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Resistenz ist nicht genug

Empfindlichkeit
Aktivität
Potenz

...



Approved Antiretrovirals

reverse 
transcription

cellular 
DNA

CD4

Reverse Transcriptase Inhibitors
NRTI NNRTI

3TC AZT ABC d4T Nevirapine  Delavirdine
ddi FTC TDF Efavirenz  Etravirine

transcription

genomic 
       RNA

translation

Integrase Inhibitors
Raltegravir

Protease Inhibitors
Atazanavir
Darunavir

Fosamprenavir
Indinavir

Lopinavir 
Nelfinavir

Saquinavir 
Tipranavir

Fusion
Inhibitors

Enfuvirtide

spliced 
   mRNA

CCR5-
Coreceptor
Antagonists
Maraviroc

budding &      maturation

integration



Factors influencing
antiretroviral therapy response

• Drug
– Potency
– Plasma level
– Inhibitory quotient (IQ)
– Genetic barrier
– Slope

• Virus
– Resistance (IC50)
– Coreceptor tropism
– „Fitness“

=> Pathogenicity

• Host
– Immune systeme

• HLA
– CCR5-d32
– Pharmacogenomics



Viral properties influencing therapy response

• Viral susceptibility

– Functional testing
• IC50
• Resistance (increase of

IC50)

• Most recent:
coreceptor tropism
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Viral properties influencing therapy response

• Viral susceptibility

– Genotyping

• Mutations associated to
drug resistance

• Mutations associated to
coreceptor tropism

– CCR5
– CXCR4

• Need for interpretation
systems



geno2pheno

• Viral susceptibility
– geno2pheno

• bioinformatically
supported predictions

– Resistance
– Coreceptor tropism
– Therapy Optimization

(THEO)
» Trained on

clinical therapy
response data

» AREVIR DB,
EURESIST DB

» Including
predictions of
resistance and
genetic barrier

• Resistance predictions by g2p
• Fold resistance (RF)
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geno2pheno

• Viral susceptibility
– geno2pheno

• bioinformatically
supported predictions

– Resistance
– Coreceptor tropism
– Therapy Optimization

(THEO)
» Trained on

clinical therapy
response data

» AREVIR DB,
EURESIST DB

» Including
predictions of
resistance and
genetic barrier

• Resistance predictions by g2p
• Fold resistance (RF)
• Z-score

• Probability score



Results from the recombinant virus assay and g2p
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Drug properties … potency, what‘s that?

• Drug level
– Intracellular

• NRTIs = prodrugs
– Plasma

• Cmin => activity
• Cmax => toxicity
• IQ = Cmin / IC50

• Potency – are all drugs equally active?
– IC50

• Intitial viral load decrease after
single drug add-on therapy

• still:
– Multiple factors influencing

» E.g. drug interactions

Initial viral load decline under Tenofovir

IC50
IQ



Initial viral load decrease of NRTI
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Initial viral load decreases of recent drugs

• Etravirine
– 2 log in 7 days

• Raltegravir
– 1.9-2.2 log in 10 days

=> Comparability ?
– Time
– Different backbone

activities and
interactions

Time (days)

Placebo Δ viral load: - 0.06

TMC125 Δ viral load: - 1.99

P<0.001

2

3

4

5

- 5 - 4 - 3 - 2 - 1 0 1 2 3 4 5 6 7

M
ea

n 
ch

an
ge

 in
 v

ira
l l

oa
d 

(lo
g1

0
co

p
ie

s/
m

L)
 

New treatment
Treatment: 

TMC125 or placebo
No treatment 
(screening)

Time (days)

Placebo Δ viral load: - 0.06

TMC125 Δ viral load: - 1.99

P<0.001
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New treatment
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TMC125 or placebo
No treatment 
(screening)

New treatment
Treatment: 

TMC125 or placebo
No treatment 
(screening)

TMC-125 
= Etravirine

MK 0518
= Raltegravir



Slope of dose response curves

• Determination of
– IC75 and IC25

– IC75/IC25
• Slope

– The steeper the slope the
lower the probability  of
residual replication in vivo

⇒Correlation to drug levels ?



The slopes

• IC75 / IC25 of 52 independant
phenotypic assays

• Data excluded if
– no inhibition >80%
– Inhibition >50% in lowest

concentration

ratio 
IC75 / 
IC25

quartile 
25%

quartile 
75% n

AZT 27.4 13.1 60.5 31
d4T 5.2 4.1 7.0 45
TDF 6.1 4.4 7.6 28
ABC 5.4 4.0 7.1 48
ddI 6.0 4.1 7.2 41
3TC 6.1 4.5 7.0 16
FTC 3.8 2.7 5.4 6

NVP 3.3 2.8 4.6 42
EFV 2.6 2.0 3.8 49
DLV 3.3 2.8 4.6 44
ETR 2.2 2.0 2.7 17

APV 3.6 3.4 4.7 17
ATV 4.3 3.5 5.2 17
DRV 3.3 2.9 3.3 6
IDV 3.9 3.1 4.6 21
LPV 4.2 3.3 6.4 13
NFV 2.5 2.2 3.2 23
SQV 4.0 3.0 6.7 27
TPV 2.3 2.0 2.9 12

RAL 5.8 5.3 6.6 4



Comparison for NRTI:
IC50, slope and initial VL decrease
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Convincing … ?



Drug levels

• How to combine drug level
data with slopes?

• Is this all we need ?



Unexpected support



Slopes and m-value



Slopes and m-values

• Drug class specific m-values

• Not fully concordant to clincial
response data ?

• What about drug levels in vivo?
– Maybe also important
– Instanteous inhibitory

potential



Correlation of concentration and percentage
of infected cells according to plasma levels



IC50, IQ, IIP in the context of drug levels



Clinical response data and IIP

• IIP24
– adjusted IIP by

halflife (drug level
24h afterlast intake)

• Favorable drugs with
highest IIP24
– According to

american treatment
guidelines



You Think that was too much? - Try this one!





Our results as far as available

HWZ Cmax C 24h slope IC50 (µM) Cmax / IC50 / slope * C (24)
preliminary 

ranking

AZT 3 na 27.4 0.556 na AZT
d4T 3.5 na 5.2 3.997 na d4T
TDF 50 na 6.1 6.620 na TDF
ABC 20.5 na 5.4 6.850 na ABC
ddI 32.5 na 6.0 1.713 na ddI
3TC 12 na 6.1 0.213 na 3TC
FTC 39 na 3.8 0.098 na FTC

NVP 27.5 5.7 3.27 3.3 0.055 103 31 103 6 NVP
EFV 47.5 4 3.96 2.6 0.001 2798 1057 4183 2 EFV
DLV 6 na 3.3 0.085 DLV
ETR 41 na 2.2 0.002 ETR

ATV 9.5 6.8 1.35 3.6 0.006 1160 318 428 4 APV
DRV 15 5.2 1.63 4.3 0.003 1516 354 575 3 ATV
FPV 7 5.7 0.83 3.3 0.031 186 57 48 7 DRV
IDV 1.75 9 0.33 3.9 0.035 259 67 22 9 IDV
LPV 5.5 9.6 1.10 4.2 0.011 888 210 231 5 LPV
NFV 3.5 1.9 0.14 2.5 0.030 63 25 3 10 NFV
SQV 4 1.2 0.10 4.0 0.009 133 33 3 10 SQV
TPV 6 50 6.25 2.3 0.012 4008 1711 10692 1 TPV

RAL 9.5 2.2 0.44 5.8 0.006 361 62 27 8 RAL



What‘s wrong with the integrase inhibitors?

• Clinical response:
– ok
– E.g. For RAL

•• 83 83 –– 88% mit VL<50 (naiv) 88% mit VL<50 (naiv)
• 63 % (Benchmark)

– but: low genetic
barrier

• In vitro:

– Slope = 5.8   
– IC50 = 6nM 
– IQ = 10 
– Halflife 10h 
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– High affinity ?



Affinity of raltegravir

• … is reported to be high

• Affinity = how tight is the
binding to the target

– Experimental setting in
cell culture (replication)

1. Transfection of NL4-3 in the
presence of RAL

2. Spin down virus, resuspend
in drug-free media

⇒ Virus with RAL inside

3. Infection of CEMx-Luci cells

=> Is binding tight enough to
inhibit viral integration ?

?



Raltegravir is active when added during
transfection only

reverse 
transcription

cellular 
DNA

CD4

transcription

genomic 
       RNA

translation
spliced 
   mRNA

budding &  maturation

integration

?

?

Yes !

X



Conclusion for integrase inhibitor activity

• Estimated in vivo time from virus production to
integration ~ 12h
– RAL active 12h after pill intake
– And of course immediately after pill intake

– => time shifted activity due to high affinity ?



Discussion

• New criteria for drug activity

– Slopes
• Reflects drug vulnerability for residual replication ?

– Affinity
• Affinity and halflife playing together the same game ?

– Intraparticular drug transport
• Time shifted activity – a new mechanism ?
• Role for NRTI activity ?

=> Implementation of new parameters in geno2pheno
=> Clinical validation in EURESIST DB
=> .. One day.. Preclinical drug validation possible ?



Thank you for the attention !

• NRC for retroviruses, Erlangen

– Sabine Wittmann
– Christiane Paatz
– Karin Tennert
– Eva Gollwitzer

– Karin Metzner
• Stefanie Knöpfel
• Pia Rauch

– Barbara Schmidt
– Klaus Korn
– Bernhard Fleckenstein

• Institute for Virology Cologne
– Rolf Kaiser
– Eva Heger
– Eugen Schülter

• MPI for Informatics Saarbrücken
– Niko Beerenwinkel
– André Altmann
– Alex Thielen
– Thomas Lengauer

• Dept. Bioinformatics, Centre for
Medical Biotechnology, Essen
– Daniel Hoffmann


