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T he Surgeon’s Expertise-O utcome Relationship in Gastric  
Cancer Surgery  

Wansik Yu, M.D., Ph.D., Young Kook Yun, M.D., Ph.D., Ilwoo Whang, M.D., Ph.D. and Gyu Seok Choi, 
M.D., Ph.D. 

Department of Surgery, School of M edicine, Kyungpook National University, Daegu, Korea 

  Purpose: The surgical caseload or duration of practice 
of a surgeon may influence the outcomes of gastric 
cancer surgery. This study aimed to clarify the surgical 
quality provided by specialized gastric cancer surgeons. 
  Materials and Methods: The postoperative courses of 
1,877 patients who underwent surgery for gastric cancer 
were retrospectively reviewed. For classification of the 
surgeon's expertise, the number of yearly resections 
performed by, and consecutive years of practice of, the 
surgeons were used. The outcome measures used were  
the 30-day mortality and long-term survival. 
  Results: Surgical mortalities of patients who under-
went surgery by a specialized surgeon and those by a  
general surgeon revealed no statistically significant 
difference. A significant difference in the five-year 
survival rates was found with surgeons with at least two 
consecutive years of practice compared to those with 

less than two years, when 50 or more cases had been 
conducted per year  (63.9% and 59.7%; p=0.0380). In cases 
of four-years of consecutive practice, the five-year survival 
rate was significantly improved, even if only 10 cases were 
performed annually (64.9% and 58.3%; p=0.0023), although 
the best survival rate was found with surgeons that had 
performed 50 or more surgeries per year. 
  Conclusion: Improved survival rates, with acceptable  
surgical mortality, can be achieved for gastric cancer 
when the surgery is performed by a specialized surgeon. 
A specialized gastric cancer surgeon can be defined as 
one who has operated on more than 50 new cases per 
year, with 2 or more consecutive years of surgical prac-
tice. (Cancer Res Treat. 2005;37:143-147)
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INTRODUCTION

  The technical skills of a surgeon may influence the outcomes 
of cancer surgery. The case volume has been suggested as an 
indicator of the surgical quality of individual surgeons (1,2), 
and the performance of cancer surgery by high-volume surgeons 
may lead to improved outcomes. 
  Hillner et al. (3) found extensive, consistent literature to 
support a volume-outcome relationship for cancers treated with 
technologically complex surgical procedures, such as most 
intra-abdominal and lung cancers. For example, a considerable 
improvement in overall survival can be achieved when the 
surgery is undertaken by surgeons with a special interest in 
colorectal surgery or surgical oncology (4). The outcome can 
also be improved with both colorectal surgical subspecialty 
training and a higher frequency of rectal cancer surgery (2,5). 
Therefore, the surgeon is regarded as an important prognostic 
factor in the treatment of colorectal cancer (6). For breast can-

cer, a British study found that physician specialty and volume 
were associated with improved long-term outcomes (7). However, 
Gillison et al. (8) reviewed the medical records of 1,125 patients 
who had undergone surgery for cardio- oesophageal cancer, but 
failed to identify a clear improvement in the surgical outcome 
with increasing annual surgeon workload. 
  Some studies have focused on the relationship between short- 
term outcomes, such as postoperative mortality and morbidity, 
and surgeon-related variability, mainly with respect to case 
volume (1,4,9～11). 
  Although the incidence of gastric cancer has declined in 
Western countries, it is one of the most frequently occurring 
malignancies in the world; in some Eastern countries it is even 
the most frequent malignancy. Similarly to other major cancer 
surgery, the surgical caseload or a surgeon's duration of prac-
tice may also influence the outcome of gastric cancer surgery. 
It seems that a certain caseload volume is necessary for good 
results, but above this level, the inter-surgeon variability in 
surgical outcomes can not be correlated with the caseload 
volume (1). However, the effect of specific surgeon-related 
factors on the outcome of gastric cancer surgery is still largely 
unknown. 
  This study aimed to clarify the specialized surgeon's 
standards based on the extent of surgical experiences during the 
course of a surgeon's practice, and the surgical quality provided 
by the specialized gastric cancer surgeon. 
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Table 1. Five-year survival rates according to the surgeon's annual 
caseload and consecutive years of practice 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Specialized General  

Category p-value 
surgeon surgeon

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
10 cases for 1 year 62.0% (1,773) 64.8% (104) 0.7797 

20 cases for 1 year 62.0% (1,712) 64.1% (165) 0.7578 

30 cases for 1 year 62.2% (1,648) 62.7% (229) 0.7820 

40 cases for 1 year 61.3% (1,504) 65.8% (373) 0.3884 

50 cases for 1 year 62.5% (1,289) 61.6% (588) 0.4197 

10 cases for 2 years 62.4% (1,589) 60.8% (288) 0.2993 

20 cases for 2 years 62.7% (1,463) 60.3% (414) 0.1388 

30 cases for 2 years 62.6% (1,333) 61.1% (544) 0.1519 

40 cases for 2 years 63.1% (1,249) 60.3% (628) 0.0771 

50 cases for 2 years 63.9% (1,103) 59.7% (774) 0.0380 

10 cases for 3 years 61.4% (1,675) 68.7% (202) 0.1338 

20 cases for 3 years 63.3% (1,214) 60.2% (663) 0.1168 

30 cases for 3 years 64.1% (1,077) 59.6% (800) 0.0324 

40 cases for 3 years 64.1% (1,077) 59.6% (800) 0.0324 

50 cases for 3 years 64.8% (975) 59.4% (902) 0.0174 

10 cases for 4 years 64.9% (1,115) 58.3% (762) 0.0023 

20 cases for 4 years 65.1% (997) 56.0% (880) 0.0027 

30 cases for 4 years 66.3% (860) 58.7% (1,017) 0.0003 

40 cases for 4 years 66.3% (860) 58.7% (1,017) 0.0003 

50 cases for 4 years 66.8% (801) 58.7% (1,076) 0.0004 
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Values in parentheses are number of patients. 

Table 2. Comparison of survival rates according to clinico- pathol-
ogical variables 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Variable 5-YSR* (%) 10-YSR (%) p-value 

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Sex 0.1421 

Female (638) 64.1 60.0 

Male (1,239) 61.2 56.7 

Depth of invasion ＜0.0001 

Early gastric cancer (465) 94.8 92.2 

Advanced gastric
51.2 46.3  

  cancer (1,412) 

Lymph node metastasis ＜0.0001 

Negative (934) 87.2 83.8 

Positive (943) 36.5 31.0 

Distant metastasis ＜0.0001 

 No (1,609) 70.0 65.3 

 Yes (268) 12.5 10.7 

Stage ＜0.0001 

 IA (413) 96.6 93.7 

 IB (341) 90.6 86.3 

 II (304) 66.8 62.0 

 IIIA (298) 47.0 39.4 

 IIIB (192) 31.7 26.8 

 IV (329) 12.3 10.6 

Gastrectomy ＜0.0001 

 Subtotal (1,379) 68.7 64.6 

 Total (498) 44.1 38.9 

Lymph node dissection 0.3001 

＜D2 (376) 60.7 55.4 

 ≥D2 (1,501) 62.6 58.6 

Surgery ＜0.0001 

 Curative (1,417) 74.7 70.6 

 Palliative (460) 20.6 16.2 

Surgeon 0.0004 

 Low-volume (1,076) 58.7 54.4 

High-volume† (801) 66.8 64.7 
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*year survival rate; †≥ 50 cases for 4 years, Values in parentheses 
are number of patients. 

MATERIALS AND METHODS

  Between 1985 and 1997, 1,877 patients with biopsy proven 
gastric cancer underwent surgery at the Department of Surgery, 
Kyungpook National University Hospital. There were 638 
women and 1,239 men with a median age of 56, ranging from 
19 to 84 years. According to the tumor node metastasis (TNM) 
classification (12), 413 patients had stage IA, 341 stage IB, 304 
stage II, 298 stage IIIA, 192 stage IIIB and 329 stage IV dise-
ases. These patients had undergone a gastrectomy by one of 
eight surgeons. 
  The surgeon's expertise, a general surgeon or a specialized 
surgeon, was classified according to the number of yearly 
resections performed and the number of consecutive years of 
practice. The annual operations performed by a surgeon was 
divided into 10, 20, 30, 40 and ～50 or more cases, which were 
divided into further groups according to the number of 
consecutive years of surgical practice; one, two, three, four and 
more than four consecutive years. Finally, a combined analysis 
was made of a surgeon's annual cases and the number of conse-
cutive years of surgery (cases-years category). 
  The survival for all discharged patients was calculated from 
the date of operation until death or the last follow-up, and 
Kaplan-Meier survival curves were plotted and compared using 
the log-rank test, according to the cases-years category and 

other well-known prognostic factors. A multivariate analysis for 
the outcomes of the gastrectomies was performed using a Cox 
proportional hazards model. The proportions of patients with a 
given characteristic were compared by the chi-square test or 
Fisher's exact test. Differences in the means of continuous 
measurements were tested using the Student's t-test. The dif-
ferences were judged to be significant with a p-value of less 
than 0.05. 

RESULTS

  Of the 1,877 patients, 84 were lost to follow-up (follow-up 
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Table 3. Summary of the multivariate analyses for postoperative 
survival, using a cox proportional hazards model 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Hazard ratio 

Variable Significance
(95% confidence interval)

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Advanced gastric cancer ＜0.001 4.076 (2.740～6.064) 

Lymph node metastasis ＜0.001 3.338 (2.693～4.136) 

Distant metastasis ＜0.001 1.904 (1.533～2.365) 

Total gastrectomy ＜0.001 1.633 (1.401～1.903) 

Palliative surgery ＜0.001 1.804 (1.467～2.220) 
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Table 4. Major postoperative morbidity according to the surgeon's 
annual caseload and consecutive years of practice 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Specialized General  

Category p-value 
surgeon surgeon

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
10 cases/year for 1 year 12.5%  9.6% 0.382 

20 cases/year for 1 year 12.9%  6.7% 0.020 

30 cases/year for 1 year 13.3%  5.7% 0.001 

40 cases/year for 1 year 14.2%  4.8% ＜0.001 

50 cases/year for 1 year 14.9%  6.8% ＜0.001 

10 cases/year for 2 years 12.3% 12.5% 0.938 

20 cases/year for 2 years 13.1%  9.9% 0.085 

30 cases/year for 2 years 14.1%  8.1% ＜0.001 

40 cases/year for 2 years 14.2%  8.8% 0.001 

50 cases/year for 2 years 14.8%  8.9% ＜0.001 

10 cases/year for 3 years 12.7%  9.4% 0.177 

20 cases/year for 3 years 13.8%  9.7% 0.008 

30 cases/year for 3 years 14.8%  9.1% ＜0.001 

40 cases/year for 3 years 14.8%  9.1% ＜0.001 

50 cases/year for 3 years 15.3%  9.2% ＜0.001 

10 cases/year for 4 years 12.6% 11.9% 0.649 

20 cases/year for 4 years 14.0% 10.5% 0.018 

30 cases/year for 4 years 15.2%  9.9% 0.001 

40 cases/year for 4 years 15.2%  9.9% 0.001 

50 cases/year for 4 years 15.5% 10.0% ＜0.001 
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Table 5. Postoperative 30-day mortality according to the surgeon's 
annual caseload and consecutive years of practice 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Specialized General  

Category p-value 
surgeon surgeon

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
10 cases/year for 1 year 1.5% 0.0% 0.396 

20 cases/year for 1 year 1.4% 1.2% 1.000 

30 cases/year for 1 year 1.4% 1.3% 1.000 

40 cases/year for 1 year 1.5% 1.1% 0.804 

50 cases/year for 1 year 1.6% 1.0% 0.361 

10 cases/year for 2 years 1.3% 2.1% 0.271 

20 cases/year for 2 years 1.2% 2.2% 0.120 

30 cases/year for 2 years 1.3% 1.7% 0.524 

40 cases/year for 2 years 1.4% 1.4% 0.900 

50 cases/year for 2 years 1.5% 1.3% 0.772 

10 cases/year for 3 years 1.4% 1.0% 0.611 

20 cases/year for 3 years 1.2% 1.7% 0.453 

30 cases/year for 3 years 1.4% 1.4% 0.974 

40 cases/year for 3 years 1.4% 1.4% 0.974 

50 cases/year for 3 years 1.4% 1.3% 0.845 

10 cases/year for 4 years 1.0% 2.0% 0.074 

20 cases/year for 4 years 0.9% 1.9% 0.057 

30 cases/year for 4 years 1.0% 1.7% 0.248 

40 cases/year for 4 years 1.0% 1.7% 0.248 

50 cases/year for 4 years 1.1% 1.6% 0.403 
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

rate, 95.5%). 
  The 5-year survival rates were compared, based on the cases- 
years category, with the results summarized in Table 1. A signi-
ficant difference in the survival rate was found for surgeons 
with at least two years practice, compared to those with less, 
when 50 or more annual cases had been conducted (63.9% and 
59.7%; p=0.0380). When a surgeon had performed surgery for 
more than three consecutive years, the survival rate was signi-
ficantly improved, even with only 30 cases operated annually 
(64.1% and 59.6%; p=0.0324). In the case of four consecutive 
years of performance, the rate markedly improved, even with 
only 10 cases operated annually (64.9% and 58.3%; p=0.0023). 
The difference in 5-year survival rate showed the greatest 

improvement for surgeons performing more than 50 annual 
cases, who had also been in practice for 4 consecutive years. 
  Table 2 shows the results from the univariate analyses for 
factors associated with the postoperative survival rates. From 
these analyses, advanced gastric cancer, lymph node metastasis, 
distant metastasis, advanced stage, total gastrectomy, palliative 
surgery and low-caseload volume surgeons were significantly 
associated with lower survival rates; however, none of the 
cases-years categories were revealed to be an independent pro-
gnostic factor. Even the category revealing the largest dif-
ference in the survival rate (50 cases for 4 years) was not 
significant from the multivariate analysis (Table 3). 
  Major morbidity tended to increase with caseload volume 
and duration of practice (Table 4), but no statistically signi-
ficant difference was revealed in the postoperative 30-day mor-
talities of patients who had undergone surgery by a specialized 
surgeon compared to those by a general surgeon (Table 5). 
  The mean number of dissected lymph nodes was greater by 
a specialized surgeon than that by a general surgeon (Table 6). 

DISCUSSION

  Statistical and clinical differences between reports of surgical 
therapy are usually ascribed to differences in the named method 
of treatment. However, it is becoming clear that surgeons vary 
in their ability to produce a given result; this phenomenon is 
sometimes referred to as “surgeon-related variability.” Thus, 
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Table 6. Number of dissected lymph nodes according to the sur-
geon's annual caseload and consecutive years of practice 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Specialized General  

Category p-value 
surgeon surgeon

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
10 cases for 1 year 34.6±17.2 25.4±15.7 ＜0.001 

20 cases for 1 year 35.3±16.9 21.0±14.6 ＜0.001 

30 cases for 1 year 35.9±16.8 21.2±14.2 ＜0.001 

40 cases for 1 year 37.1±16.5 21.7±14.3 ＜0.001 

50 cases for 1 year 38.3±15.9 24.7±16.3 ＜0.001 

10 cases for 2 years 34.6±17.4 31.1±15.5  0.001 

20 cases for 2 years 36.2±17.1 26.5±15.4 ＜0.001 

30 cases for 2 years 38.0±16.5 24.5±15.1 ＜0.001 

40 cases for 2 years 37.7±16.2 26.8±16.9 ＜0.001 

50 cases for 2 years 39.1±15.9 26.9±16.4 ＜0.001 

10 cases for 3 years 34.7±17.4 29.0±14.9 ＜0.001 

20 cases for 3 years 37.8±17.0 27.2±15.4 ＜0.001 

30 cases for 3 years 38.8±16.0 27.7±16.7 ＜0.001 

40 cases for 3 years 38.8±16.0 27.7±16.7 ＜0.001 

50 cases for 3 years 39.7±15.9 28.0±16.5 ＜0.001 

10 cases for 4 years 35.5±18.3 32.0±15.2 ＜0.001 

20 cases for 4 years 38.1±17.4 29.5±15.8 ＜0.001 

30 cases for 4 years 39.3±16.3 29.6±16.7 ＜0.001 

40 cases for 4 years 39.3±16.3 29.6±16.7 ＜0.001 

50 cases for 4 years 39.9±16.2 29.7±16.6 ＜0.001 
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Values are mean±standard deviation.

surgical treatment should be seen as the resultant vector of the 
named procedure plus the effect of the surgeon-related varia-
bility (13). 
  Many investigators have used case volume as an indicator 
of a surgeon's ability. There is a group of surgeons that per-
form only a limited number of operations. In this group, the 
long-term results may be worse than those achieved by 
surgeons with a higher caseload volume. Martling et al. (5) 
regarded surgeons who performed more than 12 resections for 
rectal cancer per year as high-volume surgeons. Stocchi et al. 
(14) found that surgeons treating more than 10 rectal cancer 
cases had lower local recurrence rates than those treating 10 
or less annual cases. With regard to resections for carcinomas 
of the esophagus and cardia, Gillison et al. (8) arbitrarily 
divided surgeons into three groups: an infrequent operation 
group, in which surgeons performed fewer than four resections 
per year, an intermediate operation group, between four and 11 
resections per year and a frequent operation group, 12 or more 
resections per year. Surgeons treating less than 30 new cases 
of breast cancer per year revealed poor survivals (7). In a 
Japanese report (15), the five-year survival rate after a typical 
D2 gastrectomy was found to be independent of the experience 
of the surgeon. However, McCulloch (16) found that surgeons 
needed to perform at least 30 dissections before the survival 
rates reached a plateau. 
  Parikh et al. (17) suggested a learning curve, lasting between 

18 to 24 months or 15 to 25 procedures, before the survival 
rates reached a plateau. It seems that not only the individual 
surgeon's caseload volume, but also the duration of practice, 
is needed to maintain high standards of surgical quality. 
Therefore, a combined analysis of a surgeon's annual caseload 
and consecutive years of practice (cases-years category) was 
used in this study. In the case of four consecutive years of 
performance, although there was a statistically significant 
difference in the five-year survival rate, even for surgeons that 
had performed only 10 cases annually, the best five-year 
survival rate were achieved by surgeons who performed 50 or 
more cases per year. For surgeons who had performed surgeries 
for more than three consecutive years, 30 operative cases per 
year were needed to obtain a better survival rate. A significant 
difference in the survival rate was found for surgeons having 
gained at least two years of practice, when 50 or more cases 
had been conducted. Therefore, it can be suggested that the 
learning period of surgery for gastric cancer is two years, with 
50 cases conducted annually. Conversely, the survival rate can 
be improved with at least a 10 case annual caseload volume, 
with 4 consecutive years of practice. However, the learning 
period for every surgeon will differ, as there will always be 
quick and slow learners. Therefore, the number of operations 
or period needed for a plateau in the survival rate to be reached 
for a certain procedure will differ between surgeons; the me-
thod of learning may also influence the survival rate. Super-
vision and training are likely to lead to more effective learning 
of a given procedure than the situation where the surgeon is 
self-taught (18). 
  Quality control is of utmost importance in surgical trials. 
Recently, two large randomized multicenter studies, comparing 
D1 and D2 dissections, have been published: the Dutch Gastric 
Cancer Trial (19,20) and the British Medical Research Council 
Gastric Cancer Surgical Trial (21,22). Both studies revealed 
there was no 5-year survival advantage for a D2 over a D1 
dissection, and concluded that there was no support for the 
standard use of D2 lymph node dissections in Western patients 
with gastric cancer. However, in the reports from the Netherl-
ands, 11 supervising surgeons attended to 996 patients at 80 
hospitals over a 4 year period. Of these 996 patients, a D2 
dissection was performed in 331 cases. This means that only 
three patients were managed per hospital per year, with 
supervising surgeons attending to less than 10 D2 dissection 
cases per year. The British trial was conducted on 32 surgeons 
who performed 200 D2 dissection cases. Therefore, the results 
of theses trials may not be justifiable because the quality of 
surgery is uncontrolled due to the low caseload volume. 
  The survival rate for women was reported to be higher than 
that for men in a study based on a large population-based series 
(23), but another report suggested a lower survival rate for 
women (24). In our study, no significant survival difference 
was identified between men and women, although there was 
a tendency toward a lower survival rate for men. The ana-
tomical extent of gastric cancer (12), the depth of invasion, 
status of regional lymph node metastasis and distant metastasis, 
were significant prognostic factors in the univariate and mul-
tivariate analyses. A curative resection produces a chance of 
cure; whereas, survival was found to be very poor following 
a non-curative resection. As with the report of Roder et al. (25), 
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our study also revealed a curative resection as an independent 
prognostic factor. 
  Some studies showed a correlation between postoperative 
mortality or morbidity and a surgeon's caseload volume (9,10). 
However, other studies reported that short-term outcomes 
showed no association with the caseload volume (4,11). The 
greater number of lymph nodes dissected by specialized com-
pared to general surgeons implies that specialized surgeons tend 
to dissect lymph nodes more widely, which might be re-
sponsible for increased morbidity. However, the beneficial ef-
fect of wider lymph node dissection was obscure as about half 
our cases had no regional lymph nodes metastasis. The mor-
tality of patients who underwent surgery by a specialized surgeon 
compared to that by a general surgeon revealed no statistically 
significant difference. This similar mortality can be explained 
by the better management provided by the specialized surgeons 
due to their increased experience of complicated cases. 
  Although no cases-years category was found to be an inde-
pendent prognostic factor from the multivariate analyses, a 
trend toward improved survival and reasonable postoperative 
mortality was identified when the surgery was performed by 
a specialized surgeon. A specialized gastric cancer surgeon can 
be defined as one who has operates on more than 50 new cases 
per year, with 2 or more consecutive years of surgical practice. 

CONCLUSIONS

  Improved survival rates, with acceptable surgical mortality, 
can be achieved when surgery for gastric cancer is performed 
by a specialized surgeon. A specialized gastric cancer surgeon 
can be defined as one who has operated on more than 50 new 
cases per year, with 2 or more consecutive years of surgical 
practice. 
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