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Abstract. Background/Aim: Advanced gastric cancer (AGC)
rarely presents with disseminated intravascular coagulation
(DIC) at the time of diagnosis. Chemotherapy should be
selected in consideration of hematological toxicities because
these patients are at high risk of hemorrhagic complications.
The leucovorin, fluorouracil, and oxaliplatin (FOLFOX)
regimen is an effective and less toxic regimen for patients with
AGC and poor performance status. Patients and Methods: The
present study assessed overall survival of all patients receiving
first-line chemotherapy with and without DIC using Kaplan-
Meier methods and examined the clinicopathological factors,
DIC parameters, response, and survival of five patients with
AGC and DIC who received FOLFOX in the first-line setting
between February 2017 and February 2020. Results: Among
the patients, four patients (80%) recovered from DIC after a
median of 12 days of FOLFOX therapy (range=12-25), and
their platelet count gradually increased within 1 week after
the start of chemotherapy. The median progression-free
survival and overall survival were 46 (range=22-296) and 115
days (range=83-324), respectively. No patients experienced
adverse events necessitating treatment discontinuation,
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including gastrointestinal bleeding and thrombocytopenia.
Moreover, all patients received second-line treatment after
progression, and one patient exhibited improvement of DIC
symptoms  following nab-paclitaxel
treatment. Conclusion: FOLFOX therapy is well tolerated and
effective in patients with AGC initially presenting with DIC
and subsequent second-line treatment might be crucial for
better prognosis.

and ramucirumab

Gastric cancer is the fifth most commonly diagnosed cancer
and the third most deadly cancer, with an estimated 1,089,103
new cases and 768,793 deaths annually (1). Advanced gastric
cancer (AGC) rarely presents with disseminated intravascular
coagulation (DIC) at the time of diagnosis, and the prognosis
of AGC with DIC is extremely poor (2).

DIC is characterized by systemic intravascular coagulation
activation and the simultaneous consumption of coagulation
proteins and thrombocytes. It is caused by infection, solid
cancers, hematological malignancies, obstetric diseases,
trauma, aneurysms, and liver diseases (3). Eventually, DIC
can lead to the exhaustion of platelets and coagulation
factors; therefore, bleeding may be the first clinical symptom
(4). Recently, the efficacy of anticoagulants such as
recombinant human soluble thrombomodulin has been
reported in cancer-associated DIC (5, 6); however, the
principle of DIC treatment is treating the underlying disease
(4). In particular, chemotherapy for DIC associated with
solid tumors can prolong overall survival (7).

In patients with gastric cancer initially presenting with
DIC, several reports illustrated that chemotherapy, including
5-fluorouracil (5-FU)/leucovorin and 5-FU/methotrexate,
improved DIC parameters (8-10). Recently, fluoropyrimidine
plus platinum-based chemotherapy, which is the standard
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Figure 1. (a) Treatment in advanced gastric cancer with disseminated intravascular coagulation (DIC). (b) Overall survival (OS) of patients with
disseminated intravascular coagulation (DIC) and without DIC. OS in patients with DIC was extremely poor.

regimen for AGC, was reported to be effective against DIC
(10). However, the reports used different fluoropyrimidines
including 5-FU, S-1, and capecitabine, and the incidence of
hematological toxicities differed between 5-FU- and oral
fluoropyrimidine-based regimens (11). In patients with DIC,
the regimen should be selected in consideration of both
hematological toxicities and efficacy because these patients
have a high risk of gastrointestinal bleeding. Recently, a
phase II study of FOLFOX reported an incidence of grade 3
or higher thrombocytopenia of only 3% even in heavily
pretreated patients with gastric cancer (12). However, little
is known about the outcome of FOLFOX treatment in
patients with AGC and DIC. Therefore, we analyzed the
efficacy and safety of FOLFOX as a first-line treatment for
this population with a focus on DIC parameters.

Patients and Methods

Patient selection. The medical records of 394 patients who were
diagnosed with metastatic or recurrent gastric cancer between January
2007 and February 2020 at four institutions (University of Toyama,
Toyama Red Cross Hospital, Joetsu General Hospital, and University
of Miyazaki), were reviewed. Overall survival of all patients receiving
first-line chemotherapy with and without DIC were assessed using
Kaplan-Meier method. Detailed data were collected from patients that
fulfil the following criteria: 1) a histologically confirmed diagnosis
of AGC; 2) DIC present at the initial diagnosis of metastatic or
recurrent gastric cancer; 3) DIC score =7 points according to Japanese
Ministry of Health, Labor and Welfare (JMHLW) criteria; and 4)
receipt of FOLFOX as first-line chemotherapy. All patients received
chest-pelvic computed tomography to evaluate the extent of disease.

Additionally, bone marrow biopsy was performed to diagnose
disseminated carcinomatosis of the bone marrow based on the
physician’s judgement.

Data collection and statistical analysis. The patient baseline
characteristics, including age, sex, and performance status, as well
as clinical stage of the disease, history of chemotherapy, and
parameters of DIC, were retrospectively obtained from their medical
charts. DIC was considered to recover when a patient’s DIC score
was decreased to <5. Toxicity was evaluated according to the
Common Terminology Criteria for Adverse Events (CTCAE) v4.0.
Progression-free survival (PFS) was measured from the day of the
start of FOLFOX treatment to the day on which disease progression
was confirmed or the final day of follow-up without disease
progression. Overall survival (OS) was measured from the day of
initiation of FOLFOX treatment until the day of death or the final
day of follow-up. This study was approved by the Institutional
Review Board of each institution.

Treatment regimens. Four patients received mFOLFOX6, and one
patient received FOLFOX4. mFOLFOX6 consisted of oxaliplatin
(85 mg/m? on day 1) as a 2-h infusion followed by a 5-FU bolus
(400 mg/m2? on day 1) and then a 46-h infusion of 5-FU
(2,400 mg/m?2) concurrently with 200 mg/m? leucovorin. FOLFOX4
consisted of oxaliplatin (85 mg/m? on day 1) as a 2-h infusion, a
400 mg/m?2 5-FU bolus and a 600 mg/m? 5-FU infusion over 22 h
on days 1 and 2, respectively, and 100 mg/m?2 leucovorin on days 1
and 2. Cycles were repeated at 2-week intervals until disease
progression. Adverse events were graded according to CTCAE v4.0.

Ethics approval. The study was conducted according to the
guidelines of the Declaration of Helsinki and approved by the
Institutional Review Board of University of Toyama (approval
number R2020210, date of approval 21 January 2021).
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Table 1. Baseline characteristics of patients with advanced gastric cancer with disseminated intravascular coagulation.

Patient No 1 2 3 4 5
Age (years) 39 71 67 39 70
Sex Female Female Male Male Male
ECOG-PS 2 2 3 2 2
Histology Mixed Diffuse Mixed Intestinal Diffuse
HER?2 status Negative Negative Negative Negative Negative
Metastatic sites Bone Bone Bone, liver, lymph node Bone Bone, liver, lymph node
Carcinomatosis Yes NA Yes Yes Yes
of bone marrow

DIC score 7 7 7 9 10
Platelet count (x10%/pul) 11.2 14 8.9 9 1.8
Fibrinogen (mg/dl) 474 74 298 81 NA
FDP (ug/ml) 253 246.2 116 174.8 2169
Treatment before - '™ '™ 'TM, FFP '™
chemotherapy

ECOG-PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor 2; NA, not assessed; DIC, disseminated
intravascular coagulation; FDP, fibrinogen degradation product; rTM, recombinant thrombomodulin; FFP, fresh frozen plasma.

Table II. Clinical outcomes including disseminated intravascular coagulation (DIC) improvement, progression-free survival (PFS), and overall
survival (OS) of leucovorin, fluorouracil, and oxaliplatin (FOLFOX) treatment.

Patient No 1 2 3 4 5
First-line therapy
Treatment cycle 3 2 18 3 3
DIC improvement Yes Yes Yes Yes No
Time to recovery of DIC (days) 12 12 13 25 -
PES 53 22 296 46 41
Tumor response PD PD PR PD PD
Recurrence of DIC Yes No No Yes -
Second-line therapy
Chemotherapy regimen nabPTX/ram nabPTX/ram nabPTX/ram PTX PTX
DIC improvement Yes - - No -
Tumor response PD SD NE PD PD
OS after FOLFOX (days) 115/dead 251/dead 324/dead 102/dead 83/dead

nabPTX, Nanoparticle albumin-bound paclitaxel; ram, ramucirumab; PTX, paclitaxel; PD, progressive disease; PR, partial response; SD, stable

disease; NE, not evaluable for response.

Results

Prognosis of AGC with DIC. Among a total of 394 patients
with unresectable or recurrent gastric cancer, DIC occurred
in 15 (3.8%) before chemotherapy between January 2007
and February 2020. Five patients received FOLFOX (aged
39-71 years, three males and two females), and the others
received 5-FU plus methotrexate (n=6), S-1 plus oxaliplatin
(n=1), nab-paclitaxel plus ramucirumab (n=1) and 5-FU
plus leucovorin (n=1). One patient received best supportive
care due to poor general condition (Figure la). In all
patients receiving first-line chemotherapy, median OS was
3.4 months (range=1.3-4.1 days) and 11.6 months
(range=10.2-13.2 days) in patients with and without DIC,

respectively. OS was extremely poor in patients with DIC
(Figure 1b).

Patient baseline characteristics. Since the Japanese insurance
system covered FOLFOX in March 2015, five of ten patients
received FOLFOX treatment, and patient characteristics are
summarized in Table I. All patients had metastatic disease
including bone metastasis, and carcinomatosis of bone
marrow was confirmed via bone marrow biopsy in four
patients. Endoscopic biopsy revealed intestinal, diffuse, and
mixed histology without human epidermal growth factor 2
expression in one, two, and two patients, respectively. The
median DIC score based on JIMHLW criteria was 9 (range=7-
10). The median platelet count, serum fibrinogen level, and
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Figure 2. Platelet (a) and neutrophil counts (b) during the first cycle of leucovorin, fluorouracil, and oxaliplatin (FOLFOX) treatment. Four patients
(Patients 1-4) recovered from disseminated intravascular coagulation (DIC) after the initiation of FOLFOX treatment.

fibrinogen degradation product level were 9.0><104/u1
(range=1.8-14.0), 81 mg/dl (range=74-298), and 174.8 pg/ml
(range=25.3-246.2), respectively. Therefore, thrombomodulin
was administered as anticoagulant therapy in four patients,
whereas Patient 4 received fresh frozen plasma as an
additional treatment before chemotherapy.

DIC parameters during chemotherapy. The clinical course of
each patient is summarized in Table II. The median number
of FOLFOX cycles was three (range=2-18). Finally, four
patients (80%) recovered from DIC after a median of 12
days of FOLFOX therapy (range=12-25). Indeed, the platelet
count increased in all but one patient (Patient 4) within 1
week after the start of chemotherapy, suggesting
improvement of DIC (Figure 2a). DIC recurred in patients 1
and 4 during FOLFOX treatment, and recovery was observed
after second-line chemotherapy only in Patient 1. Patient 5
did not recover from DIC despite FOLFOX and subsequent
second-line treatment, and his OS was 83 days.

Clinical outcome. The median PFS and OS were 46
(range=22-296) and 115 days (range=83-324), respectively. A
tumor response was observed only in Patient 3, and his PFS
was 296 days. Moreover, all patients received second-line
treatment after progression following FOLFOX treatment, and
Patient 2 had stable disease (PFS=209 days) after second-line
treatment. Patients 2 and 3 survived for more than 8 months
after achieving disease control following first- or second-line
treatment, but the survival of all patients was generally poor.

Adverse events. The AEs of FOLFOX treatment are
summarized in Table III. Hematological grade 4 AEs
included neutropenia, thrombocytopenia, and anemia in two
patients (Patient 2 and 4). Although the neutrophil count
gradually decreased in all patients after the start of FOLFOX
treatment, no patients experienced febrile neutropenia

Table III. Hematological and non-hematological adverse effects of
leucovorin, fluorouracil, and oxaliplatin (FOLFOX) treatment.

Factors Any grade (%) Grade =3 (%)

Hematological
Leukopenia 5 (100) 2 (40)
Neutropenia 4 (80) 3 (60)
Anemia 5 (100) 5 (100)
Thrombocytopenia 5 (100) 2 (40)

Non-hematological
Anorexia 3 (60) 1 (20)
Nausea 3 (60) 0
Vomiting 2 (40) 0
Fatigue 3 (60) 2 (40)
Mucositis 2 (40) 0
Sensory neuropathy 2 (40) 0
Febrile neutropenia 0

(Figure 2b). Grade 3 or higher non-hematological AEs
occurred in only three patients (Patient 1, 2 and 3). There
were no treatment-related deaths.

Discussion

DIC is a rare complication of solid tumors, and AGC is one
of its most frequent causes. The short-term prognosis
remains extremely poor, although palliative chemotherapy
might prolong patient survival (10, 13). Indeed, the survival
of patients presenting with hematological complications such
as DIC was markedly shorter than that of patients free of
hematological complications in a Japanese retrospective
series of patients with gastric adenocarcinoma and bone
marrow metastases (14). The poor prognosis of DIC is
associated with impairment of the general condition and
hemorrhagic complications. Myelosuppressive chemotherapy
in the context of coagulopathy and thrombocytopenia is
usually poorly tolerated, and it may worsen patient prognosis
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through hemorrhagic or infectious complications. From this
viewpoint, this study identified FOLFOX as a feasible
regimen, and the rate of recovery from DIC was high in
patients with AGC initially presenting with DIC.

First-line FOLFOX4 and mFOLFOX®6, in addition to S-1-
and capecitabine containing regimens, are standard regimens
for patients with AGC, and several phase II and III clinical
trials revealed the good safety profile of FOLFOX even in
patients with an impaired general condition (1, 15, 16). Indeed,
a meta-analysis comparing efficacy and safety between S-1 and
5-FU revealed significant increases of the rate of grade 1-4
hematological toxicities such as neutropenia [risk ratio
(RR)=1.22, 95% confidence interval (CI)=1.08-1.37, p=0.001]
and thrombocytopenia (RR=1.71, 95% CI=1.22-2 .41, p=0.002)
in patients who received S-1-containing regimens, especially
in Asian patients (11). Moreover, the efficacy and safety of
FOLFOX4 or mFOLFOX6 were reported in several
retrospective phase II clinical trials, including studies of
heavily pretreated patients with AGC (12, 17-20). In
prospective trials, the most common grade 3-4 hematological
AEs were neutropenia (36%) and thrombocytopenia (3%), and
the most common non-hematological toxicity was fatigue
(6%). These results suggest that FOLFOX is an effective and
less toxic regimen for patients with gastric cancer and poor
performance status. Indeed, no patients in our study
experienced AEs necessitating treatment discontinuation,
including gastrointestinal bleeding and thrombocytopenia even
though patients with gastric cancer presenting with DIC have
a high risk of hemorrhagic complications.

A recent meta-analysis evaluating phase III trials of gastric
cancer clearly demonstrated that the receipt of post-progression
chemotherapy was correlated with better post-progression
survival and OS following first-line chemotherapy (21, 22).
Indeed, several clinical trials revealed the efficacy of second-
line chemotherapy consisting of taxanes and ramucirumab, an
antibody targeting human vascular endothelial growth factor 2.
The RAINBOW phase III trial of second-line therapy reported
that the response rate and median PFS of paclitaxel and
ramucirumab were 28% and 4.4 months, respectively (23).
Moreover, a phase II trial of nab-paclitaxel and ramucirumab
as second-line chemotherapy recorded a response rate and
median PFS of 54.8% and 7.6 months, respectively (24). In this
study, all patients received second-line treatment following
disease progression, including recurrence or a lack of response
of DIC. One of two patients with DIC at the time of
progression following FOLFOX treatment recovered from DIC
following nab-paclitaxel and ramucirumab treatment. This
suggested that second-line chemotherapy might prolong OS
despite the lack of reports describing the efficacy of salvage
chemotherapy in this situation.

There are several limitations to this study. First, this study
was a retrospective analysis of data sourced from a small
number of cases. Therefore, statistical analysis seemed to be

not robust due to the small sample size. Second, the
chemotherapy regimen (oxaliplatin, 5-FU, and leucovorin)
for one patient was made with different dosages and
dissimilar infusion times, which may have led to differences
in treatment outcomes. In our study, nevertheless, four in
five patients received FOLFOX therapy recovered from DIC.
In addition, all patients could receive second-line
chemotherapy even after progression to first-line FOLFOX
treatment. This strongly suggested that FOLFOX was a
feasible regimen for patients with DIC.

In conclusion, our case series suggested that FOLFOX is
well tolerated and effective in patients with AGC initially
presenting with DIC. This treatment should be considered in
the first-line treatment of AGC with DIC. Additionally,
subsequent second-line treatment might be crucial for better
prognoses.
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