
Abstract. Background/Aim: Pancreatic resection is the only
curative treatment for pancreatic and certain biliary
malignancies. However, the mortality and morbidity
associated with pancreatic resection remain high. Patients
and Methods: The study included 114 patients with age 70
years or older who underwent pancreatic resection for
pancreatic or biliary cancer between 2005 and 2014 at the
Jikei University Hospital. We analyzed surgical outcomes,
complications, mortality and long-term survival between
patients aged 70-79 years (n=97) and those aged 80 years
or over (n=17). Results: In patients aged 70 to 79 years, two
died in-hospital and 8 required reoperation or interventional
radiology (IVR). In patients aged 80 years or over, on the
other hand, there was no in-hospital mortality. The incidence
of complications and long-term survival were comparable.
Conclusion: Pancreatic resection for pancreatic and biliary
malignancies in patients aged 80 years or over with good
general condition and proper selection seems safe and
acceptable.

The world population faces an unprecedented ageing society.
The percentage of the global population aged 60 years or over
increased from 8.5% in 1980 to 12.3% in 2015 and is projected
to rise further to 21.5% in 2050 (1). Furthermore, the elderly
population is naturally aging yearly. Among the population
aged 60 years or over, 14% were aged 80 or over in 2015,
which is estimated to rise to 21% in 2050 (1). In 2010, the old
population aged 85 years or over reached 5.5 million in the
U.S. (2). In 2050, there will be nearly six-fold increase in

oldest population as compared to 2000. Accordingly, patients
aged 80 or over were overrepresented in pancreatic and biliary
malignancies in U.S., EU and Japan (3-5). Japan has the largest
population aged both over 60 and over 80 years in the world
(6) and can be a role model in developing a medical strategy
for elderly patients with pancreatic and biliary malignancies.
Pancreatic resection is the only curative treatment for patients
with pancreatic and biliary malignancies, and the safety of
pancreatic resection in elderly patients (70 years and over) has
been reported (7-11). However, there have been few reports of
pancreatic resection for patients aged 80 or over with
pancreatic or biliary malignancies. The aim of this study was to
assess surgical outcome and long-term survival after elective
pancreatic resection for pancreatic or biliary malignancies in
patients aged 80 years or over.

Patients and Methods
Patients. We performed a retrospective review of a prospectively-
maintained database of 114 patients aged 70 years or over who
underwent curative pancreatic resection for pancreatic ductal
adenocarcinoma, intraductal papillary mucinous cancer (IPMC),
acinar cell carcinoma, cholangiocarcinoma or ampullary
adenocarcinoma between 2005 and 2014 at the Department of
Surgery, Jikei University Hospital, Tokyo, Japan. The patients were
classified into two groups as 70 to 79 years (n=97) and 80 years or
over (n=17). We retrospectively assessed clinicopathological
variables and disease-free survival (DFS), as well as overall survival
(OS) between the two groups by univariate analysis. The factors
consisted of the following factors: age, gender, body mass index
(BMI), preoperative hemoglobin, preoperative serum albumin,
concomitant diseases, preoperative biliary drainage, pathological
diagnosis, type of resection, duration of operation, intraoperative
blood loss, portal vein reconstruction, intraoperative blood
transfusion, texture of the remnant pancreas, in-hospital mortality,
postoperative hospital stay and postoperative complications. 

Experimental approaches. Pancreatic and biliary fistula were
defined according to the International Study Group of Pancreatic
Fistula criteria and the International Study Group of Pancreatic
Surgery criteria, respectively (12, 13). Pulmonary complications
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were defined as postoperative pneumonia; postoperative respiratory
failure with pyrexia, dyspnea and a pulmonary infiltrate on chest
X-ray; or pleural effusion that required thoracentesis. Surgical site
infection (SSI) was defined as surgical wound infection with
purulent discharge and bacterial isolation or intra-abdominal
abscess with pyrexia. Recurrence of pancreatic or biliary
malignancies was defined as newly detected local or distant
metastatic tumors by ultrasonogaphy, computed tomography (CT)
or magnetic resonance image (MRI) with or without increase in
serum carcinoembryonic antigen (CEA) or carbohydrate antigen
19-9 (CA19-9).

All excised specimens were diagnosed at the Department of
Pathology, Jikei University Hospital, Tokyo, Japan. The detailed
pathological factors were based on the International Union against
Cancer Tumor Node Metastasis (UICC TNM) Classification 7th
edition (14). 

Statistical analysis. The categorical variables are expressed as the
number and the percentage (%), whereas continuous variables as
the mean±standard deviation (SD). Univariate analysis was
performed using the non-paired Student’s t-test, the Pearson’s Chi-
square test or the Fisher’s exact test. Analysis of DFS and OS was
performed using the log-rank test. All p-values were considered
statistically significant when the associated probability was less
than 0.05.

Results

Annual changes in the number of pancreatic resection for
patients with 70 to 79 years and 80 years or over. During the
study period, 17 of the 114 patients aged 70 years or over
who underwent pancreatic resection for pancreatic or biliary
malignancies were aged 80 or over (14.9 %). Age

distribution of the annual number of pancreatic resection for
patients aged 70 years or over are shown in Figure 1, which
shows a slow increase.

Patients’ demographics, comorbidities and pathological
characteristics. Table I compares the two groups in relation
to patients’ demographics, comorbidities and pathological
characteristics. In univariate analysis, pancreatic cancer was
more common in patients equal to or over 80 years
(p=0.017). BMI in patients with 80 years or over tended to
be greater than that in those 70 to 79 years old (p=0.062).
Other variables were comparable between the two groups.

Type of resection and intraoperative variables. Table II lists
the relationship between the types of pancreatic resection and
intraoperative variables. In univariate analysis, pancreatico-
duodenectomy was significantly more common in patients
70 to 79 years of age compared to those 80 years or over
(p=0.041). The incidence of intraoperative blood transfusion
in patients 80 years or over was significantly greater than
those in 70 to 79 years (p=0.046). Portal vein reconstruction
was not performed in patients with 80 years or over. Other
variables were comparable between the two groups.

Postoperative complications and hospital stay. Table III lists
the relationship between postoperative complications and
hospital stay. In-hospital mortality in patients with 70 to 79
years occurred in 2 (2.1%; sepsis and cancer recurrence in
one each) and reoperation or interventional radiology (IVR)
in 8 (8.2%), whereas no in-hospital mortality was
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Figure 1. The patients aged 70 years and over gradually increased during this study period.



encountered in patients aged 80 years or over. Two patients
in the patient group aged 80 years or over had IVRs for
pseudoaneurysm. The incidences of all postoperative
complications were comparable between the two groups.

Pathological findings in pancreatic and biliary cancers.
Table IV lists the relationship between pathological findings
in pancreatic and biliary cancers. For the resection margin,
patients aged 80 years or over tended to achieve R0 resection
compared to those aged 70 to 79 years in pancreatic cancer
(p=0.085). Other pathological findings of pancreatic and
biliary cancers were comparable between the two groups.

Disease-free and overall survivals. Figure 2 indicates the
Kaplan-Meier curves of DFS (Figure 2A) and OS (Figure
2B) after pancreatic resection for pancreatic cancer. The DFS
1- and 3-year survival rates (p=0.658), as well as the OS 1-
and 3-year survival rates (p=0.726) were comparable
between the two groups.
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Table I. Patients’ demographics, comorbidities and pathological
characteristics.

Factor 70≤ years <80 80≤ years p-Value
(n=97) (n=17)

Age (years) 74.1±2.9* 81.4±1.4 -
Gender (male:female) 55:42 9:8 0.773
Body mass index (kg/m2) 22.1±3.3 23.7±3.4 0.062
Preoperative hemoglobin (g/dl) 12.7±1.5 12.2±2.0 0.292
Preoperative serum albumin (g/dl) 3.7±0.4 3.7±0.6 0.907
Concomitant diseases

Hypertension (present:absent) 52:45 11:6 0.396
Diabetes mellitus (present:absent) 31:66 8:9 0.226
Cardiac disease (present:absent) 23:74 5:12 0.614

Pathological diagnosis 0.017
Pancreatic cancer, n (%) 56 (57.7) 15 (88.2)
Biliary tract cancer, n (%) 41 (42.3) 2 (11.8)

n, Number of patients; *mean±SD.

Table II. Type of pancreatic resection and intraoperative variables.

Factor 70≤ years <80 80≤ years p-Value
(n=97) (n=17)

Surgery performed 0.041
Pancreaticoduodenectomy 80 (82.5) 11 (64.7)
Distal pancreatectomy 15 (15.5) 5 (29.4)
Total pancreatectomy 2 (2.1) 0 
Central pancreatectomy 0 1 (5.6)

Duration of operation (min)
Pancreaticoduodenectomy 530.8±110.8 515.3±88.6 0.658
Distal pancreatectomy 378.1±96.7 340.6±116.2 0.483

Intraoperative blood loss (ml) 1135.2±1641.0 907.1±679.4 0.574
Portal vein reconstruction (yes:no) 13:84 0:17 0.109
Intraoperative blood 
transfusion (yes:no) 23:74 8:9 0.046

Texture of pancreas (soft:hard) 66:31 12:5 0.835
Drains (n) 1.4±0.5 1.3±0.5 0.525

n, Number of patients; *mean±SD.

Table III. Postoperative complications and hospital stay.

Factor 70≤ years <80 80≤ years p-Value
(n=97) (n=17)

In-hospital mortality, n (%) 2 (2.1) 0 0.723
Reoperation or IVR, n (%) 8 (8.2) 2 (11.8) 0.458
Postoperative hospital stay (days) 32.6±39.8* 24.4±11.1 0.402
Postoperative complications

Overall complications, n (%) 58 (59.8) 12 (70.6) 0.399
Surgical site infection, n (%) 27 (27.8) 3 (17.6) 0.289
Pancreatic fistula 
(grades B + C), n (%) 20 (20.6) 5 (29.4) 0.301

Pseudoaneurysm, n (%) 3 (3.1) 2 (11.8) 0.160
Intra-abdominal bleeding**, n (%) 7 (7.2) 1 (5.9) 0.659
Intra-abdominal abscess, n (%) 11 (11.3) 2 (11.8) 0.613
Bile leakage, n (%) 3 (3.1) 1 (5.9) 0.481
Pulmonary (pneumonia 
or atelectasis), n (%) 23 (23.7) 3 (17.6) 0.423

Delirium, n (%) 4 (4.1) 2 (11.8) 0.219
Cerebrovascular event, n (%) 2 (2.1) 0 0.723

n, Number of patients; IVR, interventional radiology; *mean±SD;
**including ruptured pseudoaneurysm.

Table IV. Pathological findings of pancreatic and biliary cancer.

Factor 70≤ years <80 80≤ years p-Value
(n=97) (n=17)

Pancreatic cancer (n=71)
Stage, n (%)

0:I:II:III 3:8:44:1 2:4:9:0 0.398
Differentiation*, n (%)

Well:Moderately:Poorly 24:27:4 7:4:1 0.518
Residual tumor, n (%)

R0:R1:R2 40:16:0 12:2:1 0.085
Biliary cancer (n=43)
Stage, n (%)

I:II:III 15:25:1 1:1:0 0.914
Differentiation, n (%)

Well:Moderately:Poorly 13:20:8 2:0:0 0.141
Residual tumor, n (%)

R0:R1 35:5 1:1 0.268

n, Number of patients; R0, no residual tumor; R1, microscopic residual
tumor; R2, macroscopic residual tumor; *excluding acinar cell
carcinoma (1 patient).



Discussion

In the last two decades, it has been a common understanding
that major pancreatic resection for elderly patient was a
significant risk factor of postoperative mortality and
morbidity. In the early 1980s, mortality rates as high as 25%
to 41% have been reputed in patients over 60 years of age
after pancreatic resection (15-17). However, in accordance
with the improvements in surgical techniques and
perioperative patient management, the mortality and
morbidity rates had decreased and pancreatic resection for
patients aged over 70 with good general condition is now
regarded as safe and acceptable (18-25). In the 21th century,
the average life expectancy at birth has lengthened to a great
extent reaching over 80 years in some advanced countries
(26). Therefore, assessment of therapeutic outcome after

curative resection of extremely elderly patients with
pancreatic and biliary malignancies is important. Our
previous study and several other investigators indicated safety
and validity of major pancreatic surgery for patients aged 80
years or over in mortality, morbidity and benefit of patient
survival (Table IV) (27-33). On the other hand, Makary et al.
reported that patients aged 80 years or over was a significant
risk factor for perioperative mortality after
pancreaticoduodenectomy compared to their younger
counterparts (4.1% versus 1.7%, p<0.05) in 2006 (34). In
addition, Oguro et al., in 2013, demonstrated that
postoperative major complications were higher in patients
aged 80 years or over than those aged less than 80 years
(27.3% vs. 9.6%, p=0.008) (35). Furthermore, several
investigators described that postoperative hospital stay in
patients aged 80 years or over was extended (28, 32). As to
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Figure 2. For patients with pancreatic cancer, disease-free survival (A) and overall survival (B) after pancreatic resection were comparable between
the two groups. 

Table V. Perioperative outcome after pancreatic resection in patients aged 80 or over and younger.

Author Year Age (years) n Procedure Mortality (%) Complication (%) p-Value

Sohn et al. (28) 1998 <80 vs. ≥80 681 vs. 46 PD 1.6 vs. 4.3 41 vs. 57 NS
Makary et al. (32) 2006 <80 vs. 80-89 vs. ≥90 2491 vs. 197 vs. 10 PD 1.7 vs. 4.1* vs. 0.0 41.6 vs. 52.8* vs.50 <0.05*
Lee et al. (29) 2010 <80 vs. ≥80 703 vs. 74 PD 3.8 vs. 5.4 51.1 vs. 47.3 NS
Khan et al. (34) 2010 <80 vs. ≥80 564 vs. 53 PD 1.0 vs. 2.0 37.0 vs. 51.0* NS, <0.05*
Hatzaras et al. (30) 2011 <80 vs. ≥80 490 vs. 27 PD, DP 3.7 vs. 3.7 59.0 vs. 52.0 NS
Turrini et al. (31) 2013 <70 vs. 70-79 vs. ≥80 580 vs. 288 vs. 64 PD, DP, TP 3.8 vs. 2.8 vs. 4.7 56.0 vs. 63.0 vs. 56.0 NS
Oguro et al. (33) 2013 <80 vs. ≥80 539 vs. 22 PD 0.9 vs. 4.5 9.6 vs. 27.3* NS, <0.05*
Beltrame et al. (41) 2015 <80 vs. ≥80 362 vs. 23 PD, DP, TP 4.0 vs. 0.0 40.0 vs. 43.0 NS
Current study 2016 70-79 vs. ≥80 97 vs. 17 PD, DP, TP 2.1 vs. 0.0 59.8 vs. 70.6 NS

n, Number of patients; PD, pancreatoduodenectomy; DP, distal pancreatectomy; TP, total pancreatomy; NS, not significant.



long-term survival, benefit of major pancreatic resection for
patients aged 80 or over is still controversial (Table VI) (28-
36). In our series, the outcome after major pancreatic
resection, including mortality, morbidity, length of hospital
stay and disease-free and overall survivals, as well as
coexistent diseases were comparable between the patients 70
to 79 years of age and those aged 80 years or over. 

In the literature, severe concomitant disease seems to
correlate with increased mortality rate and poor outcome.
Chen et al. reported that coronary artery disease was
associated with increased mortality in elderly patients with
pancreatic resection (37). In patients with pancreatic cancer
and concomitant diabetes mellitus (DM), Raghavan et al.
demonstrated that OS rates were significantly poorer and
incidence of postoperative complication was greater than
those without DM (14.4 versus 21.7 months in median
survival; p=0.001, 45.6% versus 35.6%; p=0.008),
respectively (38). These results suggest that selected patients
aged 80 years or over with a good general condition are safe
and acceptable for major pancreatic resection for pancreatic
or biliary malignancies. 

Excessive intraoperative blood loss may lead to intra- or
postoperative complications, such as cardiac ischemia or
cerebral ischemia, especially in elderly patients. Generally,
elderly patients have a low tolerance to blood loss and,
therefore, undergo more liberal use of intraoperative
transfusion in order to prevent organ hypoxia. In this study,
although the estimated intraoperative blood loss tended to
be lower in patients aged 80 years or over, the intraoperative
transfusion rate was significantly higher than that for their
younger counterparts. Since intraoperative transfusion had
no statistical influence on long-term survival (p=0.206),
liberal use of perioperative blood transfusion in extremely
elderly patients who undergo pancreatic resection seems
justified.

Preoperative radiographic image interpretation is
important for patient selection because portal vein resection
for elderly cancer patients is a risk factor of postoperative
complications (39). In addition, TNM clinical stage by
preoperative image examination has been reported to
correlate with postoperative complications (40). In this study,
pancreatic cancer invasion into adjacent organs and vessels
by preoperative CT in patients aged 80 years or over was
lower than those with under 80 years (16.7% vs.51.4%,
p<0.001). In addition, no patients aged 80 years or over
underwent portal vein reconstruction. These data reflect our
criteria for patient selection for those aged 80 years or over,
which seems to be justified.

For pancreatic resection in patients aged 80 years or over,
there are several important points in preoperative management
and surgery. Firstly, appropriate patient selection, assessment
of general condition and detailed image interpretation are
essential. Next, surgery was performed by experienced surgical
staff not to waste surgical time. In this study, all operations for
patients aged 80 years or over were performed by experienced
surgeons who were post-graduate year 20 or older. In addition,
the number and duration of drains and catheters were
minimized for early mobilization (41). Finally, appropriate pain
control was exerted to start early ambulation, which are known
to reduce postoperative pulmonary complications (41, 42).

In extremely elderly patients, assessments of patients’
physical condition, diseases and nutritional status, as well as
appropriate perioperative management, cannot be over-
emphasized.

Conclusion

Pancreatic resection for pancreatic and some biliary
malignancies in patients aged 80 years or over and with good
general condition seems to be safe and acceptable by careful
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Table VI. Long-term survival after pancreatic resection in patients aged 80 or over and younger. 

Author Year Age (years) n Tumor Survival (%) p-Value

Sohn et al. (28) 1998 <80 vs. ≥80 454 vs. 41 Periampullary cancer 27.0 vs. 19.0 (5-year) NS
Makary et al. (32) 2006 <80 vs. 80-89 1022 vs. 102 Pancreatic cancer 37.7 vs. 33.0 (2-year) <0.05
Lee et al. (29) 2010 <80 vs. ≥80 346 vs. 45 Pancreatic cancer 14.0 vs. 5.0 (5-year) <0.05
Khan et al. (34) 2010 <80 vs. ≥80 564 vs. 53 Pancreatic cancer 18.9 vs. 13.5 (MST, month) NS
Hatzaras et al. (30) 2011 <80 vs. ≥80 399 vs. 24 Pancreatic cancer 45.5 vs. 56.6 (2-year) NS
Turrini et al. (31) 2013 <70 vs. 70-79 vs. ≥80 580 vs. 288 vs. 64 Pancreatic cancer 75.7 vs. 41.8 vs. 33.2 (3-year) NS
Oguro et al. (32) 2013 <80 vs. ≥80 316 vs. 8 Pancreatic cancer In the figures NS

61 vs. 5 Bile duct cancer
57 vs. 5 Ampullary cancer

Kinoshita et al. (42) 2015 <80 vs. ≥80 324 vs.26 Pancreatic cancer 27.1 vs. 12.4 <0.05
Beltrame et al. (41) 2015 <80 vs. ≥80 362 vs. 23 Pancreatobiliary cancer 21 vs. 19 NS
Current study 2015 70-79 vs. ≥80 37 vs. 12 Pancreatic cancer 48.7 vs. 57.9 (3-year) NS

n, Number of patients; NS, not significant; MST, median survival time.



assessments of patients’ physical condition, concomitant
diseases and nutritional status, as well as by appropriate
perioperative management.
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