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ABSTRACT

Background. Few reports have examined the prognosis of

or possible remedial treatments for patients with noncom-

pliant D2 lymphadenectomy. We investigated the effect of

noncompliance in lymph node (LN) dissection on long-

term survival in gastric cancer (GC) patients after radical

gastrectomy and explored intervention measures.

Methods. Clinicopathological data were retrospectively

analyzed in 2401 patients who underwent radical gastrec-

tomy for GC. Noncompliance was defined as patients with

more than one empty LN station, as described in the pro-

tocol of the Japanese GC Association.

Results. The overall noncompliance rate was 49.1%. The

3-year overall survival (OS) rate was significantly better in

compliant than noncompliant patients (74.0% vs. 60.1%,

P\ 0.001). Univariate and multivariate analyses revealed

that noncompliance was an independent risk factor for OS.

Logistic regression analysis demonstrated that extent of

gastrectomy, primary tumor site, history of intraperitoneal

surgery, body mass index, and open gastrectomy were

independent preoperative predictive factors for noncom-

pliance. Cox analysis demonstrated that age, pT, pN, and

extent of gastrectomy independently affected OS in

patients with noncompliant lymphadenectomy. However,

OS was significantly better in the compliant than non-

compliant group regardless of the recommendation for

chemotherapy. Stratified analysis demonstrated that OS

was significantly better in chemotherapy patients than in

patients without chemotherapy and stage II patients

(pT1N2/N3M0 and pT3N0M0) in whom chemotherapy

was not recommended.

Conclusions. Noncompliance is an independent risk factor

after radical gastrectomy for GC. Adjuvant chemotherapy

improved the prognosis of patients with pT1N2/N3M0 and

pT3N0M0 disease who underwent noncompliant D2

lymphadenectomy.

BACKGROUND

Gastric cancer (GC) is one of the top five causes of

cancer-related death and one of the top three causes of

tumor-related death worldwide.1,2 Tumor–node–metastasis
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(TNM) staging impacts clinical decision-making, progno-

sis, and prediction and is therefore the most important

factor for patients undergoing radical gastrectomy, and D2

lymph node (LN) dissection provides accurate LN staging

in GC patients.3–5 D2 LN dissection has gained widespread

recognition and is increasingly accepted as the standard

treatment for advanced GC.6–8 However, D2 LN dissection

is challenging to perform because of the complex blood

vessels of the stomach, the anatomical levels involved, and

the various pathways by which metastasis can occur.

Therefore, adequate D2 dissection remains a research

emphasis and focus for surgeons. Objective evaluation is

needed to assess the quality of D2 LN dissection. Quality

indexes, such as the number of retrieved LNs, the metas-

tasis rate, and the therapeutic value index, are used, but

doubts remain due to conflicting results produced by dif-

ferent centers. The noncompliance rate of D2 LN

dissection has received increasing attention in recent

years.9,10 Noncompliance is defined as patients with more

than one empty LN station, as described in the protocol of

the Japanese GC Association,11 in cases in which the sur-

geon did not resect a specified station. The noncompliance

rate is an effective index that can be used to evaluate the

quality of D2 LN dissection, but few reports have exam-

ined its effect on prognosis, the prediction of high-risk

factors, or possible remedial treatments in patients with

noncompliant D2 lymphadenectomy. Multicenter,

prospective, and randomized clinical trials should be per-

formed to provide relevant information, and retrospective

research could provide reference values. Therefore, the

purpose of this study is to conduct a large-sample retro-

spective study of the feasibility of using noncompliance as

an index for long-term survival and to explore the effect of

postoperative chemotherapy on prognosis in these patients.

PATIENTS AND METHODS

Patients

This study retrospectively analyzed a prospective data-

base containing 2401 patients with GC who had undergone

D2 radical gastrectomy with the same group of surgeons

from June 2007 to December 2013 at Fujian Medical

University Union Hospital in China. The patients included

1343 with total gastrectomy (TG) and 1058 with distal

gastrectomy (DG). The following inclusion criteria were

used: (1) preoperative endoscopic biopsy-proven GC, (2)

D2 LN dissection, and (3) no distant metastases or adjacent

organ invasion (pancreas, spleen, liver, colon, etc.) prior to

surgery. Patients were excluded due to preoperative diag-

nosis of T4b or distant metastasis, exploratory or palliative

surgery, preoperative chemotherapy, combined organ

resection, histological identification of a tumor type other

than adenocarcinoma, incomplete histopathological data,

or residual GC. All patients signed informed consent forms

prior to surgery. This retrospective study was approved by

the ethics committee of Fujian Medical University Union

Hospital.

Preoperative imaging studies were routinely performed

following endoscopic and upper gastrointestinal examina-

tions with contrast to confirm the tumor location. Imaging

studies included chest radiography, computed tomography

(CT) scanning, ultrasonography (US) of the abdomen, bone

scanning, and positron emission tomography–computed

tomography (PET–CT) as needed to evaluate the clinical

stage.12 We used CT scans and the 7th edition of the

International Union Against Cancer (UICC) classification

system to assess the clinical and pathological stages.

Noncompliance was defined as patients with more than one

empty LN station, as described in the protocol for D2 LN

dissection from the Japanese GC Association.11 The ther-

apeutic value of LN dissection was estimated by

multiplying the incidence of LN metastasis by the 5-year

overall survival (OS) of patients with metastasis at each

station. The LN dissection rate was determined by dividing

the total number of patients who required dissection at an

LN station by the number of patients in whom the corre-

sponding LN was completely harvested. The 2014 edition

of the Japanese GC treatment guidelines does not recom-

mend adjuvant chemotherapy for patients with

postoperative pathological diagnosis of stage I disease and

some patients with stage II (pT1N2M0, pT1N3M0, and

pT3N0M0) disease.13 Patients with other types of stage II

or III GC generally received adjuvant chemotherapy based

on a relatively uniform regimen of fluorouracil and

platinum.

Surgical Procedures

The following lymphadenectomy sequences were per-

formed: (1) for DG, no. 6 ? no. 7, 9, 11p ? no. 3,

1 ? no. 8a, 12a, 5 ? no. 4sb; and for (2) TG: no. 6 ? no.

7, 9, 11p ? no. 8a, 12a, 5 ? no. 1 ? no. 4sb ? no. 10,

11d ? no. 2. For additional details, please see the

references.14–17

Postoperative Pathological Examination

Surgeons removed specimens via macroscopic exami-

nation, and the specimens were divided into groups

according to the Japanese classification of GC. Surgeons

examined all specimens, which were sent immediately to

the pathology department. Two or more experienced

pathology experts examined each LN using palpation
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without size restriction. All pathological examinations

were performed in a standard manner.

Follow-Up

The last follow-up was conducted in January 2017. The

overall follow-up rate was 90.3%, and the median follow-

up duration was 42 months (range 1–112 months). Post-

operative follow-up was performed in the outpatient

department every 3 months for the first 2 years, every

6 months from years 3–5, and once a year after 5 years.

Most routine patient follow-up appointments included a

physical examination, laboratory tests [including assess-

ment of carbohydrate antigen (CA)19-9, CA72-4, and

carcinoembryonic antigen (CEA) levels], chest radiogra-

phy, abdominopelvic US or CT, and an annual endoscopic

examination. OS was calculated from day of surgery until

death or until final follow-up date, whichever occurred

first.18–20

Statistical Analysis

All statistical analyses were performed using SPSS

version 20.0 for Windows (SPSS Inc., Chicago, IL, USA).

All continuous variables are presented as mean ± standard

deviation. Chi-square or Fisher’s exact tests were used to

analyze categorical variables. OS was calculated from time

of surgery until death or final follow-up date, whichever

occurred first, and disease-free survival was defined as time

from surgery to time of recurrence or death from any cause.

Cumulative survival rates were compared using the

Kaplan–Meier method and log-rank test. Regression anal-

ysis was performed using the Cox proportional hazards

regression model in multivariate analyses. Logistic

regression analysis was used to analyze risk factors. Step-

wise backward variable removal was applied to the

multivariate model to identify the most accurate and par-

simonious set of predictors.21 Values of P\ 0.05 were

considered statistically significant.

RESULTS

Patient Characteristics

Table 1 presents the clinicopathological characteristics

of all patients. A total of 1179 (49.1%) out of 2401 patients

were noncompliant in LN dissection. TG was performed in

1343 (55.9%) of the total included patient population, and

the noncompliance rate was 61.7%; DG was performed in

1058 (44.1%) of the patients, with a noncompliance rate of

33.2%. The average number of retrieved LNs was

31.5 ± 13.

TABLE 1 Sociodemographic and clinicopathological variables of

all patients (n = 2401)

No. of patients %

All patients (n = 2401)

Sex

Female 603 25.1

Male 1798 74.9

Age (years)

\ 65 1476 61.4

C 65 925 38.5

ASA score

I 1626 67.7

II 723 30.1

III–IV 52 2.2

Charlson score

0 1626 67.7

1–2 735 30.6

3–5 40 1.7

BMI (kg/m2)

\ 18.5 273 11.4

18.5–24.9 1782 74.2

C 25.0 346 14.4

Previous abdominal surgery

No 2041 85.0

Yes 360 15.0

Previous intraperitoneal surgery

No 2246 93.5

Yes 155 6.5

Smoking

No 1727 71.9

Yes 674 28.1

cT

cT1 529 22.0

cT2 267 11.1

cT3 487 20.3

cT4 1118 46.6

cN

cN0 1137 47.4

cN? 1264 52.6

Size (cm)

Mean ± standard deviation 4.9 ± 2.7

\ 2 234 9.7

2–5 1266 52.7

[ 5 901 37.5

Examined LNs, no.

Mean ± standard deviation 31.5 ± 13.0

B 15 161 6.7

[ 15 2240 93.3

Depth of invasion

T1 529 22.0

T2 270 11.2
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LN Dissection

Figure 1 and Supplementary Table 1 show the LN dis-

section rate and the number of LNs dissected in TG and

DG patients at each station, and Supplementary Table 2

shows that an average of 32.6 ± 14.2 and 30.2 ± 11.1 LNs

were harvested in TG and DG patients, respectively. In TG

patients, the LN metastasis rate at each station ranged from

7.1 to 62.5%, and the metastasis rate was highest (839/

1343, 62.5%) at LN no. 3, followed by no. 7 (546/1343,

40.7%). The therapeutic value range was 2.3–28.1, and this

index was highest at LN no. 3 (28.1%) and lowest at LN

no. 10 (2.3%) (Supplementary Table 1). In TG patients, the

dissection rate of LNs was highest at LN no. 3 and lowest

at LN no. 10 (27.6%). Univariate Cox proportional hazards

model analysis revealed that dissection at LNs no. 1, 2, 6,

7, 8a, 9, 10, 11, and 12a improved OS (P\ 0.05). Multiple

factor analysis demonstrated that dissections at LN no. 2

and no. 8a were independent protective factors for OS

(Supplementary Table 3).

In DG patients, the LN metastasis rate ranged from 5.8

to 37.8% at each station, and the metastasis rate was

highest at LN no. 3 (401/1058, 37.8%), followed by no. 6

(341/1058, 32.1%). The therapeutic value range was

2.3–23.8, and the index was highest at LN no. 3 and lowest

at no. 10 (Supplementary Table 2). In DG patients, the LN

dissection rate was highest at LN no. 3 and lowest at LN

no. 11. Univariate Cox analysis revealed that dissection of

LNs no. 1, 6, 8a, 9, and 12a was beneficial to OS

(P\ 0.05). Multivariate analysis demonstrated that dis-

sections of LN no. 12a and no. 8a were independent

protective factors for OS (Supplementary Table 4).

Effect of Noncompliance on LN Dissection and Its

Preoperative Predictors

Supplementary Table 5 shows the effects of noncom-

pliance on LN dissection. In TG patients, there were fewer

retrieved LNs (27.8 ± 12.6 vs. 40.3 ± 13.3, P\ 0.001)

and fewer metastatic LNs (7.5 ± 9.5 vs. 10.0 ± 11.6,

P\ 0.001) in noncompliant than compliant patients. There

were statistically significant differences in the numbers of

retrieved LNs and metastatic LNs between DG patients

with compliant and noncompliant lymphadenectomy.

Logistic regression analysis of preoperative factors that

predicted LN dissection noncompliance revealed that sex,

age, BMI, extent of gastric resection, primary tumor site,

cT, cN, previous operation history, preoperative compli-

cations, American Society of Anesthesiologists (ASA)

score, and surgery type were all significant factors

(P\ 0.05). Further multivariate analysis demonstrated that

BMI, primary tumor site, range of gastrectomy, history of

abdominal surgery, and surgery type were independent

TABLE 1 continued

No. of patients %

T3 593 24.7

T4 1009 42.0

Nodal status

N0 824 34.3

N1 332 13.8

N2 394 16.4

N3a 504 21.0

N3b 347 14.5

Primary site

Lower 1061 44.2

Upper 426 17.7

Middle 615 25.6

Overlapping lesion of stomach 299 12.5

Grade

Differentiated 1000 41.6

Undifferentiated 1401 58.4

Macroscopic type

EGC 558 23.2

AGC, Borrmann 1–3 1539 64.1

AGC, Borrmann 4 304 12.7

Lymphovascular invasion

Negative 1770 73.7

Positive 631 26.3

Perineural invasion

Negative 2099 87.4

Positive 302 12.6

LN compliance

Noncompliant 1179 49.1

Compliant 1222 50.9

Surgery type

Open 656 27.3

Laparoscopic 1745 72.7

Gastrectomy

Total 1343 55.9

Distal 1058 44.1

Complications

None 2009 83.7

I–IIa 299 12.5

III–IVa 93 3.9

Chemotherapy

No 1659 69.1

Yes 742 30.9

Follow-up (months)

Median 42

Range 1–112

aClavien–Dindo classification
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factors (P\ 0.05) that predicted noncompliance in LN

dissection (Supplementary Table 6).

Analysis of Survival and Recurrence Patterns

among All Patients

The OS curve in all patients revealed that OS was sig-

nificantly higher in patients with compliant

lymphadenectomy than in patients with noncompliant

lymphadenectomy (3-year OS: 74.0% vs. 60.1%,

P\ 0.001) (Supplementary Figure 1). Univariate and fur-

ther multivariate analyses performed using a Cox

proportional hazards model (stepwise backward variable

removal) demonstrated that age, tumor size, pT, pN, non-

compliance in LN dissection, and number of retrieved LNs

independently affected OS (P\ 0.05) (Table 2). Stratified

analyses revealed that OS was worse in patients with

noncompliant lymphadenectomy than in patients with

compliant lymphadenectomy, regardless of the use of

recommended chemotherapy according to the Japanese GC

Association (all P\ 0.01) (Fig. 2). Supplementary Table 7

shows that the rate of locoregional recurrence was higher in

patients with noncompliant lymphadenectomy than in

patients with compliant lymphadenectomy, but this dif-

ference was not significant (P = 0.065). Finally, the 3-year

disease-free survival rate was 70.3% in the compliant

group and 57.2% in the noncompliant group.

OS Analysis of Noncompliant Patients

Cox proportional hazards model analysis demonstrated

that age, tumor size, pT, pN, primary tumor site, extent of

gastrectomy, pathological differentiation, gross tumor

classification, chemotherapy, vascular invasion, nerve

invasion, and postoperative complications were univariate

factors that significantly predicted noncompliant lym-

phadenectomy (P\ 0.05). Further multivariate analysis

revealed that older age, high pT, and high pN were inde-

pendent risk factors for OS (P\ 0.05), and that DG was a

protective factor (P\ 0.05) (Table 3). Subgroup analysis

of patients for whom adjuvant chemotherapy was not rec-

ommended (n = 374) revealed that OS was similar

between patients in pathological stage I who did and did

not receive chemotherapy (P = 0.310). OS was signifi-

cantly better in stage II patients who received

chemotherapy than in those who did not (P = 0.035)

(Fig. 3). Univariate and multivariate Cox regression anal-

yses of pathological stage II patients with noncompliant

lymphadenectomy in whom chemotherapy was not rec-

ommended (n = 77) revealed that chemotherapy was a

protective factor for OS and that older age (65 years old or

older) was a risk factor (P\ 0.05) (Table 4).

77.7%

47.4%

54.7% 81.9%
82.6%

87.1%

95.3%

62.4%

67.9%

2.2% 27.6%

73.0%

64.0%

88.2%

94%

88.7%

65.3% 80.7%
83.5%

88.6%

93.4%

62.5%

72.7%

a b

FIG. 1 Lymph node dissection rate at each station in total and distal

gastrectomy with D2 lymph node dissection. a Total gastrectomy: no.

1: 67.9%, no. 2: 73.0%, no. 3: 95.3%, no. 4: 88.7%, no. 5: 47.4%, no.

6: 77.7%, no. 7: 87.1%, no. 8a: 81.9%, no. 9: 82.6%, no. 10: 27.6%,

no. 11p: 62.4%, no. 11d: 2.2%, no. 12a: 54.7%. b Distal gastrectomy:

no. 1: 72.7%, no. 3: 93.4%, no. 4: 94.0%, no. 5: 64.0%, no. 6: 88.2%,

no. 7: 88.6%, no. 8a: 80.7%, no. 9: 83.5%, no. 11p: 62.5%, no. 12a:

65.3%
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TABLE 2 Univariate and multivariate Cox regression model for overall survival of all patients (n = 2401)

Variable Univariate model Multivariate model

HR 95% CI P HR 95% CI P

Sex 0.036

Female Ref

Male 1.14 1.00–1.30 0.036

Age (years) \ 0.001 \ 0.001

\ 65 Ref Ref

C 65 1.46 1.28–1.67 \ 0.001 1.43 1.25–1.63 \ 0.001

Size (cm) \ 0.001 0.001

\ 2 Ref Ref

2–5 3.53 2.25–5.53 \ 0.001 1.14 0.70–1.85 0.593

[ 5 10.20 6.53–15.95 \ 0.001 1.50 0.91–2.47 0.109

ASA score 0.001

I Ref

II 1.22 1.06–1.39 0.005

III–IV 1.50 1.15–1.95 0.002

Previous abdominal surgery

No Ref

Yes 1.02 0.85–1.22 0.857

Previous intraperitoneal surgery

No Ref

Yes 0.80 0.60–1.07 0.135

Smoking

No Ref

Yes 0.95 0.82–1.10 0.463

Charlson score 0.085

0 Ref

1–2 1.11 0.97–1.28 0.139

3–5 1.51 0.96–2.35 0.072

Examined LNs, no. 0.002 \ 0.001

B 15 Ref Ref

[ 15 0.69 0.55–0.87 0.002 0.43 0.33–0.55 \ 0.001

Depth of invasion \ 0.001 \ 0.001

T1 Ref Ref

T2 3.59 2.27–5.66 \ 0.001 2.71 1.69–4.37 \ 0.001

T3 8.29 5.62–12.22 \ 0.001 4.09 2.64–6.36 \ 0.001

T4 16.87 11.62–24.50 \ 0.001 5.67 3.66–8.79 \ 0.001

Nodal status \ 0.001 \ 0.001

N0 Ref Ref

N1 1.97 1.47–2.64 \ 0.001 1.13 0.83–1.54 0.426

N2 3.73 2.92–4.77 \ 0.001 1.96 1.50–2.56 \ 0.001

N3a 7.05 5.64–8.81 \ 0.001 3.31 2.56–4.28 \ 0.001

N3b 12.30 9.78–15.47 \ 0.001 5.71 4.34–7.51 \ 0.001

Primary site \ 0.001

Distal third Ref

Proximal third 1.84 1.53–2.20 \ 0.001

Mid third 1.57 1.33–1.86 \ 0.001

Overlapping lesion of stomach 2.43 2.00–2.96 \ 0.001

Grade \ 0.001

1764 Q.-Y. Chen et al.



TABLE 2 continued

Variable Univariate model Multivariate model

HR 95% CI P HR 95% CI P

Differentiated Ref

Undifferentiated 1.96 1.70–2.26 \ 0.001

Gross type \ 0.001

EGC Ref

AGC, Borrmann 1–3 8.01 5.82–11.01 \ 0.001

AGC, Borrmann 4 12.32 8.73–17.38 \ 0.001

Lymphovascular invasion \ 0.001

Negative Ref

Positive 1.47 1.27–1.69 \ 0.001

Perineural invasion \ 0.001

Negative Ref

Positive 1.40 1.16–1.69 \ 0.001

LN compliance \ 0.001 \ 0.001

Compliant Ref Ref

Noncompliant 1.65 1.44–1.88 \ 0.001 1.55 1.34–1.79 \ 0.001

Gastrectomy \ 0.001 0.044

Total Ref Ref

Distal 0.45 0.39–0.52 \ 0.001 0.85 0.73–1.00 0.044

Chemotherapy \ 0.001

No Ref

Yes 1.53 1.33–1.75 \ 0.001

CI confidence interval, HR hazard ratio

1.0

0.8

0.6

0.4

0.2

0.0
0 12 24 36 48 60 72

P<0.001

Extent of compliance

Adjuvant chemotherapy: recommend Adjuvant chemotherapy: not recommend

noncompliant

compliant

Noncompliant n= 805 594

684 547

428

395

308

263

234

156

149

74

99

34

65

18

37 1

n= 799Compliant

Time (months)

O
ve

ra
ll 

su
rv

iv
al

84 96 108

1.0

0.8

0.6

0.4

0.2

0.0
0 12 24 36 48 60 72

P=0.004

Extent of compliance
noncompliant

compliant

Noncompliant n= 374 365

414 393

336

354

300

250

251

132

165

69

105

35

56

12

30 1

n= 423Compliant

Time (months)

O
ve

ra
ll 

su
rv

iv
al

84 96 108

a b

FIG. 2 Overall survival compared between patients with

noncompliant and compliant lymphadenectomy. Patients stratified

by chemotherapy administration. a Patients in whom adjuvant

chemotherapy was not recommended. b Patients in whom adjuvant

chemotherapy was recommended
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TABLE 3 Univariate and multivariate Cox regression model for overall survival with noncompliance (n = 1179)

Variable Univariate model Multivariate model

HR 95% CI P HR 95% CI P

Sex 0.638

Female Ref

Male 0.95 0.78–1.17 0.638

Age (years) \ 0.001 \ 0.001

\ 65 Ref Ref

C 65 1.39 1.17–1.65 \ 0.001 1.45 1.22–1.72 \ 0.001

Previous abdominal surgery 0.201

No Ref

Yes 1.15 0.93–1.43 0.201

Previous intraperitoneal surgery 0.539

No Ref

Yes 1.12 0.78–1.62 0.539

Smoking 0.866

No Ref

Yes 0.98 0.82–1.19 0.866

ASA score 0.476

I Ref

II 1.03 0.86–1.23 0.755

III–IV 1.22 0.89–1.68 0.223

Charlson score

0 0.248

1–2 0.96 0.80–1.15 0.666

3–5 1.53 0.89–2.61 0.121

Size (cm) \ 0.001 0.050

\ 2 Ref Ref

2–5 3.33 1.94–5.71 \ 0.001 1.05 0.59–1.87 0.869

[ 5 9.43 5.52–16.13 \ 0.001 1.35 0.74–2.44 0.327

Examined LNs, no. 0.095

B 15 Ref

[ 15 0.81 0.64–1.04 0.095

Depth of invasion \ 0.001 \ 0.001

T1 Ref Ref

T2 4.24 2.26–7.94 \ 0.001 3.55 1.86–6.79 \ 0.001

T3 9.59 5.52–16.67 \ 0.001 5.40 2.92–10.00 \ 0.001

T4 17.88 10.46–30.59 \ 0.001 7.80 4.23–14.40 \ 0.001

Nodal status \ 0.001 \ 0.001

N0 Ref Ref

N1 1.96 1.38–2.79 \ 0.001 1.03 0.71–1.50 0.856

N2 3.65 2.69–4.95 \ 0.001 1.62 1.16–2.26 0.005

N3a 6.32 4.80–8.32 \ 0.001 2.42 1.77–3.32 \ 0.001

N3b 10.71 7.98–14.38 \ 0.001 3.68 2.60–5.21 \ 0.001

Primary site \ 0.001 \ 0.001

Distal third Ref Ref

Proximal third 1.50 1.17–1.92 0.001 0.69 0.49–0.98 0.036

Mid third 1.28 1.02–1.59 0.030 0.67 0.48–0.93 0.016

Overlapping lesion of stomach 2.35 1.80–3.07 \0.001 0.85 0.60–1.21 0.371
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DISCUSSION

D2 LN dissection is the most commonly performed

routine surgical treatment in Asia, and its contribution to

long-term survival has been confirmed.22,23 However, it

remains difficult to achieve a safe and effective dissec-

tion. The noncompliance rate of D2 LN dissection is

increasingly being used to evaluate the quality of D2 LN

dissection, with some randomized controlled trials using

noncompliance as the primary indicator of D2 LN dissec-

tion quality. Bonenkamp et al.9 reported that the

noncompliance rate was 51% in extended D2 LN dissec-

tion in GC. Park et al.24 reported that the noncompliance

rate was 47% in D2 LN dissection in a laparoscopic group

based on the COACT1001 results, but there was no sig-

nificant difference (P = 0.648) in the noncompliance rate

between the laparoscopic and open surgery groups. In our

study, two experienced pathologists examined all speci-

mens to ensure data validity, and experienced surgeons

from the same group performed all the surgeries. Stan-

dardized procedures were strictly followed. The

noncompliance rate was 49.1%, similar to rates found in

previous studies. However, we found few reports that

explored the effect of the noncompliance rate on long-term

prognosis. The present study focused on its effect on long-

term patient survival. Bonenkamp et al.6 concluded that D2

LN dissection should not be used in the West because it did

not affect the 5-year OS rate of Dutch Gastric Cancer Trial

(DGCT) patients. de Steur et al. (2015) reevaluated the

surgical quality of the cases included in the Bonenkamp

study and found that, when patients who underwent com-

bined resection of the pancreas and spleen were excluded

from the data, D2 LN dissection reduced the incidence of

death (P\ 0.05). de Steur et al. (2015) found that 81.6% of

the patients in the Bonenkamp study had inadequate

removal of LN stations (i.e., noncompliance) despite the

inclusion of intense preparation procedures and controls for

quality assurance, which likely outweighed the contribu-

tion of D2 LN dissection to patient survival. Further

stratification analysis demonstrated that, when cases with

noncompliance and D1 contamination were excluded,

long-term survival was significantly better in the D2 group

than in the D1 group (35.7% vs. 19.9%, P = 0.041).10

Therefore, the study by de Steur et al. (2015) suggests that

noncompliance does influence prognosis.

Our study produced a similar finding by showing that

noncompliance predicted worse OS. Retrieval of LNs was

also far less common in patients with inadequate LN

TABLE 3 continued

Variable Univariate model Multivariate model

HR 95% CI P HR 95% CI P

Grade \ 0.001

Differentiated Ref

Undifferentiated 2.11 1.75–2.54 \ 0.001

Gross type \ 0.001

EGC Ref

AGC, Borrmann 1–3 8.87 5.66–13.90 \ 0.001

AGC, Borrmann 4 12.48 7.70–20.21 \ 0.001

Lymphovascular invasion \ 0.001

Negative Ref

Positive 1.79 1.48–2.16 \ 0.001

Perineural invasion \ 0.001

Negative Ref

Positive 1.59 1.25–2.01 \ 0.001

Gastrectomy \ 0.001 0.009

Total Ref Ref

Distal 0.51 0.41–0.63 \ 0.001 0.64 0.46–0.90 0.009

Chemotherapy \ 0.001

No Ref

Yes 1.47 1.24–1.75 \ 0.001

Complication 0.027 0.063

No Ref Ref

Yes 1.27 1.03–1.58 0.027 1.23 0.99–1.52 0.063
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removal than in patients with adequate LN removal. Fur-

ther analyses indicated that noncompliance was an

independent risk factor for OS. Peeters et al.25 examined

the relationship between prognosis and the Maruyama

index and found a positive correlation between noncom-

pliance and OS among patients undergoing GC surgery.

Because LNs are the primary route of metastasis in GC

patients, D2 LN dissection should adequately remove the

LNs at all possible sites to effectively stop metastasis and

potentially achieve better prognosis. Our research results

support this assumption, and we therefore suggest that the

quality of D2 LN dissection is closely related to patient

prognosis. Previous studies and our own research have

demonstrated that noncompliance is not rare among GC

patients. Therefore, to increase the survival rate among

these patients, it is clinically significant to develop an

effective remedial treatment for noncompliance. Our

analysis shows that the OS rate was higher in the compliant

group than in the noncompliant group, regardless of

chemotherapy administration, although a stratification

analysis demonstrated that chemotherapy increased the

survival rate in stage II patients with noncompliant lym-

phadenectomy. One possible explanation for this finding is

that stage I patients have lower risk of LN metastasis,

whereas stage II patients have higher risk of metasta-

sis.26–31 Noncompliance in LN dissection may lead to

inadequate removal of metastatic LN. Chemotherapy may

be a remedial treatment for noncompliance, because

chemotherapy performed after surgery could eliminate any

residual undetectable tumor tissue and cells. We evaluated

preoperative indicators that predicted that the risk of non-

compliance was higher among patients undergoing TG and

among patients with history of gastric surgery. Different

surgical approaches and adhesions may prevent adequate

removal of LNs. However, additional prospective data are

needed to test this prediction.

There are significant gender differences in the incidence

of GC. Its incidence is higher in male patients than in

female patients, especially in East Asia. Based on the

global cancer statistics for 2018,32 in East Asia, the inci-

dence of GC is nearly three times higher in males than in

females (male vs. female: 32.1 per 100,000 vs. 13.2 per

100,000), whereas in North America, it is twice as high in

males as in females. The latest Chinese cancer statistics33

also show that there are more than twice as many new cases

of GC in males as in females (male vs. female: 477,700 vs.

201,400). These data are consistent with the distribution of

GC in both sexes observed in our study. The differences in

the rates of GC observed between males and females may

be related to differences in the opportunities for males and

females to be exposed to carcinogens; For example, in

China, smoking, drinking alcohol, and drinking tea are

significantly more common in men than in women. How-

ever, the specific reasons for these differences remain to be

further studied.

Our study has several limitations. First, this was a sin-

gle-center retrospective study; therefore, unavoidable bias

may be present, and multicenter clinical trials are needed to
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TABLE 4 Univariate and multivariate Cox regression model for overall survival of pathological stage II patients with noncompliant

lymphadenectomy in whom chemotherapy was not recommended (n = 77)

Variable Univariate model Multivariate model

HR 95% CI P HR 95% CI P

Age (years) 0.008 0.007

\ 65 Ref Ref

C 65 3.55 1.39–9.09 0.008 3.78 1.45–9.88 0.007

Sex 0.141

Female Ref

Male 2.98 0.70–12.76 0.141

ASA score 0.689

1 Ref

2–3 0.83 0.34–2.05 0.689

Previous abdominal surgery 0.112

No Ref

Yes 0.31 0.07–1.32 0.112

Smoking 0.860

No Ref

Yes 1.08 0.45–2.58 0.860

Comorbidity 0.863

No Ref

Yes 0.92 0.36–2.36 0.863

Depth of invasion 0.664

T1 Ref

T3 1.38 0.32–5.91 0.664

Nodal status 0.664

N0 Ref

N? 0.73 0.17–3.10 0.664

Size (cm) 0.299

\ 5 Ref

C 5 1.57 0.67–3.69 0.299

Examined LNs, no. 0.509

B 15 Ref

[ 15 0.66 0.19–2.26 0.509

Primary site 0.315

Distal third Ref

Proximal third 0.66 0.07–6.07 0.712

Mid third 1.90 0.64–5.70 0.250

Overlapping lesion of stomach 0.47 0.05–4.20 0.496

Grade 0.292

Differentiated Ref

Undifferentiated 0.63 0.27–1.48 0.292

Lymphovascular invasion 0.017 0.179

Negative Ref Ref

Positive 2.93 1.21–7.09 0.017 1.88 0.75–4.73 0.179

Perineural invasion 0.061

Negative Ref

Positive 2.64 0.95–7.29 0.061

Gastrectomy 0.589

Total Ref
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confirm the results of our study. Second, social and eco-

nomic factors may have influenced the results. Moreover,

because there are differences in the treatments applied

between the East and the West, no conventional postop-

erative radiotherapy was available for patients in our

center, and it was therefore impossible to analyze the

survival benefits of adjuvant radiotherapy in GC patients

with noncompliant lymphadenectomy. We look forward to

the publication of more rigorous prospective studies that

assess whether adjuvant radiotherapy benefits patients with

noncompliant lymphadenectomy. However, our study is

the first to confirm that noncompliance is an independent

risk factor that predicts long-term prognosis in patients

undergoing radical gastrectomy for GC. In addition, we

found that performing chemotherapy after surgery may

remedy noncompliance in GC patients with pT1N2/N3M0

or pT3N0MO disease.
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