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Abstract: Patients with unresectable advanced or recurrent gastric cancer have a poor prognosis with overall
survival times increasing by only a few months after anti-cancer drug therapy in the last four decades. The survival
times from previous clinical trials for untreated metastatic gastric cancer in Japan are generally better than those
reported from trials in European and North or South American countries. Therefore, the proportion of Japanese
patients enrolled in recent global trials of novel anti-cancer drugs should be increased in order to identify drugs
that specifically prolong the survival of such patients. S-1 plus oxaliplatin (SOX) therapy is the most commonly
used standard first-line treatment for advanced gastric cancer in Japan. SOX induces mild nausea and vomiting,
even in elderly patients, that can be treated by maintaining oral intake with adequate anti-emetic treatment usually
given in an outpatient clinic. Neutropenia, nausea, and vomiting in SOX therapy were more frequently observed
in female patients compared with males. Intensive toxic chemotherapy such as triplet therapy never prolonged
overall survival or maintained a favorable quality of life. The current strategies used against metastatic gastric
cancer need to be modified in regard to innovative treatments with current drugs, keeping in mind each categorized
treatment population. In a real world of a diverse society even if the same treatment is performed, the outcome of the
individual patient is different. It is important for each society to implement established treatment, knowing that the
evidence from global trials aimed at drug approval does not necessarily show external validity.
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Introduction
Gastric cancer is the third leading cause of cancer-related
deaths worldwide. In 2018, one million new cases of
gastric cancer were diagnosed and 0.8 million cancerrelated deaths occurred worldwide; of these, three
quarters occurred in Asia, especially in East Asia (1).
The prevalence and mortality rate for gastric
cancer has previously been high in Japan, and the ageadjusted mortality rate has decreased significantly in
the last four decades, similar to what has been observed
in the United States and Western European countries
since 1940 (2,3) (Figure 1 and Figure 2). The cause of
this drop in incidence is thought to be an increase in
fresh food intake, such as raw vegetables and fruits,
due to the increased storage of food products because
of refrigeration, a decrease in salty food intake, and a
decrease in Helicobacter pylori infection (4).
Since gastric cancer, in its early stages, is often
asymptomatic, it is frequently diagnosed at an advanced
stage in the absence of mass screening or the active
surveillance of a population. In 1995-2000, 53% of
Japanese gastric cancers were localized when diagnosed,
which is comparatively high against the 27% reported

by the US Surveillance, Epidemiology, and End Results
program (4).
The age-adjusted survival rates of gastric cancer
between 2005 and 2009 were higher in Japan (54%) and
South Korea (58%) than in Western countries (18-31%)
(5). The survival rate for this disease has increased along
with the number of trained doctors who can perform
gastroscopies, allowing convenient access to clinics
and hospitals for many people; however, an increase
in the number of cases detected by mass screening
has not occurred (6). The proportions of patients with
pathological stage (Japanese Gastric Cancer Association)
IA, IB, II, IIIA, IIIB, and IV disease between 2001 and
2007 in Japan were 44.0%, 14.7%, 11.7%, 9.5%, 5.0%,
and 12.4% respectively. The 5-year overall survival
rates of patients with pathological stage IA, IB, II, IIIA,
IIIB, and IV disease were 91.5%, 83.6%, 70.6%, 53.6%,
34.8%, and 16.4%. The 5-year survival rate was 42% and
the proportion of pT1 was 22% between 1963 and 1969.
The number of patients with early gastric cancer
has increased, however, the total number of deaths due
to gastric cancer in Japan has not decreased because of
the increase of the elderly population (Figure 3) (7,8).
It is also important for progress in quality of medicine
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Figure 1. Trends in age-adjusted mortality rate of cancer
of stomach, colorectum, liver, and lung in Japan, 19582018 (3). Gastric cancer showed a clear continuous decrease
from 1960s.

to improve both healthcare access and quality of health
care across service areas and for all populations under
universal health coverage by the public insurance
system (9).
Despite a marked improvement in survival from
gastric cancer in Japan through early detection, those
who undergo surgical resection with systematic lymph
node dissection and adjuvant chemotherapy, as well as
patients with unresectable advanced or recurrent gastric
cancer, have a poor prognosis. The development of more
effective standard chemotherapies is therefore critical.
Prognosis in unresectable advanced or metastatic
gastric cancer
The survival times from previous clinical trials for
untreated advanced gastric cancer in Japan are generally
better than those reported from trials in European and
North or South American countries. The longer survival
times of Japanese trials would be related to a higher
proportion of patients having good prognostic factors
such as a better performance status or prior gastrectomy
(10,11) (Figure 4). Having a small tumor burden is
also a good prognostic factor as well as subsequent
chemotherapy after the failure of first-line treatment. A
Korean phase III trial showed that the effect of secondline chemotherapy led to a slight improvement in postprogression survival and overall survival (OS) time (12).

Figure 2. Trends in age-adjusted mortality rate of cancer of
stomach, colorectum, liver, lung, and breast by sex in Japan,
1958-2018 (3). Gastric cancer showed a clear continuous
decrease from 1960s in both male and female.

In particular, the survival times of East Asian patients
with metastatic gastric cancer tended to be close to those
of Japanese patients (10,11,13).
In AVAGST trial which was an international,
randomized, placebo-controlled phase III study of
chemotherapy with or without bevacizumab as first-line
therapy for patients with advanced gastric cancer, the
median duration of overall survival for patients treated
with cisplatin 80 mg/m2 plus capecitabine (1,000 mg/m2
orally bid days 1-14) or 5-fluorouracil (5-FU) (800 mg/
m2/day continuous IV infusion days 1-5) every 3 weeks
was 7.3 months (95% confidence interval (CI), 6.4-8.7)
in Eastern Europe/South America, 9.1 months (95% CI,
6.9-14.4) in US/Western Europe, 11.6 months (95% CI,
9.1-15.6) in Korea and other Asian countries, and 14.1
months (95% CI, 10.9-17.6) in Japan. The hazard ratios
(HR) for overall survival for each region when compared
against US/Western Europe were 1.47 (95% CI, 1.091.99) for Eastern Europe/South America, 0.91 (95% CI,
0.67-1.25) for Korea and other Asian countries, and 0.87
(95% CI, 0.64-1.19) for Japan. Median progressionfree survival by region was 4.4 months (95% CI, 4.05.4) in Eastern Europe/South America, 4.4 months (95%
CI, 4.0-5.7) in US/Western Europe, 5.6 months (95%
CI, 4.8-6.5) in Korea and other Asian countries, and 5.7
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Figure 3. Trends in the number of death due to gastric cancer in Japan (7,8). The number of death due to gastric cancer has not
decreased because of the increase of 65 or older population.

months (95% CI, 5.1-7.0) in Japan. Therefore, crucial
trials of novel drugs should be undertaken mainly as
East Asian trials rather than as global trials that include
Central and Eastern European or South American
countries (10,11,13). The final results for the latter would
be expected to differ because the survival time of patients
with gastric cancer in such countries were relatively
shorter compared to those of patients in East Asian
countries.
In recent global trials, the proportion of enrolled
Japanese patients was capped at approximately 20%
(10,14,15). However, this should be changed to decrease
the ratio of patients entered into trials from European
and American countries in order to identify drugs that
specifically prolong the survival of Japanese and other
East Asian patients. This is because of the difference
in post-progression survival time after the failure of
test treatments. The survival effect is also weakened
in populations with longer survival times, resulting in
different outcomes between East Asia and the rest of the
world (16).

oxaliplatin showed comparable activities to cisplatin in
two phase III trials conducted in Europe (20,21). The
Japanese G-SOX study also demonstrated comparable
results in both progression-free survival (PFS) and OS
between treatments with S-1 plus oxaliplatin (SOX) and
CS (22). In the SOX regimen, S-1 was given orally for
the first 2 weeks of a 3-week cycle, and oxaliplatin was
infused at 100 mg/m2 on day 1. In the CS regimen, S-1
was given for the first 3 weeks of a 5-week cycle, and
cisplatin was administered at 60 mg/m2 on day 8.
Thus, oral fluoropyrimidine plus platinum has been
recognized worldwide as a standard chemotherapy for
patients with human epidermal growth factor receptor 2
negative gastric cancer. Although significant differences
in PFS and OS were not observed between elderly and
non-elderly patients for SOX and CS, SOX showed
better trends in PFS (HR, 0.805; 95% CI, 0.588-1.102)
and OS (HR, 0.857; 95% CI, 0.629-1.167) compared
with CS (23).

Standard first-line treatment in Japan

Regimens with cisplatin at more than 50 mg/m2 have
usually been administered as inpatient chemotherapy
because these are highly emetic and require intensive
hydration (24). However, cisplatin is known to be
commonly administered as outpatient chemotherapy in
other countries. This results in a decrease in the quality
of life of patients and imposes a large financial burden
due to the hospitalization cost.
The completion rate for two cycles of CS as an
outpatient was found to be 78% (90% CI, 63-89), even
in patients who were known to drink more than 1,500

S-1 plus cisplatin (CS) is considered a standard first-line
therapy based on the results of a randomized trial, Japan
Clinical Oncology Group (JCOG) 9912, comparing
oral S-1, a dihydropyrimidine dehydrogenase inhibitory
fluoropyrimidine drug, with the continuous infusion
of 5-FU and the SPIRITS trial, which highlighted the
superiority of CS to S-1 in OS (17,18).
Globally, capecitabine plus cisplatin showed no
inferiority to cisplatin plus 5-FU (19). Furthermore,

Management of chemotherapy in diverse patients

(158)

Global Health & Medicine. 2020; 2(3):156-163.

www.globalhealthmedicine.com

Figure 4. Overall survival of unresectable advanced/metastatic gastric cancer. The number of patients with poor performance
2 or more (*Karnofsky performance status < 80%) has decreased and the overall survival time has been over a year in recent trials.
The target population was patients with peritoneal dissemination and/or ascites in articles doi: 10.1093/jjco/hyt114 and doi: 10.1007/
s10120-020-01043-x. 5-FU, 5-fluorouracil; ADM, doxorubicin; CS, cisplatin/S-1; DCF, docetaxel/cisplatin/5-FU; DCS, docetaxel/
cisplatin/S-1; ECF, epirubicin/cisplatin/5-FU; ECX; epirubicin/cisplatin/capecitabine; ELF, etoposide/leucovorin/5-FU; EOF,
epirubcin/oxaliplatin/capecitabine; EOX, epirubicin/oxaliplatin/capecitabine; FAM, 5-FU/doxorubicin/mitomycin C; FAMTX, 5-FU/
doxorubicin/methotrexate; FLO, 5-FU/leucovorin/oxaliplatin; FLP, 5-FU/leucovorin/cisplatin;FLTAX, 5-FU/l-leucovorin/paclitaxel;
FP, 5-FU/cisplatin; MF, methotrexate/5-FU; SOX, S-1/oxaliplatin; UFTM, tegafur/uracil/mitomycin C; XP, capecitabine/cisplatin.

mL per day before the start of CS therapy, in a feasibility
study of relatively younger patients with advanced
gastric cancer and a median age of 62 (range, 34 to 75).
Of seven in 32 patients (22%) who did not complete the
CS therapy, six continued CS as inpatient chemotherapy
with intravenous hydration from the subsequent cycle.
However, one was forced to switch to S-1 monotherapy
due to grade 3 anorexia, nausea, and diarrhea. CS is
not a feasible treatment for many elderly patients in an
outpatient setting in clinical practice, while the number
of patients who cannot tolerate CS in our rapidly aging

society is increasing. Over time, the average age of death
due to gastric cancer has increased from 61 years in 1950
to 73 in 2000 (4).
In addition, patients of working age require
convenient therapy with mild toxicities that results in
a short hospital stay, and at a lower cost. The Ministry
of Labour, Health, and Welfare strongly supports the
treatment of workers with cancer using anti-cancer
agents by developing initiatives such as a "Plan to
Accelerate Cancer Control Programs" in Dec. 2015 and
subsequently a "Third Basic Plan to Promote Cancer
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Figure 5. Plan to accelerate cancer control programs (25,26).

Control Programs", from Mar. 2018 (25,26) (Figure 5).
The treatment of gastric cancer with SOX therapy, which
does not require hydration, induces mild nausea and
vomiting in patients that can be treated by maintaining
their oral intake with adequate anti-emetic treatment
usually given in our outpatient clinic.
Leukopenia, neutropenia, nausea, and vomiting
during the first cycle of SOX treatment, then vomiting
and stomatitis during the first cycle of CS were more
frequently observed in female patients compared
with males (27). On the other hand, a difference in
drug efficacy was not observed between females and
males undergoing either regimen. Therefore, intensive
anti-emetic therapy with an aprepitant, consequent
dexamethasone on day 2 to 3 and olanzapine should be
considered, especially for females, because of the higher
incidence of nausea and vomiting with SOX as well
as high emetogenic chemotherapeutic agents (28,29).
Sex differences in adverse reactions during SOX and
CS therapies were confirmed in the G-SOX study and
warrant further translational research studies to pursue

the underlying cause.
Discontinued triplet therapy
The V325 study, which was mainly undertaken in
European and American countries, demonstrated the
superiority of triplet chemotherapy using docetaxel plus
cisplatin and 5-FU (DCF) over doublet chemotherapy
with cisplatin and 5-FU (CF) for patients with advanced
gastric cancer (30). The median OS was 9.2 versus
8.6 months, and the regimen was associated with a
risk reduction of 32%. The DCF regimen has not been
accepted globally as a standard treatment due to its
severe hematologic toxic effects (82% incidence of
grade 3-4 neutropenia and 29% incidence of febrile
neutropenia) and the small survival advantage.
In a randomized phase III study of Japanese patients
with advanced gastric cancer known as JCOG1013 (31),
the addition of docetaxel to cisplatin plus S-1 (DCS) was
of no benefit to patients with advanced gastric cancer
either for OS or PFS; the median OS was 14.2 versus
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15.3 months (HR, 0.99; 95% CI 0.85-1.16; p = 0.47).
In a previous V325 study that revealed a survival
benefit with triplet chemotherapy consisting of docetaxel,
cisplatin and DCF, only 32% and 41% of patients
received second-line chemotherapy in DCF and CF arms,
respectively, from 1999 to 2003. However, 79% and 77%
of patients received second-line chemotherapy in CS and
DCS groups, respectively, in the JCOG1013 study from
2013 to 2016. It is thought that patient characteristics at
baseline and during different treatment courses, including
subsequent chemotherapy, between V325 and this study
may be a major reason for inconsistent results. Recent
phase III trials of chemotherapy versus chemotherapy
plus ramucirumab, an anti-vascular endothelial growth
factor receptor antibody, or pembrolizumab, an anti–
programmed cell death protein 1 antibody, also did not
reveal any survival benefit for biologics with regard to
OS (32-35).

be modified with regard to innovative treatments with
current drugs and/or novel gene editing, keeping in mind
each categorized population to be treated.

Future perspectives

References

Globally, capecitabine plus cisplatin has shown noninferiority to cisplatin plus 5-FU in the treatment of
advanced gastric cancer (19). Furthermore, oxaliplatin
showed comparable activities to cisplatin in three phase
III trials conducted in Europe and Japan (20,21,22).
Thus, fluoropyrimidine plus platinum is still recognized
as a standard chemotherapy worldwide. However,
progress in the treatment of metastatic gastric cancer has
been limited.
DNA repair systems allow cells to overcome
the DNA damage induced by chemotherapy. DNA
interstrand, intrastrand, and DNA–protein crosslinks
caused by cisplatin are repaired by the nuclear excision
repair pathway, of which excision repair crosscomplementation group 1 (ERCC1) is an essential part.
In the JCOG9912 trial involving patients with advanced
gastric cancer, low ERCC1 expression was a significant
independent favorable prognostic factor in those who
received first-line chemotherapy regardless of treatment
regimen (36). The mRNA expression of ERCC1 and
dihydropyrimidine dehydrogenase in the diffuse type
were higher than those in the intestinal type. Higher
vascular endothelial growth factor-A expression was
more commonly observed in patients with unresectable
disease (p = 0.060), target lesions (p = 0.052), and
liver metastasis (p = 0.090) (36). In an animal model,
high ERCC1 expression led to cisplatin resistance and
allowed cells to once again displace cisplatin from
cellular DNA. Fluoropyrimidines can induce a variety of
DNA damage in human cancer cell lines by a mechanism
involving enzymes involved in DNA repair, as well as
downstream factors such as p53. The expression of wildtype p53 was a strong predictor of sensitivity to 5-FU in
cell lines of the National Cancer Institute's Anticancer
Drug Screen panel in vitro (37). Thus, prevailing
strategies used against metastatic gastric cancer need to

1.

Conclusions
In a society of diversity including medical environment,
culture, sex, comorbidities, even if the same treatment
is performed, the outcome of the individual patient is
different. It is important for each society to implement
established treatment through clinical trials made in a
similar medical circumstance like East Asia, knowing that
the evidence from global trials aimed at drug approval
does not necessarily show external validity. Further,
individualization of treatment by reverse translational
research by clinical specimens with sufficient clinical
information is increasingly important in improving the
treatment outcomes and QOL of individual patients.

2.

3.

4.
5.

6.

7.
8.

9.

(161)

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer. 2018; 68:394-424.
Allemani C, Matsuda T, Di Carlo V, et al. Global
surveillance of trends in cancer survival 2000-14
(CONCORD-3): analysis of individual records for
37513025 patients diagnosed with one of 18 cancers
from 322 population-based registries in 71 countries.
Lancet. 2018; 391:1023-1075.
Foundation for Promotion of Cancer Research. Cancer
Statistics in Japan-2018. https://ganjoho.jp/data/reg_
stat/statistics/brochure/2018/cancer_statistics_2018_fig_
J.pdf (accessed August 23, 2019).
Inoue M, Tsugane S. Epidemiology of gastric cancer in
Japan. Postgrad Med J. 2005; 81:419-424.
Cancer Statistics in Japan-2017. https://ganjoho.jp/data/
reg_stat/statistics/brochure/2017/cancer_statistics_2017_
app_E.pdf#search='cancer+statistics+age+adjusted+mo
rtality+rat (accessed February 10, 2020).
Hamashima C, Ogoshi K, Narisawa R, Kishi T, Kato
T, Fujita K, Sano M, Tsukioka S. Impact of endoscopic
screening on mortality reduction from gastric cancer.
World J Gastroenterol. 2015; 21: 2460-2466.
Sasako M. Progress in the treatment of gastric cancer
in Japan over the last 50 years. Ann Gastroenterol Surg.
2020; 4:21-29.
Katai H, Ishikawa T, Akazawa K, Isobe Y, Miyashiro
I, Oda I, Tsujitani S, Ono H, Tanabe S, Fukagawa
T, Nunobe S, Kakeji Y, Nashimoto A. Registration
Committee of the Japanese Gastric Cancer Association.
Five-year survival analysis of surgically resected gastric
cancer cases in Japan: a retrospective analysis of more
than 100,000 patients from the nationwide registry of
the Japanese Gastric Cancer Association (2001–2007).
Gastric Cancer. 2018; 21:144-154.
GBD 2016 Healthcare Access and Quality Collaborators.
Measuring performance on the Healthcare Access and
Quality Index for 195 countries and territories and
selected subnational locations: a systematic analysis
from the Global Burden of Disease Study 2016. Lancet.

Global Health & Medicine. 2020; 2(3):156-163.

www.globalhealthmedicine.com

2018; 391:2136-2171.
10. Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki
A, Park SR, Lim HY, Yamada Y, Wu J, Langer B,
Starnawski M, Kang YK. Bevacizumab in combination
with chemotherapy as first-line therapy in advanced
gastric cancer: a randomized, double-blind, placebocontrolled phase III study. J Clin Oncol. 2011; 29:39683976.
11. Sawaki A, Yamada Y, Yamaguchi K, et al. Regional
differences in advanced gastric cancer: exploratory
analyses of the AVAGAST placebo arm. Gastric Cancer.
2018; 21:429-438.
12. Kang JH, Lee SI, Lim DH, et al. Salvage chemotherapy
for pretreated gastric cancer: A randomized phase III trial
comparing chemotherapy plus best supportive care with
best supportive care alone. J Clin Oncol. 2012; 30:15131518
13. Shen L, Li J, Xu J, et al. Bevacizumab plus capecitabine
and cisplatin in Chinese patients with inoperable locally
advanced or metastatic gastric or gastroesophageal
junction cancer: randomized, double-blind, phase III
study (AVATAR study). Gastric cancer. 2015; 18:168176.
14. Ohtsu A, Ajani JA, Bai YX, et al. Everolimus for
previously treated advanced gastric cancer: results of the
randomized, double-blind, phase III GRANITE-1 study.
J Clin Oncol. 2013; 31:3935-3943.
15. Wilke H, Muro K, Van Cutsem E, et al. Ramucirumab
plus paclitaxel versus placebo plus paclitaxel in patients
with previously treated advanced gastric or gastrooesophageal junction adenocarcinoma (RAINBOW): a
double-blind, randomised phase 3 trial. Lancet Oncol.
2014; 15:1224-1235.
16. Broglio KR, Berry DA. Detecting an overall survival
benefit that was derived from progression-free survival.
J Natl Cancer Inst. 2009; 101:1642-1649.
17. Koizumi W, Narahara H, Hara T, et al. S-1 plus cisplatin
versus S-1 alone for first-line treatment of advanced
gastric cancer. Lancet Oncol. 2008; 9:215-221.
18. Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T,
Sawaki A, Koizumi W, Saito H, Yamaguchi K, Takiuchi H,
Nasu J, Ohtsu A. Gastrointestinal Oncology Study Group
of the Japan Clinical Oncology Group. Fluorouracil
versus combination of irinotecan plus cisplatin versus S-1
in metastatic gastric cancer: a randomised phase 3 study.
Lancet Oncol. 2009; 10:1063-1069.
19. Kang YK, Kang WK, Shin DB, et al. Capecitabine/
cisplatin versus 5-fluorouracil/cisplatin as first-line
therapy in patients with advanced gastric cancer: a
randomised phase III noninferiority trial. Ann Oncol.
2009; 20:669-673.
20. Cunningham D, Starling N, Rao S, Iveson T, Nicolson
M, Coxon F, Middleton G, Daniel F, Oates J, Norman
AR. Upper Gastrointestinal Clinical Studies Group of
the National Cancer Research Institute of the United
Kingdom. Capecitabine and oxaliplatin for advanced
esophagogastric cancer. N Engl J Med. 2008; 358:36-46.
21. Al-Batran SE, Hartmann JT, Probst S, et al. Phase III
trial in metastatic gastroesophageal adenocarcinoma
with fluorouracil, leucovorin plus either oxaliplatin or
cisplatin: a study of the Arbeitsgemeinschaft Internistische
Onkologie. J Clin Oncol. 2008; 26:1435-1442.
22. Yamada Y, Higuchi K, Nishikawa K, et al. Phase III
study comparing oxaliplatin plus S-1 with cisplatin plus
S-1 in chemotherapy-naive patients with advanced gastric

cancer. Ann Oncol. 2015; 26:141-148.
23. Bando H, Yamada Y, Tanabe S, et al. Efficacy and safety
of S-1 and oxaliplatin combination therapy in elderly
patients with advanced gastric cancer. Gastric Cancer.
2016; 19:919-926.
24. Okazaki S, Nakajima TE, Hashimoto J, Yamamoto S,
Takahari D, Kato K, Hamaguchi T, Yamada Y, Shimada Y,
Tamura K. A feasibility study of outpatient chemotherapy
with S-1 + cisplatin in patients with advanced gastric
cancer. Gastric Cancer. 2013; 16:41-47.
25. Ministry of Health, Labour and Welfare of Japan. Plan to
Accelerate Cancer Control Programs (December 2015)
https://www.mhlw.go.jp/english/wp/wp-hw10/dl/02e.pdf
(accessed August 23, 2019).
26. Ministry of Health, Labour and Welfare of Japan. Third
Basic Plan to Promote Cancer Control Programs. https://
www.mhlw.go.jp/file/04-Houdouhappyou-10901000Kenkoukyoku-Soumuka/0000196969.pdf (accessed
August 23, 2019). (in Japanese)
27. Yamada Y, Koizumi W, Nishikawa K, et al. Sex differences
in the safety of S-1 plus oxaliplatin and S-1 plus cisplatin
for patients with metastatic gastric cancer. Cancer Sci.
2019; 110:2875-2883.
28. Nishimura J, Satoh T, Fukunaga M, et al. Combination
antiemetic therapy with aprepitant/fosaprepitant in
patients with colorectal cancer receiving oxaliplatin-based
chemotherapy (SENRI trial): a multicentre, randomised,
controlled phase 3 trial. Eur J Cancer. 2015; 51:12741282.
29. Hashimoto H, Abe M, Tokuyama O, et al. Olanzapine 5
mg plus standard antiemetic therapy for the prevention of
chemotherapy-induced nausea and vomiting (J-FORCE):
a multicentre, randomised, double-blind, placebocontrolled, phase 3 trial. Lancet Oncol. 2020; 21:242249.
30. Van Cutsem E, Moiseyenko VM, Tjulandin S, et al. Phase
III study of docetaxel and cisplatin plus fluorouracil
compared with cisplatin and fluorouracil as first-line
therapy for advanced gastric cancer. J Clin Oncol. 2006;
24:4991-4997.
31. Yamada Y, Boku N, Mizusawa J, et al. Docetaxel plus
cisplatin and S-1 versus cisplatin and S-1 in patients
with advanced gastric cancer (JCOG1013): an openlabel, phase 3, randomised controlled trial. Lancet
Gastroenterol Hapatol. 2019; 4:501-510.
32. Yoon HH, Bendell JC, Braiteh FS, et al. Ramucirumab
combined with FOLFOX as front-line therapy for
advanced esophageal, gastroesophageal junction, or
gastric adenocarcinoma: a randomized, double-blind,
multicenter Phase II trial. Ann Oncol. 2016; 27:21962203.
33. F u c h s C S , S h i t a r a K , D i B a r t o l o m e o M , e t a l .
Ramucirumab with cisplatin and fluoropyrimidine as
first-line therapy in patients with metastatic gastric or
junctional adenocarcinoma (RAINFALL): a doubleblind, randomised, placebo-controlled, phase 3 trial.
Lancet Oncol. 2019; 20:420-435.
34. Yoshikawa T, Muro K, Shitara K, et al. Effect of firstline S-1 plus Oxaliplatin with or without Ramucirumab
followed by Paclitaxel plus Ramucirumab on advanced
gastric cancer in East Asia: the Phase 2 RAINSTORM
randomized clinical trial. JAMA Netw Open. 2019;
2:e198243.
35. Tabernero J, Van Cutsem E, Bang YJ, et al. Pembrolizumab
with or without chemotherapy versus chemotherapy for

(162)

Global Health & Medicine. 2020; 2(3):156-163.

36.

37.

38.

39.

40.

41.

42.

www.globalhealthmedicine.com

advanced gastric or gastroesophageal junction (G/GEJ)
adenocarcinoma: the phase III KEYNOTE-062 study. J
Clin Oncol. 2019; 37 suppl: abstr LBA4007
Yamada Y, Boku N, Nishina T, et al. Impact of excision
repair cross-complementing gene 1 (ERCC1) on the
outcomes of patients with advanced gastric cancer:
correlative study in Japan Clinical Oncology Group Trial
JCOG9912. Ann Oncol. 2013; 24:2560-2565.
Grem JL, Danenberg KD, Behan K, Parr A, Young L,
Danenberg PV, Nguyen D, Drake J, Monks A, Allegra
CJ. Thymidine kinase, thymidylate synthase, and
dihydropyrimidine dehydrogenase proﬁles of cell lines of
the National Cancer Institute's Anticancer Drug Screen.
Clin Cancer Res. 2001; 7:999-1009.
Cullinan SA, Moertel CG, Fleming TR, et al. A comparison
of three chemotherapeutic regimens in the treatment of
advanced pancreatic and gastric carcinoma. Fluorouracil vs
fluorouracil and doxorubicin vs fluorouracil, doxorubicin,
and mitomycin. JAMA. 1985; 253:2061-2067.
Wils JA, Klein HO, Wagener DJ, et al. Sequential highdose methotrexate and fluorouracil combined with
doxorubicin- a step ahead in the treatment of advanced
gastric cancer: a trial of the European Organization for
Research and Treatment of Cancer Gastrointestinal Tract
Cooperative Group. J Clin Oncol. 1991; 9:827-831.
Kim NK, Park YS, Heo DS, et al. A phase III randomized
study of 5-fluorouracil and cisplatin versus 5-fluorouracil,
doxorubicin, and mitomycin C versus 5-fluorouracil
alone in the treatment of advanced gastric cancer. Cancer.
1993; 71:3813-3818.
Webb A, Cunningham D, Scarffe JH, et al. Randomized
trial comparing epirubicin, cisplatin, and fluorouracil
versus fluorouracil, doxorubicin, and methotrexate in
advanced esophagogastric cancer. J Clin Oncol. 1997;
15:261-267.
Vanhoefer U, Rougier P, Wilke H, et al. Final results
of a randomized phase III trial of sequential high-dose
methotrexate, fluorouracil, and doxorubicin versus
etoposide, leucovorin, and fluorouracil versus infusional
fluorouracil and cisplatin in advanced gastric cancer:

A trial of the European Organization for Research and
Treatment of Cancer Gastrointestinal Tract Cancer
Cooperative Group. J Clin Oncol. 2000; 18:2648-2657.
43. Ohtsu A, Shimada Y, Shirao K, Boku N, Hyodo I,
Saito H, Yamamichi N, Miyata Y, Ikeda N, Yamamoto
S, Fukuda H, Yoshida S. Randomized phase III trial
of fluorouracil alone versus fluorouracil plus cisplatin
versus uracil and tegafur plus mitomycin in patients
with unresectable, advanced gastric cancer: The Japan
Clinical Oncology Group Study (JCOG9205). J Clin
Oncol. 2003; 21:54-59.
44. Shirao K, Boku N, Yamada Y, Yamaguchi K, Doi T, Goto
M, Nasu J, Denda T, Hamamoto Y, Takashima A, Fukuda
H, Ohtsu A; Gastrointestinal Oncology Study Group
of the Japan Clinical Oncology Group. Randomized
Phase III study of 5-fluorouracil continuous infusion vs.
sequential methotrexate and 5-fluorouracil therapy in
far advanced gastric cancer with peritoneal metastasis
(JCOG0106). Jpn J Clin Oncol. 2013; 43:972-980.
45. Nakajima TE, Yamaguchi K, Boku N, Hyodo I, Mizusawa
J, Hara H, Nishina T, Sakamoto T, Shitara K, Shinozaki
K, Katayama H, Nakamura S, Muro K, Terashima
M. Randomized phase II/III study of 5-fluorouracil/
l-leucovorin versus 5-fluorouracil/l-leucovorin plus
paclitaxel administered to patients with severe peritoneal
metastases of gastric cancer (JCOG1108/WJOG7312G).
Gastric Cancer. 2020; doi: 10.1007/s10120-020-01043-x.
---Received August 26, 2019; Revised March 28, 2020; Accepted
April 10, 2020
Released online in J-STAGE as advance publication May 15,
2020.
*Address correspondence to:
Yasuhide Yamada, Comprehensive Cancer Center, National
Center for Global Health and Medicine, 1-21-1 Toyama,
Shinjuku-ku, Tokyo 162-8655, Japan.
E-mail: yayamada@hosp.ncgm.go.jp

(163)

