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Cause and pathogenesis of intestinal-type GC
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Molecular Genetic Landscape of Gastric Cancer



Esophageal & Gastric Cancer Subtypes

Cancer genome Atlas network. Nature 2014; 513: 202-209



Group 2
CIMP-H, MSS/MSI-L, BRAFmut

Group 4
CIMP negative, MSS

Group 3
CIMP-L, MSS/MSI-L, KRASmut

Group 5
CIMP negative, MSI-H

Precursor lesions Groups %

Group 1
CIMP-H, MSI-H, BRAFmut

12 %

8%

57 %

20 %

3 %

Jass´s Molecular Classification of Colorectal Cancer

Jeremy R. Jass
1951 - 2008

Jass J.R. Histopathology 2007, 50: 113-30

Serrated
polyps/adenomas

Adenomas with villi

Tubular adenomas

Lynch syndrome
adenomas



Prognostication of colorectal cancer

Lochhead P et al. JNCI 2013; 105:1151

MSI BRAFwt 92 (7,3 %)

MSI BRAFmut 101 (8,1 %)

MSS BRAFwt 979 (78%)

MSS BRAFmut 81 (6,5 %)

N = 1253 (100 %)Prognostic GroupsJass´s
Classification

Group 5

Group 1

Group 4

Group 2



Median number of

total mutations 728

Hypermutated tumors
16% of analysed carcinomas

Correlation with MSI-type

Median number of

non-silent mutations 58

Non-Hypermutated tumors
84% of analysed carcinomas

Correlation with CIN-type



Poor-prognosis colon cancer is defined

by a molecularly distinct subtype and

develops from the serrated precursor

lesions

De Sousa E Melo F, …Vermeulen L; Nature Med 19, 614-618 (2013)

CIN-Type MSI-Type
New Serrated

Route Type



Consensus molecular subtypes of colorectal cancer
based gene expression profiling in 18 CRC data sets (N= 4161 patients)

Cuinney J. et al. Nat Med 2015; 21: 1350-6

13 % of all CRC can not be assigned to a consensus subtype



The Consensus Molecular Subtypes of Colorectal Cancer
Pathways of carcinogeneis and precursor lesions

Fessler E, Medema JP, Trends in Cancer 2016; 2: 505-518



The
Consensus
Molecular

Subtypes of
Colorectal Cancer

Represent
Biologically
and Clinically

Distinct Subgroups
(Entities)

Fessler E, Medema JP, Trends in Cancer 2016; 2: 505-518





Yuan L et al. Int J Clin Exp Med. 2015

Markers Prediction of MSI-H

Sensitivity Specificity

MLH1 & MSH2

PMS2 & MSH6

92.6 % 99.1 %

100 % 98.2 %

MSI-testing by immunohistochemistry



Molecular Grading
MSI-status (IHC or molecular)

low
grade

high
grade

MSI-H
Type

MSS-
Type

BRAFwt BRAFmut

Sporadic
cancer

Suspicion for
Lynch-syndrome

BRAF (V600E)-
mutationanalysis

Neumann J, Kirchner T . Pathologe 2014; 35: 615

G3 adenocarcinoma,
undifferentiated carcinoma and

special subtypes
(medullary, mucinous, serrated, cribriform,

micropapillary et al.carcinomas)

BRAF (V600E)-
mutationanalysis

Analysis of
MLH1-

promoter-
methylation

+-

MSI immune
subtype

MSS
BRAFwt

MSS
BRAFmut

very
aggressive

Mesenchymal
subtype

MLH1

loss



Biomarkers of GI Tumors



CIN pathway
80-85 %

MSI pathway
15- 20 %

CIMP pathway
≈20 %

Molecular CRC classification- Useful biomarkers

BRAF
mutation

RAS
mutation

Anti-EGFR resistance
(predictive factor

Pronostic
factor

Lynch diagnosis

Pronostic

No 5-FU efficacy

Anti-PD-1 efficacy

MSI

Conventional carcinoma Serrated
tumours

Cancer of
the elderly

Lynch syndrome



RAS and BRAF WT

Mutation
KRAS exon 2

Mut KRAS
ex 3, 4

Mut
NRAS

RAS mutated

50%

HER-2

BRAF

10%

Amplifications: 2,5%
Mutations: 1,9%

Anti-HER2
Targeted

therapies?

Anti-EGFR resistance ?

SPECTAcolor: Folprecht ESMO 2016, abst 4580

Sartore-Bianchi Lancet Oncol 2016
Hurwitz ASCO GI 2016
Marsoni AACR 2017

Trastuzumab + lapatinib
(HERACLES)

Trastuzumab + pertuzumab

Raghac ASCO 2016

40%

CRC molecular biomarkers and targets

MSI
5%



BIOMARKER

MSI-H

BRAFmut

RASmut
KRAS Exon 2-4 & NRAS Exon 2-4

Prognostic

Typing and

grading

Predictive

Response to

therapy

No response to

anti-EGFR-antibodies

Second line Stage IV

Anti-PD1-Therapy

ESMO Consensus

Guidelines 2016

II-A

I-B

I-A

Van Cutsem E et al, Ann Oncol 2016; 0: 1-38



BIOMARKER

MSI-H

BRAF(V600E) mut

RAS mut
KRAS Exon 2-4 & NRAS Exon 2-4

Prognostic

Typing and

grading

Predictive

Response to

therapy

FOLFOXIRI

+ anti-VEGF-AK

BRAF-inhibition

+ anti-EGFR-AK

No response to

anti-EGFR-antibodies

First line Stage III

5-FU-monotherapy
Second line Stage IV

Anti-PDL1-Therapy



Adenocarcinoma NOS Undifferentiated

carcinoma

G1 G2 G3 G4

Colorectal Carcinoma

MSS-TypMSI-Typ

Special subtypes

high gradelow grade

Algorithm
for routine
diagnosis
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MLH1-Promoter-Methylationanalyis

no methylation methylation

BRAF(V600E)-Mutationanalysis

WT MUT

KRAS & NRAS Mutationanalysis

WT MUT

BRAF(V600E)-Mutationanalysis

WT MUT

Molecular grading (IHC or molecular)

Expressiondefiency

yes
Mismatch-Repair-Defiect (MMRD)

no



Adenocarcinoma NOS Undifferentiated

carcinoma

G1 G2 G3 G4

Colorectal Carcinoma

MSS-TypMSI-Typ

Special subtypes

high gradelow grade

Low grade MSI-Type

suspicious for Lynch-

syndrome

•no 5-FU monotherapy

•anti-PDL1-therapy for

relapse

High grade MSS-Type

with RASWT, BRAFWT

•FOLFIRI or FOLFOX

+ anti-EGFR-Ab

Low grade

sporadic MSI-Type

•no 5FU monotherapy

•anti-PDL1-therapy for

relapse

Highly agressive
MSS-Type mit BRAFMUT

•FOLFOXIRI

+ anti-VEGF-Ab

•BRAF-inhibition

+ anti-EGFR-Ab

Algorithm
for routine
diagnosis

High grade MSS-Type

with RasMUT

•FOLFIRI or FOLFOX

+ anti-VEGF-Ab

MLH1-Promoter-Methylationanalyis

no methylation methylation

BRAF(V600E)-Mutationanalysis

WT MUT

KRAS & NRAS Mutationanalysis

WT MUT

BRAF(V600E)-Mutationanalysis

WT MUT

Molecular grading (IHC or molecular)

Expressiondefiency

yes
Mismatch-Repair-Defiect (MMRD)

no



Infrequent actionable mutations in colorectal cancer (CRC)

Care for the rare

Targeted

therapy

Frequency

% in CRC

Mutation EMA – approval or

successful trial

2,1% ALK-translocation

Ceritinib
1,6% ROS1-translocation Lung cancer (NSCLC)

Crizotinib
1,1% RET-translokation/-mutation

Afatinib

Erlotinib 1,1% EGFR-activating mutation Lung cancer (NSCLC)

Gefitinib

Trastuzumab
&

Gastric cancer

2,7–10 % HER2-amplification
Lapatinib Breast cancer



BIOMARKER

MSI (immunhistochemisch)

BRAF(V600E) mut

RAS mut
KRAS Exon 2-4 & NRAS Exon 2-4

HER2 Amplification

Prognostic Predictive

FOLFOXIRI

+ Anti-VEGF-AK

BRAF-Inhibition

+ anti-EGFR-A

No reponse to

anti-EGFR-AK

Typing and

grading

Response to

therapy

Second line stage IV

Trastuzumab &

Lapatinib

Update 2017

German Guideline for

Stage IV CRC

First line Stage III

5-FU-monotherapy
Second line Stage IV

Anti-PDL1-Therapy



Amplifications associated

with acquired resistance

• HER2 (ERBB2)

• MET

• KRAS

Mutations associated

with acquired resistance

• KRAS

• NRAS

• BRAF

• EGFR

Genes involved in cetuximab
resistance or sensitivity

in CRCs with KRAS wildtype

Acquired resistance
to EGFR blockade

in mCRCs

Bertotti A. et al. Nature 2015; 526: 263 Misale S. et al. Cancer Discov 2014; 4: 1269









Immunotherapy

Anti-PD-1 treatment: overall survival

Mois

Selection of patients based on MSI status

CCR MSI

CCR MSS











Therapeutic targeting of biomarkers in CRC 

∾

Ɨ
Aerobic glycolysis

inhibitors

PARP inhibitors Selective anti-
inflammatory drugs

Immune-activating 
anti-CTLA4 mAb

Proapoptotic BH3 
mimetics

Telomerase inhibitors

Inhibitors of HGF/c-Met

Cyclin-dependent 
kinase inhibitors

EGFR inhibitors

Inhibitors of 
VEGF signaling

CTLA-4, cytotoxic  T-lymphocyte antigen-4;
EGFR, epidermal growth factor receptor;
HGF, hepatocyte growth factor;
PARP, poly ADP ribose polymerase;
VEGF, vascular endothelial growth factor

Adapted from: Hanahan D, Weinberg RA. Cell 2011; 144: 646–674



Search for targetable mutations by NGS

in recurrent cancer after the application of standard treatment

Oncomine Focus Assay



• Molecular subtyping/grading and predictice analysis for treatment is now well

established in routine pathology.

• The ESMO Consensus Guideline 2016 for CRC and the German Guideline

2017 for Stage IV CRC recommend as biomarkers: MSI, BRAFmut, RASmut

and ERBB2 (HER2).

• The morphological and molecular analysis should be integrated by a routine

algorithm.

• Multigene panel analysis by NGS can be used for recurrent cancer after

standard treatment.

Conclusion for colorectal carcinomas
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Adenocarcinoma, NOS (not otherwise specified)

Special types

• mucinous adenocarcinoma

• signet ring cell carcinoma

• medullary carcinoma

• serrated carcinoma

• cribriform comedo-like carcinoma

• micropapillary carcinoma

• adenosquamous carcinoma

• spindle cell carcinoma

• neuroendocrine carcinoma

Typing and grading of colorectal carcinoma (WHO)

WHO Classification of Tumours of the Digestive System, 4th Edition 2010



Adenocarcinoma NOS & undifferentiated carcinoma
Morphological Grading

G1
> 95 % glands

G2
50–90 % glands

G3
> 0–49 % glands

G4
0 % glands

Special Subtypes
medullary, mucinous,
serrated, cribriform,

micropapillary
et al.

carcinomas

WHO Classification Tumours of the Digestive System. 4th Edition 2010



Special Subtypes
medullary, mucinous,
serrated, cribriform,

micropapillary
et al.

carcinomas

low grade high grade

MSI-H MSS

Molecular Grading
MSI-status (IHC)

Adenocarcinoma NOS & undifferentiated carcinoma
Morphological Grading

G1
> 95 % glands

G2
50–90 % glands

G3
> 0–49 % glands

G4
0 % glands

WHO Classification Tumours of the Digestive System. 4th Edition 2010



G3 adenocarcinoma,
undifferentiated carcinoma and

special subtypes
(medullary, mucinous, serrated,
cribriform, micropapillary et al.

carcinomas)

low grade high grade

German S3-Guideline for Colorectal Cancer, 2014

MSI-H MSS

Molecular Grading
MSI-status (IHC)

Adenocarcinoma NOS & undifferentiated carcinoma
Morphological Grading

G1
> 95 % glands

G2
50–90 % glands

G3
> 0–49 % glands

G4
0 % glands

Canonical/conventional
subtype
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