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Summary: To assess the effects of early initiation of antiretroviral therapy on cell-free
and cell-associated viral load in blood and lymphoid tissue, we performed a random-
ized, open-label, multicenter trial comparing a double (zidovudine + lamivudine) and
triple (zidovudine + lamivudine + ritonavir) drug combination in treatment-naive,
asymptomatic patients with CD4 counts >400 cells/ml. HIV-1 RNA was measured in
plasma, peripheral blood mononuclear cells, and sequential tonsil or lymph node
biopsies (27 patients); the study follow-up was 2 years. Among 42 randomized pa-
tients, the proportion with plasma HIV-1 RNA <50 copies/ml was 16% and 74% at
week 24 (p < .001) in those randomized to double and triple therapy, respectively,
necessitating frequent treatment intensification in the double arm. After a rapid decline
within 4 weeks in both arms, cell-associated HIV-1 RNA decreased further only in
those patients with sustained suppression of plasma viral load, but remained almost
always detectable at low levels, indicating persisting transcription of viral RNA. CD4
counts increased by 200 to 250 cells/ml at week 96 in both arms without significant
differences (intent-to-treat analyses). Thus, even if treatment is initiated early in
asymptomatic patients with preserved CD4 counts, three drugs are necessary to
achieve sustained decreases of HIV load in blood and lymphoid tissue.Key Words:
Early antiretroviral therapy—Combination therapy—Lymphoid tissue—Transcrip-
tion—Viral load—Randomized study—Clinical trials.

In patients with advanced HIV infection, highly active
antiretroviral treatment (HAART), usually consisting of
the triple combination of two nucleoside analogues and
one protease inhibitor, has been shown to produce better
HIV-1 RNA suppression and to decrease clinical com-
plications in comparison to a combination of two nucleo-

side analogues alone (1,2). The magnitude of HIV-1
RNA suppression, however, does not depend only on the
potency of the treatment but also on the patient popula-
tion studied. Treatment-naive and asymptomatic subjects
usually respond better than pretreated patients (3–5). Ad-
ditionally, high HIV-1 RNA, low CD4 lymphocyte
count, or the syncytium-inducing virus phenotype at
baseline, and failure to reach an as low HIV-1 RNA nadir
as possible on treatment have been associated with treat-
ment failure (5–11), and these factors are more likely to
be present in patients with advanced HIV infection.
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Thus, patients with favorable prognostic markers treated
during early HIV infection might show a better virologic
response and possibly allow for a less intense therapy.

In 1996, when this study started, antiretroviral treat-
ment recommendations were based on clinical stage and
laboratory markers. Treatment was not recommended in
asymptomatic patients with CD4 counts >500 cells/ml,
and triple combination therapy was reserved for patients
with more advanced disease (12). The present study was
therefore designed to evaluate the virologic and immu-
nologic effects, as well as the clinical feasibility and
tolerability, of early initiation of antiretroviral therapy in
asymptomatic patients with preserved CD4 lymphocyte
counts. The main goal was to compare the effects of
double nucleoside analogue therapy with a protease in-
hibitor–containing triple regimen in this patient popula-
tion, assessed by determination of cell-free and cell-
associated viral load in blood and lymphoid tissue. Re-
sults from the first 24 months of follow-up are presented
here.

METHODS

Study Design and Patient Population

The study included asymptomatic, treatment-naive HIV-1–infected
individuals with CD4 lymphocyte counts >400 cells/ml, documented
within 1 month before the first baseline visit of the study. HIV infection
was diagnosed by detection using enzyme-linked immunosorbent assay
(ELISA) of anti-p24 antibodies. Exclusion criteria were hemoglobin
<9.5 g/dl, neutrophil count <1.5 × 103/ml, platelet count <75 × 106/ml,
clinically significant hepatic, renal, or metabolic disease, and preg-
nancy. Female participants of childbearing potential were required to
use adequate birth control. Each participating center received institu-
tional ethics committee approval to conduct the study and all patients
gave written informed consent. Patients had two baseline examinations
4 weeks apart before the treatment started and were randomized to
either double (zidovudine and lamivudine) or triple therapy arm
(zidovudine, lamivudine, and ritonavir). Participants were stratified by
center and by consent to undergo tonsil biopsies. Randomization was
performed centrally using a permuted block algorithm. Open-label an-
tiretroviral therapy was administered at a dosage of 2 × 300 mg/day for
zidovudine, 2 × 150 mg/day for lamivudine, and 2 × 600 mg/day for
ritonavir.

Patients received follow-up with clinic visits at weeks −4, 0, 2, 4, 8,
and every 4 weeks thereafter; beyond 48 weeks, the visits took place
every 6 weeks. At each visit, routine laboratory tests were performed
according to the protocol and 24-ml anticoagulated blood (CPT Vacu-
tainer, Becton Dickinson, Franklin Lakes, NJ, U.S.A.) was stored as
plasma and peripheral blood mononuclear cell (PBMC) fractions. Se-
rial bilateral tonsil biopsies were obtained at weeks 0, 4, 24, 48, and 96
in 26 patients who consented to the procedure. Tonsil biopsies were
selected to access the lymphoid tissue because of the suitability for
repeated biopsies and that tonsil biopsies consist of more than 90%
lymphoid tissue (13,14). In 1 additional patient, an ultrasound-guided
needle biopsy of an inguinal lymph node was performed at weeks 0 and
24 and the viral load was included in the lymphoid tissue data.

The study design incorporated a recommendation for a treatment

switch in case of inadequate treatment response or therapeutic failure,
with the earliest switch being allowed after 16 weeks of trial therapy,
based on the following criteria: HIV-1 RNA >1000 copies/ml plasma,
confirmed in a second blood draw 4 weeks apart; or decrease in abso-
lute CD4 lymphocyte counts by >20% in comparison to the average of
the baseline (week −4) and the pretherapy (week 0) values, confirmed
in a second blood draw 4 weeks apart; or development of an AIDS-
defining illness. In the event of treatment failure, the suggested new
treatment was at least one new nucleoside analogue plus at least one
protease inhibitor for patients switching from the double therapy arm,
and stavudine + ritonavir (600 mg twice daily) + saquinavir (400 mg
twice daily) + nevirapine for patients failing in the triple therapy arm.
In January 1998, the study was amended to redefine virologic failure
and allow for a treatment switch if HIV-1 RNA was repeatedly detect-
able by the ultrasensitive test (detection limit4 50 copies/ml). If
patients experienced treatment-limiting intolerance while HIV-1 RNA
was suppressed, changing only one drug within the regimen was al-
lowed.

Using these criteria, the study continues. Here, we present the com-
plete data for the first 24 months of treatment.

Plasma HIV-1 RNA

The standard Amplicor HIV-1 Monitor Test, version 1.5 (Roche
Diagnostic Systems, Branchburg, NJ, U.S.A.), with a lower limit of
quantitation of 400 copies/ml, was used according to the manufactur-
er’s instructions. Specimens with undetectable plasma HIV-1 RNA
using the standard test and specimens taken after 8 weeks of trial
medication were tested with modified versions of the Monitor test that
enhanced the quantitation limit to 50 HIV-1 RNA copies/ml, as de-
scribed previously (15,16).

Lymphoid Tissue and Peripheral Blood
Mononuclear Cell HIV-1 Reverse Transcription

Polymerase Chain Reaction

Tonsil or lymph node biopsies were frozen by submersion in liquid
nitrogen within 2 minutes of excision. Each entire frozen biopsy (∼2 ×
4 mm) was completely cut into 6-mm serial frozen sections. The section
series from each biopsy was grouped into levels of 18 serial sections,
10 to 12 frozen sections from each level were placed in a polypropylene
screw-top microfuge tube (Sarstedt, Nurnbrecht, Germany) and stored
at −70°C until needed for RNA extraction. For PBMC, “dry” pellets
(−70°C) containing approximately 1 to 5 × 106 cells were used for
RNA extraction. RNA extraction including DNase digestion from fro-
zen tissue sections or PBMC using the RNeasy Kit (Qiagen Ltd., Hilde,
Germany) was carried out as described previously (16). RNA yields (in
nanograms per microliter) were fluorometrically determined using Ri-
boGreen fluorescent dye (Molecular Probes, Eugene, OR, U.S.A.). Pu-
rified total cellular RNA was used for polymerase chain reaction (PCR)
by a modification of the Amplicor HIV-1 Monitor Test, as described
previously (16). Results are reported as HIV-1 RNA copies/mg total
RNA. The median (maximum/minimum) lower limit of detection using
this assay was 2 (5/1) copies/mg total RNA for PBMC and 2 (49/1)
copies/mg RNA for lymphoid tissue specimens.

T-Lymphocyte Subpopulations

The absolute number and percentage of peripheral blood CD4+ and
CD8+ T lymphocytes (henceforth referred to as CD4 and CD8 cells)
were prospectively assessed using a whole-blood method of sample
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preparation and two-color flow cytometry (Coulter, Hialeah, FL,
U.S.A.). Absolute values were calculated using a particle concentration
method based on precalibrated fluorescent microspheres (Flow-Check
Fluorospheres, Coulter). For each analysis, 10,000 events were
counted.

Statistical Analysis

A sample-size calculation performed before the start of the study
indicated that 44 participants were required to detect a difference in
virologic efficacy of 80% (proportion of patients with HIV-1 RNA <
detection limit) on triple therapy versus 40% on double therapy witha

4 0.05 andb 4 0.2. In all, 45 participants were randomized. Two
withdrew before the treatment started, and 1 was randomized for a
violation of the inclusion criteria (CD4 lymphocyte count <400 cells/
ml) and was thus excluded before the start of therapy. The intent-to-
treat population reported here consists of 42 patients who received at
least one dose of study medication.

Assessment of proportion of patients with HIV-1 RNA below de-
tection limit was based on the intent-to-treat principle, with missing
data counting as virologic failure except when immediately preceded
and immediately followed by values <50 copies/ml. Because of the
relatively high number of patients who underwent treatment modifica-
tion, virologic data were further evaluated using observed data on
treatment. For calculations of log10 decreases in viral load, measure-
ments below the quantitation limit were assigned the value of the
corresponding quantitation limit. Potential treatment group differences
were evaluated using a two-samplet-test for continuous measurements
and Fisher’s exact test for discrete measurements. The difference in
CD4 and CD8 responses between the treatment groups was analyzed
using repeated measures analysis (with imputation of missing data) and
by the comparison of the area under the curve minus baseline.

RESULTS

Patient Characteristics

The study group consisted of 42 asymptomatic, treat-
ment-naive individuals (31 males, 11 females) with a

mean age of 33 years (Table 1). At baseline, the mean
plasma HIV-1 RNA level was 4.00 ± 0.74 log10 copies/
ml and the CD4 lymphocyte count was 516 ± 173/ml.
Nineteen patients were randomized to the double-therapy
group receiving zidovudine and lamivudine, and 23 pa-
tients received triple therapy with zidovudine, lamivu-
dine, and ritonavir.

Patients started the treatment between September 1996
and July 1997. Moreover, 3 patients in the triple therapy
arm withdrew from treatment after 5, 19, and 36 weeks
and 1 in the double therapy arm withdrew after 72 weeks;
these 4 patients were lost to follow-up.

HIV-1 RNA in Plasma

The proportions of patients with plasma HIV-1 RNA
<50 copies/ml were 16% and 74% at week 24 (p < .001),
37% and 78% at week 48 (p 4 .011) and 42% and 74%
at week 96 (p 4 .059) in patients randomized to double
and triple therapy, respectively (intent-to-treat analysis,
missing values counting as virologic failure; Fig. 1A).

When the HIV-1 RNA course on assigned treatment
was evaluated (Table 2), only 1 patient randomized to
double therapy achieved a sustained RNA suppression
<50 copies/ml whereas another patient in this group had
HIV-1 RNA <50 copies/ml at baseline and remained so.
In all, 9 patients had consistently detectable HIV-1 RNA
at levels between 50 and 10,000 copies/ml but elected to
remain on double therapy and refused a suggested treat-
ment switch. Eight patients switched from double to a
new triple therapy (protease inhibitor and at least one
new nucleoside analogue) between weeks 24 and 72 be-

TABLE 1. Patient characteristics

Characteristic Double therapy Triple therapy All

No. of patients 19 23 42
Age (y) 35 ± 8 32 ± 10 33 ± 9
No. male (%) 14 (74) 17 (74) 31 (74)
HIV risk factor

No. homosexual (%) 11 (58) 10 (43) 21 (50)
No. heterosexual (%) 6 (32) 8 (35) 14 (33)
No. injection drug use (%) 2 (11) 5 (22) 7 (17)

CD4 lymphocytes (cells/ml) 499 ± 176 531 ± 174 516 ± 173
CD4 lymphocytes (%) 30.1 ± 8.0 28.9 ± 8.7 29.5 ± 8.3
CD8 lymphocytes (cells/ml) 960 ± 825 1024 ± 595 995 ± 700
CD8 lymphocytes (%) 49.0 ± 12.3 50.5 ± 13.4 49.8 ± 12.8
HIV-1 RNA in plasma (log10 copies/ml) 4.15 ± 0.81 3.87 ± 0.67 4.00 ± 0.74
HIV-1 RNA in PBMC (log10 copies/mg RNA) 2.76 ± 0.80 2.75 ± 0.46 2.75 ± 0.63
No. serial lymphoid tissue biopsies 12 15 27
HIV-1 RNA in lymphoid tissue (log10 copies/mg RNA) 4.49 ± 0.31 4.55 ± 0.49 4.52 ± 0.42

Data represent mean ± standard deviation. The numbers for HIV-1 RNA and for the lymphocyte subsets are the average
of the two screening values at week −4 and week 0. None of the baseline parameters was statistically different between the
double and triple therapy groups. Lymphoid tissue was obtained by tonsil biopsies in 26 patients and by lymph node biopsies
in 1 patient.

PBMC, peripheral blood mononuclear cells.
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cause their HIV-1 RNA never became fully suppressed.
This new regimen achieved sustained HIV-1 RNA sup-
pression <50 copies/ml in 7 (88%) and contributed to the
increased proportion of patients with suppressed RNA
seen in the intent-to-treat analysis. In contrast, 17 (74%)
of 23 patients who started triple therapy achieved sus-
tained HIV-1 RNA suppression <50 copies/ml. Among
the 6 patients who did not achieve a sustained response,
3 completely withdrew from treatment because of intol-
erance or poor adherence and 1 patient had consistently
poor adherence but remained in the study.

Four patients reduced their assigned triple regimen to
only zidovudine + lamivudine due to intolerance of rito-
navir at weeks 5, 7, 13, and 80, respectively. At the time
of switch, HIV-1 RNA was <50 copies/ml in all 4 pa-
tients. Two remained suppressed during the remainder of
their participation in this study (24 and 96 weeks, re-
spectively). The HIV-1 RNA of the other 2 patients in-
termittently rose to 1390 and 54 copies/ml at weeks 63

and 71, respectively, but decreased again to 101 and <50
copies/ml at week 96.

CD4 and CD8 T-Lymphocyte Counts

Parallel to the suppression of HIV replication, CD4
lymphocytes increased in both groups to a similar extent
(Fig. 1B). At week 96, the mean rise in CD4 lymphocytes
was 201 and 247 cells/ml, corresponding to a rise from
30.1% to 36.1% and 28.9% to 39.8% of total lympho-
cytes, in patients randomized to double and triple
therapy, respectively (intent-to-treat analysis). The levels
of CD8 lymphocytes declined by 98 and 325 cells/ml at
week 96, corresponding to a decrease from 49.0% to
40.7% and from 50.5% to 36.7%, in the double and triple
therapy arms, respectively. The CD4 and CD8 responses
did not differ significantly between the arms, neither by
repeated measures analysis nor by the comparison of the
area under the curve minus baseline.

HIV-1 RNA in Peripheral Blood Mononuclear Cells
and Lymphoid Tissue

In conjunction with the reduction of HIV-1 RNA in
plasma during the initial 4 weeks of treatment, cell-
associated HIV-1 RNA decreased sharply by approxi-
mately 1.3 log10 in PBMC and 1.7 log10 in the lymphoid
tissue in patients on triple therapy (Fig. 2). These de-
creases were≈ 0.5 log10 less pronounced in patients on
double therapy. Beyond week 4 of treatment, HIV-1
RNA in lymphoid tissue continued to decline in patients
randomized to triple therapy only, leading to significant
differences between the arms at week 24.

We further attempted to evaluate the effect of success-
ful HIV suppression on the amount of cell-associated
HIV-1 RNA over 2 years of treatment. For this purpose,
successfulHIV suppression was defined as sustained
suppression of HIV-1 RNA in plasma below 50 copies/
ml between week 48 and the end of the study observation
at week 96, independent of the actual medication (“re-
sponders”). In all, 25 patients, 23 of whom received
HAART at least during a part of the study, were classi-
fied as responders, whereas the remaining 17 nonre-
sponders, mainly on double therapy, had an incomplete
viral suppression in plasma with mean HIV-1 RNA val-
ues ≈ 2.5 log10 copies/ml (Fig. 3A). Within these two
groups, we then assessed the time course of cell-
associated HIV-1 RNA both in PBMCs and lymphoid
tissue. Both groups showed similarly decreased HIV-1
RNA by over 1 log10 within the first 4 weeks of treat-
ment, as previously mentioned (Fig. 3B and C). How-
ever, viral load continued to decrease in the responder

FIG. 1. Response to treatment in patients randomized to double
(dashed line) versus triple (solid line) therapy, intent-to-treat
analyses. (A) Proportion of patients with serum HIV-1 RNA <50
copies/ml. Missing data were considered as failure of RNA sup-
pression except when immediately preceded and followed by val-
ues <50 copies/ml. Bars represent 95% confidence intervals. *p
< .05. **p < .001, Fischer’s exact test for the difference between
the arms. (B) Mean changes in CD4 and CD8 cell count from
baseline. Bars represent one standard error of the mean (SEM).
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group, leading to a reduction of HIV-1 RNA in lymphoid
tissue from 4.59 to 1.34 log10 HIV-1 RNA copies/mg
RNA at week 48, and of HIV-1 RNA in PBMC from
2.76 to 1.20 log10 HIV-1 RNA copies/mg RNA at week
96. However, cell-associated HIV-1 RNA remained al-
most always detectable at low levels even in patients
whose plasma HIV-1 RNA was fully suppressed. Despite
relatively low HIV-1 RNA levels in the nonresponder
group (average, 2.5 log10 HIV-1 RNA, corresponding to
300–400 copies/ml), cell-associated viral load showed
only an initial decline within the first 4 weeks and re-
mained rather stable thereafter. Thus, suboptimal therapy
in this group produced and maintained viral suppression
in the lymphoid tissue, less than fully successful therapy,
but still clearly below the levels in untreated patients.

Clinical Course and Adverse Events

None of the patients suffered any HIV-associated op-
portunistic events during the study. Tolerability of the
double therapy with zidovudine + lamivudine was good,
no patient experienced dose-limiting toxicity. In contrast,
triple therapy including ritonavir was not tolerated by 7
of 23 patients. Of them, 4 discontinued ritonavir (dis-
cussed previously) and 3 others replaced ritonavir with
another protease inhibitor (nelfinavir or indinavir). An-
other 3 patients stopped the entire triple combination and
were thus lost to follow-up. Overall, grade 2 or 3 toxicity
occurred in 3 patients on double therapy (e.g., abdominal
disturbances, dry skin) and in 12 patients on triple
therapy, consisting mainly of nausea, vomiting, diarrhea,
and elevation of pancreatic amylase levels in 1 patient.
No grade 4 toxicity and no cases of lipodystrophy were
reported during the 2 years of study duration.

DISCUSSION

This prospective, randomized trial demonstrates that
double nucleoside analogue therapy with zidovudine and
lamivudine in treatment-naive, asymptomatic patients
with CD4 lymphocyte counts >400 cells/ml almost al-
ways fails to fully and continuously suppress plasma
HIV-1 RNA, even when treatment is initiated early in the
course of HIV infection. In an intent-to-treat analysis
(counting missing values as failures), 74% of patients
randomized to triple therapy had suppressed HIV-1 RNA
<50 copies/ml at week 96. A significantly lower percent-
age (41%) of patients randomized to double therapy
achieved this goal and suppression in this group was
mostly the result of switching to HAART because of
inadequate response to double nucleoside therapy. The
viral response in the two arms in our study beyond week
24 therefore represents the comparison of an immediate
versus a sequential or deferred start of HAART. Similar
results have previously been shown in patients whose
HIV infection was more advanced at the time of treat-
ment initiation, both from prospective clinical trials and
cohort data (1,2,17,18). In contrast to previous studies,
our patients were asymptomatic and had well-preserved
immune systems before treatment initiation. Thus, this
study provides evidence that HAART is virologically
necessary even in patients with favorable prognostic
markers.

Measurement of cell-associated messenger HIV-1
RNA is considered primarily to represent recent viral
transcription and allows assessment of the biologic ac-
tivity of HIV in infected cells even when HIV-1 RNA is
suppressed in plasma (16,19–21). Both double and triple
therapy induced a sharp decline in PBMC and lymphoid
tissue RNA within the first 4 weeks; however, the de-

TABLE 2. Virologic efficacy on treatment, assessed by plasma HIV-1 RNA levels and stratified by
treatment modifications during the study

Course of treatment N
HIV-1 RNA

decline <50 copies/ml

Sustained HIV-1 RNA
suppression <50 copies/ml
between weeks 48 and 96

Double
Remained on double therapy 10 5 (50%)a 2 (20%)a

Switched to triple therapy 8 7 (88%)b 6 (75%)
Stopped therapy before study end 1 0 (0%) NA

Triple
Remained on triple therapy 16 15 (94%) 14 (88%)
Reduced to double therapy (AZT + 3TC) 4 4 (100%)c 3 (75%)
Stopped therapy/lost to follow up 3 1 (33%) 0 (0%)

a One patient had plasma HIV-1 RNA <50 copies/ml at baseline and remained so during the study.
b Intensification resulting from lack of full HIV-1 RNA suppression on double therapy; HIV-1 RNA decreased

<50 copies/ml in all patients only after the treatment switch. One patient with alcoholism and poor adherence
failed to reach HIV-1 RNA <50 copies/ml.

c HIV-1 RNA suppression occurred during triple therapy, before the switch to double therapy.
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cline was steeper and by approximately 0.5 log10 more
pronounced on triple therapy. This fast decline is con-
sistent with data from studies with frequent sampling of
material (22,23), whereas less frequent sampling seems
to miss the initial sharp drop in viral load (19,20). Our
data show that the desired goal of further depletion of
viral load in the lymphoid tissue reservoir is only accom-
plished in patients who achieve sustained suppression of
HIV-1 RNA in plasma. In most of our patients, this only
occurred on a protease inhibitor–containing combination.
Conversely, patients who continued therapy that was not
fully suppressive and whose plasma HIV-1 RNA values
were between 150 and 1050 copies/ml (interquartile
range, 25%–75%) were able to maintain a moderate de-
gree of suppression of cell-associated HIV-1 RNA. Such
partial viral load depletion may explain why combination
regimens that are not fully suppressive provide clinical
benefit (3,24).

Even if treatment decreased the HIV-1 RNA in plasma
<50 copies/ml, cell-associated HIV-1 RNA remained de-
tectable in each such patient, both in PBMCs and in the
lymphoid tissue, with only a few datapoints yielding oc-
casionally undetectable values. Persistence of cell-
associated HIV-1 RNA has been recently demonstrated
in successfully treated patients, most of whom, however,
were at a more advanced stage of HIV infection at the
time when treatment had started (19–21). Together with
data demonstrating that slow evolution of proviral HIV-1
DNA takes place despite seemingly effective HAART
(21,25), these studies indicate that low level viral tran-
scription and possibly replication persist in some of these
patients, and our data confirm that this remains true even
in patients with high initial CD4 counts and HAART that
persisted for 2 years. Consequently, and supported by the
calculation of an extremely long half-life of the latently
infected CD4 cells of 44 months (26), the chance of virus
eradication by conventional HAART remains miniscule,
independent of whether treatment initiation occurs at an
early stage of HIV infection or later.

Reassessing the principle of “hit HIV early and hard”
(27), our study indicates that even if antiretroviral treat-
ment is initiated early, but after the establishment of a
chronic HIV infection, only “hitting hard” will substan-
tially reduce cell-free and cell-associated viral load. Sup-
pression of plasma HIV-1 RNA below 20 to 50 copies/
ml seems necessary to prevent ongoing mutations and
development of drug resistance, which eventually lead to
treatment failure (21,28,29). Although virologic response
was eventually good in those of our patients who started
double therapy, failed, and were rescued with subsequent
HAART, this procedure has probably led to development
of resistance to the initial double regimen, thus dimin-

FIG. 2. Time course of HIV-1 RNA in patients randomized to
double (dashed line) versus triple (solid line) therapy, intent-to-
treat analysis. Mean log10 values and standarde error of the
mean (SEM) (bars). Three compartments were analyzed: HIV-1
RNA (A) in plasma, (B) in peripheral blood mononuclear cells,
and (C) in the lymphoid tissue (N = 27). HIV-1 RNA in PBMC was
also measured at week 2. *p # .05. **p < .005. ***p < .001 for the
comparison of changes from baseline between the groups.
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ishing further treatment options. The same applies to
those patients who remained on double therapy during
the 2-year duration of the study. Although avoiding the
side effects and inconvenience of protease inhibitors,
their virologic and immunologic values were more fa-
vorable than before treatment initiation, but inferior to
those of patients on HAART. The newest antiretroviral
treatment guidelines (30,31), aimed at achieving the best
possible response and stating that an initial combination
of only two nucleoside analogues is no longer recom-
mended thus also apply to patients who initiate treatment
very early. This is in contrast to the real-life situation in
which more than 40% of patients who initiated therapy in
the United Kingdom between January and June 1998 did
not receive triple therapy (32).

Our study did not address the controversy of early
versus late initiation of therapy (33). Overall virologic
response was no better in our patients in comparison with
those reported in the literature in whom treatment started
later. Treatment-induced sustained reduction in plasma
HIV-1 RNA correlates strongly with the eventual clinical
benefit (7,18,34) and on a long-term basis, an additional
lowering of the risk of progression to AIDS and death
can be extrapolated for these patients. However, no clini-
cal data exist at present to support this assumption and
comparative trials with clinical endpoints are not likely
to ever be feasible in this low-risk population.

In our study, treatment over 2 years induced a con-
tinuously rising beneficial effect on CD4 and CD8 T
lymphocytes. In an immunologic substudy in 15 partici-
pants from this study receiving triple therapy, we previ-
ously demonstrated that high levels of CD8 cell activa-
tion exist in these patients and that early initiation of
treatment is capable of reconstituting the number of na-
ive CD4 cells and of significantly decreasing the high
activation level of CD8 cells (35). Because high levels of
CD8 activation markers (HLA-DR+ or CD38+) are pre-
dictive of HIV progression or of the development of
AIDS (36), treatment-induced normalization of these ab-
normalities may counteract further immune-mediated
disease due to uncontrolled HIV replication. The stron-
ger decline in CD8 cells in the triple therapy arm, shown
predominantly to represent a decrease in the activation
state of cytotoxic T lymphocytes (35), indirectly suggests
a reduced risk of subsequent clinical progression. These
beneficial effects, however, must be weighed against the
burden of a lifelong daily intake of pills and at least a
temporary impairment of qualify of life in patients on
triple therapy, as documented by the evaluation of the
quality-of-life questionnaires within this study and re-
ported previously (37). Although lipodystrophy was not
reported in any of our patients up to week 96, adverse

FIG. 3. (A) Time course of HIV-1 RNA in plasma, stratified by
patients with (N = 25, “responders,” solid line) and without (N =
17; “nonresponders,” dashed line) sustained viral suppression in
plasma, defined as HIV-1 RNA <50 copies/ml between weeks 48
and 96. The “responder” group showed a significantly stronger
decrease of cell-associated HIV-1 RNA, both in (B) peripheral
blood mononuclear cells and in (C) lymphoid tissue. Mean log10

values and standard error of the mean (bars). *p # .05. **p <
.005. ***p < .001 for the comparison of changes from baseline
between the groups.
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events associated with long-term use of protease inhibi-
tors such as hyperlipidemia, lipodystrophy, and insulin
resistance may impose an additional, delayed burden on
patients who initiate treatment early (38). Thus, appro-
priate risk assessment and thorough information of the
patient is necessary before treatment is initiated (31).

The observation that four patients who started triple
therapy discontinued ritonavir due to adverse events, and
partially maintained suppression of HIV-1 RNA with
only zidovudine and lamivudine, supports the hypothesis
raised within the INCAS study (39) that simpler main-
tenance treatment after effective induction therapy may
be feasible in selected patients. However, in view of the
failures of the induction-maintenance treatment principle
reported in three controlled trials (40–42), this observa-
tion must be judged with caution and may be related to
particularly favorable prognostic baseline parameters in
these patients.

In conclusion, the data obtained in our study demon-
strate that even when antiretroviral therapy is initiated
early in this low-risk population, it must consist of
HAART to achieve durable viral suppression in plasma
and substantial decrease of cell-associated HIV-1 RNA
in PBMC and lymphoid tissue. However, ongoing low-
level viral transcription despite 2 years of treatment in-
dicates that continued rounds of viral replication may
occur that would render eradication of HIV by conven-
tional HAART unlikely. Further studies are needed to
determine whether the continuous beneficial effects on
both CD4 and CD8 lymphocyte subsets and on viral load
warrant such an early treatment intervention in patients
with low risk of clinical progression.
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