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Defines a biomarker as “a characteristic that is
objectively measured and evaluated as an
indicator of normal biological processes,
pathogenic processes, or pharmacologic
responses to a therapeutic intervention”.

Clinical Uses of Biomarkers

* Diagnosis
— identify patients with a disease or abnormal
condition

¢ Predict prognosis, progression
—including the staging and extent of disease
* Response
— to a therapeutic intervention




Categories of Biomarkers

¢ Can identify or target any of the properties
unique to malignant cells, including:

— cell division independent of exogenous mitogenic
stimulation

— resistance to growth-inhibitory signals
— avoidance of apoptosis
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Categories of Biomarkers, cont.

¢ Can identify or target any of the properties
unique to malignant cells:
— limitless replication
— development of adequate vascular supplies
— capacity to invade and metastasize

— establishment of an inflammatory
microenvironment

Outline

¢ Cancers of the esophagus
— Squamous and adenocarcinoma
¢ Cancers and tumors of the stomach
— Adenocarcinoma and GIST
¢ Cancers and tumors of the pancreas
— ductal adenocarcinoma and mucinous cysts
Cancer of the colon

— adenocarcinoma




CANCERS OF THE ESOPHAGUS
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Esophageal Cancers

¢ Among the most deadly of gastrointestinal
malignancies
— 5-year mortality rates exceeding 87%
— Survival can be improved if detected early

e Squamous cell carcinoma accounts for >90%
worldwide

¢ SCCincidence in USA has declined, parallel
with dramatic rise in the incidence of
adenocarcinoma.

Esophageal Squamous Cell Carcinoma

* Most early cases are asymptomatic
¢ Usually diagnosed at a late stage
* Dysplasia is the precursor lesion of EsoSCC
* Subjects with dysplasia are at increased risk
— moderate dysplasia 10-fold risk
— severe dysplasia 28-fold risk

* When detected, squamous dysplasia and early
EsoSCC are treatable endoscopically or
surgically




Esophageal SCC

* Esophageal balloon cytology used in screening
for esophageal squamous cell carcinoma

¢ Sensitivity for detecting squamous dysplasia
or early cancer cytologically is only ~50%

* DNA methylation-based biomarker panel on
esophageal balloon cytology specimens under
investigation
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Number of methylated genes
according to cytologic diagnosis
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Cancer Prev Res 2008;1(5) October 2008

Sensitivity of gene methylation in
esophageal balloon cytology samples for SCC
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Esophageal adenocarcinoma

¢ Most, if not all, arise from the metaplastic
columnar epithelium of Barrett esophagus

e Biomarkers identifying risk of progression
have been the primary research focus

¢ Very little work has been done for diagnosis of
Barrett esophagus itself.
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Esophageal adenocarcinoma

¢ Grade of dysplasia in esophageal biopsies
from patients with Barrett’s is currently the
gold standard used in clinical practice as a
predictor for increased risk of progression to
adenocarcinoma

Esophageal adenocarcinoma

¢ BE patients with no dysplasia
— Risk of progression to EAC 0 - 5%
¢ BE with Low Grade Dysplasia
— risk of progression 3 - 15%
¢ BE patients with High Grade Dysplasia
— risk of progression 16% - 61%
¢ Recent meta-analysis calculated the incidence
rate of EAC of approximately 6% per year




Esophageal adenocarcinoma

¢ Aneuploidy and/or increased levels of
tetraploidy
— Promising biomarker of disease progression
* Might be better predictor progression in BE
patients without high grade dysplasia
¢ Limitations
— fresh frozen tissue
— flow cytometry of biopsy material

Cumulative incidence of cancer in
patients without HGD by 4N category
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Am J Gastroenterol. 2001 November; 96(11): 3071-3083.

Cumulative incidence of cancer
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Esophageal adenocarcinoma

* Tumor-suppressor gene TP53 on 17p

¢ 17pLOH (Loss Of Heterozygosity) as another
biomarker in BE

¢ 17pLOH in biopsy specimens from BE

— 3-year cumulative incidence cancer of 38%

— regardless presence/absence of dysplasia

Patients without 17pLOH

— cumulative 3-years incidence of cancer of 3.3%
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Incidence of cancer in Barrett’s
esophagus patients by 17pLOH
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Esophageal adenocarcinoma

Combination of aneuploidy and/or increased
tetraploidy with 17pLOH and 9pLOH

— 9pLOH (CDKN2A encodes p16)

80% risk of cancer at 6 years

In contrast, BE biopsies without any of these

abnormalities had an incidence of cancer of
12% at 10 years.




Inactivation of p16, RUNX3, and HPP1 by
methylation predicts progression

[

Oncogene (2005) 24, 4138-4148.
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CANCERS AND TUMORS OF THE
STOMACH

Gastric adenocarcinoma

ERBB2 encodes a member of the epidermal
growth factor receptor (EGFR) family of receptor
tyrosine kinases

Amplification of the ERBB2 and/or
overexpression of its protein product Her2, have
been identified in esophageal, breast, ovarian
and gastric cancers

Her2 overexpression is more common in
intestinal-type (21.5%) than in diffuse-type (2%)
gastric adenocarcinoma




Gastric adenocarcinoma

Her2-positive gastric cancers were initially
thought to have a poor prognosis

Emerging data suggest that Her2 expression
levels might have no prognostic relevance
Her2 expression might still be useful to predict
response to anti-Her2 monoclonal Ab therapy

Immunohistochemistry and FISH are most
often used to assess Her2 status
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Her2 in Gastric Cancer

Tumor site % of HER2 positivity
Stomach ‘ 24-33
GE junction 9-20
Histologic subtype ‘
Intestinal type 16-34
Diffuse type ‘ 2-7
Mixed 14-20
Method ‘
IHC (all +) 42
IHC (only 3+4) | 11
FISH 23

Adapted from Nat. Rev. Gastroenterol. Hepatol. 8, 369-383 (2011

Technical Variables of IHC (not just EGFR)

— Processing and handling of samples

— Prolonged storage times

— Low reproducibility among different laboratories
— Lack of a standardized scoring system

— Target epitope of EGFR immunostain and that
targeted by anti-EGFR m-Abs may be different

— Limits predictive value of IHC in many cases




Gastrointestinal Stromal Tumor

* GISTs are the most common mesenchymal
neoplasms in the gastrointestinal tract.

¢ Originate in interstitial cells of Cajal
¢ Most often in the stomach and small bowel

¢ Can be found elsewhere in the luminal gut
and exceptionally outside the Gl tract
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GIST

* Somatic mutation in the KIT gene

¢ Encodes mast and stem cell growth factor
receptor
—a.k.a Kitor CD117

¢ Gain-of-function mutations

— result in ligand-independent tyrosine kinase activity

GIST

¢ Kit (CD117) is expressed in 95% of GISTs

¢ Kit (CD117) negative tumors by IHC may still
harbor imatinib-sensitive KIT mutations, KIT
wild-type, or to harbor PDGFRA mutations

¢ Therefore, mutation analyses should be
pursued in CD117- GIST, if otherwise indicated
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GIST

Hypothetic FLJ10261 uniform high expression in
GIST by gene expression profile

Later TMEM16A (transmembrane protein 16A)
Most recently renamed ANO1 (anoctamin 1),
calcium-activated chloride channel

Also know as DOG1 “Discovered On” GIST in IHC
1560 GIST have been studied by IHC using mainly
monoclonal DOG1 antibodies

Overall sensitivity of DOG1 in GIST is 91.7% (75% to
100%)
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GIST

PDGFRA encodes a-type platelet-derived
growth factor receptor (PDGFRa)

Mutations have been identified in 3-5%

Seem to be mutually exclusive of KIT mutation

GIST

Recently, 321 GISTs were analyzed for BRAF
V600E mutation by DHPLC, sequencing,
and/or allele specific PCR

251 GISTs with either KIT or PDGFRA mutation
— no V600E mutations were detected

70 GISTs with wild type KIT and PDGFRA

— Nine (9) tumors had BRAF V600E mutations (13%)

11



GIST

Imatinib, a tyrosine kinase inhibitor
Used in the treatment of patients with Ph+ CML
Targets both the KIT and PDGFRa kinases

Also beneficial in the treatment of patients with
GIST
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GIST

¢ Patients with unresectable tumors, advanced,
metastatic or recurrent disease might be
candidates for imatinib treatment

¢ Adjuvant imatinib therapy might also increase
recurrence-free survival after resection of the
primary GIST.

Recurrence-free survival for GIST 23 and <6 cm
+/- adjuvant imatinib
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Recurrence-free survival for GIST 26cm and <10cm
+/- adjuvant imatinib

100 T —
o 1
£om| 0T Ttremsng e |
@l 00000 T Tt
=21 TR
% o
=
% w
8
5 ow
In
&
w0
1
]
] 5 1 1 za 2 % “ “
Vime in s
Neamiver 3t Resic
L L] L1} b ] 1

imadnd i i i it il

Lancet 373, 1097-1104 (2009)

11/23/2011

Recurrence-free survival for GIST 210cm
+/- adjuvant imatinib
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* Mutations in KIT and PDGFRA can be used as
biomarkers for predicting response to imatinib
e Partial response rate to imatinib
— KIT exon 11 mutations (83.5%)
— KIT exon 9 mutations (47.8%)
— wild-type KIT or wild-type PDGFRA (0.0%)
e KIT mutations also used in predicting overall
prognosis
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GIST

* Primary imatinib resistance

— Progression or lack of stabilization after 6 months
of therapy

—10-15%

— Wild type KIT

— PDGFRA exon 18 D842V, D846V
— KIT exon 9 mutations
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GIST

Secondary imatinib resistance can occur after initial
response or stabilization
— median period of 24 months of therapy

New KIT mutations are considered most common
mechanism

Additional agents that target the Kit and PDGFRa
kinases are available and in use

KIT mutation analysis may be considered
PDGFRA secondary mutations are rare
Wild type GIST do not develop secondary mutations

CANCERS AND TUMORS OF THE
PANCREAS
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Pancreas

¢ Pancreatic mucinous cystadenomas and
intraductal papillary mucinous neoplasia carry
a risk of progression to malignancy

¢ Small serous cystadenomas can be managed
conservatively

¢ Distinguishing premalignant mucinous from
nonmucinous cystic lesions is valuable

Pancreas

¢ CEA levels in aspirated cyst fluid samples is
currently the most accurate biomarker to
distinguish nonmucinous from mucinous cysts

¢ CEA levels cannot discriminate between benign
and malignant mucinous cysts

* CEA <192 ng/ml is suggestive of nonmucinous

* CEA >200 ng/ml suggestive of a mucinous cyst

Pancreas

¢ These cut-off values might not be appropriate
for use in other laboratories,
— techniques for processing vary
— measurement are not standardized

* Commercial assays have not yet been
validated for use in assessing cyst fluid

¢ Measurement of CEA levels in cyst fluid is not
approved by the US FDA as either a screening
or diagnostic test for pancreatic cancer

15



Pancreas

* Molecular testing of cyst fluid has increased in
recent years
— increased commercial availability of assays
— ability to assay small amounts (~200 pl) of cyst fluid
e Commercially available as PathFinderTG®
¢ Analysis consisted of:
— point mutation in the first exon of KRAS
— LOH in a panel of 15 tumor-suppressor genes
— determining DNA “quality” and quantity
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Pancreas

¢ 113 patients DNA samples in pancreatic cyst fluid

obtained from

— 40 with malignant cysts

— 48 with premalignant cysts
— 25 with benign cysts

Nonmucinous!
benign [25]  Mucinous (BB Statistical significance

Mean no. of mutations [ K] Pz o
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MALA SEE% TR P < 0001

DNA omount 100] =10 Ll+] /88 NS

Maan DNA quality (eyda thrsshold value) T 2742 NS

Mean CEA flog tranfunmmation ko comet ME 4548 L ]

For extreme values!

Gastrointest Endosc 2009;69:1095-102
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(48] (0] significance
Mean no. of mutations 149 21 P— 04
k-izs mwitation 2048 21M0 NS
k-ras followed by allelic loss 248 15440 P 0001 (0002)
MALA 673% 9N.7% P = 0001
DNA amount (0D} =10 1048 30/40 P < D001 (.0001)
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thiresheold vahae)

Gastrointest Endosc 2009;69:1095-102

e KRAS mutation in exon 1 had the highest specificity
(96%) for detecting mucinous cysts

¢ Sensitivity was low (45%)

¢ An allelic loss amplitude >80% was the most accurate
test for detection of malignant cysts

¢ determined by calculating the proportion of cellular DNA
demonstrating LOH

Pancreas

¢ 35 patients with pancreatic cysts studied using
the PathFinderTG compared to a clinical
consensus diagnosis (CCD)

¢ CCD classified pancreatic cysts as malignant,
benign mucinous or benign nonmucinous:
— histology or

— combination of two of the following: EUS findings,
cyst fluid CEA, or cytologic findings

17



Molecular Data in Different Categories of
Clinical Consensus Diagnosis

Molecular Data Status

DA quansityimnlisy  Higlhiguod
keras point rutasion. Presset

No. of LOH pressnt 2 Cumonmic boci

Maignant,
n=b

5 (83
H
583

Clinical Consensus Diagnosis: No (%)

Benign Mucinous,  Benign Nonmucinous,

n=13 n=14

213 om
N L

4En im

Cancer Cytopathol. 117, 217-227 (2009)

11/23/2011

Correlation Between Clinical Consensus
Diagnosis and Molecular Diagnosis

Clinical Consensus Diagnosis: No. (%)
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CANCERS AND TUMORS OF THE

COLON
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Colon cancer

¢ HemoccultSensa® assays (Beckman Coulter
inc., Fullerton, Ca)

— stool DNA test kits
— SDT-1 consists of a 23-marker panel

— SDT-2 includes three targeted markers

Colon cancer

¢ Large multicenter study of 4404 patients,
eligible subjects submitted 1 stool specimen
for DNA analysis

¢ Subgroup analysis, the multi-target DNA assay
SDT-1 detected 52% of CRC compared with
13% by Hemoccult at specificities of 94% and
95%, respectively

Colon cancer

¢ The SDT-1 assay did not perform as well in
another large multicenter, prospective, triple-
blinded trial

¢ SDT-2 (APC, KRAS, and vimentin methylation)

— A total of 3764 average-risk healthy adults
underwent screening colonoscopy,

— sensitivity 40%
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Colon cancer

* KRAS is a proto-oncogene

— encoding a guanosine triphosphate/guanosine
diphosphate binding protein

—involved in the regulation of cellular response
e Mutations within KRAS
— abrogate GTPase activity

— resulting in the activation of RAS/RAF signaling
—found in 35% to 42% of CRCs
— thought to occur early in CRC carcinogenesis

Colon cancer

BRAF gene
— encodes a serine/threonine protein kinase
— regulated by KRAS protein activity
— involved in CRC development.
BRAF V600E
— DNA missense mutation leading to a valine to glutamic
acid amino acid substitution
— most frequent BRAF mutation observed
— involved in the aberrant activation of the MEK-ERK
pathway and CRC carcinogenesis.
KRAS and BRAF mutations have been reported to be
mutually exclusive events within tumors.
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Colon cancer

Series of retrospective analyses of large
randomized trials has demonstrated a lack of
efficacy of epidermal growth factor (EGFR)—
targeted antibodies in the treatment of
metastatic CRCs harboring KRAS mutations

KRAS tumor mutation status is consequently now
widely recognized as a predictive marker of
resistance to EGFR- targeted antibodies in CRC
Recent studies suggest that the BRAF V600E
mutation might also confer tumor resistance to
EGFR- targeted antibodies
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Colon cancer

EGFR is expressed in approximately 85% of
metastatic colorectal cancers

Cetuximab and panitumumab are anti-EGFR
monoclonal antibodies (m-Ab)

Treatment of patients with metastatic CRC

Only a proportion of patients demonstrate a
clinical benefit from anti-EGFR treatment.
Mutations of KRAS that activate signaling confer
resistance to anti-EGFR m-Ab therapies

Colon cancer

All metastatic CRC should be tested for KRAS
mutations before anti-EGFR m-Ab therapy

Only in patients whose tumors contain wild-type
KRAS should therapy be initiated

Factors that can affect the results of KRAS testing
include the purity and quantity of tumor cells and
the fixation and processing of the tissues

Variety of techniques can be used for KRAS
mutation analysis, including real-time PCR,
Sanger sequencing, and pyrosequencing
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