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Abstract

Objectives: Molecular profiling of marker mutations has become an essential aspect in the treatment plan-
ning for colorectal cancer (CRC). Anaplastic lymphoma kinase (ALK) mutations could be used as markers
in CRC molecular profiling. However, the extremely low frequency of these mutations makes their confir-
mation in all patients inefficient. Thus, to determine whether ALK positivity could be indicated by morpho-
logical features, we have analyzed ALK positivity in CRC tissues with a signet-ring cell carcinoma (SRCC)

component.

Methods: We screened cases of patients who underwent CRC surgical resection at the Department of Gas-
trointestinal Surgery of the Kanagawa Cancer Center between January 2015 and December 2019. The se-
lected samples were then assessed immunohistochemically using an antibody against pSO ALK.

Results: In total, we were able to retrieve 29 cases of CRC with the SRCC component from the database;
however, 5 cases were excluded owing to the absence of formalin-fixed paraffin-embedded tissue sections
or the absence of the SRCC component when the tissues were observed. In the immunohistochemical
analysis, two cases showed diffused positive immunoreactivity for ALK and were defined as ALK-positive
CRC. Thus, the ALK positivity rate in CRC with SRCC was determined to be 8.3%.

Conclusions: This present study sheds light on the morphological features of ALK-positive CRC. Our find-
ings could contribute to the effective screening and improvement of front-line therapy for CRC.
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Introduction

Colorectal cancer (CRC) has been identified as one of the
major causes of morbidity and mortality worldwide. Al-
though treatment outcomes have improved over the past 10
years owing to therapeutic advances[1], the prognosis of pa-
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tients with unresectable CRC remains unsatisfactory. In ad-
dition, the number of deaths owing to CRC has been on a
steady increase; in fact, approximately 50,000 Japanese pa-
tients with CRC died in 2018[2,3].

The molecular profiling of RAS, BRAF, and microsatel-
lites is considered an important modality in treatment plan-
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ning for CRC. However, to further improve treatment out-
comes, individualized strategies based on more detailed ge-
netic information are required. Previous studies have re-
ported that anaplastic lymphoma kinase (ALK) mutations are
oncogenic drivers; their detection rate in patients with CRC
ranges from 0.1% to 2.5%[4,5]. These findings indicate that
the timely confirmation of ALK mutations in patients with
CRC might lead to the early adoption of ALK tyrosine
kinase inhibitors as treatment agents.

However, as the frequency of ALK mutations is often ex-
tremely low, their confirmation in all patients can be ineffi-
cient. Therefore, we focused on the morphological features
of ALK-rearranged lung adenocarcinoma. Of note, lung can-
cer is well known to be associated with ALK mutations; par-
ticularly, an association between ALK mutations and the
signet-ring cell carcinoma (SRCC) component has been re-
ported[6-8]. Furthermore, ALK tyrosine kinase inhibitors
have been found to improve prognosis and therefore are of
clinical importance in lung cancer harboring ALK muta-
tions[9]. Here, to detect ALK mutations in patients with
CRC, we screened cases of CRC using the SRCC compo-
nent and confirmed ALK expression using immunohisto-
chemistry (IHC).

Methods

Selection of colorectal adenocarcinoma cases with an
SRCC component

In this retrospective study, data from patients treated at
the Department of Gastrointestinal Surgery from the Kana-
gawa Cancer Center between January 2015 and December
2019 were collected and analyzed. We searched for cases
using a pathological diagnosis support software (““WebPath”
System, SEIKOTEC CO., LTD., Fukuoka, Japan). The terms
“shoukakigeka-daicho” (Japanese for Department of Gastro-
intestinal Surgery), “signet ring,” and “inkansaibou” (Japa-
nese for signet ring) were used in retrieving CRC cases with
the SRCC component. We subsequently extracted the fol-
lowing clinical data from the medical records of the re-
trieved cases for analysis: age, sex, primary site, treatment,
outcome, and family or genetic predisposition.

Then, we reviewed the hematoxylin and eosin-stained
slides of all the retrieved cases. Of note, in this study, all
cases of CRC with an SRCC component were diagnosed as
positive regardless of the proportion of the SRCC. We then
calculated the proportion of the SRCC component in each
case. This review was conducted by three oncologists (NS,
YO, and TY).

IHC and genetic analysis

Tissue sections from tumors were embedded in paraffin
and cut into 4-um-thick sections. The sections were then de-
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paraffinized and pretreated with BOND Epitope Retrieval
Solution 2 (EDTA, pH 9.0) for 30 min. The Novocastra
mouse monoclonal antibody p80 ALK (Leica Biosystems,
clone 5A4) was diluted to 1:100 and was later incubated
with the samples for 15 min. Signals were detected using
the BOND Polymer Refine Detection Kit (Leica Biosys-
tems). ALK expression was assessed based on the percent-
age of cells with stained cytoplasm relative to that in con-
trols and scored by three pathologists (NS, YO, and TY).
IHC scores were assigned as 0 (no staining), 1 (0% < posi-
tive tumor cell rate < 50%), 2 (50% < positive tumor cell
rate < 80%), and 3 (80% < positive tumor cell rate). An
IHC score of 0 was regarded as negative, scores of 1 or 2
were considered borderline, and a score of 3 was considered
positive. The positive cases were confirmed to contain the
ALK mutation by fluorescence in situ hybridization or com-
prehensive genomic profiling (FoundationOne CDx).

Ethical approval

The Ethics Committee of Kanagawa Cancer Center ap-
proved this retrospective study (Yokohama, Japan, approval
no. 2020-EKI1027).

Informed consent

Informed consent was obtained by opt-out in the study.

Results

Clinicopathological data

In total, 29 CRC cases with the SRCC component were
retrieved from the database for analysis. The number of sur-
gical specimens 1362  (WebPath
“shoukakigeka-daicho” between January 2015 and Decem-
ber 2019), and the frequency of the SRCC component was
2.1%. Five cases were excluded for the following reasons:
the absence of formalin-fixed paraffin-embedded tissue sec-
tions and/or the absence of the SRCC component deter-
mined by microscopic observation.

Consequently, 24 cases were included in the study. The
median age of the patients at the time of diagnosis was 67
(range, 27-78) years, and the male/female ratio was 2:1.
Most primary tumors were determined to be located in the
ascending colon (n = 10), followed by the appendix (n = 6),
rectum (n = 4), transverse colon (n = 2), and descending
and sigmoid colon (n = 1).

The most common histologic type of main tissue was mu-
cinous adenocarcinoma (n = 11), followed by poorly differ-
entiated adenocarcinoma (n = 7), moderately differentiated
adenocarcinoma (n = 5), and SRCC (n = 1). The average
extent of the SRCC component was 12.1% (1 SD: 17.4),
and the median was 7.5% (range: 1%-80%). These findings
are summarized in Table 1.

was searched for
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Table 1. Clinical Characteristics of the Study Patients (n = 24).
Age Median (range) 67 (27-78)
Gender, n (%) Male 16 (66.7%)
Female 8 (33.3%)
Primary site, n (%)  Ascending colon 10 (41.7%)
Appendix 6 (25.0%)
Rectum 4 (16.7%)
Transverse colon 2 (8.3%)
Descending colon 1 (4.2%)
Sigmoid colon 1 (4.2%)
Cecum 0 (0%)
Stage, n (%) 1 0 (0%)
11 0 (0%)
1 14 (58.3%)
v 10 (41.7%)
Histology, n (%) Mucinous adenocarcinoma 11 (45.8%)
Poorly differentiated adenocarcinoma 7 (29.2%)
Moderately differentiated adenocarcinoma 5 (20.8%)
SRCC 1 (4.2%)
SRCC component  Average 12.1% (1 SD: 17.4)
Median (range) 7.5% (1%—-80%)
RAS, n (%) Wild type 11 (45.8%)
Mutations 7 (29.2%)
Unknown 6 (25.0%)
BRAF, n (%) Wild type 9 (37.5%)
Mutations 2 (8.3%)
Unknown 13 (54.2%)

Abbreviations: MSI, microsatellite instability; SRCC, signet-ring cell carcinoma.

ALK expression analysis via IHC

Two cases of CRC with the SRCC component (Figure 1a,
b and d, e) showed diffusely positive immunoreactivity for
ALK (both of them showed THC scores of 3; 80% < posi-
tive tumor cell rate) and therefore were defined as ALK-
positive CRC (Figure 1c and f). Furthermore, genetic analy-
sis confirmed the EMIL4-ALK fusion in both cases. Both pa-
tients were males, with stage III tumors, which had a rap-
idly fatal course. Their relapse-free survival was 3 and 5
months, respectively, regardless of the administration of
first-line chemotherapy. These findings are summarized in
Table 2.

Discussion

Molecular-targeted therapies for CRC have advanced to
play an essential role in improving the outcomes of patients
with CRC. However, the current prognosis of patients with
unresectable CRC has remained to be unsatisfactory. There-
fore, further personalization of the therapeutic process,
based on individual molecular profiling, is urgently required.
Previous studies have demonstrated the potential therapeutic
value of ALK mutations in many solid tumors[10]. ALK in-

hibitors have been applied for the treatment of patients with
ALK-positive non-small cell lung cancer (NSCLC) in the
clinical context, contributing to better outcomes[11]. Be-
cause the frequency of ALK mutations is extremely low,
their confirmation in all patients might be inefficient. Re-
cently, comprehensive genomic profiling (CGP) has been
performed for refractory CRC patients, and ALK mutations
could be detected more frequently. However, CGP has been
found to be not suitable for early screening for ALK. We
hypothesized that improving the detection rates of ALK-
positive CRCs would, in turn, improve the prognosis of
CRC via the early therapeutic introduction of ALK inhibi-
tors. Therefore, we assessed whether a screening approach
focusing on the SRCC component could improve the detec-
tion rates of ALK-positive CRCs.

A previous study showed that ALK-positive lung adeno-
carcinoma accounts for 3%-5% of NSCLC cases[12]. In this
present study, 2 of the 24 cases (8.3%) showed positive im-
munoreactivity for ALK; therefore, the detection rate of
SRCC was substantially higher than the rate for all CRC re-
ported in previous studies[4,5]. Of note, both ALK-positive
cases in this study showed early multiple recurrence. Impor-
tantly, Bavi et al. reported that ALK gene amplification is
associated with poor prognosis in CRC[13], which is consis-
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Figure 1.

Histopathological findings of the two cases of colorectal adenocarcinoma with a signet-ring cell carcinoma

(SRCC) component. (a) Carcinoma cells diffusely spread throughout the intestinal wall, with little or no glandular differentia-

tion (Case 1, hematoxylin—eosin (HE) staining, x40). (b) A few SRCC components are observed in the outer zone of the tumor

lesion adjacent to the subserosa (Case 1, HE staining, x200). (c) Carcinoma cells show diffusely positive immunoreactivity for

ALK (Case 1, immunohistochemistry, x200). (d) The intestinal wall is destroyed by carcinoma-producing mucin (Case 2, HE
staining, x40). (e) An abundant SRCC component floating within the mucin pool is observed (Case 2, HE staining, x200). (f)
Carcinoma cells show diffusely positive immunoreactivity for ALK (Case 2, immunohistochemistry, x200).

Table 2. Clinicopathologic Characteristics of Colon Cancer Patients with Anaplastic Lymphoma Kinase Mutations.

Case 1 Case 2
Age 61 54
Gender Male Male
Primary site Rectum Ascending colon
pTNM, stage pT3N1bMO, Stage 111 B pT4aN2aMOo, Stage III C
Histology Poorly differentiated adenocarcinoma Mucinous adenocarcinoma
SRCC component 2 10
Adjuvant chemotherapy TS-1 (2 courses) CAPOX (6 courses)
Recurrent organ Liver, lung Liver, lung, peritoneum

Chemotherapy after recurrence

RFES (mo)

OS (mo)

RAS

BRAF

MSI

Genetic mutation

Bevacizumab plus FOLFOXIRI (14 courses)
Panitumumab plus FOLFOX (5 courses)

3
22

Wild type

Wild type

Stable
FoundationOne CDx: EML4-ALK, RNF43, TP53

Bevacizumab plus FOLFIRI (12 courses)

5
16
Wild type
Wild type
Stable
FISH: ALK positive

Abbreviations: FISH, fluorescence in situ hybridization; RFS, relapse-free survival; OS, overall survival.
* Stage was defined according to the UICC 8th edition

tent with our findings. Among other genetic mutations, RAS
and BRAF mutations did not show any specific frequency.
Furthermore, although SRCC has been reported to be asso-
ciated with MSI-high disease[14], two ALK-positive cases

were MSS.
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Further discussion is required on the morphological fea-
tures of ALK-positive CRC. In NSCLC, a solid signet-ring
cell pattern and a mucinous cribriform pattern are present, at
least focally, in the majority (78%) of ALK-positive tumors,

but these are rare (1%) in ALK-negative tumors[8]. Thus, we
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propose that an evaluation of the presence of the SRCC
component via histology might help in identifying candidate
cases for ALK testing in CRC, considering that SRCC is a
rare CRC subtype[14], accounting for 1%-2.4% of CRC
cases[15]. By definition, signet-ring cell CRC is defined by
the presence of at least 50% of the SRCC component[14].
However, it has been reported that approximately 5% of
CRC cases have the SRCC component[16]. Furthermore,
Rodig et al. reported that the majority of ALK-rearranged tu-
mors (56%) demonstrate a solid growth pattern, with an
SRCC component of more than 10% in lung cancer[7]. In
this present study, the median SRCC component was 7.8%;
of note, in the two cases with ALK protein expression, this
was 2% and 10%. However, owing to the small number of
samples in this study, we could not observe any relevant as-
sociation. Yet, even considering our small sample size, we
could detect a relatively high rate of CRC harboring ALK
mutations with an SRCC component of less than 10%.
These results suggest that pathologists should report the
presence of the SRCC component in CRC (regardless of its
proportion) and that the SRCC component accounts for a
substantial percentage of CRC.

In conclusion, this present study sheds light on the mor-
phological features of ALK-positive CRC. These findings
could contribute to effective screening and the improvement
of front-line therapy for CRC. However, a few limitations of
our study should be considered. The major one is that this
retrospective study was based on a relatively small sample
size. Therefore, further studies are required to support our
observations.
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