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Abstract

Microsatellite instability (MSI) is an important biomarker for screening for
Lynch syndrome, and also of response to immune checkpoint inhibitors. The
aim of this study is to create a predictive model to determine which elderly
patients with colorectal cancer (CRC) should undergo MSI and/or immunohis-
tochemistry testing on the basis of clinicopathological data. We analyzed a test
cohort of CRC patients aged >50 years (n = 2219) by multivariate logistic
regression analyses to identify predictors of high-frequency MSI (MSI-H). The
created prediction model was validated in an external cohort (n = 992). The
frequency of MSI-H was 5.5% among CRC patients aged > 50 years. The fol-
lowing five predictors of MSI-H were identified in the test cohort: female (1
point), mucinous component (2 points), tumor size > 60 mm (2 points), loca-
tion in proximal colon (3 points), and BRAF mutation (6 points). The area
under curve (AUC) in the receiver-operating characteristic (ROC) analysis of
this prediction model was 0.832 (95% confidence interval: 0.790-0.874). The
sensitivity and specificity were 74.4% and 77.7%, respectively, for a cut-off score
of 4 points. The receiver-operating characteristic curve of the validation cohort
also showed an AUC of 0.856 (95% CI: 0.806—0.905). This prediction model
is useful to select elderly CRC patients who should undergo MSI testing, and
who may benefit from treatment with 5-FU-based adjuvant chemotherapy and
cancer immunotherapy.
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Introduction

Colorectal cancer (CRC) is the most common gastroin-
testinal cancer and one of the leading causes of cancer-
related deaths worldwide [1]. At least two types of genomic
instability are involved in CRC development, chromosomal
instability, and microsatellite instability (MSI) [2].
Microsatellite instability is an important biomarker to
screen for Lynch syndrome (LS) [3]. The consensus cri-
teria for the diagnostic algorithm for LS are based on
selecting patients who fulfill the Amsterdam criteria or
any of the revised Bethesda guidelines (RBG), followed
by MSI testing and/or immunohistochemistry (IHC) stain-
ing of MMR proteins [4]. RBG is a set of clinical criteria
that consist of age at CRC diagnosis, past history of
cancers, family history of LS-related cancers, and histo-
pathological findings in CRC. Although the selection of
patients by RBG is inexpensive and does not require
technical expertise, relatively low sensitivity [5] and have
been shown to missing a substantial number of LS diag-
nosis. Therefore, universal tumor screening (UTS), which
entails routine MSI (and/or IHC) testing for all CRCs,
has been recommended in Western countries [6, 7]. In
fact, several studies have shown that UTS is cost effective
[8-10]. Implementing UTS in Asia including Japan is
still controversial because the frequency of MSI-H CRC
is low (about 6% of CRCs) [11-13] and the frequency
of LS and the utility of RBG remain unknown.

Meanwhile, recent studies have demonstrated that micro-
satellite instability is also an important prognostic bio-
marker for CRC [14] and may be useful as patient selection
marker for adjuvant chemotherapy [15, 16] and immune
checkpoints inhibitors [17]. Advanced CRC with MSI-H
demonstrated a high response rate to treatment with a
programmed death-1 (PD-1) inhibitor, namely, an immune
checkpoint inhibitor [17], and benefit of 5-FU-based adju-
vant chemotherapy in patient with stage II or III MSI-H
CRC was not observed [18]. Thus, MSI status is an
important predictor of clinical benefit from these agents.
This highlights why not only LS-related CRC but also
sporadic MSI-H CRC should be identified. The majority
of CRCs with MSI-H are sporadic and develop as a result
of silencing of MLHI by hypermethylation of its promoter
[19, 20]. All CRC cases less than 50 years of age are
selected for MSI testing by RBG, but there are no criteria
for CRC cases over 50 years of age to conduct MSI test-
ing. Considering that most CRC patients are over 50 years
of age and the fact that most of them are not MSI-H,
cost-effective algorithm is required for elderly CRC patients.

To address this problem, we have developed a model
to predict which CRC patients older than 50 years should
undergo MSI testing on the basis of clinical and patho-
logical data.

1256

K. Fujiyoshi et al.

Materials and Methods

Patients and samples

A total of 2387 consecutive patients with surgically resected
CRC at the Saitama Cancer Center were enrolled in the
test cohort from July 1999 to September 2014. A total
of 1,648 consecutive patients with surgically resected CRC
at Tokyo Metropolitan Cancer and Infectious Diseases
Center, Komagome Hospital, were enrolled in the valida-
tion cohort from January 2008 to August 2016. Patients
with a history of preoperative radiotherapy or chemo-
therapy, inflammatory bowel disease, or a history of familial
adenomatous polyposis were excluded. Clinical and patho-
logical information was obtained from medical records.

Tumor tissues were resected surgically and stored at
4°C until time of sampling. A small piece of primary
tumor and paired normal colorectal tissue was taken
macroscopically by surgeons within 4 h after resection
and stored at —80°C immediately. Histopathology was
performed by pathologists using remnant tissues of sam-
pling. Hematoxylin and eosin-stained slides of tumor tis-
sues were reviewed by pathologists to evaluate mucinous
component. Tumors were considered mucinous component
positive if more than 10% of their volume consisted of
mucin, and were considered as mucinous adenocarcinoma
if more than 50%.

Informed consent was obtained from all patients included
in this study. The study was approved by the Ethics
Committees of Saitama Cancer Center (No. 476) and
Tokyo Metropolitan Cancer and Infectious Diseases Center,
Komagome Hospital (No. 1433, No.1616). All procedures
performed in this study were conducted in accordance
with the ethical standards of Institutional and National
and with the 1964 Helsinki
Declaration and its later amendments.

Research Committees

Analysis of KRAS/RAF mutation

Genomic DNA was extracted from fresh-frozen tissue
samples using the standard phenol-chloroform extraction
method. KRAS mutations in exons 2, 3, and 4 were ana-
lyzed by high-resolution melting analysis, using a Rotor-
Gene Q (Qiagen, Hilden, Germany) [11, 21], and BRAF
mutations in exon 15 (codon 600) were detected by either
polymerase chain reaction (PCR)-restriction fragment
length polymorphisms or high-resolution melting analysis,
as described previously [22].

Analysis of microsatellite instability

MSI analysis was performed using fluorescence-based PCR,
as described previously [23]. MSI status was determined
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using five Bethesda markers (BAT25, BAT26, D5S346,
D2S123, and D17S5250) and classified as MSI-H (two or
more markers demonstrated to be unstable), MSI-low
(MSI-L; only one marker unstable), and MSS (no markers
unstable). MSI-positive markers were reexamined at least
twice to confirm the results. MSI-L was included with
MSS in this study.

Analysis of MLH1 promoter
hypermethylation

All MSI-H CRGCs in the test cohort were analyzed for
MLH]I promoter methylation status by methylation-specific
PCR or combined bisulfite restriction analysis, as described
previously [22].

Statistical analysis

Patient characteristics were compared using t-tests for
continuous variables and y? or Fisher’s exact tests for
categorical variables. To select final predictors, all candidate
predictors with a P < 0.1 in univariate analysis were
included in a multivariate logistic regression model. Scores
for each predictor were obtained based on the beta value
from the final prediction model. Final predictive scores
were integers of standardized beta. A receiver-operating
characteristic (ROC) curve was drawn and the area under
curve (AUC) was obtained [24]. The dataset from Tokyo
Metropolitan Cancer and Infectious Diseases Center
Komagome Hospital was analyzed for external validation.
All analyses were carried out using SPSS software package
version 22.0 (SPSS, Inc., IBM Corp., Armonk, NY).

Results

Patient characteristics

Data were not available for 7 patients in the test cohort
and 54 in the validation cohort. Data for 2380 patients
in the test cohort and 1094 in the validation cohort were
therefore included in the following analysis.

There were no significant differences in gender, BRAF
mutation, and MSI status between the two cohorts. Mean
age at diagnosis of CRC and location were significantly
different, but were not clinically significant. Advanced
stage, larger tumor size, mucinous component, and wild-
type KRAS were significantly more frequent in the valida-
tion cohort (Table 1).

Univariate analysis in the test cohort

There were 2219 patients aged > 50 years in the test
cohort and 992 in the validation cohort. The results of

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 1. Baseline characteristics of test and validation cohorts.

Test Validation

n = 2380 (%) n=1094 (%) P

Gender
Female 988 (41.5) 473 (43.2) 0.339
Male 1392 (58.5) 621 (58.2)
Age at diagnosis of CRC
Mean + SD 65.0+10.2 66.3+11.6 0.02
Location
Proximal 704 (29.6) 286 (26.1) 0.037
Distal 1676 (70.4) 808 (73.9)
Tumor size
Mean + SD(mm) 45.6 + 23.9 52.1+ 239 <0.001
TNM stage
0l 532 (22.4) 124 (11.4) <0.001
I 745 (31.3) 374 (34.2)
I} 712 (29.9) 367 (33.5)
v 391 (16.4) 229 (20.9)
Mucinous component
- 2086 (87.6) 902 (82.4) <0.001
+ 294 (12.4) 192 (17.6)
KRAS
Wild 1370 (57.6) 784 (71.7) <0.001
Mutant 1010 (42.4) 310 (28.3)
BRAF
Wild 2272 (95.5) 1042 (95.2) 0.778
Mutant 108 (4.5) 52 (4.8)
MSI status
MSI-H 139 (5.8) 60 (5.5) 0.675
MSS 2241 (94.2) 1034 (94.5)

Proximal, cecum to transverse colon; Distal, splenic flexure to rectum;
TNM, tumor node metastasis; MSI-H, high-frequency microsatellite
instability; MSS, microsatellite stable.

univariate analysis in the test cohort are shown in Table 2.
CRCs with MSI-H were more frequently associated with
female sex (vs. MSS, P < 0.001), location in the proximal
colon (vs. MSS, P < 0.001), large tumor size (vs. MSS,
P < 0.001), mucinous component (vs. MSS, P < 0.001),
and BRAF mutation (vs. MSS, P < 0.001), and were less
frequently associated with KRAS mutation (vs. MSS,
P = 0.01). The mean age at CRC diagnosis was similar
in patients with MSI-H and MSS (P = 0.07). Tumor size
of MSI-H CRCs was significantly larger than that of MSS
CRCs in proximal (58.9 mm vs. 45.1 mm, P = 0.001)
and distal (56.8 mm vs. 44.4 mm, P = 0.045). Thus,
MSI-H CRCs are larger than MSS CRCs regardless of
tumor location.

Multivariate analysis for predictive model

According to multivariate analysis of tumor size, CRC
with MSI-H was more frequent in patients with tumors
0-19 mm (hazard ratio [OR] = 2.79, P = 0.01, 95%

confidence interval [CI]: 1.26-6.19), 20-29 mm (OR =
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240, P = 0.02, 95% CI: 1.15-5.02), and > 60 mm
(OR = 4.83, P < 0.001, 95% CI: 2.52-9.27), compared
with the reference size (30-39 mm) (Table 3).

Table 2. Characteristics of CRC patients aged >50 years in relation to
MSI.

MSI-H MSS
n=121(%) n=2098 (%) P
Gender
Female 70(7.7) 841 (92.3) <0.001
Male 51(3.9) 1257 (96.1)
Age at diagnosis of CRC
Mean + SD 68.1 +9.56 66.4 +8.44 0.07
Location
Proximal 86 (12.9) 582 (87.1) <0.001
Distal 35(2.3) 1516 (97.7)
Tumor size
Mean + SD(mm) 58.3 + 35.9 44.6 +22.5 <0.001
TNM stage
0-1 28 (5.6) 471 (94.4) <0.001
I 62 (8.8) 642 (91.2)
1l 21(3.2) 635 (96.8)
vV 10 (2.8) 350 (97.2)
Mucinous component
- 79 (4.1) 1868 (95.9) <0.001
+ 42 (15.4) 230 (84.6)
KRAS
Wild 82 (6.5) 1183 (93.5) 0.01
Mutant 39 (4.1) 915 (95.9)
BRAF
Wild 75(3.5) 2046 (96.5) <0.001
Mutant 46 (46.9) 52 (53.1)

Proximal, cecum to transverse colon; Distal, splenic flexure to rectum;
TNM, tumor node metastasis; MSI-H, high-frequency microsatellite
instability; MSS, microsatellite stable.

Table 3. Multivariate analysis according to tumor size.

K. Fujiyoshi et al.

Multivariate logistic regression analysis was conducted
including all of the above candidate predictors (gender,
location, tumor size 0-19 mm, tumor size 20-29 mm,
tumor size > 60 mm, mucinous component, KRAS muta-
tion, and BRAF mutation). BRAF mutation, female sex,
mucinous component, location in proximal colon, and
size > 60 mm were subsequently selected as predictors
based on a P < 0.05. The final model of MSI predictors
is shown in Table 4. Female sex scored 1 point, mucinous
component and size > 60 mm scored 2 points each,
proximal location scored 3 points, and BRAF mutation
scored 6 points. The sum of the scores for each patient
was calculated and a ROC curve of the test cohort was
constructed. The AUC of the prediction model was 0.832
(95% CI: 0.790-0.874). The sensitivity and specificity were
74.4% and 77.7%, respectively, for a cut-off value of 4
points (Fig. 1A). The frequency of CRC with MSI-H for
each score is shown in Table 5. The frequencies of MSI-H
were 1.9% (0-3 points), 6.6% (4-5 points), and 30.6%
(614 points) (Fig. 2). MSI-H CRC with MLHI promoter
hypermethylation was more frequent (59/70, 84.3%) in
patients with a score >6, whereas MSI-H CRC with
unmethylated MLHI was more frequent (42/51, 82.4%)
in those with a score < 5 (P < 0.001) (Table 6). The
AUC for MLHI promoter-methylated CRC with MSI-H
was 0.901 (0.846-0.956) (Fig. 1B). Sixteen LS patients
were included in this test cohort, and 93.3% (14/15)
scored < 5.

Validation

We evaluated the accuracy of this model in an external
validation cohort from Tokyo Metropolitan Cancer and

95% Cl

Beta P OR Lower Upper
0-19 (mm) 1.03 0.01 2.79 1.26 6.19
20-29 (mm) 0.88 0.02 2.40 1.15 5.02
30-39 (mm) — — Ref — —
40-49 (mm) 0.35 0.38 1.42 0.64 3.13
50-59 (mm) 0.28 0.52 1.32 0.57 3.09
60- (mm) 1.58 0.00 4.83 2.52 9.27
Table 4. Multivariate analysis of factors predicting CRC with MSI-H in patients aged >50 years.

Beta Odds 95% Cl Score
Female 0.44 1.56 1.02 2.38 1
Size > 60 mm 1.01 2.75 1.80 4.20 2
Mucinous 0.76 2.13 1.32 3.42 2
Proximal 1.32 3.76 2.41 5.86 3
BRAF mutant 2.59 13.33 8.01 22.20 6
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Figure 1. ROC curves of test and validation cohorts. (A) ROC curve of test cohort. (B) ROC curves of MLHT promoter methylation in the test cohort
of CRC with MSI-H. (C) ROC curve of validation cohort. ROC curves of test and validation cohorts were identical.

Table 5. Frequency of CRC with MSI-H among patients according to prediction score.

MSI-H (N = 121)
Score MSI-H/Total (%) MSI-H (N = 121) Total (N =2219) MLH1-M (N = 70) un-M (N = 51) LS(N=16)
0 0.8 5 657 1 4 1
1 2.6 11 424 2 9 4
2 2.2 6 276 1 5 1
3 3.0 9 305 0 9 1
4 5.8 13 224 5 8 4
5 8.1 9 1 2 7 4
6 16.2 16 99 9 7 0
7 16.7 3 18 3 0 0
8 18.5 5 27 3 2 1
9 38.9 7 18 7 0 0
10 55.6 10 18 10 0 0
11 40.0 4 10 4 0 0
12 73.7 14 19 14 0 0
13 60.0% 3 5 3 0 0
14 75.0% 6 8 6 0 0
MLH1-M, MLH1 promoter hypermethylated; un-M, MLH1 promoter unmethylated; LS, Lynch syndrome.
Infectious Diseases Center Komagome Hospital. The ROC MSI-H, and was robust according to external
curve of the validation cohort had an AUC of 0.856 (95% validation.

CI: 0.806—0.905). The sensitivity and specificity were 76.0%
and 77.0%, respectively, for a cut-off score of 4 points
(Fig. 1C).

Discussion

In this study, we developed a model to predict MSI-H
CRC patients aged > 50 years based on data from two
CRC cohorts. The model demonstrated relatively high
sensitivity and specificity, especially for sporadic CRC with

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

According to this model, 30.6% of CRC patients with
a prediction score > 6 had MSI-H, whereas 98.1%
(1631/1662) with a score < 3 had MSS. This model could
thus reduce the time and cost involved in identifying
MSI-H CRC. The results suggest that MSI testing should
be strongly recommended in patients with a score > 6,
should ideally be carried out in those with a score of 4
or 5, and if possible, in those with a score < 3. Furthermore,
MLHI promoter-hypermethylated CRCs were more fre-
>

quent among patients with a score 6, whereas
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Figure 2. Frequency of CRC with MSI-H. Frequency of CRC with MSI-H
according to prediction score in the test cohort. The frequency of CRC
with MSI-H increased with increasing score. ROC, receiver-operating
characteristic.

Table 6. Presence of MLH1 promoter hypermethylation in CRC with
MSI-H.

MLHT1-M un-M

(N=70) (N=51) P
0-5 points 11 42 <0.001
6-14 points 59 9

Sensitivity = 84.3%, specificity = 82.4%.
MLH1-M, MLH1 promoter hypermethylated; un-M, MLHT promoter
unmethylated.

unmethylated ones, including LS-related CRCs, were more
frequent in those with a score < 5. This model could
therefore also anticipate the presence of MLHI promoter
hypermethylation after MSI testing.

MSI status is an important biomarker for prognosis,
and potential patient selection biomarker for adjuvant
chemotherapy and immune checkpoints inhibitor.
Frequency of MSI-H is very low in stage III and IV CRCs,
3.2% and 2.8%, respectively (Table 2). Therefore, appro-
priate selection from stage III and IV CRCs is required
for cost effectiveness. Among stage III and IV CRCs
(N = 1016), frequency of MSI-H that scored 0-3 points
is 0.95% (7/740), scored 4-5 points is 3.2% (5/155), and
scored 6 points or more is 15.7% (19/121), and is enriched
about fivefold in 26 points group. That is, 61.3% (19/31)
of CRCs with MSI-H is included in >6 points group.
Thus, this enrichment will help decision making of MSI
testing.

Several predictive models have previously been reported
[25-27], including pathological findings such as Crohn-
like reaction, tumor-infiltrating lymphocytes, cribriform,
Ki67 index, and p53 overexpression. These predictive
models may be highly sensitive and specific, but the
requirement for detailed pathological diagnosis puts a big
burden on the pathologists.
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The current predictive model identified five predictors
by multivariate logistic regression analysis: BRAF mutation,
female sex, location in the proximal colon, and tumor
size > 60 mm; will be available as a result of routine
medical treatment. Information on mucinous component
will also be available if a pathologist helps to evaluate
this. This is the first predictive model to include BRAF
mutation as a predictive factor. BRAF mutation analysis
is currently not so common in CRC patients, but mul-
tigene testing including KRAS, NRAS, and BRAF by
luminex-based multiplex assay will be available soon in
Japan, and the European Society for Medical Oncology
consensus guidelines recommend BRAF testing as grade
B [28]. In addition, multigene testing by Next-Generation
Sequencing will become increasingly utilized in many
countries to select appropriate cancer therapy [29]. BRAF
mutation is significantly associated with MSI-H, especially
MSI-H with MLHI promoter hypermethylation [20,
30-32]. BRAF mutation was the strongest predictor in
our model, suggesting that this model could select more
CRCs with hypermethylated, compared with CRCs with
unmethylated MLHI promoters. The incidence of MSI-H
CRCs is known to be increased in older women, in tumors
located in the proximal colon, and among mucinous
component tumors [33]. CRC with MLHI promoter
hypermethylation is also more common in women [19].
The frequency of BRAF mutations varies widely from 1.1%
to 15.3% worldwide [29, 34-38]. The BRAF V600E muta-
tion frequency of 4.5-4.8% observed in this study is
consistent with various Asian studies (1.1% to 4.9%), but
is slightly lower than several Western studies (7.0-15.3%).
In contrast, it has recently been reported that BRAF non-
V600E mutations were found more frequently in Asian
than in Western [39-41]. However, it remains unknown
whether BRAF non-V600E mutations correlate with MSI-H
CRC or not.

Similar to our predictive model, Hyde et al. also included
proximal location and mucinous component [26], and
Colomer et al. included mucinous component and tumor
size in their models [27]. Considering tumor size, CRCs
with MSI-H are known to be larger than CRCs with MSS
[14, 31]. Our data also showed significant difference
between MSI-H and MSS, regardless of tumor location.
We used a cut-off value for tumor size of >60 mm, com-
pared with > 65 mm in Colomer et al. model [27]
and > 50 mm in Batur et al. report [42]. It is difficult
to judge the optimal cut-off for tumor size as a predictor
because tumor size changes according to the stage or
timing of operation. However, typical CRCs do not grow
to >60 mm [43, 44], and the cut-off values were therefore
appropriate based on the characteristic large size of CRCs
with MSI-H. It is interesting to note that the frequency
of MSI-H CRC is higher in the group of tumors that

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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are smaller in size (Table 3). One of the reasons for this
may be that the high-risk group, such as LS or suspected
LS cases, had taken regular colonoscopic surveillance. This
may lead to diagnosis of CRC at an earlier stage. Further
investigations are required to clarify this observation.

Regarding LS, 25 patients with LS-related CRCs were
enrolled across all ages in the test cohort, including 16
(64%) among patients > 50 years, of whom 43% (7/16)
scored < 3.

CRC patients with MSI-H could not be perfectly isolated
in the test cohort. Thirty-one CRCs with MSI-H were
included among 1662 cases that scored < 3, accounting
for 25.6% (31/121) of all CRCs with MSI-H. Among 1886
CRCs with BRAF wild-type and no mucinous component,
51 (2.7%) CRC were MSI-H, 31 cases scored 0-3 points,
10 cases scored 4-5 points, and 10 cases scored > 6 points.
The current predictive model could identify 39.2% (20/51)
of MSI-H CRC with BRAF wild-type and no mucinous
component. Inamura et al. reported that the existence of
signet-ring cell component is associated with MSI-H [45].
If our prediction model incorporates signet-ring cell com-
ponent, prediction rate may be improved.

There were some limitations to this study. Tissue sam-
ples were not assessed for quality microscopically to evaluate
presence of cancer cells.

In conclusion, we developed a predictive model to deter-
mine the need for MSI testing among CRC patients
aged > 50 years. This model can help to identify those
CRCs with MSI-H, especially sporadic CRC with MSI-H.

We expect that this predictive model will be useful in
clinical situations, such as determining which patients
should be recommended for indication for
5-fluorouracil-based adjuvant therapy and to identify those
patients who may derive therapeutic benefit from immune
checkpoint inhibitors.

Acknowledgments

We would like to thank the staff of the Divisions of
Gastroenterological Surgery and Molecular Diagnosis and
Cancer Prevention, Saitama Cancer Center, and Ms. Kaori
Toneyama from Division of Clinical Research Support,
Tokyo Metropolitan Cancer and Infectious Diseases Center
Komagome Hospital.

Conflict of Interest

The authors have no disclosures to make.

References

1. Torre, L. A., F. Bray, R. L. Siegel, et al. 2015. Global
cancer statistics, 2012. CA Cancer J. Clin. 65:87-108.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

10.

11.

12.

13.

14.

Predictive Model for CRC with MSI

. Walther, A., E. Johnstone, C. Swanton, et al. 2009.

Genetic Prognosis and predictive markers in colorectal
cancer. Nat. Rev. Cancer 9:489-499.

. Lynch, H. T., P. M. Lynch, S. J. Lanspa, et al. 2009.

Review of Lynch syndrome: history, molecular genetics,
screening, differential diagnosis, and medicolegal
ramifications. Clin. Genet. 76:1-18.

. Umar, A., C. R. Boland, J. Terdiman, et al. 2004.

Revised Bethesda Guidelines for hereditary nonpolyposis
colorectal cancer (Lynch syndrome) and microsatellite
instability. J. Natl Cancer Inst. 96:261-268.

. Pinol, V., A. Castells, M. Andreu, et al. 2005. Accuracy

of revised Bethesda guidelines, microsatellite instability,
and immunohistochemistry for the identification of
patients with hereditary nonpolyposis colorectal cancer.
JAMA 293:1986-1994.

. Giardiello, F., J. Allen, J. Axilbund, et al. 2014.

Guidelines on genetic evaluation and management of
Lynch syndrome: a consensus statement by the US
Multi-Society Task Force on colorectal cancer.
Gastroenterology 147:502-526.

. Vasen, H. F. A,, L. Blanco, K. Aktan Collan, et al. 2013.

Revised guidelines for the clinical management of Lynch
syndrome (HNPCC): recommendations by a group of
European experts. Gut 62:812-823.

. Mvundura, M., S. D. Grosse, H. Hampel, and G. E.

Palomaki. 2010. The cost-effectiveness of genetic
testing strategies for Lynch syndrome among newly
diagnosed patients with colorectal cancer. Genet. Med.
12:93-104.

. Dinh, T. A,, B. 1. Rosner, J. C. Atwood, C. R. Boland,

S. Syngal, H. F. Vasen, et al. 2011. Health benefits and
cost-effectiveness of primary genetic screening for Lynch
syndrome in the general population. Cancer Prev. Res.
(Phila.) 4:9-22.

Ladabaum, U., G. Wang, J. Terdiman, A. Blanco, M.
Kuppermann, C. R. Boland, et al. 2011. Strategies to
identify the Lynch syndrome among patients with
colorectal cancer: a cost-effectiveness analysis. Ann.
Intern. Med. 155:69-79.

Ogura, T., M. Kakuta, T. Yatsuoka, et al. 2014.
Clinicopathological characteristics and prognostic impact
of colorectal cancers with NRAS mutations. Oncol. Rep.
32:50-56.

Oh, B. Y., J. W. Huh, Y. A. Park, et al. 2016.
Prognostic factors in sporadic colon cancer with
high-level microsatellite instability. Surgery
159:1372-1381.

Oh, J. R, D. W. Kim, H. S. Lee, et al. 2012.
Microsatellite instability testing in Korean patients with
colorectal cancer. Fam. Cancer 11:459-466.

Ooki, A., K. Akagi, T. Yatsuoka, M. Asayama, H. Hara,
A. Takahashi, et al. 2014. Combined microsatellite
instability and BRAF gene status as biomarkers for

1261



Predictive Model for CRC with MSI

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

adjuvant chemotherapy in stage III colorectal cancer. J.
Surg. Oncol. 110:982-988.

Des Guetz, G., O. Schischmanoff, P. Nicolas, G. Y.
Perret, J. F. Morere, and B. Uzzan. 2009. Does
microsatellite instability predict the efficacy of adjuvant
chemotherapy in colorectal cancer? A systematic review
with meta-analysis. Eur. J. Cancer 45: 1890-1896.
Klingbiel, D., Z. Saridaki, A. D. Roth, F. T. Bosman,
M. Delorenzi, and S. Tejpar. 2015. Prognosis of stage II
and III colon cancer treated with adjuvant 5-fluorouracil
or FOLFIRI in relation to microsatellite status: results
of the PETACC-3 trial. Ann. Oncol. 26:126-132.

Le, D. T., J. N. Uram, H. Wang, et al. 2015. PD-1
Blockade in Tumors with Mismatch-Repair Deficiency.
N. Engl. J. Med. 372:2509-2520.

Ribic, C. M., D. J. Sargent, M. J. Moore, et al. 2003.
Tumor microsatellite-instability status as a predict of
benefit from fluorouracil-based adjuvant chemotherapy
for colon cancer. N. Engl. J. Med. 349:247-257.

Kane, M. F., M. Loda, G. M. Gaida, et al. 1997.
Methylation of the hMLHI1 promoter correlates with
lack of expression of hMLHI1 in sporadic colon tumors
and mismatch repair-defective human tumor cell lines.
Cancer Res. 57:808-811.

Moreria, L., J. Munoz, M. Cuatrecasas, et al. 2015.
Prevalence of somatic mutl homolog 1 promoter
hypermethylation in Lynch syndrome colorectal cancer.
Cancer 121:1395-1404.

Akagi, K., R. Uchibori, K. Yamaguchi, K. Kurosawa, Y.
Tanaka, and T. Kozu. 2007. Characterization of a novel
oncogenic K-ras mutation in colon cancer. Biochem.
Biophys. Res. Commun. 352:728-732.

Asaka, S., Y. Arai, Y. Nishimura, et al. 2009.
Microsatellite instability-low colorectal cancer acquires a
KRAS mutation during the progression from Dukes’ A
to Dukes’ B. Carcinogenesis 30:494-499.

Kadowaki, S., M. Kakuta, S. Takahashi, et al. 2015.
Prognostic value of KRAS and BRAF mutations in
curatively resected colorectal cancer. World J.
Gastroenterol. 21:1275-1283.

Grobbee, D. E., and A. W. Hoes. 2014. Clinical
epidemiology: principles, methodsm and applications for
clinical research, 2nd ed. Jones and Bartlett Publisher
Inc, Burlington.

Jenkins, M., S. Hayashi, A.-M. O’Shea, et al. 2007.
Pathology features in Bethesda guidelines predict
colorectal cancer microsatellite instability: a population-
based study. Gastroenterology 133:48-56.

Hyde, A., D. Fontaine, S. Stuckless, et al. 2010. A
histology-based model for predicting microsatellite
instability in colorectal cancers. Am. J. Surg. Pathol.
34:1820-1829.

Colomer, A., N. Frill, A. Vidal, et al. 2005. A novel
logistic model based on clinicopathological features

1262

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

K. Fujiyoshi et al.

predicts microsatellite instability in colorectal
carcinomas. Diagn. Mol. Pathol. 14:213-223.

Van Cutsem, E., A. Cervantes, R. Adam, A. Sobrero,

J. H. Van Krieken, et al. 2016. ESMO consensus
guidelines for the management of patients with
metastatic colorectal cancer. Ann. Oncol. 27:1386-1422.
Bando, H., T. Yoshino, E. Shinozaki, et al. 2013.
Simultaneous identification of 36 mutations in KRAS
codons 61 and 146, BRAF, NRAS, PIK3CA in a signal
reaction by, ultiplex assay kit. BMC Cancer 13:405.
McGivern, A., C. V. A. Wynter, V. L. J. Whitehall,

et al. 2004. Promoter hypermethylation frequency and
BRAF mutations distinguish hereditary non-polyposis
colon cancer from sporadic MSI-H colon cancer. Fam.
Cancer 3:101-107.

Venderbosch, S., I. Nagtegaal, T. Maughan, et al. 2014.
Mismatch repair status and BRAF mutation status in
metastatic colorectal cancer patients: a pooled analysis
of the CAIRO, CAIRO2, COIN, and FOCUS studies.
Clin. Ccancer Res. 20:5322-5330.

Russo, A. L., D. R. Borger, J. Syzmonifka, et al. 2014.
Mutational analysis and clinical correlation of metastatic
colorectal cancer. Cancer 120:1482-1490.

Dolcetti, R., A. Viel, C. Doglioni, et al. 1999. High
prevalence of activated intraepithelial cytotoxic T
lymphocytes and increased neoplastic cell apotosis in
colorectal carcinoma with microsatellite instability. Am.
J. Pathol. 154:1805-1813.

Hsieh, L. L., T. K. Er, C. C. Chen, J. S. Hsieh, J. G.
Chang, and T. C. Liu. 2012. Characteristics and
prevalence of KRAS, BRAF, and PIK3CA mutations in
colorectal cancer by high-resolution melting analysis in
Taiwanese. Clin. Chim. Acta 413:1605-1611.

Soeda, H., H. Shimodaira, M. Watanabe, et al. 2013.
Clinical usefulness of KRAS, BRAF, and PIK3CA mutations
as predictive markers of cetuximab efficacy in irinotecan-
and oxaliplatin-refractory Japanese patients with metastatic
colorectal cancer. Int. J. Clin. Oncol. 18:670-677.

Guedes, J. G., I. Veiga, P. Rocha, et al. 2013. High
resolution melting analysis of KRAS, BRAF and PIK3CA
in KRAS exon 2 wild-type metastatic colorectal cancer.
BMC Cancer 13:169.

Simi, L., N. Pratesi, M. Vignoli, et al. 2008. High-
resolution mellting analysis for rapid detection of KRAS,
BRAF, and PIK3CA gene mutations in colorectal cancer.
Am. J. Clin. Pathol. 130:247-253.

Baldus, S. E., K. L. Schaefer, R. Engers, D. Hartleb, N.
H. Stoecklein, and H. E. Gabbert. 2010. Prevalence
and heterogeneity of KRAS, BRAF and PIK3CA
mutations in primary colorectal adenocarcinoma and
their corresponding metastases. Clin. Cancer Res.
16:790-799.

Ciardiello, F., N. Normanno, E. Maiello, et al. 2014.
Clinical activity of FOLFORI plus cetuximab according

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



K. Fujiyoshi et al.

to extended gene mutation status by next-generation

sequencing: findings from the CAPRI-GOIM trial. Ann.

Oncol. 9:1756-1761.

40. Haley, L., L. H. Tseng, G. Zheng, et al. 2015.
Performance characteristics of next-generation
sequencing in clinical mutation detection of colorectal
cancers. Mod. Pathol. 10:1390-1399.

41. Shen, Y., J. Wang, X. Han, et al. 2013. Effectors of
epidermal growth factor receptor pathway: the genetic
profiling of KRAS, BRAF, PIK3CA, NRAS mutation in

colorctal cancer characteristics and personalized medcine.

PLoS ONE 12:e81628.
42. Batur, S., D. Vuralli Bakkaloglu, N. Kepil, and S.
Erdamar. 2016. Microsatellite instability and BRAF

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Predictive Model for CRC with MSI

mutation in colorectal cancer: clinicopathological
characteristics and effects on survival. Bosn. J. Basic
Med. Sci. 16:254-260.

. Chen, S., W. Wang, S. Lee, et al. 2006. Prediction of

germline mutations and cancer risk in the Lynch
syndrome. JAMA 296:1479-1487.

. Kastrinos, F., E. Steyerberg, R. Mercado, et al. 2011.

The PREMM(1,2,6) model predicts risk of MLHI,
MSH2, and MSH6 germline mutations based on cancer
history. Gastroenterology 140:73-81.

. Inamura, K., M. Yamauchi, R. Nishihara, et al. 2015.

Prognostic significance and molecular features of
signet-ring cell and mucinous components in colorectal
cancer. Ann. Surg. Oncol. 22:1226-1235.

1263



