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Abstract

Background: The aim of this study was to determine pancreatic surgery specific short- and long-term

complications of pediatric, adolescent and young adult (PAYA) patients who underwent pancreatic

resection, as compared to a comparator cohort of adults.

Methods: A nationwide retrospective cohort study was performed in PAYA patients who underwent

pancreatic resection between 2007 and 2016. PAYA was defined as all patients <40 years at time of

surgery. Pancreatic surgery-specific complications were assessed according to international definitions

and textbook outcome was determined.

Results: A total of 230 patients were included in the PAYA cohort (112 distal pancreatectomies, 99

pancreatoduodenectomies), and 2526 patients in the comparator cohort. For pancreatoduodenectomy,

severe morbidity (29.3% vs. 28.6%; P = 0.881), in-hospital mortality (1% vs. 4%; P = 0.179) and textbook

outcome (62% vs. 58%; P = 0.572) were comparable between the PAYA and the comparator cohort.

These outcomes were also similar for distal pancreatectomy. After pancreatoduodenectomy, new-onset

diabetes mellitus (8% vs. 16%) and exocrine pancreatic insufficiency (27% vs. 73%) were lower in the

PAYA cohort when compared to adult literature.

Conclusion: Pancreatic surgery-specific complications were comparable with patients �40 years.

Development of endocrine and exocrine insufficiency in PAYA patients who underwent pancreatoduo-

denectomy, however, was substantially lower compared to adult literature.
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Introduction

Pancreatic resection in the pediatric, adolescent and young adult
(PAYA) population is uncommon. Consequently, data on well-
defined postoperative outcomes for this group, including post-
operative pancreatic fistula, delayed gastric emptying and bile
leakage, are scarce.1 Pancreatic resection may also result in long-
term endocrine and exocrine pancreatic insufficiency and data
on these outcomes in the PAYA population are also limited.2,3

Currently, only several small retrospective case series were
published on surgical outcomes and complications of pancreatic
resection such as pancreatoduodenectomy in the PAYA popula-
tion.4,5,14,6–13 Furthermore, complications and surgical out-
comes in these studies were not defined and scored according to
the International Study Group of Pancreatic Surgery (ISGPS) and
International Study Group of Liver Surgery (ISGLS).15–18

Comparing results of previous research in PAYA patients with
current outcomes is therefore challenging.
The aim of the PAPAYA (pancreatic resection in the PAYA

population) study was to determine indications for surgery,
pancreatic surgery-specific complications, as well as the devel-
opment of pancreatic endocrine and exocrine insufficiency
following pancreatic resection in PAYA patients in a nationwide
cohort, compared to a contemporary comparator cohort of pa-
tients �40 years.
Methods

Study design
The nationwide, retrospective, multicenter cohort PAPAYA study
was performed in PAYA patients who underwent pancreatic
resection between January 1st 2007 and December 31st 2016 in
one of the Dutch Pancreatic Cancer Group (DPCG) with at least
five PAYA patients (n = 13 centers). The PAYA cohort was
compared to a prospective cohort of control patients �40 years
who underwent pancreatic resection between January 1st 2014
and December 31st 2016, derived from the Dutch Pancreatic
Cancer Audit. The Dutch Pancreatic Cancer Audit includes all
DPCG hospitals, each performing a minimum of 20 pancrea-
toduodenectomies annually.19 Pancreatic resection included all
types of resections (pancreatoduodenectomy, distal pancreatec-
tomy, total pancreatectomy and pancreatic enucleation). Patients
were excluded if essential data on the surgical procedure or
outcomes were lacking. STROBE guidelines were adhered to von
Elm et al.20 The study protocol was approved by our center’s
institutional review board (METc 201700408), which granted a
waiver of patient informed consent requirements.

Definitions short-term outcomes
PAYA was defined as all patients aged under 40 years at time of
surgery. This is based on previous studies including pediatric,
adolescent and young adult patients as a group.21 All complica-
tions were defined and scored using the ISGPS definitions.15–17
HPB 2021, 23, 1175–1184 © 2021 The Authors. Published by Elsevier Ltd on b
access
Leakage of the hepaticojejunostomy was scored using the
ISGLS definition.18 Complications were graded according to
Clavien-Dindo grading system for surgical complications.22

Complications with a Clavien-Dindo grade of III or higher
were defined as major complications. Using the Clavien-Dindo
classification the comprehensive classification index (CCI) was
calculated for each patient.23 Patients who were readmitted
within 30 days after hospital discharge were recorded. Death
during hospitalization was designated as mortality. Textbook
outcome was defined as the absence of postoperative pancreatic
fistula (POPF), bile leak, post-pancreatectomy hemorrhage (all
grade B/C according to ISGPS or ISGLS), severe complications
(Clavien-Dindo grade III or higher), readmission within 30 days
after discharge, and in-hospital mortality.24

Definitions long-term outcomes
Pancreatic exocrine insufficiency was defined as still being on
pancreatic enzyme replacement therapy after one year post-
operatively.25 New-onset diabetes after surgery was defined as the
presence of any disruption of glucose hemostasis requiring new
anti-hyperglycemic medication (oral hypoglycemic or insulin)
upon medication review after discharge.26

Data collection
All participating centers were visited and the required data was
collected from (digital) patient records and patient charts with
daily notes. Records were screened for PAYA patients who had
undergone pancreatic resection. Baseline parameters, intra-
operative parameters, pathology parameters, postoperative
complication, hospitalization parameters and follow-up data
were recorded of PAYA patients who had undergone pancreatic
resection.

Statistical analysis
Statistical analyses were performed using SPSS statistics for
Windows version 23.0 (SPSS Inc., Chicago, IL, USA). Dichoto-
mous data were presented as proportions. Continuous data were
presented as mean and standard deviation (SD) or median and
interquartile range (IQR). Categorical variables were compared
using the Fisher exact test or the Chi-square test. Continuous
variables were compared using the Mann–Whitney U test or the
Student’s t-test. A two-tailed P < 0.05 was considered statistically
significant.
Results

Patient characteristics
The PAYA cohort comprised of 230 patients. 112 PAYA patients
(49%) underwent distal pancreatectomy and 99 patients (43%)
underwent pancreatoduodenectomy. Other surgical proced-
ures included seven (3%) total pancreatectomies and 11 (5%)
enucleations. Within the PAYA cohort, 18 patients (8%) were
�18 years. In this subcohort, 12 patients underwent distal
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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pancreatectomy, five pancreatoduodenectomy and one patient
an enucleation of a neuro-endocrine tumor (Fig. 1).
The comparator cohort initially comprised of 2586 patients, of

which 60 patients were excluded from analysis because essential
data on the surgical procedure or outcomes were lacking. Out of
2526 patients, 1969 (78%) underwent pancreatoduodenectomy
and 469 patients (19%) underwent distal pancreatectomy. Other
surgical procedures included 72 (3%) total pancreatectomies,
and 16 enucleations (1%) (Fig. 1).
The PAYA and comparator cohorts had several differences in

baseline characteristics. The PAYA cohort had a female pre-
dominance (62% vs 45%; P < 0.001) and American Society of
Anesthesiologists (ASA) scores were substantially lower
(P < 0.001). More than one fifth of all patients in the comparator
cohort had preoperative diabetes mellitus compared to only four
percent in the PAYA cohort (P < 0.001). Most patients in the
PAYA cohort underwent distal pancreatectomy (49%) while most
patients in the comparator cohort underwent pancreatoduode-
nectomy (77%; P < 0.001) (Table 1).

Pathology
The pathological characteristics are summarized in Fig. 2. More
patients in the comparator cohort (76%) underwent pancreatic
resection because of malignant disease, as compared with PAYA
patients (51%) (P < 0.001). In contrast to the comparator
cohort, adenocarcinoma (pancreatic ductal adenocarcinoma,
duodenal carcinoma, distal cholangiocarcinoma, and ampullary
adenocarcinoma) were less prevalent in the PAYA population
(15% vs. 66%; P < 0.001). Most PAYA patients underwent
pancreatic resection because of neuro-endocrine tumors (26%),
as compared to 8% in the comparator cohort. Solid pseudopa-
pillary neoplasms (SPN) were common in the PAYA population
(12.5%), especially in the subgroup <18 years (44%) but rare in
Figure 1 Flowchart of the surgical procedures in the PAYA and comp

pediatric patients and for adolescent and young adult patients. *Other p

createctomies. Other patients in the comparator cohort include 16 enuc
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the comparator cohort (0.3%). In the PAYA cohort, 44 patients
were classified as “other”, which included gastrointestinal stroma
cell tumor (n = 5), pseudocyst (n = 9), sarcoma (n = 4),
neuroendocrine carcinoma (n = 1), pancreatoblastoma (n = 1),
pancreatic acinar cell carcinoma (n = 1), colorectal adenocarci-
noma (n = 3), nephroblastoma (n = 1), perihilar chol-
angiocarcinoma (n = 1), gastric signit ring cell carcinoma
(n = 2), chronic inflammation or stenosis distal bile duct (n = 8),
teratoma (n = 1), lymphangioma (n = 1), neurofibroma (n = 1),
intrapancreatic accessory spleen (n = 1), metastasis of cervical
cancer (n = 1), duodenal hamartomatous polyps (n = 2), and
unclassifiable periampullary adenocarcinoma (n = 1).

Outcomes after pancreatoduodenectomy
The median age of PAYA patients who underwent pancreato-
duodenectomy was 34 (IQR 28–37) years. Compared to the
comparator cohort, the incidence of preoperative diabetes
mellitus (6% vs 22%, P < 0.001) and ASA scores (P < 0.001) were
lower in the PAYA cohort. Pancreatic surgery-specific compli-
cations after pancreatoduodenectomy of the PAYA cohort were
similar to the comparator cohort. Only delayed gastric emptying
(DGE) occurred more often in the PAYA cohort (P = 0.002)
(Fig. 3). There was no difference in in-hospital mortality (1% vs.
3.9%, P = 0.179). Textbook outcome in the PAYA cohort (62%)
was comparable to the comparator cohort (58%) (P = 0.572). In
eight PAYA patients (8%) new onset diabetes mellitus occurred
after pancreatoduodenectomy and 27 (27%) patients developed
exocrine pancreatic insufficiency. These data were not available
for the comparator cohort (Table 2).

Outcomes after distal pancreatectomy
The median age of PAYA patients who underwent distal
pancreatectomy was 31 (IQR 22–36). In this cohort, there was a
arator cohorts. Within the PAYA cohort a subdivision was made for

atients in the PAYA cohort include 11 enucleations and 7 total pan-

leations and 72 total pancreatectomies

ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/licenses/by/4.0/


Table 1 Clinical characteristics of the PAYA and comparator cohorts

Characteristic Total cohort PAYA cohort (<40 years)

PAYA (n [ 230) Comparator
(n [ 2526)

P £18 years
(n [ 18)

>18 years
(n [ 212)

P

Age at surgery (years), median (IQR) 32 (25–37) 68 (59–74) <0.001 13 (9–14) 33 (27–37) <0.001

Sex: females, n (%) 143 (62.2) 1168 (46.2) <0.001 13 (72.2) 130 (61.3) 0.453

ASA fitness grade, n (%) <0.001 0.740

Class I 100 (43.5) 393 (15.6) 8 (44.4) 92 (43.4)

Class II 109 (47.4) 1583 (62.7) 5 (27.8) 104 (49.1)

Class III 12 (5.2) 549 (21.7) 1 (5.6) 11 (5.2)

Class IV 01 (0.4) 10 (0.4) 0 (0.0) 1 (0.4)

missing 08 (3.5) 51 (2.0) 4 (22.2) 4 (1.9)

BMI (kg/m2), median (IQR) 24 (21–27) 25 (23–28) 0.005 20 (17–22) 24 (22–28) <0.001

Preoperative diabetes mellitus
(type 1 and 2), n (%)

9 (3.9) 540 (21.4) <0.001 0 (0.0) 9 (4.2) 1.000

missing 586 (23.2)

Use of somatostatin analogue, n (%) 134 (58.4) 1520 (60.2) 0.522 7 (38.9) 127 (59.9) 0.070

missing 3 (1.3) 108 (4.3) 3 (1.4)

Neoadjuvant therapy, n (%) 4 (1.7) 90 (3.6) 0.001 0 (0.0) 4 (1.9) 1.000

missing 4 (1.7) 1 (5.6) 3 (1.4)

Malignant disease, n (%) 117 (50.9) 1957 (75.7) <0.001 7 (38.9) 110 (51.9) 0.290

Type of resection, n (%) <0.001 0.449

Pancreatoduodenectomy 99 (43.0) 1969 (77.9) 5 (27.8) 94 (44.3)

Distal pancreatectomy 112 (48.7) 469 (18.6) 12 (66.7) 100 (47.2)

Total pancreatectomy 7 (3.0) 72 (2.9) 0 (0.0) 7 (3.3)

Enucleation 11 (4.8) 16 (0.6) 1 (5.6) 10 (4.7)

Other 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.5)

Data are given in numbers with percentages (%) or medians with interquartile ranges (IQR). For comparison between two groups Mann–Whitney U
test were used for continuous variables and for binary variables Chi squared test or Fisher’s exact test were used as appropriate. Abbreviations: ASA,
American society of anesthesiologists; BMI, body mass index. Bold value indicates statistical significance.
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predominance of females (77%). Compared to the comparator
cohort, the incidence of preoperative diabetes mellitus (3% vs.
17%, P < 0.001) and ASA scores (P < 0.001) were lower in the
PAYA cohort. Pancreatic surgery-specific complications after
distal pancreatectomy between the PAYA cohort and comparator
cohort were similar (Fig. 3). There was also no statistically sig-
nificant difference in in-hospital mortality (0% vs. 1.7%,
(P = 0.179)). Textbook outcome in the PAYA cohort (75%) was
comparable to the comparator cohort (67%) (P = 0.102). In 17
PAYA patients (15%), new onset diabetes mellitus occurred after
surgery and 18 (16%) patients developed exocrine pancreatic
insufficiency (Table 3, Fig. 3).

Outcomes £18 years vs. 18–40 years
In the PAYA cohort, patients older than 18 years (n = 94) had
similar clinical characteristics as patients of 18 years and
younger (n = 5) who underwent pancreatoduodenectomy.
Only the median BMI differed between both groups (19 vs
HPB 2021, 23, 1175–1184 © 2021 The Authors. Published by Elsevier Ltd on b
access
24 kg/m2; P = 0.010). Postoperative pancreatic surgery-
specific complications after pancreatoduodenectomy were
comparable with the exception of bile leakage. Bile leakage
occurred in patients (40%) of 18 years or younger compared
to three (3%) patients older than 18 years (P = 0.019)
(Table 2, Fig. 3).
In patients who underwent distal pancreatectomy, patients

older than 18 years (n = 100) had higher ASA scores (P = 0.011),
as compared with patients of 18 years and younger (n = 12). The
median BMI differed between both groups (20 vs 24 kg/m2;
P < 0.001). Pancreatic surgery-specific complications after distal
pancreatectomy were comparable (Table 3, Fig. 3).
Discussion

In this nationwide observational cohort study we demonstrated
that pancreatic resection in PAYA patients is associated with
comparable postoperative morbidity and mortality as in patients
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Figure 2 Histopathology after pancreatic resection a) the PAYA cohort compared to the comparator cohort. b) all PAYA patients �18 years

compared to all PAYA patients >18 years. c) All PAYA patients and all patients �40 years who underwent pancreatoduodenectomy. d) all PAYA

pat �18 years compared to all PAYA patients >18 years who underwent pancreatoduodenectomy. e) All PAYA patients and all patients �40

years who underwent distal pancreatectomy. f) all PAYA patients �18 years compared to all PAYA patients >18 years who underwent distal

pancreatectomy. Abbreviations: NET, neuro endocrine tumor; PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal pancreatic

mucinous neoplasm
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�40 years. Development of endocrine and exocrine insufficiency
in PAYA patients, however, was substantially lower as compared
with the adult literature.
Most previously published reports that described surgical

outcomes and complications of pancreatic resection in PAYA
patients were small, retrospective case series.4,5,14,6–13 Because of
the lack of published data on surgical outcomes in PAYA patients,
it is challenging to properly discuss the risks and benefits of a
pancreatic resection with patients and their caregivers. This is the
first nationwide multicenter series of PAYA patients with
HPB 2021, 23, 1175–1184 © 2021 The Authors. Published by Elsevier Ltd on b
access
pancreatic surgery-specific complications defined and scored
using the Clavien-Dindo grading system,22 ISGPS and ISGLS
definitions, and Textbook Outcome.15–17

One of the aims of this study was to describe the indications of
pancreatic resection in PAYA patients. Pancreatic ductal adeno-
carcinoma and distal cholangiocarcinoma were uncommon in
the adolescent and young adult population and absent in pedi-
atric patients. However, in the comparator cohort this was the
most common indication for both pancreatoduodenectomy and
distal pancreatectomy. A previous study which sought to define
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Figure 3 Postoperative complications, readmission rates and textbook outcome a) All PAYA patients and all patients �40 years who underwent

pancreatoduodenectomy. b) All PAYA patients and all patients �40 years whounderwent distal pancreatectomy. c) All PAYA patients �18 years

compared to all PAYA patients >18 years who underwent pancreatoduodenectomy. d) All PAYA patients �18 years compared to all PAYA

patients >18 years who underwent distal pancreatectomy. *significant. Abbreviations: CD, Clavien Dindo; DGE, delayed gastric emptying; BL,

bile leakage; POPF, postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage. TO; textbook outcome
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incidence trends for pediatric patients with pancreatic cancer
based on the Surveillance, Epidemiology, and End Results reg-
istry identified only seven patients with ductal adenocarcinoma
and four patients with acinar cell carcinoma between 1973 and
2004, which reflects the rarity of pancreatic neoplasms in this
population.28 SPN, pancreatitis and pancreatic neuro-endocrine
tumors were relatively common in the PAYA population, espe-
cially in the subgroup <18 years. These results are comparable to
previous findings in the literature.14,27–29

Our findings support previously published data on the safety
of pancreatic resection in PAYA patients. Several small case series
reported 0% 30-day mortality in pediatric patients who under-
went pancreatoduodenectomy, which is in accordance with our
results.4,5,7–10,14 In the PAYA cohort, in-hospital mortality after
pancreatoduodenectomy and distal pancreatectomy was not
significantly different compared to the comparator cohort.
During childhood, the volume of the pancreas increases and
declines after the age of 40. This decline involves the pancreatic
parenchyma and is associated with an increase in fibrosis and
atrophy. Therefore, it is assumed that younger patients have a less
fibrotic pancreas compared to adults although we did not see
increased rates of clinically relevant POPF in the PAYA popula-
tion. However, we did observe more delayed gastric emptying in
PAYA patients who underwent pancreatoduodenectomy
compared patients over 40 years of age. It is unclear what caused
this difference. Other pancreatic surgery specific complications,
complications requiring reintervention and length of hospital
HPB 2021, 23, 1175–1184 © 2021 The Authors. Published by Elsevier Ltd on b
access
stay were comparable to the comparator cohort for both
pancreatoduodenectomy and distal pancreatectomy.
Recently, a novel consensus-based definition of textbook

outcome in pancreatic surgery was proposed. Textbook outcome
is a composite outcome which attempts to cover the entire sur-
gical process in a single indicator.24 In the current study, text-
book outcome was not significantly different between the
comparator cohort and PAYA patients and between pediatric and
adolescent and young adult patients. This finding further sup-
ports that pancreatic resection is safe in PAYA patients and
outcomes are comparable to patients �40 years.
One of the long-term concerns after pancreatic resection is the

occurrence of pancreatic endocrine or exocrine insufficiency.
Steatorrhea, diabetes mellitus, and altered bowel function
negatively influence quality of life.28 This is especially a concern
in the PAYA population since lifelong management and treat-
ment of pancreatic endocrine and exocrine insufficiency is
currently necessary. In our PAYA cohort, 8% of patients devel-
oped new onset diabetes mellitus after pancreatoduodenectomy
and 27% of patients developed pancreatic insufficiency and used
pancreatic enzyme replacement therapy the year after surgery. A
systematic review and meta-analysis on new-onset diabetes after
pancreatoduodenectomy found that the mean weighted overall
proportion of new-onset diabetes mellitus after pancreatoduo-
denectomy was 16% (95% confidence interval, 12%–20%).30

Reported rates on exocrine pancreatic insufficiency after
pancreatoduodenectomy are also higher in the adult population.
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 2 Clinical characteristics of patients who underwent pancreatoduodenectomy

Characteristic Total cohort PAYA cohort (<40 years)

PAYA
(n [ 99)

Comparator
(n [ 1969)

P £18 years
(n [ 5)

>18 years
(n [ 94)

P

Age at surgery (years), median (IQR) 34 (28–37) 68 (60–74) <0.001 11 (9–14) 35 (29–37) <0.001

Sex: females, n (%) 46 (46.5) 849 (43.1) 0.534 4 (80.0) 42 (44.7) 0.180

ASA fitness grade, n (%) <0.001 0.669

Class I 40 (42.4) 288 (15.2) 2 (40.0) 40 (42.6)

Class II 46 (46.5) 1225 (61.2) 2 (40.0) 44 (46.8)

Class III 9 (9.1) 421 (21.2) 0 (0.0) 9 (9.6)

Class IV 00 (0.0) 3 (0.4) 0 (0.0) 0 (0.0)

missing 02 (2.0) 32 (2.0) 1 (20.0) 1 (1.1)

BMI (kg/m2), median (IQR) 25 (22–29) 25 (22–27) 0.741 19 (18–21) 24 (21–27) 0.010

Preoperative diabetes mellitus
(type 1 and 2), n (%)

6 (6.1) 423 (21.5) <0.001 0 (0.0) 6 (6.4) 1.000

missing 475 (24.1)

Use of somatostatin analogue, n (%) 70 (70.7) 1216 (61.8) 0.132 1 (20.0) 69 (73.4) 0.025

missing 46 (2.3)

Neoadjuvant therapy, n (%) 2 (2.0) 69 (3.5) 0.073 0 (0.0) 2 (2.1) 1.000

missing 1 (1.0) 927 (47.1) 1 (1.1)

Procedure time, minutes, median (IQR) 300 (250–430) n.a. – 252 (199–295) 307 (257–439) 0.045

Blood loss, ml, median (IQR) 600 (400–950) n.a. – 300 (88–850) 600 (400–950) 0.128

Multivisceral resection, n (%) 10 (10.1) 163 (8.3) 0.645 1 (20.0) 9 (9.6) 0.423

missing 127 (6.4) 1 (1.1)

Vascular resection, n (%) 5 (5.1) 296 (15.0) 0.005 1 (20.0) 4 (4 0.3) 0.195

missing 26 (1.3) 1 (20.0) 2 (2.1)

Positive resection margins*, n (%) 5 (41.7) 349 (40.8) 0.998 n.a. 5 (41.7) –

missing 18 (2.1)

CCI-score, median (IQR) 12.2 (0.0–30.8) n.a. – 0 (0–41.0) 12.2 (6.5–28.4) 0.511

Textbook outcome, n (%) 61 (62) 1145 (58) 0.572 3 (60) 58 (62) 1.000

Length of hospital stay, days, median (IQR) 11 (9–17) 12 (9–18) 0.736 15 (10–27) 11 (9–16) 0.423

Adjuvant chemotherapy*, n (%) 10 (83.3) 536 (62.7) 0.526 n.a. 10 (83.3) –

missing 88 (10.3)

New-onset diabetes mellitus, n (%) 8 (8.1) n.a. – 0 (0.0) 6 (6.4) 1.000

Postoperative exocrine pancreatic
insufficiency, n (%)

27 (27.3) n.a. – 1 (20.0) 26 (27.7) 1.000

In hospital mortality, n (%) 1 (1.0) 77 (3.9) 0.179 0 (0.0) 1 (1.1) 1.000

Data are given in numbers with percentages (%) or medians with interquartile ranges (IQR). For comparison between two groups Mann–Whitney U
test were used for continuous variables and for binary variables Chi squared test or Fisher’s exact test were used as appropriate. Abbreviations: ASA,
American society of anesthesiologists; BMI, body mass index; CCI, comprehensive complication index. *Only patients with PDAC (pancreatic head
resection). Bold value indicates statistical significance.
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A systematic review by Tseng et al. found that 74% of patients
after pancreatoduodenectomy developed exocrine pancreatic
insufficiency.25

In PAYA patients who underwent distal pancreatectomy the
occurrence of pancreatic endocrine and exocrine insufficiency
was comparable to the literature. A total of 15% developed new-
onset diabetes mellitus after surgery and 16% developed
pancreatic exocrine insufficiency. De Bruijn et al. found that the
HPB 2021, 23, 1175–1184 © 2021 The Authors. Published by Elsevier Ltd on b
access
average cumulative incidence of new-onset diabetes mellitus
after distal pancreatectomy performed for chronic pancreatitis
was 39% and for benign or (potentially) malignant lesions it was
14%.31 A recent study found that 13% patients developed new-
onset exocrine pancreatic insufficiency requiring pancreatic
enzyme replacement therapy after distal pancreatectomy.32

The findings of the current study should be interpreted in light
of some limitations. The sample size of this study is still relatively
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 3 Clinical characteristics of patients who underwent distal pancreatectomy

Characteristic Total cohort PAYA cohort (<40 years)

PAYA
(n [ 112)

Comparator
(n [ 469)

P £18 years
(n [ 12)

>18 years
(n [ 100)

P

Age at surgery (years), median (IQR) 31 (22–36) 66 (56–73) <0.001 13 (9–14) 32 (25–37) <0.001

Sex: females, n (%) 86 (76.8) 250 (53.3) <0.001 8 (66.7) 78 (78.0) 0.469

ASA fitness grade, n (%) <0.001 0.011

Class I 53 (47.3) 87 (18.6) 6 (50.0) 47 (47.0)

Class II 49 (43.8) 277 (59.0) 2 (16.7) 47 (47.0)

Class III 3 (2.7) 95 (20.2) 1 (8.3) 2 (2.0)

Class IV 01 (0.9) 5 (1.1) 0 (0.0) 1 (1.0)

missing 06 (5.3) 5 (1.1) 3 (25.0) 3 (3.0)

BMI (kg/m2), median (IQR) 24 (21–27) 26 (23–29) <0.001 20 (15–23) 24 (22–28) <0.001

Preoperative diabetes mellitus
(type 1 and 2), n (%)

3 (2.7) 78 (16.6) <0.001 0 (0.0) 3 (3.0) 1.000

missing 76 (16.2)

Use of somatostatin analogue, n (%) 57 (50.9) 247 (52.7) 0.413 5 (41.7) 52 (52.0) 0.677

missing 3 (2.7) 33 (7.0) 3 (3.0)

Neoadjuvant therapy, n (%) 2 (1.8) 15 (3.2) 0.007 0 (0.0) 2 (2.2) 0.369

missing 2 (1.8) 323 (68.9) 1 (8.3) 1 (1.1)

Procedure time, minutes, median (IQR) 200 (155–278) n.a. – 259 (157–304) 200 (155–278) 0.406

Blood loss, ml, median (IQR) 300 (138–925) n.a. – 210 (125–740) 300 (113–1075) 0.381

Multivisceral resection, n (%) 53 (47.3) 304 (64.8) <0.001 5 (41.7) 48 (48.0) 0.766

Vessel resection, n (%) 0 (0.0) 46 (9.8) 0.001 0 (0.0) 0 (0.0) –

missing 6 (1.3)

Positive resection margins*, n (%) 1 (33.3) 51 (35.9) 1.000 n.a. 1 (33.3) –

missing 5 (3.5)

CCI-score, median (IQR) 0 (0–22.2) n.a. – 0 (0–20.9) 0 (0–22.6) 0.607

Textbook outcome, n (%) 84 (75) 313 (67) 0.102 10 (83) 74 (74) 0.727

Length of hospital stay, days,
median (IQR)

7 (6–10) 8 (6–12) 0.008 7 (6–9) 7 (6–10) 0.975

Adjuvant chemotherapy*, n (%) 3 (100.0) 78 (55.0) 0.283 n.a. 3 (100.0) –

missing 13 (9.2)

New-onset diabetes mellitus, n (%) 17 (15.2) n.a. – 1 (8.3) 16 (16.0) 0.689

Postoperative exocrine pancreatic
insufficiency, n (%)

18 (16.1) n.a. – 0 (0.0) 18 (18.0) 0.209

In hospital mortality, n (%) 0 (0.0) 8 (1.7) 0.364 0 (0.0) 0 (0.0) –

Data are given in numbers with percentages (%) or medians with interquartile ranges (IQR). For comparison between two groups Mann–Whitney U
test were used for continuous variables and for binary variables Chi squared test or Fisher’s exact test were used as appropriate. Abbreviations: ASA,
American society of anesthesiologists; BMI, body mass index; CCI, comprehensive complication index. *Only patients with PDAC. Bold value
indicates statistical significance.
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small which is clearly related to the rarity of pancreatic resections
in the PAYA population. Perez et al. found an overall incidence of
malignant pancreatic tumors in children of 0.18 case per million
people in the United states.33 Similar numbers were seen in Italy
with an annual incidence estimated to be 0.20 case per million
people in the 0–19 year old group.6 The retrospective design has
its known limitations. Complications were only assessed based
on the available medical records. Major complications were
HPB 2021, 23, 1175–1184 © 2021 The Authors. Published by Elsevier Ltd on b
access
surely noted, but minor complications may have been missed.
We remain confident that especially pancreatic surgery-specific
complications were adequately reported. We compared the
PAYA data with a comparator cohort from the Dutch Pancreatic
Cancer Audit. In a nationwide registry not all parameters are
recorded, or recorded with sufficient detail.19 The PAYA patients
included in this study underwent resection between 2007 and
2017 while the comparator cohort from the Dutch Pancreatic
ehalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Cancer Audit is from 2014 up until 2016. Furthermore, we did
not use a coefficient of fat absorption test, the reference standard,
or the fecal elastase-1 test or the fecal chymotrypsin test to assess
pancreatic exocrine insufficiency but relied on medication use.
Finally, we did not correct for potential variation in postoperative
strategy between the centers included in this study.
Our study aim was to bridge the knowledge gap on the in-

dications and short- and long-term surgical outcomes in PAYA
patients. The results of the nationwide PAPAYA cohort study
demonstrate that 51% of pancreatic resections in the PAYA
population is performed for malignant disease, in contrast to
76% of pancreatic resections in patients over 40 years of age.
Pancreatic surgery-specific complications in PAYA patients were
comparable with patients �40 years for both pancreatoduode-
nectomy and distal pancreatectomy. Development of endocrine
and exocrine insufficiency in PAYA patients who underwent
pancreatoduodenectomy, however, was substantially lower
compared to adult literature.
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