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4Division of Experimental Oncology, Centro di Riferimento Oncologico, Aviano, Italy

MMR gene mutations and MSI are not found in all clinically
diagnosed HNPCC families. We evaluated whether MMR
genotyping and tumor MSI analysis could identify distinct
clinical subgroups among HNPCC families. Twenty-nine clin-
ical HNPCC families were divided into 3 groups: A, families
with hMLH1 or hMSH2 gene mutations; B, MMR gene muta-
tions not present but MSI present in at least 50% of tumors
tested; C, mutational and MSI analyses negative. We evalu-
ated tumor spectrum, age at onset, risk of cancer in the
follow-up and survival for CRC in the 3 groups. Tumors of the
target organs in HNPCC (colon and rectum, endometrium,
ovary, small bowel, stomach, renal pelvis and ureter) were
more frequent in the first 2 groups than in the latter. Colon
cancer was more frequently located in the proximal colon
and showed an earlier age at onset in families with MMR gene
mutation or with MSI than in families with stable tumors.
Comparing the occurrence of tumors in the follow-up, in the
first 2 groups patients younger than 50 years had a higher RR,
which was particularly marked for CRC (RR 5 18.6 for group
A vs. group C, RR 5 16.7 for group B vs. group C). CRC
patients in the first 2 groups had a better clinical prognosis.
The results of molecular analysis could distinguish, within
clinically defined HNPCC families, different subgroups to
which specific programs of surveillance could be addressed.
© 2001 Wiley-Liss, Inc.
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HNPCC is an autosomal dominant inherited syndrome caused
by mutations in one of the DNA MMR genes, mostly hMSH2 and
hMLH1.1,2 Thedisease ischaracterized by an elevated lifetimerisk
of developing colorectal and other extracolonic malignancies, such
as endometrial, gastric, small bowel, ovary, renal pelvis and ureter
cancers.3

Identification of HNPCC can be problematic owing to the lack
of clinical or histologic distinctive features, the frequent unavail-
ability of genetic analyses and the interpretation of biomolecular
findings.4,5 The diagnosis is basically reached on aclinical ground
and relies on criteria, formally introduced in 1991 (AC-I)6 and
later modified7 with the inclusion of those extracolonic tumors
(i.e., endometrium, small bowel, renal pelvis and ureter) that are
considered part of the syndrome (AC-II).

From the molecular point of view, almost 90% of cancers in
HNPCC families show MSI,8 suggesting that MMR deficiency
plays acrucial role in thepathogenesisof thedisease. Despite this,
MMR germline mutations are found in only 30–70% of HNPCC
families,9 thus raising questions on the nature of the disease and
the most appropriate management for cases without a well-known
genetic defect.10

Increasing evidence supports CRC surveillance as useful in
individuals at risk in general and in AC-I HNPCC families in
particular,11,12 but the cost-effectiveness of this strategy has been
demonstrated mostly for subjects with MMR mutations.13,14 Con-
sequently, whether HNPCC families with undefined mutational
status have the same cancer risk and need the same strategies of
surveillance and counseling as those with well-demonstrated
MMR defects remains unknown.

Our study was aimed at evaluating whether HNPCC families in
which a mutation has been identified are clinically different from
families in which amutation has yet to be found. In particular, we
used the results of molecular analyses, i.e., hMLH1 and hMSH2
genotyping and MSI tumor testing, to stratify HNPCC families,
selected with AC-II , in 3 distinct subgroups (families with MMR
mutation, familieswithout mutation, familieswithout mutation but
with MSI tumors). Finally, these 3groups have been compared to
assess whether the biomolecular heterogeneity of HNPCC is as-
sociated with clinical heterogeneity, which could influence the
strategies of management, surveillance and prevention.

MATERIAL AND METHODS

Families and clinical variables
Through a previously described15 multistep clinical approach,

we identified HNPCC families from thedataof a population-based
CRC registry instituted in the area of Modena (northern Italy) in
1984. Briefly, the nuclear pedigrees (limited to first-degree rela-
tives) of all incident CRC cases diagnosed in the period 1984–
1997 were collected and then stratified according to the presence
of 6 clinical features, all suggestive of increased risk of hereditary
disease: verticality (parent or offspring affected by CRC or other
tumors featuring HNPCC, such as endometrium, small bowel,
ovary, urinary tract, stomach), aggregation (in the sibship of the
proband, at least 50% of siblings affected by cancer at any site),
early onset (cancers at any sites developed before the age of 50),
localization in the right colon (caecum, ascending, transverse and
flexures), multiple tumors (at any sites, both synchronous and
metachronous) and mucinous histologic type (presence of mucus
in 50% or more of the colorectal tumor at histology). When a
patient had 2 or more of these features, an extended genealogic
pedigree was traced and then analyzed for the presence of diag-
nostic criteria for HNPCC. This approach led us to estimate the
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frequency of HNPCC in the general population as 2.6% of all
CRCs.16 Further details of this clinical approach have been pub-
lished in various reports.15–17

Once identified, families were considered eligible for the study
if they met the following criteria: (i) fulfillment of AC-II for
HNPCC diagnosis, (ii ) MSI testing in at least 1 case of CRC or
endometrial cancer in the family and (iii ) availability of hMLH1
andhMSH2mutation analysis results. According to biomolecular
assays, eligible families were then subdivided in different groups:
group A, mutation-positive families, if a germline mutation in 1 of
the 2 MMR genes was found; group B, MSI families, if MSI was
present in the majority of tumors tested ($50%) but without
mutations inhMLH1 or hMSH2; group C, MSS families, when
mutational analysis was negative and MSI was found in,50% of
tumors tested (Table I).

We then evaluated whether tumor spectrum, age at onset, RR
and cancers developed in the follow-up showed significant differ-
ences among the 3 groups. Finally, 5-year CRC-specific survival
was analyzed according to molecular diagnosis (mutation-positive,
MSI, MSS), TNM stage (4 categories: stages I, II, III and IV1
unstaged tumors), gender, age at diagnosis (dichotomized in 2
groups:#50 and.50 years) and colorectal sublocalization. In the
latter case, 2 groups were defined: right colon (from caecum to
splenic flexure) and left colon (distal to splenic flexure)1 rectum.
Patients were considered eligible for survival analysis if they had
a histologically verified CRC and if information on their clinical
status was available by 31 December 1999. Causes of death were
ascertained through clinical charts and death certificates.18

Microsatellite testing and MMR gene mutation analysis
For microsatellite analysis, DNA was extracted from neoplastic

and paired normal mucosa specimens of CRC and endometrial
cancer according to the standard procedure.19 Five markers, 3

mononucleotides (BAT25, BAT26 and BAT40) and 2 dinucleoti-
des (D17S787 and D18S58), were used; tumors showing instabil-
ity at 2 or more loci were scored as unstable.20 This set of
microsatellite markers does not strictly correspond to the first
panel proposed by the Bethesda guidelines20 mainly because, in
most cases, MSI testing was begun prior to their introduction. The
choice of the panel used in our study was based on the high
sensitivity and consistency of these primers at detecting high-
frequency MSI. In particular, mononucleotides BAT25, BAT26
and BAT40 have been shown to be highly sensitive and specific at
identifying MSI in HNPCC patients in our sample21 and in other
studies.22–24

As previously reported,25 germline mutations inhMSH2 and
hMLH1 were studied by SSCP and sequencing on DNA derived
from blood leukocytes. Samples showing an altered SSCP mobility
pattern were sequenced by means of the Sequenase PCR product-
sequencing kit (Amersham, Aylesbury, UK).

Statistical analysis
The x2 test was used to assess the statistical significance of

differences among groups except for mean age at cancer diagnosis,
mean length of follow-up and mean family size, which were
analyzed by ANOVA (univariate models). RRs and 95% CIs were
used to evaluate differences in cancer development in the fol-
low-up considering persons/year at risk as the reference population
category in each group. For survival analysis, categorical variables
were created for all parameters evaluating CRC-specific survival
through the method of Kaplan-Meier26 and estimating differences
with the log-rank test.27 The independent effect on survival of each
variable was evaluated through Cox regression multivariate anal-
ysis, using the stepwise backward conditional method.28 Statistical
significance was set atp , 0.05. All analyses were carried out
using SPSS (Chicago, IL) Windows software.

TABLE I – MAIN FEATURES OF FAMILIES AT THE TIME OF HNPCC DIAGNOSIS

Family code Number of
family members

Number of
affected members

Colon cancer Extracolonic HNPCC organs

Cases Age (range) Cases Age (range)

Group A
1 34 7 5 41–47 3 31–59
2 29 10 7 27–73 4 43–66
4 34 7 5 41–55 3 41–47

10 36 8 5 47–65 5 41–60
20 51 12 7 44–56 4 49–58
27 32 10 12 40–69 1 49
29 37 8 8 41–61 2 44–53
33 38 7 7 33–50 — —
35 42 11 6 20–57 4 34–51
39 28 5 4 48–79 3 33–49

Group B
3 22 3 3 41–78 — —
6 24 4 5 28–57 1 70
7 21 3 4 44–56 1 42
9 20 4 4 36–56 — —

24 28 3 3 46–65 — —
25 36 6 7 34–67 1 83
34 19 3 2 45–46 1 68
36 26 4 3 55–70 2 41–62
40 22 3 4 48–67 — —
41 23 4 3 37–42 — —

Group C
11 39 8 10 48–72 — —
12 37 4 3 50–65 — —
17 47 7 5 47–86 1 65
21 36 4 3 34–70 1 76
23 60 15 9 40–78 1 54
26 35 7 6 45–85 1 85
37 38 5 6 41–90 — —
38 33 4 2 37–73 1 48
42 30 3 3 49–82 — —

The third column reports the total number of patients affected by cancer at any site, whereas the fourth and sixth columns report the total
number of colorectal and extracolonic HNPCC cancers.
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RESULTS

Twenty-nine families met the criteria for inclusion: 10 carried
MMR gene mutations (group A), 10 were characterized by MSI
phenotype but not by MMR gene mutations (group B) and 9 did
not show mutations or MSI (group C). In group A, 6 families were
characterized by germline mutations inhMLH1 while 4 harbored
pathogenic mutations inhMSH2.

Overall, 76 tumors (70 colorectal and 6 endometrial) could be
analyzed for MSI. In group A, all 25 tumors tested (20 colorectal
and 5 endometrial, range of tumors tested per family 1–5) showed
MSI. Twenty-three (22 colorectal and 1 endometrial) of 25 tumors
(92%) were unstable in families with MSI (range of tumors tested
per family 2–4). In group C, only 2 of 26 colorectal tumors tested
(7.7%) showed instability (range of tumors tested per family 2–5).
Considering the relation between MSI and colorectal tumor sub-
localization, the percentage of MSI left-sided colorectal tumors
was 100% (7 tested cases) in group A, 75% (6 of 8 tested cases)
in group B and 5% (1 of 20) in group C. The corresponding
percentages of MSI right colon cancer were 100% in group A (13
cases), 93% (13 of 14 cases) in group B and 17% (1 of 6) in
group C.

Table II summarizes the main clinical features of the groups at
baseline (i.e., time of HNPCC diagnosis in the index case). Fam-
ilies of the 3 groups did not differ according to gender and
proportion of members alive; although not significant, family size
was slightly smaller in group B. The number of affected members
was higher in group A than in groups B and C (p , 0.05);
moreover, multiple malignancies tended to occur more frequently
in patients of the first 2 groups. Regarding tumor spectrum,
HNPCC target organs (colon-rectum, endometrium, stomach,
small bowel, ureter and renal pelvis, ovary) were more often
involved in groups A and B (84.8% and 90%, respectively) than in
C (73.2%,p , 0.005). Colon cancer was more often proximally
localized in patients with MMR gene mutations, while progressive
involvement of the distal colon and rectum was evident in the other

2 groups. Gastric cancer represented the most frequent extraco-
lonic malignancy in each group. Finally, CRC patients in the first
2 groups were significantly younger than patients in group C. For
extracolonic HNPCC-related tumors, age at onset was earlier in
group A than in groups B and C, whereas no significant differences
were observed considering only malignancies not included in the
HNPCC spectrum.

Follow-up
For each family member at risk, time of follow-up was calcu-

lated from the date of HNPCC diagnosis in the index case to 31
December 1999. Although not statistically significant, duration
was shorter for group B (mean 6.7 years) compared to A (8.2
years) and C (9.4 years).

Follow-up revealed significant clinical differences especially
comparing groups A and B with group C (Table III). In the first 2
groups,.85% of tumors occurred in HNPCC-related organs (co-
lon, rectum, endometrium, stomach, renal pelvis and ureter,
ovary), whereas the percentage was lower (64.5%) in group C (p 5
0.03). In the follow-up, among HNPCC-related neoplasms, endo-
metrial cancer was more frequent than gastric carcinoma in groups
A and B, whereas in group C the stomach was the only extraco-
lonic organ involved. Patients developing CRC in the follow-up
were significantly younger (p 5 0.001) in groups A and B than in
group C.

Table IV shows the RRs of cancer at different sites resulting
from comparison between groups. RRs were calculated for all
patients and separately for those younger than 50 years. Major
differences were observed when comparing groups A and C: in
any of the conditions considered, except extra-HNPCC organs,
patients in group A had a significantly higher cancer risk. In
contrast, groups A and B were not different for cancer risk in the
follow-up. Finally, patients in group B had significantly higher risk
for CRC and, when younger than 50 years, for tumors at any site
compared to group C.

TABLE II – CLINICAL FEATURES OF THE 3 GROUPS EXAMINED AT THE TIME OF BASELINE REGISTRATION (I.E., TIME OF HNPCC DIAGNOSIS
IN THE PROBAND)

Group A Group B Group C p

Number of families 10 10 9
Subjects 361 241 355 ns1

(M/F) (188/173) (129/112) (169/186)
Family size (mean6 SE) 36.16 6.7 24.16 5.0 39.46 9.01 ns
Alive (older than 18 years) 181 109 189 ns
Members affected 85 37 57 ,0.052

(% of total subjects) (23.5) (15.3) (16.1)
Affected by multiple tumors 21 10 11 ns
(% of total affected members) (24.7) (27.0) (19.3)
Total tumors 112 49 71 ,0.0012

Tumor spectrum ,0.0053,4

Colon 66 38 47
(% of total) (58.9) (78.0) (66.2)

Right colon 25 14 7
Left colon/rectum 15 12 23
Not assessable5 26 12 17

Extracolonic HNPCC-related sites 29 6 5
(% of total) (25.9) (12.0) (7.0)

Stomach 18 5 3
Endometrium 9 — 1
Small bowel 1 — —
Ureter and renal pelvis 1 — 1
Ovary — 1 —

Extra-HNPCC sites 17 5 19
(% of total) (15.2) (10.0) (26.8)

Mean age at diagnosis (years)
Colon 47.66 11.0 49.06 12.1 63.46 13.7 ,0.054

HNPCC-related sites 48.46 8.7 61.06 16.5 65.66 15.2 ,0.052

Extra-HNPCC sites 52.56 12.9 53.26 12.6 57.66 14.1 ns
1ns, not statistically significant.–2Group A vs.groups B and C.–3HNPCC-related sites (colon1 extracolonic HNPCC-related sites)vs.

extra-HNPCC sites.–4Groups A and Bvs.group C.–5Colorectal subsites were not assessable for cancers verified through death certificates or
reported by family history.
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Survival

Figure 1 shows CRC-specific survival of patients according to
group: the log-rank test revealed a significantly better prognosis
for patients from families with a germline MMR gene mutation or
MSI (log-rank5 19.5,p 5 0.0001). Furthermore, the presence of
MMR gene mutations or MSI, together with stage, appeared as an
independent prognostic factor by Cox regression multivariate anal-
ysis (Table V).

DISCUSSION

Our results support the hypothesis that the biomolecular heter-
ogeneity of HNPCC is reflected in heterogeneous clinical features
and confirm the value of MSI analysis as a surrogate marker for
MMR gene mutations. In particular, our study shows that MSI
analysis can further refine the clinical diagnosis of HNPCC by
identifying, among families without known MMR mutations, those
suspected of carrying genetic defects, who would be candidates for
programs of prevention. This work relies on the definition of MSI,
which has been applied to families and not only to tumors or
patients. To define MSI families, we set as a cut-off point the
presence of MSI in at least 50% of tumors tested. This value was
chosen to avoid the inclusion of phenocopies in this group, con-
sidering that up to 20% of sporadic CRCs and endometrial cancers
may show MSI.29

Many clinical similarities linked the groups with MMR muta-
tions and only MSI, whereas MSS patients appeared to have
distinct clinical features. First, the tumor spectrum of the first 2
groups was almost exclusively limited to the typical HNPCC
organs, such as colon, endometrium and stomach; in contrast, the
neoplastic burden of group C was characterized by a much broader
organ involvement, including lung, breast, prostate and larynx.
Indeed, the frequent occurrence of gastric cancer among extraco-
lonic HNPCC neoplasms deserves some comment. This kind of
tumor has been excluded from AC-II HNPCC diagnostic criteria
mainly for its high frequency in the European and Asian popula-
tions.7 In our study, gastric cancer occurred in clusters within few
families with MMR mutations or MSI and as single cases in many
families in group C; this is a further distinctive feature among the
3 groups. Finally, patients with CRC and HNPCC-related tumors
were younger in groups A and B, underlining the need for inten-
sive and early programs of surveillance.

RRs of cancer in the follow-up confirmed the similarities be-
tween groups A and B, highlighted some of the differences that

TABLE III – CANCER OCCURRENCE IN THE FOLLOW-UP OF THE 3 INVESTIGATED GROUPS

Group A Group B Group C p

Length of follow-up (years6 SD) 8.26 4.9 6.96 4.2 9.46 4.1 ns1

Persons/year at risk (older than 18 years) 1,403 730 1,625
Persons/year at risk,50 years (older than 18 years) 689 469 695
All patients

Total tumors (% of total) 52 (100) 22 (100) 31 (100)
Colon (% of total) 32 (61.5) 16 (72.7) 18 (58.1)
Extracolonic HNPCC-related sites (% of total) 13 (25) 4 (18.2) 2 (6.4) 0.032,3

Extra-HNPCC tumors (% of total) 7 (13.5) 2 (9.1) 11 (35.5)
Age at diagnosis (years)

Colon 47.66 8.9 43.66 9.4 62.66 10.4 0.0013

Extracolonic HNPCC-related tumors 56.66 10.2 55.56 17.9 62.56 19.1 ns
Extra-HNPCC sites 58.46 11.1 516 5.6 58.96 13.4 ns

1ns, not statistically significant.–2HNPCC-related sites (colon1 extracolonic HNPCC-related sites)vs.extra-HNPCC sites.–3Groups A and
B vs.group C.

TABLE IV – RR AND 95% CI OF TUMOR DEVELOPMENT IN THE FOLLOW-UP

Group A vs.C RR
(95% CI)

Group A vs.B RR
(95% CI)

Group Bvs.C RR
(95% CI)

Total cancer
All patients 1.98 (1.26–3.11) 1.29 (0.78–2.17) 1.52 (0.87–2.67)
Patients,50 years 9.52 (3.37–26.9) 1.67 (0.90–3.08) 5.70 (1.88–17.3)

Colorectal cancer
All patients 2.08 (1.16–3.73) 1.04 (0.57–1.91) 2.00 (1.02–3.95)
Patients,50 years 18.6 (2.48–139.8) 1.50 (0.73–3.10) 16.7 (2.14–129.5)

Extracolonic HNPCC-related sites
All patients 7.59 (1.71–33.7) 1.70 (0.55–5.22) 4.47 (0.82–24.5)
Patients,50 years 8.15 (1.02–65.4) 1.82 (0.48–6.91) 4.47 (0.46–43.1)

Extra-HNPCC sites
All patients 0.73 (0.28–1.90) 1.82 (0.38–8.80) 0.40 (0.09–1.82)
Patients,50 years 2.02 (0.37–11.1) 2.73 (0.30–24.5) 0.74 (0.67–8.19)

FIGURE 1 – Five-year-specific survival rates (%) in colorectal cancer
patients from HNPCC families with different biomolecular features.
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they have compared to group C and provided important data that
could influence strategies of prevention. The highest risks of CRC
and HNPCC-related tumors in young patients with MMR gene
mutations or MSI support the acceptance of early preventive
measures focused on a few target organs. In contrast, considering
the widespread tumor occurrence in families without mutations
and MSI, the design of appropriate and cost-effective strategies of
surveillance for family members appears particularly problematic.
Even when families included in this group fulfill Amsterdam
diagnostic criteria, they appear clinically different from typical
HNPCC. The clusters of CRCs in this group could represent
chance aggregation, especially considering the larger family size,30

or could be due to other familial or hereditary syndromes with
pathogenic defects not yet identified. At present, considering the
few data available, surveillance of this type of family should not
differ from the program applied to MMR mutation-positive fam-
ilies, but further studies on this issue are needed to validate the best
strategies of surveillance and prevention.

Finally, CRC-specific survival analysis provided additional in-
formation: the better prognosis in patients with mutations or MSI
confirms a previous report on the survival advantage of HNPCC
patients31 and reveals the presence of distinct biologic features
between the studied groups. Indeed, 16 families in our study were
also included in a previous report,18 where we did not find signif-
icant differences in prognosis between HNPCC and sporadic CRC
patients. This discrepancy with the current findings relies on the

fact that, in the previous report, the HNPCC group included
families with known MMR gene mutations and families without
genetic defects. Grouping these patients with different outcomes
and characteristics probably masked the actual prognosis of CRC
arising from the MSI pathway.32

In conclusion, the clinical similarities between the first 2 groups
indicate that MSI testing could be useful to better define clinical
HNPCC families, identifying groups with different risks of carry-
ing genetic defects. MSI testing is more accessible and available
than MMR genotyping, and it has already been proposed as an
effective screening method for diagnosing HNPCC in the general
population33,34or as a prognostic factor among young patients with
CRC.35 In addition, our results are in accordance with a recent
report,36 which identified MSI status as the most reliable predictor
of the presence of MMR gene mutations within families clinically
suspected of having HNPCC. Studying different genes (i.e.,
hMSH6)37 or the same genes through the use of different tech-
niques,38 probably contributes to the increased rate of HNPCC
families with known MMR mutations. At present, in clinical
practice, the MSI assay could be an immediate surrogate marker of
gene testing in families with CRC aggregation, especially in cases
where mutational analyses are ongoing or unavailable. This should
allow us to identify, in a short time, families with the highest risk
of harboring germline MMR mutations and, thus, with a specific
need of more intensive programs of surveillance.
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