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Prognostic factors associated with early mortality after 
surgical resection for pancreatic adenocarcinoma
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Dae Wook Hwang, Kwang-Min Park, and Young-Joo Lee

Division of Hepatobiliary and Pancreatic Surgery, Department of Surgery, 
Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Backgrounds/Aims: Identifying pancreatic cancer patients at high risk of early mortality following surgical resection for 
pancreatic cancer is important to make optimal treatment decisions in multidisciplinary setting. The purpose of this 
study was to identify the factors related to early mortality in patients who underwent pancreatic resection for pancreatic 
adenocarcinoma. Methods: We reviewed our institution’s experience with all consecutive patients who underwent pan-
createctomy for pancreatic adenocarcinoma from January 2000 to December 2010. One thousand patients were eligible 
for our study. Fifty-three patients who did not meet the study criteria were excluded. Based on 12 months after surgery, 
patients were divided into early mortality group or the remaining group. We performed logistic regression analysis to 
identify predictors of early mortality. Results: Among 947 patients who met our study criteria, 302 (31.9%) early mortality 
(defined as experiencing death within 12 months after surgery) occurred. Multivariate analysis revealed that patient 
age and surgery time period were statistically significant predictors of early mortality within six months after surgery. 
Poorly differentiated tumor and adjuvant chemotherapy were statistically significant predictors of early mortality within 
12 months after surgery. Total pancreatectomy and lymphovascular invasion were significant (p＜0.05) prognostic fac-
tors of early mortality within 6 or 12 months after surgery. Conclusions: We suggest followings to avoid early mortality 
after pancreatic resection: patients with multiple risk factors related to early mortality after pancreatectomy should be 
considered for alternative treatment; patient’s general condition and surgical technique improvement are important; and 
adjuvant therapy should be taken into consideration. (Korean J Hepatobiliary Pancreat Surg 2014;18:138-146)
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INTRODUCTION

Pancreatic cancer remains a lethal disease. It has high 
mortality rate due to the aggressive nature of the tumor 
and its asymptomatic disease progression leading to delayed 
diagnosis. Pancreatic cancer has an estimated 20% resect-
ability at diagnosis and an overall five-year survival of 
5%.1-3 Surgery remains the only curative treatment. Complete 
pancreatic resection showed actuarial five-year survival rates 
of 15-25% following pancreaticoduodenectomy4-6 and 8-14% 
following distal pancreatectomy.7,8 The common causes of 
treatment failure after pancreatic cancer resection have been 
locoregional recurrence and/or the development of distant 
metastases. The persistence or recurrence of locoregional 

disease has been discovered in as many as 80% of patients 
who has undergone curative resection.9

Cumulative survival curve after resection for pancreatic 
cancer shows a rapid decline pattern during the early post-
operative period followed by a subtle downward pattern. 
Such early mortality after pancreatectomy may be attrib-
uted to inadequate pre- or intraoperative tumor staging, 
the very aggressive nature of the disease, surgery-related 
factors, or unknown causes. Identifying patients at high 
risk for early mortality is important to make the optimal 
decision regarding the most appropriate treatment for 
these patients before surgery.

A few studies described early mortality of patients fol-
lowing pancreatic surgery for pancreatic cancer.10-12 
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Table 1. Characteristics and cause of death in surgery-related mortality cases

Sex Age (years) Surgery date Comorbidity Stage Operation name Survival (days) Cause of death

Female
Male
Male
Male

Male

67
69
67
78

48

2000-02-14
2002-10-08
2007-03-19
2008-03-10

2009-09-10

DM
DM
DM
DM
HTN
None

2
2
2
2

3

PD
TP
TP
TP

Uncinate resection

 2
27
52
19

31

Postoperative bleeding
Biliary sepsis
Liver abscess; sepsis
Bowel ischemia

Postoperative bleeding

Tumor staging according to the AJCC 7th edition staging guidelines. PD, pancreaticoduodenectomy; TP, total pancreatectomy; 
DM, diabetes mellitus; HTN, hypertension

However, high-volume study has not been reported. 
Therefore, the objective of this study was to identify the 
characteristics related to early mortality in patients who 
has undergone pancreatic resection for pancreatic ad-
enocarcinoma in a high-volume population.

MATERIALS AND METHODS

Study population

Between January 1, 2000 and December 31, 2010 in 
the Department of Surgery of Asan Medical Center in Seoul, 
Korea, we performed pancreatic surgery for 1,310 patients 
diagnosed with pancreatic cancer. Various types of surgery 
were performed, including distal pancreatectomy, total pan-
createctomy, pancreaticoduodenectomy, pylorus-preserving 
pancreaticoduodenectomy, hepatopancreaticoduodenectomy, 
median-saving pancreatectomy, uncinate resection, and cen-
tral pancreatectomy. Among these patients, 1,000 (76.4%) 
were histologically diagnosed with pancreatic adenocarcinoma 
after their surgery who met our inclusion criteria. Data were 
retrospectively collected from medical records. All database 
regarding patient follow-up, survival, and tumor recurrence 
had been updated until March 2014. According to medical 
records review, disease recurrence was confirmed by com-
puted tomographic scan and/or magnetic resonance imaging 
and/or a Positron emission tomography scan. In the study 
group, 47 patients were lost during follow-up. Data regarding 
death and other clinical information were obtained by tele-
phone interview with the patient’s family.

We defined postoperative mortality as in-hospital 
deaths related to surgery. Five study patients died due to 
postoperative mortality. Table 1 shows the information 
and cause of death of patients with surgery-related 
mortality. In the study group, there were four cases of 

non-disease-related death, including asphyxia (n=1), pneu-
monia (n=1), cerebral infarction (n=1), and opioid overuse 
(n=1). Data from patients who died due to surgery-related 
cause (n=5) or non-disease-related causes (n=4) were ex-
cluded from this study. Stage IV disease patients with dis-
tant metastasis at the time of their surgery (n=44) were 
also excluded. Therefore, a total of 947 patients were in-
cluded in our analysis. 

There is no clear definition or consensus regarding ear-
ly mortality after pancreatic surgery for pancreatic cancer. 
We arbitrarily defined early mortality as death within 12 
months after pancreatectomy which has been used in other 
published studies.9,11

Patient characteristics

Medical records of patients were retrospectively 
reviewed. Prognostic factors related to early mortality af-
ter pancreatic resection for pancreatic cancer were eval-
uated according to the following variables: clinicopatho-
logic data, preoperative laboratory data, operative data, 
and postoperative treatment. Analyzed factors were clin-
ical features (patient age, time period during which sur-
gery was performed, type of surgery, postoperative hospi-
tal stay, diabetes mellitus, patient smoking history, symp-
toms including abdominal pain and/or backpain, in-
digestion, and weight loss), histological features (tumor 
stage, location, size, and differentiation, lymph-node sta-
tus, metastasis, lymphovascular invasion, perineural in-
vasion, resection margin), pre-operative laboratory exami-
nation data (CA 19-9 and/or CEA, total bilirubin, albu-
min, hemoglobin), surgical data (portal-vein resection, ar-
tery resection including celiac axis, common hepatic ar-
tery or superior mesenteric artery), and postoperative 
treatment (adjuvant chemotherapy, adjuvant radiation). 



140  Korean J Hepatobiliary Pancreat Surg Vol. 18, No. 4, November 2014

Fig. 1. Kaplan-Meier survival curves for patient survival. (A) Disease-free survival rate of all 947 patients who underwent surgical
resection for pancreatic adenocarcinoma. Landmark line showing 12 months; (B) Comparison of the disease-free survival rate 
stratified according to the time period during which surgery was performed.

Fig. 2. Cumulative survival curve of patients who died within
12 months after pancreatic resection (n=302) showing a more
rapid downward pattern in the survival curve after 6 months.

Table 2. Survival analysis according to the time of surgery

Time of surgery 1-year survival 
rate after resection

2-year survival 
rate after resection

5-year survival 
rate after resection

Median survival 
after resection

2000-2003 (n=153)
2004-2006 (n=270)
2007-2010 (n=524)
2000-2010 (n=947)

59.5%
63.7%
72.9%
68.1%

34.0%
31.5%
45.4%
39.6%

11.1%
15.2%
18.4%
16.4%

15.0 months
16.2 months
21.3 months
18.6 months

Regarding smoking, we included all patients, i.e., current 
smokers and ex-smokers. Preoperative laboratory values 
were recorded with the highest values (CA19-9, CEA, to-
tal bilirubin) or the lowest values (albumin, hemoglobin). 
Tumor staging was evaluated according to the pancreatic 
cancer classification defined by the 7th AJCC.

Statistical analysis of the prognostic factors

Patient survival was defined as the time from resection 
to death. The actual survival rate was estimated using 
Kaplan-Meier method. Log-rank test was used to compare 
survival rate in different patient subgroups. Fisher’s exact 
test was used to compare prognostic factors between the 
early mortality group and the remaining group. The prognostic 
factors associated with early mortality (death within 12 
months after surgery) were investigated using univariate and 
multivariate logistic regression analysis. SPSS software 
(version 18.0) was used for statistical analyses. Statistical 
significance was considered when p-value was less than 0.05.

RESULTS

Survival outcome

The median follow-up for our study population (n=947) 
was 19.0 months. The median disease-specific survival was 
18.6 months. The cumulative survival curve of the study 
population is shown in Fig. 1. Median disease-specific sur-
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Table 3. Demographic features and univariate analysis of the prognostic factors associated with six-month early mortality after 
resection

Variable
Survival 

≤6 mon after
resection (n=67)

Survival
＞6 mon after

resection (n=880)
Odds ratio 95% CI p-value

Sex
  Female
  Male
Age (years)
  Median/Range
Time of surgery
  2000-2003
  2004-2006
  2007-2010
Type of surgery
  DP
  PD/PPPD
  TP
  Others
Postoperative hospital stay (days)
  Median/Range
DM
Symptoms
Familial history of pancreatic cancer
Smoker
Preoperative laboratory values
  CA19-9 (U/ml)＞37
  Total bilirubin (mg/dl)＞1.2 
  Albumin (g/dl)≤3.3
  Hemoglobin (g/dl)≤13
Location of tumor
  Head, uncinate
  Neck, body, tail
  Multiple
  Portal vein resection
  Artery resection
  Tumor size ＞3 cm
Tumor differentiation
  WD
  MD
  PD 
Positive lymph node
Stage
  I
  II
  III
Lymphovascularinvasion
Perineural invasion
Positive resection margin
Adjuvant chemotherapy
Adjuvant radiation

30 (44.8%)
37 (55.2%)

66 (34-86)

22 (32.8%)
22 (32.8%)
23 (34.3%)

10 (14.9%)
26 (38.8%)
31 (46.3%)
0 (0%)

24 (5-150)
12 (31.6%)
36 (94.7%)
0 (0%)

23 (34.3%)

46 (75.4%)
38 (61.3%)
35 (57.4%)
44 (72.1%)

54 (80.6%)
10 (14.9%)
3 (4.5%)

27 (40.3%)
4 (6.0%)

39 (58.2%)

2 (3.0%)
37 (56.1%)
27 (40.9%)
45 (68.2%)

1 (1.5%)
57 (86.4%)
 8 (12.1%)
40 (61.5%)
47 (87.0%)
17 (25.4%)
24 (42.1%)
11 (18.0%)

356 (40.5%)
524 (59.5%)

61 (22-85)

131 (14.9%)
248 (28.2%)
501 (56.9%)

220 (25.0%)
468 (53.2%)
188 (21.4%)
 4 (0.5%)

20 (6-116)
179 (31.6%)
461 (81.4%)
30 (5.3%)

386 (43.9%)

572 (68.3%)
488 (57.3%)
287 (35.0%)
542 (66.0%)

617 (70.1%)
243 (27.6%)
20 (2.3%)

281 (31.9%)
66 (7.5%)

421 (47.8%)

 97 (11.4%)
658 (77.0%)
 99 (11.6%)
479 (55.6%)

28 (3.2%)
766 (88.9%)
68 (7.9%)

337 (38.8%)
659 (82.5%)
149 (16.9%)
549 (69.5%)
139 (17.1%)

1
  1.19

  1.04

1
  0.53
  0.27

1
  1.22
  3.63
＜0.01

  1.03
  1.00
  4.10
＜0.01
  0.67

  1.43
  1.18
  2.51
  1.33

1
  0.47
  1.71
  1.44
  0.78
  1.52

1
  2.73
 13.23
  1.71

1
  2.08
  3.29
  2.52
  1.43
  1.67
  0.32
  1.07

0.72-1.997

1.01-1.07

0.28-0.99
0.15-0.51

0.58-2.58
1.73-7.60
0.00-

1.01-1.05
0.49-2.02
0.97-17.30
0.000-
0.40-1.13

0.78-2.60
0.69-2.00
1.48-4.24
0.75-2.38

0.24-0.94
0.49-5.95
0.87-2.39
0.28-2.22
0.92-2.51

0.65-11.50
3.06-57.15
1.00-2.92

0.28-15.60
0.39-27.60
1.50-4.23
0.63-3.22
0.94-2.97
0.19-0.55
0.54-2.10

0.49

＜0.01

0.04
＜0.01

0.60
＜0.01

1.00

＜0.01
1.00
0.06
1.00
0.13

0.25
0.54

＜0.01
0.33

0.03
0.40
0.16
0.65
0.10

0.17
＜0.01

0.05

0.48
0.27

＜0.01
0.39
0.08

＜0.01
0.86

Others include Hepatopancreato-duodenectomy, Median-saving pancreatectomy, Uncinate resection, Central pancreatectomy; 
Tumor staging according to the AJCC 7th edition staging guidelines. DP, distal pancreatectomy; PD, pancreaticoduodenectomy; 
PPPD, pylorus-preserving pancreaticoduodenectomy; TP, total pancreatectomy; CA19-9, carbohydrate antigen 19-9; CI, con-
fidence interval; DM, diabetes mellitus; WD, well-differentiated; MD, moderately differentiated; PD, poorly differentiated

vival of the early mortality group and the remaining group 
was 8.3 months and 28.9 months, respectively. 

We divided the 947 cases according to three time periods: 

2000-2003, 2004-2006, and 2007-2010. There were 153 
(16.2%) cases in 2000-2003, 270 (28.5%) cases in 
2004-2006, and 524 (55.3%) cases in 2007-2010. The me-
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Table 4. Demographic features and univariate analysis of the prognostic factors associated with 12 month, early mortality after 
resection

Variable
Survival 

≤ 12 mon after 
resection (n=302)

Survival 
＞12 mon after 

resection (n=645)
Odds ratio 95% CI p-value

Sex
  Male
  Female
Age (years)
  Median/Range
Time of surgery
  2000-2003
  2004-2006
  2007-2010
Type of surgery
  DP
  PD/PPPD
  TP
  Other
Postoperative hospital stay (days)
  Median/Range
DM
Symptoms
Family history of pancreatic cancer
Smoker
Preoperative laboratory values
  CA19-9 (U/ml)＞37 
  Total bilirubin (mg/dl)＞1.2 
  Albumin (g/dl)≤3.3
  Hemoglobin (g/dl)≤13
Location of tumor
  Head, uncinate
  Neck, body, tail
  Multiple
Portal vein resection
Artery resection
Tumor size ＞3 cm
Tumor differentiation
  WD
  MD
  PD 
Positive lymph node 
Stage
  I
  II
  III
Lymphovascularinvasion
Perineural invasion
Positive resection margin
Adjuvant chemotherapy
Adjuvant radiation

174 (57.6%)
128 (42.4%)

62 (34-86)

 62 (20.5%)
 98 (32.5%)
142 (47.0%)

 55 (18.2%)
133 (44.0%)
113 (37.4%)

 1 (0.3%)

22 (5-150)
 59 (32.4%)
165 (90.7%)

 6 (3.3%)
119 (39.4%)

220 (76.9%)
175 (60.3%)
123 (43.5%)
209 (73.9%)

225 (74.5%)
 68 (22.5%)

 9 (3.0%)
136 (45.0%)
28 (9.3%)

187 (61.9%)

24 (8.1%)
200 (67.8%)
 71 (24.1%)
200 (67.1%)

 3 (1.0%)
263 (88.0%)
 33 (11.0%)
163 (54.5%)
240 (89.2%)
 67 (22.2%)
162 (59.6%)
 45 (16.1%)

387 (60.0%)
258 (40.0%)

61 (22-85)

 91 (14.1%)
172 (26.7%)
382 (59.2%)

175 (27.1%)
361 (56.0%)
106 (16.4%)
 3 (0.5%)

20 (6-104)
132 (31.3%)
332 (78.7%)
24 (5.7%)

290 (45.0%)

398 (64.9%)
351 (56.3%)
199 (33.2%)
377 (62.9%)

446 (69.1%)
185 (28.7%)
14 (2.2%)

172 (26.7%)
42 (6.5%)

273 (42.3%)

 75 (12.0%)
495 (79.2%)
55 (8.8%)

324 (51.5%)

26 (4.1%)
560 (89.0%)
43 (6.8%)

214 (33.8%)
466 (79.8%)
 99 (15.3%)
411 (71.5%)
105 (17.7%)

1.10

1.02

1
0.84
0.55

1
1.17
3.39
1.06

1.02
1.05
2.63
0.57
0.80

1.80
1.18
1.55
1.66

1
0.73
1.27
2.25
1.47
2.22

1
1.26
4.03
1.92

1
4.07
6.65
2.35
2.10
1.57
0.59
0.90

0.84-1.46

1.01-1.04

0.56-1.26
0.38-0.80

0.82-1.68
2.27-5.07

 0.11-10.40

1.01-1.03
0.73-1.53
1.52-4.57
0.23-1.41
0.60-1.05

1.31-2.48
0.89-1.57
1.56-2.07
1.22-2.27

0.53-1.00
0.54-2.99
1.69-3.00
0.89-2.42
1.68-2.93

0.78-2.06
2.26-7.20
1.44-2.56

 1.22-13.60
 1.85-23.88
1.78-3.12
1.36-3.24
1.11-2.22
0.43-0.80
0.61-1.30

0.49

＜0.01

0.39
＜0.01

0.39
＜0.01

0.96

＜0.01
0.78

＜0.01
0.22
0.11

＜0.01
0.26

＜0.01
＜0.01

0.05
0.58

＜0.01
0.13

＜0.01

0.35
＜0.01
＜0.01

0.22
＜0.01
＜0.01
＜0.01

0.01
＜0.01

0.55

dian survival of 2000-2003, 2004-2006, and 2007-2010 time 
period was 15.0, 16.2, and 21.3 months, respectively. 
Log-rank test revealed statistically significant (p＜0.001) 
difference in survival among the three groups. The one-, 
two-, and five-year survival rates were also improved accord-

ing to the time period of surgery performed (Table 2).
Among the 947 patients, 302 (31.9%) had early-mortal-

ity (died within 12 months after the surgery), including 
235 (77.8%) who died between 6 and 12 months after sur-
gery, which was at least three times of mortality occurred 
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Table 5. Multivariate analysis of the prognostic factors associated with six- and 12-month early mortality

Variable
Survival ≤ six mon after resection (n=67) Survival ≤ 12 mon after resection (n=302)

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age (years)
Time of surgery
  2000-2003
  2004-2006
  2007-2010
Type of surgery
  DP
  PD/PPPD
  TP
  Other
Postoperative hospital stay (days)
Preoperative albumin (g/dl)≤3.3
Tumor differentiation
  WD
  MD
  PD
Lymphovascularinvasion
Adjuvant chemotherapy

1.053

1
0.261
0.159

1
1.305
3.980
0.000

1
＜0.001
＜0.001

2.769

1.002-1.106

0.079-0.861
0.064-0.400

0.330-5.169
 1.006-15.744

0.000-

0.000-
0.000-
1.185-6.469

0.041

0.027
＜0.001

0.704
0.049
1.000

0.997
0.997
0.019

1
1.204
2.856
0.000
1.018
1.531

1
1.252
3.615
2.800
0.599

0.652-2.223
1.433-5.690
0.000-
1.000-1.037
0.974-2.405

0.577-2.718
1.469-8.896
1.794-4.369
0.379-0.947

0.553
0.003
1.000
0.052
0.065

0.570
0.005

＜0.001
0.028

within 6-month after surgery (n=67: 22.2%, Fig. 2). 
Therefore, we analyzed the prognostic factors based on 
two time points, i.e., 6 and 12 months after surgery.
Demographic features and univariate analysis 

of the prognostic factors associated with early 

mortality

In our study population, there were significantly more 
males (n=561: 59.2%) than females (n=386: 40.8%). The 
median patient age was 61 years (range, 22 to 86 years). 
Pancreaticoduodenectomy and pylorus-preserving pan-
creaticoduodenectomy was performed in 494 (52.2%) of 
patients. Distal pancreatectomy and total pancreatectomy 
were performed in 230 (24.3%) and 219 (23.1%) patients, 
respectively. A total of 497 (52.5%) patients had pre-oper-
ative symptoms, including abdominal pain, backpain, in-
digestion, and body-weight loss.

Most study population was diagnosed with stage II 
(n=823: 87%) or Stage III (n=76: 8.0%) pancreatic cancer 
according to postoperative pathology examination. A total 
of 573 (60.5%) patients underwent adjuvant chemotherapy. 
However, 248 (26.2%) patients did not receive any antitumor 
therapy.

The pre-and postoperative characteristics and their associ-
ation with early mortality within 6 months following surgery 
are summarized in Table 3. When the 6-month period was 
compared to 12 months after resection of pancreatic ad-

enocarcinoma, the following was found to be associated 
with early mortality within 6 months after surgery: age, 
preoperative albumin≤3.3 g/dl, total pancreatectomy, the 
postoperative hospital stay, poorly differentiated tumor, and 
lymphovascular invasion. In addition to symptoms, the fol-
lowings were also risk factors associated with early mortality 
during the first 12 months after surgery: preoperative 
CA19-9 ＞37 U/ml, preoperative hemoglobin ≤13 g/dl, 
portal vein resection, tumor size ＞3 cm, positive lymph 
node, stage III disease, lymphovascular invasion, perineural 
invasion, and positive resection margin. 

The time period of 2007-2010 during which surgery 
was performed and administration of adjuvant chemo-
therapy were both inversely associated with early mortal-
ity within 6 and 12 months after surgery. However, the 
time period of 2004-2006 and tumor located in the neck, 
body or tail were not related to early mortality within 12 
months after surgery (Table 4).

Multivariate analysis of the prognostic factors 

associated with early mortality

A multivariate logistic regression analysis was per-
formed with significant predictors of survival in the uni-
variate analysis. The multivariate analysis results showed 
a different pattern of risk factors associated mortality be-
tween the 6-month and 12-month periods after surgery. 
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During the 6-month period, patient age and time of sur-
gery were statistically significant (p＜0.05) risk factors re-
lated to early mortality. On the contrary, poorly differ-
entiated tumor and adjuvant chemotherapy were statisti-
cally significant (p＜0.05) risk factors related to early 
mortality during the 12-month period. Total pan-
createctomy and lymphovascular invasion were significant 
(p＜0.05) prognostic factors of early mortality during both 
time periods (Table 5).

DISCUSSION

Pancreatic cancer, including pancreatic adenocarcinoma, 
remains a lethal disease. Surgical resection is the only cu-
rative treatment for locally advanced disease. In general, 
the survival curve of malignant diseases with poor prog-
nosis shows a rapid downward pattern during the early 
postoperative period, which is also the case in pancreatic 
adenocarcinoma. Despite numerous studies and efforts 
over the last several decades, we did not note a dramatic 
improvement in pancreatic cancer survival rate.

Many pancreatic adenocarcinoma patients died during 
the early postoperative period despite curative resection. 
In our study, 67 (7.1%) and 302 (31.9%) patients died 
within 6 and 12 months following pancreatic resection, 
respectively. Other studies have shown similar outcomes, 
with up to 30% of patients died within 12 months after 
resection.12,13 If we can identify the risk factors related to 
early mortality after resection, we may be able to consider 
alternative treatment rather than up-front surgery in pa-
tients predicted to have a very high postoperative mortal-
ity rate. If we can correct the risk factors related to early 
mortality, we may be able to improve patient survival out-
come related to early mortality and/or overall survival. 
Therefore, the purpose of this study is to identify the risk 
factors related to early mortality in patients undergoing 
pancreatic resection for pancreatic adenocarcinoma.

In our study, 302 (31.9%) patients died within 12 
months following their pancreatic surgery. Based on mul-
tivariate logistic regression analysis, patient age, time of 
surgery, total pancreatectomy, poorly differentiated tumor, 
lymphovascular invasion, and adjuvant chemotherapy 
were independent prognostic factors associated with early 
mortality within 6 and/or 12 months following their 
surgery. Multivariate analysis results showed a different 

pattern of risk factors associated with mortality between 
6 and 12-month periods after surgery. During the 
six-month period, factors related to patient condition and 
the surgical technique (i.e., age and time of surgery) af-
fected patient survival rate. On the other hand, within the 
12-month period, factors related to the tumor biology (e.g. 
poorly differentiated tumor and adjuvant chemotherapy) 
affected early mortality. 

Total pancreatectomy and lymphovascular invasion 
were significant prognostic factors of early mortality in 
both the 6- and 12-month periods after surgery. It is note-
worthy that TNM staging, including positive lymph nodes 
and tumor size, were not associated with early mortality. 
In the 6- month period after resection, patient age was as-
sociated with increased risk of early mortality, suggesting 
that patient’s general health condition and performance 
status may affect the mortality rate during the early post-
operative period. On univariate analysis, a low pre-
operative albumin level (≤3.3 g/dl) was a risk factor re-
lated to possible 6- and 12-month early mortality (p
＜0.01), indicating that a patient’s poor nutritional status 
might increase the early mortality rate following resection. 
In our study, C-reactive protein serum level was not 
examined. In several studies, the Glasgow prognostic 
score was proven to be a prognostic factor for pancreatic 
cancer.14-16 It will be useful to apply the Glasgow prog-
nostic score system in future research regarding early 
mortality. According to time of surgery, the patient sur-
vival rate increased in 1, 2, 5 years and during the early 
postoperative period. This could be due to improvement 
in surgical techniques and perioperative management from 
accumulated surgical experience. Compared to other types 
of surgery, total pancreatectomy had a relatively high risk 
of early mortality within 6-month (OR, 3.980) and 
12-month (OR, 2.856) following surgery. Many patients 
who underwent total pancreatectomy had much more dif-
ficulty controlling their blood sugar level, which could 
worsen their condition or performance. Therefore, early 
mortality in patients who underwent total pancreatectomy 
may be associated their poor general condition in addition 
to their disease severity. Poorly differentiated and un-
differentiated carcinomas are known to be associated with 
poor outcome due to the high risk of hepatic metastases.17 
In most patients, tumor differentiations were possible 
based on surgical specimens. Information regarding tumor 
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differentiation obtained preoperatively can help determine 
the optimal treatment in a multidisciplinary setting, as 
routine sampling for resectable pancreatic cancer patients 
is debatable.18

In a study regarding early mortality after pancreatico-
duodenectomy or total pancreatectomy for pancreatic ad-
enocarcinoma, patient age, poorly differentiated tumor, 
and adjuvant chemoradiation therapy were statistically 
significant prognostic factors associated with early mortal-
ity defined as nine months after surgery.10 The duration 
of symptoms prior to surgery were shown to predict early 
mortality as determined in another study. However, such 
information was not available in our study.11

Recent reports have suggested that accurate patient se-
lection based on reproducible prognostic factors and ad-
juvant chemoradiation therapies may have favorable im-
pact on long-term patient survival.19,20 In the early mortal-
ity group after pancreatic resection, patient risk factor 
identification may increase the survival rate for the same 
reasons. To avoid early patient mortality following pan-
creatic resection, patients with multiple risk factors related 
to early mortality after pancreatectomy should be consid-
ered for alternative treatment. In particular, total pan-
createctomy should be very carefully selected due to sur-
gical risk and undetermined potential benefit. In addition, 
patient’s general condition and surgical technique im-
provement are important. If necessary, more aggressive 
nutritional and general condition correction should be per-
formed before surgery. Strategies to suppress tumor 
growth such as chemotherapy are also needed.

There are several limitations of this study. First, this 
was a retrospective analysis which had missing data and 
possible selection bias. The patient performance status and 
reasons for withholding adjuvant chemotherapy were dif-
ficult to be exactly determined based on medical records 
review. Second, it was difficult to accurately evaluate the 
cause of death if a patient died in a local hospital or at 
home.

There are only a few research studies describing early 
mortality after pancreatic resection for pancreatic 
cancer.10-12 To our knowledge, this study is the largest ser-
ies regarding early mortality after pancreatic resection for 
pancreatic adenocarcinoma. Further prospective studies 
will be needed in the future. Recently, laparoscopic pan-
createctomy including robot-assisted pancreatectomy has 

been increasingly performed for pancreas cancer patients. 
In order to determine whether minimally invasive sur-
geries can decrease early mortality after pancreatectomy, 
more studies are needed.

In summary, pancreatic cancer including pancreatic ad-
enocarcinoma remains a lethal disease, with a high early 
mortality rate after surgery up to 30% within 12 months 
following surgery. Early mortality after pancreatic re-
section is associated with factors other than TNM staging. 
To overcome early mortality after pancreatic resection, 
patients with multiple risk factors related to early mortal-
ity after pancreatectomy should be considered for alter-
native treatment. In particular, total pancreatectomy 
should be very carefully selected for patients with regard 
to the surgical risks and benefits. A patient’s general con-
dition and potential surgical technique improvement are 
important. If necessary, more aggressive nutritional and 
general condition correction should be performed before 
surgery. In addition, strategies to suppress the tumor such 
as chemotherapy are also necessary.
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