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INTRODUCTION

More than 20 years have passed since the first reports of patients with
acquired immunodeficiency syndrome (AIDS) — later documented
to be due to infection with human immune deficiency virus type 1
(HIV) —in USA, and shortly thereafter in Europe [ Masur et al., 1981;
Gottlieb et al., 1981; Gerstoft et al., 1982]. As of 2002, more than 42
million people are living with HIV/AIDS globally, and more than 27
millions have died. At least 95% of the people diagnosed with HIV in
2002 are from developing countries, and the number of HIV-infected
patients is rapidly growing in Sub-Saharan Africa, Asia, and Eastern
Europe. In Western Europe and North America the prevalence of
HIV also continues to increase, but substantially more slowly than in
the worst affected regions [UNAIDS/WHO, 2002].

The first therapeutic advances within the field of HIV-infection
occurred in the late 1980's with the introduction of the first nucleo-
side reverse transcriptase inhibitor (NRTI), Zidovudine, which in
randomised controlled trials (RCTs) was documented to prolong
survival, though the effect later was shown to be of limited duration
[Fischl et al., 1987; Fischl et al., 1990; Volberding et al., 1990; Hamil-
ton et al., 1992; Lundgren et al., 1994; Anonymous, 1994]. In the same
time period, chemoprophylaxis against opportunistic infections
(OlIs) also came into use and reduced the number of new OlIs as well
as prolonged the relapse free time after an initial event [Haverkos,
1987; Jacobson et al., 1988; Phair et al., 1990; Bozzette et al., 1991;
Montaner et al., 1991; Jacobson et al., 1993].

Following these initial advances, it was shown that switch to the
later licensed NRTTs, Didanosine and Zalcitabine, improved the clin-
ical prognosis for patients treated with Zidovudine, and subse-
quently combination therapy of two NRTIs was demonstrated to
further improve the clinical prognosis [ Kahn et al., 1992; Collier et al.,
1993; Abrams et al., 1994; Anonymous, 1996; Saravolatz et al., 1996].

The discovery of a new drug class, protease inhibitors (PI) target-
ing another point of the HIV replication, was a potential break-
through. Studies of patients receiving PI therapy documented a large
turnover rate of HIV virions and infected CD4 receptor positive T
lymphocyte cells (CD4 cells), which combined with a high mutation
rate of HIV indicated a need of combining several, potent antiretro-
viral agents [Ho et al., 1995; Perelson et al., 1996]. Such PI-contain-
ing combination therapy lead in RCTs to improved survival as well as
decreasing HIV-RNA and increasing CD4 cell count; the latter two
being established predictive factors for clinical progression [ Collier et
al., 1996; Mellors et al., 1996; Hammer et al., 1997; Cameron et al.,
1998]. Due to the promising results, the concept of highly active an-
tiretroviral therapy — HAART — a regimen of two NRTIs and a PI or
alternatively a non-nucleoside reverse transcriptase inhibitor
(NNRTTI) — was launched.

However, the durability and long-term clinical benefit as well as
toxicity were not known due to the quick approval and licensing of
these drugs by the regulatory authorities. Since 1996 the accelerated
drug approval process has allowed for the introduction of new drugs
based on 24 weeks of follow-up of less than 500 patients using
changes in HIV-RNA as the primary end-point. This process has
saved lives but has also lead to widespread use of drugs with relatively
limited information on their long-term efficacy including the clinical
efficacy (as per design of these pivotal RCTs) and no information on
long-term and rare toxicities [ Anonymous, 2002].

It was also unclear to which extent the results from RCTs, often
representing idealised settings due to strict inclusion and exclusion

criteria, would translate into clinical effects in a broader spectrum of
HIV-infected patients including those not traditionally included in
the trials [ Madge et al., 2000; Gifford et al., 2002].

OBJECTIVES
The objectives of the present work, initiated in 1997, were therefore:

i) to analyse the rate of introduction of HAART in Europe [Kirk et
al,, 1998],

ii) to analyse the longer-term effects of HAART — in terms of
changes in common AIDS defining events (ADEs) [Kirk et al.,
2000; Kirk et al., 2001c]

iii) to analyse the degree of clinical effectiveness of the HAART-in-
duced immune restoration [Kirk et al., 1999b; Kirk et al., 2002b],

iv) to compare the virological, immunological and clinical effects of
specific HAART regimens [Kirk et al., 1999a; Kirk et al., 2001b]

v) to discuss the analysis of RCTs with virological end-points and
the influence of premature switch from randomised therapy
[Kirk et al., 2001a; Kirk et al., 2002a], and

vi) to discuss the extent to which observational studies provide data
for rational clinical decision making.

STUDIES AND METHODOLOGY

THE EuroSIDA STUDY

EuroSIDA is an observational study of 9805 HIV-infected patients at
70 centres in 26 European countries with 6 monthly follow-up using
a standardised data collection form (latest version available at
http://www.cphiv.dk/eurosida/eurosida_status.htm) [Lundgren et
al., 1997; Kirk et al., 1998]. Pre-determined numbers of patients with
a scheduled visit have been enrolled from the participating outpa-
tient clinics in an attempt to ensure inclusion of a representative sub-
set of patients followed at the specific centres. Enrolment was per-
formed regularly in pre-determined time periods (cohort I-V) to
better reflect the patient population followed at the participating
sites and to reduce a potential long-term survivor bias.

Sites participating in the EuroSIDA study are often university-as-
sociated and identified based on their commitment to research pro-
jects and are thus likely to represent the golden standard for diag-
nostics and treatment in the countries involved. Caution should
therefore be taken when extrapolating results from the EuroSIDA
study to patients in other settings, and to patients not attending the
clinics regularly. However, one strength of the analyses made within
this multi-national study is the large, heterogeneous study popula-
tion from 70 sites with different treatment politics and pattern of op-
portunistic pathogens [Lundgren et al., 1997; Mocroft et al., 1998a].
A low rate of loss-to-follow-up is crucial for interpretation of data in
a longitudinal study. As of January 2002, 5482 of 8549 patients en-
rolled into EuroSIDA cohort I-IV (cohort V yet without any follow-
up data) were under active follow-up (i.e. with follow-up after June
2000), 1910 had died and 1157 did not have any recent follow-up
data. Patients without HAART, at low CD4 cell count and high HIV-
RNA were at higher risk of having no recent follow-up, and these pa-
tients would be expected to have a worse prognosis compared with
those who remained under follow-up (Table 1) [Mellors et al., 1996;
Mocroft et al., 1998a; Lundgren et al., 2002]. This finding suggests that
the assessments of incidences of new ADEs and the mortality within
the EuroSIDA study are minimum estimates. In this connection, it is
reassuring that the rate of loss-to-follow-up is fairly stable, approxi-
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Table 1. Factors associated with no follow-up data after March 2000
within the EuroSIDA study. Results from a multivariable logistic regression
model.

Odds ratio

(95%-ClI) P-value
HIV transmission category
Intravenous drug use v. other routes ....... 1.45 (1.24-1.69) <0.001
CD4 count
>200 v. <200 cells/mm3 ................... 0.42 (0.36-0.49) <0.001
Antiretroviral therapy
HAARTV.nOHAART ...........coveunnn.. 0.26 (0.22-0.30) <0.001
Region of EuroSIDA
Eastv.north ............................ 1.02 (0.62-1.67) 0.93
Southv.north .......................... 1.49 (1.25-1.78) <0.001
Centralv.north ......................... 1.59 (1.33-1.89) <0.001
Inclusion period
Cohortllv.cohort! ...................... 0.69 (0.57-0.84) <0.001
Cohortlllv.cohort | ............oooitt. 0.65 (0.55-0.77) <0.001
CohortIVv.cohort! ..................... 0.35 (0.27-0.46) <0.001
Supplementary multivariable model including HIV-RNA
HIV-RNA
>500 v. <500 copies/mL ................... 1.84 (1.56-2.17) <0.001

Cl: confidence interval.
HAART: highly active antiretroviral therapy, defined as >3 drugs including at least one
protease inhibitor, one non-nucleoside reverse transcriptase inhibitor or Abacavir.

mately 2% per year (data not published), which is lower than or at
the same level as mono-centric or national cohort studies and ran-
domised studies [Dudley et al., 1995; Hammer et al., 1997; Sudre et
al., 2000; Grabar et al., 2000b].

To ensure a high data quality, an extensive data assurance program
has been implemented. This includes use of standardised instruc-
tions for completion of the forms as well as diagnostic criteria for Ols
and malignancies, and circulation of newsletters dealing with key in-
formation with respect to the data collection (http://www.cphiv.dk/
eurosida/newsletter/newsletter.htm). Standardised control of data
entry is performed at the co-ordinating centre, and the validity of the
data provided by the centres is further checked at site visits where all
clinical events as well as randomly selected patients are reviewed
[ Lundgren et al., 1997; Kirk et al., 2001c].

DANISH PROTEASE INHIBITOR STUDY

The Danish PI study is a randomised five-centre study of 622 patients
within Denmark, which was initiated in October 1996 to compare
the efficacy and toxicity of specific first-line HAART regimens. The
three initial study regimens compared included 2 NRTIs combined
with one or two of the PIs initially licensed in Denmark; Indinavir,
Ritonavir or Ritonavir/Saquinavir hard gel capsules. Patients were
randomised to one of these treatment regimens or two later added
treatment options until January 2001, and follow-up is still ongoing.
Data is collected in a standardised manner at structured follow-up
visits regardless of eventual switch from randomised therapy [ Kirk et
al., 1999a].

The study intended to reflect clinical practice in Denmark and
only had few exclusion criteria; in particular there were no restric-
tions with respect to HIV transmission category, co-infection with
hepatitis B and C, or prior NRTI therapy. However, as in most other
studies from this period, no data has been collected on how many of
the patients who were eligible for the study were actually included
[Begg et al., 1996; Altman et al., 2001].

DANISH COHORT OF PATIENTS

INITIATING THEIR FIRST HAART REGIMEN

The study population included 505 Danish patients within the Euro-
SIDA study who started an initial HAART regimen, for whom addi-
tional information on the most likely reason for potential switch
from the PI component of the initial HAART regimen was retro-
spectively extracted from the patient records. Due to the design, these

6
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patients were representative for patients receiving a HAART regimen
and being seen at major Danish HIV-clinics, whereas the limitations
include the retrospective design of the study, the restriction of the
analysis to switch from the PI components of the HAART regimen
and collection of only the principal reason for switching therapy as
depicted from the patient notes [Kirk et al., 2001a].

DANISH COHORT OF PATIENTS
DISCONTINUING CHEMOPROPHYLAXIS
This prospective study was initiated in December 1997 and included
patients stopping chemoprophylaxis to protect against the develop-
ment of Ols caused by cytomegalovirus (CMV), Pneumocystis carinii,
Toxoplasma gondii, Mycobacterium avium complex (MAC) and Cryp-
tococcosis neoformans according to guidelines developed by the study
group. Patients were followed after interruption of chemoprophylaxis
and chart review was performed for all patients before analysis.
Similar to what have been reported from RCTs within this research
area, data is not available for whether discontinuation of chemopro-
phylaxis was used for all patients with similar history of HAART and
CD4 cell increases, or whether other additional criteria such as regu-
larity of follow-up, adherence to antiretroviral therapy (ART), the
degree of immune restoration as well as social situation also influ-
enced the decision [Kirk et al., 1999b; Mussini et al., 2000; Lopez
Bernaldo de Quiros JC et al., 2001].

A JOINT DATA SET OF PATIENTS

INTERRUPTING MAINTENANCE THERAPY

The data set included patients who interrupted secondary prophy-
laxis or maintenance therapy (MT) against infections caused by
CMV, Toxoplasma gondii, MAC and Cryptococcosis neoformans, and
was created by merging data from seven existing HIV-cohorts in Eu-
rope. Patients identified in the cohorts fulfilled pre-determined cri-
teria in terms of the prophylactic drugs used and interruption of MT
at a CD4 cell count above 50 cells/mm?.

A potential drawback is that data regarding reasons for interrupt-
ing MT was not available. Patients may interrupt MT according to a
variety of criteria, as described above, and the decision to stop the
treatment was not done based on commonly agreed well-defined
guidelines [Kirk et al., 2002b].

UPTAKE OF HAART IN CLINICAL PRACTICE

In North America and Europe there was a marked increase in use of
HAART in the mid 1990s, predominantly during 1996, thus indicat-
ing a close temporal relation to the first preliminary reports from
RCTs reporting the improvement in clinical, innunological and vir-
ological status of patients treated with HAART [Collier et al., 1996;
Hammer et al., 1997; Gulick et al., 1997; Palella et al., 1998; Kirk et al.,
1998; Cameron et al., 1998; Gebhardt et al., 1998; Spira et al., 1998;
Mocroft et al., 1999d; Sackoff et al., 2000; CASCADE Collaboration,
2000].

As of late 1997, the odds of being on a PI-containing regimen were
fairly similar across the western part of Europe when adjusting for
regional differences in demographics and immune status. However,
before then there had been pronounced regional differences in the
uptake of combination therapy, PI therapy as well as usage of specific
NTRIs and PIs, suggesting that other factors than results of RCTs also
influenced the uptake of therapy in clinical practice including access
to new drugs after marketing approval by the European Commis-
sion, local traditions and socio-economic factors [Lundgren et al.,
1997; Kirk et al., 1998].

Within EuroSIDA, patients of European and non-European origin
initiated HAART at similar CD4 cell levels, whereas other studies
have reported divergent influences of the ethnicity on uptake of
HAART, probably reflecting differences in study population and
study design. These studies do, however, not address whether specific
ethnic groups may not benefit from therapy because they do not have
contact with HIV-clinics [Blaxhult et al., 1999; Sackoff et al., 2000;
Hsu et al., 2001].

—



93526-c.gxd

12-11-03 10:11 Side 7

Patients infected by intravenous drug use were less likely to start
HAART, though once started, their response to HAART did not dif-
fer from that of other groups, suggesting that clinicians were able to
identify the intravenous drug users who could adhere to the complex
HAART regimens. Further, patients with lower level of education,
homeless patients, and patients who had not previously received
ART were less likely to start HAART, as were, not surprisingly, pa-
tients with higher CD4 cell count, lower HIV-RNA and without prior
diagnosis of AIDS, whereas gender and age in general were not asso-
ciated with chance of starting HAART. These relations were based on
the period immediately after the introduction of HAART, and may
have changed or may change due to an increasing understanding of
the whole HAART area, increased drug options, and other improve-
ments in patient care [Junghans et al., 1999; Mocroft et al., 1999¢;
Sackoff et al., 2000; CASCADE Collaboration, 2000; Mocroft et al.,
2000a; Hsu et al., 2001].Whereas the decline in the proportion of pa-
tients followed at HIV-clinics without treatment suggests a change in
the indication of initiating ART, the optimal time of initiating ther-
apy for the individual patient still remains unaddressed in a RCT,
which, if performed, should follow several thousands of patients for
many years [Kirk et al, 1998]. Large prospective observational
studies have recently provided evidence for similar virological, im-
munological and clinical responses to HAART as long as it is initiated
at a CD4 cell count above 200 cells/mm?3, and recent international
treatment guidelines have been modified according to these results
[Cozzi et al., 2001; Phillips et al., 2001b; Hogg et al., 2001; Anonymous,
2001b; Yeni et al., 2002; Egger et al., 2002].

An updated analysis within EuroSIDA illustrates that as of Sep-
tember 2001 approximately 80% received HAART, and an increasing
proportion were treated with 4 drugs or more (Fig. 1). Of note, this
represents cross sectional assessments of regimens used in consecu-
tive time intervals without any adjustment for previous use of ART,
and whereas the results for 1996-1997 may well represent the first (or
second) HAART regimen, the results in more recent years include in-
creasing numbers of patients who have switched to second-line or
even salvage regimens [ Mocroft et al., 2001a; Mocroft et al., 2002b].
Further, the analysis does not differentiate between 4 active anti-
retroviral drugs and Ritonavir-boosted PI-regimens (described fur-
ther in the section on ‘Comparison of different HAART regimens’),
and therefore does not per se document a switch towards starting a
quadruple regimen as the initial HAART regimen.

CONCLUSION
Marked changes in use of ART of North American and European
HIV-infected patients occurred in the second half of the 1990

—p—

closely related to the presentation of RCTs, but some subgroups of
patients who were less likely to receive HAART have been identified.

Future analyses should address whether results from recent RCTs
have led to similar changes in choice of components of the initial and
second-line HAART regimens in clinical practice, and evaluate the
use of drugs for which the clinical effect has not yet been sufficiently
evaluated in RCTs, for example immune stimulating drugs such as
Interleukin-2 [ Staszewski et al., 1999; Staszewski et al., 2001; Hammer
et al., 2002; Emery et al., 2002].

THE CLINICAL PROGNOSIS FOR HIV-INFECTED PATIENTS
AFTER INTRODUCTION OF HAART

MORTALITY

Use of HAART regimens studied in the pivotal RCTs led to a marked
and significant decrease in mortality, and a similar effect was re-
ported in several large cohorts of unselected patients [ Hammer et al.,
1997; Mouton et al., 1997; Gulick et al., 1997; Egger et al., 1997; Palella
et al., 1998; Cameron et al., 1998; Mocroft et al., 1998a; CASCADE
Collaboration, 2000; Stellbrink et al., 2000]. Overall, the mortality de-
creased from approximately 20 deaths/100 person-years of follow-up
(PYF) in 1994-95 to less than 5 deaths/100 PYF in 1997-98, and the
effect of HAART was most pronounced when initiated at low CD4
cell counts, though observed in all CD4 strata [ Hammer et al., 1997;
Egger et al., 1997; Cameron et al., 1998; Mocroft et al., 1998a]. In the
observational studies there were statistically significant associations
between the declining mortality and the concomitant steep increase
in use of combination therapy, in particular HAART, and differences
in the survival rate across Europe were associated with regional dif-
ferences in the uptake of HAART [Egger et al., 1997; Palella et al.,
1998; Mocroft et al., 1998a; Chiesi et al., 1999].

Of note, the mortality remained at a very low level within the Eu-
roSIDA study based on data until January 2002 (Fig. 2a). For ex-
ample, after March 2001 the incidence of deaths was 1.4 (95%-con-
fidence interval (CI): 1.0-1.8/100 PYF), and thus less than 18.8
(17.4-20.3) observed in patients followed before September 1995.

MORBIDITY

General changes

Concurrently, decreases in morbidity and rates of admission to hos-
pital together with resolution of ongoing OIs were reported among
patients who started HAART [Mouton et al., 1997; Murphy et al.,
1997; Palella et al., 1998; Benfield et al., 1998; Carr et al., 1998a;
Mocroft et al., 1999a; Ledergerber et al., 1999¢; Mocroft et al., 2000b].
The overall incidence of new ADEs decreased from around 31 to 3
events/100 PYF from 1994 to 1998, and decreases were initially docu-

Fig. 1. Treatment status in 6-month
intervals from September 1994 to
September 2001 within the EuroSIDA

study.
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Fig. 2a. Changes in mortality and incidence of new AIDS defining events
as well as usage of HAART within the EuroSIDA study 1994-2001.

HAART: highly active antiretroviral therapy defined as >3 drugs including
at least one protease inhibitor, one non-nucleoside reverse transcriptase

inhibitor or Abacavir.

mented for common ADEs such as Prneumocystis carinii pneumonia
(PCP), CMV chorioretinitis and disseminated MAC infection, all
predominantly diagnosed at severe immune deficiency, but later also
for other and less common diseases [ Mouton et al., 1997; Palella et al.,
1998; Mocroft et al., 1999a; Ledergerber et al., 1999¢; de Gaetano et al.,
20005 Jones et al., 2000; Baril et al., 2000; Girardi et al., 2000; Mocroft
et al., 2000b; Tumbarello et al., 2001; Sacktor et al., 2001; Rossi et al.,
2001; Abgrall et al., 2001; Badri et al., 2002]. Fig. 2b illustrates and ex-
tents these changes until the beginning of 2002 within the EuroSIDA
study.

As a consequence of differences in the declines of the individual
ADEs, the relative pattern of ADEs changed compared with the pre-
HAART era [ Mocroft et al., 1998b; Blaxhult et al., 2000; Mocroft et al.,
2000b; Blaxhult et al., 2002]. For example, representing very different
parts of the spectrum of ADEs, the incidence of MAC infection was
more pronouncedly affected by initiation of HAART compared with

Fig. 2b. Changes in incidences of indi- Incidence

vidual AIDS defining diseases within (events/100 PYF)
the EuroSIDA study 1994-2001. 6
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infection due to Mycobacterium tuberculosis. As a result, Mycobac-
terium tuberculosis has now generally become the most common my-
cobacterial agent among HIV-infected patients in Europe, although
with marked regional differences [Kirk et al., 2000].

Mycobacterioses

The decreasing incidence of disease due to Mycobacterium tubercu-
losis from 1994 to 1999 within the EuroSIDA study was readily ex-
plained by changes in use of ART and in changes induced thereby, in
particular the CD4 cell count [Kirk et al., 2000]. However, other fac-
tors — for example implementation of tuberculosis control programs
including preventive therapy as suggested in an American surveil-
lance study - may also have played some role, though it did not seem
to be of substantial importance in Europe [Kirk et al., 2000; Jones et
al., 2000].

For disseminated MAC infection, some, but not all, of the decline
over calendar time could also be explained by increasing use of ART
and changes in CD4 cell count. Increased use of primary prophylaxis
(PP) against MAC, primarily among patients with severe immune
deficiency, may also explain some of the decrease [Kirk et al., 2000].

Non Hodgkin lymphoma

Interestingly, the relative proportion of patients diagnosed with a
relatively common HIV-related malignancy, non-Hodgkin lym-
phoma (NHL), also increased from 4% of all ADEs diagnosed in
1994 to 16% in 1998 [ Mocroft et al., 2000b]. As longevity increased
and the risk of other competing severe ADEs was markedly dimin-
ished, there were concerns of unchanged or even increasing inci-
dences of malignancies, and in particular NHL [Jacobson et al.,
1999]. The biological hypothesis was that a malign transformation
and development of NHL is a multifactorial process not readily re-
versible by immune restoration (i.e. increasing CD4 cell count), as
was believed to be the case for OIs and malignancies with a docu-
mented infectious aetiology [ Chang et al., 1994; Murphy et al., 1997;
Benfield et al., 1998; Carr et al., 1998a].

Within the Swiss HIV Cohort Study there was no significant de-
cline in the incidence of NHL from 1992-1994 to 1997-1998, and the
incidence of NHL did not decrease significantly within the first 12
months of HAART, contrasting the significant decreases observed for
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all other ADEs analysed [Ledergerber et al., 1999a; Ledergerber et al.,
1999c].

However, a large multi-cohort study later reported a decrease in
the incidence of NHL from 1992-1996 to 1997-1999. This decrease
was observed for primary brain lymphoma and immunoblastic lym-
phoma, but not for Burkitt’s lymphoma [Anonymous, 2000]. With
longer follow-up among patients on HAART, the EuroSIDA study
found significant decreases from 1994 to late 2000 in all NHL sub-
types for which data was collected: Burkitt, immunoblastic, primary
brain lymphoma and other/unknown histology [Kirk et al., 2001c].
The decline was most pronounced for primary brain lymphoma, and
all findings were confirmed in an updated analysis including follow-
up till January 2002 (Fig. 3a). There are two caveats for the interpre-
tation of these subtype analysis; namely a change in the subtype clas-
sification of NHL (‘diffuse large B-cell’ is now used rather than
‘B-immunoblastic’), and a not ignorable number of patients with
NHL being categorised as ‘other/unknown histology’, thus more de-
tailed evaluation of the changes in the histological pattern has not
been possible so far [Harris et al., 1994; Vilchez et al., 2002]. To ad-
dress this issue, the categories of NHL collected within the EuroSIDA
study is currently being revised based on the latest classification sys-
tem [Jaffe et al., 2001].

Further, among patients starting HAART, the incidence of NHL
decreased significantly from the first year after starting HAART
to more than one year after starting HAART [Kirk et al., 2001c].
The result held true in an updated analysis with longer follow-up,
which allowed for further subdividing the time period on HAART
(Fig. 3b).

Taken together, these results suggest that NHL behaves as an OI,
though the protective effect of HAART seems to arise after a sub-
stantially longer period on HAART compared with the traditional
OlIs [Ledergerber et al., 1999a; Kirk et al., 2001c]. This pattern may
however differ between the subtypes of NHL, and lymphomas asso-
ciated with Epstein-Barr virus and human herpes virus type 8 such
as primary brain lymphoma and body cavity-based lymphoma, may
well behave more like a traditional Ols [ Pedersen et al., 1991; Nador
et al., 1996; Hansen et al., 2000].

Interestingly, the incidence of NHL among patients starting
HAART early in the era of HAART (i.e. before June 1997) was higher
than that of patients starting HAART more recently, and this differ-
ence was at least in part explained by sub-optimal CD4 and HIV-
RNA responses to HAART in the early period compared with later
[Kirk et al., 2001c].

Inflammatory immune response
Early reports suggested a ‘HAART-induced inflammatory immune
response;, namely development of OIs with an altered clinical pre-
sentation at relatively high CD4 cell counts shortly after initiation of
HAART [Jacobson et al., 1997; Race et al., 1998; Jacobson and French,
1998; Sepkowitz, 1998; French et al., 2000]. However, when stratifying
by latest CD4 count, the incidence of OIs still declined suggesting
that for a given CD4 count, the risk of ADE was lower in the HAART
era compared with the pre-HAART era, and the increasing CD4 cell
count at diagnosis of an ADE thus represented a cohort effect [ Kirk
et al., 2000; Mocroft et al., 2000b; Tumbarello et al., 2001; Abgrall et al.,
2001].

More detailed characterisation of potentially new presentations of
known clinical entities based on prospectively collected, standard-
ised data is warranted.

New diseases

The decline in conventional ADEs, which was described in the pre-
HAART epidemic, might not capture all the diseases seen in HAART
treated patients. There have been some indications of a changing pat-
tern of death causes and terminal diseases; relatively more patients
now die due to non-HIV-related diseases including cardiovascular
disease and hepatitis and correspondingly fewer following an ADE
[Valdez et al., 2001; Louie et al., 2002; Mocroft et al., 2002a].
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Fig. 3a. Incidence of non-Hodgkin lymphoma and subtypes from 1994 to
2001. Results from the EuroSIDA study.

Bars: 95%-confidence intervals. Updated figure from article Ill [Kirk et al.,
2001c]. PBL: Primary brain lymphoma.
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Fig. 3b. Incidence of non-Hodgkin lymphoma in consecutive time periods
after initiation of HAART within the EuroSIDA study. Bars: 95%-confidence
intervals. Original figure published in article Ill [Kirk et al., 2001c].

HAART: highly active antiretroviral therapy defined as >3 drugs including
at least one protease inhibitor, one non-nucleoside reverse transcriptase
inhibitor or Abacavir.

Further analysis of prospectively collected and standardised data
on severe diseases as well as death causes is required to address
whether these changes reflect that HIV-infected patients now live
longer and consequently acquire and die of non-HIV-related dis-
eases or whether the changes are explained by new HIV-related dis-
eases or even side effects of the ART [ Friis-Moller et al., 2003].

Overall, continuous surveillance of the patterns of morbidity and
mortality remains a high priority in EuroSIDA and other large-size
cohort studies (Fig. 2a and 2b).

SURVIVAL AFTER DIAGNOSIS OF AN ADE

Several studies have reported an improved prognosis after the diag-
nosis of most of the individual ADEs in recent years, though most of
these studies had quite low power due to the low number of new
ADEs [Miralles et al., 1998; De Luca et al., 2000; Tumbarello et al.,
2001; Girardi et al., 2001; Rossi et al., 2001; Fordyce et al., 2002; Dore
etal.,2002]. For NHL, however, the improvement seemed to be more
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modest, if present. Most studies have reported a better prognosis,
primarily for systemic lymphoma, but a few also for primary brain
lymphoma [Aviles and Halabe, 1999; Levine et al., 2000; Thiessard et
al., 2000; Navarro et al., 2001; Ratner et al., 2001; Vaccher et al., 2001;
Antinori et al., 2001; Hoffmann et al., 2001; Besson et al., 2001; Tam et
al., 2002; Gerard et al., 2002]. Of note, the survival for primary brain
lymphoma or systemic NHL did not improve in several recently pub-
lished large cohort studies. This is of concern, though lack of detailed
data on chemotherapeutic therapy and staging of disease in these
and several other studies should be acknowledged as potential con-
founding factors[Kirk et al., 2001¢; Fordyce et al., 2002; Dore et al.,
2002].

Further analyses of large numbers of patients and longer follow-
up as well as more detailed information on the subtype of NHL and
data of chemotherapy are warranted to assess whether new promis-
ing, better targeted treatment options (e.g. monoclonal antibody dir-
ected against the CD20 antigen, retuximab) with less toxicity and in-
teractions combined with a high efficacy for NHL-patients in
general, will also translate into more pronounced changes for HIV-
infected patients [ Czuczman et al., 1999; Hainsworth et al., 2000].

RISK FACTORS FOR CLINICAL PROGRESSION

In clinical practice, the ability to identify patients at high risk for clin-
ical progression is essential. As in the pre-HAART era, the CD4 cell
count, HIV-RNA, age and a diagnosis of AIDS at initiation of
HAART are associated with risk of clinical progression in terms of
death or new ADE, as is the immunological and virological response
to HAART [Goedert et al., 1987; Goedert et al., 1989; Mellors et al.,
1996; O’Brien et al., 1996; Ledergerber et al., 1999a; Grabar et al.,
2000a; Sterling et al., 2001; Egger et al., 2002]. Further, presence of
anaemia remains a strong, independent predictive factor for death
among patients with and without HAART, and hepatitis C co-infec-
tion has been shown to deteriorate the clinical prognosis for HIV-in-
fected patients [Saah et al., 1994; Mocroft et al., 1999b; Greub et al.,
2000; De Luca et al., 2002].

Among patients who initiated HAART within EuroSIDA, the most
recently measured CD4 count, HIV-RNA and haemoglobin as well as
a previous diagnosis of severe AIDS (i.e. NHL or progressive multi-
focal leukoencephalopathy) were all independently related to the risk
of clinical progression, and the CD4 cell count was the strongest pre-
dictor [Sterling et al., 2001; Lundgren et al., 2002]. Taking the latest
measurements into account, the CD4 cell count/HIV-RNA at initia-
tion of HAART and the nadir CD4 cell count were not significantly
associated with clinical progression, indicating that present rather
than past immune deficiency affects the risk of clinical progression
[Kirk et al., 2001¢; Lundgren et al., 2002].

Future studies within large observational studies should include
analyses on the prognostic influence of hepatitis B and C co-infec-
tions as well as the predictive role of long-term toxicities, in particu-
lar dyslipidaemia and lipodystrophy (see section on toxicity). Such
analyses should be carefully balanced between the wish to include
large numbers of parameters and the accuracy and validity of the col-
lected data.

DURABILITY OF EFFECT OF HAART

Due to the limited experience with HAART, the durability of the vir-
ological, immunological and clinical effects of HAART remains to be
determined. A suggestion for a model of the durability of HAART on
a population level is shown in Fig. 4. The model is based on past ex-
perience and hence the patients starting HAART in this time
phrame. Importantly, many of these patients had already been ex-
posed to NRTTs prior to commencing HAART.

Associations between the factors in this model have been docu-
mented, and the sequential associations between decreased HIV-
RNA level, increased CD4 cell counts and lowered risk of clinical
progression among patients who start HAART (the left hand side of
the figure), have been described [Ho et al., 1995; Mellors et al., 1996;
O’Brien et al., 1996; Hammer et al., 1997; Gulick et al., 1997; Egger et
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Fig. 4. Hypothetical model for the durability of the effects of highly active
antiretroviral therapy, HAART, on a population level. The model illustrates
the temporal relations between development of drug resistance (increas-
ing number of mutations), rebound of virological response (increasing
HIV-RNA), immunological response (decreasing CD4 cell count) and ulti-
mately clinical outcome (progression to a new AIDS defining event or
death). The hypothetical durability of these responses is illustrated in the
lower part of the figure, and the lag time between loss of one response to
affection of the next is also indicated.

al., 1997; Palella et al., 1998; Pakker et al., 1998; Mocroft et al., 1998a;
Notermans et al., 1999; Gulick et al., 2000].

Conversely, virological failure of HAART may start with the devel-
opment of resistance, though there are other reasons to virological
rebound such as poor patient adherence, sub-optimal virological ef-
ficacy of the antiretroviral regimen used and non-therapeutic plasma
concentrations of the antiretroviral drugs [ Havlir et al., 2000; Pare-
des et al., 2000; Paterson et al., 2000; Nieuwkerk et al., 2001; Baxter et
al,, 2002].

Development of drug resistance is associated with poor outcome
to therapy. Firstly, resistance to Zidovudine as monotherapy was
shown to be associated with more rapid clinical progression, and
more recently, an association between drug resistance for compo-
nents of combination therapy and lower virological response has
been reported in prospective observational studies. Finally, resistance
testing has been shown to improve the virological response of
HAART among treatment experienced patients in RCTs [ D’Aquila et
al., 1995; Durant et al., 1999; DeGruttola et al., 2000; Baxter et al.,
2002].

The subsequent sequence of increasing HIV-RNA, decreasing
CDA4 cell count and clinical progression is fairly well described in in-
dividual patients and well known in the HIV-clinics. However,
within in the presently available studies, the CD4 cell count and the
rate of clinical progression remained stable for patients on HAART
with virological failure [ Ledergerber et al., 1999b; Deeks et al., 2000].
In fact, there remained a beneficial virological and immunological
effect of continuing HAART after loss of virological control as well as
a clinical effect of HAART among patients with alow CD4 cell count
[Mocroft et al., 2000b; Deeks et al., 2001; Kirk et al., 2001c; Miller et
al., 2002].

Further, on a population level — within the EuroSIDA study — there
was as of 2001/2002 no sign of a time limitation in the effect of
HAART on a population level. The mortality and incidence of new
ADEs overall as well as of the individual ADEs remained at a stable
low level within the EuroSIDA study in the period 1998-2002 (Fig. 2a
and 2b). The CD4 cell count for the entire population, in terms of the
median value as well as the percentage below 200 cells/mm?3, was also
relatively stable. However, if focus is entirely on median values,
smaller fractions of the population coming at risk of progression will
be missed. Interestingly, the 5th percentiles of the CD4 cell count also
remained relatively stable. Further, among patients on HAART, the
CD4 cell count as well as the percentage with HIV-RNA <500
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Fig. 5a. Changes in CD4 count in the EuroSIDA study 1994-2001. Changes
in median CD4 cell count, 5th and 95th percentiles as well as relative dis-
tribution in strata of <50, 50-200, and >200 cells/mm3.
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Fig. 5b. CD4 cell count and HIV-RNA at consecutive time points after initi-
ation of HAART within the EuroSIDA study. HAART: highly active antiretro-
viral therapy defined as <3 drugs including at least one protease inhibitor,
one non-nucleoside reverse transcriptase inhibitor or Abacavir.
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copies/mL did not shown any signs of a failing effect (Fig. 5a and 5b),
nor did the clinical score (i.e. the short-term risk of clinical progres-
sion remained unchanged) with longer time on HAART (EuroSIDA
—unpublished data) [ Lundgren et al., 2002]. It was interesting to see
that in spite of only 55-65% of the patients who started HAART ex-
perienced virological suppression at a given time point, the 5th per-
centile of the CD4 cell count did not decrease over time, thus sug-
gesting a lag time of more than 4 years between lack of virological
suppression and immunological failure (Fig. 5b).

Large numbers of patients have now been exposed to many anti-
retroviral drugs from all classes, and the proportion of patients fol-
lowed within EuroSIDA who received a regimen of at least 5 drugs
increased from 1% in 1996 to 10% in 2001. The median number of
antiretroviral drugs a patient had ever been exposed for increased
from 2 (range: 0-6) in January 1996 to 6 (0-16) in January 2001, and
the proportion of patients exposed to 10 drugs or more increased
from 0% to 9% in the same period (EuroSIDA, unpublished data)
[Mocroft et al., 2001a; Mocroft et al., 2002b]. This may reflect drug re-
sistance, tolerability or simply changed fashion of treatment. The im-
plications of this extensive exposure for development of drug resist-

—p—

ance are essentially unknown, though there are some indications
from studies reporting a higher risk of virological rebound among
patients who have been exposed to NRTIs before starting HAART
compared with patients being treatment naive at time of starting
HAART. Further, a recent study reported an increasing risk of vir-
ological rebound with longer duration of NRTI experience before
initiation of HAART |[Ledergerber et al., 1999b; Paredes et al., 2000;
Phillips et al., 2002].

As of 2002, it is not yet possible to assess the durability of HAART
on a population level. It is important to underline that the right side
of Fig. 4 is a worst-case scenario. New antiretroviral drugs, within the
existing drug classes as well as drugs targeting other steps of the HIV
life cycle (e.g. fusion inhibitors, intergrase inhibitors), and immune
stimulating drugs, for example Interleukin-2, may influence the
model considerably.

Therefore, long-term monitoring of large patient populations is
required for early detection of changes in the clinical prognosis for
HIV-infected patients receiving HAART, and for better understand-
ing the relations between development of resistance, loss of virolo-
gical, immunological and clinical response. In particular, the relation
between drug resistance and clinical outcome has not yet been docu-
mented sufficiently.

LONG-TERM TOXICITY OF HAART

As experience with HAART has grown, a range of long-term, late-on-
set side effects, potentially affecting the long-term treatment of HIV-
infected patients and their prognosis have been documented. These
include lipodystrophy, hyperlactataemia, osteopenia, diabetes melli-
tus, dyslipidimia and potential risk of cardiovascular disease [ Carr et
al., 1998b; Carr et al., 1999; Stephens et al., 1999; Gerard et al., 2000,
Carr and Cooper, 20005 Fellay et al., 2001; Friis-Moller et al., 2003].

Though still debated, mitochondrial toxicity, induced by use of
NRTIs, has been proposed as a common pathogenesis for several of
the side effects [ Brinkman et al., 1998; Brinkman et al., 1999].

Lipodystrophy or fat abnormalities — loss of peripheral sub-
cutaneous fat located to arms, legs, buttocks, and buccal region —
and/or central fat accumulation — breast hypertrophy, increased in-
tra-abdominal fat and buffalo hump — is associated with use of ART.
In particular, fat loss has over the last 3-4 years been associated with
use of Stavudine in several observational studies, and this relation
was recently further supported by results from a RCT [Carr et al.,
1998b; Saint-Marc et al., 1999; Carr, 2000b; Saves et al., 2002; Dube et
al., 2002; Worm et al., 2002].

Approximately, half of the patients on HAART have developed
symptoms or signs of fat abnormalities, depending on the diagnostic
criteria used, the patient population studied and the follow-up
period available [Carr et al., 1998b; Carr et al., 1999; Martinez et al.,
2001; Worm et al., 2002]. So far, no curative therapy for the fat ab-
normalities has been identified, and the reversibility, being tested in
RCTs, is still debated and if at all, occurs slowly [ Martinez et al., 1999;
Carr and Cooper, 2000; Ruiz et al., 2001; Carr et al., 2002].

For future analyses it is important to use uniform objective diag-
nostic criteria for the lipodystrophy syndrome. Such criteria are cur-
rently being developed [ Carr et al., 2003].

Of even greater concern is the potential impact of dyslipidaemia,
insulin resistance and the clinical fat abnormalities on the risk of car-
diovascular disease. This postulated association is currently being
analysed in a large multi-cohort collaboration, the DAD study, fol-
lowing more than 23,000 patients [ Vittecoq et al., 1998; Friis-Moller
etal., 2003].

It is worth emphasising that the prevalence and incidence of these
severe and potentially life-threatening side effects should be evalu-
ated in the light of the pronounced declines in mortality and mor-
bidity antiretroviral regimens have resulted in. Of note, these side ef-
fects have all been reported in observational studies, whereas RCTs
powered to analyse the beneficial effect of HAART due to their lim-
ited patient sample and length of follow-up have been of limited
value.
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CONCLUSION

The introduction of HAART has led to a marked reduction in mor-
tality and morbidity among HIV-infected patients, initially docu-
mented in RCTs and later substantiated in large observational studies
with long-term follow-up. The latter have also provided data on
changes in incidences of individual ADEs as well as survival there-
after and identified predictive factors for clinical progression in gen-
eral and for individual ADEs. Further, the durability of the effect of
HAART is being monitored in the same observational studies, and
on a population level the immunological and clinical effects appear
to last at least 5-6 years.

In the coming years there are important tasks for both RCTs and
observational studies; the former to evaluate causal relations, for ex-
ample between identified side effects and specific drugs or regimens,
and the latter to monitor durability of HAART, as well as to analyse
the influence of drug resistance, and not least to detect new and
emerging side effects.

THE CLINICAL EFFECTIVENESS OF

THE HAART-INDUCED IMMUNE RESTORATION

Before the introduction of HAART, chemoprophylaxis against com-
mon OIs was recommended for patients with severe immune defi-
ciency in terms of CD4 cell counts below threshold levels at which
the risk of OlIs was considered sufficiently high to warrant usage of
prophylactic medication. It was plausible to extend these recommen-
dations and threshold levels for usage of chemoprophylaxis to pa-
tients who started HAART, though patients on HAART generally are
at lower risk of clinical progression and specific OIs compared with
patients not receiving HAART at a similar CD4 cell level [ Phair et al.,
1990; Kaplan et al., 1998; Mocroft et al., 1998b; Kirk et al., 2000;
Mocroft et al., 2000b; Kirk et al., 2001c; Miller et al., 2002; Kaplan et
al., 2002b].

However, for the majority of patients, HAART has led to immune
reconstitution as determined by increasing numbers of memory and
later also naive CD4 cells, improved CD4 cell proliferation against
specific antigens such as CMV antigen and tuberculin, and resolving
OlIs for which no specific treatment was available [Autran et al., 1997;
Murphy et al., 1997; Li et al., 1998; Benfield et al., 1998; Carr et al.,
1998a].

It was therefore questioned whether the predictive value of the
CD4 cell level for the relative risk of developing ADEs was similar
among patients on HAART relative to those not on HAART. That is,
whether chemoprophylaxis against OIs could be interrupted after
CD4 cell counts had increased to above the threshold levels prompt-
ing initiation of similar medication among patients with declining
CD4 cell counts during the natural history of HIV; thereby basing the
indication for continuation of chemoprophylaxis on the latest CD4
cell count rather than the nadir. In this respect, it should be noted
that also in the pre-HAART era some patients (although few) did de-
velop OIs at CD4 levels above those used as thresholds for when to
start chemoprophylaxis [ Phair et al., 1990; Mocroft et al., 1998b].

Though this should ideally be addressed in RCTs, preliminary re-
ports indicated a low incidence of OIs following interruption of PP
(i.e. prevention of initial events of Ols) as well as secondary prophy-
laxis or MT (i.e. prevention of recurrence of OIs), and therefore only
large RCTs with a substantial follow-up time would be able to defin-
itively address this question. A randomised superiority trial address-
ing the safety of interrupting a specific type of PP or MT against an
OI should probably include at least 300-1500 patients, based on as-
sumptions of event/relapse rates of 0-1% among patients on chemo-
prophylaxis and 3-5% among those without chemoprophylaxis, a
statistical power of 80% and a significance level of 5% [ Trikalinos
and loannidis, 2001; Kirk et al., 2002b].

In the absence of conclusive results from RCTs, data from Euro-
pean cohort studies of patients interrupting PP for PCP and also
cerebral toxoplasmosis provided compelling evidence that this type
of PP could be safely interrupted after sustained CD4 increases to
above 200 cells/mm?3 [Schneider et al., 1999; Weverling et al., 1999;
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Furrer et al., 1999; Kirk et al., 1999b; Furrer et al., 2000a]. Subse-
quently, these results were confirmed in two sufficiently powered
RCTs, and in a recent metaanalysis of the studies published so far,
the incidence of PCP after interruption of PP against PCP was as low
as 0.24 (95%-CI: 0.10-0.49) events/100 PYF [Mussini et al., 2000;
Lopez Bernaldo de Quiros JC et al., 2001; Trikalinos and Ioannidis,
2001].

For another common opportunistic pathogen, MAC, two large
RCTs as well as an observational study documented that also for this
pathogen it was safe to interrupt PP after CD4 cell count increased
[Currier et al., 20005 El Sadr et al., 2000; Furrer et al., 2000b].

Extrapolation of the results on PP to MT was not straightforward.
Patients with a history of an OT had sufficient degrees of impairment
of their immune system to allow the OI to develop, as more than half
of the patients in the pre-HAART era experienced a relapse within 6-
12 months after stopping specific treatment for the OI if MT was not
provided. Patients interrupting MT against a specific OI were thus at
a substantially higher risk of experiencing a relapse of the OI com-
pared with patients who interrupted PP against the same OI [ Haver-
kos, 1987; Jacobson et al., 1988; Bozzette et al., 1991; Montaner et al.,
1991; Jacobson et al., 1993; Katlama et al., 1996; Mocroft et al., 1998b;
Kaplan et al., 2002b].

A collaboration of 8 large European cohorts found no relapses of
PCP within 374 PYF after MT against PCP was interrupted after
HAART had led to an increase of the CD4 count to above 200
cells/uL, and thereby provided strong evidence on the safety of the
interruption of this type of MT [Ledergerber et al., 2001]. This find-
ing was supported by a RCT, in which 60 patients interrupted MT
against PCP, though this trial was not of a sufficient size to base rec-
ommendations on [Lopez Bernaldo de Quiros JC et al., 2001]. Accu-
mulating all published series of interruption of MT against PCP, 1 re-
lapse has been reported in 501 PYF, resulting in an incidence of 0.20
(0.01-1.11) relapse of PCP/100 PYF [ Trikalinos and Ioannidis, 2001].

The strategy of safe interruption of MT against other common OlIs
— CMV end organ disease, disseminated MAC infection, cerebral in-
fection with Toxoplasma gondii, and extrapulmonary Cryptococcus
neoformans — has been reported on in patient series of varying sizes
and inclusion criteria, though based on substantially lower number
of patients and PYF than for PCP [ Whitcup et al., 1997; Aberg et al.,
1998; Whitcup et al., 1999; Kirk et al., 1999b; Jouan et al., 2001; Zeller
et al., 2002; Shafran et al., 2002].

A recent European multi-cohort study was by far the largest of
these studies and in addition had the strength of analysing four
common Ols, and the consistent overall findings could thereby pro-
vide support to the experience with OIs with the previously reported
shortest follow-up after interruption of MT, such as toxoplasmosis
and cryptococcosis. A total of 358 patients on HAART interrupted
MT at a CD4 count above 50 cells/mm?, and 5 relapses were diag-
nosed within 781 PYF, yielding relapse incidences with upper limit of
the 95%-CI below 5-6 relapses/100 PYE. These incidences were very
low compared with relapse rates in the pre-HAART era, and the risk
of a recurrence was well out-weighed by costs, and side effects of the
existing drugs used for MT [Kaplan et al., 2002a; Kirk et al., 2002b].

In addition, the incidence of bacterial infections, in particular bac-
terial pneumonia, was low among patients who interrupted chemo-
prophylaxis, and therefore was not a argument for continuing pro-
phylactic regimens with antibacterial effect [ Weverling et al., 1999; El
Sadr et al., 2000; Ledergerber et al., 2001; Koletar et al., 2001].

Of note, recurrences of Ols often occur shortly after interrupting
MT, and some patients experience several recurrences, suggesting
that these patients may also have had some specific immune defi-
ciencies despite experiencing CD4 cell increases [ Murray et al., 2001;
Johnson et al., 2001; Kirk et al., 2002b]. Such deficiencies have now
been reported, as have methods for identifying high risk patients for
experiencing recurrent CMV end organ disease before it is decided to
interrupt the MT by assessing the CMV-specific CD4 cell frequency,
though not yet available for broader clinical practice [ Komanduri et
al., 2001; Piccinini et al., 2001].
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One caveat for all the studies reported, including the RCTs, is that
information on those who do not interrupt chemoprophylaxis are
generally lacking, and the participating patients may not be repre-
sentative of all patients who experience HAART-induced CD4 cell
increases. In particular, the median CD4 cell count at discontinuing
chemoprophylaxis was for most studies far above the threshold of
200 CD4 cells/mm? [Kaplan et al., 2002a]. The cohort studies have,
however, due to their design the possibility of analysing differences
between patients who remain on and interrupt M T, and future stud-
ies should further elucidate this question [ Yust et al., 2001]. Future
analyses should also include a more refined evaluation of the level of
CD4 count at which it is safe to interrupt chemoprophylaxis for pa-
tients with increasing CD4 count and when to restart chemoprophy-
laxis when the CD4 cell count starts to decline again. Until further in-
formation becomes available, it seems reasonable to restart at the
same criteria as for starting it initially [ Kaplan et al., 2002a; Kaplan et
al,, 2002b].

Presently, patients with detectable HIV-RNA do not seem to be at
a substantially higher risk of an OI after discontinuation of chemo-
prophylaxis compared with patients with a similar CD4 cell count
and undetectable HIV-RNA, though the numbers of patients with
detectable HIV-RNA have been relatively limited [Schneider et al.,
1999; Weverling et al., 1999; Kirk et al., 1999b; Currier et al., 2000; EI
Sadr et al., 2000; Furrer et al., 2001; Kirk et al., 2002b]. Consistent
with this, the CD4 cell count seems to be a much better marker of
risk of clinical disease than viral load [Sterling et al., 2001; Lundgren
et al., 2002].

Most patients in the published series of chemoprophylaxis have
been treated with PI-based HAART regimens, which have be re-
ported to have in vitro activity against Pneumocystis carinii, and it re-
mains to be determined whether NNRTI-based or entirely NRTI-
based HAART regimens provide a similar degree of protection, al-
though this is likely the case [Atzori et al., 2000].

Finally, extrapolation to interruption of chemoprophylaxis against
other less common OlIs such as Histoplasma capsulatum, Coccidioides
immitis, and Salmonella species seems sensible, though documenta-
tion is less clear. The much lower incidences of these OIs makes it,
however, difficult to monitor increases or decreases in incidence
[Kaplan et al., 2002b].

CONCLUSION
Based on results from RCTs and especially observational studies
there is now sufficient evidence to conclude that it is safe to discon-
tinue PP and MT for the most common OIs in HIV-patients after
sustained HAART-induced CD4 cell increases [Kaplan et al., 2002b].
Items to be addressed include refining thresholds for when to in-
terrupt and restart chemoprophylaxis for patients with increasing
and decreasing CD4 cell count, the influence of continuous HIV-
replication and of specific components of the HAART regimens, as
well as the long-term monitoring. These topics must be addressed in
large populations due to the very low number of events after discon-
tinuation of chemoprophylaxis.

COMPARISON OF DIFFERENT HAART REGIMENS
RCTs
Generally, the effect of HAART regimens have been documented in
RCTs comparing a regimen of two NRTIs with and without the new
component, being a PI or NNRTI [ Collier et al., 1996; D’Aquila et al.,
1996; Hammer et al., 1997; Montaner et al., 1998; Cameron et al.,
1998; Stellbrink et al., 2000; Saag et al., 2001; Gartland, 2001]. Only
few RCTs comparing various HAART regimens head-to-head have
been conducted. This is unfortunate since optimising the treatment
remains of immense importance as a large proportion of patients do
not experience fully suppressed viral replication [Fatkenheuer et al.,
1997; Ledergerber et al., 1999b; Paredes et al., 2000] (Fig. 5b).

The Danish PI study was one of the first of these studies and com-
pared regimens of either Indinavir 800 mg TID, Ritonavir 600 mg
BID or Ritonavir 400 mg BID plus Saquinavir hard gel 400 mg BID,

—p—

% with HIV-RNA
below level of
quantification

100+

P=0.07 {
801 { P<0.001
P=0.05 {{

P<0.001

oy

60
40+
20
0
HIV-RNA
(copies/mL): <20 <200 <20 <200 <20 <200
All patients Drug naive Drug experienced
(n=269) (n=109) (n=160)

[J 2 NRTIs + Indinavir
[J 2 NRTIs + Ritonavir
[ 2 NRTIs + Ritonavir/Saquinavir

Fig. 6. Proportion of patients with HIV-RNA <20 copies/mL and <200
copies/mL after 24 weeks in a randomised trial of Indinavir 800 mg TID, Ri-
tonavir 600 mg BID and Ritonavir 400 mg BID/Saquinavir hard gel 400 mg
BID, all in combination with 2 nucleoside reverse transcriptase inhibitors
(NRTIs). Intention-to-treat analyses of 269 patients with data up to 24
weeks. Data after premature switch from randomised therapy were in-
cluded, and missing values were categorised as failures (i.e. >20/200
copies/mL, respectively). Results originally published in article VI [Kirk et
al., 1999a).

all combined with 2 NRTTs. In the latter regimen Ritonavir inhibited
the metabolism of Saquinavir hard gel, resulting in higher plasma
concentrations of this P and thereby 2 virologically active PIs [ Merry
et al., 1997; Kirk et al., 1999a].

An analysis of the first 269 patients followed for 24 weeks sug-
gested a better short-term virological response of the regimen con-
taining Ritonavir plus Saquinavir hard gel, whereas the discontinu-
ation rate was significantly higher among patients who started a
Ritonavir only based regimen. In a pre-determined subgroup analy-
sis the virological response differed significantly across the treatment
regimens among treatment naive patients, but not among experi-
enced patients (Fig. 6) [Kirk et al., 1999a]. The primary strength of
these findings was the consistency in the findings between the vari-
ous definitions of virological response — proportion with HIV-RNA
<200 copies/mL or HIV-RNA <20 copies/mL at week 24, as well as
decrease of viral load within the first 24 weeks — but the possibility of
a type I error should not be ignored, due to a relatively limited num-
ber of patients in the analysis, in particular when analysing treatment
naive and experienced patients separately. We attempted to apply a
conservative approach to this three-armed trial by only performing
pair wise comparisons if the overall p-value was less than 0.05, al-
though the power calculations were based on a comparison of two
drugs.

In a latter analysis with more patients and longer follow-up, pa-
tients starting Ritonavir and Saquinavir hard gel still tended to have
better virological responses, though the results were no longer statis-
tically significant [Katzenstein et al., 2000].

However, as of 2002, this dual PI-regimen is no longer a first-
choice regimen, primarily due to common side effects and concern
of long-term toxicity. Instead, ‘baby-dose’ Ritonavir boosted PI-con-
taining HAART regimens have come into use: a small dosage (100
mg BID) of Ritonavir without intrinsic antiretroviral effect ensures a
stable plasma concentration of the other PI by inhibiting its metab-
olism. This results in a high virological efficacy combined with an
improved tolerability [ Anonymous, 2001b; Walmsley et al., 2002; Yeni
et al., 2002; Dragsted et al., 2003].

Other RCTs have compared the virological response after 24-48
weeks among patients starting different initial HAART regimens
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[Cohen et al., 1999; Staszewski et al., 1999; Moyle et al., 2000; Eron, Jr.
et al., 2000; Squires et al., 2000; Carr et al., 2000a; Staszewski et al.,
2001; Walmsley et al., 2002; Nunez et al., 2002]. In general, they found
few differences in short-term virological response, and several of
these studies seemed inadequately powered [Mokher et al., 1994; Alt-
man and Bland, 1995]. The notable exception from this pattern was
the superior virological effect of Efavirenz, Zidovudine and Lamivu-
dine compared with Indinavir, Zidovudine and Lamivudine in treat-
ment naive patients, although there were caveats in the design of that
trial (see ‘Design and analysis of RCTs with virological end-point’)
[Staszewski et al., 1999].

POTENTIAL ROLE OF OBSERVATIONAL STUDIES

Though being the golden standard, there are several issues inad-
equately addressed (and likely to remain unaddressed) in the RCTs of
HAART regimens: i) the longer-term response to specific HAART
regimens including clinical outcome, and ii) the lack of comparisons;
i.e. the inability to perform all theoretical comparisons of HAART
regimens, as 18 antiretroviral drugs have been licensed.

A study of 2203 mainly treatment experienced patients recently re-
ported a significantly better virological response of Efavirenz among
patients starting either of the two most frequently used NNRTIs —
Efavirenz and Nevirapine — as part of a HAART regimen [Phillips et
al., 2001a]. This finding was confirmed in other larger cohort studies,
whereas a RCT of 67 patients had insufficient power to detect clinic-
ally meaningful differences [ Matthews et al., 2002; Cozzi-Lepri et al.,
2002; Nunez et al., 2002]. Due to the observational design these re-
sults should not be considered as definitive evidence, but rather lead
to increased interest in the results of an ongoing RCT comparing ini-
tial HAART regimens containing Efavirenz and Nevirapine to be re-
ported in 2003 [van Leeuwen and The 2NN Study Group, 2002].

Another example of the role of observational studies is that in the
absence of RCTs evaluating Saquinavir hard gel relative to other PI-
containing HAART regimens, several cohort studies have reported
an inferior virological effect of Saquinavir containing HAART regi-
mens (mono PI-regimens), which is biologically plausible due to the
low bioavailability of Saquinavir hard gel [ Merry et al., 1997; Jensen-
Fangel et al., 1999; Ledergerber et al., 1999b; Paredes et al., 2000;
Grabar et al., 2000b]. In extension of these findings, a significantly
higher risk of clinical progression was documented among patients
starting a Saquinavir hard gel-based HAART regimen; being consis-
tent with and in the same direction as inferior virological and im-
munological responses in this group compared with those starting
regimens based on Indinavir or Ritonavir [Kirk et al., 2001b]. The
consequences beyond the first few years of starting a virologically
sub-optimal regimen including the development of resistance and
the influence thereof remain to be evaluated.

Interpretation of drug comparisons within observational studies
should be done with caution, as several biases may influence the re-
sults. In an often-referenced paper, consistent results on the relative
difference in clinical outcome among patients who initiated one or
two NRTTs were very similar in three large observational studies and
in three large RCTs. This suggests that comparisons of treatment
regimens under certain circumstances can be performed within ob-
servational studies in the field of HIV where risk factors for clinical
outcome are fairly well established, allowing for adjustment to elim-
inate or at least reduce some of the biases inherent to observational
studies [ Phillips et al., 1999].

Other HIV- and non-HIV-related studies have compared the as-
sessment of treatment effect in observational and randomised
studies without pronounced inconsistencies between the two ap-
proaches, though some variability has been reported between RCTs
and observational studies, as is also the case for the RCTs and obser-
vational studies internally. Though the statistical methods and the
quality of the design and data collection within observational studies
have improved, there are still concerns of the biases in the latter, in
particular the inherent selection bias or ‘confounding by indication’
(i.e. patients are not randomly allocated to a treatment regimen)
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[Kunz and Oxman, 1998; McKee et al., 1999; Pocock and Elbourne,
2000; Concato et al., 2000; Benson and Hartz, 2000; Barton, 2000;
Toannidis et al., 2001b; Dunn et al., 2002].

In general, for treatment comparisons within observational
studies, the more pronounced difference, the larger number of pa-
tients, the more homogenous patient populations in the different
treatment arms to be compared, and the more robust/stable the find-
ings are in sensitivity analyses, the more likely is the finding to hold
true, especially if independently confirmed in other cohorts [ Phillips
et al., 1999; Pocock and Elbourne, 2000; Barton, 2000; Sabin and
Phillips, 2001a; Sabin and Phillips, 2001b].

Observational analyses should not replace results from RCTs or re-
duce the willingness to perform RCT; the two types of study should
rather complement each other. First of all, observational data is use-
ful for evaluating the generalisability of the results obtained in RCTs
with extensive exclusion criteria to a broader spectrum of patients in
clinical practice. Further, results from observational studies should
serve as encouragement to perform RCTs and potential sources of
identifying drugs to compare in future RCTs, sources of knowledge
in cases where RCTs for ethical or practical reasons are not feasible,
and sources for long-term clinical data for drugs originally tested in
short-term virological RCTs [ Black, 1996; Pocock and Elbourne, 2000;
Barton, 2000; Ioannidis et al., 2001a].

CONCLUSION

Few comparative RCTs of HAART regimens have been performed,
and the recommendations on first-choice initial HAART regimens
are generally based on relatively short-term virological results from
randomised settings, on toxicity data as well as considerations of fu-
ture treatment options [Anonymous, 2001b; Yeni et al., 2002].

More comparisons and trials with longer follow-up including
clinical outcome are warranted to facilitate the choice of optimal
components of the (initial) HAART regimen and treatment strategy.
RCTs remain the golden standard for evaluating treatment regimens,
and should be performed whenever possible, but observational
studies may in several situations be able to provide important infor-
mation, especially if confirmed in several independent cohorts.

DESIGN AND ANALYSIS OF RCTS

WITH VIROLOGICAL END-POINT

Whereas clinical outcome was the primary outcome in early RCTs,
the regulatory authorities such as the Food and Drug Administra-
tion, FDA, in USA and the European Medical Evaluation Agency,
EMEA, in Europe currently approve new drugs based on virological
data of 24 weeks of follow-up (accelerated approval) or 48 weeks
(standard approval), due to the low number of clinical events
[Anonymous, 2002]. This procedure allows for a quick access to new
therapy of benefit for the present patients, but as a consequence data
on long-term follow-up including clinical outcome are not available
[Anonymous, 2001b; Yeni et al., 2002].

In these RCTs with virological response as primary end-point it
has become widely accepted to categorise switches from randomised
therapy (i.e. discontinuation of randomised therapy and likely initi-
ation of another HAART regimen) as virological failures together
with patients who do not obtain a HIV-RNA below a specified level
of quantification, ITT/s=f. In addition, patients who die, are lost to
follow-up, or do not have any HIV-RNA measurement at a given
time point, are also categorised as virological failures. The reasoning
for this approach is a wish to assess the effectiveness of a treatment
regimen by combining the virological and safety responses. Con-
trasting the ITT/s=fapproach, a true intention-to-treat analysis re-
quires continuous follow-up on all patients whether on or off ran-
domised therapy, ITT/s incl, and the virological response is assessed
based on the actual HIV-RNA measurement regardless of premature
switch from randomised therapy [Anonymous, 1999; Kirk et al.,
2002a.

Many RCTs including most recent pivotal trials discontinue fol-
low-up permanently at switch from randomised therapy, thereby
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Fig. 7. The difference in the treatment response after 48 weeks of HAART
using two different analytic approaches, with (ITT/s incl) and without data
(ITT/s=f) after switch from randomised therapy, according to switch rate of
the randomised therapy. Figure originally published in article VIII [Kirk et
al., 2002a].

Data was derived from: 1) the Danish protease inhibitor study (A) [Kirk et
al., 2002a], 2) the OzCombo1 study () [Carr et al., 2000a], and 3) Euro-
SIDA (¢, using a definition of treatment response of pVL<500 copies/mL.
Switch of treatment was defined as switch of the protease inhibitor or
non-nucleoside reverse transcriptase inhibitor component in a HAART
regimen).

Abbreviations: D4T: Stavudine, DDI: Didanosine, EFV: Efavirenz, IDV: Indi-
navir, NFV: Nelfinavir, NVP: Nevirapine, RTV: Ritonavir, SQH: Saquinavir
hard gel, and ZDV: Zidovudine. HAART: highly active antiretroviral therapy
consisting of 2 nucleoside reverse transcriptase inhibitors and 1-2 protease
inhibitor(s) or 1 non-nucleoside reverse transcriptase inhibitor.

limiting the possibilities of performing complementary analyses
[Staszewski et al., 1999; Gilbert et al., 2001; Staszewski et al., 2001].

As one of few trials, the Danish PI Study continued to follow pa-
tients after premature switch from randomised therapy, and it was
interesting to note that the choice of analysis, ITT/s=for ITT/s incl
did matter; the result of a regimen-to-regimen comparison was sig-
nificant in one and not significant in the other analysis for two of the
three regimen-to-regimen comparisons in this study [Katzenstein et
al., 20005 Kirk et al., 2002a].

Based on data from two RCTs with complete follow-up and as well
as observational data from EuroSIDA, the difference between the two
analytic approaches has been shown — as expected — to increase with
increasing switch rate, and the response to a second-line regimen at
week 48 varies across the regimens used (Fig. 7). Therefore, the ITT/s=f
approach neglects that a given drug or regimen may have impact on
the virological response and the risk of toxicity after the patient has
switched to other therapy. For example, among patients randomised to
initiate Ritonavir in the Danish Protease Inhibitor Study, 55%
switched from randomised therapy within 48 weeks, and 29% and
48% had a HIV-RNA below level of quantification after 48 weeks ac-
cording to the ITT/s=fand ITT/s incl, respectively [Kirk et al., 2002a].

As the focus of RCT has changed towards an evaluation of treat-
ment strategies rather than effect of specific regimen, follow-up data
after premature switch from therapy is of increasing importance, and
several ongoing studies have specified sequential regimens after each
of the randomised regimens in the protocol, and continue to follow
patients after premature interruption of randomised therapy to as-
sess the long-term efficacy. Results from such studies on treatment
strategies rather than specific regimens will be more generalisable to
the handling of patients in clinical practice [Smeaton et al., 2001;
MacArthur et al., 2001; Anonymous, 2001a; Emery et al., 2002; Kirk et
al., 2002a].

SWITCH OF COMPONENTS OF HAART

In analyses based on the ITT/s=fapproach, the virological response
rate is closely linked to the switch rate. More than one fourth of pa-
tients starting a first HAART regimen switched components of their
HAART regimen within the first year in a randomised as well as an
observational setting with large variations according to the drugs
used [Kirk et al., 1999a; d’Arminio et al., 2000; Kirk et al., 2001a; Kirk
et al., 2001b; Mocroft et al., 2001b; Kirk et al., 2002a].
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Fig. 8. Development of treatment-limiting adverse drug reactions accord-
ing to patient’s body weight among 505 patients starting their first HAART
regimen in a Danish observational study. Multivariable Cox models com-
paring the risk of switch from the original protease inhibitor component(s)
of their initial HAART regimen (with 95% confidence intervals) among pa-
tients with the lowest body weight (20%) relative to each of the four
other weight groups. Figure originally published in article IX [Kirk et al.,
2001a]. HAART: highly active antiretroviral therapy consisting of 2 nucleo-
side reverse transcriptase inhibitors and 1-2 protease inhibitor(s).

Interestingly, the most common reason for switching from com-
ponents of HAART regimens were side effects, predominantly of gas-
trointestinal or neurological nature, though with pronounced differ-
ences according to the HAART regimen used. In contrast, virological
failure was only considered to be the principal reason for switch from
initial HAART therapy in few patients [d’Arminio et al., 2000; Kirk et
al., 2001a; Kirk et al., 2002a].

In general, patients who initiated a Ritonavir-containing regimen
were at highest risk of treatment discontinuation within the first 12
months of HAART [Kirk et al., 1999a; d’Arminio et al., 2000; Bonfanti
et al., 2000; Kirk et al., 2001a; Kirk et al., 2001b]. Other predictive fac-
tors for switches of a HAART regimen varied across studies, depend-
ing on the patient populations studied, whether the analysis focused
on discontinuation of one specific component or any component of
the HAART regimen, and whether the analysis included all switches
or those related to toxicity. The risk factors seemed relatively similar
in randomised and observational settings [d’Arminio et al., 2000;
Kirk et al., 2001a; Mocroft et al., 2001b].

Predictive factors for treatment switch in general were previous
usage of ART before starting HAART, type of HAART regimen initi-
ated, body weight or gender; the later primarily explained by differ-
ences in body weight [ Lucas et al., 1999; Ferrer et al., 1999; Kirk et al.,
2001a]. Further, the risk of treatment-limiting side effects of PI ther-
apy increased with decreasing body weight, thus suggesting the need
of individualisation of dosages of antiretroviral drugs according to
body weight and the potential use of therapeutic drug monitoring
for safety reasons in clinical practice (Fig. 8) [Gatti et al., 1999; Kirk
et al.,, 2001a].

High HIV-RNA and to some extent also low CD4 cell count
seemed to be associated with a higher risk of switch, though low
HIV-RNA was associated with a higher risk of switch among patients
participating in a RCT [Kirk et al., 2001a]. The latter probably reflects
that patients followed in this RCT who were at low risk of clinical
progression were less likely to accept side effects or dietary restric-
tions due to the regimen initiated, as was also the case with increas-
ing calendar time [d’Arminio et al., 2000; Kirk et al., 2001a; Mocroft et
al,, 2001b].

CONCLUSION
Most RCTs do not routinely follow patients after premature switch of
the randomised therapy, and this compromises the possibilities of
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several additional approaches. Emphasising the relevance of con-
tinuous follow-up, such treatment switches are predominantly due
to side effects, whereas virological failure is only seen in few patients.
Predictive factors for switch of therapy have been identified.

Future studies should ensure that patients remain under follow-
up in RCTs even after premature switch from first-line randomised
therapy and subsequent treatment options should be specified in the
study protocols, as this is important for analysis of virological effect
and assessment of long-term consequences of the treatment to be
evaluated in the trial.

GENERAL CONCLUSIONS AND PERSPECTIVES

In summary, the introduction of antiretroviral combination therapy
in the western world has been associated with marked improvements
in the clinical prognosis for HIV-infected patients in terms of de-
creased mortality, morbidity and need of chemoprophylaxis for op-
portunistic pathogens. However, many unsolved questions remain
with respect to HIV-therapy — in terms of developing new antiretro-
viral drugs and ideally a vaccine, but also in terms of optimal usage
of the therapy already available for the clinical handling of HIV-in-
fected patients. These questions include when to initiate ART, choice
of optimal treatment regimen, how to treat (role of immune stimu-
lating drugs, structured treatment interruptions and therapeutic
drug monitoring as well as risk of toxicity), when to switch therapy
(components of salvage therapy, role of resistance testing and identi-
fication of patients at high risk of clinical progression), and when to
interrupt and restart chemoprophylaxis for OIs.

The present series of studies document that observational studies
have been an important supplement to RCTs in studying the effects
of HAART among HIV-infected patients [Kirk et al., 1998; Kirk et al.,
1999a; Kirk et al., 1999b; Kirk et al., 2000; Kirk et al., 2001a; Kirk et al.,
2001b; Kirk et al., 2001¢; Kirk et al., 2002a; Kirk et al., 2002b]. Clearly,
RCTs are the golden standard and should be performed whenever
possible [Pocock and Elbourne, 2000; Barton, 2000]. However, there
are a number of the issues mentioned above, which RCTs cannot
readily address for practical or ethical reasons. In this situation, ob-
servational studies may provide useful information as an important
supplement to expert opinions. Several of the publications involving
the EuroSIDA study has led to revisions of public health guidelines
in USA and Europe [ Weverling et al., 1999; Ledergerber et al., 2001;
Phillips et al., 2001b; Anonymous, 2001b; Yeni et al., 2002; Egger et al.,
2002; Kaplan et al., 2002b].

Observational studies play an important role in the continuous
evaluation and assessment of the longer-term effect of HAART, i.e.
the durability of HAART, identification of patients at high risk of de-
veloping a specific ADE or dying, monitoring of changes in inci-
dences of individual ADEs and thereby in the pattern of ADEs, as
well as detection of new emergent HIV-related diseases. Longer-term
side effects are also poorly elucidated and require continuous follow-
up in large-scale studies, as antiretroviral drugs are being approved
in a relatively fast manner based on short-term RCTs with virological
rather than clinical end-points [Anonymous, 2001b; Anonymous,
2002].

It remains important to assess the treatment response in clinical
practice, outside the often idealised setting of a RCT including se-
lected groups of patients and being performed at selected clinics; i.e.
how do results from RCTs translate into daily clinical practice among
patient populations commonly not included in RCTs, such as intra-
venous drug users and patients co-infected with hepatitis B or C.
Ideally, RCTs should include these subgroups.

With respect to comparisons of specific HAART regimens, the role
of observational studies is debated, and results of drug comparisons
in cohort studies should be interpreted with caution. Ideally, findings
in observational studies should be tested in RCTs and the observa-
tional studies may thus help to identify objectives for future RCTs,
though the feasibility of such trials will naturally depend on the size
of the effect observed in the observational studies [loannidis et al.,
2001a]. Observational studies may still provide important informa-
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tion on relative effect of different HAART regimens not readily avail-
able from RCTs, in particular on long-term effect.

To conclude, there are several areas where observational studies in
the coming years can provide essential information, which may never
be available from RCTs. Standardised data collection, data monitor-
ing, and standardised analyses can all help to improve the quality of
an observational study and provide more reliable results. Regardless
of the nature of the study, well designed studies will better address
unsolved questions, and it could be argued that large well-designed
high-quality observational studies may provide more reliable infor-
mation than small, sub-optimally designed randomised studies of
selected patient populations [Feinstein, 1984]. Further, even large-
scale observational studies may for some analyses not be large
enough. For this reason and due to the importance of the repro-
ducibility of findings in other settings, collaboration between the ex-
isting and the many new HIV cohorts is essential for the scientific
outcome of these studies in the coming years.

ENGLISH SUMMARY

The thesis includes nine previously published articles and a review of
the literature. This work was carried out in the period 1997-2002
while I was employed at Hvidovre University Hospital in Copen-
hagen, initially at Department of Infectious Diseases, and later at
Copenhagen HIV Programme (CHIP).

The aim of this series of studies was to analyse the effects of potent
antiretroviral combination therapy among HIV-infected patients
and to discuss to which extent results obtained from observational
studies can supplement randomised controlled trials.

Since the introduction of highly active antiretroviral therapy,
HAART, in Europe, the mortality and incidences of all AIDS defining
events have decreased substantially, and the decrease was most pro-
nounced for AIDS defining events diagnosed at severe immune sup-
pression, as for example infection with Mycobacterium avium com-
plex compared with Mycobacterium tuberculosis, which is diagnosed
over a broader spectrum of immune deficiency. In contrast to what
had been feared, the risk of non-Hodgkin lymphoma also decreased
with longer time on HAART, though more slowly than most other
AIDS defining diseases. Patients, with sub-optimal CD4 and HIV-
RNA responses to HAART, were at highest risk of NHL.

In the absence of data from randomised trials, observational data
from European cohorts including a Danish study has documented
that it is safe to interrupt primary prophylaxis and maintenance ther-
apy against most common opportunistic infections after HAART-in-
duced CD4 lymphocyte increases.

Few randomised trials have compared the virological effect of dif-
ferent HAART regimens: a Danish trial suggested a better short-term
virological effect of regimens based on Ritonavir/Saquinavir hard gel
compared with regimens containing either Indinavir or Ritonavir,
whereas the immunological and clinical effects did not vary signifi-
cantly. In addition, we found within a large population with sub-
stantial follow-up, consistency between inferior virological and im-
munological responses and the clinical effect of HAART-regimens,
which contained Saquinavir hard gel compared with Indinavir.

Most current randomised trials of virological response to HAART
do not include virological data after premature interruption of ran-
domised therapy. Instead patients are categorised as virological fail-
ures from the time of switching therapy, though the most common
reason for the switch is side effects and the risk of switch varies
widely according to the therapy initiated and the patient population.
Based on results from both observational and randomised settings, it
was demonstrated that such analyses might lead to an imprecise and
incomplete assessment of the treatment response whereas complete
follow-up allows for several analytic approaches.

To conclude, the introduction of antiretroviral combination ther-
apy has been associated with marked improvements in the clinical
prognosis for HIV-infected patients in Europe. Observational studies
have proven an essential supplement to randomised trials in the
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analyses of the effects of HAART, and will be ideally placed to address
future important questions, which otherwise might not be addressed
sufficiently.

DANISH SUMMARY

Nearverende athandling omfatter ni tidligere publicerede artikler og
en sammenfattende redegorelse og er baseret pa arbejde udfert i
perioden 1997-2002, mens jeg var ansat pd Hvidovre Hospital, forst
pé Infektionsmedicinsk afdeling, siden ved Copenhagen HIV Pro-
gramme (CHIP).

Formélet med denne serie af studier var at analysere effekten af
potent antiretroviral kombinationsbehandling (highly active anti-
retroviral therapy, HAART) blandt HIV-inficerede patienter og at
diskutere i hvilket omfang resultater fra observationsstudier kunne
supplere resultater fra randomiserede kontrollerede studier.

Siden introduktionen af HAART i Europa, er mortaliteten og inci-
densen af alle AIDS-definerende sygdomme faldet betydeligt. £An-
dringerne var mest udtalte for AIDS-definerende sygdomme diag-
nosticeret ved sveer immunsuppression, som for eksempel infektion
med Mycobacterium avium complex, mens faldet var mindre udtalt
for sygdomme, som for eksempel infektion med Mycobacterium
tuberculosis, der ses over et bredere spektrum af immunsuppression.
I modsetning til hvad man havde frygtet, faldt risikoen for non-
Hodgkin lymfom ogsa med langere tids behandling med HAART,
selv om @ndringer skete langsommere end for de fleste andre AIDS-
definerende sygdomme. Patienter med suboptimale @ndringer i
CD4 lymfocytter og HIV-RNA efter start af HAART havde den he-
jeste risiko for efterfolgende at udvikle non-Hodgkin lymfom.

1 fraveret af data fra randomiserede studier, dokumenterede
observationelle data fra europaiske kohorter inkluderet et dansk
studie, at primer profylakse og vedligeholdelsesbehandling for de
mest almindelige opportunistiske infektioner kan seponeres efter
HAART-inducerede CD4 lymfocyt-stigninger.

—p—

Fa randomiserede studier har ssmmenlignet den virologiske effekt
af HAART-regimer: et dansk studie antydede en bedre virologisk ef-
fekt pa kort sigt af et regime indeholdende Ritonavir og Saquinavir
hérde kapsler sammenlignet med regimer indeholdende Indinavir
eller Ritonavir, mens der ikke kunne pévises signifikante forskelle i
immunologisk og klinisk effekt mellem de tre regimer. I en stor pop-
ulation med betydelig opfelgningstid fandtes konsistens mellem la-
vere virologisk og immunologisk effekt og klinisk effekt af HAART-
regimer der indeholdt Saquinavir harde kapsler sammenlignet med
Indinavir.

De fleste randomiserede studier af virologisk effekt af HAART i
dag omfatter ikke virologiske data efter eventuelt opher med den
randomiserede behandling. I stedet for bliver patienterne kategori-
seret som virologiske svigt fra det tidspunkt, hvor patienterne skifter
til anden behandling, selv om den mest almindelige drsag til behand-
lingsskift er bivirkninger, og risikoen for sidanne behandlingsskift
varierer meget i forhold til hvilket behandlingsregime, der blev
startet, og den undersogte patientpopulation. Baseret pé resultater
fra bade observationelle og randomiserede studier blev det vist, at
sddanne analyser med klassifikation af behandlingsskift som virolo-
gisk svigt kan fere til en upracis og inkomplet bestemmelse af
behandlingseffekten. Komplet opfelgning tillader flere analytiske
metoder.

Sammenfattende har introduktionen af antiretroviral kombina-
tionsbehandling veeret associeret med markante forbedringer i den
kliniske prognose for HIV-inficerede patienter i Europa. Observa-
tionsstudier har vist sig at veere et verdifuldt supplement til ran-
domiserede studier til at evaluere effekten af behandlingen, og disse
studier vil ogsé i fremtiden kunne adressere vigtige kliniske sporgs-
mal, som ellers ikke bliver besvaret tilfredsstillende.
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LIST OF CORRECTIONS IN THE ORIGINAL ARTICLES

II.

Page 868: table 3: the rows of highly active antiretroviral therapy
(HAART) experienced/HAART naive should be transposed. The
lowest numbers should be among HAART experienced patients.

As a result of this, the sentence on the right column of page 868, lines
9-12, should be deleted.

I11.

Abstract and page 3408, section on ‘Incidences), line 4-5: Incidence
after March 1999 should be: 0.37 (0.24-0.49) events/100 PYFE.

Page 3411: 1st column, line 28: ‘at lower risk of NHL.

IX.
Abstract, result section, line 3: ‘15.6 (saquinavir hard gel)’ should
read ‘15.6 (ritonavir/ saquinavir hard gel)”





