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ABSTRACT

Highly active antiretroviral therapy fails to reach its recommended goal of sustained suppression of viral repli-
cation in a substantial proportion of patients. We analyzed incidence and predictors of virologic failure of the
first regimen of a triple-drug combination therapy, including a protease inhibitor and two nucleoside analog
reverse transcriptase inhibitors (NRTIs), in 274 HIV-infected patients. Long-term virologic response to com-
bination therapy including salvage regimens was assessed 2.5 years after treatment initiation. During an ini-
tial observation period of up to 1.8 years (median, 0.8 years) 152 patients (55%) experienced sustained sup-
pression of HIV-1 RNA to , 500 copies/ml. Failure to reduce viral load to , 500 copies/ml within 6 months
(initial failure) was observed in 51 patients (19%). Independent risk factors for initial failure included higher
baseline viral load; addition of a protease inhibitor to an unchanged NRTI regimen; use of saquinavir hard-
gel capsules; and longer duration of prior NRTI treatment. Within a median of 7 months viral load rebound
above 500 copies/ml occurred in 71 of 223 patients (32%) whose viral load had initially decreased below this
threshold. In proportional hazard analysis none of the potential risk factors was significantly associated with
viral load rebound. However, in 40 patients (56%) with viral load rebound, incomplete adherence to therapy
or treatment interruptions preceded the rebound. Virologic outcome after 2.5 years correlated with initial re-
sponse to the first regimen: viral load was , 500 copies/ml in 88, 55, and 21% of patients with sustained sup-
pression, viral load rebound, and initial failure, respectively.
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INTRODUCTION

IM PRESSIVE RE DUCTIO NS in morbidity and AIDS-associated
mortality can be attributed to the use of highly active anti-

retroviral therapy.1,2 However, protease inhibitor-containi ng
drug combinations failed to lead to sustained suppression of
plasma HIV-1 RNA concentrations to below the limit of quan-
tification in about 50% of patients treated at experienced pri-
mary care centers3– 6 and in large clinical trials.7 Treatment fail-
ure may have grim consequences for the individual patient and
seriously threatens the initial success of combination therapy in
the community, raising concerns about selection and transmis-
sion of multiresistant viruses. 8 And, last but not least, treatment
failure carries a significant econom ic burden.

To increase substantially the success rate of antiretroviral
combination therapy there is an urgent need to understand bet-
ter the factors associated with treatment failure. We therefore
decided to determ ine incidence and predictors of virologic fail-

ure of the first regimen of highly active antiretroviral therapy
in the primary care setting and to assess durability of treatm ent
effect.

MATERIALS AND METHODS

Patients

The focus of our study was 274 participants in the Swiss
HIV Cohort Study (SHCS)2,9; these patients were treated at our
unit, a university-based urban primary care HIV clinic. Included
were patients who initiated antiretroviral triple-com bination
therapy, including a protease inhibitor and two NRTIs, between
October 1995 and March 1997, and for whom complete labo-
ratory data sets were available. The latter include (1) an HIV-
1 RNA concentration above 500 copies/ml and a CD4 1 cell
count performed within 6 weeks before the start of combina-
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tion therapy, (2) at least one HIV-1 RNA assay performed be-
tween 2 and 6 months after the start of therapy, and (3) at least
one other HIV-1 RNA determination performed more than 6
months after the start of therapy. Patients were protease in-
hibitor naive at study entry. Baseline patient characteristics,
starting date, duration and composition of antiretroviral treat-
ment, as well as laboratory results were retrieved from the
SHCS database and verified by detailed chart review. Infor-
mation on adherence was also retrieved from the charts. In the
absence of a precise definition, the assessment of the quality of
adherence was at the discretion of the treating physician. The
analysis of incidence and predictors of virologic failure of the
first regimen and on clinical events is based on information
recorded up to December 1997. Assessment of long-term  viro-
logic outcom e was based on the latest available HIV-1 RNA
measurement recorded between January 1998 and May 1999.
The limitation to the first treatm ent regimen was dropped for
the analysis of long-term outcome.

HIV-1 RNA measurements

Until January 1998 the Roche Amplicor HIV-1 Monitor test
was used to determine levels of plasm a HIV-1 RNA concen-
tration (viral load) according to the manufacturer’ s instructions.
The lower limit of quantification was 500 copies/ml. Plasma
HIV-1 RNA concentration was measured approxim ately every
3 months. For the latest available HIV-1 RNA measurements ,
the ultrasensitive procedure of the Roche Amplicor HIV-1 Mon-
itor test with a lower limit of detection of 50 copies/ml was
used.

Antiretroviral drugs

The nucleoside analog reverse transcriptase inhibitors 
(NRTIs) available during the study period and the doses pre-
scribed included zidovudine (250 mg twice daily), stavudine
(40 mg twice daily; 30 mg twice daily in patients weighing less
than 60 kg), lamiduvine (3TC, 150 mg twice daily), didanosine
(200 mg twice daily), and zalcitabine (0.75 mg three times
daily). More than 85% of patients used either zidovudine and
3TC or stavudine and 3TC. Availability and, consequently, use
of individual protease inhibitors changed during the study pe-
riod. While saquinavir hard-gel capsules (600 mg three times
daily) were prescribed to more than 60% of the patients prior
to March 1996, they were largely replaced by indinavir (800
mg three times daily) or ritonavir (600 mg twice daily) by the
second half of 1996. At the end of the study period, 60% of pa-
tients were taking indinavir, and 40% were taking ritonavir. In
antiretroviral therapy-naive patients both NRTIs and the pro-
tease inhibitor were started on the same day or within an in-
terval of less than 14 days.

Statistical analysis

Data were analyzed with SAS (SAS Institute, Cary, NC) soft-
ware, version 6.11. The Kruskal–Wallis test or Wilcoxon two-
sample test was used to analyze differences between groups.
The following end points were analyzed: (1) initial treatment
failure (no HIV-1 RNA value below 500 copies/ml within the
first 6 months after initiating combination therapy); (2) viral
load rebound (at least one HIV-1 RNA measurem ent below 500

copies/ml within the first 6 months of starting combination ther-
apy, followed by at least one HIV-1 RNA value at or above
500 copies/ml); and (3) sustained suppression (at least two HIV-
1 RNA measurements below 500 copies/ml; at least one within
the first 6 months and at least one after 6 months of initiating
combination therapy). Potential predictors of initial treatment
failure and viral load rebound were assessed by logistic re-
gression analysis and Cox proportional hazard analysis, re-
spectively. The following variables were entered into the mod-
els: age; sex; HIV exposure risk; disease status according to
clinical stages A, B, and C of the 1993 definition of the Cen-
ters for Disease Control and Prevention; CD4 1 cell count;
plasm a HIV-1 RNA concentration; calendar period when com-
bination therapy was initiated (in quarters); mode of initiation
of combination therapy; protease inhibitor; duration of HIV in-
fection; and duration of prior antiretroviral treatment. CD4 1

cell count (after adding the value of 1) and HIV-1 RNA con-
centration were log10 transformed.

RESULTS

Baseline characteristics

We analyzed data from 274 HIV-infected persons who
started antiretroviral combination therapy that included a pro-
tease inhibitor and two NRTIs between October 1995 and
March 1997. Baseline patient characteristics are summarized in
Table 1. The only significant difference between study patients
and patients not included in the analysis (mainly due to in-
complete baseline data) was a higher rate of pretreatment with
NRTIs in the study population (73 versus 48%; p , 0.001). For
patients with plasm a HIV-1 RNA concentrations persistently
below the limit of quantification, the observation period was at
least 6 months.
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TABLE 1. BASELIN E PATIEN T CH ARACTER ISTICS a

Characteristic Value

Median age, years (range) 37 (21–67)
Sex, n (%)

Male 217 (79)
Female 57 (21)

HIV exposure risk, n (%)
Same-sex sexual activity 143 (52)
Injection drug users 72 (26)
Heterosexual 48 (18)
Other 11 (4)

CDC disease stage, n (%)
A 82 (30)
B 88 (32)
C 104 (38)

Median CD4 1 cell count, 123.5 (0–1234)
3 106/liter (range)

Median plasma HIV-1 RNA 4.68 (2.77–6.76)
concentration, log10

copies/ml (range)
History of prior NRTI 200 (73)

treatment, n (%)

an 5 274.



We observed two general patterns of virologic treatm ent fail-
ure: (1) treatment failed ever to reduce viral load below the limit
of quantification within the first 6 months or (2) after an initial
decline below 500 copies/ml, plasma HIV-1 RNA concentra-
tions rebounded above this threshold after variable amounts of
time. Both patterns were analyzed separately.

Initial treatment failure

For the study of incidence and predictors of virologic failure
of the first regimen of combination therapy patients were closely
monitored for a median of 0.85 year (range, 0.5–1.65 years).
Within 6 months of its initiation, antiretroviral combination ther-
apy failed to reduce plasma HIV-1 RNA concentration to less
than 500 copies/ml in 51 of 274 patients (19%) (Table 2). The
failure rate was higher in NRTI-experienced  patients (46 of 200
[23%]) than in treatment-naive patients (5 of 74 [7%]) (Table
4) and increased with the duration of prior NRTI treatment. Uni-
variate analysis revealed further that the failure rate increased
with higher baseline plasma HIV-1 RNA concentrations and
lower CD41 cell counts at baseline. Patients taking saquinavir
had significantly higher failure rates than did patients taking in-
dinavir or ritonavir. Failure rates were independent of age, and

evenly distributed between both sexes and all HIV exposure cat-
egories. Clinical stage and calendar period when combination
therapy was initiated had no significant effect on the incidence
of treatment failure. In multivariate logistic regression analysis
we found the following four variables to be independent pre-
dictors of failure of therapy to reduce plasma HIV-1 RNA be-
low the limit of quantification: (1) adding a protease inhibitor
to an unchanged NRTI regimen (odds ratio [OR] 5.06 [95% con-
fidence interval, 1.51–17.0]), compared with treatment-naive pa-
tients); (2) use of saquinavir (OR 3.06 [95% confidence inter-
val, 1.03–9.06], compared with indinavir); (3) duration of
pretreatment with NRTI (OR 1.36 [95% confidence interval,
1.04–1.77], per year); and (4) high baseline plasma HIV-1 RNA
concentration (OR 2.41 [95% confidence interval, 1.44–4.04],
per log10 copies/ml) as the only treatment-independent  variable
(Table 2 and Fig. 1). Combination therapy failed to reduce vi-
ral load below the limit of quantification in 7 of 68 patients
(10%) with less than 104 HIV-1 RNA copies/ml and 25 of 95
patients (26%) with more than 105 copies/ml. Multivariate analy-
sis also revealed that neither a treatment strategy that introduced
at least one new NRTI to an existing regimen when protease in-
hibitor treatment was started, nor baseline CD41 cell count, were
independently associated with virologic treatment failure.
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TABLE 2. INCIDE NCE AN D PRED ICTO RS O F FA ILU RE O F ANTIR ET RO VIR AL COM BINA TIO N

THER APY TO RED U CE VIR AL LO AD TO , 500 COPIES PER MIL LILITE Ra

Univariate analysis Multivariate analysis

Odds ratio Odds ratio
Factor Initial success Failure (95% CI)b p Value (95% CI)b p Value

Number of patients, n (%) 223 (81) 51 (19) — — —
Clinical stage, n (%) 0.10 0.64

A 72 (89) 9 (11) 1 1
B 69 (78) 19 (22) 2.20 (0.93–5.20) 1.58 (0.60–4.13)
C 82 (78) 23 (22) 2.24 (0.98–5.16) 1.40 (0.53–3.69)

Median HIV-1 RNA, 4.60 (2.77–6.76) 4.99 (2.98–6.57) 1.80 (1.21–2.68) 0.004 2.41 (1.44–4.04) 0.0008
log10 copies/ml (range)

Median CD4 1 cell count, 133 (0–1234) 72 (0–760) 0.55 (0.33–0.90) 0.017 0.82 (0.42–1.60) 0.5611
cells/mm 3 (range)

Calendar period, n (%) 0.58 0.58
, 3rd quarter, 1996 62 (78) 18 (22) 1.44 (0.71–2.93) 0.68 (0.26–1.80)
, 3rd quarter, 1996 99 (83) 20 (17) 1 1
. 3rd quarter, 1996 62 (83) 13 (17) 1.04 (0.48–2.23) 1.21 (0.48–3.05)

Mode of treatment initiation, n (%) 0.003 0.0121
ART-naive patients 69 (93) 5 (7) 1 1
Switchc 53 (80) 13 (20) 3.39 (1.14–10.09) 2.36 (0.65–8.61)
Add-ond 101 (75) 33 (25) 4.51 (1.68–12.12) 5.06 (1.51–17.0)

Protease inhibitor, n (%)
Indinavir 113 (84) 22 (16) 1 — 1 —
Ritonavir 82 (84) 16 (16) 1.00 (0.50–2.03) 1.0111 1.20 (0.52–2.74) 0.671
Saquinavir 28 (68) 13 (32) 2.39 (1.07–5.31) 0.0311 3.06 (1.03–9.06) 0.041

Median duration of prior NRTI 1.17 (0.08–7) 1.82 (0.17–6.5) 1.44 (1.18–1.74) 0.0003 1.36 (1.04–1.77) 0.031
treatment, years (range)

Median observation period, 0.8 (0.5–1.6) 0.9 (0.5–1.7) — — — —
years (range)

Abbreviation: ART, Antiretroviral therapy.
an 5 274.
bLogistic regression model adjusted for sex, age, HIV exposure risk, and duration of HIV infection.
cSwitch, at least one nucleoside reverse transcriptase inhibitor with which the patient has never before been treated is 

introduced when protease inhibitor is started.
dAdd-on, protease inhibitor is added to an unchanged nucleoside reverse transcriptase inhibitor regimen.



Rebound of HIV-1 RNA

In 223 of 274 patients (81%) antiretroviral combination ther-
apy initially succeeded in reducing plasm a HIV-1 RNA con-
centration to undetectable levels. However, during an observa-
tion time of at least 6 months after the start of a protease
inhibitor-containin g regimen, viral load rebounded to levels
above 500 copies/ml of plasma in 71 of 223 patients (32%)
(Table 3). Again, the virologic treatment failure rate was higher
among NRTI-experienced patients (57 of 154 [37%]) than
among treatment-naive patients (14 of 69 [20%]) (Table 4).
Overall, combination therapy led to sustained reduction of
plasm a viral load to less than 500 copies/ml in 55 of 74 treat-
ment-naive patients (74%), and in 97 of 200 pretreated patients
(49%). In the univariate Cox proportional hazard model, fail-
ure of treatment to continuously suppress viral replication was
significantly associated with (1) calendar period of treatment
initiation, (2) adding a protease inhibitor to an unchanged NRTI
regimen, and (3) CDC stage C disease. In the multivariate
model, none of the tested variables was significantly associated
with a rebound of HIV-1 RNA concentration above 500
copies/ml of plasma. However, detailed chart review revealed
that the treating physician had noted incomplete adherence to
therapy to precede viral load rebound in 25 of 71 patients (35%),
and that in an additional 15 of 71 patients (21%) treatment in-
terruptions of at least 1 week were documented before virologic
failure occurred. In contrast, for none of the patients with sus-
tained suppression of viral replication were difficulties with ad-
herence to the prescribed regim en reported, and only 12 of these
152 patients (8%) had docum ented treatment interruptions of at
least 1 week. A high baseline viral load was not associated with
a rebound of HIV-1 RNA concentration above 500 copies/ml
of plasma. In contrast, the odds for initial virologic treatment

failure increased with baseline plasma HIV-1 RNA concentra-
tion (Fig. 1).

Overall, antiretroviral therapy failed to continuously reduce
viral load below 500 copies/ml in 122 of 274 patients (45%)
(Table 4).

Clinical events during observation period

During the initial 25 months of the study, comprising 235
observation-years  among 274 patients, no deaths of patients tak-
ing combination therapy were recorded. However, one patient
with progressing non-Hodgkin’ s lymphoma died 4 months af-
ter stopping treatm ent. Nine AIDS-defining events in 8 patients
were observed 1 to 5 months after the start of a protease in-
hibitor-containing  regimen (CD4 1 cell counts at the time the
events occurred are given in parentheses): Candida esophagi-
tis in two (23 and 57), herpes simplex virus-associated non-
healing ulcers in two (139 and 424), non-Hodgkin’ s lymphoma
in two (16 and 40), and one case each of cytomegalovirus ret-
initis (50), cryptosporidiosis  (9), and Kaposi’s sarcoma (150).
Eight of the 9 events occurred in patients with virologic treat-
ment failure; none seems to have been triggered by combina-
tion therapy.

Long-term virologic outcome

To assess long-term virologic response to combination ther-
apy including salvage regimens, the latest HIV-1 RNA values
available in May 1999 (corresponding to a median follow-up
of 2.5 years [range, 1.7–3.4 years] after the start of combina-
tion therapy) were compared with the initial treatment response
to the first regimen (Table 5). Results of HIV-1 RNA determi-
nations were available for 242 of 274 patients (88%). A total
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FIG. 1. The influence of viral load on virologic treatment failure. Proportion of patients in the respective baseline viral load
stratum failing to suppress viral load below 500 copies/ml of plasma within 6 months of starting combination therapy (initial fail-
ure, solid bars), and those with viral load rebound above 500 copies/ml of plasma (gray bars).



of 122 of 139 patients (88%) who initially responded with sus-
tained suppression  of viral replication had viral load values
below  500 copies/ml; most, 107 of 139 (77%), had viral load
determinat ions below  50 copies/ml. Seventy-fi ve (54%) of
them were still on their original treatm ent regimen. In con-
trast, only 33 of 60 patients (55%) with initial viral load re-
bound and 9 of 43 patients (21%) with initial treatment fail-
ure achieved a reduction of HIV-1 RNA concentrati on below
500 copies/ml on a salvage regimen. Overall, 2.5 years after
starting combination therapy, 164 of 242 (68%) and 139 of
242 patients (57%) had a viral load below 500 and below 50
copies/ml, respectivel y.

DISCUSSION

During the initial observation period of this study, the first
regimen of a protease inhibitor-containin g regim en failed to
lead to sustained suppression of viral replication in 45% of pa-
tients. We identified two distinct patterns of virologic treatment
failure that also differed with respect to the associated risk fac-

tors. During the first 6 months of treatment viral load failed to
decline below 500 copies/ml in 19% of patients. A high base-
line viral load, addition of a protease inhibitor without chang-
ing an established NRTI regimen, use of saquinavir hard-gel
capsules, and long prior NRTI treatment were independent pre-
dictors of this type of treatment failure. In total of 32% of 223
patients who initially achieved an unquantifiable HIV-1 RNA
level, viral load later rebounded above 500 copies/ml. None of
the potential risk factors studied was significantly associated
with viral load rebound in proportional hazard analysis. Chart
review revealed that incom plete adherence to therapy preceded
viral load rebound in 35% of patients (in contrast, none of the
patients with sustained suppression was noted for adherence
problems). Treatment interruptions of at least 1 week preceded
viral load increase above the limit of quantification in an addi-
tional 21% of patients.

At a median of 2.5 years after initiation of a protease in-
hibitor-containing  regimen, highly active antiretroviral therapy
including first and salvage regimens had led to suppression of
viral replication to levels of 500 and 50 copies/ml in 68 and
57% of patients, respectively.
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TA BL E 3. INCID EN CE A ND PRED ICT ORS O F FA ILU RE OF VIR AL LO AD RE BO UND

AFTER INIT IAL RED UCTIO N O F V IR AL LOA D TO , 500 CO PIES PER M ILLILIT E Ra

Univariate analysis Multivariate analysis

Sustained Risk ratio Risk ratio
Factor suppression Rebound b (95% CI)c p Value (95% CI)c p Value

Number of patients, n (%) 152 (68) 71 (32) — — — —
Clinical stage, n (%) 0.10 0.25

A 57 (79) 15 (21) 1 1
B 46 (67) 23 (33) 1.68 (0.87–3.23) 1.42 (0.72–2.84)
C 49 (60) 33 (40) 1.88 (1.02–3.47) 1.77 (0.89–3.49)

Median HIV-1 RNA, 4.5 (2.8–6.8) 4.6 (2.9–6.6) 0.84 (0.63–1.12) 0.241 0.90 (0.62–1.30) 0.57
log10 copies/ml (range)

Median CD4 1 cell count, 140 (0–1230) 110 (0–930) 1.07 (0.73–1.55) 0.731 1.30 (0.82–2.07) 0.27
cells/mm 3 (range)

Calendar period, n (%) 0.017 0.11
, 3rd quarter, 1996 27 (44) 35 (56) 1.68 (1.0–2.83) 1.67 (0.89–3.14)
, 3rd quarter, 1996 73 (74) 26 (26) 1 1
. 3rd quarter, 1996 52 (84) 10 (16) 0.66 (0.32–1.36) 0.70 (0.32–1.52)

Mode of treatment initiation, n (%) 0.081 0.62
ART-naive patients 55 (80) 14 (20) 1 1
Switchd 36 (68) 17 (32) 1.83 (0.90–3.72) 1.50 (0.63–3.58)
Add-on e 61 (60) 40 (40) 1.91 (1.04–3.53) 1.21 (0.52–2.85)

Protease inhibitor, n (%)
Indinavir 87 (77) 26 (23) 1 — 1 —
Ritonavir 55 (67) 27 (33) 1.48 (0.86–2.54) 0.151 1.30 (0.73–2.30) 0.38
Saquinavir 10 (36) 18 (64) 1.66 (0.87–3.16) 0.121 0.89 (0.41–1.93) 0.77

Median duration of prior NRTI 1.0 (0.08–7) 1.42 (0.08–4.8) 1.11 (0.96–1.30) 0.161 1.06 (0.85–1.32) 0.61
treatment, years (range)

Median observation period, 0.8 (0.5–1.8) 0.56 (0.2–1.4) — — — —
years (range)

an 5 223.
bIntent to treat analysis. Fifty of 71 (70%) patients were still receiving their initial drug regimen at time of rebound.
cCox proportional hazard model for time between initiation of combination therapy and viral load rebound adjusted for sex,

age, HIV exposure risk, and duration of HIV infection.
dSwitch, at least one nucleoside reverse transcriptase inhibitor with which the patient has never before been treated is 

introduced when protease inhibitor is started.
eAdd-on, protease inhibitor is added to an unchanged nucleoside reverse transcriptase inhibitor regimen.



Many of the risk factors associated with failure to achieve
unquantifiable HIV-1 RNA levels can be linked to the emer-
gence of resistance, although this was not directly measured.
Pretreatment with NRTI did not lead to complete suppression
of viral replication in the study population (those with un-
quantifiable viral load at baseline were excluded from analy-
sis). Ongoing viral replication under treatm ent has been shown
to be strongly associated with resistance development. 10,11 Con-
sequently, failure to change NRTI when the protease inhibitor
was introduced may be equivalent to instituting protease in-
hibitor monotherapy, which has been shown to lead to the de-
velopment of resistant viruses.10 Considering the potential of
cross-resistance between NRTIs,12 it may not be surprising that
long duration of prior NRTI prescription is a risk factor not
only for patients whose NRTI regimen remained unchanged
when a protease inhibitor was added but also for patients whose
new regimen consisted of at least one new NRTI in addition to
the protease inhibitor. The low bioavailability of saquinavir
hard-gel capsules has been used to explain its limited potency
to suppress viral replication, which may lead directly to the
emergence of resistant viruses.13

Although studies on the virologic effect of protease-con-
taining regimens in clinical cohorts3,4,6 did not differentiate be-
tween initial failure and viral load rebound, the risk factors for
overall treatm ent failure they identified largely correspond with
those we found associated with failure to achieve unquantifi-
able HIV-1 RNA concentrations. A notable exception is the ab-
sence in this study, and that of Casado et al.,6 of an association
between baseline CD4 1 cell count and failure rate, a finding
that contrasts with previous work.3,4 Differences in the defini-

tion of virologic failure and baseline patient characteristics may
account for this discrepancy.

In retrospect, it may be surprising that the experience gained
with the sequential use of tuberculostatic  drugs when they were
introduced more than 40 years ago (“never add a single drug
to a failing regim en”) was not initially applied to antiretrovi-
ral therapy. When protease inhibitors first became available,
they were often added to previously established NRTI regi-
mens.7 ,14 Only when the high failure rates associated with this
approach becam e evident did concomitant  rather than sequen-
tial introduction of antiretroviral  drugs become standard. How-
ever, in spite of the strong association between treatment fail-
ure and sequential introduction of antiretroviral  drugs, our
adoption of the new standard, during the course of the study,
is not reflected by a significantly better outcom e in patients
who started combination therapy in the later phases of the study
(Table 2).

The first protease inhibitor-containi ng regimen failed to con-
tinuously suppress viral replication below the limit of quantifi-
cation in 45% of our patients. Similar failure rates ranging from
40 to 55% have been reported for other clinical cohorts 3,4,6 and
for clinical trials.7 Patients failing their first protease inhibitor-
containing regimen are commonly switched to new treatment
regimens containing drugs the patient has not previously taken.
The success rate of these salvage regimens may be low.4 Our
observations at follow-up 2.5 years after initiating combination
therapy suggest that salvage regimens may lead to sustained
suppression of viral replication in up to 55% of patients with
viral load rebound. Salvage regimens, however, were signifi-
cantly less successful in patients who experienced initial fail-
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TA BLE 4. INFLU EN CE OF NRTI PRETR EA TM E NT ON VIR OL OGIC TREA TM EN T FA ILU RE

Type of virologic failure All patients NRTI-experienced patients NRTI-naive patients

Failure to reduce viral load below 500 copies/ml, n (%) 51/274 (19) 46/200 (23)a 5/74 (7)
Viral load rebound above 500 copies/ml, n (%) 71/223 (32) 57/154 (37)b 14/69 (20)
Overall virologic treatment failure, n (%) 122/274 (45) 103/200 (52)c 19/74 (26)

a x 2, p 5 0.02 (naive versus experienced).
b x 2, p 5 0.01 (naive versus experienced).
c x 2, p 5 0.0002 (naive versus experienced).

TA BL E 5. V IR OLO G IC STA T US AT LAST FOL LO W -UPa

Sustained
suppression Rebound Failure

nb 152 71 51
Diedc 5 (3.3%) 4 (5.6%) 4 (7.8%)
Lost to follow-up c 8 (5.3%) 7 (9.9%) 4 (7.8%)
Long-term virologic follow-up available 139 (91.4% ) 60 (84.5%) 43 (84.3% )
Median follow -up, months (range) 29 (20–40) 31 (24–39) 30 (22–41)
HIV-1 RNA at latest follow-up, copies/ml

. 10,000 7 (5.0%) 10 (16.7%) 18 (41.8% )
. 1000–10,000 7 (5.0%) 14 (23.3%) 15 (34.9% )
. 500–1000 3 (2.2%) 3 (5.0%) 1 (2.3%)
. 50–500 15 (10.8% ) 7 (11.7%) 3 (7.0%)
# 50 107 (77.0% ) 26 (43.3%) 6 (14.0% )

an 5 242.
bFrom analyses of short-term effectiveness.
cBetween January 1998 and May 1999.



ure (only 21% of these patients had a viral load below 500
copies/ml at the latest follow-up). 

The durability of effect of a successful first regimen is em-
phasized by our finding that 88 and 77% of patients with ini-
tial success had a viral load of , 500 and , 50 copies/ml, re-
spectively, 2.5 years after starting combination therapy.

No risk factors for rebounding HIV-1 RNA concentrations
other than treatment interruptions of at least 1 week and in-
complete adherence to therapy could be identified. Since ad-
herence has been assessed retrospectively on the basis of un-
structured and potentially biased notes in the patient charts, this
finding needs to be interpreted with caution. However, subop-
timal drug levels associated with nonadherence may promote
resistance developm ent and consequently therapeutic failure.10

Treatment interruption can be considered an extreme of non-
adherence. Our results suggest that once HIV-1 RNA concen-
tration has become unquantifiable, neither baseline character-
istics (such as high baseline viral load) nor inadequate treatment
strategies (such as sequential introduction of antiretroviral
drugs) that may make reaching this goal difficult determ ine the
continued suppression of viral replication. This finding was
confirmed in a study that found only a modest correlation be-
tween baseline HIV-1 RNA concentration and duration of vi-
ral suppression during protease inhibitor treatment.5

To achieve long-term control of HIV-infection,  antiretrovi-
ral therapy must be aimed at sustained, complete suppression
of viral replication. Recent work suggests this may mean to re-
duce plasma HIV-1 RNA levels to below 20 copies/ml.11 If this
goal is missed, resistance to antiretroviral drugs will eventually
develop and virologic failure will ensue.15 Virologic treatment
failure predicted clinical failure in some studies. 16 However,
the small number of AIDS-defining events observed in this and
other studies6 in spite of high virologic failure rates, and a re-
port of a lack of clinical progression and increasing CD4 1 cells
in a subset of patients continuing antiretroviral combination
therapy in spite of increasing HIV-1 RNA plasma concentra-
tions,17 indicate that virologic treatment failure may not neces-
sarily lead to clinical progression.

This study has several methodological limitations. Owing to
a selection bias toward pretreated patients included in the study
we may have overestim ated the overall failure rate of combi-
nation therapy. The study still includes 27% treatment-naive
patients and therefore allows for valid conclusions on the ef-
fect of pretreatment and its duration in the multivariate analy-
ses (Tables 2 and 3). The low number of HIV-1 RNA mea-
surem ents required for entry into the study and their timing may
have led to underestimation of the initial response rate in pa-
tients whose HIV-1 RNA declines slowly. However, because
87 and 85% of patients had two or more HIV-1 RNA determi-
nations in the first 6 months and between 6 and 9 months, re-
spectively, after starting combination therapy this potential er-
ror is thought to be minor. The choice of protease inhibitor used
was not randomized but rather governed by availability. Com-
parison of the relative contribution of individual protease in-
hibitors to virologic failure should thus be interpreted with cau-
tion.

Our study indicates ways to improve the success rate of an-
tiretroviral combination therapy. Patients with high base line
HIV-1 RNA concentrations should receive the most intense
treatment tolerated, and may be considered for four-drug regi-

mens (in spite of the limited data indicating their efficacy 18).
When a protease inhibitor is initiated in NRTI-experienced pa-
tients, at least one or possibly two NTRIs that the patient has
not been taking previously should be included in the new reg-
imen. Saquinavir hard-gel capsules should be combined with
another protease inhibitor to increase serum levels, or be re-
placed by the soft-gel formulation. 19 The finding that anti-
retroviral-experien ced patients had twice the failure rate of
NRTI-naive patients emphasizes the importance of a success-
ful first treatment regimen. Given the cross-resistance between
antiretroviral drugs, treatment options may be limited in pa-
tients who develop resistance to one treatment regimen.

Last but not least, every effort should be taken to maximize
adherence to therapy. In our experience, frequent individual dis-
cussions and support are invaluable but may need to be com-
plemented by novel strategies to reach their goal.

In summary, we found the first regimen of antiretroviral com-
bination therapy to suppress viral load below the limit of quan-
tification in 55% of patients in a clinical cohort of HIV-infected
individuals for at least 6 months. Virologic treatment failure
was evident either as failure to achieve HIV-1 RNA levels be-
low 500 copies/ml or as viral load rebound. Both patterns of
failure were associated with distinct risk factors. Improved
treatment strategies for clinical practice and higher success rates
of antiretroviral combination treatment may result when these
risk factors are taken into consideration.
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