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The pathology of hereditary polyposis syndromes
Our understanding of the genetics and pathology of
familial colorectal cancer continues to evolve with
both the discovery of underlying genetic defects and
the description of entirely new entities. Genetic analysis has demonstrated phenotypic overlap between
some of these syndromes, such that their nosology is
rapidly becoming based on genetics with clinicopathological features playing a secondary, but important,

role. Further clinical characterization of these syndromes has also demonstrated widely differing risks
for the development of colorectal cancer and a range
of other malignancies with implications for both the
affected patient and members of their families. This
review aims to outline the clinical, pathological and
genetic features of this increasingly complex group of
diseases.
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Introduction
Before the advent of molecular biology the classification of hereditary colorectal cancer syndromes was
relatively straightforward, being based largely on
clinical criteria. There was colorectal cancer with
polyposis [familial adenomatous polyposis (FAP)], the
non-polyposis colorectal cancer syndromes, (Lynch
syndromes 1 and 2) and the ‘benign’ hamartomatous
polyp syndromes. This situation was slightly confounded by some rarer clinical overlap syndromes,
including polyposis with a variety of extra-colonic
manifestations (Gardner’s syndrome) and polyposis
with brain tumours (Turcot’s syndrome). In 1991
research on the genetics of FAP lad to the discovery
of the adenomatous polyposis coli (APC) gene and to
the outlining of the genetics of the adenoma–carcinoma sequence in sporadic colorectal cancer.1 Since
this time our understanding of the genetics of familial
colorectal cancer has changed markedly, such that
many of the older terms have effectively now become
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obsolete (e.g. Gardner’s syndrome is now generally
accepted to be FAP, with some of its well-described
extra colonic manifestations), and a number of novel
colorectal cancer syndromes have been described. As
our understanding of the genetics of familial colorectal cancer syndromes has improved it has become
apparent that there is phenotypic overlap between
many of the syndromes. The aim of this paper is not
to describe the histopathology of intestinal polyps,
which is covered extensively elsewhere,2 but to outline our current understanding of the inheritance,
genetics and clinical features of colorectal cancer syndromes (see Table 1).

Familial adenomatous polyposis (FAP)
This is perhaps the best known and archetypal polyposis syndrome, and was the first to be characterized
fully. FAP is due to a germline mutation in the APC
gene located on the long arm of chromosome 5
(5q21-22). FAP is inherited in an autosomal dominant fashion with a high penetrance, although
de-novo germline mutations may account for perhaps
up to 25% of cases.3 Mutation of the APC gene leads
typically to the development of a full-blown polyposis
with more than 100 (and typically thousands of)
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Table 1. Familial colorectal cancer syndromes summary

Polyp type(s)

Polyp
number

Extra-intestinal
features

39 years

Conventional
adenomas.

>100–
1000s

CHRPEs.
Fundic gland polyps.
Desmoids.
Thyroid carcinoma.
Hepatoblastoma.
Osteomas, cysts and
fibromas.

Autosomal
dominant

55 years

Conventional
adenomas.

<100

(as FAP)

Autosomal
dominant

45 years

Conventional
adenomas.

0–<10

Endometrial
adenocarcinoma.
TCC of upper
urogenital tract.
Ovarian carcinoma.
Pancreatobiliary
carcinoma.
Brain tumours.
Skin tumours.

Syndrome

Gene(s) involved

Inheritance

Familial
adenomatous
polyposis

APC

Autosomal
dominant

Attenuated
FAP

APC

Lynch
syndrome

MLH1

5q21

5q21

3p21.3

Mean age
CRC

PMS2
7p22.1

MSH2
2p21

MSH6
2p16.3

MYHassociated
polyposis

MUTYH

Autosomal
recessive

48 years

1p34.3

Conventional
adenomas.
Serrated polyps

Typically
<100 (may
be 1000s)

Some FAP-type
extra-intestinal
features but at low
incidence

Serrated
polyposis

Unknown

Unknown

Uncertain

Serrated polyps.
(Conventional
adenomas).

2–200

No.

Hereditary
mixed
polyposis

GREM1

Autosomal
dominant

47 years

Conventional
adenomas. Serrated
polyps. Hamartomas
(juvenile polyps).

<15 (rarely
<50)

No.

Polymerase
proofreading
polyposis

POLE

Autosomal
dominant

36 years

Conventional
adenomas.

3–10s

Endometrial
carcinomas.
?Brain tumours.

Peutz-Jegher’s
syndrome

STK11

Autosomal
dominant

46 years

Hamartomas (PJ
polyps).

1–10s

Carcinomas in many
organs.

Juvenile
polyposis

SMAD4

Autosomal
dominant

34 years

Hamartomas
(juvenile polyps).

5–200

No.

Autosomal
dominant

47 years

Conventional
adenomas.
Hyperplastic polyps
Hamartomas.
Ganglioneuromas.
Inflammatory polyps.

0–>50

Breast carcinoma.

15q13.3

12q24.3

POLD1
19q13.33

19p13.3

18q21.1

BMPR1A
10q23

PTEN
hamartoma
tumour
syndrome

PTEN
10q23
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Table 1. (Continued)
Syndrome

Gene(s) involved

Inheritance

Constitutional
mismatch
repair
deficiency

MLH1

Autosomal
recessive

3p21.3

PMS2
7p22.1

Mean age
CRC
Childhood
– young
adults

MSH2
2p21

Polyp type(s)
Conventional
adenomas.

Polyp
number

Extra-intestinal
features

Few–10s

Cafe-au-lait spots.
High-grade brain
tumours.
Leukaemias/
lymphomas.

MSH6
2p16.3

CHRPE: Congenital hypertrophy of the retinal pigment epithelium; CRC: colorectal cancer; FAP: familial adenomatous
polyposis; TCC: transitional cell carcinoma; APC: adenomatous polyposis coli; MLH1: MutL homologue 1; MSH2: MutS
homologue 2; MSH6: MutS homologue 6; PMS2: postmeiotic segregation increased 2; PTEN: phosphatase and tensin
homologue; SMAD4: SMAD family member 4; BMPR1A: bone morphogenetic protein receptor, type IA; POLE: polymerase
epsilon; POLED1: polymerase (DNA directed), delta 1; STK11: serine/threonine kinase 11; GREM1: gremlin 1; MUTYH:
mutY homologue.

adenomatous polyps scattered throughout the colorectum. However, some germline mutations (particularly those at either the 50 or 30 ends of the gene)
lead to a milder phenotype known as attenuated
FAP, with fewer adenomas (typically 20–30), which
are usually concentrated on the right side of the
colon (see Figure 1A). In both FAP and attenuated
FAP the adenomas usually develop during adolescence, and patients typically go on to develop colorectal cancer in their late 20s to 40s with classical FAP,
or later with attenuated FAP (mean age 55 years).
Both FAP and attenuated FAP patients may also
develop small intestinal adenomas/carcinomas (par-

A

ticularly around the ampulla of Vater), fundic gland
polyps and a variety of extra-intestinal manifestations, including desmoid tumours, thyroid carcinomas
(papillary, cribriform-morula variant), brain tumours,
hepatoblastomas, epidermoid cysts and osteomas.
The histopathology of adenomas and adenocarcinomas in FAP is identical to that of their sporadic colorectal counterparts. However, examination of the
background colorectal mucosa of FAP patients typically shows many microscopic adenomas (so-called
microadenomas), including single dysplastic crypts
(unicryptal adenomas). The finding of a unicryptal
adenoma is almost pathognomonic of FAP.

B

Figure 1. Typical macroscopic appearances of: a, attenuated FAP; and b, Juvenile polyposis (please note atypical juvenile polyps, arrowed).

© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.
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Lynch syndrome
As its previous name (‘hereditary non-polyposis colorectal cancer’) suggests, Lynch syndrome does not
present typically with a polyposis. However, Lynch
syndrome patients have a higher incidence of adenomatous polyps than age-matched controls,4 and no
description of hereditary colorectal cancer syndromes
would be complete without the inclusion of Lynch
syndrome. Lynch syndrome is by far the most common of the inherited colorectal cancer syndromes,
accounting for up to 3% of all colorectal cancers.5
Patients typically develop colorectal and endometrial
cancers between their 40s and 60s. They are also at
increased risk of developing adenocarcinomas of the
stomach, small intestine, upper urinary tract, ovary,
pancreatobiliary tract, brain and skin. Their tumours
are often synchronous or metachronous.
Lynch syndrome is inherited in an autosomal
dominant fashion, although perhaps up to 5% of
cases3 may be due to new mutations. The syndrome
is caused by a germline mutation in one of four
mismatch repair genes—MLH1 (MutL homologue 1),
MSH2 (MutS homologue 2), MSH6 (MutS homologue 6) and PMS2 (postmeiotic segregation increased
2). A 5th gene, MSH3, is very rarely, if ever,
involved. These mismatch repair proteins are responsible for recognizing and repairing mistakes in DNA
transcription, which occur particularly in areas of
repeat DNA sequences (microsatellites) where DNA
polymerases have a tendency to ‘slip’, either inserting extra or removing repeats. In the case of mononucleotide and dinucleotide repeat sequences this
often leads to a frameshift mutation, resulting in a
shortened non-functional protein.
Lynch syndrome colorectal cancers are seen predominantly in the proximal colon. Histologically they are
frequently poorly differentiated and show mucinous
differentiation. Intratumoral lymphocytes are often
also a prominent feature. It should be noted that
although many cases are poorly differentiated with no
evidence of gland formation, tumour cells tend to be
monomorphic with minimal nuclear pleomorphism.
The diagnosis of a right-sided colonic adenocarcinoma
in a patient <50 years of age should always raise the
possibility of Lynch syndrome, particularly in cases
showing typical Lynch tumour type morphology. Further investigation with immunostaining for mismatch
repair genes is a simple and relatively cheap methodology which, when abnormal, not only supports a diagnosis of suspected Lynch syndrome but can also direct
subsequent molecular analysis to a specific mismatch
repair gene (see Figure 2).
© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.
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Figure 2. Immunostained sections of a tubular adenoma from a
patient with Lynch syndrome showing loss of nuclear staining for
MSH6 in tumour cells. Note that stromal and lymphoid cells act as
an internal positive control. a, MLH1; b, MSH2; c, MSH6; d, PMS2.

MYH-associated polyposis (MAP)
This syndrome was first described in 2002.
Researchers were investigating families with FAPtype phenotypes in which a germline APC mutation
could not be found. When examining multiple
tumours from members of a single family for
somatic mutations they discovered a preponderance
of a specific type of point mutation (G:C?T:A transversion), which suggested a deficit in base excision
repair. They were then able to demonstrate bi-allelic
germ line mutations in the MYH (MUTY) gene in
affected family members.6 The MYH gene is a DNA
glycosylase, involved in oxidative DNA damage
repair located at 1p34.1. Subsequent findings suggest that the vast majority of polyposis patients with
a FAP type phenotype and >30 adenomas but no
demonstrable germline APC mutation actually have
MAP.7 MAP is inherited in an autosomal recessive
fashion, unlike the vast majority of other polyposis
syndromes which, with modern ‘nuclear’ families,
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means there is rarely any family history of polyposis.
Many germline mutations in the MYH gene in MAP
have been described, but there are hotspots in different populations which allow for relatively simple
genetic screening (e.g. Caucasian populations have
mutation hotspots at p.Y179C and/or p.G396D in
90%8).
Most MAP patients present with between 10 and
500 polyps, but some patients may have more than
1000 polyps,9 and there are also reports of MAP
patients with colorectal cancer but no polyposis. The
risk of developing colorectal cancer increases with
age, with a penetrance of 43% by age 60 and a mean
age of presentation with colorectal cancer of 48 years
(range 21–70).
Although MAP was considered initially to closely
mimic attenuated FAP, it has become apparent that
MAP patients frequently develop serrated type polyps
(hyperplastic polyps and sessile serrated lesions) in
addition to classical adenomas. Serrated-type polyps
are said to be present in approximately half of MAP
patients (47%), with up to a fifth of MAP patients
(18%) fulfilling the World Health Organization
(WHO) diagnostic criteria for serrated polyposis.10 It
has been hypothesized that the order of developing
somatic mutations in target genes [e.g. APC, KRAS]
may determine which type of polyp develops subsequently. FAP-type extra-intestinal manifestations
have also been reported, but at a relatively low level.9
There is also evidence that there may be an increased
A

risk of a variety of extra-intestinal cancers, including
those of ovary, bladder and skin.11

Serrated polyposis (hyperplastic polyposis)
This syndrome, known originally as hyperplastic
polyposis, was first described in 1980,12 but the genetics of this syndrome, its natural history and phenotype
remain relatively poorly characterized. The reasons
behind the lack of progress in defining the genetics of
this condition remains uncertain but it may well be
that the cases currently grouped together under the
term ‘serrated polyposis’ do not reflect a single genetic
syndrome.13 The term ‘serrated polyp’ is used to
include the pathological entities hyperplastic polyp,
sessile serrated lesion (SSA/P) and traditional serrated
adenoma. These lesions are all considered to participate as precursor lesions in the serrated pathway of
colorectal carcinogenesis14 (see Figure 3). Interestingly, colorectal cancers in serrated polyposis syndrome (SPS) are clinically and genetically
heterogeneous, showing diverse genetic pathways with
fewer than half demonstrating the typical BRAF/KRAS
mutations of the serrated pathway. The cancers are
predominantly (64%) located in the proximal colon,
with 26% being synchronous/metachronous in nature.15
Clinically serrated polyposis remains an under-recognized syndrome.16 However, recently increased
clinical awareness of the significance of serrated polB

Figure 3. Mucinous adenocarcinoma arising within a sessile serrated lesion. A, Low-power view of mucinous adenocarcinoma arising in a
sessile serrated lesion. B, Medium-power view showing residual sessile serrated lesion with typical horizontally orientated crypt bases.
© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.
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Table 2. World Health Organization diagnostic criteria for the diagnosis of serrated polyposis syndrome (SPS)
Any one of the following
(1)

At least five serrated polyps proximal to the sigmoid colon, two of which are >10 mm in diameter

(2)

Any number of serrated polyps proximal to the sigmoid colon in an individual who has a first-degree relative with SPS

(3)

Greater than 20 serrated polyps of any size distributed throughout the colon

yps (in particular of the sessile serrated lesion) and
advances in colonoscopic technique have led to an
increasing rate of discovery of serrated polyps and
hence cases of SPS. There are widely utilized WHO
diagnostic criteria for serrated polyposis (see Table 2),
but it should be noted that there is still relatively little
known about this condition. The fact that patients
appear to develop new lesions with increasing age
suggests that, despite failing to make the strict WHO
criteria for serrated polyposis, young patients (e.g.
<50 years old) with multiple right-sided hyperplastic
polyps or sessile serrated lesions should perhaps be
considered for screening.
Although considered a hereditary polyposis, the
exact mode of inheritance of SPS remains uncertain;
40–60% of affected individuals report a family history
of colorectal cancer (CRC) in first- and/or seconddegree relatives.17 In a recent study the mean age of
diagnosis of serrated polyposis was 49 (range 18–
77 years), with a median of 35 serrated polyps
(range 8–180).18 It should be noted that patients fulfilling the diagnostic criteria for serrated polyposis
also often have conventional-type adenomas.13,19
There is undoubtedly an increased risk of the development of colorectal carcinoma in patients with SPS,
but published prevalence rates range markedly
(0–77%).18 Results from a multicentre cohort study
showed a 7% risk of developing colorectal cancer during 5 years of colonoscopic follow-up.19 Although
suggested, there is currently little firm evidence for
extra-colonic manifestations with this syndrome.18

Hereditary mixed polyposis
Hereditary mixed polyposis is a very rare colorectal
cancer syndrome. This is predominantly a disease of
Ashkenazi Jews, probably originating from one large
extended family. The syndrome is inherited in an autosomal dominant fashion and has been shown to be due
to a duplication spanning the 30 end of the secretogranin V5 (SCG5) gene and a region upstream of the
gremlin 1 (GREM1) locus. This mutation is thought to
result in increased GREM1 expression which then
reduces BMP pathway activity, causing tumorigenesis.
© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.

The BMP pathway is also thought to be involved in
juvenile polyposis.20
Patients develop a variety of polyp types, including
conventional adenomas, juvenile-type polyps and serrated-type polyps. Polyps are distributed throughout
the colorectum, typically numbering <15. Patients go
on to develop colonic adenocarcinoma at a mean age
of 47 (range 32–74 years).21

Polymerase proofreading associated
polyposis (PPAP)
Polymerase proofreading-associated polyposis (PPAP)
is the most recently described familial polyposis syndrome.22 Currently, there is a relative paucity of information about this syndrome, but initial studies suggest
that it is a colorectal cancer syndrome with autosomal
dominant inheritance and a high penetrance. PPAP
has been shown to be due to germline mutations in
the DNA polymerases polymerase epsilon (POLE) and
polymerase delta (POLD1)]. Mutations in POLE have
also been demonstrated in sporadic colorectal cancers.
Patients are said to develop multiple colorectal adenomas (few large adenomas to 10s of adenomas).
Colorectal adenocarcinomas, which may be multiple,
present typically in the mid-30s. In female patients
with germline POLD1 mutations there is also an
increased risk of developing endometrial adenocarcinoma.23 There is also a suggestion that the germline
POLD1 mutation may predispose to some brain
tumours. The adenomas and adenocarcinomas of
PPAP are said to be of conventional type with no
characteristic morphological features (unlike the carcinomas of Lynch syndrome). They are typically
microsatellite stable. Thus, polyposis, an early age of
development of colorectal cancer and a family history
of colorectal and endometrial adenocarcinoma are
the main clues to diagnosing this syndrome.

Hamartomatous polyp syndromes
There are a number of hamartomatous polyp syndromes including, among others, juvenile polyposis,
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Peutz–Jeghers syndrome and PTEN-hamartoma
tumour syndrome (Cowden’s syndrome). These were
considered originally to be benign ‘hamartomatous
syndromes’, but over the years it has become apparent that these are full-blown hereditary cancer syndromes.
PEUTZ–JEGHER SYNDROME (PJS)

Although perhaps best known for its characteristic
arborizing polyps, PJS is a multisystem cancer syndrome, with affected individuals being at risk of developing carcinomas of the colorectum, pancreas,
stomach, small intestine, oesophagus, breast, ovary,
endometrium and lung. In a meta-analysis, 93%
of Peutz–Jegher patients developed cancer by the age
of 65, with a mean age of cancer presentation of
42 years.24 Thirty-nine per cent of these patients
developed colorectal adenocarcinoma. PJS is inherited
in an autosomal dominant fashion and in 94% of
cases has been shown to be associated with a germline mutation in the serine/threonine kinase 11
(STK11) gene on chromosome 19p.25
Diagnosis is based on family history, the finding of
typical Peutz–Jegher-type polyps and the presence of
mucocutaneous pigmentation, such pigmentation
being present in 95% of patients (see Table 3).26
Polyps can occur anywhere in the gastrointestinal
tract, but small intestine and colorectum are the most
common sites. Polyp numbers vary widely, ranging
from single polyps to tens of polyps. The finding of a
single polyp with typical Peutz–Jeghers features should
raise the possibility of this syndrome, with some

authors questioning the very existence of ‘sporadic’
Peutz–Jeghers polyps.27 The presence of areas of florid
epithelial misplacement and the development of conventional-type dysplasia are both well described in
Peutz–Jegher polyps.28 The development of dysplasia
in these polyps may well explain the increased risk of
colorectal adenocarcinoma seen in PJS patients, but it
should also be noted that the combination of epithelial
dysplasia and epithelial misplacement may both mimic
and lead to an erroneous diagnosis of adenocarcinoma.
JUVENILE POLYPOSIS (JPS)

Juvenile polyposis is considered a pure intestinal
polyposis syndrome lacking the extra-intestinal manifestations seen in many of the other polyposis syndromes. JPS patients develop characteristic polyps
throughout the gastrointestinal (GI) tract, typically
by the age of 20 years, with a reported cumulative
lifetime risk for developing colorectal adenocarcinoma
of 40–70%.29 The syndrome is inherited in an autosomal dominant fashion, with a germline mutation in
the SMAD4 or BMPR1A genes being demonstrable in
approximately 50–60% of JPS patients.30 Diagnosis is
based on family history and the finding of juveniletype polyps (see Table 4).
Juvenile polyposis patients typically develop five to
200 polyps throughout the gastrointestinal tract with
colonic involvement in the vast majority of patients29
(see Figure 1B). The polyps are usually similar to, if
not often indistinguishable from, sporadic inflammatory juvenile type polyps. However, they may be
atypical, with multilobation and a relative lack of the

Table 3. World Health Organization diagnostic criteria for the diagnosis of Peutz–Jeghers syndrome (PJS)
Any one of the following
(1)

Three or more histologically confirmed Peutz–Jeghers polyps

(2)

Any number of Peutz–Jeghers polyps with a family history of PJS

(3)

Characteristic, prominent, mucocutaneous pigmentation with a family history of PJS

(4)

Any number of Peutz–Jeghers polyps and characteristic, prominent, mucocutaneous pigmentation

Table 4. World Health Organization diagnostic criteria for the diagnosis of juvenile polyposis syndrome
Any one of the following
(1)

More than five juvenile polyps in the colon or rectum

(2)

Juvenile polyps throughout the gastrointestinal tract

(3)

Any number of juvenile polyps in a person with a family history of juvenile polyposis

© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.
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expanded lamina propria seen usually in sporadic
juvenile polyps.29 Dysplasia can sometimes be seen in
the polyps.

PTEN-HAMARTOMA TUMOUR SYNDROME

The PTEN-hamartoma tumour syndrome is the term
for clinical syndromes caused by germline mutations
in the tumour suppressor phosphatase and tensin
homologue, situated on chromosome 10q23 (PTEN).
This term includes Cowden syndrome (CS) and the
rarer clinical entities of Bannayan–Riley–Ruvalcaba
(BRRS), PTEN-related Proteus syndrome (PS) and Proteus-like syndrome. CS and BRRS are now considered
by many to represent a single entity. CS is inherited in
an autosomal dominant fashion with probably approximately 30% of patients having de-novo mutations.31
PTEN hamartoma tumour syndrome patients are said
to develop hamartomas in multiple organ systems and
have an increased risk of malignancy, including carcinomas of the breast, thyroid, endometrium and kidney
and possibly melanomas.32 Approaching 95% of
patients develop a polyposis, which is typically of
mixed type and may include hyperplastic-, adenomatous-, hamartomatous-, ganglioneuromatous- and
inflammatory-type polyps. At least some hyperplastic
polyps are present in approximately half these
patients.33 Colonic involvement is seen typically, and
there is an increased risk of colorectal cancer with a
CRC prevalence of approximately 14% and a mean
age of colorectal cancer diagnosis of 47.34

Constitutional mismatch repair deficiency
(CMMRD)
This extremely rare syndrome effectively represents
recessively inherited Lynch syndrome. This disease is
seen predominantly in the offspring of consanguineous marriages, where rare germline DNA mutations
are brought together and inherited in an autosomal
recessive fashion. The syndrome presents typically in
childhood, but may also present in young adults.
Counterintuitively, there is rarely a family history of
Lynch type tumours despite the fact that both of the
affected patient’s parents harbour germline mutations
in a mismatch repair gene. Patients are at risk of
developing a spectrum of tumour types which, in
many cases, can be synchronous or metachronous.
Commonly seen tumour types include colorectal adenocarcinomas, high-grade brain tumours and leukaemias/lymphomas.
CMMRD
patients
with
a
combination of colorectal and brain tumours most
© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.
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probably account for a large proportion of cases classified previously as Turcot’s syndrome. All patients
are said to have cafe0 -au-lait spots, making dermatological examination a useful diagnostic adjunct.35
Although relatively poorly characterized, unlike the
colorectal adenocarcinomas of Lynch syndrome those
of CMMRD do not appear to have a predilection for the
proximal colon. They do, however, often show similar
microscopic morphology to Lynch syndrome tumours
(poorly differentiated, mucinous differentiation, etc.)
(see Figure 4). Immunostaining for mismatch repair
proteins is helpful in both confirming a suspected diagnosis and directing subsequent genetic analysis. It
should be noted that there is total loss of immunopositivity for the affected protein(s), both in tumour and
normal cells (see Figure 4E). Ideally, the histopathology laboratory should be prewarned in suspected cases
to avoid repeated attempts at optimizing apparently
failed immunostaining. Microsatellite instability studies
are reported to be unreliable in CMMRD patient
tumours.35

Discussion
Research on familial colorectal cancer patients continues to provide insights into the genetics of both
familial and sporadic colorectal cancer. While it
remains pertinent for many CRCs, it has become
apparent that the seminal work of the Vogelstein
group in the 1990s outlining the adenoma carcinoma sequence cannot be applied to all colorectal
cancers. A number of novel colorectal cancer pathways have since been described, and the situation is
complicated further by the fact that some tumours
seem to show features of more than one CRC pathway.14 This increasing complexity in the genetics of
CRC is reflected in the complexity of the colorectal
cancer syndromes. It has also become apparent that
the DNA repair machinery is crucial for prevention of
tumours in normal cells with three separate colorectal cancer syndromes (Lynch, MAP and PPAP), all
resulting from germline mutations in DNA ‘repair’
proteins. What has yet to be explained is why mutations in these genes leads to a susceptibility to
develop colorectal cancers and (for Lynch syndrome
and PPAP) endometrial carcinomas.
In cases of a suspected colorectal cancer syndrome,
a family history of colorectal cancer or other associated tumour types may be extremely informative.
However, while most of the colorectal cancer syndromes are inherited in a Mendelian autosomal dominant fashion both MAP and CMMRD show
autosomal recessive inheritance, so affected patients
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Figure 4. Colonic pathology from 9-year-old male with constitutional mismatch repair deficiency (CMMRD). A, Subtotal colectomy specimen
showing two left-sided colonic adenocarcinomas and multiple adenomas. B, H&E-stained section showing moderately differentiated sigmoid adenocarcinoma with mucinous differentiation. C, MLH1 immunostained section showing a normal staining pattern. D, MSH2 immunostained section showing a normal staining pattern. E, MSH6 immunostained section showing complete loss of staining in both tumour and stromal cells.

often lack a family history of polyps or CRC. It should
also be noted that de-novo germline mutations may
account for up to 30% of cases of some familial CRC
syndromes. Thus, a family history is useful when
present, but otherwise the clinician/pathologist may
have to depend upon other clues to warn them that
they may be dealing with a familial cancer. Age of
onset of colorectal cancer is perhaps one of the most
helpful of such clues. Sporadic colorectal cancers very
rarely occur before the age of 50, and most familial
colorectal cancers (with the exception of attenuated
FAP tumours) occur around or before this age (see
Table 1). Other clues include a right-sided location,
histopathological features (in Lynch syndrome) and
the presence of a polyposis. The number and distribution of the polyps taken together with the composition of the polyposis may help to both heighten the
suspicion of a familial tumour and to narrow the
spectrum of the most likely syndromes involved.
However, it should be noted that there is phenotypical overlap between the varying syndromes (e.g.
some patients with MAP fulfil the WHO diagnostic
criteria for serrated polyposis). Ideally, a combination
of clinical, genetic, endoscopic and pathological features is required to allow for accurate disease classification (see Table 5), but ultimately the diagnosis
needs to be confirmed by genetic testing.

Table 5. Does this patient have a familial cancer syndrome?
Questions to address:
Age of diagnosis of colorectal cancer or polyposis?
Is there any family history of polyposis or colorectal
cancer?
Is there any family history of other cancers (especially
endometrial)?
What type of polyps are present?
What is the distribution of polyps?
Are there any extra-intestinal manifestations?

Learning points

• The clinical phenotypes of hereditary polyposis
syndromes may overlap.
• De-novo mutations may account for up to 30% of
cases of some CRC syndromes.
• Serrated polyposis patients may develop conventional adenomas.
• MAP typically mimics attenuated FAP, but
patients may present with a serrated polyposis-type
picture.
© 2015 John Wiley & Sons Ltd, Histopathology, 66, 78–87.
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