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can be regarded as a reliable prognostic factor, and the TsNM stage

system may improve the prognostic prediction accuracy in gastric
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Abstract: The clinical prognostic significance of tumor size (Ts) in

gastric cancer remains under debate. This study aims to evaluate

the prognostic value of Ts in gastric cancer patients undergoing

gastrectomy.

A total of 2405 patients with gastric cancer, all having received

radical resection, were enrolled in this retrospective study from 2000 to

2011. Patients were categorized by minimum P value from log-rank x2

statistics using X-tile. The relationships between Ts and other clinico-

pathologic characteristics were analyzed, and the survival prediction

accuracy was also compared between Ts and T stage.

Patients were divided into 5 groups, according to which Ts stage and

TsNM stage system were proposed. Ts, an independent prognostic

factor identified by univariate and multivariate survival analysis, was

significantly associated with sex, age, tumor location, macroscopic type,

tumor diffferentiation, vessel invasion, perineural invasion, T stage, N

stage, and TNM stage. Compared with T stage system, Ts stage system

was found no superiorities in survival prediction. However, for patients

with lymph node metastasis and patients with age�60, Ts stage system

revealed a significant improvement of predictive accuracy in subgroup

survival analysis. Furthermore, TsNM stage (c-index¼ 0.783) system

was found to be superior to TNM stage (c-index¼ 0.743) system in

prognostic prediction accuracy (P< 0.05).

Ts is significantly correlated with gastric cancer progression, which
Xin Chen, MD, Jia D,
nd Jian-Kun Hu, MD, PhD, FRCS

(Medicine 94(50):e2288)

Abbreviations: AJCC = American Joint Committee on Cancer, CI

= confidence interval, HR = hazard ratio, JGCA = Japanese Gastric

Cancer Association, N = lymph node metastasis, Nþ = positive

lymph node metastasis, N0 = negative lymph node metastasis, OS

= overall survival, r = correlation coefficient, T = depth of tumor

invasion, TNM = tumor-nodes metastasis stage system, Ts = tumor

size, TsNM = tumor size-nodes metastasis.

INTRODUCTION

G astric cancer is now a common gastrointestinal malignancy
in China, with the second most frequent cause of cancer-

related death worldwide.1,2 The identification of its prognostic
factors becomes of increasing importance in predicting and
improving outcomes in patients involved. Depth of tumor
invasion3 (T) and lymph node metastasis4,5 (N), as the most
common prognostic indicators that have been applied in the
tumor-nodes metastasis (TNM) classification by both the Japa-
nese Gastric Cancer Association (JGCA)6 and the American
Joint Committee on Cancer (AJCC),7 are obtained postopera-
tively by histopathologic examination of the resected specimen,
making it not available for a surgeon to determine the width of
safe margin and the extent of lymph node dissection during the
radical operation. In this sense, tumor size (Ts), another valu-
able clinicopathologic feature that can be easily measured
before or during radical operation, contributes to providing
extremely important information for a surgeon in surgical
treatment planning. The fact, however, is that, though being
considered consequently as an essential prognostic factor in
some solid tumors, for example, lung, breast, and liver cancer,
Ts has not been included in the current staging system of gastric
cancer practice guideline yet, mainly resulting from the con-
troversy in its prognostic significance.

Recent researchers proposed for consideration of Ts prog-
nostic evaluation in given subgroups of gastric cancer
patients,8–15 while some studies persisted that it was not an
independent prognostic factor.4,16 It is highly necessary to
clarify the prognostic role of Ts in gastric cancer and to
determine its potential value. Therefore, we retrospectively
analyzed the impact of Ts on the prognosis of 2405 patients
with gastric cancer.

PATIENTS AND METHODS
Hospital Research Ethics Committee
ive analysis of anonymous data involved
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in this study. Written informed consent was not obtained but
patient records were anonymized and deidentified prior
to analysis.

From January 2000 to October 2010, a total of 3037
patients with gastric cancer who received gastrectomy at the
Department of Gastrointestinal Surgery, West China Hospital,
were retrospectively assessed in this study. Patients were
included on the conditions that: they were clearly diagnosed
with primary gastric cancer before surgery; pathological exam-
ination confirmed that they had received R0 resection,6 a
curative resection with negative residual margins; there were
no preoperative distant metastases; tumor sizes were clearly
recorded. Patients were excluded if they had any of the follow-
ing situations: with an earlier history of gastrectomy; with any
preoperative chemotherapy or radiotherapy; with multiple
stomach tumors; with another malignancy or any other life-
threatening diseases diagnosed during 3 years prior to the
operation; death due to postoperative complications in hospital.
Finally, 2405 patients were enrolled in this study with those
criteria above. Of these patients, 2152 enrolled from the year
2000 to 2009 were regarded as the training set, while 253
patients from December 2009 to October 2010 were used as a
validation set.

Surgical Management
Curative gastrectomy and lymphadenectomy were per-

formed to all of the patients according to Japanese Classifi-
cation of Gastric Carcinoma (2nd English edition)17 by JGCA.
All the operations were performed by an expertise of surgeons
specialized in gastrointestinal surgery and expert surgeons
routinely checked out lymph nodes from the excised specimens
as much as possible after operation. The TNM stage of each
tumor was assessed on the basis of the 7th edition of AJCC
TNM staging criteria.7

Tumor size, defined as the maximum tumor diameter,
was measured by opening the stomach specimens along the

Zhao et al
greater curvature, or along the lesser curvature if the tumor
was located in the greater curvature. The opened stomach
specimen was placed on a flat board with the mucosal side up

FIGURE 1. A, The distribution of number of patients related to tumo
5.00 cm and a mean of 5.09�2.70 cm. B, X-tile plots for tumor size co
log-rank values produced, dividing them into 3 groups by 2 cutoff poin
(160.8) generated by the cutoff value (4.5 cm, 7.5 cm) as marked by
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and the maximum tumor diameter was measured and used in
the analysis.

Definition of Ts Stage and TsNM Stage
According to the 4 cutoff points determined by X-tile,

tumor size (Ts) was divided into 5 subgroups: Ts1 (�2.5 cm),
Ts2 (2.5–4.5 cm), Ts3 (4.5–7.5 cm), Ts4 (7.5–10.0 cm), Ts5
(>10.0 cm), defined as Ts stage, corresponding to T1, T2, T3,
T4a, and T4b in T stage, respectively. The TsNM stage system
was designed as combination of the Ts stage, N stage, and M
stage system including the 7th edition N stage and M stage of
TNM stage system.

Gastric cancer progression in the present study is charac-
terized by aggressive tumor behaviors, such as deep tumor
invasion, high rate of lymph node metastasis and high tumor
grade, and increased growth speed, which are universally
regarded to be associated with disadvantages in survival.

Clinicopathologic Characteristics Analysis
The clinicopathologic factors such as sex, age, tumor size,

tumor location, macroscopic type, tumor differentiation, vessel
invasion, perineural invasion, T stage, N stage, and TNM stage
were collected from the database and compared during the 5
Ts subgroups.

Follow-Up
All patients, after undergoing curative resection of gastric

cancer, were periodically followed up by letters, telephone
interviews, and outpatient visits as well. The follow-up was
every 3 months during the first 2 postoperative years, every 6
months after the second year, and all surviving patients were
followed annually thereafter until death. The survival time was
defined as the time from the date of surgery to the last contact
time, October 2015, or the date of death. Of the 2405 patients,
2118 (88.07%) were followed up.

Medicine � Volume 94, Number 50, December 2015
Statistical Analysis
Optimal cutoff points of Ts for survival were determined

by minimum P value from log-rank x2 statistics using the X-tile

r size. Tumor size ranged from 0.5 to 21.0 cm, with a median of
nstructed by patients enrolled in this study. The plots show the X2

ts. The brightest pixel represents the maximum X2 log-rank value
the black spot.
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TABLE 1. Correlation Between Tumor Size and Clinicopathologic Factors

Factors
Ts1 (n¼ 417)
�2.5 cm

Ts2 (n¼ 616)
2.5–4.5 cm

Ts3 (n¼ 779)
4.5–7.5 cm

Ts4 (n¼ 261)
7.5–10 cm

Ts5 (n¼ 79)
>10cm P

Sex 0.004
Male 289 425 573 196 52
Female 128 191 206 65 27

Age, yr 0.009
<60 250 348 424 130 38
�60 167 268 355 131 41

Tumor location 0.006
Upper third 77 162 192 39 21
Middle third 71 90 162 86 27
Lower third 269 363 409 122 11
�2/3 stomach 0 1 11 14 20

Macroscopic type <0.001
Early stage 160 84 30 4 0
Borrmann I 23 27 18 14 0
Borrmann II 189 355 380 88 22
Borrmann III 38 143 314 109 29
Borrmann IV 7 7 37 46 28

Tumor differentiation <0.001
Well 21 13 8 4 2
Moderately 124 146 156 39 7
Poorly 272 457 615 218 70

Vessel invasion 0.001
Positive 361 464 567 208 52
Negative 56 152 212 53 27

Perineural invasion 0.008
Positive 33 97 150 86 54
Negative 384 519 629 175 25

T State <0.001
T1 219 130 44 4 0
T2 92 113 68 15 0
T3 25 52 64 23 0
T4a 77 309 508 169 42
T4b 4 12 95 50 37

N Stage <0.001
N0 278 237 185 48 6
N1 67 152 135 41 6
N2 41 118 192 53 13
N3a 22 87 195 73 29
N3b 9 22 72 46 25

TNM Stage <0.001
IA 185 93 32 3 0
IB 67 77 37 7 0
IIA 47 53 30 9 0
IIB 56 115 122 38 4
IIIA 27 105 120 32 3
IIIB 18 91 186 50 10
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program.18 x2 test in the SPSS version 17.0 was performed to
evaluate differences in proportions, whereas the Mann–Whit-
ney U test was applied to analyze continuous variables.
Logistic regression analysis was used to evaluate the risk
factors for tumor size, while Spearman correlation analysis
was applied to analyze the multicollinearity for tumor size.

IIIC 17 82
Univariate and multivariate survival analyses were performed
by Cox’s proportional hazard regression model with con-
ditional backward stepwise. The overall survival rates were

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
calculated using the Kaplan–Meier method,19 with subgroups
compared by the log-rank test through GraphPad Prism 5.
Comparisons between the different stage systems for the
prognostic prediction were performed with the rcorrp.cens
package in Hmisc in R (version 3.9-2. http://www.R-projec-
t.org/.) and were evaluated by the concordance index (C-

252 122 62
index). The larger the C-index, the more accurate was the
prognostic prediction.20 A P value of<0.05 (2 side) was
defined to be statistically significant.
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subgroups were 55.4%, 80.5%, 68.2%, 57.4%, 49.3%, and
31.8%, respectively, and this difference was statistically sig-
nificant (x2¼ 181.0, P< 0.001; Table 4). As illustrated in

TABLE 2. Logistic Regression Analysis of the Risk Factors for Tumor Size

Univariate Analysis Multivariate Analysis

Factors OR (95% CI) P Value OR (95% CI) P Value

Sex 0.810(0.672–0.977) 0.028 0.838(0.670–1.043) 0.112
Age 0.814(0.686–0.965) 0.018 0.903(0.737–1.106) 0.323
Tumor location 0.921(0.834–1.017) 0.102 � �
Macroscopic type 2.578(2.307–2.880) <0.001 1.588(1.389–1.815) <0.001
Tumor differentiation 1.387(1.239–1.552) <0.001 0.957(0.833–1.099) 0.533
Vessel invasion 1.412(1.153–1.729) 0.001 0.892(0.794–1.097) 0.501
Perineural invasion 1.107(1.020–1.371) 0.012 1.063(0.902–1.284) 0.092
pT Stage 2.434(2.235–2.651) <0.001 1.956(1.757–2.178) <0.001
pN Stage 1.805(1.679–1.940) <0.001 1.305(1.202–1.416) <0.001

TABLE 3. Spearman Correlation Analysis of the Multicolli-
nearity for Tumor Size

Factors Correlation Coefficient (r) P Value

Sex �0.039 0.073
Age �0.063

�
0.004

Tumor location 0.051
�

0.047
Macroscopic type 0.452y <0.001
Tumor differentiation 0.157y <0.001
Vessel invasion 0.084y <0.001
Perineural invasion 0.065

�
0.034

T Stage 0.544y <0.001
N Stage 0.412y <0.001

�
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RESULTS

Tumor Size Distribution and Optimal Cutoff
Values

In the 2405 patients, tumor size ranged from 0.5 to 21.0 cm,
with a median of 5.00 cm and a mean of 5.02þ 2.80 cm
(Fig. 1A). X-tile plots, constructed in Figure 1B, indicated that
the maximum of x2 log-rank value of 160.8 was produced
applying 4.5 and 7.5 cm as cutoff values to divide the cohort
with the strongest discriminatory capacity. On the basis of the 2
cutoff values, we found another 2 cutoff values, 2.5 and
10.0 cm, corresponding to the maximum of x2 log-rank value
of 181.0 (P< 0.001). As a consequence, Ts in the training set
was divided into 5 subgroups: Ts1 (�2.5 cm), Ts2 (2.5–4.5 cm),
Ts3 (4.5–7.5 cm), Ts4 (7.5–10.0 cm), Ts5 (>10.0 cm), defined
as Ts stage.

To show how much improvement was gained by choosing
these 4 cutoff values in our study, we also applied the cutoff
values of 3.0, 6.5, 9.0, and 12.0 cm reported recently13 to create
a new divided subgroup model, producing a new c-index 0.607
which was far less accuracy in survival prediction than 0.645
produced in the present study (P< 0.05).

Clinicopathologic Characteristics and
Correlation Analysis

Clinicopathologic characteristics were compared among the
5 Ts subgroups, as shown in Table 1. Ts was significantly
associated with sex (P¼ 0.004), age (P¼ 0.009), tumor location
(P¼ 0.006), macroscopic type (P< 0.001), tumor differentiation
(P< 0.001), vessel invasion (P¼ 0.001), perineural invasion
(P¼ 0.008), T stage (P< 0.001), N stage (P< 0.001), and
TNM stage (P< 0.001). Compared with the small tumor sized
patients, patients with larger tumor size were found more fre-
quently in male and in the age of �60 years, having a higher
proportion in Borrmann type III or IV, in poor differentiation and
in positive vessel and perineural invasion.

As demonstrated in Table 2, logistic regression analyses
were performed to determine the risk factors for tumor size. In
the univariate analyses, the involved variables significantly
consisted of clinicopathologic factors: sex (OR¼ 0.810,

CI¼ confidence interval; OR¼ odds ratio.
P¼ 0.028), age (OR¼ 0.814, P¼ 0.018), macroscopic type
(OR¼ 2.578, P< 0.001), tumor diffferentiation (OR¼ 1.387,
P< 0.001), vessel invasion (OR¼ 1.412, P¼ 0.001), perineural
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invasion (OR¼ 1.107, P¼ 0.012), T stage (OR¼ 2.434,
P< 0.001), and N stage (OR¼ 1.805, P< 0.001). Multivariate
regression model suggested that macroscopic type
(OR¼ 1.588, P< 0.001), T stage (OR¼ 1.956, P< 0.001),
and N stage (OR¼ 1.305, P< 0.001) were independent risk
factors for Ts.

To evaluate the multicollinearity between Ts and other
factors, spearman correlation analyses in Table 3 showed that T
stage was moderately correlated with Ts (r¼ 0.544, P< 0.001),
whereas N stage (r¼ 0.412, P< 0.001) and macroscopic type
(r¼ 0.452, P< 0.001) showed a low correlation. However,
there existed no correlation in other clinicpathologic factors,
such as age (r¼�0.063), sex (r¼�0.039), tumor location
(r¼ 0.051), tumor differentiation (r¼ 0.051), and vessel inva-
sion (r¼ 0.084) as well as perineural invasion (r¼ 0.065).

Univariate and Multivariate Analyses of Factors
Associated With Patient Prognosis

The overall 5-year survival rates for all patients and 5
Correlation is significant at the 0.05 level (2 tailed).
yCorrelation is significant at the 0.01 level (2 tailed); r: correlation

coefficient; jrj<0.3: no correlation; 0.3�jrj<0.5: low correlation;
0.5�jrj<0.8: moderate correlation; 0.8�jrj: high correlation.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Kapplan–Meier Survival Analysis of the Patients’ Clinicopathologic Factors

Factors n (%) 3-Yr OS (%) 5-Yr OS (%) Log Rank x2 Value P

Sex 4.7 0.030
Male 1535(71.4) 62.4 53.7
Female 617 (28.6) 65.5 60.1

Age, yr 15.4 <0.001
<60 1190(55.3) 66.5 59.1
�60 962 (44.7) 59.4 51.1

Tumor location 44.8 <0.001
Upper third 492 (22.9) 57.8 48.3
Middle third 436 (20.3) 62.2 52.9
Lower third 1175(54.6) 67.2 60.8
>2/3 stomach 49 (2.3) 32.0 19.7

Macroscopic type 101.3 <0.001
Early stage 278(12.9) 89.1 79.7
Borrmann I 82 (3.8) 63.3 55.8
Borrmann II 1034(48.0) 64.1 56.6
Borrmann III 633 (29.4) 54.9 47.3
Borrmann IV 125(5.8) 39.6 32.0

Tumor differentiation 69.4 <0.001
Well 48(2.2) 88.6 81.6
Moderately 472(21.9) 71.1 61.6
Poorly 1632(75.8) 58.2 50.1

Vessel invasion 40.6 <0.001
Positive 500(23.2) 52.0 42.1
Negative 1652(76.8) 66.6 60.0

Perineural invasion 15.9 <0.001
Positive 305(14.2) 56.6 44.0
Negative 1847(85.8) 67.3 57.6

Tumor size, cm 181.0 <0.001
Ts1(0–2.5) 417(19.4) 88.4 80.5
Ts2(2.5–4.5) 616(28.6) 79.8 68.2
Ts3(4.5–7.5) 779(36.2) 68.6 57.4
Ts4(7.5–10.0) 261(12.1) 56.9 49.3
Ts5(10.0–) 79(3.7) 42.3 31.8

T stage 243.0 <0.001
T1 397(18.4) 91.3 81.8
T2 288(13.4) 76.6 69.8
T3 164 (7.6) 72.0 54.5
T4a 1105(51.3) 53.1 46.0
T4b 198 (9.2) 33.6 28.8

N stage 341.5 <0.001
N0 754 (35.0) 83.1 73.4
N1 401 (18.6) 71.4 63.6
N2 417 (19.4) 57.7 52.9
N3a 406 (18.9) 39.7 30.6
N3b 174 (8.1) 27.0 22.3

TNM stage 392.7 <0.001
IA 313 (14.5) 92.5 82.5
IB 188 (8.7) 87.6 79.5
IIA 139 (6.5) 79.2 74.0
IIB 335 (16.5) 73.2 63.1
IIIA 287 (13.3) 62.6 54.3
IIIB 355 (16.5) 52.5 47.9
IIIC 535 (24.9) 33.5 26.2

TsNM stage 395. 8 <0.001
IA 278 (12.9) 93.5 83.1
IB 304 (14.1) 91.1 79.2
IIA 378 (17.6) 83.4 70.0
IIB 323 (15.0) 71.2 60.1
IIIA 335 (15.6) 60.9 49.3
IIIB 276 (12.8) 41.2 32.4
IIIC 258 (12.0) 31.5 23.6

OS¼ overall survival.

Medicine � Volume 94, Number 50, December 2015 Prognostic Significance of Tumor Size
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TABLE 5. Univariate and Multivariate Analyses of the Patients’ Clinicopathologic Factors by Cox Regression Model

Univariate Analysis Multivariate Analysis

Factors HR (95% CI) P Value HR (95% CI) P Value

Sex 0.838(0.715–0.983) 0.030 0.896(0.762–1.054) 0.187
Age 0.757(0.659–0.871) <0.001 0.752(0.654–0.865) <0.001
Ts stage 2.253(1.946–2.609) <0.001 1.290(1.097–1.518) 0.002
Tumor location 0.910(0.839–0.988) 0.025 0.962(0.888–1.044) 0.354
Macroscopic type 1.434(1.332–1.542) <0.001 1.006(0.918–1.102) 0.899
Tumor differentiation 1.169(1.071–1.275) <0.001 0.981(0.889–1.083) 0.709
Vessel invasion 1.626(1.398–1.891) <0.001 1.158(0.989–1.357) 0.068
Perineural invasion 1.157(1.028–1.371) <0.001 1.096(0.862–1.254) 0.087
T stage 1.602(1.501–1.710) <0.001 1.304(1.209–1.406) <0.001
N stage 1.571(1.492–1.655) <0.001 1.387(1.308–1.472) <0.001

Zhao et al Medicine � Volume 94, Number 50, December 2015
Table 4, in addition to Ts, Kaplan–Meier analysis suggested
that clinicopathologic factors including sex, age, tumor
location, macroscopic type, tumor differentiation, vessel

CI¼ confidence interval; HR¼ hazard ratio.
invasion, perineural invasion, T stage, N stage, and TNM
stage were significant prognostic factors. The same results
were also found by univariate analysis with Cox regression

FIGURE 2. Comparative accuracies of survival analysis. A, Survival c
curve of patients according to subgroups of Ts stage. C, Survival cur
curve of patients according to subgroups of TsNM stage. The significa
log-rank test.
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model in Table 5. Multivariate analysis by Cox regression
showed that only age (HR¼ 0.752, P< 0.001), Ts
(HR¼ 1.290, P¼ 0.002), T stage (HR¼ 1.304, P< 0.001),

and N stage (HR¼ 1.387, P< 0.001) were independent
prognostic factors of overall survival for patients with
gastric cancer.

urve of patients according to subgroups of T stage. B, Survival
ve of patients according to subgroups of TNM stage. D, Survival
nce of difference between survival curves was determined by the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



Comparison of Subgroup Survival Analysis
Between T and Ts Stage

In training set, comparative accuracies of survival curves
in Figure 2 showed that Ts stage model (c-index¼ 0.693,
Figure 2A) was found no significant superiorities to T stage
(c-index¼ 0.684, Figure 2B) in prognostic prediction
(P> 0.05), while TsNM stage (c-index¼ 0.783, Figure 2C)
revealed to be advantageous to TNM stage (c-index¼ 0.743,
Figure 2D) in survival prediction accuracy (P< 0.05). Besides,
with the stratified analysis, we found that overlapping survival
curves were in the TNM stage system but not in the TsNM stage
system and that no significant survival difference between
stages IA and IB (P¼ 0.377), stages IIA and IB (P¼ 0.188),
stages IIB and IIA (P¼ 0.081) existed in the TNM stage system.

Kaplan–Meier survival curves in Figure 3C and D demon-
strated that, for patients with positive lymph node metastasis
(Nþ), the Ts stage system with a c-index of 0.671 revealed
significant improvement than the T stage system with a c-index
of 0.652 (P< 0.05). However, there was no significant difference
existing between these 2 stage systems for patients with negative

Medicine � Volume 94, Number 50, December 2015
lymph node (N0) metastasis (c-index of Ts vs T¼ 0.669 vs 0.662,
P> 0.05) despite a slight increase of c-index (Fig. 3A and B).
We also found that there was no difference between T3 and T2 in

FIGURE 3. Comparative accuracies of survival analysis between T and
patients with negative lymph node metastastis (N0) according to subg
node metastastis (N0) according to subgroups of Ts stage. C, Survi
according to subgroups of T stage. D, Survival curve of patients with p
stage. The significance of difference between survival curves was det

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
the T stage system with Nþ patients (P¼ 0.307) in Figure 3C by
log-rank test.

Ts stage (c-index¼ 0.645, Figure 4B) showed significant
superiority to T stage (c-index¼ 0.630, Figure 4A) for patients
with age �60 (P< 0.05) and that no such difference was found
for patients with age<60 (c-index of Ts vs T¼ 0.655 vs 0.652,
P> 0.05, Figure 4C and D). Furthermore, overlapping survival
curves were also found in patients both with age�60 and<60 in
the T stage system, and in patients with age<60 in the Ts stage
system. Log-rank test revealed that survival difference did not
exist between stages T4a and T3 (P¼ 0.164, Figure 4A), stages
T2 and T3 (P¼ 0.853, Figure 4C), stages Ts3 and Ts4
(P¼ 0.064, Figure 4D), stages Ts4 and Ts3 (P¼ 0.074,
Figure 4D).

We applied the TsNM stage system in the validation set,
found that TsNM (c-index¼ 0.776) showed significant super-
iority to TNM (c-index¼ 0.744) stage system (P< 0.05). There
was no significant difference of C-index between Ts and T
stages (P> 0.05). However, Ts stage revealed superiority to T
stage for patients with positive lymph node metastasis (c-index

Prognostic Significance of Tumor Size
of Ts vs T, 0.681 vs 0.665, P< 0.05) and with age�60 (c-index
of Ts vs T, 0.661 vs 0.645, P< 0.05). All of these validations
were consistent with the results in the training set.

Ts stages in terms of the lymph node status. A, Survival curve of
roups of T stage. B, Survival curve of patients with negative lymph
val curve of patients with positive lymph node metastastis (Nþ)
ositive lymph node metastastis (Nþ) according to subgroups of Ts
ermined by the log-rank test.

www.md-journal.com | 7



FIGURE 4. Comparative accuracies of survival analysis between T and Ts stages in terms of age. A, Survival curve of patients with age�60
according to subgroups of T stage. B, Survival curve of patients with age �60 according to subgroups of Ts stage. C, Survival curve of

al c
ine
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DISCUSSION
Ts has been already integrated into the TNM classifi-

cation for some malignancies, for example, liver cancer, breast
cancer, and lung cancer; however, it is unclear as to what role it
plays in the prognostic prediction of gastric cancer and
whether it can be included in the gastric cancer classification
system. A large number of studies, evaluating the importance
of Ts in outcome prediction for gastric cancer, indeed illus-
trated that more emphases should be put on Ts, as it was an
independent prognostic factor. Unfortunately, no agreement
by far has yet been reached because of the limitation in
different cutoff points and sample sizes as well as evaluation
criteria. Particularly, there were no well-recognized and
unified cutoff points for Ts existing in gastric cancer. Based
on different cutoff points varying in a large range from 3 to
12 cm, different subgroups have been independently estab-
lished.8–11,13,21–23 In our study, we adopted 4 cutoff points:
2.5, 4.5, 7.5, 10.0 cm, which showed more prognostic accuracy
than cutoff points applied in the previous study,13 and found
that patients with larger tumor had more aggressive features as
well as worse biological behavior than patients with small
sized tumor.

To be specific, larger tumors in our study were found more
frequently in male and elder patients. Some papers reported that

patients with age<60 according to subgroups of T stage. D, Surviv
The significance of difference between survival curves was determ
age and sex can be valuable prognostic indicators in patients
with early gastric cancer.22,24 Gastric cancer tends to exhibit
more aggressive tumor behavior in young patients than in old

8 | www.md-journal.com
patients.25 Moreover, patients with large sized tumor were often
more likely to be diagnosed with the presence of deeper tumor
invasion, wider lymph node metastasis, higher tumor grade, or
poorer differentiation. Logistic regression analyses in our study
suggested that factors of macroscopic type, T stage, and N stage
were independent risk factors for Ts, indicating that these 3
factors were closely associated with Ts, even after adjustment
for potential confounding factors such as age, sex, tumor
differentiation, and vessel invasion together with perineural
invasion. Larger tumors were significantly related to more
advanced Borrmann type, deeper depth of invasion, and higher
incidence of lymph node metastases, which was consistent with
other reports.10,21

We also focused on the prognostic value of Ts. Kaplan–
Meier analysis in our study showed that patients with small
sized tumor presented an overwhelming survival advantage to
patients with larger tumor. This finding is generally similar to
some previous studies that pointed a higher hazard ratio of death
among patients with larger tumor.26,27 Univariate analysis
revealed that Ts, as well as other clinicopathologic character-
istics such as sex, age, tumor location, macroscopic type, tumor
differentiation, vessel invasion, perineural invasion, T stage,
and N stage, was significantly associated with overall survival,
which could serve as a prognostic factor for gastric cancer. The

urve of patients with age<60 according to subgroups of Ts stage.
d by the log-rank test.
poor survival outcomes related to large sized tumor, therefore,
may be attributed to their aggressive features and biological
behavior as well as advanced stages.
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In addition to T stage, N stage, and age as well, Ts was
demonstrated in our study by multivariate Cox regression
analysis to be an independent prognostic factor of overall
survival for patients with gastric cancer. Multicollinearity
should be taken into consideration as Ts stage was confirmed
to be moderately correlated with T stage. Comparison of
survival prognostic accuracy for T and Ts stages was further
performed in the present study, though, unfortunately, no
significant difference was found between them despite a tiny
improvement of C-index. However, taking the place of the T
stage in the TNM stage system, Ts provided powerful survival
discrimination for patients with gastric cancer based on findings
in this study (Fig. 2). Additionally, TsNM, a modified stage
system based on Ts, predicted survival more accurately by
comparison of the present TNM stage system, which is con-
sistent with the result mentioned in previous studies.13,28 It has
also been reported that integrating Ts stage, T stage, and N stage
together into the staging system could enhance the accuracy of
the prognostic prediction of gastric cancer patients.12,29,30

Results in the present study illustrated that Ts alone would
not show distinctive improvement than T stage in survival
prognostic prediction, but great advantages and obvious dis-
crimination ability were exhibited when being combined with N
stage, bringing much more benefit in prognostic accuracy than
that of T stage. Due to the consideration above, we recom-
mended utilizing TsNM rather than the TNM stage system for
prognostic prediction.

Furthermore, stratified analysis of comparison between Ts
and T stage according to lymph node status and age was
performed (Figs. 3 and 4). Ts stage revealed significant
improvement in patients with Nþ and patients with age �60,
and showed much better discrimination ability than that of T
stage. Xu et al30 proposed that Ts could just improve prognostic
accuracy in stage T3/4aN0 tumors, but there was no prognostic
difference existing between Ts and T stages for patients with N0
in our study, which might be due to the consideration that a great
proportion of N0 patients were in early stage and a timely
operation generally resulted in a better outcome regardless of
tumor size. Even so, Ts stage still gained improvement of
discrimination ability compared with T stage for N0 patients.
Interestingly, age, also an independent prognostic factor in our
study, was negatively linked to the prognostics because the HR
was 0.752, which meant that younger patients had worse
prognosis than older ones. Nakamura et al concluded that the
pathway of gastric carcinogenesis differs between young and
elderly patients so that young patients with gastric cancer, in
comparison to elderly patients, showing a more aggressive
clinical course, have a poorer prognosis.31,32 That might be
the reason why there was no statistical difference in prognostic
prediction for patients with age<60. Therefore, for patients
with Nþ and patients with age �60 in clinical works, Ts stage
could be recommended as a clinicopathologic variable for the
survival prediction which was more accurate than T stage.

There were also limitations in our study. On one hand, as a
nonrandomized retrospective single-center study, our findings
we got could have been observed by chance despite the large
sample and the baseline was not well balanced because of
confounding influences of covariates. On the other hand, the
optimal Ts cutoff points could only make prognoses in our
study. Lacking of another separated validation set, we failed to
validate the TsNM system to access its predictive power.
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Optimal cutoff points should be determined and unified in more
separated validation studies. Therefore, large-scale and pro-
spective multicenter studies are needed to evaluate that Ts can

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
whether or not be an important supplementary or substituted
index for the current TNM staging system of gastric cancer
before stronger statement can be done.

CONCLUSION
As shown in our results, Ts, significantly correlated with

gastric cancer progression, can be regarded as a reliable prog-
nostic factor, and TsNM may improve the prognostic accuracy
of gastric cancer patients which would be of productive value to
comprehensively evaluate the status of primary tumor and
greatly contribute to the management of gastric cancer.
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