Familial Cancer (2012) 11:441-447
DOI 10.1007/s10689-012-9534-6

ORIGINAL ARTICLE

Cancer spectrum in DNA mismatch repair gene mutation
carriers: results from a hospital based Lynch syndrome registry

Mala Pande - Chongjuan Wei -+ Jinyun Chen - Christopher I. Amos -
Patrick M. Lynch - Karen H. Lu - Laura A. Lucio - Stephanie G. Boyd-Rogers -

Sarah A. Bannon - Maureen E. Mork - Marsha L. Frazier

Published online: 20 June 2012
© Springer Science+Business Media B.V. 2012

Abstract The spectrum of cancers seen in a hospital
based Lynch syndrome registry of mismatch repair gene
mutation carriers was examined to determine the distribu-
tion of cancers and examine excess cancer risk. Overall
there were 504 cancers recorded in 368 mutation carriers
from 176 families. These included 236 (46.8 %) colorectal
and 268 (53.2 %) extracolonic cancers. MLH1 mutation
carriers had a higher frequency of colorectal cancers
whereas MSH2, MSH6 and PMS2 mutation carriers had
more extracolonic cancers although these differences were
not statistically significant. Men had fewer extracolonic
cancers than colorectal (45.3 vs. 54.7 %), whereas women
had more extracolonic than colorectal cancers (59.0 vs.
41.0 %). The mean age at diagnosis overall for
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extracolonic cancers was older than for colorectal, 49.1
versus 44.8 years (P < 0.001). As expected, the index
cancer was colorectal in 58.1 % of patients and among the
extracolonic index cancers, endometrial was the most
common (13.8 %). A significant number of non-Lynch
syndrome index cancers were recorded including breast
(n = 5) prostate (n = 3), thyroid (n = 3), cervix (n = 3),
melanoma (n = 3), and 1 case each of thymoma, sinus
cavity, and adenocarcinoma of the lung. However, stan-
dardized incidence ratios calculated to assess excess cancer
risk showed that only those cancers known to be associated
with Lynch syndrome were significant in our sample. We
found that Lynch syndrome patients can often present with
cancers that are not considered part of Lynch syndrome.
This has clinical relevance both for diagnosis of Lynch
syndrome and surveillance for cancers of different sites
during follow-up of these patients.

Keywords Lynch syndrome cancers - Colorectal -
Extracolonic - Index cancer

Introduction

Lynch syndrome (LS), also known as hereditary non-pol-
yposis colon cancer syndrome (HNPCC), is one of the most
common forms of inherited predisposition to colorectal
cancer (CRC), representing 1-7 % of all CRC [1-3]. More
recently the prevalence of LS has been determined to be
one out of every 35 CRC patients (2.8; 95 % CI,
2.1-3.8 %) [4]. LS is characterized by an earlier age at
diagnosis of CRC (median age of 44) [5, 6] than that in
sporadic CRC (70 years) (http://seer.cancer.gov/cst/1975_
2008/results_single/sect_01_table.11_2pgs.pdf). Individu-
als with LS have 80 % probability of developing CRC by
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the age of 65 and are at elevated risk of developing a
second primary CRC [7]. In addition, they have increased
risk of developing various extra-colonic malignancies. For
example, affected women have a 50-60 % risk of devel-
oping endometrial cancer. Cancer at other primary sites
including stomach, ovaries, small intestine, urological
tract, pancreas, brain and skin [1, 8, 9] has also been
documented in families with LS. Among those extra-
colonic malignancies, endometrial, renal pelvis/ureter, and
small intestinal cancers have the highest relative risk and
are considered as part of LS spectrum [10]. Also part of the
LS spectrum are sebaceous gland neoplasms and kerato-
acanthomas along with low grade visceral malignancies
that are classified as a subtype of LS called Muir-Torre
syndrome [11, 12].

Germline mutations in DNA mismatch repair (MMR)
genes are responsible for LS. The main genes involved are
MLHI, MSH2, MSH6, PMSI and PMS2 [10, 13, 14].
Studies revealed some evidence for a relationship between
the involved MMR gene and the cancer spectrum. For

Table 1 Demographic characteristics of MMR mutation carriers

Total Cancer No cancer P
N = 368 N = 260 N =108
Sex [N (%)]
Male 151 (41.0) 108 (71.5) 43 (28.5) 0.76
Female 217 (59.0) 152 (70.0) 65 (30.0)
Race [N (%)]
White 307 (83.4) 216 (70.4) 91 (29.6) 0.51
African American 26 (7.1) 20 (76.9) 6 (23.1)
Hispanic 27 (7.3) 20 (74.1) 7 (25.9)
Other 8 (2.2) 4(50.00 4 (50.0)
MMR mutation [N (%)]
hMLHI 152 (41.3) 105 (69.1) 47 (30.9) 0.51
hMSH2 197 (53.5) 139 (70.6) 58 (29.4)
hMSH6 16 (4.4) 13 (81.3) 3 (18.7)
hPMS2 3 (0.8) 3 (100.0) 0 (0.0
MMR mutation type [N (%)]
Deletion 116 (31.5) 88 (75.9) 28 (24.1) 0.48
Duplication 2 (0.5) 2 (100.0) 0 (0)
Frameshift 2 (0.5) 2 (100.0) 0 (0)
Insertion 29 (7.9) 22 (75.9) 7 (24.1)
Missense 50 (13.6) 32 (64.00 18 (36.0)
Nonsense 73 (19.8) 49 (67.1) 24 (32.9)
Splice 96 (26.1) 65 (67.7) 31 (32.3)
Location of index cancer [N (%)]
Colorectal 151 (58.1) 151 (58.1) -
Extracolonic 109 (41.9) 109 (41.9) -

Age at diagnosis of index cancer (cases) or age at last contact (if no
cancer)

Mean =+ SD 412 (10.6) 413 (10.0) 409 (11.8) 0.75

example, MSH2 mutation carriers appear to have a higher
risk of developing extra-colonic cancer than individuals
with MLH1 mutation [7, 15, 16]. In addition, the frequency
and the types of mutations are reported to differ in different
geographical areas, therefore, the frequency of extra-colo-
nic cancer associated with LS may be different in different
populations [17-19].

To better characterize LS and further study the cancer
spectrum related to LS, in this study we have evaluated the
frequency of extra-colonic cancer in 176 unrelated LS
families enrolled in a hospital based LS registry.

Methods

In this descriptive analysis, we studied LS patients and
family members with confirmed pathogenic DNA mis-
match repair (MMR) mutations. These were all partici-
pants who had consented to participate in an ongoing IRB
approved study “Molecular Genetics of HNPCC” and
were recruited between September 1994 and June 2011 at
MD Anderson Cancer Center. Probands were largely

Table 2 Distribution of colorectal and extracolonic cancers

Total Colonic Extracolonic P
cancers
N = 504 N = 236 N = 268
Sex [N (%)]
Male 214 (42.5) 117 (54.7) 97 (45.3)  0.002
Female 290 (57.5) 119 (41.0) 171 (59.0)
Race [N (%)]
White 417 (82.8) 196 (47.0) 221 (53.00 0.87
African 44 (8.7) 22 (50.0) 22 (50.0)
American
Hispanic 39 (7.7) 16 (41.0) 23 (59.0)
Other 4 (0.8) 2 (50.0) 2 (50.0)
MMR mutation [N (%)]
hMLHI 186 (36.9) 97 (52.2) 89 (47.8) 0.1
hMSH2 287 (56.9) 130 (45.3) 157 (54.7)
hMSH6 28 (5.6) 8 (28.6) 20 (71.4)
hPMS2 3 (0.6) 1(33.3) 2 (66.7)
MMR mutation type [N (%)]
Deletion 187 (37.1) 86 (46.0) 101 (54.00 0.1
Duplication 2(0.4) 0 (0) 2 (100.0)
Frameshift 3 (0.6) 2 (66.7) 1 (33.3)
Insertion 39 (7.7) 23 (59.0) 16 (41.0)
Missense 50 (9.9) 19 (38.0) 31 (62.0)
Nonsense 96 (19.1) 47 (49.0) 49 (51.0)
Splice 127 (25.2) 76 (59.8) 51 (40.2)
Age at diagnosis of any cancer
Mean + SD 47.1 (12.3) 448 (12.1) 49.1 (12.2)  0.0001
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recruited from the gastroenterology and gynecologic
oncology clinics at MD Anderson Cancer Center and also
through the genetic counselors at the Clinical Cancer
Genetics Clinic. Family members were consented and
enrolled through the probands. The subjects included both
cancer affected and cancer free MMR gene mutation
carriers. Demographic characteristics and cancer history
were self reported through a self administered structured
questionnaire. Whenever possible, cancer diagnoses were
further confirmed from medical records and pathology
reports.
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Statistical analysis

Demographic characteristics and MMR gene mutated were
compared between the cancer affected and cancer free
mutation carriers using simple 7 statistics. The distribution
of colonic versus extracolonic cancers was compared by
sex, race, age and MMR mutation. Furthermore, the dis-
tribution of cancers and the median age at diagnosis for
each class of cancers in the study sample were explored.
Additionally, cancer specific standardized incidence ratios
(SIRs) and 95 % confidence intervals were computed to
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Fig. 1 Distribution of index cancers by, a all index cancers, b sex, ¢ MMR gene, d age, e race, f median age at diagnosis (/ines represent

minimum and maximum ages at diagnosis)
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determine the excess cancers in MMR mutation carriers
compared to noncarriers, and in the subset of mutation
positive relatives. We excluded the probands in the subset
analysis for cancer specific SIRs to overcome the signifi-
cant bias associated with probands, since probands are
ascertained largely because of being cancer affected,
resulting in a high cancer rate in probands. SIRs were
computed as the ratio of the observed number of cancer
cases to the expected number using the Cohort Analysis for
Genetic Epidemiology (CAGE) software program [20].
The expected number of cancers was determined using sex,
age and birth cohort specific rates from the Surveillance
Epidemiology and End Results (SEER) data. The CAGE
program uses first primary cancers from SEER to compute
the expected number of cancers so analyses were limited to
calculating SIRs for the first primary cancer of each site
other than non-melanoma skin cancer, which is excluded in
SEER.

Results

The study included 368 MMR mutation carriers from 176
families, of which 59 % were women. The subjects were
predominantly non-Hispanic white (83.4 %). The ages
ranged from 18 to 93 years (median 49 years). Roughly
30 % of the mutation carriers were cancer free. There were
no significant differences between the cancer affected and
cancer free mutation carriers by sex, race, age (at index
cancer diagnosis for CRC cases and at last contact for
cancer free subjects), MMR gene mutated or the mutation
type (Table 1). There were a total of 165 probands (for
whom we had data), of which 142 (86 %) had cancer, and
203 mutation carrying family members, of which 118
(58 %) were cancer cases. The number of family members
per family ranged from 1 to 15. The number of cancers per
person ranged between 1 and 7, with roughly half (51.6 %)
diagnosed with only 1 cancer. The cancers included in the
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analysis were diagnosed between 1948 and 2010 (median
1997). A total of 504 cancers were recorded in the 368
MMR gene mutation carriers. There were 236 (46.8 %)
colorectal and 268 (53.2 %) extracolonic cancers overall.
However, CRC was the most common index cancer,
n = 151 (58.1 %) as compared to 109 (41.9 %) index ex-
tracolonic cancers. Table 2 outlines the comparison
between the colorectal and extracolonic cancers by sex,
race, MMR gene mutated, type of MMR gene mutation and

Table 3 Distribution of index cancers

Cancer type Frequency Percent
Colon 137 52.69
Rectum/rectosigmoid 14 5.38
Endometrial 36 13.85
Muir-Torre* 11 4.23
Skin 12 4.62
Kidney/ureter/bladder 8 3.08
Upper Gl/stomach/small intestine 7 2.69
Ovary 9 3.46
Breast” 5 1.92
Prostate” 3 1.15
Thyroid” 3 1.15
Cervix/vagina® 3 1.15
Metastic/unknown primary 4 1.54
Pancreas 1 0.38
Brain 1 0.38
Melanoma® 3 115
Lung® 1 0.38
Sinus cavity” 1 0.38
Thymoma® 1 0.38
Total 260 100

* Muir-Torre is a sub-type of Lynch syndrome characterized by
sebaceous neoplasms of the skin often with keratoacanthomas and
low-grade visceral malignancies

° Not part of Lynch syndrome spectrum of cancers
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age at diagnosis of any cancer. These results are also
presented as Fig.1la—e. Men had fewer extracolonic cancers
than colorectal (44.6 vs. 55.4 %), whereas women had
more extracolonic cancers than colorectal (58.9 wvs.
41.1 %), (P = 0.002). MLH1 mutation carriers had more
colorectal cancers but there were more extracolonic than
colorectal cancers in MSH2 and MSH6 and PMS2 muta-
tion carriers (difference not statistically significant). The
mean age at diagnosis for extracolonic cancers was older
than for colorectal, 49.1 versus 44.8 years (P < 0.001).
Distribution of median age at diagnosis and the minimum
and maximum age at diagnosis for each of the cancers is
shown in Fig. 1f. and distribution and types of all cancers
seen in this cohort is described in Figs. 2a and b.

Many rare cancers presented as index cancers as out-
lined in Table 3. The index tumor was not a LS related
tumor in 26 (10 %) cancer patients.

SIR values were significantly higher for cancers of the
colon, rectum, endometrium, ovaries, kidneys, bladder,
stomach and small intestine. However, for the non-Lynch
syndrome related cancers like breast, prostate, melanoma,
cervix, lung, sinus cavity and thyroid, the SIR values were
not significant (Table 4).

Discussion

In this report of cancers affecting 368 MMR gene mutation
carriers in a hospital based Lynch syndrome registry, we
analyzed the tumor spectrum to determine the frequency
and distribution of index and multiple cancers. We com-
pared the distribution of colonic and extracolonic cancers
by sex, race, age and MMR mutation, and our study con-
firmed previously reported findings that extracolonic can-
cers are more common in women perhaps because of their
predisposition to endometrial and ovarian cancers [1] and
that extracolonic cancers are more likely to be associated
with MSH2 and MSH6 mutation carriers [21].
Surveillance of these high risk patients entails not just
screening for colorectal and endometrial cancer but also
cancers at other sites. The Lynch syndrome spectrum of
cancers besides colorectal and endometrial includes stom-
ach, ovaries, small intestine, urological tract, pancreas,
brain and skin. Overall in our sample, ~ 10 % of the index
tumors were located at sites that are not considered to be
part of the Lynch syndrome spectrum. For example, there
were 5 patients that presented with breast cancer as the
primary cancer and 3 patients that presented with prostate

Table 4 Cancer specific standardized incidence ratios for all MMR mutation carriers and for MMR mutation positive relatives (excluding

probands)

n cancers/n MMR ALL n cancers/n MMR +relatives

carriers MMR+ subjects

Observed Expected  SIR 95 % CI Observed Expected SIR 95 % CI

(all) (relatives)
Colon 137/368 242 56.6 47.5-66.9 58/203 1.33 43.8 33.2-56.6
Rectum/ 14/368 1.08 13 7.1-21.8 5/203 0.58 8.7 2.8-20.3
rectosigmoid

Endometrial 36/217 1.24 28.9 20.3-40.1 21/123 0.79 26.6 16.5-40.7
Ovary 9/217 0.88 10.2 4.7-19.4 2/123 0.54 3.7 0.42-13.4
Kidney/ureter 4/368 0.29 13.9 3.7-35.6 2/203 0.16 124 1.4-44.9
Bladder 4/368 0.38 10.6 2.9-27.2 2/203 0.22 9.1 1.02-32.8
Stomach 2/368 0.13 15.6 1.8-56.5 2/203 0.08 26 2.9-94.0
Small intestine 5/368 0.08 63.6 20.5-148.5  1/203 0.04 23.79 0.31-132.4
Breast 5/217 6.94 0.72 0.23-1.7 4/123 4.17 0.96 0.26-2.5
Prostate 3/151 3.22 0.93 0.19-2.7 2/80 1.52 1.3 0.154.7
Thyroid 3/368 0.61 4.9 0.99-14.4  1/203 0.34 3.0 0.04-16.5
Cervix 31217 0.85 35 0.71-10.2  2/123 0.49 4.1 0.46-14.8
Pancreas 1/368 0.64 1.6 0.02-8.8 1/203 0.35 29 0.04-16.0
Brain 1/368 0.86 1.17 0.02-6.5 1/203 0.46 22 0.03-12.2
Melanoma 3/268 1.8 1.7 0.34-4.9 2/203 0.93 22 0.24-7.8
Lung 1/368 4.67 0.21 0.00-1.2 0 2.5 - -
Sinus cavity 1/368 0.03 31.2 0.41-173.8 0 0.02 - -

SIR is a ratio of the observed cases (in this sample) and the expected cases (based on age specific population incidence rates)

SIR =1 indicates observed cases = expected cases and there is no excess cancer risk

Estimates for cancers with <5 cases may be unstable
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cancer. Whether breast cancer is part of Lynch syndrome
tumors is controversial with evidence both in support of
[22, 23] and against it [24, 25, 26]. Similarly there have
been reports suggesting that prostate cancer may be a part
of the Lynch syndrome tumor spectrum [8, 27, 28].
Although there were a significant number of breast and
prostate cancer cases in our study, the SIR for these cancers
were not significant as these are relatively common cancers
in the general population. However, seeing that these
tumors were detected in MMR mutation carriers, and were
seen in much younger women (median age of onset for
breast cancer: 36 years) and men (median age of onset for
prostate cancer: 65 years) than expected, may suggest a
high index of suspicion for considering Lynch syndrome in
early onset patients presenting with these cancers.

Several rare non-Lynch syndrome index cancers were
recorded in this population. These included thyroid (n = 3,
1.15 %), cervix/vagina (n = 3, 1.15 %), melanoma (n =
3, 1.15 %) and 1 case each of thymoma, carcinoma of the
sinus cavity, and adenocarcinoma of the lung. In addition,
there was 1 index brain tumor and 4 patients presented with
metastatic disease (lung, liver, unknown primary). With
MD Anderson being a tertiary care hospital, it is possible
that these cases may not represent the population spectrum
of LS cancers.

The strengths of our study include a large sample size of
MMR gene mutation carriers from 176 unrelated families
and detailed recording of cancer history.

In conclusion, we found that the distribution of cancers
in patients in our hospital based Lynch syndrome registry
was similar to what has been previously reported. How-
ever, the findings regarding index cancers seen in our study
suggest that a significant number of Lynch syndrome
patients can present with primary tumors that are not part
of the Lynch syndrome spectrum.
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