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N PATIENTS INFECTED WITH HUMAN
immunodeficiency virus (HIV), an-
tiretroviral therapy (ART) is di-
rected at achieving and maintain-
ing HIV RNA levels below the limit of
detection of currently approved as-
says.* A lower nadir of HIV RNA in re-
sponse to therapy is an independent
predictor of long-term virologic sup-
pression.’ In 1 study,* participants who
achieved a viral load of less than 20 cop-
ies/mL had a 10-fold reduction in risk
of virologic failure compared with those
who did not. Once virologic suppres-
sion is achieved, sustaining suppres-
sion is critical for preventing the emer-
gence of drug-resistant virus and
subsequent virologic failure.
Maintaining virologic suppression
depends on a number of variables in-
cluding regimen potency, adherence,
and tolerability. When patients inter-
rupt therapy or when the potency of a
regimen is reduced, abrupt elevations
in HIV RNA levels are observed.”” How-

See also pp 196 and 224.
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Context In HIV-infected patients having virologic suppression (plasma HIV RNA <50
copies/mL) with antiretroviral therapy, intermittent episodes of low-level viremia have
been correlated with slower decay rates of latently infected cells and increased levels
of viral evolution, but the clinical significance of these episodes is unknown.

Objective To determine if HIV-infected patients with intermittent viremia have a
higher risk of virologic failure (confirmed HIV RNA >200 copies/mL).

Design and Setting Retrospective analysis of subjects in well-characterized co-
horts, the AIDS Clinical Trials Group (ACTG) 343 trial of induction-maintenance therapy
(August 1997 to November 1998) and the Merck 035 trial (ongoing since March 1995).

Patients Two hundred forty-one ACTG 343 patients, of whom 101 received triple-
drug therapy throughout the study, and a small group of 13 patients from Merck 035
having virologic suppression after 6 months of indinavir-zidovudine-lamivudine.

Main Outcome Measures Association of intermittent viremia (plasma HIV RNA >50
copies/mL with a subsequent measure <50 copies/mL) with virologic failure (2 consecu-
tive plasma HIV RNA measures >200 copies/mL) in both study groups; evidence of drug
resistance in 7 patients from the small (n=13) study group with long-term follow-up.

Results Intermittent viremia occurred in 96 (40%) of the 241 ACTG 343 patients of
whom 32 (13 %) had 2 consecutive HIV RNA values >50 copies/mL during the median
84 weeks of observation (median duration of observation after first intermittent viremia
episode was 46 weeks). Of the 101 individuals receiving triple-drug therapy through-
out, 29% had intermittent viremia; the proportion of episodes occurring during the main-
tenance period was 64 % for the entire cohort and 68 % for the group not receiving triple-
drug therapy throughout vs 55% for those who did (P=.25). Intermittent viremia did
not predict virologic failure: 10 (10.4%) of 96 patients with and 20 (13.8%) of 145 pa-
tients without intermittent viremia had virologic failure (relative risk, 0.76; 95% confi-
dence interval [Cl], 0.29-1.72). In a Cox proportional hazards model, the risk for viro-
logic failure was not significantly greater in the ACTG 343 patients with intermittent viremia
(hazard ratio, 1.28; 95% Cl, 0.59-2.79). Median viral load in 10 ACTG 343 patients
assessed between 24 and 60 weeks of therapy using an ultrasensitive 2.5-copies/mL
detection level assay was 23 copies/mL in those with intermittent viremia vs <2.5 cop-
ies/mL in those without (P=.15). Intermittent viremia occurred in 6 of 13 patients from
the small study group assessed after 76 to 260 weeks of therapy (using the 2.5-
copies/mL detection level assay) and was associated with a higher steady state of viral
replication (P=.03), but not virologic failure over 4.5 years of observation. Viral DNA
sequences from 7 patients did not show evolution of drug resistance.

Conclusions Intermittent viremia occurred frequently and was associated with higher
levels of replication (Merck 035), but was not associated with virologic failure in pa-
tients receiving initial combination therapy of indinavir-zidovudine-lamivudine (ACTG
343 and Merck 035). In this population, treatment changes may not be necessary to
maintain long-term virologic suppression with low-level or intermittent viremia.
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with potent ART.®® These transient epi-
sodes have been described as intermit-
tent viremia or blips. In some patients,
increases of HIV RNA levels above a
threshold of detection may represent as-
say variation. In other patients, blips
may result from laboratory errors in
specimen processing, identification, or
reporting. Alternatively, the pattern of
intermittent viremia may represent less
effective viral suppression. Evidence
that patients with intermittent vire-
mia have higher levels of viral replica-
tion can be found in several small stud-
ies that reported increased evolution of
the HIV envelope and polymerase
genes, slower decay of the latently in-
fected pool, and emergence of subpopu-
lations of drug-resistant virus.®!°

While the HIV RNA nadir resulting
from ART has been established as an
important predictor of long-term viro-
logic suppression, the effects of inter-
mittent viremia on rates of viral sup-
pression have not been established. It
is important to understand the rela-
tionship between intermittent viremia
and virologic failure. If intermittent vi-
remia is associated with virologic fail-
ure due to drug-resistant populations,
early therapy switches or intensifica-
tion could potentially improve long-
term rates of viral suppression. On the
other hand, if intermittent viremia is not
predictive of virologic failure, then pa-
tients may be able to maintain regi-
mens for longer periods and avoid pre-
mature changes of therapy.

To determine the prevalence and pre-
dictive value of intermittent viremia, we
examined data from the clinical trials
of AIDS [acquired immunodeficiency
syndrome] Clinical Trials Group
(ACTG) 343 (241 patients) and Merck
035 (13 patients). In both trials, pa-
tients were treated with indinavir-
zidovudine-lamivudine and HIV RNA
plasma levels were measured with an
assay having a lower limit of detection
of 50 copies/mL. Because therapeutic
changes were predicated on con-
firmed HIV RNA levels of greater than
200 copies/mL, we were able to exam-
ine the natural history of intermittent
and low-level viremia in these pa-
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tients. In addition, we used an HIV RNA
assay with a limit of detection of 2.5
copies/mL to determine whether quan-
tifiable, steady-state HIV RNA levels dif-
fered among patients based on inter-
mittent viremia status. Viral load and
drug resistance have been monitored in
the Merck 035 cohort for 5 years, pro-
viding insight into the long-term con-
sequences of intermittent viremia.

METHODS
Study Patients

To address our primary objective of
evaluating the predictive value of inter-
mittent viremia for virologic failure, we
studied plasma HIV RNA of patients from
2 clinical trials who had achieved viro-
logic suppression levels of less than 200
copies/mL after 6 months of triple-drug
therapy. Although the study design and
the patient populations differed, pa-
tients in both trials were treated with in-
dinavir-zidovudine-lamivudine (or
indinavir-stavudine-lamivudine). In
ACTG 343, 12% of patients substituted
stavudine for zidovudine.

The ACTG 343 study was a ran-
domized trial of induction and mainte-
nance therapy.” At entry, patients were
naive to protease inhibitors and lam-
ivudine and had CD4 cell counts
greater than 200/pL. After achieving
viral suppression during 6 months of
therapy with indinavir-zidovudine-
lamivudine, patients were randomized
to indinavir only, to zidovudine plus
lamivudine, or to continue receiving
all 3 drugs. Patients receiving mainte-
nance therapy (arms with indinavir
only or zidovudine plus lamivudine)
exhibited higher levels of virologic
failure; therefore, the trial was modi-
fied. All patients resumed triple-drug
therapy and continued to be followed
up for evidence of virologic failure
with measurement of HIV RNA levels
at 4-week intervals. Three hundred
nine patients were randomized to the
maintenance phase of the trial
(FIGURE 1). Twelve patients were
excluded from the analysis because
less than 2 months of follow-up HIV
RNA level data were available. Fifty-
six patients who experienced virologic

failure while receiving maintenance
therapy were excluded. Thus, 241
patients from ACTG 343 were
included in analyses, 101 of whom
received triple-drug therapy through-
out. The study group was 67% non-
Hispanic white and 85% were male.
Data on risk factors were not col-
lected. More intensive virologic stud-
ies were performed on 10 of the 12
patients who enrolled in this study at
University of California, San Diego, 5
of the 10 received triple-drug therapy
throughout. All 241 patients achieved
HIV RNA nadirs below 50 copies/mL.

In the Merck 035 trial, 97 patients
who had previously taken zidovudine
and who had baseline CD4 cell counts
between 50/pL and 400/pL were ran-
domized to receive either indinavir
alone, zidovudine plus lamivudine, or
all 3 drugs."" Patients could have had
previous exposure to didanosine, stavu-
dine, or zalcitabine. All patients re-
ceived triple-drug therapy when an in-
terim analysis approximately 6 months
after the start of the study revealed the
superiority of this regimen. Twenty-
one patients were enrolled in this study
in San Diego. Thirteen of these pa-
tients achieved HIV RNA levels below
50 copies/mL and were included in this
study. Of the 13 patients, 77% were
white; 92% were male; and 77% were in
the leading HIV risk category of males
having sex with other males. Eight pa-
tients received triple-drug therapy ini-
tially; 3 patients received zidovudine plus
lamivudine; and 2 patients received in-
dinavir only. Plasma HIV RNA levels
were measured at 8-week intervals. The
original ACTG 343 and Merck 035 stud-
ies had institutional review board ap-
proval at each of the sites.

Case Definitions of Intermittent
Viremia and Virologic Failure
Plasma HIV RNA levels were measured
in a central laboratory for both studies
using the Amplicor Ultrasensitive assay
(Roche Molecular Systems, Nutley, NJ).
The label-approved limit of detection of
this assay is 50 copies/mL. Intermittent
viremia was defined as a plasma HIV RNA
level greater than 50 copies/mL with a
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subsequent value of less than 50 cop-
ies/mL without evidence of virologic fail-
ure. Virologic failure was defined as 2 con-
secutive HIV RNA levels greater than 200
copies/mL.

Plasma HIV RNA 2.5-Copies/mL
Detection-Level Assay

The Amplicor Ultrasensitive assay was
adapted to permit detection of 2.5 cop-
ies/mL of plasma HIV RNA. Modifica-
tions included pelleting virus from 2 mL
of plasmaat 23 600g at 4°C for 2 hours,
addition of half the normal volume of
quantitation standard, and resuspen-
sion of the RNA pellet in 50 puL of dilu-
ent. The entire 50 puL of resuspended
RNA was used in the reverse transcrip-
tase polymerase chain reaction. Vali-
dation experiments were performed
using plasma with known viral copy
numbers (based on Amplicor assays)
diluted with control plasma to achieve
final viral RNA concentrations rang-
ing from 100 to 1.25 copies/mL. In total,
for validation analysis, plasma virus
from 11 patients was measured in 35
separate assays (multiple measure-
ments of a specimen were obtained to
evaluate assay reproducibility). The lin-
ear correlation of results based on
Amplicor assays (on undiluted plasma)
and the modified 2.5-copies/mL assay
was good with an r? of 0.92 (P=.003).
Coefficients of variation for replicate 2.5
copies/mL assays were 9% to 141% at
individual concentrations ranging from
1.25 to 50 copies/mL. At 2.5 copies/
mL, the coefficient of variation was 37%.
The assay results of 14 out of 15 samples
diluted to 2.5 copies/mL yielded val-
ues within 2.5-fold of calculated con-
centrations from Amplicor assay results
corrected for dilution. This compares
favorably with the manufacturer’s speci-
fications (J.K.W., unpublished data,
2000) for interassay variation of repli-
cate Amplicor Monitor (Roche Molecu-
lar Systems) or Ultrasensitive assays (2-
to 3-fold). All subjects had HIV RNA
levels evaluated using the ultrasensi-
tive assay; 10 ACTG 343 and 13 Merck
035 patients (see below) had addi-
tional studies performed using the 2.5-
copies/mL assay.

©2001 American Medical Association. All rights reserved.
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Resistance Testing
Resistance studies were performed on pa-
tients in the Merck 035 cohort at base-
line, year 1, and year 5 of treatment. Of
the 13 patients in this cohort, 3 patients
switched therapy before the 5-year time
point. Blood samples were not attain-
able for 2 patients at year 5. Amplifica-
tion was not successful in 1 subject, leav-
ing 7 patients available for study.

Baseline and year 1 drug-resistance
genotypes were obtained from repli-
cate reverse transcriptase polymerase
chain reaction amplification of virus pre-
sent in patient plasma samples fol-
lowed by molecular cloning as previ-
ously described.'?

For year 5, population-based
sequencing was performed on periph-
eral blood mononuclear cell samples

using previously described conditions
with the following modifications.® Outer
primers were RTF1C (5'-TTG-
GAAGAAATCTGTTGACTCAG-3")
and RTB1C (5'-GGGTCATAATACAC-
TYCATGTACYGGYTCTT-3").
Inner primers were CIPoll (5'-
GGAAGAAAT-CTGTTGACTCAGAT-
TGG-3") and 3RT (5'-ACCCATC-
CAAAGGAAT-GGAGGTTICTTTC-
3"). Taq platinum (BRL Life Sciences,
Gaithersburg, Md) was substituted for
Taq polymerase and annealing tem-
perature was 50°C for 1 minute. Poly-
merase chain reaction products were gel
purified, then directly sequenced. Resis-
tance studies were not performed spe-
cifically for patients having virologic fail-
ure in the ACTG 343 study group for
the analyses herein.

]
Figure 1. Flow Diagram for AIDS Clinical Trials Group 343 Patients

Induction Phase (24 Weeks)

Antiretroviral Therapy With
Zidovudine-Lamivudine-Indinavir

309 Patients With HIV RNA <200 copies/mL
by Week 24 Entered Maintenance Phase

68 Excluded From Analysis
12 With <2-Month Follow-up
56 Had Virologic Failure While Receiving
Maintenance TherapyD

Randomized Maintenance Phase
(Median 14 Weeks)

241 Who Received Randomized Maintenance
Therapy Included in Analysis
140 Received Maintenance Therapy
70 Received Zidovudine and Lamivudine
70 Received Indinavir Monotherapy
101 Continued Zidovudine-Lamivudine-Indinavir

Triple-Drug Therapy

All Patients Resumed Triple-Drug Therapy
241 Received Zidovudine-Lamivudine-Indinavir

‘ 96 Patients Had Intermittent Viremia ‘

‘ 145 Patients Had No Intermittent Viremia

Observation After Onset
of Intermittent Viremia
(Median 46 Weeks)

10 Had Virologic Failure
86 Had Viral Suppression

20 Had Virologic Failure
125 Had Viral Suppression

Median duration of observation from time of study entry was 84 weeks; AIDS indicates acquired immunode-
ficiency syndrome. The asterisk indicates that 51 individuals had virologic failure prior to January 4, 1998, but
5 additional individuals having failure in early January were included because of lag in diffusion of results of

the interim analysis.
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Statistical Analysis

For analysis of the ACTG 343 cohort,
Cox proportional hazards models were
used to evaluate risk factors for inter-
mittent viremia when HIV RNA levels
were greater than both 50 copies/mL and
200 copies/mL and to evaluate risk fac-
tors for virologic failure. Models were fit-
ted for time to intermittent viremia and
time to virologic failure. The time to in-
termittent viremia was defined as the first
HIV RNA level greater than 50 copies/
mL. Similarly, the time to virologic fail-
ure was determined by the first HIV RNA
level greater than 200 copies/mL.

Our primary analysis used a Cox pro-
portional hazards model to study the risk
of virologic failure over time, with in-
termittent viremia modeled as a time-
dependent covariate. Only the first epi-
sode of intermittent viremia was of
interest and was included in the infer-
ential analyses. At that point, the sub-
ject changed groups for the remainder
of the analysis. For a given time point,
this model compares the instanta-
neous risk of virologic failure for pa-
tients at risk at that time who had ex-
perienced intermittent viremia vs
patients at risk at that time who had not
experienced intermittent viremia.

The validity of the proportional haz-
ards assumption in the Cox regression
model was assessed by the method of
Grambsch and Therneau," indicating
validation of the assumption (P=.64).
The relative risk (RR) is calculated as the
Cox proportional hazards model esti-
mate of the hazards ratio, assuming the
hazards of virologic failure for the 2
groups are proportional, and is re-
ported as the primary estimate herein.

As a secondary analysis, we com-
pared the risk of virologic failure be-
tween patients who did and did not ex-
hibit intermittent viremia at any time
point during the study. This analysis is
informative because our data suggest
that having intermittent viremia is in-
dicative of a higher steady state of vi-
ral replication during the entire study
period, not just after an episode of in-
termittent viremia (see below).

Secondary analyses modeled viro-
logic failure as a binary response us-

174 JAMA, July 11, 2001—Vol 286, No. 2 (Reprinted)

ing logistic regression. The results of
these analyses were consistent with the
time-to-event analyses and are not pre-
sented here.

The distributions of time to intermit-
tent viremia and time to virologic fail-
ure were estimated using the Kaplan-
Meier method and comparisons were
made using the log-rank test. Patients
were classified at time O (the end of the
ACTG 343 induction phase [following
24 weeks of therapy], which is when pa-
tients were eligible to exhibit virologic
failure) according to whether they met
the definition of intermittent viremia (at
any point during the study) or sup-
pressed viremia. Supporting the results
of the Cox proportional hazards model
with intermittent viremia as a time-
dependent covariate, there were no dif-
ferences between a survival curve esti-
mated using at-risk periods counted after
intermittent viremia events (as de-
scribed above with time 0 at the end of
the induction period) and a survival
curve estimated using at-risk periods
during which intermittent viremia had
not yet occurred (P.G., unpublished
data, 2000). The proportion of patients
with virologic failure in the group of pa-
tients with intermittent viremia at any
time point during the study was com-
pared with the group without intermit-
tent viremia using the Fisher exact test.

A Wei-Johnson test, which does not
assume independence of repeat mea-
surements from individuals, was applied
to data from the ACTG 343 study to
assess whether the level of HIV RNA
measured using the 2.5-copies/mL
threshold differed between those with
intermittent viremia and those with sup-
pressed viremia. For the Merck 035
data, the median HIV RNA level and the
proportions of values of less than 2.5
copies/mL for each subject were deter-
mined. Each patient had measure-
ments available at different weeks; thus,
the determination of proportion of val-
ues of less than 2.5 copies/mL. These
medians and proportions were com-
pared between patients with intermit-
tent viremia and those with complete
viral suppression by using a Wilcoxon
rank-sum test.

The primary analysis excluded pa-
tients with initial viral suppression who
then developed virologic failure during
maintenance therapy. These patients
were excluded because the intent of the
study was to evaluate the predictive
value of intermittent viremia for pa-
tients receiving triple-drug therapy.
These patients were included in a sec-
ondary analysis (D. V. H., unpublished
data, 2000) that produced similar re-
sults except that maintenance therapy
was a predictor of virologic failure.

RESULTS
Frequency and Predictors of
Intermittent Viremia in ACTG 343

The ACTG 343 study population had
a baseline median CD4 cell count
of452/pL and HIV RNA plasma level of
4 log,o copies/mL. The median time to
the first HIV RNA measurement level of
less than 200 copies/mL was 4 weeks in
the induction phase. Among the 241 pa-
tients included in the analysis, 70 were
randomized to zidovudine plus lamivu-
dine, 70 were randomized to indinavir,
and 101 were randomized to continue
triple-drug therapy. Patients contin-
ued taking zidovudine plus lamivu-
dine maintenance therapy or indinavir
maintenance therapy for a median of 14
weeks before switching back to triple-
drug therapy. The median duration of
observation was 84 weeks and the me-
dian duration of observation after the on-
set of intermittent viremia was 46 weeks.
The median number of HIV RNA mea-
surements was 17 per patient after the
first 24-week induction period (mean of
16.6 for those with intermittent vire-
mia and 16.4 for those without it).
Intermittent viremia occurred fre-
quently in the study population. In 96
(40%) of 241 patients, at least 1 epi-
sode of intermittent viremia occurred
with an HIV RNA level of greater than
50 copies/mL. Of the 96 patients with
episodes of intermittent viremia based
on HIV RNA levels greater than 50 cop-
ies/mL, the mean and median number
of episodes was 1.5 and 1, respec-
tively. In 54 (20%) of 241 patients, at
least 1 value measurement was greater
than 200 copies/mL. Fifteen percent of
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patients (36/241) had more than 1 epi-
sode of intermittent viremia (HIV RNA
level >50 copies/mL). Thirteen per-
cent of patients (32/241) had 2 con-
secutive HIV RNA levels greater than
50 copies/mL. One subject had 6 con-
secutive measurements between 50 and
200 copies/mL but never developed vi-
rologic failure.

Predictors of intermittent viremia in-
cluded randomization to maintenance
therapy (arms with indinavir only or zi-
dovudine plus lamivudine) and base-
line HIV RNA level (TABLE 1). Forty-
two percent (102/241) of ACTG 343
participants had been treated with zi-
dovudine previously, and genotypic re-
sistance mutations were present at
codon 215 in 54 (26%) of 208 patients
at baseline. Prior zidovudine expo-
sure and baseline zidovudine resis-
tance mutations were not associated
with an increased risk of intermittent
viremia. No systematic measurements
of medication adherence were in-
cluded in this study to assess whether
this variable was associated with inter-
mittent viremia.

Ultrasensitive 2.5-Copies/pL Assay
and Residual Viral Replication

In samples evaluated with the ultrasen-
sitive assay adapted to permit detec-
tion of 2.5 copies/mL of HIV RNA from
10 patients in the ACTG 343 trial who
had accessible specimens (median of 4
measurements per patient) at weeks 24,
32,52, and 60 of therapy (excluding the
HIV RNA measurements of >50 cop-
ies/mL that led to identification of in-
termittent viremia), HIV RNA levels
were higher in the 3 patients with in-
termittent viremia compared with the
7 patients with suppressed viremia
(FIGURE 2). However, this difference
did not reach statistical significance
(P=.15, Wei-Johnson test). The me-
dian HIV RNA level was 23.0 cop-
ies/mL in patients with intermittent vi-
remia and less than 2.5 copies/mL in
patients with suppressed viremia. In ad-
dition, 14 (52%) of 27 samples as-
sayed from patients with suppressed vi-
remia had HIV RNA levels below the
2.5-copies/mL threshold compared with

©2001 American Medical Association. All rights reserved.
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]
Table 1. Predictors of Intermittent Viremia in AIDS Clinical Trials Group 343*

Characteristic RR (95% CI)t P Value

Baseline CD4 cells/uLt 0.92 (0.83-1.02) A1
Baseline log HIV RNA copies/mL§ 1.41 (1.05-1.88) .02
Time to HIV RNA <200 copies/mL 1.05 (1.00-1.11) .06
Prior zidovudine duration 1.00 (0.99-1.01) .93
Baseline zidovudine resistance mutations

Codon 41 1.48 (0.74-2.96) .27

Codon 70 1.25(0.74-2.10) A1

Codon 215 1.58 (0.81-3.07) .18
Randomized to maintenance therapyl|| 1.89 (1.22-2.92) .004

*AIDS indicates acquired immunodeficiency syndrome; RR, relative risk; Cl, confidence interval; and HIV, human im-

munodeficiency virus.

TRR calculated as a Cox model estimate of the hazard ratio assuming that the hazards of virologic failure of the

2 groups are proportional.
$Per 100-CD4 cells/pL increase.
§Per log HIV RNA copies/mL increase.

[The maintenance therapy regimens were either indinavir alone or zidovudine plus lamivudine.

1 (8%) of 12 samples tested from the
patients with intermittent viremia. One
patient receiving triple-drug therapy
had an episode of intermittent viremia
during the maintenance phase, 1 re-
ceiving monotherapy had an episode af-
ter the maintenance phase, and 1 re-
ceiving dual therapy had an episode
during the maintenance phase.

In samples evaluated with the ultra-
sensitive (2.5-copies/mL detection level)
assay from 13 patients in the Merck 035
cohort after 76 to 260 weeks of therapy
(median of 8 measurements per pa-
tient), HIV RNA levels similarly were
higher in the patients with intermittent
viremia (FIGURE 3). The median of HIV
RNA levels in the 6 patients with inter-
mittent viremia was 5.5 copies/mL com-
pared with less than 2.5 copies/mL in the
7 patients with suppressed viremia
(P=.03, Wilcoxon rank sum test). Pa-
tients with intermittent viremia had a
median of 27% of their values at levels
of less than 2.5 copies/mL, compared
with a median of 56% of values at lev-
els of less than 2.5 copies/mL for pa-
tients with complete viral suppression
(P=.04, Wilcoxon rank-sum test). All
patients had at least 1 sample with de-
tectable viremia and all episodes of in-
termittent viremia occurred during re-

ceipt of triple-drug therapy.

Drug-Resistance Mutations

Drug-resistance studies were per-
formed in 7 of the Merck 035 patients,
of which 2 exhibited intermittent vire-

]
Figure 2. Median HIV RNA Levels Using the
2.5-Copies/mL Detection-Level Assay in a
Subset of 10 AIDS Clinical Trials Group 343
Patients
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Median HIV RNA levels were higher in patients with
intermittent viremia (23 copies/mL) vs suppressed vi-
remia (<2.5 copies/mL) (P=.15, Wei-Johnson test).
Nine patients had 4 measurements and 1 had 3 mea-
surements; the subject with a missing measurement was
in the group without intermittent viremia. Mean num-
ber of measurements was 4 for those with intermit-
tent viremia and 3.86 for those without; the median
was 4 for both groups.

mia. All 7 patients had 1 or more nucleo-
side reverse transcriptase inhibitor
(NRTI) resistance mutations at base-
line (41L, 44D, 65R, 67N, 69N, 70R,
741/V, 75T, 1181, 215Y/F, 219Q) con-
sistent with prior NRTI experience.
None had mutations at codon 184 at
baseline. The 1 subject who had M184V
(lamivudine resistance) detected in the
year 5 sequence had received zidovu-
dine plus lamivudine initially; this pa-
tient had intermittent viremia. The
M184V mutation had been identified in
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plasma after the first year of nonsup-
pressive therapy and before suppres-
sion of viremia was achieved with the
triple-drug regimen. Two other pa-
tients so treated did not have the M184V
mutation present in peripheral blood
mononuclear cell provirus at year 5 de-
spite its presence in plasma virus after
1 year of nonsuppressive therapy with
zidovudine plus lamivudine. In 4 pa-
tients, 1 or more NRTI-resistance mu-
tations present at baseline were not iden-
tified in year 5 specimens. Thus, neither
new zidovudine-resistance mutations
nor the signature codon 184 lamivudine-

resistance mutation were observed in pa-
tients after 5 years with the exception
of an individual who initially received
only zidovudine plus lamivudine.

Relationship of Intermittent

Viremia to Virologic Failure

In the ACTG 343 study, intermittent vi-
remia did not predict further virologic
failure. In a Cox proportional hazards
model with intermittent viremia mod-
eled as a time-dependent covariate, the
risk for virologic failure was not signifi-
cantly higher in patients with intermit-
tent viremia, with a hazard ratio esti-

]
Figure 3. Human Immunodeficiency Virus (HIV) RNA Levels Using the 2.5-Copies/mL
Detection-Level Assay in 13 Merck 035 Patients Between 76 and 260 Weeks of Therapy
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The bars represent HIV RNA level determinations using the 2.5-copies/mL assay on stored sequential speci-
mens for each patient. Patients with intermittent viremia had higher median (5.5 copies/mL) HIV RNA levels
compared with those with suppressed viremia (<2.5 copies/mL) (P=.03, Wilcoxon rank-sum test). Patients
with intermittent viremia had a median of 27% of their values with less than 2.5 copies/mL compared with a
median of 56% for patients with complete viral suppression (P=.04, Wilcoxon rank-sum test).

Table 2. Predictors of Virologic Failure in AIDS Clinical Trials Group 343*

Characteristic RR (95% CI)t P Value

Intermittent viremiat

>50 copies/mL 1.28 (0.59-2.79) .53

>200 copies/mL 1.48 (0.56-3.93) A3
Baseline CD4 cells/pL 0.86 (0.70-1.05) .14
Baseline log HIV RNA copies/mL 1.98 (1.13-3.47) .02
Prior zidovudine duration 1.00 (0.98-1.02) 91
Baseline zidovudine resistance mutations

Codon 41 0.67 (0.16-2.82) .59

Codon 70 0.54 (0.16-1.80) .31

Codon 215 0.70 (0.16-3.01) .64

*AIDS indicates acquired immunodeficiency syndrome; RR, relative risk; Cl, confidence interval; and HIV, human im-
munodeficiency virus.

TRR calculated as a Cox model estimate of the hazard ratio, assuming that the hazards of virological failure of the
2 groups are proportional.

FModeled as a time-dependent covariate.
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mate of 1.28 (95% confidence interval
[CI],0.59-2.79; P=.53) (TABLE 2). Simi-
larly, when patients were classified ac-
cording to the intermittent viremia sta-
tus during any time point in the study,
the risk of virologic failure from the time
of randomization until the end of fol-
low-up was not different between pa-
tients (FIGURE 4). With this classifica-
tion, 10 (10.4%) of 96 patients with
intermittent viremia compared with 20
(13.8%) of 145 patients with continu-
ous viral suppression failed virologi-
cally, withan RR 0of 0.76 (95% CI, 0.29-
1.72; P=.55, Fisher exact test). When the
case definition of intermittent viremia
was changed to use a virologic thresh-
old of HIV RNA greater than 200 cop-
ies/mL rather than HIV RNA greater than
50 copies/mL, the intermittent viremia
covariate was not a significant predic-
tor of virologic failure (RR, 1.48;95% CI,
0.56-3.93; P=.43; Table 2).

Finally, we evaluated whether inter-
mittent viremia predicted failure in the
101 patients who received triple-drug
therapy for the entire study. Of note,
the proportion of episodes of intermit-
tent viremia occurring during the main-
tenance period did not significantly dif-
fer between patients who received
triple-drug therapy throughout the
study (55%) and those who received
maintenance therapy (68%) (P=.25,
Fisher exact test; 64% for the entire
cohort). Twenty-nine (29%) of the 101
patients receiving triple-drug therapy
throughout the study exhibited inter-
mittent viremia. Virologic failure oc-
curred in 3 (10%) of 29 patients with
intermittent viremia and 10 (14%) of
72 patients without intermittent vire-
mia. When the Cox proportional haz-
ards analysis was repeated for these 101
patients, the risk of virologic failure was
not increased in patients with vs those
without intermittent viremia (RR, 1.37;
95% CI, 0.36-5.12; P=.64).

In the patients evaluated in the Merck
035 study, neither the 6 patients with
intermittent viremia nor the 7 pa-
tients with complete viral suppression
exhibited viral failure. The median du-
ration of observation in these patients
was 4.5 years.
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Intermittent Viremia and
ACTG 343 Study End Points

The case definitions of virologic sup-
pression and virologic failure used in
clinical trials have been largely dic-
tated by the sensitivity of available as-
says. The definition of virologic fail-
ure in the ACTG 343 study was 2
consecutive measurements of HIV RNA
levels greater than 200 copies/mL. If vi-
rologic failure had been defined by 2
HIV RNA measurements of greater than
50 copies/mL, an additional 32 end
points would have occurred in the
study. Eleven end points would have
been captured at an earlier time point
with this more stringent definition.

COMMENT

In patients treated with indinavir-
zidovudine-lamivudine who achieved vi-
rologic suppression, intermittent vire-
mia was a frequent event that did not
predict subsequent virologic failure. In-
termittent viremia was defined by an ar-
bitrary threshold of 50 copies/mL dic-
tated by the sensitivity of the HIV RNA
assay. By applying a more sensitive as-
say, we demonstrated that patients sus-
taining levels of HIV RNA less than 50
copies/mL have varying levels of ongo-
ing viral replication. Blips of HIV RNA
above 50 copies/mL represented fluc-
tuations around a higher steady state of
replication (Merck 035) compared with
patients who did not exhibit this pat-
tern. The HIV RNA levels obtained at
times near episodes of intermittent vi-
remia were consistently higher than in
patients without intermittent viremia, ar-
guing against laboratory error as the ex-
planation for the frequent occurrence of
intermittent viremia.

The magnitude of HIV RNA suppres-
sion as a predictor of virologic failure has
been examined in numerous studies. Pa-
tients who do not achieve a nadir of HIV
RNA below 50 copies/mL have an in-
creased risk for failure.**'*'” Any mea-
surable HIV RNA value has also been as-
sociated with greater risk for failure.’® We
found that intermittent HIV RNA val-
ues above 50 copies/mL were not asso-
ciated with increased risk for failure. The

©2001 American Medical Association. All rights reserved.
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]
Figure 4. Time to Virologic Failure in AIDS Clinical Trials Group 343 (ACTG) Patients With

Intermittent and Suppressed Viremia
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Estimated probability of sustaining viral suppression starting with the time point at which virologic suppression
was achieved in ACTG 343. Patients were classified at time O (the end of the ACTG 343 induction phase [fol-
lowing 24 weeks of therapy] when patients were eligible to exhibit virologic failure) according to whether they
met the definition of intermittent viremia (at any time point during the study) or suppressed viremia. There
was no significant difference in the distributions of the probability curves (P=.38, log-rank test). The values at
the far right of the figure are slightly different from those provided in the text because the figure represents an
estimation of the probability of remaining free of virologic failure that accounts for the amount of follow-up
time for each patient (the proportions reported in the text represent estimates of binomial failure probabilities
that do not account for differences in follow-up time among patients). AIDS indicates acquired immunodefi-

ciency syndrome.

difference between our findings and prior
studies can be explained by differences
in the patient populations. Studies re-
porting increased risk for detectable HIV
RNA included patients regardless of
whether they achieved virologic nadirs
below 50 copies/mL.>**18 Patients who
did not achieve virologic nadir below 50
copies/mL have only partial viral sup-
pression and are known to exhibit viro-
logic failure more frequently. We exclu-
sively studied patients who achieved HIV
RNA nadirs below 50 copies/mL. Our re-
sults thus are not in conflict with these
prior studies, but rather extend our un-
derstanding of predictors of virologic fail-
ure by distinguishing the groups of pa-
tients who receive potent ART who
established initial viral suppression be-
low 50 copies/mL.

Many factors may have contributed to
varying steady-state levels of viral rep-
lication observed in our patients. Sub-
optimal regimen potency, higher base-
line HIV RNA levels, and the presence
of baseline drug resistance have been as-
sociated with reduced rates of viral sup-
pression.”"1>1921 Adherence, antiretro-

viral pharmacokinetics, vaccine
administration, and polymorphisms in
chemokine receptor genes also influ-
ence viral suppression.”*% In patients
with less effective viral suppression (ie,
intermittent viremia), viral evolution and
drug resistance are demonstrable. In an
earlier study of the Merck 035 pa-
tients,® evolution in the envelope gene
was detectable in patients with but not
in those without intermittent viremia af-
ter 2 years of treatment. Three of these
patients with intermittent viremia were
included in a study by Martinez-
Picado et al,'*° which used assays to de-
termine drug-resistance mutations us-
ing clonal analyses. New, low-
frequency NRTI and protease inhibitor—
resistance mutations were detected after
2 years of therapy in all 3 patients. How-
ever, despite evolution and drug-
resistance mutations, these patients ex-
hibited neither new NRTI-resistance
mutations nor virologic failure after 5
years of therapy in our analysis.

The most direct explanation of these
findings is based on our current un-
derstanding of viral dynamics, namely
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that the number of HIV replication
cycles is insufficient to overcome the
evolutionary requirements for the se-
lection and fixation of a predomi-
nantly drug-resistant population.?® A
threshold level of residual replication
(perhaps as reflected by viral loads in
the 50-200 copies/mL range) may ex-
ist below which viral adaptive mecha-
nisms are rendered ineffective. Such
mechanisms may include the genera-
tion of large numbers of variants with
every replicative cycle and the coinfec-
tion of cells by genotypically distinct vi-
rus at sufficiently high frequency to per-
mit advantageous recombination
events.”** Moreover, many protease in-
hibitors require compensatory muta-
tions to overcome reductions in viral
fitness associated with early drug-
resistant breakthroughs, thus delay-
ing the appearance of majority drug-
resistant populations. Grossman et al***!
have proposed that viral replication may
be more accurately viewed as focal rep-
licative bursts, described as proximal
activation and transmission. Residual
replication under long-term highly ac-
tive ART may continue in small bursts
that are spatially and temporally dis-
continuous at levels insufficient for ef-
fective viral adaptation.

Host-immune responses provide an-
other explanation for the absence of a
correlation between intermittent vire-
mia and virologic failure. Higher levels
of HIV antigens in patients with inter-
mittent viremia may stimulate im-
mune responses, which prevent escape
of subpopulations of drug-resistant vi-
rus. While early studies suggested that
HIV-specific immune responses could
be restored only in treatment of acutely
infected patients, emerging data sug-
gest that chronically infected patients
can also develop and maintain HIV-
specific responses.*

The results of this analysis raise sev-
eral issues surrounding current man-
agement strategies. Clinicians are ad-
vised to administer therapy that sustains
HIV RNA levels below the threshold of
detection to reduce the opportunity for
resistant virus to emerge. But virologic
suppression or undetectability is rela-

178 JAMA, July 11, 2001—Vol 286, No. 2 (Reprinted)

tive to the sensitivity of the assay. In both
clinical trials and clinical practice, the
assay-detection threshold commonly
used has decreased from 400 cop-
ies/mL to 50 copies/mL. Current guide-
lines thus imply that any detectable or
confirmed HIV RNA level above 50 cop-
ies/mL should trigger therapy intensifi-
cation or modification, assuming effec-
tive treatment options are available.'?

These recommendations warrant re-
consideration for several reasons. First,
nearly all patients receiving potent ART,
including those who reach a nadir of
50 copies/mL, have detectable HIV RNA
levels when using even more sensitive
assays.’?7® Second, if blips or low-
level intermittent viremia are not as-
sociated with greater rates of virologic
failure for as long as 4.5 years, then it
may not be necessary to switch or in-
tensify therapy until patients exhibit
higher levels. Unnecessary regimen
switching may result in disruption of
a patient’s medication routine, toxic ef-
fects from new drugs, and premature
discarding of useful drugs.

The results of this study are also rel-
evant to the design of clinical trials. If
achieving HIV RNA levels of less than
50 copies/mL is associated with more
sustained viral suppression, it is logical
to use this threshold as a marker for suc-
cess. It is less clear, however, how viro-
logic failure should be defined. The data
presented here argue that a definition of
2 consecutive HIV RNA values greater
than 50 copies/mL is too stringent a defi-
nition of virologic failure. Thirty-two pa-
tients in the ACTG 343 trial would have
been classified as having virologic fail-
ure who otherwise did not meet the
study definition as confirmed HIV RNA
values greater than 200 copies/mL. Us-
ing a definition of HIV RNA level greater
than 50 copies/mL as evidence of viro-
logic failure, 11 additional patients
would have met the criteria for viro-
logic failure at an earlier time point. This
issue is particularly relevant for trials
comparing different therapy sequences
in which protocols mandate switching
regimens after reaching an end point of
virologic failure. Required, premature
switching of treatment regimens may

produce underestimates of their clini-
cal durability and utility.

There are important caveats to the
generalizations and implications of our
findings. First, two thirds of patients in
the ACTG 343 study received a brief pe-
riod of maintenance therapy and the me-
dian follow-up for the trial was 84 weeks.
However, even when the analysis was
limited to ACTG 343 patients who re-
ceived triple-drug therapy, findings were
consistent. Second, the safety margin or
threshold is not precisely defined for con-
tinuing or changing the regimen of a pa-
tient who experiences low-level vire-
mia. Third, this threshold may be higher
or lower for different drug regimens be-
cause genetic barriers for the emer-
gence of resistant populations vary due
to fitness of early drug-resistant popu-
lations.*” Finally, in patients with pre-
dominantly drug-resistant viral popula-
tions who initiate salvage therapy, low-
level viremia may be a harbinger for
imminent virologic failure. We did not
address issues of adherence or pharma-
cokinetics in this analysis, and these may
be the most important considerations in
the decision of when to switch or modify
therapy. Unexplained elevations in
plasma HIV RNA level should always
prompt a careful assessment of patient
adherence. All these caveats under-
score the importance of additional stud-
ies evaluating the clinical significance of
low-level viremia and validating viro-
logic-failure thresholds in a variety of
clinical settings.

In summary, in patients who achieved
virologic suppression with indinavir-
zidovudine-lamivudine, intermittent vi-
remia was a frequent occurrence and was
associated with higher steady-state lev-
els of viral replication (Merck 035) but
was not associated with virologic fail-
ure for up to 4.5 years (ACTG 343 and
Merck 035). Clinical management op-
tions are increased by this knowledge.
A higher HIV RNA level that would trig-
ger a therapy change may preserve the
number of drugs available for future
therapeutic regimens.
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