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Background: Hereditary non-polyposis colorectal cancer (HNPCC) is an autosomal dominant cancer
syndrome, characterised by familial aggregation of HNPCC related cancers, germline mutations in
mismatch repair genes, and/or microsatellite instability (MSI) in tumour tissue.

Aim: To estimate the frequency of HNPCC among non-selected Danish patients with colorectal cancer
(CRC), and to evaluate the value of MSI analysis as a pre-screen test.

Methods: This was a prospective population based study on consecutive CRC patients. A family his-
tory of malignancy was obtained and suspected HNPCC cases were screened for hMLH1/hMSH2
mutations and subjected to MSI analysis. Patients with germline mutations and/or those with Amster-
dam criteria | or Il families were categorised as HNPCC patients.

Results: Among 1328 eligible CRC patients, 1200 (90.4%) completed a questionnaire. A total of
1.7% (95% confidence interval (Cl) 1.0-2.4) (20 cases) were categorised as HNPCC patients. Amster-
dam criteria | or Il were met in 18 cases (1.5%), and in another two cases (0.2%) pathogenic hMLH1/
hMSH2 mutations were detected without fulfilment of the Amsterdam criteria | or Il. Among 77 patients
younger than 50 years of age, 11 cases (14.3%) were categorised as HNPCC. The Amsterdam crite-
ria | or Il were met in eight of 10 gene carriers (80%). The MSl-high phenotype was demonstrated in
all 10 gene carriers.

Conclusion: The frequency of HNPCC was approximately 1.7% among all CRC cases and 14.3%
among patients younger than 50 years of age. MSI analysis is a reliable pre-screen fest for h(MLH1/

(HNPCC) family, “family G”, was described by the Michi-
gan pathologist Aldred Scott Warthin in 1913."' Family G
was revisited by Henry T Lynch in 1971.° Lynch ef al described
two hereditary colon cancer syndromes: Lynch syndrome 1,
where colon cancer was the only occurring malignancy; and
Lynch syndrome 2, which was characterised by a high risk of
colorectal cancer (CRC) but also of other extracolonic cancers,
especially cancer of the endometrium, stomach, ovary, urinary
tract, and other gastrointestinal cancers.” The term HNPCC
was developed to encompass Lynch syndromes 1 and 2. In
1991, the International Collaborative Group on HNPCC (ICG-
HNPCC) proposed clinical criteria for HNPCC, the so-called
Amsterdam criteria I: (1) at least three histologically verified
CRCs in at least two successive generations; (2) at least one
family member must be diagnosed before the age of 50 years;
(3) at least one family member must be a first degree relative
to the two others; and (4) familial adenomatous polyposis
must be excluded.” Recently, new clinical criteria for HNPCC,
the Amsterdam criteria II, were proposed by the ICG-HNPCC.
The Amsterdam criteria II extend the tumour spectrum to
include endometrial cancer, small bowel cancer, ureter cancer,
and renal pelvis cancer. Those who meet Amsterdam criteria I
or II are likely to represent HNPCC families.®
Pathogenic germline mutations in mismatch repair (MMR)
genes are detected in 50% of families who meet the
Amsterdam criteria 1.” Since 1993, five HNPCC genes (mutator
S homologue gene 2 (h=human) HNPCC gene (hMSH2);
mutator S homologue gene 6 (h=human) HNPCC gene
(hMSH6); mutator L homologue gene (h=human), HNPCC
gene (hMLH1); and human homologue of yeast postmeiotic
segregation genes 1 and 2 (hPMS1 and hPMS2)) have been
cloned and mapped.'*"* The vast majority of pathogenic muta-
tions in HNPCC families are detected in hMLHI and
hMSH2." Very few cases have been reported in hPMSI1 and
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hMSH2 mutations in families suspected of having HNPCC.

hPMS2.” "* Germline mutations in hMSH6 tend to generate a
phenotype with later onset of CRC, and are detected in about
5% of HNPCC suspected families."” '* ' %

The tumour tissue from HNPCC patients harbouring patho-
genic mutations in the MMR genes is frequently characterised
by microsatellite instability (MSI).” MSI can be categorised
as MSI-H (high), MSI-L (low), or MS-S (stable).** Carriers of
pathogenic hMLH1/hMSH2 germline mutations frequently
show MSI-H in tumour tissue.”” ** Although carriers of
hMSH6 germline mutations also frequently present with the
MSI-H phenotype, they have a tendency to present with the
MSI-L phenotype.”” " ¥ This was demonstrated by Wu ef al who
detected hMSH6 germline mutations in four of 18 (22%)
MSI-L tumours from patients with a suspected HNPCC family
history.” The results of MSI testing depends on the choice of
microsatellite markers used, and a National Cancer Institute
workshop has recommended the use of a reference panel of
two mononucleotide markers (BAT25, BAT26) and three
dinucleotide markers (D5S346, D2S123, and D175250).** The
distinction between MSI-L and MS-S tumours can only be
accomplished if a greater number of markers are utilised. A
unique pathological phenotype is identified for MSI-H

Abbreviations: CRC, colorectal cancer; HD, heteroduplex analysis;
hMLH1, mutator L homologue gene (h=human), HNPCC gene; hMSH2,
mutator S homologue gene 2 (h=human) HNPCC gene; hMSH6, mutator
S homologue gene 6 (h=human) HNPCC gene; HNPCC, hereditary
non-polyposis colorectal cancer; hPMS1-2, human homologue of yeast
postmeiotic segregation genes 1 and 2; ICG-HNPCC, International
Collaborative Group for HNPCC; IHC, immunohistochemistry; MMR,
mismatch repair; MSI, microsatellite instability; MSI-H, high microsatellite
instability; MSI-L, low microsatellite instability; MS-S, stable
microsatellites; PCR, polymerase chain reaction; SSCP, single stranded
conformational polymorphism.
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Table 1 Clinical criteria for suspected hereditar
non-polyposis colorectal cancer (HNPCC) designed by
study group

(1) Amsterdam criteria |

(2) Amsterdam criteria Il

(3) Amsterdam criteria | or Il on extended pedigree

(4)  Amsterdam criteria including other HNPCC related cancers
(stomach, biliary tract, urinary tract, ovary, pancreas, abdominal
cancer)

(5) Amsterdam criteria | except that the youngest case of CRC was
50-55 years at the time of diagnosis

(6) Patients aged 40 years or younger with at least one CRC among
family members

(7) Both proband and one first degree relative had CRC before the
age of 55 years

Familes from categories 1-3 meet the clinical criteria for HNPCC
proposed by the International Collaborative Group for HNPCC.
CRC, colorectal cancer.

tumours, while MSI-L/MS-S tumours appear to be phenotypi-
cally similar.** However, the relatively high incidence of MSH6
germline mutations in suspected HNPCC families with
MSH-L tumours indicates that MSI-L tumours should be
accepted as evidence of MSI. It has been suggested that MSI in
multiple tumours from the same family should be accepted as
diagnostic criteria for HNPCC.” However, MSI is not in itself
proof of HNPCC as 10-20% of sporadic tumours also show
some degree of MSL.”

This study was conducted to estimate the proportion of
HNPCC among non-selected Danish CRC patients by using the
family history approach, followed by genetic testing in all
families suspected of having HNPCC based on family history.
We screened for mutations in hMLH1 and hMSH2 using single
strand conformational polymorphism (SSCP) and hetero-
duplex (HD) analysis, and performed MSI analysis in
suspected HNPCC families. This approach has not previously
been used in a large prospective population based study on
consecutive CRC patients (n=1200) from a well defined area.

HNPCC is a poorly defined condition, and the diagnosis can
be made using clinical criteria (family history) and/or results
from tests at the molecular level. However, there is overlap but
not full concordance between these two different ways of
diagnosing the syndrome. In the evaluation of the frequency
of HNPCC, we chose to categorise HNPCC patients using the
following criteria.

(1) Patients who belonged to a family that met the
Amsterdam criteria I or IT (categories 1-3; table 1) and/or

(2) Patients who met less strict criteria for suspected HNPCC
(categories 4-7; table 1) with pathogenic hMLH1/hMSH2
germline mutations.

METHODS

The study was designed as a prospective population based
multicentre study and was approved by the regional ethics
committee. All Danish patients living in a participating county
diagnosed with primary CRC during the study period
completed a questionnaire covering malignancies and age at
onset of cancer among family members. Four Danish counties
(counties of Aarhus, Ribe, Ringkoebing, and Viborg) with a
total population of 1 350 000 people (26% of the Danish popu-
lation) were successively included in the period from Novem-
ber 1995 to October 1998. All CRC patients in Denmark are
diagnosed and treated in the public health care system, which
means that all CRC patients diagnosed within the area were
identified. Patients were identified by the five institutes of
pathology covering the areca. When the pathologist diagnosed
a patient with CRC, the HNPCC study group received the his-
tology report at the same time as the local surgical
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department. Hence the study group was able to remind the
surgical department to complete the questionnaires every
time a patient met the inclusion criteria. The databases of the
institutes of pathology were checked regularly to make sure
that no patients were missed. The four counties have 16 hos-
pitals with surgical departments treating CRC patients. All 16
surgical departments in the study area participated in the
study. If a family met criteria for suspected HNPCC (table 1),
blood samples were collected for screening for hMSH2 or
hMLH1 gene mutations, and tumour tissue samples were
analysed for MSI. Exact 95% confidence limits were calculated
from binomial distribution.

The questionnaire

Patients were interviewed by surgeons who completed a ques-
tionnaire covering malignancies and age at onset of cancer
among first degree relatives (parents, siblings, and children).
We asked separately about cancer status, location of cancer,
and age at the time of diagnosis among first degree relatives
(parents, siblings, and children). If CRC was reported, second
degree relatives were covered also (grandparents, parents’ sib-
lings, siblings” children, and grandchildren). Patients diag-
nosed before the age of 50 years and patients who reported a
HNPCC related cancer among first degree relatives diagnosed
before the age of 50 years were asked about malignancy
among both first and second degree relatives. All types of can-
cers were registered, and the doctors who completed the
questionnaires were instructed to ask specifically about
primary location.

Classification of family history

Seven criteria were considered when evaluating suspected
HNPCC (table 1). In all cases where the patient reported
gastrointestinal cancer or cancer of the urinary tract among
first degree relatives, the diagnosis was verified or rejected by
checking hospital files, death certificates, or information from
the Danish Cancer Registry. The family history was further
explored on the slightest suspicion of HNPCC, even if criteria
1-7 in table 1 were not reported during the first interview.
Patients from families that met the Amsterdam criteria I or II
(categories 1-3; table 1) were classified as HNPCC patients.
Patients from families that met less strict criteria for suspected
HNPCC (categories 4-7; table 1) were classified as HNPCC
patients if a pathogenic hMLH1 or hMSH2 mutation was
detected.

Identification of family members

A total of 1200 pedigrees were constructed using patient
information from the questionnaire. We made an extra effort
to identify all family members with HNPCC related cancers if
the family history raised suspicion of HNPCC. If the patient
was unable to identify family members, we sought to identify
the relative through registers. Denmark has a long tradition of
registration of the population. For example, death certificates
of all Danish citizens who died since 1878 are available for
researchers. Furthermore, a population register was estab-
lished in 1924, and since 1968 all Danish inhabitants have
been identified by a unique personal identity number, which is
used as key ID in most registration systems, including the
Danish Cancer Registry.

Verification of diagnosis

Successfully identified family members’ hospital files and/or
autopsy reports were recovered. If the file was not available at
the hospital, information was obtained from the Danish Can-
cer Registry, which was founded in May 1942 and whose
accuracy and completeness in terms of data registration lies in
the range 95-97%.” If the Danish Cancer Registry had no
information on the family member, the death certificate was
obtained.
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Detection of mutations

Blood samples from patients belonging to families who met
the criteria for suspected HNPCC (categories 1-7; table 1)
were screened for hMLH1 and hMSH2 mutations using SSCP
and HD analysis. We have previously shown that the
combination of SSCP and HD is highly sensitive for the detec-
tion of hMLH1/hMSH2 mutations.”

The 35 coding exons of hMLH1 and hMSH2 were amplified
from purified DNA. Fluorescent 5'-labelled primers were used
for SSCP/HD analysis. The labels were HEX or TET for the
sense primers, and FAM or TAMRA for the antisense primers.
Unlabelled cartridge purified scan primers were used for
sequencing. Primers (Hobolth DNA syntese, Copenhagen,
Denmark) were constructed using the “Oligo” programme
from Medprobe AS (Oslo, Norway). The primers included part
of the introns to detect possible splice mutations. Primer
sequences are available from the authors on request. In order
to keep the length of the polymerase chain reaction (PCR)
products for SSCP below 300 base pairs, hMLH]1 exon 12, and
hMSH?2 exons 3, 12, and 14 were divided into two overlapping
segments, giving a total of 39 PCR products. These products
were subjected to HD formation by placing them in a
container with water at 100°C which was allowed to cool to
40°C over a period of 90 minutes. The PCR products were kept
at —20°C until SSCP/HD analysis which was performed at a
fixed gel temperature of 20°C. Variations in the SSCP/HD pat-
terns led to sequencing of the exon in question. hMLH1 exons
8 and 15, and hMSH2 exons 10 and 12 were sequenced with-
out prior screening as these PCR products contain frequent
polymorphisms. Sequencing was performed on PCR products
with BigDye Terminator Cycle Sequencing Ready Reaction kits
(Perkin Elmer) using standard conditions and the same
sequencing primers as used for PCR. The PCR products were
sequenced in both sense and antisense directions. SSCE, HD,
and sequencing were performed on an ABI prism 377
sequencer, and were analysed using the software programs
GeneScan, Sequence Analysis, and Sequence Navigator (PE
Applied Biosystems).

Microsatellite analysis

DNA was extracted from fresh frozen tumour tissue and from
the normal resection border. The extraction procedure was
performed according to the manufacturer’s protocol (Pure-
Gene D-5000 isolation kit; Biotech Line, Minneapolis, Minne-
sota, USA). Microdissection was performed to enrich for
tumour cells, and the tumour cell content ranged from 50% to
100%. In patients who met our criteria for suspected HNPCC
(categories 1-7; table 1), we examined five loci containing
mononucleotide and dinucleotide repeats: BAT26, D2S119,
D3S1612, D55S404, and D17S261. PCR products were electro-
phoresed for three hours in an ABI Prism 377 sequencer. Data
were collected in the GeneScan program for fragment
analysis. We detected alterations in the microsatellites in the
form of changes in the size of DNA strands by comparing
tumour DNA and normal DNA in neighbouring lanes. MSI
was scored as MSI-high (MSI-H) with two or more novel
bands, MSI-low (MSI-L) with one novel band, and MS-stable
(MS-S) when no novel bands appeared.

With the exception of BAT26, our markers differ from those
recommended by the National Cancer Institute.” With the
purpose of testing the sensitivity of our markers, 50 probands
were subjected to MSI analysis. These probands were selected
randomly but with two restrictions: (1) they should have at
least six first degree relatives, and (2) none of the relatives had
developed cancer. We also compared our markers with the
National Cancer Institute panel markers in 10 patients who
met the Amsterdam criteria L.

RESULTS
A total of 1514 patients were diagnosed with primary CRC in
the study period. Median age at the time of diagnosis was 71

45

years (range 19-95). We excluded 116 patients (7.7%) due to
severe illness or death shortly after diagnosis (median survival
time after diagnosis was six days). Additionally, 70 patients
(4.6%) were excluded for ethical or psychological reasons
(depression, psychosis, senility, or mental retardation).
Among 1328 eligible patients, 1200 (90.4%) completed the
questionnaire. The remaining 128 patients (9.6%) did not fill
in the questionnaire as 51 patients (3.8%) did not want to
participate and 77 patients (5.8%) were missed.

Family history

In total, 45 probands (3.8% (95% confidence interval (CI)
2.75-4.83%)) from 42 families met the criteria for suspected
HNPCC created by the study group. Probands from families
who met the criteria for suspected HNPCC were divided into
seven categories (categories 1-7 in tables 1 and 2). All family
histories were verified by histology, hospital files, the Danish
Cancer Registry, and/or death certificates.

In categories 1, 2, and/or 3, 18 probands (1.5%) from 16
families belonged to a family who met the Amsterdam criteria
IorII (95% CI0.8-2.25%). One of the probands (patient No 18
in table 2) met the Amsterdam criteria I only on extended
pedigree, and in another two probands the third histologically
verified adenocarcinoma that was needed for the families to
satisfy the Amsterdam criteria I was only presumed to be
colon cancer by pathologists (patient Nos 10 and 11). For all
practical purposes, category 1, 2, and 3 families met the clini-
cal criteria for HNPCC proposed by the ICG-HNPCC. We
therefore categorised these families as HNPCC families in the
estimation of the frequency of HNPCC.

In categories 4-7, a total of 27 cases (2.3%) from 26 families
were suspected of having HNPCC without meeting the
Amsterdam criteria I or II (tables 1 and 2). Patients from
families who belonged to categories 4-7 were not categorised
as HNPCC patients in the estimation of the frequency of
HNPCC unless a pathogenic hMLH1/hMSH2 mutation was
detected.

Mutation detection

Blood samples for mutation analysis were collected from 41 of
45 HNPCC suspected patients (91.1%). In the four missing
cases, the patient died before blood samples were collected.
Blood samples were analysed for mutations in hMSH2 or
hMLHI1 for all 18 patients who belonged to a family meeting
the Amsterdam criteria I or 1T, or Amsterdam criteria I or IT on
extended pedigree (categories 1-3; table 1). Blood samples
were analysed in 23 of the 27 patients meeting our less strin-
gent criteria (85.2%) (categories 4-7; table 1).

Results of genetic testing are listed in tables 2 and 3. Patho-
genic mutations were detected in 10 patients (0.8% (95% CI
0.3-1.4%)) of whom eight (80%) satisfied the Amsterdam cri-
teria I or II. Germline mutations were detected in only two of
23 patients (8.7%) who met our less strict criteria for
suspected HNPCC (categories 4-7). Among the 18 probands
who belonged to categories 1-3 (Amsterdam criteria I or II),
eight cases (44% (95% CI 22-67%)) harboured hMLHI1/
hMSH2 germline mutations.

In family No 1, two probands harboured a deletion in
hMLHI in exon 11 of a G at base number 1046, codon 349,
which created a frameshift mutation that produced a stop
codon (table 3). In family No 2, an inframe deletion of hAMLH]I,
exon 16 with a deletion of AAG at base number 1846-1848 at
codon 616, created a deletion of Lys. This mutation has previ-
ously been published by seven authors.” ** **7 In family Nos 3,
12, 28, and 39, we detected an inframe mutation in hMSH2
(deletion of AAT), base number 1786-1788, codon 596, exon
12, causing a deletion of Asn. This mutation is probably
pathogenic and has previously been published by several
authors.” * > In family No 4, a splice mutation (T>A) in
hMSH2 was detected in exon 11, two bases downstream. This
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Table 2 Families listed according to fulfilment of clinical criteria for suspected hereditary non-polyposis colorectal
cancer (HNPCC)

Analysed for Multiple HNPCC
MLHT or related cancers in at  No of right MSI (our MSI (NCI  Proband age at
Patient MSH2 Mutation  least one family sided CRC in  selected reference  time of CRC Categorised as
No Family No  mutation detected member the family markers)  panel) diagnosis (y) HNPCC*
Category 1—Amsterdam criteria |
1 1 Yes MLH1 Yes 5) MSI-H MSI-H 39, 52 +
1 Yes MLH1 Yes 5 MSI-H MSI-H 28 +
3 2 Yes MLH1 Yes 3 MSI-H MSI-H 49 +
4 3 Yes MSH2 Yes 5 MSI-H MSI-H 35,72,75 +
5 4 Yes MSH2 Yes 2 MSI-H MSI-L 65 + En55 +
[¢) 5 Yes No No 0 T na 38 +
7 6 Yes No No 0 MSI-H MS-S 60 +
8 7 Yes No No 0 MSI-H MS-S 42 +
9 8 Yes No No 1 MS-S MS-S 57 +
10 9 Yes No No 0 MS-S MS-S 44 +
11 10 Yes No No 1 MS-S MSI-H 45 +
Category 2—Amsterdam criteria I
12 1 Yes MLH1 Yes 8 MSI-H 38, 54 +
13 12 Yes MSH2 Yes 1 MSI-H 43 +
14 13 Yes No No 0 MSI-L 70 +
15 14 Yes No No 0 MS-S 31 +
16 4 Yes MSH2 Yes 2 MSI-H 36, 58 +
17 15 Yes No No 0 MS-S 49 +
Category 3—Amsterdam criteria | or Il on extended pedigree
18 16 Yes No Yes 2 MS-S 46, 46, 46 +
Category 4—Amsterdam criteria including other HNPCC related cancer
19 17 Yes No No 2 MS-S 76
20 18 Yes No No 0 MS-S 82
21 19 Yes No No 0 MS-S 47
22 20 Yes No No 1 MSI-H 70
23 21 Yes No No 0 T 81
24 22 Yes No No 0 T 34
25 23 Yes No No 1 T 72
26 24 Yes No No 0 MS-S 75
27 25 Yes No Yes 0 MS-S 39, 62
28 26 Yes No Yes 0 MSI-L 49,52
29 26 No na Yes 0 MS-S 81
30 27 No na Yes 0 MS-S 73
Category 5—Amsterdam criteria | (youngest family member with CRC 50-55 y at the time of diagnosis)
31 28 Yes No Yes 0 MS-S 52,52
32 29 Yes No No 0 MS-S 52
33 30 Yes No No 0 MS-S 56
34 31 Yes No No 1 MS-S 81
35 32 Yes No No 1 T 81
36 33 No na No 0 MS-S 58
Category 6—proband at age 40 y or younger with at least one CRC among family members
37 34 Yes MSH2 No 0 MSI-H 26 +
38 35 Yes No No 0 T 34
39 36 Yes No No 0 MS-S 19
40 37 Yes No No 0 MS-S 40
41 38 Yes No No 0 MS-S 34
Category 7 —both proband and one first degree relative with CRC <55 y
42 39 Yes MSH2 No 1 MSI-H 52 +
43 40 Yes No No 1 MS-S 58
44 41 Yes No No 0 MS-S 49
45 42 No na No 1 MS-S 49
tAmplification of tumour DNA not possible.
*Families from categories 1-3 meet the International Collaborative Group for HNPCC clinical criteria for HNPCC, and we categorised these families as
HNPCC. Families from categories 4-7 were categorised as HNPCC only if h(MLH1/hMSH2 mutations were detected.
En, endometrial cancer; na, not analysed; MSI, microsatellite instability; MSI-H, high microsatellite instability; MSI-L, low microsatellite instability; MS-S,
stable microsatellites; CRC, colorectal cancer.

type of mutation is usually pathogenic, and three of three
tested family members with CRC harboured this mutation. In
family No 11, a hMLH1 mutation C>G, base number 76,
codon 26, exon 1, created a GIn>stop.

In one of five cases diagnosed before the age of 40 years and
with CRC among family members, a mutation was detected in
hMSH2 (family No 28; tables 2 and 3). In one of four cases
where both the proband and a first degree relative developed
CRC before the age of 55 years (family No 39; tables 2 and 3),
a mutation in hMSH2 was detected. In six cases who met the
Amsterdam criteria I, except for the fact that the age limit for
the youngest family member with CRC was 50-55 years
(patient Nos 38-43; table 2), no mutations were detected, and
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none of the 12 cases who met the Amsterdam criteria if stom-
ach, biliary tract, urinary tract, ovary, and pancreas cancer
were included (patient Nos 19-30; table 2) harboured hMSH2
or hMLH1 mutations.

Six of 16 families who met the Amsterdam criteria I or II
presented with more than one right sided colon cancer cases
among family members (table 2). Mutations were detected in
five of these families (83%). The remaining 10 families had
only one or no right sided colon cancer cases among family
members, and hMLH1 or hMSH2 mutations were detected in
only one case (10%) (Fisher’s exact test, 2p=0.0076). Seven of
16 families who met the Amsterdam criteria I or IT presented
with at least one family member with multiple HNPCC related
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Table 3 Hereditary non-polyposis colorectal cancer (HNPCC) suspected families with mutation in hMLH1 or hMSH2
Patient  Family
Category No No Gene Exon Base change Base No Codon  AA change MSI Comment
1 1 1 MLHT 11 Del G 1046 349 Frameshift MSIH  Stop codon 380
Amsterdam 2 1 MLIHT 11  Del G 1046 349 Frameshift MSI-H  Stop codon 380
criteria | 8 2 MLHT 16 Del AAG 1846-8 616 Del Lys MSI-H  Pathogenic, see text
4 3 MSH2 12 Del AAT 1786-8 596 Del Asn MSIH  Pathogenic, see text
5 4 MSH2 11  T>A 2 bases downstream — Splice mutation ~ MSIH  Pathogenic, see text
2 12 11 MLH1 1T GCT 76 26 Gln>stop MSI-H  Stop codon
Amsterdam 13 12 MSH2 12 Del AAT 1786-8 596 Del Asn MSIH  Pathogenic, see text
criteria |l 16 4 MSH2 11  T>A 2 bases downstream — Splice mutation ~ MSIH  Pathogenic, see text
6* 37 34 MSH2 12 Del AAT 1786-8 596 Del Asn MSI-H  Pathogenic, see text
7* 42 39 MSH2 12 Del AAT 1786-8 596 Del Asn MSI-H  Pathogenic, see text
*Category 6, proband at age 40 years or younger with at least one CRC among family members; category 7, both proband and one first degree relative
with CRC <55 years.
MSI, microsatellite instability; MSI-H, high microsatellite instability; MSI-L, low microsatellite instability; MS-S, stable microsatellites; CRC, colorectal cancer.

cancers (table 2). Mutations were detected in six of these
families (86%). Mutations were not detected among any of the
nine probands without multiple HNPCC related cancers
among relatives (Fisher’s exact test, 2p=0.0009).

Microsatellite instability

Analysis of MSI was performed on 39 of 45 suspected HNPCC
patients (86.7%) using our markers (BAT26, D2SI119,
D3S1612, D55404 and D17S261). In six cases DNA amplifica-
tion was not possible due to poor tissue quality. In 24 cases the
tumours were MS-S, in two cases MSH-L, and in 13 cases
MSI-H (table 2).

Mutations in hMLH1 or hMSH2 were detected in 10 of 15
MSI-H or MSI-L tumours (positive predictive value 66.7%
among suspected HNPCC patients). Germline mutations were
exclusively detected among families who showed MSI-H and
therefore in terms of identifying hMLHI and hMSH2
mutations, MSI analysis showed a sensitivity of 100%.

Seven of 18 patients (39%) who met the Amsterdam crite-
ria I or IT did not show MSI-H or MSI-L. MS-S was present in
six of these cases and in one case no DNA amplification was
possible due to poor tissue quality. Hence the sensitivity of
MSI analysis in terms of identifying families who met the
Amsterdam criteria I or I was 61% (11 of 18 cases). Among 27
suspected HNPCC patients who did not meet the Amsterdam
criteria I or IT (patient Nos 19—45; table 2), only four (14.8%)
showed MSI-H or MSI-L in tumour tissue.

With the purpose of testing our microsatellite markers, 50
patients without a family history of cancer were subjected to
MSI analysis. MSI-H was observed in seven cases (14%).
Other laboratories have demonstrated a frequency of micro-
satellite instability between 10% and 20% among sporadic
CRC cases.” “* Hence our results are comparable with results
from other series.

We also compared our markers with the National Cancer
Institute panel markers (BAT25, BAT26, D5S346, D2S123, and
D17S250) in 10 patients who met the Amsterdam criteria I. In
a test performed on 10 patients meeting the Amsterdam crite-
ria I, our markers showed MSI-H in seven cases and MS-S in
three cases. The National Cancer Institute panel markers
showed MSI-H in five cases, MSI-L in one case, and MS-S in
four cases (table 2). Germline mutations in hMLH1/hMSH2
were detected in five cases, and both our panel and the
National Cancer Institute panel showed MSI in all cases.
However, in one case the National Cancer Institute panel
showed MSI-L in a gene carrier (patient No 6). Although the
number of patients tested was limited, our panel appeared to
be at least as sensitive as the markers recommended by the
National Cancer Institute in terms of MSI detection.

HNPCC was detected in 13 cases (1.1%) if the diagnosis was
restricted to patients from Amsterdam criteria I or II families

with MSI-H or MSI-L tumours, and/or families with
pathogenic mutations in hMLH1 or h(MSH2.

DISCUSSION

This is the first prospective population based study on a large
series of consecutive CRC patients (n=1200) where a family
history of malignancy was obtained and suspected HNPCC
cases were screened for hMLH1 and hMSH2 mutations and
subjected to MSI analysis. In the evaluation of the frequency
of HNPCC, we chose to categorise patients as HNPCC if they
belonged to a family that met the Amsterdam criteria I or II
and/or met less strict criteria for suspected HNPCC (categories
4-7; table 1) with pathogenic hMLH1/hMSH2 germline muta-
tions.

We identified 45 probands (3.8%) presenting with a
suspected HNPCC family history. Among these, 18 cases (1.5%
(95% CI 0.8-2.25%)) belonged to a family that met the
Amsterdam criteria I or II. In another two cases who met the
criteria for suspected HNPCC without meeting the Amster-
dam criteria I or II, hMLH1/hMSH2 germline mutations were
detected. Hence HNPCC were diagnosed in 20 cases, which
corresponds to a frequency of HNPCC of 1.7% (95% CI
1.0-2.4%). Among patients younger than 50 years of age at the
time of diagnosis, 14.3% (11/77 cases) were categorised as
HNPCC patients.

Several study groups have estimated the frequency of
HNPCC among consecutive CRC patients based on family his-
tory but without testing for hMLH1/hMSH2 germline
mutations. In a prospective multicentre study from 10 Finnish
hospitals, Mecklin ef al found that the frequency of families
meeting the Amsterdam criteria I was 0.7%, and 1.7% were
suspected of HNPCC using less strict criteria.” Evans and
colleagues* studied 1137 consecutive CRC patients in a partly
retrospective (663 patients), partly prospective (474 patients)
study. Three cases (0.3%) met the Amsterdam criteria I, and a
total of 1.4% fulfilled less strict criteria for HNPCC. Ponz et al
estimated the frequency of HNPCC among CRC cases to be
3.4-4.5% in Northern Italy.” In our study, a total of 11 cases
(0.9%) met the Amsterdam criteria I. Thus estimation of the
frequency of HNPCC based entirely on the Amsterdam criteria
1 shows different results in different populations. In a recent
Italian study, Cornaggia ef al demonstrated a very low
frequency of HNPCC (0.5%) in two areas belonging to the
Lombardy Cancer Registry compared with other areas of
Italy.” Differences in the frequency of HNPCC between popu-
lations probably reflect actual population differences but may
also reflect differences in the ability of verifying diagnoses
among family members and differences in the level of proof
that is accepted to verify diagnosis.
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Another approach to estimating the frequency of HNPCC
was demonstrated by Aaltonen ef a/ in a study of 509 CRC
patients.” Tumour tissues were screened for DNA replication
error, and leucocyte DNA from 63 patients with DNA replica-
tion error positive tumours (12%) was screened for germline
mutations in hMLH1 and hMSH2. Ten patients (2.0%)
harboured germline mutations in hMLH1 or hMSH2. Nine of
these patients had a first degree relative with CRC or endome-
trial cancer, four patients met the Amsterdam criteria I, and
three met the Amsterdam criteria I on extended pedigree. In
concordance with Aaltonens” MSI approach study, we found
that 9/10 patients (90.0%) with mutations in hMLHI or
hMSH2 had a first degree relative with CRC or endometrial
cancer. However, we demonstrated that 39% of the patients
who met the Amsterdam criteria I or IT did not show MSI-H or
MSI-L. These cases would have been missed if patients with
MS-S tumours were excluded from further investigation. Aal-
tonen et al did not identify any families who met the Amster-
dam criteria I among patients with MS-S and MSI-L tumours.
This may be explained by the fact that Aaltonen et al routinely
only identified and verified diagnoses among first degree rela-
tives. In the majority of our families who met the Amsterdam
criteria I or I, a second degree relative was needed to fulfill the
criteria. Another important factor may be that the lifetime risk
of CRC in the background population is higher in Denmark
than in Finland.” *

Among the 39 probands suspected of having HNPCC who
were subjected to MSI analysis, 13 probands had MSI-H
tumours, and pathogenic hMLH1/hMSH2 mutations were
detected in 10 of these probands (77%). The Amsterdam crite-
ria I or II were fulfilled in 8/10 gene carriers (80.0%). In none
of the 24 suspected HNPCC patients with MS-S tumours were
pathogenic hMLHI1/hMSH2 mutations detected. In the two
suspected HNPCC probands with MSI-L tumours, no hMLH1/
hMSH2 mutations were detected. However, MMR mutations
(especially hMSH6 mutations) cannot be ruled out in these
probands.* Several laboratories have reported MSI-H in all
MSI analysed patients with pathogenic hMLH1/hMSH2
mutations.” ¥ * * These results are in agreement with our
findings as all patients with hMLH1/hMSH2 mutations in our
study had MSI-H tumours using our panel of markers. It is
likely that the majority of patients who meet the Amsterdam
criteria I or II without MSI harbour mutations in other MMR
genes or have other hereditary cancer syndromes, and surveil-
lance is recommended.

Using our criteria for suspected HNPCC (table 1), MSI
analysis showed a sensitivity of 100% (10 MSI tumours in 10
gene carriers). Among suspected HNPCC patients, MSI analy-
sis showed a positive predictive value of 67% in terms of
detecting hMLH1 and hMSH2 mutations. Although the
number of patients was limited in size (10 germline mutations
out of 15 MSI-H or MSI-L tumours among 39 HNPCC
suspected patients subjected to MSI analysis), it indicates that
the technique is reliable. However, the sensitivity of MSI
analysis was only 61% in terms of detecting families that sat-
isfied the Amsterdam criteria I or II. Our results demonstrated
that MSI analysis is very useful in detecting patients with
hMLH1/hMSH2 mutations among patients who belong to
families suspected of having HNPCC but of limited value as
the first step in the identification of Amsterdam criteria I or IT
families.

It has been suggested that families with aggregation of CRC
among family members who do not present with the MSI
phenotype may represent chance familial clusterings, the
effect of shared environmental carcinogens, or the effect of a
different genetic pathophysiology, perhaps involving genes not
involved in mismatch repair.” In this study, the HNPCC ratio
declined to 1.1% (13 cases) if we added the criterion of MSI-H
or MSI-L as a restriction to the diagnosis.

Our results of genetic testing are in agreement with
previous studies that showed a relatively high frequency of
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hMLH1/hMSH2 mutations in Amsterdam criteria I or II fami-
lies, and a low frequency in families who did not meet these
criteria.” ¥ However, the majority of hMLH1/hMSH2 gene car-
riers among consecutive CRC patients could have been identi-
fied among families who did not meet the Amsterdam criteria
I or II if these families represented a large number compared
with the number of Amsterdam criteria I or II families or if
penetrance was lower than previously estimated. Families
with HNPCC identified by us at the molecular level almost
always presented with a massive occurrence of HNPCC related
cancers among family members. Only two families did not
fulfil the Amsterdam criteria I or II. In one of these cases, the
proband was a 26 year old male who harboured a mutation in
hMSH2 (family No 28; table 2). His mother, who also carried
the mutation, had breast cancer at the age 53 years, his aunt
had kidney cancer at the age of 64 years, and the grandfather
developed myeloid leukaemia at the age 82 years and rectal
cancer at age 83. In the second case, the proband was a male
diagnosed at the age of 52 years who harboured a mutation in
hMSH2, and had a large mucinous cancer in the caecum
(family No 39; table 2). His father developed colon cancer at
the age of 52 years, and further exploration of the family his-
tory on the father’s side was not possible. Hence in both cases
the patients showed features of HNPCC, and both showed the
MSI-H phenotype in tumour tissue. In another 21 tested
cases, where the families were suspected of having HNPCC
without meeting the Amsterdam criteria I or II, no
hMLH1/hMSH2 mutations were detected. Among these 21
cases, 16 were successfully tested for MSI in the tumour
tissue, and only one case showed the MSI-H phenotype. The
proportion of MSI-H tumours among patients suspected of
having HNPCC without meeting the Amsterdam criteria I or IT
was as low as 14.8%, which corresponds to the frequency of
MSI-H tumours among sporadic cases. These results suggest
that the majority of these families are probably not genuine
HNPCC families.

As families who meet the Amsterdam criteria I or II are
likely to represent a hereditary CRC syndrome, the family his-
tory of cancer is still indispensable, and we find it interesting
that only two of 20 cases who were categorised as HNPCC did
not met the Amsterdam criteria I or II. Testing at the molecu-
lar level did not reveal a large number of families that would
not have been identified on family history alone.

The derived estimate of the proportion of CRCs attributable
to HNPCC (1.7%) among consecutive CRC patients in this
study can be criticised on several points. It may be an over-
estimate as we only detected hMLH1/hMSH2 germline muta-
tions in 10 of 20 (50%) patients categorised as HNPCC. Aggre-
gation of HNPCC related cancers in mutation negative
Amsterdam criteria I or II families is due in some cases to
coincidental clustering or shared environmental carcinogens.
We have calculated that it is likely that 25% of all Danish
mutation negative families who meet the Amsterdam criteria
I and where the proband was younger than 50 years of age,
fulfil the criteria due to coincidental clustering of CRC among
relatives.” Moreover, among families who met the Amsterdam
criteria I or II, synchronous or metachronous HNPCC related
cancers among family members and several family members
with right sided colon cancer seemed to be strong predictors of
mutation detection. If these features were absent, mutations
were rarely detected. It is therefore likely that the majority of
families who met the Amsterdam criteria I or II with
predominantly left sided CRC and/or without multiple HNPCC
related cancers in any family members, fulfilled the criteria
due to other causes than mutations in hMLH1 or hMSH2. A
large proportion of these families did not show MSI-H or
MSI-L in tumour tissue, and may not represent families with
an underlying hereditary MMR system defect.

However, it is probably more likely that the derived estimate
(1.7%) is an underestimate. A National Cancer Institute
workshop in 1997 defined the Bethesda guidelines for testing
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for MSI in which much wider inclusion criteria were used.”
The use of these guidelines would probably have increased the
sensitivity. Moreover, due to competing causes of death and
the small size of families, the most accurate way to determine
the proportion of mutation positive CRCs would be to under-
take MSI studies in all cases of CRC. Also, the minor genes
hMSH6, hPMS1, and hPMS2 were not analysed, and our
methods for mutation detection were not 100% sensitive.”
Some HNPCC families may have escaped identification due to
lack of knowledge about cancer occurrence among family
members. New mutants and non-paternity patients with
HNPCC would, for example, not be detected. Patients
harbouring low penetrance mutations would in many cases
also be missed, and as approximately 10% of the carriers of
known pathogenic mutations never develop cancer, it is possi-
ble that some cases (especially small families) are missed due
to non-penetrant relatives.” Another possible source of misin-
terpretation is that there may be phenocopies among the
probands where the family has HNPCC but the analysed
patient is a non-carrier and has developed cancer for reasons
other than HNPCC.

We believe that our estimate is fairly accurate. The
proportion of hMLH1/hMSH2 germline mutations among
patients who met the Amsterdam criteria I in our study is
comparable with the results from other laboratories (mutation
detection rate 50% v 45% in our study),” and 8/10 carriers of
hMLH1/hMSH2 mutations presented with a massive occur-
rence of HNPCC related cancers among family members.

Among families suspected of having HNPCC without meet-
ing the Amsterdam criteria I or II, other study groups have
demonstrated comparable or higher mutation detection rates
(8-28% v 9% in our study).”” * However, for several reasons
there may be differences between families from different
study groups even when the same clinical criteria are used. In
countries such as Denmark with almost complete and high
quality cancer registration and high quality population regis-
ters, it is possible to verify or reject the family history in most
cases and to explore further the family history for malignancy.
In countries with a lower quality of registration, we would
expect a higher proportion of mutation carriers among fami-
lies who are incorrectly reported with weak family histories of
HNPCC related cancers, simply because verification of family
member diagnoses is impossible. Another aspect is the possi-
bility of differences between families who are self referred to
cancer clinics and those families who are identified on the
doctor’s initiative (as in our study). It is possible that self
referred families are more likely to contain more extreme fea-
tures such as multiple cancers or several family members
diagnosed at an early age. A large proportion of our families
who met our criteria for suspected HNPCC (categories 1-7;
table 1) would probably not have been identified on the
patient’s initiative. Ours was a prospective population based
study among non-selected CRC patients, while most other
studies are not, and this may explain the low mutation detec-
tion rate among suspected HNPCC families who did not meet
the Amsterdam criteria I or II. We believe that the low muta-
tion detection rate among the suspected HNPCC patients who
did not meet the Amsterdam criteria I or II makes it unlikely
that a large number of mutation carriers were missed due to
incomplete selection of families. Wijnen ef al detected
hMLH1/hMSH2 mutations in only three of 39 families (8%)
suspected of having HNPCC but not fulfilling the Amsterdam
criteria 1.* In one of these families, the third cancer was an
endometrial cancer, hence fulfilling the Amsterdam criteria II,
and in another the family history was not available as the rest
of the family was residing in Indonesia. If these two cases are
excluded, Wijnen ef al detected hMLH1/hMSH2 mutations in
only one of 37 cases (2.7%) suspected of having HNPCC with-
out meeting the Amsterdam criteria. Furthermore, hMLH1/
hMSH2 mutations are rarely detected in patients without a
family history of HNPCC related cancers. In a study conducted
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by ICG-HNPCC, 50 CRC patients diagnosed before the age of
40 years were screened for mutations in hMLH1 and hMSH?2.
Only three patients (6%) harboured mutations.” In our study,
only 20 of 1514 patients (1.3%) were diagnosed before the age
of 40 years, of whom eight probands (40%) were suspected of
having HNPCC according to our criteria for suspected HNPCC.
Using the IGC-HNPCC data on the remaining 12 patients, we
would expect to find less than one patient (0.06x12=0.72)
with an hMLH1/hMSH2 mutation among patients diagnosed
before the age of 40 years without a family history of HNPCC
related cancer. An exception may be extremely young CRC
patients. Liu ef a/ demonstrated germline mutations in five of
12 patients diagnosed before the age of 35 years with micro-
satellite instability.”* In this study, only 11 of 1514 patients
(0.7%) were diagnosed before the age of 35 years, and seven of
these met our criteria for suspected HNPCC. Only two of these
seven patients showed MSI-H, and both harboured germline
mutations. For the above reasons we find it most likely that the
low mutation detection rate among suspected HNPCC families
who did not belong to categories 1-3 (9%) is fairly accurate.

Immunohistochemical (IHC) analysis with antibody based
screening for loss of expression of hMLH1 and hMSH2 has
recently been shown to have a high concordance with MSI
analysis. Thus Marcus ef al compared immunohistochemical
patterns of 38 MSI-H tumours. They found that 37/38 MSI-H
tumours (97.4%) were predicted to have a MMR gene defect,
as demonstrated by the absence of hMLH1 and/or hMSH2
expression.” Cawkwell et al investigated 502 CRCs for MSI.
They demonstrated that 66/66 MSI tumours (100%) were
associated with complete lack of expression of either hMLH1
or HMSH2.” The cost of IHC is much lower than that of MSI
analysis, and it is likely that IHC combined with MSI analysis
will be the pre-screen test of choice for HNPCC in the future.

It has previously been suggested that HNPCC accounts for
5-10% of all CRC cases.” The present study shows that this is
hardly the case. The Amsterdam criteria I or I were met in 18
patients (1.5% (95% CI 0.8-2.25%)). In another two patients
(0.2%) suspected of having HNPCC, without meeting the
Amsterdam criteria I or II, pathogenic hMLH1/hMSH2 muta-
tions were detected. Hence a total of 20 cases (1.7% (95% CI
1.0-2.4%)) were categorised as HNPCC patients.

Our study demonstrated that MSI analysis is very useful in
detecting hMLH1/hMSH2 mutation carriers among patients
who belong to a family suspected of having HNPCC. Using our
criteria for suspected HNPCC, MSI analysis showed a sensitiv-
ity of 100% and, among suspected HNPCC patients, the posi-
tive predictive value was 67% in terms of detecting hMLH]1
and hMSH2 mutations. Although the number of patients was
limited in size (10 germline mutations out of 13 MSI-H and
two MSI-L tumours among 39 suspected HNPCC patients
subjected to MSI analysis), our study demonstrates that the
technique is reliable. We showed that the use of different
markers (the National Cancer Institute panel compared with
our panel) gives different results. However, both panels
showed either MSI-H or MSI-L in all gene carriers, which
suggests that MSI-L tumours should be accepted as a proof of
MSI.

The sensitivity of MSI testing was only 61% in terms of
detecting families that satisfied the Amsterdam criteria I or 1T,
which in our opinion makes MSI analysis less appropriate as
the first step in the identification of families suspected of hav-
ing hereditary CRC. Families with MS-S tumours who meet
the clinical criteria for HNPCC may not harbour defects in the
MMR system. However, these families should still be
considered high risk, and therefore the family history of can-
cer is still indispensable.

The most important novel finding in this study was that the
majority of hMLH1/hMSH2 mutation carriers, identified
among consecutive CRC patients, present with a very strong
family history of HNPCC related cancers. The majority of
HNPCC suspected families did not meet the Amsterdam crite-
ria I or II, but germline mutations were detected in only 9% of
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the probands who were suspected of having HNPCC without
meeting the Amsterdam criteria I or II. Hence we would not
expect a large number of hMLH1/hMSH2 gene carriers among
CRC patients with a weak family history of HNPCC related
cancers.
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