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Favorable control of advanced colon adenocarcinoma
with severe bone marrow metastasis: A case report
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Abstract. Colorectal cancer (CRC) has a propensity to metas-
tasize to the liver, lungs and regional abdominal lymph nodes,
but rarely to the bone marrow. A 60-year-old man presented
to the National Hospital Organization Kyushu Cancer Center
with a 4-week history of persistent lower back pain, anorexia
and difficulty defecating. Complete blood count revealed
severe thrombocytopenia and erythroblastosis, suggesting
a hematological malignancy. However, the bone marrow
examination demonstrated involvement by a moderately to
poorly differentiated adenocarcinoma, but no hematopoietic
abnormalities. A computed tomography scan revealed thick-
ening of the wall of the sigmoid colon, with para-aortic, hilar,
mediastinal and supraclavicular lymphadenopathy. The patient
was thus diagnosed with sigmoid colon adenocarcinoma with
lymph node and bone marrow metastasis. Modified FOLFOX6
was promptly initiated, with concurrent therapy for dissemi-
nated intravascular coagulation (DIC). An increased number
of thrombocytes was observed on day 6. After 3 cycles of
treatment, the patient recovered from DIC and the levels of
serum carcinoembryonic antigen and cytokeratin 19 fragment
were decreased. Tumor biopsy during colonoscopy following
recovery from DIC demonstrated poorly differentiated adeno-
carcinoma with mucin production, without mutations in the
RAS, BRAF or PIK3CA genes, and a cytokeratin (CK) 7-nega-
tive, CK20-positive phenotype. The patient has been treated
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with chemotherapy for 150 days without disease progression.
However, the efficacy of chemotherapy for rarely encountered
bone marrow metastasis from CRC is poor. The present case
was favorably maintained on chemotherapy and survived for
10 months.

Introduction

Bone marrow metastasis from malignant solid tumors may
be occasionally encountered, particularly with cancers of the
breast, stomach and prostate gland (1). Decreased blood cell
count and abnormal coagulation status are often observed in
cases with bone marrow metastasis from malignant tumors,
and disseminated intravascular coagulation (DIC) or throm-
botic thrombocytopenic purpura (TTP) occasionally develop.
Supportive therapy against the abnormal coagulation status
alone is inadequate in patients with DIC precipitated by malig-
nancy, and simultaneous appropriate chemotherapy against
the tumor is required to improve the coagulation abnormali-
ties. Specific chemotherapeutic regimens against bone marrow
metastasis have not been developed, and the majority of such
patients have a poor prognosis (2-4).

Colorectal cancer (CRC) is the third cause of cancer-related
mortality worldwide (5). Approximately 40% of CRC patients
present with distant metastases, either at diagnosis or during
the course of treatment. Metastasis frequently affects the liver,
abdominal lymph nodes, lungs and peritoneum. Systemic
chemotherapy is employed as a standard therapy and the effec-
tiveness of chemotherapy has recently improved in association
with the use of cytotoxic and molecular-targeted agents.

However, a limited number of CRC cases were reported to
clinically exhibit bone marrow metastases (6-10). The majority
of these cases displayed hematological disorders, including
thrombocytopenia, DIC, TTP and microangiopathic hemolytic
anemia. The general condition of the patients tended to be
poor and metastasis was also observed in organs other than
the bone marrow, such as the liver, lymph nodes and lungs.
The efficacy of systemic chemotherapy against CRC with bone
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marrow metastasis appears to be poor, and the prognosis for
such patients is unfavourable. Only 10 cases of CRC with bone
marrow metastasis have been reported (6) and the common
molecular characteristics of these cases have not been identi-
fied.

Our patient presented with metastasis of sigmoid colon
cancer to the bone marrow and systemic chemotherapy
achieved satisfactory disease control. We herein present the
immunohistochemical and molecular biological analyses of
the primary and metastatic sites in this case and compare the
findings with those of previous reports.

Case report

A 60-year-old man presented with a 4-week history of
persistent lower back pain, anorexia and difficulty defecating.
The patient visited a local doctor complaining of abdominal
pain and blood in the stool. He had a 40-pack-year history of
smoking and a drinking history of 1 glass of beer per day;
his medical history was otherwise non-significant. The family
history included lung and gastric cancer in his father, and
pancreatic cancer in his mother. Due to the presence of severe
thrombocytopenia and erythroblastosis, suggesting a hemato-
logical malignancy, the patient was referred to the National
Hospital Organization Kyushu Cancer Center (Fukuoka, Japan)
in December, 2014. The Eastern Cooperative Oncology Group
performance status (PS) was 2 and the axillary temperature
was 37.9°C. Other vital signs were within the normal range.
Lower abdominal pain was present, without subcutaneous
hemorrhage. Blood testing revealed a decreased red blood cell
count of 3.05x10%pul, a decreased hemoglobin level of 9.6 g/dl,
an increased white blood cell of 13.85x10%/ul and a decreased
platelet count at 5x10°/ul. Analysis of the coagulation system
revealed a prolonged prothrombin time-international normal-
ization ratio (1.39) and increased levels of fibrin/fibrinogen
degradation product-P (209.02 ug/ml) and D-dimer
(168.17 ug/ml). DIC was diagnosed based on a score of
9 according to the criteria of the Ministry of Health, Labour
and Welfare of Japan (11). Serum biochemistry revealed
elevated levels of lactate dehydrogenase at 1,359 IU/I and
C-reactive protein at 14.91 mg/dl. The serum levels of carci-
noembryonic antigen (CEA; 46.4 ng/ml), soluble interleukin 2
receptor (1,364 U/ml) and cytokeratin 19 fragment (CYFRA;
78.3 ng/ml) were also elevated.

Although hematological malignancy was suspected, an
aspiration biopsy from the bone marrow revealed moderately to
poorly differentiated adenocarcinoma, without leukemic cells
(Fig. 1A). Immunohistochemical examination revealed that the
tumor cells were negative for cytokeratin (CK) 7 and positive
for CK20 and caudal type homeobox transcription factor 2
(CDX2). Computed tomography (CT) revealed thickening of
the sigmoid colon wall and para-aortic, hilar, mediastinal and
right supraclavicular lymphadenopathy (Fig. 2A). Moreover,
osteolytic lesions were detected diffusely in all the vertebrae
and the ilium. Although colonoscopy was not performed due
to severe thrombocytopenia, sigmoid colon cancer with metas-
tases to the lymph nodes and bone marrow was diagnosed.
Chemotherapy using a modified FOLFOX6 (mFOLFOX6)
regimen for advanced sigmoid colon cancer was promptly initi-
ated, but the dose of the chemotherapeutic agents was reduced
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to 75% due to worsening of the thrombocytopenia. Supportive
therapies comprising transfusion of thrombocytes and admin-
istration of gabexate mesilate to control DIC were performed
simultaneously. Bevacizumab was not initially administered
due to the risk of hemorrhagic events. The number of throm-
bocytes increased to 61x10°/ul after 3 cycles of chemotherapy
and the serum CEA and CYFRA levels decreased to 5.4
and 2.4 ng/ml, respectively. Common Terminology Criteria
of Adverse Events v.4.0 grade 3 neutropenia and grade 3
anemia appeared, but resolved within a few days (12). The
patient underwent colonoscopy following recovery from DIC.
A sigmoid colon tumor was detected (Fig. 2B) and biopsy
of the tumor revealed poorly differentiated adenocarcinoma
(Fig. 1B), without mutations of the RAS, BRAF or PIK3CA
oncogenes. On immunohistochemical analysis, the tumor cells
were negative for CK7 and positive for CK20 and CDX2. The
patient was treated with 3 cycles of mFOLFOX®6, followed by
5 cycles of CapeOX (oral capecitabine at 2,000 mg/day on
days 1-14 and intravenous oxaliplatin at 130 mg/m? on day 1,
every 3 weeks), achieving shrinkage of the tumor. However,
a new lesion was detected at the ninth thoracic vertebra on
CT after 150 days of treatment. Subsequently, combination
chemotherapy using irinotecan and panitumumab was initi-
ated. The PS improved, but progression of the primary lesion
and lymphadenopathy was observed after 8 cycles. Although
third-line treatment with trifluridine/tipiracil hydrochloride
(110 mg/day per os on days 1-5 and 8-13, every 4 weeks) was
initiated, the disease progressed and the patient succumbed to
the disease 10 months after the diagnosis. Informed consent
was obtained from the patient for the publication of the case
details prior to treatment initiation.

Discussion

Malignant solid tumors may invade the bone marrow,
particularly in patients with cancer of the breast, stomach and
prostate gland (1). Only a small percentage of breast cancer
cases present with bone marrow metastasis at initial diagnosis,
but 36% develop this complication during the course of the
disease (13). Poorly differentiated adenocarcinoma or signet
ring cell carcinoma of the stomach often invade the bone
marrow, and 1.4% of surgically resected gastric cancers were
reported to exhibit bone marrow invasion (14). Similar to the
present case, patients with bone marrow metastases from breast
or gastric cancer tend to develop DIC. The main treatments for
this disease are considered to be chemotherapy and intensive
supportive therapy. Reliable molecular markers predictive of
bone marrow metastasis have yet to be identified.

Bone marrow metastasis from CRC is rarely observed,
with only 10 cases of CRC with bone marrow metastasis
reported to date (6). Although 24% of autopsy cases of CRC
were reported to have bone marrow metastases, they may
not be apparent on standard radiological examination and
as a coagulation disorder. In cases with clinically apparent
bone marrow metastases of CRC in association with DIC,
chemotherapy was mainly performed against the tumor, with
intensive supportive therapy for DIC appended. The majority
of the reported cases employed combination chemotherapy
with FOLFOX plus molecular-targeted agents, but survival
was generally poor (<7 months) (6). One of the reasons for
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Figure 1. Histological examination of (A) aspiration biopsy from the bone marrow and (B) the biopsy specimen from the primary sigmoid colon adenocarci-

noma. Hematoxylin and eosin staining; bar, 400 pm.

Figure 2. (A) Computed tomography at initial diagnosis revealed a tumor in the sigmoid colon (arrow). (B) Colonoscopy 14 days after the initiation of chemo-

therapy revealed an ulcerated, non-obstructive tumor in the sigmoid colon.

unfavorable survival was suggested to be the poor general
condition of the patients, as DIC hinders the administration of
sufficiently intensive chemotherapy. Another possibility may
be primary resistance of the CRC cells to chemotherapy as a
common characteristic of bone marrow metastasis; however,
the molecular mechanisms underlying the resistance of the
CRC cells have not been elucidated.

A specific explanation as to why bone metastases often
occur in cancers of the breast and stomach, but not in cancer
of the large bowel, has yet to be provided. On histological
examination of the present case, the primary tumor was a
poorly differentiated adenocarcinoma with mucin production,
whereas the metastasized cells in the bone marrow exhibited
the characteristics of moderately to poorly differentiated
adenocarcinoma, suggesting that tumor cells from different
lesions displayed similar histological characteristics. There
have been a few reports on histological and molecular
biological analyses of CRC cells metastasizing to the bone
marrow. A unique case of CRC metastasis to the bone marrow
reported by Shah et al involved a poorly differentiated
adenocarcinoma of the ascending colon, with a CK7-positive,
CK20-negative phenotype on immunohistochemical analysis,
wild-type KRAS and positive for a BRAF V60OE mutation (6).
CRCs with the BRAF V600E mutation are known to respond
poorly to chemotherapy and are closely associated with
certain characteristics, including location in the right colon,
hypermutation, a microsatellite-unstable type and mucinous
pattern (15). These characteristics support the hypothesis that
a trait of bone marrow metastasis may be involved.

Although our case also exhibited mucinous histology at
the primary site, wild-type RAS, BRAF and PIK3CA genes
were detected in the CRC cells. Wild-type RAS and BRAF
are favorable predictive factors of anti-epidermal growth
factor receptor (EGFR) treatment for CRC (16), whereas CRC
harboring mutations of PIK3CA and wild-type RAS is resistant
to anti-EGFR drugs (17). However, the association between
bone marrow metastasis and tumor type, such as gene muta-
tions, was unclear.

Cytokeratin is an intermediate filament protein, mainly
detected in differentiated epithelial cells. In the cytoplasm,
intermediate filament proteins play a role in supporting cell
morphology through attachment to desmosomes and hemides-
mosomes. Moreover, it was recently demonstrated that
intermediate filament proteins were able to bind to signaling
proteins and modulate their activity (18). The majority of
breast cancers easily metastasize to the bone marrow and
express CK7, but not CK20. Conversely, CRC cells express
CK20, but not CK7, and a CK7-positive, CK20-negative
phenotype reportedly appears in only 2% of CRCs (19-20).
As mentioned above, Shah ef al reported that CK7-expressing
CRCs exhibited a bone marrow-invading phenotype (6);
however the present case exhibited a common CK7-negative,
CK20-positive phenotype. Interestingly, in this case there was
also an increased level of CYFRA. CYFRA is a fragment of
CK19 and is often increased in lung squamous cell carcinoma,
ovarian cancer and breast cancer, but not in colorectal cancer.
Pierga et al reported that elevated levels of CYFRA correlated
with detection of micrometastasis of breast cancer to the bone
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marrow (21). Although the underlying mechanisms remain
unclear, different CK expressions may affect signaling pathways
in CRC cells leading to bone marrow metastasis.

CDX2 is amajor regulator of intestine-specific genes involved
in cell growth and differentiation and plays a role in early embry-
onic development of the intestinal tract. A recent study reported
longer relapse-free survival of stage II/III CDX2-positive
CRC (22). The present case displayed CDX2-positive CRC cells,
but whether CDX?2 is associated with survival in stage IV CRC
and with bone marrow metastasis has not been elucidated.

Compared with previous reported cases, the treatment in
our patient exhibited favorable efficacy, possibly because the
patient was relatively young and in a good general condition,
experienced no serious complications associated with organ
metastases, and was able to tolerate a full course of FOLFOX
therapy and intensive supportive therapy for DIC. Although
several CRC patients with bone marrow metastasis were treated
with the anti-EGFR antibody cetuximab (9), the effects of
cetuximab were not clearly demonstrated. In the subsequent
therapy of this patient, panitumumab was beneficial and the
therapy was continued for 8 cycles.

We herein reported a rare case of sigmoid colon cancer
harboring bone marrow metastasis in association with DIC. The
immunohistochemical and molecular biological characteristics
of the CRC differed from those in previously reported cases.
Further research is required to elucidate the mechanisms of bone
marrow metastasis of CRC and to establish efficient biomarkers
that are able to predict a high risk of bone marrow invasion and
coagulation disorder.
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