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CLINICAL AND EPIDEMIOLOGICAL STUDY

Impact of earlier HAART initiation on the immune status
and clinical course of treated patients on the basis of cohort data
of the German Competence Network for HIV/AIDS
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Abstract

Purpose Hitherto, studies on highly active antiretroviral
therapy (HAART) initiation have shown partly inconsistent
results. Our study investigated the clinical course and
course of immune status after HAART initiation at CD4-
cell-count/pl of treated patients between 250 and 349
(group 1), compared to 350-449 (group 2), on the basis of
the cohort of the Competence Network for HIV/AIDS
(KompNet cohort).

Methods Patients had to be HAART-naive. Medication
had to start at the earliest in 1996, being at least triple
combination therapy. The primary endpoints of death, first
AIDS-defining illness and first drop of CD4-cell-count/pl
below 200 were evaluated as censored event times between
the initiation of HAART (#y) and the date of the first event/
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date of last observation. Probabilities of event-free inter-
vals since f, were calculated by Kaplan—Meier estimation,
compared by logrank tests. The results were adjusted for
confounders using Cox regression. Additionally, inci-
dences were estimated.

Results A total of 822 patients met the inclusion criteria
(group 1: 526, group 2: 296), covering 4,133 patient years
(py) overall. In group 1, 0.64 death cases/100 py were
found, with the corresponding vale being 0.17 in group 2.
In group 1, 1.38 AIDS-defining events/100 py occurred,
whereas it was 0.78 in group 2. In group 1, 2.64 events of
first drop of CD4-cell-count/pl below 200 occurred per
100 py, compared to 0.77 in group 2. Kaplan—Meier
estimations showed borderline significant differences
regarding death (p = 0.063), no differences regarding first

M. Rausch
Clinical Centre Fuggerstrafle, Berlin, Germany

M. Hower
City Clinic, Dortmund, Germany

A. Ulmer
Clinical Centre Ulmer/Frietsch/Mueller, Stuttgart, Germany

E. Wolf
MVZ Karlsplatz, HIV Research and Clinical Centre, Munich,
Germany

G. Arendt
University Clinic, Dusseldorf, Germany



A. Plettenberg et al.

AIDS-defining illness (p = 0.148) and distinct differences
regarding the first drop of CD4-cell-count/pl below 200
(p = 0.0004).

Conclusions The results gave a strong hint for a therapy
initiation at higher CD4-cell-count/pl regarding the out-
come of death in treated patients. A distinct benefit was
shown regarding the first decline of CD4-cell-count/
pl below 200.

Keywords HIV/AIDS - Cohort study -
HAART initiation - CD4-cell-count -
Clinical course of HIV

Introduction

Despite 14 years of experience with highly active antiret-
roviral therapy (HAART) in HIV/AIDS patients, the opti-
mal time to start the treatment is still unknown. Decisions
on the start of HAART have to balance therapy benefits
regarding morbidity and mortality against therapy risks in
terms of toxicity, development of resistance and loss of
quality of life, on the basis of current medical evidence.

Only preliminary data coming from large randomised
clinical trials regarding this topic are disposable till today
[1, 2]. They suggest the CD4-cell-count as a prognostic
factor and as a decision marker for therapy commence-
ment. Following these arguments, two recent studies
showed a benefit of an earlier treatment initiation using
extensive cohort data. Kitahata et al. [3] demonstrated an
advantage in survival between patients starting HAART
immediately or deferred in the two different CD4 cell strata
of above 500 cells/ul and between 351 and 500 cells.
Sterne et al. [4] found a benefit of treatment initiation on
the basis of a CD4-cell-count/pl between 351 and 450 cells,
compared to between 251 and 350 cells, in terms of death
and developing AIDS. Additional studies gave evidence
towards an earlier treatment initiation, highlighting differ-
ent aspects of this topic [5-18].

Major guidelines for developed countries were adjusted
accounting for the described findings, but not in a consis-
tent way till today [19, 20]. However, despite all of the
study results, there is multiple discussion about the evi-
dence of surrogate markers: besides CD4-cell-count/pul at
treatment initiation as a prognostic factor, other indicators
are discussed, such as HIV-RNA, haemoglobin [21], co-
infections [22], patient-related factors and other treatment
conditions [23-28].

Hence, therapy planning proceeds as a multifactorial
process, but the timing of HAART initiation on the basis of
CD4-cell-count/pl remains of high importance, so further
data analyses of cohorts are warranted regarding that topic.

From the clinical point of view, it is not only of special
interest to compare groups of patients having a CD4-cell-
count/pl above or below a specific limit such as 200 or 350
at treatment initiation, but to analyse differences looking at
treatment initiation between patient groups being highly
frequent and relevant in daily medical routine. Therefore,
the aim of this study was to compare specific differences in
clinical outcomes between two patient groups: the first with
the start of initial therapy having a CD4-cell-count/pl
between 250 and 349 cells, and the second having a CD4-
cell-count/pl between 350 and 449 cells.

The published studies used different methodological
approaches and different primary outcomes, and the need
for additional analyses of cohort data was stated. We,
therefore, analysed the data of the patient cohort of the
German Competence Network for HIV/AIDS (KompNet
cohort) with respect to this question. Considering the
results of Ledergerber et al. [29], a special aim of our
study was to evaluate the impact of CD4-cell-count/pl at
the start of HAART initiation on the first decline of CD4-
cell-count/pl below 200 in treated patients, in addition to
the investigation of the main outcomes of death and
AIDS.

Methods

Using complementary methodological approaches, the
presented study analyses the therapy initiation data of the
patient cohort of the German Competence Network for
HIV/AIDS. It comprises a broad range of retrospective and
prospective clinical, epidemiological and sociodemo-
graphic data of more than 15,000 treated patients. This
cohort is considered as representative for the population of
treated patients in Germany; basic epidemiological, clinical
and treatment characteristics of the cohort have been
described in detail recently [30, 31].

Primary question

The primary question of the study was to compare immu-
nological and clinical outcomes of treated patients in
Germany starting initial HAART with a CD4-cell-count/pl
between 250 and 349 (group 1) versus 350 and 449 (group
2). The primary outcomes were time to death, time to
developing a first AIDS-defining event (AIDS) or time to
first drop of CD4-cell-count/pl below 200. The date of
HAART initiation (¢,) was defined as the baseline. The
analyses were made on the basis of two populations: firstly,
the population of all eligible patients (Table 1), and, sec-
ondly, a subpopulation of patients remaining on HAART
for at least 3 years.
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Table 1 Patient selection: number of eligible patients, inclusion criteria and number of excluded patients

No. of selected patients (1) Inclusion criteria

No. of excluded patients (1)

15,804 Basis population -
15,804 At least 1 CD4-cell-count/pl documented 243
15,561 Observation period >3 months 1,212
14,349 Start of HAART since 1996 2,874
11,475 HAART-naivity at the start of documentation 7,753
3,722 CD4-cell-count/pl <450 at the start of HAART 1,085
2,637 Minimum observation period of 3 months following the start of HAART 125
2,512 Exclusion of patients having AIDS, CD4-cell-count/pul below 1,248
200 or myocardial infarction before the start of HAART
1,264 Start of HAART having CD4-cell-count/pl >250 326
938 Initial therapy: at least triple combination therapy 116
822 Study population

Selection of study population

The consecutive inclusion criteria for selection of the study
population are described in Table 1. Each study patient was
observed at least 3 months (91 days) before f, and at least
3 months afterwards. All patients being observed for at
least 3 years after 7, were selected as a subpopulation.

Statistical methods

The baseline characteristics of both groups were compared
statistically using Fisher’s exact test, the 7-test or Wilco-
xon’s rank sum test. The primary outcomes time from the
start of HAART to death, AIDS or first drop of CD4-cell-
count/pl below 200 were described at first by incidences
per person year and 95% confidence intervals (ClIs)
assuming Poisson distributions. The primary outcomes
were evaluated as possibly censored event times between
and the date of the first event, or the last observation if no
event was documented. Time-dependent probabilities of
event-free intervals since the start of HAART were esti-
mated by Kaplan—Meier curves for both groups. The cor-
responding risks were compared between both groups
using the logrank test [32]. HIV duration (years) and cal-
endar year of the start of HAART (>2005 vs. <2005)1
were considered as possible confounders at the baseline. To
adjust for bias from these confounders, Cox regression
models were fitted as secondary analyses [24]. In multiple
models, a group indicator and both confounders were

! Central clinical and therapy related data of patients regarding the
time before enrolment into the cohort are documented retrospectively
[3]. Due to the high proportion of data documented retrospectively
before 2005, the calendar year of the start of HAART (<2005 vs.
>2005) was considered as a confounder to adjust for potential
influences of different modes of data documentation (retrospective vs.
prospective).

included as covariables. Hazard ratios and 95% ClIs were
estimated. Because of the inclusion criteria of the study, all
patients dying in the first 3 months after HAART initiation
were excluded. To compare all three outcomes on the same
time scale, the initial time was chosen as the HAART
initiation. The risk of death during the first 3 months after
HAART initiation in the whole population was considered
to be low. The course of CD4-cell-count/pl was described
graphically based on quarterly mean values per patient as a
secondary outcome.

In a secondary analysis, the subpopulation of patients
who were on HAART for at least 3 years was considered.
The 3-year incidence of a first AIDS-defining illness or first
drop of CD4-cell-count/pl below 200 was evaluated for
both groups and compared by Fisher’s exact test. Further-
more, the time course of CD4-cell-count/pl was presented
graphically in the 3-year interval.

All statistical tests were two-sided at a significance level
of 5%. All analyses were performed by SAS for Windows,
version 9.2 TS2MO (SAS Institute, Inc., Cary, NC, USA).

Data management

The first documented HAART was considered as the initial
HAART of the patients in the study population; to ensure
plausibility, patients had to be HAART-naive. The CD4-
cell-count/pl at the start of HAART was the last CD4-cell-
count/pl within 56 days before 7,. If a patient had no value
available in this time interval, then they were excluded
from the study population. The first and the last observation
date of the patient were the first and the last date of a
documented CD4-cell-count/pl or virus load, or the last
follow-up of the patient; courses of CD4-cell-count/pl were
checked for plausibility. HIV duration at 7, was estimated
by the duration from the documented date of the first
positive HIV test, if available, and before the first CD4-
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cell-count/pl, or the date of the first documented CD4-cell-
count/pl otherwise.

Results
Description of study population

Following the eligibility criteria of the study, the study
population consisted of 822 patients (Table 1), covering
4,133 patient years overall. Study group 1 (patients having
CD4-cell-count/pl between 250 and 349 at fy) comprised
526 patients, and study group 2 (CD4-cell-count/ul between
350 and 449 at t;) contained 296 patients (Table 2).

Besides differences in the mean CD4-cell-count/pl
between the groups due to the study definition, there were
only slight differences regarding each patient’s baseline
characteristics, which were partly statistically significant
(Table 2).

The sociodemographic and clinical baseline characteris-
tics of the subpopulation of patients having a follow-up
duration of at least 3 years (n = 379) were almost equal to
the overall study population, except for longer documenta-
tion periods, as defined by the inclusion criteria of this sub-
population.? According to analysis criteria, the observed
duration after ¢, was exactly 3 years for each patient, and
events apart from death were only counted within that period.
Fewer patients (16%) started HAART after 2004 (Table 2).

Incidence and probability of clinical events

Regarding the overall population, 0.64 cases of death per
100 patient years (95% CI 0.29-0.98) were found in group
1 of the overall population compared to 0.17 (95% CI
0-0.40) in group 2 (Table 3). Four patients died due to an
AIDS-defining illness (one Burkitt lymphoma, one pro-
gressive Kaposi sarcoma and two septicaemia), seven
deaths occurred from other causes (one cerebral haemor-
rhage, one Sigma carcinoma, two bronchial carcinoma, one
metastasised sarcoma, one liver failure and one suicide),
and in four cases, the reasons of death were unknown.

In group 1 of the overall population, 1.38 (95% CI
0.86-1.90) AIDS-defining events occurred per 100 patient
years versus 0.78 (95% CI 0.27-1.29) events per
100 patient years in group 2. Regarding the first decline of
CD4-cell-count/pl  below 200 copies, 2.64 (95% CI

2 The percentage of quarters with a documented CD4-cell-count/yl
measurement is lower for the subpopulation with an observation time
>3 years than in all patients. For the analysis shown in Table 3, a
fixed datum reference of 12 quarters was used as a basis for the
analyses due to the observation period of at least 3 years. Because not
every patient had a CD4-cell-count/pl measurement just in the 12
quarter, the named percentage is lower.

1.91-3.38) events per 100 patient years were seen in group
1, compared to 0.77 (95% CI 0.27-1.28) events per 100
patient years in group 2.

Concerning the subpopulation of patients being under
observation for at least 3 years® and counting the events
within the first 3 years after ¢y, AIDS incidences were 1.59
events per 100 patient years (95% CI 0.65-2.53) for group
1 and 0.48 events per 100 patient years (95% CI 0.00-1.15)
for group 2, respectively. Regarding the first decline of
CD4-cell-count/pl below 200, 2.64 events per 100 patient
years (95% CI 1.42-3.86) occurred in group 1 and 0.96
events per 100 patient years (95% CI 0.02-1.90) occurred
in group 2.

The survival analysis as to death events showed a bor-
derline significant difference in survival after the start of
HAART between both groups (Fig. la, logrank test:
p = 0.063). Up to 11 years after the initiation of HAART,
there were more than ten patients at risk in each group. The
estimated 10-year probability for survival was 94% (95%
CI 90-98%) in group 1 and 97% (95% CI 92-100%) in
group 2. A Cox regression model was fitted for the target
variable “time to death”, adjusted for the duration of HIV
infection and the start of HAART after 2004. The hazard
ratio (group 2 vs. group 1) was 0.273 (95% CI 0.062-1.213,
p = 0.088). Furthermore, in this model, HAART starting
after 2004 was a significant risk factor (hazard ratio 4.676
and 95% CI 1.017-21.502, p = 0.048). The duration of
HIV infection was not significant as a risk factor.

For staying free of AIDS-defining events after f,
another analysis did not show a significant difference
between the groups (Fig. 1b, logrank test: p = 0.148). Up
to 11 years after the start of HAART, there were more than
ten patients at risk in each group. The estimated probability
for AIDS-free survival remained on a high level, over 90%,
10 years after HAART initiation (estimated probabilities
after 10 years with 95% ClIs for group 1: 91% [87-95%]
and group 2: 90% [83-97%]). The Cox regression model
fitted for the target variable “time to develop the first
AIDS-defining event” was similarly adjusted as for the
overall survival. The hazard ratio (group 2 vs. 1) was 0.587
(95% CI 0.276-1.250, p = 0.167). Both confounders were
non-significant as risk factors.

Regarding the event of a first decline of CD4-cell-count/
pl below 200, the probability differed statistically signifi-
cantly between the study groups (Fig. Ic, logrank test:
p = 0.0004). Up to 11 years after the start of HAART,
there were more than ten patients at risk in each group. The
probability of not dropping below 200 c/pul remained above

3 1t was not reasonable to calculate the incidences of death for this
subpopulation due to the inclusion criteria of this group (observation
period at least 3 years) and due to seven cases of death within the first
3 years.
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Table 2 Baseline characteristics of eligible patients, overall population (n = 822) and subpopulation with observation time >3 years (n = 379),
by study groups

Overall study population Tests

Group 1 (CD4 250-349; n = 526) Group 2 (CD4 350-449; n = 296)

Women (n, %) 64 (12) 46 (16) Fisher’s test: p = 0.054
Age at 1, (years) t-test: p = 0.708
Mean + SD 394 +£9.8 39.7 £ 10.1
Range 14.1-73.3 17.8-67.4
CDC at tg (n, %) Fisher’s test: p = 0.019 (including
A 249 (47) 134 (45) missing)
B 183 (35) 127 (43)
C 0 (0) 0 (0)
No. missing (%) 94 (18) 35 (12)
HIV duration at #, (years) t-test: p = 0.024
Mean + SD 29+ 3.6 36 £45
Range 0.0-21.3 0.0-22.5
CD4-cell-count/pl at t, Test meaningless
Mean + SD 293 £+ 29 395 4+ 28
Range 250-349 350449
Start of HAART >2005 (n, %) 303 (58) 172 (58) Fisher’s test: p = 0.941
Duration from #, to end of documentation (years) Wilcoxon test: p = 0.947
Sum 2,034 1,184
Mean + SD 39+3.1 40+ 34
Range 0.3-13.4 0.3-12.9
Observed quarters with CD4 measurements (%) t-test: p = 0.459
Mean + SD 65 £+ 23 64 + 24
Range 8-100 6-100
Duration of documentation overall (years) Wilcoxon test: p = 0.446
Mean + SD 51+32 49 £32
Range 0.5-16.9 0.4-12.9
Duration of documentation at 7, (years) Wilcoxon test: p = 0.042
Mean £+ SD 1.2+ 1.7 09+ 14
Range 0.0-11.0 0.0-11.2
Subpopulation having observation time >3 years Tests
Group 1 (CD4 250-349; n = 239) Group 2 (CD4 350-449; n = 140)
Women (n, %) 24 (10) 20 (14) Fisher’s test: p = 0.151
Age at 1, (years) t-test: p = 0.306
Mean + SD 394 £ 104 383+ 99
Range 14.1-73.3 17.8-67.4
CDC at 1, Fisher’s test: p = 0.019
A 80 (33) 46 (33)
B 85 (36) 67 (48)
C 0 (0) 0@
No. missing (%) 74 (31) 27 (19)
HIV duration at ¢, (years) t-test: p = 0.995
Mean + SD 25+£37 25+36
Range 0.0-19.0 0.0-17.6
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Table 2 continued

Subpopulation having observation time >3 years

Tests

Group 1 (CD4 250-349; n = 239)

Group 2 (CD4 350-449; n = 140)

CD4-cell-count/pl at f,

Mean =+ SD 295 + 30
Range 250-349
Start of HAART >2005 (1, %) 38 (16)

Duration from #, to end of documentation (years)

Mean £+ SD 6.6 £ 2.6

Range 3.0-134
Observed quarters with CD4 measurements in 3 years (%)

Mean + SD 45 £+ 26

Range 0-100
Duration of documentation overall

Mean + SD 74 +29

Range 3.1-16.9
Duration of documentation at 7, (years)

Mean £ SD 0.8 £ 1.5

Range 0.0-10.1

Test meaningless

393 £ 28
350-449
22 (16) Fisher’s test: p = 1.000
Wilcoxon test: p = 0.436
69 £ 28
3.0-12.9
t-test: p = 0.435
43 £+ 26
0-100
Wilcoxon test: p = 0.600
75+26
3.2-12.9
Wilcoxon test: p = 0.414
0.6 + 1.1
0.0-7.5

90% for study group 2, but declined to below 80% in study
group 1 (estimated probabilities after 10 years with 95%
CIs: group 1: 80% [95% CI 73-87%] and group 2: 94%
[95% CI 90-98%]).

The Cox -regression model, adjusted in the same way as
above, demonstrated a hazard ratio (group 2 vs. group 1) of
0.302 (95% CI 0.149-0.616, p = 0.001).

Additional analyses of patients being under follow-up
for at least 3 years did not show any significant differences
regarding the frequency of the outcome parameters at the
time point 3 years after the start of HAART.

The trend curves of the CD4-cell-count/pl after ¢
showed a distinct increase in both study groups within the
first 2 years (Fig. 2a). A descriptive comparison showed
higher mean values for study group 2 compared to group 1
within the first 3 years. Regarding both populations, the
numbers of patients with data of CD4-cell-count/pl in the
respective quarters declined over time.

CD4 values after the start of HAART in the subpopu-
lation that were under observation for at least 3 years
remained clearly separated over time (Fig. 2b). The curves
of both study groups increased almost steadily, rising more
slowly after the first year.

Discussion

Our study analysed data from the KompNet cohort with
regards to the clinical outcome of two groups of patients

with CD4-cell-count/pl strata between 250 to 349 and 350
to 449. These ranges have been selected because of the
ongoing discussion about the optimal timing of HAART
initiation stressing potential differences in the clinical
course of these two groups in Germany and further afield.

Experts agree that a HAART initiation with CD4-cell-
count/pl below 200 is associated with a worse prognosis in
comparison to treatment initiation at a higher CD4-cell-
count/pl [26, 33]. Current guidelines accommodate this
point by recommending that therapy start at an earlier CD4-
cell-count/pl. In detail, patients with less than 350 CD4-cell-
count/pl should be started with HAART regardless of any
additional conditions, and treatment should be considered
from 350 to 500 CD4-cell-count/pl in special cases [19, 20].

The clinical benefit of therapy initiation at a CD4-cell-
count/pl above 350 has recently been especially investi-
gated [2—4]. The published studies described a two-thirds
elevated risk of death if HAART is deferred in patients
with a CD4-cell-count/pl between 350 and 500, and an
overall risk of death or AIDS-defining events 28% higher
in patients with a CD4-cell-count/pl in the range 251-350
compared to patients in the range 351-450. Our study also
investigated this clinically highly relevant group of patients
with a CD4-cell-count/pl in the range 250—449 at therapy
commencement. It focussed on the overall rates of death,
AIDS-defining conditions and, additionally, on the time to
the first drop of CD4-cell-count/pul below 200, despite
HAART being suggested as an independent predictor for
disease progression and death, respectively [29].
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350-449; n = 822)

documentation in our cohort and the further complex
selection process, the eligible study population resulted in a
reduction of the number of patients, as is usual for many
cohort analyses.

Based on all of the complementary methodological
approaches used, we found a better outcome of patients
starting their initial HAART with higher CD4-cell-count/pl
in terms of death, first AIDS-defining event and first
decline below 200. The adjusted hazard ratios of patients
with CD4-cell-count/pl in the range 250-349 versus
350-449 showed a tendency according to death and
developing an AIDS-defining event (p = 0.088 and
p = 0.167, respectively), and a clear significance for the
first drop of CD4-cell-count/pl below 200 with an adjusted
hazard ratio of 0.302.

Considering the study of Ledergerber et al. [29], our
results suggest, for the first time, evidence for the latest

therapy initiation at a CD4-cell-count/pl of 350 regarding a
possible decline of CD4-cell-count/pl below 200, to avoid
poor clinical course in patients having constantly detect-
able viral load.

The statistically not significant but remarkable differ-
ence between the outcomes death and AIDS-defining event
in our evaluation is not contradictory considering the
causes of death. Only about a third of all deaths with
known cause were due to an AIDS-defining illness; two-
thirds were due to other reasons, with a high impact of
carcinomas. These findings confirmed the results of some
recently published studies [3, 34-36].

Our results are derived from an explorative analysis of
cohort data, having some typical limitations. In general,
bias from known or unknown confounders cannot be
excluded and can only be partly adjusted. Causal inferences
cannot be concluded. In this study, we analysed patients
that started HAART within a range of CD4-cell-count/pl
between 250 and 449. Patients who fulfilled that criterion
but stayed therapy-naive were excluded from the analysis.
These patients might benefit from a later commencement of
HAART, due to less cumulative side-effects and drug
toxicity. In consequence, our results cannot be interpreted
as a comparison of therapy strategies starting HAART
depending on the actual CD4-cell-count/pl in general, but
for the highly relevant patient groups in daily clinical
practice.

Regarding patients starting therapy with a lower CD4-
cell-count/pl, a lead time bias, meaning patients remain
stable for longer before starting HAART, seems not to be
probable due to the longer period between the first positive
HIV test and the start of initial therapy in the other patient
group. Consequently, adjustment for this confounder did
not change the results. The significantly higher duration of
HIV infection at #, in group 2 could be an indication for the
slower disease progression in that group. Because the dif-
ference between groups 1 and 2 was not very large, we do
not assume an influence of this fact on the study results.

Hence, our results indicating a benefit of an earlier start
of HAART in the most relevant group of patients to treat
regarding the German situation might contribute to move
on the discussion about international guidelines for HA-
ART initiation in HIV-positive patients.

Generated hypotheses from the discussion process
should be investigated and, if possible, confirmed by con-
trolled clinical trials. Additionally, the kind and frequency
of typical complications during the course of disease, as
well as of special phenomena such as the immune recon-
stitution inflammatory syndrome (IRIS) under HAART
should be evaluated.
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