
Abstract. Background: We aimed to investigate the molecular
features of synchronous colorectal cancer (CRC). Materials
and Methods: Out of 1,262 patients with CRC, 130 lesions in
59 patients with synchronous CRC were retrospectively
analyzed. Microsatellite, v-Ki-Ras2 Kristen rat sarcoma viral
oncogene homolog (KRAS), v-raf murine sarcoma viral
oncogene homolog B1 (BRAF), tumor protein 53 (TP53) and
β-catenin status were evaluated and compared between
synchronous CRC lesions in each patient. Results: The
subtypes of instability, BRAF and β-catenin subtypes was
significant but low. Patients with discordant KRAS and TP53
were not concordant between lesions in the same patient, and
concordance of microsatellite KRAS/BRAF subtypes comprised
50.8% of those with synchronous CRC. The rate of patients
with lesions containing both mutL homolog 1 (MLH1)
methylation and microsatellite stable status was 66.7% in those
with synchronous CRC, with at least one lesion with high
microsatellite instability. Conclusion: The present study on
synchronous CRC demonstrated a low concordance of
molecular subtypes between lesions in the same patient. A
molecular analysis of metastatic lesions is warranted for
molecular targeted therapy of metastatic synchronous CRC. 

Synchronous colorectal cancer (CRC) accounts for 1.1-8.1%
of all CRCs (1-3). The major pathways of CRC progression
are through chromosomal instability (CIN) and microsatellite
instability (MSI) (4). The CIN pathway in CRC typically

includes the combination of mutations and loss of
heterozygosity in tumor protein 53 (TP53) and adenomatous
polyposis coli (APC) (5). There are three situations in which
a patient may be predisposed to tumours arising from the
MSI pathway; Lynch syndrome (LS), Lynch-like syndrome
(LLS) and MLH1 methylation, all of which are associated
with high MSI (MSI-H) (6). The presence of synchronous
CRC is reported to have a relatively high correlation with
the MSI pathway compared to solitary CRC (4, 6). The rate
of MSI-H in solitary CRC is between 12-17% (4, 6), while
it is reportedly 30-37% in synchronous CRC (7-10) in
Western countries; however, these reports were comprised of
small numbers of patients with synchronous CRC. 

There is a hypothesis that synchronous CRC arises due to the
field effect. This has been reported in a small number of cases
where long interspersed nucleotide element-1 (LINE1)
methylation levels and CpG island methylator phenotype
between lesions in each case are similar in those with
synchronous CRC (8, 11). One of the predispositions for
developing synchronous CRC is LS. Roth et al. reported that all
lesions of patients with LS tend to show MSI-H (12). On the
other hand, some reports suggested that microsatellite status was
discordant between lesions in patients with synchronous CRC
(8, 13). There were four reports investigating molecular subtypes
such as v-Ki-Ras2 Kristen rat sarcoma viral oncogene homolog
(KRAS), v-raf murine sarcoma viral oncogene homolog B1
(BRAF) and MSI (8, 13-15). In these reports, the concordance
rate for MSI-H, KRAS-mutant and BRAF-mutant between
lesions in the same case was 9-30%, 11-40% and 0-14%,
respectively. However, the study cohorts of these four reports
were small (10 to 46 cases). Moreover, only one report
performed a statistical analysis for the concordance of molecular
subtypes between lesions in 10 cases with synchronous CRC (8). 

The subtypes of KRAS and BRAF are directly linked to
selection of patients for anti-epidermal growth factor receptor
(EGFR) therapy (16). However, there are only a few reports
on the concordance of KRAS and BRAF subtypes between
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lesions in cases of synchronous CRC (17, 18). Giannini et al.
reported that 42% of cases with synchronous CRC had
discordant subtypes of KRAS and BRAF (18). Furthermore, it
is important to examine the MSI status of each lesion when
selecting checkpoint blockade immunotherapy (19).

In the present study, we aimed to clarify the concordance
of MSI, KRAS, BRAF, TP53, and β-catenin subtypes of
lesions in patients with synchronous CRC, and further
assessed the status of mismatch repair (MMR) genes by
immunohistochemistry (IHC) and MLH1 methylation in
those with MSI-H lesions.

Materials and Methods

In this study, we aimed to analyze the clinicopathological factors
and molecular factors in patients with synchronous CRC, which we
categorized as follows: patient-oriented and lesion-oriented.

Firstly, we conducted a retrospective study of 1,262 consecutive
patients who underwent surgical resection for CRC at the
Department of Surgical Oncology, University of Tokyo Hospital
(Tokyo, Japan), between 2005 and 2015. Participants were stratified
into either synchronous or solitary CRC groups. This study included
59 patients with synchronous CRC (comprising 130 lesions), and
1,203 patients with solitary CRC. Clinicopathological data including
age, sex and other factors were collected from medical records.
Patients with inflammatory bowel disease or familial adenomatous
polyposis were excluded. Patients were excluded from molecular
analysis of synchronous CRC if they had undergone preoperative
chemoradiotherapy. Synchronous CRC was defined per the three-
part definition by Warren and Gates (20): (i) the tumours had to be
malignant, (ii) the tumours had to be separated from one another
and not have metastasized, and (iii) the tumours had to have been
diagnosed together, or at most 6 months apart. The extent of tumour
progression was assessed according to the Union for International
Cancer Control tumour-node-metastasis classification (21). In
synchronous CRC, the index lesion was defined as the deepest
tumour and the second lesion as the second deepest tumour in each
patient. If the extent of invasion was same between the index and
second lesion, the lesion with the largest diameter was defined as
the index lesion. The clinicopathological characteristics of the index
lesion were used in the patient-oriented analysis (22). 

Secondly, the following molecular factors in synchronous CRC
were analyzed in terms of patient-orientated data and lesion-orientated
data: TP53, β-catenin, KRAS, BRAF and MSI. Moreover, mutL
homolog 1 (MLH1) methylation and MMR [MLH1, postmeiotic
segregation increased 2 (PMS2), mutS homolog 2 (MSH2), mutS
homolog 6 (MSH6)] were evaluated in patients with synchronous
CRC with MSI-H. The results of all molecular examinations were
confirmed by two clinicians.

This study was approved by the Ethics Committees of the
University of Tokyo [no. 3252-(7) and G3552-(5)].

Immunohistochemistry. All the samples for immunohistochemical
analysis were obtained from paraffin-embedded (FFPE) specimens
and stained as previously reported (23). The primary antibodies used
were as follows: β-catenin (dilution 1:500; BD Transduction
Laboratory, San Diego, CA, USA), TP53 (dilution 1:100; Dako,
Glostrup, Denmark), MLH1 (dilution 1:50; Dako), PMS2 (dilution

1:50; Dako), MSH2 (dilution 1:50; EMD Millipore, Darmstadt,
Germany), and MSH6 (dilution 1:50; BD Transduction Laboratory).
The secondary antibody reaction was performed using Dako
EnVision kit (Dako). Determination of staining for each antibody
was performed as previously described (24-27). Briefly, positive
status for β-catenin was defined as a score of more than two out of
five points in this study according to staining of nuclei (0-2 points),
cytoplasm (0-2 points) and cellular membrane (0-1 point). A
positive status for TP53 was defined as a nuclear staining rate of
more than 50% of tumour cells.

Analysis of KRAS, BRAF and MSI. Tumour tissues were obtained
from macrodissection of FFPE sections containing tumour tissues.
Deoxyribonucleic acid (DNA) was extracted from tumour tissue
using QIAamp DNA FFPE Tissue kit (Qiagen, Valencia, CA, USA)
per the manufacturer’s protocol. Direct sequencing of the extracted
DNA was performed to evaluate mutations in KRAS codons 12 and
13, and BRAF codon 600. The sequence analysis of the BRAF
codon 600 was outsourced (Eurofins Genomics, Tokyo, Japan).
Microsatellite status was determined using the National Cancer
Institute 5-marker scoring panel, including BAT25, BAT26, D2S123,
D5S346, and D17S250. These loci were amplified by fluorescein-
conjugated primers with sequence visualization by an ABI PRISM
3100 Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA), as previously reported (28-30). Status was defined as MSI-
H when two or more markers were unstable, MSI-low (MSI-L)
when one marker was unstable, and microsatellite stable (MSS)
when none of the markers were unstable.

MLH1 methylation. The methylation status of MLH1 was determined
by a methylation-specific polymerase chain reaction (MSP) according
to previously described methods (31). DNA from HT29 and SW480
cell lines, which were used as control samples (32), was extracted
using a NucleoSpin Tissue kit (Takara Bio, Tokyo, Japan). DNA was
bisulphite modified using a MethylEasy Xceed Rapid DNA Bisulphite
Modification kit (Takara Bio). The specific primers for the methylated
and unmethylated MSP were the same as described previously (33).
The polymerase chain reaction (PCR) mixture contained 50 ng
bisulphite-modified or unmodified DNA and the MSP analysis was
performed using an Episcope MSP kit (Takara Bio) according to the
manufacturer’s protocol. The PCR product was loaded onto a 2%
agarose gel, stained with 0.5 g/ml ethidium bromide, and visualized
under ultraviolet (UV) illumination.

Statistical analyses. Continuous variables were compared using the
Student’s t-test or Mann–Whitney U-test, and categorical variables were
compared using the chi-square test or Fisher’s exact test. Concordance
of molecular subtypes between the index and the second lesions for
each patient was assessed with a k statistic (8). Statistical analyses were
conducted using JMP Pro version 13.0.0 (SAS Institute Inc., Cary, NC,
USA). A p-value of less than 0.05 was considered significant.

Results

We compared the clinicopathological characteristics between
59 patients with synchronous CRC and 1,203 patients with
solitary CRC (Table I). In terms of histopathology results,
lesions with a mucinous component were significantly more
frequent in patients with synchronous CRC than those with
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solitary CRC [45 (3.7%) vs. 10 (16.9%); p<0.001]. Other
factors were not significantly different between the two groups.

Next, we performed molecular analysis on 130 lesions from
the 59 patients with synchronous CRC (50 patients with
double cancer, seven patients with triple, one patient with
quadruple, and one patient with quintuple) (Table II). 
MSI-H status was observed in 12 out of 130 (9.2%) lesions
and nine out of 59 (15.3%) patients. KRAS and BRAF
mutations were observed in 45 out of 130 (34.6%) lesions and
16 out of 130 (12.3%) lesions, respectively. Positive staining
of TP53 and β-catenin was observed in 60 out of 130 (46.1%)
lesions and 94 out of 130 (72.3%) lesions, respectively.

We then divided the 130 synchronous CRC lesions into
two groups: MSI-H (12 lesions) and MSS (118 lesions).
Other molecular factors were compared between the two
groups (Table III). In patients with BRAF mutation, right-

sidedness, mucinous and poorly differentiated pathology
were more frequently seen in those with MSI-H vs. those
with MSS lesions (BRAF mutation: 42.7% vs. 9.3%,
respectively, p=0.0060; right-sidedness: 58.3% vs. 24.6%,
respectively p=0.0190; mucinous and poorly differentiated
type: 33.3% vs. 8.5%, p=0.0244, respectively).

Next, we assessed the concordance of molecular subtypes
between the index and the second lesions in each patient
with synchronous CRC (Table IV). Subtypes of MSI, BRAF,
and β-catenin correlated significantly between the index and
second lesions in each patient. However, the k coefficient for
concordance was low (MSI: k=0.3035, p=0.0146; BRAF:
k=0.4230, p=0.0010; β-catenin: k=0.3692, p=0.0085).
Moreover, subtypes of KRAS and TP53 did not correlate
significantly between the index and second lesions in each
patient.
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Table I. Clinicopathological features of patients with synchronous and solitary colorectal cancer.

Characteristic                                                                                     Total                           Synchronous                        Solitary                       p-Value
                                                                                                       (N=1,262)                       (N=59; 4.7%)                (N=1,203; 95.3%)

Age, years                                        Median (range)                    67 (26-93)                          69 (37-90)                         67 (26-93)                       0.3165
Gender, n (%)                                  Male                                     731 (57.9)                           32 (54.2)                          699 (58.1)                       0.5582
                                                         Female                                 531 (42.1)                           27 (45.8)                          504 (41.9)                         
CEA, ng/ml                                      Median (range)                4.7 (0.6-6,841)                     5.2 (1-416)                     4.6 (0.6-6,841)                   0.1339
CEA level                                         <5 ng/ml                              661 (52.8)                           26 (44.1)                          635 (52.8)                       0.1283
                                                         ≥5 ng/ml                              601 (47.2)                           33 (55.9)                          568 (47.2)                         
CA19-9, ng/ml                                 Median (range)                 12 (1-13,250)                       13 (1-698)                      12 (1-13,250)                    0.5243
CA19-9 level, n (%)                        <37 ng/ml                           1012 (80.2)                          45 (76.3)                          967 (80.4)                       0.4491
                                                         ≥37 ng/ml                            250 (19.8)                           14 (23.7)                          236 (19.6)                         
Tumour location, n (%)                   Right                                    392 (31.1)                           15 (25.4)                          377 (31.3)                       0.0974
                                                         Left                                       870 (68.9)                           44 (74.6)                          826 (68.7)                         
Diameter, mm                                  Median (range)                    40 (5-155)                         40 (12-120)                        40 (5-155)                       0.1082
Pathology, n (%)                              WelI/mod                            1,165 (92.3)                         46 (78.0)                         1,119 (93.0)                   <0.001
                                                         Poor/muc                                97 (7.7)                             13 (22.0)                            84 (7.0)                           
                                                         Poor                                                                                    3 (5.1)                              39 (3.2)                         0.4720
                                                         Muc                                                                                  10 (16.9)                            45 (3.7)                       <0.001
T-Stage, n (%)                                  1                                           159 (12.6)                             3 (5.1)                            156 (13.0)                       0.1474
                                                         2                                           196 (15.5)                           13 (22.0)                          183 (15.2)                         
                                                         3                                           584 (46.3)                           26 (44.1)                          558 (46.4)                         
                                                         4                                           323 (25.6)                           17 (28.8)                          306 (25.4)                         
                                                         T1+2                                     353 (27.9)                           15 (25.4)                          338 (28.1)                       0.6522
                                                         T3+4                                     909 (72.1)                           44 (74.6)                          865 (71.9)                         
Lymph node metastasis, n (%)        Absent                                  707 (56.0)                           31 (52.5)                          676 (56.2)                       0.5821
                                                         Present                                 555 (44.0)                           28 (47.5)                          527 (43.8)                         
Lymphatic invasion, n (%)              Absent                                  854 (67.7)                           42 (71.2)                          812 (67.5)                       0.5504
                                                         Present                                 408 (32.3)                           17 (28.8)                          391 (32.5)                         
Venous invasion, n (%)                   Absent                                  349 (27.6)                           16 (27.1)                          333 (27.7)                       0.9248
                                                         Present                                 913 (72.4)                           43 (72.9)                          870 (72.3)                         
Stage, n (%)                                     I                                            265 (21.0)                            7 (11.9)                           258 (21.5)                       0.2608
                                                         II                                           405 (32.1)                           22 (37.3)                          383 (31.8)                         
                                                         III                                         424 (33.6)                           23 (39.0)                          401 (33.3)                         
                                                         IV                                         168 (13.3)                            7 (11.9)                           162 (13.4)                         
                                                        I+II                                       670 (53.1)                           30 (50.9)                          640 (53.2)                       0.7189
                                                         III+IV                                   592 (46.9)                           29 (49.1)                          563 (46.8)                         

CA19-9: Carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; Poor/muc: poorly differentiated adenocarcinoma or mucinous adenocarcinoma;
welI/mod: well- or moderately differentiated adenocarcinoma.



Because anti-EGFR therapy is effective only for those
with KRAS or BRAF wild-type tumours, whether the tumour
is wild-type for KRAS and BRAF is important. We thus
assessed the rate of different subtypes between lesions for
each patient according to subtype of KRAS and BRAF
(Figure 1). In this analysis, we divided patients into three
groups according to subtype of KRAS and BRAF: namely
those whose lesions only had wild-type KRAS or BRAF;
those whose lesions only had mutant KRAS or BRAF; and
others which included both wild-type and mutant KRAS or
BRAF (Figure 1A and B). We found that the number of
patients with lesions wild-type for both KRAS and BRAF
was 20 out of 59 cases (33.9%), the number of patients with
all mutant-type KRAS and BRAF lesions was nine out of 59
cases (15.3%), and 30 out of 59 cases (50.8%) had lesions
with wild-type and mutant KRAS or BRAF (Figure 1C).

In this study, the number of patients with MSI-H lesions
was nine out of 59 (15.3%) patients with synchronous CRC.
Following this, we assessed the cause of MSI-H status of 12
lesions in nine patients. MLH1 methylation was seen in eight
out of 12 MSI-H lesions (66.7%). Moreover, we also
performed IHC for MMR on MSI-H lesions. By referring to
the results of these molecular analyses, we predicted the
disease type for each MSI-H case (Table V). Germline genetic
testing is necessary for the definitive diagnosis of LS (34). For
ethical reasons, we did not perform germline genetic testing
on the patients. Most previous studies investigating patients
with synchronous CRC also report performing only an MMR
analysis without analysis of MLH1 methylation (24).
Carcinogenesis in synchronous CRC can be analysed in detail
through IHC staining for MMR-associated proteins and
determining the MLH1 methylation status.

In total, eight out of 12 lesions (66.7%) showed evidence
of MLH1 methylation and loss of MLH1/PMS2 expression.
On the other hand, the other four lesions consisted of three
lesions with loss of MSH2/MSH6 and a lesion with loss of

PMS2 expression, which were suspected to be associated
with LS or LLS. All lesions in cases 1 and 2 indicated MSI-
H. The other seven cases showed evidence of containing a
combination of MSI-H and MSS. In case 1, loss of
MSH2/MSH6 staining was observed in both lesions. This
case was considered LS or LLS because neither MLH1
methylation nor BRAF mutation was present (35). We did not
perform genetic testing, thus we were unable to differentiate
between LS and LLS. In case 2, one lesion showed evidence
of MLH1 methylation, while the other lesion demonstrated
loss of PMS2 staining alone without MLH1 methylation.
This was presumably a case with both LLS and MLH1
methylation lesions. For Cases 5-9, lesions with both MLH1
methylation and MSS concurrently were seen, because only
one of the lesions showed MSI-H, the loss of MLH1/PMS2
and the presence of MLH1 methylation. Additionally, we
summarized our subgroups of 59 synchronous CRC cases
(Figure 2). 

Discussion

In this study, we examined the concordance between lesions
in patients with MSI, KRAS, BRAF, TP53 and β-catenin
subtypes for 59 synchronous CRC cases which consisted of
130 lesions in total. There was only one report previously in
which a statistical analysis of concordance between lesions
in patients with synchronous CRC was performed (8). Our
molecular analysis showed that the concordance between
lesions was low, which might become clinically important
for molecular targeting therapy.

The concordance of MSI, BRAF and β-catenin between
the index and the second lesions in patient was significant
but low. The subtypes of KRAS and TP53 did not correlate
significantly between the index and the second lesions.
Regarding MSI status, 15.3% of synchronous CRC cases had
MSI-H lesions and only two cases concordant for MSI-H
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Table II. Molecular features of synchronous colorectal cancer tumours. 

                                                                      All cases, n (%)       All lesions, n (%)        Index lesion, n (%)         Other lesions, n (%)           p-Value
                                                                               (N=5)                       (N=130)                    (N=59 lesions)                 (N=71 lesions)

Microsatellite status               MSS                   50 (84.7)                   118 (90.8)                       52 (88.1)                          66 (92.9)                      0.3453
                                              MSI-H                    9 (15.3)                     12 (9.2)                           7 (11.9)                            5 (7.1)                              
KRAS                                   Wild-type               24 (40.7)                     85 (65.4)                       42 (71.2)                          43 (60.6)                      0.2033
                                              Mutant                  35 (59.3)                     45 (34.6)                       17 (28.8)                          28 (39.4)                            
BRAF                                   Wild-type               47 (79.7)                   114 (87.7)                       52 (88.1)                          62 (87.3)                      0.8884
                                              Mutant                  12 (20.3)                     16 (12.3)                         7 (11.9)                            9 (12.7)                            
TP53                                    Negative                31 (52.5)                     70 (53.9)                       31 (52.5)                          39 (54.9)                      0.7858
                                             Positive                 28 (47.5)                     60 (46.1)                       28 (47.5)                          32 (45.1)                            
β-Catenin                             Negative                17 (28.8)                     36 (27.7)                       17 (28.8)                          19 (26.8)                      0.7947
                                             Positive                 42 (71.2)                     94 (72.3)                       42 (71.2)                          52 (73.2)                            

MSI-H: High microsatellite instability; MSS: microsatellite stable. Other lesions: Lesions including the 2nd, 3rd, 4th and 5th lesions.



were observed. The investigation of MLH1 methylation and
expression of MMR proteins in patients with MSI-H lesions
revealed six out of nine (66.7%) cases to have MSI-H lesions
with MLH1 methylation, concurrent with a lesion with MSS.
In this study, molecular subtypes representative of the CIN
and MSI pathways were not concordant between lesions in
patients with synchronous CRC. These results might indicate
that there were few cases which had mechanisms that explain
carcinogenesis in a unified way in patients with synchronous
CRC. Many patients were found to have sporadic
carcinogenesis with CIN and MLH1 methylation-associated
carcinogenesis might occur separately. These results suggest
that synchronous CRC lesions develop individually through
different pathways of carcinogenesis. 

In this study, the rate of MSI-H-concordant cases
accounted for two out of 59 synchronous CRC cases (3.4%),
which is somewhat lower that what was previously reported:
13.2-34.0% in Western countries (7, 8, 10, 13). The
prevalence of MSI-H lesions in patients with synchronous
CRC in the present study was relatively lower than the
prevalence reported in Western countries. The frequency of
LS was reported to be approximately 3-8% in the West (34),
while that for Japan was 0.7% (36). Furthermore, the low
rate of LS in Japanese patients might be the reason for low
MSI-H concordance among patients with synchronous CRC
in this study.

In this study, the concordance rates of KRAS and BRAF
subtypes among cases of synchronous CRC were less than
50%. This suggests that in synchronous CRC each lesion
may arise from a different pathway. Moreover, these results
may become clinically important. Anti-EGFR therapy (16)
and checkpoint blockade immunotherapy (19) are effective
only for lesions with wild-type KRAS and BRAF and lesions
with loss of MMR protein expression in CRC. If the status
of KRAS and BRAF differs between lesions in a patient with
synchronous CRC, the status of KRAS and BRAF associated
with recurrent metastases might not be clear. Therefore,
KRAS and BRAF status at the site of recurrence should
ideally be investigated when considering anti-EGFR therapy.
If the tissue from where recurrent metastases occurred cannot
be obtained, liquid biopsy might be useful to examine KRAS
or BRAF status in the future (37).

Our study has several limitations. Firstly, no germline
genetic testing for LS was conducted and we were not able to
differentiate LS from LLS in this study. However, the rate of
LS in this study was suspected to be low, approximately 0.7%
according to a previous report in Japan (36). Secondly, we did
not examine all subtypes of RAS in lesions of patients with
synchronous CRC. We examined only subtypes of KRAS
codon 12 and 13 because the rate of other RAS mutations other
than KRAS codon 12 and 13 were fewer than 10% of all RAS
mutations (38, 39). Thus, we were able to cover more than
90% of all RAS mutations in the present study. Thirdly, the
molecular analysis carried out for lesions with synchronous
CRC was not performed for those with solitary CRC. In this
study, rather we focused on relationships between different
lesions in each patient with synchronous CRC.

In conclusion, the present study on synchronous CRC
demonstrated low concordance of molecular subtypes
between lesions in individual patients. These findings
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Figure 1. Schematic overview of the subtypes of v-Ki-Ras2 Kristen rat
sarcoma viral oncogene homolog (KRAS) (A) and v-raf murine sarcoma
viral oncogene homolog B1 (BRAF) (B) alone and in combination (C)
from 59 patients with synchronous colorectal cancer. Patients were
divided into three groups: patients with all lesions consisting of wild-
type, patients with lesions including both wild-type and mutant, and
patients with lesions only of mutant type. Data are number of patients
with percentages in parentheses.

Figure 2. Classification of 59 patients with synchronous colorectal
cancer (CRC). Patients were divided into 50 cases lesions with MSS and
nine with high microsatellite instability (MSI-H). LLS: Lynch-like
syndrome; LS: Lynch syndrome.
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Table IV. Concordance of molecular markers for 59 synchronous
colorectal cancer cases.

                                                                          Concordance

Index lesion                Second lesion,      Concordance      k        p-Value
                                           n (%)                     rate          Value

Microsatellite           MSS          MSI-H                                                
MSS                     50 (84.8)       2 (3.4)           0.88         0.3035     0.0146
MSI-H                     5 (8.5)         2 (3.4)                                                
KRAS                    Wild-type      Mutant                                               
Wild-type              28 (47.5)     14 (23.7)         0.61         0.1262     0.3234
Mutant                   9 (15.3)       8 (13.6)                                               
BRAF                    Wild-type      Mutant                                               
Wild-type              47 (79.7)       5 (8.5)           0.86         0.4230     0.0010
Mutant                    3 (5.1)         4 (6.8)                                                
TP53                     Negative      Positive                                               
Negative               15 (25.4)     16 (27.1)         0.46         0.0876     0.5012
Positive                 16 (27.2)     12 (20.3)                                              
β-Catenin              Negative      Positive                                               
Negative                9 (15.3)       8 (13.6)          0.75         0.3692     0.0085
Positive                  7 (11.9)      35 (59.3)                                              

MSI-H: High microsatellite instability; MSS: microsatellite stable;
KRAS: v-Ki-Ras2 Kristen rat sarcoma viral oncogene homolog; BRAF:
v-raf murine sarcoma viral oncogene homolog B1; TP53: tumor
protein 53.

Table III. Correlation between microsatellite status and other features
of synchronous colorectal cancer tumours. 

Feature                                               MSI-H              MSS            p-Value
                                                           N=12            N=118 
                                                           lesions            lesions

Location, n (%)      Right side         7 (58.3)         29 (24.6)         0.0190
                                Left side           5 (41.7)         89 (75.4)               
T-Stage, n (%)        T1+2                 4 (33.3)         63 (53.4)         0.1823
                                T3+4                 8 (66.7)         55 (46.6)               
Pathology, n (%)     WelI/mod          8 (66.7)        108 (91.5)        0.0244
                                Poor/muc          4 (33.3)          10 (8.5)                
KRAS, n (%)           Wild-type         9 (75.0)         76 (64.4)         0.4516
                                Mutant              3 (25.0)         42 (35.6)               
BRAF, n (%)           Wild-type         7 (58.3)        107 (90.7)        0.0060
                                Mutant              5 (41.7)          11 (9.3)                
TP53, n (%)            Negative           8 (66.7)         62 (52.5)         0.3443
                                Positive             4 (33.3)         56 (47.5)               
β-Catenin, n (%)     Negative           5 (41.7)         31 (26.3)         0.2735
                                Positive             7 (58.3)         87 (73.7)               

MSI-H: High microsatellite instability; MSS: microsatellite stable;
KRAS: v-Ki-Ras2 Kristen rat sarcoma viral oncogene homolog; BRAF:
v-raf murine sarcoma viral oncogene homolog B1; TP53: tumor protein
53; Poor/muc: poorly differentiated adenocarcinoma or mucinous
adenocarcinoma; weIl/mod: well- or moderately differentiated
adenocarcinoma. Data are frequencies of patients. 

Table V. Methylation and MMR status of MSI cases in synchronous CRC.

Case  Gender    Age,     Family    Location      MSI       Methylation          MMR                KRAS              BRAF         β-Catenin    TP53      Suspected 
                          years     history*                                                                     loss                                                                                                condition

1          Male        55             −               C         MSI-H             −             MSH2/MSH6       Wild-type       Wild-type             +              −           LS, LLS
                                                              S          MSI-H             −             MSH2/MSH6          G12D          Wild-type             +              +           LS, LLS
2          Male        68             −                S          MSI-H             +             MLH1/PMS2          G12V          Wild-type             +              −        Methylation
                                                              R         MSI-H             −                   PMS2             Wild-type       Wild-type             +              +           LS, LLS
3          Male        53             −                S           MSS                                                           Wild-type          V600E               +              +                  
                                                              R         MSI-H             −             MSH2/MSH6       Wild-type       Wild-type             −              −           LS, LLS
4        Female      85             −                S           MSS                                                           Wild-type       Wild-type             +              +                  
                                                              C         MSI-H             +             MLH1/PMS2       Wild-type          V600E               −              −        Methylation
                                                              D         MSI-H             +             MLH1/PMS2          G12V          Wild-type             +              +        Methylation
5          Male        70                              C         MSI-H             +             MLH1/PMS2       Wild-type          V600E               −              −        Methylation
                                                              S           MSS                                                           Wild-type       Wild-type             −              −                  
6        Female      80             −               T         MSI-H             +             MLH1/PMS2       Wild-type          V600E               +              −        Methylation
                                                              A           MSS                                                           Wild-type          V600E               +              +                  
                                                              S           MSS                                                              G12V          Wild-type             +              −                  
7          Male        55             −               C         MSI-H             +             MLH1/PMS2       Wild-type          V600E               +              −        Methylation
                                                              D           MSS                                                           Wild-type       Wild-type             +              −                  
                                                              A           MSS                                                              G13D          Wild-type             −              +                  
8        Female      78             +               A         MSI-H             +             MLH1/PMS2       Wild-type       Wild-type             −              −        Methylation
                                                              S           MSS                                                           Wild-type       Wild-type             −              −                  
9        Female      76             −               A         MSI-H             +             MLH1/PMS2       Wild-type          V600E               −              +        Methylation
                                                              S           MSS                                                              G12A          Wild-type             +              −                  

LS: Lynch syndrome; LLS: Lynch like syndrome; Methylation: hMLH1 methylated status; MSI-H: high microsatellite instability; MSS: microsatellite
stable; KRAS: v-Ki-Ras2 Kristen rat sarcoma viral oncogene homolog; BRAF: v-raf murine sarcoma viral oncogene homolog B1; TP53: tumor
protein 53. *History of LS-associated cancer.



suggest that each lesion in synchronous CRC arises
individually through a different pathway. In clinical
practice, these results suggest it may be useful to perform a
molecular analysis on recurrent metastases and construct a
treatment strategy based on the results when selecting
molecular targeting therapy.
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