
lable at ScienceDirect

Asian Journal of Surgery 46 (2023) 3052e3057
Contents lists avai
Asian Journal of Surgery

journal homepage: www.e-asianjournalsurgery.com
Original Article
Association between patient's age and the utility of prognostic
markers after pancreaticoduodenectomy for pancreatic cancer

Asahi Sato a, b, Toshihiko Masui a, *, Akihiro Kaneda a, Akitada Yogo a, Yuichiro Uchida a,
Takayuki Anazawa a, Kazuyuki Nagai a, Etsuro Hatano a

a Department of Surgery, Graduate School of Medicine, Kyoto University, Japan
b Department of Surgery, Shiga General Hospital, Japan
a r t i c l e i n f o

Article history:
Received 16 November 2021
Received in revised form
27 July 2022
Accepted 6 October 2022
Available online 22 October 2022

Keywords:
Pancreatic cancer
CEA
CA19-9
Neutrophil-lymphocyte ratio
Controlling nutrition status (CONUT) score
* Corresponding author. 54, Shogoin-kawahara-cho
Japan.

E-mail address: tmasui@kuhp.kyoto-u.ac.jp (T. Ma

https://doi.org/10.1016/j.asjsur.2022.10.009
1015-9584/© 2023 Asian Surgical Association and Taiw
ND license (http://creativecommons.org/licenses/by-n
a b s t r a c t

Background ＆ aims: Optimizing treatments balancing prognosis and therapeutic invasiveness is
important in the management of pancreatic cancer (PC) owing to global ageing. This study aimed to
verify the different utility of biomarkers by patients’ age.
Materials ＆ methods: This is a single-center, retrospective cohort analysis involving 160 patients who
undertook pancreaticoduodenectomy (PD) for PC. After comparing clinicopathological factors and sur-
vival after PD between aged (�70 y/o) and young (＜70 y/o) patients, we compared neutrophil-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), controlling nutrition (CONUT) score, carci-
noembryonic antigen (CEA) and carbohydrate antigen (CA) 19e9 as well as clinicopathological factors
between long and short survivors in each group. We also performed Kaplan-Meyer analysis between
patients stratified by biomarkers.
Results: Overall survival (OS) was significantly worse in aged patients (p ¼ 0.002). In aged patients, CEA
was significantly higher in short survivors. In young patients, CONUT score and CA19-9 were higher in
short survivors. Kaplan-Meyer analysis showed that NLR and CEA stratified OS in aged patients, whereas
CONUT score and CA19-9 could stratify OS in young patients.
Conclusion: Our current results suggest that these biomarkers had different impact on survivals ac-
cording to the patients’ age.

© 2023 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Pancreatic cancer (PC) is one of the common causes of cancer
death in Western societies.1 Although lots of efforts to improve
prognosis has been paid, its overall 5-year survival rate is still <5%.2

The mainstay of treatment for PC is surgery, but pancreatic resec-
tion causes postoperative complications with high incidence.3 In
addition, the 5-year overall survival (OS) even in patients who
undertook curative surgery is no more than 30%.4 Thus, optimizing
treatment for each patient balancing expected prognosis, quality of
life and invasiveness of therapies is important.

Ageing is one of the important problems we have to face when
applying surgery for PC. During the past 200 years, the average
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human life expectancy has doubled in developed countries, and
survival rates of elderly persons and mean life expectancy are
projected to continue to increase.5 There is a strong positive cor-
relation between advancing age and the incidence of PC, indicating
elderly candidates for pancreatic resection will increase.6 Because
of frailty and multiple comorbidities,7,8 some investigators have
revealed that the prognosis after pancreaticoduodenectomy (PD)
was worse in the elderly.9 Therefore, reasonable selection of older
patients with PC for aggressive treatments is important not only for
their own recovery, but also from the perspective of medical
economics.

A lot of studies have tried to stratify patients with PC using
various kinds of biomarkers. Carcinoembryonic antigen (CEA) and
carbohydrate antigen 19e9 (CA19-9) are widely used in the diag-
nosis of PC and reported to be useful also in predicting prog-
nosis.10,11 Neutrophil to lymphocyte ratio (NLR) and platelet to
lymphocyte ratio (PLR) are also studied as a low-cost tool of
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stratification.11e14 Recently, Kato et al suggested controlling nutri-
tional status (CONUT) score as a useful tool of predicting prognosis
after pancreatic resection.15 Considering the physiological and
biological difference between young and older persons, we hy-
pothesized that the utility of biomarkers might different according
to the patient's age.

In this study, we compared prognosis after PD for PC between
aged (�70 years old; y/o) and young (<70 y/o) patients. Then we
evaluated the prognostic value of several biomarkers for each group
separately.
2. Methods

2.1. Patients

Patients with PC who were operated at Kyoto University Hos-
pital (Kyoto, Japan) during January 2006 and December 2015 were
enrolled in this retrospective study. Data on patients’ background
characteristics (age, sex, comorbidities), body mass index (BMI),
treatment with adjuvant chemotherapy, operation-related vari-
ables (intraoperative blood loss, operative time, performance of
transfusion), and pathological data were obtained from the medical
records. This study was approved by the Ethics Committee of Kyoto
University (approved number: R0455) and performed in accor-
dancewith the ethical standards of the revised Helsinki Declaration
of 2013.
2.2. Operative procedures

All operative procedures of PD were performed in the same way
which have been described previously.16 Briefly, PD was performed
using any of the classic methods depending on the extent of the
disease (pylorus-preserving PD or subtotal stomach-preserving
PD). After dissection of the mesenteric lymph nodes, Kocher's
mobilization, and dissection of the hepatoduodenal ligament, the
pancreas was divided anteriorly. Then, the pancreatic head nerve
plexus was dissected. If the portal vein or superior mesenteric vein
was invaded, combined resection and reconstruction of the vessels
was performed. Pancreatojejunostomy, choledochojejunostomy,
and antecolic reconstruction of the alimentary tract were subse-
quently performed. Two closed suction tubes were placed behind
the biliary and pancreatic anastomosis.

The details of perioperative management, such as administra-
tion of antibiotics, taking blood samples and drainage fluid, and
removal of drains, were the same as previously described.16

Patients who undertook neoadjuvant therapy were excluded
from the analysis. In principle, adjuvant chemotherapy with S-1 or
gemcitabine were performed as far as possible.
2.3. Definitions of complications

Early complications were defined as morbidities that occurred
in the course of the postoperative admission. Postoperative
pancreatic fistula (POPF) and delayed gastric emptying (DGE) were
diagnosed according to the criteria of the International Study Group
on Pancreatic Fistula (ISGPF).17,18 Other complications were recor-
ded when their grade was greater than III in the Clavien-Dindo
classification.

Late complications were defined as those that occurred after
discharge. Diarrhea was recorded when the patient complained of
the symptom. Malnutrition was defined as weight loss of greater
than 10% of preoperative weight. Other complications were coun-
ted based on the patients’ reports.
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2.4. Statistical analysis

Continuous variables are presented as means ± standard devi-
ation (SD) or medians (interquartile range), as appropriate. Com-
parisons between groups were performed by the c2-test
(categorical variables) or the Wilcoxon test (continuous variables).
Cut-off values of NLR and CONUT score were determined by ROC
curves, whereas cut-off values of CEA (5.0 ng/ml) and CA19-9 (37.0
U/ml) were determined by upper limit of normal range in our
institution. Survival curves were generated using the
KaplaneMeier method and compared using the log-rank test.
P < 0.05 was considered significant.

3. Results

3.1. Comparisons of patients’ background characteristics, operation-
related and pathological factors between aged (�70 years old) and
young (<70 years old) patients

Curative PD was performed for 176 patients during the study
period.16 patientswere excluded because they received neoadjuvant
chemoradiotherapy due to arterial invasion. No 30-daymortalitywas
observed. Among total of 160 patients, the median age of total pop-
ulationwas 69 years old and therewere 75 patients (47%) in the aged
(�70 years old: y/o) group and 85 (53%) patients in the young (<70 y/
o) group. Comparisons of patients’ characteristics between two
groups were shown in Table 1. The rate of patients whose American
Society of Anesthesiologists - Physical Status (ASA-PS) above grade 2
was 64% (48/64) in the aged group,whereas 49% (42/85) in the young
group (p ¼ 0.063). Preoperative nutritive scores such as body mass
index (Aged: Young, 21.6±3.0: 21.7±3.4, p¼ 0.911) andCONUTscore
(2.7 ± 2.1:2.4 ± 2.0, p ¼ 0.302) were not statistically different. Simi-
larly, tumor markers such as CEA (4.1 ± 3.1:4.3 ± 8.1 [ng/ml],
p¼ 0.078) andCA19-9 (230.3±387.6:222.7±461.4 [U/ml], p¼ 0.441)
were comparable between two groups.

As for the operation-related parameters, intraoperative bleeding
(median, 800:760 [ml], p ¼ 0.918), operative time
(566 ± 95:577 ± 123 [minutes], p ¼ 0.885) and postoperative
hospital inpatient days (35 ± 18:36 ± 21 [days], p ¼ 0.401) were
almost equal. Noteworthy, the prevalence of early complications
above grade III in Clavien-Dindo classification (12%:18%, p ¼ 0.315)
and late complications (25%:20%, p ¼ 0.421) were not statistically
different. Importantly, adjuvant therapy was administered in 71%
(53/75) of patients in aged group, whereas 92% (78/85) in the young
group (p < 0.001).

Pathologically, the mean diameter of the tumor
(3.6 ± 4.6:3.5 ± 4.4 [cm], p ¼ 0.840) and the prevalence of the
regional lymph nodes (56%:56%, p ¼ 0.952) and portal vein
involvement (23%:24%, p ¼ 0.897) were not statistically different.

3.2. Survival analysis comparing two age groups

Next, recurrence-free survival (RFS) and overall survival (OS)
after PD were compared between aged and young groups. The
median RFS was 9 (interquartile range: 5e19) months in the aged
group and 11 (5e39) months in the young group (p¼ 0.220). On the
other hand, median OS was significantly worse in aged group
(elderly: young, 18 (11e35):28 (16e66) [months], p ¼ 0.007).
KaplaneMeier analysis showed no significant difference in RFS
(p ¼ 0.084, Fig. 1A), whereas OS was worse in aged group
(p ¼ 0.002, Fig. 1B).

3.3. Analysis of factors associated with survival in the elderly group

We assessed the utility of prognostic indicators such as NLR, PLR,



Table 1
Comparisons of characteristics between aged (�70 y/o) and young (<70 y/o) patients. Continuous variables were indicated as mean ± standard deviation).

Aged Young P

n ¼ 75 n ¼ 85

Preoperative factors
Sex, female (%) 32 (43) 42 (57) 0.393
ASA-PS � 2 (%) 48 (64) 42 (49) 0.063
Body mass index [kg/m2] 21.6 (3.0) 21.7 (3.4) 0.911
CONUT score 2.7 ± 2.1 2.4 ± 2.0 0.302
CEA [ng/ml] 4.1 ± 3.1 4.3 ± 8.1 0.078
CA19-9 [U/ml] 230.3 ± 387.6 222.7 ± 461.4 0.441
Operation-related factors
Intraoperative bleeding [ml], median (range) 800 (200e3872) 760 (150e4980) 0.918
Operation time [min] 566 ± 95 577 ± 123 0.885
Postoperative stay [days] 35 ± 18 36 ± 21 0.401
Early complication � CD3 (%) 9 (12) 15 (18) 0.315
Late complication (%) 19 (25) 17 (20) 0.421
Pathological factors
Tumor diameter [cm] 3.6 ± 4.6 3.5 ± 4.4 0.840
Involvement of portal vein (%) 17 (23) 20 (24) 0.897
Involvement of lymph nodes (%) 42 (56) 48 (56) 0.952
Adjuvant therapy (%) 53 (71) 78 (92) <0.001*

ASA-PS; American Society of Anesthesiologists -Physical Status, CONUT; Controlling Nutritional Status, CEA; Carcinoembryonic antigen, CA19-9; Carbohydrate antigen 19e9,
CD; Clavien-Dindo classification.

Fig. 1. Comparison of survival curves for recurrence-free survival (A) and overall survival (B) after pancreaticoduodenectomy in patients with pancreatic cancer.

Table 2
Comparisons of characteristics of patients�70 y/o between short and long survivors
after pancreaticoduodenectomy. Continuous variables were indicated as
mean ± standard deviation).

SS-A LS-A P

n ¼ 45 n ¼ 30

Sex, female (%) 18 (40) 14 (47) 0.568
NLR 2.9 ± 1.2 2.6 ± 1.4 0.140
PLR 165.7 ± 5.7 151.0 ± 6.6 0.263
CONUT score 3.0 ± 2.4 2.2 ± 1.5 0.211
CEA 5.0 ± 3.6 2.9 ± 1.5 0.004*
CA19e9 288.4 ± 471.7 140.1 ± 168.2 0.877
Intraoperative blood loss [ml] 1133 ± 809 896 ± 666 0.136
Operation time [min] 592 ± 92 527 ± 86 0.004*
Early complication ≥ CD3 (%) 7 (16) 2 (7) 0.230
Late complication (%) 16 (36) 3 (10) 0.009*
Resection with residual tumor (%) 9 (20) 5 (17) 0.715
Tumor diameter [cm] 4.2 ± 5.9 2.7 ± 0.9 0.274
Involvement of portal vein (%) 12 (27) 5 (17) 0.304
Involvement of lymph nodes (%) 26 (58) 16 (53) 0.704
Adjuvant therapy (%) 30 (67) 23 (77) 0.347

SS-A; short survivor of aged, LS-A; long survivor of aged, NLR; neutrophil-
lymphocyte ratio, PLR; platelet-lymphocyte ratio, CONUT; Controlling Nutritional
Status, CEA; carcinoembryonic antigen, CA19-9; carbohydrate antigen 19e9, CD;
Clavien-Dindo classification.

A. Sato, T. Masui, A. Kaneda et al. Asian Journal of Surgery 46 (2023) 3052e3057
CONUT score as well as CEA and CA19-9 in each age group sepa-
rately. Because the median OS of the whole study population was
21 months, we divided aged and young patients into two groups:
patients who survived longer (long survivors of aged: LS-A, long
survivors of young: LS-Y) and shorter (short survivors of aged: SS-A,
short survivors of young: SS-Y) than 21 months.

The comparison of SS-A and LS-A were shown in Table 2. The
value of CEA was significantly higher in SS-A (SS-A:LS-A,
5.0 ± 3.6:2.9 ± 1.5 [ng/ml], p ¼ 0.010), whereas no significant dif-
ferenceswere observed in themean level of NLR (2.9 ± 1.2:2.6 ± 1.4,
p ¼ 0.140), PLR 165.7 ± 5.7:140.1 ± 168.2, p ¼ 0.263), CONUT score
(3.0 ± 2.4:2.2 ± 1.5, p ¼ 0.211) and CA19-9
(288.4 ± 471.7:140.1 ± 168.2 [U/ml], p ¼ 0.877).

We also compared operation-related and pathological factors
between LS-A and SS-A. The rate of intraoperative transfusion was
not significantly different (31%:13%, p ¼ 0.069), but the operative
time was longer in SS-A (592 ± 92:527 ± 86 [min], p ¼ 0.004). The
prevalence of late complication was higher in SS-A (36%:10%,
p ¼ 0.009), whereas no difference was detected about early com-
plications above grade III in Clavien-Dindo classification (16%:7%,
p ¼ 0.230). Noteworthy, pathological parameters such as tumor
diameter (4.2 ± 5.9:2.7 ± 0.9 [cm], p¼ 0.274), the rate of portal vein
(27%:17%, p ¼ 0.304) or lymph node involvement (58%:53%,
p ¼ 0.704) were comparable between the two groups. The
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Table 3
Comparisons of characteristics of patients ＜ 70 y/o between short and long survi-
vors after pancreaticoduodenectomy. Continuous variables were indicated as
mean ± standard deviation).

SS-Y LS-Y P

n ¼ 34 n ¼ 51

Sex, female (%) 12 (35) 30 (59) 0.033*
NLR 2.8 ± 2.0 2.4 ± 1.2 0.481
PLR 173.5 ± 6.7 169.7 ± 6.6 0.670
CONUT score 2.9 ± 2.0 2.1 ± 1.9 0.033*
CEA [ng/ml] 3.6 ± 2.0 4.8 ± 10.2 0.104
CA19e9 [U/ml] 301.5 ± 578.4 171.6 ± 364.1 0.049*
Intraoperative blood loss [ml] 1451 ± 1257 849 ± 566 0.031*
Operation time [min] 603 ± 136 559 ± 111 0.089
Early complication ≥ CD3 (%) 6 (18) 9 (18) 1.000
Late complication (%) 6 (18) 11 (22) 0.656
Resection with residual tumor (%) 8 (23) 8 (16) 0.369
Tumor diameter [cm] 4.4 ± 5.7 2.8 ± 2.9 <0.001*
Involvement of portal vein (%) 13 (38) 7 (14) 0.010*
Involvement of lymph nodes (%) 26 (76) 22 (43) 0.002*
Adjuvant therapy (%) 32 (94) 46 (90) 0.511

SS-A; short survivor of aged, LS-A; long survivor of aged, NLR; neutrophil-
lymphocyte ratio, PLR; platelet-lymphocyte ratio, CONUT; Controlling Nutritional
Status, CEA; carcinoembryonic antigen, CA19-9; carbohydrate antigen 19e9, CD;
Clavien-Dindo classification.
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population of patients who were treated with adjuvant chemo-
therapy was not statistically different (67%:77%, p ¼ 0.347).

3.4. Analysis of factors associated with survival in the young group

Similarly, we compared serological, operation-related and
pathological factors between LS-Y and SS-Y (Table 3). The CONUT
scorewas significantly higher in SS-Y (SSeY:LS-Y, 2.9 ± 2.0:2.1 ± 1.9,
p ¼ 0.033), whereas NLR (2.8 ± 2.0:2.4 ± 1.2, p ¼ 0.481) and PLR
(173.5 ± 6.7:169.7 ± 6.6, p ¼ 0.670) were not different. Unlike
elderly, CA19-9 was higher in SS-Y, whereas CEA was not signifi-
cantly different.

Intraoperative blood loss (1451 ± 1257:849 ± 566 [ml],
p¼ 0.031) and the rate of blood transfusion (18%:4%, p¼ 0.035) was
higher in SS-Y group. Pathologically, tumor diameter, the rate of
portal vein and lymph node involvement were higher in SS-Y than
LS-Y. The rate of adjuvant therapy was almost equal (94%:90%,
p ¼ 0.511).
Fig. 2. Overall survival curves of aged (�70 years old) patients stratified by cut-off values of e
NLR and CONUT score were set to 2.3 and 3 according to the ROC analysis, whereas the cut
normal range in our institute.
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3.5. Kaplan-Meyer analysis of each group stratified by preoperative
serological markers

Figs. 2 and 3 represents survival curves of elderly and young
patients stratified by NLR, CONUT score, CEA and CA19-9. The cut-
off values of NLR (2.3) and CONUT score (3) was determined by ROC
analysis of total study population in predicting early recurrence.
The cut-off values of CEA (5.0) and CA19-9 (37.0) was set to the
upper limit of standard value in our institute. As Fig. 2 shows,
survival was worse in elderly patients whose NLR and CEA was
higher than the cut-off values. On the contrary, in young patients,
survival was worse in patients whose CONUT score and CA19-9 was
higher than the cut-off value, whereas no significant difference was
shown by stratifying patients with NLR or CEA.

4. Discussion

In this study, we confirmed OS after PD for PC was significantly
worse in aged patients (�70 y/o) at first. Then we analyzed the
utility of prognostic factors in aged and younger patients sepa-
rately. In the aged patients, higher NLR and CEA were shown to be
prognostic markers for worse OS in Kaplan-Meyer analysis. On the
other hand, in young people, CONUT score and CA19-9 seemed to
be useful in distinguishing patients by their prognosis. These
findings might help establishing better perioperative manage-
ments according to the patient's age. Additionally, it could be useful
in stratifying patients eligible for neoadjuvant or adjuvant treat-
ment with reference to these markers.

We revealed the OS was significantly worse in the older pa-
tients. Considering the fact that RFS was not different among age
groups, this could be explained by two possible reasons. One pos-
sibility is that older patients were difficult to treat when recurrence
had occurred. Indeed, older group tended to have higher PS grades
in our study. Although significant progress in survival has been
made by combination chemotherapy in PC, the appropriate
approach to dose reduction or schedule modification continues to
be investigated.19 The other possibility is that some subclinical
change related to the operative procedures after PDmight cause the
worse survival outcome. For example, Maxwell et al showed that
approximately 17% of patients after PD developed diabetes.20

Nagaya et al reported the possible mechanisms of steatosis after
PD.21 However, these changes do not appear to affect survival in
ach prognostic marker. A) NLR, B) CONUT score, C) CEA, D) CA19-9. The cut-off values of
-off values of CEA and CA19-9 were set to 5.0 and 37.0 according to the upper limits of



Fig. 3. Overall survival curves of young (<70 years old) patients stratified by cut-off values of each prognostic marker. A) NLR, B) CONUT score, C) CEA, D) CA19-9. The cut-off values
of NLR and CONUT score were set to 2.3 and 3 according to the ROC analysis, whereas the cut-off values of CEA and CA19-9 were set to 5.0 and 37.0 according to the upper limits of
normal range in our institute.
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such a short period. In basic research, it has been suggested that
ageing weakens the regeneration of pancreatic acinar cells.22 The
accumulation of these metabolic or digestive impairments and
basic comorbidities in elderly patients might synergistically reduce
the utility of anticancer drugs after recurrence. Comprehensive
analysis of changes in proteomics or metabolomics after surgery
might uncover the true relationships between ageing and status
after PD.

In the present study, NLR discriminated OS after PD in older
patients, whereas did not in younger patients. Although several
investigators have reported the utility of NLR in stratifying survival
of PC,11e14 the appropriateway of applying NLR in the diary practice
is not fully established. There are three reasons for this circum-
stance. First, most of the studies are retrospective. Second, cut-off
values between studies are different. Third, underlying mecha-
nism of the behavior of NLR is elusive. Indeed, some reports insisted
NLR was not useful in predicting survival of PC.23

The reason of a difference in the utility of NLR between young
and aged is unclear. We speculate the differencemight be caused by
an influence of the ageing of the immune system. The notion that
the immune system behaves differently in older and younger
people is unequivocal and this phenomenon results in greater
susceptibility to several diseases in the elderly.24 Low numbers of
peripheral blood naïve CD8þ T lymphocytes is shown to be a
characteristic finding of aged population, but the clinical implica-
tion is not understood as for now.25 Relative reduction of lym-
phocytes (i.e. reduction of NLR) can cause relatively larger numbers
of neutrophils, resulting in a worse prognosis in the elderly. Gaida
et al declared that neutrophil plays an important role in the
metastasis of PC since it can mediate epithelialemesenchymal
transition (EMT) of cancer by secreting elastase.26 Although these
hypotheses are still under investigation, our current results might
reflect the relationships between immunosenescence and cancer
progression.

On the contrary, higher CONUT score was an indicator of worse
OS in young population. The CONUT score was firstly described as
an efficient tool for detecting malnutrition.27 Since then, studies
have revealed the utility of CONUT score in the prediction not only
of cancer prognosis but also of non-cancer diseases.28e30 As for PC,
Kato et al showed significantly short OS after some kinds of
pancreatectomy in patients with CONUTscore higher than 415. They
presented that patients with lower CONUT score have an adequate
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nutritional storage to tolerate with postoperative malnutrition. We
consider that worse prognosis in higher CONUT group might be
caused by a less tolerability for adjuvant chemotherapy or treat-
ments after the recurrence.

There are several limitations in our study. First, because of the
retrospective nature of the study design, there should be a selection
bias. For example, elderly patients who received PD might be
selected subjectively by each surgeon. Second, sample sizes in each
group was not large enough, resulting in an insufficient statistical
power. In order to overcome these limitations, a prospective, multi-
institutional study might resolve the problem.

In conclusion, we demonstrated a different prognosis and pat-
terns of stratification by biomarkers after PD for PC between elderly
and young patients.
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