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Inherited Colon Cancer

. F .2 T L) @ ) @
Sgoradlic eagas

PJS, JPS,
CD, etc.

-~ -very rare

\ FAP 0.5-1%

Lynch Syndrome
~3%

Some family history 32%




Adenomatous

polyposis Non-polyposis hereditary

syndromes colon cancers syndromes*
Familial Adenomatous Multiple Lynch Syndrome HNPCC- undefined (not due
Polyposis (FAP ; APC Adenomatous (hereditary DNA mismatch to hereditary DNA mismatch
gene mutations) Polyposis (MAP ; repair deficiency syndrome) repair gene mutations)

MYH mutations) “Syndrome X”
Lynch Syndrome-MLH1 l
Classical Classical Lynch Syndrome-MSH2 Undefined
Attenuated Attenuated Lynch Syndrome-MSH6

Lynch Syndrome-PMS2

* as defined by any of a number of pedigree criteria and/or laboratory
criteria, including but not limited to the Amsterdam criteria.




Lynch Syndrome

(also called Hereditary Non -Polyposis Colorectal
Cancer, or HNPCC)




Lynch Syndrome (HNPCC)

o Autosomal dominant familial cancer
* notable early onset of cancers

o Caused by germline mutation in DNA mismatch
repair (MMR) gene
— usually hnMSH2 or hMLH1
— occasionally hnMSH6 or hPMS2
— tumors have microsatellite instability (MSI)

 No premorbid phenotype



Cancer Risks with Lynch Syndrome

e Lifetime risk: 90% men, 70% women
e Colorectal cancer: 74% men, 30-40% women
« Uterine (endometrial) cancer: 40-60%
e Stomach: 10-12%
e Ovaries: 10%
e |ncreased risk, but <10% each:
ureter, renal pelvis, small intestine, brain




Family History Is the Key to
Recognition of Lynch Syndrome
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ldentification of the germline mutation
IS critical for managing a family
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Carriers of germline mutation in hMSH2
(deletion exons 1-6)




“Phenocopies” of common cancers
may occur In large families
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Negative Family Histories Do Not Exclude Familial C

. Type Ca or Condition = Colon . Type Ca or Condition = Breast

O

56

No family history of CRC or Lynch-associated cancer S
Tissue MSI-H; IHC negative for PMS2, slight loss of  MLH1, normal MSH2+6
Germline mutation: MLH1 AG81T
- almost surely Lynch Syndrome with negative FH




Some Family Histories Unfold With Time

. Type Ca or Condition = Colon . Type Ca or Condition = Breast
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Cancer, transverse
colon, reported later

MLH1 A681T




Screening for Lynch Syndrome

1. Family history: not sensitive, not specific

2. Microsatellite instablility: >95% sensitive,
but not specific (75-80% are the acquired
form)

3. Immunohistochemistry: not entirely
sensitive or specific



Modified Amsterdam Ciriteria For Lynch
Syndrome/HNPCC (Amsterdam Il)

1. Atleast 3 relatives with Lynch syndrome-assoc
cancers (CRCA, endometrium, ovary, stomach,
ureter, etc)

2. One must be a first degree relative of two others
3. At least 2 successive generations involved

4. At least one < 50 years old with cancer

5. Pathological verification, FAP excluded

Vasen et al, Gastro 116:1453, 1999



Amsterdam Criteria and
Lynch Syndrome

 When the Amsterdam Criteria are met in a family,
60% are Lynch Syndrome
— MSI Iin tumors
— Germline mutation in DNA MMR gene
— full spectrum of LS tumors

* 40% do not: Familial Colorectal Cancer- type X
— only CRCs (but not uterine, etc)
— lower penetrance, later onset

Lindor et al, JAMA, 2005: Valle et al, JCO 2007



Microsatellite Instability
(MSI)

Ubiquitous mutations in repetitive DNA sequences
Due to loss of DNA MMR activity
Easily measured by PCR of microsatellite DNA
Typical panel involves testing 5 microsatellites

> 40% of microsatellites mutated = MSI-H

< 20% of microsatellites mutated = MSI-L

No microsatellites mutated = MSS (stable)



Microsatellite Instability: all 5 mutated
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Bethesda Guidelines For MSI
Testing (Revised - 2004

1. CRC in a person <50 years old

2. Synchronous or metachronous Lynch syndrome-

associated cancers

(CRC, endometrial, gastric, ovarian, pancreas, ureter/renal pelvis, biliary, CNS, small
bowel, Muir-Torre skin tumors)

3. CRC with “MSI-histology” in a patient <60 y.o.

(tumor infiltrating lymphocytes, Crohn's-like reaction, mucinous/signet ring cells,
medullary growth pattern)

4. CRC in >1 first degree relatives of a patient with a Lynch
syndrome tumor, if one is <50 y.o.

5. CRC/Lynch syndrome-associated tumors in >2 first or
second degree relatives, any age

Umar et al, JINCI 96:261, 2004



Clinical Uses of MSI Status in CRC

e Assessing likelihood of germline mutation In
DNA MMR gene (Lynch Syndrome/HNPCC)

» Assessing likelihood of response to
chemotherapy

e Some value for prognosis



Pathological Features of MSI-H CRCs

* Proximal colon (65% of Lynch syndrome, and 90% of
acquired MSI-H)

« Often mucinous, poorly differentiated, expanding
(rather than budding) tumor margin

o Associated with serrated adenomatous polyps

e Many “tumor infiltrating lymphocytes” (TILS)

— may have an apparent inflammatory reaction, called a
“Crohn’s-like reaction” with nests of lymphocytes

— mechanism eliciting this is not known
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Human MMR System

a) Mismatch recognition Minor partnerS
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Germline Mutations In
DNA MMR Genes

e Lynch syndrome (also called HNPCC)

— caused by germline mutations In:
e hMSH2 — classic form
e hMLH1 — classic form
« hMSH6 — attenuated , later-onset cancers
« hPMS2 — attenuated , diagnosis is more difficult
e Few or no families with hMLH3 or Exol
e no families with: LMSH3 or hPMS1



“American Founder Mutation”

Migration Paths

— First 3 Generations
of Progenitor Family

— Family A
Family B

— Family E

— Family F

— Family G
Family H

i hMSH2
:fc: del exons

s 1-6

* Current Family Residences

O Direct Lineal Relationship to Progenitor Couple Established

, Direct Lineal Relationship to Progenitor Couple Not Established
[] states With Known Carriers of MSH2 Deletion Mutation

[ | States With No Known Carriers of MSH2 Deletion Mutation
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Biallelic MMR Gene Mutations

Reported with MSH2, MLH1, MSH6, PMS2

« Rare
— consider consanguinity if homozygous mutations

Virulent; very early onset CRC (teenagers)
Childhood hematological malignancies

Neurofibromatosis features
— Café au lait lesions

Non-neoplastic tissues show MSI



Outcome In MSI CR Cancers

Study of 607 CRCs, all <50 Y.O.
- 17% MSI-H

Better survival (p<0.001)-76% vs. 54%
- hazard ratio = 0.42

Stage | - 5 year survival - 92% vs. 82%
Stage Il - 5 year survival - 92% vs. 77%
Stage lll - 5 year survival - 70% vs. 57%

Gryfe et al. NEJM_(2000)



The natural
history of MSI
tumors IS better

But...
MSI-H CRCs
respond less

well to
5-FU based

chemotherapy
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Adjuvant 5-FU
provides some
benefit to patients
ith non-MSI CRCs

Patient with
MSI-H CRCs
experience
2-fold mortality
hazard with
5-FU based

chemotherapy
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Management of Lynch Syndrome

o Subtotal colectomy is recommended

 Colonoscopy every 1-2 years will prevent cancer
deaths

— polyp removal interrupts natural history
o Hysterectomy/oophorectomy

« Survelllance of the stomach (?)
— no precursor lesions such as in the colon

 No known medical therapy

* Not candidates for 5-FU-based adjuvant
chemotherapy (Stage Il or lll)
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polyposis Non-polyposis hereditary

syndromes colon cancers syndromes*
Familial Adenomatous Multiple Lynch Syndrome HNPCC- undefined (not due
Polyposis (FAP ; APC Adenomatous (hereditary DNA mismatch to hereditary DNA mismatch
gene mutations) Polyposis (MAP ; repair deficiency syndrome) repair gene mutations)

MYH mutations) “Syndrome X”
Lynch Syndrome-MLH1 l
Classical Classical Lynch Syndrome-MSH2 Undefined
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Lynch Syndrome-PMS2

* as defined by any of a number of pedigree criteria and/or laboratory
criteria, including but not limited to the Amsterdam criteria.







.
FAP

e about 1 in 7,000 to 10,000 births

e autosomal dominant inheritance

e 100’s to 1000’s of adenomatous polyps
e average age of first polyp is 16 years

e germline mutation in APC gene

e (also, uncommon recessive form: MYH)



Classic FAP and Colon Cancer

 Near 100% risk

 Average age of diagnosis 39 yrs

e /% have colon cancer by age 21
* 93% have colon cancer by age 50



Other Gl Polyps in FAP

» Gastric
— At least 50% fundic gland polyps, rarely cancer

e Duodenum

— >90% adenomatous polyps, ~5-10% cancer
e cumulative risk of periampullary cancer 10% by age 60

« Small bowel (jejunum and ileum)
— About 50% adenomas, rarely cancer
— Lymphoid polyps in the terminal ileum



Gastric fundic gland polyps
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Gardner’'s Syndrome




Turcoi 's syndrorme




Lifa-ine
Rrisk ()




Extra-Colonic Screening in FAP



Managing Duodenal Adenomas (FAP)




Desmoid Tumors






Attenuated Forms of FAP



APC mutations aric
Onenoiyoe in FAP

Severe FAP:
~5000 polyps
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Autosomal recessive FAP: MYH



Diacnosls of FAP




Managing FAP



Intestineal Polvoosls Gernes




