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At a Glance

Breast, lung and bronchus, prostate, and colorectal cancers account for almost 50% of all new cancer cases in the United
States. Lung and bronchus, colorectal, pancreatic, and breast cancers are responsible for nearly 50% of all deaths.

New Cancer Cases, 2018 Cancer Deaths, 2018

. Breast: 268,670 . Lung and bronchus: 154,050
. Lung and bronchus: 234,030 . Colon and rectum: 50,630
) Prostate: 164,690 Pancreas: 44,330

. Colon and rectum: 140,250 . Breast: 41,400

@ other: 927,710 @ other: 319,230
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Male Female
300,000 200,000 100,000 0 0 100,000 200,000 300,000
2,550 Breast 266,120
121,680 Lung and bronchus 112,350
164,690 Prostate N/A
75,610 Colon and rectum 64,640
55,150 Melanoma of the skin 36,120
62,380 Bladder 18,810
41,730 Non-Hodgkin Lymphoma 32,950
42,680 Kidney and renal pelvis 22,660
N/A Uterus 63,230
35,030 Leukemia 25,270
29,200 Pancreas 26,240
13,090 Thyroid 40,900
Source: Estimated New Cancer Cases and Deaths for 2018
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Estimated New Cases in 2018 140,250 Percent Surviving

% of All New Cancer Cases 8.1%
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Percent of New Cases by Age Group: Colorectal Cancer
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Colorectal cancer is most
frequently diagnosed among
people aged 65-74.

Median Age
At Diagnosis

67
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Percent of Cases by Stage
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M Regional (35%)
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Epidemiology

Lifetime risk of developing CRC is 5%

Males have a 25% higher risk than females
African Americans have a 20% higher risk

Rising incidence of CRC Iin younger age group <50

Shift in right sided colon cancer

Uptodate-accessed May 2019



Risk and Protective Factors

* Age > 50 yo
® Family history of colorectal cancer
* Personal history of colorectal cancer
MODIFIABLE ® Polyps in the colon and/or rectum
RISK FACTORS ¢ Inflammatory Bowel Disease (Ulcerative Colitis , Crohn's Disease)
¢ Lynch SyndromeT
® Familial adenomatous polyposis (FAP)#

NON-

¢ Alcohol Consumption
* Smoking Tobacco

* Being overweight or obese
MODIFIABLE e .
* Not being physically active
RISK FACTORS ® Consuming an abundance of red meats and/or processed meats

® Having a diet low in fibre, fruits and vegetables

Decreased risk

Multivitamins containing folic acid
Aspirin and other NSAIDs
Postmenopausal hormone use
Calcium supplementation
Selenium

Uptodate-accessed May 2019
Consumption of vegetables, fruits, and fiber



Screening

ACS screening options for adults age 45 years and older who are at average risk of
colorectal cancer include either a high-sensitivity, stool-based test or a visual exam

Test Frequency

Stool-based FIT Every year

Highly-sensitive-guaiac-based fecal occult blood test Fney e

\HSgFOBT) yy

Multi- targeted stool DNA test (mt SDNA) Every 3 years
Visual exams of the colon Colonosm E 10 gars

CT colongraphy (CTC) (vurtual oolonoscopy) Evory 5 yoars

Flexnble sigmoidoscopy (FS) Every 5 years

cancer.org-accessed May 2019
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Colorectal Cancer Deaths Averted
per 1,000 Screened
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SENSITIVITY FOR SPECIFICITY FOR NUMBER OF
CANCER CANCER STOOL SAMPLES

FIT-DNA BRAND NAME MANUFACTURER

Cologuard Exact Sciences 92.3%’ 84.4%’ 1
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Genetics of CRC

Molecular pathways in colon cancer

NORMAL COLON SESSILE SERRATED ADENOMA CARCINOMA

Mucosa
Submucosa STl =300 =0 -
Muscularis
propria
Germiline (inherited) Alteration of second Microsatellite Accumulated mutations
or somatic (acquired) allele by LOH, instability/ in genes that regulate
mutations of mismatch mutation, or "mutator growth, differentiation,
repair genes promoter methylation phenotype” and/or apoptosis
MLH1, MSH2 TGFBRI, BAX, BRAF,
(MSH6, PMS1, PMS2) TCF-4, IGF2R, others
Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved,
NORMAL COLON MUCOSA AT RISK ADENOMAS CARCINOMA
e Wil ifsee
Mucosa R SV C
Submucosa S5 = U0 . e A~ - z
Muscularis 0 s — =
propria
Germline (inherited) Methylation Protooncogene Homozygous loss of Additional mutations
or somatic (acquired) abnormalities mutations additional cancer Gross chromosomal
mutations of cancer Inactivation of suppressor genes alterations
SUpPpPressor genes normal alleles Overexpression of
(“first hit") ("second hit") CcCOX-2
1
APC pPS3 at 17p13 Telomerase,

APC at 521 K-RAS at 12p12 LOH at 18g21

(SMAD 2 and 4)
Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition,
Copyright @ 2009 by Saunders, an imprint of Eisevier, Inc. All rights reserved,

pB-catenin Many genes




The Cancer Genome Atlas (2013) Consensus Molecular Subtypes (2015)

Hypermutated (13%) CMS1: MSI-Immune (14%)
dMMR, MSI, MLH1-sil, CIMP-high, L > Hypermutated, dMMR, MSI, MLH1-sil,
BRAF-mut, SCNA-low CIMP-high, BRAF-mut, immune infiltration
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Muller et al Virchows Arch(2016) 469;125-134
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MSI Canonical pathway
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(13%) . . : : :
MSI; CIMP-positive; MSS; CIN MSS; MSS;
Hypermethylation; CIMP-negative; CIMP-low; CIMP-negative;
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BRAF& TGFBR2 APC & TP53 KRAS & APC
mutations mutations mutations

High expression of Low expression of Low expression of
the miR-17-92 cluster /et-7 miR family miR-200 family

ot TGF-8 activation;
Imﬂ:’jg?;;w:ggn' WNT and MYC Metabolic Stromgl infiltration;
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relapse; after relapse; free and overall
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Higher histological grade; saabiam Advanced stages
Proximal colon (Il and V)

Muller et al Virchows Arch(2016) 469;125-134



Colon Cancer Cases Arising in Various Family Risk Settings

Sporadic Cases

Cases with Familial
Risk
10% to 30%

Lynch Syndrome
(Hereditary
Nonpolyposis
Colorectal Cancer)

2% to 3%

s AT G- Familial Adenomatous
Polyposis Syndromes .
. Polyposis

Lynch et al; NEJM 2003;348:919-932



Lynch Syndrome

First described by Aldred Warthin in 1895 and
reported in 1913

Lynch described 2 Midwestern kindred's as

having a “cancer family syndrome” in 1966
Germline mutation in DNA mismatch repair

genes resulting in microsatellite instability inherited
in AD manner

Accounts for 1-3% of all cases of CRC (based

on detection of germline mutations)

Various repair mechanisms are available to correct
any errors occurring during DNA replication

One type of error called “ slippage” can occur
during the replication of microsatellite sequences
by DNA polymerase

Microsatellite DNA sequences are defined as short
dinucleotide or mononucleotide repeats.

These sequences are usually within non coding
regions although some genes contain
microsatellites within coding regions

Primary function of the MMR system is to eliminate
these mismatches and insertion-deletion loops

CACACA

3 GTGTGTGTGTGT 5'
it N et k
6 repeats
Template strand
l Loop of mismatched
DNA from sli e
A e PPag
5' CACACACACACA 3
3 GTGTGTGTGTGT 9
DNA mismatch repair DNA mismatch repair
intact deficient
(MSS) (MSI1)
CACACACACACA 3'5 CACACACACACACA
GTGTGTGTGTGT 5' 3 GTGTGTGTGTGTGT
~——V—— ~—~——V—
6 repeats 7 repeats

Lynch et al; NEJM 2003;348:919-932



Lynch Syndrome CRC

Poorly differentiated, mucinous and increased
Incidence of signet cells

Diploid, peritumoral lymphocyte infiltration
and Crohn’s like reaction

Adenomas found in 20% of colons iIn HNPCC
patients with CRC

Colonic adenomas tend to occur earlier, are
larger and more often villous with more high
grade dysplasia

Accelerated rate of adenoma to carcinoma

Lynch et al; NEJM 2003;348:919-932



Table 2. Number of Different Germ-Line Mutations and Polymorphisms
Identified in Patients with Hereditary Nonpolyposis Colorectal Cancer.*

Total No. No. of Missense Mutations No. of
Gene of MutationsT (% of total) Polymorphisms;
MLH1 164 47 (29) 20
MSH2 121 19 (16) 24
MSH6 31 12 (39) 43
PMS1 1 0 0
PMS2 5 1 (20) 5
Total 322 79 (25) 92

* The mutations are from the data maintained by the International Collaborative
Group on Hereditary Non-Polyposis Colorectal Cancer (http://www.nfdht.nl).
The data base also lists 10 mutations in the MLH 3 gene; all but 1 are missense
mutations and have so far been reported by a single laboratory.54 Their puta-
tive pathogeneticrole remains to be determined.

7 The mutations listed are considered disease-causing.

T The polymorphisms listed are not considered disease-causing.

Lynch et al; NEJM 2003;348:919-932



Rising Incidence of younger
age onset CRC

140+
120 Age range, y - 124.2%
20-34 /
X 1007 35-49
2 804 A 50-74
o >75
= ™ F 46.0%
S 40 - 0%
= /
. : 20+
Ages 20-39 - Colon cancer incidence increased £ o
by 1-2.4% per annum and rectal cancer by 3.2%  ° OT—=
Proportion of rectal cancer cases that were £ -20
diagnosed in adults younger than age 55 S 40 -34.3%

doubled from 14.6% between 1989 and 1990 to -51.5%

29.2% between 2012 and 2013. 601
_80_
2010 2020 2030

Year



32

16

0.5

Incidence per 100,000 per year
N

0.25

0.125

0.0625 -

1970

32

16

0.5

Incidence per 100,000 per year

0.125

0.25 -

0.0625 -

0.03125

0.015625

A

1970

°
W

Regional Disease o

APC =-1.63, P < 0.001

oo
)

Age at
B :
APC =137, P<0.001 aa nase
A A °© 75+
AA = 2 5, 4
2 a 8887, 050-74
. 235-49
020-34
APC = 3.05, P<0.001 °
o o°
(o] ° (o]
o o]
1980 1990 2000 2010
Year
Distant Disease o
. APC = -2.39, P < 0.001
<o
= s] v 2
M
APC = -1.58, P < 0.001
APC = 1.46, P < 0.001 a _Ageat
o A as & Diagnosis
A aA -~ a a® °75
% A AA A +
A A
A a 050-74
535-49

APC=266,P<0001 oy ° 02034

1980 1990 2000 2010
Year

seer.cancer.gov - accessed May 2019


http://seer.cancer.gov

Features of Young Age onset CRC

56 (5.5%) (o

29 (2.9%) 28 (2.8%)

49 (4.8%) — — 38 (3.7%)

Pathologic Features
88 (8.7%) Feature Colon Cancer (n= 524)1' Rectal Cancer (n = 499)* P Va.lue§
230 (22.6%)
Synchronous malignant lesions 7(1.4) 2(0.4) 0.11
Grade
499 (49.1%)
Grade 1 9(1.7) 12 (2.4) 0.25
LI RE L Grade 2 267 (51.0) 282 (56.5)
Specific subsite locations of tumors in the colorectum.
Grade 3 191 (36.5) 158 (31.7)
Demographic and Clinical Features” Grade 4 43(82) 31(6.2)
Unknown grade 14 (2.7) 16 (3.2)
Feature Colon Cancer (n = 524)1' Rectal Cancer (n = 499)35 P Value§ Pa thologic - taging
Sex
Male 275 (52.5) 308 (61.7) 0.003 Stage 1 42 (8.0) 95 (19.0) <.001
Female 249 (47.5) 191 (38.3) Stage 2 110 (21.0) 99 (19.8)
Mean age (SD, minimum) 42.6 (6.2, 17.9) 422 (6.6, 17.8) 0.26 Stage 3 155 (29.6) 174 (34.9)
Symptomatic at presentation 434 (82.8) 450 (90.2) <0.001
Presenting clinical features at first diagnosis” Sta’ge 4 217 (41 '4) 131 (26‘3)
Rectal bleeding 176 (33.6) 344 (68.9) <001
Abdominal pain
Acute 22 (4.2) 1(0.2) <.001
Chronic 236 (45.0) 74 (14.8) <.001
Change in bowel habits 77 (14.7) 108 (21.6) 0.004
Diarrhea 60 (11.5) 75 (15.0) 0.09
Positive fecal blood test 28 (5.3) 18 (3.6) 0.18
Rectal Pain 6(L.1) 66 (13.2) <.001
Bloating 51(9.7) 24 (4.8) 0.003
Constipation 40 (7.6) 46 (9.2) 0.36
Weight loss 74 (14.1) 61 (12.2) 0.37
Nausea or vomiting 55 (10.5) 13 (2.6) <.001
Melena 10(1.9) 10 (2.0) 0.91

Other 153 (29.2) 108 (21.6) 0.006 Medicine. 87(5):259-263, SEP 2008



Staging of colorectal cancer
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Treatment

Stage 1 - surgical resection - No role for adjuvant therapy

Stage IlA - Benefit of adjuvant chemotherapy modest - ?colon cancer
oncotype Dx

Stage |IB - Recommend chemotherapy

Stage lll - chemotherapy -3 months for lower risk and 6 months for
higher risk

Stage IV - chemotherapy with/out surgical resection/ablative techniques -
subset can be cured

Rectal cancer - increasing use of total neoadjuvant therapy and possible
avoldance of surgery



11 FDA Approved Drugs for Colorectal Cancer Bhbior  Orowth factor Bhbior  Srowt factor Bhbtor Orowth factor
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Figure. Schema for Contemporary Therapy of Unresectable Metastatic Colorectal
Cancer

Anti-EGFR represents either cetuximab or panitumumab. 5-fluorouracil (5-FU) can be substituted with
capecitabine.

Bev indicates bevacizumab; FOLFIRI, 5-FU and irinotecan; FOLFOX, 5-FU and oxaliplatin.




mCRC:
Improved Survival Over Time:

Months

Median OS

BSC STy
Finotecan! s——k
Capecitabine2 e

Bevacizumab$ weei>
Cetuximab5s ===f>
Panitumumab

1.CuminghamD, et al. Lancer.1998;352(9138):1413-1418. 2. Van Cutsem E, ot al. Br J Cancer.

2004;90{6):1190-1197. 3. Rothenberg M. et al. J Clin Oncol. 200321 (11):2059-2069. 7 Aflibercepf
4. Hurwitz H, et al. N EnglJ Med. 2004 350(23):2335-2342. 5. Cunningham D, et al. N EnglJ Med. .
2004;351(4) 337-345. 6. Van Cutsem E. et al. N EnglJ Med. 2009 360(14):1408-1417. Regorafenib

7.Van Cutsem E et al J Clin Oncol. 2007 25(13):1658-6164.8. Van Cutsem E ot al. JCiin Oncol
2012;30{28)3499-3506. 9. Grothey A etal Lancet 2013381(9863):303-312.




Whats new in biology of CRC

- Right sided tumors and left sided tumors have different

biology

- CALGB/SWOG 80405

- Right sided tumors have MOS of 19.4 months cf 33.2

months for left sided tumors

. Left sided tumors treated with cetuximab have OS of 36 vs

31.4 months

- OS worse when right sided tumors treated with cetuximab

16.7 months



Braf Mutated CRC

6-8% of metastatic CRC
Usually right sided

Higher incidence of peritoneal
disease

Aggressive phenotype with
POOr prognosis

Median OS +- 12 months

Panitumumab

EGFR« cetuximab

N
(Ras)

!\
Vemurafenib )
T

dabrafenib
encorafenib

Trametinib »

binimetinib

[ Proliferation and }
survival




Immunotherapy and CRC
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- MSI high tumors 3-5% of metastatic CRC

- Increased cell surface epitopes leading to increased immunogenicity

. Treatment with iImmunotherapy in second or later lines of therapy




Antigen is processed in tumor cell
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Mutant KRAS G12D
KRAS: MTEYKLVVVGAGGVGKSALTIQLIQNHFVD
KRAS G120: MTEYKLVVVGABIGVGKSALTIQLIQNHFVD

Cytolytic T cells specifically kill cells with
the KRAS G12D "bar code" HLA

Lg Maternal HLA Paternal HLA

TUMOR CELI

Intracellular
proteome

KRAS G12D

T cell therapy to target cancer cells

Tumor cell displays mutant KRAS peptide as
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Computed Tomography ot Chest

Before Treatment

Lesion 1
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Lesion 3

Lesion 4

Tran et al; NEJM 2016;Dec 8;375(23):2255-2262



Gastrointestinal Multimodlity
Clinic at Lynn Cancer Institute

® Multidisciplinary management
of Gl malignancies with
medical oncology, radiation
oncology, surgical disciplines,
pathology,radiology and
Interventional radiology



Ccases

69 year old female

Diagnosed with rectal cancer with bilobar liver
metastases, ?lung nodules and adrenal nodule
10/2016

KRAS,NRAS and BRAF wild type and MSI stable
FOLFIRI/panitumumab 10/2016-10/17

Rectal surgery 11/2017 - T2NO

Reintroduction chemotherapy 12/17-1/18

Portal vein embolization 1/18

Right liver lobe lobectomy 2/18 and microwave
ablation of left lateral segment lesion

Progression of left sided liver lesion 4/18
FOLFOX/bevacizumab 4/18-8/18

Fiducial placement in left sided liver lesion with
SBRT to left sided liver tumor

Patient currently disease free on observation




44 year old female

Metastatic left sided sigmoid
CRC with liver metastases ,
MSI stable, Pan Ras wild type

6 cycle of FOLFOX

Surgical resection with left
sided colectomy (12/15 + LN)
and left liver lobectomy

continuation of Folfox for
planned 6 cycles



