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Abstract
Background In the 8th edition of the tumor-node-metastasis (TNM) classification, the gastric cancer staging system includes 
two classifications: the clinical stage (cStage) and the postoperative pathologic stage. However, the correlation between the 
new cStage and overall survival has not been studied. Moreover, clinical N (cN) grade analysis is not included in the new 
clinical staging system. This study validated the prognostic value of cStage in the 8th edition of the TNM classification and 
the significance of N classification for pretreatment staging in gastric cancer.
Methods A total of 4374 patients with primary gastric cancer who underwent surgery at the Shizuoka Cancer Center were 
included. Survival analysis was conducted based on the newly proposed cStage criteria of the TNM 8th edition. Prognostic 
accuracy was evaluated using Harrell’s concordance index (C-index).
Results The five-year survival rates according to cStage were as follows: cStageI, 91.2%, cStageIIA: 75.1%, cStageIIB: 
57.7%, cStageIII: 43.2%, cStageIVA: 31.6%, and cStageIVB: 7.7%. Significant differences were observed among all stages 
(P < 0.001). The cStage C-index was 0.802. Meanwhile, the five-year survival rates based on cN were as follows: cN0: 
83.7%, cN1: 57.2%, cN2: 42.4%, cN3a: 22.1%, and cN3b: 0.0%. Significant differences were also observed among all cN 
grades (P < 0.001).
Conclusions The cStage of the 8th edition of the TNM classification has a good capability to predict prognosis; thus, it 
may be a useful indicator for selecting appropriate gastric cancer treatment modalities. In addition, cN can be included in 
developing a more precise clinical staging of gastric cancer.
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Introduction

Malignant tumors had been classified into clinical stages 
based on the TNM classification defined by the American 
Joint Committee on cancer (AJCC) [1] and the Union for 
International Cancer Control (UICC) [2]. Up till the 7th 
edition [3], the classification for gastric cancer had largely 

been based on pathologic data obtained from the resected 
specimens (pStages), which meant that the clinical stage 
served primarily as a prognostic determinant based on which 
postoperative treatment strategies could be chosen. In this 
aspect, the 8th edition incorporated a new pathologic staging 
system proposed by the International Gastric Cancer Asso-
ciation which was designed based on data from 59 institu-
tions in 15 countries [4].

Given that an increasing number of gastric cancer patients 
are treated by neoadjuvant chemotherapy (NAC) especially 
in the Western countries [5, 6], the 8th edition declared 
that, in addition to the pStages, a clinical stage classifica-
tion (cStages) be established based on evidence acquired 
before treatment so that the a broad range of treatment 
strategies including preoperative therapies can be selected 
and evaluated. However, reports on the correlation between 
TNM classification and survival have been mostly based on 
the pStages obtained after surgery [7–10], and only a few 

All authors contributed equally to this work.

Electronic supplementary material The online version of this 
article (http s://doi.org/10.1007 /s101 20-018-0799 -9) contains 
supplementary material, which is available to authorized users.

 * Masanori Terashima 
 m.terashima@scchr.jp

1 Division of Gastric Surgery, Shizuoka Cancer Center, 
Shimonagakubo 1007, Nagaizumichou, Suntougun, 
Shizuoka 411-0934, Japan

http://orcid.org/0000-0002-2967-8267
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-018-0799-9&domain=pdf
https://doi.org/10.1007/s10120-018-0799-9


124 E. Bando et al.

1 3

attempts to evaluate clinical staging prior to surgery had 
been made [11, 12]. The AJCC Cancer Staging Manual [1] 
provides survival curves that were used as a basis of the 
cStage in the 8th edition, but does not provide detailed data 
for the cT or cN categories. Statistical evaluation of the sur-
vival curves for each cStage and the basis for the subclassifi-
cation of Stage IV into Stages IVA and IVB are also lacking.

In the current study, statistical assessments were con-
ducted to evaluate appropriateness of the newly defined 
cStages as a tool for predicting gastric cancer prognosis. In 
addition, the significance of cN classification based on the 
number of lymph nodes that are suspected to harbor metas-
tasis was investigated.

Materials and methods

Patient population

Among the 4534 patients with primary gastric cancer who 
underwent surgery between October 2002 and November 
2016 in the Division of Gastric Surgery at Shizuoka Cancer 
Center, 160 patients who received preoperative chemother-
apy were excluded and the remaining 4374 patients were 
classified into the cT categories, cN categories and cStages 
according to the 8th edition of the TNM classification for 
comparison of the survival curves. Moreover, this study 
included patients with Siewert type III tumors, for which, 
the staging for gastric cancer was applied for the first time 
since the implementation of the 8th edition. Siewert Type III 
EGJ tumors were observed in 66 patients (1.5%).

This study was approved by the Research Ethics Commit-
tee at Shizuoka Cancer Center (No. 29-J6-29-1-3).

Criteria for determining preoperative clinical tumor 
progression

The preoperative invasion depth (cT), lymph node metas-
tasis (cN), and distant metastasis (cM) were determined in 
accordance with a previously published report [12]. A brief 
summary is presented below.

With regard to the endoscopic diagnosis of invasion 
depth, based on the diagnostic criteria defined by Ono and 
Abe et al. [13, 14], the macroscopic type was the most 
important factor affecting invasion depth. Other influencing 
factors included changes in the color of the gastric mucosa, 
abnormal folds of the gastric wall, tumor size, tumor thick-
ness, ulceration depth, or the degree of gastric wall harden-
ing. Contrast upper gastrointestinal radiography was per-
formed when possible. The invasion depth was determined 
based on the gastric wall thickness, poor extension of the 
gastric wall, gastric wall hardening, and tumor size, which 
were proposed as important factors by Egashira et al. [15]. 

The findings from a multi-detector computed tomography 
(MDCT) scan were also important in terms of diagnosing 
serosal invasion (cT4) [16]. When cT4b was strongly sus-
pected on CT, ultrasonography was additionally performed 
to verify the state of infiltration [17]. The cT was determined 
based on a comprehensive assessment using the various 
aforementioned diagnostic modalities. Endoscopic ultra-
sonography was not routinely performed.

Lymph node metastasis was diagnosed based on lymph 
node length, aggregation, and contrast imaging pattern, 
which were determined via an MDCT [18].

The MDCT was also used to determine cM.
The preoperative diagnosis was determined by a multidis-

ciplinary team conference comprising surgeon endoscopists, 
radiologists, and oncologists.

Policies for selecting treatment strategy

The therapeutic strategy and surgical procedures were deter-
mined based on the preoperative cStage diagnosis and other 
relevant clinical findings. The extent of lymphadenectomy 
and chemotherapy (both in the postoperative adjuvant set-
ting and advanced/metastatic setting) were determined by 
Japanese guidelines [19] or protocol of participated clinical 
trials.

The standard therapy for cM1 was chemotherapy; how-
ever, in patients with liver metastasis, hepatectomy was 
also considered when magnetic resonance imaging using 
gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic 
acid shows ≤ 3 metastatic tumors [20, 21]. Even in StageIV, 
we performed palliative gastrectomy or bypass surgery, if 
patients had urgent complaints including in insufficient oral 
intake or active bleeding from the gastric tumor.

Statistical analysis

The survival analysis was performed using the Kaplan–Meier 
product-limit method and log-rank tests. When P < 0.05, the 
difference was considered statistically significant. Harrell’s 
concordance index (C-index) derived from the time-depend-
ent receiver-operating characteristic (ROC) curve, which is 
used to subjectively evaluate the information on prognosis 
prediction, was used [22]. The C-index values ranged from 
0.5 (a predictive capability equivalent to that of a coin toss) 
to 1.0 (perfect prognostic predictive capability). Values for 
area under the curve (AUC) derived from the usual ROC 
curve analysis also range from 0.5 to 1.0: a value of 0.7 
to 0.8 indicates a moderate predictive capability, while a 
value ≥ 0.8 indicates an excellent predictive capability [23]. 
Similarly, a C-index ≥ 0.8 can be interpreted as having an 
excellent prognostic predictive capability [24]. The statisti-
cal analysis was performed using SPSS version 18.0 Base, 
Regression and Advanced software programs (SPSS Inc., 
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Chicago, IL, USA) and STATA/SE 14.2 (StataCorp., Col-
lege Station, TX, USA).

Results

Pre‑operative tumor progression

Table 1 shows the distributions of cT, cN, and cM based on 
the diagnostic criteria used in the present study. With regard 
to cT, cT1 accounted for approximately 50% of the patients. 
In patients with advanced cancer, cT4a was observed most 
frequently. Meanwhile, in cN, cN0 accounted for approxi-
mately 70% of the patients. Distant metastasis was identified 
prior to treatment in approximately 5% of the subjects.

Two-thousand nine-hundred eighty-four (68.2%) patients 
were males and remaining 1390 (31.8%) were females. The 
median age of this cohort was 67 years. The most frequent 
location of the tumor was the middle third of the stomach. 
With regard to the histologic type [25] (i.e., pathological tis-
sue type determined via endoscopic biopsy), the ratio of dif-
ferentiated type to undifferentiated type was approximately 
1:1. In terms of macroscopic type, approximately 60% of 
patients had early stage cancer. Meanwhile, among patients 
with advanced cancer, the most frequently diagnosed was 

invasive phenotype type 3. Surgery for 151 patients (3.5%) 
was conducted as a palliative care (Table 2).

Table 3 shows the surgical procedures performed among 
the patients. Approximately 95% of the patients underwent 
gastrectomy. Approximately 40% of the patients underwent 
standard D2 or extended D2 + lymphadenectomy.

Table 4 shows the final distributions of pStage: pT1 
was observed in 55%, pT3/4 in 30%, pN positive in 40%, 
and pStage IV in 17% of patients. R1 and R2 surgery 

Table 1  Preoperative tumor progression according to the 8th edition 
of the AJCC/UICC TNM classification

cT
 T1a (mucosa) 1019 (23.3%)
 T1b (submucosa) 1180 (27.0%)
 T2 (muscularis propria) 536 (12.3%)
 T3 (subserosa) 298 (6.8%)
 T4a (serosa exposed) 1218 (27.8%)
 T4b (infiltrating to adjacent organ) 123 (2.8%)

cN
 N0 (no metastases in regional node) 3186 (72.8%)
 N1 (1–2 positive in regional node) 418 (9.6%)
 N2 (3–6 positive in regional node) 491 (11.2%)
 N3a (7–15 positive in regional node) 244 (5.6%)
 N3b (16 or more positive in regional node) 35 (0.8%)

cM
 M0 (no distant metastasis) 4167 (95.3%)
 M1 (distant metastasis) 207 (4.7%)

cStage
 I 2546 (58.2%)
 IIA 180 (4.1%)
 IIB 591 (13.5%)
 III 768 (17.6%)
 IVA 82 (1.9%)
 IVB 207 (4.7%)

Table 2  Preoperative tumor characteristics and the aim of surgery

EGJ esophagogastric junction tumor

Location
 Lower third 1259 (28.8%)
 Middle third 1980 (45.2%)
 Upper third 834 (19.1%)
 Entire stomach 235 (5.4%)
 EGJ 66 (1.5%)

Histologic type (biopsied materials)
 Well differentiated type 1036 (23.7%)
 Moderately differentiated type 1251 (28.6%)
 Undifferentiated type 2087 (47.7%)

Macroscopic type
 Type 0 2551 (58.4%)
 Type 1 130 (3.0%)
 Type 2 614 (14.0%)
 Type 3 788 (18.0%)
 Type 4 291 (6.7%)

The aim of surgery
 Cure 4223 (96.5%)
 Palliation 151 (3.5%)

Table 3  Surgical procedure

PPG pylorus-preserved gastrctomy

Operative method
 Total 1001 (22.9%)
 Distal 2556 (58.4%)
 PPG 346 (7.9%)
 Proximal 198 (4.5%)
 Bypass 137 (3.1%)
 Simple laparotomy 45 (1.0%)
 Staging laparoscopy 91 (2.1%)

Lymphadenectomy (/4101 resected cases)
 D1, D1 +  2458 (59.9%)
 D2, D2+ 1643 (40.1%)

Approach
 Open 3397 (77.7%)
 Laparoscopic 746 (17.1%)
 Robot-assisted 231 (5.3%)
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were performed in 253 (5.8%) and 458 (10.5%) patients, 
respectively.

Survival outcome according to preoperative clinical 
tumor depth of invasion (cT)

The survival curves for the six staging-related cT groups are 
presented in Fig. 1. In each tumor depth group, the five-year 
survival rates were as follows: cT1a: 92.9%, cT1b: 90.7%, 
cT2: 82.4%, cT3: 69.7%, cT4a: 39.2%, and cT4b: 21.5%. 
A significant difference in overall survival was observed 
among all groups except between cT1a and cT1b (P < 0.001; 
cT1a vs. cT1b, P = 0.015).

Survival outcome according to preoperative clinical 
nodal involvement (cN)

Figure 2 shows the survival curves according to preoperative 
grade of lymph node metastasis. In each grade, the five-year 
survival rates were as follows: cN0: 83.7%, cN1: 57.2%, 

cN2: 42.4%, cN3a: 22.1%, and cN3b: 0.0%. A significant 
difference in overall survival was observed among all groups 
(P < 0.001).

Survival outcome according to the newly 
established clinical stage in the 8th edition TNM

The survival curves by cStage classification determined 
according to cT, cN, and cM are presented in Fig. 3. The 
five-year survival rates were as follows: cStageI (N = 2546): 
91.2%, cStageIIA (N = 180): 75.2%, cStageIIB (N = 591): 
59.3%, cStageIII (N = 768): 43.4%, cStageIVA (N = 82): 
28.6%, and cStageIVB (N = 207): 6.9%. A significant dif-
ference in overall survival was observed among all stages 
(P < 0.001). In the present 8th edition, the Harrell’s C-index 
for cStage was 0.802 (95% CI 0.791–0.815).

Table 4  Postoperative tumor progression according to the 8th edition 
of the AJCC/UICC TNM classification

pT (N = 4101 resected cases)
 T1a (mucosa) 942 (23.0%)
 T1b (submucosa) 1319 (32.2%)
 T2 (muscularis propria) 432 (10.5%)
 T3 (subserosa) 647 (15.8%)
 T4a (serosa-exposed) 691 (16.8%)
 T4b (infiltrating to adjacent organ) 70 (1.7%)

pN (N = 4101 resected cases)
 N0 (no metastases in regional node) 2417 (58.9%)
 N1 (1–2 positive in regional node) 596 (14.5%)
 N2 (3–6 positive in regional node) 405 (9.9%)
 N3a (7–15 positive in regional node) 372 (9.1%)
 N3b (16 or more positive in regional node) 311 (7.6%)

pM
 M0 (no distant metastasis) 3631 (83.0%)
 M1 (distant metastasis) 743 (17.0%)

pStage
 IA 1925 (44.0%)
 IB 436 (10.0%)
 IIA 377 (8.6%)
 IIB 312 (7.1%)
 IIIA 289 (6.6%)
 IIIB 202 (4.6%)
 IIIC 90 (2.1%)
 IV 743 (17.0%)

Residual tumor = R
 0 3663 (83.7%)
 1 253 (5.8%)
 2 458 (10.5%)

Follow-up (years)
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Fig. 1  Kaplan-Meier survival curves of overall survival of patients 
with gastric cancer stratified into six clinical depths of tumor inva-
sion (cT; T1a-T1b-T2-T3-T4a-T4b) according to the 8th Edition of the 
TNM classification
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Fig. 2  Kaplan-Meier survival curves of overall survival of patients 
with gastric cancer stratified into five groups by clinical nodal 
involvement (cN; N0-N1-N2-N3a-N3b) according to the 8th Edition 
of the TNM classification
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Discussion

We have previously published the prognostic impact of clini-
cal staging of gastric cancer based on the 7th TNM [12]. 
Also in this study, our results showed the excellent prognos-
tic impact of the cStage proposed in the 8th edition of the 
TNM classification. Furthermore, we also demonstrated the 
prognostic capability of the cN grade.

Although the roles of cStage and pStage differ, the same 
classification was used in both clinical and pathological stag-
ing until the 7th edition. However, in the 8th edition, they 
were divided according to their original roles.

As the cStage and pStage categories are different in the 
8th edition, direct comparison of stage-concordance rates is 
impossible. Therefore, we separately evaluated the concord-
ance rate in cT or cN.

Regarding the T categories, the concordance rates were 
25.1% in T2, 36.1% in T3, and 57.6% in T4 in our study 
(Supplemental Table 1). In a multicenter prospective study 
(JCOG1302), in which prospectively recorded clinical diag-
noses (cT and cN categories) were compared with postop-
erative pathological diagnoses (pT and pN categories) [26], 
the concordance rates were 28.9, 38.2, and 55.9% in T2, 
T3, and T4, respectively. The concordance rate of cT-pT 
was relatively high in T4. However, it was about 40% in T3 
and lower than 30% in T2, respectively. These data were 
considered unsatisfactory. The AJCC cancer staging manual 
[1] recommends cT diagnosis via endoscopic ultrasound 
(EUS), although its usefulness for determining the depth of 
advanced gastric cancer is not mentioned. Razavi et al. [27] 
reported the value of EUS for determining depth of gastric 
cancer in 106 patients, including those in advanced stages. 
However, the overall diagnostic accuracy rate was 70% or 
lower and the sensitivity of T4 diagnosis was 48%. Most Jap-
anese studies on the usefulness of EUS aimed to determine 

the indication for endoscopic submucosal dissection and, 
therefore, mostly covered early gastric cancer patients [28, 
29]. Evidence on the usefulness of EUS for determining 
cancer depth in T2–T4 cases remains limited. Even if EUS 
was performed in all patients, satisfactory improvement of 
concordance rate could have been difficult.

Regarding N category, the concordance rates were 28.5% 
in N1, 22.7% in N2, and 72.3% in N3 in our study (Supple-
mental Table 1), with a cN-positive/pN-positive concord-
ance rate of 77.5% in JCOG1302 study [26].

We also compared the cT/cP and cN/pN from the view-
point of survival. There were not so much differences 
between cT and pT in T2/3/4 (Supplemental Fig. 1a/b/c). 
However, there were obvious much differences between cN 
and pN in any cN grading (Supplemental Fig. 2a/b/c).

Because attaining satisfactory cT/pT and cN/pN concord-
ance rate, and getting same survival outcome in cN/pN, are 
difficult, establishing a reliable original cStage apart from 
pStage is important.

We showed that the survival curves were clearly sepa-
rated even when six categories of cT1a to cT4b were used.

In the 8th edition, the degree of cN positivity is not used 
in cancer staging. This is probably due to a lack of data in 
counting the number of metastatic lymph nodes on CT-scan.

With our data, the survival curves were clearly separated 
using the five classes of cN0-cN3b. The survival curves 
of the three (cN0-N1-N2/3) and four (cN0-N1-N2-N3) 
cN groups were also arbitrary investigated (Supplemental 
Fig. 3a/b). In a practical sense, the use of four or five (cN0-
N1-N2-N3a-N3b) cN groups is probably too complicated. 
We also evaluated the survival outcome of cStage IIA/III/
IVA according to three cN group (Supplemental Fig. 4a/b/c). 
The results revealed cN-based survival curves that were not 
separated in cStage IIA/IVA, although a clear separation was 
shown in cStage III (P < 0.001).

So, we propose classifying cN2 ~ cN3b into one group 
and splitting cStage III into cStages IIIA (cT3T4/cN1) and 
cIIIB (cT3T4/cN2/3).

The survival curves produced by our center and the US 
National Cancer Database (NCDB) are presented in the 
AJCC Cancer Staging Manual [1]. The survival curves are 
clearly separated in both cohorts. The new cStage is con-
sidered reliable and easy to use in practice. However, more 
precise classification may be beneficial in clinical practice.

In the Japanese guidelines [19], the extent of lymphad-
enectomy differs between cT1 and cT2. Moreover, in the 
National Comprehensive Cancer Network guidelines [5], 
preoperative chemotherapy or preoperative chemoradiation 
is recommended in some cases of cT2. Because the cStage 
is an index used to select appropriate treatment modalities, 
we believe that establishing cT1 and cT2 subclasses for 
cStageI would be beneficial. We examined overall survival 
after dividing cStageI into IA (T1N0) and IB (T2N0). The 
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Fig. 3  Kaplan-Meier survival curves of overall survival of patients 
with gastric cancer stratified into six clinical stages (cStage) accord-
ing to the 8th edition of the TNM classification
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five-year survival rate was 92.4% in cStage IA, significantly 
higher than that in cStage IB (83.7%, P < 0.001) (Supple-
mental Fig. 5).

Regarding neoadjuvant chemotherapy (NAC), the JCOG 
1302 trial proposed the criterion “cT3/T4 and cN1/N2/N3” 
disease based on the adequate sensitivity of pStage III and 
low contamination rate of pStage I [26]. This stage is inci-
dentally concordant to cStage III in the current TNM stag-
ing. In our survival data, the treatment outcome of cStage 
III was unsatisfactory, with 43.2% at five years. In contrast, 
NAC is recommended in a broader population of advanced-
stage gastric cancer in the Western countries. Consequently, 
however, a substantial number of patients with pStageI can-
cer for whom the adjuvant treatment is unnecessary will 
have to receive the cytotoxic agents. Attempts to create pre-
cise clinical staging as we did in this study might be useful 
to establish more strict criteria for NAC even for patients in 
the Western countries.

The AJCC recently announced guidelines for evaluat-
ing the published statistical prediction models that will be 
endorsed for clinical use [30]. As a customized tool for pre-
dicting prognosis in gastric cancer, Kattan et al. [31] estab-
lished a gastric cancer nomogram. According to the AJCC 
[1], the pretreatment clinical factors that should be collected 
in the future include the number of suspicious nodes, the site 
of such lymph nodes, invasion depth, tumor location, tumor 
size, sites of distant metastasis, and serum tumor markers. 
The data from the present study may be of help, in part, for 
the revision of the new TNM classification.

The present study has several limitations. The data were 
collected retrospectively in a single institution. However, 
diagnoses for cT, cN, and cM were made by endoscopists 
and radiologists based on uniform criteria, making the study 
results meaningful. Another limitation of the present study 
was that the data were analyzed based on the surgical data-
base; therefore, data on more than 50% of the patients with 
cStageIVB were probably missing. In the future, collecting 
data from patients who received chemotherapy or palliative 
therapy as initial therapy is necessary.

In conclusion, the clinical staging of gastric cancer 
has a high C-index for the prediction of overall survival. 
Therefore, the new cStage, which is defined separately from 
pStage for the first time in the 8th edition of the TNM clas-
sification, can be used as a criterion for selecting the appro-
priate therapy for gastric cancer, including limited surgery, 
standard surgery, extended surgery, NAC, or chemotherapy 
in routine clinical practice. Moreover, new treatment strate-
gies should be planned based on the cStage, including cN 
grade, for individualized therapy.
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