatment
before closure of the study; patients who discontinued use of indinavir, zidovudine, and lamivudine before week 8 are excluded. The numerator is the number of
patients who achieved the stated level of suppression of HIV-1 RNA and were still
taking indinavir, zidovudine, and lamivudine at the given week.

with HIV-1 RNA levels of 100 000 copies/mL at baseline and 500 copies/mL at week 8. (These values are
very close to the median values for the study sample.)
We used the multivariate delta method to derive variances for the log relative risk from the logistic regression
model (15) and hence 95% CIs for the adjusted relative
risks.
We analyzed differences in mean CD4 cell counts
according to HIV-1 RNA profile groups by using analysis
of variance. Predictors of progression to AIDS or death
were evaluated by using the log-rank test and a Cox
proportional hazards models with the date of the week-8
measurement as the time origin and censoring as the last
follow-up visit. Baseline and week-8 HIV-1 RNA levels
and CD4 cell count were included in the model as described for the logistic regression modeling. Because few
clinical events occurred in the sample, we considered no
other variables. The fit of all models was evaluated by
visual inspection of residual plots and plots of the log
cumulative hazard against time. We used SAS statistical
software, version 6.12 (SAS Institute, Inc., Cary, North
Carolina), for all statistical analyses. All P values were
derived from two-sided hypothesis tests and were unadjusted for multiple comparisons.
Role of the Funding Sources

The ACTG of the National Institute of Allergy and
Infectious Diseases funded the study. Merck and Co.
and Roche Molecular Systems provided supplemental
funding for virologic studies. Merck and Co. and Glaxo
956 4 December 2001 Annals of Internal Medicine Volume 135 • Number 11

Patients

Eighty-three percent of the patients in this study
were men, and the median age was 38 years (25th and
75th percentiles, 33 and 45 years, respectively). Fiftyfour percent of patients were white, 26% were black,
18% were Hispanic, and 2% belonged to other nonwhite racial or ethnic groups. Fifteen percent of patients
had previously used intravenous drugs. The median duration of previous zidovudine use was 24 months (25th
and 75th percentiles, 12 and 44 months). At baseline,
the median CD4 cell count was 0.082 ⫻ 109 cells/L
(25th and 75th percentiles, 0.026 and 0.138 ⫻ 109
cells/L) and the median HIV-1 RNA level was 108 000
copies/mL (25th and 75th percentiles, 41 000 and
261 000 copies/mL). The median follow-up was 43
weeks (25th and 75th percentiles, 35 and 49 weeks).
Plasma HIV-1 RNA Responses

The baseline HIV-1 RNA level was less than 500
copies/mL in less than 1% of patients. Approximately
half of the patients who completed 8 weeks or more of
indinavir therapy had an HIV-1 RNA level less than
500 copies/mL by week 8; there was little change in the
proportion of patients who had an HIV-1 RNA level
less than 500 copies/mL at later times (Table 1). In
contrast, a smaller proportion of patients had week-8
HIV-1 RNA levels suppressed to less than 50 copies/
mL; the proportion of patients with less than 50 copies/mL of HIV-1 RNA subsequently increased.
Among the patients who achieved an HIV-1 RNA
level less than 500 copies/mL at week 24 and who could
have completed 40 weeks of therapy by the time of
study closure, 90% (113 of 126) maintained suppression of HIV-1 RNA at week 40. The proportion of
patients who maintained virologic suppression from
weeks 24 to 40 was similar between the group with less
than 500 copies/mL at week 8 (91% [82 of 90 patients])
and the group with 500 copies/mL or more at week 8
(86% [31 of 36 patients]). Few patients (10% [8 of 79])
who had not achieved virologic suppression to less than
www.annals.org
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Table 2. Association of Baseline and Early Change in Plasma HIV-1 RNA with Suppression of HIV RNA to Less Than
500 copies/mL at Week 24*
Patients with Week-24 HIV-1 RNA Level < 500 copies/mL, according to
Baseline HIV-1 RNA Level

HIV-1 RNA Category at Week 8

<5000
copies/mL

5000–49 999
copies/mL

50 000–499 999
copies/mL

All Patients

>500 000
copies/mL

4OOOOOOOOOOOOOOOOOOOOO n/n (%) OOOOOOOOOOOOOOOOOOOOO3
⬍500 copies/mL
ⱖ500 copies/mL and ⱖ2 log10 copies/mL
below baseline level
ⱖ500 copies/mL and 1–1.99 log10
copies/mL below baseline level
ⱖ500 copies/mL and ⬍1 log10 copies/mL
below baseline level
All patients
P value‡

14/16 (88)

55/70 (79)

–†

–†

8/11 (73)

134/188 (71)

32/56 (57)

9/21 (43)

41/77 (53)

8/17 (47)

10/42 (24)

1/7 (14)

19/66 (29)

2/6 (33)
16/22 (73)

3/16 (19)
66/103 (64)

2/50 (4)
101/239 (42)

0/9 (0)
18/48 (38)

7/81 (9)
201/412 (49)

0.025

⬍0.001

⬍0.001

0.003

⬍0.001

–†

57/91 (63)

* Numerators are the number of patients at week 24 who were still taking indinavir, zidovudine, and lamivudine and had an HIV-1 RNA level less than 500 copies/mL;
denominators are the number of patients who could have completed 24 weeks of treatment before closure of the study. Patients who discontinued treatment with indinavir,
zidovudine, and lamivudine before week 8 are excluded.
† Baseline HIV-1 RNA level is too low to allow quantification of changes of the specified magnitude.
‡ P values were calculated by using the Fisher exact test to compare the proportion of patients with virologic suppression across the four categories of week-8 HIV-1 RNA
for each baseline HIV-1 RNA level.

500 copies/mL by week 24 subsequently achieved suppression by week 40.
Predictors of Suppressed HIV-1 RNA Level

We evaluated the effect of early change (from baseline to week 8) in plasma HIV-1 RNA level on subsequent suppression (at week 24) of plasma HIV-1 RNA
to less than 500 copies/mL (Table 2). Patients were
categorized according to whether their week-8 HIV-1
RNA level was less than 500 copies/mL or 500 copies/mL or greater; for the latter group, categorization
was also based on the magnitude of reduction in HIV-1
RNA level from baseline. This categorization took into
account the fact that patients with a baseline HIV-1
RNA level of 5000 to 49 999 copies/mL, 50 000 to
499 999 copies/mL, or 500 000 copies/mL or more had
to achieve reductions greater than 1 log10 copies/mL,
greater than 2 log10 copies/mL, or greater than 3 log10
copies/mL, respectively, to have an HIV-1 RNA level
less than 500 copies/mL at week 8. Lower baseline
HIV-1 RNA level significantly predicted HIV-1 RNA
suppression to less than 500 copies/mL at week 24 (P ⬍
0.001, Fisher exact test). A further predictor of virologic
suppression at week 24 was the magnitude of change in
HIV-1 RNA level from baseline to week 8 (P ⬍ 0.001)
(Table 2).
www.annals.org

Measurement of HIV-1 RNA at week 4 added little
value in predicting suppression of week-24 HIV-1 RNA
level to less than 500 copies/mL beyond the predictive
value provided by the week-8 HIV-1 RNA level. Virologic suppression to less than 500 copies/mL at week 24
occurred in 74% (74 of 100) of patients with HIV-1
RNA levels less than 500 copies/mL at weeks 4 and 8
compared with 67% (58 of 86) of patients with an
HIV-1 RNA level less than 500 copies/mL at week 8
only (a 7–percentage point difference [CI, ⫺7 to 20
percentage points]; P ⬎ 0.2, Fisher exact test). Among
the 207 patients with a week-4 measurement and a
week-8 HIV-1 RNA level of 500 copies/mL or greater,
the week 4 value did not significantly predict week-24
suppression after adjustment for the week-8 level (data
not shown).
We also evaluated whether other patient characteristics could predict virologic suppression at week 24
(Table 3). The proportion of patients with a suppressed
HIV-1 RNA level at week 24 increased with increasing
CD4 cell count at week 8. Across all categories of CD4
cell count, the association of the CD4 value with
week-24 virologic suppression was stronger at week 8
than at baseline (Table 3). Furthermore, results of a
multivariate analysis (adjusted for HIV-1 RNA levels)
that included a patient’s category of CD4 cell count at
4 December 2001 Annals of Internal Medicine Volume 135 • Number 11 957
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baseline and at week 8 showed that an association between CD4 cell count and virologic suppression at week
24 was significant for the week-8 CD4 value (P ⫽
0.016) but not for the baseline CD4 value (P ⬎ 0.2).
Thus, higher CD4 cell counts at week 8, in addition to
lower week-8 HIV-1 RNA levels, predicted greater odds
of suppression of HIV-1 RNA level at week 24.
In the adjusted analyses, older patients had a higher
probability of HIV-1 RNA suppression to less than 500
copies/mL at week 24 compared with younger patients
(Table 3). The trend was slightly weaker with adjustment for HIV-1 RNA levels, as evidenced by the lower
relative risks in the adjusted analysis than the unadjusted

analysis. The significant association with older age persisted in logistic regression models that adjusted for
CD4 cell count at baseline, week 8, or both, as well as
HIV-1 RNA levels. After adjustment for HIV-1 RNA
levels, plasma HIV-1 RNA suppression to less than 500
copies/mL at week 24 was not significantly associated
with sex, race/ethnicity, history of intravenous drug use,
Karnofsky score, or duration of previous zidovudine use.
However, the large CIs suggest that these analyses may
not detect modest associations between these variables
and virologic outcome.
Both the baseline and week-8 HIV-1 RNA levels
significantly predicted suppression of a patient’s HIV-1

Table 3. Suppression of HIV-1 RNA Level to Less Than 500 copies/mL at Week 24, according to
Patient Characteristics*
Variable

Baseline CD4 cell count
⬍0.05 ⫻ 109 cells/L
0.05–0.099 ⫻ 109 cells/L
ⱖ0.10 ⫻ 109 cells/L
Week-8 CD4 cell count‡
⬍0.05 ⫻ 109 cells/L
0.05–0.099 ⫻ 109 cells/L
ⱖ0.10 ⫻ 109 cells/L
Age
⬍35 y
35–39 y
40–44 y
ⱖ45 y
Sex
Male
Female
Race/ethnicity§
White
Black
Hispanic
Intravenous drug use
Never
Ever
Karnofsky score
100
90
70 or 80
Duration of previous zidovudine use
ⱕ12 mo
13–24 mo
25–48 mo
⬎48 mo

Patients with Week-24
HIV-1 RNA Level < 500
copies/mL, n/n (%)

Relative Risk (95% CI)
Unadjusted

Adjusted†

58/155 (37)
44/90 (49)
99/167 (59)

1.00 (referent)
1.31 (0.97–1.75)
1.58 (1.25–2.01)

1.00 (referent)
1.04 (0.79–1.36)
1.20 (0.95–1.52)

21/73 (29)
27/70 (39)
153/263 (58)

1.00 (referent)
1.34 (0.84–2.14)
2.02 (1.39–2.94)

1.00 (referent)
0.98 (0.61–1.57)
1.47 (1.00–2.16)

1.00
1.25
1.42
1.77

1.00
1.18
1.27
1.44

52/141 (37)
45/98 (46)
35/67 (52)
69/106 (65)

(referent)
(0.92–1.69)
(1.03–1.94)
(1.37–2.28)

(referent)
(0.89–1.56)
(0.94–1.71)
(1.11–1.86)

173/346 (50)
28/66 (42)

1.00 (referent)
0.85 (0.63–1.15)

1.00 (referent)
0.83 (0.61–1.13)

124/230 (54)
40/101 (40)
33/73 (45)

1.00 (referent)
0.73 (0.56–0.96)
0.84 (0.63–1.11)

1.00 (referent)
0.89 (0.68–1.17)
1.01 (0.79–1.29)

175/353 (50)
26/59 (44)

1.00 (referent)
0.89 (0.65–1.21)

1.00 (referent)
0.77 (0.55–1.08)

68/122 (56)
98/212 (46)
35/78 (45)

1.00 (referent)
0.83 (0.67–1.03)
0.81 (0.60–1.08)

1.00 (referent)
0.83 (0.68–1.01)
0.91 (0.71–1.18)

56/117 (48)
51/104 (49)
48/112 (43)
46/79 (58)

1.00
1.02
0.90
1.22

1.00
1.04
0.93
1.18

(referent)
(0.78–1.35)
(0.67–1.19)
(0.93–1.59)

(referent)
(0.81–1.33)
(0.71–1.21)
(0.93–1.51)

* Numerators are the number of patients still taking indinavir, zidovudine, and lamivudine and having an HIV-1 RNA level less than 500 copies/mL at week 24.
Denominators are the number of patients who could have completed 24 weeks of treatment before closure of the study. Patients who discontinued treatment with indinavir,
zidovudine, and lamivudine before week 8 are excluded.
† Adjusted for baseline and week-8 HIV-1 RNA levels. Adjusted relative risks are given for a patient with a baseline HIV-1 RNA level of 100 000 copies/mL and a week-8
level of 500 copies/mL (these values are close to the medians for the study sample).
‡ Six patients who did not have a CD4 cell count measurement for week 8 were not included in the results for week-8 CD4 cell count presented in this table.
§ Eight patients (including four with a week-24 HIV-1 RNA level ⬍ 500 copies/mL) whose race or ethnicity was classified as “other” are not included in the results for race
or ethnicity presented in this table.
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Table 4. Association of Baseline and Early Change in Plasma HIV-1 RNA Level with Suppression of HIV-1 RNA to Less
Than 50 copies/mL at Week 24*
Patients with Week-24 HIV-1 RNA < 50 copies/mL, according to
Baseline HIV-1 RNA Level

HIV-1 RNA Category at Week 8

<5000
copies/mL

5000–49 999
copies/mL

50 000–499 999
copies/mL

All Patients

>500 000
copies/mL

4OOOOOOOOOOOOOOOOOOOO n/n (%) OOOOOOOOOOOOOOOOOOOO3
⬍500 copies/mL
ⱖ500 copies/mL and ⱖ2 log10 copies/mL
below baseline level
ⱖ500 copies/mL and 1–1.99 log10 copies/mL
below baseline level
ⱖ500 copies/mL and ⬍1 log10 copies/mL
below baseline level
All patients
P value‡

11/16 (69)

37/70 (53)

38/91 (42)

2/11 (18)

88/188 (47)

–†

–†

12/56 (21)

5/21 (24)

17/77 (22)

0/7 (0)

12/66 (18)

–†

6/17 (35)

6/42 (14)

2/6 (33)
13/22 (59)

2/16 (13)
45/103 (44)

2/50 (4)
58/239 (24)

0/9 (0)
7/48 (15)

6/81 (7)
123/412 (30)

0.18

0.008

⬍0.001

⬎0.2

⬍0.001

* Numerators are the number of patients at week 24 who were still taking indinavir, zidovudine, and lamivudine and had an HIV-1 RNA level less than 50 copies/mL;
denominators are the number of patients who could have completed 24 weeks of treatment before closure of the study. Patients who discontinued treatment with indinavir,
zidovudine, and lamivudine before week 8 are excluded.
† Baseline HIV-1 RNA level is too low to allow quantification of changes of the specified magnitude.
‡ P values were calculated by using the Fisher exact test to compare the proportions of patients suppressed across the four categories of week-8 HIV-1 RNA for each baseline
HIV-1 RNA level.

RNA level to less than 50 copies/mL at week 24 (Table
4). Across the range of baseline HIV-1 RNA levels, patients who had an HIV-1 RNA level less than 500 copies/mL at week 8 had the highest rate of suppression to
less than 50 copies/mL at week 24, and patients who
had 500 copies/mL or greater at week 8 and less than a
1–log10 copies/mL reduction from baseline had the lowest rate. A similar trend was seen within each category of
baseline HIV-1 RNA level; however, small numbers of
patients may explain the lack of statistical significance
between week-8 HIV-1 RNA levels and week-24 virologic suppression to less than 50 copies/mL that occurred within some baseline HIV-1 RNA categories.
In multivariate logistic regression analysis after adjustment for the baseline HIV-1 RNA level and the
change from baseline to week 8, only higher CD4 cell
count at week 8 (P ⫽ 0.015) and older age (P ⫽ 0.014)
significantly predicted an increased probability of suppression to less than 50 copies/mL at week 24. The rate
of suppression of HIV-1 RNA level at week 24 increased
with increasing CD4 cell count at week 8 —from 15%
of patients with week-8 CD4 counts less than 0.05 ⫻
109 cells/L to 24% of patients with CD4 counts of 0.05
to 0.099 ⫻ 109 cells/L to 36% of patients with CD4
cell counts of 0.10 ⫻ 109 cells/L or greater. Among patients younger than 35 years of age, 21% achieved virologic suppression to less than 50 copies/mL at week 24
www.annals.org

compared with 30%, 28%, and 43% of patients aged 35
to 39 years, 40 to 44, and 45 years or older, respectively.
We found no significant associations between other patient characteristics at baseline and suppression of the
plasma HIV-1 RNA level to less than 50 copies/mL at
week 24, although the limited sample size means that
modest associations are unlikely to be detected by this
analysis.
Of the 188 patients with a week-8 plasma HIV-1
RNA level less than 500 copies/mL, 186 had a week-4
HIV-1 RNA value available. Of these 186 patients, 100
had a week-4 HIV-1 RNA level less than 500 copies/
mL. The level of HIV-1 RNA was suppressed to less
than 50 copies/mL at week 24 in 55% of patients (55 of
100) whose HIV-1 RNA level at week 4 was less than
500 copies/mL compared with 37% of patients (32 of
86) whose level at week 4 was 500 copies/mL or greater
(difference between week-4 groups, 18 percentage
points [CI, 4 to 32 percentage points]; P ⫽ 0.019,
Fisher exact test). Thus, if a patient has a week-8 HIV-1
RNA level less than 500 copies/mL, knowledge that the
patient’s value was less than 500 copies/mL at week 4
provides some additional information in predicting
virologic suppression to less than 50 copies/mL at
week 24.
Fifty-six patients had a week-8 HIV-1 RNA level
less than 50 copies/mL, including 54 patients who also
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Table 5. Association between Week-8 Plasma HIV-1
RNA Level and Clinical Progression of HIV-1 Infection*
HIV-1 RNA Category at Week 8

⬍500 copies/mL
ⱖ500 copies/mL and ⱖ2 log10 copies/mL
below baseline level
ⱖ500 copies/mL and 1–1.99 log10
copies/mL below baseline level
ⱖ500 copies/mL and ⬍1 log10 copies/mL
below baseline level

Patients with Progression to
an AIDS-Defining Event or
Death, n/n (%)
5/228 (2.2)
2/86 (2.3)
4/81 (4.9)
10/94 (10.6)

* P ⫽ 0.009, according to the Fisher exact test. (P ⫽ 0.004 by using the log-rank
test.) Denominators represent the number of patients randomly allocated to receive indinavir, zidovudine, and lamivudine therapy who initiated study treatment,
had baseline and week-8 HIV-1 RNA measurements, and had a week-8 HIV-1
RNA value that met the criteria for one of the categories listed in the table.
Numerators are the number of patients with disease progression to an AIDSdefining event or death.

had an HIV-1 RNA measurement obtained at week 4.
In assessing suppression to less than 50 copies/mL at
week 4 among these 54 patients, we found that HIV-1
RNA level was subsequently suppressed to less than 50
copies/mL at week 24 in 69% (11 of 16) of those having
a week-4 value less than 50 copies/mL compared with
63% (24 of 38) of those having a week-4 value of 50
copies/mL or greater (difference, 6 percentage points,
[CI, ⫺22 to 33 percentage points]; P ⬎ 0.2).
Changes in CD4 Cell Count

To evaluate the association between changes in
CD4 cell count and the profiles of HIV-1 RNA response over time, we studied the subset of 353 patients
who had completed 24 weeks of treatment by the time
of study closure. We divided these patients into four
mutually exclusive groups on the basis of the magnitude,
rapidity, and durability of the week-24 HIV-1 RNA
response. Patients with a pattern of rapid suppression
achieved an HIV-1 RNA level less than 500 copies/mL
at weeks 8 and 24 (n ⫽ 134 [38%]). We considered
patients’ rate of suppression to be slow if they had a
week-24 value less than 500 copies/mL but a level of
500 copies/mL or greater at week 8 (n ⫽ 67 [19%]).
Patients with a response of 1-log copies/mL were those
with a week-24 HIV-1 RNA level greater than 500 copies/mL and at least a 1–log10 copies/mL decrease from
baseline (n ⫽ 62 [18%]). Patients were considered to
have had minimal or no response if their week-24
HIV-1 RNA value was 500 copies/mL or greater and
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was less than 1-log10 copies/mL below their baseline
level (n ⫽ 90 [25%]).
Different HIV-1 RNA profiles were associated with
significant differences in CD4 cell count changes from
baseline to week 24 (P ⬍ 0.001, analysis of variance).
Patients having minimal or no response had a significantly smaller increase in CD4 cell count (mean increase, 0.05 ⫻ 109 cells/L) than patients who achieved
rapid suppression (mean increase, 0.101 ⫻ 109 cells/L),
slow suppression (mean increase, 0.115 ⫻ 109 cells/L),
or a 1-log10 copies/mL response (mean increase,
0.126 ⫻ 109 cells/L). Patients varied considerably in the
magnitude of change in CD4 cell count associated with
a given change in HIV-1 RNA level. However, when the
change in HIV-1 RNA was compared with the change
in CD4 cell count at week 24, only 13% of patients who
were still receiving indinavir combination therapy at
week 24 had discordant responses (decreases or increases
in both CD4 count and HIV-1 RNA level).

Predictors of Clinical Progression

Of the 489 patients who received at least 8 weeks of
indinavir, zidovudine, and lamivudine, 21 (4.3%) subsequently progressed to an AIDS-defining event or died.
The rate of clinical progression was significantly higher
in patients with lower HIV-1 RNA responses at week 8
(P ⫽ 0.009, Fisher exact test) (Table 5).
Of these 489 patients, 481 had a CD4 measurement obtained at week 8. Twenty of these 481 patients
(4.1%) subsequently progressed to an AIDS-defining
event or died. Eight percent (14 of 175) of patients with
a CD4 cell count less than 0.050 ⫻ 109 cells/L at week
8 subsequently experienced clinical progression, compared with 4.6% (5 of 108) of patients with a count of
0.05 to 0.099 ⫻ 109 cells/L and 1% (2 of 206) of patients with a count of 0.10 ⫻ 109 cells/L or greater. In
multivariate proportional hazards regression analysis, after adjustment for baseline HIV-1 RNA level and the
change in HIV-1 RNA level from baseline to week 8,
patients with a week-8 CD4 cell count of 0.05 ⫻ 109
cells/L or greater had a decreased hazard of progression
to an AIDS-defining event or death compared with patients who had a week-8 CD4 cell count of less than
0.050 ⫻ 109 cells/L (hazard ratio, 0.25 [CI, 0.09 to
0.67]; P ⫽ 0.006). A further multivariate proportional
hazards model showed that baseline HIV-1 RNA level
www.annals.org
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and baseline CD4 cell count were not significantly associated with clinical progression (P ⬎ 0.2 for both) when
added to a model in which week-8 HIV-1 RNA level
and week-8 CD4 cell count remained significant. However, because few patients in this study had clinical progression, we cannot rule out the possibility of clinically
important associations between clinical progression and
baseline HIV-1 RNA level or CD4 cell count.

DISCUSSION
Therapy for HIV-1 infection has dramatically improved since the introduction of protease inhibitors.
Yet, a significant proportion of patients treated with
protease inhibitor combination regimens still do not
achieve HIV-1 RNA levels below the limits of detection.
Most studies of protease inhibitor combination therapies have reported plasma HIV-1 RNA suppression in
60% to 90% of patients (1–3, 5), although more recent
studies have reported suppression rates of only 40% to
50% (4, 16 –18). The rates of RNA suppression seen in
ACTG 320 were more consistent with those of the latter
studies. Several factors could explain the lower response
rates seen in ACTG 320 compared with those reported
in earlier clinical trials; these factors include disease
stage, previous nucleoside experience, demographic
characteristics, and drug adherence of the patient population studied.
We have characterized early predictors of plasma
HIV-1 RNA suppression in a subset of patients who
received indinavir, zidovudine, and lamivudine for at
least 8 weeks and had measurements of baseline and
week-8 plasma HIV-1 RNA level; thus, our conclusions
do not apply to patients who discontinue therapy early
because of toxicities or concerns about treatment efficacy. The primary virologic end points we studied were
suppression of plasma HIV-1 RNA level at week 24 to
less than 500 copies/mL or to less than 50 copies/mL.
We found that a lower level of HIV-1 RNA at baseline,
a greater reduction in HIV-1 RNA at week 8, a higher
CD4 cell count at week 8, and older age each independently predicted HIV-1 RNA suppression to less than
500 copies/mL at week 24. The results were similar
when we constructed models that evaluated factors predictive of suppression to less than 50 copies/mL.
The strong predictive value of baseline plasma
HIV-1 RNA on subsequent viral load suppression seen
www.annals.org
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in our study was not surprising. Of interest, however,
the CD4 cell count was associated with the likelihood of
plasma HIV-1 RNA suppression independent of plasma
HIV-1 RNA level. A lower CD4 cell count has been
associated with a lower rate of virologic response in
other studies of protease inhibitor– containing regimens
(17–19). Low CD4 cell count may be a marker for other
virologic factors, such as quasi-species diversity, that
could increase the likelihood of developing drug-resistant HIV-1 variants. Alternatively, in patients with
lower CD4 cell counts and more advanced disease, factors such as concomitant medications or illnesses might
complicate adherence to antiretroviral therapy.
We also found that older age increased the likelihood of virologic suppression, independent of plasma
HIV-1 RNA level. A similar correlation of age with virologic suppression was seen in a previous study of patients receiving combination antiretroviral therapy;
however, the strongest predictor of virologic failure in
that study was missed clinic appointments, which may
reflect drug nonadherence (16). Because drug adherence
was not formally assessed in ACTG 320, we cannot
comment on the extent to which nonadherence contributed to the apparent association in our study between
younger age and virologic failure. Previous zidovudine
use did not predict HIV-1 RNA suppression, perhaps
because most of these patients had previously used
zidovudine for a fairly prolonged period.
Of interest, week-8 HIV-1 RNA level predicted virologic suppression at week 24 independently of the
baseline value. If the combination of indinavir, zidovudine, and lamivudine therapy had the same activity in all
patients, one would expect that HIV-1 RNA levels measured soon after initiation of therapy would depend on
the baseline value and would not be predictive when the
baseline value was taken into account. This finding implies that the magnitude of change in plasma HIV-1
RNA level in response to a given regimen must differ
among patients, and, therefore, the plasma HIV-1 RNA
level achieved by an individual patient in response to an
antiretroviral regimen cannot be predicted solely on the
basis of the specific regimen administered and the patient’s baseline plasma HIV-1 RNA level. The variability
in responses of individual patients to an antiretroviral
regimen could be due to differences in drug adherence,
drug metabolism, baseline HIV-1 drug resistance, or
other as-yet uncharacterized host or viral factors.
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Viral load suppression to less than 500 copies/mL at
week 8 is a good predictor of suppression to either less
than 500 or 50 copies/mL at week 24. However, if a
patient has an HIV-1 RNA level suppressed to less than
500 copies/mL at week 8, knowledge of a week-4
plasma HIV-1 RNA level less than 500 copies/mL only
provided additional prognostic information in predicting an increased rate of subsequent suppression to less
than 50 copies/mL at week 24. Among patients without
HIV-1 RNA suppression at week 8, greater changes
from baseline to week 8 were predictive of suppression.
However, in these patients, suppression at week 4 was
rare, and the level achieved at week 4 did not significantly improve prediction of subsequent suppression to
less than 500 copies/mL at week 24. Thus, obtaining a
plasma HIV-1 RNA value at week 4 does not appear to
add substantially to the predictive power of a week-8
value.
Virologic suppression achieved by week 24 appeared
to be durable. Patients who achieved plasma HIV-1
RNA suppression by week 8 appeared to have the same
likelihood of maintaining virologic suppression to less
than 500 copies/mL at week 40 as those patients who
did not achieve suppression until week 24. Thus, although early virologic responses are important in achieving virologic suppression, they may not be as important
in maintaining this response. In addition, we found that
patients who had not demonstrated virologic suppression by week 24 were unlikely to achieve suppression to
less than 500 copies/mL. Patients achieved HIV-1 RNA
suppression to less than 50 copies/mL more slowly than
to less than 500 copies/mL, and few patients who ultimately achieved an HIV-1 RNA level less than 50 copies/mL at week 24 had also been suppressed to less than
50 copies/mL at week 8. We have no data to determine
whether there are times between weeks 8 and 24, beyond which virologic suppression to less than 500 or 50
copies/mL is unlikely. One smaller study of patients receiving ritonavir suggested that the nadir in viral load is
usually achieved by 12 weeks of therapy (20). In our
study, the HIV-1 RNA profile groups differed significantly in CD4 cell responses at week 24 that appeared to
be primarily driven by a reduced CD4 response in the
patients who had no or minimal HIV-1 RNA response
to indinavir at week 24. These data suggest that an antiretroviral regimen should not be judged as failing virologically until after 8 weeks of therapy and that alterna962 4 December 2001 Annals of Internal Medicine Volume 135 • Number 11

tive regimens should be considered if suppression to less
than 500 copies/mL is not achieved after 6 months of
therapy.
Both HIV-1 RNA level and CD4 cell count at week
8 independently predicted clinical response to therapy
with a protease inhibitor. This analysis underscores the
important contribution of CD4 cell count in predicting
clinical outcome. Baseline HIV-1 RNA and CD4 cell
counts were not significant predictors of clinical outcome after adjustment for week-8 HIV-1 RNA and
CD4 cell counts. These data are consistent with our
finding that early plasma HIV-1 RNA level is a better
predictor of virologic suppression than the baseline
plasma HIV-1 RNA level. However, the patients in our
study had very few clinical events, and therefore an association with baseline levels cannot be ruled out. Our
findings are, however, consistent with those from a previous study of patients primarily receiving nucleoside
analogues (9), and support the use of HIV-1 RNA level
and CD4 cell count achieved during therapy to assess
the clinical effectiveness of an antiretroviral regimen.
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I love life too much to agree to early death; there were too many half-finished
dramas whose completion I wished to know. I would have to submit to the surgery.
Like one of those figures on the surgical table in an Eakins painting, the swamp of
my slithery insides would be exposed, my darkest interior invaded. I recall telling my
wife that I looked upon this surgery as tantamount to having to face a vicious bully,
who was going to beat the hell out of me, but it was the price of getting back into
school, and since I wanted back in, there was nothing for it but to take my beating.
Joseph Epstein
“Taking the Bypass”
The New Yorker. April 12, 1999:61
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