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Abstract

Objective This study aimed to compare the postoperative outcomes of < 75-year-old patients and > 75-year-old patients who
underwent pancreaticoduodenectomy (PD) for pancreatic head and periampullary region tumors.

Methods Patients who underwent PD in our hospital between February 2019 and December 2023 were evaluated.
Demographics, Eastern Cooperative Oncology Group Performance Status (ECOG-PS) scores, American Society of
Anesthesiologists (ASA) scores, comorbidities, hospital stays, complications, and clinicopathological features were analyzed.
Patients were divided into <75 years (Group A) and > 75 years (Group B) groups and compared.

Results The median age of the entire cohort (n=155) was 66 years (IQR = 16). There was a significant difference between
Group A (n=128) and Group B (n=27) regarding the ECOG-PS and ASA scores. There was no significant difference
between the groups regarding postoperative complications. The 30-day mortality rate was greater in Group B (p=0.017).
Group B had a cumulative median survival of 10 months, whereas Group A had a median survival of 28 months, with
a statistically significant difference (p <0.001). When age groups were stratified according to ECOG-PS, for ECOG-PS
2-3 Group A, survival was 15 months; for ECOG-PS 2-3 Group B, survival was eight months, and the difference was not
statistically significant (p=0.628).

Conclusions With the increasing aging population, patient selection for PD should not be based solely on age. This study
demonstrated that PD is safe for patients older than 75 years. In older patients, performance status and the optimization of
comorbidities should be considered when deciding on a candidate’s suitability for surgery.
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Introduction

Pancreatic cancer is a cancer with a poor prognosis that
causes a significant number of deaths worldwide. It usually
has an insidious onset and is detected at an advanced stage.
The incidence and mortality increase with increasing age.
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Pancreatic adenocarcinoma accounts for 85% of pancreatic
cancers, and the majority are diagnosed in patients over
the age of 70. The incidence and mortality of pancreatic
cancer have increased over the past thirty years in numerous
nations, affecting both sexes and various age groups [1-3].

The main treatment for pancreatic cancer is margin-
negative (RO) surgical resection. Chemotherapy,
radiotherapy, and their combinations are used. Age is
not a contraindication for surgical resection and has been
extensively studied. However, the optimal treatment regimen
for older persons remains controversial. The challenge in
treating older persons is accurately identifying patients who
can tolerate more aggressive treatment regimens with less
morbidity [3-8].

Improvements in health conditions in recent decades
have resulted in longer human lifespans. However, aging
has also led to an increase in the rate of age-related chronic
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diseases and disability. Inevitably, with this demographic
change, the number of conditions requiring surgery in
the older population is increasing. This has gradually
changed the definition of an older person for surgeons,
with an increasing number of complex surgeries being
performed even for patients over the age of 85. Assessing
whether a patient is too old for surgery can be challenging,
and advancing age alone can significantly increase the
chances of complications and mortality during and after the
operation. Based only on the raw statistics, there is a clear
and substantial rise in mortality as age increases. However,
when considering additional factors, including physiological
changes, coexisting medical conditions, types of surgery,
and the timing of surgical intervention, the findings vary.
Studies have clearly shown that age itself is not a prognostic
risk factor for complications after elective surgery in older
patients, while cognitive or functional frailty is. Both the
referring physician and the assessing surgeon should not
refuse surgery to patients based merely on their age. Instead,
judgments should be made based on a comprehensive
geriatric assessment that considers the patient’s cognitive,
functional, nutritional, socioeconomic, and emotional
condition [9-15].

As the demographics of many countries are moving
toward an aging population, older pancreatic cancer patients
may be denied surgical treatment solely due to the perceived
risks associated with chronological age. Multiple studies
have presented conflicting findings on surgical results
following pancreaticoduodenectomy (PD) or pancreatic
resection in older patients. Studies often show increased
morbidity rates in older individuals compared to younger
people. When examining mortality, certain studies indicate
no disparity, but others suggest increased mortality in the
older age range. Not only chronological age but also patient
frailty and performance status influenced these results.
However, there are differences between the populations
defined as elderly in the studies. Therefore, the indications
and outcomes of pancreatic surgery for patients > 75 years
old need to be investigated [16-21].

The purpose of this research was to compare
the postoperative outcomes of <75-year-old
patients and > 75-year-old patients who underwent
pancreaticoduodenectomy for tumors of the pancreatic head
and periampullary region.

Materials and methods
The data of patients who underwent pancreatic surgery
at Marmara University Hospital and were subsequently

followed up in the general surgery clinic between February
2019 and December 2023 were analyzed.

@ Springer

The investigation was granted approval by the Clinical
Research Ethics Committee of the Marmara University
School of Medicine (Number: 09.2024.74).

Patients who underwent pancreatic surgery other than PD
surgery between these dates were excluded. After excluding
patients whose operative and postoperative data could not
be accessed and whose follow-up data were missing, the
remaining patients were included in the study.

Demographics, body mass index, Eastern Cooperative
Oncology Group Performance Status (ECOG-PS) scores,
American Society of Anesthesiologists (ASA) scores,
preoperative biliary drainage status, bilirubin levels,
tumor markers, preoperative symptoms, comorbidities,
neoadjuvant treatment status, operative time, amount of
bleeding, intensive care unit stay, hospital stay, postoperative
hospital stay, complications, and clinicopathological features
of the tumors were analyzed.

Patients who underwent conventional PD after
resectability were evaluated by excluding hepatic, peritoneal,
or other distant metastases. The Blumgart or Heidelberg
technique was used for pancreatic anastomosis.

Patient performance status was assessed using the ECOG
PS, a synthesized scale of symptoms and mobility that has
been in clinical use for a long time [22].

The tumor stages were categorized based on the
American Joint Committee on Cancer (AJCC) guidelines
[23]. The Clavien—Dindo classification was used to assess
postoperative complications [24]. Pancreatic fistula, delayed
gastric emptying (DGE), and hemorrhage following
pancreatectomy were classified based on the International
Study Group of Pancreatic Surgery criteria [25-27].

Based on previous studies and the World Health
Organization classification, individuals aged 75 years and
older were defined as elderly [28-31].

Patients were categorized into two groups based on age:
less than 75 years (Group A) and 75 years and older (Group
B). All parameters were then compared between the two
groups.

Statistical analysis

The statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS, Version 24 for
Mac), developed by IBM Corporation. Normally distributed
data are presented as the mean + standard deviation, while
nonnormally distributed data are presented as median
(interquartile range, IQR) values. The chi-square test was
utilized to compare categorical data. Student’s t test was used
to compare parametric data, whereas the Mann—Whitney U
test was used to compare nonparametric data. The Kaplan—
Meier method was utilized for survival analysis, and the log-
rank test was used for univariate analysis. A 95% confidence
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interval and a two-sided p value < 0.05 were considered to
indicate statistical significance.

Results

During the study, 228 patients underwent pancreatic
resection for various malignant and benign diseases in
our clinic. We excluded 44 patients who underwent distal
pancreatectomy, four patients who underwent radical
antegrade modular pancreatosplenectomy, five patients who
underwent chronic pancreatitis procedures, 15 patients who
underwent total pancreatectomy, and five patients whose
follow-up data were unavailable. Data from 155 patients
who underwent PD were analyzed. Patients were divided
into 128 patients (Group A) aged <75 years and 27 patients
(Group B) aged > 75 years for comparison.

The median age of the entire cohort was 66 years
(IQR=16). The ages of the patients ranged between 25 and
85 years. Age, sex, preoperative data, and comorbidities are
shown in Table 1. There was a significant difference between
groups regarding the ECOG-PS score, ASA score, incidence
of chronic kidney disease, and incidence of hypertension.
However, no significant differences in the other parameters
were observed between the two groups.

As shown in Table 2, there was no difference between
the two groups in terms of intraoperative data. The total
length of hospital stay was significantly greater in Group B
(p=0.007), while there was no difference in postoperative
hospital stay (p=0.784). There was no significant difference
between the two age groups in terms of postoperative
complications. The 30-day mortality rate was greater in
Group B (p=0.017).

The detailed postoperative pathologic data are shown
in Table 3. When the pathology results were grouped as
malignant or benign, no difference was observed between
the two groups. There was no significant difference between
the two groups in terms of the node-positive disease rate or
T stage.

The overall median survival for the entire cohort was
25 months, with a range from 0 to 60 months. Group B had
a cumulative median survival of 10 months (range 0-45),
whereas Group A had a median survival of 28 months (range
0-60), with a statistically significant difference (p <0.001),
as shown in Fig. 1.

To obtain comparable numbers, patients were grouped
into ECOG-PS 0-1 and ECOG-PS 2-3 groups according to
their performance status. Figure 1 shows that the patients in
the ECOG-PS 0-1 group had an overall median survival of
26 months (range 0-60), while those in the ECOG-PS 2-3
group had a median survival of 10 months (range 0—45),
with a statistically significant difference (p=0.003).

When age groups were stratified according to the Eastern
Cooperative Oncology Group (ECOG)-PS, the survival
of patients aged ECOG-PS score of 0—1 <75 years was
29 months, and the survival of patients aged ECOG-PS
score of 0—1>75 years was 11 months, which was a
significant difference (< 0.001). However, the survival of
patients with an ECOG-PS score of 2-3 and < 75 years was
15 months, and that of patients with an ECOG-PS score of
2-3 and >75 years was eight months; these differences were
not statistically significant (p=0.628). The ECOG-PS 0-1
stratified and ECOG-PS 2-3 stratified survival curves are
shown in Fig. 2.

Discussion

With the development of the healthcare system and the
ease of access to medical treatment, life expectancy has
increased significantly, and the proportion of older adults
in the world has grown in parallel. In older patients, the
incidence of pancreatic cancer with a poor prognosis is
increasing, and the need for surgery is increasing. PD is
one of the main treatment modalities for tumors and benign
lesions in the pancreatic head and periampullary region.
Even in high-volume surgery centers, the five-year survival
rate after surgical resection of pancreatic cancer is not good.
Therefore, offering this surgery to older patients is still a
controversial issue, especially for the treatment of pancreatic
cancer patients with a very poor prognosis. Studies have
shown that age 75 years and older is an important factor
affecting the prognosis of PD patients, but the results vary
[30, 32, 33]. In this study, patients older than 75 years
who underwent PD were compared with their younger
counterparts, and no significant difference was found in
terms of complications.

Conducting a thorough evaluation before surgery,
providing appropriate care after surgery, managing pain
effectively, ensuring proper nutrition, preventing delirium,
and facilitating movement and rehabilitation are crucial
for enhancing surgical outcomes in older patients and
minimizing mortality rates and healthcare expenses. A
multidisciplinary approach involving multiple specialties is
mandatory for these optimizations. [9]

Performing surgical procedures on older individuals is
particularly difficult because they have lower physiological
reserves, impaired nutritional status, preexisting age-
related health conditions, and cognitive impairment. As a
result, these patients face a greater risk of postoperative
complications and mortality than younger patients. A
number of strategies have therefore been designed, including
appropriate nutritional intervention. Currently recommended
in clinical practice is the Enhanced Recovery After Surgery
protocol and nutritional support [34, 35].
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Ta.bI.e 1 Demographic and Variables All patients Group A Group B p value
clinical features <75 years >75 years
N=155 n=128 n=27
Age (years) (median, IQR) 66 (16) 63 (49) 78 (5) <0.001
Sex (n, %)
Female 67 (43.2) 52 (40.6) 15 (55.6) 0.155
Male 88 (56.8) 76 (59.4) 12 (44.4)
BMI (kg/m?) (mean + SD) 26.6+5.6 26.8+4.5 26.7+3.9 0.608
ECOG-PS (n, %)
0-1 135 (87.1) 118 (92.2) 17 (63) <0.001
2-3 20 (12.9) 10 (7.8) 10 (37)
ASA Score (n, %)
1 159.7) 14 (10.9) 13.7) <0.001
2 69 (44.5) 65 (50.8) 4(14.8)
3 71 (45.8) 49 (38.3) 22 (81.5)
Preoperative biliary drainage (n, %)
ERCP 71 (45.8) 58 (45.3) 13 (48.1) 0.497
PTBD 35 (22.6) 28 (21.9)) 7 (25.9)
ERCP+PTBD 2(1.3) 1(0.8) 1(3.7)
Total bilirubin (median, IQR) 1.79 (4.8) 1.64 (4.9) 2.55 4.5) 0.901
Direct bilirubin (median, IQR) 1(3.1) 0.68 (3.2) 1.5(2.9) 0.969
CEA (ng/mL) (median, IQR) 2.1 (3.4) 2.13 (4.5) 2.1 (3.5) 0.297
CA19-9 (U/mL) (median, IQR) 34.7 (230) 35.7 (176) 26 (338) 0.288
Symptoms (n, %)
Jaundice 103 (66.5) 82 (64.1) 21 (77.8) 0.170
Weight loss 52 (33.5) 46 (35.9) 6(22.2) 0.170
Epigastric pain 77 (49.7) 63 (49.2) 14 (51.9) 0.804
Pancreatitis 5@3.2) 5.9 0 0.588
Comorbidities (n, %)
Congestive heart failure 12 (7.7) 12 (9.4) 0 0.091
Coronary artery disease 26 (16.8) 23 (18) 3(11.1) 0.290
Hypertension 69 (44.5) 48 (37.5) 21 (77.8) <0.001
Diabetes mellitus 59 (38.1) 45 (35.2) 14 (51.9) 0.104
COPD 11(7.1) 8(6.3) 3(11.1) 0.295
Chronic Kidney Disease 4(2.6) 1(0.8) 3(11.1) 0.017
Others 65 (41.9) 52 (40.6) 13 (48.1) 0.472
Neoadjuvant chemotherapy (n, %) 4(2.6) 4 (3.1) 0 0.461

A p-value < 0.05 was considered significant

IQR interquartile range, SD standard deviation, ASA American Society of Anesthesiologists physical status,
BMI body mass index, CA19-9 carbohydrate antigen 19-9, CEA cancer embryonic antigen, ECOG-PS
eastern cooperative oncology group performance status scale, COPD chronic obstructive pulmonary
disease, ERCP endoscopic retrograde cholangiopancreatography, PTBD percutaneous transhepatic biliary

drainage

Emerging research indicates that frailty is a prevalent
condition in the context of surgery and has substantial
consequences after surgery. Frailty is an intricate,
multifactorial, and recurring condition of decreased
physiological capacity that leads to lower ability to
recover and adapt in a person. It is marked by heightened
susceptibility to various stressors. The concept of frailty
is increasingly recognized as the most important condition

@ Springer

in terms of health outcomes, particularly in individuals
undergoing major surgery. Frail surgical patients have
a greater risk of adverse outcomes, such as increased
risk of postoperative complications and prolonged
hospitalization. It can be challenging to determine the
level of risk for surgery in this particular group, and
relying solely on a person’s age may not provide enough
information. In studies on this topic, the majority of the
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Table 2 Cgmparisoq Of. Variables All pateints Group A Group B p value
p(?st‘operatlve complications and <75 years >75 years
clinical outcomes
N=155 n=128 n=27
Operation time (min) (median, IQR) 215 (40) 210 (40) 240 (62) 0.907
Combined resection of other organs (n, %) 6(3.9) 4 (3.1) 2(74) 0.280
Combined resection of portal vein (n, %) 0 0 0
Intraoperative blood loss (mL) (median, IQR) 500 (348) 500 (400) 500 (200) 0.677
Intraoperative blood transfusion (n, %) 25 (16.1) 20 (15.6) 5(18.5) 0.774
Intensive care unit admission (n, %) 23 (14.8) 16 (12.5) 7(25.9) 0.131
Length of hospital stay (days) (median, IQR) 903) 8 (3) 10 (5) 0.007
Length of postoperative hospital stay (days) 8(3) 8 (3) 8(3) 0.784
(median, IQR)
Morbidity (Clavien—Dindo > 3a) (n, %) 40 (25.8) 33 (25.8) 7(25.9) 0.988
Complications (n, %)
Pancreatic Fistula
Grade A 37 (23.9) 30 (23.4) 7(25.9) 0.943
Grade B 16 (10.3) 13 (10.2) 3(11.1)
Reoperation 4(2.6) 4(3.1) 0 0.461
Delayed gastric emptying 43 (27.7) 35 (27.3) 8(29.6) 0.809
Bile leakage 5@.2) 4 3.1 1(3.7) 0.621
Intraabdominal abscess 12 (7.7) 9(7) 3(11.1) 0.440
Bleeding 7(4.5) 7(5.5) 0 0.606
Postoperative Blood Transfusion 19 (12.3) 18 (14.1) 1(3.7) 0.200
30-day mortality (n, %) 4 (2.6) 1(0.8) 3(11.1) 0.017

A p-value < 0.05 was considered significant

population undergoing abdominal surgery were found to
be pre-frail or frail. Muscle strength measured by handgrip
dynamometry can be used as a predictor of length of
hospitalization in a surgical setting to determine frailty
status [10, 12].

Aged patients have more comorbid diseases, and
these conditions pose a risk for post pancreatectomy
complications. Hypertension and cardiac comorbidities
are risk factors for POPF and postoperative bleeding
[18, 30, 33, 36, 37]. In an analysis of 6293 PD patients,
approximately ten percent of whom were over 80 years of
age, it was found that older patients also had higher rates
of general complications and serious complications. Age,
ASA classification, decreased functional status, a history
of dyspnea, and a need for intraoperative transfusion were
associated with worse postoperative outcomes [38]. In
our study, older patients had worse performance scores
and higher ASA scores. Hypertension was significantly
more common in older patients, as expected, but there
was no difference between the two groups regarding other
comorbidities. However, patient selection bias is estimated
in published studies [33]. Since our study was retrospective,
we do not know the proportion of patients excluded due
to severe comorbidities or age. Therefore, this may have
affected our results.

According to a meta-analysis, the overall postoperative
complication rate in patients aged 70 years and older who
underwent PD was reported to be approximately 50%, and
the rate of complications with a Clavien—Dindo grade >3
was approximately 30%, which is consistent with the results
of our study. In this report, the mortality, postoperative
complication, serious complication, intraoperative
transfusion, and reoperation rates were significantly greater
in patients aged 70 years and older than in younger patients
[32]. In our study, the complication rates were similar
between the two groups. The 30-day mortality rate was
greater in older patients.

The indication for PD should not be based solely on age.
In older patients, this decision should be made carefully,
and meticulous perioperative management is key [2, 16, 17,
30, 35]. It is important to optimize comorbidities during the
preoperative period and to prepare for possible postoperative
deterioration. Older patients should be carefully selected
for PD with appropriate clinical frailty classification. The
physical and functional status of older patients should
always be assessed and taken into account preoperatively,
as hospitalization itself in this patient group may pose a
risk due to functional decline and may result in the patient
not being discharged home, leading to a reduced quality of
life [6, 16, 38—40]. In our study, although the duration of
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Table 3 Comparison of pathologic features
Variables All patients Group A Group B p value
<75 years >75 years
N=155 N=128 N=27
Pathology (n, %)
Malignant 140 (90.3) 115 (89.8) 25 (92.6) 0.494
Benign 159.7) 13 (10.2) 2(7.4)
Malignant pathology (n, %)
Ductal adenocarcinoma 115 (74.2) 95 (74.2) 20 (74.1)
Intraductal papillary mucinous neoplasm with an associated invasive 2(1.3) 2 (1.6) 0
carcinoma
Neuroendocrine tumor 6(3.9) 6 (4.7) 0
Mucinous cystic neoplasms with an associated invasive carcinoma 3(1.9) 3(2.3) 0
Solid pseudopapillary neoplasm 1 (0.6) 1(0.8) 0
Duodenal adenocarcinoma 1(0.6) 0 1(3.7)
Adenosquamous carcinoma 2(1.3) 2 (1.6) 0
Acinar cell carcinoma 1(0.6) 0 1(3.7)
Anaplastic undifferentiated carcinoma 1 (0.6) 1(0.8) 0
Other malignant 9(5.8) 6 (4.7) 3(11.1)
Benign pathology (n, %)
Chronic pancreatitis 3(1.9) 3(2.3) 0
Autoimmune pancreatitis 3(1.9) 3(2.3) 0
Cystadenomas 2(1.3) 2 (1.6) 0
Groove pancreatitis 2(1.3) 2 (1.6) 0
Other benign 3(1.9) 1(0.8) 2(7.4)
Tumor size (mm) (median, IQR) 30 (19) 30 (18) 35(22) 0.577
Number of examined lymph nodes (median, IQR) 21 (12) 23 (12) 20 (11) 0.138
Positive lymph nodes (median, IQR) 3 (06) 3(6) 34) 0.425
Lymphovascular invasion (n, %) 134 (93.1) 109 (92.4) 25(96.2) 0.690
Perineural invasion (n, %) 118 (81.9) 96 (81.4) 22 (84.6) 0.472
Histologic grading system (n, %)
Grade 1 15 (10.9) 11 (9.6) 4(17.4) 0.195
Grade 2 71 (51.8) 57 (50) 14 (60.9)
Grade 3 51(37.2) 46 (40.4) 521.7)
Resection margin R1 (n, %) 10 (6.5) 6 (4.7) 4(14.8) 0.073
T stage (n, %)
Tl 9(6.5) 9(7.9) 0 0.062
T2 63 (45.3) 50 (43.9) 13 (52)
T3 64 (46) 54 (47.4) 10 (40)
T4 3(2.2) 1(0.9) 2(8)
Nodal status (n, %)
NO 29 (20.9) 23 (20.2) 6 (24) 0.504
N1 51 (36.7) 40 (35.1) 11 (44)
N2 59 (42.4) 51 (44.7) 8 (32)

postoperative hospitalization was similar, older patients
required hospitalization for preoperative optimization, and
the total length of hospitalization was longer.

In some studies comparing older patients with younger
patients, no difference was found between the two groups
when median survival was evaluated [33, 41]. However, in
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our study, the overall survival of older patients was worse.
A patient’s ECOG performance status is an important
prognostic factor for pancreatic cancer and is taken into
account when making treatment decisions [42, 43]. In this
study, patients with better ECOG-PS scores had longer
survival than those with worse ECOG-PS scores. When
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Fig. 1 Survival curve (panel A) comparing <75 years versus >75 years old patients and survival curve (panel B) comparing patients according
to Eastern Cooperative Oncology Group Performance Status (ECOG-PS) scores
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Fig.2 Survival curve comparing <75 years versus>75 years old patients stratified according to ECOG-PS 0-1 (panel A) and ECOG-PS 2-3

(panel B)

age groups were stratified according to ECOG-PS, we
found no significant difference in survival between the
two groups in patients with worse performance scores
(ECOG-PS 2-3). This emphasizes the importance of
the patient’s performance status in terms of treatment
selection.

Studies reporting the results of minimally invasive
PD in older patients have shown that the benefits of this
minimally invasive technique, such as shorter hospitalization
and faster recovery, can also be utilized in older patients.
Compared to studies on open methods, some studies have
reported no difference in complications or mortality, while
others have shown lower mortality outcomes. In general, the
operation time is reportedly longer. Analyses revealed that
laparoscopic PD is safe and feasible for older individuals and
can be offered as an option for patients [28, 41, 44—46].

Given the frailty of the vast majority of older cancer
patients and their increasing numbers, routine assessment
of frailty in older cancer patients will be required to
guide treatment and surgical decisions in these patients.

Future research should focus on a comprehensive geriatric
assessment using physical and functional parameters and
their relationships with postoperative outcomes [9, 10, 40].

This study has several limitations. Our study was a
single-center retrospective study with a small sample size.
Selection bias may have been applied when recommending
surgery to older patients, and this may have affected
the results. A comparison of cancer-specific survival
was more appropriate for this study, but the number of
patients was too small when patients with missing data
were excluded, so we could not provide this information.
This information could have led to better conclusions.
Although the ECOG-PS is widely used in oncology,
it is a unidimensional functional score that is mostly
physician-assessed, subjective and therefore prone to bias;
therefore, it may fail to account for multimorbidity, frailty
or cognition, but alternative scales that allow better patient
selection could not be used due to the retrospective nature
of the study [22].
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Conclusions

With the increasing aging population, patient selection for
pancreaticoduodenectomy should not be based solely on
age. This study demonstrated that pancreaticoduodenectomy
is safe for patients over 75 years of age. In older patients,
performance status and the optimization of comorbidities
should be considered when deciding on a candidate’s
suitability for surgery.
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