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Abstract

Background

Chemotherapy may improve outcomes in gastric cancer (GC), especially for the patients
with advanced stage. To explore useful predictive factor for GC performing chemotherapy,
we compared the tumor responses assessed using computed tomography (CT) with endos-
copy based criteria.

Methods

192 GC patients performing chemotherapy were retrospectively studied. CT based
response assessment was performed after 2 courses of treatment. Endoscopic evaluation
according to The Japanese classification of gastric carcinoma was also performed at same
period. Data were correlated with overall survival (OS) and progression-free survival (PFS).

Results

Majority of the cases (n = 178, 93%) received S-1 based chemotherapy as the first line
treatment. 55 (29%) and 91 (47%) cases were considered to be CT and endoscopic
responders. Endoscopic responder was more clearly associated with better OS and PFS
compared to CT based responder by the log-rank test (P<0.0001 vs. 0.01 and P<0.0001
vs. 0.008, respectively). The association was more striking among patients performing
neoadjuvant chemotherapy (P<0.0001 vs. 0.15 and P<0.0001 vs. 0.1, respectively). Mul-
tivariate survival analysis using Cox’s regression model revealed that endoscopic non-
responder was the independent predictive factor, being more strongly associated with
worse OS when compared to CT non-responder (hazard ratio: 4.60 vs. 1.77, 95% confi-
dence interval: 2.83-7.49 vs.1.08-2.89, P<0.0001 vs. 0.02). More advanced T, N stage
and cases who had peritoneal dissemination were significantly associated with endo-
scopic non-responder (all Pvalues <0.01).
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Conclusion

Endoscopy based evaluation of primary lesions are clearly associated with prognosis in
patients with GC who perform chemotherapy.

Introduction

Gastric cancer (GC) is one of the most common malignancies worldwide, accounted for
approximately 70,000 new cases and 650,000 deaths per year [1,2]. Despite advance in strategy
for early detection, many patients still have advanced disease at diagnosis. Since the prognosis
of patients with advanced tumor is poor [3], improved treatment outcomes in patients with
advanced GC would be required to further decrease in mortality.

Chemotherapy is now recognized as the most effective treatment for patients especially with
unresectable advanced or metastatic GC. To date, many clinical trials have evaluated its efficacy
and the safety [4-9]. Other than unresectable cases, neoadjuvant chemotherapy can be also con-
sidered for potentially resectable cases to further improve their outcomes. Several studies have
evaluated the potential usefulness of neoadjuvant chemotherapy in locally advanced GC [10-14].

Precise assessment of response to the chemotherapy would be of great importance for tai-
loring chemotherapy based on individual response. Correct identification of responding or
non-responding patients would be particularly important to avoid toxic and ineffective che-
motherapy [15-17]. Tumor response to chemotherapy is generally assessed using the Response
Evaluation Criteria in Solid Tumors (RECIST) [18], but the RECIST requires the presence of a
measurable lesion. In the RECIST, primary gastric tumors are regarded as non-target lesions
and endoscopic diagnosis is not recommended as an objective evaluation. Since resectable GC
usually doesn’t have a measurable lesion, it may be difficult to apply RECIST especially for the
cases receiving neoadjuvant chemotherapy.

The Japanese Gastric Cancer Association (JGCA) developed an original method to evaluate
the response of the primary gastric lesion to chemotherapy using upper gastrointestinal (GI)
X-ray or endoscopy [19], but it was not widely used, mainly because of technical difficulties.
However, recent study suggests the importance of evaluating the responses of primary lesions
for predicting median survival times (MST) in patients with unresectable, advanced GC [20].
Other study investigating GC performing neoadjuvant chemotherapy demonstrated that an
early evaluation using endoscopy is useful for predicting response and prognosis with good
correlation with computed tomography (CT) and histological based response evaluation [21].

To evaluate the validity of endoscopy based response evaluation of primary lesions to che-
motherapy in a GC, we investigated 192 GC including patients treated by neoadjuvant chemo-
therapy and chemotherapy alone to compare endoscopy based response evaluation with CT
based criteria. The result demonstrated that endoscopy based response evaluation is superior
to CT based evaluation for the prediction of overall survival (OS) and progression-free survival
(PES), supporting the higher response assessment validity of endoscopy based evaluation of
primary lesion for predicting prognosis of GC receiving chemotherapy.

Materials and methods
Ethics statement

This study was approved by the Human Research Ethics Committee of the Fujita Health Uni-
versity School of Medicine. Each participant provided written informed consent for their
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clinical and laboratory data to be used and published for research purposes. The study was
conducted according to the principles expressed in the Declaration of Helsinki.

Patients, survival and response evaluation using different criteria

We retrospectively studied 192 Japanese patients with GC receiving chemotherapy from April
2003 to September 2012 in our hospital. We included all consecutive GC patients with stage II,
III and IV diseases who received chemotherapy during the study period. The exclusion criteria
was stage I diseases that are not usually treated by the chemotherapy.

All GC were diagnosed histologically and were classified according to Lauren’s classifica-
tion [22]. Detailed information about anatomic location, macroscopic types, depth, lymph
node and other metastasis and peritoneal dissemination was obtained according to the JGCA
[19]. Among the 192 patients, 78 patients were considered as operable after two courses of che-
motherapy and underwent gastrectomy with a D2 lymph node dissection. For the remaining 114
cases, chemotherapy alone was used for the treatment. For the tumor response evaluation to che-
motherapy, we used two different criteria (i.e. computed tomography (CT) based and endoscopy
based evaluations). Using CT, response to chemotherapy was assessed after 2 courses of treat-
ment (7 to10 weeks after initial administration, which is varying among the different regimens).
If the measurable lesions were exist, response evaluation criteria in solid tumors (RECIST) [18]
were applied and classified cases into complete response (CR), partial response (PR), stable dis-
ease (SD) and progressive disease (PD). CR, PR according to the RECIST was considered to be
responder. If the RECIST was not applicable, responder was defined as clearly reduction of pri-
mary or metastatic lesions in the images of CT assessed by experienced physicians by the consen-
sus manner. Upper endoscopy was also performed after 2 courses of treatment for the evaluation
of primary lesion to chemotheraphy. Morphological changes of primary lesions were evaluated
according to the JCGC criteria [19]. Endoscopic CR was defined as disappearance of primary gas-
tric lesions. Measurable lesions with at least a 50% decrease in total tumor size in two dimensions
and at least a 30% decrease in total tumor size in one dimension, evaluable but non measurable
lesions with flattening, and diffusely infiltrating lesions with roughly at least 50% enlargement of
the gastric lumen in the tumor area are all defined as endoscopic PR (Fig 1). CR and PR was con-
sidered to be responder. All assessment of endoscopic pictures was based on consensus manner
from experienced two out of expert endoscopists involved in this study (T'T, TS, MO, TK and
TI). Those who were not considered to be responder by CT and endoscopy based evaluations
were considered to be CT and upper endoscopy based non-responder, respectively.

Overall survival (OS) was defined as the time from start of initial administration of chemo-
therapy to the date of cancer related death. If the cancer related death has not occurred, the OS
was censored on the last date the patient has known to be alive. Progression-free survival (PFS)
was defined as the time of initial administration of chemotherapy to tumor progression or can-
cer related death. PD according to the RECIST or endoscopically visible increase in total tumor
size, or reduction of the gastric lumen in the tumor area are all defined as tumor progression.
Patients with no confirmation of progression or cancer related death were censored at the date
of the last objective tumor assessment.

Statistical analysis

Categorical variables among the two groups were assessed using the two-tailed Fisher’s exact
test. OS and PFS among the two groups were assessed using the Kaplan-Meier method and the
Log rank test. Multivariate survival analysis using Cox’s regression model was also performed
for calculating hazard ratio (HR) and 95% confidence interval (CI) with adjustment of clinico-
pathological factors. A P value less than 0.05 was considered as statistically significant.
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Before chemotherapy After two courses

Fig 1. A representative case of GC considered to be endoscopic responder. An ulcerative lesion (type 3 tumor) showed distinct reduction and flattening

after two courses of chemotherapy.

https://doi.org/10.1371/journal.pone.0173663.g001

Results
Gastric cancer patients and their treatment

Clinic-pathological characteristics of subjects and information about treatment are shown in
Table 1 and Table 2. Majority of the cases (n = 178, 93%) received S-1 based chemotherapy (S-
1+CDDP, S-1+DTX, S-1 alone, DTX+CDDP+S-1) as the first line treatment. Regarding num-
bers of regimens used during the treatment, 134 (69.8%) and 24 (12.5%) patients received first
line and second line treatment, while 33 (17.2) patients received third line (or more) treatment.
After two courses of treatment, CT and endoscopy based response evaluation was performed
for 190 and all patients, respectively. 55 (29%) and 91 (47%) cases were considered to be CT
and endoscopic responders (Table 2). 78 patients were considered to be operable after two
courses of chemotherapy and underwent gastrectomy with a D2 lymph node dissection but
during surgery, distant metastatic lesions were found in 13 cases (data not shown).

Superiority of endoscopy based response evaluation than CT

OS and PFS could be assessed in all and 191 cases, respectively. The median OS and median
PFS were 12 and 7.5 months, respectively. In overall, endoscopic responder was more clearly
associated with better OS and PFS compared to CT responder by the log-rank test (P<0.0001
v5.0.01 and P<0.0001 vs. 0.008, respectively, Fig 2).

When cases were divided into two groups (i.e. neoadjuvant chemotherapy and chemother-
apy alone groups), endoscopy based evaluation also clearly predicted both OS and PFS in both
groups (all P values <0.0001, Fig 3), and the superiority of endoscopic response evaluation
than CT for prediction of OS and PFS was also confirmed in these groups (data not shown).
We also investigated association between endoscopy or CT based response evaluations and
prognosis of GC in cases who received S1 plus CDDP, which is most frequently chosen in GC
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Table 1. Clinic-pathological features of gastric cancers.

Variables n (%)

Total number of patients 192
Median age 68 (30-90)
Gender

Female 55 (28.6)
Male 137 (71.4)
Location

Upper 53 (27.6)
Middle 88 (45.8)
Lower 51 (26.6)
Histology

Intestinal 66 (34.4)
Diffuse 92 (47.9)
Mixed 31(16.1)
Morphology

Typel 7 (3.65)
Type2 50 (26.0)
Type3 106 (55.2)
Type4 29 (15.1)
Other

Staging

Il 35(18.2)
I 53 (27.6)
\Y 104 (54.2)
Depth

T2 17 (8.6)
T3 19 (9.9)
T4 156 (81.3)
Lymphnode metastasis

NO 51 (26.6)
N1 30 (15.6)
N2 41 (21.4)
N3 70 (36.5)
Distant metastasis

Peritoneal dissemination 70 (36.5)
Liver metastasis 35(18.2)
Other metastasis 28 (14.6)

https://doi.org/10.1371/journal.pone.0173663.t001

[7]. The result also demonstrated a superiority of endoscopic response evaluation compared to
the CT for both OS and PFS (Fig 4). On the other hand, both the endoscopic and CT based
response evaluations similarly predicted OS and PES in stage IV cases that have peritoneal dis-
semination or distant metastasis (Fig 5).

To further confirm superiority of endoscopic response evaluation to chemotherapy to pre-
dict OS and PFS, we divided cases into four groups (i.e. group 1, responder by both CT and
endoscopy; group 2, non-responder by both CT and endoscopy; group 3, non-responder by
CT but responder by endoscopy; group 4, responder by CT but no-responder by endoscopy;)
and compared OS and PFS. The result demonstrated that group 1 and 3 presented better OS
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Table 2. Information about treatment of gastric cancers.

Variables n (%)

Treatment

Chemotherapy alone 114 (59.3)
Neoadjuvant chemotherapy 78 (40.6)
Agent

S-1+CDDP 133 (69.3)
S-1+DTX 23 (12.0)
S-1 18(9.4)
PTX 6(3.1)
DTX+CDDP+S-1 4(2.1)
Others 8(4.2)
Response to chemotherapy (CT)$

Responder 55 (29.0)
Non-responder 135 (71.0)
Response to chemotherapy (endoscopy)

Responder 91 (47.4)
Non-responder 101 (52.6)
Number of regimens for chemotherapy #

First line 134 (69.8)
Second line 24 (12.5)
Third line or more 33(17.2)

$ Information was not available for two patients.
# Information was not available for one patient.

https://doi.org/10.1371/journal.pone.0173663.1002

and PFS and the survival curves of these groups were quite similar. On the other hand, group 2
and 4 presented worse OS and PFS and the survival curves of these groups were also quite sim-
ilar. Since the survival curves of group 1 and 3, as well as group 2 and 4 presented similar pat-
terns with no significant differences by the log-rank test (p>0.4), higher response assessment
validity of endoscopy based evaluation was suggested compared to the CT (Fig 6).

Multivariate survival analysis

To evaluate independent prognostic factors that are associated with OS in GC who receive che-
motherapy, multivariate survival analysis using Cox’s regression model was performed. For
this analysis, all clinic-pathological factors including gender, age, anatomic location, macro-
scopic and histologic types and depth, information about metastasis and staging and response
against treatment were included. This analysis demonstrated that endoscopic non-responder
was the independent predictive factor, being more strongly associated with worse OS when
compared to CT non-responder (P<0.0001 vs. 0.02). Chemotherapy alone and higher stage
were also showing up as the independent predictive factor for worse OS (P = 0.001 and 0.003)
(Table 3).

Association between endoscopy based response and various clinic-
pathological characteristics of GC
Finally, we investigated the association between endoscopy based response and various clinic-

pathological characteristics of GC. Endoscopic non-responder was significantly associated
with mixed or diffuse type histopathology (P = 0.03), higher T and N factors and staging
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Fig 2. Overall survival (OS, upper) and progression-free survival (PFS, lower) and endoscopy (left) and CT (right) based response evaluations.
Different two groups was assessed using the Kaplan-Meier method and the Log rank test.

https://doi.org/10.1371/journal.pone.0173663.9002

(P<0.0001, 0.008, <0.0001), peritoneal dissemination (P = 0.0003) and chemotherapy alone

group (P<0.0001) (Table 4).

Discussion

The current study demonstrated that response evaluation of by endoscopy has a higher validity
for predicting OS and PFS in GC receiving chemotherapy.

RECIST is the most widely accepted criteria for evaluating response to chemotherapy but it

assesses only measurable metastatic lesions and primary gastric tumors are regarded as non-

target lesions [18]. Endoscopic diagnosis of the primary tumor is not widely established possi-
bly due to technical difficulties and invasiveness. However, the JGCA original criteria aimed to
evaluate the response of the primary gastric lesion, which is also applicable for non-measurable
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Fig 3. Overall survival (OS, upper) and progression-free survival (PFS, lower) in relation to the endoscopy based response evaluation. Left,
patients performing neoadjuvant chemotherapy; right, patients performing chemotherapy alone; Different two groups was assessed using the Kaplan-Meier

method and the Log rank test.
https://doi.org/10.1371/journal.pone.0173663.9g003

lesions [19]. Several result proposed the importance of evaluating primary lesions has been
suggested in both unresectable cases [23] and locally advanced cases receiving neoadjuvant
chemotherapy [21]. Our result was also in line with these studies for supporting the clinical

significance of evaluating primary tumors.

Park et al. demonstrated a strong prognostic influence of endoscopy based evaluations on
metastatic GC, in which endoscopic and CT based response were equally associated with sur-
vival but with low correlation [23]. Other study has shown higher prognostic accuracy of
endoscopy based response with good correlation with CT in cases performing neoadjuvant
chemotherapy [21]. Our result suggested that endoscopy based response evaluation was supe-
rior to CT based evaluation for the prediction of OS and PFS. Multivariate survival analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0173663 March 13,2017

8/14


https://doi.org/10.1371/journal.pone.0173663.g003
https://doi.org/10.1371/journal.pone.0173663

@° PLOS | ONE

Endoscopic evaluation of gastric cancer

(a)

OS (endoscopy)

100+
p<0.0001
= 804
>
2
2 0 Responder
'
S 40
-
Q
o 204
Non-responder
0 |

©
=
>
S5 60+
; Responder
o 404
o
S
o 20
‘ Non-responder
0

L) 1 I 1 1 I | ) ) I 1
0 10 20 30 40 50 60 70 80 90 100110
O S (months)

PFS (endoscopy)

p<0.0001

) 1 1 1 1 1 ] ) ) ] 1
0 10 20 30 40 50 60 70 80 90 10011¢(
PFS (months)

(b)

Percent survival

oS (CT)

100-

p=0.03
804
60+

Responder
m. 1 1 44 A4 01 ']
20 Non-responder

0

(d)

Percent survival

1 ] | 1 I 1 1 1 I 1 1
0 10 20 30 40 50 60 70 80 90 100110
OS (months)

PFS(CT)

100+
80 - p=0.1
604
% espander
20+ Non-responder
0

) I 1 1 I L} 1 ) ] 1 1
0 10 20 30 40 50 60 70 80 90 100110
PFS (months)

Fig 4. Overall survival (OS, upper) and progression-free survival (PFS, lower) and endoscopy (left) and CT (right) based response evaluations in
cases who received S1 plus CDDP. Different two groups was assessed using the Kaplan-Meier method and the Log rank test.

https://doi.org/10.1371/journal.pone.0173663.9004

confirmed that endoscopic non-responder was stronger predictor of worse OS than CT non-
responder. The correlation of endoscopy and CT in our study was fair but not excellent (k
coefficient value = 0.31, data not shown). The difference seen in our result might be due to
patient constitution and different time points chosen for response evaluation. The cases evalu-
ated by Park et al. were mostly more advanced cases and endoscopic diagnosis was performed
after three cycles of chemotherapy, while CT response was defined as the best response of all
assessment during three cycles [23]. Other study investigated smaller case numbers of locally
advanced GC and the response assessment was earlier than our study [21]. When cases were
divided into four categories based on the different response evaluations, survival curves of
cases in cases showing different response between endoscopy and CT suggest that result
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stage IV cases that have peritoneal dissemination or distant metastasis. Different two groups was assessed using the Kaplan-Meier method and the

Log rank test.

https://doi.org/10.1371/journal.pone.0173663.9g005

endoscopy was more accurate for the prediction of OS and PFS (Fig 3). The superiority of
endoscopy based response evaluation seemed to be more striking among cases receiving
neoadjuvant chemotherapy (Fig 4), while both the endoscopic and CT based response evalua-
tions similarly predicted OS and PFS in stage IV cases that have peritoneal dissemination or
distant metastasis (Fig 6), suggesting that endoscopy based evaluation in after two courses is
higher validity to predict response than CT especially in cases receiving neoadjuvant chemo-
therapy. Since resectable GC usually doesn’t have a measurable lesion, it would be difficult to
apply RECIST especially for the cases receiving neoadjuvant chemotherapy. In such cases,
clearly reduction of primary or metastatic lesions in the images of CT was considered to be
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the Log rank test.
https://doi.org/10.1371/journal.pone.0173663.g006

responder. However, CT based evaluation might be difficult to assess the response and endos-
copy will be more suitable especially for locally GC receiving neoadjuvant chemotherapy.
Since precise assessment of response to the chemotherapy would be of great interest for tailor-
ing chemotherapy based on individual response. Endoscopy based response assessment
seemed to be useful for identification of responding or non-responding patients to avoid toxic
and ineffective chemotherapy [15-17]. In GC patients receiving neoadjuvant chemotherapy,
7.5% (4/53) endoscopic and 12% (3/25) CT responders found distant metastatic lesions during
surgery, respectively. Whether endoscopic based response assessment would precisely exclude
possibility of distant metastasis in GC receiving neoadjuvant chemotherapy need to be evalu-
ated in a larger cohort.

One limitation of endoscopic diagnosis is technical difficulty. In this study, all assessment of
endoscopic pictures was based on consensus manner from experienced two endoscopists, there-
fore, its applicability for all the physician need to be evaluated. Regarding the clinic-pathological
characteristics of GC and endoscopy based response, non-responder was characterized as more
advanced or aggressive phenotypes including mixed or diffuse type histopathology, higher T
and N factors and staging, peritoneal dissemination, and cases performing chemotherapy alone.
Based on this result, it seemed that simply the advanced or aggressive phenotypes might be asso-
ciated with endoscopic non-responders.

Table 3. Multivariate survival analysis using Cox’s regression model for adjustment of clinicopatho-
logical factors.

Variables HR (95%Cl) p value
CT (non-responder) 1.77 (1.08-2.89) 0.02
Endoscopy (non-responder) 4.60 (2.83-7.49) <0.0001
Treatment (Chemotherapy alone) 2.78 (1.49-5.17) 0.001
Advanced stage 2.44 (1.367-4.38) 0.003

https://doi.org/10.1371/journal.pone.0173663.t003
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Table 4. Association between clinicopatological characteristics of gastric cancer and response to chemotherapy based on endoscopy.

Variables (%) Responder Non-responder p value
Total number 91 (47.4) 101 (52.6) NS
Age
75< 75 (39.1) 79 (41.1)
75=< 16 (8.3) 22 (11.5) NS
Gender
Female 25(13.0) 30 (15.6)
Male 66 (34.4) 71 (37.0) NS
Location
C 23(12.0) 30 (15.6)
M 45 (23.4) 43 (22.4)
A 23 (12.0) 28 (14.6) NS
Morphology
Typet 3(1.6) 4(2.1)
Type2 30 (15.6) 20(10.4)
Type3 46 (24.0) 60 (31.3)
Type4d 12 (6.3) 17 (8.9) NS
Histology$
Intestinal 38(19.8) 28 (14.6)
Diffuse 44 (22.9) 48 (25.0)
Mixed 9(4.7) 22 (11.5) 0.03
Depth
<T3 28 (14.6) 8(4.2)
T4 63 (32.8) 93 (48.4) <0.0001
Lymphnode metastasis
No-1 46 (24.0) 35(18.2)
N2-3 45 (23.4) 66 (34.4) 0.008
Distant metastasis
Peritoneal dissemination 21(10.9) 49 (25.5) 0.0003
Liver metastasis 13 (6.8) 22 (11.5) NS
Other metastasis 9(4.7) 19 (9.9) 0.08
Staging
11-1n 57 (29.7) 31(16.1)
\Y 34 (17.7) 70 (36.5) <0.0001
Treatment
Chemotherapy alone 38(19.8) 76 (39.6)
Neoadjuvant chemotherapy 53 (27.6) 25(13.0) <0.0001
$: Information was not avairable for three patients.
https://doi.org/10.1371/journal.pone.0173663.t004

Author Contributions

Conceptualization: TT.
Data curation: TT NH.

Formal analysis: TT.

Investigation: DY TT TS NH TK MO TI.

PLOS ONE | https://doi.org/10.1371/journal.pone.0173663 March 13,2017

12/14


https://doi.org/10.1371/journal.pone.0173663.t004
https://doi.org/10.1371/journal.pone.0173663

@° PLOS | ONE

Endoscopic evaluation of gastric cancer

Methodology: TT TS NH.

Project administration: TT.

Supervision: TS MN YN NO.

Visualization: TT.

Writing - original draft: TT.

Writing - review & editing: TT NO.

References

1.

10.

1.

12

13.

14.

Ferlay J, Bray F, Parkin DM, Pisani P, editors. (2001) Gobocan 2000: cancer incidence and mortality
worldwide (IARC Cancer Bases No. 5). Lyon: IARC Press.

Lau M, Le A, EI-Serag HB. (2006) Noncardia gastric adenocarcinoma remains an important and deadly
cancer in the United States: secular trends in incidence and survival. Am J Gastroenterol. 101:2485—
92. https://doi.org/10.1111/j.1572-0241.2006.00778.x PMID: 17029617

Nashimoto A, Akazawa K, Isobe Y, Miyashiro |, Katai H, Kodera Y, et al. (2013) Gastric cancer treated
in 2002 in Japan: 2009 annual report of the JGCA nationwide registry. Gastric Cancer. 16:1-27. https:/
doi.org/10.1007/s10120-012-0163-4 PMID: 22729699

Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A, et al. (2009) Fluorouracil versus combina-
tion of irinotecan plus cisplatin versus S-1 in metastatic gastric cancer: a randomised phase 3 study.
Lancet Oncol. 10:1063-9. https://doi.org/10.1016/S1470-2045(09)70259-1 PMID: 19818685

Yamaguchi K, Sawaki A, Doi T, Satoh T, Yamada Y, Omuro Y, et al. (2013) Efficacy and safety of cape-
citabine plus cisplatin in Japanese patients with advanced or metastatic gastric cancer: subset analyses
of the AVAGAST study and the ToGA study. Gastric Cancer. 16:175-82. https://doi.org/10.1007/
s10120-012-0167-0 PMID: 22782463

Koizumi W, Nakayama N, Tanabe S, Sasaki T, Higuchi K, Nishimura K, et al. (2012) A multicenter
phase |l study of combined chemotherapy with docetaxel, cisplatin, and S-1 in patients with unresect-
able or recurrent gastric cancer (KDOG 0601). Cancer Chemother Pharmacol. 69:407—13. https://doi.
org/10.1007/s00280-011-1701-1 PMID: 21796483

Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M, et al. (2008) S-1 plus cisplatin versus
S-1 alone for first-line treatment of advanced gastric cancer (SPIRITS trial): a phase Il trial. Lancet
Oncol. 9:215-21. https://doi.org/10.1016/S1470-2045(08)70035-4 PMID: 18282805

Okines AF, Norman AR, McCloud P, Kang YK, Cunningham D. (2009) Meta-analysis of the REAL-2
and ML17032 trials: evaluating capecitabine-based combination chemotherapy and infused 5-fluoro-
uracil-based combination chemotherapy for the treatment of advanced oesophago-gastric cancer. Ann
Oncol. 20: 1529-34. hitps://doi.org/10.1093/annonc/mdp047 PMID: 19474114

Hamaguchi T, Shirao K, Ohtsu A, Hyodo |, Arai Y, Takiuchi H, et al. (2011) A phase Il study of biweekly
mitomycin C and irinotecan combination therapy in patients with fluoropyrimidine-resistant advanced
gastric cancer: a report from the Gastrointestinal Oncology Group of the Japan Clinical Oncology Group
(JCOGO0109-DlI Trial). Gastric Cancer. 14:226-33. https://doi.org/10.1007/s10120-011-0030-8 PMID:
21503598

Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ, Nicolson M, et al. (2006)
Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl J
Med. 355:11-20. https://doi.org/10.1056/NEJMoa055531 PMID: 16822992

Kodera Y, Ishiyama A, Yoshikawa T, Kinoshita T, lto S, Yokoyama H, et al. (2010) A feasibility study of
postoperative chemotherapy with S-1 and cisplatin (CDDP) for gastric carcinoma (CCOG0703). Gastric
Cancer. 13:197-2083. https://doi.org/10.1007/s10120-010-0559-y PMID: 20820990

Tsuburaya A, Nagata N, Cho H, Hirabayashi N, Kobayashi M, Kojima H, et al. (2013) Phase Il trial of
paclitaxel and cisplatin as neoadjuvant chemotherapy for locally advanced gastric cancer. Cancer Che-
mother Pharmacol. 71:1309-14. https://doi.org/10.1007/s00280-013-2130-0 PMID: 23463482

Hirakawa M, Sato Y, Ohnuma H, Takayama T, Sagawa T, Nobuoka T, et al. (2013) A phase Il study of
neoadjuvant combination chemotherapy with docetaxel, cisplatin, and S-1 for locally advanced resect-
able gastric cancer: nucleotide excision repair (NER) as potential chemoresistance marker. Cancer
Chemother Pharmacol. 71:789-97. https://doi.org/10.1007/s00280-013-2073-5 PMID: 23338051

Yoshikawa T, Rino Y, Yukawa N, Oshima T, Tsuburaya A, Masuda M. (2014) Neoadjuvant chemother-
apy for gastric cancer in Japan: a standing position by comparing with adjuvant chemotherapy. Surg
Today. 44:11-21. https://doi.org/10.1007/s00595-013-0529-1 PMID: 23508452

PLOS ONE | https://doi.org/10.1371/journal.pone.0173663 March 13,2017 13/14


https://doi.org/10.1111/j.1572-0241.2006.00778.x
http://www.ncbi.nlm.nih.gov/pubmed/17029617
https://doi.org/10.1007/s10120-012-0163-4
https://doi.org/10.1007/s10120-012-0163-4
http://www.ncbi.nlm.nih.gov/pubmed/22729699
https://doi.org/10.1016/S1470-2045(09)70259-1
http://www.ncbi.nlm.nih.gov/pubmed/19818685
https://doi.org/10.1007/s10120-012-0167-0
https://doi.org/10.1007/s10120-012-0167-0
http://www.ncbi.nlm.nih.gov/pubmed/22782463
https://doi.org/10.1007/s00280-011-1701-1
https://doi.org/10.1007/s00280-011-1701-1
http://www.ncbi.nlm.nih.gov/pubmed/21796483
https://doi.org/10.1016/S1470-2045(08)70035-4
http://www.ncbi.nlm.nih.gov/pubmed/18282805
https://doi.org/10.1093/annonc/mdp047
http://www.ncbi.nlm.nih.gov/pubmed/19474114
https://doi.org/10.1007/s10120-011-0030-8
http://www.ncbi.nlm.nih.gov/pubmed/21503598
https://doi.org/10.1056/NEJMoa055531
http://www.ncbi.nlm.nih.gov/pubmed/16822992
https://doi.org/10.1007/s10120-010-0559-y
http://www.ncbi.nlm.nih.gov/pubmed/20820990
https://doi.org/10.1007/s00280-013-2130-0
http://www.ncbi.nlm.nih.gov/pubmed/23463482
https://doi.org/10.1007/s00280-013-2073-5
http://www.ncbi.nlm.nih.gov/pubmed/23338051
https://doi.org/10.1007/s00595-013-0529-1
http://www.ncbi.nlm.nih.gov/pubmed/23508452
https://doi.org/10.1371/journal.pone.0173663

@° PLOS | ONE

Endoscopic evaluation of gastric cancer

15.

16.

17.

18.

19.

20.

21.

22,

23.

Ott K, Weber WA, Lordick F, Becker K, Busch R, Herrmann K, et al. (2006) Metabolic imaging predicts
response, survival, and recurrence in adenocarcinomas of the esophagogastric junction. J Clin Oncol.
24:4692-8. https://doi.org/10.1200/JC0O.2006.06.7801 PMID: 16966684

Weber WA, Ott K, Becker K, Dittler HJ, Helmberger H, Avril NE, et al. (2001) Prediction of response to
preoperative chemotherapy in adenocarcinomas of the esophagogastric junction by metabolic imaging.
J Clin Oncol. 19:3058-65. https://doi.org/10.1200/JC0O.2001.19.12.3058 PMID: 11408502

Lordick F, Ott K, Krause BJ, Weber WA, Becker K, Stein HJ, et al. (2007) PET to assess early metabolic
response and to guide treatment of adenocarcinoma of the oesophagogastric junction: the MUNICON
phase Il trial. Lancet Oncol. 8:797-805. https://doi.org/10.1016/S1470-2045(07)70244-9 PMID:
17693134

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. (2009) New response
evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer. 45:228-47.
https://doi.org/10.1016/j.ejca.2008.10.026 PMID: 19097774

Japanese Gastric Cancer Association. (2011) Japanese classification of gastric carcinoma: 3rd English
edition. Gastric Cancer. 14:101-12. https://doi.org/10.1007/s10120-011-0041-5 PMID: 21573743

Nakatani K, Koizumi W, Higuchi K, Katada C, Sasaki T, Nakayama N, et al. (2010) Clinical significance
of evaluating primary lesions in patients with gastric cancer who receive chemotherapy. Gastric Cancer.
13:36—42 https://doi.org/10.1007/s10120-009-0533-8 PMID: 20373074

Heger U, Bader F, Lordick F, Burian M, Langer R, Dobritz M, et al. (2014) Interim endoscopy results dur-
ing neoadjuvant therapy for gastric cancer correlate with histopathological response and prognosis.
Gastric Cancer. 17:478-88. https://doi.org/10.1007/s10120-013-0296-0 PMID: 23996162

Lauren P. (1965) The two histological main types of gastric carcinoma: diffuse and so-called intestinal-
type carcinoma. An attempt at a histo-clinical classification. Acta Pathol Microbiol Scand 64:31—49.
PMID: 14320675

Park SR, Choi IJ, Kim CG, Kim YW, Ryu KW, Lee JH, et al. (2006) Use of a combination of computed
tomography and endoscopy to assess the response to 5-fluorouracil/cisplatin and predict survival in
gastric cancer. J Gastroenterol. 41:339—46. https://doi.org/10.1007/s00535-005-1759-9 PMID:
16741613

PLOS ONE | https://doi.org/10.1371/journal.pone.0173663 March 13,2017 14/14


https://doi.org/10.1200/JCO.2006.06.7801
http://www.ncbi.nlm.nih.gov/pubmed/16966684
https://doi.org/10.1200/JCO.2001.19.12.3058
http://www.ncbi.nlm.nih.gov/pubmed/11408502
https://doi.org/10.1016/S1470-2045(07)70244-9
http://www.ncbi.nlm.nih.gov/pubmed/17693134
https://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1007/s10120-011-0041-5
http://www.ncbi.nlm.nih.gov/pubmed/21573743
https://doi.org/10.1007/s10120-009-0533-8
http://www.ncbi.nlm.nih.gov/pubmed/20373074
https://doi.org/10.1007/s10120-013-0296-0
http://www.ncbi.nlm.nih.gov/pubmed/23996162
http://www.ncbi.nlm.nih.gov/pubmed/14320675
https://doi.org/10.1007/s00535-005-1759-9
http://www.ncbi.nlm.nih.gov/pubmed/16741613
https://doi.org/10.1371/journal.pone.0173663

