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older than 80 years). This study aimed to understand the impact of age on patients undergoing a pancreaticodu-
odenectomy, focusing on postoperative outcomes and return to intended oncologic treatment.
Materials and Methods: We conducted a single-institution retrospective cohort study for patients undergoing
pancreaticoduodenectomy from 2007 to 2018. Collected data included demographics, preoperative comorbidi-
ties, and postoperative data (length of stay, 30-day mortality, 1-year mortality, infection, discharge location).
Data were separated into 2 cohorts: octogenarians (>80 years) and nonoctogenarians (<80). y? and indepen-
dent-sample ¢ tests were used for analysis.
Results: A total of 649 patients underwent pancreaticoduodenectomy from 2007 to 2018; 63 (9.7%) were octoge-
narians. No differences were found in infectious complications (P = .607), 30-day mortality (P = .363), or 1-year
mortality (P = .895). Octogenarians had a longer length of stay (P = .003) and were more likely to be discharged
to skilled nursing facilities (P < .001). There was no significant difference in neoadjuvant chemotherapy admin-
istration, although octogenarians were less likely to receive adjuvant chemotherapy (P = .048) and declined ad-
juvant therapy at a higher rate (P = .003).
Conclusion: Performing a pancreaticoduodenectomy in octogenarians can be safe and effective in a properly se-
lected cohort. Although postoperative morbidity and mortality are similar to younger patients, elderly patients
are more likely to be discharged to nursing facilities and less likely to receive adjuvant chemotherapy. This
study suggests that age alone should not be a discriminating factor when discussing surgical therapy for pancre-
atic cancer treatment in octogenarians.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Pancreatic adenocarcinoma is the fourth leading cause of cancer
death in the United States, with 45,050 deaths estimated in 2020 and
a 5-year relative survival rate of 10% [1]. Inclusion of pancreaticoduode-
nectomy (PD) is the standard of care for pancreatic head and
periampullary malignancies when feasible and confers the highest
chance of curative treatment [2]. Advanced age is a well-known risk fac-
tor for pancreatic cancer [3,4]. Given that the elderly population in the
United States is expanding, determining if this population can safely

undergo pancreatic surgery is of particular clinical relevance, and the
ability to deliver appropriate and safe perioperative care is critical [5,6].

Generally speaking, patients older than 80 years (octogenarians)
have more comorbidities and present higher operative risks when com-
pared to younger patients [2]. It has been reported that octogenarians
may also have more postoperative complications, longer length of stay
(LOS), higher morbidity and mortality, and increased likelihood of dis-
charge to skilled nursing facilities (SNF) or rehabilitation centers
[2,3,7-9]. In contrast, several other studies have shown similar postop-
erative outcomes when comparing patients by age, resulting in some
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ambiguity [6,10]. Studies have also shown that elderly patients with
pancreatic adenocarcinoma are less likely to receive adjuvant chemo-
therapy, which negatively impacts overall survival [11].

The aim of this study was to evaluate if age alone impacts postoper-
ative outcomes in octogenarians who have undergone a PD at Loyola
University Medical Center (LUMC) from 2007 to 2018. In addition, we
aimed to determine the effect of age on administration of systemic che-
motherapy in those patients with pancreatic adenocarcinoma. The goal
of this study was to understand what factors should be considered
when evaluating octogenarian patients for pancreatic surgery.

MATERIALS AND METHODS

We conducted an Institutional Review Board-approved retrospec-
tive review of patients who underwent a PD at LUMC from 2007 to
2018. Data were collected and managed using Research Electronic
Data Capture (REDCap) tools hosted at LUMC [12,13]. REDCap is a se-
cure, Web-based software platform designed to support data capture
for research studies.

PD was generally performed in a standard fashion by 4 different sur-
geons at the medical center. An antrectomy was performed in most
cases. A standard lymphadenectomy was performed in all cases, and if
the portal vein or superior mesenteric vein was involved, a vein resec-
tion was performed with appropriate reconstruction using either pri-
mary repair or autologous graft. Generally, anastomotic stents were
not used. Closed-suction drains were routinely placed in close proximity
to the anastomoses.

Collected data included patient demographics (age, sex), preoperative
comorbidities (hypertension, hyperlipidemia, history of smoking, and di-
abetes mellitus), and body mass index. Postoperative data included LOS,
30-day mortality, 1-year mortality, postoperative infection, and discharge
location (home, home health, or SNF). Home and home health discharge
locations were also analyzed in the grouped category "total home."

Demographic information and preoperative and postoperative vari-
ables were compared between octogenarians and nonoctogenarians.
Differences were evaluated using j? for categorical variables and inde-
pendent-sample t tests and Wilcoxon rank-sum tests for continuous
variables, respectively.

Primary end points were LOS, 30-day mortality, 1-year mortality, in-
fections, and discharge location (home, home health, or SNF).

RESULTS

A total of 649 patients underwent PD at Loyola University Medical
Center from 2007 to 2018. There were 63 patients (9.7%) in the octoge-
narian group (>80 years of age) and 586 patients (90.3%) in the
nonoctogenarian group (<80 years old). The demographic and preopera-
tive data of the two groups are compared in Table 1. Octogenarians were
more likely to have comorbid atrial fibrillation (14.3% vs 6.0%, P = .013),
coronary artery disease (22.2% vs 10.8%, P = .008), hyperlipidemia (41.3%
vs 21.6%, P = .011), and hypothyroidism (15.3% vs 6.0%, P = .003) com-
pared to nonoctogenarians.

The postoperative outcomes in the octogenarian group compared to
the nonoctogenarian group are shown in Table 2. There was a significant
difference between nonoctogenarians and octogenarians in median LOS
(8 vs 9 days, P = .003). There were no significant differences in 30-day
mortality (2.7% vs 4.7%, P = .363) and 1-year mortality (21.5% vs 22.2%,
P = .895). Upon discharge from the hospital, nonoctogenarian patients
were more likely to be discharged home with or without home health
care (84.1% vs 55.6%, P <.001) and less likely to be discharged to skilled
nursing facilities (9.4% vs 31.7%, P < .001) compared to octogenarians.

Postoperatively, there were no differences between rates of overall
infection (24.1% vs 27.0%, P = .607) or superficial versus deep infections
(P= 222).

When pathologies were compared between groups, the octogenar-
ian group was found to have significantly higher rates of ampullary
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adenocarcinoma (15.9% vs 8.0%, P = .036) and significantly lower
rates of chronic pancreatitis (0.0% vs 6.0%, P = .046). Other pathologies
were similar.

Systemic chemotherapy has been shown to prolong survival in
patients with pancreatic cancer. Table 3 shows that there was a trend to-
ward fewer octogenarians with pancreatic cancer receiving chemother-
apy in either the neoadjuvant or adjuvant setting compared to their
younger counterparts, although this did not reach statistical significance
(50% vs 68%, P = .08). When the timing of chemotherapy was analyzed
between groups, several differences were observed. There was no differ-
ence between octogenarians and nonoctogenarians in receipt of neoadju-
vant chemotherapy (15% vs 18%, P = .718), although there was a
significant difference between octogenarians and nonoctogenarians in re-
ceipt of adjuvant chemotherapy (39% vs 59%, P = .048). A significantly
higher percentage of octogenarians refused adjuvant chemotherapy com-
pared to younger patients (15% vs 2%, P < .01). None of the octogenarians
received fluorouracil (5-FU)-based chemotherapy (FOLFIRINOX or
FOLFOX) pre- or postoperatively compared to 17% of younger patients.

DISCUSSION

Despite significant improvements in the perioperative care for PD
patients, PD remains a morbid operation even for young, healthy pa-
tients. However, the operative risk must still be considered because it
confers the highest rates of long-term survival in patients with
periampullary and pancreatic head malignancies. Given the aging pop-
ulation and the associated increased incidence of malignancy with
age, pancreatic adenocarcinoma and periampullary malignancies are in-
creasingly identified in the older patient population, including octoge-
narians. There have been multiple population-based studies using
representative national databases, as well as single-institution series ex-
amining outcomes of octogenarians undergoing PD with varying results.
As one of the largest, single-institution studies, we aimed to evaluate
single-institution data with a relatively high number of octogenarians
compared to past studies to evaluate the safety of PD in this at-risk pop-
ulation. We found that while octogenarians had increased comorbidities
and LOS compared to younger patients, they had similar infectious com-
plications and mortality rates. Octogenarians were discharged to reha-
bilitation institutions more frequently and were less likely to receive
adjuvant systemic chemotherapy.

There is conflicting evidence regarding early and long-term out-
comes of octogenarians undergoing PD. Sperti et al reviewed multi-
ple studies that included all types of pancreatic resections and
found overall morbidity and mortality rates of 35% and 13%, respec-
tively. The overall LOS was 18 days [2]. Melis et al reviewed 6 studies
that included PD in octogenarians. They found mixed results, with
most studies demonstrating similar morbidity and mortality rates
between younger and older patients, although the largest study did
demonstrate a difference between the age groups. In addition to
the variability between reported differences in age groups, there is
a wide range in overall morbidity and mortality rates. The mortality
rates of octogenarians in examined series range from 0% to 13% [9]. In
addition, a single-institution multivariate analysis by Huang et al
concluded that age alone was not proven to be a prognostic factor
on morbidity or mortality [14]. Our octogenarian data, which were
similar to those of Liang et al, demonstrated an infectious complica-
tion rate of 27%, median LOS of 9.0 days, and 30-day mortality rate of
4.7%, with no significant differences between octogenarians and
nonoctogenarians in infectious complications or mortality [15].
There were significant differences between the 2 age groups in co-
morbidities, LOS, and discharge disposition, with a greater percent-
age of octogenarians being discharged to rehabilitation facilities
and a greater percentage of nonoctogenarians being discharged to
home. Data demonstrating when octogenarians were discharged
home from rehabilitation facilities were unfortunately not
available for analysis. When examining LOS, 30-day mortality, and



S.E. Kisch, E.R. Nussbaum, M.A. Varsanik et al.

complications in octogenarians, our results align with the low end of
the published ranges.

In contrast to the similarities in postoperative outcomes between oc-
togenarians and younger patients, there were differences between the 2
groups in the likelihood of receiving systemic chemotherapy
[16-19]. Systemic chemotherapy has been shown to improve sur-
vival in pancreatic cancer, and this study showed that significantly
fewer octogenarians received adjuvant chemotherapy compared to
younger patients. In addition, none of the patients older than 80 years re-
ceived 5-FU-based regimens (FOLFOX or FOLFIRINOX), which tend to be
more difficult chemotherapy regimens to tolerate compared to
gemcitabine-based therapies. A SEER study of Medicare patients (older
than 65 years) undergoing upfront PD for pancreatic adenocarcinoma
demonstrated that only 35% of patients went on to initiate any adjuvant
chemotherapy and only 7% completed it [11]. Of the octogenarians in
the study, 27% received chemotherapy of any kind/duration. Similarly,
Hue et al conducted a National Cancer Database study on patients with
pancreatic adenocarcinoma and found that 42.2% of octogenarians re-
ceived adjuvant therapy. The median survival of octogenarians with PD
alone was 12 months, but in patients with PD and chemotherapy, the sur-
vival was increased to more than 20 months [20]. This is important given
the recommendation that all patients with pancreatic cancer should re-
ceive systemic chemotherapy if able because it has been shown to pro-
long survival.

Our data demonstrated that 39% of octogenarians received adju-
vant chemotherapy, which suggests that octogenarians were unable
to recover at the same rate as younger patients after PD. An addi-
tional factor is the rate of patients declining recommended chemo-
therapy. We found a significantly higher rate of octogenarian
patients refusing adjuvant chemotherapy compared to younger pa-
tients, 15% vs 2%, respectively. This raises an important question of
chemotherapy sequence in pancreatic cancer, specifically in the el-
derly population. If an elderly patient is willing and able to tolerate
chemotherapy, perhaps administering it in the preoperative setting
would be advantageous knowing that they are less likely to receive
it postoperatively compared to younger patients. The use of neoadju-
vant chemotherapy in resectable pancreatic cancer is currently not
standard of care, although it is currently being evaluated in random-
ized trials. The results of these trials will further elucidate the topic
and may be extrapolated to octogenarians.

Given that several large series of octogenarians undergoing PD,
including this study, have demonstrated similar morbidity and mor-
tality compared to younger patients, this suggests that age alone
does not dictate postoperative outcomes and survival. Multiple stud-
ies have recently investigated the concept of frailty, defined as a
"multidimensional syndrome of loss of reserves (energy, physical
ability, cognition, health) that gives rise to vulnerability” [21]. Most
studies investigating frailty and surgical outcomes after pancreatic
surgery have used a "modified frailty index" or mFI, which can be cal-
culated using retrospective databases [22-24]. This index is calcu-
lated using factors including history of diabetes, myocardial
infarction, hypertension, functional status, and congestive heart fail-
ure, among others. Most of these studies have used large national da-
tabases. Studies have found that the mFI was more predictive of
postoperative morbidity and mortality than age alone [22,23]. In fu-
ture studies, we aim to investigate frailty in octogenarians and its re-
lationship to postoperative outcomes and receipt of chemotherapy.
This could have practical implications including the development
of additional frailty indices to enable a more sophisticated risk strat-
ification for elderly patients.

There are several limitations in the study. As with any retrospective
study, it is subject to bias. Despite being one of the largest single-
institution cohorts of octogenarians, the overall cohort size remains rela-
tively low, and the actual true denominator of potential patients that were
not offered surgery limit further insights. Due to the retrospective nature,
variables such as detailed functional status and activities of daily living,
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home support, and attitudes about health were unable to be analyzed.
In addition, this study focused on the immediate postoperative period
and did not consider the extended postoperative period or quality of life
scores which can certainly have significant impacts on outcomes, particu-
larly in the elderly population. Finally, long-term follow-up to accurately
determine survival differences was unfortunately unable to be obtained,
which would have been an asset to the study.

In conclusion, PD can be safely performed in octogenarians that are
properly selected. Postoperative morbidity and mortality are similar to
those of younger patients, although elderly patients are more likely to
be discharged to nursing facilities and less likely to receive adjuvant
chemotherapy. Age alone should not be a discriminating factor in surgi-
cal planning. Further research is needed to determine additional factors
to risk-stratify patients for surgery and potential interventions to de-
crease perioperative risk.

Table 1
Demographic and comorbid conditions in octogenarians versus nonoctogenarians who
underwent PD

Nonoctogenarian Octogenarian

Variable (n =586) (n =63) P value

Age, mean 83.2 61.0

Male sex, % 514 50.8 931

Body mass index, mean (SD) 26.8 (5.6) 25.5(2.8) .084

Comorbidities, %
Atrial fibrillation 6.0 143 .013*
Coronary artery disease 10.8 222 .008*
Congestive heart failure 34 6.3 241
Colon cancer history 29 6.4 142
COPD 39 4.8 748
Cerebrovascular accident 3.8 7.9 114
Diabetes mellitus 29.2 349 343
Deep venous thrombosis 338 4.8 .693
Family history of cancer 16.0 222 211
Gastroesophageal reflux 10.9 11.1 963
Hyperlipidemia 26.1 413 .011*
Hypertension 54.4 66.7 .063
Hypothyroidism 6.0 15.3 .003*
History of pulmonary embolism 2.6 1.6 .636
Smoker/previous smoker 445 38.1 327

COPD, chronic obstructive pulmonary disease.
* Statistically significant.

Table 2
Postoperative outcomes in octogenarians vs nonoctogenarians who underwent PD

Nonoctogenarian Octogenarian
Variable (n =586) (n =63) P value
LOS, median (IQR) 8 (4) 9(6) .003*
30-d mortality, % 2.7 4.7 363
1-y mortality, % 215 222 .895
Discharge location, %
Home and home health 84.1 55.6 <.001*
Skilled nursing facility 9.4 31.7 <.001*
Overall infection, % 241 27.0 .607
Infectious organisms, %
S. aureus 2.0 6.4 .036*
Infection location, % 222
Intra-abdominal abscess 12.6 7.9
Superficial skin 1.0 1.6
Other 7.8 15.9
Pathology, %
Ampullary adenocarcinoma 8.0 15.9 .036*
Cholangiocarcinoma 3.1 32 964
Chronic pancreatitis 6.0 0.0 .046*
Pancreatic adenocarcinoma 32.1 413 .140
Benign mass 49 32 457
Other 17.9 11.1 174

IQR, interquartile range.
* Statistically significant.
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Table 3
Systemic therapy in octogenarians versus nonoctogenarians pancreatic adenocarcinoma
patients who underwent PD

Nonoctogenarian Octogenarian
Variable (n =186) (n =26) P value
Systemic therapy, % 68.3 50.0 .075
Neoadjuvant therapy, %
None 48.4 84.6 <.001*
Declined 0 0
Radiation 44 11.5 126
Gemcitabine 38 338 996
FOLFIRINOX 104 0 .085
Other 5.5 154 144
Adjuvant therapy, %
First line
None 41.0 61.5 .048*
Declined 1.6 15.4 <.001*
Radiation 115 15.4 565
Gemcitabine 50.3 7.7 <.001*
FOLFIRINOX 1.6 0 510
Other 9.3 7.7 791
Second line
None 71.6 96.1 .007+
Declined 0.5 3.8 .106
Radiation 15.9 0.0 .029*
Gemcitabine 5.5 0.0 222
FOLFIRINOX 38 0.0 310
Non-gemcitabine 7.6 0.0 144

* Statistically significant.
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