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Abstract: Due to increasing life expectancy and improved diagnostic sensitivity, a growing number
of older patients are presenting with resectable pancreatic disease entities and are being evaluated
for surgery. Intended as an internal quality control for patient selection, we aimed at evaluating
septuagenarians and octogenarians compared with patients younger than 70 years of age regarding
early postoperative outcome in general, and long-term oncologic outcome in the case of resection for
pancreatic adenocarcinoma. A total number of 1231 patients who underwent pancreatic resection
for any entity between 2007 and 2019 at our tertiary university medical center in Germany were
retrospectively analyzed, accessing a prospectively maintained database. Participants were divided
into three groups based on age (<70 years: N = 761; 70–79 years: N = 385; 80–89 years: N = 85)
and were evaluated with regard to perioperative variables, postoperative morbidity, mortality and
overall survival for the subgroup of patients with pancreatic adenocarcinoma. Pancreatic resection
in older individuals was not infrequent. When surgery was performed for carcinoma, patients
>70 years of age even constituted almost half of the cases. In spite of increased American Society of
Anesthesiologists physical status classification (ASA)-scores and more frequent comorbidities in older
patients, similar rates for postoperative morbidity and mortality were observed in all age groups.
A significant disparity in the use of (neo-) adjuvant therapy between younger and older pancreatic
adenocarcinoma patients was detected. However, median overall survival did not significantly differ
between all age groups (<70 years: 28 (95%-CI: 22–34) months; 70–79 years: 21 (17–25) months;
80–89 years: 15 (9–21) months). In conclusion, elderly patients can experience similar perioperative
outcomes to those of younger individuals after major pancreatic surgery. The survival benefit from
resection of localized pancreatic adenocarcinoma is largely independent of patient age. The results are
reassuring with respect to our preoperative practice and clinical judgment regarding careful patient
selection. Future randomized trials should decidedly include elderly patients to generate more robust
evidence to further optimize treatment recommendation and choice.

Keywords: pancreatic resection; elderly; surgery and geriatrics; postoperative morbidity;
postoperative mortality; pancreatic adenocarcinoma overall survival

1. Introduction

The world’s population is aging. In 2015, there were more than 600 million people aged 65 or
over, representing about 8% of the global population. This group is projected to double and comprise
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16%, equaling about 1.5 billion people, by 2050. In more developed regions, it is expected to then
represent even more than a quarter of the population [1]. The risk for pancreatic malignancy increases
with age [2]. Pancreatic cancer incidence peaks at an age of 70–85 years [3] and continues to rise,
at least in part as a consequence of population aging [2]. In addition, improvements in diagnostics
over the past decades, such as in computed tomography and magnetic resonance imaging, did not
only have a positive impact on the incidence of pancreatic malignancy, but also raised the detection
frequency of potentially premalignant cystic lesions of the pancreas, even in the absence of related
symptoms [4]. Pancreatic surgery followed by adjuvant chemotherapy is the only potential cure
for pancreatic cancer and is central in the therapy of carcinomas of the distal bile duct, ampulla of
vater and duodenum. Furthermore, it is the sole treatment option for cystic neoplasms suspicious
for the development of malignancy, such as intraductal papillary mucinous neoplasms (IPMN) or
mucinous cystic neoplasms (MCN) [5]. As a consequence, increasing numbers of older patients are
diagnosed with pancreatic disorders and are referred for surgical evaluation and treatment. Safety in
pancreatic surgery has considerably increased over the past few years. Today, due to centralization of
patient care and improved perioperative management, historically high-risk pancreatic resections can
be performed with tolerable mortality rates of 3–5%, especially in high volume centers [2,6]. Thus,
surgery is also offered to patients aged 70 years or over. Of note, patient selection is critical here,
since older individuals more frequently present with relevant comorbidities and frailty, putting them
at risk for postoperative complications, mortality, loss of self-reliance and low quality of life [7,8].
A considerable body of literature has accumulated, mostly in the form of single-institution series
but also accompanied by a number of multi-institutional and population-based studies, reporting
postoperative morbidity/mortality and in part oncologic outcome after pancreatic resection in older
people. However, data and results are fairly inconsistent. Cut-offs for age range from 65 to 90 years;
studies either include all disease entities or focus on pancreatic cancer; they cover all pancreatic
resections or address pancreatoduodenectomies exclusively. In some cohorts, postoperative morbidity
and/or mortality are reported to be equal for the two age groups and in others to be higher in older
patients. Some studies report equal long-term oncologic outcome after resection for pancreatic cancer;
in others, survival of the older patients is inferior (summary of available literature: see Supplementary
Tables S1 and S2). However, three meta-analyses, while still heterogeneous and limited by the selection
of certain age cut-offs, mostly document increased postoperative morbidity and mortality rates for
older individuals [9–11]. Nevertheless, especially for pancreatic cancer, pancreatic resection in carefully
selected older patients is generally advocated for.

Intended as an internal quality control for patient selection, we therefore performed an evaluation
of our own single-institution pancreatic surgery series at a tertiary university medical center in Germany.
We compared septuagenarians and octogenarians with patients younger than 70 years of age regarding
early postoperative outcome after pancreatic resection in general, and long-term oncologic outcome in
the case of resection for pancreatic adenocarcinoma.

2. Patients and Methods

2.1. Study Design and Reporting

The checklist for reporting of observational studies by the STROBE (Strengthening the Reporting
of Observational studies in Epidemiology) initiative and statement was adhered to [12].

2.2. Patient Collective

All patients, having undergone pancreatic resection in our department from January 2007 to
April 2019, were evaluated retrospectively. All cases where pancreatic resection was performed for
primary pancreato-duodenal and distal bile duct disease entities, including pancreatic metastasis and
rare cases of emergency pancreatic procedures were included. Patients with multivisceral resection
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procedures involving pancreatic surgery for, e.g., sarcoma or colorectal cancer (cytoreductive surgery)
were excluded. There were no patients ≥90 years of age in the resulting cohort.

2.3. Data Collection and Variables

Data collection is performed continuously in our prospectively maintained institutional pancreatic
surgery database. Next to demographic data, preoperative body mass index (BMI), American Society
of Anesthesiologists physical status classification (ASA)-score and comorbidities, variables including
details on procedures performed, blood loss, transfusion, histopathological diagnosis (and grading +

staging), as well as postoperative complications and morbidity, duration of hospital stay and in-hospital
mortality are being collected. Follow-up with general practitioners or oncologists and regional cancer
registries provides data on long-term survival. Additional variables in the case of malignant disease
are neoadjuvant and adjuvant therapy.

Complications specific for pancreatic surgery were graded according to the recommendations
and definitions of the International Study Group of Pancreatic Surgery (ISGPS): delayed gastric
emptying (DGE) [13], postoperative pancreatic fistula (POPF) [14] and post-pancreatectomy hemorrhage
(PPH) [15].

2.4. Surgical Techniques and Histopathological Analysis

For pancreatoduodenectomy (PD), whenever possible, the pylorus was preserved. Lymphadenectomy
was performed in the hepatic ligament, right of the celiac trunk and right of the mesenteric artery.
Venous structures were resected whenever necessary to achieve complete resection. Intraoperative
histopathological evaluation was routinely performed at gastric/duodenal and jejunal margins, common
bile duct and pancreatic transection margins and at the mesopancreatic retroperitoneal margin
(circumferential resection margin since 2010). Other margins underwent frozen section analysis
if procedurally indicated, such as in cases of venous resection at both venous resection margins.
For distal pancreatectomy (DP) with splenectomy, lymphadenectomy was performed left of the celiac
trunk and left of the mesenteric artery according to Strasberg et al. [16,17] in the case of suspected
malignancy. Intraoperative histopathological evaluation was performed at the pancreatic resection
margin. After formalin fixation, standard histopathological evaluation was performed on all operative
specimens in which definitive diagnosis, and if applicable, tumor size, grading, lymph node status and
resection margins, were assessed. “Negative resection margins” (R0) was defined as a tumor remote
to the resection margins, independent of the exact distance. Laparoscopic procedures for DP as well
as PD increased in number over time, here pancreatic reconstruction (PD) was mostly accomplished
via mini-laparotomy. In rare cases, enucleation for small peripheral lesions or segmental resection
for localized lesions followed by pancreatojejunostomy were performed (cystic lesions or low-grade
neuroendocrine tumor). In some cases of chronic pancreatitis, drainage of the main pancreatic duct
was accomplished via lateral longitudinal pancreaticojejunostomy according to Partington-Rochelle or
Frey, as previously described [18,19].

2.5. Perioperative Therapy

Neoadjuvant (or induction) therapy was administered in a small subgroup of cases with locally
advanced pancreatic cancer as (radio-) chemotherapy, preferentially in clinical trials. Postoperative
adjuvant chemotherapy for resected pancreatic cancer was recommended in most cases and regularly
administered. In case of positive resection margins after resection for pancreatic cancer, postoperative
chemoradiation or additive chemotherapy was applied, preferentially in clinical trials.

2.6. Statistical Analysis

Statistical analysis was performed with SPSS (IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY, USA: IBM Corp.) In addition to descriptive statistics, inferential analysis was carried
out: χ2 or Fisher’s exact test was used for categorical variables, ANOVA for continuous variables;
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simple univariate and multivariable binary logistic regression analysis was performed to determine
independent risk factors and predictors for postoperative morbidity and mortality. Variable selection
for multivariable logistic regression with simultaneous variable entry (“Enter” method) was based
on an inclusion threshold of p < 0.05 in univariate analysis for the respective variable. Survival
estimates were calculated with the Kaplan–Meier method and compared by log-rank Mantel Cox test.
Using univariate and multivariable Cox proportional hazards regression, independent risk factors for
overall survival were determined. Again, variable selection for multivariable regression was based on
an inclusion criterion of p < 0.05 in univariate analysis for the respective variable and the model was
set to simultaneous variable entry (“Enter” method) Final results with a p-value < 0.05 were considered
to be statistically significant.

2.7. Ethics

Data collection and analysis were performed in accordance with the Declaration of Helsinki and
were approved by the local ethics committee (Ethik-Kommission der Albert-Ludwigs-Universität
Freiburg, Germany: EK-Nr. 244/20).

3. Results

3.1. Descriptive Analysis of All Pancreatic Resections and Histopathology

From January 2007 to April 2019, a total number of 1231 pancreatic resections were performed
in our institution for primary pancreato-duodenal and distal bile duct disease entities, including
pancreatic metastasis and rare cases of emergency pancreatic procedures. By far the most frequent
procedure applied was pancreatoduodenectomy, usually with a preservation of the pylorus and in more
than one quarter of cases in a laparoscopically assisted fashion. In frequency, distal pancreatectomy
followed, with half of the procedures having been minimally invasive, demonstrating the change
in the standard of care in the last decade. Extended distal resections involving the celiac trunk
(Appleby’s procedure [20]) were rare and were not performed in older individuals. Infrequently,
total pancreatectomy and rarely, segmental resections or enucleations, were carried out, but were
restricted to patients younger than 80 years of age. Only a small number of lateral longitudinal
pancreaticojejunostomies according to Partington-Rochelle or Frey [18,19] were performed, most of
them in younger patients (Table 1).

With regard to definitive postoperative histopathological diagnosis, pancreatic adenocarcinoma
was the by far most common entity, with location in the pancreatic head in about 78% of cases.
Other malignancies, in descending order of their frequencies, were neuroendocrine tumor, ampullary
carcinoma, distal bile duct carcinoma, pancreatic metastasis and duodenal carcinoma. A substantial
number of pancreatic resections were performed in a preventive fashion for lesions with radiographically
premalignant potential, yielding the final diagnosis of IPMN or (cyst-) adenoma and other benign
entities in, together, 12.7% of all cases. For 15% of all resections performed, histopathological evaluation
revealed chronic pancreatitis (CP) (Table 1).

Septuagenarians and octogenarians comprised 31.3% and 6.9% of all patients in the full cohort,
respectively. However, when looking into the subgroups of patients having undergone pancreatic
resection for carcinoma in general or pancreatic adenocarcinoma in particular, their shares rose to
37.8% and 10.1% or 37.4% and 9.3%, respectively, thereby together representing almost half of the
patients (Table 1).
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Table 1. Comprehensive overview of all pancreatic resections performed including postoperative
histopathological diagnoses according to age groups.

Age Group (Years) <70 70–79 80–89 ALL

Type of procedure (N)
PD
- Whipple 42 25 10 77
PPPD 299 160 42 501
- laparoscopic (ass.) PPPD 118 77 14 209
DP
- conventional 104 41 12 157
- laparoscopic 97 49 6 151
- Appleby 2 1 - 3
Total pancreatectomy
- conventional 32 20 - 52
- laparoscopic 4 1 - 5
Segmental resection
- conventional 9 2 - 11
- laparoscopic 7 2 - 9
Enucleation
- conventional 3 2 - 5
- laparoscopic 4 1 - 5
Others
- Frey 33 4 1 38
- Partington-Rochelle 7 - - 7

Histopathologic diagnosis (N)
PAC
- head 213 145 37 395
- body 27 17 2 46
- tail 30 27 8 65
Ampullary carcinoma 35 25 6 66
Carcinoma of the DBD 22 24 10 56
Duodenal carcinoma 12 8 3 23
Neuroendocrine tumor 82 22 1 105
Pancreatic metastasis 24 9 1 34
IPMN 66 51 6 123
Adenoma and other benign 94 32 8 134
CP 156 25 3 184

N total (%) 761 (61.8) 385 (31.3) 85 (6.9) 1231
N PD+DP only (excl. Appleby) (%) 660 (60.2) 352 (32.1) 84 (7.7) 1096
N periampullary carcinoma only (%) 339 (52.1) 246 (37.8) 66 (10.1) 651
N PAC only (%) 270 (53.4) 189 (37.4) 47 (9.3) 506

PD: pancreatoduodenectomy; PPPD: pylorus preserving pancreatoduodenectomy; DP: distal pancreatectomy;
PAC: pancreatic adenocarcinoma; DBD: distal bile duct; IPMN: intraductal papillary mucinous neoplasm;
CP: chronic pancreatitis.

3.2. Postoperative Outcome after Pancreatoduodenectomy (PD) and Distal Pancreatectomy (DP)

For a comparative analysis of preoperative risk factors and postoperative complications, morbidity
and mortality between the age groups, we excluded procedures other than pancreatoduodenectomy
(PD) and distal pancreatectomy (DP), since they were infrequently or virtually never performed in
septuagenarians or octogenarians, respectively (Table 1). The remaining number of procedures was
N = 1096.

In this subgroup, the relative frequency of older patients per year did not change substantially
over the course of time (Figure 1). Patients were distributed equally gender- (p = 0.403) and BMI-wise
(p = 0.124). However, septuagenarians and octogenarians preoperatively more frequently displayed
higher ASA-scores III and IV (p < 0.001) and presented with more overall comorbidities (p < 0.001),
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especially with cardiovascular (coronary artery disease and arterial hypertension, both p < 0.001),
chronic renal insufficiency (p < 0.001), diabetes mellitus (p = 0.048) and preoperative anemia (hemoglobin
<10 g/dL) diagnoses, while pulmonary and hepatic comorbidities were not different in frequency
between the age groups (p = 0.782 and p = 0.852, respectively). Positive history for alcohol abuse
(p = 0.001) and nicotine consumption (p < 0.001) was less likely in older persons undergoing pancreatic
resection (Table 2).
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Figure 1. Pancreatic resections per year from the “PD and DP only” study subpopulation (N = 1096)
according to age groups.

The distribution between PD and DP was similar in all age groups (p = 0.092). Yet, a final
histopathological diagnosis of carcinoma was more frequent and one of neuroendocrine tumor or
benign lesion less frequent in older patients (p < 0.001). Compared with younger patients, portal vein
resection was significantly more often performed in septuagenarians and octogenarians (p = 0.008),
but frequency of multivisceral resection was not different (+stomach: p = 0.881; +colon: p = 0.600;
+liver: p = 0.191). Overall operative time (0.792), amount of blood loss (p = 0.582) and transfusion of
packed red blood cells (p = 0.264) were similar (Table 2).

Regarding postoperative complications, only delayed gastric emptying (grades B+C, according to
the ISGPS-definition) occurred significantly more frequently in older patients (p < 0.001). All other
measures, including biliary leak (p = 0.627), clinically relevant postoperative pancreatic fistula (grades
B+C, according to ISGPS-definition; p = 0.303), post-pancreatectomy hemorrhage (grades B+C,
according to ISGPS-definition; p = 0.980), surgical site infection (p = 0.838), necessity for reoperation
(p = 0.709) or intervention (p = 0.111), postoperative sepsis (p = 0.609), renal failure (p = 0.501),
pneumonia (p = 0.761), thromboembolism (p = 0.458) and the need for reintubation (p = 0.232) were
not different between the age groups. Length of intensive care/intermediate care unit (ICU) stay was
not different accordingly (p = 0.192), but overall hospital stay appeared to have been slightly longer
for septuagenarians and octogenarians (p = 0.031) (Table 2). In univariate binary logistic regression,
analyses for exploration of age group as a risk factor for postoperative morbidity (biliary leak, DGE,
POPF, PPH, postoperative sepsis, renal failure, pneumonia, thromboembolism and length of hospital
stay) after DP and PD, only the analysis for DGE yielded results suggestive for significant difference
(octogenarians vs. <70: OR 1.75, p = 0.079; septuagenarians vs. <70: OR 2.15, p < 0.001; septuagenarians
vs. octogenarians: OR 1.23, p = 0.533).



Surgeries 2020, 1 36

Table 2. Demographic, clinical and perioperative characteristics of the “PD and DP only” study
subpopulation (N = 1096) according to age groups.

Age Group (Years) <70 (N = 660) 70–79 (N = 352) 80–89 (N = 84) p

Preoperative
Gender, N (%)
- F 286 (43.3) 163 (46.3) 42 (50)
- M 374 (56.7) 189 (53.7) 42 (50) 0.403
BMI, N (%)
- <18.5 kg/m2 30 (4.6) 14 (4) 2 (2.4)
- 18.5–24.9 kg/m2 324 (49.6) 162 (46.6) 44 (52.4)
- 25–29.9 kg/m2 199 (30.5) 130 (37.4) 32 (38.1)
- ≥30 kg/m2 100 (15.3) 42 (12.1) 6 (7.1) 0.124
ASA, N (%)
- I 51 (7.8) 9 (2.6) 1 (1.2)
- II 371 (56.6) 141 (40.5) 31 (37.3)
- III 220 (33.6) 190 (54.6) 46 (55.4)
- IV 13 (2) 8 (2.3) 5 (6) <0.001
Comorbidities, N (%)
- overall ‚Yes’ 453 (69.6) 306 (88.7) 74 (89.2) <0.001
- CAD 64 (9.9) 65 (19) 20 (24.1) <0.001
- AHT 257 (39.8) 248 (72.1) 65 (78.3) <0.001
- Pulmonary 120 (18.6) 65 (19) 13 (15.7) 0.782
- Renal 52 (8) 55 (16.1) 18 (22) <0.001
- Hepatic 144 (22.6) 79 (23.4) 20 (25.3) 0.852
- DM 105 (16.1) 87 (24.9) 19 (22.6) 0.048
- Anemia (<10 g/dL) 25 (3.8) 28 (8) 5 (6) 0.018
Alcohol abuse, N (%) 93 (14.2) 31 (8.9) 2 (2.4) 0.001
Nicotine consume, N (%) 230 (35) 52 (14.9) 5 (6) <0.001

Intraoperative
Procedure, N (%)
- PD (lap./conv.) 459 (69.5) 262 (74.4) 66 (78.6)
- DP (lap./conv.) 201 (30.5) 90 (25.6) 18 (21.4) 0.092
Histopathology, N (%)
- Carcinoma 310 (47) 228 (64.8) 65 (77.4)
- Metastasis 20 (3) 7 (2) 1 (1.2)
- NET 69 (10.5) 20 (5.7) 1 (1.2)
- benign 261 (39.5) 97 (27.6) 17 (20.2) <0.001
Portal vein resection, N (%) 94 (14.3) 75 (21.3) 19 (22.6) 0.008
Multivisceral resection, N (%)
- + liver 44 (6.7) 14 (4) 4 (4.8) 0.191
- + stomach 18 (2.7) 11 (3.1) 3 (3.6) 0.881
- + colon 24 (3.7) 16 (4.5) 2 (2.4) 0.600

Operative time (min), mean (SD) 380 (119) 384 (107) 375 (114) 0.792
Blood loss (cc), mean (SD) 726 (591) 683 (595) 743 (752) 0.582
PRBC received, N (%) 78 (11.9) 48 (13.7) 15 (17.9) 0.264

Postoperative
Biliary leak, N (%) 18 (2.7) 11 (3.1) 1 (1.2) 0.627
DGE (ISGPS-grade B+C), N (%) 68 (10.9) 67 (20.9) 14 (17.7) <0.001
POPF (ISGPS-grade B+C), N (%) 180 (27.4) 109 (31.1) 20 (23.8) 0.303
PPH (ISGPS-grade B+C), N (%) 51 (7.8) 28 (8) 7 (8.3) 0.980
SSI, N (%) 83 (12.7) 49 (14) 11 (13.1) 0.838
Reoperation, N (%) 94 (14.3) 57 (16.2) 12 (14.5) 0.709
Intervention, N (%) 172 (26.3) 112 (32) 20 (24.1) 0.111

Sepsis, N (%) 25 (3.8) 16 (4.6) 5 (6) 0.609
Renal failure, N (%) 20 (3) 15 (4.3) 4 (4.8) 0.501
Pneumonia, N (%) 34 (5.2) 22 (6.3) 5 (6) 0.761
Thromboembolism, N (%) 17 (2.6) 14 (4) 3 (3.6) 0.458
Reintubation, N (%) 30 (4.6) 24 (6.9) 3 (3.6) 0.232

ICU stay (days), mean (SD) 6.1 (7.3) 7.3 (10.0) 6.8 (5.4) 0.192
Hospital stay (days), mean (SD) 19.5 (14.7) 22.1 (15.7) 20.5 (12.8) 0.031

Mortality, N (%) 15 (2.3) 11 (3.1) 5 (6) 0.187

CAD: coronary artery disease; AHT: arterial hypertension; DM: diabetes mellitus; NET: neuroendocrine tumor;
PRBC: packed red blood cells; SSI: surgical site infection. Missing data: BMI N = 11; ASA N = 10; Comorbidities,
overall ‚Yes’ N = 17; CAD N = 25; AHT N = 23; Pulmonary N = 24; Renal N = 25; Hepatic N = 42; DM N = 9;
Anemia N = 3; Alcohol abuse N = 6; Nicotine consume N = 6; Portal vein resection N = 3; Multivisceral resection N
= 3; Operative time N = 4; Blood loss N = 266; PRBC received N = 3; Biliary leak N = 7; DGE N = 73; PPH N = 4;
POPF N = 5; SSI N = 7; Reoperation N = 5; Intervention N = 8; Sepsis N = 7; Renal failure N = 6; Pneumonia N = 6;
Thromboembolism N = 6; Reintubation N = 5.
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Importantly, there was no statistical difference between age groups regarding postoperative
in-hospital mortality (p = 0.187), although the numbers (<70: 2.3%; septuagenarians: 3.1%; octogenarians:
6%) suggested a trend (Table 2). Interestingly, the final determining etiologic factor for in-hospital
mortality of older individuals compared with patients <70 years of age was rather related to surgical
complications and less frequently of a mere medical nature (Table 3). In addition, we performed
binary logistic regression analyses for the identification of independent risk factors for postoperative
mortality after PD and DP. Univariate analyses revealed a p < 0.05 not for age groups, but for biliary
leak, POPF (grades B+C), PPH (grades B+C), surgical site infection (SSI), reoperation and intervention,
postoperative sepsis, renal failure, pneumonia, thromboembolism, reintubation, ICU- and overall
hospital-stay. When including all variables with p < 0.05 in univariate analyses (except for ICU-stay,
due to a relevant N = 300 of missing data), as defined a priori as inclusion threshold, into a multivariable
regression model, only postoperative sepsis (OR 7.84, p = 0.033) and reintubation (OR 8.53, p = 0.020)
remained statistically relevant and independent risk factors for postoperative in-hospital mortality
(Table 4).

Table 3. Etiologic factors for postoperative mortality of patients in the “PD and DP only” study
subpopulation (N = 1096) according to age groups.

Age Group (Years) <70 (N = 15) 70–79 (N = 11) 80–89 (N = 5)

Surgical

POPF grade C 1 1 3
PPH grade C 4 6 -
Bowel ischemia 1 1 1
Portal vein thrombosis 1 - -
Sepsis, MOF (abdominal focus) 2 1 -

Medical

Sepsis, MOF (pulmonary focus) 1 1 -
Myocardial infarction 2 - -
Thromboembolism 1 1 -
Cerebral insult 1 - 1
Metabolic encephalopathy 1 - -

MOF: multi organ failure. Only the final determining etiologic factor for postoperative mortality is given—patients
may however have displayed more than one of the items above during postoperative course.

Table 4. Binary logistic regression analysis for identification of independent risk factors for postoperative
mortality after pancreatic resection within the “PD and DP only” study subpopulation (N = 1096).

Variable Univariate Analysis Multivariable Analysis

OR p OR (95% CI) p

Age group
- <70 vs. 80–89 0.39 0.075
- 70–79 vs. 80–89 0.51 0.223
- 70–79 vs. <70 1.3 0.511
Gender
- F vs. M 0.64 0.232
BMI
- 18.5–24.9 vs. <18.5 kg/m2 1.22 0.849
- 25–29.9 vs. <18.5 kg/m2 1.41 0.743
- ≥30 vs. <18.5 kg/m2 1.57 0.683
ASA
- II vs. I 1.01 0.992
- III vs. I 3.04 0.281
- IV vs. I 0.00 0.998
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Table 4. Cont.

Variable Univariate Analysis Multivariable Analysis

OR p OR (95% CI) p

Comorbidities
- overall ‚Yes’ vs. ‚No’ 2.92 0.079
Alcohol abuse
- ‚Yes’ vs. ‚No’ 1.10 0.866
Nicotine consume
- ‚Yes’ vs. ‚No’ 1.28 0.522
Procedure
- PD vs. DP 2.16 0.117
Histopathology
- Carcinoma vs. benign 1.08 0.848
- Metastasis vs. begign 2.55 0.240
- NET vs. benign 0.00 0.997
Portal vein resection
- ‚Yes’ vs. ‚No’ 0.49 0.243
Multivisceral resection, any
- ‚Yes’ vs. ‚No’ 0.7 0.567
Operative time
- per minute 1.01 0.087
PRBC received
- ‚Yes’ vs. ‚No’ 1.58 0.320
Biliary leak
- ‚Yes’ vs. ‚No’ 6.11 0.002 0.52 (0.29–9.29) 0.654
DGE (ISGPS-grade B+C)
- ‚Yes’ vs. ‚No’ 3.95 0.134
POPF (ISGPS-grade B+C)
- ‚Yes’ vs. ‚No’ 5.06 <0.001 0.50 (0.10–2.50) 0.399
PPH (ISGPS-grade B+C)
- ‚Yes’ vs. ‚No’ 11.02 <0.001 1.72 (0.34–8.59) 0.509
SSI
- ‚Yes’ vs. ‚No’ 2.61 0.024 0.20 (0.03–1.28) 0.089
Reoperation
- ‚Yes’ vs. ‚No’ 27.84 <0.001 5.40 (0.82–35.60) 0.08
Intervention
- ‚Yes’ vs. ‚No’ 7.94 <0.001 5.40 (0.82–35.60) 0.884
Sepsis
- ‚Yes’ vs. ‚No’ 118.6 <0.001 7.84 (1.18–52.21) 0.033
Renal failure
- ‚Yes’ vs. ‚No’ 51.53 <0.001 1.09 (0.08–13.98) 0.949
Pneumonia
- ‚Yes’ vs. ‚No’ 11.7 <0.001 1.55 (0.25–9.73) 0.638
Thromboembolism, N (%)
- ‚Yes’ vs. ‚No’ 11.64 <0.001 0.91 (0.08–10.50) 0.938
Reintubation, N (%)
- ‚Yes’ vs. ‚No’ 106.7 <0.001 8.53 (1.40–52.18) 0.020
ICU stay
- Per day 1.1 <0.001 * *
Hospital stay
- Per day 1.04 <0.001 1.024 (0.99–1.06) 0.145

*: excluded from multivariable regression model due to missing data N = 300.

3.3. Oncological Outcome for Pancreatic Adenocarcinoma Patients after PD and DP

We further aimed at evaluating oncological outcomes for the subgroup of patients having
undergone PD and DP for pancreatic adenocarcinoma. Specimens from the eligible 463 patients did
not display differences in histopathological findings between the age groups, including tumor grade
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(p = 0.193), tumor size (p = 0.523), Union for International Cancer Control (UICC) stage (all parameters:
p ≥ 0.390), and resection margin status (p = 0.934). However, neoadjuvant/induction chemotherapy was
administered significantly less frequently for older patients (p = 0.013), and adjuvant chemotherapy was
more likely to be omitted in the postoperative care for septuagenarians and octogenarians (p < 0.001)
(Table 5). Nevertheless, with regard to overall survival (OS), older patients virtually equally benefitted
from surgical resection. Mean OS was 28 months, 21 months and 15 months for patients <70 years
of age, septuagenarians and octogenarians, respectively (all Log-rank Mantel–Cox comparisons:
not significant). However, the differences in the steepness of the Kaplan–Meier curves in the first
24–48 months postoperatively suggest a trend for worse OS with increasing age. Yet, the curves align
after 60 months, resulting in an equal frequency of long-term survivors (Figure 2) across the different
age groups.

Table 5. Oncological characteristics of patients with PAC within the “PD and DP only” study
subpopulation (N = 463) according to age groups.

Age Group (Years) <70 (N = 243) 70–79 (N = 173) 80–89 (N = 47) p

Tumor grade, N (%)
- 1 7 (3.2) 2 (1.2) 2 (4.3)
- 2 122 (55) 103 (63.6) 20 (42.6)
- 3 91 (41) 56 (34.6) 24 (51.1)
- 4 2 (0.9) 1 (0.6) 1 (2.1) 0.193
Tumor size (mm), mean (SD) 34.2 (17.4) 32.7 (16.6) 31.6 (11.2) 0.523
pT (UICC), N (%)
- 0 1 (0.4) 0 0
- 1 18 (7.5) 5 (2.9) 1 (2.1)
- 2 41 (17.2) 30 (17.6) 11 (23.4)
- 3 175 (73.2) 131 (77.1) 34 (72.3)
- 4 4 (1.7) 4 (2.4) 1 (2.1) 0.515
pN (UICC), N (%)
- 0 74 (30.8) 53 (31.2) 10 (40.4)
- 1 152 (63.3) 103 (60.6) 25 (53.2)
- 2 14 (5.8) 14 (8.2) 3 (6.4) 0.605
LNR, mean (SD) 0.17 (0.20) 0.17 (0.18) 0.14 (0.16) 0.559
pV (UICC), N (%)
- 0 207 (88.5) 148 (88.6) 43 (91.5)
- 1 25 (10.7) 19 (11.4) 4 (8.5)
- 2 2 (0.9) 0 0 0.708
pL (UICC), N (%)
- 0 96 (41) 68 (40.2) 24 (51.1)
- 1 138 (59) 101 (59.8) 23 (48.9) 0.39
pPn (UICC), N (%)
- 0 56 (24.5) 38 (23.2) 12 (26.7)
- 1 173 (75.5) 126 (76.8) 33 (73.3) 0.882
pM (UICC), N (%)
- 0 213 (91.4) 154 (92.8) 44 (95.7)
- 1 20 (8.6) 12 (7.2) 2 (4.3) 0.594
R-status, N (%)
- 0 180 (75.9) 133 (78.2) 35 (74.5)
- 1 53 (22.4) 33 (19.4) 1 (23.4)
- 2 4 (1.7) 4 (2.4) 1 (2.1) 0.934
Neoadjuvant/induction
therapy, N (%)
- RTx 6 (2.5) 4 (2.3) 0 0.558
- CTx 31 (12.8) 13 (7.5) 0 0.013
Adjuvant CTx, N (%)
- yes, received 146 (61.3) 91 (53.2) 12 (26.1)
- no 20 (8.4) 24 (14) 16 (34.8)
- intended (LFO) 72 (30.3) 56 (32.7) 18 (39.1) <0.001

LNR: lymph nodes ratio; RTx: radiotherapy; CTx: chemotherapy; LFO: lost through follow-up. Missing data:
Tumor grade N = 32; Tumor size N = 19; pT N = 7; pN/LNR N = 6; pV N = 15; pL N = 13; pPn N = 25; pM N = 18;
R-status N = 9; Adjuvant CTx N = 8.
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Figure 2. Kaplan-Meier survival estimate of patients with PAC within the “PD and DP only” study
subpopulation (N = 441) according to age groups.

Cox proportional hazards regression modeling was used for identification of independent risk
factors for shortened OS after PD and DP for pancreatic adenocarcinoma. In univariate analysis,
only portal vein resection, operative time and histopathological variables (tumor grade, UICC
pT/pN/pV/pL/pPn, lymph nodes ratio (LNR) and R-status), but not age group or BMI, ASA,
comorbidities, procedure performed (including multivisceral resection), blood transfusion, tumor
size or, surprisingly, (neo-) adjuvant therapy yielded a p-value of <0.05, defined a priori as inclusion
criterion for multivariable analysis. When including all these variables with p < 0.05 in univariate
analyses into a multivariable regression model, only tumor grade (G1/2 vs. G3/4: HR 0.59, p < 0.001)
LNR (from 0 to 1: HR 3.93, p = 0.001) and R-status (R0 vs. R1/2: HR 0.65, p = 0.008) remained statistically
relevant and independent risk factors for overall survival after resection of pancreatic adenocarcinoma
(Table 6).

Table 6. Cox proportional hazards regression analysis for identification of independent risk factors for
overall survival after pancreatic resection for PAC within the “PD and DP only” study subpopulation
(N = 441).

Variable Univariate Analysis Multivariable Analysis

HR p HR (95% CI) p

Age group
- <70 vs. 80–89 0.70 0.089
- 70–79 vs. 80–89 0.88 0.542
- 70–79 vs. <70 1.26 0.079
Gender
- F vs. M 0.96 0.711
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Table 6. Cont.

Variable Univariate Analysis Multivariable Analysis

HR p HR (95% CI) p

BMI
- 18.5–24.9 vs. <18.5 kg/m2 0.84 0.568
- 25–29.9 vs. <18.5 kg/m2 0.76 0.381
- ≥30 vs. <18.5 kg/m2 0.74 0.381
ASA
- II vs. I 1.01 0.966
- III vs. I 0.96 0.880
- IV vs. I 1.96 0.145
Comorbidities
- overall ‚Yes’ vs. ‚No’ 1.22 0.165
Alcohol abuse
- ‚Yes’ vs. ‚No’ 1.12 0.611
Nicotine consume
- ‚Yes’ vs. ‚No’ 1.22 0.211
Procedure
- PD vs. DP 1.39 0.060
Portal vein resection
- ‚Yes’ vs. ‚No’ 1.51 0.001 1.25 (0.93–1.68) 0.136
Multivisceral resection, any
- ‚Yes’ vs. ‚No’ 1.06 0.752
Operative time

- per minute 1.002 <0.001 1.001
(1.000–1.002) 0.096

PRBC received
- ‚Yes’ vs. ‚No’ 1.33 0.055
Tumor grade
- ‚G1+2’ vs. ‚G3+4’ 0.58 <0.001 0.59 (0.45–0.78) <0.001
Tumor size
- per mm 1.004 0.216
pT (UICC)
- ‚T1+2’ vs. ‚T3+4’ 0.54 0.002 0.79 (0.49–1.28) 0.344
pN (UICC)
- ‚N0’ vs. ‚N1+2’ 0.53 <0.001 1.07 (0.70–1.64) 0.763
LNR
- overall (0 > 1) 9.35 <0.001 3.93 (1.69–9.12) 0.001
pV (UICC)
- ‚V0’ vs. ‚V1+2’ 0.50 <0.001 0.67 (0.45–1.00) 0.050
pL (UICC)
- ‚L0’ vs. ‚L1’ 0.54 <0.001 0.73 (0.51–1.05) 0.086
pPn (UICC)
- ‚Pn0’ vs. ‚Pn1’ 0.58 0.001 0.83 (0.57–1.19) 0.299
pM (UICC)
- ‚M0’ vs. ‚M1’ 0.72 0.148
R-Status
- ‚R0’ vs. ‚R1+2’ 0.51 <0.001 0.65 (0.48–0.89) 0.008
Neoadjuvant/induction
therapy
- ‚Yes’ vs. ‚No’ 1.06 0.799
Adjuvant CTx
- ‚Yes’ vs. ‚No’ 0.95 0.826

From a total of N= 463 PAC patients N=15 deceased postoperatively during initial hospital stay (<70 N = 8; 70–79
N = 2; 80–89 N = 5) and for N = 7 survival data is missing (<70 N = 2; 70–79 N = 5; 80–89 N = 0).
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4. Discussion

In spite of substantial progress regarding postoperative outcomes and patient safety through
improvement in surgical and anesthetic techniques, perioperative care and centralization, pancreatic
resections still represent procedures with a risk for relevant postoperative morbidity and mortality [2,6].
Especially pancreatic cancer and carcinomas of the periampullary area, if feasible, require surgical
resection for optimal disease control. Incidence of these tumors naturally increases with age and an
overall aging population will multiply prevalence in the future [1,3]. Our data, spanning a period of
more than 12 years, did not yet confirm a substantial increase in relative frequency of older persons
undergoing pancreatic resection in our institution. Still, older individuals are often not even referred for
surgical therapy if a diagnosis of aggressive pancreatic malignancy has been made [21,22]. However,
patients ≥70 years of age already represented almost 50% of cases having undergone pancreatic surgery
for carcinoma in our series. Clarification of the risk-benefit profile and internal quality control of an
aggressive therapy approach such as pancreatic resection in patients of advanced age is therefore
of importance to guide future clinical decision-making and recommendation. This study sought to
examine how perioperative and oncological outcomes differ between younger and older patients.

4.1. Perioperative Outcome

Although older patients presented with significantly higher ASA-scores and more comorbidities
than younger ones, they less frequently had a positive history of alcohol or nicotine abuse,
likely suggestive of a healthier life-style in general and of—an intended—surgeon-driven selection bias.
Postoperative complications and morbidity were virtually equal between the age groups. The only
statistically meaningful difference was increased rates of delayed gastric emptying (grades B+C) in
older patients—a very manageable complication. We did not detect increased rates of respiratory or
cardiac events as previously reported in meta-analyses [9–11]. In addition, postoperative mortality
was statistically similar for patients in the three age groups, although there appeared to be a trend
towards a greater risk with increasing age. Surprisingly, the main etiologic factor for postoperative
mortality in older individuals was more frequently related to surgical complications than to medical
morbidity, compared with younger patients. This observation might suggest an explanation for lower
potential for wound healing and successful control of septic foci in older patients. The analysis of
factors associated with postoperative mortality identified only postoperative sepsis and reintubation
as independent risk factors. Age group was not found to predict postoperative mortality. Overall,
these findings support a positive quality assessment of patient selection in our department and, in line
with previous reports [23], the notion that pancreatic resection is safe and feasible in carefully selected
older people.

4.2. Oncological Outcome

The final histopathological diagnosis after resection was significantly more often carcinoma
in older patients, and segmental resections or enucleations were not performed in octogenarians.
This is to be interpreted as a positive quality measure of the preoperative decision process, in which,
weighing the risks and potential benefits, pancreatic surgery was recommended to older individuals
virtually only in the case of radiographically suspected or histologically proven malignancy, with the
aggressiveness of the lesion justifying the procedural risk profile. In the subgroup analysis for
pancreatic adenocarcinoma patients, final histopathological variables regarding tumor size, tumor
grading, UICC TNM staging and resection status were similar between the age groups. Interestingly,
in our cohort, equal resection status was achieved by a significantly higher frequency of superior
mesenteric/portal venous resections. Overall survival after resection for pancreatic adenocarcinoma
was not significantly different between the age groups, although there appeared to be a trend for
a decrease with advancing age. One important contributor could be the lower likelihood for older
patients of having received adjuvant chemotherapy in spite of recommendation, suggesting slower
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full convalescence and/or some reluctance of patients or health care providers to undergo or support
additional aggressive therapy after surgical resection, respectively. Importantly, pancreatic resection
was able to achieve an equal fraction of long-term survivors in all age groups, comprising about 10% of
patients in each group. When analyzing for independent risk factors for overall survival, only measures
of aggressiveness of the disease, such as tumor grade and lymph nodes ratio, and of surgical quality in
the form of resection status, turned out to be significant. Age group was not found to predict overall
survival. In agreement with previous studies [24], these results stress the oncological prognostic benefit
with a resection of localized pancreatic cancer even for patients with advanced age. In our center,
neoadjuvant or induction therapy is only performed within clinical trials and is mostly restricted to
borderline resectable or locally advanced tumors. Thus, most likely due to selection bias, the older
patients of our cohort are underrepresented in the neoadjuvant category, given the higher likelihood of
recommendation of a palliative therapeutic approach for older persons in a locally advanced disease
setting. Confirming this notion, limited survival benefit of a surgical approach for borderline and
locally advanced pancreatic cancer in patients ≥80 years of age has been reported by others [25].

4.3. Outlook

Due to its retrospective single-center character, this study has several shortcomings. It is prone to
institutional bias and as for most of the previously reported studies covering this topic, generalizability
is limited. Data and analyses regarding subjective quality of life and maintained self-reliance or
dependence on nursing homes after resection are lacking. Yet, while there is general consensus
that biological age and not chronological age is to be considered when counseling older patients
towards a decision for or against pancreatic surgery [26], it is equally obvious that older patients are
more likely to have significant comorbidity and present with frailty [27,28]. Despite the increasing
incidence of pancreatic malignancy in older patients, they are heavily underrepresented in clinical trials.
Thus, management of an obviously more vulnerable group of patients is extrapolated from results
of prospective studies performed in younger patients [26] and depends on physicians’ individually
tailored recommendations or surgeons’ personal clinical judgment. More robust evidence is therefore
desirable and should be aimed for in (specific) prospective trials including older individuals. As an
example, performing a structured and validated geriatric assessment preoperatively has already been
shown to be able to increase the successful identification of older patients at high risk for complications
after PD [8] and thus may support the surgical recommendation and decision process.

5. Conclusions

Given the here-presented findings of equal rates of postoperative complications, morbidity and
mortality, together with a similar survival benefit for pancreatic cancer patients ≥70 years or ≥80 years
of age and younger individuals, pancreatic resection is reasonable in carefully selected older patients.
The results reassure us with respect to our preoperative clinical judgment regarding patient selection.
Future surgical and oncological randomized trials should decidedly include older subjects to generate
more robust evidence to further optimize treatment recommendation and choice.
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