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Background: Predictors of virological response to
highly active antiretroviral therapy (HAART) have never
been systematically evaluated in a large continental mul-
ticenter cohort of unselected human immunodeficiency
virus (HIV)–infected people.

Objective: To determine the factors related to achiev-
ing and maintaining undetectable plasma HIV-1 RNA lev-
els among HIV-1–infected patients first starting prote-
ase inhibitor– or nonnucleoside retrotranscriptase
inhibitor–containing HAART in Europe.

Design: Prospective multicenter cohort study.

Setting: Fifty-two clinical centers in 17 European coun-
tries included in the EuroSIDA Study Group, from Au-
gust 1996 to April 1999.

Patients: A total of 1469 HIV-positive patients first start-
ing HAART recruited from an unselected cohort of more
than 7300 HIV-positive patients.

Main Outcome Measure: Detection of factors related
to virological success after first starting HAART (baseline)
and ensuing failure by standard survival techniques, in-
cludingKaplan-Meier techniquesandCoxproportionalhaz-
ards models. All analyses were intention to treat.

Results:Most patients (80%) achieved plasma HIV-1 RNA
levels of less than 500 copies/mL during follow-up (60.4%
at 6 months from the onset of HAART). Patients with higher
baseline HIV-1 RNA levels (relative hazard [RH], 0.76 per
loghigher;95%confidence interval [CI],0.69-0.84;P,.001)
and those taking saquinavir mesylate hard gel as a single

protease inhibitor (RH, 0.62; 95% CI, 0.47-0.82; P,.001)
were less likely to reach undetectable HIV-1 RNA levels.
Conversely, higher CD4+ lymphocyte counts (RH per 50%
higher, 1.09; 95% CI, 1.02-1.16; P = .008) and the initia-
tion of 3 or more new antiretroviral drugs (RH, 1.29; 95%
CI, 1.03-1.61; P = .02) were independent predictors of
higher success. Once success was achieved, HIV-1 RNA lev-
els rebounded in more than one third of all patients dur-
ing follow-up (24% at 6 months). Antiretroviral-naive pa-
tients (RH, 0.50; 95% CI, 0.29-0.87; P = .01), older patients
(RH, 0.86 per year older; 95% CI, 0.75-0.99; P = .04), and
those starting a protease inhibitor other than saquinavir hard
gel (RH, 0.66; 95% CI, 0.44-0.98; P = .04) were at de-
creased hazard for virological failure. Higher baseline HIV-1
RNA level (RH, 1.18 per log higher; 95% CI, 0.99-1.40;
P = .06) and a longer time to achieve virological success
(RH per 12 months, 1.53; 95% CI, 0.99-2.38; P = .06) were
marginally significant predictors of a decreased hazard of
ensuing virological failure.

Conclusions: HAART is associated with a favorable vi-
rological response if started when the baseline HIV-1 RNA
level is low, if at least 2 new nucleoside retrotranscrip-
tase inhibitors are added, and if standard doses of sa-
quinavir hard gel capsule are avoided as a single prote-
ase inhibitor. Older patients are more likely to achieve
virological success. Thereafter, the higher durability of
virological response is predicted by an antiretroviral-
naive status and by the use of specific regimens. Lower
baseline HIV-1 RNA levels and rapid maximal viral sup-
pression seem to be other important factors in the du-
rability of virological response.
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A N APPROPRIATE compre-
hension of the factors that
affect the virological re-
sponse to antiretroviral
treatments is warranted to

improve the clinical treatment of human
immunodeficiency virus (HIV)–infected
patients. It is important, as well, to ex-
pand the rational basis for the accurate de-

sign of effective therapies and to reduce
the duration and complexity of clinical tri-

als. Formerly, the natural history of HIV
infection was invariably unidirectional,
progressively leading to acquired immu-
nodeficiency syndrome (AIDS) and death,

See also page 1134
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and the efficacy of therapy was determined by its ability
to delay this fatal progression. Therefore, predictors of
clinical progression have been extensively studied and
precisely determined in HIV-infected patients.1-8

Today, the clinical prognosis of HIV infection has
radically changed because of the widespread use of
highly active antiretroviral therapy (HAART), includ-
ing protease inhibitors (PIs).9-11 Partly because these
studies link plasma HIV-1 RNA levels with risk of

clinical progression, the positivist goal of antiretroviral
therapy is now to reduce and maintain HIV-1 RNA
levels below the lowest detectable.12

However, predictors of short-term virological re-
sponse to treatments should be considered apart from pre-
dictors of clinical progression. Different pathogenic
mechanisms probably determine viral dynamic re-
sponses to treatments and clinical disease progression.
Low baseline CD4+ T-cell counts undoubtedly deter-

PATIENTS AND METHODS

PATIENTS

The EuroSIDA study is a prospective European study of
more than 7300 HIV-positive patients recruited from 52
centers across Europe (including Israel; see the boxed list
on page 1125). Details of the study have been previously
published.19 Briefly, centers provided data on consecutive
patients seen in the outpatient clinic from May 2, 1994, un-
til a predefined number of patients were enrolled from each
center. This cohort of 3120 patients was defined as the Eu-
roSIDA I cohort. Enrollment of an additional 1367 pa-
tients began in December 1995; this cohort was defined as
the EuroSIDA II cohort. Enrollment of 2844 patients into
the EuroSIDA III cohort began in February 1997. Eligible
patients had a CD4+ lymphocyte count below 0.50 3 109/
L in the previous 4 months, were older than 16 years at
the time of enrollment, and had a scheduled outpatient clinic
visit. Information was collected from patient case notes onto
a standardized data collection form at baseline and every
6 months thereafter. Members of the coordinating office
visited all the centers to ensure correct patient selection and
accurate data provision. Dates of diagnosis of all AIDS-
defining diseases were recorded using the 1993 clinical defi-
nition of AIDS from the Centers for Disease Control and
Prevention, as were dates of stopping and starting all an-
tiretroviral drug treatments, CD4+ lymphocyte counts, and
measures of viral load. The analyses presented herein in-
clude all follow-up to April 1999.

STATISTICAL METHODS

For descriptive purposes, Europe was arbitrarily divided into
3 regions, as described previously20: north (Denmark, United
Kingdom, North Germany, Ireland, the Netherlands, Nor-
way, Scotland, and Sweden), central (Belgium, France, South
Germany, Luxembourg, and Switzerland), and south (Greece,
Italy, Portugal, Spain, and Israel). Continuous variables, such
as age and CD4+ lymphocyte count at study recruitment, were
generally not normally distributed. To compare differences
across groups, we used nonparametric tests, such as the Wil-
coxon signed rank test, or a logarithmic transformation of
the data to restore normality; we also used parametric meth-
ods to test for differences.

Predictors of Progression to HIV-1 RNA Levels
Below 500 Copies/mL

We defined HAART as a treatment regimen including a mini-
mum of 1 PI or nonnucleoside in combination with 2 or
more other antiretroviral drugs. Our inclusion criteria were

starting HAART after enrollment in the EuroSIDA study,
a CD4+ lymphocyte count and viral load measure in the 3
months preceding start of treatment, and at least 1 CD4+

lymphocyte count and viral load measure after the start of
HAART. Virological success was defined as a single HIV-1
RNA measure of less than 500 copies/mL; this level was cho-
sen because different European centers used different as-
says for plasma HIV-1 RNA quantification. Eligible pa-
tients were followed up from the date of starting HAART
to the date of their first HIV-1 RNA level of less than 500
copies/mL or until the last viral load measurement for those
patients who did not achieve undetectable HIV-1 RNA lev-
els through follow-up. All analyses were intention to treat;
thus, no account was taken of subsequent stopping or
switching antiretroviral treatment. Kaplan-Meier analyses
were used to determine the proportion of patients who
achieved a viral load of less than 500 copies/mL. Cox pro-
portional hazards models were used to further investigate
the prognostic factors for virological success. We investi-
gated demographic factors, such as age and sex; treatment-
related factors, such as the initial HAART regimen, the num-
ber of new antiretroviral drugs added at the date of starting
the HAART regimen, and whether a patient was previ-
ously treatment naive; and clinical factors, such as the pre-
vious diagnosis of an AIDS-defining illness and the CD4+

lymphocyte count (log2) and viral load (log10) at the date
of starting HAART. All multivariate analyses were strati-
fied by center and calendar time (divided into quartiles)
of starting HAART.

Predictors of Virological Failure Among Patients
Who Initially Achieved an HIV-1 RNA Level
Below 500 Copies/mL

Patients who achieved a viral load of less than 500 cop-
ies/mL in the analysis described above were included in a
further analysis to determine factors associated with viro-
logical failure, defined as a rise in viral load to greater than
1000 copies/mL. Patients whose viral load did not de-
crease below 500 copies/mL were excluded from this analy-
sis, as were patients with no further viral load measures af-
ter achieving undetectable levels. Patient follow-up was
measured as the time between the first HIV-1 RNA level
determination below 500 copies/mL and the date of the first
HIV-1 RNA level detected to be greater than 1000 copies/
mL, or the last virological follow-up for patients who did
not experience such rebound. Similar statistical tech-
niques as described above were used to assess the factors
associated with virological rebound.

All tests of significance in this analysis were 2 sided.
Tests of the proportional hazards assumption revealed that
there was no evidence for nonproportionality. All statistical
analyses were performed using SAS statistical software.21
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mine the risk of death in HIV-infected people.13 But do
they affect the initial decay of plasma HIV-1 RNA levels
after the start of an intense triple therapy containing PIs
or nonnucleoside reverse transcriptase inhibitors
(NNRTIs)? In addition, it is uncertain whether short-
term plasma HIV-1 RNA responses reflect the long-
term clinical prognosis of HIV-infected patients.14 Re-
sults of recent studies15 have shown that the minimum
HIV-1 RNA levels achievable are required to obtain du-
rable virological responses. Durability of virological re-
sponse should be understood as the major goal to im-
prove the clinical prognosis of patients. However,
discrepant virological and immunologic responses to an-
tiretroviral regimens16,17 indicate that not only plasma
HIV-1 RNA level plays a role in this clinical prognostic
improvement. Because an appropriate definition for treat-
ment success and failure abides for consensus,16 au-
thors can usually define failure of therapy in terms of lack
of “sufficient” suppression of viral replication.

It is important to assess the impact of HAART in un-
selected HIV-infected patients because the efficacy of
therapy in daily clinical practice clearly differs from the
high rates of success seen in clinical trials.18 The main

purpose of the present study is to properly define pre-
dictors of virological success in a large European cohort
of 1469 unselected HIV-positive patients who start a
HAART approach for the first time and predictors of even-
tual failure once success has been accomplished. This is
the first report assessing this issue in a large prospective
multinational multicenter study that includes all major
risk groups.

RESULTS

PATIENTS

A total of 1469 of 7331 patients in the EuroSIDA co-
horts met the inclusion criteria for this analysis. Table 1
presents patient baseline characteristics. Baseline was de-
fined as the date of first starting a PI or an NNRTI in com-
bination with 2 or more nucleosides. Most patients were
white (87%), were men (79%), and had no previous di-
agnosis of AIDS (79%) at the time of starting the study.
Almost 46% were homosexual or bisexual men, 24% were
heterosexual, and 24% had been infected via intrave-
nous drug use. The median CD4+ cell count at baseline

Multicenter Study Group on EuroSIDA

The following persons and institutions participated in the multicenter study group on EuroSIDA (national coordinators are
listed in parentheses).
Austria (N. Vetter): Pulmologisches Zentrum der Stadt Wien, Vienna; Belgium (N. Clumeck): P. Hermans and B. Sommerei-
jns, Saint-Pierre Hospital, Brussels; R. Colebunders, Institut of Tropical Medicine, Antwerp; Czech Republic (L. Machala): H.
Rozsypal, Faculty Hospital Bulovka, Praha; Denmark ( J. Nielsen): J. Lundgren, T. Benfield, and O. Kirk, Hvidovre Hospital,
Copenhagen; J. Gerstoft, T. Katzenstein, B. Røge, and P. Skinhøj, Rigshospitalet, Copenhagen; C. Pedersen, Odense Univer-
sity Hospital, Odense; France (C. Katlama): C. Rivière, Hôpital de la Pitié-Salpétière, Paris; J.-P. Viard, Hôpital Necker-
Enfants Malades, Paris; T. Saint-Marc, Hôpital Edouard Herriot, P. Vanhems, University Claude Bernard, Lyon; C. Pradier,
Hôpital de l’Archet, Nice; Germany (M. Dietrich): C. Manegold, Bernhard-Nocht-Institut for Tropical Medicine, Hamburg;
J. van Lunzen, Eppendorf Medizinische Kernklinik, Hamburg; V. Miller and S. Staszewski, J.W. Goethe University Hospital,
Frankfurt; F.-D. Goebel, Medizinische Poliklinik, Munich; Bernd Salzberger, Universität Köln; Greece ( J. Kosmidis): P. Gar-
galianos and H. Sambatakou, Athens General Hospital; G. Stergiou (deceased), G. Panos, A. Papadopoulos, and M. Astriti,
1st IKA Hospital, Athens; Hungary (D. Banhegyi): Szent Lásló Hospital, Budapest; Ireland (F. Mulcahy): St James’s Hospital,
Dublin; Israel (I. Yust): D. Turner, Ichilov Hospital, Tel Aviv; S. Pollack and Z. Ben-Ishai, Rambam Medical Center, Haifa; Z.
Bentwich, Kaplan Hospital, Rehovot; S. Maayan, Hadassah University Hospital, Jerusalem; Italy (S. Vella and A. Chiesi): Is-
tituto Superiore di Sanita, Rome; C. Arici, Ospedale Riuniti, Bergamo; R. Pristerá, Ospedale Generale Regionale, Bolzano; F.
Mazzotta and F.Vichi, Ospedale S. Maria Annunziata, Florence; B. DeRienzo and A. Bedini, Università di Modena; A. Chi-
rianni and E. Montesarchio, Presidio Ospedaliero AD, Cotugno, Naples; V. Vullo and P. Santopadre, Università di Roma La
Sapienza; O. Armignacco, P. Franci, P. Narciso, M. A. Rosci, and M. Zaccarelli, Ospedale Spallanzani, Rome; A. Lazzarin and
R. Finazzi, Ospedale San Raffaele, Milan; A. D’Arminio Monforte, Osp. L. Sacco, Milan; Luxembourg (R. Hemmer): T. Staub,
Centre Hospitalier, Luxembourg, the Netherlands (P. Reiss): Academisch Medisch Centrum bij de Universiteit van Amster-
dam; Norway ( J. Bruun): Ullevål Hospital, Oslo; Poland (B. Knysz): J. Gasiorowski, Medical University, Wroslaw; A. Hor-
ban, Centrum Diagnostyki i Terapii AIDS, Warszawa; R. Rogowska-Szadkowska, Medical University, Bialystok; A. Boron-
Kaczmarska, Medical Univesity, Szczecin; M. Beniowski, Osrodek Diagnostyki i Terapii AIDS, Chorzow; H. Trocha, Medical
University, Gdansk; Portugal (F. Antunes): Hospital Santa Maria, Lisbon; K. Mansinho, Hospital de Egas Moniz, Lisbon; R.
Proenca, Hospital Curry Cabral, Lisbon; Spain (J. González-Lahoz): R. Polo, Hospital Carlos III, Madrid; B. Clotet, A. Jou, J.
Conejero, C. Tural, Hospital Germans Trias i Pujol, Badalona; J. Gatell, J. Miró, Hospital Clinic I Provincial, Barcelona; Swe-
den (A. Blaxhult): Karolinska Hospital; B. Heidemann, Södersjukhuset; P. Pehrson, Huddin-ge Sjukhus, Stockholm; Swit-
zerland (B. Ledergerber): R. Weber, University Hospital, Zürich; P. Francioli, Centre Hospitalier Universitaire Vaudois, Lau-
sanne; B. Hirschel and P. Sudre, Hospital Cantonal Universitaire de Geneve; and United Kingdom (S. Barton): St Stephen’s
Clinic, Chelsea and Westminster Hospital, London; A. Johnson, D. Mercey, University College London Medical School, Lon-
don; A. Phillips, C. Loveday, M. A. Johnson, and A. Mocroft, Royal Free and University College Medical School, London; A.
Pinching and J. Parkin, Medical College of Saint Bartholomew’s Hospital, London; J. Weber and G. Scullard, Imperial Col-
lege School of Medicine at St Mary’s, London; M. Fisher, Royal Sussex County Hospital, Brighton; and R. Brettle, City Hos-
pital, Edinburgh. Steering committee: J. Nielsen (chair), N. Clumeck, M. Dietrich, J. Gatell, A. Horban, A. Johnson, C. Kat-
lama, B. Ledergerber, C. Loveday, A. Phillips, P. Reiss, and S. Vella. Coordinating center staff: J. Lundgren (project leader), I.
Gjørup, T. Benfield, O. Kirk, A. Mocroft, D. Mollerup, A. Sørensen, O. Eriksen, and L. Teglbjærg.
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was 0.23 3 109/L (interquartile 25%-75% range
[IQR] = 0.12-0.34 3 109/L) and median baseline HIV-1
RNA levels were 20 659 copies/mL (IQR = 3410-89 000
copies/mL) or 4.32 log (IQR = 3.53-4.95 log). A low cor-
relation index between CD4+ counts and HIV-1 RNA
plasma levels was found at baseline (r = −0.18). The me-
dian date of starting HAART was May 1997 (IQR = January
1997 to November 1997) and patients had a median fol-
low-up of 16.0 months (IQR = 9.0-20.0 months).

Only 17% of patients were naive for any antiretro-
viral drug treatment. Three-, 4-, 5-, and 6-drug HAART
regimens were prescribed to 85.0%, 11.9%, 2.9%, and
0.2% of patients, respectively. At the onset of the study,
33.7% of patients simply added a PI or an NNRTI, 29.0%

started taking 2 new drugs (1 NRTI + 1 PI or NNRTI),
and 37.3% started taking 3 or more new drugs (includ-
ing at least 1 PI or NNRTI). The most frequently pre-
scribed drugs when first starting HAART (Figure1) were
lamivudine (81%), stavudine (58%), zidovudine (47%),
and indinavir (45%). Ritonavir was given to 22% of pa-
tients, saquinavir mesylate hard gel to 22%, nelfinavir to
10%, and NNRTIs to only 7%.

OVERALL RESPONSE TO HAART

One hundred forty-six of 1469 patients had undetect-
able HIV-1 RNA levels at baseline and were therefore ex-
cluded from the analysis of the risk of progression to vi-
rological success. Of the remaining 1323 patients, 1054
(80%) achieved HIV-1 RNA levels below 500 copies/
mL. Figure 2 displays the evolution of median HIV-1
RNA values through follow-up.
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Figure 1. Patients using antiretroviral drugs at the start of highly active
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Figure 2. Overall changes in median plasma human immunodeficiency virus
1 (HIV-1) RNA levels after starting highly active antiretroviral therapy
(HAART). Median and interquartile (25%-75%) HIV-1 RNA values are shown.
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Table 1. Demographic Characteristics*

Characteristic No (%) of Patients

Sex
Male 1153 (78.5)
Female 316 (21.5)

Cohort
I 553 (37.6)
II 362 (24.6)
III 554 (37.7)

Race
White 1276 (86.9)
Other 193 (13.1)

Region
South 480 (32.7)
Central 473 (32.2)
North 516 (35.1)

Risk
Homosexual 670 (45.6)
Intravenous drug user 352 (24.0)
Heterosexual 355 (24.2)
Other 92 (6.3)

AIDS at HAART
No 1158 (78.8)
Yes 311 (21.2)

Drugs at HAART, No.†
3 1249 (85.0)
4 175 (11.9)
5 42 (2.9)
6 3 (0.2)

Treatment naive at HAART‡
No 1221 (83.1)
Yes 248 (16.9)

New drugs at HAART, No.§
1 495 (33.7)
2 426 (29.0)
$3 548 (37.3)

PI-NNRTI regimen
Ritonavir 235 (16.0)
Saquinavir 231 (15.7)
Indinavir 651 (44.3)
Dual PI 97 (6.6)
Nelfinavir 129 (8.8)
NNRTI 126 (8.6)

Total 1469 (100)

*AIDS indicates acquired immunodeficiency syndrome;
HAART, highly active antiretroviral therapy; PI, protease inhibitor;
and NNRTI, nonnucleoside retrotranscriptase inhibitor.

†Number of drugs being taken at the date of starting HAART.
‡Exposed to all drugs for the first time at starting therapy with a PI

or an NNRTI.
§The number of new drugs started at study onset.
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RISK OF PROGRESSION TO HIV-1 RNA
LEVELS BELOW 500 Copies/mL

Significant differences in the percentage of patients achiev-
ing undetectable HIV-1 RNA levels were found between
groups using various PIs (P,.001). Overall, plasma HIV-1
RNA levels below 500 copies/mL were attained by 89%
of patients starting dual PI regimens, 83% of patients tak-
ing indinavir, 82% of patients starting NNRTI use, 81%
of patients starting ritonavir therapy, 80% of those tak-
ing nelfinavir, and only 64% of patients taking saquina-
vir. In addition, 76% of patients starting only 1 new drug
achieved undetectable HIV-1 RNA levels, and 78% of those
starting 2 new drugs and 84% in whom at least 3 new
drugs were added decreased HIV-1 RNA levels below 500
copies/mL. These latter differences were statistically sig-
nificant (P = .006).

In the Kaplan-Meier analysis, 60.4% of patients had
plasma HIV-1 RNA levels below 500 copies/mL 6 months
after starting HAART. The median time to reach unde-
tectable viral load levels was 4.0 months. Kaplan-Meier
plots (Figure 3) illustrated significant differences in the
risk of achieving undetectable HIV-1 RNA levels be-
tween groups of initial HAART prescription (P,.001),
naive vs antiretroviral-experienced status (P = .002), and
among number of new drugs started (P,.001). Almost
80% of patients starting a dual PI regimen showed viro-

logical success at 6 months. Seventy-five percent, 71%,
64%, and 59% of patients taking NNRTIs, nelfinavir, in-
dinavir, and ritonavir, respectively, achieved HIV-1 RNA
levels below 500 copies/mL at 6 months. Conversely, only
32% of patients who were prescribed saquinavir hard gel
as a single PI reached undetectable viral load levels at 6
months of follow-up. Sixty-nine percent of treatment-
naive patients but only 59% of NRTI-experienced pa-
tients achieved HIV-1 RNA levels below 500 copies/mL
6 months after initially starting HAART. Finally, 52% of
patients who exclusively started taking 1 new drug at base-
line achieved undetectable HIV-1 RNA levels at 6 months
of follow-up. In comparison, 58% of patients who started
taking 2 new drugs and 70% of those who switched 3 or
more new antiretroviral drugs achieved HIV-1 RNA lev-
els below 500 copies/mL 6 months after initially start-
ing HAART.

Table 2 presents the results of the univariate and
multivariate Cox proportional hazards models. After ad-
justment for confounding variables, lower baseline HIV-1
RNA levels were the stronger significant predictors of an
increased hazard for virological success thereafter
(P,.001). Initial choice of saquinavir hard gel as a single
PI at the onset of HAART was a significant predictor of a
decreased hazard for attaining undetectable viral load lev-
els thereafter (P = .001). Indeed, it was the strongest pre-
dictor of the subsequent virological outcome after HIV-1
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RNA levels. Patients with a higher CD4+ lymphocyte count
were also at increased hazard of virological success
(P = .008). The initiation of 3 or more antiretroviral drugs
(P = .02) to which the patient had never been previ-
ously exposed predicted an increased hazard of virologi-
cal success among patients starting HAART. Multivari-
ate Cox hazards model found that naive status was not
an independent predictor of the subsequent virological
response toward undetectable HIV-1 RNA levels after ad-
justment for all available confounders. No interaction was
found between the number of new drugs started when
initiating HAART and naive status. Finally, no indepen-
dent predictive power could be attributed to age or sex
in our multivariate analysis.

PREDICTORS OF VIROLOGICAL FAILURE IN
PATIENTS WHO INITIALLY ACHIEVE HIV-1 RNA

LEVELS BELOW 500 Copies/mL

One hundred twenty-nine of 1054 patients who achieved
HIV-1 RNA levels below 500 copies/mL had no further
follow-up and were therefore excluded from the analy-
sis of failure. Of the remaining 925 patients, 332 (35.9%)
experienced a rebound in plasma HIV-1 RNA level greater
than 1000 copies/mL after initially achieving HIV-1 RNA
levels below 500 copies/mL.

Kaplan-Meier analysis (Figure 4) showed that the
risk of experiencing a rebound in HIV-1 RNA levels in

patients initially achieving undetectable HIV-1 RNA lev-
els was 24% at 6 months. Overall, the median time to vi-
rological failure was 19 months. Significant differences
were found between the percentage of drug-naive and
drug-experienced patients experiencing virological fail-
ure (35% and 18%, respectively, at 6 months) (P,.001).
Risk of rebound was also significantly different for pa-
tients starting 1, 2, and 3 or more drugs at the beginning
of the study (32%, 24%, and 16%, respectively, at 6
months) (P,.001).

Table3 shows the results of the univariate and mul-
tivariate Cox proportional hazards models for predic-
tors of HIV-1 RNA level rebound in previously success-
ful patients. After adjustment for confounding variables,
older patients (P = .04), patients starting a PI regimen
other than saquinavir hard gel (P = .04), and those who
were antiretroviral naive at starting the treatment regi-
men (P = .01) were significantly less likely to experi-
ence virological failure. Lower baseline HIV-1 RNA lev-
els (P = .07) and less time to reach undetectable plasma
HIV-1 RNA levels (P = .06) were marginally significant
predictors of a decreased hazard of ensuing virological
failure in patients previously achieving undetectable HIV-1
RNA levels.

COMMENT

The present study was carried out in a large, European,
prospectively followed cohort of 1469 unselected HIV-
positive patients. This is the first study to specifically as-
sess predictors of virological response to HAART in such
a large, unselected, heterogeneous, and multinational co-
hort of people infected with HIV. Because of the design
of this study, its findings may be reasonably extrapo-
lated to people living with HIV or AIDS in the European
continent.

The most relevant findings were that virological suc-
cess was independently predicted by lower baseline plasma
HIV-1 RNA levels, higher baseline CD4+ counts, initia-
tion of 3 or more new antiretroviral drugs, and the ini-
tial choice of a HAART regimen containing a PI other than
saquinavir hard gel. Also, the antiretroviral-naive status
of patients independently predicted a lower risk of en-
suing virological failure in initially successfully treated
patients. The inclusion of saquinavir hard gel as a single
PI in initial HAART approaches was a strong indepen-
dent predictor for virological failure. Lower baseline HIV-1
RNA levels and less time to reach undetectable HIV-1 RNA
levels below 500 copies/mL were marginally significant
using multivariate analysis of risk factors for virological
failure.

High levels of plasma HIV-1 RNA are strongly pre-
dictive of clinical disease progression in HIV-infected pa-
tients.1-7 Also, reductions in HIV-1 RNA levels clearly fore-
see an important clinical prognostic improvement of
patients.8,22,23 The HIV-1 RNA level is consistently supe-
rior to other prognostic markers in predicting HIV in-
fection progression in almost all patient populations evalu-
ated to date.1 Our results evidenced that, indeed, lower
HIV-1 RNA levels at the time of first starting HAART in-
dependently predicted a higher chance of therapy in terms
of achieving and maintaining undetectable HIV-1 RNA

Table 2. Factors Related to HIV-1 RNA Levels
Less Than 500 Copies/mL*

Factor
RH† (Univariate

95% CI) P
RH† (Multivariate‡

95% CI) P

Age 1.08 (1.01-1.15) .03 1.07 (0.99-1.18) .08
Previous AIDS

diagnosis§
0.69 (0.59-0.80) ,.001 0.87 (0.72-1.06) .17

CD4 +, log2\ 1.16 (1.11-1.21) ,.001 1.09 (1.02-1.16) .008
RNA, log10\ 0.74 (0.69-0.80) ,.001 0.76 (0.69-0.84) ,.001
PI

Ritonavir 1.00 (Reference) 1.00 (Reference)
Saquinavir 0.57 (0.46-0.72) ,.001 0.62 (0.47-0.82) ,.001
Indinavir 1.07 (0.90-1.27) .46 1.08 (0.88-1.33) .44
Dual PI 1.53 (1.17-2.00) .002 1.08 (0.75-1.54) .64
Nelfinavir 1.49 (1.15-1.93) .003 0.91 (0.62-1.31) .60
NNRTI 1.51 (1.17-1.95) .002 0.85 (0.61-1.20) .35

Naive
No 1.00 (Reference) 1.00 (Reference)
Yes 1.27 (1.09-1.49) .003 1.10 (0.86-1.41) .44

No. of new
drugs started

1 1.00 (Reference) 1.00 (Reference)
2 1.11 (0.95-1.29) .20 1.08 (0.89-1.30) .45
$3 1.48 (1.28-1.71) ,.001 1.29 (1.03-1.61) .02

*HIV indicates human immunodeficiency virus; CI, confidence interval;
AIDS, acquired immunodeficiency syndrome; PI, protease inhibitor;
NNRTI, nonnucleoside retrotranscriptase inhibitor; and HAART, highly active
antiretroviral therapy.

†Risk hazard (RH) for age is per each year older, for CD4 + is per 50%
higher CD4 + cell count, and for HIV-1 RNA is per each log10 higher HIV-1
RNA level.

‡Multivariate model is stratified for center and quartile of starting HAART.
§Previous AIDS classifies patients according to their AIDS status at

starting HAART.
\CD4 + and RNA were measured at date of starting HAART.

ARCH INTERN MED/ VOL 160, APR 24, 2000 WWW.ARCHINTERNMED.COM
1128

©2000 American Medical Association. All rights reserved.
 at FACULDADE MEDICINA DE LISBOA, on March 4, 2008 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


levels. In agreement with previously published data,24

lower baseline HIV-1 RNA levels were the strongest pre-
dictor of an improved virological outcome.

Likewise, in accordance with results of previous stud-
ies,24 high baseline CD4+ T-cell counts in our study in-
dependently predicted a better virological outcome of
HAART after adjustment for relevant confounders. There
has been an important debate concerning the predictive
value of baseline CD4+ counts in terms of clinical prog-
nosis. Considering previous studies13,25-27 with diver-
gent results, Lathey et al28 argued that the prognostic value
of CD4+ T-cell measurements may vary depending on the
population studied and the length of the study, increas-
ing in importance as CD4+ numbers decline. Our results
help clarify that CD4+ counts play a determinant role in
plasma viral responses to antiretroviral drug treat-
ments.

The addition of at least 3 new antiretroviral drugs
(2 NRTIs and a PI or an NNRTI) when first prescribing
HAART implemented the virological success of therapy.
In our study, patients starting at least 3 new drugs were
more likely to achieve undetectable HIV-1 RNA levels than
were patients starting 2 or less new drugs. This finding
confirms that initial HAART regimens must be designed
in their entirety, also considering the addition of at least
2 new NRTIs to achieve the best virological outcome of
therapy. The simple addition of 1 PI or 1 NNRTI, even
when a new NRTI is also included, seems to be clearly

insufficient to maximally implement the antiviral effi-
cacy of a starting HAART regimen. Conversely, the ad-
dition of 3 new drugs probably increases the genetic bar-
rier of therapy, therefore permitting the best virological
outcome of HAART approaches.

Furthermore, our results demonstrated that differ-
ent PI-containing HAART strategies exert a different
antiviral activity. Among patients first starting PIs, com-
binations including ritonavir plus saquinavir showed the
highest antiviral potency. Yet, this modality of treatment
was not an independent predictor for a particular viro-
logical outcome compared with the initial choice of nel-
finavir, indinavir, or ritonavir alone. Nevertheless, com-
bining ritonavir with saquinavir in initial PI-containing
approaches has certain limitations. Because ritonavir
presents a highly correlated cross-resistance pattern with
indinavir and nelfinavir,9 the eventual development of
resistance to this dual PI approach might strongly con-
strain the efficacy of following salvage strategies contain-
ing PIs. On the other hand, it should be considered that
the higher antiviral potency of this combination29 might
further suppress viral replication to the extent that the
development of resistance mutations could be inhibited,
hence limiting ensuing drug failure. Higher potency
with the higher number of PIs combined argues for the
design of alternative dual PI–containing initial HAART
strategies with beneficial complementary drug resistance
patterns, which may more intensely and durably sup-
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Figure 4. Kaplan-Meier plots for the time to plasma human immunodeficiency virus 1 (HIV-1) RNA levels greater than 1000 copies/mL in patients initially
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press viral replication. If the “first hit” is crucial, first-
line HAART regimens including 2 PIs may achieve a
faster and stronger viral suppression and therefore may
account for a more durable virological response.

Contrasting with the high antiviral activity of
dual PI–containing HAART combinations is the use of
saquinavir as the single PI in triple-drug regimens. In
our study, patients were at lower risk of achieving
undetectable HIV-1 RNA levels if they included
saquinavir hard gel as the only PI in HAART regimens
compared with any other PI or NNRTI. Furthermore,
including saquinavir in the initial design of triple-drug
combinations was a strong independent predictor of
the lower success of all PIs. Our results are in accor-
dance with those of previous reports18,30,31 and might
be attributed to the limited oral biodisposibility of this
drug.32 These high rates of virological unresponsive-
ness advise to avoid standard doses of saquinavir hard
gel capsules when other PIs are suitable. Nevertheless,
previous studies33 found that higher dosing of saquina-
vir resulted in a more pronounced virological effect of
this drug. Also, recently approved soft-gel formulation
of saquinavir might benefit from certain pharmacoki-
netic advantages translated in an improved antiviral
activity.34

It was not possible to evaluate drug adherence as an
independent predictor of virological success and failure
in the present study. Previous studies have shown that
low adherence to antiretroviral drug therapy predicted
failure to HAART in NRTI-experienced patients.30 Thus,
it seems plausible to speculate that low adherence would
also have been an important independent predictor of
achieving and maintaining undetectable HIV-1 RNA lev-
els in our study, as suboptimal drug levels would strongly
make difficult the inhibition of HIV-1 replication. De-
spite our study including a relatively large percentage of
intravenous drug users, who are believed to adhere worst
when they are outside of drug substitution programs,35

no differences were found in virological response de-
pending on transmission category.

Probably, the key factor that links short-term viro-
logical response with long-term clinical improvement is
the duration of plasma viral load suppression. Previous
studies36 have demonstrated that the duration of plasma
HIV-1 RNA suppression is predicted by plasma HIV-1
RNA levels at the nadir. Raboud et al15 reported that the
suppression of plasma viral load below 20 copies/mL
was necessary to achieve a long-term antiretroviral
response. It has been recently suggested37 that the main
goal for obtaining durability of response should be to
suppress HIV RNA levels to below 1 copy/mL, when-
ever it becomes available. Havlir et al38 found that
patients with higher rates of viral clearance were more
likely to achieve and sustain viral suppression with
maintenance therapy after induction antiretroviral treat-
ment. We found that lower baseline HIV-1 RNA levels
and less time to reach undetectable viral load levels
were related to the durability of the virological
response, with marginal statistical significance. Results
of this study suggest that patients starting HAART who
achieve viral suppression faster are more likely to main-
tain this suppression through time.

As well, patients who had been previously
exposed to antiretroviral regimens were 2 times more
likely to experience a viral rebound than were those
who had started HAART as the first antiretroviral regi-
men. A plausible explanation to this finding is that
antiretroviral-experienced patients are at a higher risk
for the accumulation of resistant and cross-resistant
mutations, which in turn decrease the genetic barrier
for forthcoming drug regimens.12 Probably, adherence
issues maximize its importance in drug-experienced
patients because the minimum chance given for the
accumulation of further drug resistance, even by brief
skips in medication intake, might be crucial to defeat
the antiviral pressure of drugs and to allow virus
escape. Such rationale has been revised in other stud-
ies30,39 of virological response to treatments including
adherence and genotypic resistance data.

Age was an independent predictor for virological fail-
ure in our study, with treatment less likely to fail in older
patients. Similar results have been previously re-
ported,24 and no clear explanations are available at this
moment. Older patients might be more adherent to treat-
ments because of a better socioeconomic profile. How-
ever, pharmacokinetic or pharmacodynamic aspects can-
not be discarded. Futher studies are needed to corroborate

Table 3. Factors Related to HIV-1 RNA Levels Greater Than
1000 Copies/mL*

Factor
RH† (Univariate

95% CI) P
RH† (Multivariate‡

95% CI) P

Age at HAART 0.87 (0.77-0.98) .02 0.86 (0.75-0.99) .04
Previous AIDS

diagnosis
at HAART§

0.99 (0.76-1.39) .95 0.72 (0.50-1.03) .07

CD4 + at HAART,
log2\

0.92 (0.86-0.98) .01 0.92 (0.83-1.01) .08

RNA at HAART,
log10\

1.14 (1.00-1.30) .05 1.18 (0.99-1.40) .06

PI
Saquinavir 1.00 (Reference) 1.00 (Reference)
Other PI 0.55 (0.42-0.74) ,.001 0.66 (0.44-0.98) .04
NNRTI 0.95 (0.56-1.62) .86 1.33 (0.58-3.06) .50

Naive
No 1.00 (Reference) 1.00 (Reference)
Yes 0.41 (0.28-0.60) ,.001 0.50 (0.29-0.87) .01

No. of new
drugs started
1 1.00 (Reference) 1.00 (Reference)
2 0.82 (0.64-1.06) .13 0.86 (0.62-1.19) .36
$3 0.54 (0.42-0.71) ,.001 0.72 (0.49-1.07) .11

Time to HIV-1
RNA ,500¶

1.75 (1.27-2.40) ,.001 1.53 (0.99-2.38) .06

*HIV indicates human immunodeficiency virus; CI, confidence interval;
HAART, highly active antiretroviral therapy; AIDS, acquired
immunodeficiency syndrome; PI, protease inhibitor;
and NNRTI, nonnucleoside retrotranscriptase inhibitor.

†Risk hazard (RH) for age is per each year older, for CD4 + is per 50%
higher CD4 + cell count, and for HIV-1 RNA is per each log10 higher HIV-1
RNA level.

‡Multivariate model is stratified for center and quartile of starting HAART.
§Previous AIDS classifies patients according to their AIDS status at

starting HAART.
\CD4 + and RNA were measured at date of starting HAART.
¶Taken to HIV-1 RNA level ,500 copies/mL (per year).
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our findings and to eventually give plausible explana-
tions to this phenomenon.

Although our results are reasonably clear and con-
sistent with clinical practice and previous studies, some
biases eventually affecting our results should be consid-
ered. Briefly, the variation in the quality of the HIV-1 RNA
determinations, the variable frequency of HIV-1 RNA mea-
surements, and the temporal differences in the time of
starting different antiretroviral drugs within different labo-
ratories and clinical units involved in the EuroSIDA co-
horts may bias our findings to some extent. Neverthe-
less, these limitations should be considered somewhat
inherent to the intrinsic design of any continental mul-
ticenter cohort study, which is always subjected to the
variations in the local policies for the assessment of HIV
infection. Further follow-up might more reliably iden-
tify factors associated with a particular virological out-
come of initial HAART combinations, particularly for the
factors associated with virological rebound in previ-
ously successful patients. Also, because patients were not
randomized to specific treatments, there is the potential
for bias in the reporting of the results of specific treat-
ment responses. Therefore, such significant associa-
tions should be definitely clarified in the corresponding
randomized controlled trials.

On the other hand, the models presented herein ad-
just for baseline factors because when patients start
HAART, clinicians often wish to give a guide as to the
likely success of the regimen, without the knowledge of
how the initial response will proceed. However, we also
constructed multivariate models that adjusted for changes
in CD4+ lymphocyte count and that accounted for the
changes in therapy after initiation of HAART. The con-
clusions of these models (data not shown) were identi-
cal to those already presented.

It is important to adjust such models for calendar
period because there are large differences across Europe
in the rate and manner in which HAART was intro-
duced.11 There are likely to be differences in response to
HAART as time progressed. Formerly, antiretroviral treat-
ment might have been offered as monotherapy or added
to an existing regimen, whereas more recently it is of-
fered to healthier patients, rarely as monotherapy, and
often with a change of all existing nucleosides. In fact,
stratification by calendar period was necessary in our study
because major differences were found in the drug use pat-
tern depending on the date and mode of introduction of
drugs (data not shown).

In conclusion, the best attitude to achieve undetect-
able viral load levels when starting HAART is to start it
at the lower HIV-1 RNA levels and the higher CD4+ counts,
to add at least 2 new NRTIs in parallel with a PI or NNRTI,
and to avoid standard doses of saquinavir hard gel cap-
sule as a single PI. Thereafter, the lower the baseline HIV-1
RNA levels are at the onset of therapy, the lower they get,
and the faster that patients achieve maximal viral sup-
pression, the higher durability of virological response has
to be expected. Finally, it has to be considered that
younger and antiretroviral-experienced patients will be
more likely to experience virological rebound. In these
patients, the reinforcement of drug adherence is prob-
ably the best attitude to promote.
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31. Casado JL, Pérez-Elı́as MJ, Antela A, et al. Predictors of long-term response to
protease inhibitor therapy in a cohort of HIV-infected patients. AIDS. 1998;12:
F131-F135.

32. Noble S, Faulds D. Saquinavir: a review of its pharmacology and clinical poten-
tial in the management of HIV infection. Drugs. 1996;52:53-112.

33. Schapiro JM, Winters MA, Stewart F, et al. The effect of high-dose saquinavir on
viral load and CD4+ T-cell counts in HIV-infected patients. Ann Intern Med. 1996;
124:1039-1050.

34. Perry CM, Noble S. Saquinavir soft-gel capsule formulation: a review of its use
in patients with HIV infection. Drugs. 1998;55:461-486.

35. Bassetti S, Battegay M, Furrer H, et al. Why is highly active antiretroviral therapy
(HAART) not prescribed or discontinued? Swiss HIV Cohort Study. J Acquir Im-
mune Defic Syndr. 1999;21:114-119.

36. Kempf DJ, Rode R, Xu Y, et al. The duration of viral suppression during prote-
ase inhibitor therapy for HIV-1 infection is predicted by plasma HIV-1 RNA at
the nadir. AIDS. 1998;12:F9-F14.

37. Saag M. What is the role of partially suppressive therapy? clinical and virologi-
cal failure. Antiviral Ther. 1998;3(suppl 2):4.

38. Havlir DV, Marschner IC, Hirsch MS, et al. Maintenance antiretroviral therapies
in HIV-infected subjects with undetectable plasma HIV RNA after triple-drug therapy.
N Engl J Med. 1998;339:1261-1268.

39. Puig T, Bonjoch A, Ruiz, et al. Usefulness of ritonavir and saquinavir combina-
tion therapy for HIV-1 advanced patients failing on indinavir. In: Program and
abstracts of the 37th Interscience Conference on Antimicrobial Agents and Che-
motherapy, September-October 1997; Toronto, Ontario. Abstract I-201.

ARCH INTERN MED/ VOL 160, APR 24, 2000 WWW.ARCHINTERNMED.COM
1132

©2000 American Medical Association. All rights reserved.
 at FACULDADE MEDICINA DE LISBOA, on March 4, 2008 www.archinternmed.comDownloaded from 

http://www.archinternmed.com

