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Objective: To evaluate the frequency of discontinuation of the ®rst highly active
antiretroviral regimen (HAART) and the factors predictive of discontinuing for toxicity
and failure in a population-based cohort of HIV-positive individuals in Italy, naõÈve
from antiretrovirals at enrolment.

Methods: The study population consisted of individuals who initiated HAART and
had at least one follow-up visit. The primary end-points were discontinuation of any
component of HAART for drug toxicity and discontinuation for failure. Survival
analyses were performed to identify predictive factors for reaching the two end-points.

Results: Eight hundred and sixty-two individuals initiated HAART; in 727 of them
(84.3%) this consisted of two nucleoside reverse transcriptase inhibitors (NRTI) and
one protease inhibitor (PI). Over a median follow-up of 45 weeks, 312 patients
(36.2%) discontinued therapy: 182 (21.1%) discontinued due to toxicity, 44 (5.1%)
due to failure. The probability of discontinuing HAART at 1 year was 25.5% [95%
con®dence interval (CI), 21.9±28.9] due to toxicity and 7.6% (95% CI, 4.9±10.3) due
to failure. Independent factors associated with discontinuation for toxicity were:
gender [relative hazard (RH) � 0.51; 95% CI, 0.32±0.80 for men versus women], type
of treatment (indinavir-containing regimens, RH � 1.94; 95% CI, 1.10±3.41 and
ritonavir-containing regimens, RH � 3.83; 95% CI, 2.09±7.03 versus hard-gell saqui-
navir) and time spent on treatment (RH � 0.89; 95% CI, 0.80±0.98 for each additional
month). Discontinuation due to failure was independently associated with the most
recent HIV-RNA (RH � 3.20; 95% CI, 1.74±5.88 for log10 copies/ml higher), and with
type of treatment (indinavir-containing regimens, RH � 0.21; 95% CI, 0.06±0.78 and
ritonavir-containing regimens, RH � 0.23; 95% CI, 0.04±1.26 versus hard-gell saqui-
navir).
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Conclusions: If the current HAART regimen caused no toxicity, less than 10% of naõÈve
patients discontinue their ®rst HAART regimen because of failure after 1 year from
starting therapy. & 2000 Lippincott Williams & Wilkins
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Introduction

Highly active antiretroviral therapy (HAART) is effec-
tive both in reducing plasma viral load and in prolonging
AIDS-free survival, as demonstrated by various clinical
trials [1±4]. Since HAART was introduced in clinical
practice, AIDS-related events, hospitalizations and
deaths have decreased in various clinical settings [5±7].

However, HAART has two main drawbacks: toxicity
and low compliance. Although the frequency and the
effects of toxicity have been assessed in clinical trials
[2±4], they have not been thoroughly evaluated in
clinical settings. Low compliance, which is often a
consequence of persistent side effects, may lead to sub-
optimal therapy or to therapy discontinuation and
ultimately to treatment failure [8].

According to population-based studies on HAART
conducted among unselected pre-treated patients, vir-
ological failure occurs in almost 50% of patients after
6±12 months of therapy [9,10], and within 8 months
approximately 25% of patients discontinue the initial
HAART regimen due to failure, toxicity or non-
compliance [11,12]. Van Roon et al. [13] studied the
incidence of discontinuation of HAART and its deter-
minants in a clinical cohort of mixed drug-naõÈve and
-experienced patients who mainly started saquinavir-
containing regimens. They found that 25% of patients
discontinued HAART by 1 year from starting therapy.
Main predictors of discontinuing HAART were base-
line CD4 cell count and being naõÈve at the time of
starting HAART. However, none of these studies have
investigated the determinants of discontinuation of
HAART according to the reason for discontinuing
(collected from clinicians in real time) in an observa-
tional cohort of antiretroviral-naõÈve patients starting
their ®rst HAART regimen.

Although an increasing number of new drugs have
been licensed in the last few years, when treatment
fails, the clinical options are limited by the existence of
cross-resistance among drugs of the same class; options
are also limited in cases of toxicity, since various types
of toxicity are generally common to several antiretro-
viral drugs [14].

Based on these considerations, we decided to deter-

mine the frequency of discontinuation of the ®rst
HAART regimen and to study the factors associated
with discontinuation because of toxicity or failure in a
population of HIV-positive antiretroviral-naõÈve patients
starting their ®rst HAART regimen in Italy.

Study population and methods

The study population was that of the Italian Cohort of
Antiretroviral-NaõÈve Patients (I.CO.N.A.) study which
between March 1997 and 31 May 1999 has recruited
3586 patients from 65 infectious disease wards in Italy
[15]. All patients must be antiretroviral-naõÈve at the
time of enrolment, regardless of the reason for which
they had never been treated. The present study only
analysed those patients who, once enrolled in the
I.CO.N.A. study, began an antiretroviral regimen with
at least three antiretroviral drugs (i.e., HAART) and
who underwent at least one follow-up visit after
starting therapy. Data from all patients of the
I.CO.N.A. study are registered in a data-base running
via internet [16] which includes demographic, immu-
nological, virological, clinical and therapeutic para-
meters. All patients are assumed to receive the
recommended doses of antiretroviral drugs. All events
are registered in the data-base over the follow-up (i.e.,
all CD4 cell count and HIV RNA measurements,
clinical events, changes in therapy or prophylactic
treatment, hospitalizations, and death); in their absence,
a follow-up visit is scheduled at least every 6 months.
When a patient discontinues therapy, regardless of
whether or not he/she switches to another regimen,
clinicians are asked to report the reason for discontinu-
ing. A coded computer form is provided in which
reasons for discontinuing are categorized as follows:
immunological failure, virological failure, clinical fail-
ure, toxicity based on laboratory data, gastrointestinal
intolerance, hypersensitivity, other side effects/symp-
toms, lack of compliance, patient's decision, changes in
international guidelines, clinical contraindications, and
`other reasons'. The clinician is asked to choose only
one of these reasons.

Statistical analysis
Standard survival analysis by means of Kaplan±Meier
estimates and Cox proportional hazards model was
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performed. Kaplan±Meier plots have been used to
describe the probability of discontinuing HAART by
a certain time from starting therapy and the Cox
model to determine the predictors of discontinuing
HAART. We considered two primary end-points for
this analysis: (i) discontinuing HAART for reasons
associated with drug-intolerance (i.e., toxicity based
on laboratory data, gastrointestinal intolerance, hyper-
sensitivity, other side effects/symptoms) and (ii) dis-
continuing HAART for clinical decisions associated
with poor virological/immunological response or
clinical outcome. The date of discontinuation was
de®ned as the ®rst time one of the drugs in the
speci®c combination was terminated; the reason for
discontinuing this drug was de®ned as the reason
associated with discontinuing the prescribed treatment
combination. `Time zero' of the analysis was the date
of starting HAART. When we investigated the
association between `time spent on treatment'
and the de®ned end-points, time zero was the date
of ®rst clinical follow-up.

Thus survival time was the time since the ®rst clinical
follow-up and patients were not considered to be at
risk of discontinuing until this time was greater or
equal to the time of initiating HAART. This was
done so `time on treatment' did not coincide with
the survival time and could be included in the model
as a covariate. Follow-up times of patients who never
discontinued HAART were censored at their last
clinical visit; this was done because, although discon-
tinuation should be reported between clinical visits,
some delay in reporting such information generally
occurs. For the same reason, patients with no clinical
visits after the date of starting therapy were excluded
from the analysis. Follow-up times of patients who
discontinued HAART for reasons other than the
end-points of interest were censored at the time of
discontinuation under the assumption that the prob-
ability of discontinuing for toxicity was totally un-
related to that of discontinuing for failure. This
assumption was checked by repeating the analysis
with end-point toxicity only on patients whose viral
load at the time of discontinuing was below 500
copies/ml. A ®xed covariate was ®tted for baseline
CD4 cell count and HIV-RNA, whereas to investi-
gate whether the most recent value of these markers
was affecting the probability of discontinuation of
HAART, a time-updated covariate was included in
the model. To control for the potential confounding
effect of infectious disease ward a strati®ed propor-
tional hazards model has been ®tted. When investi-
gating the determinants of discontinuation of
HAART only 717 patients who started two nucleo-
side reverse transcriptase inhibitors (NRTI) and one
of the following protease inhibitors: indinavir, ritona-
vir or hard-gell saquinavir were included in the
analysis.

Results

A total of 862 patients were included in this analysis.
The baseline characteristics of the patients are shown in
Table 1. Of this total, 632 (73.3%) patients were males,
349 (40.5%) were intravenous drug users, 183 (21.2%)
were infected by the homosexual route, 273 (31.7%)
by the heterosexual route and 57 (6.6%) by other or
unknown routes. Most patients (68.5%) were asympto-
matic, i.e. in group A of the US Centers for Disease
Control and Prevention (CDC) [17]. Median CD4�
cell count at HAART initiation was 309 3 106 cells/l
(range, 1±1294), median HIV-RNA was 4.78 log10

copies/ml (range, 2.75±6.74). Clinical markers have
been measured approximately every 3 months: 28
patients (3.2%) had one measurement, 102 (11.8%) had
two measurements, 164 (19.0%) had three measure-
ments and 568 (65.9%) had four or more measure-
ments. A total of 727 (83.9%) patients initiated two
NRTI plus one protease inhibitor (PI), 15 (1.7%)
initiated three NRTI, 33 (3.8%) initiated two NRTI
plus one non-nucleoside reverse transcriptase inhibitor
(NNRTI), four (0.5%) initiated three other drugs and
83 (9.6%) initiated four or more drugs. Zidovudine and
lamivudine were the most used NRTI (82.1 and 66.2%
of patients, respectively), stavudine was started by
23.7% of patients and didanosine by 21.3%. Among the

Table 1. Baseline characteristics of 862 patients initiating HAART.

Baseline characteristics n (%)a

Gender
Men 632 (73.3)

Age (years)
median (range) 34 (19±79)

HIV Modality
IVDU 349 (40.5)
Homosexuals 183 (21.2)
Heterosexuals 273 (31.7)
Other 57 (6.6)

CD4 cell count (cells 3 106/l)
median (range) 309 (1±1294)

HIV-RNA (log 10 copies/ml)
median (range) 4.78 (2.75±6.74)

CDC category
A 590 (68.5)
B 166 (19.3)
C 106 (12.3)

Initial regimen
Three NRTI 15 (1.7)
Two NRTI � PI 727 (84.3)

on saquinavir 213 (29.3)
on ritonavir 110 (8.7)
on indinavir 394 (54.2)
on nel®navir 10 (1.4)

Two NRTI � NNRTI 33 (3.8)
Three other 4 (0.5)
> four drugs 83 (9.6)

aData are n (%) unless stated otherwise. IVDU, intravenous drug
users; CDC, Centers for Disease Control and Prevention; NRTI,
nucleoside reverse transcriptase inhibitors; PI, protease inhibitors;
NNRTI, non-nucleoside reverse transcriptase inhibitors.
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727 patients starting two NRTI and one PI, indinavir
was used in 394 patients (54.2%), hard-gell saquinavir
in 213 (29.3%), ritonavir in 110 (15.1%) and nel®navir
in 10 (1.4%). Among the 33 patients starting two
NRTI and one NNRTI, nevirapine was the most
commonly used (30 patients, 90.9%), efavirenz was
used in two patients and delavirdine in one patient.
The most frequent combination was zidovudine
� lamivudine � indinavir (274 patients; 37.7%).

Over a median follow-up of 45 weeks (range, 1±102),
a total of 312 (36.2%) patients discontinued their initial
HAART regimen: 182 (21.1%) discontinued because
of toxicity, 44 (5.1%) discontinued because of failure,
61 (7.1%) because of non-adherence and 25 (2.9%) for
other reasons. Speci®c causes of discontinuation within
this broad classi®cation are shown on Table 2. The
main types of toxicity were gastrointestinal intolerance
and general side effects/symptoms which accounted for
26.3 and 18.9% of the total discontinuations.

Regarding the reasons for discontinuation for failure,
viral load (4.2%), rather than CD4 cell count (0.6%),
was the most common reason that clinicians decided to
discontinue the prescribed treatment; discontinuation
due to clinical failure was also infrequent (0.3%).

The time to discontinuation varied according to the
reason of discontinuation. Discontinuations because of
toxicity occurred earlier (median � 84 days) than dis-
continuations due to failure (median � 270 days). Dis-
continuations because of gastrointestinal intolerance
and general side effects/symptoms occurred after a

median of 66 and 87 days, respectively. Patients who
discontinued HAART because of virological failure did
so after a median of 273 days.

The probability of discontinuation because of toxicity
and because of failure by a certain time from starting
HAART were estimated using Kaplan±Meier analysis
(Fig. 1). After 1 year from starting HAART, 25.5% of
patients [95% con®dence interval (CI), 21.9±28.9]
discontinued the initial HAART treatment because of

Table 2. Main causes of discontinuation of the ®rst antiretroviral
regimen in 862 patients who initiated HAART.

Cause of discontinuation n (%)

Toxicity
Laboratory 31 (3.6)
Side effects/symptoms 59 (6.8)
Hypersensitive reactions 9 (1.0)
Gastrointestinal intolerance 82 (9.5)
Lypodystrophy 1 (0.1)
Total 182 (21.1)

Failure
Virological 36 (4.2)
Immunological 5 (0.6)
Clinical 3 (0.3)
Total 44 (5.1)

Non-adherence
Non-adherence 19 (2.2)
Patient's decision 42 (4.9)
Total 61 (7.1)

Other
Guidelines adequacy 1 (0.1)
Clinical contraindications 5 (0.6)
Other 19 (2.2)
Total 25 (2.9)

Total number discontinuing 312 (36.2)

Toxicity

Failure

Weeks from starting HAART

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72

862 763 763 686 616 616 540 439 439 385 385 332 264 264 169 108 108 76 61Patients (n):

0.0

0.1

0.2

0.3

0.4

0.5

Fig. 1. Kaplan±Meier estimates of time to discontinuation because of toxicity or because of failure (all patients).
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toxicity, whereas 7.6% (95% CI, 4.9±10.3) of patients
discontinued because of failure.

Figure 2 shows the probability of discontinuing because
of toxicity according to the protease inhibitor started
within the group of patients who started two NRTI
and one protease inhibitor. It is clear from this plot that
discontinuations because of toxicity in patients receiv-
ing ritonavir-containing regimens occurred earlier and
more frequently compared with patients on indinavir-
and saquinavir-containing regimens (log-rank P �
0.0001).

Crude and adjusted relative hazards for therapy discon-
tinuation due to toxicity and to failure, from ®tting a
Cox regression model strati®ed for clinical centre, are
shown in Table 3. Age, weight, presence of markers
for hepatitis B virus co-infection and hepatitis C virus
co-infection, baseline CD4 cell count, baseline HIV-
RNA, CDC classi®cation, modality of HIV transmis-
sion failed to show any signi®cant association with the
probability of discontinuing treatment, whatever the
reason (data not shown). By contrast, gender, time
spent on treatment, and type of regimen started were
independently associated with the probability of dis-
continuing HAART because of toxicity. Speci®cally,
men were 57% less likely than women to discontinue
for toxicity [relative hazard (RH) � 0.43; 95% CI,
0.28±0.66; P � 0.0002] for a given HIV transmission
route, CD4 cell count and viral load (most recent
value), time since treatment was started, and type of
treatment. Results were similar after further adjusting
for patients' weight at the time of receiving HAART

(data not shown). Patients given indinavir- and ritona-
vir-containing regimens were more likely to discon-
tinue HAART for toxicity than patients given
saquinavir-containing regimens (RH � 1.63; 95% CI,
0.96±2.77; P � 0.07 for indinavir and RH � 3.66;
95% CI, 2.07±6.47; P � 0.0001 for ritonavir versus
saquinavir). Time spent on treatment was also an
important predictor of discontinuing for toxicity, the
probability of discontinuation decreasing with longer
periods of treatment (RH � 0.92 per additional month
spent on treatment, 95% CI, 0.85±1.00; P � 0.05).
Results were similar when the analyses were repeated
including only patients who had a viral load below 500
copies/ml at the time of discontinuation (data not
shown).

Type of treatment and the most recent HIV-RNA
showed a signi®cant independent association with
the probability of discontinuing HAART for failure.
Regimens containing indinavir were associated with
a reduced probability of discontinuing because of
failure in comparison with saquinavir-containing re-
gimens, for a given viral load and CD4 cell count,
CDC stage classi®cation, and HIV transmission route
(RH � 0.24; 95% CI, 0.08±0.73; P � 0.01). The
comparison with ritonavir-containing regimens was
marginally non-signi®cant (RH � 0.20; 95% CI,
0.03±1.16; P � 0.07). Interestingly, higher CD4 cell
count were associated with a decreased probability
of discontinuing HAART because of failure in the
univariate analysis but this association was no longer
signi®cant after controlling for the other covariates
considered.
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Fig. 2. Kaplan±Meier estimates of time to discontinuation because of toxicity according to the protease inhibitor started (only
717 patients who started two nucleoside reverse transcriptase inhibitors � saquinavir, ritonavir or indinavir).
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Discussion

The I.CO.N.A. study [15] provides unique data for
estimating the proportion of HIV-positive antiretroviral
naõÈve patients who discontinue their ®rst HAART
treatment and for identifying characteristics associated
with discontinuation in routine clinical practice. More-
over, the `real-life' allocation to different HAART

regimens and the high proportion of women allow the
association between type of regimen and gender and
the risk of therapy discontinuation to be evaluated.

With respect to the speci®c treatment regimens, it must
be considered that the I.CO.N.A. cohort still mainly
consists of patients recruited in 1997, the year in which
protease inhibitors became available in Italy and in

Table 3. Crude and adjusted relative hazards (RH) for therapy discontinuation of the ®rst HAART
regimen due to toxicity and failure in 717 patients who started two nucleoside reverse transcrip-
tase inhibitors � saquinavir, ritonavir or indinavir.

Crude Adjusted
RH (95% CI) RH (95% CI)

Characteristic P-value P-value

Discontinuation due to toxicity (n � 154/717)
Gender

Women 1.00 1.00
Men 0.44 (0.30±0.64) 0.43 (0.28±0.66)

P � 0.0001 P � 0.0002
HIV modality

IVDU 1.00 1.00
Homosexuals 0.58 (0.35±0.97) 0.70 (0.41±1.19)

P � 0.04 P � 0.19
Heterosexuals 1.09 (0.72±1.65) 0.82 (0.52±1.29)

P � 0.68 P � 0.40
Other 1.02 (0.48±2.19) 1.50 (0.48±2.29)

P � 0.95 P � 0.90
Most recent CD4 cell count 0.89 (0.77±1.02) 0.99 (0.84±1.16)

(50% cells/ìl higher) P � 0.09 P � 0.86
Most recent HIV RNA 1.24 (1.03±1.49) 1.21 (0.99±1.49)

(log copies/ml higher) P � 0.02 P � 0.07
Treatment

Saquinavir-containing 1.00 1.00
Indinavir-containing 1.68 (1.00±2.81) 1.63 (0.96±2.77)

P � 0.05 P � 0.07
Ritonavir-containing 3.58 (2.04±6.28) 3.66 (2.07±6.47)

P � 0.0001 P � 0.0001
Time spent on treatment (month longer) 1.11 (1.05±1.18) 0.92 (0.85±1.00)

P � 0.0008 P � 0.05
Discontinuation due to failure (n � 37/717)

CDC category
A 1.00 1.00
B 1.50 (0.56±4.02) 2.15 (0.56±8.34)

P � 0.42 P � 0.27
C 2.90 (1.10±7.65) 1.80 (0.38±8.40)

P � 0.03 P � 0.46
HIV modality

IVDU 1.00 1.00
Homosexuals 2.06 (0.69±6.15) 1.32 (0.36±4.81)

P � 0.19 P � 0.67
Heterosexuals 2.60 (1.05±6.45) 1.68 (0.47±5.97)

P � 0.04 P � 0.42
Other 1.29 (0.31±5.45) 0.44 (0.06±3.49)

P � 0.73 P � 0.43
Most recent CD4 cell count 0.69 (0.54±0.87) 0.83 (0.56±1.25)

(50% cells/ìl higher) P � 0.002 P � 0.38
Most recent HIV RNA) 2.84 (1.92±4.18) 2.81 (1.62±4.86)

(log copies/ml higher P � 0.0001 P � 0.0002
Treatment

Saquinavir-containing 1.00 1.00
Indinavir-containing 0.19 (0.07±0.49) 0.24 (0.08±0.73)

P � 0.0007 P � 0.01
Ritonavir-containing 0.26 (0.06±1.21) 0.20 (0.03±1.16)

P � 0.08 P � 0.07

CI, con®dence interval; IVDU, intravenous drug users; CDC, Centers for Disease Control and
Prevention.
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which HAART began to be recommended as the ®rst
regimen for compliant patients [18].

To date, discontinuation has not been addressed as a
primary end-point in clinical trials, which generally
evaluate treatment ef®cacy with an intention-to-treat
approach, considering drop-outs as failures, and conse-
quently penalize more aggressive, more toxic combina-
tions. Nevertheless, the results of different clinical trials
seem to indicate that the frequency of discontinuations
due to toxicity depends on the trial, on the duration of
follow-up, and on the tested combination. Among
patients receiving indinavir, 1-4% have been reported
to discontinue for toxicity, with no differences when
compared with double combinations, in studies with
follow-up periods ranging from 38 to 100 weeks [1,3].
In the trial by Cameron et al. [2], over a median of 29
weeks, a higher proportion of patients receiving ritona-
vir discontinued for toxicity compared to those receiv-
ing less potent regimens (21 versus 8%). In another
study, approximately 5% of patients receiving hard-gell
saquinavir discontinued for toxicity over a median of
24 weeks, with no differences with double combina-
tion therapy [4].

A key result of this observational study is that 36% of
the 862 patients studied discontinued their ®rst antire-
troviral regimen in a median follow-up of 45 weeks, a
proportion for the most part higher than those reported
in clinical trials. Overall, toxicity, which mainly oc-
curred within the ®rst 3 months, was implicated in
about 58% (182 of 312) of the discontinuations,
whereas failure, occurring later, was implicated only in
about 14% (44 of 312). The more frequent and earlier
occurrence of discontinuations for toxicity were ex-
pected, since long-term toxicity, especially that be-
lieved to be associated with protease inhibitors [19],
could not be evaluated because of the relatively brief
follow-up period. These results are remarkably similar
to those of a clinical survey conducted in a large clinic
in the UK [12]. The Kaplan±Meier estimates of time
to discontinuation due to failure, since patients' follow-
up were censored if they discontinued for other
reasons, can be interpreted as the proportion of patients
who discontinue their ®rst regimen in an ideal world
where these drugs had no toxic effects. Thus, interest-
ingly, less than 10% of antiretroviral-naõÈve patients
would discontinue their ®rst HAART regimen because
of failure by 1 year from starting therapy if they could
perfectly tolerate their regimen (Fig. 1).

Although it is well known that patients are more
strictly observed in clinical trials than in general prac-
tice, the discrepancies are greater than expected. How-
ever, large hospital-based cohorts such as ours provide
a better source for estimating the rate of therapy
discontinuation, in that they are more representative of
patients seen in routine clinical practice. Furthermore,

previous studies conducted among observational co-
horts of HIV-infected patients have reported higher
rates of discontinuation and failure than those observed
in clinical trials [9±12]. However, none of these studies
examined the determinants of discontinuation of
HAART according to the reason in a population of
previously antiretroviral-naõÈve patients.

Non-adherence was a cause of therapy discontinuation
in approximately 7% of cases. This rate is lower than
the rates observed in other cohorts of unselected
patients and in controlled clinical trials [20,21]. Given
that we only considered those cases of non-adherence
that were related to drug-taking behaviour, the true
prevalence of erratic adherence may have been under-
estimated. This estimate, in fact, could have been
higher if detected by adequate tools, such as self-
reporting or objective measurements. It is also concei-
vable that patients initiating a ®rst HAART treatment
may be more likely to adhere than patients with a
history of heavy treatment, and that clinicians, in a
setting where medical care is free of charge, may
correctly identify those patients at risk of low adher-
ence and assign them to a non-PI regimen. Finally,
since our study did not include any measures for
con®rming compliance, some of the discontinuations
primarily due to non-compliance may have been
classi®ed as virological failure, due to co-existing re-
bound in viral load, or other reasons.

Another important ®nding of this paper is that women
were twice as likely as men, in the adjusted analysis, to
discontinue HAART due to toxicity. Clinical trials are
generally performed on men and thus do not address
this issue; an observational study similar to the present
one showed that women were more likely to be
excluded from the analysis of viral load because they
discontinued double combination regimens or
HAART more frequently than men [22]. Discontinua-
tion due to toxicity was associated with the speci®c
treatment combination started. Both indinavir- and
ritonavir-containing regimens were associated with a
higher risk of toxicity events compared with saquina-
vir-containing regimens. In particular toxicity events
appeared to occur earlier and more frequently in
patients who received ritonavir (Fig. 2). In the multi-
variable Cox model, the risk of discontinuation for
toxicity was more than three times higher for patients
given ritonavir and about 60% higher for patients given
indinavir, in comparison with patients given saquinavir.
However, since patients were not randomly allocated
to the different regimens, these ®ndings need to be
interpreted with caution [23,24]. Nonetheless, ritonavir
is known to be poorly tolerated, particularly as a result
of gastrointestinal problems, and this may lead to poor
compliance [11]. In mid-1998 ritonavir tablets were no
longer available and patients on ritonavir-containing
regimens were switched to the syrup formulation of
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ritonavir. The well-known bad taste of the syrup may
have increased the chance of discontinuing these regi-
mens because of non-adherence (e.g. patients' decision)
but we controlled for this in the analysis by censoring
follow-up times at the time of discontinuations for
reasons other than the end-points of interest. Results
are more dif®cult to interpret for indinavir, which, as
already mentioned, is generally associated with a very
low rate of severe adverse events; however, the associa-
tion was marginally non-signi®cant (P � 0.07). The
®rst months of treatment are crucial, as the risk of
discontinuing because of toxicity decreases by 8% with
each month on therapy. Again, it must be emphasized
that this study, due to the short follow-up, currently
lacks the power to evaluate chronic long-term toxicity.
Surprisingly, even if patients with a high CD4 cell
count are generally believed to tolerate drugs better
than those with a low CD4 cell count, neither baseline
nor most recent CD4 cell count showed a statistically
signi®cant association with discontinuing for toxicity.

The relatively good clinical conditions of the cohort at
baseline (68% of patients in CDC stage A) and the
short follow-up can explain the low rate of disconti-
nuations due to clinical failure (less than 1%) over a
median 45-week period of therapy. As expected,
virological failure was the most common cause of
therapy failure. In the multivariable Cox model, in-
dinavir-containing regimens were associated with a
reduced risk of discontinuation due to failure compared
with saquinavir-containing regimens, which is consis-
tent with the results of clinical trials and other similar
observational studies [1,3,11,12]. Again, these results
need to be taken with caution since it is not a
randomized comparison. However, the low bioavail-
ability of hard-gell saquinavir is well known as it has
now been replaced by the soft-gell formulation. The
result that the most recent HIV-RNA is predictive of
discontinuation due to failure is not surprising and
provides evidence that the classi®cation of the reason of
discontinuation given by the clinicians is reliable. The
baseline HIV RNA level showed no statistical associa-
tion with the outcome. This in contrast with the results
of other studies showing that initial viral load at the
time of starting therapy increases the chance of in-
complete virological suppression upon initiation of
HAART [9,10,25]. However in these studies a quanti-
tative measure (such as, for example, viral load < 500
copies/ml) was used to de®ne the endpoint of the
analysis. Furthermore, only 44 patients discontinued
HAART because of failure and it is possible that the
association with baseline viral load was not signi®cant
simply because of a lack of statistical power. Similarly,
in the multivariate analysis, baseline CD4 cell count
was not associated with the probability of discontinuing
HAART because of failure, which is apparently incon-
sistent with the results of other studies that investigated
the value of CD4 cell count in predicting virological

response [10,25]. However, the univariate analysis
carried strong evidence for an association, patients with
higher CD4 cell count being at a lower chance of
discontinuing due to failure.

Some aspects of the statistical analysis performed need
to be discussed before interpreting the results and
drawing ®nal conclusions. First, survival analyses were
conducted under the assumption that the probability of
discontinuation for toxicity is completely unrelated to
the probability of discontinuing for failure. Obviously,
this assumption may not be entirely valid, and the
results could be affected by a bias due to informative
censoring [26]. However, the analysis for studying the
factors associated with discontinuing for toxicity was
repeated, including only patients who had a viral load
below 500 copies/ml at the time of discontinuation;
this analysis provided very similar results (data not
shown), suggesting that, if this bias exists, it is probably
small. A possible limitation of the study is that
I.CO.N.A. includes patients from 65 different infec-
tious diseases wards, and the way in which the
individual wards determined the single reason for
discontinuation in cases of concomitant reasons may
have varied. However, this bias has been partially
corrected by close central monitoring of all data; more-
over, the potential confounding effect of the individual
wards has been controlled for in the analyses.

In conclusion, patients receiving indinavir- and ritona-
vir-containing HAART regimens, were at lower
chance of discontinuing HAART because of failure but
also at higher risk of discontinuing because of toxicity
compared with those receiving hard-gell saquinavir.
Continuation of initial HAART regimen in antiretro-
viral-naõÈve patients is crucial for maintaining long-term
viral suppression. Recent international guidelines be-
cause of the problems of intolerance and toxicity
associated with PI-containing regimens indicate
HAART regimens including two NRTI and one
NNRTI as a viable alternative [27]. However, the lack
of long-term data on NNRTI and clinical end-points
makes PI-containing regimes the safer choice at present
and continued monitoring of toxicity in patients
(especially women) receiving indinavir- and ritonavir-
containing HAART regimes recommended. If the
current HAART regimen caused no toxicity, less than
10% of naõÈve patients discontinue their initial treatment
because of failure after 1 year from starting therapy.
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Varese: D Torre. Verbania: A Poggio, G Bottari.
Venezia: E Raise, S Pasquinucci. Vicenza: F De Lalla,
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