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Background: Bone marrow metastasis (BMM) of gastric cancer (GC), which is the
most common cause of disseminated intravascular coagulation (DIC) among
solid tumors, has a poor prognosis. Studies on prognostic improvement beyond
one year in patients with GC with BMM are limited. This is the first report of a
patient who survived over three years after 30 months of S-1 plus oxaliplatin
(SOX) therapy for GC with BMM.

Case Report: The patient was a 72-year-old woman who presented with anemia
and high levels of alkaline phosphatase (ALP) and carbohydrate antigen 19-9
(CA19-9). Detailed examination led to the diagnosis with BMM of GC
uncomplicated by DIC and the SOX regimen was initiated in November 2018.
After six cycles, she was switched to S-1 monotherapy, and both ALP and CA19-9
levels reached normal by November 2019. However, computed tomography in
April 2021 showed multiple bone metastases. Therefore, she was switched to
paclitaxel-based therapy. In November 2021, the patient was further switched to
nivolumab monotherapy, but she succumbed due to DIC in March 2022.

Conclusion: GCs with BMM are prone to DIC, and the SOX regimen, which
includes S-1 with efficacy against micrometastases, may constitute a safe and
effective treatment modality.

KEYWORDS
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Abbreviations: BMM, bone marrow metastasis; GC, gastric cancer; DIC, disseminated intravascular
coagulation; SOX, S-1 plus oxaliplatin; ALP, alkaline phosphatase; CA19-9, carbohydrate antigen 19-9; 5-
FU/LV, fluorouracil/leucovorin; CT, computed tomography; wPTX, weekly paclitaxel; RAM, ramucirumab;

BSC, best supportive care; OS, overall survival; ICIs, immune checkpoint inhibitors; Treg, regulatory T cell.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1449212/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1449212/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1449212/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1449212/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1449212/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1449212/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1449212&domain=pdf&date_stamp=2024-08-06
mailto:hirotaka.suto@hyogo-cc.jp
https://doi.org/10.3389/fonc.2024.1449212
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1449212
https://www.frontiersin.org/journals/oncology

Suto et al.

1 Introduction

Gastric cancer (GC) remains a major health concern, being the
fifth most common cancer worldwide, and the fourth leading cause of
cancer-related mortality (1). Bone marrow metastasis (BMM) of GC is
considered a rare entity (2, 3); however, it is the most common cause of
disseminated intravascular coagulation (DIC) among solid tumors and
has a poor prognosis (4-6). DIC is a clinical manifestation of various
underlying diseases pathologically activating the coagulation system.
DIC is characterized by multiple thrombi in microvessels,
microcirculatory failure leading to organ damage, and wasting of
coagulation factors and platelets causing bleeding tendency (7). The
clinical course is rapid, and the prognosis for untreated patients is
reported to be within one month (3). Previously, fluorouracil/
leucovorin (5-FU/LV) regimens and 5-FU + methotrexate regimens
have been reported for patients with BMM of GC, albeit with little
efficacy and yielding poor prognosis ranging from 2 to 6 months (7-
11). The advent of cisplatin and oxaliplatin has improved the overall
prognosis of GC (12, 13); however, there are limited studies on
improvement in the prognosis of patients with BMM with GC
beyond 1 year (14, 15).

The present report demonstrated the case of a patient who survived
over three years after 30 months of S-1 plus oxaliplatin (SOX) therapy
for BMM of GC.

2 Case report

The patient was a 72-year-old woman who underwent total
gastrectomy and splenectomy for GC in February 2012. The
histopathological diagnosis was tubular 2, moderately differentiated
cancer (Union for International Cancer Control classification, 7th
edition) (16), and ERB-B2 receptor tyrosine kinase 2-negative,
tubular, moderately differentiated cancer (the World Health
Organization classification of 2019) (17). The pathological staging
indicated pT2NOMO, stage IB (Union for International Cancer
Control classification, 7th edition). She did not experience any
recurrence for a while. However, she visited the department in
October 2018 due to worsening anemia and increased serum
alkaline phosphatase (ALP) levels. A computed tomography (CT)
scan revealed no identifiable causes of anemia. However, bone
marrow biopsy revealed the presence of solute carrier family 4
member 1/member 3-positive and caudal type homeobox 2-
positive cancer cells, prompting the diagnosis of BMM of GC given
her history of GC surgery. She had not been tested for Helicobacter
pylori infection and had no history of cancer except GC. She also had
no family history of suspected hereditary tumors. The authors have
previously reported on her diagnostic course (18).

At the initial visit, she did not present with DIC. Her fecal occult
blood was negative, and she had progressive normocytic anemia, serum
ALP elevation, and abnormally high carbohydrate antigen 19-9 (CA19-
9) levels. The results of hematological tests were as follows:
Hemoglobin =8.5 g/dL, mean corpuscular volume =93.0 fL, platelet
count =24.3x10*/puL, prothrombin time-International Normalized
Ratio =1.01, fibrinogen =303 mg/dL, fibrin/fibrinogen degradation
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products =20.9 pg/mL, D-dimer =24.4 pg/mL, serum ALP =4,197
IU/L and serum CA19-9 = 303.8 IU/mL (Table 1). Physical
examination revealed no bilateral leg edema suspicious of deep vein
thrombosis, nor were there signs of dyspnea or chest pain suspicious of
pulmonary embolism.

TABLE 1 Laboratory data at the time of her visit to our department.

Blood Patient Normal
components range
Complete blood count
White blood cell 4760 /uL 3300-8600
Red blood cell 270 x 10* /uL 386-492 x10*
Hemoglobin 8.5 g/dL 11.6-14.8
Hematocrit 25.1 % 35.1-44.4
Mean 93.0 fL 83.6-98.2
corpuscular
volume
Platelet 243 x 10* /uL 15.8-34.8 x10*
Neutrophil 49.0 % 40.0-70.0
Lymphocyte 41.0 % 20.0-50.0
Monocyte 7.0 % 0.0-10.0
Eosinophil 3.0 % 1.0-5.0
Basophil 0.0 % 0.0-1.0
Coagulation test
Activated partial 26.0 s 26.0-38.0
thromboplastin
time
Prothrombin time 101.6 % 70.0-130.0
Fibrinogen 303 mg/dL 200-400
Fibrin/fibrinogen 20.9 ug/mL 0.0-5.0
degradation
products
D-dimer 244 ug/mL 0.0-1.0
Biochemistry
Total protein 7.1 g/dL 6.6-8.1
Albumin 4.1 g/dL 4.1-5.1
C-reactive protein 0.02 mg/dL 0.00-0.14
Aspartate 23 Tu/L 13-30
transaminase
Alanine 12 TU/L 7-23
transaminase
Alkaline 4197 IU/L 106-322
phosphatase
Total bilirubin 0.4 mg/dL 0.4-1.5
Lactate 269 IU/L 124-222
dehydrogenase

(Continued)
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TABLE 1 Continued

Blood Patient Normal
components range
Biochemistry

Blood 232 mg/dL 8.0-20.0
urea nitrogen

Creatinine 0.60 mg/dL 0.46-0.79
Na (sodium) 139 mEq/L 138-145
K (potassium) 4.6 mEq/L 3.6-4.8
Cl (chlorine) 103 mEq/L 101-108
Creatine kinase 128 IU/L 41-153
Amylase 124 IU/L 44-132
Glucose 99 mg/dL 73-109
Carcinoembryonic 3.3 ng/mL 0.0-5.0
antigen

Carbohydrate 303.8 1U/mL 0.0-37.0

antigen 19-9

Treatment with SOX regimen was initiated for BMM of GC in
November 2018. The SOX regimen consisted of S-1 100 mg/body,
weight/day, orally on days 1-14 and oxaliplatin 100 mg/m? orally on
day 1, for one cycle of 21 days. After 3 cycles of the SOX regimen,
the ALP and CA19-9 levels decreased to 1031 TU/L and 159.4 IU/
mL, respectively. Bone marrow examination performed in January
2019 failed to detect any cancer cells. However, oxaliplatin was
discontinued after 6 cycles and S-1 monotherapy was administered
because the peripheral neuropathy worsened to grade 3 on the
Common Terminology Criteria for Adverse Events version 5.0 (19).
At the time of oxaliplatin discontinuation, the ALP and CA19-9
levels were 802 IU/L and 130.1 IU/mL, respectively. However, blood
tests performed in May 2019, for instance, two months after the
change to S-1 monotherapy, revealed ALP and CA19-9 levels of
1,363 IU/L and 55.3 IU/mL, respectively. CT performed in the same
month demonstrated no obvious recurrent lesions. Thereafter, both
ALP and CA19-9 levels declined, and blood tests performed in
December 2019 showed an ALP level of 293 IU/L and a CA19-9
level of 18.7 IU/mL. Bone marrow examination conducted in the
same month also revealed no cancer cells. Follow-up CT imaging
was performed every 3-6 months but did not find evidence of any
apparent recurrent lesions. However, in April 2021, blood tests
showed CA19-9 elevation to 167.5 IU/mL and CT depicted multiple
bone metastases. Therefore, considering S-1 failure, the treatment
was changed to weekly paclitaxel (WPTX) + ramucirumab (RAM).
The wPTX + RAM regimen consisted of wPTX 80 mg/m? on days 1,
8,and 15, and RAM 8 mg/kg on days 1 and 15 of a 28-day cycle. The
CA19-9 levels decreased after a transient increase, however, in
November 2021, they elevated to 1,516.6 TU/mL and the ALP
increased to 400 IU/L. The wPTX + RAM regimen was then
switched to nivolumab monotherapy in the same month;
however, in January 2022, the CA19-9 level increased to 7,081.3
IU/mL and the ALP level increased to 670 IU/L. Therefore,
nivolumab monotherapy was discontinued and replaced with best
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supportive care (BSC) alone. In the following month (February
2022), the patient’s CA19-9 and ALP levels surged to 17,961.1 IU/
mL and 2,860 IU/L, respectively. She succumbed to DIC in March
2022 (Figure 1). Written informed consent was obtained from the
patient’s family for the publication of the present case report.

3 Discussion

The case of a patient who survived for over 3 years after 30
months of SOX therapy for GC with BMM was presented.

GC with BMM is a rare manifestation that has not been
investigated by any prospective studies; therefore, it lacks an
established treatment (2, 3). Complications of BMM in solid
tumors include anemia, thrombocytopenia, and DIC. While blood
transfusions have been reported to be effective for managing anemia
and thrombocytopenia and recombinant thrombomodulin for
treating DIC, the main principle of DIC management is the
appropriate treatment of the causative disease (20, 21). Despite no
strict definition of GC bone marrow micrometastasis (22), we
diagnosed this case as GC bone marrow micrometastasis because
no obvious lesion was found on CT imaging, and recurrent GC was
diagnosed only through bone marrow examination, as reported by
Macadam et al. (23). Although this case was not complicated by
DIC, the absence of a thrombus on CT and the presence of not only
elevated D-dimer levels but also elevated fibrin/fibrinogen
degradation products and ALP suggested that the patient was
pre-disposed to DIC. Retrospective studies and case series of five
or more cases, published in English, have reported that the
prognosis of BSC alone in patients with GC complicated by BMM
is poor, with an overall survival (OS) of 1 to 2 months. The
prognosis of patients with GC with concomitant DIC is even
worse, with an OS of ~1 month without treatment. The median
OS for patients treated with 5-FU-based, taxane-based, and
platinum-based regimens tends to be 2 to 6 months, longer than
that of patients treated with BSC alone (Table 2). Conversely, SOX
therapy, which was administered to this patient, is a widely used
treatment in Asia, as the G-SOX and SOPP trials have
demonstrated non-inferiority of efficacy to S-1 plus cisplatin (SP)
combination therapy (32, 33). The G-SOX trial reported that the
toxicity was grade 3 or greater anemia in 15.1% of the SOX group
and 32.5% of the SP group, and grade 3 or higher thrombocytopenia
in 10.1% of the SOX group and 10.4% of the SP group, and was well
tolerated, even in older patients (32, 34). Thus, the SOX regimen is
relatively easier to administer than SP therapy, even in the presence
of anemia or DIC. S-1 used in this regimen is reportedly more
effective than 5-FU against undifferentiated cells prone to BMM in
GC (35). In this case, treatment was initiated before the onset of
DIC, and because S-1 was administered for a long period of time,
the same treatment could be continued for 30 months, and the
patient survived for over 3 years.

Recently, immune checkpoint inhibitors (ICIs) have been
introduced for the treatment of GC, which reportedly improve
prognosis (36, 37). The Japanese government approved nivolumab
as a first-line treatment for GC in November 2021. Therefore, ICIs
could not be used as a first-line treatment for this patient. Based on
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TABLE 2 Studies or case series on gastric cancer with bone marrow metastasis.

Author

Regimen

Median age (range), years

DIC (+)

MST

(range)

Yeh et al. (11) 5-FU-based 5 62 (30-65) 5 6 (2-13) months
Hironaka et al. (24) 5-FU+MTX 9 52 (34-66)* 9 113 days
Chao et al. (25) EEPFL 6 40 (36-71) 6 28 (12-32) weeks
Tokar et al. (8) 5-FU-based 6 49 (32-56) 6 14.5 (1-32) weeks
Kim et al. (3) Various chemotherapy 9 47 (26-68)* 8 (39) 67 (5-252) days
BSC alone 9 20 (2-137) days
Huang et al. (26) 5-FU based 19 53 (31-72) 19 3 (0.5-17) months
Rhee et al. (27) Platinum-based 14 45 (29-66) 14 99 days
BSC alone 7 68 (24)-72 7 16 days
Takashima et al. (7) 5-FU+MTX 22 56 (26-75) 22 154 (126-180) days
Kwon et al. (28) Various chemotherapy 16 46 (24-61)* NA 121 (3-383) days
BSC alone 10 NA 11 (2-34) days
Hwang et al. (29) 5-FU or Taxane-based 19 51 (25-68) 19 61 (50-72) days
BSC alone 49 58 (26-78) 49 9 (6-16) days
Ekinci et al. (14) CF 1 22 NA 20 days
DCF 1 45 NA 53 days
BSC alone 3 47 (42-55) NA 47 days (34-61)
(Continued)
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TABLE 2 Continued

10.3389/fonc.2024.1449212

Author Regimen Median age (range), years DIC (+) MST
(range)
Sugiyama et al. (30) SP 2 58 (50-66) 2 152.5 (114-191) days
FOLFOX 3 38 (35-66) 3 257 (131-313) days
Zhai et al. (31) Various chemotherapy 21 NA 21 NA
BSC alone 15 NA 15 2.067 months
Takahashi et al. (15) FOLFOX 5 67 (39-71) 5 115 (83-324) days

5-FU, fluorouracil; BSC, best supportive care; CF, cisplatin plus fluorouracil; DCF, docetaxel plus cisplatin plus fluorouracil; DIC, disseminated intravascular coagulation; EEPFL, etoposide plus
epirubicin plus cisplatin plus fluorouracil plus leucovorin; FOLFOX, fluorouracil plus leucovorin plus oxaliplatin; MST, median survival time; MTX, methotrexate; NA, not available; SP, S-1

plus cisplatin
*Median age of all patients in the study.

the results of the KEYNOTE-061 trial (38), a paclitaxel-based therapy
was preferred for second-line treatment, and therefore, nivolumab
was used as the third-line treatment in this patient. Because cancer
cells regulate the immune environment, ICIs may be effective against
GC with BMM (39). Huang et al. (40) reported two cases of GC with
BMM treated with ICIs with a cytotoxic anticancer drug, however,
the effect of ICI therapy alone on BMM remains unknown. Although
a combined positive score is currently used as an indicator of the
effectiveness of ICIs on GG, it is not a perfect biomarker (41). Sato
et al. investigated biomarkers in the microenvironment of durable
responders of ICIs in GC and reported that the effect tends to be
sustained in cases with a high T cell/regulatory T cell (Treg) ratio.
ICIs may be effective in cases with a high T cell/Treg ratio in BMM of
GC (42). Moreover, established effective regimens for GC with BMM
are lacking and the results of a phase II trial exploring the efficacy of
5-FU plus docetaxel therapy, which is currently underway, are
awaited (43). As a limitation, case reports, including this study, lack
external validity. Therefore, S-1-based chemotherapy may not be able
to provide long-term control of bone marrow dissemination in gastric
cancers such as the present case. It is necessary to examine whether
there is an overlap between the molecular pathology of gastric cancer
prone to bone marrow dissemination and that of gastric cancer for
which S-1 is effective.

In conclusion, patients with GC with BMM are prone to anemia
and DIC and may be better managed with a SOX regimen.
Furthermore, S-1 monotherapy is effective against micrometastases,
and therefore, chemotherapy containing S-1 may prolong the survival
of patients with GC with BMM.

Data availability statement

The original contributions presented in the study are included
in the article. Further inquiries can be directed to the
corresponding author.

Ethics statement

The studies involving humans were approved by The Institutional
Review Board Kakogawa Central City Hospital Ethics Committee. The

Frontiers in Oncology

studies were conducted in accordance with the local legislation and
institutional requirements. The patient’s family provided written
informed consent to participate in this study. Written informed
consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.

Author contributions

HS: Conceptualization, Investigation, Methodology, Writing -
original draft, Writing - review & editing. YI: Data curation,
Investigation, Writing - review & editing. AO: Conceptualization,
Data curation, Investigation, Methodology, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to thank Editage (www.editage.com) for English
language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


http://www.editage.com
https://doi.org/10.3389/fonc.2024.1449212
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Suto et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/
caac.21660

2. Kusumoto H, Haraguchi M, Nozuka Y, Oda Y, Tsuneyoshi M, Iguchi H.
Characteristic features of disseminated carcinomatosis of the bone marrow due to
gastric cancer: The pathogenesis of bone destruction. Oncol Rep. (2006) 16:735-40.
doi: 10.3892/or

3. Kim HS, Yi SY, Jun HJ, Lee J, Park JO, Park YS, et al. Clinical outcome of gastric
cancer patients with bone marrow metastases. Oncology. (2007) 73:192-7. doi: 10.1159/
000127386

4. Crivellari D, Carbone A, Sigon R, Buonadonna A, Cannizzaro R, Sorio R, et al.
Gastric cancer with bone marrow invasion at presentation: Case-report and review of
the literature. Tumori. (1995) 81:74-6. doi: 10.1177/030089169508100117

5. Okuno T, Yamaguchi H, Kitayama J, Ishigami H, Nishikawa T, Tanaka J, et al. A
case of disseminated carcinomatosis of the bone marrow originating from gastric
cancer 3 years after intraperitoneal chemotherapy against peritoneal carcinomatosis.
World ] Surg Oncol. (2016) 14:107. doi: 10.1186/s12957-016-0851-3

6. Iguchi H. Recent aspects for disseminated carcinomatosis of the bone marrow
associated with gastric cancer: What has been done for the past, and what will be
needed in future? World J Gastroenterol. (2015) 21:12249-60. doi: 10.3748/
Wig.v21.i43.12249

7. Takashima A, Shirao K, Hirashima Y, Takahari D, Okita NT, Nakajima TE, et al.
Sequential chemotherapy with methotrexate and 5-fluorouracil for chemotherapy-
naive advanced gastric cancer with disseminated intravascular coagulation at initial
diagnosis. ] Cancer Res Clin Oncol. (2010) 136:243-8. doi: 10.1007/s00432-009-0655-8

8. Tokar M, Bobilev D, Ariad S, Geffen DB. Disseminated intravascular coagulation
at presentation of advanced gastric cancer. Isr Med Assoc ]. (2006) 8:853-5.

9. Takai H, Kondoh E, Sato Y, Kakui K, Tatsumi K, Konishi I. Disseminated
intravascular coagulation as the presenting sign of gastric cancer during pregnancy. J
Obstet Gynaecol Res. (2011) 37:1717-9. doi: 10.1111/j.1447-0756.2011.01561.x

10. Yamamoto M, Baba H, Kusumoto T, Endo K, Maehara Y, Sugimachi K.
Disseminated intravascular coagulation in a man with metachronous bone metastasis
from gastric-cancer - case-report. Oncol Rep. (1994) 1:877-9. doi: 10.3892/0r.1.5.877

11. Yeh KH, Cheng AL. Gastric cancer associated with acute disseminated
intravascular coagulation: Successful initial treatment with weekly 24-hour infusion
of high-dose 5-fluorouracil and leucovorin. Br J Haematol. (1998) 100:769-72.
doi: 10.1046/j.1365-2141.1998.00613.x

12. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M, et al. S-1 plus
cisplatin versus S-1 alone for first-line treatment of advanced gastric cancer (spirits trial):
A phase III trial. Lancet Oncol. (2008) 9:215-21. doi: 10.1016/S1470-2045(08)70035-4

13. Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon F, et al.
Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl ] Med.
(2008) 358:36-46. doi: 10.1056/NEJMo0a073149

14. Ekinci A, Bal O, Ozath T, Tiirker I, Egbah O, Demirci A, et al. Gastric carcinoma
with bone marrow metastasis: A case series. | Gastric Cancer. (2014) 14:54-7.
doi: 10.5230/jgc.2014.14.1.54

15. Takahashi N, Ando T, Motoo I, Sakumura M, Ueda Y, Kajiura S, et al. Efficacy
and safety of FOLFOX in advanced gastric cancer initially presenting with disseminated
intravascular coagulation. In Vivo. (2022) 36:2447-52. doi: 10.21873/invivo.12979

16. Sobin LH, Wittekind C, Gospodarowicz M. TNM classification of Malignant
tumours (UICC). 7th ed. New York: Wiley Blackwell (2009) p. 73-7.

17. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, et al.
The 2019 WHO classification of tumours of the digestive system. Histopathology.
(2020) 76:182-8. doi: 10.1111/his.13975

18. Suto H, Inui Y, Okamura A. Slowly progressive bone marrow metastasis of
gastric cancer followed-up without treatment. In Vivo. (2023) 37:1389-93.
doi: 10.21873/invivo.13222

19. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0 U.S..
Department of Health and Human Services, National Institutes of Health, National
Cancer Institute (2017).

20. Taniguchi K, Ohbe H, Yamakawa K, Matsui H, Fushimi K, Yasunaga H.
Recombinant thrombomodulin in disseminated intravascular coagulation associated
with stage IV solid tumors: A nationwide observational study in Japan. Thromb
Haemost. (2021) 121:36-45. doi: 10.1055/s-0040-1715840

21. Levi M. Disseminated intravascular coagulation in cancer: an update. Semin
Thromb Hemost. (2019) 45:342-7. doi: 10.1055/5-0039-1687890

22. Athanassiadou P, Grapsa D. Bone marrow micrometastases in different solid
tumors: pathogenesis and importance. Surg Oncol. (2008) 17:153-64. doi: 10.1016/
j.suronc.2008.04.004

23. Macadam R, Sarela A, Wilson ], MacLennan K, Guillou P. Bone marrow
micrometastases predict early post-operative recurrence following surgical resection
of oesophageal and gastric carcinoma. Eur J Surg Oncol. (2003) 29:450-4. doi: 10.1016/
S0748-7983(03)00029-5

Frontiers in Oncology

10.3389/fonc.2024.1449212

24. Hironaka SI, Boku N, Ohtsu A, Nagashima F, Sano Y, Muto M, et al. Sequential
methotrexate and 5-fluorouracil therapy for gastric cancer patients with bone
metastasis. Gastric Cancer. (2000) 3:19-23. doi: 10.1007/PL00011684

25. Chao Y, Teng HC, Hung HC, King KL, Li CP, Chi KH, et al. Successful initial
treatment with weekly etoposide, epirubicin, cisplatin, 5-fluorouracil and leucovorin
chemotherapy in advanced gastric cancer patients with disseminated intravascular
coagulation. Jpn J Clin Oncol. (2000) 30:122-5. doi: 10.1093/jjco/hyd038

26. Huang TC, Yeh KH, Cheng AL, Hsu CH. Weekly 24-hour infusional 5-
fluorouracil as initial treatment for advanced gastric cancer with acute disseminated
intravascular coagulation. Anticancer Res. (2008) 28:1293-97.

27. Rhee J, Han SW, Oh DY, Im S-A, Kim T-Y, Bang Y-J. Clinicopathologic features
and clinical outcomes of gastric cancer that initially presents with disseminated
intravascular coagulation: A retrospective study. J Gastroenterol Hepatol. (2010)
25:1537-42. doi: 10.1111/j.1440-1746.2010.06289.x

28. Kwon JY, Yun J, Kim HJ, Kim K-H, Kim S-H, Lee S-C, et al. Clinical outcome of
gastric cancer patients with bone marrow metastases. Cancer Res Treat. (2011) 43:244—
9. doi: 10.4143/crt.2011.43.4.244

29. Hwang IG, Choi JH, Park SH, Oh SJ, Kwon H-C, Lee SI, et al. Chemotherapy in
advanced gastric cancer patients associated with disseminated intravascular
coagulation. Cancer Res Treat. (2014) 46:27-32. doi: 10.4143/crt.2014.46.1.27

30. Sugiyama K, Narita Y, Kadowaki S, Ura T, Tajika M, Muro K. Platinum-based
doublet chemotherapy for advanced gastric cancer with disseminated intravascular
coagulation. Anticancer Res. (2017) 37:309-13. doi: 10.21873/anticanres.11322

31. Zhai X, Wang C, Li S, Cao T, Du G, Zhang Y, et al. Bone marrow metastasis from
advanced gastric cancer complicated with disseminated intravascular coagulation: A
highly aggressive but manageable disease subtype. Cancer Commun (Lond). (2022)
42:350-4. doi: 10.1002/cac2.12277

32. Yamada Y, Higuchi K, Nishikawa K, Gotoh M, Fuse N, Sugimoto N, et al. Phase
TII study comparing oxaliplatin plus S-1 with cisplatin plus S-1 in chemotherapy-naive
patients with advanced gastric cancer. Ann Oncol. (2015) 26:141-8. doi: 10.1093/
annonc/mdu472

33. Lee KW, Chung IJ, Ryu MH, Park YL, Nam B-H, Oh H-S, et al. Multicenter
phase IIT trial of S-1 and cisplatin versus S-1 and oxaliplatin combination
chemotherapy for first-line treatment of advanced gastric cancer (SOPP trial).
Gastric Cancer. (2021) 24:156-67. doi: 10.1007/s10120-020-01101-4

34. Bando H, Yamada Y, Tanabe S, Nishikawa K, Gotoh M, Sugimoto N, et al.
Efficacy and safety of S-1 and oxaliplatin combination therapy in elderly patients with
advanced gastric cancer. Gastric Cancer. (2016) 19:919-26. doi: 10.1007/s10120-015-
0549-1

35. Koizumi W, Kurihara M, Nakano S, Hasegawa K. Phase II study of S-1, a novel
oral derivative of 5-fluorouracil, in advanced gastric cancer. For the S-1 Cooperative
Gastric Cancer Study Group. Oncology. (2000) 58:191-7. doi: 10.1159/000012099

36. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-
line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric,
gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): A
randomised, open-label, phase 3 trial. Lancet. (2021) 398:27-40. doi: 10.1016/S0140-
6736(21)00797-2

37. Kang YK, Chen LT, Ryu MH, Oh D-Y, Oh SC, Chung HC, et al. Nivolumab plus
chemotherapy versus placebo plus chemotherapy in patients with her2-negative,
untreated, unresectable advanced or recurrent gastric or gastro-oesophageal junction
cancer (ATTRACTION-4): A randomised, multicentre, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol. (2022) 23:234-7. doi: 10.1016/S1470-2045(21)00692-6

38. Shitara K, Ozgﬁroglu M, Bang YJ, Bartolomeo MD, Mandala M, Ryu MH, et al.
Pembrolizumab versus paclitaxel for previously treated, advanced gastric or gastro-
oesophageal junction cancer (KEYNOTE-061): a randomised, open-label, controlled,
phase 3 trial. Lancet. (2018) 392:123-33. doi: 10.1016/50140-6736(18)31257-1

39. Slominski RM, Raman C, Chen JY, Slominski AT. How cancer hijacks the body’s
homeostasis through the neuroendocrine system. Trends Neurosci. (2023) 46:263-75.
doi: 10.1016/j.tins.2023.01.003

40. Huang RZ, Chen N, Hu Y, Hu WM, Wang FH, Chen DL. Case report: PD-1
inhibitor-based treatment strategies in gastric cancer complicated by bone marrow
metastasis and disseminated intravascular coagulation: A report of two cases. Front
Oncol. (2023) 13:1019702. doi: 10.3389/fonc.2023.1019702

41. Noori M, Fayyaz F, Zali MR, Bashash D. Predictive value of PD-L1 expression in
response to immune checkpoint inhibitors for gastric cancer treatment: a systematic
review and meta-analysis. Expert Rev Anticancer Ther. (2023) 23:1029-39. doi: 10.1080/
14737140.2023.2238896

42. Sato Y, Yamashita H, Kobayashi Y, Nagaoka K, Hisayoshi T, Kawahara T, et al.
Alterations in intratumoral immune response before and during early-on nivolumab
treatment for unresectable advanced or recurrent gastric cancer. Int J Mol Sci. (2023)
24:16602. doi: 10.3390/ijms242316602

43. Xiaohui Z, Shanshan L, Taiyuan C, Ge D, Hongen Y, Lishuo S, et al. Docetaxel
and fluorouracil as first-line therapy for gastric cancer with bone marrow metastasis
and disseminated intravascular coagulation. Future Oncol. (2022) 18:3875-80.
doi: 10.2217/fon-2022-0748

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3892/or
https://doi.org/10.1159/000127386
https://doi.org/10.1159/000127386
https://doi.org/10.1177/030089169508100117
https://doi.org/10.1186/s12957-016-0851-3
https://doi.org/10.3748/wjg.v21.i43.12249
https://doi.org/10.3748/wjg.v21.i43.12249
https://doi.org/10.1007/s00432-009-0655-8
https://doi.org/10.1111/j.1447-0756.2011.01561.x
https://doi.org/10.3892/or.1.5.877
https://doi.org/10.1046/j.1365-2141.1998.00613.x
https://doi.org/10.1016/S1470-2045(08)70035-4
https://doi.org/10.1056/NEJMoa073149
https://doi.org/10.5230/jgc.2014.14.1.54
https://doi.org/10.21873/invivo.12979
https://doi.org/10.1111/his.13975
https://doi.org/10.21873/invivo.13222
https://doi.org/10.1055/s-0040-1715840
https://doi.org/10.1055/s-0039-1687890
https://doi.org/10.1016/j.suronc.2008.04.004
https://doi.org/10.1016/j.suronc.2008.04.004
https://doi.org/10.1016/S0748-7983(03)00029-5
https://doi.org/10.1016/S0748-7983(03)00029-5
https://doi.org/10.1007/PL00011684
https://doi.org/10.1093/jjco/hyd038
https://doi.org/10.1111/j.1440-1746.2010.06289.x
https://doi.org/10.4143/crt.2011.43.4.244
https://doi.org/10.4143/crt.2014.46.1.27
https://doi.org/10.21873/anticanres.11322
https://doi.org/10.1002/cac2.12277
https://doi.org/10.1093/annonc/mdu472
https://doi.org/10.1093/annonc/mdu472
https://doi.org/10.1007/s10120-020-01101-4
https://doi.org/10.1007/s10120-015-0549-1
https://doi.org/10.1007/s10120-015-0549-1
https://doi.org/10.1159/000012099
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1016/S1470-2045(21)00692-6
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1016/j.tins.2023.01.003
https://doi.org/10.3389/fonc.2023.1019702
https://doi.org/10.1080/14737140.2023.2238896
https://doi.org/10.1080/14737140.2023.2238896
https://doi.org/10.3390/ijms242316602
https://doi.org/10.2217/fon-2022-0748
https://doi.org/10.3389/fonc.2024.1449212
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Long-term survival of a patient with gastric cancer with bone marrow metastasis receiving S-1 plus oxaliplatin beyond three years: a case report and literature review
	1 Introduction
	2 Case report
	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


