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Original Article

Which Is the Optimal Extent of Resection in Middle 
Third Gastric Cancer between Total Gastrectomy 

and Subtotal Gastrectomy?

Ji Hyun Lee, and Yong Il Kim

Department of Surgery, School of Medicine, Ewha Womans University, Seoul, Korea

Purpose: In resectable gastric cancer, choice regarding the extent of resection depends on tumor size, location, and distance from resec-
tion margin. However, there remains controversy for choice of resection for tumors in the middle third of the stomach. This study investi-
gated patients who underwent gastrectomy in order to analyze the differences between total gastrectomy (TG) and subtotal gastrectomy 
(STG).
Materials and Methods: From 2000 to 2006, 125 patients with a tumor in the middle third of the stomach underwent radical gastric 
resection at EUMC. We retrospectively conducted comparative analysis for the differences in clinicopathological characteristics and prog-
nosis between TG and STG.
Results: The average tumor size was 6.7 cm for TG, and 4.1 cm for STG. The number of metastatic lymph nodes were 13.3 for TG, 
and 3.7 for STG. Patients with more advanced cancer were more likely to receive TG. The 5-year survival rate for TG was lower (38.1%) 
than STG (69.0%). However, if tumor stages were stratified, there was no significant difference in the survival rate. Histologically, for the 
undifferentiated type of cancer (Stage 1, 2), the 5-year survival rate of STG was higher (88.1%) than TG (75.0%).
Conclusions: Comparing patients with tumors in the middle third of the stomach who underwent TG and STG, there was no statistically 
significant difference in the 5-year survival rate. If stages were stratified, the clinicopathological characteristic becomes a key factor in de-
ciding the prognosis, rather than the choice of resection. Thus if the radical resection margin can be obtained for a tumor in the middle 
third of the stomach, STG is considered instead of TG.
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Introduction

Recently, in gastric cancer, the diagnosis of early gastric cancer 

is on the rise due to the improvement of diagnostic techniques 

and physical examinations, and the survival rate is also on the rise 

due to attempts such as individualized combination therapy.(1,2) 

Nevertheless, gastric cancer has been reported to be a leading cause 

of death following lung cancer and liver cancer in Korea.(3) Since 

Billroth successfully treated gastric cancer patients by gastrectomy 

and gastroduodenostomy in 1881, until today surgical resection is 

the only curative treatment for gastric cancer.(4) In gastric cancer 

treatments, the resection range is determined by the size and loca-

tion of the lesion, and the distance to the resection margin.(5-7) 

Nonetheless, the resection range for middle third gastric cancer 

cases is controversial. Numerous studies recommend a total gas-

trectomy as the standard surgery for middle third gastric cancer.(6,7) 

Nevertheless, with the increased frequency of early gastric cancer 

and thus prolonged post-surgical survival period, considering post-

surgical complications, nutritional conditions, and quality of life, 

also distal subtotal gastrectomy has been reported to be an effective 

curative treatment.(8,9) In our study, we examined whether or not 

factors exerting effects on prognosis are present besides the resec-
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tion margin that is known to be a factor determining the extent 

of surgery for middle-third gastric cancer,(8) and whether or not 

surgical techniques exert effects on survival rate.

Materials and Methods

The study was conducted on 125 middle-third gastric cancer 

patients recruited among patients that received curative gastrectomy 

in the Department of Surgery, Ewha Womans University Medi-

cal School, from January 2000 to December 2006. Middle third 

gastric cancer was defined as follows. Among patients suspected to 

have middle-third gastric cancer in pre-surgical tests, the points 

anatomically dividing the gastric lesser curvature and the greater 

curvature to three parts equally were connected, and cancer was 

present in the area excluding the upper 1/3 and the lower 1/3 parts. 

Among the patients during the study period, cases of laparoscopic 

surgery, cases in which curative resection could not be performed 

and thus conservative surgery was performed, cases of proximal 

subtotal gastrectomy, and cases that died within 30 days after sur-

gery were excluded. 125 patients were divided according to surgical 

methods as the group received a total gastrectomy (63 patients, total 

resection group) and the group received distal subtotal gastrectomy 

(62 patients, subtotal resection group), and their clinical character-

istics and prognosis were analyzed retrospectively.

The disease stage of gastric cancer was analyzed according to 

the 6th and 7th edition TNM classification of the Union for Inter-

national Cancer Control (UICC).(10) Histological types were clas-

sified as differentiated carcinomas (papillary adenocarcinoma, well-

differentiated tubular adenocarcinoma, and moderate differentiated 

tubular adenocarcinoma) and undifferentiated carcinoma (poorly 

differentiated tubular adenocarcinoma, signet ring cell carcinoma, 

and mucinous adenocarcinoma), and analyzed. The survival period 

was defined as the period from the day of surgery to the day of 

death or the last day of follow-up observation. Statistical analysis 

was performed by a Student t-test, chi-square test and Kaplan-

Meier survival analysis using the SPSS version 12.0 statistics pro-

gram (SPSS Inc., Chicago, IL, USA). Significance between survival 

rates was analyzed by log-rank test. To see whether surgical 

methods mediate effects on survival rates independently even after 

the adjustment of various factors mediating effects on survival rate, 

multivariate analysis was performed. For multivariate analysis, Cox 

proportional hazards mode was applied. In all statistics of our study, 

a P-value less than 0.05 was determined to be statistically signifi-

cant.

Results

The average age of all 125 patients was 56.8 years (25~84 years), 

and the male to female ratio was 1.9 : 1 (82 male patients, 43 female 

patients). The average age of 63 patients of the total resection group 

was 56.2 years (30~84 years), and the subtotal resection group (62 

Table 1. Clinicopathologic characteristics of patients who 
underwent operation by TG or STG in mid-body gastric cancer

No. of patients (%)
P-value

TG (N=63) STG (N=62)

Age (year, mean) 56.2 (30~84) 58.0 (25~81) 0.428
    <65 41 (65.1) 42 (67.7)
    ≥65 22 (34.9) 20 (32.3)
Sex (Male : Female) 2.2 : 1 1.7 : 1 0.753
Size of tumor (cm, max.) 6.7±4.2 4.1±3.2 0.001
    ≤2   6 (9.5) 20 (32.3)
    2~5 22 (34.9) 26 (41.9)
    >5 35 (55.6) 16 (25.8)
Depth of tumor <0.001
    Mucosa,submucosa (T1)   3 (4.8) 26 (41.9)
    Muscularis (T2)   6 (9.5)   8 (12.9)
    Suberosa (T3)   1 (1.6)   5 (8.1)
    Perforated serosa, 
     adjacent organs (T4)

53 (84.1) 23 (37.1)

Nodal status
    Negative 18 (28.6) 37 (59.0) <0.001
    Positive 45 (71.4) 25 (40.3)
    No. of metastatic LNs 13.3±20.7 3.7±7.2 0.001
      1~2   7 (11.1)   7 (11.3)
      3~6   7 (11.1)   7 (11.3)
      ≥7 31 (49.2) 11 (17.7)
Distant metastasis 0.098
    No 58 (92.1) 61 (98.4)
    Yes   5 (7.9)   1 (1.6)
Stage <0.001
    I   5 (7.9) 29 (46.8)
    II 13 (20.6) 13 (21.0)
    III 40 (63.5) 19 (30.6)
    IV 5 (7.9)   1 (1.6)
Histologic type 0.007
    Diff erentiated 15 (23.8) 29 (46.8)
    Undiff erentiated 48 (76.2) 33 (53.2)
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cases) was 58.0 years (25~81 years). The age and the gender ratio 

according to surgery were not statistically different (P=0.428) (Table 

1).

In comparison of clinicopathological characteristics, the size 

of the lesion (P=0.001), the level of infiltration (P＜0.001), the 

number of lymph node metastasis (P=0.001), and the disease stage 

(P＜0.001) of the two surgical techniques were not different. In 

comparison of histological differentiation grade, undifferentiated 

adenocarcinoma was prevalent in the total resection group (48 

cases, 76.2%). In the subtotal resection group, the difference of the 

frequency of differentiated cancer (29 cases, 46.8%) and undiffer-

entiated cancer (33 cases, 53.2%) was small (P=0.007). In regards to 

the distance to the resection margin, in both the proximal area and 

the distal area, differences between the two groups were not shown 

(P=0.566, P=0.131). 5 patients had distant metastasis in the total 

resection group (7.9%), 1 case in the subtotal resection group (1.6%), 

and curative resection was performed on all cases.

Recurrence after surgery was 25 cases in the total resection 

group (39.7%), 13 cases  in the subtotal resection group (21.0%), 

and it was higher in the total resection group (P=0.023) (Table 1). 

Nonetheless, in the comparison of stage-stratified disease, recur-

rence rates were not different (P＞0.05). Among recurrent cases 

after surgery, cases recurred in the resection margin was 5 cases in 

the total resection group (7.9%) and 2 cases in the subtotal resection 

group (3.2%), and a statistical difference between the two groups 

was not detected (P=0.252).

The distance to the margin area of the carcinoma and the prox-

imal resection margin were divided by 1 cm intervals, and defining 

1 cm, 2 cm, 3 cm, 4 cm, and 5 cm as the standards, the 5-year 

survival rate of the group less than the standard value was com-

pared with the group larger than the standard value. The 5-year 

survival rate of the group whose proximal resection margin was less 

than 1cm was 83.3% and the group larger than 1 cm was 52.1%, 

P=0.579, which was not different. The prognosis of the group less 

than 2 cm, 3 cm, 4 cm, or 5 cm was not different from the group 

larger than the standard values (P＞0.05) (Table 2). In our results, 

the difference of the survival rate according to the margin of carci-

noma and the proximal resection margin was not shown.

When the 5-year survival rate of the total resection group and 

the subtotal resection group was analyzed, the total resection group 

was 38.1%, the subtotal resection group was 69.0%, and a statisti-

cally significant difference was shown (P=0.001) (Fig. 1). Neverthe-

less, when it was analyzed under the identical condition of the size 

Table 1. Continued

No. of patients (%)
P-value

TG (N=63) STG (N=62)

Length of resection margin 
 (cm)
    Proximal resection 
     margin (PRM)

3.2±2.1 3.0±2.1 0.566

    Distal resection margin     
     (DRM)

6.7±5.7 5.7±2.7 0.131

Recurrence 0.023
    Yes 25 (39.7) 13 (21.0)
    No 38 (60.3) 49 (79.0)
5-year survival rate (%) 38.1 69.0
Overall survival 
 (median±SD)

30.2±7.3 114.1±17.0

TG = total gastrectomy; STG = subtotal gastrectomy; SD = standard 
deviation.

Table 2. 5 year-survival rates of patients with middle-third gastric 
cancer according to the length of PRM

Cut-off  value 
(cm)

5-YR survival rate (N=125)

PRM<cut-off PRM≥cut-off P-value

1 83.3% (6) 52.1% (119) 0.579
2 68.4% (19) 50.9% (106) 0.927
3 57.7% (52) 50.7% (73) 0.892
4      53.3% (90) 54.3% (35) 0.892
5      51.9% (106)      63.2% (19) 0.916

Fig. 1. Overall survival rate of patients aft er TG and STG of mid-third 
gastric cancer. TG = total gastrectomy; STG = subtotal gastrectomy.
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of lesions, the infiltration level, the presence or absence of lymph 

node metastasis, and the disease stage, a significant difference be-

tween the two groups was not detected (P＞0.05) (Table 3, 4, Fig. 2). 

In the comparison according to histological differentiation grade, 

and similarly in differentiated carcinoma cases, a difference be-

tween the two groups was not shown (P=0.441). In undifferentiated 

cancer, the total resection group was 31.2%, the subtotal resection 

group was 60.3%, and the subtotal resection group showed higher 

5-year survival rate (P=0.005) (Table 3).

It was divided into more detail to the presence or absence of the 

infiltration to the lamina propria, the presence or absence of lymph 

node metastasis, and the disease stages were divided to stage 1, 2, 

3, and 4, and the 5-year survival rate according to the differentia-

tion grade and surgical techniques was examined. The results show 

that only in undifferentiated carcinoma, cases with the infiltration 

level lower than the lamina propria (≤T2, P=0.039), cases with-

out lymph node metastasis (N0, P=0.020), and stage 1 and stage 2 

(P=0.017), in other words, in early gastric cancer, the subtotal re-

section group showed higher 5-year survival rates (Table 5). This is 

considered to be due to the points that the total resection group was 

relatively older patients (the total resection group: 57.0 years, the 

Table 3. Factor-stratifi ed 5 year-survival rate for patients aft er TG 
and STG of mid-body gastric cancer

5-YR survival rate (%)

TG STG P-value

Size of tumor (cm, max.)
    ≤2 83.3 90.0 0.395
    2~5 45.5 65.2 0.098
    >5 25.7 50.0 0.156
Depth of tumor
    T1, 2 77.8 88.2 0.765
    T3, 4 31.5 46.4 0.161
Nodal status
    Negative 77.8 86.3 0.149
    Positive 22.2 43.6 0.114
Histologic type
    Diff erentiated 60.0 79.0 0.441
    Undiff erentiated 31.2 60.3 0.005

TG = total gastrectomy; STG = subtotal gastrectomy.

Fig. 2. Stage-stratifi ed (7th UlCC) 5 year-survival analysis for patients aft er TG and STG of mid-third gastric cancer. (A) Stage 1, 2 (B) Stage 3, 4. 
STG = subtotal gastrectomy; TG = total gastrectomy; UICC = Union for International Cancer Control.

Table 4. Stage-stratifi ed 5 year-survival analysis for patients aft er TG 
and STG of mid-body gastric cancer

Stage
5-YR survival rate (%)

TG STG P-value

Th e 6th UICC
    I 100.0 90.6 0.788
    II  66.7 72.7 0.347
    III  40.0 66.3 0.663
    IV   8.0 22.2 0.441
Th e 7th UICC
    I 100.0 89.7 0.584
    II  69.2 84.6 0.061
    III  22.5 26.3 0.971
    IV  20.0   0 0.259

TG = total gastrectomy; STG = subtotal gastrectomy; UICC = Union 
for International Cancer Control.
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subtotal resection group: 55.3 years, P=0.733), the size of lesion was 

different (the total resection group: 4.8 cm, the subtotal resection 

group: 3.4 cm, P=0.328), and the tendency of a larger number of 

lymph node metastasis (the total resection group: 0.8 lymph nodes, 

the subtotal resection group: 0.2 lymph nodes, P=0.659) acting in 

combination.

 In univariate analysis, factors associated with survival rate was 

surgical techniques, the size of the lesion, the infiltration level, his-

tological differentiation grade, the presence or absence of lymph 

node metastasis and disease stage. The factors were analyzed by 

multivariate analysis, and it was found that independent prognostic 

factors exerting effects on survival rate were the presence or ab-

sence of lymph node metastasis and disease stage (Table 6).

Discussion

Curative resection for gastric cancer could be considered to be 

an ideal surgical method that shows not only high survival rate 

after surgery but also causes less complications, and maintenance 

of a high quality of life.(6,7) In addition, on account of diagnostic 

methods and physical examination being performed widely, gas-

tric cancer is diagnosed early in many cases, and survival rate was 

improved owing to individualized combination therapy, and thus 

the safety associated with surgery or quality of life after surgery 

are considered inevitably. From such a point of view, if long-term 

survival rate is not different, surgeries that allow to maintain good 

quality of life or inducing less post-surgical complications should 

be considered first.

In surgery for gastric cancer, the basic point in curative surgery 

is that microscopic residual cancer cells should not be detected in 

the resection margin, which has been well known as a factor exert-

ing effects on post-surgical prognoses. Nonetheless, the gold stan-

dard that shows the distance from tumor margin to the resection 

margin has not been established. In our study, the distance from 

tumor margin to proximal resection margin was divided by 1cm, 

2 cm, 3 cm, 4 cm, and 5 cm, defined as the standards, and 5-year 

survival rate of the group less than the standard was compared with 

the group greater than the standard. Differences according to the 

distance of the proximal resection margin was not detected, and 

thus the distance to the proximal resection margin was not a prog-

nostic factor (Table 2). Therefore, in regards to the resection range, 

it could be concluded if a safe resection margin allowing curative 

surgery could be secured,  the prognosis of subtotal resection and 

total resection is not different. However, diverse studies on appro-

priate resection margins based on tumor infiltration level or mac-

roscopic findings have been reported,(8,9) hence, additional studies 

by dividing into more in detail are required.

In previous studies compared to the resection range, tech-

niques were compared without differentiating the location of le-

sions,(11-13) or compared upper gastric(14,15) or lower gastric 

lesions(16) in most cases. Among them, studies that compared total 

gastrectomy with proximal subtotal gastrectomy in upper gastric 

carcinoma(14,15) are different from our study that compared total 

gastrectomy with distal subtotal gastrectomy in middle-third gastric 

cancer.  In studies on middle-third gastric cancer, as factors deter-

mining surgical techniques, only the distance to the resection mar-

gin was suggested.(9) Hence, in our study, it was examined whether 

Table 5. Histologic type-stratified 5 year-survival analysis for 
patients aft er TG and STG of mid-body gastric cancer

5-yr survival rate (%)

Diff erentiated Undiff erentiated

TG STG P- 
value TG STG P- 

value

Depth of tumor
    T1, 2 - 84.2 0.147 66.7 93.3 0.039
    T3, 4 50.0 70.0 0.317 26.2 33.3 0.588
Nodal status
    Negative 85.0 83.3 0.772 75.0 87.4 0.020
    Positive 44.4 66.7 0.229 16.7 31.3 0.529
TNM stage
    I, II 83.3 87.5 0.875 75.0 88.1 0.017
    III, IV 44.4 40.0 0.795 16.7 26.7 0.846

TG = total gastrectomy; STG = subtotal gastrectomy.

Table 6. Result of univariate and multivariate analysis of prognostic 
factors associated with survival in mid-body gastric cancer

P-value

Univariate analysis Multivariate analysis

Age 0.074
Op type (TG vs. STG) 0.001 0.313
Size of tumor 0.001 0.128
Depth of tumor <0.001 0.084
Histological type 0.002 0.090
LN metastasis <0.001 0.017
Stage (7th UICC) <0.001 <0.001

TG = total gastrectomy; STG = subtotal gastrectomy; UICC = Union 
for International Cancer Control.
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factors other than the distance are present as factors exerting effects 

on prognosis. In most studies, the survival rate of the two groups 

was not shown(13,16) Even in studies showing higher 5-year sur-

vival rates of the subtotal resection group, in the comparison of the 

survival rate of the same disease stage, the survival rate of the two 

groups was not different,(9) and results concur to our study were 

shown. In a study reported by Gouzi et al.,(16) in addition to the 

comparison of the same disease stage, patients were divided ac-

cording to the presence or absence of the invasion to the serosa and 

the presence or absence of lymph node metastasis, and the survival 

of the two groups was compared. It was found that under the same 

condition, the survival rate of the two groups was not different. In 

our study, except that the infiltration level was divided based on the 

lamina propria instead of the invasion to the serosa, results concur 

to the study reported by Gouzi et al.(16) were obtained.

In studies that compared complications or mortality caused 

by surgery, it has been reported that total resection is no longer 

more dangerous than subtotal resection.(12,16,17) Nonetheless, in 

comparison of post-surgical nutrition or quality of life, cases that 

had subtotal resection showed better outcomes.(11,17-19) Taken 

together, previous studies and the results of our study between the 

total resection group and the subtotal resection group, prognosis 

such as post-surgical complications, mortality, and long-term sur-

vival rate were not different. Nonetheless, after subtotal resection, 

nutrition condition or quality of life showed better outcomes. It thus 

was thought if the required condition for curative resection is satis-

fied, subtotal resection should be considered first.

In our study, for advanced gastric cancer based on the size of 

the lesion, infiltration level, lymph node metastasis and disease 

stage, total resection was performed in many cases, and even in 

undifferentiated cancer of which the prognosis is known to be 

relatively poor,(20) total resection was performed in many cases. 

It could be speculated that such results were obtained because this 

study has a limitation of retrospective studies. Hence, the possibility 

that during surgery surgeons performing total resection is high for 

advanced gastric cancer of which the prognosis is anticipated to be 

poor, in order to secure safe resection margins.

According to the UICC TNM, the purposes of the classifica-

tion of TNM are that first, to help clinicians planning treatments, 

and second, to point out indication for prognosis, third, to play an 

assistant role in the evaluation of treatment outcomes, fourth, to fa-

cilitate the exchange of objective information among institutions, and 

fifth, to facilitate to continue studies on human malignant tumors.

(21,22) The 7th edition UICC TNM disease classification published 

in 2009 is controversial. It has been reported that in comparison with 

the 6th edition UICC, the difference of the survival rate according to 

disease stage became weakened.(21,23) It also has been reported that 

generally, it classified more evenly than previous editions.(24) In our 

study, survival rate was classified simultaneously by the applica-

tion of the 6th and 7th editions according to the resection range 

in middle-third gastric cancer cases (Table 4). In comparison with 

the previous 6th edition, survival rate according to the 7th edi-

tion UICC TNM classification method was not greatly different, 

and thus it is determined that the new disease stage classification 

method was also significant. In the classification according to the 

7th edition only, in stage 2, the total resection group was 69.2%, the 

subtotal resection group was 84.6% (P=0.061), marginal significance 

was shown, and the 5-year survival rate showed a tendency to be 

high in the subtotal resection group. Nevertheless, the number of 

the subtotal resection groups corresponding to stage 2 of our study 

was only 26 cases, and thus it is thought that because of the limita-

tion of the number according to the size of the groups, it is difficult 

to consider it statistically significant.

In our study, comparative analysis was performed not only 

on the TNM disease stage that could be determined only during 

surgery but also on histological differentiation grade that could be 

evaluated prior to surgery. Histological differentiation grade could 

be assessed prior to surgery by endoscopic biopsy, because it is a 

prognostic factor, and it provides information for the determination 

of the resection range. In relatively early gastric cancer such as a le-

sion infiltrated below the lamina propria, cases without lymph node 

metastasis, or stage 1 and stage 2, etc., if it is undifferentiated can-

cer, the prognosis of the total resection group was poor. In contrast, 

if the infiltration level was higher than the subserosal layer, cases 

with lymph node metastasis or disease stage 3 and disease stage 4, 

regardless of undifferentiated cancer or differentiated cancer, the 

5-year survival rate of the total resection group was not different 

from the differentiation group (Table 5). McNeer et al.(25) stated 

that the basic surgery for gastric cancer is curative total resection 

that secures the resection margin safely. According to his study, it 

is predicted that the prognosis of the total resection group whose 

distance to the resection margin is secured more safely would be 

better than the subtotal resection group. However, in our study, in 

advanced gastric cancer cases, the 5-year survival rate between the 

two groups was not different. Hence, in cases performed curative 

resection for advanced gastric cancer, the resection range was not 

an independent prognostic factor exerting effects on long-term 

prognosis. In our study, among middle-third gastric cancer patients 
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corresponding to relatively early stage, in cases whose histological 

differentiation degree was undifferentiated, the total resection group 

showed the result of poor prognosis than the subtotal resection 

group. This is considered to be due to the age of the total resection 

group was relatively high, the size of lesion was slightly different, 

and a trend of the increased number of lymph node metastasis was 

shown. Nonetheless, in the analysis of each factor, statistical signif-

icance could not be observed. Therefore, it is thought that to eluci-

date the cause, a large scale prospective study should be conducted. 

In addition, in our study, the effect of additional treatments such as 

pre-surgical and post-surgical chemotherapy, radiation therapy, 

etc. was not considered, and thus it is thought that the evaluation of 

the effect of pre-surgical and post-surgical treatments on surgical 

techniques is required.

In middle-third gastric cancer, between patients that received 

curative total gastrectomy and subtotal gastrectomy, the 5-year 

survival rate of the same disease stage was not statistically sig-

nificant. In the same disease stage of middle-third gastric cancer, 

prognosis is determined by clinicopathological characteristics of 

the lesion itself rather than the difference of prognosis according to 

the resection range, and thus if curative resection margin could be 

secured, subtotal resection instead of total resection is feasible.
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