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Overview

¢ Introduction to HIV therapy
e Arevir
e genoZpheno
e Patient consent and patient identifiers
® \Web interfaces
* Clinician’s interface
* genozZpheno[resistance]
® geno2Zpheno[coreceptor]
* THEO
e Conclusions
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HIV and AIDS Statistics

e \World estimates of the HIV & AIDS epidemics in December 2005
Number of people living with HIV/AIDS: 40.3 million
People newly infected with HIV in 2005: 4.9 million
AIDS deaths in 2005: 3.1 million

® Regional statistics
80% of these cases in sub-Saharan Africa
More than half a million people are living with HIV in Western Europe

Estimated global number of people living with HIV,
2001-2005
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HIV replication cycle
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HIV replication cycle and drug targets

HIV-1 Drug classes
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Drug resistance and treatment failure

e HIV is a “moving target”

Drug A pressure
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Resistance testing

Phenotyplc Resistance Testing
in vitro
recombinant assay for pol gene
Labour intensive
Restricted to specialized labs
Takes 4-8 weeks
Costs ~1500 US$
Output is a single number per drug: easy to interpret

Genotypic Resistance Testing
» Sequencing of drug targets in virus from patient’s blood serum

Standardized kits

No infectious virus needed
Takes only a few days
Cheaper: ~300 US$

Output is the DNA sequence of the viral pol gene:
interpretation challenging
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Combination Therapies
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® There are 3,000 —
10,000 reasonable
combination therapies

¢ |n clinical practice,only
25 combinations are
generally used
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Supported information flow in Arevir

clinical
practice

sequence data, test results

virologic

diagnosis

interpretation-support
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ER Diagram
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Arevir DB Content

e Current implementation was intended for use on a national
level within Germany

e Collaborators from 17 clinical centers, 3 virologic labs and 3
iInformation technology institutes

e July 2006, the database contains
® 5,720 patients
® 9,685 therapies
* 5,365 viral genomic sequences and
® 48,502 clinical test results

e Virtually all components of the system are scalable to larger
settings

e However, since data quality is a key factor and has been
Identified as a major challenge, emphasis lies on well-defined
data sets and close cooperation
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Arevir and geno2pheno
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Patient Consent and Patient Identifiers

® Patient Consent

For enroliment in Arevir, patients need to consent explicitly to providing their data
and can revoke their agreement at any time

They are informed in detail about project goals and technical realizations

® Patient Identifiers

Strict security measures allow the data to be accessed over the web by
identifying a patient by its name and date of birth

Unlike using anonymous patient identifiers, this method assures usability in clinics
and promotes data integrity

But the restrictive system architecture entails some limitations on speed and ease
of use, notably on printing web contents

Patient names are not stored in plaintext in the database - we use a one-way
hash function to generate pseudonyms. The Secure Hash Algorithm (SHA-1) is
applied to patient name and date of birth, producing a 160-bit hash code.

Storing pseudonyms instead of plaintext patient names implicates that given the
hash function only comparisons between requested patients and the database
contents are possible. This procedure minimizes the risk of the database being
abused for uncovering HIV-infections.

Finally, computational analyses on patient data are performed only on
anonymous data by dropping the pseudonyms table prior to further processing.
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Clinician’s Interface

[#] Arevir database - Mozilla Firefox L . x

Datei Bearbeiten Ansicht Gehe Q]-[D)v

by Isolate by Resi ID :

Uni Kaln, Viralogie -
Queries Personal Data Diagnoses Therapies Isolates Geno Import Data :
Arevir ID: 9039
Local ID: |eugen1 Institute: Uni Koln, Virologie
From: |2005-09-12 To: |
Year of Birth: |19?0 Sex:  female & male ¢ indistinct ¢ unknown
Date of Death: |2001-03-12 CCR5-Genotype: © wt/wt ¢ wt/d32 ¢ d32/d32 & unknown
Nationality: IFaIkIandIsIandsiMaIvinasJ =

Ethnic Group: ¢ unknown ¢ afro ¢ asian & caucasian ¢ hispanic

Risk Group: ¢ unknown ¢ none & some

I~ bisexual ~blood transfusion [~ haemophiliac [z heterosexual ~homosexual

VDA ~ pattern |l [~ perinatal [~ prenatal ~ vocational

[Role: Admin] Name: Rolf Kaiser
Location: Uni Kdln, Virologie

BACK RESET | sen |
:
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Clinician's Interface cont.

[®] Arevir database - Mozilla Firefo il _\* 127.0.0.1:5902 K_% : x

Datei Bearbeiten Ansicht Gehe <E| - |:> - I% E_/lj -ij

by Isolate by Resi ID

3353 Use Arevir ID for Search j

sonal Data Data Map Diagnoses Therapies Isolates

SEARCH | &

Genotype Import Data

Isolate name: 561
Arrival at Instituti .
rivat al tnsttulion - 11 kéln, virologie (2001-01-31)
(date):
Sampling date Sequence (first 40 characters)
2001-01-31 CcTCAAATCACTCTTTGGCAACGACCCATCGTCACAATAA
align & predict sequence in geno2pheno Store sequence
Isolate name: 432
Arrival at Institution w
Uni Kéln, Virologie (2000-10-14)
(date):
[o RN P E—— N Ry [ o I o oy R ) TP S — :IE
[Role: Admin] Name: Rolf Kaiser
Location: Uni Kéln, Virologie
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Clinicilan's Interface cont.

[®] Arevir database - Mozilla Firefox

127005902 (4 - 3

by Resi ID

Use Arevir ID for Search j SEARCH

Diaghoses Therapies Isolates Genotype Import Data

6 | |
5 AD K M NP QR | s00
4 | B EG H -] B C E | 400
3 | C F IL T YER o | 200
2 h k 1lmnpg t HIVHEe e | 200
Il | Be d i3 L] rs ¥ a | 100
0 |a e f g u W | O
fm————— e e ——————————————————————————————————————————————————————— +——
2 ] 10 11 today: Mar 3
Therapiss:
1) Hov 8, 1995 - Nov 29, 1995 ( 32 ARt
1) RAng 1%, 1996 - Dec 11, 1996 {( 17 wesks) ZDV + 3ITC + S0V
) Dec 15, 1996 - D=c 15, 1998 DV O+ 3TC + IDV
1) Feb 4, 1999 - Feb 24, 1999 ( 3 weesks) ddI + IDV + RTV
8) Feb 24, 1999 - Mar 18, 1999 ( 2 weeks) ddI + RT
9) Mar 18, 19%% - Oct 14, 1999 ( 20 wesks) ddI + RRC + EFV + RTV
11) Jan 77, 2000 - (7 wesks) d4T + ARC + LFV
Virus load [copiss/ml]:
R) 9, 1998 24000
B) 8, 1998 9500
T RR 23, 1998 2600
May 20, 1998 33000
Jun 16, 1998 12000
Fi Jul 10, 1992 2500
G) Rug 6, 1998 3200
H) Wow 20, 1998 #3900
[) Jan 25, 199% 2100 ;IE
E1l | *
[Role: Admin] Name: Rolf Kaiser
Location: Uni Koéln, Virologie
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J File  Edit 3 geno2pheno - version 3.0 - Microsoft Internet Explorer
J File Edt Wew Favortes Tools Help

genoZpheno®
geno’p T
resiste geno’pheno
geno? L phenotype prediction from genotype
cored geno’p o
[oorece AERGERTENE All sequen I zereral information
[eoreceptor]
o Al predictions below aim at pr Patient:
He « The atazanavir (ATV) model §j Farihi o=
Hel Help type of samples. — -
Stat Sample received: Sample colleced:
Statis Statistics Sample ID: sample_sequance Peport date: Sep 1, 2005
Refer ) ) - Saruple type: Predicted submnype: B
Refere HelCrences At ambignous sequence position
or . ..
T Cont Contact Desisiont IT Substirations
5 classificaty (ralativs to the rufarszacs srum HYED)
J Drug | Cutoff
[confiden - 5 —
| factor] Protease: QIESK/Q/*, W3I, TAI/N/E/T, LSV, WG, QTG/R/v, I15V,
,l' ’ Q1B KO, L19I/L/V, K201, L23R, L33F/L, M3ET,

E37H, ¥43T, Y59C/F/S/¥, OQSIE/X/O/%, 162¥, LEIP, ATIT,
172V, G738, L9OM

Pleverse manscriptase: I2F/I/L/V, P4H/L/PSR, V35T, T12A/P/S/T, E4ORJE/G/V,
MA1L/M/Y, EASK/HM, PSIH/L/E/R, YSED/H/N/Y, TSEI/H/E/T,
PSOL/PSQJ/R, WE0I, RMEIASD/G/V, DETH, T6SD, KTOR/E,

L7AL/B/Q/R, V75T, LEOF/I/L/V, R21S, F37F/L, L92F,

1042, ¥10eI, D121D/E, E122K, I135V, TI159I/M, B1620C,
2163I/H/2/T, W1TaI, T1e1F, Q1%7H/Q, Q207E, L210F/L,
L214F, T215Y, T216R/B/5/T

I FPhenotype prediction
Dz Predicted fold-resistance z-score (mumber of Erobability score
(resistance factor. BF)(*) standard deviations above {likelthood of belonging to
mean of drug-naive the resistant subpopulation)
patients)
ZDV 133 1
UNI¥ER ddC 22 § 1
bz E: ERLANGER-N ddl 38 5.9 068
Barzucke: Bl
i @4T 32 7 1
3TC 9.7 7.2 0.0045

ABC 44 93 1
TDF 7.1 11.7 1
NVP 3 085
DLV 535 1
EFV 34 26 0.59
: & SQV 143 11.6 1
| 2 DV 193 8.8 1
ATV 5.0 10.7 1
NFV 5.1 5.9 1
APV I FPV 52 40 1
LFV 5.0 52 1
ref. aa: ¥V K ¢ W P L T E ATV 15.8 7.4 1

query aa: WV K 2 W F L T E
cquery nt: GTTAAACAATGGCCATTGACAGALG

{*) based oo LIBSVAL Copyright (c) 2000, Chib-Cheng Chang and Chit-Ten Lin

p—|




Decision Trees

® Derived from phenotypic datasets

SQV 90 * Interpretable statistical model: class
//’ \\\ prediction by decision trees
Vv [L F M ® Genotypes are predicted to belong

Gj/ 4é either to the resistant group (red;
defined by attaining a resistance

1 //’ ‘\\ il 178:5.(229) factor greater or equal to the Cutoff)

R [G} V or to the susceptible group (green)
54 @ ® The prediction is accompanied by a
1 6.8 confidence factor

// \\\/\ L ® The interdependence of different

] P % resistance mutations is represented

84 \72
ARTANS o
@ @ @ YSD% @ resistant

237,5(24) 3,7(1) 1,1(0,1) 2,3(0,3) 1,1(0,1) 19,8 (5.1)
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Coreceptor Usage

L-trope HIV M-trope HIV

v gpl 2
/) .'1.‘)
e W

Bendtzen 1996
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V3 region; 11/25 rule

CTRPNNNTRKSITHIGPGRAFYATGEI I1GDIRQAHC

A

The overall reliability of all sequence motif-based
methods for phenotype inference, especially for corecep-
tor usage prediction, was limited.

Fouchier'92 (J Virol)

Resch’01 (Virology)

These results together suggest
that for many V3 backgrounds, basic changes at 11 or 25 are
neither necessary nor sufficient for a phenotype switch.

Jensen’03 (J Virol)
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Predicting R5/X4

® Method comparison

e 1,110 clonal g/p pairs
® 332 patients
® 769 R5, 131 R5/X4, 210 X4
® Setup:
e “R5, “+" R5/X4+X4
® at most 1 seq./pat.
® 10x10-fold cross-val.

e Result;
® SVMyvs. 11/25: +16.9%

True positive rate

0.2

0.0

I I | I
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

Briggs’00, Resch’01, Pillai’'03, Jensen’03, Sing’04
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genoZ2phenofcoreceptor]

® Performance: clinical
<< clonal data.

® Improvement by
combining different
markers

e Alternative model to
11/25: many sites
contribute

® Structure-based
descriptors look
promising

® Next: sequence 900
env bp of all clinical
samples
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THEO

e Optimize therapy outcome
e given
® sequences of RT and PRO
» set of therapies
e “optimal”
® therapy success
¢ additional knowledge

* application pattern of a regimen
iInclude/exclude certain drugs

. %“ < :: statistical N
A " model | (K features
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THEO cont.

e Definition of therapy failure and success

» failure
srart [ Sequencing J[ stop ]
]
214 days >0 doys
Therapy
® success
start [ Sequencing ] start [ WL <400 cp/ml ] stop
' - = 90 days ™ ]
> 14 days > Ddoys =0 doys >0 days
Tharapy Therapy
stop
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THEO cont.

e Predict therapy outcome
® given
sequences of RT and PRO
compounds of the regimen

features

—> binary classification problem \)
A §¢_ model
- 2 outcome
sequences ‘\/‘
—>TCEs:= < regimen
outcome
. /
e Method for model training features >
model
¢ Validation of A &
® model &
® features ?
outcome = outcome
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THEO Applet

THErapy Optimization
Py ©p No. afdrugs <=[- +] Mo. of pills per day <=~ ~]

MNETIS: MMRETIS: Pls:
Drug Predicted fold-resistance z-score (number of _ _ . _ . _
(resistance factor, RF)(*) standard deviations above = I :lv <_m = I :lv <_m = I :lv <_|' :"
mean of drug-naive zm.r:l_ vl va:l_ vl |D\,r=|_ vl
atients
patients) ddc=- - DLv=[- - RTV=[ -]
7 54.7 3.2
ZDV 54. 82 T E— Erv=[ ] sav=[- ~|
ddc 2.4 5.6 dﬂzlﬁ Nwzlﬁ
ddr 1.6 L6 aTC=]- -] Reset | APy=]- -]
d4aT 1.6 1.9 ABC:I_ vl Lp\,rzl_ vl
3TC 138.4 17.5 TDF:I_ vl AT\;:I_ vl
ABC 5.0 10.2 Selected drug combinations:
TDF 2.1 42 Success® Redimen Pills Camment
. . - 0.85 d4T ABC MWWP a dATN ABCEE MYPOT) =
NVP 2.6 0.7 0.05 ddl ABC MVP 4 a1} ABCLZ) MVP{T) =]
DLV 0.6 26 0.85 O ABRC MWP a FONVE2Y ABCC NPT
[IR=)e] ddl d4T MWP 4 ddl{1) AT MYPOT) -
EFV 0.8 -0.9 T ETXWRRTENTN= . eI TR NI TR W =¥ 7
SQV 44 50 1 predicted probahility of virological success
DV 202 10.2 Histogramm of all (all selected) therapies
RTV 544 13.6 0.2 0.3 0.4 0.5 06 07 0.8
- — 12.4 : ' 12.4
NFV 19.6 0.3
. 100 4 L 100
APV /FPV 8.5 5.4
] ]
7 26.0 0.9
LPV 26.0 1 50 50
ATV 104 6.1 35 55
oo 4 : L oo
0.z 0.3 0.4 0.5 0.6 o 0.s

FProbahility of wirological success aver 24+ weaks
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THEO Applet cont.

e THErapy Optimization Covmran=—
limit no. of drugs = =T = W=
; D

limit daily burden ‘jj;’j,—_,'j 2 i ]
include/exclude drugs - i - iy —
set number of drugs per S Resel__| e
ClaSS BC=|exclude | LP‘J:Ij,

QUEED Compute | A'Nzlj,

Selected drug combinations:

Success® Regimen Pills Coamment

n.a3 ool d4T MVF 4 (1) d4TE MR} o
n.a3 L0V ddl NP 4 ZOWE ddli MWP(T) =
0.rg 4T TOF MWP 4 4T TOF (1) MR

0.ra Z0W TOF MNP 4 OV TDF(T) MR -

*1 predicted probahility of virological success

Histogramm of all {all selected) therapies

125

0.2 03 04 05 06 07 08
T T T
1o L a0
75
20
5.0
25 1.0
o m B : R
0.2 03 0.4 05 0.6 07 08

Probability of virological success over 24+ weeks
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Conclusions

e \We have presented a web-based data management system
for collaborative research on HIV of direct clinical relevance

e The system has the goal of optimizing antiretroviral therapies
In view of viral sequence data

e Qur focus is on providing a basis for patient management,
evidence-based decision-support and research at the same
time

¢ These seemingly diverse tasks can be unified in a natural way
Into one system on the basis of a common data model

e This approach may be seen as a real-life example of
Incorporating bioinformatics methods into clinical practice

e The presented data model proves its flexibility in admitting
new clinical parameters, and new drugs with new target
molecules
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