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Abstract

Background and Objectives: In the setting of a minimally invasive approach, we

aimed to compare short and long‐term postoperative outcomes of patients treated

with neoadjuvant therapy (NAT) + surgery or upfront surgery inWestern population.

Methods: All consecutive patients from six Italian and one Serbian center with

locally advanced gastric cancer who had undergone laparoscopic gastrectomy with

D2 lymph node dissection were selected between 2005 and 2019. After propensity

score‐matching, postoperative morbidity and oncologic outcomes were investigated.

Results: After matching, 97 patients were allocated in each cohort with a mean age

of 69.4 and 70.5 years. The two groups showed no difference in operative details

except for a higher conversion rate in the NAT group (p = 0.038). The overall
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postoperative complications rate significantly differed between NAT + surgery

(38.1%) and US (21.6%) group (p = 0.019). NAT was found to be related to a higher

risk of postoperative morbidity in patients older than 60 years old (p = 0.013) but not

in patients younger (p = 0.620). Conversely, no difference in overall survival

(p = 0.41) and disease‐free‐survival (p = 0.34) was found between groups.

Conclusions: NAT appears to be related to a higher postoperative complication rate and

equivalent oncological outcomes when compared with surgery alone. However, poor

short‐term outcomes are more evident in patients over 60 years old receiving NAT.

K E YWORD S

gastric cancer, neoadjuvant therapy, laparoscopic gastrectomy, postoparative complications,
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1 | INTRODUCTION

Gastric cancer is one of the most common cancers in the world1,2 and it

is the third primary cause of cancer‐related death around the world

afflicting more than 400 000 patients each year in China3 and more

than 10 000 cancer‐related deaths in the United States in 2017.4 Ac-

cording to Western guidelines patients with locally advanced gastric

cancer (LAGC) should undergo radical gastrectomy with D2 lymph

node dissection.5,6 Additionally, neoadjuvant therapy (NAT) with a

perioperative regimen is recommended for patients with more than or

equal to Stage IB resectable gastric cancer.7 Benefits in terms of sur-

vival of this multimodal treatment are mainly supported by MAGIC8

and the FNCLCC‐FFCD9 trials that introduced NAT in the current

clinical practice as a standard of care for LAGC in Western countries.

However, some issues have arisen from these studies such as the in-

clusion of patients with lower esophagus or esophagogastric junction

cancer in the analysis and an inadequate lymph node dissection in most

cases. Over time, a perioperative regimen for treatment of LAGC was

established as a procedural reference model within this setting.10,11

Although it appears that NAT can be administered without in-

creasing postoperative morbidity compared with gastrectomy alone,

no definitive conclusions can be drawn12,13 and furthermore, results

from the CRITICS trial show that incomplete preoperative NAT due

mainly to toxicity is an independent risk factor in developing post-

operative complications.14 In Eastern Asia, upfront surgery (US) is still

recommended as primary treatment and health insurance in Japan

and South Korea does not support neoadjuvant treatment for sur-

gically resectable LAGC,10 despite clinical evidence on the use of

NAT are establishing in Japan.15,16

Along with the controversial management of LAGC, minimally

invasive surgery is yet another variable that needs to be evaluated.

The adoption of a laparoscopic approach in the treatment of LAGC

demonstrated beneficial short‐term outcomes and comparable long‐

term outcomes over open surgery in multicenter Asian randomized

controlled trials (RCTs).17–21 Laparoscopic gastrectomy (LG) is also

gaining consensus in Europe22,23 and United States24,25 with sa-

tisfactory results in terms of oncological quality and postoperative

morbidity. However, LG cannot be considered the gold standard for

LAGC surgery and it remains limited to referral Centers with ex-

perience in the field.

As evidence on both NAT and LG have increased and they are

recognized as promising treatment strategies in West, the role of

NAT in patients exclusively undergoing laparoscopic radical gas-

trectomy with D2 lymph node dissection should be investigated.

The objective of this study is to compare short and long‐term

outcomes of patients receiving NAT before surgery with those re-

ceiving surgery alone through a “real‐word” retrospective analysis

fromWestern Centers with proven experience in laparoscopic gastric

cancer surgery.

2 | MATERIAL AND METHODS

2.1 | Study population

A retrospective review of seven institutional databases was con-

ducted to identify all patients who underwent LG for LAGC (Stages II

and III) with curative intent from January 2005 to December 2019.

Tumor stages followed the 8th edition of American Joint Committee

on Cancer (AJCC) TNM staging system for gastric cancer.26 Patients

who received neoadjuvant therapy (NAT group) were matched with

patients who underwent upfront surgery (US group) according to the

following criteria: age, gender, Body Mass Index (BMI), American

Society Anesthesiologists (ASA) score, stage, surgical procedure, and

lymphadenectomy. Data collection was approved by the Institutional

Review Board of the leading hospital.

2.2 | Surgical procedure

A preoperative workup was achieved by computed tomography (CT) scan

of abdomen, thorax, and pelvis and endoscopy detecting precise tumor

location. Biopsy confirmed cancer diagnosis in all cases. Endoscopic ul-

trasound (EUS) was used to provide further assessment of the T and N
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stage, when necessary. In selected cases, laparoscopy with peritoneal

washings for malignant cells was performed to exclude occult metastatic

disease involving peritoneum. A laparoscopic total gastrectomy was

performed for pathologically confirmed cancers of the corpus/fundus of

the stomach and a laparoscopic subtotal gastrectomy was performed for

antral gastric tumors. A D2 lymph node dissection was then carried out

according to the current clinical practice guidelines.7 All surgeries were

performed by highly experienced surgeons. To ensure quality control of

the surgical procedures, nonedited videos of both LTG and LSG per-

formed by each participant were reviewed by the study coordinator

before inclusion. The study coordinator has 30 years of experience in

laparoscopic surgery. He performs more than forty gastrectomies per

year for cancer, of which 70% with a minimally invasive approach.

2.3 | Neoadjuvant chemotherapy

Neoadjuvant chemotherapy had been administered since 2011 in

cases of cN + or ≥ cT2 tumor. Regimens consisted of a combination of

Epirubicin–Cisplatin–5‐fluorouracil–Folinic Acid (ECF, 50mg/m2

epirubicin, 60mg/m2 cisplatin, and 5‐FU administered either by

continuous infusion 200mg/m2/d per 7 days via a CVC, administered

every 3 weeks) or 5‐fluorouracil–Folinic Acid–Oxaliplatin–Docetaxel

(FLOT, docetaxel (60 mg/m2), oxaliplatin (85mg/m2), leucovorin

(200mg/m2), and 5‐fluorouracil (2600mg/m2 as a 24 h infusion), all

given on Day 1 and administered every 2 weeks.

2.4 | Data collection and outcome measures

Baseline patient characteristics, intraoperative factors, and patholo-

gical tumor data were evaluated including gender, age, BMI, ASA

status, tumor stage, type of surgery, operative time, blood loss,

conversion rate, and intraoperative complications. Postoperative

outcomes were evaluated in terms of complications and survival.

Postoperative complications occurred at any time during re-

covery or in the first 30 days after surgery were categorized based on

Clavien–Dindo classification system.27 Anastomotic leakage was

evaluated in accordance with the definition and grading system of the

UK Surgical Infection Study Group.28 Postoperative mortality was

defined as death by any cause within the first 30 or 90 days after

surgery or at any time during a hospital stay.

Oncological outcomes in terms of disease‐free survival (DFS) and

overall survival (OS) were reported for each group. Locoregional re-

currence was defined as recurred carcinoma of the remnant gastric

pouch or at anastomosis site or within the lymphatic drainage area of

the region of the primary tumor, confirmed by CT scan and/or pa-

thological examination. Distant metastases were defined as recurrent

tumors in the peritoneum, liver, nonregional lymph nodes, or outside

the abdominal cavity such as lung, bones, or other sites.

Follow‐up after surgery included physical examination every 3–6

months for the first 2 years and every 6–12 months for years 3–5. CT

scan was performed every 6–12 months for the first 2 years, then

annually for up to 5 years.

2.5 | Statistical analysis

Preliminary analysis concerned the treatment of missing data. Very

little data were missing for BMI (0.8% of the total) and time to first

flatus (3% of the total), which were considered as missing at random.

Missing value imputation was performed using the k nearest neigh-

bors (KNN) algorithm,29 using the Euclidean distance as a distance

metric in the multidimensional space.

TABLE 1 Baseline patients' characteristics

Before matching After matching
NAT + Surgery
n = 97 (%)

Upfront surgery
n = 269 (%) p

NAT + Surgery
n = 97 (%)

Upfront surgery
n = 97 (%) p

Sex 0.290 1

M 59 (60.8) 145 (53.9) 59 (60.8) 60 (61.8)

F 38 (39.1) 124 (46) 38 (39.1) 37 (38.1)

Age (mean ± SD) years 69.4 ± 10.3 68.1 ± 12.1 0.334 69.4 ± 10.3 70.5 ± 11.8 0.501

BMI (mean ± SD) kg/m2 24.4 ± 4.2 24.9 ± 4.2 0.289 24.4 ± 4.2 25.0 ± 4.3 0.347

ASA 0.999 1

I–II 67 (69) 187 (69.5) 67 (69) 66 (68)

III–IV 30 (30.9) 82 (30.4) 30 (30.9) 31 (31.9)

Clinical Stage 0.001 1

II 24 (24.7) 149 (55.3) 24 (24.7) 24 (24.7)

III 73 (75.2) 120 (44.6) 73 (75.2) 73 (75.2)

Abbreviations: ASA, American Society Anesthesiologists score; BMI, body mass index; NAT, neoadjuvant therapy; SD, standard deviation.
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Data were reported as a number of patients (%) for categorical

variables and as mean ± standard deviation or median ± interquartile

range (IQR), as appropriate, for quantitative variables.

A propensity score matching analysis with nearest‐neighbor

matching was performed using the MatchIt R30 for optimal adjust-

ment for potential confounding variables: age, sex, BMI, ASA, Stage

Surgical procedure, and Lymphadenectomy. The matched samples,

each one of 97 patients, were then compared in terms of operative

details and postoperative outcomes using χ2 test or Fisher's Exact

test, as appropriate, for categorical variables, and Student's t‐test or

Mann–Whitney test, as appropriate, for quantitative variables.

Logistic regression analysis was used to assess for predictors of

postoperative complications in matched patients. Kaplan–Meier

curves and log‐rank tests were used to compare overall survival

and progression‐free survival between NAT + Surgery and Upfront

Surgery group of patients.

For all statistical tests, a p value less than 0.05 was considered as

statistical significance. All statistical analyses were performed using

the R software for statistical computing.

3 | RESULTS

The overall study population consisted of 366 patients. Before pro-

pensity score matching, statistically significant difference in stage

tumor (p = 0.001) was recorded between NAT and US group

(Table 1). After matching, 97 patients with a mean age of 70 years old

remained for each group and the previous difference was eliminated.

LSG was performed in 69.1% and 74.2% of cases in the NAT group

and the US group, respectively (Table 2) whereas LTG was performed

in the remaining cases (p = 0.524). D2 lymph node dissection was

performed in almost all cases in both groups (97.9%). No statistically

significant difference was found between the two groups concerning

blood loss (p = 0.733), intraoperative complications (p = 0.434), op-

erative time (p = 0.098), nodes harvested (p = 0.190), metastatic

nodes (p = 0.400) except for the conversion rate that was higher in

the NAT group than in the US group (23.7% vs. 11.3%; p = 0.038).

Postoperative clinical outcomes after matching are shown in

Table 3. The overall complication rate was higher in the NAT group

than the US group (38.1% vs. 21.6%; p = 0.019) but with no differ-

ence in terms of severity of complication (p = 0.110) or anastomotic

(p = 0.999) and duodenal leakage (p = 0.497). Time to recovery of

bowel function and length of hospital stay did not differ between

groups and no deaths occurred in the first 30 days after surgery. At

90 days after surgery, the mortality rate was 0% and 2.1% in NAT and

US groups, respectively.

Univariate logistic regression analysis was performed to further

evaluate the risk factors for postoperative complications (Table 4).

NAT was the only variable associated with complications (p = 0.013).

Furthermore, a subgroup analysis was performed by dividing patients

with complications into two groups: less than 60 years old and more

than or equal to 60 years old. In older patients, postoperative mor-

bidity rate was significantly higher in those who received NAT (odds

ratio [OR] = 2.42, p = 0.013). This association was not statistically

TABLE 2 Operative details

(After matching)
NAT + Surgery
n = 97 (%)

Upfront surgery
n = 97 (%) p

Surgical procedure n (%) 0.524

LSG 67 (69.1) 72 (74.2)

LTG 30 (30.9) 25 (25.8)

Up anastomotic reconstruction n (%): 0.637

Orringer 28 (28.9) 24 (24.7)

OrVil 2 (2.1) 1 (1)

Gastro Jejunal 67 (69.1) 72 (74.2)

Lymphadenectomy 1

D2 95 (97.9) 95 (97.9)

D2+ 2 (2.1) 2 (2.1)

Blood loss (median ± IQR) 75 ± 32.5 80 ± 32.5 0.733

Intraoperative complications 10 (10.3) 6 (6.2) 0.434

Conversion to open surgery 23 (23.7) 11 (11.3) 0.038

Operative time (mean ± SD) 254.7 ± 112.8 230.4 ± 89.2 0.098

Nodes harvested (median ± IQR) 23 ± 12 26 ± 14.5 0.190

Metastatic nodes (median ± IQR) 2 ± 5.5 2 ± 5 0.400

Abbreviations: IQR, interquartile range; LSG, laparoscopic subtotal gastrectomy; LTG, laparoscopic
total gastrectomy; SD, standard deviation.
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significant in less than 60‐year‐old patients (OR = 1.48, p = 0.620),

see Figure 1.

The recurrence rate was 29.9% in the NAT group and 23.7% in

the US group (p = 0.418), with a median follow‐up of 26 months in

each group. In the population of matched patients, 3‐years OS

probability was 0.72 (95% confidence interval [CI] 0.62–0.83) in the

NAT group and 0.71 (95% CI 0.61–0.83) in the US group, while

3‐years DFS was 0.71 (95% CI 0.62–0.81) in the NAT group and 0.75

(95% CI 0.66–0.85) in the US group. The difference in terms of OS

and DFS between the two groups was not statistically significant

(p = 0.41 and p = 0.34, respectively), see Figure 2.

4 | DISCUSSION

The present study revealed higher conversion to open surgery and

overall postoperative complications rates in patients with LAGC who

had received NAT before LG compared with the US group. NAT is the

only variable associated with the risk of postoperative morbidity

before surgery, however, the statistical significance in morbidity rate

disappears in patients under 60 years old with complications. Finally,

no difference in overall survival and DFS was found between groups.

We reported outcomes of a “real‐world” retrospective analysis

including patients with Stage II–III gastric cancer from seven in-

stitutions with a high level of experience in advanced laparoscopic

surgery. We previously presented short and long‐term outcomes

from the same series of over 300 patients who underwent LG.31 In

the previous study, logistic binary regression for complications

showed a statistically significant difference at univariate and multi-

variate analysis in patients who underwent NAT. Based upon these

findings we decided to investigate the issue by way of a propensity

score‐matched analysis to evaluate the role in NAT after LG with D2

lymph node dissection in a Western population.

After matching, we found that conversion to open surgery rate

was higher in the NAT group compared with the US group (23.7% vs.

11.3%; p = 0.038) as well as the overall postoperative complication

rate (38.1% vs. 21.6%; p = 0.019). In EORTC randomized trial 40954,

Schuhmacher et al.32 compared the use of NAT before surgery with

surgery alone with D2 lymph node dissection performed in over 90%

of cases. This trial not only failed to demonstrate a survival benefit

after NAT administration, but it also showed that postoperative

complications were more frequent in the NAT group (27.1% vs.

16.2%; p = 0.09). However, the study included Stages III and IV

adenocarcinoma of the stomach including Siewert I and II tumors of

the esophagogastric junction differing from inclusion criteria of our

study. The increase of surgical morbidity after NAT was also sug-

gested by CRITICS trial.14 Patients who did not complete pre-

operative chemotherapy were more than twice as likely to develop

postoperative complications (OR = 2.15, p = 0.003) and had a higher

postoperative mortality rate (8.0%). Therefore, failure to complete

NAT, mainly due to chemotherapy toxicity, was identified as risk

factor for postoperative complications.

TABLE 3 Postoperative outcomes

Postoperative outcomes (after matching)
NAT + Surgery
n = 97 (%)

Upfront surgery
n = 97 (%) p

Overall postoperative complications 37 (38.1) 21 (21.6) 0.019

Anastomotic leak 2 (2.1) 3 (3.1) 0.999

Duodenal leak 0 2 (2.1) 0.497

Postoperative mortality 0 0

Postoperative complications C–D: 0.110

I 60 (61.9) 76 (78.4)

II 27 (27.8) 16 (16.5)

III 4 (4.1) 2 (2.1)

IIIb 5 (5.2) 3 (3.1)

IV 0 0

V 1 (1) 0

Time to first flatus (median ± IQR) 3 ± 3 3 ± 2.5 0.169

Length of stay days (median ± IQR) 11 ± 6 10 ± 5.5 0.243

Recurrence 29 (29.9) 23 (23.7) 0.418

Time to recurrence (median ± IQR) 24 ± 19 26 ± 13.5 0.708

Death related to disease progression 29 (29.9) 23 (23.7) 0.418

Follow‐up (median ± IQR) months 26 ± 20 26 ± 12 0.893

Abbreviations: CD, Clavien–Dindo classification; IQR, interquartile range; NAT, neoadjuvant therapy.
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We hypothesize that several factors could affect outcomes after

NAT as they relate to toxicity,33 a worse nutritional status, sarco-

penia,34 and neutropenia.35 However, our findings differ from those

of others western36,37 and eastern38–41 studies claiming that the

administration of NAT is not associated with a greater risk of post-

operative morbidity when compared to the United States. In the

present study, two main aspects need to be considered foremost of

which is a preoperative difference among population studies. Patients

with a mean age of 70 years old were included in the present study

and it is reasonable to assume that their outcomes would be different

when compared to patients younger than 10–15 years37–40 or

20 years.41 In fact, we demonstrated that the difference in compli-

cation rate between NAT and US group is relevant over 60 years old

(p = 0.013) but not in younger patients (p = 0.620). Although it has

been previously demonstrated that age is a significant predictor of

postoperative complications,42–44 it is still controversial if NAT could

negatively affect short‐term outcomes in older patients as reported

by Fujitani et al.45 or not.46

A second aspect to consider is the minimally invasive approach for

curative gastrectomy. In a comparative series of patients treated with

gastrectomy and D2 lymphadenectomy, Wu et al.38 observed a more

intraoperative blood loss over the surgery alone group (p < 0.04) be-

cause of NAT‐induced fibrosis surrounding lymph nodes. This could

explain the higher rate of conversion to open surgery that we reported

in the NAT group. However, only one international propensity score‐

matched study compared the outcomes of patients who received LG

with D2 lymphadenectomy with or without NAT.47 Although com-

parable postoperative complication rates were demonstrated between

groups, age more than or equal to 60 was identified as a risk factor (OR

21.338; p < 0.001). Additionally, the remarkable difference in pre-

operative ASA score (ASA III = 2.3%) with the present study (ASA

III–IV = 30%) could indirectly affect outcomes.

Based on this evidence, it can be assumed that age is not the only

factor influencing postoperative morbidity, but also epidemiological data,

anthropometric characteristics and therapeutic strategies which may vary

may among geographic populations. In this setting, results of IMIGASTRIC

trial48 confirmed that baseline patient selection and short‐term surgical

outcomes of LG for gastric cancer are widely different between Eastern

and Western surgical practices. Indeed, patient characteristics such as

age, and BMI and the ASA score were higher in the West, as was the

number of conversion to open surgeries, blood transfusions, and volume

of estimated blood loss. No significant difference in complication rates

was reported between groups but Grade III–IV complications occurred

more frequently in the Western population. Finally, advanced age and a

higher ASA score were independent risk factors for postoperative com-

plications in the East, whereas NAT was an independent risk factor for

postoperative morbidity, which is coherent with our findings.

TABLE 4 Logistic regression analysis of postoperative
complications in propensity score‐matched patients

Postoperative complications Univariate analysis
Yes No

OR p valuen = 58 (%) n = 136 (%)

Sex

M 39 (67.2) 80 (58.8) /

F 19 (32.8) 56 (41.2) 0.70 0.271

Age 70.7 ± 12.1 69.6 ± 10.6 1.01 0.514

Age Cat.

Age<60 9 (15.5) 24 (17.6) / 0.718

Age≥60 49 (84.5) 112 (82.4) 1.17

BMI 23.9 ± 3.6 25 ± 4.4 0.93 0.084

ASA:

I–II 39 (67.2) 94 (69.1) /

III–IV 19 (32.8) 42 (30.9) 1.09 0.797

Operative time 255.1 ± 113.2 237.2 ± 96.9 1.01 0.266

Procedure:

LSG 39 (67.2) 100 (73.5) /

LTG 19 (32.8) 36 (26.5) 1.35 0.375

Conversion 11 (19) 23 (16.9) 1.15 0.731

Blood loss 85 ± 42.5 75 ± 25 1.01 0.119

Intraop. Compl. 6 (10.3) 10 (7.4) 1.45 0.490

Harvested
nodes

23 ± 14 25 ± 13 0.99 0.851

Metastatic
nodes

2.5 ± 5.2 2 ± 5.8 1.06 0.121

Stage

II 13 (22.4) 35 (25.7) /

III 45 (77.6) 101 (74.3) 1.20 0.624

Neoadjuvant
therapy

37 (63.8) 60 (44.1) 2.23 0.013

Abbreviations: ASA, American Society Anesthesiologists score; BMI, body
mass index; LSG, laparoscopic subtotal gastrectomy; LTG, laparoscopic
total gastrectomy.

F IGURE 1 In older patients, postoperative morbidity rate was
significantly higher in those who received neoadjuvant therapy. This
association was not statistically significant in <60‐year‐old patients

6 | BRACALE ET AL.



No difference in OS (p = 0.41) and DFS (p = 0.34) was found

between NAT and US groups in the present study. These findings

seem apparently in contrast with the recommendations of the most

important international guidelines5,7 which recommended pre-

operative or perioperative chemotherapy as the standard of care in

the case of LAGC. The objectives of NAT are to treat micro-

metastases and to improve R0 resection rate with D2 lymph node

dissection. However, in Eastern Asia upfront surgery with adequate

D2 lymphadenectomy is still preferred.

This evident contrast is probably due to the debated results of the

MAGIC and the French FNCLCC/FFCD trials which confirmed better

survival of patients who received perioperative chemotherapy com-

pared with those treated with surgery alone. Indeed, some methodo-

logical drawbacks may affect results of these RCTs. In the MAGIC Trial,8

a greater proportion of stage T1–T2 cancer in the perioperative che-

motherapy arm compared with the surgery alone arm was found and in

more than 25% of patients the tumor location was lower esophagus or

esophagogastric junction. Additionally, D2 lymphadenectomy was per-

formed in only 40% of each group. Therefore, the survival benefit of

NAT seems to be stronger for the esophagogastric junction and the

lower esophagus location with respect to the stomach one.

Even in FNCLCC/FFCD trial,9 authors claim in the Results that

chemotherapy effects were only significant in the esophagogastric

junction subgroup, which included around two‐thirds of the patients

because the two other subgroups (lower esophagus and stomach)

were too small to distinguish between no effect and a small effect.

Conversely, our findings are consistent with more recent stu-

dies36,37 demonstrating that NAT had not statistically significant

effect on survival rates when compared with surgery alone in patients

with LAGC and, based on these results, this appears to be confirmed

even when a minimally invasive approach is adopted. Furthermore,

even in the case of gastric signet ring cell carcinoma which is char-

acterized by a worse prognosis, NAT does not appear to provide

survival benefits compared with primary surgery.49–51 Therefore,

with regard to the lack of difference in OS and DFS that we found

between groups, long‐term outcomes seem absolutely justifiable

after an adequate literature analysis, despite the need for well‐

designed prospective trials to drawn definitive conclusions.

The current study has several limitations. In addition to its ret-

rospective design, patients considered fit for surgery could more

likely have been selected for the US group and we are aware that this

cannot be overcome with propensity score‐matched analysis. Data

used was collected from different institutions over a 15‐year period,

and therefore the study suffers from a heterogeneity of the neoad-

juvant regimens with no patients who received neoadjuvant therapy

until 2010. Furthermore, the study provides neither the evaluation of

NAT‐related toxicity nor a preoperative assessment of patients'

conditions including morbidity and frailty index or performance status

and sarcopenia evaluation.

5 | CONCLUSIONS

This study suggests that NAT prior LG is related to a higher post-

operative complication rate compared with surgery alone in patients

with LAGC. The negative effect of NAT on postoperative morbidity is

F IGURE 2 Kaplan–Meier curves showing the survival outcomes of the NAT + Surgery group and the US group and corresponding log‐rank p
values after PSM. Overall survival (A). Disease‐free survival (B).
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more evident in patients above 60 years old. NAT had a non-

significant impact on DFS and OS when curative resection with D2

lymph node dissection was carried out. Further studies with more

selective patient recruitment need to be conducted to define the real

advantages of NAT before surgery in gastric cancer exclusively and to

better understand the impact on postoperative and intraoperative

complications in the patient population that undergoes laparoscopic

gastrectomy with D2 dissection.

ACKNOWLEDGMENT

This study received no funding.

CONFLICT OF INTERESTS

The authors declare that they are no conflict of interests.

ETHICAL STANDARDS

The study was conducted according to the guidelines of the

Declaration of Helsinki. Ethical review and approval were obtained by

the Institutional Review Boards of the leading hospital.

INFORMED CONSENT STATEMENT

All patients enrolled signed an informed consent for the surgical in-

tervention and for all the procedure related to the treatment of the

disease. This is an observational retrospective analysis focused on

data of the common clinical practice.

ORCID

Matteo Uccelli http://orcid.org/0000-0002-6056-1761

Roberto Peltrini http://orcid.org/0000-0003-0445-2269

REFERENCES

1. De Manzoni G, Baiocchi GL, Framarini M, et al. The SIC‐GIRCG 2013
Consensus Conference on Gastric Cancer. Updates Surg. 2014;66(1):
1‐6. https://doi.org/10.1007/s13304-014-0248-1

2. Bracale U, Pignata G, Lirici MM, et al. Laparoscopic gastrectomies for

cancer: the ACOI‐IHTSC national guidelines. Minim Invasive Ther

Allied Technol. 2012;21(5):313‐319. https://doi.org/10.3109/
13645706.2012.704877

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence

and mortality worldwide for 36 cancers in 185 countries. CA Cancer

J Clin. 2018;68(6):394‐424. Erratum in: CA Cancer J Clin. 2020;
70(4). https://doi.org/10.3322/caac.21492

4. Howlader N, Noone AM, Krapcho M, et al. SEER Cancer Statistics

Review (CSR) 1975–2014. National Cancer Institute; 2017.
5. Waddell T, Verheij M, Allum W, et al. Gastric cancer: ESMO‐ESSO‐

ESTRO clinical practice guidelines for diagnosis, treatment and
follow‐up. Ann Oncol. 2013;6:vi57‐vi63. https://doi.org/10.1093/
annonc/mdt344

6. Siersema P. Maagcarcinoom. Gastric Cancer (Huisarts Wet). 2013;56:
646‐651.

7. Smyth EC, Verheij M, Allum W, et al. Gastric cancer: ESMO clinical
practice guidelines for diagnosis, treatment and follow‐up. Ann

Oncol. 2016;27:v38‐v49. https://doi.org/10.1093/annonc/mdw350

8. Cunningham D, Allum WH, Stenning SP, et al. Perioperative che-
motherapy versus surgery alone for resectable gastroesophageal
cancer. N Engl J Med. 2006;355(1):11‐20. https://doi.org/10.1056/
NEJMoa055531

9. Ychou M, Boige V, Pignon JP, et al. Perioperative chemotherapy com-
pared with surgery alone for resectable gastroesophageal adenocarci-
noma: an FNCLCC and FFCD multicenter phase III trial. J Clin Oncol.
2011;29(13):1715‐1721. https://doi.org/10.1200/JCO.2010.33.0597

10. Al‐Batran SE, Homann N, Pauligk C, et al. FLOT4‐AIO Investigators.
Perioperative chemotherapy with fluorouracil plus leucovorin, ox-
aliplatin, and docetaxel versus fluorouracil or capecitabine plus cis-
platin and epirubicin for locally advanced, resectable gastric or
gastro‐oesophageal junction adenocarcinoma (FLOT4): a rando-

mised, phase 2/3 trial. Lancet. 2019;393(10184):1948‐1957.
https://doi.org/10.1016/S0140-6736(18)32557-1

11. Monti M, Morgagni P, Nanni O, et al. Preoperative or perioperative
docetaxel, oxaliplatin, and capecitabine (GASTRODOC Regimen) in
patients with locally‐advanced resectable gastric cancer: a rando-

mized phase‐II trial. Cancers. 2020;12(10):2790. https://doi.org/10.
3390/cancers12102790

12. Xu AM, Huang L, Liu W, Gao S, Han WX, Wei ZJ. Neoadjuvant
chemotherapy followed by surgery versus surgery alone for gastric
carcinoma: systematic review and meta‐analysis of randomized

controlled trials. PLoS One. 2014;9(1):e86941. https://doi.org/10.
1371/journal.pone.0086941

13. Luo H, Wu L, Huang M, Jin Q, Qin Y, Chen J. Postoperative mor-
bidity and mortality in patients receiving neoadjuvant chemotherapy
for locally advanced gastric cancers: A systematic review and meta‐
analysis. Medicine. 2018;97(43):e12932. https://doi.org/10.1097/

MD.0000000000012932

14. Claassen YHM, Hartgrink HH, Dikken JL, et al. Surgical morbidity
and mortality after neoadjuvant chemotherapy in the CRITICS gas-
tric cancer trial. Eur J Surg Oncol. 2018;44(5):613‐619. https://doi.
org/10.1016/j.ejso.2018.02.004

15. Tokunaga M, Sato Y, Nakagawa M, et al. Peroperative chemotherapy
for locally advanced gastric cancer in Japan: current and future

perspectives. Surg Today. 2020;50(1):30‐37. Erratum in: Surg Today.
2020.50(4).424. https://doi.org/10.1007/s00595-019-01896-5

16. Terashima M, Yoshikawa T, Boku N, et al. Current status of perio-
perative chemotherapy for locally advanced gastric cancer and

JCOG perspectives. Jpn J Clin Oncol. 2020;50(5):528‐534. https://
doi.org/10.1093/jjco/hyaa005

17. Hu Y, Huang C, Sun Y, et al. Morbidity and mortality of laparoscopic
versus open D2 distal gastrectomy for advanced gastric cancer: a
randomized controlled trial. J Clin Oncol. 2016;34(12):1350‐1357.
https://doi.org/10.1200/JCO.2015.63.7215

18. Yu J, Huang C, Sun Y, et al. Effect of laparoscopic vs open distal
gastrectomy on 3‐year disease‐free survival in patients with locally
advanced gastric cancer: the CLASS‐01 randomized clinical trial.
JAMA. 2019;321(20):1983‐1992. https://doi.org/10.1001/jama.
2019.5359

19. Lee HJ, Hyung WJ, Yang HK, et al. Short‐term outcomes of a mul-
ticenter randomized controlled trial comparing laparoscopic distal
gastrectomy with D2 lymphadenectomy to open distal gastrectomy
for locally advanced gastric cancer (KLASS‐02‐RCT). Ann Surg. 2019;

270(6):983‐991. https://doi.org/10.1097/SLA.0000000000003217
20. Hyung WJ, Yang HK, Park YK, et al. Long‐term outcomes of la-

paroscopic distal gastrectomy for locally advanced gastric cancer:
the KLASS‐02‐RCT randomized clinical trial. J Clin Oncol. 2020;
38(28):3304‐3313. https://doi.org/10.1200/JCO.20.01210-3313

21. Wang Z, Xing J, Cai J, et al. Short‐term surgical outcomes of

laparoscopy‐assisted versus open D2 distal gastrectomy for locally
advanced gastric cancer in North China: a multicenter randomized
controlled trial. Surg Endosc. 2019;33(1):33‐45. https://doi.org/10.
1007/s00464-018-6391-x

22. van der Wielen N, Straatman J, Daams F, et al. Open versus mini-
mally invasive total gastrectomy after neoadjuvant chemotherapy:

results of a European randomized trial. Gastric Cancer. 2021;24(1):
258‐271. https://doi.org/10.1007/s10120-020-01109-w

8 | BRACALE ET AL.

http://orcid.org/0000-0002-6056-1761
http://orcid.org/0000-0003-0445-2269
https://doi.org/10.1007/s13304-014-0248-1
https://doi.org/10.3109/13645706.2012.704877
https://doi.org/10.3109/13645706.2012.704877
https://doi.org/10.3322/caac.21492
https://doi.org/10.1093/annonc/mdt344
https://doi.org/10.1093/annonc/mdt344
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1056/NEJMoa055531
https://doi.org/10.1056/NEJMoa055531
https://doi.org/10.1200/JCO.2010.33.0597
https://doi.org/10.1016/S0140-6736(18)32557-1
https://doi.org/10.3390/cancers12102790
https://doi.org/10.3390/cancers12102790
https://doi.org/10.1371/journal.pone.0086941
https://doi.org/10.1371/journal.pone.0086941
https://doi.org/10.1097/MD.0000000000012932
https://doi.org/10.1097/MD.0000000000012932
https://doi.org/10.1016/j.ejso.2018.02.004
https://doi.org/10.1016/j.ejso.2018.02.004
https://doi.org/10.1007/s00595-019-01896-5
https://doi.org/10.1093/jjco/hyaa005
https://doi.org/10.1093/jjco/hyaa005
https://doi.org/10.1200/JCO.2015.63.7215
https://doi.org/10.1001/jama.2019.5359
https://doi.org/10.1001/jama.2019.5359
https://doi.org/10.1097/SLA.0000000000003217
https://doi.org/10.1200/JCO.20.01210-3313
https://doi.org/10.1007/s00464-018-6391-x
https://doi.org/10.1007/s00464-018-6391-x
https://doi.org/10.1007/s10120-020-01109-w


23. Abbassi‐Ghadi N, Durakovic S, Piessen G, Gatenby P, Sultan J,
Preston SR. Laparoscopic versus open subtotal gastrectomy for
adenocarcinoma of the stomach in a Western population: peri‐
operative and 5‐year oncological outcomes. Surg Endosc. 2020;34(9):

3818‐3826. https://doi.org/10.1007/s00464-019-07146-6
24. Hendriksen BS, Brooks AJ, Hollenbeak CS, Taylor MD, Reed MF,

Soybel DI. The impact of minimally invasive gastrectomy on survival
in the USA. J Gastrointest Surg. 2020;24(5):1000‐1009. https://doi.
org/10.1007/s11605-019-04263-4

25. Greenleaf EK, Sun SX, Hollenbeak CS, Wong J. Minimally invasive
surgery for gastric cancer: the American experience. Gastric Cancer.
2017;20(2):368‐378. https://doi.org/10.1007/s10120-016-0605-5

26. Son T, Sun J, Choi S, et al. Multi‐institutional validation of the 8th
AJCC TNM staging system for gastric cancer: analysis of survival

data from high‐volume Eastern centers and the SEER database.
J Surg Oncol. 2019;120(4):676‐684. https://doi.org/10.1002/jso.
25639

27. Dindo D, Demartines N, Clavien PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 pa-

tients and results of a survey. Ann Surg. 2004;240(2):205‐213.
https://doi.org/10.1097/01.sla.0000133083.54934.ae

28. Kim SH, Son SY, Park YS, Ahn SH, Park DJ, Kim HH. Risk factors for
anastomotic leakage: a retrospective cohort study in a single gastric

surgical unit. J Gastric Cancer. 2015;15(3):167‐175. https://doi.org/
10.5230/jgc.2015.15.3.167

29. Andridge RR, Little RJ. A review of hot deck imputation for survey
non‐response. Int Stat Rev. 2010;78(1):40‐64. https://doi.org/10.
1111/j.1751-5823.2010.00103.x

30. Daniel HO, Kosuke I, Gary K, et al. MatchIt: nonparametric pre-
processing for parametric causal inference. J Stat Softw. 2011;42:
v42i08.

31. Bracale U, Merola G, Pignata G, et al. Laparoscopic gastrectomy for
stage II and III advanced gastric cancer: long‐term follow‐up data

from a Western multicenter retrospective study. Surg Endosc. 2021.
https://doi.org/10.1007/s00464-021-08505-y

32. Schuhmacher C, Gretschel S, Lordick F, et al. Neoadjuvant che-
motherapy 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 Oncol. 2010;
28(35):5210‐5218. https://doi.org/10.1200/JCO.2009.26.6114

33. Robb WB, Messager M, Gronnier C, et al. High‐grade toxicity to
neoadjuvant treatment for upper gastrointestinal carcinomas: what

is the impact on perioperative and oncologic outcomes? Ann Surg

Oncol. 2015;22(11):3632‐3639. https://doi.org/10.1245/s10434-
015-4423-5

34. Tan BH, Brammer K, Randhawa N, et al. Sarcopenia is associated
with toxicity in patients undergoing neo‐adjuvant chemotherapy for

oesophago‐gastric cancer. Eur J Surg Oncol. 2015;41(3):333‐338.
https://doi.org/10.1016/j.ejso.2014.11.040

35. van den Ende T, Ter Veer E, Machiels M, et al. The efficacy and safety of
(neo)adjuvant therapy for gastric cancer: a network meta‐analysis.
Cancers. 2019;11:80. https://doi.org/10.3390/cancers11010080

36. Charruf AZ, Ramos MFKP, Pereira MA, et al. Impact of neoadjuvant
chemotherapy on surgical and pathological results of gastric cancer
patients: A case‐control study. J Surg Oncol. 2020;121(5):833‐839.
https://doi.org/10.1002/jso.25839

37. Agnes A, Biondi A, Laurino A, et al. A detailed analysis of the re-

currence timing and pattern after curative surgery in patients un-
dergoing neoadjuvant therapy or upfront surgery for gastric cancer.
J Surg Oncol. 2020;122(2):293‐305. https://doi.org/10.1002/jso.
25959

38. Wu L, Ge L, Qin Y, et al. Postoperative morbidity and mortality after
neoadjuvant chemotherapy versus upfront surgery for locally advanced
gastric cancer: a propensity score matching analysis. Cancer Manag Res.
2019;11:6011‐6018. https://doi.org/10.2147/CMAR.S203880

39. Wu C, Wang N, Zhou H, et al. Effects of neoadjuvant chemotherapy
toxicity and postoperative complications on short‐term and long‐
term outcomes after curative resection of gastric cancer.
J Gastrointest Surg. 2020;24(6):1278‐1289. https://doi.org/10.

1007/s11605-019-04257-2
40. Li ZY, Shan F, Zhang LH, et al. Complications after radical gas-

trectomy following FOLFOX7 neoadjuvant chemotherapy for gastric
cancer. World J Surg Oncol. 2011;9:110. https://doi.org/10.1186/
1477-7819-9-110

41. Ramachandra GoelV, Goel V, Raju K, et al. Prospective randomized
controlled study comparing primary surgery versus neoadjuvant
chemotherapy followed by surgery in gastric carcinoma. Indian J Surg

Oncol. 2019;10(2):245‐250. https://doi.org/10.1007/s13193-019-

00908-7
42. Park DJ, Lee HJ, Kim HH, Yang HK, Lee KU, Choe KJ. Predictors of

operative morbidity and mortality in gastric cancer surgery. Br J Surg.
2005;92(9):1099‐1102. https://doi.org/10.1002/bjs.4952

43. Sasako M. Risk factors for surgical treatment in the Dutch Gastric
Cancer Trial. Br J Surg. 1997;84(11):1567‐1571. https://doi.org/10.
1111/j.1365-2168.1997.02842.x

44. Kodera Y, Sasako M, Yamamoto S, et al. Identification of risk factors
for the development of complications following extended and su-

perextended lymphadenectomies for gastric cancer. Br J Surg. 2005;
92(9):1103‐1109. https://doi.org/10.1002/bjs.4979

45. Fujitani K, Ajani JA, Crane CH, et al. Impact of induction chemotherapy
and preoperative chemoradiotherapy on operative morbidity and mor-

tality in patients with locoregional adenocarcinoma of the stomach or
gastroesophageal junction. Ann Surg Oncol. 2007;14(7):2010‐2017.
https://doi.org/10.1245/s10434-006-9198-2

46. Slagter AE, Tudela B, van Amelsfoort RM, et al. Older versus

younger adults with gastric cancer receiving perioperative treat-
ment: results from the CRITICS trial. Eur J Cancer. 2020;130:
146‐154. https://doi.org/10.1016/j.ejca.2020.02.008

47. Yan Y, Yang A, Lu L, et al. Impact of neoadjuvant therapy on mini-

mally invasive surgical outcomes in advanced gastric cancer: an in-
ternational propensity score‐matched study. Ann Surg Oncol. 2021;
28(3):1428‐1436. https://doi.org/10.1245/s10434-020-09070-9

48. Lin JX, Lin JP, Desiderio J, et al. Difference in the short‐term out-
comes of laparoscopic gastrectomy for gastric carcinoma between

the east and west: a retrospective study from the IMIGASTRIC trial.
J Cancer. 2019;10(17):4106‐4113. https://doi.org/10.7150/jca.
31192

49. Li Y, Ma FH, Xue LY, Tian YT. Neoadjuvant chemotherapy vs upfront

surgery for gastric signet ring cell carcinoma: a retrospective, pro-
pensity score‐matched study. World J Gastroenterol. 2020;26(8):
818‐827. https://doi.org/10.3748/wjg.v26.i8.818

50. Kim S, Fiteni F, Paget‐Bailly S, et al. The impact of taxane‐based
preoperative chemotherapy in gastroesophageal signet ring cell

adenocarcinomas. J Hematol Oncol. 2015;8:52. https://doi.org/10.
1186/s13045-015-0148-y

51. Messager M, Lefevre JH, Pichot‐Delahaye V, et al. impact of perio-
perative chemotherapy on survival in patients with gastric signet ring cell

adenocarcinoma: a multicenter comparative study. Ann Surg. 2011;
254(5):684‐693. https://doi.org/10.1097/SLA.0b013e3182352647

How to cite this article: Bracale U, Corcione F, Pignata G,

et al. Impact of neoadjuvant therapy followed by laparoscopic

radical gastrectomy with D2 lymph node dissection in

Western population: A multi‐institutional propensity score‐

matched study. J Surg Oncol. 2021;1‐9.

https://doi.org/10.1002/jso.26657

BRACALE ET AL. | 9

https://doi.org/10.1007/s00464-019-07146-6
https://doi.org/10.1007/s11605-019-04263-4
https://doi.org/10.1007/s11605-019-04263-4
https://doi.org/10.1007/s10120-016-0605-5
https://doi.org/10.1002/jso.25639
https://doi.org/10.1002/jso.25639
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.5230/jgc.2015.15.3.167
https://doi.org/10.5230/jgc.2015.15.3.167
https://doi.org/10.1111/j.1751-5823.2010.00103.x
https://doi.org/10.1111/j.1751-5823.2010.00103.x
https://doi.org/10.1007/s00464-021-08505-y
https://doi.org/10.1200/JCO.2009.26.6114
https://doi.org/10.1245/s10434-015-4423-5
https://doi.org/10.1245/s10434-015-4423-5
https://doi.org/10.1016/j.ejso.2014.11.040
https://doi.org/10.3390/cancers11010080
https://doi.org/10.1002/jso.25839
https://doi.org/10.1002/jso.25959
https://doi.org/10.1002/jso.25959
https://doi.org/10.2147/CMAR.S203880
https://doi.org/10.1007/s11605-019-04257-2
https://doi.org/10.1007/s11605-019-04257-2
https://doi.org/10.1186/1477-7819-9-110
https://doi.org/10.1186/1477-7819-9-110
https://doi.org/10.1007/s13193-019-00908-7
https://doi.org/10.1007/s13193-019-00908-7
https://doi.org/10.1002/bjs.4952
https://doi.org/10.1111/j.1365-2168.1997.02842.x
https://doi.org/10.1111/j.1365-2168.1997.02842.x
https://doi.org/10.1002/bjs.4979
https://doi.org/10.1245/s10434-006-9198-2
https://doi.org/10.1016/j.ejca.2020.02.008
https://doi.org/10.1245/s10434-020-09070-9
https://doi.org/10.7150/jca.31192
https://doi.org/10.7150/jca.31192
https://doi.org/10.3748/wjg.v26.i8.818
https://doi.org/10.1186/s13045-015-0148-y
https://doi.org/10.1186/s13045-015-0148-y
https://doi.org/10.1097/SLA.0b013e3182352647
https://doi.org/10.1002/jso.26657



