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Bone marrow metastasis from advanced gastric cancer
complicated with disseminated intravascular coagulation: a
highly aggressive but manageable disease subtype

Dear Editor,

Gastric cancer (GC) is the fifth most commonly diag-
nosed cancer and the fourth cause of cancer-related death
worldwide [1, 2]. It has a greater prevalence in Eastern
Asia, compared to other parts of the world, whereby more
than two-thirds of the cases are diagnosed as advanced gas-
tric cancer (AGC) [3]. Disseminated intravascular coagu-
lation (DIC) is a clinicopathologic syndrome characterized
by laboratory evidence of platelets and clotting factors con-
sumption, and proteolytic degradation. The occurrence of
DIC in advanced stage diseases has been reported in sev-
eral types of solid carcinomas but rarely reported in GC
(~1.6% in previous studies) [4]. AGC frequently presents
with visceral metastasis to the liver and lung and less than
10% of the patients have bone metastasis [5].

The double occurrence of multiple bone marrow metas-
tasis (BMM) and DIC in AGC is extremely rare. This type of
AGC can be characterized as highly aggressive GC (HAGC)
due to its highly aggressive biological behavior and very
poor prognosis. Such cases are being increasingly recog-
nized in clinical practice. During the past several decades,
HAGC has been reported mainly in the form of case reports
and mostly by Japanese researchers. Except for simultane-
ous DIC and systemic BMM of AGC, various clinical fea-
tures have been scarcely described and a standard treat-
ment has not yet been established.

Abbreviations: AGC, advanced gastric cancer; DIC, disseminated
intravascular coagulation; BMM, bone marrow metastasis; HAGC,
highly aggressive gastric cancer; NAGC, normal advanced gastric
cancer; AST, glutamic oxalacetic transaminase; ALT, glutamic-pyruvic
transaminase; AKP, alkaline phosphatase; CKMB, creatine
phosphokinase isoenzyme; LDH, lactate dehydrogenase; CA199,
carbohydrate antigen 199; CEA, carcinoembryonic antigen; WBC, white
blood cells; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive
protein; TIME, tumor immune environment; JAK-STAT3, Janus Kinase-
Signal Transducers and Activators of Transcription 3; OS, overall
survival; BSC, best supportive care; DFT, DIC free time

In this study, from a cohort of 964 AGC patients, 36
patients (3.73%) were observed to have double occur-
rence of diffuse BMM and DIC, and were classified as
HAGC. The remaining patients were classified as normal
AGC (NAGC). The proportion of women (52.8%) was
higher in the HAGC group. The median age of HAGC
was 4 years younger than NAGC, but HAGC patients
had poorer physical condition (Supplementary Table
S1). Other than bone marrow, HAGC patients also had
greater extent of distant metastasis (Supplementary Table
S2). Significant difference in laboratory data between
HAGC and NAGC was also observed, i.e., the level of
serum glutamic oxalacetic transaminase (AST), glutamic-
pyruvic transaminase (ALT), alkaline phosphatase (AKP),
creatine phosphokinase isoenzyme (CKMB), lactate
dehydrogenase (LDH) levels were obviously increased in
the HAGC group. Carbohydrate antigen 199 (CA199) and
carcinoembryonic antigen (CEA) levels were remarkably
elevated in HAGC patients (Supplementary Table S3).
Poorly differentiated or undifferentiated adenocarcinoma
was observed to be predominant in HAGC, which is
consistent with a much higher distribution of diffuse-type
GC than intestinal type according to Lauren’s classifica-
tion. Differences in clinicopathological features between
HAGC and NAGC are described in Supplementary
Table S4.

In addition to DIC and diffuse BMM, another distinc-
tive feature of HAGC was hyperinflammation which
was displayed in many aspects. Firstly, inflammatory
markers, such as white blood cells (WBC) counts, neu-
trophil counts, neutrophil to lymphocyte ratio (NLR) and
C-reactive protein (CRP) level were increased in HAGC
when effects of colony-stimulating factor and infection
were excluded (Supplementary Table S3). Secondly, the
ratio of pro-inflammatory M1 and anti-inflammatory M2
was elevated in the HAGC tumor immune environment
(TIME), indicating an inflammatory environment [6]
(Figure 1A, Supplementary Figure S1). Thirdly, the levels
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FIGURE 1 Differences in clinical characteristics between HAGC and NAGC. (A) The density of tumor-infiltrating CD86" M1, CD206*

M2, and ratio of M1/M2 in HAGC and NAGC, based on t-test. (B) Significant release of cytokines between HAGC and NAGC, based on t-test.
(C) Inflammatory signals were active in HAGC by GSEA analysis. (D) OS proportion of patients with HAGC and NAGC, based on
Kaplan-Meier survival analysis. (E) OS in HAGC patients after DIC-chemotherapy stratification using Kaplan-Meier curves. (F) Forest plot
showing the hazard ratios of treatments of HAGC patients in the Univariate analyses. (G) Multivariate Cox analyses and hazard ratios of
treatments as well as clinical features of HAGC patients. P-values for all survival analyses were calculated using the log-rank test.
Abbreviations: HAGC: highly aggressive gastric cancer; NAGC: normal advanced gastric cancer; GSEA: Gene Set Enrichment Analysis; OS:

overall survival; DIC: disseminated intravascular coagulation

of pro-inflammatory cytokines, including I1L-8, RANTES,
IP-10 and MCP-1, were higher in the blood serum of
HAGC patients (Figure 1B, Supplementary Figure S2).
Finally, RNA-seq results demonstrated inflammatory
response and IL-6-JAK-STAT3 signaling activation in
HAGC patients (Figure 1C, Supplementary Figure S2).
As compared to NAGC, three dominant clinical features
of HAGC included DIC, BMM and a hyperinflammatory
status, which were confirmed by bone marrow biopsy of
HAGC (Supplementary Figure S3).

Poor performance status and hematological abnormal-
ities of HAGC perplexed physicians with the tolerability
of chemotherapy. HAGC patients demonstrate extremely
worse overall survival (OS) than NAGC. The median OS
of HAGC patients was 2.867 months (95% CI: 0.172-5.562)
without treatment, while that of NAGC was 7.667 months
(95% CI: 6.511-8.223) (Figure 1D). Of the 36 HAGC patients,
21 (58.3%) underwent chemotherapy during the DIC onset
(here, termed as DIC-chemotherapy). Of them, 61.9% (n
= 13), 71.4% (n = 15), and 33.3% (n = 7) received 5-Fu-
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based, taxel-based, and platinum-based treatment, respec-
tively. 57.1% (n = 12) were treated with doublet combi-
nations. Fifteen HAGC cases underwent best supportive
care (BSC) (Supplementary Figure S4). We observed that
patients with a positive DIC status responded sooner to
chemotherapy, with a median time to DIC remission of 12
days (4 to 19 days) and the median DIC-free time (DFT) of
137 days (6 to 457 days), which was much better than previ-
ously reported [7], and could significantly prolong the OS
of HAGC patients.

Survival of HAGC patients was significantly different
based on DIC-chemotherapy and the DIC status after treat-
ment. Patients without DIC-chemotherapy had a median
OS of 2.067 months (95% CI: 0.636-3.497). In the DIC-
chemotherapy group, patients who had DIC remission
without relapse had a better OS than the DIC relapse
group; with a median OS of 7.200 months (95% CI: 2.873-
11.527) in the DIC remission group and 5.767 months (95%
CIL: 4.836-6.697) in the DIC relapse group, respectively
(Figure 1E). Further, patients who did not have DIC remis-
sion had a worse prognosis, with a median OS of 0.933
months (95% CI: 0.693-1.173). All patients completed DIC-
chemotherapy and related adverse events are shown in
Supplementary Table S5.

Clinical treatments consisted of three parts: pre-
chemotherapy, the treatments administered before DIC,
DIC-chemotherapy and post-chemotherapy which was
given after DIC diagnosis and remission. 5-Fu containing
regimen was associated with poor prognosis for HAGC
patients in the pre-chemotherapy stage but was associated
with favorable survival in DIC-chemotherapy patients
and post-chemotherapy stage. Additional 5-Fu to doc-
etaxel (DF) in DIC-chemotherapy patients was associated
with prolonged survival. DIC remission and DFT were
favorable factors of HAGC patients in univariate analysis
(Figure 1F). Statistically significant favorable prognostic
factors for OS were pre-chemotherapy and DF combined
DIC-chemotherapy (Figure 1G). Other prognostic factors
associated with DFT are presented in Supplementary
Figure S5.

Compared to reported studies of AGC with DIC, BMM
or bone metastasis, our research comprised of 36 HAGC
cases identified from a large cohort of 964 AGC patients,
demonstrating an overall prevalence of 3.73%. It has been
reported that AGC with DIC had an incidence of 1.2%-1.6%
[4, 8]. In fact, most of these patients only received BSC
and did not undergo further examinations; thus, indicat-
ing that the incidence of DIC in HAGC could be higher
than estimated.

Although HAGC can present with three distinctive char-
acteristics, acute onset and severe hematologic abnormal-
ities usually stuck physicians in a dilemma. At present,
the standard care for DIC has not been established and is

surrounded by controversy. Based on our findings, DIC-
chemotherapy could relieve platelet consumption effec-
tively in univariate analysis. To avoid the interaction
between different drugs and to find out which cytotoxic
agents were better for HAGC, DIC-chemotherapy was not
included in the multivariate analysis, where the applica-
tion of 5-Fu was associated with favorable prognosis and
additional docetaxel provided a longer DFT and OS. There
exist several potential chemotherapy treatments reported
in some case reports, including single or double applica-
tion of chemotherapy drugs [9, 10]. However, due to limited
information regarding a standard treatment, we are cur-
rently conducting a clinical trial (NCT04547153) to estab-
lish an effective DIC-chemotherapy regimen. In addition,
we found that post-chemotherapy for HAGC could provide
durable DFT and favorable prognosis, irrespective of the
regimens used.

In summary, we showed that AGC patients presenting
with DIC and diffuse BMM could be classified as HAGC
as they have unique features regarding clinicopathology,
TIME, activated signaling pathway, RNA-seq data and
cytokine release, as compared to NAGC patients. The over-
all prevalence of HAGC was 3.73% but considering that
most of these patients are mostly incompletely diagnosed
as they do not undergo deeper examinations, this could be
an underestimated number. We also showed that a com-
bination of 5-Fu and docetaxel as DIC-chemotherapy was
associated with longer DFT and OS in HAGC patients.
Further investigations using larger patient cohorts are
required to validate our findings.
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