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ABSTRACT

Background and study aims Response evaluation criteria

in solid tumors (RECIST) have been the gold standard to

preoperatively predict treatment response and prognosis

in patients with gastric cancer (GC) after neoadjuvant che-

motherapy (NAC); however, methods for patients without

evaluable lesions by RECIST are not yet confirmed. The aim

of this study was to assess the utility of preoperative endos-

copy for predicting treatment response and prognosis in

patients with GC after NAC.

Patients and methods This retrospective study included

105 patients with initially resectable GC who underwent

NAC followed by surgical treatment. Preoperative factors

for predicting treatment response and survival outcomes

were analyzed.

Results The number of patients classified as responders

using preoperative endoscopic assessment, RECIST, and

postoperative pathological evaluation were 25 (23.8%), 28

(26.7%), and 18 (17.1%), respectively. Forty-three patients

(41%) were classified as non-targeted disease only, and

their treatment responses were not evaluable by RECIST.

Multivariate analysis identified endoscopic response as an

independent preoperative factor to predict postoperative

histological treatment response (odds ratio =4.556, 95%

CI = 1.169–17.746, P=0.029). Endoscopic treatment re-

sponse was the only independent preoperative predictive

factor for overall survival (OS) (hazard ratio =0.419, 95%

confidence interval (CI) = 0.206–0.849, P=0.016). Further,

endoscopic treatment response was available for 33 pa-

tients (76.7%) with non-targeted disease only, which

showed significantly different OS between endoscopic re-

sponders (80.0%) and non-responders (43.5%) (P=0.025).

Conclusions Endoscopic evaluation was an independent

preoperative factor to predict treatment response and

prognosis in patients with GC after NAC. Endoscopic assess-

ment may be especially valuable for patients who could not

be assessed by RECIST.

Original article
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Introduction
Treatment strategies for locally advanced gastric cancer (GC)
have not been unified between Japan and Western countries
[1]. Perioperative chemotherapy or postoperative chemother-
apy plus radiation is the preferred treatment for localized GC
in Western countries. In Japan, D2 gastrectomy followed by ad-
juvant chemotherapy is regarded as standard treatment. Ac-
cording to Japanese gastric cancer treatment guidelines, 2018
(5th edition) [2], neoadjuvant chemotherapy (NAC) is condi-
tionally recommended for patients with a small number of en-
larged lymph nodes at the no. 16a2 or b1 region, and/or en-
larged lymph nodes around the branches of the celiac artery,
with no other non-curative factors. Clinical trials to demon-
strate the superiority of perioperative chemotherapy over adju-
vant chemotherapy for patients with clinical T3–4 N1–3 GC
(JCOG1509) and extensive LN metastasis (JCOG1704) [3] are
now ongoing.

There have been various attempts to predict treatment re-
sponse and survival for patients with locally advanced GC treat-
ed with NAC following surgical resection, including those using
diagnostic imaging [4–6], endoscopic examination [7–11], and
liquid biopsy [12, 13]. Diagnostic imaging, including fluoro-
deoxyglucose-positron emission tomography (PET-CT) and
computed tomography (CT), is widely used in the clinics to as-
sess the therapeutic effect of chemotherapy or radiation thera-
pies in patients with solid tumors. Among them, response eval-
uation criteria in solid tumors (RECIST) using CT are among the
most common criteria to classify treatment response; however,
they may not always be suitable for GC because patients with-
out enlarged lymph nodes (short axis >15mm) would be de-
fined as having “non-targeted disease only.” Further, PET-CT
appears to be less informative regarding early response in GC
[14]. The efficacy of preoperative endoscopic evaluation using
endoscopic ultrasound (EUS) and biopsy in patients after NAC is
still controversial. EUS has a reduced ability to accurately deter-
mine the disease stage if performed after chemotherapy or ra-
diation therapy, and biopsies performed after treatment may
not detect the presence of residual disease accurately [7, 8].

In this study, we aimed to identify independent preoperative
factors to predict treatment response and prognosis, using a
well-defined NAC-treated GC cohort with a high follow-up
rate. These factors may enable preoperative assessment of the
therapeutic effect for patients without evaluable lesion by RE-
CIST.

Patients and methods
Patients

All data in this retrospective study were collected from the GC
database at the Cancer Institute Hospital, Tokyo, Japan. A total
of 317 patients with primary GC underwent preoperative che-
motherapy, followed by surgical treatment between January
2005 and December 2016. The patients who were excluded
from the study had either undergone preoperative therapy for
stage IV disease or had unresectable tumors that had invaded
adjacent organs. The study included patients who were enrol-

led in clinical trials testing NAC for linitis plastica and large ul-
ceroinvasive-type tumors (JCOG0501 [15]), bulky nodal invol-
vement around the celiac artery and its major branches
(JCOG0405 [16]), and an independent clinical study testing
NAC for advanced GC with node-positive disease. Finally, 105
patients who underwent NAC for initially resectable locally ad-
vanced GC (cT2–4, cN0–3, M0) followed by surgery were enrol-
led in this study (▶Fig. 1). The Institutional Review Board of the
Cancer Institute Hospital approved the study protocol (No.
2017–1199).

Perioperative therapy, surgical procedure, and
follow-up

After neoadjuvant treatment, patients underwent either total
gastrectomy or distal gastrectomy according to the size and lo-
cation of the primary tumor [2]. Patients with all types of ad-
vanced proximal GC underwent splenectomy to dissect splenic
hilar LNs, because all surgeries were performed before the re-
sults of the randomized controlled trial to evaluate splenect-
omy in total gastrectomy for proximal gastric carcinoma
(JCOG0110) [17] were reported. Patients enrolled in the
JCOG0405 study [16] underwent abdominal aortic lymph node
dissection. Abdominal aortic lymph node with a long axis > 10
mm, as measured by CT before preoperative therapy, were con-
sidered as metastatic LNs [18], and were excluded from the
study.

Excluded
▪ Peritoneal dissemination  n = 76
▪ Liver metastasis  n = 44
▪ Ovarian metastasis  n = 2
▪ Splenic metastasis  n = 1
▪ Distant lymph node metastasis  n = 80
▪ Severe invasion to adjacent organs  n = 8
▪ Portal vein thrombosis  n = 1

Preoperative therapy for gastric cancer 
n = 317

Preoperative therapy for initially resectable locally 
advanced gastric cancergastric cancer 
n = 105

Invasion to 
adjacent 
organs
n = 8

Linitis plastica 
and large 
ulceroinvasive-
type tumors
n = 13

Lymph node 
metastasis
n = 84

▶ Fig. 1 Flowchart of the patients enrolled in this study. A total
of 105 patients with initially resectable locally advanced gastric
cancer after neoadjuvant chemotherapy followed by surgery were
included.
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Based on the results of the Adjuvant Chemotherapy Trial of
S-1 for Gastric Cancer (ACTS-GC)[19], adjuvant S-1 monother-
apy was administered to eligible patients. The schedule, dose,
and indication for S-1 were according to the ACTS-GC protocol
[19]. Some patients who entered clinical trials were adminis-
tered S-1 plus oxaliplatin (SOX) or capecitabine plus oxaliplatin
(XELOX) as adjuvant therapy. In the outpatient clinic, patients
were evaluated for physical findings. They also underwent
blood tests, including carcinoembryonic antigen (CEA) and car-
bohydrate antigen 19–9 (CA19–9) tumor markers, as well as
semi-annual abdominal CT or ultrasonography.

Preoperative and postoperative evaluations

Endoscopic examination, CT imaging, and blood tests, includ-
ing CEA and CA19–9, were performed before preoperative che-
motherapy and 4 weeks after the final administration of neoad-
juvant treatment. Clinicopathological outcomes, 3-year overall
survival (OS), and relapse-free survival (RFS) were evaluated.
Differentiated GC types included papillary and tubular adeno-
carcinomas. The undifferentiated types included poorly differ-
entiated adenocarcinoma, signet ring cell carcinoma, and mu-
cinous adenocarcinoma. Clinical responses to NAC measured
using endoscopy and CT imaging were quantified based on the
Japanese Gastric Cancer Association (JGCA) response evaluati-
on of primary tumor [20] (▶Table 1) and the revised RECIST
guidelines version 1.1 [21], respectively. Representative images
for endoscopic evaluations are shown in ▶Fig. 2. Endoscopic
examinations were either performed or supervised by a Board-
Certified Trainer of the Japan Gastroenterological Endoscopy
Society. All assessment of the endoscopic images was per-
formed preoperatively based on consensus manner of the four
experienced endoscopists involved in this study (AI, TY, TH, and
JF). Clinical responses evaluated by RECIST and endoscopy were
presented and approved at the multidisciplinary tumor board
of Gastroenterology Center, Cancer Institute Hospital, Japanese
Foundation for Cancer Research, Tokyo, Japan. Patients with
complete response (CR) or partial response (PR) were consid-
ered clinical responders. Patients with stable disease (SD) or
progressive disease (PD) were considered clinical non-respon-
ders. Histological response to NAC was quantified based on
the Japanese classification of gastric carcinoma, 3rd English edi-
tion [20]. Patients with histological responses of grade 2 or
above (viable tumor cells remaining in less than one-third of

the tumor area) were considered histological responders. Pa-
tients with histological responses lower than grade 2 were con-
sidered histological non-responders. Clinical and pathological
stages were classified according to the Japanese Classification
of Gastric Carcinoma, 15th Edition [22]. Clinical classification
before and after preoperative chemotherapy, and pathological

▶Table 1 JGCA response evaluation of primary tumor.

Complete response
(CR)

Disappearance of all tumor lesions and no diagnosis of carcinoma. Biopsy specimens are negative for carcinoma

Partial response (PR) Measurable lesions: At least a 30% decrease in total size
Evaluable but not measurable lesions: Remarkable regression and flattening of a tumor, which roughly corresponds to at
least a 50% decrease in tumor size

Stable disease (SD) Changes in tumor size or shape are less than PR, but are not progressive disease

Progressive disease
(PD)

Increase in tumor size and/or worsening of the shape (20% or more increase in measurable lesions), or new intragastric
lesions.

JGCA, Japanese Gastric Cancer Association.

Partial response

Stable disease

Progressive disease

▶ Fig. 2 Representative images for treatment response by endo-
scopic evaluation. Post-treatment endoscopic assessments were
performed 4 weeks after the final administration of neoadjuvant
treatment.
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classifications after surgery were designated by cStage, yc-
Stage, and ypStage, respectively.

Statistical analyses

Chi-square test and Fisher’s exact test were used for statistical
analyses. Spearman's rank-order correlation analysis was per-
formed to test the association between clinical and pathologi-
cal response. Multivariate analyses to identify the preoperative
factors associated with pathologic response were conducted
using a binary logistic regression model. OS and RFS were esti-
mated using the Kaplan-Meier method and compared using the
log-rank test. A multivariate Cox proportional hazards regres-
sion model was used to identify independent prognostic fac-
tors. Variables with P <0.10 in univariate analyses were subjec-
ted to the multivariate model. OS and RFS were calculated from
the day of surgery. P <0.05 in all statistical tests were consid-
ered to represent statistically significant differences in all sta-
tistical tests. All statistical analyses were performed using the
SPSS software program, ver. 25.0 (IBM Inc., Chicago, Illinois,
United States). Unless otherwise indicated, data are presented
as the median and range.

Results
Patient background

▶Fig.1 shows a flowchart for the patients in the present study.
The study included 105 patients who underwent preoperative
therapy for initially resectable locally advanced GC.

Most of the patients underwent NAC due to clinically node-
positive disease (n =88, 83.8%). Of them, 25 patients (23.8%)
had enlarged LNs around the branches of the celiac artery.
Patients underwent S-1 plus cisplatin (SP) (n=90, 85.7%), SOX
(n=8, 7.6%), epirubicin plus oxaliplatin plus capecitabine (EOX)
(n =2, 1.9%), XELOX (n=2, 1.9%), S-1 alone (n =1, 1.0%), epiru-
bicin plus cisplatin plus 5-fluorouracil (ECF) (n=1, 1.0%), or ca-
pecitabine plus cisplatin (XP) (n =1, 1.0%) prior to surgery.
Most patients in this study were diagnosed as cStage III or
above (n =85, 81.0%) and ycStage III or above (n=87, 82.9%).
The median follow-up period was 40 (0–155) months (▶Ta-
ble 2).

Operative and postoperative outcomes

R0 resection was achieved in 87 (82.9%) patients. The reasons
for R1 and R2 resection were cytology positive status (n =9,
8.6%), the presence of peritoneal dissemination (n =4, 3.8%),
and a combination of these (n=5, 4.8%). Seventy-five (71.4%)
patients were diagnosed as ypStage III or above. Recurrent dis-
ease was observed in 44 (41.9%) patients, which included he-
matogenous recurrence (n=34, 32.4%), peritoneal recurrence
(n =16, 15.2%), distant LN recurrence (n =14, 13.3%), and local
recurrence (n =2, 1.9%), which included overlapping cases
(▶Table 3).

Treatment response

▶Table 4 summarizes clinical and histological responses to
neoadjuvant treatment. Treatment response by RECIST was un-
evaluable for 43 of the patients (41%) due to absence of targe-

▶Table 2 Patient background data.

Variables

Patients 105

Age, years 64 (28 – 81)

Sex (%)

Male 65 (61.9)

Female 40 (38.1)

Proximal gastric cancer (%) 31 (29.5)

Esophageal invasion (%) 19 (18.1)

Duodenal invasion (%) 9 (8.6)

Macroscopic types (%)

Mass/ulcerative 35 (33.3)

Infiltrative 59 (56.2)

Unclassifiable 4 (0.8)

Reason for NAC (%)

LN metastasis 88 (83.8)

Direct invasion to adjacent organs 8 (7.6)

Linitis plastica and large ulceroinvasive-
type tumors

9 (8.6)

NAC regimen (%)

SP 90 (85.7)

SOX 8 (7.6)

Others 7 (690.7)

cStage (%)

I 0

IIA 2 (1.9)

IIB 9 (8.6)

III 77 (73.3)

IVA 8 (7.6)

IVB 0

Unknown 9 (8.6)

ycStage (%)

I 1 (1.0)

IIA 2 (1.9)

IIB 13 (12.4)

III 81 (77.1)

IVA 6 (5.7)

IVB 0

Unknown 2 (1.9)

Follow-up period, months 40 (0 – 155)

NAC, neoadjuvant chemotherapy; LN, lymph node; SP, S-1 plus cisplatin;
SOX, S-1 plus oxaliplatin; cStage, clinical stage before preoperative treat-
ment; ycStage, clinical stage after preoperative treatment.
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ted disease. The number of patients classified as clinical re-
sponders by endoscopic evaluation and RECIST was 25 (23.8%,
after excluding not evaluable patients; 30.5%) and 28 (26.7%,
after excluding not evaluable patients and patients with non-
targeted disease only; 46.7%), respectively. Pathological evalu-
ation revealed that 18 (17.1%, after excluding not evaluable pa-
tients; 22.2%) patients achieved histological response of grade
2 or higher. Among them, two (1.9%) patients achieved com-
plete pathologic responses. Diagnostic accuracy of endoscopic
evaluation and RECIST for histological response were 71.0% and
60.9%, respectively. A weak correlation was observed between
endoscopic assessment and pathological response (Spearman’s
rank correlation coefficient ρ=0.301, P=0.017), whereas there

was no association between RECIST and histological response
(Spearman’s rank correlation coefficient ρ=0.255, P=0.087).

Preoperative factors associated with histological
response

The univariate analysis associated endoscopic clinical response
with histological response (OR=4.431, 95% CI = 1.226–16.012,
P=0.025). In the multivariate analysis of the three variables
showing P<0.1 in the univariate analysis, endoscopic clinical
response was an independent predictive factor for histological
response (OR=4.556, 95% CI = 1.169–17.746, P=0.029) (▶Ta-
ble 5).

▶Table 4 Treatment response.

Variables

Clinical response by endoscopic evaluation (%)

CR 0

PR 25 (23.8)

SD 56 (53.3)

PD 1 (1.0)

NE 23 (21.9)

Clinical response by RECIST (%)

Patients with targeted disease 62 (59.0)

CR 0

PR 28 (26.7)

SD 31 (29.5)

PD 1 (1.0)

NE 2 (1.9)

Patients with non-targeted disease only 43 (41.0)

CR 0

Non-CR/non-PD 35 (33.3)

PD 0

NE 8 (7.6)

Histological response (%)

Grade 0 0

Grade 1a 47 (44.8)

Grade 1b 16 (15.2)

Grade 2a 16 (15.2)

Grade 3 2 (1.9)

NE 24 (22.9)

CR, complete response; PR, partial response; SD, stable disease; PD, pro-
gressive disease; NE, not evaluable.

▶Table 3 Operative, postoperative, and pathological outcomes.

Variables

Extent of gastric resection (%)

Total gastrectomy 63 (60)

Distal gastrectomy 40 (38.1)

Non-resectional surgery 2 (1.9)

Combined resection of other organs (%) 19 (18.1)

Splenectomy (%) 33 (31.4)

Cytology positive (%) 15 (14.3)

Peritoneal dissemination (%) 9 (8.6)

Distant LN metastasis (%) 6 (5.7)

Other distant metastasis (%) 2 (1.9)

R0 resection (%) 87 (82.9)

ypStage (%)

IA 2 (1.9)

IB 3 (2.9)

IIA 10 (9.5)

IIB 13 (12.4)

IIIA 26 (24.8)

IIIB 17 (16.2)

IIIC 12 (11.4)

IV 20 (19.0)

Unknown 2 (1.9)

Histological classification (%)

Differentiated adenocarcinoma 74 (70.5)

Undifferentiated adenocarcinoma 26 (24.8)

Others 5 (4.8)

Adjuvant therapy (%) 67 (63.8)

Recurrence (%) 44 (41.9)

ypStage, pathological stage after neoadjuvant chemotherapy followed by
surgery.
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▶Table 5 Univariate and multivariate analyses of preoperative factors for histological response.

Variables Non-re-

sponders

Respon-

ders

Univariate Multivariate

OR 95% CI P value

value

OR 95% CI P value

value

Age, year 0.789

<65 34 11 1

≥65 29  7 0.746 0.256 – 2.174

Sex 0.785

Male 39 10 1

Female 24  8 1.300 0.451 – 3.751

CEA level after AC 0.784

≤5ng/mL 35  9 1

>5ng/mL 25  8 1.244 0.422 – 3.671

CA19–9 level after NAC 0.229

≤37 U/mL 45 10 1

>37 U/mL 15  7 2.100 0.679 – 6.494

Treatment response by endo-
scopic evaluation

0.025 0.029

Non-responders 36  5 1 1

Responders 13  8 4.431 1.226 – 16.012 4.556 1.169 – 17.746

Treatment response by RECIST 0.165

Non-responders 20  3 1 1

Responders 15  8 3.556 0.804 – 15.717

cStage 0.079 0.170

I, II  4  4 1 1

III 52 13 0.250 0.055 – 1.135 0.484 0.172 – 1.365

ycStage 0.063 0.755

I, II  7  6 1 1

III 55 12 0.255 0.072 – 0.894 0.841 0.283 – 2.490

Macroscopic types 1.000

Mass/ulcerative 21  7 1

Infiltrative 31 10 0.968 0.318 – 2.974

Tumor location 33 11 1.000

Proximal gastric cer 24  7 0.875 0.296 – 2.58

Others 33 11 1

NAC, neoadjuvant chemotherapy. CEA, carcinoembryonic antigen. CA19–9, carbohydrate antigen 19–9. cStage, clinical stage before preoperative treatment. yc-
Stage, clinical stage after preoperative treatment. OR, odds ratio. CI, confidence interval.
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Preoperative predictors associated with prognosis

Univariate analysis identified endoscopy-based clinical re-
sponse as a significant prognostic factor for OS (HR=0.402,
95% CI = 0.199–0.810, P=0.011). Of the two variables showing
P<0.1 in univariate analysis, endoscopically evaluated clinical
response was an independent prognostic factor for OS (HR=
0.419, 95% CI = 0.206–0.849, P=0.016) in multivariate analysis
(▶Table 6). There were no preoperative factors predicting RFS
in this study (▶Table 7).

Survival outcomes for clinical, and histological
responders versus non-responders

The 3-year OS rates were 80.0% for endoscopic responders and
48.6% for endoscopic non-responders, respectively (P=0.008)
(▶Fig. 3a). The 3-year OS rates for histological responders and
non-responders were 83.3% and 57.5%, respectively (P=0.041)
(▶Fig. 3c). Clinical response evaluated by RECIST did not differ-
entiate the 3-year OS rates for responders and non-responders
(▶Fig. 3b). RFS analyses were limited to 66, 51, and 69 patients
for endoscopic, RECIST, and histological response, respectively,
because patients who could not achieve R0 resection were ex-
cluded. The 3-year RFS rates were not significantly different be-
tween responder and non-responders in any evaluation meth-
ods; however, 3-year RFS rates were relatively higher in the
endoscopically evaluated clinical responders (65.2%) than
non-responders (50.0%) (P=0.083) (▶Fig. 3d–f). Further, Sur-
vival analyses were performed for the patients who were not
evaluable by RECIST due to the absence of targeted disease.
Significant difference for the 3-year OS was observed between
endoscopic responders (80.0%) and non-responders (43.5%)
(P=0.025) (▶Fig. 4a). There was no difference for the 3-year
RFS rates between the groups (▶Fig. 4b). Nine patients were
excluded from the RFS analysis due to non-curative resection.

Discussion
In this study, the clinical utility of preoperative endoscopic eval-
uation for patients with initially resectable locally advanced GC
after NAC was demonstrated in a well-defined cohort with a
high follow-up rate. Endoscopic treatment response was an in-
dependent preoperative factor to predict histological treat-
ment response and OS based on multivariate analyses. Previous
studies demonstrated the utility of endoscopy-based response
evaluation for predicting survival in metastatic GC. Endoscopic
and CT-based responses were equally associated with survival
but with low correlation in cases evaluated by Park et al. [5],
while Takahara et al. [10] reported that endoscopic evaluation
was superior to CT-based assessment to predict survival. The
results of our study are also supported by previous reports,
which showed a relationship between endoscopic response
and histological response or survival in a relatively small num-
ber of GC cases after neoadjuvant treatment [9, 11]. To the
best of our knowledge, this is the first study to analyze the rela-
tionship of multiple preoperative factors with histological
treatment response and survival in patients with GC after NAC,

including those patients who were not evaluable by RECIST,
with sufficient number of cases for multivariate analyses.

Although endoscopic treatment response was significantly
associated with histological response and OS, difference in RFS
rates were not statistically significant between the endoscopic
responders and non-responders. Major reason for this result
may be the limited number of cases in the RFS analysis. Within
the 105 cases included in this study, 18 patients (17.1%) could
not achieve R0 resection due to cytology positive status (n =9,
8.6%), the presence of peritoneal dissemination (n =4, 3.8%),
and a combination of these (n =5, 4.8%). Therefore, the RFS a-
nalysis was limited to 87 patients, which may have affected the
analysis. Another possible reason is the difference in response
to postoperative treatment after recurrence between the
groups. Endoscopic and histological responders may have
achieved better response to chemotherapy for the recurrent
disease compared to non-responders, therefore, significant dif-
ferences may have been observed in the OS rates, but not in the
RFS rates. Further, the follow-up period, which was limited to
40 months in this study, may also have affected the RFS analy-
sis. In addition, postoperative variables such as histological
treatment response and adjuvant treatment status were ex-
cluded in the survival analysis, since we intended to define a
preoperative factor predicting patient survival. Those factors
may affect patient survival and therefore, may be considered
in future studies with a larger cohort and longer follow-up peri-
od.

As a result of the German FLOT4 study [23], perioperative
chemotherapy with fluorouracil plus leucovorin, oxaliplatin,
and docetaxel (FLOT) is now considered the new standard che-
motherapy regimen for resectable GC in the Western countries,
which showed the complete pathological regression rate of
15%. In Japan, the standard treatment for locally advanced GC
is surgery with the following postoperative adjuvant chemo-
therapy; however, NAC’s efficacy has also been investigated
for selected patients expected to have poor survival outcomes
[24]. Several trials have suggested that increasing the number
of chemotherapy cycles leads to a higher pathologic response
rate in esophageal cancer and GC [25–27]. These results sug-
gest that endoscopic assessment of the treatment response
may enable patient selection for those who need modifications
of the preoperative therapy, and additional cycles of neoadju-
vant therapy may be administered for endoscopic non-respon-
ders to improve treatment response and achieve better survival
outcomes. In addition, more aggressive preoperative combina-
tion therapy, such as FLOT or triplet therapy containing doce-
taxel, oxaliplatin, and S-1 (DOS), as administered in the
JCOG1704 study [3], may improve outcomes for endoscopic
non-responders. Result of JCOG1704 study and further clinical
trials for NAC is awaited. In addition to the RECIST, endoscopic
treatment responses should also be evaluated in the future
trials.

Adjuvant chemotherapy with a doublet regimen containing
S-1 plus docetaxel (DS) is preferred over S-1 monotherapy for
pStage III GC according to the results of the JACCRO GC-07
study [28] in Japan. Because we have shown that endoscopic
non-responders had worse survival outcomes than endoscopic
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▶Table 6 Univariate and multivariate analyses of preoperative factors for overall survival.

Variables Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age, year 0.627

<65 1

≥65 0.881 0.529–1.467

Sex 0.115

Male 1

Female 0.645 0.374–1.113

NAC courses 0.514

1 1

≥2 1.187 0.710–1.985

CEA level after NAC 0.594

≤5ng/mL 1

>5ng/mL 1.153 0.683–1.948

CA19–9 level, after NAC 0.514

≤37 U/mL 1

>37 U/mL 1.210 0.683–2.145

Treatment response by endoscopic evaluation 0.011 0.016

Non-responders 1 1

Responders 0.402 0.199–0.810 0.419 0.206–0.849

Treatment response by RECIST 0.131

Non-responders 1

Responders 0.579 0.285–1.177

cStage 0.579

I, II 1

III 0.894 0.600–1.330

ycStage 0.217

I, II 1

III 1.283 0.864–1.904

Macroscopic types 0.082 0.133

Mass/ulcerative 1 1

Infiltrative 1.696 0.934–3.078 1.610 0.865–2.994

Tumor location 0.944

Proximal gastric cancer 1.019 0.598–1.737

Others 1

NAC, neoadjuvant chemotherapy; CEA, carcinoembryonic antigen; CA19–9, carbohydrate antigen 19–9; cStage, clinical stage before preoperative treatment; yc-
Stage, clinical stage after preoperative Treatment; HR, hazard ratio; CI, confidence interval.
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responders, more aggressive adjuvant regimens, such as DS,
FLOT, and XELOX [29], or immunotherapeutic strategies may
be considered for these patients. Further, early initiation and
completion of adjuvant therapy improve prognosis in several
types of cancers, including GC [30, 31]. Extensive surgery may
be avoided in endoscopic non-responders to enable early initia-
tion and completion of postoperative treatment.

RECIST is the most common criterion to classify treatment
response in solid tumors. However, RECIST failed to predict
postoperative survival in this study. The primary lesion in hol-
low-organ cancers, including GC, is defined as “non-targeted
lesion” by RECIST. Thus, RECIST may not be suitable for a de-
tailed evaluation of treatment response in primary node-nega-
tive diseases. In this study, 43 patients (41.0%), including 11
cases (10.5%) of linitis plastica and large ulceroinvasive-type
tumors, had non-targeted disease only. Endoscopic preopera-
tive response evaluation was available for 33 of these patients,
and was a significant factor differentiating 3-year OS rates.
Endoscopic evaluation seems especially valuable for patients
with non-targeted disease only. Another reason RECIST failed
to predict treatment response may be the diagnostic accuracy
of detecting lymph node metastasis using CT. In this study, 13
of 88 patients (14.8%) diagnosed as having clinically node-po-
sitive disease after neoadjuvant therapy had no pathological
lymph node metastasis. This result suggests that size of the
lymph node may not always reflect nodal involvement or treat-
ment response, as has been discussed in previous publications
[32, 33]. Although, CT is still a useful and less-invasive inspec-
tion to evaluate clinical response in both neoadjuvant and defi-
nitive settings in most solid tumors. Therefore, RECIST should
always be considered to assess treatment responses for pa-
tients with targeted disease.

Some limitations should be addressed. The first is the limited
number of cases in this study. However, the 105 patients with a
high follow-up rate included in this study should be valuable,
because endoscopy repeated before and after neoadjuvant
treatment is not routinely performed in Western countries
[11], and NAC is not the standard of care for locally advanced
GC in Japan. Within the 105 patients included in this study, clin-
ical response by RECIST was not evaluable for 43 patients (41%)
due to the absence of targeted disease. To make an accurate
comparison for the clinical utility of endoscopic and RECIST as-
sessment, more patients with targeted disease should be eval-
uated in future studies. However, many patients with GC indi-
cated to NAC have non-targeted disease only, therefore the
main purpose of this study was to identify preoperative factors
to predict treatment response and survival for patients who are
unevaluable by RECIST. In this regard, endoscopic evaluation is
a valuable tool as discussed above. Endoscopic, RECIST, and
Histological response were not evaluable in this study for 23
(21.9%), 10 (9.5%), and 24 patients (22.9%), respectively, and
may also have affected the results of this study. These are due
to either missing pretreatment or preoperative examination, or
untreated data at the point of data collection. All data including
clinical and histological responses were collected prospectively
in order to avoid observation bias. The second is the relatively
subjective nature of endoscopic evaluation. Although the

▶Table 7 Univariate analyses of preoperative factors for relapse-free
survival.

Variables HR 95% CI P value

Age, year 0.337

<65 1

≥65 0.745 0.408–1.359

Sex 0.330

Male 1

Female 0.739 0.403–1.357

NAC courses 0.201

1 1

≥2 1.493 0.807–2.762

CEA level after NAC 0.849

≤5ng/mL 1

>5ng/mL 0.941 0.503–1.762

CA19–9 level, after NAC 0.715

≤37 U/mL 1

>37 U/mL 0.880 0.444–1.746

Treatment response by
endoscopic evaluation

0.093

Non-responders 1

Responders 0.505 0.227–1.120

Treatment response by RE-
CIST

0.757

Non-responders 1

Responders 0.883 0.403–1.939

cStage 0.261

I, II 1

III 0.777 0.501–1.206

ycStage 0.738

I, II 1

III 1.074 0.717–1.610

Macroscopic types 0.867

Mass/ulcerative 1

Infiltrative 1.059 0.544–2.059

Tumor location 0.933

Proximal gastric cancer 0.973 0.517–1.330

Others 1

NAC, neoadjuvant chemotherapy; CEA, carcinoembryonic antigen; CA19–9,
carbohydrate antigen 19–9; cStage, clinical stage before preoperative
treatment; ycStage, clinical stage after preoperative treatment.
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▶ Fig. 3 Survival outcomes for endoscopic, RECIST, and histological response. a, c The 3-year overall survival (OS) rates were significantly
higher in endoscopic and histological responders than non-responders (P=0.008 and 0.041). b There were no significant differences in 3-year
OS rates between RECIST responders and non-responders. d, e, f The 3-year relapse-free survival (RFS) rates were not significantly different
between responders and non-responders in any evaluation method; however, 3-year RFS rates were relatively higher in endoscopic responders
than non-responders (P=0.083).
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endoscopic examination was either performed or supervised by
experienced endoscopists, all assessment of the endoscopic
images was performed preoperatively based on consensus
manner of the four experienced endoscopists involved in this
study, the clinical responses were defined at the multidisciplin-
ary tumor board, and endoscopic treatment response was
quantified based on the JGCA response evaluation of primary
tumor which is one of the most commonly used criteria for
evaluating endoscopic treatment effect, the level of experience
of the investigator in neoadjuvant-treated GC remains a factor.
Endoscopy is currently the only method that allows for the pre-
operative assessment of the primary tumor. Novel technologies
for virtual endoscopy [34, 35] may allow for more objective
evaluation. The third is the retrospective nature of the analysis.
In order to clarify the clinical utility of preoperative endoscopic
evaluation, timing to assess the clinical response should be
carefully determined in future prospective studies. In addition,
this study did not include patients who did not undergo surgical
treatment because of clinically apparent distant metastasis or
local failure during NAC. Although this represents a relatively
small population, to grasp the entire aspect, these patients
should be included and evaluated for prognosis in future stud-
ies. In addition, because the results of this study indicate the
clinical importance of endoscopic assessment for patients after
preoperative treatment, marginally-resectable GC after NAC
and initially non-resectable GC who underwent definitive che-
motherapy followed by conversion surgery may be included
and analyzed in future studies.

Conclusions
Endoscopic evaluation of treatment response was an indepen-
dent factor for predicting histological treatment response and
survival in patients with locally advanced GC after NAC. Preo-
perative endoscopy may allow treatment response evaluation
and survival prediction for patients without evaluable lesions,
and should be considered for those receiving preoperative
treatment.
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