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Abstract

Although immunohistochemistry (IHC) for mismatch repair (MMR) proteins (MMR IHC) is used to identify DNA MMR staQ
universal screening of all patients with colorectal cancer (CRC) using a combination of both MMR IHC and genetic testing for the
BRAFV600E mutation is limited in Japan. This study aimed to better understand the histopathological characteristics of CRCs,
which exhibit both deficient mismatch repair (dAIMMR) and BRAFV600E mutation. MMR IHC of formalin-fixed paraffin-embedded
tissues from tumor areas obtained from 651 patients with CRC who underwent surgical resection at Hamamatsu University
Hospital (Hamamatsu, Japan) between August 2016 and March 2022 were used to evaluate MMR status, which was determined
by staining for the expression of 4 MMR proteins (MLH1, MSH2, PMS2, and MSH6). All dMMR tumors were additionally evaluated
for BRAFV600 mutation status via Sanger sequencing. Patient clinical characteristics (age, sex, tumor location, size, and tumor
pathology) were then classified using their dAMMR and BRAFV600 mutation statuses. Among the 651 patients with CRC, 58
carried tumors with dMMR, of which 52 were deficiency in MLH1 (dMLH1). Interestingly, all 16 medullary carcinomas that were
analyzed showed characteristics corresponding to the presence of both dMLH1 and BRAFV600E mutation (P =.01). These
results suggest that colorectal medullary carcinomas can be diagnosed based on their unique characteristics of harboring the
BRAFV600E mutation and exhibiting dMLH1 expression.

Abbreviations: CRC = colorectal cancer, dMLH1 = deficiency in MLH1, dMMR = deficient mismatch repair, FFPE = formalin-
fixed paraffin-embedded, ICI = immune checkpoint inhibitor, IHC = immunohistochemistry, MMR = mismatch repair, MSI-H =

microsatellite instability-high, pMMR = proficient MMR.
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1. Introduction

In recent years, the advent of immune checkpoint inhibitors
(ICIs) has led to high therapeutic efficacy in colorectal cancer
(CRC) with deficient mismatch repair ({IMMR), a breakdown
of the DNA mismatch repair system.!!! In 2017, the U.S. Food
and Drug Administration approved the use of pembrolizumab,
an ICI, as a therapeutic agent against all types of solid tumors
with dMMR and/or microsatellite instability-high (MSI-H)./?!
Because immunohistochemistry (IHC) for MMR (MMR IHC)
proteins and/or MSI is a cost-effective CRC test that can be used
for universal screening of Lynch syndrome and is a compan-
ion diagnostic aimed at personalized ICI therapy, it has been
recommended for use in precision medicine by many medical
institutions worldwide.3-!

Historically, MSI tests have been used to detect molecular
manifestations in tumors with dMMR. The advent of tech-
niques that enabled the use of monoclonal antibodies in IHC-
based detection of mismatch repair (MMR) proteins (MSH2,
MLH1, PMS2, and MSH6) in the 1990s resulted in MMR
IHC being adopted as an alternative method for detecting
MMR deficiency. This was largely due to the fact that MMR
IHC, which has certain advantages over MSI testing, is a pro-
cedure routinely offered by general pathology laboratories at
a cost that is approximately threefold less than that of MSI
testing. In addition, another attractive feature of MMR IHC is
that it helps identify mutated genes.[*) MSH2 dimerizes with
MSHS6, forming the functional complex, MutSa, while MLH1
dimerizes with PMS2, forming MutLa.'" Although abnormal-
ities of MSH2 and MLH1 proteins may result in the proteo-
lytic degradation of their dimers and consequent loss of both
the obligatory and secondary partner proteins (i.e., MSH6 and
PMS2), the reverse is not true. Mutations that occur in the genes
of the secondary proteins, MSH6 and PMS2, do not necessar-
ily result in a concurrent loss of the obligatory proteins, MSH2
and MLH1, because the function of these secondary proteins
may be compensated by other proteins, such as MSH3, MLH3,
and PMS1.I'2131 Therefore, it is possible to estimate the primary
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functional loss of MMR proteins via the differences in MMR
THC expression patterns among the 4 MMR proteins.

Colorectal tumors with MSI-H and/or dAMMR exhibit dis-
tinctive features, including a tendency to arise in the proximal
colon, lymphocytic infiltrates, and a poorly differentiated, muci-
nous, or signet ring appearance; approximately 85% of colorec-
tal tumors with dMMR are caused by acquired disruption of
the DNA MMR system.["*'¢ Although most sporadic dIMMR
tumors reportedly arise via hypermethylation of the promoter
of MLH1 and carry the BRAFV600E mutation,!'”??! little is
known about the detailed histopathological characteristics of
CRC with both deficiency in MLH1 (AMLH1) and BRAFV600E
mutation, especially in Japan. This is because universal screen-
ing for CRC via MMR THC is covered by insurance (October
2022) in our country. Moreover, precise histopathological find-
ings of the tumors have not yet been reported. In addition, not
all patients with CRC are eligible for BRAFV600 genetic testing
under health insurance in Japan.

Here, we performed MMR IHC for 651 colorectal tumors,
explored the clinicopathological characteristics of patients with
dMMR, and examined histopathological and genetic features
of tumors with dAMMR based on a combined MMR THC and
BRAFV600 mutational analysis via Sanger sequencing. Overall,
we demonstrated that patients with medullary carcinomas may
carry both dMLH1 and BRAFV600E mutations.

2. Materials and methods

2.1. Patients

We studied 651 patients with CRC who underwent surgical
resection at Hamamatsu University Hospital (Hamamatsu,
Japan) between August 2016 and March 2022 (Fig. 1).
Formalin-fixed paraffin-embedded (FFPE) tissues from all oper-
ated CRC patients were used to evaluate MMR status using
MMR IHC. BRAFV600 mutation status was evaluated using
Sanger sequencing analysis of tumors with dMMR. Disease

CRC N=651

MMR IHC

pMMR CRC n=593

dMMR CRC n=58

BRAF wild type n=18 (31%)

BRAFV600 (Sanger sequence analysis)

BRAFV600E mutation n=40 (69%)

dMLH1/dPMS2 12
dMSH2/dMSH6 4
dMSH2 1
dMSH6 1

dMLH1/dPMS2 39
Null 1

Figure 1. Tissues of patients with colorectal cancer were analyzed for DNA MMR proteins using IHC. Patients with CRC who had dMMR tumors were assessed
for BRAF mutations using Sanger sequencing. CRC = colorectal cancer, IHC = immunohistochemistry for mismatch repair, pMMR = proficient MMR; dMMR
= deficient mismatch repair; dMLH1, MHL1 deficiency; dPMS2, PMS2 deficiency; dMSH2, MSH2 deficiency; dMSH6, MSH6 deficiency; dMSHB, MSH6 defi-
ciency; Null, tumors with no expression of all 4 MMR proteins. dMLH1 = deficiency in MLH1, MMR = mismatch repair.
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status was evaluated according to the TNM staging system
for CRC (Union for International Cancer Control [UICC], 8th
edition). The clinical characteristics (age, sex, tumor location,
tumor size, and tumor pathology) of patients were classified
using MMR and BRAF status. Proximal colon cancer was
defined as a cancer of the cecum, ascending colon, or transverse
colon.

The study was approved by the Institutional Review Board
of the Hamamatsu University School of Medicine (approval no.
2022-143), which confirmed that the study complied with the
ethical guidelines of the Helsinki Declaration.

2.2. MMR IHC

For THC staining, tissues were collected by experienced pathol-
ogists (H.S., T.A., and S.B.). Staining for the expression of the
4 MMR proteins, MLH1, MSH2, PMS2, and MSH6, was per-
formed by using 10% formalin for fixation at room tempera-
ture for 6 to 48 hours. Paraffin-embedded tissue samples were
cut into 4 pm thick serial sections and stained using an auto-
mated technique. Briefly, the slides were dewaxed by heating at
55°C for 30 minutes and washed thrice with xylene. Next, the
tissues were rehydrated with a series of 5-minutes washes in
a 100%, 95%, and 80% ethanol gradient and distilled water.
Endogenous peroxidase activity was inhibited using 3% hydro-
gen peroxide for 10 minutes at room temperature. Subsequently,
the tissues were incubated with a protein-blocking reagent
(StartingBlock [TBS] Blocking Buffer; cat. no. 37542; Thermo
Fisher Scientific) at room temperature for 5 minutes, washed
twice with TBS, and incubated with the mouse monoclonal
antibodies anti-MLH1 (clone G168-728; 1:50; cat. 554073;
BD Biosciences), anti-MSH2 (clone FE11; 1:10; cat. NA27;
Merck KGaA), anti-PMS2 (clone A16—4; 1:50; cat. 556415; BD
Biosciences), and anti-MSH6 (clone 44/MSH6; 1:20; cat. no.
610918, BD Biosciences) for 30 minutes at room temperature.
This was followed by incubation with goat anti-mouse immu-
noglobulin G and horseradish peroxidase-conjugated dextran
polymer (ChemMate Envision kit; Dako; Agilent Technologies,
Inc.) at room temperature for 30 minutes. Antigen-antibody
complexes were stained with 3,”-diaminobenzidine tetrahydro-
chloride using an autostainer (Histostainer; Nichirei Bioscience
Corporation) and then with hematoxylin for 1 minute at room
temperature. Prepared slides were observed under an optical
microscope (magnification x 100 and x 400). Tissues showing
positive expression, normal epithelial cells, lymphocytes, and
supporting tissue were used as internal controls. The expression
of MLH1, MSH2, PMS2, and MSH6 following the complete
disappearance of nuclear staining in tumor cells was considered
negative.

Although MLH1 is required to stabilize PMS2, PMS2 is not
required to stabilize MLH1®%; tumors lacking the expression
of both MLH1 and PMS2 exhibit loss of function of MLH1
(dMLH1) and subsequent instability of PMS2. Similarly, MSH2
is required to stabilize MSH6, but MSH6 is not required to
stabilize MSH2. Loss of expression of both MSH2 and MSH6
indicates loss of MSH2 function (dIMSH2), followed by degra-
dation of MSH6. Tumors that maintained the expression levels
of MLH1, MSH2, PMS2, and MSH6 were assigned a proficient
MMR (pMMR) status. In all cases, diagnosis was confirmed by
experienced pathologists (H.S., T.A., and S.B.).

2.3. Pathological diagnosis

Experienced pathologists (H.S., T.A., and S.B.) diagnosed medul-
lary carcinoma. According to the microscopic description of the
3rd edition of the WHO classification, medullary carcinoma is
characterized by a sheet-like structure of malignant cells with vesic-
ular nuclei, prominent nucleoli, and abundant eosinophilic cyto-
plasm with prominent intraepithelial lymphocytic infiltration.*!
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2.4. Samples

Postoperative FFPE tissues obtained from patients with CRC
were used as tumor samples. Genomic DNA was extracted from
cancer tissue using a QIAamp DNA FFPE Tissue Kit (Qiagen,
Hilden, Germany).

2.5. BRAFV600 genetic testing

BRAF mutations in exon 15 were analyzed. Exon 15 was
selected because it is the region where BRAF mutations are most
frequently reported. We performed PCR using the primer set
described previously (see Table, Supplemental Digital Content
1, http://links.lww.com/MD/]J715 showing the primers used for
PCR amplification). PCR amplifications were performed under
the following conditions: 1 cycle at 94°C for 2 minutes; 40
cycles at 98°C for 10 seconds; 60°C for 30 seconds; extension
at 70°C for 30 seconds; and a final extension step at 70°C. PCR
products were purified using an Ampure Xp beads kit (Beckman
Coulter, Blair, NE) and sequenced using a BigDye Terminator
Cycle Sequencing Kit (Applied Biosystems, Waltham, MA)
according to the manufacturer instructions. Sequencing was
performed in both directions using forward and reverse PCR
primers. The purified products were run on an ABI 3100 PRISM
Genetic Analyzer (Applied Biosystems). Data were collected and
analyzed using Applied Biosystems sequence analysis software.

2.6. Statistical analyses

All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
a graphical user interface for R (R Foundation for Statistical
Computing, Vienna, Austria). It is a modified version of R
Commander, which was designed to add statistical functions
used in biostatistics more precisely.*!

3. Results
3.1. Colorectal medullary carcinomas exhibit dMMR

We compared the clinicopathological features of 58 patients
with dMMR CRC (8.9%) and 593 patients with pMMR CRC
(91.1%) (Table 1). When presenting for the study, the CRC
patients in the dIMMR CRC group were older than those in
the pMMR CRC group. The male:female proportion was
almost equal between the 2 groups. Tumor size in dMMR
CRC was larger than that in pMMR CRC. The dMMR tumors
were mainly located in the right-sided colon, whereas pMMR
tumors were located in the left-sided colon (P <.0001). UICC
pStage IV was more common in patients with pMMR tumors,
whereas UICC pStage II was more common in patients with
dMMR tumors (P =.0002). In terms of pathology, the IMMR
CRC tumors displayed a higher proportion of medullary and
mucinous carcinomas, whereas the pMMR CRCs tumors had
a higher proportion of tubular adenocarcinoma. Notably, all
medullary carcinomas exhibited dMMR.

3.2. All colorectal medullary carcinomas exhibited
defective MLH1 expression

Because tumors with dMLH1 were the most frequent type of
tumor displaying disrupted DNA MMR, we compared clin-
icopathological characteristics corresponding to the MLH1
expression status of dMMR tumors. The results indicated that
patients with dMLH1 tumors were older than those with pre-
served MLH1 function (P =.02) and that 77% of tumors with
dMLHT1 carried BRAFV600 mutations, whereas patients with
pMLH1 tumors did not (P =.00046) (Table 2). Interestingly,
MMR IHC indicated that none of the 16 medullary carcinomas
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expressed both MLH1 and PMS2 (Table 3), including 1 case
that did not express any MMR protein at all (Table 4; see
Figure, Supplemental Digital Content 2, http://links.lww.com/
MD/]716 illustrating a case of a patient with medullary carci-
noma).?®! The loss of expression of both MLH1 and PMS2 is
caused by disruption of the MLH1 protein because abnormali-
ties in the MLHT1 protein result in proteolytic degradation of the
MLH1/PMS2 dimer and consequent loss of both the obligatory
and secondary partner protein PMS2. These results suggested
that medullary carcinomas were deficient in MLH1 expression.

3.3. Colorectal medullary carcinomas displayed both MLH1
deficiency and BRAFV600 mutation

Most CRC tumors with hypermethylation of MLH1 reportedly
show the BRAFV600 mutation!!-2%l; therefore, we analyzed the

Clinicopathological comparison of the dMMR and pMMR groups
in all colorectal cancers (CRCs).

dMMRn =58 pMMRn =593 Pvalue

Age at surgery, yr, median (range) 73.0 (43-93)  68.2 (32-95) .004
<70 18 287 .01
>70 40 306

Male/female, n 28/30 345/248 2

Tumor size, (mm), (SD) 49.0 (23.4) 41.9(20.2) .01

Tumor location, n (%) <.0001
Right colon 52 (90) 195 (33)

Left colon 35 162 (27)
Rectum 3() 236 (40)

Tumor histology, n (%) <.0001
Medullary carcinoma 16 (28) 0(0) <.0001
Poorly differentiated adenocarcinoma 12 11@Q) 1
Mucinous carcinoma 9(15) 29 (5) .004
Tubular or papillary adenocarcinoma 32 (55) 553 (93) <.0001

Pathological stage, n (%) .0002
| 15 (26) 155 (26) 1
I 28 (48) 154 (26) .0006
I 15 (26) 214 (36) 2
\% 0(0) 70 (12) .002

dMMR = deficient mismatch repair, pMMR = proficient MMR.

Clinicopathological comparison of dMLH1 and pMLH1 in dMMR
colorectal cancers (CRCs).

dMMR (n = 58)
dMLH1n=52 pMLHin=6 Pvalue

Age at surgery, yr, median (range) 74.3(43-93)  62.5 (44-84) .02
Male/female, n 25/27 3/3 1
Tumor size, (mm), (SD) 48.5(23.2) 50.8 (27.1) 8
Tumor location, n (%) 1

Right colon 46 (88) 6 (100)

Left colon 3(6) 0(0)

Rectum 3(6) 0(0)
Tumor histology, n (%) 3

Medullary carcinoma 16 (31) 0(0)

Poorly differentiated adenocarcinoma 12 0(0)

Mucinous carcinoma 8(19) 1(17)

Tubular or papillary adenocarcinoma 27 (52) 5(83)
Pathological stage, n (%) 3

| 15 (28) 0(0)

I 25 (48) 3(50)

i 12 (23) 3(50)

v 0(0) 0(0)

Medicine

histopathological characteristics of CRC with both BRAFV600
mutation and deficient MLH1 protein expression. The CRC
dMMR content in the MMR plot (MLH1, MSH2, PMS2, and
MSH6) combined with BRAFV600 and tumor histology is
shown (Fig. 2). Among dMMR CRCs, some tubular adenomas
displayed dMLH1, while others displayed non-dMLH1 char-
acteristics; not all mucinous carcinomas displayed dMLH1. By

Clinicopathological features of all medullary carcinoma cases.

Medullary
carcinoma
n=16

Age at surgery, yr, median (range) 75.4 (43-88)
Male/female, n 7/9

Tumor size, (mm), (SD) 60.8 (22.3)
Tumor location, n (%)

Right colon 15 (94)

Left colon 0(0)

Rectum 1(6)
Pathological stage, n (%)

| 2(13)

I 8 (50)

i 6 (37)

\% 0(0)

SD = standard deviation.

List of clinicopathological features of all medullary carcinoma
cases.

Case Tumor Tumor uicc
no. Age Sex location size (mm) pStage MMRP
1 88 F A 110 lnc MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
2 81 M A 70 1A MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
3 43 M A 50 1A MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
4 73 F A 48 1A MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
5 83 F A 90 1A MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
6 85 F A 47 1A MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
7 66 F A 85 1A MLH1(-), PMS2(-),
MSH2(+), MSH6(+)
8 77 M A 60 IIB MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
9 7 M A 80 IIC MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
10 81 M A 37 | MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
11 79 F A 25 | MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
12 72 M C 40 A MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
13 76 F T 60 llnc MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
14 82 F T 70 lnc MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
15 59 F R 45 A MLH1(-), PMS2(-),
MSH2(+), MSHB(+)
16 70 M A 55 B MLH1(-), PMS2(-),

MSH2(-), MSH6(-)

dMLH1 = deficiency in MLH1, dMMR = deficient mismatch repair, pMLH1 = MLH1 proficiency, SD
= standard deviation.

A = ascending colon, C = cecum, MMRP = mismatch repair protein, MT = mutation, R = rectum,
T = transverse colon
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histology

MMR BRAF histology

1234567 8 9101112131415161718192021222324252627 282930313233 34353637 38 394041424344 454647 48 4950 51 5253 54 5556 57 58

l deficiency IERAFVGOOE I Medullary carcinoma

D proficiency I:I BRAFWT E Mucinous carcinoma

||m| Poorly differentiated carcinoma

B

| | Tubular adenocarcinoma

Figure 2. MMR status and BRAF mutation status in dMMR CRC, including histology. The upper 4 blocks show the representation of MMR proteins: gray if
deficient; white if proficient. Fifth block from the top indicates whether tumors have BRAFV600E mutations: presence of a mutation is indicated by black and
absence is indicated by white. Bottom block shows histopathological diagnosis, leading to classification as medullary carcinoma, mucinous carcinoma, tubular
adenocarcinoma, and poorly differentiated adenocarcinoma. CRC = colorectal cancer, dAMMR = deficient mismatch repair, MMR = mismatch repair.

Differences between medullary and non-medullary carcinomas
according to BRAFV600E status in dMLH1 colorectal cancers
(CRCs).

dMLH1 (n = 52)

BRARV60OE  BRAPNT P
(n =40) (n=12) value
Medullary carcinoma (%) 16 (40.0) 0(0.0) .01
Non Poorly differentiated adeno- 1(2.5) 0(0.0)
medullary carcinoma (%)
carcinoma Mucinous carcinoma (%) 8(20.0) 0(0.0)
Tubular adenocarcinoma (%) 15 (37.5) 12 (30.0)

dMLH1 = deficiency in MLH1, WT = wild-type.

contrast, all the medullary carcinomas and 1 poor adenocar-
cinoma, among those with dMMRs, displayed only dMLH1
(Table 5), while some poor adenocarcinomas exhibited pMMR
(Table 1). These results indicated that dMLH1 is a unique char-
acteristic of medullary carcinomas. Our focus on BRAFV600
mutation status among dMLH1 CRCs led to an insightful find-
ing that all the medullary carcinomas that were analyzed car-
ried the BRAFV600 mutation, whereas some tumors among
the non-medullary carcinomas displayed pMLH1 and/or
BRAFV600 WT. Thus, these results suggested that medullary
carcinoma of the large intestine displays the unique characteris-
tics of both dMLH1 and BRAFV600 mutations.

4. Discussion

Medullary carcinoma was first described in the 3rd edition of the
WHO classification in 2000.2*27281 The pathologic features of
colorectal medullary carcinoma include sheets of malignant cells
with vesicular nuclei, prominent nucleoli, medullary growth with
poor lumen formation, relatively abundant eosinophilic cyto-
plasm, and diffuse infiltration of T lymphocytes called tumor-infil-
trating lymphocytes.*’! Recently, Jabbal et al utilized the National
Cancer Database from 2004 to 2018 to show that medullary
carcinoma is prevalent among older patients and women and
that 82.4% of patients (mostly including patients with sporadic

CRCs) with medullary carcinoma show MSLEY Although CRCs
with MSI-H exhibited hypermethylation of MLHI1, and most
MLH1 hypermethylated tumors carried the BRAFV600 muta-
tion,'¥! reports pertaining to the most typical histological type
among CRCs, which carries both mutated BRAFV600 and dis-
rupted MLHI1, are scarce. To the best of our knowledge, our
study is the first report to show that colorectal medullary carci-
nomas display characteristics of both deficient MLH1 (via MMR
IHC) and mutated BRAFV600 (via Sanger sequencing).

Most sporadic CRCs with dMMR may be characterized by
MLH1 promoter hypermethylation,'*' and many studies
have reported that colorectal tumors showing MLH1 promoter
hypermethylation exhibit the histopathological characteristic of
mucinous or poor differentiation. The absence of studies discuss-
ing medullary carcinoma in detail may be attributable to these
analyses being conducted prior to or just after the definition of
medullary carcinoma was released in the year 2000 by WHO,
suggesting that medullary carcinoma may be categorized as
poorly differentiated adenocarcinoma.l'’2? In 2004, Arai et al
studied 35 poorly differentiated adenocarcinoma cases, including
23 medullary carcinomas in the elderly. They found that of the
23 medullary carcinomas, 20 carried MSI-H, 21 carried dIMLHT1,
and 15 carried MLH1 promoter hypermethylation.*'! Although
the results of their study are insightful, they did not show the
frequency of colorectal medullary carcinoma among all patients
with surgically resected CRC as well as the frequency of medul-
lary carcinomas with dMLH1, which has rarely been reported. By
contrast, our study makes a strong case by showing that among
651 resected CRCs, all 16 medullary carcinomas that were ana-
lyzed displayed dMLH1, whereas none showed pMLH1.

The CpG island methylator phenotype, which occurs in ~20%
of sporadic CRCs, mostly demonstrates BRAFV600 mutation
and MLH1 hypermethylation, and thus represents hypermutated
tumors.’>3%1 This has also been experimentally demonstrated
using mouse models in which induction of the BRAF mutation
results in consistent DNA methylation changes that are analo-
gous to CpG island methylator phenotype in human CRC.F%3!
Focusing on medullary carcinoma, Knox et al®® analyzed a
single health district database from 1998 to 2012 and showed
that 85.6% of medullary carcinomas carried BRAFV600E
mutations, while 100% carried dMMR. Although these find-
ings may be important, they do not show BRAFV600E muta-
tion status together with MLH1 expression. Our study had some
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limitations: this was a single-center retrospective study and we did
not analyze unresected advanced CRC cases. However, our find-
ings have successfully and clearly demonstrated that medullary
colorectal carcinomas display the characteristics of both MLH1
deficiency and BRAFV600E mutation. Considering the difficul-
ties associated with distinguishing between medullary carcinoma
with neuroendocrine tumors and poorly differentiated adenocar-
cinoma, we believe that universal screening for both dIMLH1 and
BRAFV600E mutations as unique biomarkers may help diagnose
medullary carcinoma to decide on the course of treatment.
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