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Abstract

Anti-epithelial growth factor receptor or anti-vascular endothelial growth factor agents com-
bined with chemotherapy were the standard of treatment for metastatic colorectal cancer
(CRC). However, increasing evidence of molecularly stratified treatment makes the complex-
ity of treatment. Anaplastic lymphoma kinase (ALK) gene alternation is one of potential target
for biomarker-guided therapy for CRC. We present a case of a 56-year-old man who suffered
from advanced ascending colon cancer, harboring echinoderm microtubule associated pro-
tein-like 4 (EML4)-ALK fusion gene E21; A20 variant, a rare variant in EML4-ALK fusion gene in
lung cancer. We also detected this fusion gene from different tissue types including circulat-
ing tumor DNA (ctDNA) and ascites fluid. The patient was offered alectinib, an ALK inhibitor,
with partial response in lung, liver, and peritoneal metastasis for 8 months. Tumor heteroge-
neity, especially in gastrointestinal tract cancer, raise our interest in comprehensive genetic
profiling in clinical practice. Convenience and reliability of next-generation sequencing, in-
cluding using ctDNA, help physicians deal with clinical dilemma. ALK-positive CRC is rare.
However, advanced CRC with ALK gene alteration responds to ALK inhibitor. It is reasonable

to check ALK gene alteration in clinical practice for CRC. © 2021 The Author(s).
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Introduction

The treatment response of patients with advanced colorectal cancer (CRC) has been
improved by combining chemotherapy with anti-vascular endothelial growth factor (VEGF)
or anti-epidermal growth factor receptor (EGFR) agents. Worldwide practice guidelines
recommend the use of RAS mutation testing to select target therapeutic agents. The use of
other genetic mutation profiles such as BRAF or HER2 was also suggested, and the test results
influenced the choice of treatment and patient outcomes [1]. However, some patients still
experience a poor response to these standard treatments in clinical practice. Anaplastic
lymphoma kinase (ALK) fusion genes could be detected in various tumor types, including
lymphoma, lung cancer, inflammatory myofibroblastic tumor, and CRC [2, 3]. Reports have
demonstrated that few patients with colorectal adenocarcinoma harbor the ALK fusion gene.
Because of a very low incidence of 0.1-2% in different study populations, ALK-based testing
isnotroutinely practiced in advanced CRC [4-6]. However, owing to improvements in treating
patients with ALK-positive lung cancer, ALK inhibitors could be an effective treatment for
CRC patients with ALK gene alternation [5, 7-9]. We present a case report where a patient
with advanced colon cancer with ALK gene alternation obtained clinical response to ALK
inhibitor and methods how to detect ALK gene alternation in CRC.

Case Report

A 56-year-old man visited our clinics in December 2017 because of progressive abdominal
fullness and tarry stool passages over the previous month. An evaluation through colonoscopy
and computed tomography (CT) scanning revealed an ascending colon tumor with multiple
small pulmonary nodules, liver metastasis, and peritoneal carcinomatosis (Fig. 1). A pathology
review of colon tumor specimens indicated disorganized and crowded tubule-glandular
structures. Immunohistochemical staining revealed positive results for CK20 and negative
results for CK7, which was consistent with a moderately differentiated adenocarcinoma of
the colon. Molecular analysis for KRAS, NRAS, and BRAF genes demonstrated no additional
genetic mutations. Immunohistochemical testing for mismatch repair proteins demonstrated
no loss of nuclear expression of such proteins, including MLH1, MSH2, MSH6, and PMS2.

Fig. 1. Liver (a), peritoneum (b), and lung (c) metastasis before alectinib and post alectinib (d-f).
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Fig. 2. CEA change during different lines of treatment. Colored arrows indicate different lines of treatment.
Red arrowheads point out two times of comprehensive genetic profiling.

HER2 expression, assessed by immunohistochemical staining, was also negative. The patient
was treated with panitumumab combined with a FOLFOX regimen after the diagnosis of stage
IV colon cancer. However, partial response was only maintained for 3 months before the
disease progressed with increases in liver and lung metastasis. Subsequently, treatment was
modified to FOLFOXIRI combined with bevacizumab, which still led to disease progression
with elevated expression of tumor marker carcinoembryonic antigen (CEA) (Fig. 2).

Because of the patient’s poor response to the standard treatment for advanced CRC, we
used biopsy specimens from the colonoscopy to obtain a comprehensive genetic profiling
using the FoundationOne® CDx assay. The sequencing did not detect disease-relevant gene
mutations (KRAS, NRAS, and BRAF mutations) and demonstrated microsatellite stable and
low tumor mutational burden (5 Muts/Mb). However, we detected fusion rearrangement
between echinoderm microtubule associated protein-like 4 (EML4) and ALK, with break-
points at EML4 intron 21 and ALK intron 19. Other non-targetable mutations were also
detected, including GATA6 amplification, KDM6A splice site (443+2T>C), NOTCH2 truncation
intron 22, and TP53 splice site (783-2A>G) (Table 1).

According to previously published data and literature reviews, alectinib, which can block
the activity of ALK and is used for non-small cell lung cancer with ALK positivity, was
prescribed after careful discussion with the patient regarding the indications of ALK inhib-
itors not approved by the Federal Drug Administration (FDA) in CRC. After a month of alec-
tinib treatment, CEA decreased considerably (Fig. 2) and clinical symptoms were alleviated
with decreases in ascites. Repeat CT scanning revealed a partial response per Response Eval-
uation Criteria in Solid Tumors (RECIST) 1.1 criteria with shrinkage of pulmonary metastasis
nodules and liver metastatic tumors (Fig. 1). Clinical and biochemical improvements were
maintained for 8 months followed by further disease progression.

We subsequently obtained another genetic profiling from ascites fluid using Founda-
tionOne® CDx assay. In parallel, peripheral blood sampling was submitted for Founda-
tionOne® Liquid assay. The sequencing results from the ascites cell block revealed EML4-ALK
fusion genes, KRAS amplification, and a TP53 splice site (738-2A>G) (Table 1). Microsatellite
status and tumor mutational burden could not be determined because of the low tumor
purity. The sequencing results from peripheral blood sampling also revealed the presence of
an EML4-ALK fusion gene. KRAS Q61H mutation, NF1 Q20 and TP53 splice site (783-2A>G)
mutations were detected. Within the variants of unknown significance, an ALK L1319V
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Table 1. Next-generation sequencing of different tissue types in this patient

235

Genetic finding Colon tumor biopsy Ascites fluid cell block Liquid biopsy
ALK EMLA4-ALK fusion (E21; A20) Present Present Present
L1319V (VUS*)
KRAS Q61H Not detected Not detected 0.32%
Amplification Not detected Present Not detected
TP53 Splice site 783-2A>G Present (32.8%) Present (3.75%) Present
(39.1%)
NF1 Q20 Not detected Not detected 0.71%
GATA6 Amplification Present Not detected Not tested
KDM6A Splice site 443+2T>C Present Not detected Not tested
NOTCH2 Truncation intron 22 Present Not detected Not tested
Tumor mutational burden Low (5 Muts/Mb)  Can not be determined Not tested
Microsatellite status MS-stable MSI-can not be determined Not tested

*VUS, variants of unknown significance.

Fig. 3. Histology and IHC stain with anti-ALK antibody of cell block from patient’s ascites. Left: hematoxylin
and eosin stain of ascites cell block. Right: IHC stain with anti-ALK antibody of ascites cell block. The tumor
cells show cytoplasmic granular staining for ALK (brown color).

mutation was detected from this blood sampling (Table 1). No other ALK mutations were
reported in these two sequencing results. We performed immunohistochemical staining
using anti-ALK antibodies for the ascites cell block; tumor cells displayed cytoplasmic granular
staining for ALK (Fig. 3).

Owing to the repeated detection of ALK fusion genes in different tissue types and at
different time-points of the disease, we attempted to shift to treatment using ceritinib for 3
months. Despite temporarily decreased CEA level (Fig. 2), the disease progressed nonetheless
with enlarged metastatic liver tumors and peritoneal carcinomatosis. After ceritnib, briga-
tinib was administered as a monotherapy; however, the patientdied of liver failure 22 months
after the colon cancer diagnosis.
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Table 2. Published case reports of treatment with ALK inhibitor in CRC patients harboring ALK gene alternation

First author (year) Age/ Clinical presentation Fusion First Treatment and response Follow-up**
gender partner method of
detecting
ALK
Amatu (2015) [9] 53/F Rightside CRC, stage IV CAD-ALK [HC Entrectinib: PR for 4.5 months

with brain, thoracic lymph
node and liver metastasis

Yakirevich (2016)  87/F A-colon (cecum), lung STRN-ALK NGS FOLFOX6: PR; FOLFIRI: SD at least; KRAS G13D

[5] metastasis, PD with ceritinib SD for 9 months (post
peritoneal and umbilical ceritinib)
metastasis

Gambacorti- N/A  Mucinous type CRC N/A FISH Crizotinib: response duration 25

Passerini (2018) [8] months

Hsiao (2021)* 56/M A-colon, stage IV with lung, EML4-ALK NGS Anti-EGFR with FOLFOX: PR for 3 KRAS Q61H
liver, and peritoneal months; anti-VEGF with FOLFOXIRI:  (post
metastasis PD; alectinib: PR for 8 months; alectinib)

ceritinib and brigatinib: PD

PR, partial response; SD, stable disease; PD, progressive disease; A-colon, ascending colon; IHC, immunohistochemistry; NGS, next-
generation sequencing; FISH, fluorescence in situ hybridization; N/A, not available. * This report. ** Suspicious emerging resistant mutation
after ALK inhibitor.

Discussion and Conclusion

Patients with RAS wild-type CRC are known to obtain response to anti-EGFR monoclonal
antibodies. However, several patients still have poor clinical outcome after anti-EGFR mono-
clonal antibodies-based therapy. ALK receptor activation stimulates downstream signaling
including MAPK/ERK, PI3K/AKT pathway, which is the potential mechanism of resistance to
anti-EGFR monoclonal antibodies in RAS wild-type CRC [10]. About 5% of non-small cell lung
cancer harbor ALK gene alternation. Patients with lung cancer are routinely tested for ALK
geneticalternationin clinical practice. Because of development of several effective compounds
for inhibiting ALK kinase activity, therapeutic effects have dramatic improvement in ALK-
positive non-small cell lung cancer. Low incidence of ALK gene alternation was mentioned in
CRC. However, obtaining tumor response to ALK inhibitors in CRC patients was demonstrated
by several case reports (Table 2). Therefore, detection of ALK gene alternation gives rise to
novel treatment options in these CRC patients.

Ahigherincidence is reported if detection of ALK alternation is restricted to patients with
right side colon cancer or mucinous type CRC [5]. We may perform ALK genetic testing
restricting to patients with right side colon cancer with RAS wild type or obtaining resistant
response to anti-EGFR agents. However, we should take into consideration that left side colon
cancer also has the possibility of ALK gene alternation as mentioned by a previous report [4].
Several methods could be employed to detect ALK gene alternation, including fluorescence in
situ hybridization (FISH) and next-generation sequencing (NGS). However, during routine
clinical practice in lung cancer, immunohistochemical staining using anti-ALK antibodies is
practical and affordable, which could also be used to detect ALK-positive CRC, such as staining
of an ascites cell block performed in our patient and on patients detailed in other studies [4,
6]. Growing evidence suggests that in the gastrointestinal tract, cancer tumors are heteroge-
neous and that parallel molecularly stratified treatment strategies are effective [11, 12]. Not
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only RAS gene status but also other genes, such as BRAF, HER2, MET, and ALK, play an
important role in treatment decision for CRC patients. NGS could help physicians capture
whole genetic pictures of tumors and guide their clinical treatment decisions [13]. Using
tumor tissue from a formalin-fixed paraffin-embedded (FFPE) sample for sequencing is the
standard method. However, difficulty in tumor sampling sometimesleads to clinical dilemmas.
Concurrent with a previous report, we determined that the use of circulating tumor DNA
(ctDNA) was a convenient method for detecting ALK gene alternation in CRC [14, 15]. We
genetically profiled different tissue types (including body fluid and ctDNA) other than FFPE
samples. ALK alternation was detected in all three tissues. Genetic sequencing of different
metastatic sites, combined with the use of ctDNA, may help physicians understand tumor
heterogeneity and select the optimal treatment.

Because of the low incidence of ALK-positive CRC and no FDA approval for ALK inhibitors
in CRC, reports on treatment responses to ALK inhibitor for colon cancer are rare. There is
still no treatment guideline focusing on ALK-positive CRC. Some reports demonstrated a
treatment response to standard chemotherapy with or without anti-VEGF agents [14]. Case
reports of ALK-positive CRC patients treated with ALK inhibitors are summarized in Table 2.
Several cases revealed advanced clinical stage and obtained a resistant response to standard
treatment for CRC. As our case, treatment response to anti-EGFR agent combined with chemo-
therapy was only maintained for 3 months, also failure to a more toxic FOLFOXIRI regimen.
We reported the first case of a patient with colon cancer with an EML4-ALK fusion gene who
obtained a partial response by alectinib and was subsequently treated by different ALK
inhibitor agents as the disease progressed. Reports have demonstrated that administering
these ALK inhibitors, such as ceritinib or entrectinib, in patients with colon cancer with
various ALK fusion genes can lead to clinical improvements [5, 9]. However, a secondary ALK
inhibitor did not halt disease progression. One possible explanation was emerging resistant
mutation and more potent ALK inhibitors, such as lorlatinib, were not introduced as subse-
quent line of treatment. Another possible explanation is that the detection of KRAS Q61H
using ctDNA after disease progression indicated tumor heterogeneity of gastrointestinal
cancer or obtaining secondary resistance mechanism. Standard treatment options such as
regorafenib or lonsurf should be taken into consideration.

This paper is the first comprehensive case report on a patient with ascending colon
adenocarcinoma harboring EML4-ALK fusion gene being treated with alectinib monotherapy
for 8 months and then sequentially with ceritinib and brigatinib. As exemplified by this case,
ALK fusion gene could be detected by the application of different tissue types, including FFPE
samples, peripheral blood, and body fluid cell block. As shown by previous reports and our
case experience, ALK inhibitor is instrumental for ALK-positive colon cancer. Therefore, it is
important and necessary for detecting ALK gene alternation for patients with advanced CRC.
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