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_ _ . speaker was Dr. Alfred Knudson (Fox Chase Cancer Center
Hereditary nonpolyposis colorectal cancer (HNPCC) is a diphiladelphia), who discussed the tumor spectrum of the HNPCC

tinct autosomal dominant syndrome accounting for approxyndrome. Issues that arose during the workshop are discusse
mately 5%—6% of the total colorectal cancer burden with clinicgke|ow.

and pathologic features caused by defective mismatch repair

genes(1l). Germline mutations in hMSH2, hMLH1, hpMSl’Workshop Summary
hPMS2, and MSH6/GTBP have been identified in affected in-

dividuals(2,3). HNPCC is characterized by early-onset coloregsenomic Instability and HNPCC
tal cancer (median age at diagnosis 45 years); right-sided pre-

dominance; excess synchronous and metachronous colorectghenomic instability is a fundamental property of tumor cells.
neoplasms; and an increased incidence of extracolonic Negse form of genomic instability results from the malfunction of
plasms, including endometrial, small-bowel, gastric, renal pelige pnA mismatch repair system. This instability results in the
and ureter, and ovarian tumors and skin lesions, such as sefaymulation of mutations, particularly at simple repetitive se-
ceous adenomas, carcinomas, and keratoacanth@n8).  quences called microsatellites, and leads to a phenotype that h:
In 1991, the International Collaborative Group on Hereditalyeen termed the replication error (RER) phenotype or microsat-
Nonpolyposis Colorectal Cancgtl) established minimal clini- gjjite instability (MIN).
cal criteria for reCfUiting HNPCC patientS for collaborative stud- What is the re|ationship between MIN and colorectal can-
ies. These criteria, also known as the Amsterdam Criteria, ifer as it applies to HNPCC?Dr. Manuel Perucho (The Burn-
clude the fO||OWing: 1) at least three relatives with hiStOlOgicaHMan |nstitute, La Jona, CA) discussed the f0||owing two path_
verified colorectal cancer, one of them a first-degree relative @fys for colorectal carcinogenesis: 1) the suppressor pathway
the other two (familial adenomatous polyposis excluded); 2) ghere mutational inactivation of two alleles of tumor suppressor
least two successive generations affected; and 3) in one of fig\es is required; and 2) the mutator phenotype pathway, or th
individuals, diagnosis of colorectal cancer before the age of 3fiicrosatellite mutator pathway, which involves the mutational
These criteria were pivotal in identifying kindreds that eventinactivation of two alleles of the same gene that is not a sup-
ally led to the association of the HNPCC syndrome with germiressor gene but is a mutator gene, (e.g., a member of the mis

line mismatch repair gene mutations (MMR). However, the Clinatch repair gene family). These two pathways are different,
teria do not account for extracolonic cancers or for small

kindreds.
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i.e., they result from mutations in different cancer genes. Factal cancer, which may be an example of familial colorectal
example, in colon cancer, p53 and K-ras are mutated in tb@ncer caused by unknown autosomal dominant gétis
suppressor pathway, whereas T@HFeceptor and BAX genes  The morphologic events leading to colorectal carcinoma in
are mutated in the mutator pathway. The former pathway leddBIPCC could be explained by the rapid progression of adeno-
to a tumor that is generally aneuploid and does not have MIMas, de novocarcinomas, or a novel pathway. An alternate
whereas the latter pathway results in a tumor that is diploid amblecular pathway involving hyperplastic polyps as precursor
has MIN. The cell containing the inactivated tumor suppresskasions was discussed. Pathology slides illustrating the origin of
gene has a territorial and growth advantage over the neighboraajorectal cancer within a hyperplastic polyp were presented.
cells, whereas the cell that contains inactivated mutator allel@ther discussions included evidence of clonality consistent with
does not have any territorial advantage. These mutator genesrrangements of chromosome 1 in hyperplastic polyps, MIN in
increase the mutation rate and, therefore, increase the probabhigperplastic polyps in both HNPCC and non-HNPCC patients,
of mutations occurring from mutations in the suppressor genmsd TGFg-RIl mutations in hyperplastic polyps. Jass concluded
or other cancer genes (e.g., T@FRII or BAX) that have a that hyperplastic polyps may be particularly sensitive to the
negative role in cell growth and survival, as well as from mutatonutator effect and, within the context of HNPCC, may serve as
genes themselves (e.g., MSH3 and MSH6). Tumors of the rprecancerous lesior(43).
crosatelll_te mutator pa_thwa)_/ accumulate hundreds of thousa_?lz?l icopathologic Aspects of HNPCC
of somatic mutations (insertions and deletions of one nucleotide
or a few nucleotides) in simple repeated sequences or microsatbDr. Shozo Baba (Hamamatsu University, Japan) presentec
ellites. The workshop participants also discussed how to diffetata on germline mutations in families not meeting the Amster-
entiate “true” MIN from clonality. The former underlies the dam Criteria but meeting the Japanese criteria for HNPCC. The
mutator pathway, whereas the latter underlies the suppres3apanese criteria include class A, in which there are three o
pathway. The distinction between MIN and clonality is evemore colorectal cancers within first-degree relatives, and class
more interesting, because it may also diagnose two apparetilyin which there are two or more colorectal cancers within
mutually exclusive types of genomic instability underlying twdirst-degree relatives, and any of the following) arly-onset
distinct molecular genetic pathways for cancer. colorectal cancer (age <50 yeard)) (ight colon involvement,
When does microsatellite instability occur in HNPCC? or (c) synchronous or metachronous colorectal and/or extraco-
Dr. Darryl Shibata (The University of Southern California, Losonic cancerg14).
Angeles) presented a study in which HNPCCs had microsatelliteDr. Thomas Smyrk (Creighton University, Omaha, NE) dis-
diversity (or variance) increased over time between adenoncassed a distinctive tumor that, in his experience, almost exclu-
cancers, and interval cancers. MIN or loss of DNA mismatdively occurs in a subset of HNPCC patients. He described 23
repair is not a gatekeeper mutation that allows clonal expansipatients from 17 families. In seven families, mismatch repair
but it allows the gates to be opened and influences the sub@4MR) gene germline mutations were identified. These tumors,
guent gatekeepers that occur, which in turn, influence the finghich have been described as medullary carcinomas or cribri-
pathway for tumor development. In this pathway, MIN and logerm carcinomas, are characterized by predominantly undiffer-
of normal repair allele are early events in HNPCC progressiogntiated cells with a fairly solid growth pattern. Focal mucin
Should all colorectal tumors be tested for microsatellite production can be demonstrated in some cases. The tumors al
instability? Professor P. Meera Khan (The Leiden Universitycytokeratin positive but chromogranin A negative. Their inci-
The Netherlands) reported that only two of 75 sporadic tumadgence is less than 0.5% of sporadic colorectal carcinqiit)s
tested with 70 different markers showed the RER phenotypgdowever, Smyrk stated that this histologic pattern has been
and none had a germline mutation. He concluded that not atited in at least 10% of the HNPCCs that he has reviewed.
tumors should be tested for MIN. An important finding was that Dr. Miguel Rodriguez-Bigas (Roswell Park Cancer Institute,
different areas of the tumor show differences in the RER phBuffalo, NY) presented a retrospective review of the pathologic
notypic patterns. data obtained from a hospital-based registry on Amsterdam Cri-
Can RER-positive tumors be characterized in high-risk teria HNPCC families. The salient points were that there was not
families? What are the morphologic events leading to colo- a marked right-sided predominance of cancers (51% versus
rectal cancer in HNPCC? Dr. Jeremy Jass (The University 0f49%). Forty-five percent of the patients had adenomas, of which
Queensland School of Medicine, Brisbane, Australia) present®@Po were left-sided. Unfortunately, some patient details, such a:
data from families who met the Amsterdam Criteria and had afmor differentiation, mucin production, number of lymph nodes
least one tumor with instability in one out of six markers (RERvolved, and other characteristics, were not available in the
positive) versus those Amsterdam Criteria families with twpathology reports. Overall, the review paralleled the published
tumors with no instability in any of six markers (RER negativepathology of HNPCC patients; however, because pathologic
The RER-negative families were characterized by tumors in tHata were missing from some records, it was suggested that
sigmoid colon or rectum (80%), an expected incidence of mudtandardized pathology form be used systematically to report
tiple colorectal cancers, poor differentiation, and mucinous camsected specimen characteristics.
cers, as well as a paucity of extracolonic cancers. At first colo- Dr. Patrice Watson (Creighton University) spoke on extraco-
noscopy, the ratio of adenoma to carcinoma was seven to ondoimic tumors in HNPCC. Endometrial and gastric carcinomas,
RER-positive families versus 14 to one in RER-negative famitpper urinary tract transitional cell carcinomas, small-bowel car-
lies. Jass concluded that these Amsterdam Criteria, REGAomas, as well as sebaceous adenomas, keratoacanthomas,
negative families may represent families with late onset coleebaceous carcinomas are often associated with HNPCC. How
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ever, these extracolonic tumors are not taken into account by fluea, or developmental influences within the colon may be sig-
Amsterdam Criteria. A question that needs to be answerednificant in modifying the phenotypic expression of abnormal
why these patients seem to develop tumors in specific sites ayahotypes.
not in others—genotype—phenotype correlation could contribute Dr. Henry Lynch (Creighton University) could not explain
to such a selectivity16). the longer survival time in patients with HNPCC when com-
Dr. Lawrence Burgart (Mayo Clinic, Rochester, MN) prepared with the survival time among patients with sporadic co-
sented data comparing histopathology to MIN status. There wéoeectal cancers. However, speculation centered on an enhance
20 of 31 tumors with a cribriform or solid growth pattern thaimmunologic response in patients with HNPCCs, as evidencec
were MIN positive (defined as alterations in >30% of the marlby the Crohn’s-like reaction and marked lymphocytic infiltrate.
ers). The positive predictive value for these two histologic spAnother possible explanation for the enhanced immunologic re-
cific patterns, the cribriform/solid growth pattern and the signeponse was an increase in abnormal products secondary to tf
ring cell pattern, was calculated. Assuming a 15% prevalenceinfreased number of mutations in RER-positive tumr8).
MIN at all sites, these tumors had a 58% positive predictivélso put forth was the theory that, because there is a propensity
value. Assuming a 30% incidence of MIN positive tumors proxfor RER-positive cells to accumulate mutations, there is a para-
mal to the splenic flexure, the positive predictive value of thesloxical effect whereby malignant cells may be eventually
patterns was 84%. The negative predictive value at all sites wagned out secondary to the mutational 1¢a8).
91%, whereas it was 82% proximal to the splenic flexure. Bur- Dr. C. Richard Boland (University of California at San
gart also discussed the immuno-histochemistry of mismatch iego) discussed the biology of HNPCC and implications for
pair gene products in HNPCC done in the laboratory of Diteatment. He presented data from several experiments in whicl
Steven Thibodeayl7). In all cases in which expression washromosome transfer was used to correct DNA MMR deficiency
altered in either MSH2 or MLH1, there was associated MINn colon cancer cell lines. The following conclusions were
Eight of 14 tumors with abnormal protein expression had reached: §) agents such a©°-methylguanine, 6-thioguanine,
detectable mutation in the corresponding gene. A mutation displatin, fluorouracil, and melphalan are tolerated by mismatch
either gene resulted in abnormal expression in all but one caspair-deficient cell lines, and) once the mismatch repair sys-
Dr. David Sidransky (The Johns Hopkins University, Baltitem is restored, critical degrees of DNA damage result MG
more, MD) discussed microsatellite alterations found in bodyrrest. The work in cell lines suggests that a careful examinatior
fluids and in blood. A panel of microsatellites could be deviseaf HNPCC treated with fluorouracil should be performed, since
to look for markers that can detect either initial expansion tine laboratory data suggest that these colorectal tumors are re
even subsequent clonal expansions, which are thought to distant to the drug.
synonymous with cancer. . i
Dr. Stanley Hamilton (The Johns Hopkins University) led £anel Discussion
djscussion of the pathology of HNPCC. The following ConCIUCriteria for the HNPCC Syndrome
sions were reached: 1) Even though HNPCCs are more often
poorly differentiated, mucin producing, or of the signet ring cell After the workshop, an extensive discussion took place. One
type, there is no specific histologic type diagnostic of HNPCCsf the topics considered was whether there is a specific histo-
2) very often, there is a dense lymphocytic infiltrate and pathology that could distinguish HNPCCs from sporadic colo-
Crohn’s-like reaction; 3) undifferentiated cribriform pattern andectal tumors. Except for the solid cribriform growth pattern and
signet ring cell carcinoma are histologies that may suggesgnet ring cell carcinoma in young individuals, the answer was
HNPCCs, especially in young individuals; 4) mucin markenhat there is no specific histopathology for HNPCC.
(MUC 2 and MUC 1) could potentially be used to delineate the The next topic of discussion was how to identify potential
cell lineage in these tumors; 5) there is little information in thelNPCC patients who are not identified by the Amsterdam Cri-
literature with regard to the immunopathologic response teria. More than 90% of the colorectal cancers in HNPCC kin-
RER-positive tumors; 6) there is a remarkable absence of ab#dreds show MIN, or the RER phenomen@). RER has poten-
rant crypt foci in HNPCC that supports the concept of rapitl utility as a marker of patients and families who need a more
progression of the malignant transformation once it develomgtailed study of germline DNA to identify HNPCC individuals.
and 7) there are no molecular findings that distinguish RERER testing alone does not identify all familial ca26,21).
positive sporadic tumors from RER-positive HNPCCs. Therefore, it may not be cost-effective to study all colorectal
Dr. Bernard Levin (The University of Texas M. D. Andersorcancers for RER, because of the low incidence of HNPCC in the
Cancer Center, Houston) discussed whether the biologic differerall colorectal cancer burden and the low prevalence of RER
ences between the right and left colon can account for the pie-cases of sporadic colorectal cancer. After much discussion
dominance of right-sided neoplasms with MIN. Cell surface acriteria were developed for the identification of tumors that
tigens, such as Lewis A, X, and Y, are expressed differentiabjpould be tested for RER phenomena or MIN and, therefore, aic
in fetal and adult colons as well as in colorectal cancer. There @mehe identification of HNPCC patients. These guidelines, called
differences in the metabolic gradients of methylhydrazine, orrihe Bethesda Guidelines (outlined in Table 1) will potentially
thine decarboxylase, and gluthatioBdransferase, dependingapply to 15%—20% of the total colorectal cancer burden, which
on the site of the colon examined. Chromosomal abnormalities1997 in the United States has been estimated to be 19 680 t
and allelic deletions have been reported to be more commor2®640 new casef2?2). Elements of the Bethesda Guidelines
proximal tumors. Levin concluded by speculating that enviromAclude both criteria for assessing colorectal cancer patterns ir
mental influences, such as bile acid concentrations and fetahilies meeting the Amsterdam Critei{al) and several other
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Table 1. Bethesda Guidelines for testing of colorectal tumors for Future Research
microsatellite instability

. ndividuals with R A J— The workshop participants agreed that future areas of re-
. Individuals with cancer in families that meet the Amsterdam Criteria : :
2. Individuals with two HNPCC-related cancers, including synchronous an(?earCh in t_he pathOIOgy OT the HNPC_C syndror_ne Sho“"_j include
metachronous colorectal cancers or associated extracolonic cancers* the following: 1) evaluation of the immunohistochemistry of
3. Individuals with colorectal cancer and a first-degree relative with hMSH2 and hMLH1 mutations; 2) further evaluation of markers
colorectal cancer and/or HNPCC-related extracolonic cancer and/or a : : )
colorectal adenoma; one of the cancers diagnosed at age <45y, and th‘t?-UCh as the N_IUC genes and CK20 gene 'n colorectal carcmpmc
adenoma diagnosed at age <40 y to determine if they could serve as screening tools for the diag-
4. Individuals with colorectal cancer or endometrial cancer diagnosed at agpysis of HNPCCs; 3) initiatives in terms of immunologic char-
<45y . . .
5. Individuals with right-sided colorectal cancer with an undifferentiated aCte”Z,at_lon O_f HNPC,CS and host mﬂammatory response and
pattern (solid/cribriform) on histopathology diagnosed at age <45 yt ~ association with survival, and 4) evaluation of the response of
6. Individuals with signet-ring-cell-type colorectal cancer diagnosed at ageRER-positive tumors to chemotherapeutic agents.
<45yt ; ; .
7. Individuals with adenomas diagnosed at age <40 y In Summary’ the following co_n_clu_smns were madﬁ'/(‘t the .
present time, there are no specific histopathologic characteristic:
*Endometrial, ovarian, gastric, hepatobiliary, or small-bowel cancer or trathat differentiate HNPCCs from sporadic colorectal cancers,
sitional cell carcinoma of the renal pelvis or ureter. _ _ with the possible exception of those in young individuals with
TSO““’C”b”fOLm fd_ef'”edl as p‘l),g”yhd'fftere][‘tl'ate" or ‘%”d'f:]‘?lr_e”t""lfed C;’l‘rc'right-sided undifferentiated solid/cribriform pattern or signet
noma composed of irregular, solid sheets of large eosinophilic cells and con- K . .
taning small oland-like Spaces. ?fhg cell cancer; If) in order to identify HNPCC, the Bethesda
+Composed of >50% signet ring cells. Gwdelmes, based on hlstopathology and family history, should
be applied for RER testing of about 15%-20% of the total co-

lorectal cancer burden in the population) étandardized meth-

characteristics reported more frequently in the HNPCC syfdology for tissue handling, collection, and reporting should be
dromes. These characteristics include right-sided predomina@é@pted; ) future areas of research should include the charac-
of colorectal cancer, undifferentiated pattern of histopatholod§fization of the immune response in HNPCCs, and the evalua:
(solid or cribriform), signet-ring-cell-type colorectal cancer, anton of markers for the histologic diagnosis of HNPCC neo-
early onset of the disease at age less than 45 years [revieweBlasms; and€) the definition of RER should be standardized.
(23)). In addition, affected individuals have a higher incidenc
of endometrial, hepatobiliary, ovarian, gastric, small-bowel, r
nal, or pelvic ureteric carcinomds). (1) Ponz de Leon M. Descriptive epidemiology of hereditary non-polyposis
Tumors from individuals meeting any of the above criteria, as colorectal cancer. Tumori 1996;82:102—6.

well as tumors from family members, should be tested. If they?) Liu B, Parsons R, Papadopoulos N, Nicolaides NC, Lynch HT, Watson P,
demonstrate MIN, these patients will be candidates for germline et al. Analysis of mismatch repair genes in hereditary non-polyposis colo-

. . . . . rectal cancer patients. Nat Med 1996;2:169-74.
MMR gene testing. It was emphasized that, in these hlgh-rls&) Akiyama Y, Sato H, Yamada T, et al. Germ-line mutation of the hMSH6/

individuals, genetic counseling is warranted. It is important t0 = GTBP gene in an atypical hereditary nonpolyposis colorectal cancer. Can-
note that RER positivity is not specific for the HNPCC syn-  cer Res 1997;57:3920-3.

drome. In addition, 20% of HNPCC families with germline (4) Fitzgibbons RJ Jr, Lynch HT, Stanislav GV, Watson PA, Lanspa SJ, Mar-
MMR gene mutations do not meet the Amsterdam Criteria. and YS JN, et al. Recognition and treatment of patients with hereditary non-
some cancer-prone families meeting the criteria may not b’e due polyposis colon cancer (Lynch syndromes | and If). Ann Surg 1987:206:
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