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ABSTRACT

Background. A retrospective study was performed to

evaluate the predictive factors for performing curative-in-

tent surgery and prognostic factors for long-term survival

of patients undergoing surgery for stage IV gastric cancer.

Patients and Methods. Between 2001 and 2017, 271

patients with stage IV gastric cancer with distant metastasis

who underwent systemic chemotherapy were enrolled.

Logistic regression analysis was performed to evaluate

predictive factors for curative-intent surgery. Cox propor-

tional hazards regression model was applied for patients

who were subsequently treated with curative-intent surgery

to identify prognostic factors for long-term survival.

Results. Curative-intent surgery was performed in 48

patients (17.7%). Median survival time was significantly

longer in the surgery group than in the nonsurgery group

(53 vs. 11 months, p\ 0.0001). R0 resection was per-

formed in 35 patients (72.9%). The three-year overall

survival (OS) rates of the R0, R1, and R2 surgery groups

were 75.4%, 33.3%, and 25.0%, respectively (p = 0.0002).

Logistic regression analysis revealed that lymphogenous

distant metastasis alone (odds ratio = 3.276, p = 0.004),

positive lavage cytology alone (6.394, 0.014), doublet or

triplet chemotherapy (4.064, 0.034), and high Glasgow

prognostic score (0.276, 0.001) were independent predic-

tive factors for performing curative-intent surgery. Among

patients undergoing surgery, the Cox proportional hazards

regression model for OS showed that R0 surgery was an

independent prognostic factor for favorable OS (hazard

ratio 0.188, p = 0.022).

Conclusions. Patients with lymphogenous distant metas-

tasis alone, P0CY1 alone, good immunonutritional status,

and doublet/triplet chemotherapy are candidates for per-

forming effective curative-intent surgery. R0 surgery is

crucial for improving long-term survival after surgery.

Globally, gastric cancer (GC) is the fourth leading cause

of death from cancer in both sexes (782,685 deaths, 8.2%

of total).1 Together with advancements in chemotherapy,

several randomized controlled studies have reported

improved patient survival; however, the median survival

time (MST) is limited to 11–18 months2–5 in stage IV

GC. A randomized controlled trial comparing gastrectomy

followed by chemotherapy with chemotherapy alone in

advanced GC with single noncurative factor did not show

superiority of the gastrectomy group with respect to overall

survival (OS).6 Therefore, chemotherapy remains the main

therapeutic approach for stage IV GC,7 and as stated in the

Japanese treatment guidelines, surgery for this cohort is

usually confined to palliative resection or bypass operation

to relieve symptoms.8–10

Curative-intent surgery is surgical resection after

downstaging or disease control by chemotherapy for

patients with initially unresectable gastric cancer. This type
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of surgery is often referred to as conversion surgery, which

is sometimes difficult to distinguish clearly from curative

surgery scheduled after neoadjuvant chemotherapy.11

Recently, several retrospective studies showed favorable

outcomes of curative-intent surgery in cases responding to

systemic chemotherapy with and without intraperitoneal

chemotherapy.12–19 In these studies, the MSTs of patients

who successfully underwent surgery were 19–56 months,

representing favorable long-term survival rates compared

with those receiving chemotherapy alone. Although cura-

tive-intent surgery for stage IV advanced GC cases may be

one of the main roles performed by a surgical oncologist,20

predictive factors for performing curative-intent surgery

and prognostic factors for OS remain unclear.

In the present study, we retrospectively evaluated ther-

apeutic outcomes in stage IV GC patients to clarify the

indication for curative-intent surgery and the significance

after surgery.

PATIENTS AND METHODS

Human Rights Statement and Informed Consent

All procedures followed were in accordance with the

ethical standards of the responsible committee on human

experimentation (institutional and national) and in com-

pliance with the Helsinki Declaration of 1964 and later

versions. We disclosed all information to the patients.

Participating patients were excluded only when they

specified that they were unwilling to participate.

Patients

From January 2000 to December 2017, a series of 271

patients diagnosed as having stage IV gastric cancer

underwent chemotherapy at the Department of Surgery,

Gastroenterological Center, Yokohama City University.

Tumor staging and histopathological grading were per-

formed according to the 3rd edition of the Japanese

Classification of Gastric Carcinoma.21 Patients who had

only locally advanced lesion, such as pancreatic invasion

which was categorized as stage IV in the previous Japanese

Classification of Gastric Carcinoma,22 were excluded from

this study. After sufficient discussion in the preoperative

conference, 48 patients underwent surgery with curative

intent.

In all patients, tumors were histologically confirmed as

adenocarcinoma and diagnosed as stage IV via various

techniques of imaging, with and without staging laparo-

scopy. Computed tomography (CT), upper

gastroenterological endoscopy, and upper gastroentero-

logical series were performed for pretherapeutic

evaluation. [18F]-Fluoro-2-deoxy-D-glucose (FDG) posi-

tron emission tomography (PET)/CT was performed in

some cases if distant metastasis was suspected. Some

patients underwent staging laparoscopy to evaluate whe-

ther there was peritoneal dissemination (P1) and/or positive

lavage cytology (CY1). Distant metastatic types were

classified into five categories: hematogenous metastasis

alone, lymphogenous distant metastasis alone, peritoneal

dissemination alone with and without positive lavage

cytology, positive lavage cytology alone, and multiple

noncurative factors. According to the new biological

classification for stage IV GC proposed by Yoshida et al.

(Yoshida’s classification),20 patients with CY1 or some

paraaortic lymph node metastasis or solitary liver metas-

tasis below 5 cm were defined as the potentially

resectable group (category 1). The authors describe that

category 1 should usually be excluded from the concept of

conversion surgery, because resection of such patients is

technically straightforward. However, there is no evidence

of favorable long-term results in this population. In the real

world, patients in category 1 undergo systemic

chemotherapy before surgery, thus we included this pop-

ulation in the current study and defined every surgery for

stage IV advanced gastric cancer patients after initial

chemotherapy as ‘‘curative-intent surgery.’’

This retrospective study protocol conformed to the

provisions of the Declaration of Helsinki and was approved

by the Institutional Review Board for the Use of Human

Subjects at the Yokohama City University School of

Medicine (approval no. 2019-012). According to the law of

personal information protection, we published the survey

items of this study for patients to give them a chance to opt

out of this study (URL: https://www.yokohama-cu.ac.jp/a

medrc/ethics/ethical/center_optout.html).

Chemotherapy

The chemotherapy regimens were as follows: S-1

monotherapy,23 S-1 plus cisplatin,3 S-1 plus docetaxel,24–26

S-1 plus oxaliplatin,5 S-1 plus docetaxel plus cisplatin,27

capecitabine plus cisplatin,28 capecitabine plus cisplatin

plus trastuzumab,2 and others. All regimens followed the

Japanese gastric cancer guidelines7 or regimens of clinical

trials in which the patients were enrolled after informed

consent was obtained.

Assessment of Efficacy of Chemotherapy

CT, upper gastroenterological endoscopy, and upper

gastroenterological series were performed after two or

three cycles of administration to evaluate clinical response

of the target lesions, and the stage was rediagnosed.

Tumors (1) without pancreatic head invasion, (2) with
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some resectable paraaortic lymph node metastasis (located

between 16b1 and 16a2),21 (3) with solitary liver metas-

tasis, (4) with disappearance of or a few

resectable peritoneal disseminated nodules, and (5) with

disappearance of other distant organ metastasis were

regarded as curatively resectable and considered as being

favorable for curative-intent surgery. After sufficient dis-

cussion in the multidisciplinary preoperative conference,

48 patients (17.7%) finally underwent surgery with curative

intent.

Surgery

After staging laparoscopy, standard D2 gastrectomy or

more extended lymph node dissection with and without

metastasectomy was performed via laparotomy with cura-

tive intent. Even if lavage cytology was positive (CY1),

gastrectomy was performed if there were no other non-

curable factors. Distal gastrectomy was performed for

tumors located in the middle and lower third of the stomach

when the proximal margin was confirmed to be micro-

scopically negative by intraoperative rapid pathological

examination. By contrast, total gastrectomy was selected

for tumors in the upper third of the stomach or those

spreading in the entire of the stomach.

Postoperative complications were assessed in all

patients receiving gastrectomy. Postoperative morbidity

was listed according to Clavien–Dindo classification of

surgical complications.29 R0, R1, and R2 resection was

defined as microscopically curative resection, microscopic

residual tumor, and macroscopic residual tumor, respec-

tively. Pathological response of the primary tumor after

preoperative chemotherapy was assessed according to the

classification defined by the Japanese Gastric Cancer

Association (JGCA).21 Based on the surgical specimen of

the primary lesion, tumor regression was graded and divi-

ded into five categories as follows: grade 0, no evidence of

effect; grade 1a,\ 1/3 affected; grade1b, C 1/3 and\ 2/3

affected; grade 2 C 2/3 affected; and grade 3, no viable

tumor cells remaining. Postoperative chemotherapy was

performed if a patient maintained good performance status

(PS) and nutritional status, after obtaining informed

consent.

Statistical Analysis

Continuous variables are expressed as median (in-

terquartile range, IQR). Data of the different groups were

compared by Wilcoxon test. Categorical data were ana-

lyzed by Chi square test. We measured OS from date of

first administration of chemotherapy to date of last follow-

up. We measured disease-free survival (DFS) from date of

curative-intent surgery to date of detection of recurrence or

death from any causes excluding R2 surgery cases. OS

rates after start of treatment were calculated according to

the Kaplan–Meier method, and differences between groups

were tested for significance using the log-rank test. In

univariate analysis of predicting curative-intent surgery,

each distant metastatic type was analyzed using the mul-

tiple noncurative metastases type as a reference.

Multivariate analysis for predicting curative-intent surgery

by logistic regression analysis included covariates that

gave values of P\ 0.1 on univariate analysis. Multivariate

survival analysis by a Cox proportional hazards regression

model included covariates that gave values of P\ 0.1 on

univariate survival analysis. All statistical analyses were

performed using JMP� 13 (SAS Institute Inc., Cary, NC,

USA). Differences with probability values P\ 0.05 were

considered as significant.

RESULTS

Selection of Patients for Curative-Intent Surgery

During the period of chemotherapy for 271 stage IV GC

patients, 202 patients showed progressive disease, 4

patients changed hospital, 2 patients died from other dis-

ease, and 15 patients who showed macroscopic peritoneal

dissemination by exploratory laparotomy could not

undergo surgery. Finally, 48 patients underwent surgery

with curative intent (Fig. 1).

Patient Characteristics of Registered Patients

Table 1 summarizes the demographics and tumor char-

acteristics of the 271 patients who underwent systemic

chemotherapy. There were 198 (73.1%) men. Median age

Stage IV GC patients (n=271)

Changed the hospital (n=4)

Died for other disease (n=2)

Curative intent surgery (n=48)

Progressive disease (n=202)

Exploratory laparotomy (n=63)

Peritoneal dissemination (n=15)

FIG. 1 Patient flow diagram
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was 68 (IQR, 61–73) years. The most frequent comorbidity

was diabetes mellitus (7.8%). Most frequently, the tumor

site was the upper third (U) (n = 101, 37.3%) and the

macroscopic type was type 3 (n = 141, 52.0%). A total of

149 patients (55.0%) had poorly differentiated or other type

of histological differentiation, and median tumor diameter

was 8.0 cm (IQR 6.0–11.0 cm). A total of 113 patients

(32.8%) underwent exploratory laparotomy prior to initial

chemotherapy, being open laparotomy for 24 patients and

staging laparoscopy for 89 patients. With respect to distant

metastatic site, peritoneal dissemination alone was highly

observed (32.1%). Of these, 218 patients (80.4%) received

S-1-based regimen and 36 patients (13.3%) received

capecitabine-based regimen.

Patient Characteristics of Patients Who Underwent

Curative-Intent Surgery for Stage IV Advanced GC

Table 2 summarizes the demographics and tumor char-

acteristics of the patients who underwent curative-intent

surgery. There were 30 (62.5%) men. Median age was

67 years (IQR 59–73 years). The tumor was frequently

detected in the upper third (U) (n = 20, 41.7%), and type 3

tumor was macroscopically frequent (n = 27, 56.3%).

Regarding distant metastatic type, lymphogenous distant

metastasis alone (n = 16, 33.3%) and peritoneal dissemi-

nation alone (n = 16, 33.3%) were frequent. Among

lymphogenous distant metastasis alone cases, there were 13

cases (81.3%) with paraaortic lymph node metastasis

alone, 1 case with combination of paraaortic lymph node

TABLE 1 Characteristics of

stage IV gastric cancer patients
Variable n = 271 (%)

Sex (M/F) 198 (73.1)/73 (26.9)

Age (years) 68 (61–73)a

Location of the tumor (U/M/L) 101 (37.3)/83 (30.6)/87 (32.1)

Comorbidities

Cardiovascular 17 (6.3)

Pulmonary 11 (4.1)

Diabetes mellitus 21 (7.8)

Macroscopic type (0/1/2/3/4) 3 (1.1)/5 (1.8)/67 (24.7)/141 (52.0)/55 (20.3)

Histological differentiation (G1/G2/G3)b 51(18.8)/71 (26.2)/149 (55.0)

Tumor diameter (cm) 8.0 (6.0–11.0)a

Distant metastatic site

Hematogenous metastasis 46 (17.0)

Lymphogenous metastasis 60 (22.1)

Peritoneal disseminationc 87 (32.1)

Positive lavage cytologyd 10 (3.7)

Multiple noncurable factors 68 (25.1)

Ex-lap (none/open/laparoscopy) 158 (58.3)/24 (8.9)/89 (32.8)

Chemotherapy regimen

S-1 37 (13.6)

S-1 ? cisplatin 48 (17.7)

S-1 ? docetaxel 90 (33.2)

S-1 ? oxaliplatin 34 (12.5)

S-1 ? docetaxel ? cisplatin 9 (3.3)

Capecitabine ? cisplatin 26 (9.6)

Capecitabine ? cisplatin ? trastuzumab 10 (3.7)

Other regimens 17 (6.3)

Ex-lap exploratory laparotomy
aMedian (IQR)
bAccording to TNM classification, G1 represents well-differentiated adenocarcinoma, G2 represents

moderately differentiated adenocarcinoma, and G3 represents poorly differentiated adenocarcinoma and

others
cWith or without positive lavage cytology
dExcluding macroscopic peritoneal dissemination
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TABLE 2 Characteristics,

chemotherapy, and pathological

details of patients who

underwent curative-intent

surgery for stage IV advanced

gastric cancer

Variable n = 48 (%)

Sex (M/F) 30 (62.5)/18 (37.5)

Age (years) 67 (59–73)a

Comorbidities

Cardiovascular 5 (10.4)

Pulmonary 3 (6.3)

Diabetes mellitus 7 (14.6)

PNI 48.9 (43.1–52)a

BMI (kg/m2) 22.4 (19.3–24.4)a

GPS (0/1/2) 35 (76.1)/8 (17.3)/2 (3)

Location of tumor (U/M/L) 20 (41.7)/16 (33.3)/12 (25.0)

Macroscopic type (0/1/2/3/4) 2 (4.2)/0 (0)/9 (18.8)/27 (56.3)/10 (20.8)

Histological differentiation (G1/G2/G3)b 10 (20.8)/14 (29.2)/24 (50.0)

Tumor diameter (cm) 9.4 (5.9–13.0)a

Metastatic site

Hematogenous 3 (6.3)

Lymphogenous 16 (33.3)

Peritoneal disseminationc 16 (33.3)

Positive lavage cytologyd 5 (10.4)

Multiple noncurable factors 8 (16.7)

Staging laparoscopy before chemotherapy (yes/no) 26 (54.2)/22 (45.8)

Chemotherapy

S-1 2 (4.2)

S-1 ? cisplatin 9 (18.8)

S-1 ? docetaxel 12 (25.0)

S-1 ? oxaliplatin 6 (12.5)

S-1 ? docetaxel ? cisplatin 5 (10.4)

Capecitabine ? cisplatin 6 (12.5)

Capecitabine ? cisplatin ? trastuzumab 3 (6.3)

Other regimens 5 (10.4)

Duration of chemotherapy (months) 2.5 (1.7–5.2)a

Adjuvant chemotherapy (yes/no) 28 (63.6)/16 (36.3)

Type of resection (TG/DG) 40 (83.3)/8 (16.7)

Paraaortic lymph node dissection 16 (33.3)

Liver resection 2 (4.2)

Postoperative stay (days) 16 (12–34)a

Postoperative morbidity (grade 1/2/3a/3b) 2 (4.2)/6 (12.5)/6 (12.5)/2 (4.2)

Postoperative mortality 0 (0)

ypDepth (1/2/3/4) 6 (12.5)/2 (4.2)/13 (27.1)/27 (56.3)

ypN (0/1/2/3) 11 (23.4)/10 (21.3)/8 (17.0)/19 (39.6)

ypStage (I/II/III/IV) 6 (12.5)/7 (14.6)/19 (39.6)/16 (33.3)

Residual cancer (R0/R1/R2) 35 (72.9)/9 (18.8)/4 (8.3)

Pathological response (0/1a/1b/2/3) 4 (8.3)/30 (62.5)/8 (16.7)/6 (12.5)/0 (0)

PNI prognostic nutritional index, BMI body mass index, GPS Glasgow prognostic score, TG total gas-

trectomy, DG distal gastrectomy
aMedian (IQR)
bAccording to TNM classification, G1 represents well-differentiated adenocarcinoma, G2 represents

moderately differentiated adenocarcinoma, and G3 represents poorly differentiated adenocarcinoma and

others
cWith or without positive lavage cytology
dExcluding macroscopic peritoneal dissemination
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and supraclavicular lymph node metastasis, 1 case with

supraclavicular lymph node metastasis, and 1 case with

other distant lymph node metastasis. The number of har-

vested paraaortic lymph nodes ranged from 0 to 20, and of

pathologically positive paraaortic lymph nodes from 0 to 5.

Among patients who underwent paraaortic lymph node

dissection, the B 3 positive para-aortic lymph node group

showed better 5-year OS (%) than the other group (75.2 vs.

0, P = 0.0001).

Chemotherapy in Stage IV Patients Undergoing

Conversion Surgery

Twenty-six patients (54.2%) underwent staging laparo-

scopy prior to initial chemotherapy (Table 2).

Principally, the chemotherapeutic regimens were selec-

ted according to the Japanese Gastric Cancer Treatment

Guidelines.30 However, other chemotherapeutic regimens

were administered to some patients registered in clinical

trials. Every patient underwent fluoropyrimidine-based

regimens. The median duration of chemotherapy was 2.5

(1.7–5.2) months. Adjuvant chemotherapy was performed

in 28 patients (63.6%) excluding the R2 surgery group.

Regimens of postoperative chemotherapy for the R1 and

R2 surgery group were as follows: S-1 monotherapy for

four patients, S-1 plus oxaliplatin for two patients, S-1 plus

docetaxel for one patient, docetaxel plus cisplatin for two

patients, capecitabine plus cisplatin plus trastuzumab for

one patient, irinotecan plus cisplatin for one patient, and

nab-paclitaxel for one patient. One patient in the R2 sur-

gery group could not receive postoperative chemotherapy

due to poor performance status after gastrectomy.

Curative-Intent Surgery

Forty patients (83.3%) underwent total gastrectomy, and

8 patients (16.7%) patients underwent distal gastrectomy.

Paraaortic lymph node dissection was performed in 16

patients (33.3%) who were diagnosed as having para-aortic

lymph node metastasis before chemotherapy. Of the four

patients with liver metastasis, two patients (4.2%) under-

went partial liver resection and two patients showed

complete remission with liver metastasis. A total of 14

patients (29.2%) suffered from Clavien–Dindo grade II or

higher postoperative morbidity, although no postoperative

mortality was observed (Table 2). Clavien–Dindo grade III

postoperative morbidity occurred as follows: four cases

(8.3%) of anastomotic leakage, two cases (4.2%) of duo-

denal stump leakage, two cases (4.2%) of pancreatic fistula,

and one case (2.1%) of pleural effusion (with some

overlap).

Pathological Details

Table 2 presents the yp depth, ypN, and ypStage results,

revealing that yp T3/T4 was observed in 40 patients

(83.3%), ypN(?) was seen in 37 patients (77.1%), and

ypStage IV was observed in 16 patients (33.3%). R0

resection was performed in 35 patients (72.9%), R1

resection was performed in 9 patients (18.8%) (positive

peritoneal cytology in 8 and positive margin in 1 case), and

R2 resection was performed in 4 patients (8.3%) (peri-

toneal metastasis in 3 and unresectable paraaortic lymph

node metastasis in 1 case). The pathological response rate

of the primary tumors, including grade 1b, grade 2, and

grade 3, was 29.2%.

Survival of Registered Patients

Median follow-up was 12 months (IQR 7–22 months)

for all registered patients. Figure 2a shows the OS of all

stage IV GC patients. MST was 12.0 months (95% CI

11.0–14.0 months). Figure 2b shows the OS of both the

surgery group and nonsurgery group. MST in the surgery

group was significantly longer than that in the nonsurgery

group, viz. 53.0 months (95% CI 28.0 months to not

reached) versus 11.0 months (10.0–12.0 months)

(P = 0.000).

Predictive Factors for Curative-Intent Surgery

As the surgery group showed significantly longer sur-

vival compared with the nonsurgery group among stage IV

GC patients, we analyzed the predictive factors for per-

forming curative-intent surgery in the registered patients

(Table 3). Univariate analysis showed that lymphogenous

distant metastasis alone, positive lavage cytology (P0CY1)

alone, serum level of carcinoembryonic antigen (CEA),

neutrophil lymphocyte ratio (NLR), Glasgow prognostic

score (GPS), and administration of doublet or triplet

chemotherapy were predictive factors for curative-intent

surgery for stage IV advanced GC patients. However, sex,

age, presence of hematogenous metastasis alone, peritoneal

dissemination, prognostic nutritional index (PNI),31 and

histological type had no correlation. Logistic regression

analysis showed that lymphogenous metastasis alone,

positive lavage cytology alone, low GPS, and administra-

tion of doublet or triplet chemotherapy were independent

predictive factors for performing curative-intent surgery in

stage IV GC patients.
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Survival of Patients Who Underwent Curative-Intent

Surgery

At the time of survival analysis, the median follow-up of

the patients who underwent curative-intent surgery was

52 months (IQR, 25 months to not reached). There were

significant differences in the OS between the R0, R1, and

R2 groups (P = 0.0002) (Fig. 3a). The three-year survival

rates were 75.4%, 33.3%, and 25.0%, respectively. Addi-

tionally, there was significant difference in DFS between

the R0 and R1 groups (Fig. 3b), with 3-year DFS rates of

53.7% and 0%, respectively (P = 0.0002).

Prognostic Factors for OS in Patients Undergoing

Curative-Intent Surgery

Univariate analysis of OS showed that ypStage IV was

associated with poor OS and R0 surgery was associated

with favorable OS; however, other factors, such as sex,

age, distant metastatic type, and pathological response, had

no significant correlation with OS (Table 4). The Cox

proportional regression hazards model for OS showed that

R0 surgery was an independent prognostic factor [hazard

ratio (HR) 0.188, 95% CI 0.044–0.790, P = 0.022]

(Table 4). Among the 35 patients in the R0 surgery group,

19 patients (54.3%) suffered from recurrence, with 14

patients (40.0%) showing peritoneal dissemination, 5

(14.3%) liver metastasis, 4 (11.4%) lymph node metastasis,

1 (2.9%) pleural dissemination, and 1 (2.9%) local recur-

rence (with overlap). There were no independent predictive

factors for recurrence among the R0 surgery group (data

not shown).

DISCUSSION

The results of this retrospective study show that lym-

phogenous distant metastasis alone, positive lavage

cytology alone, low GPS, and doublet/triplet chemotherapy

were predictive factors for performing curative-intent sur-

gery for stage IV advanced GC patients, and R0 resection

surgery was an independent prognostic factor for favorable

long-term outcome among patients who underwent

surgery.

As several studies have shown, curative-intent surgery is

currently recognized as a significant factor for improving

life expectancy in patients with advanced GC.12–19,32

Yamaguchi et al.19 reported that stage IV GC patients who

underwent curative-intent surgery showed better OS than

patients without surgery in every category of Yoshida’s

classification. Ishigami et al.14 also reported that patients

with CY1 or P1 undergoing curative-intent surgery after

intraperitoneal and systemic chemotherapy showed better

long-term survival than patients who did not undergo sur-

gery. In the current study, the surgery group showed

significantly longer OS than the nonsurgery group. As

patients who underwent curative-intent surgery showed

relatively good response to systemic chemotherapy, long-

term results between the two groups showed such a dif-

ference. Although a randomized prospective study may be

essentially necessary to confirm the effectiveness of cura-

tive-intent surgery, stage IV includes various kinds of

statuses and the candidates for surgery are few; therefore, it

is difficult to conduct a prospective trial. Thus, multiinsti-

tutional retrospective study with a large number of patients

may indicate the validity of curative-intent surgery in stage

IV gastric cancer patients.

Surgery group (n=48 )

Non-surgery group (n=223 )
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FIG. 2 Kaplan–Meier plots of OS in: a all stage IV gastric cancer

patients (MST 12 months with 95% CI of 11.0–14.0 months), b stage

IV gastric cancer patients who underwent curative-intent surgery (the

surgery group) and patients treated by chemotherapy alone (the

nonsurgery group); the surgery group showed better MST of

53.0 months (95% CI 28.0 months to NR) than the nonsurgery

group (11.0 months, 95% CI 10.0–12.0 months) (p = 0.000). MST

median survival time, NR not reached, CI confidence interval
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Regarding predictive factors for curative-intent surgery,

the results of the current study show that lymphogenous

distant metastasis is mainly due to paraaortic lymph node

metastasis alone, which has a high probability of under-

going curative-intent surgery. As a previous

multiinstitutional phase II trial of neoadjuvant chemother-

apy followed by surgery against bulky lymph node

metastasis along the celiac artery and/or paraaortic lymph

node metastasis (JCOG0405 study) achieved a high R0

resection rate (82%) and showed relatively good long-term

survival (5-year OS rate 53%), patients with paraaortic

lymph node metastasis alone can be considered as candi-

dates for potential resection.33 According to the previous

TABLE 3 Univariate and

multivariate analyses for

predicting curative-intent

surgery for stage IV advanced

gastric cancer

Univariate Multivariate

OR p value OR 95% CI p value

Sex

Male 0.546 0.077

Female 1

Age

C 75 years 0.622 0.263

\ 75 years 1

Metastatic site

Hematogenous 0.523 0.342

Multiple noncurative factors 1

Lymphogenous 2.728 0.030 3.276 1.455–7.439 0.004

Multiple noncurative factors 1 1

Peritoneal disseminationa 1.690 0.253

Multiple noncurative factors 1

Positive lavage cytologyb 7.502 0.007 6.394 1.476–28.80 0.014

Multiple noncurative factors 1 1

CEA

C 10 0.442 0.024

\ 10 1

NLR

C 4 0.489 0.050

\ 4 1

PNI

\ 40 0.437 0.054

C 40 1

GPS

0 0.267 0.000 0.276 0.117–0.605 0.001

1/2 1 1

Histological differentiationc

G1 1.168 0.697

G2/G3 1

Chemotherapy

Doublet/triplet 2.888 0.054 4.064 1.097–26.53 0.034

Monotherapy 1

CEA carcinoembryonic antigen, NLR neutrophil lymphocyte ratio, PNI prognostic nutritional index, OR

odds ratio, CI confidence interval
aWith or without positive lavage cytology
bExcluding macroscopic peritoneal dissemination
cAccording to TNM classification, G1 represents well-differentiated adenocarcinoma, G2 represents

moderately differentiated adenocarcinoma, and G3 represents poorly differentiated adenocarcinoma and

others
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study, B 3 positive para-aortic lymph node metastasis will

be a good indication for paraaortic lymph node

dissection.34

Kodera et al. demonstrated that the 5-year survival rate

with positive lavage cytology without macroscopic peri-

toneal dissemination (P0CY1) was more than 20%.

Therefore, patients with P0CY1 are considered to be good

candidates for curative-intent surgery in combination with

perioperative chemotherapy.35

GPS is an inflammation-based prognostic score based on

serum C-reactive protein (CRP) and albumin levels, which

have been identified as useful prognostic measurements in

several malignancies.36–38 CRP elevation is the result of an

increase in inflammatory cytokine levels, such as inter-

leukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-a.39

IL-6 has been shown to increase the antiapoptotic and

oncogenic potential of tumor cells, as well as induce drug

resistance.40 Hypoalbuminemia represents malnutrition

status, which has been reported as a factor that can predict

treatment discontinuation and poor outcomes in patients

treated at the palliative stage.41,42 Therefore, low GPS may

show good response to systemic chemotherapy and result

in greater frequency of curative-intent surgery.

Since the SPIRITS trial showed the superiority of S-1

plus cisplatin doublet chemotherapy compared with S-1

monotherapy, doublet chemotherapy regimens have

become a standard treatment for unresectable GC.3 In

addition, according to another phase III randomized con-

trolled trial, capecitabine plus cisplatin plus trastuzumab

regimen has become a standard chemotherapy regimen for

human EGFR-related 2 (HER2)-positive unresectable GC.2

Therefore, doublet or triplet chemotherapies have been

regarded as standard therapy for unresectable GC.2–5 In the

current study, monotherapy was more often applied before

2008 as compared with after 2008 (41.4% vs. 1.6%,

P = 0.000, data not shown). These results suggest that

advancement of chemotherapy leads to high incidence of

curative-intent surgery for stage IV GC.

Previously, some studies reported prognostic factors for

curative-intent surgery after systemic chemotherapy in

stage IV gastric cancer patients. Ishigami et al.15 showed

that R0 resection was an independent prognostic factor in

18 advanced GC cases undergoing curative-intent surgery,

and Satoh et al.18 reported that R0 or CY1 alone cases

showed better survival in 44 cases with curative-intent

surgery. Fukuchi et al.43 showed that one noncurative

factor and R0 resection are independent prognostic factors

among patients who underwent curative-intent surgery. In

the current study, R0 resection was an independent prog-

nostic factor in patients undergoing surgery. Although

further studies are necessary, R0 resection will be a strong

prognostic factor for successful treatment. However, the

validity of R1 surgery is still controversial. Among nine R1

resection patients, eight patients had CY1. According to the

CCOG0301 study, gastric cancer patients with CY1 who

underwent gastrectomy followed by adjuvant chemother-

apy with S-1 for 1 year showed relatively good long-term

survival (5-year OS[ 25%), better than in the other stage

IV gastric cancer patients.35 Another retrospective study

showed that prognosis for patients with CY0 after neoad-

juvant systemic chemotherapy was significantly better than

that for patients who were still CY1 after neoadjuvant

systemic chemotherapy.44 In the current study, MST of the

R1 resection group was 27 months, indicating better sur-

vival time compared with other studies for stage IV GC

patients undergoing chemotherapy alone. However, the

validity of curative-intent surgery and best perioperative

chemotherapy for this population remain uncertain.

Among patients undergoing curative-intent surgery, the

R2 resection group showed the worst OS compared with

the R0/R1 surgery groups. Impaired compliance with
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FIG. 3 Kaplan–Meier plots of overall and disease-free survival:

a OS curves of R0, R1, and R2 surgery group; The MST (months,

95% CI) in each group was NR (40 to NR), 26.2 (9.2 to NR), and 12.3

(8.1 to NR), respectively. The three-year survival rates were 75.4%,

33.3%, and 25.0%, respectively (p = 0.0002). b Disease-free survival

curves of R0 and R1 surgery group. The MST (months, 95% CI) was

37.5 (13.6 to NR) and 8.5 (4.1–10.3), respectively. The three-year

survival rates were 53.7% and 0%, respectively (p = 0.0002). MST

median survival time, NR not reached, CI confidence interval
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chemotherapy after gastrectomy might accounted for the

worse OS rather than chemotherapy per se. Thus, R2

resection should be avoided in gastrectomy cases in order

not to worsen compliance with chemotherapy after surgery.

In the current study, three cases with peritoneal metastasis

and one case with bulky paraaortic lymph node metastasis

resulted in R2 resection. Therefore, continuation of

chemotherapy will be recommended for patients who have

macroscopically noncurable factor on exploratory laparo-

tomy or staging laparoscopy.

The present study has some limitations. This is a ret-

rospective study with a relatively small sample size.

However, the indication for curative-intent surgery was

decided according to the patients’ intent and general con-

dition, and moreover, induction and postoperative

chemotherapeutic regimens were selected based on the

trends and guidelines at that time. As a result,

chemotherapeutic regimens varied during this study.

CONCLUSIONS

Patients with lymphogenous distant metastasis alone,

particularly a small number of paraaortic lymph node

metastases, P0CY1 alone, good immunonutritional status,

and doublet/triplet chemotherapy are candidates for effec-

tive curative-intent surgery. Of these, R0 resection can

provide favorable survival after surgery. As it is difficult to

conduct a prospective randomized study for this popula-

tion, the results of a large-scale retrospective cohort study,

TABLE 4 Univariate and

multivariate analysis for OS in

patients undergoing curative-

intent surgery for stage IV

advanced gastric cancer

Univariate Multivariate

MST (months) HR p value HR (95% CI) p value

Sex

Male NR 1.139 0.784

Female 53 1

Age

C 75 years NR 0.387 0.288

\ 75 years 53 1

Metastatic site

Hematogenous 17 2.472 0.375

Multiple noncurative 28 1

Lymphogenous NR 0.422 0.235

Multiple noncurative 28 1

Peritoneal dissemination 53 0.989 0.986

Multiple noncurative 28 1

Positive lavage cytology 31 0.713 0.693

Multiple noncurative 53 1

Lymph node metastasis

ypN(?) 41 2.027 0.188

ypN(–) 53 1

Pathological response

0/1a 53 0.834 0.712

1b/2/3 53 1

ypStage

IV 27 2.758 0.040

I/II/III 53 1

Residual tumor

R0 NR 0.184 0.002 0.188 0.044–0.790 0.022

R1/R2 26 1 1

Adjuvant chemotherapy

Yes 53 1.215 0.705

No NR 1

MST median survival time, NR not reached, HR hazard ratio, CI confidence interval, yp pathological status

after chemotherapy
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CONVO-GC-1 [international retrospective cohort study of

conversion therapy (adjuvant surgery) for stage IV gastric

cancer 1], are anticipated.
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