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Radiation therapy

« 60% of cancer patients receive radiation therapy

« In addition to killing tumour cells, normal cells are
damaged.

Normal Radiation proctitis

From Vernia et al, Lancet 2001



Radiation toxicity

Adverse radiation effects

— acute - during treatment

— late - after 3 months, chronic

Although largely independent, a component of the late effects
predicted by acute effects (consequential late effects, Heemsbergen
et al, 2006)

5-10 % of treated patients (over-responders) develop severe late
nor‘mal tissue r‘esponse Normal range

—
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Burnet et al, Int. J. Cancer, 1998, 79, 606



Radiation toxicity

Hypothesis:

* Genetic susceptibility (Andreassen et al, 2005, Hoeller
et al, 2003, Lee et al 2003)

» Subgroup of individuals more sensitive to radiation.

- Altered radiation response in normal tissue

Test:
Determine radiation response by gene expression profiling

Ex vivo irradiated and non-irradiated lymphocytes

Goal:
+ Identification of "high risk" individuals for radiation exposure

» Individual prognosis, tailor-made radiotherapy



Model: Prostate cancer patient group

* Large number of patients

Common tumour

Favorable prognosis

Uniform treatment: External beam radiotherapy

Homogenous group

* Large database (800 patients) for a retrospective

study
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Patient group characteristics

* Patients with the most extreme cases of toxicity:
-27 over-responders (grade IIT, OR)
-23 non-responders (grade O-I, NR)

* Groups matched for dose, volume, age

‘Dose-volume is a very predictive event for LRT (Peeters et al, 2005).

Tahle 51. Patient Characteristics of NRs and ORs

Variable Subcatepory MRs(n=1T7) ORs (n=21) p-Yalue
H Ranpge Mean 95% C.L # Range Mean 95% C.L
Value Walue
Apge 17 57-86 753.7 T1.7-T9.4 21 51-85 EER. T0.2-77.3 0.50 1
FSA® before 17 5.3-70.0 2.0 13.0-28.9 21 20438 14.4 9.2-19.6 0121
radiotherapy
T-classification® Tl 2 3 (1,35 ?
T2 p 3
T3 11 13
T4 p ]
Radictherapy Local only (70 Gy) & 10 (.44 o2
Locoregional (40 Gy + 30 Gy 11 11
or 30 Gy + 20 Gy)
Irradiated volume 17 414-1,231 T4 622-87H 20 4891234 T34 BoY-H4T 046 1
(local fields in cc)
Irradiated velume 10 Fed-3,054 [ 2118 1,795-2,612 11 1,694-2 260 2,283 2,003-2,564 091 u
(pelvic fields in cc)
Hormoenal therapy No 4 7 044 ?
Yes 13 14
Duration of follow-up 17 2.1-10.1 5.5 4.3-6.7 21 2.0-12.7 4.6 3.5-5.8 029 1
(vears )

“Prostate-specific antigen, an important biochemical marker for prostate cancer; normal value < 4 ng/ml.

bT-classification: clinical classification for primary tumor extension; T1, non-palpable; T2, palpable, within prostate; T3, extension bevond prostate; T4, invasion of adjacent

Organs.




Experimental design

Blood drawn from previous patients with no evidence of disease
Stimulated peripheral lymphocytes irradiated (O or 2 Gy X-rays)
After 24 hours RNA isolated

Gene expression profile using H6-U133A Affymetrix GeneChips
(>22K transcripts)

Initial data preprocessing (Svensson et al, BMC Bioinformatics, 2005)

-Data available at ArrayExpress (ETABM-90)
*In R: all scripts validated and available at www.medgencentre.nl/pla/index.html



ANR s OR General radiation response

« Top 100 most significantly
up- and down-regulated
genes in OR and NR

e Contains characterized IR-

responsive genes such as
p21, DDB2, XP-C, Gadd45a...

« Heterogeneity not
correlated to responder
status

— - -R B RN - N
Hroooocooooor
| R T O B |

Repressed ] Induced




Classification by random cross-validation

38 samples (21 OR, 17 NR)

7\
s e

v' Split patient group into a balanced training set and a remaining test set
v' Define classifying signature as the 50 genes with the highest correlation
between gene expression and responder status

v' Test withheld samples for misclassification
v' Repeat 500 times for each training set size
v' Vary training set size from 10 - 34 patients

Michiels et al, Lancet, 2005



Classification of radiation response

0.6

0.5

« ~63% of the patients are
correctly classified.

0.4

e Confidence interval wider for
an independent study

» Population-based estimate

Proportion of misclassifications
0.3

0.2

0.1

: : i . |
10 15 20 25 30 T

Training-set size




microarray

Certainty of classification for individual patients
NR 17 OR 21
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and the NR and OR centroid at
training set size of 32 patients
(16NR, 16 OR)

*Tolerance interval (95%
confidence, 90% coverage) for
each patient
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Classifying genes

I, responder status

Array ID
207824 s at
203434 s at
211225 at
213146 at
205561 at

x at
s at
s at
5 at
s at
8 at
x at

37004 at
217251 x at
203775 at
212483 at

Gene symbal
MAZ

MME

FUTS
JHID3
KCTD17
Cléorf2s
FASTK
BCL3
FLJ20699
ICAM1
APBAZBP
GHER
GMPR
ZHX3 [
GFR43
FLJ20013
PFTK1
IL10O
PDE3B
GPR135
TRAZ
FBXO11
THRCS
PSGE [
FBXO11
KIAMND329
CDH10
ORTALT
BCL11A
LOC2B3687
BCKDHA
CASP1
Clorf8
VPS26
RASSF2
RMASE3L
KIAAlG41
HSPCO047

HA
LOC3906186
HNMT
STXT
TMPRSS2
DFNB31
RNF103
DHRS1
TGMS

HA
CYP11B2
SFTPB

HA
SLC25A13
NIPBL
BRAP
ADCKZ2
RPS10P2

ATF1
LoCc2B6434
HA

EPHA3

HCKAPL
POFUTZ2

2D hierarchical clustering of the 62
genes present in >20% of the repeated
assessments of the classifier

No single gene separates the groups.

List contains caspase, interleukins...



Classifying genes connected in literature based network

- Created using Ingenuity

Pathway Analysis

Growth

A Factor
rascriptio

factor Ph°wase

*Enriched for apoptosis,
stress signalling and
ubiquitination

Cytokines

2 b
——————————

s RG

Green = higher induction in NRs
Red = higher induction in ORs



Experimental protein-protein interaction network

High quality human protein-protein interactiot
hetwork

- experimental protein-protein interactions

- 10,346 nodes, 53,538 edges

- Sources: Stelzl et al (2005) and Rual et al (2005),
Chaurasia et al, 2007

Queried by Cytoscape (T Ideker,
www.cytoscape.org)




Classifying genes connected protein-
protein interaction network

0.15

.10
L

P<0.001

Density

0.05
I

.o

w

Green = higher induction in NRs
igher induction in ORs

Signal to noise ratio R
-0GE9 =]
Red




Definition of gene sets

G Ei:n e_Ontoldgy

p

5.00E-2 < 5.00E-7

biological_process

Genes grouped in gene sets
based on functional and | [E"-L: l';r"p'r;c-.bﬁs
spatial relation (Gene F AN
ontology consortium) fevelopRents) pipckss

LY

~

cellular deve[_npm_;n_ntal process

mm
| cell differentiation
response to stimulus \

There are ~1.200 gene sets > -

bm}ogﬁcat regu[an-:-n 1 cell dévelo}}ment

present on the array LN B\
. >5 member.s y respon'se ti:- stress ‘ | Nt
. response to endagennus stirmulus P CE'] dEath
* Unlque Ter'ms regulation nf bmfuglcal process
o o .
response to D'tm camage stimulus "'"t"'x_ prﬂgrammed/[ell death

regulation of ce[ll,llar process a
.r

DMA damage re5pnn§g~ signal l:ran:‘.ductmql regul'atlon of pragra,mmed cell death

negative regulatlcm nfhmlagmal process apnpt;:vsm
R

\ negative regulanm n,f cellular process Wy
DMA damage response, signal traﬂs.ductu:-n by p53 cla55 medlamr regulatmn ﬂprDptDSIS



The principle of gene set classification

ki [ W] ™ '] [ap]
FERFE R
- .= -
BEEE g %3
EEER e g g g
EEEE EEE g A A
Gene 1
| M Gene 2 Patient 1 | 1 |0.07|-D.05
Gene 3 = T > 5
Gene 4 » Patient 2 1 -0.21
ene 3 _ i i =
Gene & Patient 3 1
Gene 1T
Gene &
Gene: set 1 Patient 1 1| 0.95 -D.67
Gene set 2 =1
Gene set 3 * patient 2 1 |-0.85
ene set 4 = : i
. Patient 3 1

L - R R -

- Hup-#down
Htotal



Functional classification results

0.6

« Random cross-validation

0.5

0.4

Proportion of misclassifications
0.3

0.2
|

0.1

- - i '. |
10 15 20 25 30 I

Training-set size




Functional classification results

« Random cross-validation

* Misclassification rate
drops to 14% using Gene
ontology gene sets

Proportion of misclassifications

0.2

0.6

0.5

genes

0.3

gene sets

0.1

| |
10 15 20 25 30 T

Training-set size

Svensson et al, 2006, PLoS Med



Classifying gene sets

responder status

0006342 chromatin silenocing

.
0001818 negative regulation of cytokine production ° 2 D I
0050777 negative regulation of immune response C us er"n ase on e
0009890 negative regulation of biosynthesis
0051248 negative regulation of protein metabolism
0008367 bacterial binding e g
En roportions of induced an
0005507 copper ion binding
0042100 B-cell proliferation
0003756 protein disulfide iscmerase activity .
0019220 regulation of phosphate metabolism
sex021s remiasion of Lesthiestion repressed genes in gene sets
0030282 bone mineralization
0009065 glutamine family amino acid catabolism
0044270 nitregen compound catabolism
0045944 positive regulation of transeriptien from RHA polymerase II promoter
0005355 glucose transporter activity
0003887 DHA-directed DNA polymerase activity
0007163 establishment and/or maintenance of cell polarity

0042493 respense to drug
0016866 intramolecular transferase activity

SoLTT0 B onact ramente S7 Seanadvton e Death more pr'onounced in

0006512 ubiquitin cycle
0004842 ubiquitin-protein ligase activity

0005777 peroxiscme
0005635 nuclear membrane ar‘ er‘ e a
0006445 regulation of translation 1l

0003697 single-stranded DHMA binding

0000070 mitotic sister chromatid segregaticn

0008601 protein phosphatase type 2A regulator activity
0003777 microtubule motor activity

0003774 motor activity

0009314 response to radiation

0006817 induction of apoptosis

0007010 cytoskeleton organization and biogenasis L]

00465982 protein hetercdimerization activity L ] [ ]
0005625 soluble fraction

0006486 protein amino acid glycosylation
0043234 protein complex

0005737 eytoplasm &
0008372 cellular component unknown L
0006810 transport

0003713 transcription coactivater activity

0003712 transcription cofactor activity

0006366 transcription from RHA polymerase I promoter

0006357 regulation of transcription from RMA polymerase II promoter
0015144 carbehydrate transporter activity

0008643 carbohydrate transport

0008565 protein transporter actiwvity

0006403 RNA localization

0016251 general ENA polymerase II transcription factor activity
0007018 micretubule-based movement

0008088 axon carge transport

0043086 negative regulation of enzyme activity

0007548 sex differentiation

0008584 male gonad developmant

0016645 oxidoreductase activity, acting on the CH-NH group of donors
0001637 G-protein chemoattractant receptor activity

0005178 integrin binding

0006816 calcium ion transport

0016459 myosin B
0007596 blood coagulation
0005911 intercellular junction
0042277 peptide binding
0019532 second-messenger-mediated signaling ]
0016421 Coh carboxylase activity
0005388 calcium-transporting ATPase activity -
0015085 calcium ion Ltransporter activity
0008395 steroid hydroxylase activity
00060984 gluconeogenesis

0019319 hexose bicsynthaesis

| component 2

principa

8668608688888888888888088608688088888838808808808088888888888888886888888

principal component 1

.1
!
3
€
o

- 3 -0 18 0O n 185 N0 2



Certainty of classification for individual patients

NR 17 OR 21 NR 17 OR 21
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As time goes by...

* As databases evolve, data are changed.
— The last two years, GO gene sets changed on average 30%
— Parameters needs adjusting.

* One way to get more objective 3-
gene sets is to look at protein ,
interaction networks. g Sl T T
— Results pending... 7 < S~
p 9 ﬁi o \hﬁ
= —
e 3 N
:
1:EI 1I5 20 Elfr EIIEI 3I5

Training-set size



conclusions and remarks

0.6

0.5

Genes associated with late radiation toxicity.

Genes that classify NR and OR are involved in e.qg.
apoptosis and ubiquitination, stress signalling

Grouping of genes into functional modules drastically
improved prediction results

A subset of patients could be identified which could be e
predicted with certainty.

0.4

Proportion of misclassifications
03

0.2

0.1

Genetic effects are only part of the reason to develop
late toxicity.

Prospective study under way.

principal component 2
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