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Adenomatous 
polyposis 
syndromes

Non-polyposis hereditary 
colon cancers syndromes*

Familial Adenomatous 
Polyposis (FAP ; APC 
gene mutations)

Multiple 
Adenomatous 
Polyposis (MAP ; 

MYH mutations)

Classical

Attenuated

Classical

Attenuated

Lynch Syndrome
(hereditary DNA mismatch 
repair deficiency syndrome)

HNPCC- undefined (not due 
to hereditary DNA  mismatch 
repair gene mutations)

“Syndrome X”

Lynch Syndrome-MLH1

Lynch Syndrome-MSH2

Lynch Syndrome-MSH6

Lynch Syndrome-PMS2

Undefined

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



Lynch SyndromeLynch Syndrome

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



Lynch Syndrome (HNPCC)

• Autosomal dominant familial cancer
• notable early onset of cancers

• Caused by germline mutation in DNA mismatch 
repair (MMR) gene
– usually hMSH2 or hMLH1
– occasionally hMSH6 or hPMS2
– tumors have microsatellite instability (MSI)

• No premorbid phenotype



Cancer Risks with Lynch Syndrome

• Lifetime risk: 90% men, 70% women
• Colorectal cancer: 74% men, 30-40% women
• Uterine (endometrial) cancer: 40-60%
• Stomach: 10-12%
• Ovaries: 10%
• Increased risk, but <10% each: 

ureter, renal pelvis, small intestine, brain 



Family History is the Key to 
Recognition of Lynch Syndrome

* 

* *

*

*

*

*= multiple primary cancersBlue = colorectal cancer (yellow=other LS cancer)



Identification of the germline mutation 
is critical for managing a family

* 

* *

*

*

*

Carriers of germline mutation in hMSH2 
(deletion exons 1-6)



“Phenocopies” of common cancers 
may occur in large families

* 

* *

*

*

*

Definitely not carriers of the hMSH2 germline mutati on



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 A681T
- almost surely Lynch Syndrome with negative FH

Negative Family Histories Do Not Exclude Familial C RC



Cancer, transverse
colon, reported later

Some Family Histories Unfold With Time

MLH1 A681T



Screening for Lynch Syndrome

1. Family history: not sensitive, not specific

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

3. Immunohistochemistry: not entirely 
sensitive or specific



Modified Amsterdam Criteria For Lynch 
Syndrome/HNPCC (Amsterdam II)

1.   At least 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 in 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



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
(MSI)



NR21 BAT26                      NR24

NR27                                  BAT25

Normal 
DNA

CRC 
tissue

Normal 
DNA

CRC 
tissue

Microsatellite Instability: all 5 mutated



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, JNCI 96:261, 2004



Clinical Uses of MSI Status in CRC

• Assessing likelihood of germline mutation in 
DNA MMR gene (Lynch Syndrome/HNPCC)

• Assessing likelihood of response to 
chemotherapy 

• 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

• Associated with serrated adenomatous polyps 
• 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



MLH1 IHCMLH1 IHC

Cancer-negative

Non-neoplastic:
Positive expression

Lymphocytes-positive



Human MMR System

“Major”
partner

“Major”
partner

Minor partners



Germline Mutations in 
DNA MMR Genes

• Lynch syndrome (also called HNPCC)
– caused by germline mutations in:

• hMSH2 – classic form
• hMLH1 – classic form
• hMSH6 – attenuated , later-onset cancers
• hPMS2 – attenuated , diagnosis is more difficult
• Few or no families with hMLH3 or Exo1
• no families with: hMSH3 or hPMS1



“American Founder Mutation”

hMSH2
del exons

1-6
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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 I - 5 year survival - 92% vs. 82%
Stage II - 5 year survival - 92% vs. 77%
Stage III - 5 year survival - 70% vs. 57%

Gryfe et al. NEJM (2000)



Ribic et al, NEJM , 349:247, 2003 (July 17)

MSI-H

Not MSI-H
No adj.
chemo

5-FU
based
chemo

But…
MSI-H CRCs 
respond less 

well to  
5-FU based 

chemotherapy

The natural 
history of MSI

tumors is better

Difference
Is lost



Ribic et al, NEJM , 349:247, 2003

No 5-FU

5-FUMSI-H

Not 
MSI-H

5-FU
No 5-FU

Patient with 
MSI-H CRCs
experience

a 2-fold mortality
hazard with 
5-FU based

chemotherapy

Adjuvant 5-FU 
provides some

benefit to patients
with non-MSI CRCs



Management of Lynch Syndrome

• Subtotal colectomy is recommended
• Colonoscopy every 1-2 years will prevent cancer 

deaths
– polyp removal interrupts natural history

• Hysterectomy/oophorectomy
• Surveillance of the stomach (?)

– no precursor lesions such as in the colon

• No known medical therapy
• Not candidates for 5-FU-based adjuvant 

chemotherapy (Stage II or III)
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FAPFAP

• about 1 in 7,000 to 10,000 births
• autosomal dominant inheritance
• 100’s to 1000’s of adenomatous polyps
• average age of first polyp is 16 years
• germline mutation in APC gene
• (also, uncommon recessive form: MYH)



Classic FAP and Colon Cancer

• Near 100% risk
• Average age of diagnosis 39 yrs
• 7% have colon cancer by age 21 
• 93% have colon cancer by age 50



Other GI Polyps in FAP

• Gastric
– At least 50% fundic gland polyps, rarely cancer

• Duodenum
– >90% adenomatous polyps, ~5-10% cancer

• 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



““ GardnerGardner ’’s Syndromes Syndrome ””

• Not a distinct entity
• FAP with benign 

extra-colonic 
growths:
– Osteomas
– Soft tissue tumors

– Dental abnormalities
– CHRPE

– Desmoids



TurcotTurcot ’’s syndromes syndrome

• Not a distinct disease entity
• First described in 1959:

– two siblings with polyposis coli and CNS 
tumors

– most Turcot syndrome is FAP with:
• CNS tumors, particularly cerebellar 

medulloblastoma

– some “Turcot’s” are actually HNPCC
– homozygous hPMS2 germline mutations
– more likely to have glioblastoma multiforme



FAP and ExtraFAP and Extra --Colonic CancersColonic Cancers
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Extra-Colonic Screening in FAP

• Duodenal adenomas:  EGD 1 to 3 years
– individualize according to Spiegelman stage

• Pancreatic:  periodic EUS (no data) 

• Thyroid:  annual exam
• Gastric: will be screened with the duodenum at EGD

• CNS:  no screening recommended
• Liver:  not needed after age 4

• No data available for value of screening



Managing Duodenal Adenomas (FAP)

1 2 3
Polyp number 1-4 5-20 >20
Polyp size (mm) 1-4 5-20 >20
Histology Tub.Ad. TVA Villous
Dysplasia Mild Mod Severe

Stage 1 = 1-4 points  (5 year follow-up)
Stage II = 5-6 pts (3 years)
Stage III = 7-8 points (1-2 years)
Stage IV = 9-12 points (EUS/surgery)

Spigelman et al, Lancet 2:783-5, 1989



Desmoid Tumors

• Prevalence ~15% in FAP

• Major cause of mortality in FAP
– follows deaths from CRC and duodenal cancer

• Risk factors:
– female gender
– + family history, especially if multiple desmoids in the family

• mutation downstream of codon 1399 (location of 6% of mutations)



Could be:
a. early FAP
b. mild FAP
c. AFAP (attenuated)

Colonic polyps-
- too many for sporadic
- not enough for FAP



Attenuated Forms of FAP

1. Germline mutations at the 5’ or 3’ ends of the APC gene
- fewer polyps, later onset

2. I1307K: creates a hypermutable sequence (A8) in the 
middle of APC, which predisposes to more mutations

- doubles lifetime risk of CRC
- present in 6% of Askenazi Jews

3. MYH-associated polyposis
- autosomal recessive, milder, later onset



APC mutations and APC mutations and 
phenotype in FAPphenotype in FAP

5’ 3’

exons 1 - 14 exon 15

1 28431250 1464

b b b b catenin
binding
domain

Severe FAP;Severe FAP;
~5000 polyps~5000 polyps

Homodimerization
domain GSK3 bbbb /

bbbb catenin
binding
domain

Less severe FAP
- 1000 polyps

Less severe FAP
- 1000 polyps

Attenuated
FAP

ATG IRES site: codon 184

I1307K (A8)

Attenuated
FAP



Autosomal recessive FAP: MYH

Some cases of FAP occur in siblings, but no 
abnormalities can be found in the parents

Autosomal recessive inheritance
- requires bi-allelic mutations in MYH

Linked to an abnormality in a DNA repair system:
“MYH POLYPOSIS”



Diagnosis of FAPDiagnosis of FAP
Usually obvious diagnosis

- >100 adenomas, always FAP
- attenuated FAP can be missed
- polyps distal and proximal
- flexible sigmoidoscopy may be sufficient

Genetic testing – direct sequencing of APC
- look for APC deletions (Southern blot; 
quantitative exon analysis)
- consider MYH-associated polyposis

- especially if mild clinically, neg FH



Managing FAP
• Surgery: total proctocolectomy

– total proctocolectomy with J pouch (IPAA) 
– subtotal colectomy done in the past (risky)

• Subsequent surviellance
– residual rectum (if left behind)
– duodenal adenomas (not in the stomach)
– desmoid tumors
– increased risk for thyroid, pancreatic, CNS cancers

• Medical therapy
– NSAIDs can induce polyp regression
– not adequate therapy



Intestinal Polyposis GenesIntestinal Polyposis Genes

Syndrome Gene

FAP APC (AD), MYH (AR)

Peutz-Jeghers STK11, also called LKB1 (50-60%)
Juvenile Polyposis SMAD4 (38%); BMPR1A (15%)

B-R-R PTEN (~65%)
Cowden’s disease PTEN (85-90%)

HMPS ?CRAC1 (15q)


