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Introduction

Gastric cancer (GC) is the fifth most common malignancy 
and the third most common cause of cancer-related deaths 
worldwide [1]. The treatment strategy for GC has changed 
over time from a single surgical resection approach to a 
comprehensive treatment approach based on surgery sup-
plemented with chemotherapy or molecular-targeted drug 
therapy. As treatment approaches, the tumor staging system 
for GC is also improved gradually. The latest version of the 
American Joint Committee on Cancer (AJCC) tumor-lymph 
node-metastasis (TNM) classification [2] has three independ-
ent staging systems for GC: clinical TNM staging (cTNM), 
pathological TNM staging (pTNM), and neoadjuvant chem-
otherapy TNM staging (ypTNM), all of which emphasize the 
importance of different stages in different treatment periods. 
With the specialization and standardization of a compre-
hensive treatment plan for GC, correct preoperative staging 
of GC has become a prerequisite for selecting a reasonable 
treatment model. Even with surgical treatment, the surgical 
approaches for different preoperative tumor stages of GC are 
not the same. Per the Japanese GC Treatment guidelines [3], 

D1 or D1+ lymph node dissection is performed for early GC 
without lymph node metastasis, and D2 lymph node dissec-
tion is performed for advanced or early GC with lymph node 
metastasis accessed preoperatively. Some locally advanced 
GCs are often difficult to treat solely by surgery. In such cas-
es, preoperative treatment such as neoadjuvant chemother-
apy is necessary. Furthermore, whether the omentum needs 
to be resected or the omental sac needs to be removed also 
depends on preoperative tumor staging. Correct preopera-
tive tumor staging can help clinicians determine the outcome 
of treatment and the prognosis of their patients. In recent 
years, preoperative clinical tumor staging of GC has greatly 
improved because of diagnostic methods such as endoscopic 
ultrasound (EUS), computed tomography (CT), positron 
emission tomography (PET)–CT, and laparoscopy, but there 
are still deviations in clinical tumor staging and pathologi-
cal tumor staging, which is considered the gold standard. 
Whether this staging deviation affects the treatment outcome 
and how to clinically distinguish patients prone to staging 
deviations are aspects that have not yet been reported. There-
fore, this study evaluated the effect of preoperative tumor 
staging deviations on the long-term survival of patients  

Original Article

Cancer Res Treat. 2021;53(4):1123-1133https://doi.org/10.4143/crt.2020.651

pISSN 1598-2998, eISSN 2005-9256

Purpose  This study aimed to evaluate the effect of preoperative tumor staging deviation (PTSD) on the long-term survival of patients 
undergoing radical gastrectomy for gastric cancer (RGGC). 
Materials and Methods  Clinicopathological data of 2,346 patients who underwent RGGC were retrospectively analyzed. The preop-
erative tumor-lymph node-metastasis (TNM) under-staging group (uTNM) comprised patients who had earlier preoperative TNM than 
postoperative TNM, and the no preoperative under-staging group (nTNM) comprised the remaining patients.
Results  There were 1,031 uTNM (44.0%) and 1,315 nTNM cases (56.0%). Cox prognostic analysis revealed that PTSD independently 
affected the overall survival (OS) after surgery. The 5-year OS was lower in the uTNM group (41.8%) than in the nTNM group (71.6%). 
The patients less than 65 years old, with lower American Society of Anaesthesiologists score, 2-5 cm tumor located at the lower stom-
ach, and cT1 or cN0 preoperative staging would more likely undergo D1+ lymph node dissection (LND) in uTNM (p < 0.05). Logistic 
analyses revealed that tumor size > 2 cm and body mass index ≤ 22.72 kg/m2 were independent risk factors of preoperative TNM 
tumor under-staging in patients with cT1N0M0 staging (p < 0.05). 
Conclusion  Underestimated tumor staging is not rare, which possibly results in inadequate LND and affects the long-term survival for 
patients undergoing RGGC. D2 LND should be carefully performed in patients who are predisposed to this underestimation. 
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undergoing radical gastrectomy for GC and explored the  
intervention measures.

Materials and Methods
 
1. Study population 

This study retrospectively assessed all patients with GC 
who underwent radical gastrectomy under the same group 
of surgeons between June 2007 and November 2013 at Fujian 
Medical University Union Hospital in China. The following 
inclusion criteria were set: (1) GC confirmed by preopera-
tive endoscopic biopsy, (2) no distant metastasis or invasion 
of nearby organs (pancreas, spleen, liver, colon, etc.) found  
before surgery, and (3) prior radical gastrectomy. The follow-
ing exclusion criteria were set: (1) preoperative diagnosis of 
T4b stage or distant metastasis, (2) prior explorative or pal-
liative surgery, (3) chemotherapy before surgery, (4) residual 
GC, (5) combined organ resection during the operation, (6) 
postoperative histopathology confirming non-gastric adeno-
carcinoma, and (7) missing information. Overall, 2,346 pati-
ents were included in the study. 

2. Preoperative tumor staging assessment
All patients underwent routine preoperative examination, 

including upper gastrointestinal endoscopy and upper gas-
trointestinal angiography with contrast to confirm the tumor 
location; chest radiography; CT scanning and ultrasonog-
raphy (US) of the abdomen to assess preoperative clinical  
tumor staging; EUS; bone scanning; and PET-CT, if necessary, 
to assist in assessing preoperative clinical tumor staging. 

The preoperative tumor invasion depth (cT) and lymph 
node metastasis (cN) stage of GC were determined on the 
basis of preoperative CT imaging results. Distant metasta-
sis (cM) was identified using preoperative CT and US. All 
preoperative tumor staging results were comprehensively 
judged by two experienced imaging specialists and experi-
enced surgeons on the basis of the literature and their own 
experience. 

The judgment criteria for cT were based on the criteria of 
Habermann et al. [4], Hasegawa et al. [5], and Kim et al. [6]. 
T1 tumors were defined as those that could not be found on 
images or those with focal thickening of the inner layer with 
a visible outer layer of the gastric wall and a clear fat plane 
around the tumor. T2 tumors were defined as those with  
focal or diffused thickening of the gastric wall with trans-
mural involvement and a smooth outer layer or only a few 
small linear strands of soft tissue extending into the fat plane 
involving less than one-third of the tumor extent. T3 tumors 
were defined as transmural tumors with obvious blurring 
of at least one-third of the tumor or wide reticular strands 

surrounding the outer layer of the tumor. T4a tumors were 
defined as those with obliteration of the fat plane between 
the gastric tumor and the adjacent organ. T4b tumors were 
defined as those with invasion of an adjacent organ. 

The judgment criteria for cN were based on the criteria 
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Fig. 1.  Distribution of preoperative staging deviation of the tu-
mor. (A) Distribution of preoperative TNM staging deviation of 
the tumor. (B) Distribution of preoperative T staging deviation 
of the tumor. (C) Distribution of preoperative N staging devia-
tion of the tumor.
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of Habermann et al. [4], Lee et al. [7], and Chen et al. [8]. 
Regional lymph nodes were considered to be metastatic if 
they were larger than 8 mm in the short-axis diameter; nearly 
round (longitudinal: transverse diameter ratio < 1.5), show-
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Table 1.  Clinicopathological characteristics of all patients

Characteristic No. (%) (n=2,346)

Sex
    Female 592 (25.2)
    Male 1,754 (74.8)
Age (yr) 
    < 65 1,444 (61.6)
    ≥ 65 902 (38.4)
BMI (kg/m2)a) 
    ≤ 22.72 1,176 (50.1)
    > 22.72 1,170 (49.9)
ASA score 
    Ⅰ 1,363 (58.1)
    Ⅱ 858 (36.6)
    Ⅲ-Ⅳ 125 (5.3)
Charlson score 
    0 1,596 (68.0)
    1-2 714 (30.4)
    3-5 36 (1.5)
Previous abdominal surgery 
    No 1,990 (84.8)
    Yes 356 (15.2)
Previous intraperitoneal surgery 
    No 2,192 (93.4)
    Yes 154 (6.6)
cT 
    cT1 528 (22.5)
    cT2 267 (11.4)
    cT3 479 (20.4)
    cT4 1,072 (45.7)
cN 
    cN0 1,124 (47.9)
    cN1 573 (24.4)
    cN2 457 (19.5)
    cN3 192 (8.2)
cTNM 
    IA 437 (18.6)
    IB 194 (8.3)
    IIA 330 (14.1)
    IIB 498 (21.2)
    IIIA 425 (18.1)
    IIIB 316 (13.5)
    IIIC 146 (6.2)
Gastrectomy 
    Total 1,296 (55.2)
    Distal 1,050 (44.8)
Size (cm) 
    < 2 232 (9.9)
    2-5 1,252 (53.4)
    > 5 862 (36.7)
(Continued)

Table 1.  Continued

Characteristic No. (%) (n=2,346)

Primary site
    Lower 1,052 (44.8)
    Upper 420 (17.9)
    Middle 596 (25.4)
    Overlapping lesion of stomach 278 (11.8)
Examined LNs, mean±SD 31.5±12.9
pT 
    pT1 528 (22.5)
    pT2 269 (11.5)
    pT3 584 (24.9)
    pT4 965 (41.1)
pN 
    N0  822 (35.0)
    N1  329 (14.0)
    N2  385 (16.4)
    N3 810 (34.5)
pTNM 
    IA 447 (19.1)
    IB 184 (7.8)
    IIA 215 (9.2)
    IIB 273 (11.6)
    IIIA 251 (10.7)
    IIIB 376 (16.0)
    IIIC 600 (25.6)
Grade 
    Differentiated 984 (41.9)
    Undifferentiated 1,362 (58.1)
Lymph vascular nerve invasion 
    Negative 1,853 (79.0)
    Positive 493 (21.0)
Lymph nodes noncompliance 
    Noncompliant 1,140 (48.6)
    Compliant 1,206 (51.4)
Complications 
    None 1,969 (83.9)
    Ⅰ-Ⅱb) 288 (12.3)
    Ⅲ-Ⅳb) 89 (3.8)
Adjuvant chemotherapy  
    No 1,620 (69.1)
    Yes 726 (30.9)
ASA, American Society of Anaesthesiologists; BMI, body mass 
index; SD, standard deviation. a)The patients were grouped  
according to the median of BMI in all cases, b)Clavien–Dindo 
classification.
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ing loss of the normal fatty hilum, or showing marked or het-
erogeneous enhancement. N0 was defined as non-regional 
lymph node metastasis. N1 was defined as metastasis in 1-6 
regional lymph nodes; N2, in 7-15 regional lymph nodes; and 
N3, in > 15 regional lymph nodes. 

The judgment criteria for cM were as follows: M0 was  
defined as no distant metastasis and M1, as distant organ  

metastases, distant lymph node metastasis, or intra-abdo-
minal metastases. Single or multiple halo-enhanced and 
relatively low-density shadows of parenchymal organs were 
considered distant organ metastases; para-abdominal aorta, 
retropancreas, mesenteric root, or other lymph node metas-
tases beyond station 2 metastasis were considered distant 
lymph node metastases; and ascites and peritoneal thick-
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Table 2.  Univariate and multivariate Cox regression models for overall survival analysis of all patients

Variable
  Univariate model   Multivariate model

 HR 95% CI p-value HR 95% CI p-value

Age (yr)   1.542 1.370-1.736 < 0.001 1.447 1.273-1.644 < 0.001
BMI (kg/m2)   0.714 0.629-0.811 < 0.001 0.792 0.695-0.904 0.001
ASA score      
    Ⅰ  Reference  < 0.001 Reference  0.938
    ⅠⅠ   1.230 1.087-1.391 0.001 0.995 0.822-1.204 0.955
    ⅠⅠⅠ-Ⅳ   1.590 1.253-2.016 < 0.001 0.947 0.679-1.321 0.748
Size (cm)      
    < 2 Reference  < 0.001 Reference  0.003
    2-5   2.477 1.793-3.421 < 0.001 0.909 0.635-1.301 0.601
    > 5   6.423 4.662-8.851 < 0.001 1.164 0.800-1.694 0.427
Gastrectomy   0.500 0.441-0.567 < 0.001 0.772 0.608-0.980 0.033
pT      
    pT1 Reference  < 0.001 Reference  < 0.001
    pT2   2.705 1.941-3.768 < 0.001 2.166 1.525-3.077 < 0.001
    pT3   5.468 4.155-7.196 < 0.001 2.885 2.084-3.994 < 0.001
    pT4 10.096 7.778-13.104 < 0.001 4.170 3.000-5.794 < 0.001
pN      
    N0  Reference  < 0.001 Reference  < 0.001
    N1    1.629 1.280-2.074 < 0.001 1.011 0.780-1.311 0.934
    N2    3.171 2.590-3.882 < 0.001 1.766 1.382-2.255 < 0.001
    N3   6.678 5.635-7.915 < 0.001 3.125 2.437-4.007 < 0.001
TNM staging deviation   0.728 0.697-0.759 < 0.001 1.062 1.001-1.128 0.047
T staging deviation   1.345 1.237-1.463 < 0.001 1.085 0.998-1.180 0.056
N staging deviation   1.699 1.593-1.813 < 0.001 1.062 0.969-1.164 0.198
Complications   1.228 1.097-1.374 < 0.001 1.125 0.998-1.264 0.051
Lymphvascularnerve invasion   1.568 1.370-1.795 < 0.001 0.999 0.865-1.153 0.986
Primary site      
    Lower Reference  < 0.001 Reference  0.398
    Upper 1.564 1.325-1.846 < 0.001 0.846 0.657-1.089 0.194
    Middle 1.556 1.342-1.804 < 0.001 0.864 0.672-1.111 0.253
Overlapping lesion of stomach 2.187 1.830-2.612 < 0.001 0.970 0.748-1.258 0.819
Grade 1.763 1.555-1.998 < 0.001 0.971 0.848-1.112 0.670
Chemotherapy 1.393 1.232-1.575 < 0.001 0.994 0.871-1.135 0.933
Charlson score      
    0 Reference  < 0.001 Reference  0.034
    1-2   1.181 1.041-1.340 < 0.001 1.062 0.860-1.310 0.577
    3-5   1.766 1.185-2.632 0.005 1.882 1.159-3.056 0.011
LN noncompliance   1.503 1.334-1.693 < 0.001 0.653 0.576-0.742 < 0.001

ASA, American Society of Anaesthesiologists; BMI, body mass index; CI, confidence interval; HR, hazard ratio; LN, lymph node.
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ening or nodular, flaky, and irregular peritoneal thickening 
were considered intra-abdominal metastases.

According to the 7th AJCC TNM staging classification 
for patients with GC, tumor staging was evaluated preop-
eratively and postoperatively. If preoperative tumor stag-
ing was earlier than the postoperative tumor staging, it was  
defined as preoperative tumor under-staging. If the preop-
erative tumor staging was later than the postoperative tumor  
staging or the two were consistent, it was defined as the no 
preoperative tumor under-staging. The TNM, T, and N stag-
ing systems for preoperative tumors were similar. In this 
study, patients with earlier preoperative TNM staging than 
postoperative TNM staging were classified as the preop-
erative TNM under-staging group (uTNM group), and the  
remaining patients were classified as the no preoperative 
TNM under-staging group (nTNM group).

3. Surgical procedures and postoperative pathological exa-
mination

Lymph node dissection was performed according to the 
guidelines of the Japanese Gastric Cancer Association [3]. 
The following lymphadenectomy sequences were performed 
for distal gastrectomy: No. 6→No. 7, 9, 11p→No. 3, 1→No. 
8a, 12a, 5→No. 4sb, and for total gastrectomy: No. 6, 7, 9, 
11p→No. 8a, 12a, 5→No. 1→No. 4sb→No. 10, 11d→No. 2. 
For additional details, please refer to previous publications 
[9]. The surgeons removed the specimens and divided the 
lymph nodes into groups according to the Japanese Classifi-
cation of GC. All specimens were examined and immediately 
sent to the pathology department. Two or more experienced  
pathology experts examined each lymph node using palpa-
tion without size restriction. All pathological examinations 
were performed in a standard manner. 

4. Follow-up
The overall follow-up rate was 94.16%, and the median 

follow-up duration was 72 months (range, 1 to 142 months). 
Postoperative follow-up was performed in the outpatient  
department every 3 months for the first 2 years, every 6 
months from years 3 to 5, and once a year after 5 years. Most 
follow-up appointments included a physical examination; 
laboratory tests, namely, assessment of carbohydrate anti-
gen 19-9 and 72-4 and carcinoembryonic antigen levels; chest  
radiography; abdominopelvic US or CT; and annual endo-
scopic examination. Overall survival (OS) was calculated 
from the day of surgery until death or until the final follow-
up date, whichever occurred first.

5. Statistical analysis
All statistical analyses were performed using SPSS ver. 

25.0 for Windows (IBM Corp., Armonk, NY). All continu-

ous variables are presented as mean±standard deviation. 
The chi-square or Fisher exact test was used to analyze cat-
egorical variables. Cumulative survival rates were compared 
using the Kaplan-Meier method and log-rank test. The Cox 
proportional hazards model was used for multivariate prog-
nosis analysis. Logistic regression analysis was carried out 
to analyze risk factors. Factors with p < 0.05 in univariate 
analyses were analyzed using multivariate analyses. p < 0.05 
were considered significant.

Results

1. Clinicopathological characteristics
Among the 2,346 patients, the average age was 61.0±11.2 

years (range, 12 to 91 years); body mass index (BMI), 22.0±3.0 
kg/m2 (range, 13.7 to 37.3 kg/m2); and tumor size, 48.2±26.8 
mm (range, 2 to 180 mm). There were 1,031 cases (44.0%) 
in the uTNM group and 1,315 cases (56.0%) in the nTNM 
group. Fig. 1 shows the distribution of preoperative staging 
deviation of the tumor. Table 1 presents the clinicopathologi-
cal characteristics of all patients.

2. Cox regression analysis of OS among all patients
Prognostic analysis indicated that age, BMI, American 

Society of Anaesthesiologists (ASA) scores, tumor size, gas-
trectomy method, preoperative TNM staging assessment 
deviation, preoperative T staging assessment deviation, 
preoperative N staging assessment deviation, pathologi-
cal T staging (pT), pathological N staging (pN), postopera-
tive complications, lymph vascular nerve invasion, primary  
tumor site, tumor differentiation, adjuvant chemotherapy, 
Charlson scores, and lymph node noncompliance rates were 
all prognostic factors on univariate analysis (p < 0.05). Mul-
tivariate Cox prognostic analysis revealed that, with the  
exception of age, BMI, tumor size, pT, pN, gastrectomy meth-
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Fig. 2.  Overall survival curve of patients with preoperative 
TNM under-staging and those with no TNM under-staging.
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od, Charlson scores, and lymph node noncompliance rates 
independently affected patients’ OS. Preoperative tumor  
staging assessment deviation also independently affected 
patients’ overall 5-year survival after surgery (p < 0.05)  
(Table 2).

3. Survival analysis 
The Kaplan-Meier OS survival curve revealed that the 

OS was significantly lower in the uTNM group than in the 
nTNM group (5-year OS, 41.8% vs. 71.6%; p < 0.001) (Fig. 2). 
According to the results of multivariate Cox prognostic anal-
ysis, stratified analysis was conducted by the factors which 
independently affected patients’ OS. Stratified analysis by 
pT indicated that in patients with pT1 and pT2 there was no 
significant difference in OS between the two groups, whereas 
in patients with pT3 and pT4, the OS was significantly lower 
in the uTNM group than in the nTNM group (p=0.002, p 

< 0.001) (Fig. 3). Stratified analysis by pN indicated that in  
patients with pN1, pN2, and pN3, there was no significant 
difference in the OS between the two groups. In patients with 
pN0, the OS was significantly lower in the uTNM group than 
in the nTNM group (p=0.001) (Fig. 4). Stratified analysis by 
age, BMI, tumor size, gastrectomy method, Charlson scores, 
and lymph node noncompliance showed that OS was signifi-
cantly lower in the uTNM group than in the nTNM group  
(p < 0.001) (S1 Fig.).

4. Clinicopathological differences between different lymph 
node dissection in uTNM group

In 1,031 cases with preoperative TNM under-staging, the 
preoperative clinicopathological factors between patients 
undergoing D1+ and D2 lymph node dissection were com-
pared. The results showed that the patients less than 65 years 
old, with lower ASA score, 2-5 cm tumor located at the lower 
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Fig. 3.  Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging in the pathologi-
cal T stratification. (A) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging 
among pathological T1 patients. (B) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM 
under-staging among pathological T2 patients. (C) Overall survival curve of patients with preoperative TNM under-staging and those 
with no TNM under-staging among pathological T3 patients. (D) Overall survival curve of patients with preoperative TNM under-staging 
and those with no TNM under-staging among pathological T4 patients.

Ov
er

al
l s

ur
vi

va
l (

%
)

Time (mo)

pT1

50

60

110

100

90

80

70

0 100 15050

A

TNM under-staging
No TNM under-staging
p=0.084

Ov
er

al
l s

ur
vi

va
l (

%
)

Time (mo)

pT2

40

50

100

90

80

70

60

0 100 15050

B

TNM under-staging
No TNM under-staging
p=0.310

Ov
er

al
l s

ur
vi

va
l (

%
)

Time (mo)

pT4

0
10
20
30
40
50

100
90
80
70
60

0 100 15050

D

TNM under-staging
No TNM under-staging
p < 0.001

Ov
er

al
l s

ur
vi

va
l (

%
)

Time (mo)

pT3

0
10
20
30
40
50

100
90
80
70
60

0 100 15050

C

TNM under-staging
No TNM under-staging
p=0.002

1128     CANCER  RESEARCH  AND  TREATMENT



stomach, and cT1 or cN0 preoperative staging would more 
likely undergo D1+ lymph node dissection (p < 0.05) (Table 
3).

5. Preoperative predictors of TNM tumor under-staging in 
patients with cT1N0M0 staging

In patients with cT1N0M0 staging, the univariate and mul-
tivariate analyses showed that tumor size > 2 cm and BMI  
≤ 22.72 kg/m2 were independent risk factors of preoperative 
TNM tumor under-staging (p < 0.05) (Table 4). 

Discussion

The prognosis of patients with GC is closely linked to their 
tumor staging. Thus, accurate preoperative tumor staging of 
GC is important for guiding treatment-related choices and 

assessing patient prognosis. In recent years, although the  
accuracy of clinical staging of GC has greatly increased  
because of the use of EUS, CT, PET-CT, laparoscopic staging, 
and other diagnostic methods, the clinical and pathologi-
cal staging are not always consistent. Several reports have 
shown that preoperative staging of GC by EUS is inconsist-
ent, especially in terms of depth of invasion. Further, the  
accuracy of T staging for GC ranged from 41.0% to 86.84% 
[10-12]. The penetration of ultrasound probes is limited; 
hence it is difficult to evaluate lymph nodes in distant  
regions. As a result, the accuracy of N staging for GC was 
less than that of T staging in EUS [13]. As one of the rou-
tine imaging examination techniques, CT plays a key role in 
patient examination. With the advancement in CT scanning 
technology and post-processing functions, CT now plays an 
increasingly important role in the diagnosis, staging, and 
prognosis evaluation of GC. Previous studies have shown 
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Fig. 4.  Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging in the pathologi-
cal N stratification. (A) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging 
among pathological N0 patients. (B) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM 
under-staging among pathological N1 patients. (C) Overall survival curve of patients with preoperative TNM under-staging and those 
with no TNM under-staging among pathological N2 patients. (D) Overall survival curve of patients with preoperative TNM under-staging 
and those with no TNM under-staging among pathological N3 patients.
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that the accuracy of T and N staging for GC before surgery 
using CT was not significantly different from that on using 
EUS [14]. CT for T staging has a high accuracy rate of approx-

imately 73.8%-84.0% [15-17], and for lymph node metastasis, 
the accuracy is 70%-75% [15-17]. Because CT images can be 
evaluated more closely than EUS and US images by multiple 
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Table 3.  Analysis of clinicopathological factors of different lymph node dissection in patients with preoperative TNM under-staging 

Item D1+  D2  χ2 p-value

Sex   
    Female 16 (24.6) 255 (26.4) 0.100  0.752
    Male 49 (75.4) 711 (73.6)  
Age (yr)   
    < 65 47 (72.3) 576 (59.6) 4.095  0.043
    ≥ 65 18 (27.7) 390 (40.4)  
BMI (kg/m2)a)   
    ≤ 22.72 43 (66.2) 638 (66.0) 0.000 0.986
    > 22.72 22 (33.8) 328 (34.0)  
ASA score    
    Ⅰ 49 (75.4) 563 (58.3) 7.768  0.021
    Ⅱ 15 (23.1) 351 (36.3)  
    Ⅲ-Ⅳ 1 (1.5) 52 (5.4)  
Charlson score      
    0 51 (78.5) 667 (69.0) 3.200 0.202
    1-2 14 (21.5) 281 (29.1)  
    3-5 0 ( 18 (1.9)  
Previous abdominal surgery   
    No 59 (90.6) 825 (85.4) 1.434  0.231
    Yes 6 (9.2) 141 (14.6)  
Previous intraperitoneal surgery   
    No 58 (89.2) 910 (94.2) 2.624  0.105
    Yes 7 (10.8) 56 (5.8)  
cT   
    cT1 65 (100) 31 (3.2) 89.923  < 0.001
    cT2 0 ( 81 (8.4)  
    cT3 0 ( 252 (26.1)  
    cT4 0 ( 602 (62.3)  
cN   
    cN0 65 (100) 384 (39.7) 89.923  < 0.001
    cN1 0 ( 336 (34.8)  
    cN2 0 ( 242 (25.1)  
    cN3 0 ( 4 (0.4)  
cTNM   
    IA 65 (100) 0 ( 1,031.000  < 0.001
    IB 0 ( 58 (6.0)  
    IIA 0 ( 169 (17.5)  
    IIB 0 ( 309 (32.0)  
    IIIA 0 ( 250 (25.9)  
    IIIB 0 ( 180 (18.6)  
Size (cm)   
    < 2 12 (18.5) 15 (1.5) 101.176  < 0.001
    2-5 48 (73.8) 443 (45.9)  
    > 5 5 (7.7) 508 (52.6)  

(Continued to the next page)
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Table 3.  Continued

Item D1+  D2  χ2 p-value

Primary site   
    Lower 38 (58.5) 404 (41.8) 12.939  0.005
    Upper 3 (4.6) 204 (21.1) 
    Middle 17 (26.1) 222 (23.0) 
    Overlapping lesion of stomach 7 (10.8) 136 (14.1) 
Values are presented as number (%). ASA, American Society of Anaesthesiologists; BMI, body mass index. a)The patients were grouped 
according to the median of BMI in all cases.

Table 4.  Univariate and multivariate analyses of the influence of preoperative TNM under-staging in patients with cT1N0M0 staging

Variable
  Univariate model   Full multivariate model

 OR 95% CI p-value OR 95% CI p-value

Sex      
    Female Reference  0.911 -  -
    Male 1.036  0.562-1.907 0.911  - - -
Age (yr)       
    < 65 Reference  0.441 -  -
    ≥ 65 0.794  0.443-1.426 0.441  - - -
BMI (kg/m2)a)      
    ≤ 22.72 Reference  0.032 Reference  0.042
    > 22.72 0.546  0.314-0.948 0.032  0.559  0.319-0.980 0.042 
ASA score       
    1 Reference  0.147 -  -
    2 0.578  0.311-1.072 0.082  - - -
    3 0.341  0.044-2.655 0.304  - - -
Previous abdominal surgery      
    No Reference  0.172 -  -
    Yes 0.540  0.223-1.307 0.172  - - -
Previous intraperitoneal surgery      
    No Reference  0.126 -  -
    Yes 2.017  0.821-4.959 0.126  - - -
Comorbidity      
    No Reference  0.080 -  -
    Yes 0.569  0.303-1.069 0.080  - - -
Charlson score      
    0 Reference  0.258 -  -
    1-2 0.589  0.313-1.107 0.258  - - -
Size (cm)      
    < 2 Reference  0.003 Reference  0.003
    2-5 2.779  1.427-5.412 0.003  2.705  1.385-5.280 0.004 
    > 5 5.606  1.672-18.796 0.005  5.718  1.689-19.357 0.005 
Primary site      
    Distal third Reference  0.092  -  -
    Mid third 0.365  0.108-1.229 0.104  - - -
    Proximal third 1.640  0.868-3.099 0.127  - - -
    Overlapping lesion of stomach 1.520  0.620-3.725 0.360  - - -
ASA, American Society of Anaesthesiologists; BMI, body mass index; CI, confidence interval; OR, odds ratio. a)The patients were grouped 
according to the median of BMI in all cases.
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experts, including surgeons, we are more dependent on pre-
operative CT images for the assessment of cT and cN at our 
center. Distant metastases were assessed in combination with 
findings from other examinations, such as abdominal US.

At present, there are many studies on the importance of 
accurate staging of GC before surgery, but whether preop-
erative tumor staging assessment deviation affects patient 
prognosis has not been reported. This study analyzed the 
impact of preoperative tumor staging assessment deviation 
on the prognosis and excluded the influence of other related 
prognostic factors through stratified analysis. We found that 
preoperative tumor staging assessment deviation would 
affect the long-term survival of patients, and patients with 
preoperative TNM under-staging assessment had a poor 
prognosis. 

Currently, D2 lymph node dissection has gained wide-
spread recognition and is accepted as the standard treat-
ment for advanced or early GCs with lymph node metas-
tasis [18]. The 15-year follow-up results of the Dutch study 
also showed that D2 lymph node dissection could improve  
patients’ OS [19]. However, in some cases, D1 or D1+ lymph 
node dissection will be performed if the preoperative stag-
ing is assessed as early GC without lymph node metastasis 
[3]. In this study, the difference of our action during gastrec-
tomy is degree of lymph node dissection (D1+ vs. D2). What 
is noteworthy is that preoperative cT1N1-3M0 or cT2-4N0-
3M0 staging may be not so important because in both cases 
the patients will receive D2 dissection. But if the preoperative 
TNM under-staging occurs in patients with cT1N0M0 stag-
ing, the D1+ lymph node dissection would be not enough. 
Specifically, in case of cT2→pT3, it does not make compli-
ance problem because D2 lymph node dissection would have 
been performed for this case. However, in case of cT1→pT2, 
this underestimation may make serious problem because in 
this case, possibility of doing D1+ lymph node dissection 
would be high if no enlarged LN is visible in CT scan. 

So, the analysis focused on the patients with preopera-
tive TNM under-staging and with cT1N0M0 staging. In the  
patients with preoperative TNM under-staging, the com-
paring results between D1+ and D2 lymph node dissection  
revealed the characteristics of patients more likely undergo-
ing D1+ lymph node dissection. It may suggest that even 
though the preoperative staging is early in the patients with 
a young age or lower ASA score, especially with tumor larger 
than 2 cm and located at the lower stomach, the D2 lymph 
node dissection could be recommended to be performed, to 
reduce the inadequate lymph node dissection resulted from 
preoperative tumor staging deviation.

The study further analysed preoperative predictors of  
patients with preoperative TNM under-staging in the pati-
ents with cT1N0M0 staging. It promoted that in these cases, 

the tumor size > 2 cm and BMI ≤ 22.72 kg/m2 were inde-
pendent risk factors of preoperative TNM tumor under-stag-
ing. It is possible that in the patients with large tumor, some  
potential invasion or metastasis cannot be detected by exi- 
sting imaging technologies. And the fatty tissue in pati-
ents with a high BMI, which is of very low density on CT  
images, can theoretically provide natural contrast to sepa-
rate tumor and adjacent peritoneum or organs, help to better 
delineate the tumor [20]. Hence, lack of fat in the patients 
with a low BMI may increase the difficulty of determination 
of T-stage on CT. These might lead to preoperative TNM 
under-staging. So, it reminded that the preoperative staging 
of cT1N0M0 should be more cautious especially when the 
patient has tumor size larger than 2 cm or BMI ≤ 22.72 kg/m2. 
If the inadequate lymph node dissection is carried out, post-
operative adjuvant chemotherapy can be used as a remedy 
method, and the follow-up should be strengthened.

Our study has several limitations. Although this study 
was a retrospective study with a large cohort, after stratified 
analysis, the number of cases in each subgroup was uneven-
ly distributed, and some subgroups had relatively smaller 
cohorts, which might have affected the results of statistical 
analysis. In addition, since this was a single-center retrospec-
tive study, inevitable bias might have been present. Further, 
a multicentre prospective clinical trial is needed to confirm 
our results.

In conclusion, it is not rare for surgeons to underestimate 
tumor staging before surgery, which might cause inadequate 
lymphatic dissection during surgery and affect the long-term 
survival of patients undergoing radical gastrectomy for GC. 
For patients who are prone to tumor under-staging before 
surgery, such as patients with tumor size larger than 2 cm or 
BMI ≤ 22.72 kg/m2, full D2 lymph node dissection should be 
carefully performed during surgery.
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