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Stralebehandling i
fremtiden.

Preediktive faktorer.

Kan vi forudsige
hvordan det vil ga?

Jens Overgaard, Nicolaj Andreassen, Jan Alsner, Birgitte Offersen, Marianne Kyndi, Marie Overgaard
Department of (Experimental) Clinical Oncology, Aarhus University Hospital, Denmark



Loko-regional behandling af brystkraeft

Kirurgi og stralebehandling komplementere hinanden

rruer e — iotercp
alene alene

Simpel Lumpektomi Lumpektomi
mast. + RT +RT + partiel RT
Kaae og DBCG 82TM DBCG
JOhansen Acta Oncol 2008 (20087)
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Udviklings tendenser inden for kraeftbehandling

Systemisk (medicinsk) Lokal behandling
behandling: (kirurgi, stralebehl):
Mere Mindre
til til
flere faerre



Hvem skal have stralebehandling?
(hvilke tumorer er “fglsomme”)

- 0g er der forskel pa

Hvordan den givne stralebehandling
tales (hvem far bivirkningerne) -




Er der molekylaer
biologiske prediktive
0g prognostiske
faktorer af betydning
for indikationen for
straleterapi?

Er der en genetisk
baseret variation |
det normale veevs
tolerance over for
straleterapi?



Er der molekylaer
biologiske prediktive
0g prognostiske
faktorer af betydning
for indikationen for
straleterapi?



Tumor biologi og stralebehandling af brystkreeft

Indikationen for straleterapi af hgj-risiko brystkreeft er |
DBCG baseret pa resultaterne af 82b og ¢ studierne.

Disse protokoller er verdens stgrste randomiserede
undersggelse af straleterapi givet sammen med
systemisk ved hgj-risiko brystkraeft.

Resultaterne er fulgt i op til 25 ar, og er nu detaileret
beskrevet med hensyn til follow-up, recidiv hyppighed
og mgnster, morbiditet (bl.a. iskeemisk hjertesygdom).
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Tumor biologi og stralebehandling af brystkreeft

Vi ved at den undersggte population er heterogen, og
savel loko-regional kontrol som overlevelse afhaenger
af bl.a. tumor stgrrelse og lymfeknude status.

Vi ved ogsa at en raeekke tumorbiologiske forhold (bl.a.
receptor status, HER2 samt en raekke andre genetiske
forhold (f.eks. TP53) kan pavirke straleresponset, men
disse forhold var ikke kendte i 82bc studierne.

Det ma forventes at der | naer fremtid introduceres
molekylaer diagnostiske principper som grundlag for
valg af terapi. ©o



Der er lige et problem..

Gode molekylaer biologiske studier kraever friskt
udtaget vaev under optimale tilstande

Gode kliniske data kraever langtidsobservation — og er
derfor ofte gamle (og der er intet godt biologisk
materiale)

Sa vi har valget mellem god biologi eller god klinik

- vi har valgt det gode kliniske materiale (med deraf

folgende besveerlig biologi) .



Molekylaer biologiske “metoder”

Man kan undersege

Een ting hos mange

Tissue microarray (TMA)
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Construction and use of tissue microarrays for
biomarker identification

Routine histologic Tissue core Construction of
paraffin block tissue microarray

ThMA sectioning Assassment
and processing of expression
—_— e
m
=
=
= i —
7]
S um section Tissue microarray Statistical analysis of biomarker

Gilthane JM and Rimm DL (2004) Nat Clin Pract Oncol1: 104—111



Molekylaer biologiske “metoder”

Man kan undersege Man kan undersegge
Een ting hos mange Mange ting hos een
Tissue microarray (TMA) Gene array
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Hierarchical clustering of primary breast tumors using the "intrinsic" subset of genes
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Lonning PE et al. (2005) Genomics in breast cancer-therapeutic implications. Nat Clin Pract Oncol 2: 26—-33
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Sa vi gik en tur i biobanken....




DBCG 82bc project

3083 pts
in DBCG 82 bc

0 Pts. with > 7 nodes removed

vival (%)

1241 pts s
tumors *
identified >rer?oovdeeds - TR
207 tumors
: 1142 blocks 1078 blocks
ene a
Gen array TMA 1000 blocks
PPOJ@CT pr'ojec-r with inv. Tumor




A section of a TMA which was
immunohistochemically stained for the
estrogen receptor. In addition, a

magnification of an estrogen receptor
positive biopsi with basically all cell
nuclei staining strongly.

A section of a TMA which was
immunohistochemically stained for
HER2. In addition, a magnification of a
HER2 positive biopsi with more than
10% of the invasive tumor cell
membranes staining strongly and
completely.

M. Kyndi et al. 2006 @9



Do all patients have same benefit of postmastectomy irradiation?
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Er der en genetisk
baseret variation |
det normale vaevs
tolerance over for
straleterapi?




Factors influencing radiotherapy morbidity

Volume and target

Interaction with systemic therapy
Interaction with surgery

Dose and fractionation
Treatment technique

Others (e.g. comorbidity)
Individual radiosensitivity




Variation in normal tissue response

Within normal range (not over-reactors)

More sensitive More resistant



Can we predict radiation induced morbidity ?

E:.

the fitted survival curve as the

(SF35). The dotted line jog




Breast cancer

Important radiation related morbidity

Arm edema.

Impairment of shoulder
movement.

Brachial plexus damage.
Telangiectasia.

Breast appearence.
Subcutaneous fibrosis.
Rib fractures
Pneumonitis and lung fibrosis.
schemic heart disease.
Secondary malignancy




There is not (nhecessarily) a correlation between
different types of late damage in the same patients.

The development of late radiation related
side-effects is dependent of:

1. Tissue, organ, endpoint

. Time to develop damage (latency) and
influence of (external) factors in th
period




Genetic influence
on radiosensitivity

Genetic variations
(polymorphism-SNPs)

Radiation induced gene
activation




Human Genome

3 billion bases

25.000 genes

11 million SNPs

SNPs (90 %) Other alterations (10 %)

>,

And a possibly much higher number of different rare sequence alterations

GRAC R e




TGFB1 SNPs

'Master switch’
Martin M et al 2000

C/T Leu/Pro Arg/Pro

B cc SR

Position -509 Codon 10 Codon 25

Protein secretion
rate




TGF beta 1 SNPs

C
T

TGFB1 codon 10
TGFB1 codon 25 QUEERNEUIKES

TGFB1 position —509

Subcutaneous fibrosis -

e .:9,5‘;.




TGF-B1 codon 10 genotype and fibrosis risk

Andreassen et al. R&0O 69; 127-135 (200
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Radiation dose (Gy)

(2 Gy equivale Remember Murphy's law

about scientific experiments




Meta analysis:
TGFB1 position -509 T allele and late toxicity risk

TT vs. TC/CC (Qdds ratio and 95% CI

Odds Lower Upper
ratio limit limit

Quarmby (2003) 3.78 0.64 2236
Andreassen (2003) 447 047 4221
Andreassen (2004) 7.50 0.83 6749
Andreassen (2006) 082 032 209
De Ruyck (2005) 321 069 15.00
Andreassen (ECCO 14) 079 014 455
Andreassen (ECCO 14) 112 045 279
Giotopoulos (2007) 334 090 12.39
Peters (2007) 339 097 11.82

All 1.80 115 280




Genetic influence
on radiosensitivity

Genetic variations
(polymorphism-SNPs)

Radiation induced gene
activation




Genome-wide approach

etallothionein 1X
etallothionein 1F (functional)

- Protein phosphatase 1, regulatory (inhibitor) subunit 1A
Coactosin-like 1 (Dictyostelium)

- Discoidin, CUB and LCCL domain containing 2

- MAD2 mitotj;

Less down-regulated
in resistant

Degenerative spermatocyte homolog, lipid desaturase (Drosophila)
Insulin-like growth factor binding protein 5
Ribosomal protein L36
Ubiquitin-conjugating enzyme E2C
5/MFGES - Zinc finger, DHHC domain containing 5 or Milk fat globule-EGF factor 8 pr¢
- Superoxide dismutase 2, mitochondrial
v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian)
Fibulin 2
ell adhesion molecule-related/down-regulated by oncogenes
eucine-rich repeats and immunoglobulin-like domains 3
D - Transmembrane protein 47
WNT1 inducible signaling pathway protein 2
Fatty acid binding protein 3, muscle and heart (mammary-derived growth inhibitor)
- SWAP-70 protein
lour and a half LIM domains 1
Puperoxide dismutase 3, extracellular
mplement component 1. s subcomoonent

Rgdningen et al (§008

mican
Matrix-re

Less up-regulated
in resistant

1 - Pleckstrin homology domain containing, family Q member 1
IAT tumor suppressor homolog 4 (Drosophila)

rleukin 8

Laminin, alpha 2 (merosin, congenital muscular dystrophy)
Glutathione S-transferase M5

Gilutathione S-transferase A3

Crystallin, alpha B

Pleiomorphic adenoma gene-like 1

Ikaline phosphatase, intestinal

- Six transmembrane epithelial antigen of the prostate 2

N4 - High mobility group nucleosomal binding domain 4

_ Fold diference relative to geometric mean expressio

008) Radiother Oncol 86:314-320
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00°+
L
€8¢
00%

N” 00

Differentially
e expressed genes after
iyt et 3 x 3.5 Gy /2 d ays

(total: 60)



'Independent’ validation - real-time PCR

Same and more cell lines (but different batches)
New irradiation - reference gene: PMM1
Data based on delta values (before and after IR)

Fold changs relatiwve
to gecmetric mean

Sensitive
profile

3.36
2.48
1.84
1.36
1.00
0.74

MT1F | Metallothionein IF II h' " :
mx | e | Metallothioneins
IMNBZ | Lamin B2 o
CDCE | CDC& cell division cycle & homolog, 5. cerevisiae

CECL12 | Chemckine (C-X-C motif) ligand 12 (atromal cell-derived factor 1)
MIRAS | Matrix-remodelling asscciated S tMlicanJ]

EOD2 | Eupercxide dismutase 2] :

FAD Fibroblast activation pro (S

£CD3 | Bupercwxide dismmtmess T ehra

TR ECM remodeling

[ttm | Lumican |

CDON | Cden homolog, Mouse

E WISPZ | WNT1 inducikle signaling pathway protein 2
ELC1A3 | EBclute carrier family 1

Alsner et al (2007) Radiother Oncol 83:261-266




Genetic profile and risk of subcutaneous fibrosis

Sensitive

Resistant
profile

Radiation dose (Gy)

(equivalent dose of 2 Gy per fraction)

Alsner et al (2007) Radiother Oncol 83:261-266



Factors influencing radiotherapy morbidity

Volume and target

Interaction with systemic therapy
Interaction with surgery

Dose and fractionation
Treatment technique

Others (e.g. comorbidity)
Individual radiosensitivity




== Mo boost
16 Gy boost

0o
o=
I

EORTC Booost trial

"dose-response” for late effects

Severe or moderate fibrosis

Cumulative Incidence (%)

Severe fibrosis
I

Time (years)

Fig 4. Cumulative incidence of moderate or severe fibrosis after 50 Gy
irradiation or 50 Gy irradiation and a boost of 16 Gy.

Bartelink et al. JCO 2007




3D versus 2D Dose Compensation for Breast Radiotherapy - a
Randomised Trial in 306 patients with larger than average breast

Donovan, Yarnold et al. Radiother Oncol 2007

RT Dose Distribution Standard IMRT

in Sagittal Section of . .
Breast

14% with "a lot" 7% with “a lot"

43% with "some” 31% with "some’
cosmetic change cosmetic change

Regions of Inf T

Increased
dose yellow,
orange,

JAN

(]




Breast radiation therapy 2008

”Challenging geometry with worst case scenarios of large breast or
ipsilateral internal mammary lymph node irradiation where mediolateral
target extensions bend concavely around risk organs...

Stine Korreman et al. €9



Colour dose wash comparison

Free breathing Deep insp. breath hold




Factors influencing radiotherapy morbidity

Interaction with chemotherapy.
Interaction with surgery.
Dose and fractionation.
Volume and target.

Treatment technique.

Others (e.g. infection)




- 0g lidt om det som vi kalder
"hypofraktionering” - dvs at
give stralebehandlingen i
store, men fa fraktioner



We separate between two "types”
of morbidity:

- Early (acute) morbidity

-Late morbidity

because they behave different




Fractionation sensitivity for human endpoints

Moist desquamation
Erythema

SQCA head and neck
Telangiectasia
Frozen shoulder
Fibrosis

40
30-
20-
10
0_
=10+
-20
-30-
40

Dose correction (%)

O
o

Dose per fraction (Gy)

S.M. Bentzen 2007




High dose per fraction increase late radiation damage

Overgaard et al. 1987

Dose per fraction
vs acute and late
radiation
complications
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High dose per fraction increase late radiation damage
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Most late morbidity is due to a

are no biological data which are in favour of
hypofractionation _ all our knowledge indicate that
the risk of late morbidity increases with increasing
dose per fraction

2 Of pPoor radio-
apy technique.

There




So why talking about hypofractionation in breast
cancer?

» Convinient to the patients
* Increased necods

ged\

mization

- and because those who advocate it have not
seen the late effects of the past




with increased
ctionation are making
| knowledge of the
fraction for risk of

The DBCG expierence
morbidity after hypofra
the basis for our clinica
importance of dose per
developing late morbidity.

s used to introduce

n has been generated in
e after

So the argument
hypofractionatio
DBCG data with poot outcom

hypofractionation
— we have a “Cath 22" situation
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Ontario Clinical Oncology Group

Post -lumpectomy irradiation
1234 patients, (1993-96)

42.5 Gy/16 fx/ 22 days versus 50 Gy/25 fx/ 35 days

No difference In:

- Local control

- Survival

- Early and late morbidity (cosmesis)

So far!
Whelan et al. JNCI 94: 1143-50, 2002




START Trials: design and endpoints

Hurnber of patient=
Trial & Trial B

Waornen with completely excised
invasive breast cancer, T1-2 HO-1 MO

Primanry endpoint:
=|lacal-regional relapse 223 2215

Trial A (5T-A) ;
H=2236 Secondary endpoints:

nanmal tissue effects (MTES)
SR f -annudal physician assessments of 2236 22158
S0Gy in 25 & : . : :
2 OBy 5 ek ::_:_ e induration, shrinkage, oedemsa
H=749 =737 -photographs (haseline, 2y & 5y 1291 1094

=fjuality of life EQRTC Breast, body 1129 1079
image, HADS (baseline, B, 1y, 2, Sy

Trial B {ST-B) Additional endpoints:
H=27215 fisease-free sumvival 2236 22158
=overall surival

S0Gy in 25 % 400Gy in 1"' i

I_J-.I ”-l_"_l F .l'l'll.l':::_ IJ-I- I-|" I '-I':-'_=-

M=1105 M=1110 Recruitment from 35 UK centres
betweean Jan 1999 & Oct 2002




Trial A: Local-regional

(LR) tumour relapse

Uo of patients with
no LR relapse

41.6Gy (30 / 750) 50Gy (28 / 749)

s | 39.0Gy (35 / 737)

S0 S

20

g o)B value (95%CIH = 5.0 Gy (-2.7 — 12.7)
(i 1 2 = 4 5
Years since randomisstion

Senrher Frd ¥r i ] g ¥r 3 Fr o ¥r S
Ff Aishk: 2238 29755 2ar 208 1584 1234

Hazard Ratios
(95 % Cl)

1.05 {0.63 — 1.75)
1.26 {0.77 — 2.08)

41.6 Gy vs. 50 Gy
39.0 Gy vs. 30 Gy

Cumulatnre hazard rate

J39.0Gy

0.057
0.0 S0 Gy
0.03]
0.0Z] 41.66Gy
0.0
0.00r, . . . i .

0 1 . 3 4 5

Years since randomisation

Absolute difference at 5 years
95 % Cl)

+0.2% (-1.3% — 2.6%)
+0.9% (-0.8% — 3.7%)




Trial A: Late normal tissue effects

PATIENT self-assessment
imoderate or marked)

Shrinkage
Hardness

SKin
< appearance

Breast
appearance

Swelling
Shrinkage

Hardness
SKin
appearance

Breast
dppearance

Swelling

r

39.0Gyvs, 500y  41.60Gyvs. 506y
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Hazard Ratio (95% CI)

PHYSICIAN assessment
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Forslag:
DBCG protocol XXXX

Randomiseret studie af postlumpektomi
stralebehandling med hypofraktionering vs
konventional fractionering hos node-
negative brystkreeft patienter



DBCG protocol XXXX

Randomiseret studie af postlumpektomi stralebehandling med
hypofraktionering vs konventional fraktionering hos node-
negative brystkraeft patienter

HYPOFRAKTIONATION
40 Gy/15 Fx/3 uger
(evt. 42/16/3 uger)
STRATIFIKATION evt. Boost 16 Gy/8fx ENDEPUNKT:
Alder Primaert: morbiditet
Boost Sekundeert: lokal kontrol,

Kemo/endokrin DM, Survival, Complience

ANTAL PTS.
2x300 ( minumum)
rekruteringstid: 3 ar (min).

KONVT. FRAKTIONATION
50 Gy/25 Fx/5 uger
(evt. 48/124/5 uger)

evt. Boost 16 Gy/8fx

RANDOMIZE




DBCG protocol XXXX
Randomiseret studie af postlumpektomi stralebehandling med hypofraktionering
vs konventional fraktionering hos node-negative brystkreeft patienter

Endepunkfter:

-Stralerelateret morbiditet (fibrose) - primaert endepunkt

Lokal tumor kontrol

-Registrering af morbiditet x 1 arligt (baseret pa tidligere
DBCG kriterier (incl foto) - Johansen et al. Acta Oncol.)

- Translational protokol med prospektiv evaluering af genetisk
risk (se Andreassen et al)

C 9



Onkologisk
buddhisme

(Wheel of life)




Adjuverende straleterapi ved brystkraeft

Det skal vaere daeekkende

Udviklings
tendens

ﬁ

- men sa lidt som muligt

C 9
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Skansom strale mod kraeft

22/ - PocE
P

Kraeftbehandling: Hver fjerde kvinde med brystkraeft kan maske i fremtiden slippe for opslidende stralebehandling,
hvis forseg pa Herlev Hospital falder heldigt ud.

Af HANNE FALL NIELSEN

Ikke et columbusaeg, men en
golfkugle kan eendre be-
handlingen for op mod
1.000 danske kvinder med
brystkraeft.

Et nyt forseg pa Herlev
Hospital skal afpreve en ny
model for straler, hvor den
syge kvinde far hele behand-
lingen pa én gang. Og farden
inde i kroppen.

»Og det er her, at goltkug-
len kommer ind i billedet, for
i stedet for at strale udefra
gennem huden 25 gange, sa
leegger vi kuglen ind i brystet
under operation og sender
stralerne igennem dér, mens
patienten stadig er i narkose.
Vi mener, det giver optimal
virkning og langt feerre bi-
virkninger,« siger overlaege
Henrik Flyger fra brystkirur-
gisk afdeling pa Herlev Hos-
pital.

De 200 kvinder, som i den
kommende tid skal afpreve
den nye metode, er etled i et
verdensopspzendende - for-
s@g med i alt 2.500 kvinder.
Den nye behandling retter
sig mod de patienter, hvor
kraeften ikke har spredt sig til
lymfeknuder i armhulen og
andre dele af kroppen - de sa-
kaldt lettere tilfeelde.

Tilfreds patient

»Dem bliver der flere og flere
af, nar screeningerne for
brystkraeft kommer op at ke-
re i alle dele af landet, og vi
opdager kreften tidligere,«
siger overlegen, som ogsa
gleeder sig over, at det nye til-
bud vil betyde, at flere kvin-
der kan veelge at bevare deres
bryst.

Tl SRSl R e s ks

Overlaege Henrik Flyger fra brystkirurgisk afdeling pa Herlev Hospital har store forventninger til den nye og mere skdnsomme

stralebehandling. Inge Hansen har som den forste afprovet metoden, da hun blev opereret i begyndelsen af marts.

Foto: Thomas Larsen

over lange afstande hver dag
i 30 dage for at fa straler. Sa
veelger de at fa fjernet bry-
stet, « fortzeller Henrik Flyger,
som ogsa peger pa en lang
reekke andre bivirkninger
ved de mange straler:
»Nogle far slemme for-

TammeAierar  mere ssbaliaoe el

Lyngby har som den allerfor-
ste afprevet metoden, da
hun blev opereret i begyn-
delsen af marts. :
»Jeg var faktisk ikke si me-
getitvivl om at sige ja til for-
sgget. Hvis jeg kan veere med
til at hjéél% andre kvinder,

Lranm doo il ca nlammnarna

ved udsigten til en mdned i
stralebehandling«, siger
hun. Og tilfgjer i en sidebe-
meerkning, at brystbevaren-
de operationer ogsa er et go-
de for lidt eeldre kvinder.
»Selv om man er kommet
op i arene, har man jo IKKe
mictat cin farfaanoalichad «

briller har behandlingen og-
sa fordele, fremhaever over-
laege Henrik Flyger.

»I sjeblikket er der jo pro-
blemer med for lange vente-
tider pa stralebehandling, og
set fra den vinkel kan den
nye behandling ogsa vaere en
fordel Hwis vi nid <ict kan

| ojeblikket er der

jo problemer med
for lange ventetider
pa stralebehandling,
og set fra den vinkel
kan den nye
behandling ogséa
vaere en fordel.

HENRIK FLYGER
overlaege, Herlev Hospital

traditionel stralebehand-
ling, friger vi kapacitet til
dem, som er mere syge, og
hvor kraeften har spredt sig,«
siger han.

Hospitalet holder teet kon-
takt med de kvinder, som er
med i forseget, og det bety-
der oget tryghed for patien-
terne.

»Jeg foler, jeg har fiet en
dronnings behandling, sa
jeg er pa en made mere tryg,
fordi de hele tiden kontrolle-
rer behandlingen«, siger In-
ge Hansen.

Nar stralingen inde i krop-
pen ventes at fa gode resulta-
ter skyldes det ikke mindst,
at tilbagefald af kreeft ofte
kommer lige i nerheden af
det omride, hvor den farste
knude viste sig.

»Derfor tror vi pa at give
steerk straling til det omrade,
og her er det en fordel at kun-
ne ramme sa praecist. De
klassiske strilekanoner har
faktisk vanskeligheder ved at
ramme s rictiot « sicer Hen-
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3-D konform extern straleterapi
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Arthur and Vicihi, JCO 2005, 23: 1726-1735

PTV=CTV+10 mm

Bivirkninger: fa, hudgener grad 1-2, smerter grad 1-2 ©o



Tumorbiologisk overvejelse
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a/B=10, tumor og akut reagerende normalvaev, skaden heler oftest
a/B=3, sent reagerende normalvav, skaden heler sjeeldent / irreversibel
LQ-model i princippet kun anvendelig ved lille dosis pr fraktion



STRATIFIKATION
Alder

RANDOMIZE

ENDEPUNKT:

Primeaert: morbiditet
Sekundeert: lokal kontrol,
DM, Survival, Complience

ANTAL PTS.
2x200 ( minumum)
rekruteringstid: 3 ar (min).



Inklusions/eksklusions kriteria:

‘Lumpektomi

‘Node negative

-Kandidat til type F strdlebehandling
-Alder > 60 ar

*“lavrisiko patienter”



Hvor star vi:

Stralebehandling er kommet for at blive (i lang tid
fremover)

Indikationerne er stigende

Stralebehandlingsteknikkerne er under forsat
udvikling og forbedring

Der vil langsomt ske en individualisering (pa biologisk
grundlag) - og en skenne dag kan vi tage en pille mod
(langtids)bivirkningerne

Vi skal veere meget varsomme med indfere (biologiske
argumenterede) behandlinger - for de indebcerer
risikoen for at gentage fortidens fejl )



Progress takes time

» 1981 Protocol planned

Postmastectomy radiotherapy to

» 1983-90 Study intake high-risk breast cancer pts. also
given systemic treatment:
» 1997-99 Data analysis
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