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BACKGROUND: Minimally invasive distal pancreatectomy (MIDP) shortens time to functional recovery and
improves 30-day quality of life (QoL), as compared with open distal pancreatectomy (ODP)
for nonmalignant disease. The impact of MIDP on QoL, cosmetic satisfaction, and overall
major complications beyond 1-year follow-up is currently unknown.

STUDY DESIGN: TheMinimally Invasive Versus OpenDistal Pancreatectomy (LEOPARD) trial randomized 108
patients to MIDP (laparoscopic or robotic) or ODP in 14 Dutch centers (April 2015 to March
2017). The primary outcome measure of this study was quality-adjusted life years (QALYs), as
assessed with the EQ-5D.QoL was assessed using subscales of the EORTCQLQ-C30, PAN-26,
and a body image questionnaire. The latter included a cosmetic satisfaction score (range 3e24),
and a body image score (range 5e20).Differences betweenMIDP andODP forQALYs, generic,
and disease-specific QoL and body image were analyzed. Missing QoL data were imputed using
multiple imputation.

RESULTS: In total, 84 patients were alive, with amedian follow-up of 44months; 62 of these patients (74%)
completed the questionnaires (27MIDP, 35ODP).Therewas no significant difference inQALYs
between the 2 groups (mean score 2.34 vs 2.46 years, p ¼ 0.63), nor on the QoL subscales.
Significant overall change in EQ-5D health utilities were found for both groups over time (p <
0.001). Patients in theMIDP group scored higher on cosmetic satisfaction (21 vs 14, p¼ 0.049).
No differences between the 2 groups were observed for clinical outcomes such as major com-
plications, readmissions, and incisional hernias.

CONCLUSIONS: More than 3 years after distal pancreatectomy, no improvement in QALYs and overall QoL
was seen after MIDP, whereas cosmetic satisfaction was higher after MIDP as compared with
ODP. (J Am Coll Surg 2021;233:730e741. � 2021 The Author(s). Published by Elsevier
Inc. on behalf of the American College of Surgeons. This is an open access article under the
CC BY license [http://creativecommons.org/licenses/by/4.0/].)
Minimally invasive distal pancreatectomy (MIDP) has
become the standard surgical approach to distal pancrea-
tectomy for nonmalignant disease.1,2 This is based on the
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Abbreviations and Acronyms

EORTC ¼ European Organization for Research and
Treatment of Cancer

EQ-5D ¼ EuroQol questionnaire with 5 dimensions
IQR ¼ interquartile range
LEOPARD ¼ Minimally Invasive versus Open Distal

Pancreatectomy study
MIDP ¼ minimally invasive distal pancreatectomy
ODP ¼ open distal pancreatectomy
QLQ-
PAN26

¼ Quality of Life of Pancreatic Cancer Patients,
questionnaire with 26 questions

QALY ¼ quality adjusted life year
QLQ-C30 ¼ Quality of Life of Cancer Patients,

questionnaire with 30 questions
QoL ¼ quality of life
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shorter time to functional recovery and shorter hospital
stay after MIDP, as compared with open distal pancrea-
tectomy (ODP).3,4

Health-related quality of life (QoL) is increasingly used
as a key patient-reported outcome measure of treatment
efficacy in major gastrointestinal surgery.5-7 Because
pancreatic surgery has a significant impact on QoL during
the early postoperative stages, it seems worthwhile to
assess the influence of MIDP on QoL.8-10 The multicenter
LEOPARD trial found improved short-term QoL after
MIDP, as compared with ODP, up to 30 days postoper-
atively.4 This benefit, however, was no longer present at 1-
year follow-up.11 These findings were in line with previ-
ous retrospective studies up to 1-year follow-up.12,13

Because distal pancreatectomy is frequently performed
for disease with long-term survival (eg cystic neoplasms,
neuroendocrine tumors), reporting long-term outcomes
is relevant in this group of patients. Addressing Quality
Adjusted Life Years (QALYs) might provide relevant prog-
nostic information while consenting these patients. The
objective of this study was to assess the impact of MIDP
and ODP on QALYs and generic and disease-specific
QoL and major complications at long-term follow-up
among patients participating in the LEOPARD trial.
METHODS

Study design

All 104 patients in the LEOPARD trial were prospectively
evaluated after minimally invasive or open distal pancreatec-
tomy.4 Inclusion criteria for the trial were benign, premalig-
nant, or malignant left-sided pancreatic tumors.14 Exclusion
criteria were tumor size > 8 cm, multivisceral resection
beyond the pancreas and spleen, neoadjuvant radiotherapy,
chronic pancreatitis, and pregnancy. The procedures took
place between April 2015 and March 2017.
As part of the LEOPARD trial, it was planned that pa-
tients would receive the EQ-5D (EuroQol questionnaire
with 5 dimensions)15 before surgery and at 1, 3, 5, and
14 days and at 1, 3, 12, and 24 months and long-term
follow-up. Besides, patients would receive the EORTC
Quality of Life Questionnaire QLQ-C3016 before surgery
and at 14 days and 1, 3, 12, and 24 months and long-
term follow-up. Additionally, it was planned that patients
would receive the EORTC QLQ-PAN26 and a body im-
age questionnaire at 12 and 24 months and long-term
follow-up. The end of follow-up was set at April 1,
2020, which led to a median follow-up of 44 months
for the long-term assessment.
Short-term QoL and body image outcomes up to 1-year

postoperatively have been reported previously.4,11 The study
coordinators (MK and AR) evaluated the survival status of
each eligible patient before sending the questionnaires. Pa-
tients who did not reply to the first invitation received a
reminder; those who did not reply after 2 postal reminders
and a phone call were considered lost to follow-up.
Outcome measures

The primary outcome was Quality Adjusted Life Years
(QALYs), as measured with the EQ-5D. The EQ-5D
questionnaire describes QoL based on mobility, self-
care, usual activities, pain, and mood scales. The health
status of each individual patient was converted into health
utilities using an existing algorithm based on the Dutch
general population.17 Patients who died during follow-
up were assigned a health utility of zero.
Secondary outcomes for QoL focused on generic and

pancreatic-specific QoL and were assessed using the
EORTC QLQ-C30 and PAN26 questionnaires. The 30-
itemQLQ-C30 questionnaire is a cancer-specificQoLmea-
sure developed for repeated assessments within clinical tri-
als.16 It contains 5 functional scales (physical, cognitive,
emotional, social, and role), a global QoL scale, 3 symptom
scales (pain, fatigue, and nausea/vomiting) and 6 single
items (dyspnea, insomnia, loss of appetite, constipation,
diarrhea, and financial difficulties). The 26-item QLQ-
PAN26 questionnaire was used to assess symptoms related
to pancreatic disease (pancreatic pain, digestive problems,
altered bowel habit, hepatic pain, body image, healthcare
satisfaction, and sexuality). All scales and single items of
the QLQ-C30 and PAN26 questionnaires can be converted
to a score from 0 to 100. A higher score on the functioning
scales or the global QoL scale represents a better quality of
life; a higher score on the symptoms scales or the single items
indicates higher level of symptoms. The EQ-5D, QLQ-
C30, and PAN26 questionnaires have been extensively vali-
dated, including validation in surgical patients.16,18-21
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Other secondary outcomes focused on body image,
cosmetic satisfaction, and clinical outcomes. The body im-
age questionnaire consists of 5 questions regarding body
image and 3 questions regarding cosmetic satisfaction
and was validated in Dutch cancer patients.22,23 Questions
regarding body image are scored from 1 to 4, which results
in the body image scale as a sum of these questions, with a
range from 5 (lowest body image) to 20 (highest body im-
age). The cosmetic satisfaction questions include a general
scar score (range 1 to 10), scar satisfaction score (range 1 to
7), and scar description score (range 1 to 7). The sum of
these 3 questions’ scores results in a cosmesis score ranging
from 3 (lowest satisfaction) to 24 (highest satisfaction).
Clinical outcomes included scar-related problems and the
rate of major complications, readmissions, and reinterven-
tions related to the intervention received. Medical records
of all 104 patients were prospectively evaluated, focusing
on general complications that required medical interven-
tion (eg readmission, incisional hernia repair) from 1-
year after surgery until the end of follow-up.

Statistical analysis

Analyses were performed according to a modified
intention-to-treat principle. Patients were excluded from
analyses if they did not undergo distal pancreatectomy
due to metastases or another procedure due to a different
tumor location.
Missing data were analyzed for 50 variables that con-

tained the QoL scores as entered by each individual pa-
tient. All variables that contained missing data were
imputed by multiple imputation using predictive mean
matching. Missing data for each patient were predicted
using covariates with available data for each of the ques-
tionnaires. This prediction was performed in 10 impu-
tation sets, where after, per patient with missing data,
the mean of these 10 imputation sets was calculated
for each variable with missing data.24 Predictive covari-
ates used in the imputation sets were identified based
on their relevance via discussion between the authors,
and included age, sex, American Society of Anesthesiol-
ogists (ASA) score, comorbidity, previous abdominal
surgery, diabetes mellitus, surgical approach, and base-
line QoL.
Primarily, the impact of both procedures on QoL was

assessed using QALYs at long-term follow-up. Health
utilities derived from the EQ-5D questionnaire were
used for the calculation of these QALYs. A QALY was
calculated by multiplying the number of years of
follow-up with the corresponding health utility for that
follow-up moment. Secondarily, differences in average
reduction or alteration of specific QoL domains were
also calculated using scores derived from the EQ-5D,
QLQ-C30, and QLQ-PAN26 questionnaires. These ana-
lyses were performed using the independent samples t-
test. Data were analyzed in both the dataset with imputa-
tion (n ¼ 84) and the dataset with responders only (n ¼
62). Sensitivity analysis excluded patients with pancreatic
ductal adenocarcinoma, as outcomes could have been
affected by adjuvant treatment regimens and treatment
differences in this subgroup of patients. A second sensi-
tivity analysis excluded patients with severe postoperative
complications requiring drainage >90 days, which could
potentially affect postoperative QoL outcomes.
Because this is a follow-up report of the LEOPARD

trial, data on all previous follow-up time points (ie 14,
30, 90 days, and 1- and 2-year follow-up) were also avail-
able for this study. To analyze within-group and between-
group changes in QoL over time, a repeated measures
ANOVA test was performed after imputation of missing
data. Outcomes of this analysis were expressed as overall
change in QoL for MIDP and ODP, and as differences
between the 2 groups over time.
Comparative analyses between MIDP and ODP were

performed for scar satisfaction, wound complications,
wound complaints, readmissions, and reinterventions.
Categorical data were expressed as proportions and were
compared using the chi-square or Fisher’s exact test, as
appropriate. The independent-samples t-test was used
for analysis of normally distributed continuous data and
the Mann-Whitney U test for non-normally distributed
data. Distribution of continuous data was assessed using
the Shapiro-Wilk test for normality. Continuous data
were expressed as means with standard deviations (SD;
normal distribution) or as medians with interquartile
ranges (IQR; non-normal distribution) or ranges, as
appropriate. Statistical significance was considered as p
< 0.05. All analyses were performed using SPSS for Win-
dows version 26.0 (IBM).
RESULTS

Study population

Of the 108 patients who were randomly assigned to
MIDP (n ¼ 51) and ODP (n ¼ 57) in the LEOPARD
trial, 3 patients were excluded due to the intraoperative
finding of metastases or because a procedure other than
distal pancreatectomy was performed. Distal pancreatec-
tomy was performed in 104 patients, 20 of whom died
during follow-up, leaving 84 patients (39 MIDP and
45 ODP) eligible to participate in this study. At long-
term follow-up, the questionnaires were returned by 27
of 39 (69%) patients in the MIDP group and 35 of 45
(78%) in the ODP group. Median follow-up was 44
months (IQR 39e50 months). Figure 1 shows the



Figure 1. Study flow diagram. EQ-5D, EuroQol questionnaire with 5 dimensions; MIDP, minimally invasive distal pancreatectomy; ODP, open
distal pancreatectomy; QLQ-C30, Quality of Life of Cancer Patients, questionnaire with 30 questions; QLQ-PAN26, Quality of Life of Pancreatic
Cancer Patients, questionnaire with 26 questions; QoL, quality of life.
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CONSORT flow diagram. Baseline characteristics were
comparable between MIDP and ODP (Table 1). Pa-
tients in the MIDP reported worse role, cognitive, and
social functioning at baseline compared with the ODP
group (eTables 1 to 4).
Quality adjusted life years

At long-term follow-up, the MIDP group had a mean
score of 2.34 (SD � 1.28) QALYs, which did not differ
from the 2.46 (SD � 1.34) QALYs in the ODP group
(p ¼ 0.63). Results are reported in Table 2.



Table 1. Study Population

Patient characteristic and outcomes (n ¼ 104) MIDP (n ¼ 48) ODP (n ¼ 56) p Value

Characteristic

Age, y, mean (SD) 61 (� 13) 63 (� 12) 0.50

Sex, f, n (%) 19 (40) 29 (52) 0.21

BMI, kg/m2, mean (SD) 27 (� 6) 26 (� 4) 0.83

Abdominal surgery in medical history, n (%) 20 (42) 27 (48) 0.50

Pancreatitis in medical history, n (%) 3 (6) 3 (5) 0.85

Diabetes mellitus in medical history, n (%) 5 (10) 10 (18) 0.28

ASA physical status, n (%) 0.52

I 12 (25) 9 (16)

II 29 (60) 37 (66)

III 7 (15) 10 (18)

High-volume hospital, n (%)* 21 (44) 26 (46) 0.78

Operative and postoperative outcomesy

Operative time, min, median (IQR) 217 (135e277) 179 (129e231) 0.005z

Blood loss, mL, median (IQR) 150 (50e350) 400 (200e775) <0.001z

Complication, Clavien-Dindo grade � III, n (%) 13 (27) 20 (36) 0.35

Time to functional recovery, d, median (IQR) 4 (3e6) 6 (5e8) <0.001z

Length of total hospital stay, d, median (IQR) 6 (4e13) 8 (6e12) 0.004z

Histopathological diagnosis of PDAC, n (%) 11 (23) 9 (16) 0.42

*Defined as �10 distal pancreatectomies annually.
yOutcomes presented in this table are up to 90 days postoperatively.
zStatistically significant
ASA, American Society of Anesthesiologists; MIDP, minimally invasive distal pancreatectomy; ODP, open distal pancreatectomy; PDAC, pancreatic ductal
adenocarcinoma.
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Over time, QALYs did not differ between MIDP and
ODP (baseline: 0.77 vs 0.82; 1-year: 0.81 vs 0.79; 2-
year: 1.44 vs 1.57, all p > 0.05). Analyses revealed a signif-
icant change in EQ-5D health utilities over time for both
groups (within-group analysis, p< 0.001). The interaction
effect of time and surgical approach was significant, mean-
ing that these changes were different for the MIDP group
as compared to the ODP group (p < 0.001). EQ-5D
health utilities over time are shown in Figure 2. Both sensi-
tivity analyses did not affect QALY outcomes after 2 years
and long-term follow-up. When excluding patients with
pancreatic ductal adenocarcinoma, QALYs improved for
both MIDP and ODP at all follow-up time-points, but
were significantly better after ODP as compared to
MIDP at 1-year follow-up. This difference was also present
at baseline. Results are shown in eTables 5-10.
Generic and disease-specific QoL

Results for generic and disease specific QoL are shown in
eTables 1e4. Differences between baseline and follow-up
values of specific subscales of the EORTC QLQ C30 and
PAN26 were comparable between MIDP and ODP. At
long-term follow-up, the main generic and disease-
specific symptoms in both groups were fatigue, pancreatic
pain, insomnia, altered bowel habit, and sexual
dysfunction. Outcomes were not affected by multiple
imputation, as outcomes were similar when analyses
were performed in the dataset with respondents only
(n ¼ 62). The sensitivity analyses did not affect generic
and disease-specific QoL at long-term follow-up.

Cosmetic satisfaction outcomes

Results for cosmetic satisfaction outcomes are shown in
Table 3. Sixty-one of the 62 respondents (98%) completed
the body image and cosmetic satisfaction questions after
median follow-up of 44months. Body image did not differ
significantly between MIDP and ODP (median 6 [IQR
5e13] vs 7 [IQR 5e20], p ¼ 0.15). Patients in the
MIDP group reported higher cosmetic satisfaction scores
(21 [IQR 8e24] vs 14 [IQR 2e24], p ¼ 0.049), higher
overall scar score (9 [IQR 3e10] vs 6 [IQR 0e10], p ¼
0.026), and higher scar description scores (6 [IQR 2e7]
vs 4 [IQR 1e7], p ¼ 0.042).

Complications, reinterventions, and readmissions

Results for postoperative complications, reinterventions,
and readmissions of all patients in the trial (n ¼ 104)
are shown in Table 4.4,11 The rates of Clavien-Dindo
� III complications and reinterventions were compara-
ble for both groups. An incisional hernia was observed
in 2 patients (4.2%) after MIDP (1 at the umbilical



Table 2. Quality Adjusted Life Years

Follow-up timing MIDP (n ¼ 48) ODP (n ¼ 56) p Value

QALY at baseline, y 0.77 (0.25) 0.82 (0.20) 0.26

QALY at 1-year follow-up, y 0.81 (0.26) 0.79 (0.23) 0.61

QALY at 2-year follow-up, y 1.44 (0.58) 1.57 (0.51) 0.22

QALY at long-term follow-up, y 2.34 (1.28) 2.46 (1.34) 0.63

Data presented as mean (SD).
MIDP, minimally invasive distal pancreatectomy; ODP, open distal pancreatectomy; QALY, quality adjusted life years.
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trocar site and 1 at the specimen extraction site) and in
4 patients (7.1%) after ODP (p ¼ 0.52). None of the
hernias in the MIDP group and 2 (3.6%) hernias in
the ODP group required surgical repair. Prolonged
drainage (>90 days) of abdominal fluid collections
was comparable between the 2 groups (8.3% vs 3.6%,
p ¼ 0.41). The readmission rate did not differ signifi-
cantly (35% vs 38%, p ¼ 0.46). Total length of read-
missions (median 10 vs 9 days, p ¼ 0.65) did not
differ significantly.

Oncology outcomes

Overall, 20 patients died during follow-up (9 MIDP vs
11 ODP); 11 of these patients died from metastases or
Figure 2. Change in EuroQol questionnaire with 5 dimensions (EQ-5D)
(X-axis). Minimally invasive distal pancreatectomy (MIDP) group: red line
line with circle marker. Overall change in health utilities was significant
recurrent disease. Other causes of death were cerebral
ischemia due to ventricular fibrillation in the MIDP
group and vocal cord malignancy and euthanasia
because of other comorbidities (including cerebrovas-
cular accident) in the ODP group. Cause of death
was unknown in 3 MIDP patients and 3 ODP patients.
Seven patients with pancreatic ductal adenocarcinoma
were alive at long-term follow-up (7/20, 35%). Ten pa-
tients received adjuvant chemotherapy (4 vs 6, p ¼
0.18) at any time-point during follow-up. None of
the patients were receiving adjuvant chemotherapy at
the time of long-term follow-up. Overall survival was
comparable between MIDP and ODP (median 26
[95%CI 10.5e41.5] months vs 13 [95%CI
health utilities (Y-axis) for both groups at each moment of follow-up
with triangle marker; open distal pancreatectomy (ODP) group: blue
for both MIDP and ODP (p < 0.001).



Table 3. Long-Term Body Image and Cosmetic Satisfaction (n ¼ 61)

Body image and cosmetic satisfaction MIDP (n ¼ 27) ODP (n ¼ 34) p Value

Body image, median (IQR)* 6 (5e13) 7 (5e20) 0.15

Satisfaction with cosmetic result, median (IQR)y 21 (8e24) 14 (2e24) 0.049

Scar scorez 9 (3e10) 6 (0e10) 0.026

Scar satisfactionx 6 (1e7) 4 (1e7) 0.20

Scar descriptionk 6 (2e7) 4 (1e7) 0.042

Patient visiting physician because of scar problem, n (%) 4 (14.8) 4 (12.1) 0.09

Chronic pain associated with scar, median (IQR) {

At rest 0 (0e2) 0 (0e7) 0.09

During movement 0 (0e3) 0 (0e8) 0.23

During coughing/lifting heavy object 0 (0e7) 0 (0e8) 0.46

Effect on daily activity 0 (0e2) 0 (0e8) 0.08

*Score on a scale from 5 to 20.
yScore on a scale from 3 (completely unsatisfied) to 24 (completely satisfied).
zScore on a scale from 1 (completely unsatisfied) to 10 (completely satisfied).
xScore on a scale from 1 (completely unsatisfied) to 7 (completely satisfied).
kScore on a scale from 1 (very repulsive) to 7 (very beautiful).
{Score on a scale from 0 (no pain) to 10 (severe pain).
IQR, interquartile range; MIDP, minimally invasive distal pancreatectomy; ODP, open distal pancreatectomy.
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0.0e28.2] months, log-rank p ¼ 0.53). Kaplan-Meier
curves are shown in eFigure 1.
DISCUSSION
This study, assessing long-term outcomes in the LEOP-
ARD trial, found comparable QALYs, overall QoL, and
complications between patients treated with MIDP and
ODP. Patients in the MIDP group reported significantly
better cosmetic satisfaction, related to the surgical scar(s).
This is the first study of long-term QoL outcomes after

MIDP and ODP, as previous reports were only up to 1
Table 4. Complications and Oncology Outcomes after Minima

Complication and outcomes MIDP (n

Clavien-Dindo grade � III, n (%) 20 (41

Reintervention, n (%) 18 (38

Radiologic 16 (34

Endoscopic 7 (14

Surgical 6 (12

Prolonged drainage >90 d, n (%) 4 (8.

Readmission, n (%) 17 (35

>1 readmission 11 (22

Length of readmission, median (IQR) 10 (6e

Total hospital stay, d, median (IQR)* 6 (5e

Incisional hernia, n (%) 2 (4.

Surgical reconstruction, n (%) 0 (0.

Adjuvant chemotherapy at any time, n (%) 4 (8.

At long-term follow-up 0 (0.

Death during follow-up, n (%) 9 (20

*Total length of hospital stay including all readmissions.
IQR, interquartile range; MIDP, minimally invasive distal pancreatectomy; NA
year postoperatively.10-13 One retrospective, single-center
Italian study reported improved physical, role, and cognitive
functioning 1 year after MIDP compared to ODP.13 The
LEOPARD trial also showed less negative impact on QoL
up to 30 days after MIDP as compared to ODP. However,
this beneficial impact was no longer present at 1 year follow-
up and at the present long-term follow-up.11 Meanwhile,
our analyses showed significant changes in QoL over time
for both groups, but also significant differences between
groups, suggesting that QoL changed differently for
MIDP and ODP over time. These findings are in line
with previous reports on QoL in randomized controlled
lly Invasive and Open Distal Pancreatectomy

¼ 48) ODP (n ¼ 56) p Value

.7) 24 (42.9) 0.90

.3) 26 (46.4) 0.41

.0) 18 (32.1) 0.84

.9) 16 (28.6) 0.09

.8) 7 (12.5) 0.97

3) 2 (3.6) 0.41

.4) 16 (28.6) 0.46

.9) 6 (10.7) 0.09

23) 9 (5e23) 0.65

15) 9 (6e14) 0.08

2) 4 (7.1) 0.52

0) 2 (3.6) 0.19

3) 6 (10.7) 0.18

0) 0 (0.0) NA

.2) 11 (20.0) 0.96

, not applicable; ODP, open distal pancreatectomy.
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trials comparing open and minimally invasive gastrointes-
tinal surgery.7,25-27 After exclusion of patients with pancreatic
ductal adenocarcinoma,QALYs improved at each follow-up
time-point for both groups, as compared to the entire
cohort. Neither of the sensitivity analyses affected the
long-term QoL outcomes when comparing MIDP and
ODP. Importantly, both groups of MIDP and ODP re-
ported fatigue, pancreatic pain, insomnia, altered bowel
habit, and sexual dysfunction as the main generic and
disease-specific symptoms at long-term follow-up. There-
fore, addressing these symptoms in patients who achieve
this lengthy follow-up is advised and appropriate care should
be provided (eg adequate analgesics).
The LEOPARD trial reported substantially reduced

QoL up to 90 days after distal pancreatectomy in general,
reflecting the significant impact of pancreatic surgery dur-
ing the early stages after surgery.4 This negative impact on
QoL, however, was significantly less after MIDP up to 30
days postoperatively, specifically for role, social, and
cognitive functioning. Faster functional recovery, reduced
morbidity rates, and shorter length of hospital stay repre-
sent important factors on patient well-being, and there-
fore might have mediated the improved functioning
outcomes after MIDP compared to ODP. These findings
are largely in line with other reports and therefore support
the benefits of minimally invasive surgery during the early
phase after surgery.12

Better cosmetic satisfaction has been suggested as one of
the main benefits of minimally invasive surgery in major
abdominal procedures, but studies comparing cosmetic
satisfaction after MIDP and ODP are scarce.25-28 Interest-
ingly, this study reported improved cosmetic satisfaction
after MIDP compared to ODP during long-term follow-
up; the previous LEOPARD report showed no significant
short-term differences between the groups. This outcome
was a subjective, patient-reported outcome measure, lead-
ing to possible differences in reply at different time points,
which could be a possible explanation for this finding.
Obviously, the smaller incisions required for MIPD have
a reduced surgical impact on the abdominal wall, which
may explain the better cosmesis, as compared to that with
a laparotomy. Additionally, less surgical impact might
lead to reduced rates of incisional hernias after minimally
invasive surgery, as demonstrated by a recent systematic re-
view including 24 randomized controlled trials.29 Although
not powered for these analyses, this study showed low and
rather comparable rates of incisional hernias (4.2% vs
7.1%) and hernias requiring surgical repair (0% vs 3.6%)
after MIDP and ODP.
QoL is a key outcome measure for treatment efficacy

after major abdominal surgery. MIDP has less substan-
tial impact on QoL up to 30 days postoperatively, as
compared to ODP, but this difference is no longer pre-
sent during longer follow-up. Moreover, an important
benefit of MIDP was improved cosmetic satisfaction,
which was also observed in other abdominal surgical
procedures.25-28 Therefore, future randomized controlled
trials should report both short- and long-term assess-
ment of QoL and cosmetic satisfaction as measures for
treatment efficacy. The currently recruiting DIPLOMA
trial, comparing MIDP and ODP in patients with
pancreatic ductal adenocarcinoma, will also evaluate
short- and long-term QoL outcomes and cosmetic satis-
faction (ISRCTN44897265).
The findings of this study should be interpreted in light of

some limitations. First and foremost, the QoL question-
naires in this study are used as a tool to quantify patients’
subjective interpretations. Therefore, factors other than sur-
gical approach only (eg other disease, family circumstances)
could have influenced outcomes. Second, in contrast to the
standardized QoL follow-up data collection, no standard-
ized follow-up was performed, and asymptomatic incisional
hernias or other complications could therefore have been
missed. Third, the LEOPARD trial was powered for time
to functional recovery and therefore, this studymay lack suf-
ficient power to evaluate QoL outcomes (type II error,
demonstrated by relatively wide confidence intervals).How-
ever, this report of theLEOPARDtrial remains the only pro-
spective long-term QoL evaluation comparing MIDP and
ODP as treatment of lesions of the pancreatic body and/or
tail. The strength of this study lies in the standardized
QoL follow-up reaching up to a median follow-up of 44
months in a nationwide randomized controlled trial with
robust data collection.
CONCLUSIONS
In conclusion, QALYs were not improved in long-term
follow-up afterMIDP, but cosmetic satisfaction was higher
afterMIDP.Overall QoL andmajor complications did not
differ significantly between MIDP and ODP.
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Invited Commentary
Minimally Invasive Distal
Pancreatectomy: Are There

Long-Term Benefits?

Natasha Leigh, MD, Chet W Hammill, MD, FACS

St. Louis, MO

Despite promising postoperative outcomes after complex
laparoscopic operation, such as colectomy, skepticism
exists regarding minimally invasive distal pancreatectomy
(MIDP). This is due to the elevated risk from anatomic
location, vascular proximity, and perioperative complica-
tions, as well as the learning curve and surgeon comfort
level. Early data composed of small retrospective reviews
found that compared with open distal pancreatectomy,
patients undergoing MIDP had significantly improved
perioperative outcomes (lower blood loss, decreased
length of stay, fewer complications) without compro-
mising margin positivity or increasing postoperative
pancreatic fistula rate or mortality.1

The LEOPARD trial2 was the first of 2 notable ran-
domized controlled trials to define MIDP as at least
equivalent to open distal pancreatectomy in patients
with nonmalignant disease. This multicenter study
randomized 108 patients with left-sided pancreatic tu-
mors to MIDP or open operation. Although MIDP was
associated with longer operative time, patients benefited
from less blood loss, reduced hospital stay, shorter time
to functional recovery, and improved quality of life
without increased perioperative cost. Outcomes from
the subsequent randomized controlled LAPOP study3

involving 58 patients, echoed those of the LEOPARD
trial, finding that MIDP was once again associated with
less blood loss, shorter hospital length of stay, and shorter
time to functional recovery.
Although both trials were conducted in small patient

cohorts, the improvement in perioperative outcomes is
compelling and has served as the basis on which MIDP
has become an accepted, and perhaps superior, procedure
for nonmalignant tumors of the pancreatic body and tail.
Both studies, however, were limited to 90-day follow-up,
and potential longer-term benefits of MIDP were not
evaluated.
Small retrospective studies have demonstrated that the

benefits of MIDP extend beyond the perioperative
periodean important consideration when many MIDP
are performed for benign disease with long-term sur-
vival. MIDP was associated with improved quality of
life4,5 and physical and cognitive functioning at 1 year
postoperatively.4 However, a medium-term analysis of
the LEOPARD trial found no improvement in either
quality of life or cosmetic satisfaction scores in the
MIDP cohort at the 1-year mark when compared with
the open cohort.6 MIDP appears to be at least compara-
ble in cost-effectiveness, if not less expensive, than open
distal pancreatectomy, which is partly driven by earlier
recovery from surgery.4,6

In their current study, Korrel and colleagues7 are the
first to report long-term outcomes after minimally inva-
sive vs open distal pancreatectomy. Eighty-four patients
from the LEOPARD trial (39 MIDP, 45 open) were alive
and evaluated beyond 1 year postoperatively, with a
median follow-up time of 44 months. Generic and
disease-specific quality of life, including physical
and cognitive functioning, gastrointestinal symptoms,
and pain were comparable between the 2 cohorts at
long-term follow-up. MIDP patients did report signifi-
cantly better cosmetic satisfaction. Interestingly, patients
in the 2 cohorts had a similar rate of incisional hernia
(4% vs 7%, p ¼ 0.52). Both cohorts saw significant im-
provements in quality-adjusted life years (QALY) at 1
year postoperatively. Surprisingly, patients experienced a
consistent and considerable decrease in QALY at 2 years
and at long-term follow-up. There was no difference in
QALY between the MIDP and open cohorts at any of
the time points, including long-term. However, this
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eFigure 1. Kaplan-Meier curves of overall survival after minimally
invasive distal pancreatectomy (MIDP) vs open distal pancreatec-
tomy (ODP). (A) Total cohort, log-rank test p ¼ 0.98; (B) only pa-
tients with pancreatic cancer, log-rank test p ¼ 0.61.
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eTable 1. Generic and Disease-Specific Quality of Life, QLQC30 (Imputed Data n ¼ 84)

Time-point, QLQC30*

Baseline, absolute value

p Value

2-year follow-up, change from
baseline

p Value

Long-term follow-up, change from
baseline

p ValueMIDP (n ¼ 39) ODP (n ¼ 45) MIDP (n ¼ 39) ODP (n ¼ 45) MIDP (n ¼ 39) ODP (n ¼ 45)

Global health status 72.44 � 19.43 80.68 � 16.88 0.042 7.69 � 20.35 1.55 � 18.23 0.15 -5.96 � 23.83 -6.23 � 22.90 0.96

Physical functioning 86.34 � 13.98 90.78 � 11.27 0.11 -2.99 � 13.95 0.05 � 13.22 0.31 -4.67 � 12.26 -1.30 � 14.44 0.26

Role functioning 75.43 � 26.46 89.28 � 17.39 0.006 8.38 � 25.84 1.63 � 17.50 0.17 5.81 � 26.94 -1.93 � 21.71 0.15

Emotional functioning 71.92 � 23.66 78.18 � 18.96 0.19 15.98 � 22.79 8.79 � 17.58 0.11 10.92 � 24.81 7.08 � 22.31 0.46

Cognitive functioning 82.82 � 17.02 93.03 � 12.29 0.002 1.96 � 15.55 -2.88 � 16.82 0.18 -1.41 � 16.99 0.83 � 16.19 0.54

Social functioning 80.26 � 22.62 92.35 � 13.27 0.003 7.95 � 24.49 -2.95 � 22.38 0.037 5.98 � 18.94 -0.49 � 18.71 0.12

Fatigue 27.92 � 24.68 20.40 � 20.73 0.14 -2.28 � 23.47 0.66 � 25.77 0.59 -1.45 � 22.90 1.28 � 26.73 0.62

Nausea and vomiting 5.30 � 11.27 3.07 � 7.95 0.30 2.91 � 19.57 1.86 � 11.59 0.76 -0.94 � 12.71 2.80 � 15.35 0.23

Pain 24.79 � 27.97 16.67 � 24.87 0.16 -7.05 � 26.51 -8.33 � 24.31 0.82 -4.57 � 26.92 -2.54 � 28.95 0.74

Dyspnea 7.77 � 13.27 10.00 � 13.94 0.46 12.99 � 24.59 4.85 � 22.99 0.12 22.74 � 27.79 11.97 � 27.91 0.08

Insomnia 40.60 � 33.17 28.71 � 34.09 0.11 -7.01 � 37.89 -0.91 � 42.56 0.50 -3.50 � 40.39 4.32 � 40.88 0.38

Appetite loss 16.67 � 24.85 9.17 � 13.98 0.10 -3.85 � 28.37 2.96 � 22.67 0.23 12.22 � 39.68 7.35 � 34.48 0.55

Constipation 21.97 � 28.81 23.48 � 30.37 0.82 -1.03 � 42.65 7.65 � 40.66 0.35 5.98 � 44.12 -0.30 � 40.85 0.50

Diarrhea 17.01 � 22.89 13.94 � 19.87 0.52 0.57 � 24.82 15.61 � 35.95 0.47 4.19 � 32.67 -2.73 � 25.53 0.28

Financial difficulty 14.79 � 21.27 8.64 � 15.49 0.13 3.68 � 33.10 16.06 � 35.95 0.11 -4.27 � 24.52 -4.47 � 17.28 0.97

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as difference from follow-up time-point to baseline value.
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eTable 2. Generic and Disease-Specific Quality of Life, PAN26 (Imputed Data n ¼ 84)

Time-point, PAN26*

2-year follow-up, absolute value

p Value

Long-term follow-up, absolute value

p ValueMIDP (n ¼ 39) ODP (n ¼ 45) MIDP (n ¼ 39) ODP (n ¼ 45)

Pancreatic pain 19.68 � 22.30 13.96 � 16.30 0.27 21.81 � 18.73 17.95 � 20.09 0.39

Digestive complaint 10.26 � 17.68 13.00 � 26.24 0.63 13.85 � 18.10 10.63 � 21.12 0.51

Altered bowel habit 28.63 � 25.16 26.52 � 26.10 0.73 31.41 � 26.97 18.67 � 22.85 0.09

Hepatic complaint 5.90 � 11.82 4.22 � 9.59 0.54 18.97 � 16.01 14.96 � 16.85 0.58

Body image 9.40 � 14.81 18.22 � 20.63 0.049 12.95 � 19.39 15.07 � 23.62 0.71

Healthcare satisfaction 46.92 � 36.38 36.85 � 37.01 0.27 27.44 � 24.07 36.85 � 33.64 0.23

Sexuality 17.99 � 27.66 28.85 � 31.96 0.12 23.93 � 24.55 26.96 � 29.59 0.64

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as absolute numbers since these were not available at baseline.
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eTable 3. Generic and Disease-Specific Quality of Life, QLQC30 (Responders Only n ¼ 62)

Time-point, QLQC30*

Baseline, absolute value

p Value

2-year follow-up, change from
baseline

p Value

Long-term follow-up, change from
baseline

p ValueMIDP (n ¼ 27) ODP (n ¼ 35) MIDP (n ¼ 27) ODP (n ¼ 35) MIDP (n ¼ 27) ODP (n ¼ 35)

Global health status 72.92 � 20.39 85.58 � 16.25 0.024 4.39 � 18.08 -1.45 � 16.22 0.28 -1.25 � 18.19 -1.74 � 19.66 0.93

Physical functioning 87.67 � 16.37 93.85 � 0.60 0.14 -4.39 � 11.00 0.29 � 7.65 0.11 -9.56 � 11.22 -3.33 � 12.11 0.09

Role functioning 76.67 � 30.78 92.31 � 14.32 0.045 7.89 � 27.89 2.17 � 16.13 0.44 2.63 � 31.56 -3.85 � 20.71 0.41

Emotional functioning 71.67 � 26.82 82.05 � 19.82 0.16 14.91 � 21.62 9.42 � 15.55 0.35 7.02 � 23.28 1.60 � 23.33 0.45

Cognitive functioning 80.00 � 21.36 97.44 � 7.73 0.002 2.63 � 16.91 -3.62 � 11.19 0.16 -2.63 � 17.80 -2.56 � 13.90 0.99

Social functioning 81.67 � 25.88 92.95 � 15.04 0.09 7.89 � 29.06 -4.35 � 26.69 0.16 0.88 � 18.82 -1.92 � 21.25 0.65

Fatigue 29.44 � 29.79 14.53 � 21.26 0.07 -4.09 � 24.63 1.45 � 23.04 0.46 0.88 � 20.64 6.41 � 26.33 0.45

Nausea and vomiting 5.83 � 13.55 3.85 � 9.78 0.57 0.00 � 19.25 1.45 � 15.00 0.79 -1.75 � 13.49 2.56 � 19.26 0.41

Pain 23.33 � 33.07 13.46 � 24.95 0.27 -6.14 � 31.53 -7.97 � 26.05 0.84 0.00 � 29.92 -2.56 � 31.16 0.78

Dyspnea 6.67 � 13.68 6.41 � 13.40 0.95 7.02 � 23.78 4.35 � 20.85 0.70 8.77 � 15.08 3.85 � 19.61 0.37

Insomnia 36.67 � 35.71 16.67 � 30.18 0.046 -1.75 � 23.50 0.00 � 3.33 0.85 -7.02 � 26.24 5.13 � 32.24 0.19

Appetite loss 16.67 �29.62 3.85 � 10.86 0.08 -7.41 � 24.41 -1.45 � 6.95 0.27 -1.75 � 32.34 0.00 � 18.86 0.82

Constipation 10.00 � 26.71 7.69 � 19.57 0.74 -1.75 � 34.20 0.00 � 20.57 0.84 -1.75 � 20.71 1.28 � 24.00 0.60

Diarrhea 8.33 � 18.34 6.41 � 13.40 0.68 7.02 � 17.84 4.35 � 28.96 0.73 5.26 � 25.49 -3.85 � 14.38 0.14

Financial difficulty 5.00 � 12.21 1.28 � 6.54 0.23 3.51 � 18.91 10.14 � 30.87 0.42 3.51 � 18.90 -1.28 � 6.54 0.24

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as difference from follow-up time-point to baseline value.
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eTable 4. Generic and Disease-Specific Quality of Life, PAN26 (Responders Only n ¼ 62)

Time-point, PAN26*

2-year follow-up, absolute value

p Value

Long-term follow-up, absolute value

p ValueMIDP (n ¼ 27) ODP (n ¼ 35) MIDP (n ¼ 27) ODP (n ¼ 35)

Pancreatic pain 21.47 � 23.59 14.44 � 16.37 0.20 22.02 � 18.73 18.33 � 20.09 0.46

Digestive complaint 8.97 � 18.99 12.22 � 26.60 0.61 14.81 � 18.10 9.52 � 21.12 0.30

Altered bowel habit 28.21 � 25.28 27.22 � 26.07 0.89 30.25 � 26.97 17.62 � 22.85 0.05

Hepatic complaint 3.85 � 8.57 4.44 � 9.72 0.81 11.11 � 16.02 8.57 � 16.85 0.55

Body image 8.97 � 15.80 18.82 � 20.97 0.05 12.35 � 19.39 14.29 � 23.62 0.73

Healthcare satisfaction 51.28 � 35.57 35.56 � 35.75 0.11 25.69 � 24.07 36.11 � 33.64 0.21

Sexuality 15.38 � 27.56 27.59 � 32.51 0.14 19.75 � 22.66 26.77 � 30.03 0.32

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as absolute numbers since these were not available at baseline.

eTable 5. Quality-Adjusted Life Years in the Sensitivity
Analysis Excluding Patients with Pancreatic Ductal
Adenocarcinoma

Follow-up time-point
MIDP

(n ¼ 37)
ODP

(n ¼ 47) p Value

QALY at baseline, y 0.74 (0.25) 0.84 (0.19) 0.036

QALY at
1-year follow-up, y

0.81 (0.23) 0.91 (0.09) 0.018

QALY at
2-year follow-up, y

1.63 (0.48) 1.71 (0.24) 0.06

QALY at
long-term follow-up, y

2.74 (0.91) 2.80 (1.11) 0.78

Data are presented as mean (SD).
MIDP, minimally invasive distal pancreatectomy; ODP, open distal
pancreatectomy QALY, quality-adjusted life years.
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eTable 6. Sensitivity Analysis Excluding Patients with Pancreatic Ductal Adenocarcinoma, QLQC30

Time-point, QLQC30*

Baseline, absolute value

p Value

2-year follow-up, change from
baseline

p Value

Long-term follow-up, change from
baseline

p ValueMIDP (n ¼ 23) ODP (n ¼ 32) MIDP (n ¼ 23) ODP (n ¼ 32) MIDP (n ¼ 23) ODP (n ¼ 32)

Global health status 71.2 � 22.3 84.9 � 16.0 0.008 4.2 � 18.8 -3.0 � 14.7 0.18 -1.5 � 19.6 -0.3 � 20.9 0.86

Physical functioning 85.6 � 15.5 92.5 � 12.4 0.07 -3.9 � 11.6 0.3 � 7.8 0.18 -9.3 � 11.7 -2.7 � 11.9 0.09

Role functioning 72.4 � 29.8 92.7 � 14.0 0.001 11.1 � 26.8 2.3 � 16.5 0.21 8.3 � 29.8 -3.3 � 21.0 0.15

Emotional functioning 69.6 � 27.0 84.4 � 16.6 0.013 17.1 � 20.7 9.5 � 15.9 0.19 8.9 � 24.6 1.3 � 23.8 0.34

Cognitive functioning 80.8 � 19.8 95.3 � 11.4 0.001 2.8 � 16.4 -2.2 � 9.3 0.23 -1.0 � 18.7 -2.7 � 14.2 0.75

Social functioning 78.2 � 25.7 94.3 � 13.8 0.004 9.3 � 28.7 -4.5 � 27.3 0.13 3.1 � 18.5 -2.0 � 21.7 0.44

Fatigue 30.8 � 28.3 14.9 � 20.5 0.017 -4.9 � 24.8 0.5 � 23.1 0.45 -1.0 � 21.7 4.4 � 24.8 0.47

Nausea and vomiting 6.4 � 13.4 3.1 � 8.9 0.27 -1.9 � 18.9 -0.8 � 10.9 0.82 -3.2 � 13.9 -0.7 � 10.2 0.52

Pain 26.9 � 32.0 13.0 � 23.1 0.06 -11.1 � 32.8 -8.3 � 26.6 0.77 -4.2 � 30.1 -2.7 � 31.9 0.88

Dyspnea 6.4 � 13.4 8.3 � 14.7 0.61 7.4 � 21.6 3.0 � 20.3 0.51 8.3 � 14.9 4.0 � 20.0 0.46

Insomnia 34.6 � 34.6 15.6 � 29.3 0.028 -7.4 � 18.3 -4.5 � 25.8 0.69 -12.5 � 24.0 1.3 � 26.3 0.10

Appetite loss 15.4 � 28.6 3.1 � 9.9 0.027 -7.8 � 25.1 0.0 � 0.0 0.15 -2.1 � 35.4 1.3 � 18.0 0.69

Constipation 14.1 � 27.0 10.4 � 21.5 0.56 -3.7 � 34.1 1.6 � 19.7 0.55 -2.1 � 22.7 0.0 � 23.6 0.78

Diarrhea 10.3 � 20.6 6.2 � 13.2 0.37 7.4 � 18.3 4.5 � 29.6 0.72 2.1 � 25.7 -4.0 � 14.7 0.34

Financial difficulty 7.7 � 19.6 1.0 � 5.9 0.11 3.7 � 19.4 10.6 � 31.5 0.42 4.2 � 20.6 -1.3 � 6.7 0.22

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as difference from follow-up time-point to baseline value.
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eTable 7. Sensitivity Analysis Excluding Patients with Pancreatic Ductal Adenocarcinoma, PAN26

Time-point, PAN26*

2-year follow-up, absolute value

p Value

Long-term follow-up, absolute value

p ValueMIDP (n ¼ 23) ODP (n ¼ 32) MIDP (n ¼ 23) ODP (n ¼ 32)

Pancreatic pain 19.4 � 16.4 14.9 � 16.4 0.41 22.7 � 19.2 18.9 � 20.1 0.47

Digestive complaint 6.8 � 14.8 12.1 � 21.7 0.37 14.6 � 18.6 8.8 � 21.0 0.29

Altered bowel habit 27.2 � 26.2 28.2 � 26.0 0.89 27.1 � 26.4 17.6 � 23.2 0.16

Hepatic complaint 6.2 � 12.4 4.6 � 9.9 0.60 11.1 � 16.1 7.8 � 16.5 0.46

Body image 8.0 � 15.6 18.9 � 21.3 0.034 13.9 � 20.1 13.2 � 23.1 0.91

Healthcare satisfaction 49.4 � 38.5 34.5 � 35.9 0.14 27.0 � 23.8 36.2 � 34.2 0.29

Sexuality 14.7 � 26.0 27.6 � 32.5 0.11 20.4 � 24.2 25.5 � 29.6 0.47

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as absolute numbers since these were not available at baseline.

eTable 8. Quality-Adjusted Life Years in the Sensitivity
Analysis Excluding Patients with Prolonged Drainage (>90
d).

Follow-up time-point MIDP (n ¼ 45) ODP (n ¼ 53) p Value

QALY at baseline, y 0.78 (0.22) 0.82 (0.21) 0.37

QALY at 1-year
follow-up, y

0.80 (0.27) 0.86 (0.23) 0.20

QALY at 2-year
follow-up, y

1.43 (0.60) 1.57 (0.52) 0.24

QALY at long-term
follow-up, y

2.31 (1.32) 2.52 (1.33) 0.45

Data presented as mean (SD).
MIDP, minimally invasive distal pancreatectomy; ODP, open distal
pancreatectomy; QALY, quality-adjusted life years.
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eTable 9. Sensitivity Analysis Excluding Patients with Prolonged Drainage, QLQC30 (>90 days)

Time-point, QLQC30*

Baseline, absolute value

p Value

2-year follow-up, change from
baseline

p Value

Long-term follow-up, change from
baseline

p ValueMIDP (n ¼ 20) ODP (n ¼ 24) MIDP (n ¼ 20) ODP (n ¼ 24) MIDP (n ¼ 20) ODP (n ¼ 24)

Global health status 74.4 � 21.0 82.8 � 17.8 0.09 1.7 � 16.6 0.3 � 18.1 0.80 -3.7 � 17.0 -1.7 � 19.7 0.74

Physical functioning 87.1 � 15.1 91.8 � 12.5 0.19 -4.2 � 11.8 0.3 � 7.5 0.14 -9.5 � 11.8 -3.3 � 12.1 0.11

Role functioning 78.0 � 26.1 90.7 � 18.9 0.030 5.0 � 23.6 2.1 � 15.8 0.63 1.0 � 27.9 -3.8 � 20.7 0.52

Emotional functioning 72.0 � 27.1 81.6 � 19.7 0.11 15.0 � 20.0 10.4 � 16.0 0.40 6.9 � 24.7 1.6 � 23.3 0.48

Cognitive functioning 82.1 � 19.7 95.1 � 11.3 0.002 2.5 � 16.5 -2.8 � 11.7 0.22 -1.96 � 18.5 -2.6 � 13.9 0.90

Social functioning 82.1 � 24.0 93.6 � 14.2 0.023 5.8 � 25.5 -4.2 � 26.1 0.21 -1.0 � 18.1 -1.9 � 21.3 0.88

Fatigue 28.2 � 28.0 17.3 � 22.8 0.09 -3.3 � 24.2 0.9 � 22.7 0.55 0.3 � 21.0 6,4 � 26.3 0.43

Nausea and vomiting 6.0 � 13.0 3.4 � 9.0 0.37 -0.8 � 18.3 1.4 � 14.7 0.66 -2.9 � 13.5 2.6 � 19.3 0.31

Pain 21.4 � 28.3 14.7 � 27.1 0.35 -2.5 � 24.9 -7.6 � 25.5 0.51 1.0 � 27.9 -2.6 � 31.2 0.71

Dyspnea 8.3 � 14.7 7.8 � 14.4 0.90 5.0 � 22.4 4.2 � 20.4 0.90 7.8 � 14.6 3.8 � 19.6 0.48

Insomnia 31.0 � 33.9 19.6 � 32.9 0.19 -1.7 � 22.9 -2.8 � 35.5 0.90 -7.8 � 27.7 5.1 � 32.2 0.18

Appetite loss 14.3 � 27.9 3.9 � 10.9 0.05 -7.0 � 23.8 -1.4 � 6.8 0.28 -2.0 � 34.3 0.0 � 18.9 0.81

Constipation 13.1 � 26.2 9.8 � 21.0 0.59 0.0 � 34.2 0.0 � 20.1 0.99 -2.0 � 22.0 1.3 � 24.0 0.66

Diarrhea 10.7 � 20.4 7.8 � 16.5 0.54 6.7 � 17.4 1.4 � 31.8 0.51 5.9 � 27.0 -3.8 � 14.4 0.13

Financial difficulty 6.0 � 18.3 1.0 � 5.7 0.14 5.0 � 16.3 9.7 � 30.3 0.54 5.9 � 17.6 -1.3 � 6.5 0.07

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as difference from follow-up time-point to baseline value.
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eTable 10. Sensitivity Analysis Excluding Patients with Prolonged Drainage, PAN26 (>90 days)

Time-point, PAN26*

2-year follow-up, absolute value

p Value

Long-term follow-up, absolute value

p ValueMIDP (n ¼ 20) ODP (n ¼ 24) MIDP (n ¼ 20) ODP (n ¼ 24)

Pancreatic pain 17.9 � 22.6 13.6 � 16.4 0.42 20.9 � 19.0 18.4 � 20.4 0.63

Digestive complaint 8.9 � 18.4 12.2 � 26.6 0.59 13.9 � 18.2 9.8 � 21.4 0.45

Altered bowel habit 28.6 � 25.6 26.1 � 26.5 0.72 28.5 � 25.8 17.2 � 23.0 0.09

Hepatic complaint 6.5 � 12.3 3.9 � 9.5 0.36 8.3 � 14.7 7.8 � 16.5 0.91

Body image 7.7 � 15.4 18.3 � 20.8 0.030 13.9 � 20.1 14.7 � 23.8 0.89

Healthcare satisfaction 50.0 � 36.9 38.9 � 37.0 0.26 26.5 � 24.5 36.2 � 34.2 0.27

Sexuality 17.3 � 27.1 25.3 � 29.4 0.30 23.2 � 24.6 26.3 � 29.8 0.67

This table only includes patients who responded, meaning data are not imputed for non-responders. Data are presented as mean with corresponding SD.
*Scores are noted as absolute numbers since these were not available at baseline.
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