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ABSTRACT

Background. Laparoscopic gastrectomy (LG) is a stan-

dard approach for patients with clinical stage I gastric

cancer in East Asia; however, following surgery, these

patients may be pathologically diagnosed with stage II or

III cancer. The prognosis of patients with gastric cancer

migration from clinical stage I to pathological stage II or

III after LG has not been completely clarified.

Methods. To compare the prognosis following LG and

open gastrectomy (OG) in patients with pathological stage

II or III gastric cancer who were preoperatively diagnosed

with stage I cancer, we conducted a retrospective analysis

using a multicenter dataset comprising details of 3480

patients who underwent gastrectomy between 2010 and

2014 at nine participating institutions. We used propensity

score matching to reduce selection bias.

Results. After propensity score matching, 146 patients

were finally selected. There were no significant differences

in the number of dissected lymph nodes. Morbidity rates,

length of postoperative hospital stay, and time between

surgery and initiation of adjuvant chemotherapy were

comparable between the two groups. Moreover, there were

no significant differences in the overall, disease-specific,

and relapse-free survival rates between the LG and OG

groups. The LG group tended to have more patients with

hematogenous recurrence, whereas the OG group tended to

have more patients with peritoneal recurrence.

Conclusions. Our multicenter dataset analysis indicated

that the prognosis of patients with gastric cancer migration

from clinical stage I to pathological stage II or III was

independent of the surgical approach.

Gastric cancer is the third most common cause of can-

cer-related deaths in Japan.1,2 The 4th edition of the

Japanese Gastric Cancer Treatment Guidelines state that

laparoscopic gastrectomy (LG) is recommended for clini-

cal stage I gastric cancer;3 however, the accuracy of

preoperative staging is limited.4 It is not uncommon for

patients who were preoperatively diagnosed with clinical
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stage I gastric cancer to be postoperatively diagnosed with

pathological stage II or III gastric cancer.5 Little informa-

tion is available regarding the prognosis of such patients

with gastric cancer migration from clinical stage I to

pathological stage II or III after LG.

Several retrospective studies from centralized centers

and a meta-analysis have indicated that LG for advanced

gastric cancer provides long-term outcomes comparable

with those of open gastrectomy (OG).6–8 However, those

studies selected patients on the basis of preoperative clin-

ical stage and faced issues such as limited information on

postoperative adjuvant treatment, recurrence patterns, and

inclusion of patients with cancer who had inversely

migrated from clinical stage II or III to pathological stage I.

Thus, those previous studies and some ongoing clinical

trials comparing long-term outcomes between patients who

underwent LG and those who underwent OG can hardly be

expected to resolve the clinical question regarding the

prognosis of patients with gastric cancer migration from

clinical stage I to pathological stage II or III after LG.9

We constructed a multicenter database comprising

details of 3480 patients who underwent gastrectomy

between 2010 and 2014 at nine participating institutions,

and retrospectively analyzed the prognostic factors for

gastric cancer.10–12 Using this database, we evaluated the

postoperative outcomes of patients with pathological stage

II or III gastric cancer (according to surgical approaches

[LG or OG]) who were preoperatively diagnosed with stage

I; the evaluation was performed by propensity score

matching.

MATERIALS AND METHODS

Patients

Figure 1 illustrates the flowchart of patient enrollment.

We retrospectively reviewed clinical data procured from

the medical records of 3480 patients who underwent gas-

trectomy for gastric cancer at nine institutions between

January 2010 and December 2014. Of these, we selected

221 patients with pathological stage II to III gastric cancer

according to the TNM Classification of Malignant Tumors,

7th Edition, who were preoperatively diagnosed with

clinical stage I gastric cancer.13 The exclusion criteria were

preoperative treatment (n = 188), gastric stump cancer

(n = 88), extended surgery (e.g. pancreaticoduodenectomy

or esophagectomy; n = 6), the presence of other primary

malignant cancer (n = 456), and missing data for estima-

tion of the propensity score (n = 2). This study conformed

with the ethical guidelines of the World Medical Associ-

ation Declaration of Helsinki–Ethical Principles for

Medical Research Involving Human Subjects. Written

informed consent for surgery and use of clinical data was

obtained from patients, as required by the Institutional

Review Board of each participating institutions. We

employed opt-out recruitment according to the policy of

the Japanese government because this clinical research was

conducted using only retrospective clinical data without

intervention. The purpose, design, and objectives of the

study were posted on the homepage of the Nagoya

University Graduate School of Medicine (https://www.

med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html

(https://www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyou

kansatsu.html) to provide an opportunity for patients to

decline to contribute to our study.

Patient Management

Upper gastrointestinal endoscopy and contrast-enhanced

chest and abdominal computed tomography (CT) were

performed for all patients for preoperative staging, and

magnetic resonance imaging was considered as necessary.

Patients underwent gastrectomy with D1 ? or D2 lym-

phadenectomy according to clinical stage, and the

reconstruction method was selected at the surgeon’s dis-

cretion. Postoperative follow-up included physical

examinations and laboratory tests every month, as well as

enhanced computed tomography scans (chest and abdom-

inal cavity) once every 6 months for 5 years or until

death.3 S-1 (an oral fluoropyrimidine derivative)

monotherapy or doublet chemotherapy was administered to

all patients as postoperative adjuvant treatment unless

contraindicated by the patient’s condition or unless the

patient refused.14,15 Treatment after recurrence was deter-

mined according to the information available at the time

and the patient’s condition, with the patient’s consent.

Propensity Score Matching

We used propensity score matching to reduce potential

bias. Propensity scores were estimated using a logistic

regression model according to the following 11 factors:

age, body mass index, sex, performance status, tumor size,

type of gastrectomy, extent of lymph node dissection,

pathological stage, vascular invasion, lymphatic involve-

ment, and adjuvant chemotherapy. After propensity score

matching, 146 patients were subjected to the analysis.

Propensity scores were matched using one-to-one nearest-

neighbor matching with no replacement and no caliper

width. Postoperative complications were defined according

to the Clavien–Dindo classification16.

Stage Migration After Laparoscopic Surgery 269

https://www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html(www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html
https://www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html(www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html
https://www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html(www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html
https://www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html(www.med.nagoya-u.ac.jp/medical_J/ethics/rinsyoukansatsu.html


Statistical Analysis

Qualitative variables were compared between the two

patient groups using Fisher’s exact test, and quantitative

variables were compared using the t test. Survival rates

were estimated using the Kaplan–Meier method. The

hazard ratio (HR) and 95% confidence interval (CI) were

estimated using the univariate Cox proportional hazards

model. Statistical analysis was performed using EZR sta-

tistical software,17 and a p value\ 0.05 indicated a

statistically significant difference.

RESULTS

Demographics and Clinical Characteristics

Patient demographics and clinical characteristics before

and after propensity score matching are presented in

Table 1. After propensity score matching, the LG and OG

groups showed similar distributions with respect to

demographics, type of gastrectomy, extent of lym-

phadenectomy, pathological stage, and administration of

adjuvant chemotherapy. Before propensity score matching,

the number of patients with clinical T1N0, T1N1, and

T2N0 was 39, 1, and 33 in the LG group, and 38, 8, and

100 in the OG group, respectively. After propensity score

matching, the number of patients with clinical T1N0,

T1N1, and T2N0 was 24, 6, and 43 in the OG group. The

median observation period was 51.4 months in the LG

group and 57.3 months in the OG group.

Clinical characteristics after propensity score matching

between the LG and OG groups are shown in electronic

supplementary Table 1. The rates of patients who had a

history of laparotomy in the LG and OG groups were

12.3% and 5.5%, respectively. The margin-positive rates

were 1.4% for both groups. There were no statistically

significant differences in comorbidities that might affect

the overall survival, such as diabetes, hypertension, respi-

ratory disease, heart disease, and cerebrovascular disease.

The number of patients who received S-1 monotherapy,

capecitabine plus oxaliplatin, S-1 plus docetaxel, and cis-

platin-based doublet chemotherapy was 38, 1, 0, and 2 in

the LG group, and 40, 0, 2, and 0 in the OG group,

respectively (electronic supplementary Table 1).

Gastrectomy for gastric cancer (n=3480)

Excluded (n=738)

Preoperative treatment (n=188)
Gastric stump cancer (n=88)
Extended surgery (n=6)
Synchronous or metachronous malignant tumor (n=456)

cStage I (n=1578) cStage II (n=583) cStage III (n=513) cStage IV (n=68)

Excluded (n=1357)

Unknown (n=8)
pStage I (n=1343)
pStage IV (n=6)

cStage I and pStage II/III (n=221)

Missing data for estimation propensity score (n=2)

Evaluation for propensity score (n=219)

Open gastrectomy (n=146)
Laparoscopic gastrectomy (n=73) Matching

Open gastrectomy (n=73)

Laparoscopic gastrectomy (n=73)

FIG. 1 Study design
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Short-Term Outcomes

Information regarding operative findings and postoper-

ative complications is summarized in Table 2. The mean

operative time was significantly longer in the LG group

than in the OG group (285 vs. 237 min; p\ 0.001), and the

mean intraoperative blood loss volume was significantly

smaller in the LG group than in the OG group (87 vs.

265 ml; p\ 0.001). There were no significant differences

in the number of dissected lymph nodes (mean 33.2 vs.

34.6), incidence of postoperative complications, length of

postoperative hospitalization, rate of readmission, or rate of

reoperation between the LG and OG groups. The median

number of retrieved lymph nodes in patients who under-

went non-D2 lymph node dissection was 28.5 in the LG

group and 26.5 in the OG group. The LG group had a larger

number of retrieved lymph nodes compared with the OG

group (mean 31.7 vs. 25.4; p = 0.044). The proportions of

patients who had \ 15 retrieved lymph nodes in the LG

and OG groups were 4.1% and 9.6%, respectively. There

was no significant difference in the time from surgery to

initiation of adjuvant chemotherapy between the LG and

OG groups (44.4 vs. 45.2 day; p = 0.883).

Long-Term Outcomes

The 1-, 2-, 3-, and 5-year relapse-free survival rates in

the LG group were 97%, 92%, 90%, and 90%, respectively,

and 99%, 92%, 91%, and 87%, respectively, in the OG

group. The LG group had similar relapse-free survival

compared with the OG group (HR 0.811, 95% CI

0.294–2.236, p = 0.685) (Fig. 2a). The 5-year disease-

specific survival rate was 91% and 93% in the LG and OG

groups, respectively; There was no statistically significant

difference between the two groups (HR 1.377, 95% CI

0.388–4.879, p = 0.621) (Fig. 2b). With respect to overall

survival, no statistically significant differences were

observed between the LG and OG groups (HR 0.589, 95%

CI 0.259–1.363, p = 0.216). The 5-year overall survival

rates for the LG and OG groups were 89% and 80%,

respectively.

Of 1578 patients who were preoperatively diagnosed

with clinical stage I, the numbers of patients with patho-

logical stage I and stage II/III gastric cancer were 1343 and

221, respectively. The 5-year overall survival, disease-

specific survival, and relapse-free survival rates of patients

pathologically diagnosed as stage I were 94.0%, 99.0%,

and 98.5%, respectively, and 81.8%, 90.7%, and 83.9%,

respectively, for patients pathologically diagnosed as stage

II/III.

Disease recurrence was observed in seven patients

(9.6%) in the LG group and eight patients (11.0%) in the

OG group. Although there were no statistically significant

differences in the prevalence of recurrence pattern between

the LG and OG groups, the OG group tended to have more

patients with peritoneal recurrence, whereas the LG group

tended to have more patients with hematogenous recur-

rence (Fig. 3).

TABLE 2 Operative findings and postoperative complications

Laparoscopic gastrectomy

[n = 73] (%)

Open gastrectomy [n = 73]

(%)

p value

Mean operative time, min (mean ± SD) 284.8 ± 64.4 237.0 ± 63.7 \ 0.001

Mean blood loss, ml (mean ± SD) 86.6 ± 100.0 264.6 ± 15.4 \ 0.001

Number of retrieved lymph nodes (mean ± SD) 33.2 ± 14.4 34.6 ± 18.6 0.637

Number of retrieved lymph nodes in non-D2 dissection

(mean ± SD)

31.7 ± 14.9 25.4 ± 12.4 0.044

Mean postoperative hospital stay, days (mean ± SD) 16.8 ± 20.1 16.3 ± 9.9 0.823

Complications

] Grade 2 19 (26.0) 13 (17.8) 0.317

] Grade 3 9 (12.3) 9 (12.3) 1.000

Anastomotic leak (] Grade 3) 5 (6.8) 2 (2.7) 0.442

Pancreatic fistula(] Grade 3) 4 (5.5) 4 (5.5) 1.000

Bowel obstruction(] Grade 3) 1 (1.4) 1 (1.4) 1.000

Readmission 8 (11.0) 8 (11.0) 1.000

Reoperation 3 (4.1) 6 (8.2) 0.494

Time from surgery to initiation of adjuvant chemotherapy, days

(mean ± SD)

44.4 ± 29.6 45.2 ± 23.0 0.883

SD standard deviation
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DISCUSSION

According to the current Japanese gastric cancer treat-

ment guideline, LG is only recommended for clinical stage

I gastric cancer. On the other hand, in clinical practice, it is

not uncommon for patients who were preoperatively

diagnosed with clinical stage I gastric cancer to be post-

operatively diagnosed as pathological stage II or III gastric

cancer. In this study, we aimed to clarify the prognosis of

patients with pathological stage II or III gastric cancer

following LG who were preoperatively diagnosed with

clinical stage I. For this purpose, we compared the out-

comes between the LG and OG patients using propensity

score matching and found that prognosis was comparable

between the two surgical approaches.

LG for early gastric cancer has become common, and

the safety of this procedure has proven to be equivalent to

that of OG in large-scale prospective clinical trials, such as

the JCOG0912 and KLASS-01 trials.18,19 In those clinical

trials, conducted by high-volume centers, patients with

stage I gastric cancer were strictly selected before enroll-

ment to minimize the risk of stage migration. Nevertheless,

accurate diagnosis of the clinical stage of gastric cancer is

difficult, and the clinical stage is sometimes unexpectedly

different from the pathological stage.4,5 In fact, in the

KLASS-01 trial, 196 of 1359 patients (14.4%) were finally

diagnosed with pathological stage II or III gastric cancer,
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although they were preoperatively diagnosed with clinical

stage I gastric cancer.19 Similarly, in the JCOG0912 trial,

88 of 912 (9.6%) patients who were finally diagnosed with

pathological stage II or III gastric cancer were preopera-

tively diagnosed with clinical stage I gastric cancer

preoperatively.18 In this study, 14.0% of patients showed

gastric cancer migration from clinical stage I to patholog-

ical stage II or III after LG. Knowledge regarding the

prognosis of such patients, particularly after LG, remains

limited. Single-center studies generally suffer from insuf-

ficient statistical power owing to the limited number of

patients and difficulty in propensity score matching,

thereby causing substantial selection bias. To answer this

clinical question, we herein analyzed a multi-institute

dataset focusing on patients with gastric cancer migration

from clinical stage I to pathological stage II or III after LG.

As we aimed to primarily evaluate long-term outcomes, we

included several important intraoperative and postoperative

factors that are closely related with prognosis to allow for

accurate propensity score matching.

In this study, patients who underwent LG had similar

morbidity rates, smaller intraoperative blood loss, and

longer operative time compared with those who underwent

OG, consistent with the results of the KLASS-01 and

JCOG0912 trials.18,19 Regarding long-term outcomes,

survival of the LG group was comparable with that of the

OG group. Our results indicate that the surgical approach

has limited prognostic impact in patients with pathological

stage II or III gastric cancer who were preoperatively

diagnosed with stage I cancer. However, surgeons could

have hesitated to perform LG and selected OG for patients

with advanced age, history of abdominal surgery, comor-

bidities, or poor performance status, although patient

background was adjusted by propensity score matching.20

We speculate that this is a potential factor resulting in the

slight differences observed in the overall survival curves

between the LG and OG groups.

In this study, we investigated the long-term outcomes of

all patients with pathological stage II or III gastric cancer,

with a 5-year relapse-free survival rate of 64.8%. The long-

term prognosis of patients in the LG group with patho-

logical stage II or III gastric cancer who were

preoperatively diagnosed with clinical stage I was more

favorable compared with that of all patients diagnosed

pathologically at the same stages. A possible reason was a

large proportion of patients with clinical stage I were

finally diagnosed as pathological stage II in the present

study. Moreover, the mean number of retrieved lymph

nodes in patients who received non-D2 lymphadenectomy

during the LG was 31.7, comparable with that of patients

who received D2 lymphadenectomy. This might be another

reason for excellent relapse-free survival in the LG group.

There was no statistically significant difference in the

site of initial disease recurrence; however, the LG group

tended to have more patients with hematogenous recur-

rence, whereas the OG group tended to have more patients

with peritoneal recurrence. It is difficult to draw a con-

clusion from the limited number of events, although these

findings imply that the laparoscopic approach and subse-

quent pneumoperitoneum did not increase the risk of

peritoneal recurrence. Another important finding is the low

nodal recurrence rate in both groups (1.3% each), although

63% of patients in the LG group underwent non-D2

lymphadenectomy.

This study has several potential limitations. Although

propensity score matching was performed to minimize

selection bias, this was a retrospective study. Because the

surgical indication of OG for clinical stage I gastric cancer

depends on the surgeons’ discretion, patient selection

might have been quite biased. We used performance status

for propensity score matching, although the American

Society of Anesthesiologists (ASA) physical status classi-

fication, which reflects patients’ underlying condition in

more detail, might be a better tool. Unfortunately, our

multi-institutional dataset did not include sufficient infor-

mation to determine the ASA physical status classification,

such as history of smoking and the severity of diabetes.

CONCLUSIONS

We evaluated the prognosis of patients with gastric

cancer migration from clinical stage I to pathological stage

II or III following LG using a multicenter dataset and found

that it was comparable with that of patients who underwent

OG.
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