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Therapiespektrum beim metastasierten
KRK
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Molekulare Klassifizierung kolorektaler Karzinome

The consensus molecular subtypes of colorectal cancer
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The consensus molecular subtypes of colorectal cancer

1%

CMS1: Mikrosatellite instability, immune, 14% 1%"' 2%  CMS classifier
* Hypermutiert, hypermethyliert, MSI CMéZ
 Starke Immunaktivierung CMS3

.. CMS4
* Uberexpression von Proteinen der DNA 20,

Mixed or indeterminate

Damage Repair

CMS2: Canonical, 37%

* Epithelial: WNT und MYC Signalaktivierung SOHA NG :8:32
CMS3: Metabolic, 13% ol _...‘8’2‘5’

* Epithelial, metabolische Dysregulatoin Hy%eng%tgted l égg
CMS4: Mesenchymal, 23% ) _-_;g-zg

* TGFb-Aktivierung: Stromale Invasion ws l o g

 Angiogenese ’ _— 7
Mixed: 13% CIMP cluster — :éfg?:
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Prognostische Relevanz der Subgruppen

CMS4
Mesenchymal

1% 23%
MSLCIMPhigh, canar . Mixed MSI status, o
hypermutation SCNARIGh — scNAlow, CIMPlow ~ SCONANIGN
BRAF mutations KRAS mutations
Immune infiltration WNT and Metabolic S;g’;“';’;gt;g‘;"'
and activation MYC activation deregulation B on,
angiogenesis

Worse survival
after relapse

Worse relapse-free
and overall survival

Guinney, Nat. Med. 2015



Ras Mutationen in den Subgruppen

KRAS mut
n=2224

BRAF mut
n=1,.941

APC mut
n =393

TP53 mut
n =801

Guinney, Nat. Med. 2015



Nur Patienten mit Ras Wildtyp Status
profitieren von einer anti-EGFR Therapie

A Progression-free Survival

Subgroup No. Hazard Ratio for Progression or Death (95% Cl)
Primary analysis \
Nonmutated KRAS exon 2 656 0.80 (0.66-0.97)
Mutated KRAS exon 2 440 1.29 (1.04-1.62)
Prospective-retrospective analysis
Nonmutated RAS 512 0.72 (0.58-0.90)
Mutated RAS 548 1.31 (1.07-1.60)
Nonmutated KRAS exon 2, mutated other RAS 108 : 1.28 (0.79-2.07)
T T LI | LI | 1
0.40 0.63 .00 1.58 2.51
Panitumumab- FOLFOX4
FOLFOX4 Better  Alone Better
B Overall Survival
Subgroup No. Hazard Ratio for Death from Any Cause (95% Cl)
Primary analysis |
Nonmutated KRAS exon 2 656 0.83 (0.67-1.02)
Mutated KRAS exon 2 440 1.24 (0.98-1.57)
Prospective-retrospective analysis
Nonmutated RAS 512 0.78 (0.62-0.99)
Mutated RAS 548 1.25 (1.02-1.55)
Nonmutated KRAS exon 2, mutated other RAS 108 1.29 (0.79-2.10)

™1
2.51

0.40 0.63 1.58
Panitumumab- FOLFOX4
FOLFOX4 Better  Alone Better

Douillard et al., NEJM 2013



_Molekulare Anatomie” des KRK

Links

Left-sided tumours

FIRE-3: OS

Rechts

Right-sided tumours

Alle Tumoren Ras Wildtyp!

1.0 o 1.0~
Cetuximab + FOLFIRI (n=157) —— Cetuximab+ FOLFIRI (n=38)
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08 — 08 4
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Left-sided tumours
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Right-sided tumours

Events, Events,
niN (%) N (%)
1.0 q Cetuximab + FOLFIRI 102/142 (72) 1.0+ Cetuximab+ FOLFIRI  26/33(79)
0.9 4 FOLFIRI 112/138 (81) 0.9 FOLFIRI 42/51(82)
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No. at risk: Time (months) No. at risk: Time (months)
Cet + FOLFIRI 142 123 83 47 14 Cet + FOLFIRI 33 16 11 7 1
FOLFIRI 138 104 63 27 7 FOLFIRI 51 31 16 11 3

Special session chaired by J Tabernero and F Ciardiello
Presentations by V Heinemann (FIRE-3) and E Van Cutsem (CRYSTAL)

[ Interaction p-value: 0.17




Sideness”

e Patienten mit linksseitigem
Primartumor und Ras

Wildtyp
Kombinationschemotherapie
und anti-EGFR Antikorper
e Patienten mit rechtsseitigem COPENHAGEN

Primartumor und Ras

Wildtyp profitieren nicht von

einer anti-EGFR Therapie wie 20“6
die obige Gruppe und sollten
eine
Kombinationschemothera-
pie mit anti-VEGF erhalten.

Favours left

Statement AIO KRK Leitgruppe 2016



Tumorlokalisation und CMS




CMS | und Immunphanotyp
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CMS1: Hypermutiert, MSI

Hypothese:
e Je , fremder” ein Tumor fur das

kbrpereigene Immunsystem,
desto hoher die Effektivitat einer
Interferenz mit dem PD-1
Signalweg

* Konzept fir hypermutierte/MSI
Tumoren

TCGA



PD-1 Blockade in Tumors
with Mismatch-Repair Deficiency

A Biochemical Response B Radiographic Response
200 ; : :
- / N - Mfsmatd‘ repair-proficient colorectal cancer 100 B Mismatch repair-proficient colorectal cancer
E - MfsmatC: repafrje:C!ent C°|°'e|da| Ca';ce" B Mismatch repair-deficient colorectal cancer
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Le et al., NEJM 2015



PD-1 Blockade in Tumors
with Mismatch-Repair Deficiency

A Progression-free Survival in Cohorts with Colorectal Cancer

Probability of Progression-free
Survival

No. at Risk

Mismatch repair-
deficient

Mismatch repair-
proficient

B Overall Survival in Cohorts with Colorectal Cancer

Probability of Overall Survival

1.0
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0.4+

0.2

LP-0.03 by log-rank test
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e
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0.0
0
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Gesamtgruppe SIV: Nur geringerer

Prozentsatz mit MSI-H
Aber: Interessante Daten flr die
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Le et al., NEJM 2015



Checkpointinhibitoren bei MSI-H Tumoren

Best Reduction in Target Lesion Size

in Patients With MSI-H

Nivolumab 3 mg/kg +

Nivolumab 3 mg/kg

100 - 100 1 o
Ipilimumab 1 mg/kg
75 1 751
2 2
= 50 - 56% of patients with reduction = 50 A1 81% of patients with reduction
N o~ N o~
T e T 2
@< 251 B 251
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£g . g9 |
< 0T "III““IIIII = 07 waaENNEE RN RN
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S & 254 o S®&251_ e ___ NENEEEEEEEEEEN
T e e |
o S * x S *
% =501 w50 :
2 - %k %
-75 ok -75 A *
O % change truncated to 100% * %
-100 - -100 -
Patients Patients

*Asterisks denote confirmed responses



Checkpointinhibitoren bei MSI-H Tumoren: LBA-01: Safety and efficacy of
cobimetinib (cobi) and atezolizumab (atezo) in a Phase 1b study of
metastatic colorectal cancer (mCRC) — Bendell J, et al

Efficacy: Change in Tumor Burden MEK-Inhibitor (soll TiL Zahl im
. fﬁ: E8 PD pp o PO D oy PD-L1 I,\(l:Astatus Tumor erhéhen) pIUS
;“‘;: TRER M ico PD1/PDL1 Blockade
&
Ee
EZ40T
£ o0
.80 — 0 Na o

4 patients had partial responses (confirmed per RECIST v1.1)

MSI status of CRC patients was examined by NGS-based scoring: 3 of 4 responders were mismatch-repair |
broficient (not MSI-H); 1 responder had unknown MSI status and was ng* ~~":~*'~

Tumor volume reduction was not associated with PD-L1 status: TC3 (n =

- To 250k PDLscels i : Ch inT Burden Over Ti
R e o e 0 e o e Efficacy: Change in Tumor Burden Over Time

NA, not available: NGS, next generation sequencing. Efficacy-evaluable patients. 2 patients missing or unevaluable are not i
\ 100
oo ASCO ANNUAL MEETING ‘16 p oyl
Sikies are e propenty of fhe axtboc Mamasalon reguired for fecse Bendell J, eta o

704

— PD

-— 8D

— PRI/CR®

@ Discontinued atezolizumab
A New lesion

* Median duration of response

was not reached (range: 5.4 to
11.1+ mo)

Eventuell Konzept fur , kalte”,
MSS-KRKs

from Baseline, %
3

* Responses are ongoingin 2 of 4
responding patients

Change in Sum of Longest Diameters

0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23
Time on Study (mo)

*Confirmed per RECIST v1.1. CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease,
Efficacy-evaluable patients. 2 patients missing or unevaluable are not included. Data cut-off February 12, 2016.

~oc- ASCO ANNUAL MEETING 16 > i

Bendell J, et al. Cobimetinib and atezolizumab in CRC. ASCO 2016



CMS1: DNA Damage Response

BRCA, ATM, ATR

BRCA mutierte Tumoren sensitiv gegen
DNA-Repair-Inhibitoren und DNA-
schadigende Agentien

* Platin-basierte Therapien, PARP-
Inhibitoren

5-fach gesteigertes Risiko fur KRK bei
BRCA1 Mutationstragern junger als 50
Jahren

ATM inaktiviert in 37% der
hypermutierten KRKs

PARP

AT

Single-strand break
|

PARP inhibitors l

NSO

Double-strand breaks

f

|

Normal cell ‘

Repair by
homologous
recombination

DNA repaired

f

‘ BRCA-mutated cell ‘

recombination

No homologous
No repair

RO RN RO

Cell survival

Cell death

DNA repaired

I BRCA/ATM Inhibitoren: Olaparib, Talazoparib, E7449, VX970 (ATR Kinase) I

Sonnenblick, Nat. Rev. Clin. Oncol. 2014; Holter, JCO 2015; Waddell Nature 2015; Sopik, Clin Genetics




BRAF V600E Mutationen

Nur in etwa 6% der KRKs
Im SIV (negativ) prognostisch

Overall survival (%)

Number at risk
RAS and BRAF
wild-type

RAS mutation
positive

BRAF mutation
positive

70

60—

50

40

30

20

10+

— RAS and BRAF wild-type
—— BRAF mutation positive
—— RAS mutation positive

93 88 81 75 61 55 46 31 18 10
236 222 205 170 124 101 76 47 26 15

28 22 15 12 10 6 4 3 0 0

Overall survival

Hazard ratio

Median (months) p value
Intention-to-treat population
FOLFIRI plus bevacizumab (n=256) 25.8(22.5-291) 0-80(0-65-0-98) 0-03
FOLFOXIRI plus bevacizumab (n=252)  29-8 (26:0-34-3)
Extended RAS and BRAF subgroup population
FOLFIRI plus bevacizumab (n=176) 24-9(21-1-291) 0-84(0-66-1-07) 0-16
FOLFOXIRI plus bevacizumab (n=181) 286 (25-4-33:6)
RAS and BRAF wild-type subgroup
FOLFIRI plus bevacizumab (n=45) 33.5(223397) 077(046-127)  0.52*
FOLFOXIRI plus bevacizumab (n=48) 41.7 (30-1-53-1)
BRAF-mutation-positive subgroup
FOLFIRI plus bevacizumab (n=12) 107 (3-1-24-8)  0-54(0-24-1-20)
FOLFOXIRI plus bevacizumab (n=16)  19.0 (8-2-28.6)
RAS-mutation-positive subgroup
FOLFIRI plus bevacizumab (n=119) 23-9(20-5-27-9) 0-88 (0-65-1-18)
FOLFOXIRI plus bevacizumab (n=117)  27-3(22:0-31-3)
RAS wild-type subgroup
FOLFIRI plus bevacizumab (n=57) 26-8(20-5-35-9) 078 (0-51-1-20) 0-667

FOLFOXIRI plus bevacizumab (n=64)  37-1(24-1-427)

Cremolini et al. Lancet Oncol 2015



Therapie bei BRAF Mutation

Braf-Inhibition alleine wegen redundanter Signaltransduktion nicht
effektiv -> Doppel-/Triple Targeting

Arm 1: Panitumumab +
Dabrafenib

Einschlul3kriterien

* BRAFV690E Mutation mCRC

« ECOG PS 01

* MeRbare Erkrankung (RECIST)

(n=20)

Arm 2: Panitumumab +
Dabrafenib + Trametinib
(n=35)

(n=69) Arm 3: Panitumumab +

Trametinib
Can Targeting EGFR Overcome Resistance Ongoing; n=14

to BRAF + MEK Inhibitors in BRAFm CRC?

EGFR PANITUMUMAB

s0, D+T(N=9) “

é.»*- Primare Endpunkte: Safety,
O
DASRAFENE DABRAFENE - Ansprech rate’ PFS

TRAMETINIB TRAMETINIB
C

Corcoran et al. J Clin Oncol 2015 (abstr.)



Maximum % A from baseline

Therapie bei BRAF Mutation:

Zweifachtherapie

Best response (Arm 1)

100

80 CR+PR: 10%

60 P

40 SD: 80%

20 I

0 II--_E**___--

bl
-40

—60

—80 M Progressive disease Partial response
—100 M Stable disease Complete response

Maximum % A from baseline

Dreifachtherapie

Best response (Arm 2)

100
28 CR+PR: 26%
SD: 60%

40
20 l.-ITTT T Tttt Tt

o MEmm*__ _
0 (1] | ‘

—40
—60
-80
-100

Corcoran et al. J Clin Oncol 2015 (abstr.)
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e CGX1321
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CMS 3 - metabolic

* Targeting des Tumormetabolismus

Sugar, aa, nucleotide |

* Pyruvatdehydrogenasekinase- Glucose, pentose |

. oy . Fructose, mannose

inhibitoren Galactose |

e Glutaminaseinhibitoren e |

athione

- CB-839 Nitrogen |
Glycerophospholipid

Lysophospholipid

Glucose and Glutamine Utilization are Different in Normal and Tumor Cells Fany acid A

Normal Cell

Lactate GLUCOSE Lactate GLUCOSE
+

Pathways
. =

MAPK
PI3K
SRC
JAK-STAT
Caspases
Proteosome
Cell cycle
Translation ribosome
Integrin-B3 |

VEGF, VEGFR

GLUTAMINE

I).(i.nor pathway - l)hjor pathw:yn




CMS4

 TGFb-Aktivierung

e Stromale Invasion
e MEDI 522/Etaracizumab
* mAb gegen avb3 Integrin

Translation ribosome

MAPK

PI3K

SRC
JAK-STAT
Caspases
Proteosome
Cell cycle

Integrin-p3
VEGF, VEGFR

Angiogenese

e Bevacizumab A

. e gy
* Aﬂ I b erce pt Z‘;'.iﬂfél?f: ﬂfndang ARR TARAIARERIBAN
* Ramucirumab Shimesis

Seguin, TCB 2015

Ligand-dependent clustering

Targeting integrin function

Ligand-independent clustering

ECM ligands
Galecnns ¥ Inhibitors
‘ S e e(raspanms ;i:gr::enllgular
D000 X ' ' llllllll
f SRRt | i 1’ “M , binding
3 L
e B0k “’--‘J L ,,,,,,,,,,,,,,, CO00  partners

Kinase  Adapter

GEF e GAP Target specific
intracellular
downstream
effectors

Downstream signaling cascade

A 4

Polarity Anchorage-independence

Proliferation Metastasis
Survival Stemness
Migration Drug resistance
Invasion

TRENDS in Cell Biology




PERMAD Trial

Patients with
and at least S

arker change
(RECIST)

Bevacizumab

Biologicdl Bevacizumab

Chemd CHEMO A

PD

Aflibercept

CHEMO B

Aflibercept
CHEMO B

PD

1st-line

2nd-line

Conventional switch of
Chemo and Biological at
timepoint of PD

A

marker-driven early switch
of Biological and
conventional swich of
Chemo at timepoint of PD

Chemo A/B = FP + Ox/Iri

Assessihent of CAF at screening, baseline and every 4weeks and RECIST every 8 week8>




PERMAD data evaluation

* no use of absolute
values/ cut offs

>
w
(9]

g |

 definition of a composite

marker, that integrates 5 s
the course and kinetics .

of various cytokines by
bioinformatics

o
8
-

 predictive value of such a
marker for resistance to
bevacizumab and switch

MMP-9 (ng/mL)
. C

VEGFR2 (pgml) ™M
©» c3 = B
&
o 8 28 8 8 o Z
OIY N 1 1 .)"0/
% - %
% %
KRN 2 %o, o
P 8 B e e
) . 6,
<, PPN
% » s
%, @ A %, @
O, %,
P . s Y
N ” hl 0,0 ?
L
%, g 8,
PDGF (pg/mL)
C v o
3 828 8 B § P
%,
OG
)
0" 60,0
"6, 2,

to aflibercept?




PERMAD: What is done?

* PIGF

* Ang 2

* VEGF

* G-CSF

* SVEGFR2
* HGF

* bFGF

* MMP-9

screening (d -28 until -7),
baseline (d1 prior to Tx)
every 2 weeks (first phase)
every 4 weeks in the
randomized part



Tumorevolution: HER2 Amplifikation beim KRK
unter Therapie

Normal HER2 Amplifikation [JHER2 Amplifikation

KRAS wt
responders
(n=45 patients)

IHC - HERZ2

(P<0.05)

13.6%

KRAS wt
non-responders
(n=44 patients)

FISH - HERZ2

Bei mKRK:

Progressive Anreicherung von
HER2 Amplifikationen

Quadruple* wt
non-responders
(n=11 xenopatients)

P<0.001

Bertotti A et al. Cancer Discov 2011;1:508-23



Heracles Studie

IHC 0 IHC 1+ IHC 2+
¥ SRR TN e
P : 3 I‘-‘.v' x B %’%‘éﬂt -.’r“r"
HERZ IHC . & fr.;-" &y v % .
( 1 e, ) IQ-n{,_‘
- 7 - e '?'“"" AL o
¥ Lk "l - w’:}'\’i\‘

na

FISH
Posilive lumor cells 2 50%
Vaiterta =. et al. Mocern Pathol 2015, in press l
Eligible for HERACLES Trial
Kras WT e ASO@ Annual 13

Vorbehandlung mit 5-FU, Iri, Ox, Cetuximab
oder Panitumumab obligatorisch

ECOG 0-1

Primarer Endpunkt: ORR

Therapie mit Trastuzumab plus Lapatinib

In der Studie:
5.4% der Ausgangspopulation



Change I et bube Som heelee %)

16

HERACLES-Studie

Responses by HER2 IHC Score

Waterfall plot
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"3 patients are not shown: 122026 (IHC 2+). not assessed
|

Spaghetti plot

72

Time to Progression by HER2 score
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Wie monitoren wir eine Tumorerkrankung?
Wie finden wir neu aufgetretene Mutationen?

e Zirkulierende DNA
 cfDNA, ctDNA

* Freigesetzt durch Zellturnover
oder via Exosomen

* Kleine Fragmente (180-200 bp) im

Plasma
* Fortgeschrittene Tumore: ctDNA E |
in >75% detektierbar

* 73% CRC -

Bettegowda, Sci Trans|l Med 2014




Detektion von MRD — KRK Stadium [I/I11

Recurrence No recurrence Total
Post-op ctDNA - positive 7 2 9
Post-op ctDNA - negative 7 96 103
Total 14 98 112
Fisher’'s Exact P < 0.0001 Time to Recurrence
RR =11.44 —— Post-op ctDNA negative
(95% Cl 5.16 — 25.37) 100- —— Post-op ctDNA positive

HR =25.73
P<0.0001

Percent Recurrence
(4]
o
1

0 200 400 600 800 1000
Follow-up (days)

Tie, J Clin Oncol 32:5s, 2014 (suppl; abstr 11015)



Monitoring von Tumorevolution unter einer
anti-EGFR Therapie

Pretreatment Posttreatment
 Tumortherapie triggert die 25
Evolution multipler Subklone oz gt raes s s
Im Tumor Sample ID gé g ‘éé § gg %,% g géé § %,E
. o Patient #5
* Beispiel: CRC: Kras Codon 12 Paten #16 L
Mutationen analysiert mittels Paton #1
CtDNA e m
* Sensitivitat: 87.2% patientszs | T T T T T 1T 1 (@11
* Spezifitat: 99.2% Pationt $1
* Therapie-assoziierte Resistenz: Patint £4
Patient #7
* 96% eine oder mehrere Patient #9
Mutationen mim MEK-ERK Pationt #19
Signalweg BARD 101
* 50% in Kras BaRD 103
 Haiufige Mutationen in Codon 61 CRe 189
von Kras CRC 190
CRC 191 ' , [ [ [
Total#ofcases ([0 0|0/ 0/ 0|00 0/ 0|0 11

.Single mutation
Multiple mutations

Bettegowda, Sci Transl Med 2014; Diaz et al., Nature 2012



Monitoring von Therapieansprechen

FA KRAS* [%] cfDNA [ng/ml]

CEA [ug/l]

2nd line FOLFOX + BV
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t [month]

Baseline PD

* KRAS: G12A, G12C, G12D, G12R, G12S, G12V, G13D

Berger, ...

RAS-Status Gewebe
Exon2 Exon3 Exon4
KRAS G12D WT WT

NRAS n.a. n.a. n.a.

Seufferlein, under revision



Endlich Relevanz fur molekulare Marker beim KRK?!

Ja, definitiv

—mmm

Erstdiagnose SIV

SIV X X
fortgeschrittene

Erkrankung

*K-RAS exons 2, 3 und 4 (Codons 12, 13,59, 61, 117 und 146) und n-RAS Exone 2, 3 und 4
(Codons 12, 13,59, 61 und 117).



Endlich Relevanz fur molekulare Marker beim KRK?!

Molekulare Klassifizierung: Chance zur Anreicherung von Subgruppen zur
Stratifizierung fur klinische Studien, aber:

* Nur far Primartumor etabliert
* Signaturen fiir Metastasen verwendbar?

Therapeutische Konsequenzen wirklich klar?
* CMS1: Immuntherapie
* CMS2: WNT Inhibitoren
 CMS3: Targeting metabolischer Pathways
* CMS4: TGFb Inhibitoren

Tumorevolution innovativ monitoren (ctDNA)

Mogliche Konsequenzen:
* Bessere Definition von Subgruppen
» Effektivere Therapie tber das ,continuum of care’
* schnellere Wirkstoffforschung
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