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Purpose

The Korean Hereditary Tumor Registry, the first and one of the largest registries of hereditary
tumors in Korea, has registered about 500 families with hereditary cancer syndromes. This
study evaluates the temporal changes in clinicopathologic features and surgical patterns
of Lynch syndrome (LS) patients.

Materials and Methods

Data on 182 unrelated LS patients were collected retrospectively. The patients were divided
into the period 1 group (registered in 1990-2004) and 2 (registered in 2005-2014). The
clinical characteristics of the two groups were compared to identify changes over time.

Results

The period 1 group included 76 patients; the period 2 group, 106 patients. The mean ages
at diagnosis were 45.1 years (range, 13 to 85 years) for group 1 and 49.7 years (range, 20
to 84 years) for group 2 (p=0.015). The TNM stage at diagnosis did not differ significantly—
period 1 group: stage O-1 (=18, 23.7%), Il (n=37, 48.7%), lll (n=19, 25.0%), and IV (n=2,
2.6%); period 2 group: stage O- (=30, 28.3%), Il (n=35, 33.0%), Ill (=37, 34.9%), and IV
(n=4, 3.8%). Extended resection was more frequently performed (55/76, 72.4%) in the
period 1 group than period 2 (49/106, 46.2%) (p=0.001).

Conclusion

Colorectal cancer in patients with LS registered at the Korean Hereditary Tumor Registry is
still diagnosed at an advanced stage, more than two decades after registry’s establishment.
Segmental resection was more frequently performed in the past decade. A prompt nation-
wide effort to raise public awareness of hereditary colorectal cancer and to support hered-
itary cancer registries is required in Korea.
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Introduction

Lynch syndrome (LS) is an autosomal-dominant genetic
predisposition to cancer, accounting for about 1%-5% of
colorectal cancer (CRC) [1]. LS is caused by an inactivating
germline mutation in a mismatch repair (MMR) gene, includ-
ing MLH1, MSH2, MSH6, PMS2, and EPCAM. LS entails
a lifetime CRC risk of 60%-80% [2] and displays distinct clin-
ical phenotypes, such as early age of cancer onset, predomi-
nance of proximal CRC, excessive synchronous and metach-
ronous tumors, and various extra-colonic tumors of the
endometrium, ovary, stomach, small bowel, pancreas, biliary
tree, brain, and urothelium [3]. The Amsterdam Criteria for
a diagnosis of LS were developed by the International
Collaborative Group on Hereditary Non-Polyposis Colorec-
tal Cancer ICG-HNPCC) in 1991, and were modified in 1999
because they included limited extra-colonic tumors and were
relatively insensitive to germline MMR mutations [4].
The Bethesda Criteria, which are more sensitive, are used
together with the patient’s microsatellite instability (MSI)
status to identify those who qualify for MMR mutation
analysis [5]. Both clinical diagnosis based on the Amsterdam
Criteria and genetic diagnosis based on an MMR mutation
analysis identify LS effectively.

Since the establishment of the first hereditary colorectal
tumor registry in 1925 at St Mark’s Hospital, London, UK,
the registration and systematic care of individuals with
hereditary colorectal tumors has increased globally and been
extended to families with familial adenomatous polyposis,
LS, Peutz-Jeghers syndrome, and various rare hereditary
gastrointestinal cancer syndromes [6]. Well-organized reg-
istries have improved the effective management of patients
with hereditary CRC and their relatives. Furthermore, reg-
istry-based screening reduces the incidence and mortality of
CRC considerably in Western countries [7-11]. However,
such large-scale population-based screening and the early
control of hereditary cancer can be maintained only by the
activity of a national registry rather than single institutional
or regional registries [10,12]. The importance of central
organization and ongoing funding in the management of
hereditary cancer syndromes is well recognized [12]. In
contrast, there is no report on the performance of hereditary
cancer registry in Asian populations.

The Korean Hereditary Tumor Registry (KHTR) was
established in 1993 as the first such registry in Korea. The
KHTR performs many important functions, including the
registration of new patients with hereditary tumors, muta-
tional screening of the genes responsible for specific heredi-
tary tumors, and surveillance of at-risk relatives with
presymptomatic genetic diagnoses. The KHTR screens the
genes responsible for hereditary tumors in various organs,

606 CANCER RESEARCH AND TREATMENT

including the colon, rectum, breast, ovary, stomach, eye,
brain, bone, adrenal gland, and kidney [6]. These activities
are performed in close cooperation with many referring
hospitals. The KHTR contains information on 186 different
families affected by LS or suspected of LS, 98 different fami-
lies affected by familial adenomatous polyposis, and many
families with various other hereditary tumors, and it is
currently one of the largest hereditary tumor registries in
Korea.

This study evaluated the changes in various clinical
features of LS patients in the registry in terms of the early
detection of CRC and the appropriate management of these
patients over the past two decades, since the establishment
of the KHTR.

Materials and Methods

1. Study population

Patients fulfilling the Amsterdam II Criteria proposed by
the ICG-HNPCC were selected by pedigree review [13] from
567 individuals in 186 different families affected with LS or
suspected LS patients registered in the KHTR. Patients not
fulfilling the criteria, but whose genetic analysis confirmed
a germline mutation in an MMR gene were also included. In
addition to pedigree analyses, MSI testing is routinely per-
formed in clinical practice for all CRC patients in major
referring hospitals associated with our registry. Five
microsatellite markers (BAT-25, BAT-26, D25123, D55346,
and D175250) are used to analyze paired normal and tumor
DNAs for MSL. Tumors were classified as MSI-high when at
least two of the five markers displayed novel bands, MSI-low
when additional alleles were found with one of the five
markers, and stable microsatellite when all microsatellite
markers examined displayed identical patterns in both
tumor and normal tissues. Genetic counseling is offered to
patients with CRC showing MSI, and genetic testing is pro-
vided with the consent of the patient. Patients with CRC
showing MSI are also tested for LS based on the results of
genetic testing. The clinicopathologic data for all patients in
the present study were available, including their demo-
graphic data, informative pedigree, details of treatment, and
pathological stage of CRC.

The study patients are divided into two period groups: the
period 1 group included patients diagnosed with LS in 1990-
2004 and the period 2 group included patients diagnosed
with LS in the past decade, 2005-2014. The clinical character-
istics of the two groups were compared to identify any
changes that have occurred since the foundation of the
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KHTR. The type of surgery used was classified into extended
resection (subtotal colectomy, total colectomy, or restorative
proctocolectomy with ileal pouch-anal anastomosis) and
segmental resection (right hemicolectomy, transverse colec-
tomy, left hemicolectomy, anterior resection, low anterior
resection, ultralow anterior resection, Hartmann’s operation,
or abdominoperineal resection). A histological examination
was performed by a pathologist experienced in colorectal
and oncological pathology. The extent of the disease at diag-
nosis was classified by TNM stage (the seventh edition of the
American Joint Committee on Cancer staging manual) [14].
A chi-squared test or Fisher exact test (where appropriate)
was used for the inference of proportions. Null hypotheses
of no difference were rejected if p-values were less than 0.05.
All statistical analyses were performed using SPSS ver. 18.0
(SPSS Inc., Chicago, IL).

Results

One hundred and seventy-one LS patients fulfilling the
Amsterdam II Criteria for genetic testing during the study
period were identified. Genetic testing for MMR mutations
(in MLH1, MSH2, PMS2, or MSH6) was performed in 141 of
these 171 patients and germline mutations were identified in
60 (42%). Genetic testing confirmed MMR germline muta-
tions in 11 of the 396 patients with no known family history,
but who were close to the diagnostic clinical criteria, or had
CRC with MSI-high. Seventy-one patients in this study
carried MMR gene mutations. The distribution of germline
mutations among MMR genes and mutation type (frames-
hift, missense) were not different between period groups.
The study analyzed 182 LS patients.

The period 1 group included 76 patients and the period 2
group included 106 patients. The mean age at diagnosis was
45.1 years (range, 13 to 85 years) for period 1 and 49.7 years
(range, 20 to 84 years) for period 2 (p=0.015). The two groups
had similar sex distributions. The clinicopathologic charac-
teristics of each group are listed in Table 1. The most com-
mon tumor site was the rectum (n=21, 27.6%) in the period 1
group and the sigmoid colon (n=33, 31.1%) in the period 2
group. However, the predominance of a proximal location
was the same in the two groups. There was no change in the
cancer stage at diagnosis throughout the study period. The
extent of disease at diagnosis in the LS patients did not differ
significantly over time (p=0.186) (Table 1). Extended resec-
tion was performed in 55 patients (72.4%) and segmental
resection in 21 patients (27.6%) of the period 1 group, and
extended resection in 49 patients (46.2%) and segmental
resection in 57 (53.8%) of the period 2 group (p=0.003)

(Table 2). This study shows that laparoscopic surgery is
widely used for LS CRC; the penetrance of laparoscopy in
the period 2 group was 31.3%. The relationships between the
pattern of surgery and other factors were evaluated. Segmen-
tal resection was more frequently performed in patients reg-
istered in the KHTR in the past decade, in patients with rectal
cancer, or in older patients whose age at diagnosis was over
60 (Table 3).

Discussion

CRC is one of the most common causes of cancer-related
death in Korea and its incidence has increased steeply over
the past 25 years [6]. Because CRC displays familial cluster-
ing in up to 20%-30% of all cases, this increase makes it even
more important to recognize hereditary CRC syndrome
in Korea [15]. Detecting hereditary CRC not only allows
the provision of the appropriate management to patients
with hereditary CRC, but also the identification of high-risk
individuals among their family members. Offering them
standard cancer surveillance can prevent advanced heredi-
tary-CRC-syndrome-associated malignancies in affected
familial members [16]. Only a well-organized registry can
accomplish these activities for the families affected by hered-
itary CRC syndrome [6].

Registry-based screening for LS is crucial, and over the
past two decades nationwide or regional registries have been
established in Finland, Germany, Canada, Denmark, and the
Netherlands [11]. Large-scale registration in these countries
allowed practical advances in improving public health. The
Danish HNPCC Registry supervises the central registration
of data on all families with hereditary CRC, and reports that
because of screening, LS patients with stage III CRC have a
better overall survival rate than those with sporadic CRC
[17]. The mortality of CRC has been reduced] by a large-scale
surveillance program for LS in the Netherlands [18]. A recent
systematic review reported that registry-based screening is
essential for reducing the incidence and mortality of CRC in
patients with LS, and the authors highlighted the importance
of funding and managerial support for hereditary CRC reg-
istries [13]. The accumulation of extensive data on patients
with hereditary cancer makes it possible to conduct large-
scale research, providing medical evidence that can greatly
improve clinical practice [12]. In several countries, including
Finland (Finnish Hereditary Colorectal Cancer Registry),
Germany (German HNPCC Consortium), Canada (Heredi-
tary Cancer Registry), and the Netherlands (Dutch Cancer
Registry), the number of registered LS families with a known
mutation exceeds 2,000 together with about 10,000 individ-
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Table 1. Lynch syndrome patient characteristics

Variable

Group 1 (period 1990-2004) (n=76)

Group 2 (period 2005-2014) (n=106)

p-value

Age, mean (range, yr) 45.1 (13-85)
Sex

Male 51 (67.1)

Female 25 (32.9)
Location

Proximal colon® 31 (40.8)

Distal colon® 23(30.3

Rectum 21 (27.6

Multiple 1(1.3)
Histologic differentiation?

Well differentiated 15 (19.7)

Moderately differentiated 17 (22.4

Poorly differentiated 5 (6.5)

Mucinous adenocarcinoma 8 (10.5)
Signet cell ring carcinoma 1(1.3)

Laparoscopic approach

Yes 0

No 76 (100)
Tumor extension

T0 4(5.3)

T1 9(11.8)

T2 7(9.2)

T3 46 (60.5)

T4 10 (13.2)
Nodal metastasis

NO 55 (72.4)

N1 18 (23.6)

N2 3(4.0)
Metastasis

MO 74 (97.4)

M1 2(2.6)
TNM stage

0-1 18 (23.7)

I 37 (48.7)

I 19 (25.0)

I\Y% 2(2.6)

49.7 (20-84) 0.015

54 (50.9) 0.034

34.9) 0.093

17 (16.0) 0.435

33(31.2) 0.001

2.8) 0.585

65 (61.3) 0.109

102 (96.3) 0.708
4(3.7)

30(28.3) 0.186

Values are presented as number (%). ¥Proximal to the splenic flexure, ®Distal to the splenic flexure, “Missing data;

30 patients in group 1 and seven patients in group 2.

uals who are confirmed mutation carriers [8].

However, no reduction in the extent of the disease at diag-
nosis has been observed in the CRC patients registered at the
KHTR since its foundation. The proportion of patients with
advanced (regional or distant) disease at diagnosis in the
period 2 group was still substantial (38.7% in the period 2
group vs. 27.6% in period 1, respectively), although the
difference was not significant. The registry has been used in
the management of hereditary colon cancer in collaboration
with many cancer clinics over the past two decades. How-
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ever, this study shows that the KHTR, an institution-based
registry, has not improved the overall mortality or early
detection of LS patients. As an institution-based registry, it
is impossible for the KHTR to perform nationwide registra-
tion and systematic management for LS patients. To reduce
the incidence and mortality of CRC in patients with heredi-
tary CRC, including familial adenomatous polyposis and LS,
registration and screening must extend beyond the regional
registry level or a single institutional registry [11,19]. Patients
with LS should be notified of a regional genetics registry and
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Table 2. Surgical method comparison between period 1 group and period 2 group

Operation type

Group 1 (period 1990-2004) (n=76)

p-value?

Group 2 (period 2005-2014) (n=106)

Standard operation 55 (72.4)
Subtotal colectomy 32
Total colectomy
Total proctocolectomy
Segmental resection 2
Right hemicolectomy
Transverse colectomy
Left hemicolectomy
Anterior resection

—_
[e)}

(27.6)

Low anterior resection
Ultralow anterior resection
Hartmann'’s operation
Abdominoperineal resection
Segmental resection of colon

== 0O O 0N P N O~ N

49 (46.2) 0.001
23
21
5
57 (53.8)
19
0
2
15
12

S =

Values are presented as number (%). ?Using Fisher exact test.

Table 3. Factors affecting surgical method

Variable Standard operation (n=104)
Period
Group 1 (1990-2004) 55 (72.4)
Group 2 (2004-2014) 49 (46.2)
Diagnosis of LS
Fulfilling AC? 100 (58.5)
Genetic testing® 4 (36.4)
Location of CRC?
Colon 64 (50.0)
Rectum 13 (30.2)
Age of diagnosis (yr)”
<60 94 (61.8)
> 60 10 (33.3)

Segmental resection (n=78) Total
21 (27.6) 76 0.001
57 (53.8) 106
71 (41.5) 171 0.131
7 (63.6) 11
64 (50.0) 128 0.033
30 (69.8) 43
58 (38.2) 152 0.005
20 (66.7) 30

Values are presented as number (%). LS, Lynch syndrome; AC, Amsterdam criteria; CRC, colorectal cancer. ¥Patients fulfilling
the Amsterdam II Criteria by the International Collaborative Group on Hereditary Non-Polyposis Colorectal Cancer, *Mu-
tation screening for mismatch repair gene (MLHI and MSH?2), 9Excluded 11 patients with multiple tumors.

managed in the context of that registry [20]. As regional
registries are extended, not only can patients with newly
detected LS-associated cancer be provided with genetic
counseling and testing at their regional or institutional reg-
istry, their at-risk relatives can be invited to genetic counsel-
ing and risk assessment, predictive testing, and appropriate
screening at their own regional registry. It may also be easier
to raise public awareness of hereditary CRC throughout the
country. It is highly significant that only about one third of
LS patients develop the disease de novo, rather than inheriting

the pathogenic MMR mutation from their parents [21].
Despite this, most patients with hereditary CRC are still man-
aged on an individual basis in Korea.

Extended resection, such as subtotal colectomy, is gener-
ally favored over segmental resection in the curative surgery
for LS patients with CRC because segmental resection entails
a greater risk of synchronous and metachronous CRC. A
retrospective study of LS patients with rectal cancer who
underwent segmental resection found that the cumulative
risk of metachronous colon cancer was 19% at 10 years, 47%
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at 20 years, and 69% at 30 years after surgical resection [22].
Recent guidelines limit the use of segmental resection only
to those patients for whom total colectomy is unsuitable, and
only if regular postoperative surveillance is conducted [21].
However, the appropriate surgery for each individual with
LS is an open question. Rodriguez-Bigas and Moeslein [23]
suggested that treatment must be individualized for each
patient because there has been no prospective or randomized
control study suggesting that extended resection confers a
survival benefit compared with segmental resection. Another
study suggested that less extensive surgery should be con-
sidered for elderly patients, because the increase in life
expectancy achieved with total colectomy rather than
segmental resection in LS patients aged 67 years was only 0.3
years [24]. For rectal cancer in LS, there is still debate on total
proctocolectomy as a standard procedure. The risk of
metachronous colon cancer was reported as 15%-54% after
segmental resection of rectal cancer, although quality of life
concerns and defecation problems are substantial [22]. The
present study indicates that segmental resection is more
frequently performed in patients with rectal cancer, or in
older patients whose age at diagnosis was over 60. Although
not statistically significant, it is interesting that seven of
11 patients (63.6%) diagnosed with LS by genetic testing
underwent segmental resection (Table 3). The difficulties
inherent in preoperative genetic testing in daily clinical prac-
tice may affect its contribution to surgical decision making.
This study shows that increasing numbers of surgical proce-
dures are currently performed with laparoscopy. As evi-
dence of the safety and feasibility of the laparoscopic app-
roach in CRC surgery increases, expert opinion on the surgi-
cal management of CRC in LS patients is that surgical pro-
cedures can be performed with either open or minimally
invasive techniques [2,23].

Conclusion

In conclusion, CRC in patients with LS and registered at
the KHTR is still diagnosed at an advanced stage, more than
two decades after the registry’s establishment. This indicates
that the impact of a single institutional registry on the screen-
ing and surveillance of hereditary tumors is limited. Segmen-
tal resection rather than extended resection has been
performed more frequently in the past decade. A prompt
nationwide effort to raise public awareness of hereditary
CRC and to increase the support for registries is required in
Korea.
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