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Abstract

Disseminated carcinomatosis of the bone marrow is
characterized by widespread bone metastasis (bone
marrow infiltration) from solid tumors with hematological
disorders coexisted. This disease is frequently com-
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plicated with gastric cancer among solid tumors
although its incidence is very rare. In recent years,
technological innovations in diagnosis and treatment
for cancer have remarkably improved, which made
survival rates of various cancers prolonged. Prognosis
of disseminated carcinomatosis of the bone marrow
associated with gastric cancer, however, is still poor (less
than a year), possibly because this disease has not been
given attention due to low incidence. In this review,
I summarize the results obtained for the past, and
propose ways to improve the prognosis of this disease.

Key words: Disseminated carcinomatosis of the bone
marrow; Gastric cancer; Patogenesis; Diagnosis; Treatment
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Core tip: Disseminated carcinomatosis of the bone
marrow is characterized by widespread bone meta-
stasis from solid tumors with hematological disorders
coexisted. This disease is frequently complicated
with gastric cancer among solid tumors although its
incidence is very rare. Technological innovations in
diagnosis and treatment for cancer have remarkably
improved in recent years, however, prognosis of this
disease associated with gastric cancer remains still
very poor. In this review, I summarize the results
obtained for the past, and propose ways to improve the
prognosis of this disease associated with gastric cancer.
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INTRODUCTION

Disseminated carcinomatosis of the bone marrow is
characterized by widespread bone metastasis (i.e.,
bone marrow infiltration) from solid tumors and is
associated with hematological abnormalities such
as disseminated intravascular coagulation (DIC)
and microangiopathic hemolytic anemia (MAHA).
Although this disease is regarded as a subtype of
bone metastasis, its true nature remains unclear; it is
thought to be a clinical entity that may differ from bone
metastasis of solid tumors. This disease is frequently
complicated with gastric cancer among solid tumors™.
Its incidence seems rare, however, there has been no
report about the incidence of this disease until now.
Yamamura et al”! reported that bone metastasis was
observed in 31 (1.4%) out of 2235 cases with gastric
cancer who underwent curative surgery. Disseminated
carcinomatosis of the bone marrow occupies only a
small part of bone metastasis, therefore, the incidence
of this disease seems quite rare although the details
are still unclear. Besides some case reports, a few
studies have reported disseminated carcinomatosis of
the bone marrow associated with gastric cancer, but
no large-scale surveys have been performed; thus,
the pathogenesis of this disease remains unknown.
Recent technological innovations in cancer diagnosis
and treatment have improved survival rates overall.
However, this has not been the case for disseminated
carcinomatosis of the bone marrow associated with
gastric cancer. Therefore, to improve prognosis,
further research on the pathogenesis, diagnosis, and
treatment is urgently needed.

Here, we review the results obtained since the
concept of disseminated carcinomatosis of the bone
marrow associated with gastric cancer was proposed
approximately 30 years ago. In addition, we discuss
ways to improve the prognosis of this disease.

MOLECULAR MECHANISM

Bone metastasis develops through the following
processes: (1) cancer cells break away from the
primary lesion and enter the bloodstream; (2) these
cells survive and multiply in the bone marrow cavity;
(3) the differentiation and activation of osteoclasts
occur; and (4) the cancer cells proliferate in the bone
microenvironment (Figure 1)**, The main component
of these processes is the osteoclasts, as they resorb
the bone following differentiation and activation by
cancer cells that have infiltrated the bone marrow,
thereby securing a space where the cancer cells
can proliferate. Various growth factors stored in the
bone matrix are subsequently released into the bone
marrow cavity, promoting cancer cell proliferation.
Unlike hematopoietic tumors, solid tumors, regard-
less of whether they are primary or metastatic tumors,
generally exhibit nodularity. In contrast, disseminated
carcinomatosis of the bone marrow characteristically
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exhibits mainly bone marrow infiltration with little
tumorigenicity, although this disease is a kind of bone
metastasis from solid tumors. Thus, the mode of
metastasis in this disease is extremely unique among
solid tumors. Disseminated carcinomatosis of the
bone marrow is frequently complicated with gastric
cancer'’l. However, its molecular mechanism remains
unknown. Some aspects of this disease differ from the
more common bone metastases of solid tumors and
are of considerable interest. Two important questions
arise: (1) why does gastric cancer, which usually has
a low incidence of bone metastasis, rapidly and widely
infiltrate the bone marrow (i.e., bone tropism)? and
(2) why does the explosive proliferation of gastric
cancer cells, which results in the inhibition of normal
hematopoiesis, occur?

The association between bone tropism and a
chemokine (CXCR4, SDF-1) and/or integrins (a4p1,
avB3) have been suggested in breast and/or prostate
cancers®®, However, such a relationship has been
demonstrated only in experimental models; the
pathogenesis associated with bone tropism has not
been clarified in cancer patients. Unlike breast and
prostate cancers, gastric cancer is known to have
a low incidence of bone metastasis. However, in
disseminated carcinomatosis of the bone marrow
associated with gastric cancer, gastric cancer cells
rapidly infiltrate the bone marrow. Therefore, this
disease seems ideal for studying the mechanism of
bone tropism in cancer cells. The future development
of in vivo models that reflect the pathogenesis of
disseminated carcinomatosis of the bone marrow
associated with gastric cancer will be very useful for
clarifying the pathogenesis of bone tropism.

Regarding the mechanism of gastric cancer
cell proliferation in the bone marrow, osteoclasts
are considered to play a central role in supplying
growth factors from the bone matrix. Their explo-
sive proliferation, which may suppress normal
hematopoiesis, is thought to be due to a unique
mechanism that differs from that of bone metastases
from solid tumors. We previously demonstrated
RANKL expression in gastric cancer cells through
immunostaining by using a tissue preparation from
disseminated carcinomatosis of the bone marrow
associated with gastric cancer (Figure 2)®'. This finding
suggests the gastric cancer cells that infiltrate the
bone marrow are directly involved in the differentiation
and activation of osteoclasts and may result in the
increased proliferation of gastric cancer cells in the
bone marrow. In clinical practice, serum levels of
bone resorption markers are elevated in patients with
disseminated carcinomatosis of the bone marrow
associated with gastric cancer™®*¥, suggesting the
involvement of osteoclasts in the pathogenesis of
this disease (Table 1). In bone metastases from solid
tumors, infiltrated cancer cells in the bone marrow
produce cytokines (e.g., PTHrP, IL-8, PGE2, etc.),
thereby promoting osteoclast differentiation and
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Figure 1 Molecular mechanism of osteolytic bone metastasis.

Primary lesion

Bone marrow

Figure 2 RANKL expression in disseminated carcinomatosis of the bone marrow associated with gastric cancer. Representative immunohistochemistry for
RANKL in gastric cancer demonstrating disseminated carcinomatosis of the bone marrow. A: Hematoxylin and eosin staining of gastric cancer shows moderately
differentiated adenocarcinoma (magnification x 20); B: Immunohistochemistry for RANKL in a serial section of the same specimen in (A). RANKL shows positive
staining predominantly in the cytoplasm and plasma membrane of moderately differentiated adenocarcinoma cells (magnification x 20); C: Hematoxylin and eosin
staining of a bone marrow aspiration smear shows infiltration of atypical epithelial cells, indicating metastasis from known gastric cancer (magnification x 20); D:
Immunohistochemistry for RANKL in a serial section of the same specimen in (C). RANKL shows positive staining predominantly in the cytoplasm and plasma
membrane of metastatic gastric cancer cells as is seen in the primary lesion (B) (magnification x 20). Adapted from Kusumoto et af”.
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Table 1 Levels of serum and/or urinary bone metabolic markers in patients with disseminated carcinomatosis of the bone marrow

associated with gastric cancer

Bone resorption markers

Bone formation markers

Age Sex 1CTP (4.5 mg/mL)* NTx (urine) (< 89 nmol/L DPD (urine) (< 7.6 nmol/L BAP (< 20.9

OC (< 13.0 ng/

BCE/mmol/L Cre)* BCE/mmol/L Cre)* ug/L)? mL)?
Case report
Takeda et al™ 87 F = 14800 59 929 32
Hasuda et al™ 39 M 19.5 = = = =
Mizuno et al™ 4 M - = 59 = 37
Our cases’
1 60 M 8.9 = = 258 =
2 47 F 17.7 > 300 = 1260 =
3 74 F 8.0 = = 78 =
4 54 M 9.7 = - 55 B
5 58 M 6.7 = - 9% -
6 47 F = = = 275 =
7 58 M 13.2 = = 159 =
8 78 F 265 > 300 = 429 =
9 67 F 6.7 175 = 63 =
10 71 M 14.4 > 300 = 421 =
11 53 F 9.9 235 = 468 =
12 70 M = 20 = 62 =

'Our 12 cases have not been published; *Values in the parentheses indicate the normal range. 1CTP: C-terminal telopeptide of type I collagen; NTx:
N-terminal crosslinking telopeptide of type I collagen; DPD: Deoxypyridinoline; BAP: Bone-specific alkaline phosphatase; OC: Osteocalcin.

activation****), In disseminated carcinomatosis of the

bone marrow associated with gastric cancer, osteoclast
differentiation and activation are also conceivably
caused by cytokines secreted by gastric cancer cells.
This common mechanism together with the direct
action on osteoclasts through RANKL expressed in
the gastric cancer cells may be associated with rapid
proliferation.

Although the gastric cancer cells of disseminated
carcinomatosis of the bone marrow proliferate rapidly
in the bone marrow, they have little tumorigenicity.
Histological types of the gastric cancer cells that
cause this disease are mostly poorly differentiated
adenocarcinoma or signet-ring cell carcinoma™®. In
these types of cancer cells, expression levels of adhesion
molecules have been shown to be reduced"’”'®,
Although these observations may explain the poor
tumorigenicity, the precise mechanism remains to be
clarified.

Disseminated carcinomatosis of the bone marrow
associated with gastric cancer can occur over a long
period ranging from several months to > 20 years
even after patients have received curative resection
of early gastric cancer’®?”, Therefore, the molecular
mechanism responsible for such metachronous onset
of this disease warrants attention; this information
is important for formulating a postoperative follow-
up strategy for patients. The concept of disseminated
tumor cells (DTCs) was recently introduced to explain
cancer metastasis (Figure 3)P!!, The cancer cells
are proposed to form a niche in the bone marrow
and remain in a dormant state for a certain period
until activated by an unknown trigger to form a new
metastatic lesion. This mechanism might explain why
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disseminated carcinomatosis of the bone marrow
occurs many years after curative resection of early
gastric cancer. Lu et al** showed that osteoclasts are
involved in the reactivation of the cancer cell niche
in the bone marrow, and bisphosphonates, which
inhibit the differentiation and activation of osteoclasts,
inhibit this reactivation of DTCs and exhibit anticancer
activities (Figure 4). Bisphosphonates are widely used
to treat bone metastasis in clinical practice. If they
are proven to also inhibit DTC activation, this will lead
to a new therapeutic strategy for the prevention of
metastasis.

DIAGNOSIS

Characteristics features of disseminated carcinomatosis
of the bone marrow associated with gastric cancer

With regard to disseminated carcinomatosis of the
bone marrow associated with gastric cancer, no
comprehensive articles have been published thus far,
only a limited number of case reports. Therefore, we
investigated the clinical characteristics of this disease
in 28 cases reported in Japan during the period of
2003_2013[10,11,19,20,23—42].

Sex and age (mean % SD; described for 28 cases):
Male (n = 18): 54.4 + 12.0 years (range: 33-78
years); Female (n = 10): 64.5 £ 11.8 years (range:
47-87 years); There were more male than female
patients, and their age tended to be younger than that
with gastric cancer.

Chief complaints (i.e., reasons for seeking medical
attention, described for 27 cases): Pain (n = 19),
hemorrhagic symptoms (n = 6), and elevation of
serum ALP (n = 5) are frequently observed in order.
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Figure 3 Association of disseminated tumor cells in the bone marrow with cancer metastasis. DTCs: Disseminated tumor cells; CTCs: Circulating tumor cells;
CEPs: Circulating endothelial progenitors; MMP: Matrix metalloproteinase; BM: Bone marrow; BMDCs: BM-derived cells; EMT: Epithelial-mesenchymal transition.

Adapted from Aft et af*".

Laboratory examination (described for 27 cases):
Among hematological abnormalities, DIC was the
most frequent (n = 23), followed by anemia (n
22). Patients with anemia included MAHA and anemia
caused by gastrointestinal hemorrhage associated with
DIC. Only 4 cases refer to leukoerythroblastosis, which
was found in 3 of them.

Biochemical tests showed marked elevation of ALP
in all patients [4305 + 3443 IU/L (mean £ SD), range:
739-12600 IU/L]. Mild-to-moderate elevation of LDH
was also observed in most patients (706 £ 654 IU/L,
mean * SD, range: 141-2337 IU/L).

Time of onset (described for 28 cases): Disse-
minated carcinomatosis of the bone marrow was
diagnosed synchronously with gastric cancer in 11
patients, and metachronously after gastric cancer
surgery in 17 patients; in the latter group, the mean
time (mean % SD) until diagnosis was 7.2 * 6.7 years
(range: 18 d to 23 years). The disease was observed
also in patients who had received curative resection for
early gastric cancers.

Macroscopic type (described for 16 cases): Among
16 cases, 10 and 6 were advanced and early gastric
cancer, respectively. Regarding the macroscopic
types of advanced cancer, 8 cases had type 2 or 3,
and 2 cases had type 4 according to the Borrmann
classification™; there were no type 1 cases. Regarding
the 6 cases of early gastric cancer, all were of type O-
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I according to the classification of early gastric cancer
established by the Japanese Endoscopic Society™*”’.

Histological type (described for 26 cases): The
histological types of most cases were poorly differ-
entiated adenocarcinoma (n = 13) and signet-ring cell
carcinoma (n = 12); tubular adenocarcinoma (tub)
was found in only 1 case.

Imaging diagnosis

If serum ALP and/or LDH levels are elevated in
patients complaining of low back pain and/or hemor-
rhagic symptoms, disseminated carcinomatosis of
the bone marrow should be suspected. In order to
confirm the diagnosis, imaging tests such as computed
tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography (PET or
PET/CT) should be performed first. Among these,
PET/CT can detect not only primary lesions but also
early bone lesions (i.e., bone marrow infiltration);
therefore, it should be performed as the preferred
initial imaging test. I recommend that every patient,
who is suspected of disseminated carcinomatosis
of the bone marrow, should have at least a PET/CT.
Primary lesions of gastric cancer appear as tumor
masses in the stomach and/or stomach wall thickening
with **F-deoxyglucose accumulation on PET/CT (Figure
5). When these findings are observed, histological
diagnosis by upper gastrointestinal tract endoscopy
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Figure 4 Reactivation of disseminated tumor cells in the bone marrow: Transition from dormant micrometastasis (i.e., DTCs) to micrometastasis. Incidental
activation of VCAM-1, a process possibly dependent on NF-kB signaling and other unidentified mechanisms (1), in micrometastasis arrests a4b1-positive osteoclast
progenitors through paracrine chemotaxis (2) and adhesion (3), this leads to a localized increase of te osteoclast progenitor population and increased mature
osteoclast activity (4), activated osteoclasts resorb the bone and instigate the vicious cycle of bone metastasis (5). DTCs: Disseminated tumor cells. Adapted from Lu

ot af®.

should be performed. If primary lesions are not
detected during screening, upper gastrointestinal tract
endoscopy should be performed at the first instance,
because gastric cancer is the most frequently observed
cancer complicated with bone marrow carcinomatosis.
Furthermore, a history of gastric cancer should always
be acknowledged, because this disease can occur
many years after gastric cancer surgery (Figure 6).

TREATMENT

Although the survival time of patients with disse-
minated carcinomatosis of the bone marrow associated
with gastric cancer was 2-3 mo at the time when
its concept was proposed, it has improved to some
degree because of recent progress in gastric cancer
chemotherapy. However, this improvement has been
limited, and a survival time of a few years has not
been attained; thus, the prognosis for this disease
remains extremely poor. The following categories are
important for treatment of this disease: (1) treatment
of hematological abnormalities, especially DIC; (2)
treatment of gastric cancer (chemotherapy); and (3)
treatment of bone lesions [with bone-modifying agents
(BMAs)]. We retrospectively analyzed the treatment
methods of 28 cases of disseminated carcinomatosis
of the bone marrow associated with gastric cancer
reported in Japan during the period of 2003-2013.

Treatment of DIC

If a patient is diagnosed with DIC, treatment should be
started promptly, because this affects prognosis. DIC
coexisted in 22 of the 28 patients. Twenty-one of them
received DIC treatment (gabexate mesilate + heparin)
concomitantly with gastric cancer chemotherapy, and
19 fully recovered. Moreover, thrombomodulin, which
was recently developed for DIC treatment, is superior
to conventional treatment (i.e., heparin) for improving
hemorrhagic symptoms and avoiding hemorrhage-
related adverse events!*¥, At present, thrombomodulin
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is primarily used for the treatment of DIC, but its
efficacy against DIC coexisting with disseminated
carcinomatosis of the bone marrow associated with
gastric cancer is unknown. Thrombomodulin may
increase the recovery rates of DIC patients and thereby
improve the treatment outcome of disseminated
carcinomatosis of the bone marrow associated with
gastric cancer.

Treatment of gastric cancer (chemotherapy)
Disseminated carcinomatosis of the bone marrow
associated with gastric cancer is a rare disease, and its
survival time is extremely short. There have been no
prospective studies of the treatment for this disease to
date. In 1980s, chemotherapy for gastric cancer was
rarely administered because its options were limited
and hematological disorders such as DIC and/or MAHA
coexisted.

It was not until the 1990s that aggressive treatment
with chemotherapy for this disease was started by
Kobayashi et al**’. In 1992, they reported that among
10 patients with disseminated carcinomatosis of the
bone marrow associated with gastric cancer complicated
with DIC treated with methotrexate and 5-fluorouracil
(MF therapy), 8 successively recovered from DICH*. MF
therapy was devised by Bertino et a**®! as a biochemical
modulation therapy. In Japan, its efficacy against
gastric cancer was reported in 1989™”, Because the
myelosuppression of MF therapy is mild and it showed
efficacy against poorly differentiated types of gastric
cancer, it was the preferred chemotherapy for this
disease in the 1990s. In the 2000s, the efficacy of
new chemotherapeutic anticancer drugs such as S-1,
CDDP, CPT-11, and PTX against gastric cancer was
reported®>%, Furthermore, in Japan, on the basis of the
results of the clinical trials (JCOG 9912 and SPIRITS),
S-1 monotherapy and/or S-1 + CDDP therapy became
standard therapies for gastric cancer®*®., Since then,
S-1-based chemotherapies have primarily been used to
treat disseminated carcinomatosis of the bone marrow
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Figure 5 A case of synchronous disseminated carcinomatosis of the bone marrow associated with gastric cancer in a 60-year-old man: Findings of
positron emission tomography/computed tomography imaging, endoscopic examination, and bone marrow biopsy. History: The patient visited a local
doctor in August 2007 with complaints of left chest and back pain. CT and magnetic resonance imaging revealed a “lung tumor” and “bone metastasis (thoracic
vertebrae)”; therefore, the patient was referred to the Shikoku Cancer Center. Laboratory findings: Marked elevation of serum ALP (2594 U/L), CRP (34.74 mg/dL),
and mild elevation of serum LDH (342 U/L) were observed with hematological disorder (DIC and elevated WBC [possible leukoerythroblastosis]). Tumor marker
(CA19-9 162 U/mL) and bone metabolic markers (1CTP 8.9 ng/mL; BAP 258 png/L) were elevated. These findings were suggestive of recurrence of gastric cancer,
perhaps disseminated carcinomatosis of the bone marrow. PET/CT imaging: FDG accumulation was observed in all spinal vertebrae and the sternum in the sagittal
view of the PET/CT fusion image (A). In the transaxial views of CT and PET/CT fusion images, a tumor mass with FDG accumulation was observed in the right lung
(arrowheads; B, C) and thickening of the wall with FDG accumulation was observed in the gastric antrum (arrowheads; D, E). These findings on PET/CT suggested
the presence of lung cancer together with gastric cancer. Endoscopic examination: Multiple erosions were observed in the gastric antrum/pyloric ring (F). In the tissue
specimen obtained from the erosions, proliferation of signet-ring cell carcinoma was observed (G). Bone marrow biopsy: In order to determine the origin of the bone
lesions, bone marrow biopsy was performed. Signet-ring cell carcinoma characterized by clear abundant cytoplasm and eccentrically positioned nuclei was found
in the hematopoietic bone marrow (H). This histologic finding suggests the bone lesions originated from the gastric cancer. PET: Positron emission tomography; CT:
Computed tomography.
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Figure 6 A case of metachronous disseminated carcinomatosis of the
bone marrow associated with gastric cancer in a 47-year-old woman:
Laboratory findings and positron emission tomography/computed
tomography imaging. History: The patient underwent gastric cancer surgery
at 36 years of age (histological diagnosis, poorly differentiated adenocarcinoma
< signet-ring cell carcinoma), followed by chemotherapy with oral 5-FU
(postoperative adjuvant therapy) for 3 years. Eleven years postoperatively, she
visited a local orthopedist with a complaint of low back pain. Elevated serum
ALP and multiple bone metastases were found on bone scintigraphy, and
she was referred to the Shikoku Cancer Center. Laboratory findings: Marked
elevation of serum ALP (11740 IU/L) and mild elevation of serum LDH (435
IU/L) were observed with hematological disorders (i.e., DIC and anemia: Hb 6.9
g/dL). Tumor markers (CEA 241 ng/mL; CA19-9 212 U/mL) and bone metabolic
markers (1CTP 17.7 ng/mL; Urine NTx > 300 nmol BCE/L; BAP 1260 ng/L)
were elevated. These findings were suggestive of recurrence of the gastric
cancer in the bone (i.e., disseminated carcinomatosis of the bone marrow).
PET/CT imaging: Osteolytic changes with FDG accumulation were observed in
most vertebrae. A, B: Sagittal views of CT (A) and PET/CT fusion images (B);
C, D: Transaxial views of the sacrum (S1) on CT (C; arrowheads, osteolytic
change) and PET/CT fusion image (D). PET: Positron emission tomography;
CT: Computed tomography.
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associated with gastric cancer.

In recent years, a number of different treatments
have been used to treat disseminated carcinomatosis
of the bone marrow associated with gastric cancer.
During the period of 2003-2013, 28 cases of this
disease were reported in Japant®!"92924] The
chemotherapy regimens (i.e., initial treatments) used
in most of these cases involved MF therapy (n = 9)
and S-1-based monotherapy or combination therapies
(n = 14). Other chemotherapies used included GEM +
CDDP, 5-FU + PTX, and 5-FU + CDDP (n = 1 each).
One case was not treated with chemotherapy. Whether
or not recovery from DIC is attained affects the
prognosis of this disease. DIC-associated complications
occurred in 22 of 28 patients; 21 of them were treated
with DIC therapy (gabexate mesilate + heparin) and
chemotherapy (MF therapy, n = 7; S-1-based therapy,
n = 12; others, n = 2). Nineteen patients recovered
from DIC. The survival time with respect to the initial
treatments (although this may have been affected by
the secondary treatment performed against recurrent
DIC) was examined for cases for which these data
were recorded. The mean + SD survival times of the
MF (n = 7) and S-1-based (n = 11) therapy groups
were 5.1 £ 3.1 and 8.1 £ 2.7 mo, respectively (Figure
7); survival time tended to be longer in the S-1-based
therapy group (log-rank test, P = 0.11). Kikuchi et
al*" also reported a tendency for longer survival time
with S-1-based therapy (n = 9) than MF therapy (n
= 21), although the data used spanned the period
between 1983 and 2009 when chemotherapy was not
frequently administered.

Chemotherapy in addition to treatment for DIC is
recommended for this disease to ensure recovery from
DIC and prolonged survival. The S-1-based regimen
is mainly used for gastric cancer in Japan; however,
Ferrand et a/®? reported a case with this disease
responsive to mFOLFOX6. Regimens effective for this
disease should also be investigated in a prospective
study.

Treatment of bone lesions
Osteoclasts play an important role in the development
of bone metastasis. The underlying, highly elaborate
mechanism can be summarized as follows: the
osteoclasts activated by cancer cells resorb the bone
(bone destruction), securing a space for cancer
cells to proliferate; concomitantly, various growth
factors stored in the bone matrix are released into
the bone marrow to facilitate cancer cells growth and
propagation™*,

Disseminated carcinomatosis of the bone marrow
differs from bone metastasis of solid tumors in that
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Figure 7 Kaplan-Meier survival curves of disseminated carcinomatosis
of the bone marrow associated with gastric cancer according to
chemotherapy regimen. Among 28 cases of disseminated carcinomatosis
of the bone marrow associated with gastric cancer reported in Japan during
2003-2013, 27 cases were treated with chemotherapy. In these 27 cases,
information about survival time was available for 18 cases. Using these data,
Kaplan-Meier survival curves were calculated according to the chemotherapy
regimen.

the cancer cells infiltrate the bone marrow but exhibit
little tumorigenicity, characteristic clinical features are
observed, and hematological abnormalities coexist.
Although the mechanism for the development of
disseminated carcinomatosis of the bone marrow
is unknown, the disease is considered a subtype of
bone metastasis. A mechanism similar to that of
bone metastasis seems to occur during the infiltration
and proliferation of cancer cells in the bone marrow.
Marked elevation of serum ALP, which indicates
increased bone formation, has been observed in this
disease. Furthermore, bone resorption marker levels
are reported to be elevated, although they have been
measured in only a limited number of cases (Table
1) These other findings suggest increased bone
metabolic turnover in this disease; in other words, the
increased differentiation and activation of osteoclasts
lead to elevated bone resorption. This mechanism
may play an important role in the development of this
disease similar to that for bone metastasis.

BMAs are drugs that inhibit bone metastasis by
suppressing bone resorption by osteoclasts. Among
them, a bisphosphonate (zoledronate) and denosumab
have become reimbursable, and are used widely
in clinical practice®, Increased bone resorption is
also considered to be involved in the development
of disseminated carcinomatosis of the bone marrow
associated with gastric cancer; therefore, it is highly
likely that BMAs are also effective for this disease.
However, prospective studies are required, because
there is currently no evidence for this.

PROBLEMS TO BE ADDRESSED

Pathogenesis
The pathogenesis of disseminated carcinomatosis of
the bone marrow associated with gastric cancer is
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postulated to be similar to the conventional mechanism
of bone metastasis. Although osteoclasts may play a
central role in this disease, few details are known. The
hematological abnormalities observed in this disease
are considered to be induced by the inhibition of
normal hematopoiesis due to explosive proliferation of
gastric cancer cells in the bone marrow; clarification
of this mechanism may contribute to treatment of the
disease. In addition, the development of in vivo animal
models will be required. We previously established a
lung cancer cell line with high PTHrP expression and
used it to create an in vivo mouse model of bone
metastasis!™®. This helped us elucidate the role of
osteoclasts in the development of bone metastasis.
In vivo models using gastric cancer cells with poorly
differentiated adenocarcinoma and/or signet-ring cell
carcinoma are required to clarify the pathogenesis
of disseminated carcinomatosis of the bone marrow
associated with gastric cancer.

This disease often occurs sometime after surgery;
therefore, the mechanism of the metachronous
development of the disease is also a topic of interest.
The metachronous presentation of this disease may be
explained by the presence of a cancer cell niche (i.e.,
DTCs) in the bone marrow. Osteoclasts are involved
in the activation of DTCs, and bisphosphonates, which
are widely used to treat bone metastasis in clinical
practice, have been shown to inhibit the reactivation of
DTCs™"*?, Therefore, it would be interesting to apply
this drug in a clinical setting.

Gastric cancer chemotherapy

The treatment outcomes of gastric cancer following
chemotherapy have improved in recent years owing
to the advent of molecular-targeted drugs®®®. On
the contrary, a standard treatment for disseminated
carcinomatosis of the bone marrow associated with
gastric cancer has not been established. Because
this disease is frequently associated with poorly
differentiated adenocarcinoma and/or signet-ring cell
carcinoma, regimens effective against these histological
types of carcinoma are preferably administered.
However, there have been no prospective studies, as
the incidence rate of this disease is low. It would be
beneficial to develop a system to record disease cases
to allow prospective studies for the development of a
treatment method specific for this disease, although
conducting randomized controlled trials may prove
difficult.

Treatment of bone lesions

Osteoclasts play a central role in the pathogenic
mechanism of bone metastasis; therefore, drugs
targeting osteoclasts (i.e., BMAs) are widely used in
clinical practice. Despite circumstantial evidence such
as the elevation of serum bone resorption markers,
which suggests the involvement of osteoclasts in
disseminated carcinomatosis of the bone marrow
associated with gastric cancer, this has not been
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verified by scientific evidence. The hematological
abnormalities of this disease are possibly triggered by
the explosive proliferation of gastric cancer cells in the
bone marrow; therefore, inhibiting this process may be
key to the treatment of this disease. The concomitant
administration of chemotherapeutic agents and BMAs
that block the supply of bone-derived growth factors
may effectively prevent the rapid proliferation of
gastric cancer cells. Thus, I recommend that BMAs
should be administered in addition to chemotherapy
especially for the patients in whom serum bone
resorption markers are elevated. However, its efficacy
will be verified in the prospective studies of gastric
cancer chemotherapy with or without BMAs.

Follow-up observations after gastric cancer surgery
Follow-up observations after gastric cancer surgery
generally stop at 5 years. However, metachronous
disseminated carcinomatosis of the bone marrow
associated with gastric cancer can occur beyond
5 years postoperatively (Figure 6); this has raised
questions about the optimum postoperative follow-
up schedule. If a high-risk group of patients can
be identified, guidelines could be established to
follow this group for more than 5 years. This might
facilitate early diagnosis and treatment of this disease,
thereby improving treatment outcomes. The clinical
and pathological characteristics of disseminated
carcinomatosis of the bone marrow associated with
gastric cancer are summerized in the section of
“"DIAGNOSIS”. In addition, it is necessary not only to
establish criteria to identify high-risk groups, but also
develop a detection method for DTCs or determine
biomarkers including those for circulating tumor cells.
All of these may lead to the early diagnosis of this
disease.

CONCLUSION

More than 30 years have elapsed since the concept of
disseminated carcinomatosis of the bone marrow was
proposed. However, this disease has not been given
much attention perhaps because of low incidence.
Therefore, prognosis has not improved much during
this time. In order to clarify the pathogenesis of this
disease and improve its prognosis, the first step
may be for researchers interested in this disease to
collaborate on a global research system to study this
disease.
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