Clinical Diagnosis and Management of Hereditary
Colorectal Cancer Syndromes

By H.F.A. Vasen

OLORECTAL CANCER IS a relatively common dis- SECONDARY PREVENTION

ease of Western populations, with a typical onset at  The risk of developing colorectal cancer in the subgroups
approximately 70 years. The epidemiology of the diseasgy familial or hereditary colorectal cancer varies from 15%
suggests that environmental factors, probably dietary, arggsy in relatives of patients with colorectal cancer diagnosed
the most important influences for the high prevalence of thig,afgre age 45 years, through 20% for family members with
disease in certain countries. However, in a substantiays first-degree relatives with colorectal cancer, to approx-
proportion of cases, genetic factors also play a significanimately 70% to 95% in patients with familial adenomatous
role. The most readily distinguished form of familial risk is polyposis and HNPCE” In view of these substantial
familial adenomatous polyposis (FAP). This autosomalcancer risks, the identification of people predisposed to
dominant disease is characterized by a large number Qfo|orectal cancer is important, as it makes it possible for us
adenomatous polyps in the colon and is responsible for 1% (arget effective preventative measures on bringing about
of all cases of colorectal cancernother more €ommon 5 reduction in the substantial cancer-related mortality.
dominant m_herlted colorectal cancer syndrome is hered'tarﬁecognition of hereditary forms of colorectal cancer is also
nonpolyposis colorectal cancer (HNPCC, Lynch syndrome;mportant because the treatment of hereditary cases varies
hereditary colorectal-endometrial cancer syndrome), whichyom that of nonhereditary cases. A detailed family history
is charac}enzed by the development of colorectal andg the simplest and most cost-effective way to identify
endometrial cancer at an early g?gé’he disease has no pnereditary colorectal cancer. Because cancer is a common
antecedent clinical phenotype until cancer develops and Wagisease, the occurrence of colorectal cancer in several
a controversial entity until the biology was discovered in embers of one family might be due to clustering by
1993. HNPCC accounts for 1% to 5% of all cases ofchance. Characteristics of hereditary forms of colorectal
colorectal cancet Approximately 10% to 15% of patients cancer that might be helpful in the differential diagnosis
with colorectal cancer _have a family history of colorectal ;o nonhereditary cases are an unusual early age of onset,
cancer, and 5% of patients have early-onset4s years)  he occurrence of multiple colorectal cancers, the combined
colorectal cancet.In the etiology of colorectal cancer in gccyrrence of colorectal cancer with endometrial cancer (in
these cases, several genetic factors are likely to play @p individual or family), and the finding of multiple adeno-

partial role, as do dietary and other environmental influ-ma10us or hamartomatous polyps in the colorectum.
ences. Other rare inherited syndromes with an increased

susceptibility for colorectal cancer are the hamartomatous CLASSIFICATION AND NOMENCLATURE
polyposis syndromes, including Peutz-Jeghers syndrome Two main groups of the hereditary form of colorectal
and juvenile polyposis. cancer are commonly distinguished: polyposis types with
multiple colorectal polyps and nonpolyposis types without
MOLECULAR GENETICS multiple polyps. The term nonpolyposis denotes the pres-

During the last decade, great progress has been made @nce of only a few polyps and was introduced to allow
molecular genetics. The genes responsible for most of théistinction from the polyposis types. Nonpolyposis colorec-
inherited forms of colorectal cancer have been identifiedfal cancer can be subclassified into HNPCC characterized
and DNA testing has been implemented in clinical practiceby early-onset colorectal cancer and endometrial cancer and
on a large scale. Some advantages of DNA testing are that
the hereditary nature of the disease can be confirmed and
that, in families with an 'd_ent'f'eq mutation, the Car_”ers of From the Netherlands Foundation for the Detection of Hereditary
a mutated gene can be differentiated from noncarriers. Th@ymours and Department of Gastroenterology, Leiden University
latter can be reassured and refrain from further screeningviedical Centre, Leiden, the Netherlands.

Along with the development of techniques to identify Address reprint requests to H.F.A. Vasen, MD, the Netherlands
mutated genes, new diagnostic tools such as microsate”itgoundation for the Detection of Hereditary Tumours and Department
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Table 1. Classification of Hereditary Colorectal Cancer Syndromes

Hereditary Colorectal Cancer Syndromes Gene Defect
Nonpolyposis syndromes
HNPCC, Lynch syndrome, hereditary colorectal/endometrial cancer syndrome MSH2, MLH1, MSH6, PMS1, PMS2
Familial clustering of late-onset colorectal cancer, inherited predisposition of colorectal neoplasms 11307KAPC, TGFbeta Ril
Polyposis syndromes
FAP APC
Hamartomatous syndromes
Peutz-Jeghers syndrome STK11
Juvenile polyposis SMAD4, PTEN

Other polyposis syndromes

families with clustering of colorectal cancer at an advancecellites can also be found in the protein encoding regions of
age. Within the polyposis types, a further distinction is many genes. Loss of MMR function results in mutations in
made between adenomatous, hamartomatous, hyperplastibe coding regions of genes involved in tumor initiation and
and polyposis with mixed pathology (Table 1). progression, egAPC, KRAS p53 and TGFbRIL Because
Most of the hereditary colorectal cancer syndromes arenore than 90% of colorectal cancers from patients with
associated with a wide spectrum of benign and malignanHNPCC express a high level of MSI (termed MSI-high
lesions. When the various hereditary cancer syndrometumors), MSI may aid in the diagnosis of this syndroine.
were discovered, several names were introduced to refer telowever, MSl is not specific to HNPCC, as it also occurs in
specific combinations of cancers. For example, the combi15% of apparently sporadic colorectal and other tumors.
nation of HNPCC with specific skin (sebaceous) tumors was
designated as the Muir-Torre syndrofhsince the identi- ~ Clinical Features
fication of the genes responsible, it became clear that Predisposed individuals from HNPCC families have a
diseases referred to by separate names had the same gentigh lifetime risk of developing colorectal cancer (70% to
background. Therefore, in this review, which provides an85%), endometrial cancer (50%), and certain other cancers
update of the clinical features, diagnosis, prevention, and< 15%)%’ Colorectal cancer is often diagnosed at an early
treatment of the various inherited forms of colorectalage (mean, 45 years), is multiple (with synchronous or
cancer, we avoid the use of such terminology. metachronous colorectal cancer present in 35% of patients),
and, in approximately two thirds of the cases, is located in
HNPCC the proximal part of the coloft: Several studies have shown
HNPCC is transmitted as an autosomal dominant trait. Ita better prognosis of patients with HNPCC-related colorec-
is associated with germline mutations in five genes withtal cancer compared with nonhereditary colorectal cancer.
verified or putative DNA mismatch repair (MMR) function, The adenomas that occur in HNPCC tend to develop at an
ie, MSH2 MLH1, PMS1, PMS2 andMSH6G%° The inci-  early age, have villous components, and be more dysplastic
dence of carriers of a mutated mismatch repair gene ishan adenomas detected in the general population. Although
approximately one in 1,000. multiple adenomas may be observed in HNPCC, florid
The protein products of HNPCC genes are key players irpolyposis is not a feature. Extracolonic cancers include
the correction of mismatches that arise during DNA repli-cancer of the endometrium, renal pelvis/ureter, stomach,
cation. Two different MutS-related heterodimeric com- small bowel, ovary, brain, and hepatobiliary tract; seba-
plexes are responsible for mismatch recognition: MSH2-ceous tumors are also included. No individual microscopic
MSH3 and MSH2-MSH6. After mismatch binding, a feature is specific to HNPCC, but particular groups of
heterodimeric complex of MutlL-related proteins, MLH1- features are diagnostically usefd@ Three groups based on
PMS2, is recruited, and this larger complex, together withsite and microscopic criteria are recognized: (1) proximally
numerous other proteins, accomplishes mismatch repaitocated well- or moderately differentiated mucinous carci-
The DNA mismatch repair system is also able to recognizenomas, occasionally with tumor-infiltrating (intraepithelial)
lesions caused by exogenous mutagens and has been sholymphocytes (TIL) in nonmucinous areas; (2) proximally
to participate in transcription-coupled repair. located poorly differentiated adenocarcinomas, in some
Mismatch repair deficiency gives rise to MSI. Microsat- cases with TIL and a Crohn’s-like lymphocytic reaction;
ellites are repetitive noncoding DNA sequences of unknowrand (3) any colorectal cancer showing TIL and/or a
function found throughout the genome. However, microsat-Crohn’s-like lymphocytic reactiol?
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Table 2.  ICG-HNPCC Criteria Table 3. ICG Definition of HNPCC (Lynch syndrome)

Classic ICG-HNPCC Criteria (Amsterdam criteria I) e  Familial clustering of colorectal and/or endometrial cancer

e Associated cancers: cancer of the sfomoch, ovary, ureter/renal pe|vis,
brain, small bowel, hepatobiliary tract, and skin (sebaceous tumours)
e Development of cancer at an early age

There should be at least three relatives with colorectal cancer (CRC); all the
following criteria should be present:
e one should be a first-degree relative of the other two;

at least two successive generations should be affected;

at least one CRC should be diagnosed before age 50 years;
FAP should be excluded: location, (2) improved survival, (3) multiple colorectal cancer, (4)

increased proportion of mucinous tumors, poorly differentiated tumors,
and tumors with marked host-lymphocytic infiltration and lymphoid

o Development of multiple cancers
e Features of colorectal cancer: (1) predeliction for proximal colon

tumors should be verified by pathologic examination.
Revised ICG-HNPCC Criteria (Amsterdam criteria Il)

There should be at least three relatives with an HNPCC-associated cancer

aggregation at the tumor margin
® Features of colorectal adenoma: (1) the numbers vary from one to a
few, (2) increased proportion of adenomas with a villous growth
pattern, (3) high degree of dysplasia, (4) probably rapid progression
from adenoma to carcinoma
High frequency of MSI

at least one should be diagnosed before age 50 years; e Immunohistochemistry: loss of MLH1, MSH2, or MSH6 protein
FAP should be excluded in the CRC casels) (if any);

tumors should be verified by pathologic examination.

(CRC; cancer of the endometrium, small bowel, ureter, or renal pelvis); all

of the following criteria should be present:

e one should be a first-degree relative of the other two;

at least two successive generations should be affected; o

expression
e Germline mutation in mismatch repair genes (MSH2, MLH1, MSH6,
PMS1, PMS2)

Diagnostic Criteria

The diagnosis of HNPCC is hampered by the absence dfied in 26% of the families. Multivariate analysis showed
specific diagnostic features, such as the presence of hunhat the age at diagnosis of colorectal cancer, fulfillment of
dreds of polyps in FAP, which is pathognomic for FAP. the Amsterdam criteria, and presence of endometrial cancer
Therefore, in 1990, the International Collaborative Groupin the kindred were independent predictors of germline
(ICG) on HNPCC proposed a set of clinical diagnostic mutations ofMSH2 or MLH1. Using these findings, we
criteria (the Amsterdam criteria, Table 2) to provide unifor- created a logistic model that can be used to estimate the
mity in the clinical diagnosis of HNPCE& Since then, probability of detecting a germline mutation on the basis of
many studies have provided evidence that HNPCC is alsthe clinical features of a kindred with familial clustering of
associated with several other extracolonic cancers. That wasdlorectal and other HNPCC-related tumors. If the predicted
the reason to propose a new set of criteria (the Amsterdarprobability is low (eg,< 20%), one might consider per-

Il criteria) that include various extracolonic cancéréTa-  forming MSI analysis of the DNA of the colon tumor, which
ble 2). It should be noted that the proposed criteria are nogives an indication of the presence of a mutated mismatch
intended for use as exclusion criteria: in other words,repair gene. Recently, we extended the search for mutations
families initially suspected of HNPCC but not meeting the in the MMR genes (includinglSH in a series of 287
criteria should not be falsely reassured and excluded fronfamilies. Mutations were found in 30% of the families: 13%
genetic counselling, DNA testing, or surveillance. The ICG harbored arMSH2 mutation, 14% aMLH1 mutation, and
has recently proposed a definition of HNPCC (Table 3) that3% an MSH6 mutation. The mutation detection rates in
comprises all typical features of HNPCEThe higher the  families meeting the Amsterdam criteria | and those meet-
number of these features observed in a given family, theng the Amsterdam criteria 1l were the same (50%). How-
higher the suspicion of HNPCC. ever, the sensitivity of the Amsterdam criteria Il was higher
(88%) than that of the Amsterdam criteria | (77%).

The use of MSI as a marker of HNPCRecently, various

Mutation detection rate and predictive factoBecause studies evaluated the usefulness of MSI to select families
of the heterogeneity of the mutation spectrum in DNA for mutation analysis. Aaltonen et*ahssessed the preva-
mismatch repair genes, screening for mutations is bothence of HNPCC in Finland by screening a population-
time-consuming and expensive. To evaluate the clinical riskbased series of 509 colorectal tumors for MSI and by
factors that best predict the presenceMifH1 or MSH2  performing mutation analysis of the patients with MSI
mutations, we analyzed th®ISH2 and MLH1 genes by positive tumors. Sixty-three tumors (12%) showed MSI, and
density-gradient gel electrophoresis in a large series ofl0 of these patients had a germline mutationViBH2 or
kindreds (n= 187) featuring familial clustering of colorec- MLH1. Nine of the mutation carriers had a first-degree
tal and other cancerS.Pathogenic mutations were identi- relative with colorectal or endometrial cancer, seven were

Molecular Genetic Studies
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younger than 50 years of age, and four had had colorectal dhe United States to 75% in Finland. Reasons for the
endometrial cancer previously. On the basis of these findingglifferences might be differences in the study setting. The
the authors recommend MSI analysis in all patients withFinnish family members were counselled individually and
colorectal cancer who meet one or more of the followingallowed a period of reflection, whereas in the United States,
criteria: a family history of colorectal or endometrial cancer, anthe relatives were informed at group family information
age at diagnosis of less than 50 years, and a history of multiplsessiong? Other reasons might be fundamental differences
colorectal or endometrial canceiTwo research groups +e  between the health care and social security systems in the
ported the yield of MSI analysis and mutation analysis in aUnited States and Europe. In Europe, where thus far private
population-based series of patients with early-onset colorectdiealth insurance has played a minor role, a predictive test
cancer:®’ They found that 50% to 60% of colorectal tumors for a treatable disease might be more readily accepted.

in patients younger than 30 years were MSI-high, compared

with only 12% in patients older than 35 years. Approximately Phenotype/Genotype Correlation

one ha_If of the patlen_t S with M.S I-high tumors_, were shown t.o Knowledge about a possible difference in risk between
be carriers of a germline mutation. In conclusion, these studies

o . . .. _carriers of the various mutations might be important to a
indicate that MSI is a cost-effective way to select families decision on surveillance proarams. Onlv a few studies have
suspected of HNPCC for genetic testing. prog ‘ y

. . . . . been performed on the cancer risk estimated in proven muta-
The role of immunohistochemistryhere is some evi- . . o .
.. tion carriers. The studies indicate that there was no difference
dence that a low percentage (15%) of tumors associated . .
- . In risk of colorectal and endometrial cancer betw®&aH2
with MLH1 or MSH2 mutations are MSI-low or MSI- . o .
16 . . and MLH1 carriersS However, Danish investigators have
stable.” Moreover, Dutch investigators reportddSH6 reported that the risk of endometrial cancer is significantl
mutations in four of 18 families with suspected HNPCC P 9 y

. . ) ” o
with MSI-low or MSI-stable tumord® We recently identi lower in families with a specifiMLH1 mutation,” and a

fied 10 families with atMSH6mutation and performed MSI recent study by our group suggested that families M8HG

analysis in 16 tumors (of various types) diagnosed in thesén utations seemed to have a higher risk of developing endo-

families!® Only nine of the 16 tumors showed an MSI-high '.“et”fﬂ cancer than famhes WitMSH2 and MLH1 muta-
. o ; tions:® Moreover, studies have shown that colorectal cancer
phenotype (although instability was found MSH6in all . . .
MSH6related tumors). These findings suggest that an MSI associated witMSHEmutations develop at a more advanced
' 9 99 age than ilMSH2andMLHL1 carriers. There is also evidence

stable or MSI-low phenotype cannot be considered as an~ . . o " .
. o . . - for intragenic associations. At the second joint meeting of the
exclusion criterion for mutation analysis (especially of

MSHE.  Another recently introduced rapid and inexpen- International Collaborative Group on HNPCC and the Leeds

sive technique to identify mismatch repair deficiency is Castle Polyposis Group in Lorme, Australia, in 1999, Wijnen
q P Y reported that families with mutations in the first five exons of

immunohistochemistry. Previous studies have shown thaﬁ/l ) . .
. . . . SH2have a lower risk of developing endometrial cancer than
loss of protein expression detected by this technique corre;

lates well with anMSH2 and MSH6 gene defect®?2 families with mutations elsewhere. Regarding the less common
However, its sensitivity toLH1 mutations is rather I(') 2 extracolonic cancers, one study suggested that patients with

The best approach is therefore to combine MSI analysis antlyI SH2 mutations have a higher relative risk of developing

. . . . . extracolonic cancers than patients Wit H1 mutations’
immunohistochemistry in families suspected of HNPCC. o . . .
The majority of kindreds selected for mutation analysis

Presymptomatic Diagnosis have been selected specifically because of multiple affected
cases of colorectal cancer; therefore, lifetime penetrance of

Detailed information and good psychosocial guidance ar%hese mutations is correspondingly high (80%). Population-

prerequisites for presymptomatic diagnosis based on DNAbased studies are needed to confirm the risks of developing

testing. Th(_e recommen ded prqtocol for gengnctestm_g Invowe.séolorectal cancer that have been reported thus far. To date,
three sessions. The issues discussed during the first SessIoN. " v study that used a population-based approach
include the reasons for testing, the clinical features of the y y Pop PP

) . . reported the same penetrance of colorectal cancer for men
hereditary cancer syndrome, the mode of inheritance, th P P

. . (70%) as in families fulfilling the Amsterdam criteria; the
consequences of the test results, the options for treatment in the ) 9 ’

event of a positive result, and the DNA testing procedure. InrISk for women was significantly lower (30%).
the second session, blood samples are taken. The results of tB% riodic Examination
DNA test are disclosed during the third session.

Recent studie$?* showed that the uptake of genetic A surveillance program for carriers of a mutated gene has
testing in families with HNPCC varied widely, from 43% in  been recommended by the ICG and other experts groups. The
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Table 4. Surveillance Protocol in Hereditary (familial) Colorectal Cancer Syndromes

Interval

Disorder Lower Age Limit (years) Examination (years)
HNPCC 20-25 Colonoscopy 2
30-35 Gynecologic examination, transvaginal ultrasound 1-2
30-35 Gastroduodenoscopy* 1-2
30-35 Abdominal ultrasound, cytology urinet 1-2
Familial clustering of common CRC, relatives with one first-degree 45-50 Colonoscopy 5
relative with CRC < 45 years or 2 relatives with CRC at any
age
FAP 10-12 Sigmoidoscopy 2
30 Duodenoscopy 1-58
Atypical FAP 15-20% Colonoscopy 2
Peutz-Jeghers syndrome 15-20 Gastroduodenoscopy, small bowel follow-through 2-5
25-30 Colonoscopy, mammography, gynecologic examination ~ 1-2
Juvenile polyposis 25 (2) Colonoscopy 3-5

*If gastric cancer runs in the family.

t1f urinary tract cancer runs in the family.
$Depending on the age of onset of FAP in the family.
§Depending on the severity of the duodenal polyposis.

program of colorectal surveillance (ICG) includes biennial Treatment
colonoscopy starting from age 20 to 25 years. There is ample

. . } . Total colectomy with an ileorectal anastomosis is recom-
evidence that endoscopic surveillance leads to the detection

| | i 4 i %ended for patients with colorectal cancer associated with
colorectal tumors at an earlier stageMoreover, a study in HNPCC. The rationale for this advice is the high incidence

Finland indicatgd that surveillance of 22 families vyith @ of metachronous cancers (25% to 40%) in patients who
follow-up duration of 10 years led to a 62% reduction of |,5,e undergone segmental colectomy.

colorectal cancéf, a recent update of this study also reported In experimental systems, MMR-deficient cells seemed to
a significant reduction in the rate of death due to colorectalye tglerant to several chemotherapeutic agents, such as
cancer after a 15-year follow-up peridA Dutch study  fiyorouracil, procarbazine, temozolomide, busulfan, cispla-
showed a surprisingly high number of interval cancers, definegin, carboplatin, 6-thioguanine, etoposide, and doxorubicin.
as cancers detected after a recent negative colono3¢dpy. These drugs are therefore expected to be less effective on
date, 27 cases have been identified in approximately 14MMR-deficient tumors in humans. The loss of MMR and
families. The substantial risk of developing colorectal cancer inthe consequence of drug resistance seems to relate directly
mutation carriers and the observation that surveillance is noto the impairment of the ability of the cell to detect DNA
completely safe are arguments for considering prophylacticiamage and thereby to activate apoptd%:¥.
colectomy (for example, in patients with adenomas with
advanced pathology). FAMILIAL CLUSTERING OF LATE-ONSET
Cost-effectiveness analysis of colorectal screening of COLORECTAL NEOPLASMS

HNPCC gene carriers revealed that surveillance of carriers |, 1985, Burt et &P reported a large family with many cases
of a mutatedVIMR gene would lead to an increase in life ¢ coiorectal cancer but without a recognizable Mendelian
expectancy of approximately 7 years. In addition, the cost$pneritance pattern. The age distribution and tumor localization
of surveillance were much less than the costs of theyas similar to those found in the general population. When
no-surveillance strategif.Another study that examined the patients with colorectal adenomas (detected after screening of
life expectancy benefit from endoscopic surveillance andy| first-degree relatives) were considered as having the same
prophylactic surgery showed an increase in life expectancyisorder as the patients with colorectal cancer, there was
ranging from 13.5 years for surveillance and 15.6 years folevidence for an autosomal dominant inheritance pattern. These
prophylactic surgery? Other surveillance protocols recem  findings were later confirmed in a second study that included
mended for the early detection of extracolonic cancersan additional 33 familie®®

associated with HNPCC are listed in Table 4. The effec- In 1994, we described eight families that met each of the
tiveness of these protocols is not yet known. Amsterdam criteria except the age criteriSrll colorectal
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cancer cases were diagnosed at ages greater than 50 yeas& life. Without surgical intervention, the patients almost
These families were characterized by a preponderance odhevitably develop colorectal carcinoma by the age of 45
distal tumors, a low incidence of multiple primary colon years. The first symptoms occur between the ages of 25 and
cancers, and a high incidence of adenomas associated wiBb years. By the time the patients present with symptoms,
colorectal cancer. Moreover, other cancers frequently eneolorectal cancer is present in approximately one half of the
countered in HNPCC, such as endometrial cancer, did notases. The majority of the patients also develop polyps in
occur in these families. So far, mutation analysis in 20 suchthe upper gastrointestinal tract, including fundic gland
families has not revealed any mutation in &R genes.  polyposis (40%), gastric adenomas (5% to 10%), or adeno-
Jass et &P reported eight similar families with a rela mas in the duodenum (50% to 9096)In contrast with the
tively late onset of colorectal cancer (mean age, 57 yearsduodenal adenomas, the gastric polyps do not have malig-
As in the Dutch study, the majority of cancers developed innant potential. The risk of developing duodenal cancer is
the left colon and rectum (80%), only one subject hadsubstantially lower € 5%) than the risk of colorectal
multiple colorectal cancers, and the at-risk relatives hadcancer’® Other extraintestinal features associated with FAP
more adenomas than at-risk relatives in genuine HNPCCinclude desmoid tumors (10% to 15%), osteoma (75% to
The overall tumor burden in the eight families included 38 90%), dental abnormalities (17%), epidermoid cysts (50%),
colorectal cancers and one ovarian cancer but no uteringnd retinal lesions (congenital retinal pigmented epithelium
gastric, pancreatic, small intestinal, or upper urinary tracfCHRPE]; 75%). As is typical with hereditary cancer
cancers. Analysis of the colorectal tumors for MSI wassyndromes, there is an increased risk for other malignancies,
negative. The data provided by these studies suggest thaicluding thyroid cancer, hepatoblastoma, and brain tumors.
there may be autosomal dominantly inherited colorectalA small proportion of families € 10%) have an atypical
cancer syndromes caused by genes other tharMii&®  form of polyposis, which is characterized by the develop-
genes andAPC gene. ment of a smaller number(100) of polyps, with colorectal
Recently, Laken et & reported an unusual mutation in cancer occurring at a more advanced age. This variant is
the APC (adenomatous polyposis coli) gene (11307K) re-termed attenuated or atypical familial adenomatous polyp-
sponsible for familial clustering of late-onset colorectal osis.
cancer among Ashkenazi Jews. The mutation has been ] )
found in 6% of Jews with an Ashkenazi background, in 109%Clinical and Molecular Diagnosis
of Ashkenazim affected with colorectal cancer, and 28% of A clinical diagnosis of polyposis can be made when more
Ashkenazim with colorectal cancer and a family history of than 100 adenomas are identified in the colorectufhe
colorectal cancer. To date, it has not been found in nondiagnosis can be confirmed by mutation analysis. A patho-
Jewish populations. Lu et‘@lreported the identification of genicAPCmutation can be identified in approximately 70%
a germline mutation in the transforming growth factor-betato 80% of the families. If the mutation has been identified in
type Il receptor gene in a family with late-onset colorectal the family or linkage analysis has given high lod scores,
cancer without MSI. Similarly mutated genes might also bethen children and siblings of FAP-affected patients should
responsible for a proportion of the above-mentioned fami-be offered presymptomatic DNA testing from age 12.
lies. The surveillance program recommended for such Several studies have reported specific genotype-pheno-
families include colonoscopy once every 3 to 5 yearstype correlations. Families with FAP caused by mutations
starting from age 45 to 50 years (Table 4). located at the extreme ends of the gene and at exon 9 are
associated with a mild phenotype of the dise4s@n the
FAP other hand, families with FAP caused by mutations between
FAP is an autosomal dominant disease caused by inactivatodons 1250 and 1464 often show a severe colorectal
ing mutations at th&PCgene. The disease is characterized byphenotype presenting with profuse polypdSisn addition,
numerous adenomas in the colorectum and various otheseveral studies indicated that CHRPE is associated with
manifestations. The APC gene plays a role in cell adhesion, mutations located between 541 and 1#4&nd desmoid
differentiation, apoptosis, regulation of the cell cycle, andtumors with mutations between 1309 and 187&inally,
transmission of signals to the nucleus. The incidence of FAP isnultiple extracolonic lesions are more frequently observed
approximately one per 8,000 of the populatfdn. in families with mutations between 1445 and 1578.
The established geno/phenotypic correlations might have
implications for clinical practice. For example, the finding
Most patients with FAP develop hundreds to thousands obf CHPRE in a family might direct mutation analysis to the
colorectal adenomas during their second and third decadesxons associated with these lesions. Moreover, the geno/

Clinical Features
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phenotype correlation regarding desmoids might have imvantage is the worse functional outcome compared with that
plication for prophylactic surgerl? Because desmoids of IRA, although the quality of life after IRA and IPAA
often arise as a consequence of tissue trauma, a delay géemed to be the sam&®’

surgery should be considered in patients at high risk of An IPAA seems the procedure of first choice in patients
developing desmoids, at least in those with smaller numbeyyith a large number of rectal adenomas or rectal cancer and
of polyps and expected later onset of disease. Finally, thgq patients who will not comply with follow-up examina-
use of molecular genetic testing has been suggested as §Bns after IRA. However, with regard to patients with a
aid in decision making with respect to the type of sur-jimjited number of rectal adenomas, there is no agreement
gery>**" It should be noted that the correlations are not,y ot the best surgical option. Although the risk of devel-

100%. Phenotypic variation might be observed even withinoIOing rectal cancer after IRA is important when deciding

families carrying identical mu_t§t|ons, possibly as a Conseyayeen the two procedures, the risk of death from rectal
guence of the effect of modifier genes or environmental

influences cancer is even more crucial. A recent study involving more
than 600 FAP patients with an IRA showed that the risk of
Periodic Examination dying from rectal cancer after IRA was 12.5% by 65 years.

If DNA testing proves the carrier status of the at-risk Noncompliance was not the explanation for this finding, as

family member or the results of DNA testing are uninfor- most patients had their endoscopic examination within 1
mative (ie, mutation is not identified in the family), then it Y&ar of the last screening examination. On the basis of these

is recommended that regular sigmoidoscopy start from thdndings, an IPAA seemed to be the most attractive option
age of 12 years and continue at 2-year interdaf$ Total for most patients. Only patients with a few rectal polyps
colonoscopy should be considered in families with anfrom families with a similar mild phenotype might be
atypical form of polyposis, as adenomas may only beselected for IRA. The results of molecular genetic testing
located in the proximal part of the colon. In such families, might be used to identify such patients.
the endoscopic examinations may be started at a later age, Several studies have shown that treatment of FAP pa-
eg, from age 18 to 20 years (Table 4). tients with nonsteroidal anti-inflammatory drugs leads to
The screening protocol of the duodenum should start byreduction in the number and size of the colonic adenadthas.
the age of 30 years. There would be no clinical benefit inHowever, the fact that usually not all polyps disappear and
starting at an earlier age, as reports of duodenal cancehe fact that rectal cancer has been reported after prolonged
before this age are extremely rare. Depending on theulindac chemoprevention make clear that this treatment
findingS, the recommended interval between examinationaoes not rep|ace the Surgica| management of colonic p0|_
is 1 to 5 years. The Spigelman classification might be Use@posis.
to follow the course of the diseaSe. Duodenal polyposisThe treatment of duodenal adeno-
mas is limited by a number of factors. Because of the
) . ) . presence of large number of polyps or by the usual sessile
) Colonic polyp05|sU_nt|I a decade ago, colectomy with an nature of the polyps, endoscopic snaring may be impossible.
lleorectal anastomosis (IRA) was the most frequently ap'Endoscopic electrocoagulation, if repeated very often, will

plied surgical procedure for the treatment of FAP. This . ) . . .

. T . . . . lead to considerable scarring, which might cause strictures
surgical option is attractive because it is a relatively s|mplein the periampullary area. Laser ablation of bolvos via the
procedure with good functional results. Major disadvan- P P y ’ POlyp

. endoscope can be used but carries the risk of duodenal
tages, however, are the need for continuous endoscopi¢

follow-up and the remaining risk of rectal cancer that perforation. Polyp removal by (surgical) duodenotomy,
increases over tim@55 In addition, a secondary proctec consisting of submucosal infiltration and local excision of

tomy is needed in approximately one half of the cased!! POIYPS, is not recommended, as a British study has
because of uncontrollable polypo&f. These disadvan shown recurrence in all patients treated by this technique
tages might be the reason that an increasing number gyithin a short time. To date, chemoprevention (nonsteroidal
patients are treated with the alternative surgical option, ie, @nti-inflammatory drugs) has not be shown to be effective in
proctocolectomy and ileal-pouch-anal anastomosis (IPAA)the treatment of duodenal polypoSkin conclusion, the
However, this surgical procedure also has various disadvarenly curative treatment seems to be a proximal pancreati-
tages, including (in the worst case) a risk of severe postopeoduodenostomy. Such an operation has considerable po-
erative complications necessitating removal of the poucHential morbidity and mortality; this makes the indication
and construction of an ileostomy<(5%). Another disad- and timing of surgery extremely difficult. Criteria of size,

Treatment
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rapid growth, polyp induration, or consistently severe dys- Table 5. Most Frequent Tumors and Mean Ages at Diagnosis Observed

plasia or villous change suggest that intervention is neces- in 240 Patients With Peutz-Jeghers syndrome®*7

sary. Surgery may be considered in patients who have Age ot Diagnosis (years)

consistently Spigelman stage IV duodenal adenomatosis. Gestrointestinal No. of Patients % Mean Range
Abdominal desmoiddhe treatment of desmoids is based Colon 18 7.5 44.5 26-80

largely on anecdotal reports and on studies of small series dfomach 9 37 44.7 30-60

patients®® The extremely variable natural history hampers Pancreas s 2 48 34-60

. . . mall bowel 5 2 36.2 26-57

the evaluation of a specific treatment. There is gener raintestingl

agreement that surgery should be avoided for mesenterig.qq 13 5 441 2774

desmoids because of the risk of accelerated growth and theng 8 3.3 48.5 33-70

high risk of recurrence. Most investigators recommendOvary 6 2.5 358 19-60

sulindac as the initial treatment. If growth continues, tamox-Cervix 4 1.6 405

ifen or toremifene may be added. If the desmoid is stillg;:: ]2 "2 :

growing, then chemotherapy might be considered.

PEUTZ-JEGHERS SYNDROME noma malignum of the cervix. Studies on the natural history
Peutz-Jeghers syndrome (PJS) is an autosomal dominaaf the disease have shown that the survival of affected
disorder characterized by hamartomatous polyps in thdéamily members was reduced equally by intestinal obstruc-
small bowel and melanin pigmentation of the skin andtion and by the development of malignant dise¥se.
mucous membranés.In approximately 40% of the fami
lies, the disease is due to a new mutation. The syndrom
occurs in approximately one in 8,300 to 29,000 live births. The follow-up of affected patients is recommended for
Recently, two groups simultaneously identified the genetwo reasons. Several studies have reported that a large
responsible for PJS. The gene codes for a new serinproportion of affected patients need numerous repeat lapa-
threonine kinase and is nam&TK11°%63 rotomies for symptomatic polyps. The usual indications are
bleeding, intussusception, and obstruction. A combined
endoscopic and surgical approach has been advocated for
The key clinical feature is the hamartomatous polyposisthe prophylactic removal of any polyps demonstrated in the
of the gastrointestinal tract. PJS polyps occur throughout themall bowel radiologically. During intraoperative endos-
whole digestive tract but have a predisposition for the smallcopy, the whole small bowel can be inspected and any
bowel. The melanin pigmentation of the skin and mucouspolyps removed. Such an approach may reduce the number
membrane is the external hallmark of the syndrome. Theof laparotomies necessitated by symptomatic polyps. The
pigmentation starts to appear in infancy and reaches aurveillance protocol usually recommended includes gas-
maximum in puberty. Over time, the pigmentation on thetroduodenoscopy and small bowel follow-through every 2
skin and lips tends to fade away, but the spots on the buccdb 5 years from age 15 to 20 years. From a more advanced
mucosa are usually permanent. age (eg, 20 years), colonoscopy might be added to this
Clinical symptoms are most prominent in adolescenceprotocol.
and young adulthood. Intestinal obstruction caused by The second reason for follow-up is the increased risk of
intussusception of the polyps is the most common symptondeveloping cancer. Unfortunately, a wide spectrum of
in PJS (in 86% of cases), followed by gastrointestinal bloodcancers has been observed in PJS, which makes decisions
loss (in 81%). A typical presentation in children is anal on a surveillance program difficult. The most frequent
extrusion of polyps with rectal prolapse. cancers are colorectal, breast, and gynecologic cancer (Ta-
PJS is associated with an increased risk of developingle 5). Therefore, regular mammography and gynecologic
cancer. The risk of developing cancer has been estimated xamination might be considered (Table 4). On the basis of
be nine to 18 times greater than that expected in the gener#the early onset of these cancers, the program should start
population. The most frequently occurring cancers arefrom age 30 to 35 years. The incidence of the other cancers
cancer of the colon and breast (Table 5). The age ais probably too low to justify additional screening measures.
diagnosis of these cancers is relatively young, which is
consistent with an inherited predisposition. Uncommon JUVENILE POLYPOSIS
neoplasms may also be observed in PJS, including sex-cord Juvenile polyposis (JP) is an uncommon autosomal dom-
tumors with annular tubules, Sertoli cell tumors, and ade-nant inherited condition characterized by the development

gurveillance and Management

Clinical Features

Downloaded from www.jco.org on January 22, 2007 . For personal use only. No other uses without permission.
Copyright © 2000 by the American Society of Clinical Oncology. All rights reserved.



HEREDITARY COLORECTAL CANCER SYNDROMES 89s

of multiple (usually 50 to 200) juvenile polyps in the years ago linkage of the disease in this family was reported
colorectum and, in some patients, also in the stomach antb a putative gene on the long arm of chromosome 6, the
small bowel’* Juvenile polyps have a smooth spherical gene defect has not yet been identified.
surface and are composed of cystic and irregularly branched Cases with large numbers of hyperplastic polyps have
crypts embedded within abundant lamina propria that isalso been observed; this condition was termed hyperplastic
lacking smooth muscl& The disease should be differenti polyposis. Williams et &P reported seven isolated cases
ated from JP that occurs in infancy and presents withthat grossly seemed to represent FAP, but histologic exam-
diarrhea, hemorrhages, intussusception, and protein-losingation showed hyperplastic rather than adenomatous pol-
enteropathy. The frequency of the disease is yet unknowryposis. Torlakovic and Snov&rdescribed six patients—all
Recently, two genes have been shown to be involved in JRsf whom had originally been diagnosed as having hyper-
ie, SMAD4® andPTEN"* plastic polyposis—with multiple serrated adenomatous pol-
yps; four of the patients also had colon cancer. Features that
are helpful to distinguish serrated adenomas from classical
The majority of patients will present in their first or hyperplastic polyposis are a larger polyp size (usuailit
second decade with rectal bleeding, anemia, or rectatm) and the presence of features of dysplasia in the serrated
prolapse. The following diagnostic criteria have been sug-adenomas.
gested for JP: (1) more than 5 to 10 colonic juvenile polyps, In conclusion, colorectal cancer is a heterogeneous dis-
(2) JP throughout the gastrointestinal tract, and (3) anyease that is reflected by different clinical, histopathologic,
number of JP in an individual with a family history of .  and molecular genetic features. All of these features should
Epithelial dysplasia occurs relatively frequently in JP. be considered carefully when assessing families with clus-
Several studies have shown that affected patients have &rring of colorectal cancer. The classical features of FAP
increased risk of developing colorectal cantef>’” and HNPCC are relatively easy to diagnose. However, the
Among 87 patients known at the St Mark’s Polyposis atypical forms of FAP, which are characterized by fewer
Registry were 18 male patients with colorectal canceradenomas and a delayed age of onset of colorectal cancer,
diagnosed at an average age of 34 years (range, 15 to 58ay be misdiagnosed as HNPCC. In addition, an increasing
years). Using survival analysis, it was estimated that the riskaumber of atypical HNPCC families (ofteMSH6associ-
of developing colorectal cancer was 68% by age 60 yearsated) are being identified that differ from the classical
This underlies the recommendation for endoscopic surveilHNPCC families by incomplete penetrance and a late onset
lance of the colorectum, starting, for example, from age 25of colorectal cancer. Such families may be confused with
years (Table 4). The interval between the examinationdamilies with clustering of late-onset colorectal cancer. To
depends on the number of polyps and the pathologigrovide the best optimal care for these families, a multidis-
findings. Juvenile polyps may also be found in variousciplinary approach is required. To interpret appropriately
genetic syndromes such as Cowden’s syndrome, Gorlin'she results of MSI, immunohistochemistry, and genetic
syndrome, Cronkhite-Canada syndrome, and the basal cedinalysis, and to discuss the clinical implications of these
nevus syndrome. results in terms of the surveillance program, specialists such
as molecular geneticists, clinical geneticists, psychologists,
OTHER POLYPOSIS SYNDROMES pathologists, gastroenterologists, and surgeons are all
In the majority of patients with polyposis, a clear-cut needed. To create an appropriate environment for molecular
pathologic distinction can be made between FAP, JP, ogenetic testing, multidisciplinary collaboration is also im-
PJS. There are some very rare cases, however, for whicportant.
such distinctions cannot be made. Bizarre mixtures of To promote maximal compliance with the recommended
different sorts of polyps (eg, hyperplastic, adenomatoussurveillance protocol strategies, careful education and coun-
juvenile, and Peutz-Jeghers type) have been reported in theeling about all details of the disease are essential. Experi-
same patient. Whitelaw et “Alrecently reported a family ence has shown that long-term surveillance of high-risk
with apparently dominant inherited mixed polyposis syn-families cannot be adequately guaranteed by individual
drome. The histology of 104 polyps in this family com- specialists, as this can lead to considerable morbidity and
prised adenomatous, juvenile, Peutz-Jeghers, and hypemortality. In several countries, these problems have inspired
plastic polyps. The characteristic lesion is the juvenile polypspecialists to establish national and regional registries that
with mixed features, including both adenomatous and hy-monitor the continuity of the surveillance program by
perplastic. The pedigree also included 13 cases of colorectgleriodic assessment of the screening results. The registries
cancer diagnosed at a mean age of 47 years. Although a fealso ensure that the same screening protocol is offered to the

Clinical Features and Surveillance

Downloaded from www.jco.org on January 22, 2007 . For personal use only. No other uses without permission.
Copyright © 2000 by the American Society of Clinical Oncology. All rights reserved.



90s H.F.A. VASEN

various branches of large families that are followed-up byFAP compared with that in symptomatic ca8tblereditary
different specialists. The success of family-based registrycancer registries also have a role in the assessment of the
assisted surveillance is best illustrated by the decrease in thresults of long-term surveillance. This is important, as the
incidence of colorectal cancer in screening-detected cases @alue of most suggested protocols is as yet unknown.
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