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Abstract

Objectives: Neoadjuvant chemotherapy (NAC) is widely accepted as a potential treatment for advanced gastric
cancer (AGC). Laparoscopic gastrectomy (LG) has recently been performed for advanced gastric cancer and could
lead to improved adherence to multimodal treatment. In the present study, we compared the feasibility and outcomes
of LG in patients with or without NAC in our institution.

Methods: We assessed patients who underwent LG with (n=185) or without (n=1204) NAC between 1997 and 2013.
We used propensity score matching to evaluate perioperative short-term outcomes and long-term outcome.

Results: We used propensity score matching by patient background and treatment-rerated factors to establish
two groups of 157 patients with or without NAC. There were no significant differences in perioperative short-term
outcomes or long-term outcome between the groups.

Conclusions: LG for selected patients with NAC is feasible and safe but has no long-term survival benefit.
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Introduction

Gastric cancer (GC) is one of the most frequent cancers,1

and surgical resection is performed in the early stage. However,
surgery alone for advanced gastric cancer (AGC) has a limited
beneficial effect on long-term outcomes.2 Therefore, multimodal
approaches to treatment of AGC have been tried to improve
patients’ survival. In the last 20 years, large randomized trials
have demonstrated the efficacy of adjuvant chemoradiotherapy
(INT-0116 trial),3 adjuvant single-drug chemotherapy (ACTS-GC
trial),4 and perioperative three-drug combination chemotherapy
(MAGIC trial).5 After publication of the results of these
trials, surgery alone was no longer considered to be the
standard treatment for AGC. Adjuvant chemotherapy after D2
lymphadenectomy is currently considered the standard treatment
for GC.3,5 However, the prognosis for AGC remains poor
compared with that of early-stage GC, with 5-year survival
rates >95%,6 and there is no established method to increase
survival.6 Neoadjuvant chemotherapy (NAC) might improve
the prognosis of AGC because it can reduce tumor size,
decrease clinical stage, and increase curative resection rate.5

S-1 (TS-1®; Taiho Pharmaceutical Company, Tokyo, Japan),
which is a promising oral anticancer drug for GC,7,8 plus
cisplatin therapy had a 54% response rate for AGC in a phase
III trial. Although there were no treatment-related deaths in
this trial, many grade 3 or 4 adverse events were reported.
Severe adverse events in the NAC setting could lead to
incomplete treatment or delayed surgery, and the ideal timing
of surgery may be missed. Therefore, compared with laparotomy,
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laparoscopic gastrectomy (LG) is expected to improve adherence
to multimodal treatment.9–11

In the present study, we evaluated the feasibility and outcomes
of LG following NAC by propensity score matching (PSM)-based
comparison of patients with or without NAC in our institution.

Methods

Study design
This was a single-center retrospective cohort study of patients

who underwent LG for GC between 1997 and 2013 at Fujita
Health University, Toyoake, Japan. We divided the patients
into two groups: 185 with NAC and 1204 without NAC. We
collected the following background data on the patients: sex,
age, American Society of Anesthesiologists (ASA) status, body
mass index (BMI), and clinical stage according to Japanese
Classification of Gastric Carcinoma (JCGC) before treatment. We
also collected data on the following treatment-related factors:
surgical procedures (proximal gastrectomy, distal gastrectomy,
total gastrectomy or pancreaticoduodenectomy); extent of
lymphadenectomy (D1 plus or less, or D2 or more); combined
resection of other organs; adjuvant chemotherapy; perioperative
short-term outcomes (total operation time, estimated blood loss,
postoperative hospital stay, and complication rate); and long-term
outcome [Kaplan–Meier overall survival (OS) after surgery].12

We compared these factors between the NAC(–) and NAC(+)
groups (Tables 1 and 2). PSM analysis under the probability of
0.05 was used to limit confounders and overcome possible patient
selection bias. After PSM, 157 patients were included in each
group. The factors used for PSM were patient background (sex,
age, ASA status, BMI and JCGC clinical stage) and treatment-
related factors (surgical procedure, extent of lymphadenectomy,
combined resection of other organs, and adjuvant chemotherapy).
We compared patient background, treatment-related factors,
perioperative short-term outcomes and long-term outcomes
(Tables 3 and 4 and Figure 1).
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The data obtained through review of medical records were
managed according to the privacy policy and ethical code of
our institution.

Surgical procedure
The techniques and perioperative management of LG have

been reported previously.9–11 Distal gastrectomy was used for
tumors that were localized to middle and/or lower areas, whereas
total gastrectomy was used for tumors that infiltrated the upper,

Table 1 Background and treatment-related factors of all patients who underwent laparoscopic gastrectomy with or without NAC, before propensity
score matching

Patient characteristics (n=1389) NAC(–) (n=1204) NAC(+) (n=185) p value
Sex (male/female) 824/380 140/45 0.036*
Age (years)a 67 (28–92) 64 (31–86) 0.004*
ASA status (I/II/III/Ⅳ) 502/551/148/3 95/67/23/0 0.070
BMI (kg/m2)a 22.0 (13.4–32.1) 21.7 (14.5–38.0) 0.461
Clinical JCGC stage (I/II/III/Ⅳ) 989/132/49/34 29/77/55/24 <0.001*
Surgical procedure (LPG/LDG/LTG/LCG/LPD) 70/859/238/36/1 3/100/76/2/4 <0.001*
Extent of lymphadenectomy (D1 plus or less/D2 or more) 827/377 25/160 <0.001*
Combined resection of other organs (%) 142 (11.7) 61 (40.0) <0.001*
Adjuvant chemotherapy (%) 191 (15.9) 131 (70.8) <0.001*

χ2 test was used for between-group comparisons of sex, comorbidity and history of laparotomy. We used the Mann–Whitney U test for between-group
comparisons of age, BMI, and clinical JCGC stage.
* Statistically significant. a Data shown as median (range).
ASA, American Society of Anesthesiologists; BMI, body mass index; JCGC, Japanese Classification of Gastric Cancer; LDG, laparoscopic distal
gastrectomy; LPD, laparoscopic pancreaticoduodenectomy; LPG, laparoscopic proximal gastrectomy; LCG, laparoscopic completion gastrecomy; LTG,
laparoscopic total gastrectomy; NAC, neoadjuvant chemotherapy.

Table 2 Perioperative short-term outcomes in patients undergoing laparoscopic gastrectomy with or without NAC, before propensity score matching

Patient characteristics (n=1389) NAC(–) (n=1204) NAC(+) (n=185) p value
Total operation time (min)a 314 (129–937) 385 (189–962) <0.001*
Estimated blood loss (g)a 39.0 (0–2267) 75.0 (0–1660) <0.001*
Hospital stay following surgery (days)a 14.0 (3–150) 16.0 (8–122) 0.007*
Complications rate (%) 109 (9.1) 33 (17.8) 0.001*

* Statistically significant. a Data shown as median (range).
NAC, neoadjuvant chemotherapy.

Table 3 Background and treatment-related factors of all patients who underwent LG with and without NAC, after propensity score matching

Patient characteristics NAC(–) (n=157) NAC(+) (n=157) p value
Sex (male/female) 120/37 117/40 0.695
Age (years)a 64 (28–87) 64 (31–86) 0.439
ASA status (I/II/III/Ⅳ) 81/63/13/0 81/56/20/0 0.558
BMI (kg/m2)a 21.6 (13–28) 21.7 (15–32) 0.300
Clinical JCGC stage (I/II/III/Ⅳ) 52/48/34/23 29/69/41/18 0.251
Surgical procedure (LPG/LDG/LTG/LCG/LPD) 4/97/51/4/1 3/87/64/2/1 0.349
Extent of lymphadenectomy (D1 plus or less/D2 or more) 21/136 25/132 0.525
Combined resection of other organs (%) 47 (29.9) 50 (31.8) 0.715
Adjuvant chemotherapy (%) 99 (63.1) 105 (66.9) 0.479

χ2 test was used for between-group comparisons of sex, comorbidity and history of laparotomy. We used the Mann–Whitney U test for between-group
comparisons of age, body mass index, and clinical JCGC stage.
* Statistically significant. a Data shown as median (range).
ASA, American Society of Anesthesiologists; BMI, body mass index; JCGC, Japanese Classification of Gastric Cancer; LDG, laparoscopic distal
gastrectomy; LPD, laparoscopic pancreaticoduodenectomy; LPG, laparoscopic proximal gastrectomy; LCG, laparoscopic completion gastrecomy; LTG,
laparoscopic total gastrectomy; NAC, neoadjuvant chemotherapy.

Table 4 Surgical outcomes and short-term postoperative courses in patients undergoing laparoscopic gastrectomy with or without NAC, after
propensity score matching

Patient characteristics NAC(–) (n=157) NAC(+) (n=157) p value
Total operation time (min)a 398 (213–865) 372 (189–962) 0.207
Estimated blood loss (g)a 63 (0–2267) 75 (0–1514) 0.592
Hospital stay following surgery (days)a 16 (5–129) 16.0 (8–122) 0.399
Complications rate (%) 25 (15.9) 27 (17.2) 0.560

* Statistically significant. a Data shown as median (range).
NAC, neoadjuvant chemotherapy.
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middle and lower areas. Distal and total gastrectomy were both
performed with lymphadenectomy. Proximal gastrectomy was
used for tumors that were localized in upper areas.
Pancreaticoduodenectomy was performed when the tumor
invaded the pancreas.13

Terminology
The GC stage was described according to JCGC, 3rd

English edition.14 GC stage was determined by contrast-
enhanced computed tomography, gastrography, endoscopy, and
endosonography. Postoperative complications were defined
as those that required surgical, endoscopic or radiological
intervention, and that corresponded to Clavien–Dindo classifi-
cation grade III or higher.15

Statistical analysis
All analyses were conducted using IBM SPSS Statistics 23

(IBM, Armonk, NY, USA). Univariate analysis using the χ2

test was used for between-group comparison of numerical data,
and the Mann–Whitney U test was performed for analysis
of ordinal data (patient background, treatment-related factors
and perioperative short-term outcomes). Data are expressed as
median and range or odds ratio and 95% confidence interval,
unless otherwise noted. A p value <0.05 (two-tailed) was
considered statistically significant.

Results

Comparison with entire cohort (NAC(+) versus NAC(–))
Patient background and treatment-related factors of the entire

cohort are shown in Table 1. There were no differences in
ASA status and BMI between the NAC(+) and NAC(–) groups;
however, there were significant differences in sex (p=0.036),
age (p=0.004) and GC stage (p<0.001). Compared with the

Figure 1 Survival curve
A comparison of neoadjuvant chemotherapy (+) versus neoadjuvant
chemotherapy (–) in advanced gastric cancer: A propensity score
matching analysis
NAC, neoadjuvant chemotherapy.

NAC(–) group, the NAC(+) group had more patients with
total gastrectomy (p<0.001), greater extent of lymphadenectomy
(p<0.001), more combined resection of other organs (p<0.001),
and more adjuvant chemotherapy (p<0.001; Table 1).

The perioperative short-term outcomes before matching were
shown in Table 2. Compared with the NAC(–) group, the NAC(+)
group had significantly longer operation time (p<0.001), greater
blood loss (p<0.001) and more complications (p<0.001). There
was no significant difference in hospital stay between the two
groups. There was no conversion to laparotomy in either group.

Comparison with PSM cohort (NAC(+) versus NAC(–))
Two groups of 157 patients with or without NAC were

established by PSM of patient background and treatment-related
factors. There was no significant difference between the groups
in patient background factors (sex, age, ASA, BMI or JCGC
stage) or treatment-related factors (surgical procedure, extent
of lymphadenectomy, combined resection of other organs, or
adjuvant chemotherapy; Table 3).

Perioperative short-term and long-term outcomes after PSM
were shown in Table 4 and Figure 1. There were no
significant differences between the groups in perioperative short-
term outcomes (total operation time, estimated blood loss,
postoperative hospital stay, or complications; Table 4). There
was no significant difference in long-term outcome OS (p=0.686;
Figure 1).

Discussion

Radical excision is still thought to be the only cure for AGC at
present. However, chemotherapy has been developed as standard
treatment for unresectable or recurrent GC.16,17 To improve
survival, it is now considered that adjuvant chemotherapy,
such as S14 and S1+cisplatin,9 is necessary after surgery for
AGC. The ACTS-GC trial4 showed that pathological stage II
patients, excluding T1 cases, with S1 adjuvant chemotherapy had
significantly better 3-year survival than patients with surgery
alone in 2007. Thereafter, 1-year S1 adjuvant chemotherapy came
to be recommended as standard in JCGC guidelines.5 However,
treatment of AGC has not yet achieved satisfactory results.
Therefore, a combination strategy with addition of NAC to radical
resection with or without adjuvant chemotherapy is now being
investigated to try and improve survival after surgery.18

The selected treatment strategy was based on AGC (including
more than T2 (The T2 tumor has grown into the muscularis
propria, the muscle layer of the stomach)) and surgeons following
discussion of the disease and treatment and obtaining informed
consent. Gastrectomy for AGC after NAC is a demanding
a precise procedure and can lead to higher incidence of
postoperative morbidity.19 Therefore, we thought that LG could
reduce complications in these patients. In our institution, we
perform LG in AGC patients after NAC, to facilitate early
application of postoperative chemotherapy and obtain the survival
benefit of this less-invasive procedure. We showed a complete
or partial response in 96 of 185 (51.2%) patients according
to the Response Evaluation Criteria in Solid Tumors version
1.1, and we were able to perform the operation smoothly.
We investigated patient background, treatment-related factors,
perioperative short-term outcomes and long-term outcome in
patients with or without NAC who underwent LG between
1997 and 2013. NAC mainly comprised S1+cisplatin, as in the
SPIRITS trial,9 or S1 regimens, as in the ACTS-GC trial.4 We also

Gastrectomy after chemotherapy

52



examined the perioperative short-term outcomes and long-term
outcome in patients with or without NAC after PSM. There were
no significant differences in perioperative short-term outcomes
between patients with or without NAC after PSM. This shows
that LG after NAC had similar safety to LG without NAC in these
selected patients at our institution. However, there were also no
significant differences in long-term outcome (OS) between the
groups after PSM. We failed to show any survival advantage of
our strategy with LG after NAC.

The main limitation of the present study was that it was a
single-center retrospective cohort study with a long study period.
Our study had a wide range of cases, including stage I and stage
IV GC. For patients with stage IV GC, we performed palliative
resection. The aim of the present study was to perform LG in
patients with NAC to minimize postoperative complications. Our
ultimate goal is to start postoperative adjuvant chemotherapy
as soon as possible and improve the prognosis of AGC.
Nevertheless, this study showed that LG could be performed
safely, even in patients with AGC and NAC.

Conclusion

Although a further prospective study is needed to evaluate
the long-term outcome of our treatment strategy for AGC, the
present study shows that LG is feasible after NAC in patients
with AGC .

Conflict of Interest

The authors have no conflicts of interest directly relevant to
the content of this article.

Acknowledgments

We thank Cathel Kerr, BSc, PhD, from Edanz Group
(https://en-author-services.edanzgroup.com/) for editing a draft of
this manuscript.

References

 1. Yonemura Y, Segawa M, Matsumoto H, Tsugawa K, Ninomiya I,
Fonseca L, Fujimura T, Sugiyama K, Miwa K, Miyazaki I. Surgical
results of performing R4 gastrectomy for gastric cancer located in the
upper third of the stomach. Surg Today 1994; 24: 488–93.

 2. Furukawa H, Hiratsuka M, Iwanaga T. A rational technique for
surgical operation on Borrmann type 4 gastric carcinoma: left upper
abdominal evisceration plus Applebyʼs method. Br J Surg 1988; 75:
116–9.

 3. Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes NC,
Ajani JA, Gunderson LL, Goldman B, Martenson JA, Jessup JM,
Stemmermann GN, Blanke CD, Macdonald JS. Updated analysis of
SWOG-directed intergroup study 0116: a phase III trial of adjuvant
radiochemotherapy versus observation after curative gastric cancer
resection. J Clin Oncol 2012; 30: 2327–33.

 4. Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,
Nashimoto A, Furukawa H, Nakajima T, Ohashi Y, Imamura H,
Higashino M, Yamamura Y, Kurita A, Arai K. ACTS-GC Group.
Adjuvant chemotherapy for gastric cancer with S-1, an oral
fluoropyrimidine. N Engl J Med 2007; 357: 1810–20.

 5. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de
Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ,
Smith DB, Langley RE, Verma M, Weeden S, Chua YJ. Perioperative
chemotherapy versus surgery alone for resectable gastroesophageal

cancer. N Engl J Med 2006; 355: 11–20.
 6. Sasako M, Sano T, Yamamoto S, Kurokawa Y, Nashimoto A, Kurita A,

Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K, Yamamura Y, Okajima
K. D2 lymph- adenectomy alone or with para-aortic nodal dissection
for gastric cancer. N Engl J Med 2008; 359: 453–62.

 7. Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A,
Koizumi W, Saito H, Yamaguchi K, Takiuchi H, Nasu J, Ohtsu A.
Fluorouracil versus combination of irinotecan plus cisplatin versus
S-1 in metastatic gastric cancer: a randomised phase 3 study. Lancet
Oncol 2009; 10: 1063–9.

 8. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M,
Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y, Nagaie
T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi M. S-1
plus cisplatin versus S-1 alone for first-line treatment of advanced
gastric cancer (SPIRITS trial): a phase III trial. Lancet Oncol 2008; 9:
215–21.

 9. Uyama I, Kanaya S, Ishida Y, Inaba K, Suda K, Satoh S. Novel
integrated robotic approach for suprapancreatic D2 nodal dissection
for treating gastric cancer: technique and initial experience. World J
Surg 2012; 36: 331–7.

10. Kanaya S, Haruta S, Kawamura Y, Yoshimura F, Inaba K, Hiramatsu
Y, Ishida Y, Taniguchi K, Isogaki J, Uyama I. Video: laparoscopy
distinctive technique for suprapancreatic lymph node dissection:
medial approach for laparoscopic gastric cancer surgery. Surg Endosc
2011; 25: 3928–9.

11. Uyama I, Suda K, Satoh S. Laparoscopic surgery for advanced gastric
cancer: current status and future perspectives. J Gastric Cancer
2013; 13: 19–25.

12. Kaplan EL, Meier P. Nonparametric estimation for incomplete
observations. J Am Stat Assoc 1958; 53: 457–81.

13. Shinohara T, Uyama I, Kanaya S, Inaba K, Isogaki J, Horiguchi
A, Miyakawa S. Totally laparoscopic pancreaticoduodenectomy for
locally advanced gastric cancer. Langenbecks Arch Surg 2009; 394:
733–7.

14. Japanese Gastric Cancer Association. Japanese classification of
gastric carcinoma: 3rd English edition. Gastric Cancer 2011; 14:
101–12.

15. Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg 2004; 240: 205–13.

16. Ohtsu A, Shimada Y, Shirao K, Boku N, Hyodo I, Saito H,
Yamamichi N, Miyata Y, Ikeda N, Yamamoto S, Fukuda H, Yoshida
S. Randomized phase III trial of fluorouracil alone versus fluorouracil
plus cisplatin versus uracil and tegafur plus mitomycin in patients
with unresectable, advanced gastric cancer: The Japan Clinical On-
cology Group Study (JCOG9205). J Clin Oncol 2003; 21: 54–9.

17. Schuhmacher C, Gretschel S, Lordick F, et al. Neoadjuvant
chemotherapy compared with surgery alone for locally advanced
cancer of the stomach and cardia: European Organisation for
Research and Treatment of Cancer randomized trial 40954. J Clin
Oncology 2010; 35: 5210–8.

18. Ychou M, Boige V, Pignon JP, Conroy T, Bouché O, Lebreton G,
Ducourtieux M, Bedenne L, Fabre JM, Saint-Aubert B, Genève J,
Lasser P, Rougier P. Perioperative chemotherapy compared with
surgery alone for resectable gastroesophageal adenocarcinoma: an
FNCLCC and FFCD multicenter phase III trial. J Clin Oncol 2011;
29: 1715–21.

19. Kane JP, Malloy MJ. Editorial. Early prevention of atherosclerosis.
West J Med 1975; 122: 328–9.

Copyright©2021 Shimpei Furuta, MD et al. 
This is an Open access article distributed under the Terms of
Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
author(s) and source are credited.

Fujita Medical Journal 2021 Volume 7 Issue 2

53

https://en-author-services.edanzgroup.com/

