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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 hAMLHI 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 = 18.6 for group
A vs. group C, RR = 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 autosombdominan inherited syndrone caused
by mutatiors in one of the DNA MM R genesmostly hMSH2 and
hMLH112Thediseasischaracterize by an elevatel lifetimerisk
of developirg colorectd and othe extracolont malignanciessuch
as endometriglgastric smal bowel ovary, rend pelvis ard ureter
cancers

Identification of HNPCC can be problematt owing to the lack
of clinical or histologt distinctive features the frequen unavail-
ability of genett analyss ard the interpretatio of biomolecular
findings#5 The diagnoss is basicaly reacheé on aclinical ground
ard relies on criterig formally introducel in 1991 (AC-1)¢ and
later modified with the inclusion of those extracolon¢ tumors
(i.e., endometriumsmal bowel rend pelvis and urete) tha are
considerd pat of the syndrone (AC-II).

From the molecula point of view, almog 90% of cances in
HNPQCC families shaov MSI,8 suggestig tha MMR deficiency
plays acrucid role in the pathogenesiof the diseaseDespit this,
MMR germline mutatiors are found in only 30—70% of HNPCC
families? thus raising questiors on the natue of the diseas and
the mog appropria¢ managemerfor cases without a well-known
genetc defect!o

Increasily evidene suppors CRC surveillane as usefd in
individuals at risk in generé and in AC-1 HNPCC families in
particulart®-12 put the cost-effectivenesof this stratey has been
demonstraté mostly for subjecs with MM R mutations!3.24 Con-
sequently whethe HNPCC families with undefinel mutational
statis hawe the sane cance risk and neal the sane strategis of
surveillane and counselig as those with well-demonstrated
MMR defecs remairs unknown.

Our study was aimed at evaluatig whethe HNPCC familiesin
which amutation has been identified are clinically differert from
families in which amutatian has yet to be found In particular we
usel the resuls of molecula analysesi.e, hMLH1 and hMSH2
genotypirg and MSI tumar testing to stratify HNPCC families,
selecte with AC-Il, in 3 distind subgroug (families with MMR
mutation families without mutation families without mutatian but
with MSI tumors) Finally, thee 3 grougs hawe been compare to
asses whethe the biomolecula heterogenejt of HNPCC is as-
sociatel with clinica heterogeneitywhich could influene the
strategis of managementurveillane and prevention.

MATERIAL AND METHODS
Families and clinical variables

Throudh a previousy describeés multistep clinical approach,
we identified HNPCC families from the daa of a population-based
CRC registy instituted in the area of Modera (northen lItaly) in
1984 Briefly, the nuclea pedigres (limited to first-degre rela-
tiveg) of all incidert CRC casa diagnosd in the period 1984—
1997 were collected and then stratified accordirg to the presence
of 6 clinical featuresall suggestie of increasd risk of hereditary
diseaseverticality (parer or offspring affected by CRC or other
tumors featurig HNPCG sud as endometrium smal bowel,
ovary, urinaty tract stomach) aggregatia (in the sibshp of the
proband at leag 50% of siblings affected by cance at ary site),
early onsé (cances at ary sites develope before the age of 50),
localizatian in the right colon (caecum ascendingtransvers and
flexures) multiple tumors (at ary sites both synchronos and
metachronoysand mucinots histologc type (presene of mucus
in 50% or more of the colorectd tumar at histology) When a
patiert had 2 or more of the® features an extende genealogic
pedigre was traced and then analyzel for the presene of diag-
nostic criteria for HNPCC This approab led us to estimaé the
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frequency of HNPCC in the general population as 2.6% of athononucleotides (BAT25, BAT26 and BAT40) and 2 dinucleoti-
CRCs!6 Further details of this clinical approach have been puldles (D17S787 and D18S58), were used; tumors showing instabil-
lished in various reports-17 ity at 2 or more loci were scored as unsta¥leThis set of
Once identified, families were considered eligible for the studjiicrosatellite markers does not strictly correspond to the first
if they met the following criteria: if fulfillment of AC-Il for ~Panel proposed by the Bethesda guidekfPesainly because, in
HNPCC diagnosis,ii) MSI testing in at least 1 case of CRC ormost cases, MSI testing was begun prior to their introduction. The
endometrial cancer in the family anii availability of hnMLH1 choice of the panel used in our study was based on the high
andhMSH2mutation analysis results. According to biomoleculagensitivity and consistency of these primers at detecting high-
assays, eligible families were then subdivided in different groupequency MSI. In particular, mononucleotides BAT25, BAT26
group A, mutation-positive families, if a germline mutation in 1 ofnd BAT40 have been shown to be highly sensitive and specific at
the 2 MMR genes was found; group B, MSI families, if MSI waddentifying MSI in HNPCC patients in our sampteand in other
present in the majority of tumors testee§0%) but without Studiesz®-24
mutations inhMLH1 or hMSH2; group C, MSS families, when  As previously reporte@ germline mutations irhMSH2 and
mutational analysis was negative and MSI was foune:50% of hMLH1 were studied by SSCP and sequencing on DNA derived
tumors tested (Table I). from blood leukocytes. Samples showing an altered SSCP mobility
We then evaluated whether tumor spectrum, age at onset, Rg{tern were sequenced by means of the Sequenase PCR product-
and cancers developed in the follow-up showed significant diffefequencing kit (Amersham, Aylesbury, UK).
ences among the 3 groups. Finally, 5-year CRC-specific survival_.. . .
was analyzed according to molecular diagnosis (mutation-positi ,‘"‘t'St'Cal analysis o o
MSI, MSS), TNM stage (4 categories: stages |, II, Il and v The x? test was used to assess the statistical significance of
unstaged tumors), gender, age at diagnosis (dichotomized irflifferences among groups except for mean age at cancer diagnosis,
groups:=50 and>50 years) and colorectal sublocalization. In thenean length of follow-up and mean family size, which were
latter case, 2 groups were defined: right colon (from caecum a@alyzed by ANOVA (univariate models). RRs and 95% Cls were
splenic flexure) and left colon (distal to splenic flexuteyectum. used to evaluate differences in cancer development in the fol-
Patients were considered eligible for survival analysis if they hd@w-up considering persons/year at risk as the reference population
a histologically verified CRC and if information on their clinicalcategory in each group. For survival analysis, categorical variables
status was available by 31 December 1999. Causes of death wegse created for all parameters evaluating CRC-specific survival

ascertained through clinical charts and death certificétes. through the method of Kaplan-Me#érand estimating differences
) ) . ) ) with the log-rank test?” The independent effect on survival of each
Microsatellite testing and MMR gene mutation analysis variable was evaluated through Cox regression multivariate anal-

For microsatellite analysis, DNA was extracted from neoplastigsis, using the stepwise backward conditional metdgkatistical
and paired normal mucosa specimens of CRC and endometsgnificance was set gt < 0.05. All analyses were carried out
cancer according to the standard proced@r€ive markers, 3 using SPSS (Chicago, IL) Windows software.

TABLE | — MAIN FEATURES OF FAMILIES AT THE TIME OF HNPCC DIAGNOSIS

. Colon cancer Extracolonic HNPCC organs
Family code fan';lilljymmb:;n(i)fers affe’\(‘:?g:ibrirembers 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
Groil; PE 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 tota
number of colorectal and extracolonic HNPCC cancers.
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RESULTS 2 groups. Gastric cancer represented the most frequent extraco-
onic malignancy in each group. Finally, CRC patients in the first

groups were significantly younger than patients in group C. For
ﬁxtracolonic 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.

Twenty-nine families met the criteria for inclusion: 10 carrie
MMR gene mutations (group A), 10 were characterized by M
phenotype but not by MMR gene mutations (group B) and 9 d
not show mutations or MSI (group C). In group A, 6 families wer
characterized by germline mutationshMLH1 while 4 harbored
pathogenic mutations ihMSH2.

Overall, 76 tumors (70 colorectal and 6 endometrial) could ollow-u
analyzed for MSI. In group A, all 25 tumors tested (20 colorectal P i . .
and 5 endometrial, range of tumors tested per family 1-5) showed™0r each family member at risk, time of follow-up was calcu-
MSI. Twenty-three (22 colorectal and 1 endometrial) of 25 tumotdted from the date of HNPCC diagnosis in the index case to 31
(92%) were unstab|e in fami”es with MSI (range Of tumors testeaecember 1999. Although not Stat|st|Ca”y S|gn|f|cant, duratlon
per family 2—4). In group C, only 2 of 26 colorectal tumors testeyas shorter for group B (mean 6.7 years) compared to A (8.2
(7.7%) showed instability (range of tumors tested per family 2—5years) and C (9.4 years).
Considering the relation between MSI and colorectal tumor sub-Follow-up revealed significant clinical differences especially
localization, the percentage of MSI left-sided colorectal tumoimparing groups A and B with group C (Table Il1). In the first 2
was 100% (7 tested cases) in group A, 75% (6 of 8 tested casgg)ups,>85% of tumors occurred in HNPCC-related organs (co-
in group B and 5% (1 of 20) in group C. The correspondintpn, rectum, endometrium, stomach, renal pelvis and ureter,
percentages of MSI right colon cancer were 100% in group A (I&ary), whereas the percentage was lower (64.5%) in groyp=€ (
cases), 93% (13 of 14 cases) in group B and 17% (1 of 6) h03). In the follow-up, among HNPCC-related neoplasms, endo-
group C. metrial cancer was more frequent than gastric carcinoma in groups

Table Il summarizes the main clinical features of the groups Atand B, whereas in group C the stomach was the only extraco-
baseline i(e., time of HNPCC diagnosis in the index case). Famlonic organ involved. Patients developing CRC in the follow-up
ilies of the 3 groups did not differ according to gender anwere significantly youngemp(= 0.001) in groups A and B than in
proportion of members alive; although not significant, family sizeroup C.
was slightly smaller in group B. The number of affected members Table 1V shows the RRs of cancer at different sites resulting
was higher in group A than in groups B and @ € 0.05); from comparison between groups. RRs were calculated for all
moreover, multiple malignancies tended to occur more frequentatients and separately for those younger than 50 years. Major
in patients of the first 2 groups. Regarding tumor spectrurdjfferences were observed when comparing groups A and C: in
HNPCC target organs (colon-rectum, endometrium, stomacmy of the conditions considered, except extra-HNPCC organs,
small bowel, ureter and renal pelvis, ovary) were more oftgmatients in group A had a significantly higher cancer risk. In
involved in groups A and B (84.8% and 90%, respectively) than icontrast, groups A and B were not different for cancer risk in the
C (73.2%,p < 0.005). Colon cancer was more often proximallyfollow-up. Finally, patients in group B had significantly higher risk
localized in patients with MMR gene mutations, while progressivier CRC and, when younger than 50 years, for tumors at any site
involvement of the distal colon and rectum was evident in the otheompared to group C.

TABLE Il - CLINICAL FEATURES OF THE 3 GROUPS EXAMINED AT THE TIME OF BASELINE REGISTRATION.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 hs
(M/F) (188/173) (129/112) (169/186)
Family size (meant SE) 36.1+ 6.7 24.1+ 5.0 39.4+ 9.01 ns
Alive (older than 18 years) 181 109 189 ns
Members affected 85 37 57 <0.0%
(% 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 <0.00P
Tumor spectrum <0.005*
Colon 66 38 a7
(% of total) (58.9) (78.0) (66.2)
Right colon 25 14 7
Left colon/rectum 15 12 23
Not assessabte 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 47.6+ 11.0 49.0+ 12.1 63.4+ 13.7 <0.05'
HNPCC-related sites 484 8.7 61.0+ 16.5 65.6+ 15.2 <0.0%
Extra-HNPCC sites 525 12.9 53.2+ 12.6 57.6+ 14.1 ns

Ins, not statistically significant?Group Avs.groups B and C2HNPCC-related sites (coloft extracolonic HNPCC-related siteg.
extra-HNPCC sites?Groups A and Bvs. group C.2Colorectal subsites were not assessable for cancers verified through death certificates or
reported by family history.
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TABLE Ill — CANCER OCCURRENCE IN THE FOLLOW-UP OF THE 3 INVESTIGATED GROUPS
Group A Group B Group C p
Length of follow-up (yearst SD) 8.2+ 4.9 6.9+ 4.2 9.4+ 4.1 ng
Persons/year at risk (older than 18 years) 1,403 730 1,625
Persons/year at risk50 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) 03
Extra-HNPCC tumors (% of total) 7 (13.5) 2(9.1) 11 (35.5)
Age at diagnosis (years)
Colon 47.6x 8.9 43.6+=9.4 62.6+ 10.4 0.00%
Extracolonic HNPCC-related tumors 56:610.2 55.5+ 17.9 62.5+ 19.1 ns
Extra-HNPCC sites 58.4 11.1 51+ 5.6 58.9+ 13.4 ns

B

Ins, not statistically significan®HNPCC-related sites (colo# extracolonic HNPCC-related siteg$. extra-HNPCC sites3Groups A and

vs.group C.

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

Group Avs.C RR

Group Avs.B RR Group Bvs.C RR

(95% Cl) (95% ClI) (95% ClI)

Total cancer

All patients 98 (1.26-3.11) 1.29 (0.78-2.17) 1.52 (0.87-2.67)

Patients<50 years 52 (3.37-26.9) 1.67 (0.90-3.08) 5.70(1.88-17.3)
Colorectal cancer

All patients 08 (1.16-3.73) 1.04 (0.57-1.91) 2.00 (1.02-3.95)

Patients<50 years 8.6 (2.48-139.8) 1.50 (0.73-3.10) 16.7 (2.14-129.5)
Extracolonic HNPCC-related sites

All patients 59 (1.71-33.7) 1.70 (0.55-5.22) 4.47 (0.82-24.5)

Patients<50 years 15 (1.02-65.4) 1.82 (0.48-6.91) 4.47 (0.46-43.1)
Extra-HNPCC sites

All patients 73 (0.28-1.90) 1.82 (0.38-8.80) 0.40 (0.09-1.82)

Patients<50 years .02 (0.37-11.1) 2.73 (0.30-24.5) 0.74 (0.67-8.19)

Survival

Figure 1 shows CRC-specific survival of patients according to Our results support the hypothesis that the biomolecular heter-
group: the log-rank test revealed a significantly better prognosigeneity of HNPCC is reflected in heterogeneous clinical features
for patients from families with a germline MMR gene mutation oand confirm the value of MSI analysis as a surrogate marker for
MSI (log-rank= 19.5,p = 0.0001). Furthermore, the presence ofIMR gene mutations. In particular, our study shows that MSI
MMR gene mutations or MSI, together with stage, appeared as aumalysis can further refine the clinical diagnosis of HNPCC by
independent prognostic factor by Cox regression multivariate analentifying, among families without known MMR mutations, those
ysis (Table V).
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DISCUSSION

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 MSE®

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-Il HNPCC diagnostic criteria
mainly for its high frequency in the European and Asian popula-
tions? 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.

Ficure 1 — Five-year-specific survival rates (%) in colorectal cancer RRs of cancer in the follow-up confirmed the similarities be-
patients from HNPCC families with different biomolecular features.tween groups A and B, highlighted some of the differences that
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TABLE V —FIVE-YEAR SPECIFIC CRC SURVIVAL ACCORDING TO CLINICAL AND MOLECULAR VARIABLES IN HNPCC PATIENTS:
RESULTS OF KAPLAN-MEIER UNIVARIATE ANALYSIS AND COX REGRESSION MULTIVARIATE ANALYSIS

. Kaplan-Meier Cox regression
Cases Deaths Survivors -
Log rank p Hazard ratio 95% CI
Diagnosis
Mutation-positive (group A) 58 15 74.1 1 (referent) —
MSI (group B) 31 7 77.4 195 0.0001 0.73 0.29-1.86
MSS (group C) 44 27 38.6 251 1.32-4.79
Sex
Male 68 25 63.2 0.04 s 1 (referent) —
Female 65 24 63.1 0.72 0.39-1.33
Age (years)
=50 67 19 71.6 4.85 0.02 1 (referent) —
>50 66 30 54.5 1.45 0.72-2.92
Stage
| 19 1 94.7 1 (referent) —
I 58 8 87.9 104.9 <0.0001 2.84 0.36-22.7
1l 31 15 48.4 15.7 2.05-119.3
IV/unstaged 25 25 0 51.8 6.85-391.5
Site
Right color? 70 16 77.1 9.7 0.001 1 (referent) —
Leftrectum 63 33 47.6 1.46 0.69-3.09

Ins, not statistically significanRatients not operated on for advanced stage of disease but without clear demonstration of mefasiasis.—
caecum to splenic flexuréBescending and sigmoid colon.

they have compared to group C and provided important data tHiatt that, in the previous report, the HNPCC group included
could influence strategies of prevention. The highest risks of CR@milies with known MMR gene mutations and families without
and HNPCC-related tumors in young patients with MMR gengenetic defects. Grouping these patients with different outcomes
mutations or MSI support the acceptance of early preventivgd characteristics probably masked the actual prognosis of CRC
measures focused on a few target organs. In contrast, conside@figing from the MSI pathwa§2

the widespread tumor occurrence in families without mutations ., -0 cusion, the clinical similarities between the first 2 groups
and MS, the design of appropriate and cost-effective strategies; ofya1e that MSI testing could be useful to better define clinical

surveillance for family members appears particularly problemati e 2 S . g
Even when families included in this group fulfill AmsterdamferPCC families, identifying groups with different risks of carry

diagnostic criteria, they appear clinically different from typica ng genetic defects._ MSI test_ing is more accessible and available
HNPCC. The clusters of CRCs in this group could represeHj2n MMR genotyping, and it has already been proposed as an

chance aggregation, especially considering the larger familyizeSTfective screening method for diagnosing HNPCC in the general
or could be due to other familial or hereditary syndromes witROPulatior¥*3¢or as a prognostic factor among young patients with
pathogenic defects not yet identified. At present, considering tkdXC>° In addition, our results are in accordance with a recent
few data available, surveillance of this type of family should nd€pPort?® which identified MSI status as the most reliable predictor
differ from the program applied to MMR mutation-positive fam-of the presence of MMR gene mutations Wlth!n families cI_|n|caIIy
ilies, but further studies on this issue are needed to validate the beiggpected of having HNPCC. Studying different genes., (
strategies of surveillance and prevention. hMSH@37 or the same genes through the use of different tech-

Finally, CRC-specific survival analysis provided additional inDiques?® probably contributes to the increased rate of HNPCC
formation: the better prognosis in patients with mutations or M$gmilies with known MMR mutations. At present, in clinical
confirms a previous report on the survival advantage of HNPQ@actice, the MSI assay could be an immediate surrogate marker of
patient§! and reveals the presence of distinct biologic featuréene testing in families with CRC aggregation, especially in cases
between the studied groups. Indeed, 16 families in our study werBere mutational analyses are ongoing or unavailable. This should
also included in a previous repéftwhere we did not find signif- allow us to identify, in a short time, families with the highest risk
icant differences in prognosis between HNPCC and sporadic CRCharboring germline MMR mutations and, thus, with a specific
patients. This discrepancy with the current findings relies on timeed of more intensive programs of surveillance.
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