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Background 
 

The purpose of treating HIV-infected persons with 
antiretroviral treatment (ART) is to prevent death and morbidity 
from HIV at the lowest possible level of adverse ev ents and 
thereby ensuring that treatment benefits far outwei ghs risks at 
patient and population level. 

The introduction of combination antiretroviral ther apy (cART) 
in the mid 1990s in industrialised countries has le d to dramatic 
reductions in morbidity and mortality amongst HIV-i nfected 
individuals in the developed world 4, 5.   

However, as treatment is required for life and only  around a 
decade of  cART experience is available at present, it is unkno wn 
whether risks of treatment will remain low and bene ficial effects 
of cART will last, with continued low morbidity and  mortality 
rates.  

Prior to the widespread use of cART, clinical trial s had to 
show that a new candidate drug resulted in a reduct ion in risk of 
new AIDS events or deaths. Since 1997, drug regulat ory authorities 
indicated that it was sufficient to show that a new  drug resulted 
in sustained suppression of plasma HIV-RNA and to r ises in 
peripheral blood CD4 lymphocyte count 6. This was based on evidence 
from trials, mainly of mono and dual nucleoside the rapy regimens, 
indicating that the effect of a drug regimen on HIV -RNA levels and 
on CD4 cell counts was strongly correlated with the  effect of the 
regimen on risk of clinical AIDS events or death, e ven though 
these markers were known to be far from complete su rrogates for 
the clinical response 7-14 . Subsequent studies of patients on cART 
have indicated that the extent of changes in HIV-RN A and CD4 cell 
count induced by cART correlates with new clinical AIDS or death 15-

21. Since this change in drug regulatory requirements , several 
drugs have been licensed for use on the basis of ev idence for 
plasma HIV-RNA and CD4 cell count changes alone. 

The assumption underlying the trust in using surrog ate 
markers, and not clinical endpoints, to evaluate ne w drugs, is 
that the relationship between the HIV-RNA or CD4 ce ll count, and 
risk of clinical disease, continues to hold true al so for newer 
drugs, and that there is no additional effect of su ch drugs, which 
leads to a higher or lower AIDS/death risk for give n HIV-RNA/CD4 
cell count levels when compared with others 22, 23. 

Hence, the aim of (I) was to evaluate the general a ssumption 
that the link between the surrogate markers CD4 or HIV-RNA and new 
clinical AIDS or death holds true across different cART regimens 
and specific ART drugs. 
 

In clinical practice, it is difficult for many pati ents to 
adhere to continuous, long-term therapy 24. Up to 50% of patients 
starting cART discontinue part or all of their init ial regimen 
within a year 25. This is often a consequence of the patient’s own 
choice 25-29 , but can also be related to the drug toxicities an d 
metabolic side effects associated with cART use 30-34 . These 
toxicities and side effects may increase the risk o f interruption 
or stopping of therapy 35. 

Until recently there were few published data on tre atment 
interruption (TI) and the association with disease progression to 
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AIDS or death in clinical practice, and results wer e not entirely 
consistent 36-42 .  

Thus, the aim of (II) was to assess the incidence o f TIs and 
risk factors for TI, as well as the risk of AIDS an d death 
associated with TIs. Furthermore, the aim was to as sess the risk 
factors for disease progression within the TI group . 

 
Use of antiretroviral drugs, with or without TI, ha ve been 

reported to be associated with an increase in the i ncidence of 
cardiovascular disease 43-45 , hepatotoxicity 46, 47 and renal disease 48, 

49. Cases of pancreatitis in HIV-infected patients we re also 
reported in the cART era 50-54 . Previous studies have shown incidence 
rates of pancreatitis amongst HIV-infected people r eceiving 
various different antiretrovirals from 0.03 51 to 1.95 52 per 100 
person-years of follow-up (PYFU).  

It has been proposed that the nucleoside reverse 
transcriptase inhibitor (NRTI) class of antiretrovi rals in 
general, and the NRTIs stavudine (d4T) and didanosi ne (ddI) in 
particular, may lead to increased mitochondrial tox icity 55, 56, which 
in turn may lead to a higher risk of pancreatitis 51, 53, 55, 57. However, 
other studies have not found such a link, with a re cent study by 
Guo et al of more than 4,000 patients finding no as sociation 
between different antiretroviral drugs and the inci dence of 
pancreatitis 52.  

Therefore, the aim of (III) was two-fold, firstly t o 
investigate the incidence of pancreatitis amongst a  large, well 
characterised cohort of HIV-infected individuals an d secondly to 
assess which factors were associated with increased  rates of 
pancreatitis, focusing on ART use in general, and d 4T and ddI use 
in particular. 
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OBJECTIVES 
 
The objectives of this thesis were, based on data f rom the 
EuroSIDA study, to 
 

• determine the risk of AIDS or death at latest HIV-R NA and CD4 
count levels, for HIV infected people on different cART 
regimens, thereby investigating if HIV-RNA and CD4 count were 
good surrogate markers for AIDS or death also for n ewer 
drugs.  

 
• determine the incidence of and the risk factors for  TI, and 

the risk of AIDS or death associated with TI. Furth er to 
assess the risk factors for AIDS or death within th e TI 
group. 

 
• determine the incidence of pancreatitis and investi gate which 

factors were associated with increased rates of pan creatitis, 
focusing on ART use in general, and d4T and ddI use  in 
particular.  
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METHODS 
STUDY DESIGN 

The EuroSIDA study is a prospective, observational 
multicohort study of patients with HIV-1 infection across Europe. 
The study was designed to assess the impact of anti retroviral 
drugs on clinical disease progression in the genera l population of 
HIV-infected patients living in Europe 4. All manuscripts included 
in this thesis were performed within the EuroSIDA s tudy.  
 
Study Population 

In EuroSIDA, seven cohorts of patients were recruit ed in the 
period from 1994 to 2007; figure 1. To include a re presentative 
subset of patients followed at the specific centres , patients were 
enrolled consecutively within specified time interv als, as they 
were seen in the outpatient clinic, irrespective of  disease or 
treatment status. 

  
Figure 1. Patients included by cohort in the EuroSIDA study   
 

 
 

At the time of analysis for all manuscripts, respec tively 
five cohorts with 9,810 patients in 72 centres (I),  six cohorts 
with 11,231 patients in 82 centres (II), and seven cohorts with 
14,200 patients in 92 centres (III) were included i n the study.  
 
Data Collected 

Information from patient notes was provided on a st andardized 
data collection form at baseline and every 6 months  thereafter 58, 59. 
The latest version of the data form is available at  the 
coordinating centre website (www.cphiv.dk) and can be found under 
the EuroSIDA study documents.  

At enrolment and at every follow-up visit, CD4 coun ts and 
HIV-RNA measurements and other laboratory parameter s routinely 
taken since the last follow up were reported, inclu ding potential 
confounding factors described in detail in statisti cal methods. 
The dates of starting and stopping every antiretrov iral drug 
together with dates of AIDS-defining illnesses were  recorded using 
the 1993 clinical definition of AIDS from the Centr es for Disease 
Control and Prevention (CDC) 60. 

Information on date and cause(s) of death was colle cted from 
the start of the EuroSIDA study in 1994, over time with extensions 
and modifications to specified causes of interest. Since January 
2004 information on causes of death for patients un der active 
follow up in EuroSIDA has been reported on a CoDe f atal case 
report form (CRF); also available on the above ment ioned website. 
 
Endpoints 

Cohort I
n = 3117

1994

Cohort II
n = 1365

1996

Cohort III
n = 2845

1997

Cohort IV
n = 1225

1999

Cohort V
n = 1258

2001

Cohort VI
n = 1421

2003

Cohort VII
n = 2969

2005

EuroSIDA
N = 14200
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The primary endpoint in manuscript (I) and (II) was  either 
new clinical AIDS events 60 or death; of note, a CD4 cell count 
below 200 cells per mm 3 was not counted as an AIDS event. In 
manuscript (II) also TIs were used as a separate en dpoint, defined 
as an interruption of all drugs in the cART regimen  for 3 months 
or more. In manuscript (III) the endpoint used was clinical 
pancreatitis 3. 
 
Treatment  

Unless otherwise stated, cART is defined as antiret roviral 
treatment (ART) regimens containing three or more d rugs from one 
or more of the three widely used drug classes, name ly Nucleoside 
Reverse Transcriptase Inhibitors (NRTIs), Non Nucle oside Reverse 
Transcriptase Inhibitors (NNRTIs) and Protease Inhi bitors (PIs). 
For the purpose of the analysis in the different ma nuscripts, cART 
was more specifically defined. In manuscript I and II, cART was 
defined as an ART regimen containing either a singl e (or 
ritonavir-boosted) PI, a single NNRTI or the NRTI d rug abacavir 
(referred to as ‘third’ drugs in manuscript I) plus  two NRTIs 
(referred to as the regimen ‘backbone’ in manuscrip t I). 

 In manuscript III, all patients on ART, and not ju st 
patients on cART, were included, as the drugs possi bly being 
associated with an increased risk of pancreatitis w ere often given 
as mono- or dual drug therapy. 
 
Quality Assurance 

 At enrolment training of study personnel at each s ite was 
performed. Standardised instructions for completion  of the 
enrolment and follow up forms were provided to the sites.  

Standardised control of data entry was performed at  the co-
ordinating centre, with querying for outlying value s. The data 
provided by the centres was further checked at year ly monitoring 
visits where all clinical events were checked. Furt her to ensure a 
high data quality, cross-checking of data against c linical chart 
notes from ten percent randomly selected patients u nder active 
follow up were routinely performed. All cases of AI DS, death and 
pancreatitis eligible for analyses were validated b y source 
verification 3, 59, 61.  
 
Informed Consent and Ethical Approvals 

Informed consent and ethics committee approvals wer e obtained 
according to national guidelines. 
 
 
STATISTICAL METHODS 
 

The statistical analyses applied were standard meth ods for 
analyses of observational data, summarised in the f ollowing. 
Analyses were performed using Statistical Analysis System (SAS) 
version 8.2 or 9.1 (SAS Institute Inc, Cary, NC). 
 
Descriptive Statistics 

Descriptive statistics, using proportions, median a nd inter 
quartile range (IQR), were used to describe the sam ple study 
populations at baseline in manuscripts I, II and II I. Comparisons 
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between relevant groups were performed using non-pa rametric tests 
such as the Wilcoxon test for continuous variables and chi-squared 
tests for the comparisons of proportions. 

 
Incidence Rates 

The incidence rate (IR) of an event was calculated as the 
number of events divided by the total number of PYF U, i.e. for 
AIDS or death (I and II), TIs (II) and pancreatitis  (III). 
Estimates for IRS were given with 95% confidence in tervals 
assuming that the events followed a Poisson distrib ution. 

 
Poisson Regression Analyses 

Poisson regression models were used to investigate which 
factors were associated with occurrence of the endp oint event(s). 
Poisson models are fitted to estimate changes in in cidence over 
time with the advantage over other survival analyse s in that 
repeated endpoints can be assessed. In I and II the  same patient 
could contribute with more than one endpoint event,  whereas only 
the first pancreatitis event in the follow-up perio d per 
individual was considered (III). The models were us ed to assess 
estimates for the IRRs of the dependent variable - i.e. the 
endpoint events AIDS/death in I and II and pancreat itis in III, 
for the different groups defined by the independent  variables - 
i.e. specific drugs or drug combinations in I, TI o r non-TI group 
in II, and cumulative ART use according to category  in III.  

The estimates were assessed in both univariable and  
multivariable models after adjusting for all known and recorded 
confounding factors (I, II, III); in II using a ste pwise procedure 
without and with adjustment for latest CD4 count an d/or HIV-RNA. 
The estimates were given with 95% confidence interv als. 
Statistical significance was denoted at the p ≤ 0.05 level unless 
otherwise stated. 

 
Potential confounding factors 

Potential confounding factors were: gender, age, HI V 
transmission category, ethnicity, geographical regi on, prior AIDS, 
HBV/HCV status, calendar year, time from starting t herapy, time on 
last regimen, current/prior ART regimen, cumulative  ART use as 
well as CD4 counts and HIV-RNA. In the main analyse s, the 
following variables were investigated as time-updat ed values: 
HBV/HCV status, diagnosis of AIDS, CD4 cell count a nd HIV-RNA 
(II), and cumulative use of ART regimens of interes t (III). In 
addition, sensitivity analyses were carried out in (I) and (III) 
using latest measured value of CD4 and HIV-RNA with in three months 
prior to the endpoint event investigated to ensure that only 
current values were used in the analyses; i.e., as in (II), if a 
CD4 was more than 3 months old it was considered to  be out of date 
and no longer relevant to the immediate risk of AID S or death.  
 
Follow Up Time 

Time of FU began at baseline of the analyses, i.e. for I and 
II at the date of starting cART, and for III on Jun e 2001 when 
prospective data collection on pancreatitis started  or the date 
the patient first visited the HIV clinic, whichever  occurred 
later.  
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In manuscript I, patients contributed to the analys is during 
periods of time in which they were on a cART regime n. In 
manuscript II patients were only included, if they had a CD4 cell 
count and HIV-RNA measured in the 6 months prior to  starting cART, 
which should be during prospective FU. For the anal ysis on 
pancreatitis (III), patients could be either on cAR T, ART or not 
on treatment, using a 6-month time lag allocating p ossible events 
to the latest used regiment until discontinuation p lus 6 months, 
re-assigning events thereafter to the switch regime n.  

For all analysis performed in the manuscripts (I, I I, III), 
patients stopped contributing to observation time o n the date that 
the last FU visit form was completed or on the date  of an endpoint 
event, whichever happened sooner. 
 
Sensitivity Analyses 

Various sensitivity analyses were performed to test  the 
robustness of the primary analyses in all manuscrip ts. 
Sensitivity analyses were conducted using AIDS or d eath as 
separate endpoints (II). Analyses with different la g times (I, II, 
III) were carried out to assess if assumptions betw een time from 
specific drug exposure (I), TI (II) or HIV-RNA and CD4 measurement 
(I, II, III) to endpoint, were influencing the resu lts. Further 
sensitivity analyses of (sub)groups of patients (I,  II, III) with 
specified strict immunologic (I), virologic (I), tr eatment (I, 
III) and endpoint (II, III) criteria were performed  to assess if 
the associations found in the primary model, could be reproduced, 
when assumptions were changed.   
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RESULTS  
 
Risk of AIDS or death according to latest CD4 and HIV-RNA 

A total of 6,814 EuroSIDA patients starting cART co ntributed 
observation time to the analysis. Of these, 4,773 p atients (70%) 
had used nucleoside mono- or dual therapy prior to starting cART. 
The median date of starting cART was March 1997 and  the median 
(IQR) age was 36.8 years (32.1-43.8).  

The median (IQR) CD4 cell count and HIV-RNA at the start of 
cART (i.e. within 3 months after starting cART) wer e 184 cells/mm 3 
(78–315) and 26,000 cps/mL (3,100–129,000), respect ively. The 
median (IQR) latest measured CD4 cell count and HIV -RNA was 353 
cells/mm 3 (IQR 206-539), and 199 cps/mL (IQR 49-1,900), 
respectively. 

A total of 900 events of AIDS or death, of which 12 5 were 
deaths, were observed in 22,766.6 PYFU, correspondi ng to 4.0 AIDS 
or death events per 100 PYFU and 0.55 deaths per 10 0 PYFU. 
The IRs of AIDS or death differed markedly accordin g to the latest 
CD4 cell count or HIV-RNA strata with higher incide nces observed 
in groups of patients having lower CD4 counts or hi gher HIV-RNA 
levels; given for HIV-RNA in figure 2. Patients wit h a latest CD4 
count below 50, between 50 and 99, between 100 and 199, between 
200 and 349 or above 350 cells/mm 3, had IRs (95%CI) of AIDS or 
death of 33.3 (29.7-36.9), 14.3 (13.2-15.5), 8.3 (7 .1-9.5) and 1.0 
(0.8-1.2) per 100 PYFU, respectively.  
 
Figure 2   
IRs of AIDS/death with 95%CIs according to latest HIV-RNA levels 
(cps/mL) and specific drugs in the cART regimen 
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IDV = indinavir, SQV = saquinavir, ZDV = zidovudine, 3TC = 
lamivudine, d4T = stavudine, ddI = didanosine, r = ritonavir, and 
x/r = drug x boosted with ritonavir and * = only counted as third 
drug.  
 
 

Patients on different cART regimens appeared to hav e similar 
IRs of AIDS or death for a given strata of CD4 coun t or HIV-RNA, 
regardless of the nucleoside pair or specific third  drug used; 
figure 2. 

This was tested formally in a multivariable Poisson  
regression model analysis, where the IRR of AIDS or  death for each 
risk factor (including latest CD4 count and HIV-RNA ) was found 
after adjusting for the effects of all the others; figure 3.  

For the different nucleoside pairs and specific thi rd drugs 
all IRR estimates were close to one. The relatively  narrow 95% 
confidence intervals were all overlapping 1, meanin g that the risk 
of AIDS or death (for a given HIV-RNA and CD4 cell count) was 
fairly similar to the reference regimen, regardless  of which 
nucleoside pair or specific third drug were used as  part of the 
cART regimen. 

Still, even after adjusting for other confounding f actors, 
the IRRs of AIDS or death differed markedly accordi ng to the 
latest CD4 cell count or HIV-RNA strata with the hi ghest risk 
observed in groups of patients having lower CD4 cou nts or higher 
HIV-RNA levels. Further patients with 10 years olde r age, one year 
later start or shorter duration of cART or of the c urrent specific 
third drug had a higher risk of AIDS or death. 
 
 
Figure 3  
Adjusted IRR (with 95%CIs) of AIDS or death for the different 
nucleoside pairs and specific drugs in the cART regimen and the 
independently associated risk factors 
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Figure 3 text 

The multivariable analysis was adjusted for all factors shown 
in the figure plus for HIV transmission group and prior AIDS. 

IDV=indinavir, SQV=saquinavir, * = only counted as third 
drug, ZDV=zidovudine, 3TC=lamivudine, d4T=stavudine, ddI= 
didanosine, r = ritonavir, and x/r = drug x boosted with 
ritonavir. 

The reference group for the nucleoside pairs is the group of 
other nucleoside pairs, and the reference for specific third drugs 
is indinavir. 

The reference group for the latest CD4 cell count is the 
group of patients having latest CD4 cell counts of 500 cells/mm3 or 
more, and the reference group for HIV-RNA is the group of patients 
having a latest HIV-RNA of 500,000 cps/mL or more. 
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In conclusion, although the IRR of AIDS/death varie d across 
different latest CD4 count and HIV-RNA levels, the IRR of AIDS or 
death did not appear to differ significantly for va rious drugs in 
the cART regimens for patients having the same late st CD4 cell 
count or HIV-RNA levels. This implies that the mark ers currently 
used for gauging patients’ risk of clinical progres sion can be 
interpreted similarly, regardless of which regimen the patient is 
receiving. 

 
 
Risk of AIDS or death at cART interruption 
 

A total of 3,811 EuroSIDA patients qualified and co ntributed 
observation time to the analysis. Of these, 26% had  a prior 
diagnosis of AIDS and 26% were ART naive prior to c ART. When 
patients started cART  with the median (IQR) time being July 1997 
(February 1997 to July 1999), they had a median (IQ R) age of 37.6 
(32.9–44.6) years, a CD4 of 226 (114–347) cells/mm 3, and a HIV-RNA 
of 23,000 (2,600–112,000) cps/mL.  

A total of 879 patients, corresponding to 23%, expe rienced 
one or more episodes of interruption of their cART regimen for 
three months or more, i.e. TI(s). Further, 1243 TIs  in 20,845 PYFU 
was observed, giving an IR of 6.0 per 100 PYFU (95% CI 5.7-6.3). 
 In the time-updated multivariable analysis, severa l factors 
were associated with TI; figure 4. Being a female, coming from 
central and northern Europe, starting on a single N NRTI, being HCV 
positive, having a previous AIDS diagnosis and havi ng a higher 
latest HIV-RNA or a higher latest CD4 count, were a ssociated with 
a higher risk of experiencing one or more TIs, whil e being older 
were associated with a lower risk. 
 
 
Figure 4 
Adjusted IRRs for risk factors associated with TI  
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Figure 4 text 
The multivariable analysis with 95% CIs given was adjusted for all 
factors shown in the figure; * variable included as time-updated. 
 
 

A total of 406 AIDS/deaths were observed in 13,192 PYFU, i.e. 
3.1 events per 100 PYFU (95%CI 2.8-3.4), of which 2 51 (62%) were 
deaths, corresponding to a mortality rate of 1.9 ev ents per 100 
PYFU.  

Patients in the TI group had overall a significantl y higher 
incidence of AIDS or death compared to patients in the non-TI 
group; with respectively an IR of 4.7 (95%CI of 3.7 -5.8) versus an 
IR of 2.8 (95%CI of 2.5-3.2).  

In the univariable analysis, patients in the TI gro up had an 
IRR of 1.66 (95%CI 1.30–2.13) of AIDS or death comp ared with 
patients in the non-TI group.  

After adjustment for confounding factors at baselin e in the 
multivariable analysis, the IRR increased to 2.63 ( 95%CI 2.01–
3.44). The baseline factors were exposure group, HB V and HCV 
status, prior AIDS, cART regimen started, age, date  of cART 
initiation, and prior antiretroviral therapy. 
After further adjusting for latest CD4 cell count, the IRR dropped 
to 1.45 (95%CI 1.11–1.91), while adjusting for late st HIV-RNA 
(without adjusting for latest CD4 count) resulted i n an IRR of 
1.33 (95% CI 1.00–1.77). Adjusting for both latest CD4 cell count 
and latest HIV-RNA, reduced the IRR to 1.14 (95%CI 0.86–1.51). 
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Hence, the increased risk of disease progression af ter 
interruption of cART seemed to be explained by chan ges in the 
latest measured HIV-RNA and CD4 cell count followin g the 
interruption of cART. 
 Among patients in the TI group, patients with a CD 4 cell 
count below 200 cells/mm 3 had a 3-fold higher incidence of AIDS or 
death (i.e. IRR=2.94, 95%CI 1.65–5.26) compared to patients with a 
CD4 cell count between 201 and 350 cells/mm 3, while patients with 
CD4 cell counts above 350 cells/mm 3 had a 4-fold lower incidence 
(i.e. IRR=0.23 (95%CI 0.13–0.39); figure 5. Similar ly, patients 
with a log higher HIV-RNA had a higher incidence of  AIDS or death 
with an IRR of 1.36 (95% 1.14–1.62). Belonging to t he transmission 
group of injection drug use, being HCV antibody pos itive, having 
had prior AIDS or having started cART one year late r were not 
associated with an increased risk of AIDS or death,  while being 
ten years older were associated with an independent  increased risk 
of clinical progression.  
 
 
Figure 5 
Factors associated with AIDS or death in the TI-group 
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Figure 5 text 
The multivariable analysis with 95% CIs given was adjusted for all 
factors shown in the figure; * variable included as time-updated. 
 

In conclusion, TIs were common in the clinical prac tice for 
patients on cART. 
The risk of progression to new clinical AIDS events  or death was 
more than two-fold higher for people who interrupte d all therapy 
for at least 3 months compared with people who did not. This 
difference disappeared after adjusting for latest H IV-RNA and CD4 
count suggesting that the majority of the increased  risk of a TI 
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can be explained by changes in CD4 cell count and H IV-RNA 
following a TI. 
 
 
Risk of pancreatitis in relation to ART 
 

A total of 9,678 patients in EuroSIDA were eligible  for 
inclusion in the analyses and followed for a median  (IQR) of 4.3 
years (2.2–4.9). The median (IQR) age was 39.8 (34. 5-46.8) years 
at baseline.  A total of 43 pancreatitis events were observed in 
33,742 person years of FU, corresponding to an IR o f 1.27 (95%CI 
0.89-1.66) per 1,000 PYFU. 

Baseline characteristics were similar for patients 
experiencing pancreatitis when compared to the enti re study 
population, e.g. age, gender, ethnicity, transmissi on category, 
region, HBV/HCV, BMI, haemoglobin, and cumulative e xposure to ART, 
except for a significant lower median (IQR) CD4 of 272 (176 - 427) 
versus 415 (266 - 593) cells/mm 3, a higher median HIV-RNA 1140 (49 
– 18900) versus 141 (49 – 3800) cps/mL, and a highe r proportion 
having experienced prior AIDS 41.9% versus 29.1%.  

Comparable IRs of pancreatitis was found according to length 
of exposure to ART and type of antiretroviral combi nation; figure 
6. 

 
Figure 6 
IRs of pancreatitis according to length of exposure to specific 
ART regimens  
 

0 <2     >2 0 <2     >2 0 <2     >2 0 <2     >2 
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

ART incl.
ddI+d4T

ART incl.
ddI-d4T

ART incl.
d4T-ddI

ART excl.
d4T+ddI

Cumulative exposure (years) to:

IR
s 

(9
5%

 C
I)

 p
er

 1
00

0 
P

Y
FU

 
 
Figure 6 text 
ART=antiretroviral treatment, stavudine=d4T, didanosine=ddI. 

  
In a univariable Poisson regression analysis, there  was 

evidence that lower CD4 counts, higher HIV-RNA, bei ng HCV 
positive, and coming from the central region of Eur ope were all 
associated with increased risk of pancreatitis at a  p ≤ 0.10 level. 
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Further, later calendar years or cumulative ART use  were not 
associated with an increased risk.  

However, in the multivariable analysis, adjusted fo r factors 
significantly (p ≤ 0.10) associated with pancreatitis in the 
univariable model, only the baseline CD4 count was independently 
associated with pancreatitis. For every 100 cells/m m3 higher CD4 
count, the risk of pancreatitis decreased by 22% (I RR=0.78; 95%CI 
0.66-0.93; p=0.002); figure 7.  
Although not significant at the 5% level (IRR=1.10 per one log 
HIV-RNA cps/mL higher with a 95%CI 0.99-1.21, p=0.0 9), our results 
suggested that higher HIV-RNA was associated with a  higher risk of 
pancreatitis; figure 7. 
There was no significant difference in IRRs for the  different 
types of ART regimens; figure 7. 

 
 
Figure 7 
Adjusted IRR of pancreatitis (with 95%CIs) according to ART, HIV-
RNA and CD4 count  
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Figure 7 text 
The multivariable analysis with IRRs and 95% CIs given was 
adjusted for all factors shown in the figure plus HCV status and 
region. 
 * = Included as time-updated variable. 
 
 

Fitting the latest (in stead of baseline) CD4 cell count and 
HIV-RNA as time-updated variables led to virtually identical 
results (data not shown) to those presented in the main analysis. 
This meant that a latest measured 100 cells lower C D4 count and a 
log higher latest HIV-RNA were associated with a hi gher incidence 
of pancreatitis at the 5% significance level.  
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In conclusion, a low incidence of pancreatitis was found 
within the EuroSIDA study, the IR being constant ov er time in the 
years 2001-2006. During the observation period, the re was no 
association between risk of pancreatitis and specif ic or 
combinations of antiretrovirals. The risk of pancre atitis was 
increased for those with lower CD4 counts, and ther e was some 
evidence of an association with higher HIV-RNA, sug gesting that 
people with more advanced disease are at greater ri sk. 
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DISCUSSION 
 

This thesis builds on results from the observationa l study, 
EuroSIDA, in the first decade of HIV patients on cA RT. The conduct 
of longitudinal observational studies allows per de sign for 
assessment of the incidence of multiple endpoints o ver years time, 
including new clinical AIDS events, death and even relatively rare 
events, such as pancreatitis. 

This discussion focuses on placing our findings in the 
context of updated evidence, and to draw a line fro m the risk of 
AIDS or death for patients being on or off cART (I and II) over 
the risk of AIDS or death according to latest CD4 a nd HIV-RNA (I 
and II). Further to assess the risk of cART interru ption (II) and 
the risk of pancreatitis according to cumulative ex posure to ART 
(III). 
 Finally, the strength and limitations of the desig ns of the 
studies (I-III) performed within the EuroSIDA study  will be 
discussed. 
 
 
Risk of AIDS or death for patients being on or off cART 
 

The overall beneficial effect of taking ART, and in  
particular cART, for patients with HIV has been obs erved in both 
observational and randomised controlled clinical tr ials. 
Observational studies, following patients with acce ss to treatment 
in industrialised countries have demonstrated drama tically 
declining IRs of AIDS or death since the introducti on of cART 4, 5, 62, 
mediated via virological suppression 63 and improvement of immune 
function 19, 21. With the increasing use of ART regimens in the HI V 
population and in particular since the introduction  of cART in 
1996, the absolute risk of death in HIV infected pe rsons followed 
in the EuroSIDA study declined from approximately 3 0 per 100 PYFU 
before 1996 to less than 3 per 100 PYFU from 2001 a nd onwards 4, 64, 65.  
In study I, the IR of AIDS or death was 4.0 per 100  PYFU and in 
II, the IR was 3.1 events per 100 PYFU. These IRs a re comparable 
to IRs found in other cohorts and cohort collaborat ions reporting 
on the same period 4, 66, 67, with recent IRs of AIDS or death found in 
EuroSIDA and other cohorts tending to be even lower  than in the 
beginning of the cART era 64, 68-70 . 

In study II, patients in the TI group had overall a  
significantly higher incidence of AIDS or death com pared to 
patients in the non-TI group; with respectively an IR of 4.7 and 
2.8 per 100 PYFU. The IRs of AIDS or death, also wh en looking at 
the TI and non-TI group separately, were quite simi lar in the 
ICoNA study 36

  to what was found in our study. 
In the SMART RCT study published in late 2006 71, the IR of 
opportunistic disease (as described in the suppleme ntary appendix 
of the SMART study protocol 71) or death from any cause were 3.3 per 
100 PYFU in the drug conservation (DC) group, compa rable to the 
TI-group, and 1.3 per 100 PYFU in the viral suppres sion (VS) 
group, comparable to the non-TI group.  

When comparing the incidence in the RCT study to th e results 
in our population study, the non-TI group in our st udy seemed to 
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have a higher IR of AIDS or death. This probably la rgely reflects 
that our population had lower median CD4 counts and  higher median 
HIV-RNAs at baseline. This is also true when compar ing the TI 
groups in SMART and EuroSIDA, to some extent probab ly also 
reflecting the generally poorer outcome observed am ong patients 
included in an observational as opposed to a RCT se tting. 

After adjusting for all known and measured confound ing 
factors other than latest CD4 count and HIV-RNA mea sure, patients 
experiencing TIs in our study had a 2.63-fold (95%C I 2.01-3.44) 
increased incidence of AIDS or death compared to pa tients 
continuously on cART. These findings are comparable  to the 
multivariable hazard ratio of 2.75 (95%CI 1.14-6.65 ) found in the 
ICoNA study 36, and the hazard ratio for clinical progression of 
2.6 (95% CI 1.9 - 3.7), comparing the DC with the V S group in the 
SMART study 71. 

In conclusion, the IRs of AIDS or death for both pa tients on 
and off cART (I and II) were comparable to what oth er large 
observational and RCTs have found. Patients interru pting cART 
generally had a more than two-fold higher risk of A IDS or death 
compared to patients continuously taking cART regim ens adjusting 
for all other factors than latest CD4 count and HIV -RNA measure. 
Our study in particular contributed to published ev idence in that 
among patients experiencing TIs, which is common in  clinical 
practice, the risk of AIDS or death were significan tly higher 
among patients with latest CD4 cell counts lower th an 350 cells/mm 3 
or one log higher latest HIV-RNA measures. These fi ndings suggest 
that patients should stay continuously on cART once  started, and 
that patients having TIs should restart cART, when the CD4 count 
drops below 350 cells/mm 3. 
 
 
Risk of AIDS or death according to latest CD4 and HIV-RNA  
 
 Our results in I showed that the IR of AIDS or dea th was 
approximately 33 per 100 PYFU both for patients wit h a latest CD4 
cell count below 50 cells/mm 3, and for those with a latest HIV-RNA 
measure above 500.000 cps/mL. In comparison, the IR  of AIDS or 
death was approximately 1 for patients with a lates t HIV-RNA 
measure below 500 cps/mL and for those with a lates t CD4 cell 
count above 350 cells/mm 3. The risk of AIDS or death according to 
latest CD4 count and HIV-RNA levels found in the Eu roSIDA study 
are in line with data reported from other cohort st udies in Europe 
and North America 66, 68. 

Among the TI group in study II, patients with a lat est CD4 
cell count of 200 cells/mm 3 or lower had a 3-fold higher incidence 
of new AIDS/death, with most of this increased inci dence being 
explained by the group of patients with CD4 below 5 0 cells/mm 3, 
while patients with a latest CD4 cell count above 3 50 cells/mm 3 had 
a 4-fold lower incidence of AIDS or death, when com pared with 
patients with a latest CD4 cell count between 201 a nd 350 
cells/mm 3. 

In I, the adjusted IRRs of AIDS or death for a give n, latest 
HIV-RNA or CD4 cell count did not appear to differ for patients on 
different drugs for which some direct evidence of c linical 
efficacy exists (zidovudine 72, didanosine 73, 74, lamivudine 75, 
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indinavir 76, ritonavir 77, saquinavir 78), and for those on widely 
used newer drugs, for which there was no such evide nce. Our 
results seemed quite robust, also when restricting data analysis 
to person time where a beneficial change in immunol ogic and 
virologic levels could be attributed to a specific third drug and 
when specifically looking at patients having a clea r, immediate 
effect of specific drugs in the cART regimen.  
Although the risk of AIDS or death was the same for  a given, 
latest CD4 cell count and HIV-RNA, regardless of th e specific 
antiretroviral drug being used, it is important to note that these 
results do not suggest that the regimens assessed h ave equal 
clinical efficacy. Several published randomized cli nical trials 
have shown that different regimens have different c apacities to 
decrease the HIV-RNA and raise the CD4 cell count, which is likely 
to translate into differences in clinical efficacy for different 
drug regimens. 

Likewise in study II, the increased risk of AIDS or  death 
among patients experiencing a TI seemed to be expla ined by the 
latest CD4 count and HIV-RNA measure, since the IRR  decreased to 
approximately one when adjusting for all confoundin g factors 
including CD4 and HIV-RNA; results being in line wi th those found 
in the ICoNA study 36. 
These findings suggest that latest CD4 cell count a nd HIV-RNA 
seems to be good surrogates of risk of AIDS or deat h (in I and II) 
when used in combination as a measure of the treatm ent effect both 
in TI and non-TI. Although they are the best surrog ate markers 
available at present time, the CD4 count and HIV-RN A measure are 
probably not ideal surrogate markers. To be ideal t he surrogate 
marker should be a correlate of the clinical endpoi nt, being on 
the only causal pathway of the disease process, and  further the 
intervention’s entire effect on the clinical endpoi nt should be 
mediated through its effect on the surrogate 23, 79. 
The use of HIV-RNA and CD4 cell counts, has been re ported not to 
provide exact estimates of the treatment effect on clinical 
progression of HIV disease to AIDS and/or death 9, 80. CD4 count and 
HIV-RNA measures can be highly variable 81-83  and discordant 
responses have been reported 18, 84, 85. Previous analyses from the 
EuroSIDA study have suggested an effect of ART over  and above the 
effect mediated via CD4 cell count and HIV-RNA 86, 87.  Equally, the 
results from the SMART study implied that the full effect on ART 
interruption was not fully captured by latest CD4 c ount and latest 
HIV-RNA measure.  Other studies have also suggested , that 
antiretroviral drugs might have an increasing or de creasing effect 
on risk of AIDS and/or death, not mediated by the e ffect of the 
drugs on HIV-RNA and CD4 cell count 22, 23, 88. 
This could imply that the predictive value of lates t CD4/HIV-RNA 
is not ideal, and that there are benefits of ART, w hich are 
mediated via other mechanisms 88-91 . 

When validating a surrogate marker it is however im portant 
that the follow up time is longer than the progress ion time from 
surrogate marker to the clinical endpoint. In gener al, this is not 
fulfilled in trials designed to examine the short-t erm effects of 
drugs on risk of AIDS and/or death by HIV-RNA and C D4 cell count 
measurements. 
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 It is worth noticing that in contrast to our findin gs the 
SMART study 71 found an increased risk of death and opportunistic  
disease in the DC versus the VS group, even after a djustment for 
latest CD4 count and HIV-RNA, with a hazard ratio o f 1.5 (95%CI, 
1.0-2.1). The reasons for the remaining excess risk  are not known 
71.  Recent findings suggest however that apart from the absolute 
levels of the latest CD4 count and HIV-RNA, the CD4  count change 
over time calculated as standardized slopes over th ree months 
follow up, also seems to have an influence on the i ncidence on 
AIDS or death in the cART era 92, 93. 

At present time HIV-RNA and CD4 count in combinatio n however 
seems to be the best available surrogate markers an d have been 
shown to be independent predictors of progression t o new AIDS 
events and death and therefore clinically useful to  assess the 
efficacy of antiretroviral drugs 13, 21, 66, 86, 94, 95. 

Although AIDS and overall death rates of 2-3 per 10 0 PYFU 
have remained relatively stable in the EuroSIDA stu dy within the 
last 5 years 4, 64, it is unknown whether the predictive value of CD4  
counts and HIV-RNA will continue to hold true in th e years to 
come, with an increasing relative proportion of non -AIDS-related 
death 96-100 . The surrogate markers can be expected to be a mea sure 
of the risk of AIDS and HIV-immunodeficiency relate d death, e.g. 
caused by OIs 101, but the surrogate markers can not be expected (or  
rather have not yet been proved) to predict also de aths and 
diseases  from causes generally thought to be non-H IV-
immunodeficiency related 102. Therefore, it is of paramount 
importance to be able to accurately assess cause of  death 
classification and HIV-induced immunodeficiency rel atedness of 
these deaths, as the CoDe methodology allows 103. 

Further new drugs and even new drug classes, such a s entry 104, 
fusion 105 , 106 and integrase 107 , 108 inhibitors as well as co receptor 
antagonists 109 and maybe even immunomodulatory therapeutic drugs 
e.g. Interleukin-2 110 , 111, will become more widely available 65, 79. 
Hence, it will remain necessary to regularly evalua te the clinical 
treatment effect of newer drugs and regimens and al so in the 
future assess the predictive ability of surrogate m arkers on 
relevant endpoints for clinical progression among H IV infected 
patients.  
 
 
Risk of cART interruption 
 

In the EuroSIDA study, nearly a quarter of the pati ents on 
cART experienced one or more episodes of TI during a median period 
of follow up of 5.5 years with no evidence of chang ing the IR of 
approximately 6 TIs per 100 PYFU over time. Using a  similar 
definition for TIs as in our study, d’Arminio Monfo rte et al found 
a comparable IR of TIs among pre-cART naïve patient s in the ICoNA 
cohort study 36.  In both studies, female gender, younger age and 
injecting drug use were associated with increased r ates of TI. 
Further, patients with higher latest HIV-RNAs and C D4 counts were 
more likely to interrupt treatment.  

Results from the SMART study showed that patients h aving TIs 
surprisingly did not have a reduced risk of adverse  events, a 
priori thought to be associated with antiretroviral treat ment. On 
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the contrary, patients having interruptions in the SMART study 
experienced diseases, such as cardiovascular, kidne y or liver 
disease, at a significantly higher IR, compared to the patients 
continuously taking antiretroviral treatment 71.  Whether these 
diseases, not traditionally defined as AIDS-related , are in fact 
associated with immunodeficiency, further investiga tion will have 
to show, but based on the published results a subst antial part of 
the non-AIDS defining diseases observed seemed to b e 
immunodeficiency- rather than treatment-related. 

In conclusion, within the first decade of using cAR T, 
clinical practice have shown that a large proportio n of HIV 
infected patients, will interrupt the entire cART r egimen for 
three months or more. Further, as based on results from the SMART 
study, cART interruption seems to be associated wit h an in- rather 
than decreased risk of also non-AIDS related advers e events. 
Hence, TI should be discouraged and closely monitor ed.  
 
 
Risk of pancreatitis in relation to ART 
 

Pancreatitis is one of the adverse events seen in t he HIV 
population with a higher rate than in the backgroun d population 51-53 , 

57, 112 , 113. In the general HIV-negative population, studies i n various 
European countries have demonstrated IRs of pancrea titis between 
0.05 to 0.80 cases per 1,000 PYFU 114-121 . In the observation period 
from 2001 to 2006 an incidence of 1.27 clinical pan creatitis 
events per 1,000 PYFU was observed in the EuroSIDA study.  There 
are several possible explanations for the two- to t hirty- fold 
higher incidence observed in our HIV-infected popul ation. Patients 
in our study were young with a median age of 39.8 y ears, and may 
have higher alcohol consumption rates 122 and be more at risk of 
hyperlipidaemia 123 , 124 than the general population, all of which are 
risk factors for development of pancreatitis 120 , 121 , 125.  
In addition, studies have reported an increasing ri sk of 
pancreatitis associated with more advanced HIV dise ase 
progression, suggesting that HIV infection itself o r the following 
immunodeficiency may play a role 125 , 126.  Studies considering the IR 
of pancreatitis amongst HIV-infected patients in th e calendar 
years prior to the observational period of our stud y, have 
similarly found higher IRs of pancreatitis than tho se observed in 
the general population, and even higher than those observed in the 
present study 51-53 , 57, 112 , 113.  Dutta et al considered 321 patients seen 
in the period 1993-1994 and found that 45 (14%) dev eloped 
pancreatitis 112.  Reisler et al found an IR of pancreatitis of 6.1  
per 1,000 person years in the period 1989-1999 57 and a rate of 8.5 
per 1,000 person years in the period 1996-2001 113.  As these 
studies were carried out in ‘pre- and early-cART’ p eriod, where 
ddI and d4T were more widely used, compared to our ‘late-cART’ 
study, possible explanations may be the change in u sed specific 
antiretroviral drugs with a higher proportion of pa tients being on 
effective cART regimens in more recent calendar yea rs. In addition 
the exact definition of a pancreatitis event and th e verification 
procedures used differed between studies, which may  account for 
such large differences, even for recently reported IRs of 
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pancreatitis. For example Fessel and Hurley 121 used a definition 
based on elevated plasma lipase or amylase, or a pa ncreatitis 
diagnosis captured in the electronic medical record , whereas the 
criteria used in study II were more stringent, in t hat a 
consistent, detailed case definition of pancreatiti s were applied, 
and all events were source verified, reviewed, and classified 
centrally by the study physicians 3, 127. 

Our results did not provide evidence to support the  
hypothesis that antiretroviral treatment including a NRTI backbone 
containing ddI and/or d4T was associated with a hig her risk of 
developing pancreatitis compared to patients taking  other ART 
regimens without these two drugs. Moreover, there w as no evidence 
that cumulative exposure to any other antiretrovira l regimens was 
associated with an increased risk of pancreatitis. In contrast, 
there was a tendency, although not statistically si gnificant, that 
the risk of pancreatitis decreased with increasing time on 
treatment. All the relative risk estimates were clo se to one, 
suggesting that any effect of different ART combina tions on the 
occurrence of pancreatitis were small.   

Some studies found an association between ddI and/o r d4T and 
an increased risk of pancreatitis 51, 57, and other studies did not 52, 

53.  These studies, like ours, are all restricted in precisely 
estimating the effects of these antiretrovirals due  to the low IRs 
of pancreatitis observed. 

Our results showed that the risk of pancreatitis wa s 
increased for patients with lower CD4 counts. There  was also 
evidence of an association with higher HIV-RNA, per haps suggesting 
that those with more advanced disease were at great er risk. This 
finding is in concordance with other studies that f ound an 
increased risk of pancreatitis amongst those with m ore advanced 
disease 51, 53, 125.   

In conclusion, the observed incidence of pancreatit is among 
HIV patients within the EuroSIDA study were low com pared with 
previously published studies, although still higher  than IRs 
reported in the background population. Furthermore,  there was no 
association between specific antiretrovirals, or co mbinations of 
antiretrovirals, associated with development of pan creatitis, and 
no evidence to suggest an increase in the IR over t ime in the 
recent years of cART use. The risk of pancreatitis was higher for 
patients with lower CD4 counts and higher HIV-RNA, suggesting that 
those with more advanced disease were at greater ri sk. 
 
 
Strengths and limitations in the study methodology 
 

The interpretation of observational data are based on general 
methodologies applied in the EuroSIDA study, includ ing careful 
analyses planning, data collection and verification  of occurring 
events in a well-defined, representative study popu lation 
followed. The hypotheses are tested using multivari able models 
adjusting for relevant confounding factors known or  expected to be 
associated with the endpoint. The results are prese nted using IRs 
and IRRs quantifying the effects of interest with 9 5% CIs 
providing a range of values, including the true val ue for the 
whole population which the study sample is represen ting. 
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Observational studies are per design limited in tha t a 
potential relationship between factors of interest and disease or 
death in a population can be assessed, but causalit y cannot be 
proven. Although causal relations can be evaluated in 
observational studies meeting a number of causation  criteria such 
as those proposed by Hill 128, biologically plausible findings 
should if possible be tested in RCTs, providing the  most 
convincing evidence as randomisation controls for e ven unknown 
confounding factors. 

Further choosing the optimal lag-time between the e ndpoint 
and a surrogate marker is important when validating  the surrogate 
marker. Hence, various sensitivity analyses were pe rformed using 
different lag times in (I) and (II) to test if the results were 
robust.  

A low loss-to-follow-up rate is essential for inter pretation 
of data in a longitudinal study. Patients off (c)AR T, at low CD4 
cell count and high HIV-RNA were at higher risk of having no 
recent follow-up, and these patients would be expec ted to have a 
worse prognosis with regards to AIDS, pancreatitis and death, 
compared with those who remained under follow-up 94, 129 , 130. This 
finding suggests that the assessments of incidences  of new AIDS 
defining events, pancreatitis and the mortality wit hin the 
EuroSIDA study are minimum estimates. In this conne ction, it is 
reassuring that the incidence rate of loss-to-follo w-up is fairly 
stable, being below five per 100 PYFU 131. This is lower than the 
level reported from mono-centre 132, multi-centre 133 , 134 or national 
cohort studies 135-137  and even lower than reported from some 
randomised studies 71, 76, 110.  Many, persistent efforts are carried out 
to collect additional data on patients lost to foll ow up including 
repeated education of staff and queries to the site s as well as 
support, monitoring, feedback and continued FU. 

All data within the EuroSIDA study is subject to qu ality 
control and source verification. A rigorous quality  assurance 
program including a monitoring of 10% randomly sele cted patients 
in the entire EuroSIDA cohort ensures that the risk  of missing any 
clinical events is minimal. The verification of the  events during 
monitoring is conducted within the same year of the  event, unless 
delayed event reporting occurs. For each case, stan dardised event-
checking charts are completed, signed and registere d with a unique 
event ID in the event databases. During the random monitoring of 
patients, information on ART regimens was also chec ked. Hence, 
although TIs are often unplanned, periods off and o n cART are 
carefully registered. However, it is possible that patients 
interrupt therapy and do not tell the clinician. Th is potential 
bias would only tend to give a slight underestimati on of the 
difference between the groups. 

Sites participating in the EuroSIDA study are often  
university associated and identified based on commi tment by site 
investigators in research projects. Thus diagnostic s and treatment 
regimens have been likely to represent the golden s tandard in the 
countries involved. This should be taken into consi deration when 
extrapolating results from the EuroSIDA study to pa tients in other 
settings, and to patients not attending the clinics  regularly. A 
particular strength of the analyses performed withi n this multi-
national study is the size and heterogeneity of the  study 
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population consisting of patients from sites all ov er Europe with 
different treatment politics and patterns of OIs an d causes of 
deaths 59, 65, 138. 

Following clinical observations and concerns about 
pancreatitis, collection of these events was starte d prospectively 
from 2001 onwards in EuroSIDA. If pancreatitis even ts were more 
frequent prior to this date, the incidence could be  
underestimated. However, as concerns about the rela tionship 
between pancreatitis and the concomitant use of ddI  and d4T have 
occurred more recently, one might expect any report ing bias to 
result in an increased incidence with increasing ca lendar time, as 
clinicians became more aware of pancreatitis as a p otential 
problem and were more likely to report the diagnosi s.  

A potential limitation of study III is that it was conducted 
from 2001 onwards, when ddI use is likely to be les s widespread 
than in earlier years. Therefore, much of the cumul ative exposure 
to ddI without d4T and to ddI with d4T is likely to  be previous, 
rather than current exposure. No information on alc ohol 
consumption and limited lipid data were available, both of which 
are known to be associated with pancreatitis. Not a djusting for 
these factors could be a potential limitation of th e study. 
However it seems unlikely that these risk factors a re highly 
unevenly distributed, e.g. only present in patients  not taking the 
regimens under suspicion or only present in patient s with low CD4 
counts. 

Although unable to comment on the IR of pancreatiti s in 
earlier calendar years, the purpose of III was to p erform a 
prospective study, to ensure that information on pa ncreatic events 
was accurately collected and verified, and to avoid  cases being 
missed which may have happened in a retrospective s tudy. In 
addition, sub-clinical disease was not the centre o f attention of 
the study, but rather the focus was to investigate the prospective 
IR of clinical pancreatitis classified according to  strict 
criteria 3. 
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CONCLUSION AND PERSPECTIVES 
 
In conclusion, the widespread use of cART has reduc ed 

mortality and morbidity rates in populations of HIV  infected 
individuals. The results from manuscript I in this Ph.D. thesis 
provide reassurance that the incidence of AIDS or d eath do not 
appear to differ significantly for various antiretr oviral regimens 
for patients having the same latest CD4 count or HI V-RNA levels. 
Likewise, the increased risk of AIDS or death among  patients 
experiencing a TI in our study (II) seemed to be ex plained by the 
latest CD4 count and HIV-RNA. Hence, our results in dicate that the 
surrogate markers CD4 and HIV-RNA have the same pro gnostic meaning 
even when newer drugs are being used as part of the  cART regimen 
and in situations with interruption of treatment.  

With new drugs and drug classes still approved sole ly on 
their effect on HIV-RNA and CD4 count, the predicti ve value of 
these markers will need to be re-evaluated also in the future. As 
ART can only be expected to prevent AIDS and HIV-in duced 
immunodeficiency related death, HIV-RNA and CD4 cou nt have not 
been expected and not yet been demonstrated to accu rately predict 
also deaths and diseases from non-immunodeficiency related causes. 
Therefore, it is of paramount importance to be able  to accurately 
assess causes of death and their immunodeficiency r elatedness as 
the CoDe methodology 103 allows.  

As shown in I and II, the risk of AIDS or death dif fer 
markedly according to the latest CD4 cell count or HIV-RNA strata 
with the highest risk observed in groups of patient s having lower 
CD4 counts or higher HIV-RNA levels. This was true for both 
patients continuously on cART and those experiencin g TIs. The 
results in manuscript II showed that TIs were assoc iated with an 
increased risk of AIDS or death. This is in concord ance with 
findings from the RCT study, SMART, where they foun d that TIs 
caused patients to have an increased risk of clinic al progression 
to AIDS or death, as well as non-AIDS related disea se. Hence, TIs 
should be avoided and adherence maintained among HI V infected 
patients having started cART. In our study (II) fem ale gender, 
younger age and injecting drug use were associated with increased 
risk of TI, and patients with higher latest HIV-RNA s and CD4 
counts were more likely to interrupt treatment.   

Although specific or combinations of antiretroviral  drugs in 
certain periods of time could have been associated with an 
increased risk of pancreatitis, a constant, low inc idence of 
pancreatitis among HIV infected persons was found w ithin the 
EuroSIDA study in the years 2001 to 2006. No eviden ce was found in 
manuscript III to support that development of pancr eatitis was 
associated with specific antiretroviral drugs, or A RT regimens. 
Pancreatitis has generally not been thought to be a  disease 
related to HIV-RNA viral load or CD4 cell immunodef iciency. 
Surprisingly, a lower CD4 cell count was independen tly associated 
with the risk of experiencing pancreatitis, suggest ing that immune 
deficiency could be an independent risk factor for pancreatitis in 
patients with HIV. To what extent non-AIDS related diseases are 
immunodeficiency related, and hence preventable by antiretroviral 
therapy, recent 70, ongoing 102 and future research will hopefully 
show. 



 30 

The benefit of cART currently seems to outweigh the  risks of 
taking cART. However, it remains important through long-term 
observational studies to investigate the risk of cl inical 
endpoints according to antiretroviral drug regiment s, as clinical 
evidence suggest that patients once started should take ART for 
life. As the EuroSIDA, D:A:D and other studies cont inue to 
accumulate follow-up time, the ability to describe the 
relationship between cART, HIV virologic status, CD 4 cell 
immunodeficiency and risk of disease and death, wil l increase. 
Extended follow-up and applying standardised case d efinitions for 
endpoints observed, including a widespread use of t he CoDe death 
classification system 103 will facilitate comparisons of HIV-related 
endpoints between studies of HIV-infected persons.  
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ENGLISH SUMMARY 
 

This Ph.D. thesis includes three published manuscri pts based 
on work conducted within EuroSIDA, an observational  study on 
European HIV-1 infected patients, in the period 200 4-2007 at the 
Copenhagen HIV Programme. The overall aim in this P h.D. thesis was 
to assess the risk of AIDS, death and pancreatitis according to 
CD4 count, HIV-RNA and use of different antiretrovi ral treatment 
with and without interruption.  

Since regulatory authorities in 1997 allowed drugs to be 
approved without data from clinical endpoint trials , it was 
unknown whether the relationship between the HIV-RN A or CD4 cell 
count and risk of AIDS or death continued to hold t rue for newer 
antiretroviral drugs used also in combination antir etroviral 
therapy (cART) regimens. To investigate this, 6,814  patients 
taking different cART regimens were included in the  analysis. 
Person-years at risk, numbers of AIDS and death eve nts and 
incidence rates (IRs) of these events were calculat ed for specific 
categories of the latest CD4 count and HIV-RNA, acc ording to which 
drugs were currently used in the regimen. Poisson r egression 
models were used to assess the incidence rate ratio s (IRRs) 
comparing specific drugs and combinations of drugs after adjusting 
for confounding factors, including latest CD4 cell count and HIV-
RNA. The results showed that for a given, latest CD 4 cell count 
and HIV-RNA persons were at similar risk for AIDS a nd death 
regardless of which cART regimen taken, and that th ere was no 
detrimental or additional beneficial effect of the newer cART 
regimens. This implies that the markers currently u sed for gauging 
patients’ risk of clinical progression to AIDS or d eath can be 
interpreted similarly, regardless of which regimen the patient is 
receiving.  

There were few published data on treatment interrup tion (TI) 
and the association with disease progression to AID S or death in 
clinical practice, and results were not entirely co nsistent. 
Hence, there was a need to investigate this relatio n and assess 
the risk factors for developing new AIDS or death a mong HIV-
infected people interrupting their cART regimens fo r 3 months or 
more. To look at this, 3,811 patients starting cART  with a CD4 
cell count and a HIV-RNA available within six month s of starting 
cART were included in the study. The IR and risk fa ctors for TI 
were determined, and the IRRs for TI and AIDS event s or death were 
assessed using Poisson regression models. In EuroSI DA, one out of 
five patients followed in a five-year period interr upted the 
entire cART regimen for three months or more corres ponding to IRs 
published by other cohort studies. Compared to pati ents staying on 
cART continuously, these patients have a more than doubled risk of 
AIDS or death. The increased risk were explained by  lower latest 
CD4 counts and higher HIV-RNAs following cART inter ruption. 

Use of antiretroviral drugs was reported to be asso ciated 
with long-term toxicities, including cases of pancr eatitis. 
Studies have published widely varying incidence rat es of 
pancreatitis, and although some studies suggested t hat NRTI drugs 
in general and ddI/d4T in particular may lead to in creased risk of 
pancreatitis, others did not find evidence for such  an 
association. To study this, 9,678 patients on ART s ince 
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prospective collection of pancreatitis events were contributing to 
follow up time in the analysis until a diagnosis of  pancreatitis 
or the last study visit. Factors associated with pa ncreatitis were 
investigated using Poisson regression model. Cumula tive lengths of 
exposure to ddI and/or d4T and other ART were inclu ded as time-
updated variables. In EuroSIDA, the IR of pancreati tis was higher 
than in the background population, but lower than p ublished by 
studies on HIV-infected people in earlier years. Th ere was no 
evidence that the IR differed according to cumulati ve ddI/d4T use. 
Pancreatitis was associated with lower CD4 counts, indicating that 
immunodeficiency may increase the risk of developin g pancreatitis. 
However, caution must be taken when assessing the a ssociation of 
risk factors with pancreatitis due to a small numbe r of events.  

To conclude, also newer cART drugs reduce the risk of AIDS or 
death, and latest CD4/HIV-RNA can be used as surrog ate markers. 
Interruption of cART (TI) is associated with an inc reased risk of 
clinical progression, explained by post-TI changes in CD4/HIV-RNA. 
The increased risk of pancreatitis in HIV-infected seems to be 
associated with immunodeficiency and not with speci fic ART use. 
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DANISH SUMMARY 
 

Denne Ph.D. afhandling omfatter tre publicerede man uskripter 
baseret på arbejde udført indenfor EuroSIDA, et obs ervationsstudie 
af europæiske HIV-1 inficerede patienter, i periode n 2004-2007 ved 
Copenhagen HIV Programme. Det overordnede mål i den ne Ph.D. 
afhandling var at vurdere risikoen for AIDS, død og  pancreatitis i 
henhold til CD4 celle tal, HIV-RNA og brug af forsk ellige anti-
retrovirale regimer med og uden behandlings pauseri ng.  

Siden de regulatoriske myndigheder i 1997 tillod læ gemidler 
at blive godkendt uden data fra kliniske endepunkts  studier, har 
det været uvist om forholdet mellem HIV-RNA eller C D4 celle tal og 
risikoen for AIDS eller død forsat var gældende for  nyere anti-
retrovirale lægemidler også anvendt i anti-retrovir ale 
kombinationsregimer, kaldet cART. For at undersøge dette blev 
6.814 patienter, tagende forskellige cART regimer, inkluderet i 
analysen. Person-år i risiko, antal AIDS tilfælde o g dødsfald, 
samt incidens rater af disse hændelser blev beregne t for 
specifikke kategorier af seneste CD4 celle tal og H IV-RNA, i 
forhold til hvilke lægemidler der for tiden anvendt es i cART 
regimet. Poisson regressions modeller blev brugt fo r at vurdere 
incidens rate ratioer i sammenligningen af specifik ke lægemidler 
og kombinationer af disse efter justering for confo under-faktorer, 
inklusive det seneste CD4 celle tal og HIV-RNA. Res ultaterne viste 
at for et givent, seneste CD4 celle tal og HIV-RNA,  var de HIV-
inficerede personer i samme risiko for AIDS og død uanset hvilket 
cART regime de var på, og at der således hverken va r en ugunstig 
eller yderligere gavnlig effekt af nyere cART regim er. Deri ligger 
at de markører, der i øjeblikket anvendes for at må le patienters 
risiko for klinisk progression til AIDS eller død k an tolkes på 
samme måde, uanset hvilket behandlingsregime patien ten får. 

Der eksisterede få publicerede data på behandlings pausering, 
kaldet TI, og associationen med sygdoms progression  til AIDS eller 
død i klinisk praksis, og resultaterne var ikke hel t 
overensstemmende. Som følge deraf var der behov for  at undersøge 
denne sammenhæng, og opgøre risiko faktorer for udv ikling af nye 
AIDS tilfælde eller dødsfald blandt HIV-inficerede mennesker, der 
pauserer med deres cART regimer i tre måneder eller  mere. For at 
se på dette, blev 3.811 patienter startende cART me d et CD4 celle 
tal og et HIV-RNA foreliggende indenfor seks månede r siden start 
af cART inkluderet i studiet. Incidens rater og ris iko faktorer 
for TI blev fastsat, og incidens rate ratioer for T I og AIDS 
tilfælde eller død blev undersøgt ved brug af Poiss on regressions 
modeller. I EuroSIDA, pauserede en ud af fem patien ter i løbet af 
en femårig opfølgningsperiode hele cART regimet i t re måneder 
eller mere svarende til incidens rater publiceret a f andre kohorte 
studier. Sammenlignet med patienter der vedholdende  forblev på 
cART, havde disse patienter en mere end dobbelt så stor risiko for 
at udvikle AIDS eller dø. Den øgede risiko blev for klaret af 
lavere seneste CD4 celle tal og højere seneste HIV- RNA efter 
pausering af cART. 

Anvendelse af anti-retrovirale lægemidler blev rapp orteret at 
være associeret med langtids-toksicitet, inklusive tilfælde af 
pancreatitis. Studier havde publiceret vidt forskel lige incidens 
rater af pancreatitis, og selv om nogle studier ant ydede at NRTI 
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lægemidler generelt og ddI/d4T i særdeleshed kunne lede til en 
øget risiko for pancreatitis, fandt andre ikke evid ens for en 
sådan sammenhæng. For at undersøge dette, bidrog 9. 678 patienter 
på antiretroviral behandling, kaldet ART, med opføl gningstid til 
analysen fra tidspunkt med prospektiv indsamling af  pancreatitis 
tilfælde indtil en pancreatitis diagnose eller sids te studie 
besøg. Faktorer associeret med pancreatitis blev un dersøgt ved 
brug af Poisson regressions model. Kumulativ længde  af udsættelse 
for ddI og/eller d4T samt anden ART behandling blev  inkluderet som 
tidsopdaterede variable. I EuroSIDA, var incidens r aten af 
pancreatitis højere end i baggrundspopulationen, me n lavere end 
publiceret af studier på HIV-inficerede mennesker i  tidligere år. 
Der var ingen evidens for at incidens raterne afveg  fra hinanden i 
forhold til kumulativ brug af ddI eller d4T. Pancre atitis var 
associeret med lavere CD4 celle tal, hvilket indike rer at 
immundefekt kan øge risikoen for at udvikle pancrea titis. Dog må 
forsigtighed udvises når associationen af risikofak torer med 
pancreatitis vurderes på grund af det begrænsende a ntal events.  

Afslutningsvis, kan også nyere cART lægemidler redu cere 
risikoen for AIDS eller død, og seneste CD4/HIV-RNA  kan anvendes 
som surrogat markører. Pausering af cART (TI) er as socieret med en 
øget risiko for klinisk progression, forklaret af p ost-TI 
ændringer i form af seneste CD4/HIV-RNA. Den øgede risiko for 
pancreatitis hos HIV-inficerede mennesker ser ud ti l at være 
associeret med immundefekt og ikke med specifik bru g af ART.
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CORRECTIONS TO ORIGINAL MANUSCRIPTS 
 
In manuscript I, the legend in table 3 states in po int (iv) ‘at 
latest given CD4 cell count groups according to’. The correct 
labelling is ‘at latest given HIV-RNA measure groups according 
to’, like it is stated in the subheading. 
 
In manuscript I p. 322 in the last sentence of the second 
paragraph, the text should be: ‘Table 3 shows simil ar results by 
HIV-RNA instead of CD4 count; that is, AIDS/death r ates are higher 
in patients with higher HIV-RNAs, but no significan t difference in 
incidence rates (delete: rate ratios) could be shown within the 
HIV-RNA groups for different cART regimens.’ 
 
In manuscript I p. 325, table 3, for HIV-infected p ersons on 
Ritonavir with a latest HIV-RNA between 50000-49999 9 for whom the 
IR is 20.4, the 95%CI is (12.7-28.2), not (22.5 - 28.3) .  
 
In manuscript II, on page 98, in the first line in the paragraph 
on ‘disease progression to AIDS or death’ it is sta ted that: 
‘There were 403 clinical events of AIDS/deaths in 1 3,192 PYFU; (IR 
3.7; 95%CI 3.5-4.0);’-, whereas the correct number is: ‘There were 
406 clinical events of AIDS or death in 13,192 PYFU ; (IR 3.1 
events per 100 PYFU; 95%CI 2.8-3.4)’. 
 
In manuscript II on Fig. 1 the events per PYFU with  IR and 95%CI 
should be switched for the group with the latest HI V-RNA viral 
load ≥10.000. Hence, the line with ‘155/1489 10.4 (8.8–12 .1)’ 
belong to the TI-group, and the line with ‘55/579 9 .5 (7.0–12.0)’ 
belong to the non-TI group. 
 
In manuscript II on page 100 (5 of 9), paragraph 1,  line 2 the 
text should be:  
‘After adjustment for confounding factors known at baseline 
(exposure group, cART regimen started, HBV and HCV status, prior 
AIDS diagnosis, age, time since started cART,  date of starting 
cART and prior antiretroviral treatment, CD4 cell c ount and viral 
load ), the IRR increased slightly (IRR 2.63; 95% CI 2.0 1–3.44; 
P<0.0001). After adjustment for current CD4 cell co unt and HBV and 
HCV status , the IRR dropped to 1.45 (95% CI 1.11–1.91; P=0.00 71), 
while adjusting for current viral load and HBV and HCV status  
resulted in an IRR of 1.33 (95% CI 1.00–1.77; P=0.0 49). Adjustment 
for both current CD4 cell count and viral load and HBV and HCV 
status  reduced the IRR further to 1.14 (95% CI 0.86–1.51;  P=0.37). 
 
In manuscript II, table 3, in the multivariable ana lysis (MVA), 
the 95%CIs for Gender – Female is (1.19-1.54), not (0.19 - 1.54 ) , 
and the MVA p-value for AIDS diagnosis is 0.0072, n ot 0.072 . 
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