
ORIGINAL ARTICLE

Is Subdivision of pT2 Tumors Superior to Lymph Node Metastasis
for Predicting Survival of Patients with Gastric Cancer? Review
of 224 Patients from Four Centers

Ahmet Bilici • Faysal Dane • Mesut Seker • Bala Basak Oven Ustaalioglu •

Mehmet Aliustaoglu • Suleyman Temiz • Cem Gezen • Dilek Yavuzer •

Gorkem Aksu • Alpaslan Mayadagli • Mahmut Gumus • Kazim Uygun •

Nazim Serdar Turhal

Received: 11 January 2011 / Accepted: 12 April 2011 / Published online: 10 June 2011

� Springer Science+Business Media, LLC 2011

Abstract

Background The prognostic significance of the subclas-

sification of pT2 tumors and the association of these cat-

egories with other clinicopathological factors in gastric

cancer patients were investigated.

Methods A total of 224 patients with pT2 gastric cancer

who had undergone curative gastrectomy and lymph node

dissection were retrospectively analyzed. The prognostic

role of the subclassification of pT2 tumors was evaluated

by univariate and multivariate analysis.

Results Of 224 patients, 75 (33.5%) were classified as

having pT2a tumors and 149 (66.5%) as having pT2b

tumors. The prevalence of large-sized tumors (P \ 0.003),

lymph node involvement (P \ 0.018), and lymphatic

(P = 0.016), blood vessel (P = 0.001), and perineural

invasion (P = 0.001) was significantly higher for pT2b

tumors than for pT2a tumors. The rate of recurrence for

pT2a cancers was significantly lower than that for pT2b

cancers (P = 0.001).Median overall survival (OS) times

and three-year OS of patients with a pT2b tumor were

significantly worse than for patients with a pT2a tumor

(P \ 0.001).When patients were analyzed according to

lymph node involvement, the prognosis of patients with

pT2aN1 cancers was significantly better than that of

patients with pT2bN1 (P \ 0.001). Multivariate analysis

indicated that the pT2 subdivision was an independent

prognostic factor for OS (P = 0.006), as were pN stage,

clinical stage, and recurrence.

Conclusion Our results showed that subclassification of

pT2 tumors into pT2a or pT2b was an important prognostic

indicator for patients with pT2 gastric cancers who

underwent curative gastrectomy. In the TNM staging sys-

tem, subdivision of pT2 tumors should be undertaken

routinely to detect gastric cancer patients who have a poor
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prognosis and to define patients more accurately in terms of

their mortality after curative resection in accordance with

the new 2010 AJCC TNM staging classification. This may

also help as a guide to more appropriate therapy for tumors

with subserosal invasion (old pT2b or new pT3).

Keywords Gastric cancer � pT2 subcassification � Lymph

node metastasis � Prognosis

Introduction

Despite the improved prognosis for gastric cancer as a

result of early diagnosis, radical operations, and the

development of adjuvant therapy, it is still the second most

common cause of cancer-related deaths worldwide [1, 2].

Identification of prognostic factors in patients with gastric

cancer is essential for predicting outcome and for identi-

fying optimum therapeutic strategies. In many studies the

number of metastatic lymph nodes (pN stage) and the depth

of the primary tumor (pT stage) have been indicated as the

most reliable prognostic factors for patients with radically

resected gastric cancer [3, 4]. Recently, new prognostic

indicators have been documented as a result of advances in

molecular and histochemical studies [5].

Advanced gastric cancer is defined when the tumor

invades the muscularis propria or subserosa; this is clas-

sified as pT2 [6]. pT2 tumors make up 10–38% of all

gastric cancers, although pT1 and pT3 tumors are the most

frequent categories in gastric cancer patients who have had

curative gastrectomy [3, 7]. pT2 tumors are thought of as

an intermediate stage of prognosis between early and

serosal gastric cancer. The 2002 American Joint Commit-

tee on Cancer (AJCC) TNM staging system subclassified

pT2 gastric cancer into type pT2a (invasion of the mus-

cularis propria) and type pT2b (invasion of the subserosa)

[6]. Although few reports have supported the prognostic

significance of pT2 subclassification [7–10], a consensus

has not been reached on its clinical importance. Lymph

node metastasis [7–9, 11], and the rate of recurrence and

mortality [7, 9] have been found to be significantly lower

for pT2a tumors than for pT2b tumors. Moreover, although

the rate of occurrence of the pN1 stage was similar, that of

pN2 and pN3 was higher in pT2b tumors than in pT2a

tumors [7]. Nevertheless, in 2010, the AJCC TNM staging

system was modified and the old pT2b tumors were

renamed pT3 [12].

In this study, we investigated the value of the subclas-

sification of pT2 tumors, compared with the pN stage, as a

prognostic factor for patients with gastric carcinoma who

had undergone a radical gastrectomy. Furthermore, corre-

lation of the subdivision of the pT2 category with the other

clinicopathological factors and the effect of this subclas-

sification on survival were also evaluated.

Patients and Methods

This study included a total of 224 patients with pT2 gastric

cancer who had undergone radical resection with a lymph

node dissection at the Dr Lutfi Kirdar Kartal Education and

Research Hospital, the Marmara University Medical Fac-

ulty, the Haydarpasa Numune Education and Research

Hospital, and the Kocaeli University Medical Faculty

between 1998 and 2009. Patients in the pT2 category were

subclassified as type pT2a (involving muscularis propria)

or type pT2b (involving subserosa) and further classifica-

tions according to the 1997 UICC TNM staging classifi-

cation for gastric cancer [6] were made for lymph node

involvement (N0, no metastasis; N1, 1 to 6 metastatic

lymph nodes; N2, 7 to 15 metastatic lymph nodes; N3, [ 15

metastatic lymph nodes) and for distant metastasis, stage

grouping, and tumor grade. The clinicopathological find-

ings were determined according to the Japanese Classifi-

cation of Gastric Carcinoma (JCGC) [13]. All pathological

slides were re-evaluated to confirm the depth of invasion

and nodal status by a pathologist (DY, with 15 years of

experience in gastrointestinal pathology) who was an

expert in matters of gastric cancer.

The eligibility criteria consisted of a histologically

confirmed R0 gastric resection, which was defined as no

macroscopic or microscopic residual tumor and a postop-

erative survival expectancy longer than three months.

Patients with distant metastases and peritoneal metastases

at diagnosis were excluded from the study. The following

patient characteristics were obtained from patients’ charts

after written informed consent had been obtained from

patients or their relatives: age, gender, resection type,

tumor location, histopathology, tumor stage, tumor size,

histological grade, lymph node involvement, depth of

tumor invasion, lymphatic vessel and blood vessel inva-

sion, resection margins, Borrmann classification, Lauren

classification, adjuvant chemotherapy and radiation therapy

type, responses to treatment, and survival. The Local Ethics

Committee of our hospital approved the study.

The metastatic lymph node ratio (MLR) was also ana-

lyzed in this study. It was defined as the ratio of metastatic

lymph nodes to the total number of dissected lymph nodes

and was determined by the best cutoff approach in terms of

the log-rank statistics: MLR 0, 0%; MLR 1, 1–9%; MLR 2,

10–25%, and MLR 3, [25%.

A total of 150 patients (67%) with lymph node metas-

tasis received adjuvant chemoradiotherapy (CRT) with

5-fluorouracil 425 mg/m2 per day, plus leucovorin 20 mg/

m2 per day, for five days, followed by 4500 cGy of
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radiation at 180 cGy per day, given five days per week for

five weeks, with modified doses of fluorouracil and leu-

covorin on the first four and the last three days of radio-

therapy, within four weeks after surgery. Ten patients

(6.2%) with pN(?) did not receive adjuvant CRT, either

because of refusal or poor ECOG performance status.

Adjuvant chemoradiotherapy was not given to the 64 of the

224 patients (29%) without lymph node metastasis.

Statistical Analysis

All data were analyzed using SPSS 17.0 software (SPSS,

Chicago, IL, USA). The clinicopathological factors of

pT2a and pT2b tumors were compared by use of the chi-

squared test and Fisher’s exact test. Survival analysis and

curves were established according to the Kaplan–Meier

method and compared by the log-rank test. Disease-free

survival (DFS) was defined as the time from curative sur-

gery to disease progression or recurrence, or to the date of

death or loss of follow-up. Overall survival (OS) was

described as the time from diagnosis to the date of the

patient’s death or loss of follow-up. Univariate and mul-

tivariate analyses to assess the significance of pT2 subdi-

vision and other clinicopathological features as prognostic

factors were performed by use of the Cox proportional

hazards model. Multivariate P values were used to char-

acterize the independence of these factors. The 95% con-

fidence interval (CI) was used to quantify the relationship

between survival time and each independent factor. All

P values were two-sided in tests and P values less than 0.05

were considered to be statistically significant.

Results

Eighty-three patients (37%) were female and 141 (63%)

were male, with a median age of 58.5 years (range

28–82 years). One hundred and twenty-six patients were

aged 60 years or younger (56.3%). Of the study group, 75

patients (33.5%) had pT2a tumors and 149 (66.5%) had

pT2b tumors. Postoperatively, 63 patients (28%) were

classified as stage I, 94 (42%) as stage II, 51 (23%) as stage

III, and 16 (7%) as stage IV. Most of the patients (n = 106,

47%) had moderately differentiated tumors. The median

number of dissected and metastatic lymph nodes was 21

(range 15–73) and 4 (range 0–33), respectively. The pri-

mary tumor location was in the upper third of the stomach

in 47 patients (21%), in the middle third in 78 (34%), and

in the lower third in 95 (43%); in four patients (2%) the

tumor involved the stomach diffusely. On the basis of

number of lymph node metastases, 64 patients (29%) were

classified as pNo, 97 (43%) as pN1, 47 (21%) as pN2, and

16 (7%) as pN3. Furthermore, 64 patients (29%) were

classified as MLR 0, 35 (15%) as MLR 1, 49 (22%) as

MLR 2, and 76 (34%) as MLR 3 according to the MLR

classification.

Significant differences were detected between pT2a and

pT2b tumors in respect of age, tumor size, clinical stage,

pN stage, MLR, Lauren classification, blood vessel and

lymphatic vessel invasion, perineural invasion, and the

presence of recurrence. The prevalence of large-sized

tumors (P \ 0.001) and lymph node involvement

(P \ 0.001), and the presence of blood vessel (P = 0.001),

lymphatic vessel (P = 0.016), and perineural (P = 0.038)

invasion was significantly higher for pT2b than for pT2a

tumors. Patients who were older than 60 years frequently

had a T2b tumor (P = 0.03) and the prevalence of diffuse

and mixed histological types was commonly seen in

patients with pT2b compared with pT2a cancers

(P = 0.002). The relationship between subgroups of pT2

tumors and clinicopathological factors is summarized in

Table 1.

At the median follow-up of 26 months (range

6.5–128 months), the three-year OS rate and the median

OS interval were 60.6% and 67.2 months, respectively.

The median OS time and three-year OS rate for patients

with pT2a tumors were better than those for patients with

pT2b tumors (117 months and 89% vs. 33.2 months and

46.2%, respectively; P \ 0.001; Fig. 1). In the univariate

analysis for all patients, age, pT2 category, pN stage, MLR,

clinical stage, blood vessel invasion, perineural invasion,

and the presence of recurrence were significant prognostic

factors. For patients with a pT2a tumor, the univariate

analysis indicated that surgery type (P = 0.04), blood

vessel invasion (P = 0.007), and the presence of recur-

rence were important prognostic indicators (Table 2). On

the other hand, when the univariate analysis was carried

out for patients with a pT2b tumor, lymph node metastasis,

MLR, clinical stage, blood vessel invasion, and recurrence

were found to be important prognostic factors. Table 3

shows the findings of univariate analysis for patients with

pT2b cancer.

When patients were analyzed according to lymph node

involvement, the prognosis of patients with pT2aN0 can-

cers was better than that for patients with T2bN0 tumors

(three-year OS; 90% vs. 77%; P = 0.04; Fig. 2). More-

over, the three-year OS rate and the median OS time of

patients with pT2bN1 were significantly worse than those

of patients with pT2aN1 (90.8% vs. 48.7% and not reached

vs. 33.7 months; P \ 0.001; Fig. 3). Because there were so

few patients with pT2aN2 or N3 tumors, survival analysis

could not be performed with regard to N2 or N3 tumors.

A multivariate analysis with the Cox proportional haz-

ards model was performed in order to further evaluate all of

the significant prognostic factors that were found in the

univariate analysis for patients with a pT2 gastric cancer.

3228 Dig Dis Sci (2011) 56:3226–3234

123



This showed that the subclassification of the pT2 stage was

an independent prognostic factor (P = 0.006, HR: 4.87 for

T2b vs. T2a; 95% CI: 1.56–15.1), as were pN stage, clin-

ical stage and the presence of a recurrence (Table 4).

Thereafter, the multivariate analysis was carried out on the

basis of the pT2 subdivision, and this showed that recur-

rence was the only independent prognostic indicator in

pT2a gastric cancers (X2: 32.7, P \ 0.001, HR: 17.52; 95%

CI: 7.04–43.59). However, for patients with a pT2b tumor,

pN stage, clinical stage, and recurrence were found to be

independent prognostic indicators in multivariate analysis.

Table 1 Relationship between subgroups of pT2 tumor and clinico-

pathological factors in patients who had curative gastrectomy

Factor T2a (n (%)) T2b (n (%)) P values

All patients 75 (33.5) 149 (66.5)

Gender 0.88

Male 48 (64) 93 (62.4)

Female 27 (36) 56 (37.6)

Age (year) 0.03

B 60 50 (66.7) 76 (51)

[ 60 25 (33.3) 73 (49)

Tumor site 0.43

Upper 12 (16) 35 (23.5)

Middle 25 (33.3) 53 (35.6)

Lower 36 (48) 59 (39.6)

Diffuse 2 (2.7) 2 (1.3)

Surgery type 0.17

Proximal 12 (16) 21 (14)

Distal 36 (48) 55 (37)

Total 27 (36) 73 (49)

Tumor size \0.001

B 3 cm 30 (40) 22 (15)

B 6 cm 30 (40) 66 (44)

[ 6 cm 15 (20) 61 (41)

Tumor differentiation 0.08

Well differentiated 9 (12) 7 (5)

Moderately differentiated 37 (49) 69 (46)

Poorly differentiated 29 (39) 73 (49)

Borrmann classification 0.22

Type I 5 (6.8) 14 (9.4)

Type II 34 (45.3) 73 (48.9)

Type III 28 (37.3) 54 (36.2)

Type IV 8 (10.6) 8 (5.5)

Lauren classification 0.002

Intestinal 52 (69.3) 70 (47)

Diffuse 18 (24) 61 (41)

Mixed 5 (6.7) 18 (12)

pN stage \0.001

N0 32 (42.7) 32 (22)

N1 37 (49.3) 60 (40)

N2 3 (4) 44 (30)

N3 3 (4) 13 (8)

MLR \0.001

0 32 (42.7) 32 (21.5)

1 13 (17.3) 22 (14.8)

2 18 (24) 31 (20.8)

3 12 (16) 64 (43)

Clinical stage \0.001

I 32 (42.7) 31 (21)

II 35 (46.7) 59 (40)

III 5 (6.6) 46 (31)

IV 3 (4) 13 (8)
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Fig. 1 Three-year overall survival curves of patients with pT2b

(median 33.2 months) were significantly worse than those of patients

with pT2b (median 117 months)

Table 1 continued

Factor T2a (n (%)) T2b (n (%)) P values

Lymphatic vessel invasion 0.016

Absence 37 (49) 48 (30.4)

Presence 38 (51) 101 (69.6)

Blood vessel invasion 0.001

Absence 41 (54.6) 47 (31.5)

Presence 34 (45.4) 102 (68.5)

Perineural invasion 0.038

Absence 43 (56) 48 (30.4)

Presence 32 (44) 101 (69.6)

Recurrence 0.001

Absence 62 (82.7) 90 (60)

Presence 13 (17.3) 59 (40)

MLR, metastatic lymph node ratio
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The results of the multivariate analysis are listed for the

pT2 subgroups in Tables 5 and 6.

Recurrent disease was detected in 72 (32.1%) of the

patients. The rate of recurrence for patients with T2a

cancers was significantly lower than for patients with T2b

cancer (18% vs. 82%, P = 0.001). The most frequently

relapsing sites were the liver and peritoneum (30.4% and

21.4%, respectively). After recurrent disease was detected,

55 of 72 patients (76.3%) were treated with second-line

chemotherapy whereas 16 patients (22.2%) were treated

with best supportive care alone. In addition, re-operation

was performed for one patient (1.5%) with a local

recurrence.

Discussion

In this study, the prevalence of large-sized tumors, lymph

node involvement, and lymphatic, blood vessel, and peri-

neural invasion was significantly lower in patients with

pT2a tumors than in those with pT2b tumors. In addition,

the rate of recurrence for patients with T2b cancer was

significantly higher than that for patients with T2b cancer.

Using multivariate analysis, we found that the subdivision

of pT2 tumors was an independent prognostic factor for

patients with stage pT2 gastric cancer who had undergone

radical surgery, and this was in addition to the already

known important clinicopathological prognostic indicators

such as pN stage, clinical stage, and the presence of

recurrence. The only independent prognostic factors that

were found were the presence of recurrence in patients with

pT2a tumors and pN stage, the clinical stage and the

Table 2 Univariate analysis of patients with pT2a gastric tumor for

overall survival (OS) according to clinicopathological factors

Factor Three-year

OS rate (%)

Log rank

(v2 value)

P values

Gender 1.27 0.26

Male 83.7

Female 100

Age (year) 0.45 0.50

B 60 87.7

[ 60 93.3

Tumor size 2.70 0.25

B 3 cm 100

B 6 cm 89.9

[ 6 cm 70

Tumor site 4.86 0.18

Upper NA

Middle 94.7

Lower 91

Diffuse NA

Surgery type NA 5.29 0.04

Proximal 95.5

Distal 87.5

Total

Tumor differentiation 1.40 0.49

Well differentiated NA

Moderately differentiated 91.5

Poorly differentiated 83.1

Borrmann classification 0.78 0.85

Type I NA

Type II 86.3

Type III 89.8

Type IV NA

Lauren classification 1.36 0.24

Intestinal 90.2

Diffuse 81.8

Mixed NA

pN stage 3.82 0.28

N0 90

N1 90.8

N2 NA

N3 NA

MLR 2.41 0.49

0 90

1 NA

2 90.9

3 87.5

Clinical stage 1.46 0.69

I 90

II 90.3

III NA

IV NA

Table 2 continued

Factor Three-year

OS rate (%)

Log rank

(v2 value)

P values

Lymphatic vessel invasion 0.69 0.40

Absence 87

Presence 87.4

Blood vessel invasion 7.39 0.007

Absence 100

Presence 75.8

Perineural invasion 0.05 0.94

Absence 91.7

Presence 87.5

Recurrence 20.1 \0.001

Absence 97.3

Presence 58.9

MLR, metastatic lymph node ratio; NA, not applicable

Log rank test—a test for comparing two (or more) sets of survival

times. The data consist of the completed lifetimes of individuals who

have died and the current ages of those still living
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presence of recurrence in pT2b cancers. Moreover, when

data were analyzed according to lymph node involvement,

the prognosis for patients with both pT2aN0 and pT2aN1

was significantly better than that for patients with both

pT2bN0 and pT2bN1.

The determination of prognostic factors for patients with

gastric cancer is essential for predicting outcome and for

identifying appropriate treatment strategies. It is generally

accepted that the depth of tumor invasion and lymph node

metastasis are the most important prognostic indicators

[3, 4]. In 2002, the AJCC further divided pT2 gastric ade-

nocarcinomas into types pT2a and pT2b because of the

significantly different survival rates [6]. Sarele et al. [7]

indicated that the prevalence of nodal metastasis was sig-

nificantly lower with pT2a than with pT2b and that five-year

survival was significantly greater for patients with pT2a

tumors than for those with pT2b tumors. However, the

prognostic importance of the pT2 category could not be

proved by multivariate analysis. In a large study performed

by Park et al. [9] that included 1,118 patients with more than

15 lymph nodes dissected, there was a significant five-year

survival advantage for patients with pT2a tumors compared

with pT2b patients. In a retrospective large trial, Lu et al. [14]

reported significantly higher disease-specific survival for

those with pT2a tumors than for those with pT2b tumors, and

that prognosis was significantly better for patients with pT2a

cancers for those with pT2b cancers at the pN0, pN1, and

pN2, but not pN3 stages. Moreover, the authors found that

age, tumor location, pT stage, and pN stage were correlated

with prognosis in their multivariate analysis.

In contrast with the reports mentioned above, Fotia et al.

[15] indicated that there was no significant survival

Table 3 Univariate analysis of patients with pT2b gastric tumor for

overall survival (OS) according to clinicopathological factors

Factor Three-year

OS rate (%)

Log rank

(v2 value)

P values

Gender 0.11 0.73

Male 45.1

Female 48.1

Age (year) 3.01 0.08

B 60 55.7

[ 60 36.8

Tumor size 1.04 0.59

B 3 cm NA

B 6 cm 41.6

[ 6 cm 50.9

Tumor site 2.18 0.53

Upper 49

Middle 42.3

Lower 51.3

Diffuse NA

Surgery type 0.79 0.62

Proximal 33.8

Distal 53.9

Total 46.2

Tumor differentiation 1.32 0.51

Well differentiated NA

Moderately differentiated 50.8

Poorly differentiated 40.8

Borrmann classification 2.66 0.44

Type I NA

Type II 43.5

Type III 57

Type IV NA

Lauren classification 0.08 0.92

Intestinal 46

Diffuse 52.6

Mixed NA

pN stage 9.73 0.02

N0 77.1

N1 48.7

N2 31.4

N3 NA

MLR 13.89 0.003

0 77.1

1 NA

2 50.1

3 27.3

Clinical stage 13.67 0.003

I 84

II 48.4

III 28.3

IV NA

Table 3 continued

Factor Three-year

OS rate (%)

Log rank

(v2 value)

P values

Lymphatic vessel invasion 1.93 0.16

Absence 52.7

Presence 41.7

Blood vessel invasion 6.45 0.01

Absence 65.9

Presence 40.9

Perineural invasion 1.68 0.19

Absence 49.8

Presence 44.8

Recurrence 89 \0.001

Absence 88

Presence 11.5

MLR, metastatic lymph node ratio; NA, not applicable

Log rank test—a test for comparing two (or more) sets of survival

times. The data consist of the completed lifetimes of individuals who

have died and the current ages of those still living
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advantage for patients with pT2a compared with pT2b

gastric cancer. In addition, although Isozaki et al. [11]

found a significant survival difference between the pT2

tumor subcategories, the prognostic importance of this

category could not be confirmed by multivariate analysis.

In a recent study of 192 pT2 gastric cancer patients by Nitti

et al. [10], the five-year OS rate was better for patients with

pT2a tumors than that for pT2b patients. By multivariate

analysis the authors confirmed that the pT stage was an
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Fig. 2 Overall survival curves are shown for pT2a or pT2b gastric

cancer patients without lymph node metastasis

120100806040200

Overall Survival (months)

1,0

0,8

0,6

0,4

0,2

0,0

P
ro

p
o

rt
io

n
 S

u
rv

iv
in

g
 (

%
) 90.8%

48.7%

p<0.001

No. of  patients at risk 

T2aN1    37              37 35     35              34              34             34 

T2bN1    60             47 38               37       37              37             37

Fig. 3 Comparison of overall survival for pT2aN1 and pT2bN1

patients

Table 4 Multivariate analysis of the prognostic factors in all patients

with pT2 gastric cancer

Factor Wald P HR 95% CI

Age (years) 0.08

B 60 2.97 0.60 0.19–1.10

[ 60 2.52 0.47 0.32–1.12

pN stage 0.02

N0 4.79 0.12 0.02–0.80

N1 4.21 0.12 0.01–1.00

N2 3.82 0.34 0.14–1.13

N3 2.97 0.40 0.21–1.19

T2 subclassification 0.006

T2a 6.56 0.24 0.08–0.72

T2b 7.45 4.87 1.56–15.1

MLR 0.20

0 1.63 3.35 0.34–4.12

1 0.03 1.31

2 0.46 0.68

3 0.24 1.22

Clinical stage 0.002

I 9.59 17.73 2.87–35.1

II 2.09 0.13 0.09–2.04

III 0.65 2.03 0.36–11.4

IV 0.71 1.22 0.22–2.01

Blood vessel invasion 0.68

Absence 0.16 0.77 0.21–2.77

Presence 1.75 1.75 0.76–4.03

Perineural invasion 0.25

Absence 1.30 0.54 0.19–1.53

Presence 2.38 1.66 0.87–3.19

Recurrence \0.001

Absence 48.5 45.47 15.53–133.1

Presence 51.5 1.33 1.01–3.42

HR, hazards ratio; CI, confidence interval; MLR, metastatic lymph

node ratio

Table 5 Multivariate analysis of the prognostic factors in patients

with T2a gastric cancer

Factor Wald P HR 95% CI

pN stage 0.28 0.59 1.50 0.33–6.76

Surgery type 0.04 0.82 0.79 0.09–6.61

Blood vessel invasion 0.05 0.94 0.21 0.07–1.17

Recurrence 5.21 0.02 0.71 0.07–1.32

HR, hazards ratio; CI, confidence interval

3232 Dig Dis Sci (2011) 56:3226–3234

123



independent prognostic factor. In our study we found there

was a statistically significant difference with regard to OS

between patients with pT2a and those with pT2b tumors.

The median OS time and three-year OS rate of patients

with pT2a cancer (117 months and 89%, respectively)

were better than those of patients with pT2b cancer

(33.2 months and 46.2%, respectively, P \ 0.001). In

addition, univariate analysis showed that age, pT2 cate-

gory, pN stage, MLR, clinical stage, blood vessel invasion,

perineural invasion, and the presence of recurrence were

significant prognostic factors for all patients. For patients

with pT2a tumors, univariate analysis indicated that sur-

gery type, blood vessel invasion, and the presence of

recurrence were important prognostic indicators. However,

when univariate analysis was performed for patients with

pT2b tumors, lymph node metastasis, MLR, clinical stage,

blood vessel invasion, and recurrence were found to be

important prognostic factors.

Sarela et al. [7] reported that there was no survival

difference between patients with pT2aN0 and pT2bN0 and

those with pT2aN1 and pT2bN1 disease in a subgroup

analysis. Furthermore, they found by multivariate analysis

that the pN stage and tumor site are the only prognostic

factors, but not the pT2 subdivision. In the light of these

results, they decided that the subclassification of pT2

tumors for gastric cancer patients who had undergone

radical gastrectomy did not provide any additional infor-

mation when accurate lymph node staging had been carried

out [7]. In our study, the prognosis of patients with pT2aN0

cancers was significantly better than that for patients with

T2bN0 tumors (3-year OS; 90% vs. 77%, P = 0.04). In

addition, when patients with N1 were evaluated, three-year

OS and the median OS time for patients with pT2bN1

tumors were significantly worse than those for patients with

pT2aN1 (P \ 0.001). But, patients with N2 or N3 tumors

were not analyzed, because there were so few cases with

N2 or N3 tumors in our population. Nitti et al. [10] also

showed that five-year survival of patients with pT2a and

pT2b tumors was significantly different for patients with

and without lymph node metastasis. The authors reported

that patients with pT2aN0 disease had a similar OS rate as

those with pT2aN1 disease; nevertheless, in pT2b tumors

OS for patients with lymph node metastasis was signifi-

cantly lower than for patients without node metastasis. Our

results were thus compatible with the study of Nitti et al.

Several prognostic factors, for example pN stage [7, 9,

11, 14], age [16] and macroscopic appearance [17] have

previously been documented in pT2 gastric cancer patients.

In the multivariate analysis of our study, the pT2 subdi-

vision was found to be an independent prognostic factor, as

were pN stage, clinical stage, and the presence of recur-

rence, in pT2 gastric cancer patients who had undergone a

curative resection, and this is compatible with the previous

literature [9, 10, 14]. However, a higher hazard ratio was

obtained for the pT2 category than the pN category of the

AJCC/UICC classification (4.87 vs. 0.12). Therefore, the

prognostic significance of the subclassification pT2 may be

important, especially in patients without accurate lymph

node staging.

In this study the pT2 subclassification was significantly

correlated with age, tumor size, clinical stage, pN stage,

MLR, Lauren classification, blood vessel and lymphatic

vessel invasion, perineural invasion, and the presence of

recurrence. In other words, patients with pT2b tumors tended

to have large-sized and advanced stage tumors and had more

lymph node metastasis, blood vessel, lymphatic vessel, and

perineural invasion than patients with pT2a tumors. Patients

who were older than 60 years frequently had T2b tumors and

a prevalence of diffuse and mixed histological types was

more commonly seen in patients with pT2b than in those with

pT2a cancers. The Lauren-intestinal histological type was

particularly associated with pT2a cancers. This finding may

be related to tumor biology. Thus, our results were compa-

rable with literature results with regard to pN stage [7, 9, 10,

14], MLR [10] tumor size [7–9, 14], lymphatic vessel inva-

sion [8], and age [9]. However, we found that blood vessel

and perineural invasion, and Lauren classification were

closely associated with the pT2 category, which is in contrast

with the literature [8–10, 14]. When the multivariate analysis

was performed according to the pT2 category, it was found

that only the prevalence of recurrence affected prognosis in

patients with pT2a tumors. Furthermore, pN stage, clinical

stage and the prevalence of recurrence were found to be

prognostic factors in the pT2b group by multivariate analy-

sis. OS was poor for pTb tumors with lymph node metastasis,

irrespective of other clinicopathological prognostic factors.

This situation may be attributed to the fact that pT2b tumors

had more node involvement than pT2a tumors in pT2 gastric

cancer patients. Our results differ from those in previous

reports [7–10, 14] because multivariate analysis was per-

formed separately according to pT2 subdivision.

In the light of all these findings, the subclassification of

pT2 tumors was found to provide additional information

for the staging of patients with pT2 gastric cancer. pT2b

Table 6 Multivariate analysis of the prognostic factors in patients

with T2b gastric cancer

Factor Wald P HR 95% CI

pN stage 5.20 0.02 0.39 0.02–0.69

MLR 0.21 0.64 1.13 0.67–1.91

Clinical stage 9.28 0.002 12.81 4.38–20.11

Blood vessel invasion 0.05 0.94 1.03 0.38–2.76

Recurrence 32.7 \0.001 17.52 7.04–43.59

HR, hazards ratio; CI, confidence interval; MLR, metastatic lymph

node ratio
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tumors resemble pT3 cancers and differ from pTa tumors.

Therefore, this subclassification may be important for

treatment decisions, and for pT2b tumors treatment strat-

egies could be conducted in the same way as for pT3

cancers. Although previous studies on the association of

the pT2 subclassification with patient survival have been

inconsistent and a consensus has not been reached about its

clinical importance to date, this controversy concluded

with new AJCC classification in 2010. This new edition of

AJCC TNM classification is contained numerous changes

compared with the 2002 classification [12]. In the new

version, old pT2b tumors (tumor penetrates subserosal

connective tissue) were replaced as pT3. Thus, our results

were compatible with 2010 TNM classification. On the

other hand, we staged our patients with 2002 AJCC TNM

version, because our study was retrospective. If the patients

with pT2bN0 (new pT3N0) tumors receive appropriate

treatment options, they may survive longer.

The retrospective nature of our study was an important

limitation and might have affected our results. The other

limitations of this study were the small sample size and

short follow-up time. Although our results should be con-

firmed by prospective studies and compared with the new

version of the TNM staging system for gastric cancer, we

believe that they contribute to the literature because our

results were compatible with the new TNM version and

distinct prognostic factors were detected for both pT2a and

pT2b (new pT3) tumors by multivariate analysis, in con-

trast with previous studies.

In conclusion, our study indicates that subdivision of

pT2 tumors into pT2a or pT2b (new pT3 classification) is

an important prognostic indicator for patients with pT2

gastric cancer without distant metastasis who had under-

gone R0 radical surgery. Moreover, pN stage, clinical stage,

and the presence of recurrence are independent prognostic

factors for pT2 gastric cancer patients, and the ratio of

lymph node involvement, advanced stage disease, and

recurrent disease increases with pT2b disease. In the TNM

staging system, subdivision of pT2 tumors should be

undertaken routinely to detect patients with gastric cancer

who have a poor prognosis and also to identify patients

more accurately in terms of their mortality after curative

resection in accordance with the new 2010 AJCC TNM

staging classification; this may also help as a guide for

more appropriate therapy for tumors with subserosal

invasion (old pT2b or new pT3).
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