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FOREWORD

This supplement of the European Journal of Medical Research presents the abstracts of the 12th
AREVIR-GENAFOR-Symposium. The symposium was held as a joined meeting of the AREVIR-
GENAFOR platform, the cooperation project “Monitoring of resistant HIV in recently and chronical-
ly infected patients in Germany” and the EURESIST-network from 19th to 20th April 2007 at the
CAESAR-Foundation in Bonn, Germany.

HIV resistance testing has become standard of care in the treatment of HIV infection. However,
there is an urgent need of further research on this topic, as understanding of resistance mechanisms is
incomplete, technology of testing is still developing, and adequate interpretation of genotypes is under
debate. The contributors of the symposium are experts in the field of HIV drug resistance.

AREVIR is a cooperation of virologists, bioinformatics experts, and clinicians, who developed a
large database including an interpretation tool of HIV drug resistance results. GENAFOR is the asso-
ciated foundation for the funding of scientific projects in the field. The cooperation project
“Monitoring of resistant HIV in recently and chronically infected patients in Germany” is a research
group on the surveillance of HIV drug resistance, financed by the federal Ministry of Health and
Social Services. Major partners within this project are the Robert Koch Institute, the Paul Ehrlich
Institute, the National Reference Center for Retrovirology of the University of Erlangen and study
centers at the Universities of Kéln and Disseldorf. For the first time, the meeting took place under
participation of researchers of the European EURESIST project. This project integrated several large
European databases on HIV resistance testing results and clinical outcome and uses machine learning
techniques and data mining for better application of resistance testing.

The symposium covered different aspects of resistance testing. This included new interpretation
tools like HIV-GRADE or THEO, results of national and international cooperations on HIV resi-
stance, HBV resistance, and epidemiological projects. Furthermore, talks on the molecular basics of
drug resistance, ultra-sensitive testing, evolution of resistance over time, resistance associated with
new antiretroviral compounds, and current databases were presented. Technical problems and patient-
orientated aspects completed the program.

Since the year 2000, the AREVIR-GENAFOR meeting gathers researchers and physicians to discuss
actual results of biomedical, clinical, virological, and bioinformatical research on HIV drug resistance
and the more recent emerging topic of HBV drug resistance. The symposium continues to be held
every spring, with the next date at 10th to 11th of April 2008. We hope that this supplement will help
to draw attention to the medical and economical aspects of HIV and HBV drug resistance.

Rolf Kaiser and Mark Oette

{» Arevir
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HIV-GRADE CLINICAL VALIDATION —
IDENTIFICATION OF PROBLEMS
IN THE PREDICTION OF DRUG RESISTANCE BY
APPLICATION OF A MULTIPLE LINEAR
REGRESSION MODEL

M. Obermeiert, T. Berg2, P. Braun3, M. Ddumer,
J. Eberlet, R. Kaisert, N. Kleinkauf>, K. Korns,
H. Miiller7, M. Stiirmers, H. Walters

1Max von Pettenkofer — Institut Munich, Germany;
2Medizinisches Labor Dr. Berg Betlin, Germany; 3PZB Aachen,
Germany; 4Institut fiir Virologie Cologne, Germany; 5Charité
Berlin, Germany; 6NRZ fur Retroviren Erlangen, Germany;
7Fenner-Labor Hamburg; 8Institut fiir Medizinische Virologie
Frankfurt, Germany

E-mail: martin.obermeier@gmx.de

Objectives: Clinical validation of interpretation systems
is the strongest argument for their use in therapeutical
decisions. A retrospective analysis of 332 therapy ex-
perienced patients after therapy failure from 5 centres
was performed. Datasets comprised suitable informa-
tion on therapy regimen and viral load at the time of
resistance testing and after 3 months. The value of the
correlation of therapy response with the predicted re-
gimen activity allows a direct measurement of the sig-
nificance of various interpretation systems.

Methods: A multiple linear regression model was defi-
ned to compare the predictive power of several rules-
based interpretation systems. The number of active
drugs according to the applied algorithms and the viral
load at the time of resistance testing (VLbC) were cor-
related by a multiple linear regression model to obser-
ved viral load shifts. Using this model a correlation
factor for each given drug could be calculated. With
the HIV-GRADE Internet-Tool the results of 4 diffe-
rent free available drug resistance algorithms were
compared (HIV-GRADE version 12/2006, ANRS vet-
sion 07/2006, Stanford HIVdb version 4.2.6 and
REGA version 7.0).

Results: Based on the multiple linear regression model
coefficients of determination (R2) were calculated on
the complete database as following: HIV-GRADE
(0.36), Stanford HIVdb (0.36), REGA (0.35) and
ANRS (0.30). All of the analysed algorithms showed a
bad correlation for their clinical interpretation of resi-
stance to Abacavir (ABC) and the observed viral load
change in this cohort. To prove this observation, the
data of all patients not having received ABC within the
observation period was analysed. As expected R2-va-
lues were increased in this subset (n=164): HIV-
GRADE (0.45), Stanford HIVdb (0.44), REGA (0.42)
and ANRS (0.41).

Furthermore, variations of the predictive power
between several algorithms can be explained using the
described model. Amprenavir (APV) for example, sho-
wed the following p-values for the correlation factor:
GRADE (<0.01), Stanford HIVdb (<0.01), REGA
(<0.05) and ANRS (0.16) compared to AZT where all
of the algorithms showed p-values <0.01. The inclusi-
on of the viral load prior to change in treatment
(VLbC) in the model improves its correspondence to
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the data. (HIV-GRADE without VLbC R2: 0.22 / with
VLbC: 0.306)

Conclusions: Although analysis of retrospective data
can not substitute a prospective study, multiple linear
regression models can be very helpful in analysing the
predictive power of drug resistance algorithms. Such
models also allow determining problems in the inter-
pretation of resistance against specific drugs as shown
here for ABC and APV. Even if low coefficients of de-
termination can be raised by including parameters like
viral load before treatment change, further optimisati-
on of the regression model is still needed. The influen-
ce of factors such as compliance, complete treatment
history as an indicator for archived resistance and cen-
tre specific differences are not taken into account at
the moment.

References:

HIV-GRADE http://www.hiv-grade.de

ANRS http://www.hivfrenchresistance.org/
Stanford HIVdDb http://hivdb.stanford.edu/
REGA http://www.kuleuven.be/rega/cev/links/
rega_algorithm/index.htm

GENO2PHENO: DETERMINATION
OF CLINICALLY RELEVANT CUT-OFFS

Martin Daumer?.9, Niko Beerenwinkel2,
Danzel Hoffmann3, Joachim Selbigt, Thomas Lengauners,
Mark Oecttes, Gerd Fatkenhener?, Jiirgen K. Rockstrobs,

Herbert ]. Pfister?, and Rolf Kaiser?

nstitute of Immunology and Genetics, Kaiserslautern,
Germany; 2Harvard University, Evolutionary Dynamics,
Cambridge, USA; 3Center for Medical Biotechnology, University
of Duisburg Essen, Bonn; 4Max Planck Institute of Molecular
Plant Physiology, Golm; SMax Planck Institute for Informatics,
Saarbricken; 6Clinic for Gastroenterologie, Hepatology, and
Infectious Diseases, University of Dusseldorf; 7Internal Medicine
1, University of Cologne; 8Internal Medicine I, University of
Bonn; all Germany; 9nstitute of Virology, University of
Cologne, Germany

E-mail: dacumer@immungenetik-kl.de

Introduction: There is wide agreement that genotypic
and phenotypic definitions of HIV drug resistance
should rely on correlation with virologic and clinical
outcome. Establishing these "clinical cut-offs" has
proved to be a significant challenge because (i) mono-
therapy is obsolete, (i) treatment response to a drug
combination is usually attributed to more than one
drug, and (iii) other factors apart from drug resistance
may confound the analysis (e.g. drug adherence).

Methods: For determination of clinically relevant cut-
offs we combined the quantitative phenotype predic-
tion tool geno2pheno [1] with the multi-center Arevir
database. Geno2pheno is an HIV drug resistance in-
terpretation system based on machine learning techni-
ques, whereas the Arevir database contains clinical and
virological data [2]. In a first approach the database
was screened for Lopinavir (LPV) add-on- and func-
tional monotherapies (therapies where LPV was the
only drug estimated to be active) to deduce virologic
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response to LPV. Resistance factors (RFs) for LPV
were predicted from HIV-genotypes before therapy
switch and correlated with the observed viral load
(VL) change four to six weeks post initiation of the
LPV containing therapy (Fig. 1). In a second approach
the upper cut-offs for all other drugs were determined
by estimating the residual drug activity in failing regi-
mens. A remaining activity was assumed when the viral
load did not exceed 3.41 logl0 cop/mL (second stan-
dard deviation from the mean of the distribution of
viral load in therapy-naive patients; Fig. 2). Conse-
quently, the upper cut-off was assessed by correlating
fold resistance and viral load, e.g. for AZT in AZT-
containing, failing regimens (Fig. 3). The lower cut-
offs remained biological cut-offs, based on the distri-
bution of RFs in therapy-naive patients (2. standard
deviation from the mean).

Results and discussion: The maximum VL reduction
after therapy switch was observed for genotypes with
LPV-specific resistance factors (RFs) <10 fold (lower
cut-off). Patients with no VL change harboured viruses
with genotypes of predicted RFs >30 fold (upper cut-
off).

The determination of clinically relevant cut-offs for
the geno2pheno system enables a differentiated pre-
diction of an “intermediate” state of resistance. The
graphical output (geno2pheno interpretation button)
allows the continuous discrimination between “inter-
mediate almost susceptible” and “intermediate almost
resistant”, which is most helpful in salvage situations,
where interpretation is most challenging, particularly
for patients with limited therapy options. For clinical
validation of the geno2pheno cut-offs see abstract by
A. Altmann, geno2pheno-THEO: Predicting clinical
outcome of combination ART.

References:

1. Niko Beerenwinkel, Martin Ddumer, Mark Oette, et al.
Geno2pheno: Estimating phenotypic drug resistance
from HIV-1 genotypes. Nucleic Acids Res. 31:3850-3855,
2003.

2. Roomp K, Beerenwinkel N, Sing T, et al. Arevir: a secure
platform for designing personalized antiretroviral thera-
pies against HIV. Proceedings 3rd Int. Workshop on Data
Integration in the Life Sciences (DILS), Springer: 2006.

DERIVING CLINICALLY RELEVANT PHENOTYPIC
CUT-OFF VALUES FOR THE VIRCOTYPE HIV-1
RESISTANCE ANALYSIS

Jorge Villacian, 1.ee Bacheler, Bart Winters,
Elke van Craenenbroeck, and the Virco Clinical Cut-offs
Collaborative Group

VircoBVBA, Mechelen, BE
Virco Lab, Durham, NC, USA

E-mail: jvillaci@vrcbe.jnj.com

Background: Quantitative HIV-1 resistance informati-
on, cither measured via a conventional phenotypic
drug susceptibility assay, or predicted from the viral
genotype, can provide a refined assessment of the ac-
tivity of antiretroviral drugs against an individual pati-



August 16, 2007

ent’s virus. For optimal utility, cut-off values, which
serve as landmarks along the resistance/response con-
tinuum, should be defined based on the response in
treated patients.
Methods: Based on clinical isolates with both drug sus-
ceptibility phenotypes (Antivirogram) and viral geno-
types, linear regression models have been developed to
predict fold change in ICsy (FC) for all available antire-
trovirals (with the exception of FTC, nevirapine and
efavirenz).

Using treatment response data from clinical trials
and cohorts, separate linear regression models were de-
veloped to predict 8-week change in viral load for regi-
mens containing the individual drugs as a function of
* Log baseline viral load,

* FC as predicted by virtualPhenoytpe-LM from the
baseline viral genotype

* Activity of the background regimen summarized as
a continuous Phenotypic Susceptibility Score (cPSS)

* Use of T20 for the first time

* For ATV/rt, concomitant tenofovir use.

Results: Two clinical cut-offs were defined, correspon-

ding to predicted FC values associated with a 20% or

80% loss of response (as predicted for subjects infec-

ted with wild type strains) to individual drugs.

Conclusions:

* Linear regression models have been developed to
predict drug susceptibility from the viral genotype
utilizing very large datasets of HIV-1 clinical isola-
tes for which both individual drug susceptibility
phenotype and the viral genotype are known. For
cach drug the models identify which mutations and
interacting mutation combinations affect drug sus-
ceptibility, and by how much. The resulting
virtualPhenotype-LM provides an accurate predic-
tion of the measured phenotype (Antivirogram or
PhenoSense).

* Both the dynamic range of resistance observed in
HIV-1 clinical isolates and the clinical cut-offs defi-
ned based on response in treated patients are drug
specific.

* VircoTYPE resistance analysis applies a systematic
and consistent approach to defining clinical cut-offs
for phenotypic resistance data predicted from the
viral genotype.

* Two clinical cut-offs have been defined for each
NRTI (except FTC) and boosted PI by this metho-
dology.

* This information can facilitate selection of active
treatment regimens, especially for treatment-experi-
enced patients.

GENO2PHENO[cO-RECEPTOR]

A. Thielen', T. Sing!, O. Sander!, R. Harrigan2,

R. Kaiser3, T. Lenganer?
IMax-Planck-Institute for Informatics, Saarbriicken, Germany;
2University of British Columbia, Vancouver, Canada
3University of Cologne, Cologne, Germany
E-mail: athielen@mpi-inf.mpg.de
Coreceptor antagonists are a promising new class of
drugs supporting the treatment of HIV-1. The virus
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can gain entry into host cells by using the cellular CD4-
receptor in combination with a coreceptor. The most
important of these coreceptors are the chemokine re-
ceptors CCR5 and CXCR4. Three types of viruses
exist: viruses only capable of using the CCR5 corecep-
tor (R5), X4 viruses being able to use only the CXCR4
coreceptor, and dual-tropic (R5X4) viruses able to
enter cells using both coreceptors. R5 viruses are gene-
rally present over the entire course of infection, while
variants capable of using CXCR4 emerge in approxi-
mately half of the infected patients over the course of
disease. The emergence of these viral strains is associa-
ted with accelerated disease progression. Therefore,
monitoring coreceptor usage is of great importance. In
addition, the first coreceptor antagonist being availa-
ble, Maraviroc from Pfizer, is a CCR5-antagonist. It
should only be administered to people having exclusi-
vely R5 viruses. This is due to the fact that X4 viruses
are naturally resistant against them and there are major
concerns that the selective pressure towards X4 viruses
can increase the risk of disease progression.

At present, two phenotypic assays for monitoring
coreceptor usage are commercially available: Trofile
from Monogram Biosciences and Phenoscript from
VIRalliance. However, phenotyping has several limita-
tions. It is very time consuming, costly and has a limit
in its sensitivity for detection of minority quasispecies
in the presence of mixed viral populations (Skrabal et
al., 2007).

Prediction-methods based on genotypic data can be
a fast and cheap alternative. They are based on se-
quence information of the third hypervariable loop
(V3) of HIV envelope glycoprotein gpl120 which is
considered to be the major determinant for coreceptor
specificity.

Several methods have been proposed for prediction
of coreceptor tropism. The classical 11/25 rule consi-
ders only sequence positions 11 and 25 in the V3 loop
for classification. Despite its moderate sensitivity in
identifying x4 viruses and its lack of a continuous pre-
diction scale, it has nevertheless enjoyed ongoing po-
pularity as a genotypic monitoring method. More so-
phisticated methods use Neural Networks, Position
Specific Scoring Matrices, or Support Vector Machines
(SVM).

Geno2phenojcorecepror] (Sing et al., 2004) is a freely
available web service for predicting viral coreceptor
usage based on Support Vector Machines. These
SVMs have shown the best results in a comparison of
six statistical learning methods on a dataset of 1110
matched genotype-phenotype pairs from different
subtypes. They performed significantly better than all
other methods except for PSSMs which were almost
equally reliable. The web server uses prediction mo-
dels trained on this dataset. Unlike other web services,
it allows the user to paste in (or upload) unaligned se-
quences rather than sequences which have to be alig-
ned to a specific reference manually. It is also not ne-
cessary to cut out the V3 loop from a larger sequence,
geno2pheno(coreceptor] finds the V3 loop automatically.
It is possible to choose between six significance levels.
The result of a prediction is an output page containing
some general information (fasta-header, prediction
date), the aligned V3-region, and the predicted pheno-



4 EUROPEAN JOURNAL OF MEDICAL RESEARCH

1.0

Seansilivly
06 0.8

0.4

02

T T T T T T
1 08 06 04 02 0

Specificity

Fig. 1. ROC curves for prediction of coreceptor usage on
population-based data. The dashed line shows predictions
based on sequence-information alone whereas the star
marks the 11/25-rule. The inclusion of markers leads to
considerable improvement in predictive performance (solid
line).

type. The predicted phenotype describes if a virus can
use the CXCR4-coreceptor or not. The reported p-
value describes the confidence of a prediction.

Geno2phenojcoreceptor] has been widely used in the
past; more than 15000 predictions have been done
since June 2004. To enhance the understanding of
coreceptor usage and to move forward the use of pre-
diction-based coreceptor methods in routine clinical
practice, new methods have been developed and are
currently implemented into the web service.

Significant improvements could be achieved on cli-
nical data from therapy-naive patients (Sing et al., sub-
mitted). Unlike clonal data, clinical samples are usually
obtained using bulk or population-based approaches
resulting in sequence ambiguities. Therefore, the per-
formance of prediction methods substantially decrea-
ses in comparison to clonal data. To address this pro-
blem, a strategy for dealing with mixtures of sequen-
ces was developed. In addition, it could be shown that
the incorporation of clinical markers such as CD4-per-
centages or host CCR5_32-heterozygosity significantly
improves predictions. In comparison to the 11/25
rule, a 2.4-fold improvement in detecting X4-viruses
was achieved.
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Established prediction methods for coreceptor us-
age are based on sequence information alone. To im-
prove these methods methodologically, the first struc-
ture-based approach has been described in a recent
study (Sander et al., 2007). A better understanding of
the underlying determining factors regarding sequence
and structural aspects should be gained from this me-
thod.

The prediction method is based on a crystal struc-
ture of the V3-loop which acts as a template for viral
variants. For each variant, the backbone conformation
is kept rigid and the side-chains are modeled. Pairwise
distance distributions between functional atoms are
computed in order to capture the spatial arrangement
of physico-chemical properties. These distributions
are used as a vectorial input to a SVM which predicts
the coreceptor usage. By using statistical importance
measures, structural features relevant for coreceptor
usage can be mapped onto the structure allowing for
visual and quantitative interpretation.

The method has been evaluated on a dataset of 432
V3-sequences. The predictions of the structure-based
approach were significantly better than the 11/25 rule
as well as predictions from a Support Vector Machines
using sequence-information. Further improvements
could be gained by combining the structural-de-
scriptors with the sequence-representation.

Due to the length of the loop in the crystal structu-
re, the method can so far only handle V3 sequences of
length 35. Future developments will lead to improved
modelling of V3 variants containing insertions or dele-
tions and will be concerned with relaxation of the
backbone rigidity

References:
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Background: Occurrence of phenotypic HIV drug resi-
stance is highly correlated with specific mutations in
the drug target proteins, and it is plausible to assume
that the molecular basis of resistance is a change of
protein-drug interaction due to these mutations.
Under this assumption and in view of the advances in
molecular modelling, the increase of knowledge of
drug-target structures, and the growth of computing
power, it could become possible to predict resistance
of HIV of given genotype against a given drug from
computational modelling of the involved molecules
and their interactions. Such capabilities would support
diagnostics and therapy decisions.

Methods: We have developed an automated computa-
tional protocol for the modelling of HIV protease
(PR) mutants, their complexes with drugs, and the
estimation of drug-protein affinities. The protocol (1)
takes a given amino acid sequence of a PR mutant and
models its mutations onto experimentally determined
3D-structures of PR in the Protein Databank
(http://www.pdb.otg), (2) prepares a 3D-structure of
the PR mutant in complex with a given drug, (3) com-
putes with force field methods the differences in free
energy of binding between, on one hand, drug and PR
mutant, and on the other hand, drug and PR wild type.
For resistance mutants of PR it is expected that the
estimate yields a decrease of drug-PR binding affinity
for the mutant with respect to the wild type. Since the
protocol implies generation of 3D-structures, the phy-
sico-chemical basis of the changed drug-PR interac-
tions can be studied in detail.

Results: We have compared measured phenotypical re-
sistance factors (RF) with the computed affinity chan-
ges due to resistance mutations for the drug Lopinavir.
The comparison shows that strong increases in RF cor-
relate well with particularly low drug-PR affinities, as
expected. However, the overall correlation of affinity
estimates with measured RFs is by far not good
enough to be useful for resistance prediction. We have
investigated the reasons for this lack of accuracy for
single drug resistance mutations in greater detail. E.g.
we have studied the mutant .76V associated with resi-
stance to Lopinavir and Amprenavir and resensitisation
with respect to Saquinavir. The modelled changes in
molecular electrostatics were in qualitative agreement
with the measured changes for all three drugs, but
whereas the model correctly predicted a lower affinity
of the drug to the L76V mutant in the cases of
Lopinavir and Amprenavir, the model did not correctly
predict the expected higher affinity to Saquinavir.
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Closer inspection of the modelled 3D-structures sho-
wed that the latter may be due to larger scale structural
rearrangements caused by the mutation, which were
not adequately reproduced in the modelling procedure.
Conclusions: The current status of molecular model
based prediction of HIV drug resistance can be descri-
bed as being useful for qualitative investigations. The
methods have not yet matured to a point that would
allow for accurate predictions. Nevertheless, with the
steady improvements of modelling methods and in-
creasing computing power the aim of quantitative pre-
diction from molecular models seems to be in reach
within the next decade.

DETECTION OF MINOR VARIANTS IN THERAPY
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Background: In therapy naive patients resistance is as-
sociated with a poor treatment outcome of the first-
line regimen. The observed rate of transmitted resi-
stance in therapy naive HIV-1 patients varies between
10-20% as reported in different studies. The high re-
plication and mutation rate of HIV leads to the coexi-
stence of different strains in one patient. The selective
pressure of drugs results in predominance of one
strain while other variants form minorities. With the
method of Population Based Sequencing only quasis-
pecies of more than 20% can be measured. The major
variant can be replaced by minorities when drug pres-
sure is changing. For NNRTIs a single resistance mu-
tation, such as K103N, is sufficient for therapy failure.
Primary virological failure in first PI regimens is rare
and only seldom described with resistance associated
mutations. This suggests a superiority of protease inhi-
bitor based firstline regimens compared to NNRTT re-
gimens, when resistance transmission is suspected.
The following investigations should give more infor-
mation on resistance transmission problems.
Patients and methods: 163 therapy naive HIV-1 pati-
ents from multicenter study RESINA underwent ge-
notypic resistance test. Using realtime-PCR on a Light
Cycler 2.0 with one labelled probe and two different
primerpairs described by Lecossier et al. [1] the amo-
unt of mutant variant at aminoacid position 103 of the
RT of each patient sample was detected, with a detec-
tion limit of 0.1 %.

In a second analysis one patient from the RESINA
cohort failing his initial therapy with LPV/r was analy-
sed at baseline, initial therapy and at therapy failure.



6 EUROPEAN JOURNAL OF MEDICAL RESEARCH

Population sequencing of PCR-products was pet-

formed with ViroSeq HIV Genotyping system. A pri-
merspecific PCR for detection of minorities at positi-
on 82 for these three samples was performed with the
Light Cycler 2.0. The realtime-assay was a modified
method of Hance et al. [2] with 0.2% minority detec-
tion limit.
Results: 128 of these patients harboured a HIV-1 sub-
type B and the other 35 a non-B subtype. With popu-
lation based sequencing NRTT associated mutations
could be detected in 11 of 163 patients (6.7%). One of
these patients harboured 3 NRTI mutations, each of
the other 10 patients 1 mutation. In 8 patients a rever-
tant could be seen at position 215. In two patients
(1.2%) 1 NNRTI mutation was detected, but in none
of the patients was K103N found by this method. The
number of NRTI- and NNRTT mutations in these 163
patients detected by Population Based Sequencing was
representative for the RESINA cohort of 831 patients
(NRTT 5.4%, NNRTI 3%). Using the realtime PCR
assay minority variants of at least 0.1% of the total
viral population could be safely proved. In the popula-
tion of 163 patients 34 samples (21%) showed a resi-
stant minority K103N. Comparing the different sub-
groups of subtype B and non-B, a difference of 16%
vs. 40% transmitted resistant minority was found.
Because of the low number of non-B patients these re-
sults have to be confirmed by further analysis.

In the second analysis one patient from the RESI-
NA cohort failed his firstline treatment with AZT,
3TC and LPV/t. The baseline virus population sho-
wed a wildtype without V82A in the population based
sequence in the protease (PR) and in the reverse tran-
scriptase (RT) a not resistant associated revertant at aa
position 215. The mutational profile at therapy failure
was: in the PR V82A and in the RT M41L, T215Y/C
and M184V. These patterns suggest a newly acquired
LPV resistance mutation at position V82A. Due to the
revertant T215A an educated guess of a transmission
of resistant variants was made. The minority realtime-
assay discovered a resistant minority of 0.2% V82A. In
the second sample in 7% mutation were detected
shortly after starting therapy and in 100% after failure
of treatment
Conclusions: The resistant minority at position 103,
which was detected in 21 % of the patients, may lead
to an early virologic failure because the resistant mino-
rity can replace the majority. In HIV-1 non-B patients
the prevalence of a K103N minority seems to be hig-
her than in HIV-1 subtype B patients. The transmissi-
on of resistance at position 103 is higher than estima-
ted by the results of sequencing.

The case report of one patient failing his first line
regimen with AZT, 3TC and LPV/r showed that
transmitted resistant minorities can become dominant
under the selective pressure of drugs and cause thera-
py failure. A minority mutation at PR position 82
could be measured at baseline and the transmitted re-
vertant at RT position 215 can give a hint at transmit-
ted resistance of other drug classes.

For drugs with a low genetic barrier or in cases with
a suspicion of transmitted resistance, it could be im-
portant to detect minorities in therapy naive patients.
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Despite safe and efficient vaccines the human hepatitis
B virus (HBV) remains a major medical problem
worldwide. In Germany, according to the Robert-
Koch-Institute (www.rki.de), an estimated percentage
of 0.8% of all residents, which is a total number of
640.000 patients, are chronically infected with HBV.
Provided that this percentage is true for the total
European Community, which had an estimated number
of 459 million residents in 2005 (http://europa.cu),
more than 3.67 million patients are chronically infected
with HBV in Europe. Besides the medical problem
socio-economic costs per patient and year are calcula-
ted with up to 25.000 € and therefore are also a severe
economic problem for the European Community.

The HBV infection, once it has become chronic, is
a major cause of subsequent liver disease that initiates
with fibrosis, leads to cirrhosis and finally causes he-
patocellular carcinoma that can often only be treated
by liver transplantation or lead to a fatal outcome if
they remain untreated. Recent studies have shown that
the progression of chronic HBV infection and thus
the progression of liver disease can be efficiently retar-
ded by vigorous antiviral therapy. These antiviral the-
rapies are based on interferons (with a broad range of
mild to severe side effects) and an increasing number
of nucleoside and nucleotide analogues [1]. The latter
groups of compounds were initially used for HIV
therapy in which they inhibit the viral RNA dependent
DNA polymerase (reverse transcriptase), an enzyme
that is also encoded by the HBV genome. The mecha-
nism of action of nucleos(t)ide analogues against HBV
is similar as they also inhibit the viral reverse tran-
scriptase which results in chain termination during the
viral genome replication and thus, consequently, to the
reduction of the viremia. Despite the increasing num-
ber of anti-HBV drugs that are in clinical studies or at
least in development, only 4 compounds are approved
for HBV therapy yet, namely lamivudine, adefovir,
entecavir, and, for the HIV coinfected patients, teno-
fovir. As observed with HIV therapy, the usage of an-
tiviral agents is accompanied (or followed) by the de-
velopment of antiviral resistance that in most cases
can be referred to mutations in the viral target enzym-
es, i.e. in case of HBV and HIV, the viral reverse tran-
scriptase(s). Taking this into account it was rather sur-
prising that with the introduction of adefovir several
cases of nonresponse to the drug were observed that
were associated not only with mutations or newly de-
tected variants of the virus (recently reviewed by [2]).
In fact, despite proven compliance, in some cases the
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drug was unable to reduce the viremia although no re-
sistance mutations were observed. These observations
led to the conclusion that in some patients (in case of
adefovir and tenofovir) (a) either the prodrugs are not
efficiently processed into the active metabolites, (b)
the drugs are not (efficiently) delivered to the infected
cell by an defective or altered transport mechanism, or
(c) that the drugs are not efficiently phosphorylated
[2]. These assumptions are supported by a number of
previous observations on the metabolism of the
nucleos(t)ide analogues: First, especially for adefovir
and tenofovir which are administered as prodrugs, de-
fective intracellular esterolytical cleavage may lead to
treatment failures [3]. Second, as it is known e.g. for
the ATP binding cassette transporters, there are signi-
ficant inter-individual differences in form of polymoz-
phisms in the respective genes/enzymes that result in
altered drug response, which in turn may induce treat-
ment failure or severe side effects. Third, studies on
the metabolism of adefovir (9-(-2)-phosphonylme-
thoxyethyl)adenine), an adenosine derivate probably
absorbed by the ATP binding cassette, revealed that
the compound is actively transported into the cyto-
plasm by a 50 kDa protein also against a concentration
gradient before it is phosphorylated to its diphos-
phorylated derivate PMEApp by the 5-phosphoribo-
syl-1-pyrophosphate (PRPP) synthase and/or adenyla-
te kinase 2; the diphosphorylated can be incorporated
into the viral genome. Thereby adefovir can reach in-
tracellular concentrations of up to 10 pmol per one
million cells. Polymorphisms in any of the enzymes in-
volved in these up-take cascades may also lead to im-
paired antiviral activity of the analogues. Nevertheless,
from these earlier studies and also from newer studies
on the metabolism of adefovir and also tenofovir, it
remains unclear to what extent other enzymes are in-
volved in the processing of these drugs, as no related
data from the respective clinical cases with non-res-
ponse of assumed metabolic origin were hitherto pu-
blished.

However, although a respectable portion of non-re-
sponse to antiviral therapy may be explained by these
potential mechanisms of metabolic resistance to anti-
viral compounds, there are still a (limited) number of
viral factors to be investigated with respect to their
potential to mediate antiviral resistance. Some of these
factors, namely mutations in the viral reverse tran-
scriptase, have already been described and were exten-
sively investigated in vitro (summarized by [4]).
However, for some of these mutations it remains yet
unclear whether they in fact induce resistance, whereas
the role of other mutations (that have clear clinical
correlates) are still disbelieved to play a role in antivi-
ral resistance [5]. In all studies, only the small domain
of the viral polymerase that is responsible for reverse
transcription is taken into account for analyses, whe-
reas the role and structural influence of the remaining
domains on this domain remain to be investigated.
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Objectives: Inhibitors of reverse transcriptase are a
well established treatment option for patients with
chronic hepatitis B infection. The widespread use of
these antiviral drugs results in an increase of drug resi-
stance if long-term treatment is necessary. Although
public-available tools for analysis of HIV-sequences
are frequently used to assess drug resistance, such
tools are not commonly used for Hepatitis B. A new
easily accessible tool for Hepatitis B resistance pattern
analysis was developed on the basis of the well esta-
blished HIV-GRADE internet tool.

Methods: The hepatitis B drug resistance tool is based
on the HIV-GRADE tool, which itself is derived from
the HIValg module of the Stanford HIVdb tool. As
these tools are specialised on HIV drug-resistance,
substantial changes in the internal structure of the
software were introduced to allow the analysis of HBV
resistance patterns including adjustments of the refe-
rence sequences for alignment and genotyping. As
there is no standard reference sequence for hepatitis B
like HxB2 for HIV, sequences are aligned to their spe-
cific genotype consensus sequence after a pre-align-
ment to appoint the genotype. Thus detected mutati-
ons are automatically corrected for genotype, exclu-
ding the display of amino-acid variations which are not
associated with drug resistance. In addition to this
drug resistance interpretation the tool allows the relia-
ble analysis of HBsAg-escape mutations.

The underlying algorithm is based on a comprehen-
sive analysis of available literature and includes our
own observations of clinically resistant hepatitis B
strains.
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As the tool uses the Algorithm Specification Inter-
face (ASI) developed by Shafer et al. for the Stanford
HIVdb software, the algorithm can be coded and sto-
red in XML format. The application of the ASI also
allows the users to create their own algorithm and uti-
lize it with this tool.

50 previously analysed sequences at the Max von

Pettenkofer Institute showed no difference when re-
analysed with the newly designed tool.
Conclusions: With this freely available software analy-
sis tool fast and reliable Hepatitis B drug resistance
and HBsAg-escape mutation profiles can be easily ge-
nerated.

The tool is available at the
http://www.hiv-grade.de

internet address

THE MEDEORA-HIV DATABASE

F. Roblfing, N. Schmeisser, A. Wibrmann
MEDEORA GmbH, Koln

www.medeora.com, info@medeora.com

Background: Sufficient capturing and management of
information is the most important step before data
can be analyzed and conclusions can be drawn. We in-
troduce the database MEDEORA-HIV which puts a
strong emphasis on the collection and the processing
of routinely gathered clinical data of HIV infected pa-
tients. Furthermore the database was developed to
support physicians in their daily routine with a wide
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To guarantee high data quality, compulsory boxes,
edit checks, reference ranges and data validation via a
quality assurance (QA) module were implemented.

Meanwhile more than 120 users have registered for

MEDEORA-HIV and more than 20.000 German pati-
ents (>10.000 of them under treatment) are documen-
ted in a standard data format.
Methods: A wide variety of interfaces allows the mobi-
lisation of data gathered during the treatment of pati-
ents in clinical routine. BDT and LDT interfaces allow
communication with information systems of private
practitioners or laboratory information systems (LIS)
and a HL7 interface is able to collect data from most
hospital information systems (HIS, see Fig. 1).

To assure a high data quality we introduced an in-
teractive QA module (Fig. 2). This module validates
the data by using a wizard that cross checks the dataset
searching for logical errors. More than 60 validation
queries are in use looking for e.g.: double diagnosis,
overlapping medication periods or laboratory measu-
rements without a results. A detailed report allows the
correction of possible errors.

Results: Using the structure and functionality descri-
bed above we implemented a bi-directional interface
for data transfer that allowed data exchange with the
AREVIR project. Clinical data of 953 patients with
1274 genotypes were exported to AREVIR (09/20006)
and matching virological data were imported to the
local MEDEORA-databases in several outpatient cen-
ters.

This example proved the benefit of MEDEORA-
HIV for daily use in clinical routine and supports our
approach to store data in a standard format and com-
bine data from different sources. An approach that
may help to find new hints and clues for further rese-
arch projects.

GERMAN HIV COHORT STUDY

Nicole Skoetz, Ulrike Bergmann, Sinidu Deneke, Clandia
Michalik, Dietmar Theisen, Sven Wiegelmann, Ursula
Paulus, Andreas Plettenberg, Jorg Gilz, Norbert
Brockmeyer, Competence Network for HIV [ AIDS

Coordinating Center for Clinical Trials (KKSK), University of
Cologne, Cologne, Germany

E-mail: nicole.skoetz@kksk.de

The process of implementation of the German HIV
cohort study, funded by the BMBE, was started in
2004. The prospective cohort study enrolls HIV-infec-
ted patients in 68 centres throughout Germany. In this
network different disciplines such as clinical medicine,
dermatology, neurology, paediatrics and obstetrics are
brought together. Currently, there are data from more
than 14.000 patients.

Per follow-up at 6-month intervals, information on
approximately 560 different variables is collected.
11.000 first follow-ups exist, 7.500 patients have two
follow ups, and 4.500 even have 3 follow-ups. High
quality retrospective data exists for 4.000 patients. The
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database also contains information on asserved blood
and serum samples and biological material such as
lymph nodes. This information is immediately available
for further analysis together with extensive medical
data.

Essential for the successful operation is effective
communication and cooperation among a variety of
different institutions and centres. In September 2005,
the 2nd funding period, the coordinating centre for
clinical Trials (KKSK), an Institution of the Medical
Faculty of the University of Cologne, took over the
data management for the cohort. Physicians, scientists,
KKSK staff, patient representatives and colleagues
from the competence net central meet on a regular
basis and contribute substantially to further improve-
ment of the cohort.

The data collected from each patient has the follo-

wing components: The basic module comprises socio-
demographic information, onset of disease, ART and
laboratory parameters. The hepatitis module docu-
ments vaccination status and potential hepatitis infec-
tion, specific lab values and medication. The children’s
module collects data from HIV positive children. It
currently contains data from 120 children. The expo-
sed children’s module contains information on children
that have been exposed to HIV during pregnancy. This
module is connected to the pregnancy module. In this
module data related to the pregnancy of HIV positive
women is soon going to be collected. The neurology
module is a separate module documenting drug abuse
and neurological diseases, symptoms and deficits.
Qunantity is nothing without quality.
Standard operating procedures (SOP) form the basis
for all processes associated with management of the
cohort. They exist, for example for on site monitoring,
development and management of data and project ma-
nagement. These are constantly kept up to date in
cooperation with the SOP group and the quality ma-
nagement department of the KKSK. The use of
InferMed’s validated study documentation software
MACRO guarantees data keeping on a high level ac-
cording to GCP. For example, data entry is only allo-
wed for authorised users: All manipulations of the
data such as entry and modification are documented
by an audit trail. The helpdesk is the primary contact
point for all problems. It coordinates and directs all
requests to the respective staff in charge. Such a pro-
cedure contributes to effective support and guarantees
standardized solutions. Various checks for plausibility
and inconsistencies are integrated into the database.
For example, numerical data are associated with ran-
ges, and a warning will be generated if these ranges are
exceeded. Central monitoring optimises the data
through queries removing imprecise data. The HIV
on-site monitoring is a unique feature of registers in
German competence networks. It is carried out by 3
people in accordance with the monitoring manual. It
has various functions: patients’ concerns are being
kept, documenting staff is adequately trained, and data
entry is standardised. Apart from organisational que-
stions and soutrce data verification it is checked
whether written informed consent exists. In addition,
the correct asservation of blood and serum samples is
controlled.
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A crucial aspect is the identification and treatment
of duplicates: The HIV/AIDS competence network is
going to use TMF’s data security concept B for the eli-
mination of duplicates. It draws together data from
different centres and is able to effectively avoid dupli-
cates through a PID generator, a pseudonymisation
tool and an electronic data custodian. The PID gene-
rator was implemented in last summer and the pseud-
onymisation tool in December 2006. As the compe-
tence network has made electronic custodianship in a
TMF project more precise, we expect the concept to
be implemented soon. The competence net HIV is
thus in a leading position of bringing a suitable con-
cept for data protection to work. This concept will be
useful for all German competence networks.Until
then, identification of duplicates happens as follows:
Patients can be identified as duplicate when they in-
form a second physician that they are already partici-
pating in the competence network. If the patient wis-
hes, his 2 PIDs can be unified on a central server for
analytical purposes.

The weekly on-line reports also contribute to quality manage-
ment.

Each centre can consult a list of their own patients
whose CD4 cell count has been overdue for more than
8 months. The list reflects follow-ups that are still mis-
sing. The respective patients need to be documented.

The cohotrt has received attention on an internatio-

nal level. Tests have demonstrated that data quality
and data collection meet international standards.
Interested in Co-operations are Cohere (Collaboration
of Observational HIV Epidemiological Research
Europe), MITOC (Mitochondrial Toxicity in Children
and NRTI Exposure during pregnancy) and the AIDS
Research centre Elite-controller project.
Conclusion: Quality has top-priority, which is ensured
by a wide variety of measures such as SOPs, monito-
ring, queries and the usage of study documentation
software. Online reports create transparency and pro-
vide feedback for the participating centres. 14.000 pa-
tients, with 560 variables covered in different modules
such as children, hepatitis, neurology and pregnancy,
as well as a direct link to blood and serum sample base
are available.

All this is substantially contributing to both a detai-
led description of the current state of HIV therapy in
Germany as well as to a continuous improvement in
therapy by generating hypothese for clinical trials. The
cohort makes a valuable contribution to vertical and
horizontal knowledge transfer nationally as well as in-
ternationally.
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THE ANALYSIS OF RESISTANCE MUTATIONS OF
HUMAN IMMUNODEFICIENCY VIRUS

E. Schiilter’, R. Kaiser!, M. Oette2, C. Miiller2,
N. Schmeifsers, ]. Selbig3, N. Beerenwintkels,
T. Lenganers, M. Déumer!, D. Hoffmann>

nstitute of Virology University of Cologne, Cologne, Germany;
2Clinic for Gastroenterology, Hepatology and Infectious
Diseases, University of Disseldorf, Diisseldorf, Germany;
3Max Planck Institute of Molecular Plant Physiology, Golm,
Germany;
4Department of Internal Medicine, University of Cologne,
Cologne, Germany;
5Center for Medical Biotechnology, University of Duisburg-
Essen, Essen, Germany, SMPI for Informatics, Saarbricken,
Germany

E-mail: eugen.schuelter@caesar.de

Background: Despite the large amount of information
about drug resistance associated mutations in the HIV
genome, the interpretation of mutations is challenging
and moreover, single mutations might not reflect the
overall complexity of HIV resistance. To investigate
with bioinformatics methods correlations between
HIV genotypes from patients under antiretroviral
therapy and the clinical outcome of the patients with
bioinformatics methods, the Arevir database was crea-
ted (Arevir = analysis of retroviral drug resistance).
Special emphases of the implementation were the pro-
tection of the privacy of patients, physical protection
of the data and data integrity, as well as quality control
of the imported data.

Methods: Arevir consists of a MySQL 5.x database
(http:/ /www.mysql.com) and a web user interface for
data access. The database comprises 50 tables organi-
zed in 5 groups holding: patient demographic data,
therapy data, isolate related data, HIV genotypes and
administrative data. To protect the privacy of the
patients all data are completely anonymized. Physical
protection is achieved by a high-security server
room and network access restricted solely to SSH
(http:/ /www.openssh.com). A standalone, offline ap-
plication ‘Rosie’ for data input was written to facilitate
data acquisition and management at HIV treatment
centers.

Results: To guarantee anonymity, each patient record
is accessed by a meaningless serial number. Instead of
storing patient names a pseudonym (hash code) based
on SHA-1 [1] is generated from the patient’s name and
birth date. This irreversible pseudonym is not visible
to the Arevir users. It is used to avoid duplicate patient
records under different serial numbers. To improve
the recognition of duplicate copies when receiving fol-
low up data, a pre-processing step was introduced in
the pseudonym generator. This step minimized the
impact of spelling errors in patient names and increa-
sed the number of extracted standard datum records
(STDR) as shown in Table 1. A STDR consists of a
selection of clinical data and a HIV genotype, in a time
slot around the start of a new or modified antiretrovi-
ral therapy.
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Table 1. record counts and number of extracted STDRs
from the Arevir database in 2005 and 2007.
June 2005 January 2007
patients 4.500 2.500
therapies 12.000 6.000
CD4 values 52.000 53.000
HIV RNA values 41.000 26.000
HIV genotypes 3.000 2.200
STDRs 350 750

A very high network security is achieved by enab-
ling only one port on the Arevir server (for SSH
connections). Furthermore, login is only possible with
a private key file and from computers whose IP ad-
dress is registered at the Arevir server. The administra-
tive tables in the database provide additional content
protection and are used by the web interface applicati-
on to guarantee that users can only see data from pati-
ents they are responsible for.

To improve the quality and integrity of the data,
data cleansing was established as a continuous process.
Several checks are performed either at input time or
by analysis scripts to take batch imports into conside-
ration. One example of the importance of quality ana-
lysis is shown in Figure 1. In this case report the suc-
cess or failure of a new therapy after virological failure
is measured by the viral load closest to week 12 after
the TCE (therapy change event).

......... -«\ + 20.06.2002

12w

(15.06,2002)

TCE
15.03.2002

Fig. 1. Assumed (dotted line) and real (solid line) viral load
progression interpretation depending on a mistyped date.

The viral load value at 20.06.2002 was exposed as

typing error in the date, by a quality check warning,
due to more than one viral load encountered in a time
slot of 20 days. Without this check, Therapy B would
be erroneously classified as a failure.
Conclusions: The new pseudonym algorithm increased
the number of available standard datum records and
reduced the number of duplicates. The Arevir databa-
se is now capable to incorporate data from other pati-
ent databases with lower risk of duplicates. Further-
more, the quality checks improved the overall reliabili-
ty of Arevir data.
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Backgronnd: The BEuResist project aims at developing
an integrated system for the clinical management of
antiretroviral drug resistance. The system will provide
clinicians with a prediction of the HIV patient's res-
ponse to antiretroviral treatment and thus help select
the best drugs and drug combinations for any given
HIV genetic variant. To this end, a large European in-
tegrated data set has been created by merging three of
the largest existing resistance databases: ARCA (Italy),
AREVIR (Germany) and Karolinska (Sweden). Several
distinct prediction engines are being used in the study
and preliminary results are encouraging.

Methods: The EuResist project brings together clinical
virology units with experts in machine learning and
data mining. The project consortium aims at integra-
ting clinical and virological data from a large group of
patients to provide the information for training multi-
ple machine learning approaches. In order to be relia-
ble, some of the most promising prediction methods
available require a critical mass of high-quality data,
which has not been available from a single source. To
this end, three large and expanding databases, contai-
ning historical and prospective data from different
European countries, have been integrated. Since sever-
al variables have a potential impact on the response to
treatment, gathering data from multiple locations en-
sures that different and potentially influential scenari-
os (e.g., drug prescription attitudes, HIV subtypes) are
represented in the integrated database.

Each learning strategy results in an engine that ge-
nerates a prediction of a short term viral load for a pa-
tient, given at least one particular drug combination
and a genotype. These engines will be combined in a
final engine, which is freely accessible on the web, to
assist infectious disease specialists in building the opti-
mal treatment regimen.

Integrating data: The EuResist Integrated Database
(IDB) is generated by integrating three pre-existing in-
dependent data sources: ARCA (Italy), AREVIR
(Germany) and Karolinska (Sweden). It includes pati-
ent demographics, CD4 and viral load values, genoty-
pes, and treatment histories. The data is fully anonymi-
sed so it is impossible to trace back to a patient from
the EuResisz IDB content. Physical data consolidation
was selected as the integration strategy, since it ensu-
res high availability, high performance, and a high level
of data quality — the three essential requirements for
successfully training prediction engines. Data Clean-
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sing is an integral part of the data integration and fee-
ding process. The quality of the data is crucial for the
training and validation of the prediction engines.
Although quality checks exist in each of the integrated
data sources, a set of domain specific rules has been
defined for the EuResisz IDB, thus leveraging and en-
hancing the overall data quality.

Table 1. The number of data items integrated in the latest
version of the EuResisz IDB, released on April, 2007.

ARCA  Arevit  Karo- FEuResis?
linska
Patients 9074 2444 4295 15813
Therapies 29977 6154 13881 50012
Therapy Compounds 88338 18233 42868 149439
CD#4 Isolates 114521 28678 89173 232372
Viral Load Isolates 93640 25972 61074 180686
Raw Sequences 14942 2180 1266 18388
Protease Sequences 13372 2180 1135 16687
RT Sequences 13313 2179 918 16410

Exchanging data: Health Level Seven (HL7) is a stan-
dard, domain specific, common protocol for the
exchange of healthcare information. HL7 is the /inguna
franca of the healthcare industry and is widely used for
exchanging healthcare data. The latest version, HL7
v3, consists of two main elements: a messaging stan-
dard and an information model referred to as the RIM
— Reference Information Model.

The EuResisz IDB defines an HIV-specific data
mart, which can be derived from the more generic
HL7 RIM. By mapping the EuResisz IDB schema to
HL7 v3, a standard interface for exchanging HIV data
is achieved. Although there are no HIV specific mes-
sages in HL7 v3, the standard provides a generic way
of representing any medical information. A mapping
between the EuResist proprietary HIV data mart to a
standard HL.7 CDA (Clinical Document Architecture)
is being defined as part of the EuResist project.

The CDA document is a defined and complete in-
formation object that can be sent inside an HL7 mes-
sage and can exist independently. Our goal is to define
a CDA Template for HIV treatment. This template
holds demographical and clinical data for a patient, as
well as viral genomic data through links to the HL7
Clinical Genomics models, and would provide a much-
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needed standard way for HIV scientists/categivers to
exchange information (Fig.1).
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The HIV-1 envelope protein (Env) facilitates entry of
the virus into target cells. This process is initiated by
the interaction of HIV-1 Env with the CD4 receptor
molecule on the surface of the target cell [1]. CD4 bin-
ding induces a conformational change in Env and allo-
ws the binding of a coreceptor of the chemokine re-
ceptor family. The coreceptor usage is virus strain de-
pendent: R5-tropic viruses, which do not induce syn-
cytia, use CCR5 and X4-tropic viruses, which induce
syncytia, use CXCR4. X4R5 or dual-tropic strains can
use CXCR4 as well as CCR5 for entry. R5-tropic
strains are found early after infection and replicate ef-
ficiently in memory T cells, which express high levels
of CCR5 and are particularly abundant in the gut-asso-
ciated lymphoid tissue, the site of primary HIV repli-
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Fig. 1. The EuResist HIV specific data mart is
aligned with the generic HL7 v3 standard.
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cation. However, in half of the infected individuals,
HIV strains emerge that use CXCR4, which coincides
with a rapid depletion of CD4-positive T-lymphocytes.
Therefore, we are conducting a longitudinal analysis of
the coreceptor usage of HIV isolated from infected in-
dividuals [2]. These data should help to elucidate the
still unanswered question of whether the appearance
of X4-tropic HIV is the result or the cause of the im-
munodeficiency. In addition the study should evaluate
the influence of anti-retroviral therapy (ART) on core-
ceptor switch with the focus on the reversibility of the
switch by ART.

The primary determinant of coreceptor usage is the
third variable (V3) region of the HIV envelope glyco-
protein. coreceptor usage can be predicted from the
sequence of the V3 region by using bioinformatics
tool as genoZpheno [3]. We are currently evaluating
the coreceptor usage by sequence analysis of the V3
region of the HIV Env obtained from HIV isolated
from infected individuals. The correlation of the expe-
rimental data with patient’s therapeutic regime will ho-
pefully enable us to make prediction about coreceptor
switch and the onset of AIDS and might allow us to
improve ART to further delay the emergence of highly
pathogenic HIV variants.
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Background: Primary HIV drug resistance is defined
by the presence of resistance-associated mutations in
previously untreated HIV-infected patients. It may
lead to suboptimal virological outcome of highly ac-
tive antiretroviral therapy (HAART), as shown by a
number of prospective trials. In these investigations,
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treatment choice was not based on prior resistance
testing. We studied the epidemiology of primary resi-
stance in Nordrhein-Westfalen, Germany. Further-
more, the aim of this study was to evaluate the efficacy
of first-line HAART guided by resistance testing and
to identify predictors of virological failure.
Methods: In an ongoing prospective multicenter study
in Germany, genotypic resistance testing was perfor-
med before initiation of first-line HAART in chroni-
cally HIV-infected patients. Mutations were classified
according to published criteria on reporting about pri-
mary resistance (Shafer RW, AIDS 2007; 21: 215-23).
The components of therapy were chosen using the
geno2pheno® interpretation tool of resistance testing.
Treatment was monitored for 48 weeks.
Results: Altogether, 37 centers specialized in the treat-
ment of HIV-infected patients in Nordrhein-
Westfalen, collaborated this study. 1097 patients were
recruited from January 2001 to December 2006. Of
these, 78.6% were males, the mean age was 39 years
(standard deviation (SD): 10.2), 52.7% were homose-
xuals, the mean duration of HIV diagnosis was 1.6
years (SD: 3.4), 31.2% were at the stage of AIDS,
mean CD4-cell count was 244/pl (SD: 212), mean
viral load was 189,442 copies/ml (SD: 461,460).
Resistance-associated mutations were found in 102
cases (9.3%; 95% CI, 7.6-11.0). Information on detec-
ted mutations is provided in Table 1 (page 14):
Primary resistance was found significantly more
often in males (p = 0.01), in patients with high viral
load (p = 0.01), in patients with HIV subtype B (p =
0.02), and in homosexuals (p = 0.04), respectively. The
following graph shows the development of epidemio-
logy over time (Fig.1).
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Fig. 1. Trends of Primary Resistance.

Treatment data are available for 455 individuals. In
this group, the prevalence of primary drug resistance
was 8.8% (95%-CI, 6.2-11.4). In intent to treat-analy-
sis, a viral load (VL) below 50 copies (c)/mL at
48 weeks was seen in 72.5% of patients with primary
drug resistance and in 75.9% of patients with wild
type virus (p = 0.7). In on treatment-analysis, VL
<50 ¢/mL was found in 82.9% of patients with pri-
mary resistance and in 86,8% of patients with wild
type virus (p = 0.6). Treatment was significantly less
effective in patients presenting revertant variants

(T215C/D/E/L/S/V; VL <50 c¢/mL in 52.6 %),
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Table 1.
n % 95%- Mutations
confidence
interval
NRTI-associated mutations 63 5.7 4.4-7.1 M41L, K65R, D67N/G/del, T69D/ins,
K70R, L74V, V75A/M/T/S, FT7L,
Y115F, F116Y, Q151M, M184V /1,
L210W, T215Y/F, K219Q/E/R
NNRTI-associated mutations 34 3.1 2.1-4.1 L1001, K101E, K103N/S, V106A /M,
Y181C/1, Y188L/K/C, G190A/S/E/Q,
P225H, M230L, P236L
Pl-associated mutations 24 2.2 1.3-3.1 1.241, D30N, V321, M461, 147A/V,
G48V, 150V/L, F53L, 154V /L./M/A/T/S,
G73C/S/T/A, V82A/F/TS/M, 184V /A/C,
N88D/S, LYOM
Revertants 38 3.5 2.4-4.5 T215C/D/E/S/1/V
2-class-resistance 11 1.0 0.4-1.6 Combinations of the above
3-class-resistance 3 0.3 -0.03-0.6 mentioned mutations

NRTTI: Nucleoside reverse transkriptase-inhibitors
NNRTT: Non-NRTI
PI: Protease inhibitors

NRTI-mutations contain resistance associated mutations and revertants

compared to 76.6% in cases without revertants (p =
0.03). In patients at the clinical stage of AIDS, a VL
<50 ¢/mL was seen in 70.1%, and 78.8% in cases at
stages CDC A or B (p = 0.04). These differences were
confirmed by multivariate analysis, with a relative risk
of having a detectable viral load of 3.44 (95%-CI; 1.3-
9.0) in individuals harbouring revertants and 1.62
(95%-CI; 1.1-2.6) in individuals with AIDS. The para-
meters age, gender, nationality, ethnic origin, duration
of HIV-diagnosis, route of HIV-transmission, baseline
CD4 cell-count and viral load, primary drug resistance
in general, drug class-specific resistance, multi-drug-
resistance, HIV subtype, and number of treatment
modifications, were not associated with virological
failure.

Conclusions: We found a prevalence of primary drug
resistance of about 10% in chronically HIV-infected
patients. The majority of mutations were found in the
NRTT substance group. We identified risk factors for
the presence of primary resistance. Application of re-
sistance testing resulted in similar efficacy of HAART
in cases showing resistant virus as compared to cases
with wild-type virus. Thus, first-line HAART should
not be administered without prior genotypic resi-
stance testing. The strongest independent predictor of
virological failure was the presence of revertant vari-
ants. Consequently, treatment options for patients
with an increased risk of virological failure need to be
improved.
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Background: About 10% of HIV infected therapy-naive
patients possess mutations in the pol-region of their
virus, which are associated with resistances to certain
drugs. In general, mutations are afflicted with disadvan-
tages for the replication cycle of the virus, in an environ-
ment without drug pressure. Nevertheless, in the course
of infection a mutated virus was transmitted to patients.
Pressure from the immune system is also conti-
nuously present on the virus, therefore the HLA-A
and -B type of previously selected therapy-naive pati-
ents were determined to see whether correlations bet-
ween the HLA-type and the observed drug resistances
exist. HLA molecules display processed peptides of
virus particles on cell surfaces. In case of an escape by
the virus this process cannot be guaranteed and cyto-
toxic T-cells are not able to respond.
Patients and Methods: The HLA-A and —B type of 103
therapy-naive patients from the RESINA cohort with
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Table 1. Correlation of resistance mutations and HLA types.
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Frequency in genotype
Mutation HLA-A | -B Lit. Value P value
Subgroup Whole group
K103R B*44 4.7 % 9.3 % 58% 0.0018
V118l B*07 + B*40 17.6 % 53% 0.8 % 0.0344
L210F B 44 40 % 93 % 5.8 % 0.0074
V75l A*11 50 % 8 % 6.2 % 0.0323
L33F A1 + B*35 50% 53 % 23‘5 i 0/9 % 0.0125
aucasians Africans
M46l1/L A"03 40 % 14 % 13.4 % 0.0344
M46l1/L B*35 40 % 14.7 % 9.7 % 0.0406
Md4al/L A*03 + B35 60% 12% 13% 0.0109

documented drug resistance mutations in protease
or/and reverse transcriptase were determined by se-
quencing (n = 75). The frequencies of HLA-types
were correlated with mutations in protease and reverse
transcriptase. The significance of correlation was de-
termined by using Fisher‘s exact probability test.
Results: 75/103 ART naive patients who harbour HIV
drug resistance mutations were typed for both HLA-A
& -B. For 8 resistance-associated positions significant
correlations between drug resistance mutations and HLA-
type were found which have not yet been reported:
K103R & HLA-B*44; V1181 & HLA-B*07 + HLA-
B*40; L210F & HLA-B*44; V751 & HLA-A*11; L33F
& HLA-A*01 + HLA-B*35; M461/L & HLA-A*03;
M461/L & HLA-B*35; M46I/L & HLA-A*03 +
HLA-B*35 (Table 1).

The already reported correlation D121x & HLA-
B*35 [1] was also found in our cohort, which proves
that this study cohort is representative for HIV positi-
ve patients and the previous selection of patients did
not cause a shift (bias) in the normal distribution of va-
tiation. Our tesults support the finding that 2/3 (67%)
of the CTL epitopes on HIV are HLA-B restricted [2].
Four of the 6 possible escape variants are HLA-B and
only 2 are HLA-A restricted. According to a study with
heavily antiretroviral-treated patients, L210W in com-
bination with HLLA-B*44 is less frequently recognized
than the wild-type [3]. Our study revealed L210F in
combination with HLA-B*44 as a possible escape mu-
tation (Phe (F) is homologous to Trp (W)).

Conclusion: The results of this study contribute to the
understanding of the relationship between HIV infec-
tion and immune response. The knowledge about
HLA restricted HIV drug resistance mutations might
be helpful in designing new therapy strategies. The re-
sults of this study indicate that the prevalence of trans-
mitted drug resistance could be effectively higher than
determined by several nationwide survey programmes.
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In the last decade, efficacy of highly active antiretrovi-
ral therapy (HAART) of HIV infection has increased
significantly (Bartlett JA, AIDS 2006; 20: 2051-64).
However, the duration of effective treatment is limited
due to a significant number of patients with premature
cessation of therapy (Mocroft A, AIDS Res Hum
Retroviruses 2005; 21: 743-52). Besides toxicity, a
major reason for the termination of therapy is virolo-
gical failure, often associated with the development of
resistance-associated mutations. Another way of acqui-
ring resistance is continuous treatment without fully
suppressed  viral replication. Thus, suboptimal
HAART may lead to a continuous increase of mutati-
ons. Consecutively, the prevalence of resistant virus
strains is rising over time (Sabin C, BMJ 2005; 330:
695). From a clinicians point of view, the most impor-
tant question in this context is the clinical relevance of
drug resistance. Several studies have shown that the
presence of mutated viruses may not only reduce tre-
atment options, but also the clinical prognosis of pati-
ents (Hirsch MS, Clin Infect Dis 2003; 37: 113-28). An
unfavourable outcome has been shown especially in
the situation of multi-class-resistance (Zaccarelli M,
AIDS 2005; 19: 1081-9). In summary, drug resistance
has become one of the major obstacles of current anti-
retroviral treatment.
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A large number of studies on resistance testing for
salvage therapy have been published. Most of these
demonstrated the value of genotyping in comparison
to standard of care, which was a therapy switch accor-
ding to the physician’s choice at that time (Panidou
ET, AIDS 2004; 18: 2153-61). However, the follow-up
duration of investigations was too low to give an im-
pression of the long-term use of resistance testing,
Nowadays, a switch of HAART due to virological fai-
lure without such testing is regarded as substandard.
Therefore, information about the impact of resistance
testing is derived from current studies on the use of
new drugs in salvage therapy. The phase-1I- and III-
trials on compounds like Enfuvirtide, Tipranavir,
Maraviroc, Darunavir, and integrase inhibitors have
taught us that the number of active drugs in the new
HAART counts. This means that resistance testing has
the important task to identify a high number of sub-
stances without resistance to become the choice in
subsequent therapy. This combination should contain
at least two, if possible three, compounds without resi-
stance. This strategy has been called genotypic or phe-
notypic sensitivity score (GSS or PSS). Due to very
promising results of salvage therapy in the mentioned
studies, the purpose of treatment should nowadays be
a viral load below the limit of detection in almost all
cases. Most international societies have included this
strategy for salvage therapy in their guidelines. Coz-
respondigly, an investigation has shown that access to
resistance testing may improve survival in patients
with multiple failures of HAART episodes (Wegner
SA, Clin Infect Dis 2004; 38: 723-30).

Due to the specific selective pressure of each antire-
troviral drug and whole combinations, several studies
have investigated treatment strategies with a focus on
remaining options after virological failure. In a meta-
analysis of first-line therapies, the aspect of “resistance
cost” of first-line therapy was evaluated (Bartlett JA.
JAIDS 20006; 41: 323-31). Despite similar virological
outcome, the NNRTI-containing study arms resulted
in less treatment options at the time point of virologi-
cal failure as compared to Pl-containing therapies.

In conclusion, the development of drug resistance
during failing HAART may not only reduce treatment
options, but is also associated with reduced life expec-
tancy. Sensible application of resistance testing may
improve the efficacy of the following treatment episo-
des significantly. Thus, resistance testing together with
rational interpretation of results are important ele-
ments of contemporal salvage therapy. Current guide-
lines recommend resistance testing before treatment
initiation and before switch or cessation of combinati-
on therapy due to virological failure. The aim of salva-
ge therapy is the full suppression of viral replication.
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Backgronnd: Gag cleavage site (CS) mutations occur
commonly under selective pressure of protease inhibi-
tors (PI) in vivo and in vitro. Several CS mutations
correlated with the presence of protease (PR) mutati-
ons and were linked to resistance profiles. CS mutati-
ons can confer PI resistance by an increased cleavage
rate of precursor proteins and compensate for reduced
enzymatic activity of drug resistant PR mutants. Most
recently de Meyer et al. (2006) found certain gag muta-
tions (G123E, H124Y, M200I, V390D, R409K,
E428K, A431D, 1437D, Y441H, S473P) after in vitro
selection, solely responsible for 2-5-fold increase of
resistance to TMC114. Howevert, little is known about
frequencies of these mutations in therapy-naive and
therapy-experienced patients and their impact on the
genetic barrier of TMC114 containing therapies.
Patients and Methods: We analysed HIV subtype B iso-
lates from therapy-naive (n = 414) and therapy-experi-
enced (n = 242) patients in the C-terminal gag region.
The obtained sequences were assembled and edited by
using the Seqman software and translated there-
after into protein sequences according to the gag
and pol reading frame. Each sequence was aligned
to the HxB2 reference sequence and amino acid sub-
stitutions were documented. Statistical significance
was determined using Fisher’s exact test (p<0.05%, p
<0.01*%).

Results: We found eleven therapy-associated CS muta-
tions accumulating significantly in TE viruses
(E428D*, A431V**, K436R*, I437V** TL449F**+/
VEx/H*, S451T*, R4528*, P453L** P453A**) and
few natural polymorphisms with similar frequencies in
both groups (I437L, L449P, S451N). In therapy-expe-
rienced HIV with three or more major protease muta-
tions at least one additional therapy-associated CS mu-
tation was found in 87%. In contrast neither therapy-
naive nor therapy-experienced viruses harboured gag
mutations E428K, A431D and 1437D. However, few
viruses had the S473P mutation. Y441H also included
in the gag mutation list selected in vitro under
TMC114 exposure was found in the majority of HIV
isolates (n = 572) and should therefore be classified as
natural polymorphism in pl. Interestingly, 1437V,
which is a frequent therapy-associated CS mutation,
could be an intermediate between WT and 1437D. So
far, no analysed HIV from patients with detectable



August 16, 2007

viral loads with a TMC114 containing antiretroviral
therapy (n=4) showed one of these unique gag mutati-
ons. Moreover, in one patient with primary protease
and primary therapy-associated cleavage-site mutati-
ons (A431V, 1437V, P453L) sustained reduction of
viral replication below the detection could be achieved
with TMC114.

Conclusions: Therapy-associated CS mutations are pre-
sent on therapy-naive and therapy-experienced HIV.
Especially viruses with three or more major PR muta-
tions had additional CS mutations. Gag mutations
(E428K, A431D and 1437D) selected in vitro under
TMC114 exposure could not be found in either
groups so far. It is not clear due to host-virus interac-
tions whether these gag mutations can occur in vivo.
Moreover, the meaning of therapy-associated gag mu-
tations for failure of TMC114 containing antiretroviral
therapies has to be evaluated in further studies.
Detection and interpretation of gag-mutations should
be integrated into HIV resistance analyses for further
optimised therapy strategies.
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T-20 is a 36 amino acid (AA) synthetic peptide, homo-
logous to parts of helix region 2 (HR2) of gp41. Its
binding to HR1 of HIV-1 disturbs the formation of a
hairpin structure and blocks thereby virus-cell fusion.
So far, T-20 was mainly used in salvage therapy, where
the emergence of T-20 resistant viruses was predicta-
ble.

The HIV-GRADE internet tool is the first freely
available HIV drug resistance interpretation tool that
allows the analysis of gp41 sequences. To test the per-
formance of the internet tool 80 blood samples from
24 heavily pre-treated patients with insufficient virus
suppression were collected before, during and after T-
20 therapy. Viral RNA was extracted from plasma.
After amplification by nested PCR, a 511 bp region of
gp41 including HR1 and HR2 was sequenced. The ge-
nerated sequences were analysed with the HIV-
GRADE internet tool.

All but one of the patients had mutations at conser-
ved AA positions. Mutations within HR1 appeared in
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decreasing frequency at positions 43, 42, 38, 36, and
45 in 10, 6, 6, 4, and 2 patients respectively. In HR2,
mutations peaked at positions 126, 132, and 138. In
the region between HR1 and HR2, mutations accumu-
lated at the C-terminus (positions 107 to 115). Fifteen
of 18 patients with mutations in HR1 had additional
mutations in HR2. A pairwise association between mu-
tations was found at positions 38/138, 43/126, and
45/138.

In most patients mutations at positions 36, 38, 42,
43, and 45 in HR1 can sufficiently explain treatment
failure. Mutations in HR2 seem to occur mainly as se-
condary mutations to improve viral fitness.

Charpentier et al. showed that treatment duration
was directly correlated to the length of time until the
mutations in the HR1 disappeared. An explanation for
this observation could be the development of com-
pensatory HR2 mutations. Further studies are needed
to prove whether T-20 reusability can be predicted by
the analysis of HR2 mutations.

The HIV-GRADE tool is available at the internet
address http://www.hiv-grade.de
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Background: HIV-1 uses CD4 as a receptor for cell
entry and as a coreceptor, either CCR5 or CXCR4. In
early stages of disease, HIV strains using CCR5 are
found, these viruses are named “R5-Viruses”. In later
stages, virus strains which use CXCR4 (“X4-Virus”)
can occur either exclusively or alternatively to CCR5.
The latter are therefore named “Dualtropic”. In addi-
tion, different strains with different coreceptor usage
can persist in one patient (“Mixed Tropic”). In a pati-
ent infected with HIV the occurrence of X4-viruses is
associated with higher mortality. Moreover, these
strains are resistant to CCR5-blockers, a new class of
anti-retrovirals effective against R5-Viruses. Maraviroc
is the first drug of the new class to come into the ex-
panded access program. Hence, diagnosis of X4-viru-
ses is necessary to avoid costly and ineffective treat-
ments and for focusing on effective therapies. For the-
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rapeutical aspects the test to identify the coreceptor
usage need not differentiate between virus strains that
use only X4, Dualtropic or Mixed Tropic variants, be-
cause these situations lead to replication by using
CXCR4. Therefore, the tests and interpretation pro-
grams basically need to analyse whether CXCR4 usage
is possible or not.
Methods: There are several commercially available phe-
notypic assays to analyse the coreceptor usage. The
best known test is the Trofile-assay from Monogram in
San Francisco. Studies with the coreceptor blockers
from Pfizer (Maraviroc), Schering (Vicriviroc) and
GSK (Aplaviroc) have been analysed with the Trofile
assay. But there are also assays available from Virco in
Mechelen, EuroFins (TRT) in Paris and InPheno
(DeCIPhR) in Basel. Additionally there are non-com-
mercial assays in the Paul Ehrlich Institute, Langen, in
the Institute of Virology, Bonn and in the University of
Amsterdam. It is now a challenge to predict the core-
ceptor usage by sequence analysis. Fouchier and others
described the V3-region of the Env-gp120 as impor-
tant for the coreceptor usage, especially the aminoacid
positions 11 and 25. Donaldson et al. also showed that
the V3-region was predictive, but this group used the
attributes net charge and difference from a consensus
sequence. Freely available internet tools analyse the
V3-sequence with bioinformatics techniques:
* PSSM (Mark Jensen et al),
http://ubik.microbiol.washington.edu/computing/pssm/;
* WetCat (SVM, Pillai et al.)
http://genomiac2.ucsd.edu:8080/wetcat/v3.html;
* genoZ2phenofcoreceptor] (SVM, T. Sing et al)
http://www.genafor.org (Fig. 1)

Sequence wlentifier
FASTA header,

sarople_sequence
AB0O02834 1(7328)-*-*-0188549
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All of these systems use sequence information,
while a newer version of geno2pheno|coreceptor] uses
structure based information and a combination of
both leads to an improved sensitivity of X4-Viurs de-
tection from 79% for the sequence based interpretati-
on system to 84.7% for the structure based version
and 86.4% using the combination of both.

Results: The Trofile assay is the most widely used
assay. A study with the Eurofins TRT assay showed a
86% concordance with the Trofile assay (Skrabal et al
J. Clin. Microbiol, 2007). Analyses in therapy naive pa-
tients with the Trofile assay showed that 81 — 88%
(Brumme ZL, et al. | Infect Dis. 2005;192:466-474.
Moyle GJ, et al. J Infect Dis. 2005;191:866-872.
Demarest J, et al. ICAAC 2004. Abstract H-1136.) of
the patients carry only R5-strains. In therapy experien-
ced patients these numbers vary from 48 — 62%.
(Whitcomb JM, et al. CROI 2003. Abstract 557.
Paxinos EE, et al. ICAAC 2002. Abstract 2040. Wilkin
T, et al. CROI 2006. Abstract 655.) Two studies show
analyses with a genotypic approach. One describes
71.2% therapy naives with R5 only and 58.8% R5 only
in therapy experienced patients C.Soulie et al. 2006
EU AIDS-Congress) using the PSSM-Tool and
geno2pheno. The other group (Lehmann et al 2000)
found that 56% of the heavily pre-treated patients had
a stable CCR5 coreceptor usage and 27% had a stable
CXCR4-usage over the observed time period, while 5
out of 45 patients showed a coreceptor switch. In
these analyses geno2pheno|coreceptor] was used. A
coreceptor switch was also observed in the Motivate
study: Within six weeks of screening of therapy with
the coreceptor blocker, 8% of the patients showed a
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quary aa: G D 1 - - R Q 4 B C©
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Yom chosen significanca level
False pos, rate 0,10
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False pos, rate 0.10

=t L) True pos, zate. 0,50

Fig. 1. Output from geno2pheno|coreceptor]| interpretation system for HIV coreceptor usage based on the sequence of HIV-

1 env-V3.
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switch and about the same number of patients with vi-
rologic failure showed a switch under treatment with
Maraviroc. Despite these cases of switches, the treat-
ment with Maraviroc was superior to the control arm.
Most likely this switch is due to the outgrow of X4 mi-
notities. The risk of switch correlates inversely with
the CD4 cell count (Brumme et al JID, 2005,
192(3):466 — 474). Below 200 cells there is a significant
higher risk of switch to X4. Resistance to Maraviroc
can also occur as cell culture experiments show
(Westby et al., Journal of Virology, Mar. 2007).
Conclusions: There are two reasons to determine the
coreceptor usage of HIV. In the first place, the occut-
rence of X4-Viurs strains is correlated with a higher
risk of disease progression. In the second place, a new
class of antiretroviral drugs blocks the CCR5-receptor,
so that R5-Virus strains can be inhibited. Phenotypic
and genotypic assays are available today and are used
to detect X4-Viruses in patients. If no X4-Viruses atre
detected, CCR5-coreceptor blockers like Maraviroc
can be used. The risk of early virological failure caused
by the use of coreceptor blockers appears to be small
as shown in studies.
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Raltegravir (MK-0518) is a novel HIV-1 Integrase In-
hibitor which has no cross resistance to currently ap-
proved antiretroviral drugs and is a new mechanism of
action as a Strand Transfer Inhibitor (STI) [1].
BENCHMARK-1 (Protocol 018 enrolled in Europe,
Peru, Asia and the Pacific: n = 350) and 2 (Protocol
019 enrolled in North, Central and South America: n =
349) are ongoing multi-centre, triple-blind randomized
studies to evaluate the safety and efficacy of oral
Raltegravir 400 mg twice daily vs placebo (2:1 rando-
misation), each plus optimized background therapy
(OBT), in HIV-infected patients failing ART with HIV
resistant to three classes of oral ART. Efficacy end-
points included percentage of patients with HIV RNA
<400 and <50 copies/ml and change from baseline
CD4 cell counts. Baseline characteristics were similar
across treatment arms. Pre-planned 16-week analysis
demonstrates superior efficacy of Raltegravir over pla-
cebo. 61 % -62 % of the patients in Raltegravir + OBT
arms vs 33- 36 % in Placebo + OBT arms (BENCH-
MARK-1-2) reach viral loads below the level of detec-
tion (HIV-RNA < 50 copies/ml; Non-completer = fai-
lure) at week 16. Raltegravir resistance was partially
analysed based on genotyping 41 Raltegravir failures
(32 with integrase changes; 9 with no consistent chan-
ges from baseline). Virological failure was observed in
76 (16 %) patients on Raltegravir vs 121 (51 %) on pla-
cebo. Raltegravir failure was generally associated with
one of two genetic pathways: N155H or Q148K /R/H.
Additional mutations were observed with both pa-
thways: N155H + E92Q), V1511, T97A, G163R, L74M
or Q148K/R/H + G140S/A, E138K. Raltegravir was
generally well tolerated with an adverse experience pro-
file similar to that of placebo. In these Phase III stu-
dies in patients failing ART with triple-class resistant
HIV oral Raltegravir 400 mg twice daily plus OBT de-
monstrated potent and superior antiretroviral effect
compared to placebo plus OBT at week 16 [2, 3].
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Backronnd: HIV-1 integrase inhibitors (INIs) compri-
se a new class of antiretroviral compounds. Hitherto,
more than 20 mutations within the integrase were re-
ported as to be associated with an elevated fold chan-
ge to several INIs. Mutations linked to high level resi-
stance in cell culture studies are T66I, F121Y, A128T,
E138K, G140S, Q1460K, Q148K, V1511, S153Y,
N155S, and V2491. Mutations observed during INI
treatment and possibly associated with resistance and
/ot fitness are 172V, 1.741/M, E92Q, T97A, T125A/YV,
E138K, G140S/A, Q148K/R/H, V1511, M154],
N155H/S, G163R, V1651, V2011 and S230N [1, 2]. As
known for the protease and the reverse transcriptase
there are subtype-specific polymorphisms having an
impact on the effectiveness of antiretroviral drugs. In
general there are low amounts of natural resistance-as-
sociated mutations to INIs in therapy-naive HIV-1 in-
fected patients [3]. Since there is an increasing fre-
quency of drug-treated patients in Germany infected
with non-B subtypes, we analyzed the variability of the
HIV-1 integrase gene of subtype B and non-B subty-
pes in treatment-naive (TN) and experienced (TE) but
INI-naive patients, to identify polymorphisms possibly
associated with INI resistance.

Material and Methods: The complete integrase genes
of 148 INI-naive patients were amplified by RT-PCR
and sequenced on an ABI-3100 Avant. Of these 148
patients 43 were harbouring a subtype B (23 TE and
20 TN), whereas 105 patients (65 TE and 40 TN) were
carrying non-B subtypes. The sequences were scree-
ned for mutations in comparison to the reference
strain HXB2.

Results: We analyzed 148 samples from INIs-naive pa-
tients including subtype B (n = 45) and non-B subtypes
(n = 105). Irrespective of subtype and drug-treatment
the residues within the catalytic triad (D64-D116-
E152) and the HHCC zinc-binding site (H12-H16-
C40-C43) were fully conserved. Moreover, none of the
ten mutations associated with high-level resistance to
INIs were detectable (T661, F121Y, A128T, E138K,
G140s, Q146K, Q148K/R/H, S153Y, NI155HS,
V2491), neither in naive nor in treated patients. The
mutation 172V, which increases the level of resistance
together with F121Y, T125K and V1511, occured
>45% in both B and non-B subtypes, whereas the mu-
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tations T125A and V2011 were more frequent in non-
B-subtypes (88.6% / 94.3%) in comparison to subtype
B (25.6% / 51.2%). Furthermorte, there wete no signi-
ficant differences between treated and untreated pati-
ents. In contrast, the mutation L741 was exclusively de-
tected in non-B subtypes (15.2%), irrespective of treat-
ment status. M1541, K156N and V1651 occurred at 3%
frequency not influenced by subtype or drug-therapy.
The polymorphism S230N showed a higher prevalence
in subtype B sequences (14%) than in those of non-B
subtypes (2%). V1511, which is known to confer high
level INI-resistance was more frequent in the non-B
subtypes (CRF13_cpx) of drug-treated patients (non-
B: TE (2.9%), TN ( 0.9%); B: TN (2.3%)). L74M and
T97A, also conferring high level INI-resistance, were
detected in subtype G, AG and F1/F2 with a frequency
of <3% including untreated patients.

Conclusion: The prevalence of INI-associated resi-
stance mutations in INI-naive patients is higher in
non-B subtypes than in subtype B. T97A and L74M
were detected in subtypes G, AG and F1/F2 indepen-
dent of drug-experience, indicating a natural subtype-
dependent INI-resistance. In contrast, V1511 may
occur more frequently in treated patients than in drug
naive.
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The call for research that is connected with medical
care in reference to patient orientated therapies cannot
be overheard any longer. According to A. Pestalozzi’s
sentence: “Who does not want to help himself can not
be helped“ a new setup of the self-help after 25/5
years of HIV /Hepatitis is eagerly demanded from the
point of view of patients and all relevant people.
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Due to the fact that new, patient orientated literatu-
te about resistance (HIV/Hepatitis) is not available
either on the internet or in print - the question is:
what can be done about this matter?

Antiretroviral (ARV) therapy has remarkably redu-
ced HIV-related mortality and increased survival rates.
Because of these facts the area “resistance” is gaining
importance.

The model-project consists of the following four
pillars:

* Expertise

¢ Transparency

* Communication

* Semantic Web

Expertise: Expertise here is mainly the expertise of
the person concerned, as a model example the
“Deutsche Leberhilfe e. V.” [1], organised according to
the expertise network model set-up of the “Kompe-
tenznetz Hepatitis” [2].

Well-informed patients [3] generate better compli-
ance, reduced expenses and an increase in turnover.
This means that “we” depend on the results of the
scientific research of the pharmaceutical industry. A
main source for the expertise will be the Arevir-
GenaFor-Forum [4].

The Arevir-GenaFor-Forum is a combination of 35
institutions, laboratories, hospitals and medical prac-
tices with an emphasis on HIV/Hepatitis, with the aim
of scientific exchange.

Transparency: Transparency in reference to the follo-
wing two fields of activity: The 1st would be genera-
ting a legal structure within which the structure, way
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of self-help work, becomes comprehensible. This in-
cludes scientific measures and quality measurement [5]
regarding efficacy and efficiency.

This also means complete transparency regarding fi-
nancial issues. This would significantly improve the
bad reputation of the pharmaceutical industry regar-
ding sponsoring and financial control. The first signs
of a trend towards this are clearly visible already. It is
up to “us” to create a new, more positive image. Up to
now, there has not been any good information that was
free of charge [6] “Good money for good literature®.

The state health insurance companies are in de-
mand as well: despite the legal regulations (SGBV §20
Abs. 4) the realisation of their help is still rudimentary
Communication: By success- and target orientated
work within the individual disciplines the information
that reaches the end-user is fairly poor. The patient is
dependent on a drug combination according to the re-
sistance monitoring (if successful and well evaluated).
Because the suggested therapy is based on computer
generated data and on - often pootly completed — que-
stionnaires, the tolerance and prognosis of the specific
therapy regime is rather unpredictable for the indivi-
dual patient.

Patient orientated interdisciplinary communication
simply does not take place at the moment, it has to be
redefined if not recreated.

A good way of realising this would be the imple-
mentation of a Semantic Web

[5]. “The semantic web is the idea of having data on
the web, defined and linked in a way, not just for display
purposes but for being used in various applications”.

AREVIR-GenaFor-Meeting

 Arevir

HIV-Patienten in
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EuResist

Kombination aus Punkien 1-3
Consumer Health Informatic
rapid Prolotyping einer Resistenzsaile |
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Labore | 3. interaklive
Behandlem Kommunikation
Belroffanen

Helfen Sie bitte mit lhrerer
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Fig. 1. Diagram illustrating the process.
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Description [5]: The web as it exists today has played a
significant role in fostering consumerism in healthca-
re. The current web provides an abundance of infor-
mation, but “providing” information for the patient is
certainly not enough. The ultimate goal is to enhance
“knowledge”. The opportunities of the Semantic web
therefore go much beyond scheduling appointments
with a doctor. The Semantic Web enhances the possi-
bility to support “knowledge translation” for consu-
mers, the translation of information into knowledge,
or the “uptake of health research in a manner that im-
proves health and healthcare of people through impro-
ved understandings, processes, services products or
systems” (Canadian Institute for Health Research, de-
finition of “Knowledge Translation”). Doctors who
are confronted with “web-informed” patients com-
plain that patients often find irrelevant information on
the web - information the patient ( and the clinician)
have to sift through and evaluate, and which is often
not applicable to the individual situation.*
Conclusion: In order to generate proper patient orien-
tated care the suggestions of our Health Care system
can just be realised by a combination of legal regulati-
ons, financial incentives and financial help, as well as
corresponding activities of scientific societies and po-
litical organisations in cooperation with the self help-
groups. The aim of the project is:

1. Rapid prototyping of Internet presence regarding
resistance, it has to be patient orientated under the
premises of usability and contains multilingual opti-
ons [7].

2. A change of the personal life circumstances and an
impact on social and political circumstances. (Fig. 1).
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Introduction: L76V is a rarely observed mutation in cli-
nical isolates of HIV-1 infected patients. It is selected
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under Lopinavir-, Amprenavir- and possibly Daruna-
vir containing regimens. While L7606V appears to
decrease susceptibility to Lopinavir and Amprenavir, it
increases susceptibility to Saquinavir and Atazanvir
[1]. An analysis of Virco’s genotypic database indicated
that the prevalence of L76V increased from 0.17% in
1998 to 1.5% in 2005. For this reason, different inter-
pretation systems of resistance (HIV Grade, Virco
Type, geno2pheno) take into account the resensitizing
effect of L76V. Our objective was to elucidate the cli-
nical implication of the L76V mutation in the response
to Protease inhibitor-containing regimen in patients
with strongly limited therapy options.

Methods: Virological, Immunological and genotypical
data of 30 therapy-experienced, HIV-1 multiclass-resi-
stant and L76V-positive patients were obtained
retrospectively. All patients were pretreated with a
mean duration of 83 months, mean CD4 cell count
was 222 + 179 cells/mL and median viral load (VL)
was 20,163 copies/mL (range: 59-890,000). The most
frequent Protease-mutations before the start of a
new therapy were: L10F/I/V (96%), M461/L (83%),
154V /L (63%) and V82A/F 54%. 24 patients were
three-class resistant and 6 showed NRTI- and PI-
resistance. 11 patients started a new regimen contai-
ning boosted Atazanavir and/or Saquinavir (Group
A). 10 patients switched to Atazanavir or Saquinavir
plus Lopinavir or Amprenavir to maintain selection
pressure on L76V (Group B); and 9 patients received
Lopinavir or Amprenavir regimens (Group C). 26
patients received an optimized backbone therapy,
mostly NRTIs. 4 patients received double-PIs. VL
and CD4-counts were determined at baseline and at
week 12-96. Long term success of therapy was
defined as VL-reduction <50 copies/mL for the
whole time period of 12-96 weeks during evaluation.
Resistance predictions were performed by using
Stanford HIVDB and HIV Grade. Effects of resi-
stance and resensitization were verified in phenotypic
analysis of 10 patients as previously described by
Walter et al. 1999 [2].

Results: Long term therapy success was observed in
4/11 of group A (three included new drug classes) and
5/10 of group B, where selection pressure on L76V
was constantly maintained (1 included new drug clas-
ses). Additionally, two patients of group B showed an
initial reduction of VL below 50 copies/mL followed
by a virological failure after 24 weeks of treatment.
There was no success of therapy observed in group C.
Mean CD4-cell counts slightly increased in group A
and B. 3 patients of each group and with failing treat-
ment received a second resistance-test. While L.76V
was then undetectable in group A, it persisted in
group B and group C.

While both resistance interpretation systems HIV
Grade and Stanford predicted an almost correct phe-
notype against Lopinavir and Amprenavir, the predic-
ted resistance level for Atazanavir and Saquinavir was
less concordant with the phenotype prediction. The
actual phenotype showed almost complete sensitivity
for Atazanavir and Saquinavir in the majority of all
analysed samples. Failure of therapy in group A and B
was noticeable associated with the co-existence of
protease gene mutation LIOM. The effect of resensi-
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tizaion was additionally verified in 2 patients before
and after establishment of L76V.

Discussion: 1.76V was detected under LPV/r-, APV /r-
or rarely under Inidinavir-containing regimens.
Ritonavir boosted Atazanvir and/or Saquinavir-con-
taining regimens were more successful than regimens
without these drugs. Thus, Atazanavir and/or
Saquinavir are encouraging options in deep salvage-si-
tuations with viruses carrying the L76V mutation. Like
in group B, it seems to be an advantage for long-term
success to maintain selection-pressure on L76V by
combining Atazanavir or Saquinavir with L76V-selec-
ting drugs like Amprenavir or Lopinavir. Virological
failure seems to be noticeable associated with protease
gene mutation L9OM. Its clinical impact has to be
shown in the future.
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Backgronnd: Genotypic assays are standard methods
for guiding treatment selection for patients infected
with HIV-1. To date, several tools exist that support
the interpretation of complex genotypic patterns with
regard to drug resistance and clinical outcome of thera-
py. The majority of the available tools use a set of ex-
pert-crafted rules for every drug. Application of these
rules to an HIV sequence rates the virus to be suscep-
tible or resistant against the compound in question.
The remaining tools are data-driven rather than based
on expert rules. For example, geno2phenojesistance] and
VirtualPhenotype™ apply methods from statistical
learning to predict phenotypic resistance from genoty-
pe. However, all those tools have a shortcoming, since
they provide ratings for single drugs while ratings for
treatments comprising multiple compounds are needed.

In recent work we investigated prediction of treat-
ment response from the applied drug combination and
the genetic constellation of the virus population at ba-
seline [1]. As an additional predictor we investigated
three different models for estimating the evolutionary
potential of the virus for escaping from drug pressure.

The first predictor estimates the activity of the drug
cocktail against the virus population. Evolution is mo-
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deled by generating 7z silico mutants and searching the
sequence space for mutants of least activity [2]. The
second method is a quantitative and probabilistic de-
scription of the genetic barrier to drug resistance. It
estimates the probability of the virus not escaping
from drug pressure by developing further mutations
[3]. The third approach is termed genetic progression
score (GPS). The GPS of a genotype is defined as the
expected waiting time for the mutational pattern to
occur [4].

Based on 0,337 treatment-sequence-pairs extracted
from the Stanford HIV Drug Resistance Database and
a large US clinic-based patient population, we compa-
red pairs of sets of predictive sequence features and
statistical learning methods using cross-validation. The
combination of genetic barrier as sequence evolutio-
nary feature and Logistic Model Trees as statistical
learning method outperformed all other combinations.
Thus it was implemented in geno2pheno-THEO
(THErapy Optimizer).

In order to validate the approach, it is applied to

predict response to combination ART on a large inde-
pendent clinical dataset. Results are compared to three
different expert-based approaches: Stanford HIV-DB,
ANRS V2006.07, REGA V6.4.1.
Methods: The approach implemented in geno2pheno-
THEO reduces the viral genotype to 49 mutation indi-
cator variables, each representing one resistance-asso-
ciated position listed in [5]. The same encoding is ap-
plied for the regimen; giving raise to 17 drug indica-
tors. This baseline encoding is enhanced by the genetic
barrier to drug resistance.

In this analysis response to combination ART is
dichotomized to success and failure. Any available ge-
notype obtained during an ongoing treatment is consi-
dered as evidence of a failing regimen, because in ge-
neral, sequencing can only be performed if the viral
load exceeds ~1,000 copies/ml. Successful regimens
are defined by inspecting therapies that follow a geno-
type measurement. The respective treatment is consi-
dered a success if the viral load decreases below 400
copies/ml at least once during the course of the fol-
low-up therapy. As a further constraint the genotype
must not be obtained earlier than 90 days before the
start of this treatment.

According to this definition, we extracted a dataset
from a large European database (the EuResis? integra-
ted database) comprising data from Germany (Arevir),
Italy (ARCA), and Sweden (Karolinska). From a total
of 44,220 therapies, 16,243 sequences, and 13,811 pati-
ents, 5,224 treatment-sequence-pairs (904 successes,
4,320 failures) were extracted. On this dataset the ap-
proach implemented in geno2pheno-THEO is used to
directly compute treatment scores for every treatment-
sequence-pair. For comparison, drug activity scores for
every compound in the regimen using three expert-
based algorithms are computed. Since these methods
provide only scores for single drugs, genotypic suscep-
tibility scores (GSS) are used as treatment scores. The
GSS is defined as the sum of single drugs scores. Classi-
fication results are evaluated using the area under the
receiver operating characteristic (ROC) curve (AUC).
Results: The ROC curves of the expert-based methods
do not exhibit significant differences (Fig. 1). This is
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Fig. 7. ROC curves comparing the classifier performance of
THEO and three expert-based methods.

also reflected by the corresponding AUC values:
0.759, 0.752, and 0.748 for ANRS, HIV-DB, and
REGA, respectively. The ROC curve produced by
geno2pheno-THEO is located above all other curves
with a higher AUC of 0.855.

Table 1 shows one specific part of the ROC curves
that is focused on therapy success. Using the expert-
based methods, a GSS of 2.5 or more indicates a suc-
cess. The cut-off for geno2pheno-THEO is adapted in
order to allow for equal false positive rate. Under this
condition THEO detects 20-25%-points more succes-
ses than the expert-based methods. Table 2 shows
another part of the ROC curves which focuses on de-
tecting therapy failure. Here a GSS of 1.0 or less is
used to identify a failing therapy. The cut-off for
geno2pheno was adapted to match the false negative
rate of the other approaches. The benefit of our ap-
proach is reduced to 7-9%-points when predicting
therapy failure.

Conclusion: On this independent data we find that the
approach implemented in geno2pheno-THEO outper-
forms all three expert-based approaches studied here.
By contrast, no significant differences between the ex-
pert-based methods are observed. Compared to ex-
pert-based methods geno2pheno-THEO is better in
predicting therapy failure. Moreover, this benefit is
even increased when focusing on the detection of
therapy success. The elevated performance can be ex-
plained by the objective of geno2pheno-THEO, since
it is designed to predict response to ART directly
without intermediate interpretations for single drugs.
Moreover, a large clinical database, storing viral se-
quences and applied combination therapy forms the
basis for training the statistical model. Thus, the lear-
ned model applied in geno2pheno-THEO generalizes
decisions made by clinicians when confronted with a
viral variant.

Given a viral sequence geno2pheno-THEO uses
the best performing approach to compute the treat-
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Table 1. Predicting therapy success. The table displays for
all expert-based methods under study (rows) the percentage
of correctly classified successes (column: true positive rate)
and percentage of failures classified as successes (column:
false positive rate) if a GSS of 2.5 or more is required to pre-
dict a success. For comparison the true positive rate for
THEO is given (column: THEO) if the cut-off is selected
such that it gives the same false positive rate (vertical lines
in the ROC plot).

True positive THEO False positive
rate in % rate in %
ANRS 50.8 71.5 19.0
HIV-DB 46.6 71.5 19.0
REGA 56.6 76.1 21.7

Table 2. Predicting therapy failure. The table displays for all
expert-based methods under study (rows) the percentage of
correctly classified failures (column: true negative rate) and
percentage of successes classified as failures (column: false
negative rate) if a GSS of 1.0 or less is required to predict a
failure. For comparison the true negative rate for THEO is
given (column: THEO) if the cut-off is selected such that it
gives the same false negative rate (horizontal lines in the

ROC plot).

True negative THEO False negative
rate in % rate in %
ANRS 60.6 68.6 14.8
HIV-DB 58.1 65.5 12.4
REGA 52.3 61.2 9.0

ment score for a fixed set of drug combinations. The
combination therapies are ranked using the computed
scores. Geno2pheno-THEO is freely available for re-
search purposes at http://www.geno2pheno.org.
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Background: Although much progress has been done
on the interpretation of drug resistance data, both ge-
notypic and phenotypic information often remain dif-
ficult to translate into clinical decisions on individual
patients, particularly when heavily pretreated. In re-
cent years, several machine learning techniques have
been explored to model prediction of response to tre-
atment. While these methods show a promising deve-
lopment, definition of the optimal training attributes is
complex and there is a crucial need for rich and massi-
ve, high-quality and updated clinical and virological
data.

Methods: The EuResist project gathers clinical virolo-
gy units and experts in machine learning and data mi-
ning. The consortium aims at integrating clinical and
virologic data from a large cohort of patients to provi-
de the information for training multiple machine lear-
ning approaches. Each learning strategy results in an
engine that generates a prediction of short term viral
load for a patient given at least a particular drug com-
bination and a genotype. A much larger set of attribu-
tes to be provided to the prediction engine is optional.
As the data provided is multifaceted, a significant
component of the learning is the feature: selection and
extraction phase. This process identifies optional data
attributes that contribute to the accuracy of prediction
and evaluates different ways of representing the fea-
tures. Different engines are based on different subsets
of the attributes and the attributes may be represented
in the engines differently. These engines are then to be
combined in a final engine freely accessible on the web
to assist the infectious diseases specialist in building
the best treatment regimen.

Data description: The EuResist database is genera-
ted by integrating three pre-existing independent data
sources: Arca, Arevir and Karolinska. It includes pati-
ent demographics, CD4 and viral load values, genoty-
pes and treatment histories. The latest release includes
data from 16,000 patients and a total of 50,000 thera-
pies. Each of the therapies is labelled. Success is defi-
ned as achievement of HIV RNA <500 copies/ml ot a
decrease of two log in the viral load. Here we focus on
short term therapy. If a therapy is not successful it is
labelled as a failure, except for cases when the viral
load at start and end of therapy is not available. These
cases are the unlabeled therapies. Figure 1 shows the
success/failure and unlabeled therapies per database
source. There are around 15,000 labelled therapies of
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Fig. 1. Number of available therapies per database provi-

ded. Bottom (blue) part stands for the number of unlabeled

therapies, middle (violet) part stands for failure therapies

and upper (yellow) part stands for successful therapies.

which 10,000 are successful. Genotype at start of
therapy is available only for around 15% of the label-
led therapies and those are the therapies used for trai-
ning and testing of the engines. The engine’s target is
cither to predict the label of a new therapy or the viral
load after 8 weeks of a therapy.

Results: The contribution of the following attributes
to the accuracy of the prediction has been studied:

* Previous therapies: (a) one option is to put a flag
for any drug that has been used previously. (b)
Another alternative is to put a flag only for drugs
that have been previously cumulatively used for at
least three months.

* Days since first therapy: (c) one option is to simply
count the days since first therapy. (d) Another opti-
on is to group the information into few categories
as follows - put all the very first therapies into one
category, all those that started 1-10 days since the
first therapy into a different category, those that
started 11-100 days since the first therapy into a dif-
ferent category and so on.

* RISKID: (e) indicates the most likely transmission
route of the infection. Possible values are - IVDA
(Intravenous Drug Abuse), homosexual, heterose-
xual, blood / blood products, vertical transmission,
bisexual, other, unknown.

* Genotype history: (f) represent all past sequences as
a separate attribute.

* In vitro score: (g) phenotypic data is available and
can be used for training on each drug separately.
The combined in vitro score for a drug combinati-
on is used as a newly derived feature.

In addition to those optional attributes the predic-
tion based on the minimal attributes — genotype and
drugs is tested. Results are obtained from five-fold
cross validation, see Table 1. We employed filtering
feature selection method where each of the features
receives a score for its ability to predict the outcome.
We used linear regressor (LR) and naive-Bayes for
learning,.

The results summarized in Table 1 show that while
HIV genotype is a recognized key factor, the inclusion
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Table 1. Precision of prediction by LR and Naive Bayes of labelled therapies and correlation between predicted viral loads

obtained by LR and correct viral load given different attribute sets.

Linear Regressor MNaive Bayes
Caorrelation Precision Precision
Random Model 0 066 066
Preyvious therapies (a) 0.32 0.7 066
Previous therapies 3 manth (b) 0.34 0.71 0E6
Days since 1st therapy (c) 013 066
Days since 1st therapy- categorial (d) 0.16 0.66 0.67
Risk 1D (&) 0.01 0.66 0.68
Genotpye history (f) 0.26 0.69 0.66
In-vitro score (g) 0.18 067
Minimal 0.43 0.73
All 0.46 0.75
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