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Abstiract

AIM: To ascertain the adequacy of the microsatellite
instability (MSI) as a prognostic indicator by assessing
MSI status of patients with double primary gastric and
colorectal cancer (DPGCC).

METHODS: Sixteen patients were studied, all of whom
exhibited sporadic DPGCC, and had no family history of
hereditary non-polyposis colorectal cancer, according to
the Amsterdam criteria. A total of 32 cancers from 16
DPGCC patients, and 216 single primary CRC, were
assessed for MSI in 5 microsatellite loci, BAT25, BAT26,
D2S123, D55346, and D175250.

RESULTS: MSI was observed in 6 (37.5%) of 16 GC and
4 (25.0%) of 16 CRC. Thirty tumors (13.9%) out of 216
single primary CRC and one tumor (16.7%) out of 6 double
primary CRC were found to be microsatellite unstable. Of
the 6 GC with MSI in DPGCC, 5 (31.3%) were MSI-high
and one (6.3%) was MSI-low. In 5 of 16 DPGCC patients,
the cancer recurred in or adjacent to the anastomosis or
metastasized to the kidney or lung. The MSI-high DPGCC
cases were associated with a younger age of onset
(47.5 years vs 62.5 years), higher frequency of lymph
node metastasis (100% vs 25%), and advanced Dukes
stage (C, 100% vs41.7%), as well as a higher frequency
of recurrence or metastasis (100% vs 8.3%). Only
recurrence or metastasis showed statistical significance
by Fisher’s exact test.

CONCLUSION: Our data suggest that MSI may play an
important role in the development of DPGCC, and that it
may be used clinically as a molecular predictive marker

for recurrence or late metastasis of DPGCC.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric cancers (GC) and colorectal cancers (CRC) are
common neoplasms in Korea and Japan. Almost 5% of
GC and CRC patients develop other primary gastrointestinal
(GI) cancers, either synchronously or metachronously!. GC
is the most prevalent extra CRC among multiple primary
GI cancers involving CRC in Korea and Japan™. The
determination of high-risk groups of patients with multiple
primary cancers involving the GI tract is important for
clinical management, especially with regard to the prediction
of patient’s prognosest. The most well-known example of
multiple primary cancers is hereditary non-polyposis
colorectal cancer (HNPCC), an autosomally dominant
hereditary syndrome which is caused by germline mutations
in mismatch repair genes, including hMSH2, hMLHI1,
hPMS1, hPMS2, and hMSHO. Ninety percent of HNPCCs
exhibit microsatellite instability (MST)PL. MST has also been
observed in approximately 15-30% of single sporadic GCI*”
and in 10-15% of single sporadic CRC*. Germline mutations
of MLH1 and MSH2 occur at approximately equal
frequencies in HNPCC, whereas virtually all sporadic MSI-
high cancers develop due to epigenetic silencing of the
MLH1 promoter through somatic hypermethylation!*'?,
MSI may impart a favorable prognosis in colorectal, gastric,
pancreatic, and probably esophageal cancers, but a poor
prognosis in non-small cell lung cancet!".

Some reports have suggested the contribution of MSI
in double primary cancers involving both the colorectum
and stomach in the same patient™>""). According to these
reports, MSI is an indicator of increased cancer susceptibility
in these double primary gastric and colorectal cancer
(DPGCC) patients and genetic instability may play an
important role in the development of these cancers.
However, little remains known regarding the prognostic role
of MSI in DPGCC, although a number of previous studies
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have focused on the etiology or carcinogenic mechanisms
of DPGCC. Therefore, we examined MSI status in patients
with DPGCC in order to ascertain the adequacy of MSI as
a prognostic indicator.

MATERIALS AND METHODS

Patients

Sixteen patients with sporadic DPGCC were studied. None
of these cases had any family history of the HNPCC,
according to the Amsterdam criteria for HNPCC. All
patients underwent curative resections of both stomach and
large bowel with tumor-free resection margins at the
Department of Surgery, Samsung Medical Center, between
January, 1994 and December, 2002, with the exception of
one (case 12). Clinicopathological features are summarized
in Table 1. Ages ranged from 35 to 76 (58.8+10.1) years.
Patients with synchronous DPGCC were defined as cases
diagnosed with a secondary cancer that was detected within
6 mo of the detection of primary cancer, and those with
metachronous DPGCC were defined as cases diagnosed
with a secondary cancer detected more than 6 mo later, as
previously described™'™. Our study included 12 cases of
synchronous (75.0%) and 4 cases of metachronous (25.0%)
DPGCC. In one out of the 4 metachronous cases, the initial
cancer was GC; in the remaining 3, it was CRC. The average
ages of patients with synchronous and metachronous
DPGCC were the same as the mean, 58.8 years. In cases
of GC, 10 were found to be intestinal type (62.5%), and 6
cases were diffuse type (37.5%). Four cases were ecarly
type (25.0%), and 12 cases were advanced type (75.0%).
No lymph node metastasis was detected in any of the cases
of GC, and all cases were at stage 1. In cases of CRC, six
(37.5%) were located at the left-side of the colon or in the
rectum. Four cases exhibited mucinous differentiation
(25.0%) and 12 cases evidenced moderate tubular
differentiation (75.0%). Nine cases (56.3%) of CRC exhibited
lymph node metastasis, and 14 (87.5%) were at an advanced

stage (Dukes B or C).

Two hundred and sixteen single primary CRC, and 6
double primary CRC, were analyzed for MSI for the
comparison in the current study for DPGCC.

We followed the recurrence and survival of 16 patients
with DPGCC for at least 18 mo.

DNA extraction and MSI analysis

Microdissection was performed by an expert pathologist in
this field using 10-um-thick hematoxylin-stained tissue
sections in order to reduce contamination from other cellular
DNA components. DNA was extracted from formalin-fixed,
paraffin-embedded archival specimens of tumors and
matched normal tissues, using the DNeasy Tissue kit
(Qiagen, Hilden, Germany).

Five primers from independent genomic sites, including
two mononucleotide repeat microsatellites (BAT25 and
BAT206) and three dinucleotide repeat microsatellites
(D25123, D5S346 and D17S250), all of which were
recommended by the National Cancer Institute workshop,
were used in this study. Forward primers were synthesized
with a fluorescent tag (FAM and NED) on the 5’ end, and
were purified by standard high-performance liquid
chromatography. One hundred nanograms of DNA was
amplified in a 20 pL reaction solution, which containing
2 pL of 10% buffer (Roche, Mannheim, Germany), 1.75-
3 mmol/L MgCl,, 0.4 umol/L primer pairs, 250 umol/L
deoxynucleoside triphosphate, and 2.5 units of DNA
polymerase (Roche, Mannheim, Germany). Amplifications
were performed using a 2 min initial denaturation at 94 C,
followed by 30 cycles of 45 s at 94 ‘C, 45 s at 55 C, and
45 s at 72 °C, and 5 min final extension at 72 ‘C. The
fluorescence-labeled PCR products were electrophoresed
on an Applied Biosystems 3100 automated DNA sequencer
(Applied Biosystems, Foster, USA), and the fluorescent
signals from the differently-sized alleles were recorded and
analyzed using Genescan software (version 2.7; Applied
Biosystems).

Table 1 Clinicopathologic features of double primary gastric and colorectal cancers

Gastric cancer

Colorectal cancer

Case Sex Age (yr) Onset Site

Differentiation T N Stage Differentiation T N Stage
1 Male 49 Synchronous Diffuse 1 0 1 TC Moderate 4 1 3/C
2 Male 35 Synchronous Intestinal 2 0 1 AC Mucinous 3 2 3/C
3 Male 50 Metachronous Intestinal 2 0 1 DC Moderate 3 1 3/C
4 Male 56 Synchronous Intestinal 1 0 1 C Moderate 3 1 3/C
5 Male 68 Synchronous Intestinal 1 0 1 SC Mucinous 3 0 2/B
6 Male 57 Synchronous Diffuse 1 0 1 R Moderate 3 2 3/C
7 Male 54 Synchronous Intestinal 2 0 1 SC Moderate 2 0 /A
8 Male 61 Synchronous Intestinal 1 0 1 AC Moderate 2 0 /A
9 Female 76 Metachronous Intestinal 1 0 1 TC Moderate 3 0 2/B
10 Male 65 Synchronous Intestinal 1 0 1 AC Moderate 3 0 2/B
11 Female 65 Synchronous Diffuse 1 0 1 AC Mucinous 3 1 3/C
12 Male 48 Metachronous Diffuse ? ? ? AC Moderate 3 2 3/C
13 Male 71 Synchronous Intestinal 1 0 1 AC Well 3 1 3/C
14 Male 65 Synchronous Diffuse 1 0 1 SC Moderate 3 0 2/B
15 Male 59 Synchronous Intestinal 1 0 1 AC Mucinous 3 0 2/B
16 Male 61 Metachronous Diffuse 2 0 1 sC Moderate 3 1 3/C

C, cecum; AC, ascending colon; TC, transverse colon; DC, descending colon; SC, sigmoid colon; R, rectum.
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Statistical analysis

Either Fisher’s exact tests or Mann-Whitney tests were used
to analyze variations in MSI status between various
parameters. P values of less than 0.05 were considered
statistically significant. Specialized statistical assistance was
warranted by the small number of samples.

RESULTS

A total of 32 cancers from 16 Korean DPGCC patients
and 216 single primary CRC cases were assessed for MSI,
for 5 microsatellite loci. MSI results are summarized in
Table 2. MSI was observed in six (37.5%) of 16 GC and 4
(25.0%) of 16 CRC in DPGCC patients (Figure 1). Thirty
(13.9%) tumors of 216 single primary CRCs and one
(16.7%) tumor of 6 double primary CRCs were found to
be microsatellite unstable. Of the 6 GC with MSI in
DPGCC, 5 (31.3%) were MSI-high and one (6.3%) was
MSI-low. All CRC with MSI were MSI-high. There was an
increasing tendency of MSI detected, with the lowest
probability in single primary CRC, followed by double
primary CRC, CRC of DPGCC, and GC of DPGCC. Two
of six patients with MSI (33.3%) exhibited heterogeneity in
terms of microsatellite alterations. For example, one lesion
exhibited the MSI phenotype, but the other lesion in the
same patient proved uninformative. One MSI in double
primary CRC showed homogeneity with regard to MSI-
high status.

Five patients of 16 DPGCC exhibited recurrence, either
in or adjacent to the anastomosis or metastasis to different
organs, such as the kidney or lung (Table 2). Case 1 exhibited
recurrence of GC, 21 mo after the initial diagnosis, and
recurrence of CRC 22 mo, after the initial diagnosis, both
occurring at the anastomosis site. Case 2 exhibited metastatic
GC in the right kidney, 88 mo after initial diagnosis. Case 3
exhibited an ampulla of Vater cancer at the time of initial
diagnosis. Case 4 exhibited a recurrent CRC in another
colonic segement (initial, cecum; recurred, transverse colon)

10 mo after the initial diagnosis. Case 16 exhibited metastatic
CRC in the left lung 67 mo after the initial diagnosis.

The MSI-high DPGCC was associated with a younger
age of onset (47.5 years »s 62.5 years), a higher frequency
of lymph node metastasis (100% o5 25%), advanced Dukes
stage (C, 100% »s 41.7%), and higher frequency of
recurrence or metastasis (100% zs 8.3%) (Table 3). Only
recurrence or metastasis showed statistical significance, with
P values of less than 0.005, by Fisher’s exact test.
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Figure 1 Typical results of microsatellite instability (MSI) of tumors. A: Abnormal
MSI peaks (arrows) of gastric cancer from case 4; B: Abnormal MSI peaks
(arrows) of colonic cancer from case 2(upper raw: normal tissue, middle raw:
cancer tissue, low raw: upper raw + middle raw).

Table 2 Microsatellite instability (MSI) and follow-up results of double primary gastric and colorectal cancers

Gastric cancer (GC)

Colorectal cancer (CRC)

Case Follow-up (mo)
bat26  D5S346 bat25 D17S250 D2S123 MSI bat26  D5S346 bat25 D17S250 D2S123 MSI
1 [ [} O O [ H [} O [} © O H 21, alive, RGC
22, alive, RCRC
2 [ [} [ © [ H [} [} © © © H 88, alive, MGC, kidney
3 [ [} [ O [ J H [ ] O [ ] O [ J H 58, alive, +AOV cancer
4 [ O [ O O H [} O [} O O H 10, alive, RCRC
5 [ [} [ [ [ H O O © © © | 18, alive, NED
6 O O [ O O L © © © © © | 38, alive, NED
7 (@] O (@] (@] (@] S O O O (@] (@] S 29, alive, NED
8 O O (@] (@] O S O O O O O S 18, alive, NED
9 (@] O (@] (@] (@] S O O O (@] (@] S 114, alive, NED
10 (@] O O O O S O O O O O S 85, alive, NED
11 (@] O (@] (@] (@] S O O O (@] (@] S 61, alive, NED
12 O O O O O S O O O O O S 82, alive, NED
13 © © © © © | O O O O O S 19, alive, NED
14 O O O O O S © © © © © | 17, alive, NED
15 © O © © © | O O O O (@] S 29, alive, NED
16 © O © © © 1 O O O O O S 67, alive, MCRC, lung

H, MSI-high; L, MSI-low; I, inconclusive; NED, no evidence of disease; RGC, recurrent gastric cancer; RCRC, recurrent colorectal cancer; MGC, metastatic gastric

cancer; MCRC, metastatic colorectal cancer; AOV, ampulla of Vater.
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Table 3 Differences of double primary gastric and colorectal
cancers according to microsatellite instability (MSI)

Both MSI-high (n=4) Others (n=12) P
Male : Female 4:0 10:2 NS
Age (yr) 47.548.9 (35-56) 62.5 +7.6 (48-76) NS
Gastric cancer
- intestinal : diffuse 3:1 7:5 NS
- size (cm) 2.8 31 NS
Colorectal cancer
- tubular : mucinous 3:1 9:3 NS
- size (cm) 4.7 42 NS
- node metastasis 100% 25% NS
-DukesA:B:C 0:0:4 2:5:5 NS
Recurrence, metastasis, 100% 8.3% <0.005

or other organ malignancy

NS: not significant.

DISCUSSION

MSI has been suggested to play an important role in
the development of multiple primary cancers of the
gastrointestinal tract. Thus, MSI appears to be useful in
screening for the detection of a high-risk group for
secondary primary cancer in some patients with sporadic
single gastric and colorectal cancers, because it is rapid and
inexpensive.

MSI has been observed in approximately 15-30% of
single sporadic gastric cancers®” and 10-15% of single
sporadic colorectal cancers®™. Our results regarding MSI
rate in double primary CRC and single sporadic CRC, were
not radically different from the results of other investigators.
In our study, MSI was obsetrved in 31.3%, 25.0%, 16.7%,
and 13.9% of GC in patients with DPGCC, CRC of patients
with DPGCC, double primary CRC, and single primary
CRC, respectively. This indicates that genetic instability may
play an important role in the development of multiple
primary cancers of the GI tract. MSI has been observed
more frequently in multiple GI cancer patients than in those
with single primary gastric or colorectal cancers, as
demonstrated in previous reports™!. Concordant MSI rate,
and MSI-high status in both cancers, has been reported
17.7-25.0% of DPGCCP™.. Our result is very similar to
these. Yamashita ¢f /¥, reported that MSI-high status was
seen more frequently in the same organ group, especially in
multiple GC patients, than in different organ groups, and
lesions from different organ groups tended to show MSI-
low ot stable phenotype. Thus, MSI in multiple GI cancers
containing GC appears to be relatively common, and may
play an important role in multi-organ carcinogenesis.

The relationship between MSI of DPGCC and patient
prognosis or clinicopathological features remains unclear.
Kim ez alP, reported that MSI-positive CRC was charactetized
by fungating tumor gross, poor or mucinous differentiation,
and rare nodal metastasis. MSI-positive GC was characterized
by intestinal type, smaller size, and rare nodal spread. They
wete unable to explain discrepancies in size and differentiation
between CRC and GC. According to our result, the
clinicopathological features of GC were basically the same
concordantly MSI-positive GC as was observed in other
cases of DPGCC. Studied cases were usually intestinal type,

and at a relatively early stage. Differences, in general, were
seen in the age and the clinicopathological features of CRC.
Concordantly MSI-positive CRC was associated with
younger age, larger tumor size, more frequent nodal
metastasis, higher stage, and more frequent recurrence and
distant metastasis. Our results were also different from
others. Ohtani e 4", reported that concordantly MSI-
positive CRC was usually associated with better prognosis.
There were no dead patients found, among 5 concordantly
MSI-positive DPGCC, and 4 dead patients (26.7%) among
the 15 remaining cases. However, no explanation was given
in their report regarding about the causes of death. In our
results, we found no cancer-related or natural deaths in the
studied cases. Ikeda ¢z /", compared the prognosis of
patients with DPGCC with patients with single cancer, and
reported that the former was better than the latter. One
explanation for this difference in prognosis may be that
DPGCC is often discoveted at an early stage. According to
our results, the stage of DPGCC was more advanced in
concordantly MSI-positive DPGCC. Thus, we suggested
that the prognosis of patients with DPGCC appears to be
dependent on stage.

Interestingly, there have been no reports regarding the
recurrence or late metastasis in patients with DPGCC. We
followed the hospital course of all studied cases. Case 1
was a unique example of cancer recurrence in patients with
concordantly MSI-positive DPGCC. This patient had
mucosa-confined early gastric cancer and Dukes C CRC in
the transverse colon synchronously, and underwent curative
resection for both organs with ample resection margins.
However, both tumors recurred at the anastomosis sites,
21 and 22 mo after the initial diagnosis. Case 2 was also
very unique. He had submucosa-confined eatly gastric cancer
and Dukes C CRC in the ascending colon synchronously,
and underwent curative resection for both organs with ample
resection margins. The patient then had an uneventful history
for 7 years. However, renal metastasis of previous early
gastric cancer was found 88 mo after the initial diagnosis.
Cases 4 and 16 were examples of recurrence and late distant
metastasis of advanced-stage CRC. Recent studies have
revealed the significance of MSI in gastric carcinogenesis.
Kashiwagi ef al?”, reported that MSI in the gastric biopsy
specimens of chronic gastritis patients may predict the risk
of progression to adenoma and well-differentiated
adenocarcinoma. Kim ez @/P", reported that gastric carcinomas
arising from adenomas are frequently associated with MSI.
These data, and ours, suggest that MSI might play an
important role in the early phase of carcinogenesis, and is,
therefore, related to the delayed development of recurrent
disease. Less clear is the role of and mechanisms underlying
MSI-low status. In our study, only one MSI-low was found.

Due to its rarity, the meaning of MSI in DPGCC,
whether concordantly-positive or not, is still a topic which
warrants future investigation. Our data suggest that MSI
may play an important role in the development of DPGCC,
and that it may be used clinically as a molecular marker for
the prediction of recurrence or late metastasis of DPGCC.
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