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assessed using the 3-level version of the European Quality of Life—5
Dimensions, depression, and other outcomes were evaluated.

Results: Data from 656 patients [328 men (69.9%); mean (SD) age: 56.2
(10.7) years] who underwent pancreaticoduodenectomy were analyzed.
For malignancies, the 3-year OS rates were 59.1% and 54.3% in the LPD
and OPD groups, respectively (P=0.33, hazard ratio: 1.16, 95% CI:
0.86-1.56). The 3-year OS rates for others were 81.3% and 85.6% in the
LPD and OPD groups, respectively (P = 0.40, hazard ratio: 0.70, 95% CI:
0.30-1.63). No significant differences were observed in quality of life,
depression and other outcomes between the 2 groups.

Conclusion: In patients with pancreatic or periampullary tumors, LPD
performed by experienced surgeons resulted in a similar 3-year OS
compared with OPD.

Trial Registration: ClinicalTrials.gov Identifier: NCT03138213.

Objective: This study aimed to estimate whether the potential short-term
advantages of laparoscopic pancreaticoduodenectomy (LPD) could
allow patients to recover in a more timely manner and achieve better
long-term survival than with open pancreaticoduodenectomy (OPD) in
patients with pancreatic or periampullary tumors.

Background: LPD has been demonstrated to be feasible and may have
several potential advantages over OPD in terms of shorter hospital stay
and accelerated recovery than OPD.

Methods: This noninferiority, open-label, randomized clinical trial was
conducted in 14 centers in China. The initial trial included 656 eligible
patients with pancreatic or periampullary tumors enrolled from May 18,
2018, to December 19, 2019. The participants were randomized pre-
operatively in a 1:1 ratio to undergo either LPD (n=328) or OPD
(n=328). The 3-year overall survival (OS), quality of life, which was
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P ancreaticoduodenectomy is one of the most challenging
abdominal surgeries and remains the standard treatment for
pancreatic and periampullary tumors.! Conventionally, the
procedure has been performed using the open technique [open
pancreaticoduodenectomy (OPD)]. Since the first description of
laparoscopic pancreaticoduodenectomy (LPD) by Gagner in
1994, interest in LPD has progressively increased?; however,
large-scale case series describing this technique were conducted
only in a few highly specialized centers.>® LPD has been shown
to be feasible and safe, and has several potential advantages,
including lower blood loss, transfusion requirements, intensive
care unit stay, and total hospital stay, compared with OPD.
However, whether potential advantages such as shorter hospital
stay and quicker recovery can translate to better long-term sur-
vival remains unclear.

Long-term survival is the gold standard endpoint for
evaluating the oncological efficacy of any anticancer intervention
provided to cancer patients. In the setting of pan-
creaticoduodenectomy, several studies have compared the
oncological outcomes and long-term survival of patients who
underwent LPD or OPD,>!? and its oncological safety remains
controversial.!*12 Short-term outcomes, such as length of stay
can be affected by country-specific sociocultural factors and
health care policies. In addition, other in-hospital outcomes can
be influenced by discharge criteria, disease pathologic types,
surgeon’s preference, and patients’ level of self-comfort. Thus,
the measure can be fairly subjective. Besides, the early termi-
nation of LEOPARD-2 study, due to the unexpected and wor-
risome short-term safety concerns, also raised questions about
the feasibility of LPD.> Together with these concerns, post-
operative long-term survival and quality of life may be more
valuable indicators than in-hospital or short-term outcomes
when evaluating the oncological efficacy of a surgical technique.

The TIDBPSO1 trial was designed with short-term length
of stay as its primary endpoint, and it was also powered to
determine its effects on overall survival (OS). At the time of the
primary analysis of in-hospital length of stay, the outcomes of
long-term follow-up were immature; the long-term outcomes of
this study were updated after a minimum follow-up of 3 years, at
the end of 2022. Herein, we report the data on the 3-year OS,
quality of life, and effects of LPD among patients with benign,
premalignant, or malignant lesions, especially the malignant
tumors and causes of death in the per-protocol population.

METHODS

Study Design and Participants

TIJDBPS01 was a noninferiority, open-label, randomized
clinical trial (RCT) conducted in 14 hospitals in China. The patients
were enrolled from May 18, 2018, to December 19, 2019. All
patients were followed up after surgery. The final follow-up was on
December 31, 2022. Patients aged 18 to 75 years with benign, pre-
malignant, or malignant resectable pancreatic or periampullary
tumors who were eligible to undergo pancreaticoduodenectomy
were enrolled in this study. Patients who (1) had distant metastases;
(2) underwent left, central, or total pancreatectomy or palliative
surgery other than pancreaticoduodenectomy; (3) had an American
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Society of Anesthesiologists score of at least 413; (4) had synchro-
nous malignancy in other organs or second cancer requiring resec-
tion during the time of surgery; (5) were pregnant; and (6) under-
went or required neoadjuvant chemoradiotherapy were excluded.
The detailed exclusion criteria can be seen in Supplemental Digital
Content 1 (http:/links.lww.com/SLA/E939). A complete overview
of the study protocol has been published."* The study was also
reported in accordance with the CONSORT checklist (Supple-
mental Digital Content 2, http:/links.lww.com/SLA/E939).

Each participating center obtained institutional review
board approval according to the local regulations. Written
informed consent was obtained from all the patients. In addition,
experienced surgeons who (1) had performed at least 104 LPDs
and OPDs,!3 (2) had completed the Minimally Invasive Treat-
ment Group in the Pancreatic Disease Branch of China’s Inter-
national Exchange and Promotion Association for Medicine and
Healthcare (MITG-P-CPAM) LPD training program, and (3)
had unedited videos of them performing LPD and OPD eval-
uated by independent experts and whose performance was con-
sidered a PASS were included in this study. Finally, 14 surgeons
and their surgical teams from MITG-P-CPAM were selected for
this trial.

The participants were randomly assigned in a 1:1 ratio to
groups that underwent either LPD or OPD. A detailed
description of the main results has been published along with the
clinical and demographic baseline characteristics.!® OS was
calculated from the date of surgery until the date of death from
any cause (event). Patients who were lost to follow-up were
censored at the last date they were known to be alive, and
patients who remained alive were censored at the time of data
cutoff. The reasons for deaths were also recorded during the
follow-up. Other endpoints included 3-year OS, defined as the
proportion of patients that survived at 3 years. Other follow-up
outcomes included long-term safety, health-related quality of
life, and depression incidence. Since no standard schedule exists
for the collection of patient-reported outcomes after surgery,
timepoints for health-related quality of life and depression
assessments were chosen on the basis of the patient follow-up
schedule in this study.!

Quality of Life Assessment

The health-related quality of life was assessed using the 3-
level version of the European Quality of Life—5 Dimensions
(EQ-5D-3L), which included both a health description system
(EQ-5D index) and a Visual Analog Scale (VAS).'718 The first
section recorded the self-assessed health status based on the
following 5 dimensions: mobility, self-care, daily activities, pain/
discomfort, and anxiety/depression. Each dimension consisted of
3 levels: no problems, some problems, and extreme
problems.'®20 The second component was used to assess the
level of self-perceived health, which ranged from 0 to 100, with 0
representing the worst conceivable state of health and 100 rep-
resenting the best state of health. VAS can be used as a quan-
titative measure of a participant’s self-judged health outcomes.

Depression Assessment

The symptoms of depression were assessed using the
Chinese version of the 10-item Center for Epidemiology Studies
Depression (CESD-10) scale. The CESD-10 scale is based on the
CES-D scale, a widely used standardized tool for measuring
depression and can be more time-efficient than the CES-D, thus
easing participants’ response burden; it is more applicable for the
nonclinical, general population than for clinically depressed
patients. The participants were asked to answer 10 items to
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assess for depressive symptoms, including depressed mood,
restless sleep, decreased energy, decreased enjoyment, and
decreased hope in life, as well as feelings of fear, loneliness, and
despair experienced in the past week. The scores for each item
were summed to obtain the total score, which ranged from 0 to
30, with higher scores indicating worse depression. The symp-
toms of depression were dichotomized into nonsignificant (CES-
D <10) and significant (CES-D > 10) symptoms, in line with the
recommendations.="

Statistical Analysis

All analyses conducted herein were exploratory. Pre-
specified subgroup analyses were conducted based on histo-
pathology types, which encompassed malignancies and other
categories. Malignancies included pancreatic ductal adeno-
carcinoma (PDAC), duodenal adenocarcinoma, ampullary ade-
nocarcinoma, and cholangiocarcinoma. Benign lesions included
intraductal papillary mucous neoplasm, serous cystic neoplasm,
mucous cystic neoplasm, and other noninvasive lesions. Bor-
derline lesions included solid pseudopapillary tumor, pancreatic
neuroendocrine tumor, and gastrointestinal stromal tumor. In
our analysis, benign and borderline lesions were combined as
“Other” to facilitate data analysis and interpretation.

The OS analysis was specifically conducted on malig-
nancies, whereas the analysis of other follow-up outcomes
encompassed the entire patients. The Kaplan-Meier curves and
log-rank test were used to estimate the difference in OS between
the groups. Patients who were lost to follow-up or were still alive
at the last contact were considered as censored. Cox proportional
hazards regression analysis was used to determine the impact of
covariates on OS, yielding hazard ratios (HRs) as measures of
effect. The median follow-up time was determined by reverse
censoring at the time of death. Instead of using the median
survival time, the restricted mean survival time (RMST), which
represents the area under the Kaplan-Meier curve within a spe-
cific time window, was used as a reasonable summary to quantify
the survival time. In addition, a competing risk regression
analysis was conducted to account for different causes of death,
with the Gray test being used to assess the differences between
the LPD and OPD groups, as a sensitivity analysis. All analyses
were performed on an intention-to-treat basis. All the statistical
tests for secondary end points had a 2-sided significance level of
0.05. Because of the potential for type I error due to multiple
comparisons, findings for analyses of secondary end points
should be interpreted as exploratory. All statistical analyses were
performed using SAS, version 9.4 (SAS Institute Inc.). The
detailed statistical analysis plan can be seen in Supplemental
Digital Content 3 (http://links.lww.com/SLA/E939).

RESULTS

Study Population

From May 18, 2018, to December 19, 2019, 328 patients
were randomly assigned to the LPD group and 328 to the OPD
group (Fig. 1). The primary analysis set comprised of 594
patients (297 in the LPD group and 297 in the OPD group). The
median follow-up period was 49 months (interquartile range:
44-52 months), with 67 patients (10.9%) lost to follow-up.
Finally, 529 patients were included in this analysis, including 268
patients in the LPD group and 261 in the OPD group. A detailed
description of the study protocol and the main results have been
published previously with clinical and demographic baseline
characteristics.!® Detailed information regarding the patients’

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

characteristics and operative data are presented in Table 1, and
the pathologic and postoperative results are presented in Table 2.

Overall Survival

At the time of the analysis, 213 patients (40.3%) had died
[104 (38.8%) in the LPD group and 109 (41.8%) in the OPD
group]. Among patients with malignant tumors, the 3-year OS
rates were 59.1% and 54.3% in the LPD and OPD groups,
respectively (HR: 1.16, 95% CI. 0.86-1.56, P=0.33) (Fig. 2).
The HR for OPD versus LPD was 1.11 (95% CI: 0.81-1.51,
P=0.53) after adjusting for age, sex, body mass index (BMI),
American Society of Anesthesiologists status, comorbidity,
tumor size, histologic features, TNM stage, and chemotherapy.
The 3-year OS rates of the LPD and OPD groups were 51.8%
and 48.9% in patients with PDAC, 59.7% and 69.0% in patients
with duodenal adenocarcinoma, 68.2% and 76.2% in patients
with ampullary adenocarcinoma, and 63.6% and 40.5% in
patients with cholangiocarcinoma, respectively. After adjusting
for covariates, the adjusted HRs for the 3-year OS of the LPD
and OPD were 0.99 (95% CI: 0.61-1.59) in patients with PDAC,
0.97 (95% CI: 0.43-2.18) in patients with duodenal adenocarci-
noma, 1.36 (95% CI: 0.21-8.61) in patients with ampullary
adenocarcinoma, and 2.74 (95% CI: 1.19-6.30) in patients with
cholangiocarcinoma (Supplemental Digital Content 4, Figs. S1—
S4, http://links.lww.com/SLA/E939).

Truncation was set at 36 months to evaluate the RMST
for malignant tumors. In the LPD group, the RMST was
27.3 months (95% CI: 25.6-29.1), and the corresponding
restricted mean times lost were 8.7 months (95% CI: 7.0-10.5). In
the OPD group, the RMST was 26.6 months (95% CI:
24.8-28.4), and the corresponding restricted mean times lost
were 9.4 months (95% CI: 7.6-11.2). The RMST ratio for OPD
to LPD was 0.974 (95% CI: 0.89-1.07), indicating that the LPD
group had a median survival time that was 2.6% less than that of
the OPD group (P=0.583) (Supplemental Digital Content 4,
Table S1, http://links.lww.com/SLA/E939).

The univariate analysis of OS among patients with
malignancies found no differences in the outcomes of OPD
versus LPD in terms of age, sex, BMI, pathologic properties, and
American Joint Committee on Cancer (AJCC) stage (Fig. 3).
The causes of death were analyzed for all patients as a sensitivity
analysis. The distribution is presented in Supplemental Digital
Content 4, Table S2 (http://links.lww.com/SLA/E939). After
controlling for all other competing risk events, the cancer-related
deaths and deaths from other causes did not differ significantly
between the LPD and OPD groups. In the sensitivity analysis,
the subdistribution hazard model for cancer-related deaths and
deaths from other causes also did not significantly differ between
the LPD and OPD groups (Supplemental Digital Content 4,
Figure S5, Table S3, http://links.lww.com/SLA/E939).

Follow-up Outcomes

Among patients with malignant tumors, the relapse rates
were 35.6% and 40.4% in the LPD and OPD groups, respectively
(P=0.49), during follow-up. A total of 59 (48.8%) patients with
malignant tumors in the LPD group and 72 (58.1%) in the OPD
group (P =0.14) received adjuvant chemotherapy. In addition, the
mean times to the initiation of adjuvant chemotherapy were 2.8 and
3.1 months in the LPD and OPD groups, respectively (P =0.83).
The median numbers of postoperative chemotherapy cycles were 6
and 3 cycles in the LPD and OPD groups, respectively (P =0.02).

A total of 200 patients participated in the EQ-5D-3L
questionnaire survey; the mean EQ-5D-3L health utility scores
were 0.9 (SD: 0.1) in the LPD group and 0.9 (SD: 0.2) in the

www.annalsofsurgery.com | 607


http://links.lww.com/SLA/E939
http://links.lww.com/SLA/E939
http://links.lww.com/SLA/E939
http://links.lww.com/SLA/E939
http://links.lww.com/SLA/E939

Qin et al

Annals of Surgery ¢ Volume 279, Number 4, April 2024

656 eligible patients

328 were randomly assigned to receive LPD

328 were randomly assigned to receive LPD

31 patients did not receive PD

31 patients did not receive PD

to-treat analysis

297 were included in the modified intention-

297 were included in the modified intention-to-
treat analysis

29 were lost follow-up

36 were lost follow-up

Ad

268 were included in the analysis

261 were included in the analysis

»| 67 had non-malignant tumor

64 had non-malignant tumor

FIGURE 1. Study flowchart. PD
indicates  pancreaticoduodenec-

201 had malignant tumor

197 had malignant tumor

tomy.

OPD group, with no significant difference between the 2 groups
(P=0.42). The median VAS scores were 85 and 80 in the LPD
and OPD groups, respectively (P =0.71). The median depression
scores were 15 and 16 in the LPD and OPD groups, respectively
(P=0.29), and the median IDL score was 10 in both groups
(P=0.77). Detailed follow-up information of the LPD and OPD
groups according to malignancy and other data is presented in
Table 3 and the Appendix (Supplemental Digital Content 4,
Table S4, http://links.lww.com/SLA/E939).

Risk Factors for Survival and Quality of Life

The univariate and multivariate analysis of the risk factors
for OS identified that being female was an independent pro-
tective factor of OS (HR: 0.65, 95% CI: 0.47-0.89, P=0.009)
(Supplemental Digital Content 4, Table S5, http:/links.lww.
com/SLA/E939). The surgical method, whether it is LPD or
OPD, has no significant impact on the long-term survival of
patients with malignancies (HR: 1.16, 95% CI. 0.86-1.57,
P=0.33). Postoperative factors influencing the quality of life
were also analyzed. Longer postoperative LOS (f=-0.002;
P =0.03) and receive chemotherapy were associated with a lower
quality of life (Supplemental Digital Content 4, Table S6, http:/
links.lww.com/SLA/E939).

DISCUSSION

LPD is a technically challenging operation primarily
performed at high-volume tertiary centers. In our multicenter
RCT comparing the effects of LPD and OPD in patients with
pancreatic or periampullary tumors, the 3-year OS did not sig-
nificantly differ between patients who underwent LPD and OPD
performed by experienced surgeons at high-volume specialized
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centers, regardless of the tumor histopathologic type. Moreover,
LPD was equivalent to OPD in providing statistically identical
rates of margin-positive resection and lymph node clearance,
time to adjuvant chemotherapy, and lengths of risk-adjusted OS.
To our knowledge, this is the first RCT to report the long-term
survival outcomes of LPD and OPD. These findings provide
further evidence supporting the oncological safety and efficacy of
LPD in the treatment of pancreatic or periampullary tumors.
Evaluating whether the potential short-term advantages of
LPD could allow patients to achieve better long-term survival
compared with OPD is of clinical relevance to promote a new
technology and future trial designs. While, no other relevant
RCTs have reported the long-term outcomes of LPD compared
with OPD. Until now, 2 single-center RCTs (PLOT and
PADULAP) and 1 multicenter RCTs (LEOPARD-2) comparing
LPD with OPD have been published to date.>7 Two of them
(PLOT and PADULAP) found that LPD was associated with a
shorter hospitalization time than OPD.®’ While the other
(LEOPARD?2) was prematurely stopped because of safety con-
cerns, as 90-day mortality was higher in the LPD group than in
the OPD group.’ All these RCTs were focused on the short-term
efficacy and safety, and did not conduct the long-term follow up.
Thus, no RCTs have reported the long-term survival of LPD
comparing with OPD. We were interested in the long-term sur-
vival of LPD comparing with OPD. Therefore, the TIDBPSO01
trial have made the initial try. The primary analysis of the
TIDBPSO01 study identified clear short-term advantages typical
of LPD, including reduced blood loss, shorter hospital stay, and
faster recovery.!® The similar long-term survival outcomes
between LPD and OPD showed that LPD shared similar long-
term efficacy and safety compared with OPD. Besides, the
RMST, a robust and clinically interpretable summary measure

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Patients’ Characteristics and Operative Data

Surgery [n (%)]

Characteristics Laparoscopic surgery (N = 268) Open surgery (N =261) P
Baseline characteristics
Age [mean (SD)] (yr) 59.2 (10.2) 57.8 (10.8) 0.12
Male 155 (57.8) 167 (64.0) 0.15
BMI [mean (SD)] (kg/m?) 22.4 (2.9) 22.0 (3.0) 0.16
ASA classification
1 47 (17.5) 44 (16.9) 0.36
11 158 (59.0) 168 (64.4)
111 63 (23.5) 49 (18.8)
Wirsung duct diameter <3 mm 161 (60.1) 150 (57.5) 0.54
Firm or hard consistency of pancreas 106 (39.6) 110 (42.2) 0.53
Preoperative biliary drainage 63 (23.5) 68 (26.1) 0.50
Tumor location
Pancreas 140 (52.2) 130 (49.8) 0.93
Bile duct 42 (15.7) 44 (16.7)
Duodenum 55 (20.5) 58 (22.2)
Ampullary 31 (11.6) 29 (11.1)
Pathologic properties
Malignant 201 (75.0) 197 (75.5) 0.84
Benign 44 (16.4) 45 (17.2)
Borderline 23 (8.6) 19 (7.3)
AJCC staging*
1 52 (19.4) 47 (18.0) 0.64
11 106 (39.6) 116 (44.4)
111 44 (16.4) 35(13.4)
Operative results
Operative time [median (IQR)] (min) 320.0 (280.0-390.0) 300.0 (250.0-360.0) <0.001%
EIBL [median (IQR)] (mL) 200.0 (100.0-375.0) 300.0 (200.0-440.0) <0.001%
Intraoperative blood transfusion 60 (22.4) 79 (30.3) 0.04
Pancreatic reconstruction
Duct to mucosa 147 (54.9) 132 (50.6) 0.35
Other 121 (45.2) 129 (49.4)
Vascular resection 7 (2.6) 7(2.7) 0.96
Conversion 9334 0 (0.0) NA
Positive resection margin 7 (2.6) 8(3.1) 0.75%
Stent 50 (18.7) 42 (16.1) 0.44

*For pathologic stage of malignancy.
TWilcoxon rank-sum test.
iFisher’s exact test.

AJCC indicates American Joint Committee of Cancer; ASA, American Society of Anesthesiologists; EIBL, estimated intraoperative blood loss; IQR, interquartile

range; NA, not available.

that is an alternative to HRs and median survival time, as it
directly quantifies the information of the entire observed survival
curve,2>2* showed that the mean survival time was only 0.3%
lower in the LPD group than that in the OPD group. In addition,
the short-term outcomes, such as the number of harvested lymph
nodes, the rate of positive margins, and short-term survival,
which are commonly used as surrogates of oncological
outcomes,? were also comparable between the LPD and OPD
groups. These results suggest that LPD is oncologically non-
inferior to OPD, indicating that technically similar oncological
resections can be achieved irrespective of the surgical
approach used.

From the technical point of view, laparoscopic approaches
have the benefits over open surgeries through visual magnifica-
tion, better exposure, and more delicate maneuvers of organs,
vessels, and nerves. Although the short-term safety is now
established, the oncological efficacy of LPD is still under
exploring. Numerous studies have reported comparable OS
outcomes between LPD and OPD. For example, a meta-analysis
of 10,554 pancreaticoduodenectomies that compared the effects
of LPD and OPD in PDAC patients demonstrated no significant

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

difference in the OS between the 2 approaches with moderate
heterogeneity (HR: 0.97, 95% CI: 0.82-1.15).2° And similar OS
rates have also been reported in elderly PDAC patients or in
general PDAC patients.'?” While, Zhu et al?® demonstrated
that LPD was associated with improved OS compared with OPD
in patients with resectable cholangiocarcinoma. Our findings are
aligned with these findings. Besides, other characteristics, such as
different BMI levels or AJCC stages, were also presented to have
different long-term survival between LPD and OPD, as the HR
showed opposite trends. Although these findings were not sig-
nificant, they highlight the importance of considering patient-
specific conditions and tumor characteristics when choosing
surgical approach; therefore, further research is needed to
explore the domain further.

In addition to the OS outcomes, other important onco-
logical findings in this study included the earlier initiation of
chemotherapy (mean: 2.8 vs 3.1 mo) and a higher number of
adjuvant chemotherapy cycles (6 vs 3; P=0.02) among patients
who underwent LPD compared with those who underwent OPD.
The timely administration of adjuvant chemotherapy has been
associated with improved OS in PDAC patients.?’ The reduced
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TABLE 2. Pathologic and Postoperative Results

Surgery
Characteristics Laparoscopic surgery (N = 268) Open surgery (N =261) P
Pathologic results
Tumor size [median (IQR)] (cm) 2.0 (2.0-3.0) 2.0 (2.0-3.0) 0.09
No. lymph nodes harvested [median (IQR)] 12.0 (7.0-14.0) 13.0 (7.0-16.0) 0.46
Histopathologic type
PDAC 79 (29.5) 93 (35.6) 0.53
Duodenal adenocarcinoma 54 (20.2) 43 (16.5)
Ampullary adenocarcinoma 23 (8.6) 22 (8.4)
Cholangiocarcinoma 45 (16.8) 39 (14.9)
Other* 67 (25.0) 64 (24.5)
Histologic grade
Well 39 (14.6) 33 (12.6) 0.77
Moderately 123 (45.9) 118 (45.2)
Poorly 40 (14.9) 47 (18.0)
Postoperative results
First off-bed activity [median (IQR)] (d) 3.0 (3.0-5.0) 4.0 (3.0-6.0) 0.03}
First oral food intake [median (IQR)] (d) 5.0 (3.0-6.0) 5.0 (4.0-7.0) 0.04F
Postoperative nasogastric tube removal [median (IQR)] (d) 2.0 (0.0-4.0) 3.0 (2.0-5.0) 0.017
ICU stay [median (IQR)] (d) 1.0 (0.0-3.0) 2.0 (0.0-3.0) 0.06%
Length of stay [median (IQR)] (d) 14.0 (11.0-21.0) 16.0 (13.0-21.0) 0.04+
Overall complications 132 (49.3) 116 (44.4) 0.27
Clavien-Dindo classification of > 111 76 (28.4) 58 (22.2) 0.11
Grade B or C of POPF 26 (9.7) 29 (11.1) 0.11
Grade B or C of bile leakage 14 (5.2) 10 (3.8) 0.44
Grade B or C of delayed gastric emptying 32 (11.9) 37 (14.2) 0.45
Grade B or C of postoperative hemorrhage 23 (8.6) 17 (6.5) 0.37
Mortality (within 30 d) 3(1.1) 3(1.2) >0.99
Mortality (within 90 d) 5(1.9) 6(2.3) 0.77

*Other included intraductal papillary mucous neoplasm, pancreatic neuroendocrine tumor, serous cystic neoplasm, mucous cystic neoplasm, solid pseudopapillary

tumor, gastrointestinal stromal tumor, and other cancer types.
TWilcoxon rank-sum test.
iFisher exact test.

ICU indicates intensive care unit; IQR, interquartile range; POPF, postoperative pancreatic fistula.

immunologic and physiologic impact of the minimally invasive
approach used in LPD may have contributed to the higher
adherence to adjuvant chemotherapy, including the improved
ability to receive adjuvant treatment promptly and completely.3°
In addition, faster postoperative recovery, evidenced by faster
postoperative nasogastric tube removal, earlier initiation of oral
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food intake, and shorter hospital stay, were protective predictors
associated with higher postoperative quality of life and improved
long-term survival among LPD patients. Although no inde-
pendent predictors were observed in the multivariate analysis,
the univariate analysis suggested that the potential advantage of
faster recovery after laparoscopic surgery might allow patients to
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FIGURE 2. A, Survival curves between LPD and OPD among patients with malignancies. B, Survival curves between LPD and OPD

among patients with other histopathologic types.
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LPD OPD
Patients, No. 3-y OS (95% CI), % Patients, No. 3-y OS (95% Cl), % HR(95%CI) _Log rank-P value

Malignancy 201 59.1(51.7~65.7) 197 54.3(46.9~61.2) e ———— 1.16(0.86~1.56) 0.33
Histopathological type

PDAC 79 51.8(39.9~62.4) 93 48.9(37.9~58.9) —_— 1.04(0.67~1.61) 0.87

Duodenal adenocarcinoma 54 59.7(44.8~71.8) 43 69.0(52.6~80.7) —_— 0.87(0.46~1.64) 0.66

Ampullary tumour 23 68.2(44.6~83.4) 22 76.2(51.9~89.3) 0.64(0.23~1.79) 0.39

Cholangiocarcinoma 45 63.6(47.7~75.9) 39 40.5(24.9~55.7) > 2.29(1.22~4.30) 0.01
Gender

Male 127 53.1(43.7~61.6) 122 49.9(40.4~58.7) ——————— 1.12(0.78~1.60) 0.53

Female 74 69.1(56.9~78.4) 75 61.2(49.0~71.3) —_— 1.23(0.72~2.10) 0.44
Age, year

<60 93 65.1(53.8~74.3) 85 55.5(43.6~65.8) —_— 1.31(0.82~2.08) 0.26

260 108 54.4(44.6~63.3) 112 53.6(43.8~62.4) —_—— 1.06(0.73~1.56) 0.75
Body-mass index (kg/m?)

=18.4 15 61.5(30.8~81.8) 26 42.6(22.2~61.7) 2.04(0.73~5.75) 0.17

218.5~25 157 62.0(53.7~69.2) 146 54.1(45.4~61.9) —— 1.24(0.89~1.75) 02

225 29 42.9(24.6~60.0) 25 66.7(44.3~81.7) ——————— 0.57(0.24~1.33) 0.19
Comorbidities

None 120 57.7(47.9~66.2) 109 53.1(43.0~62.1) —_—— 1.11(0.76~1.64) 0.59

One or more 81 61.1(49.4~70.8) 88 55.9(44.4~65.9) —_— 1.24(0.78~1.96) 0.36
Previous surgery

No 142 58.4(49.6~66.2) 141 53.4(44.5~61.5) —— 1.13(0.80~1.60) 0.48

Yes 59 60.7(46.7~72.1) 56 56.4(42.3~68.3) _— 1.24(0.70~2.19) 0.46
ASA

1 31 67.5(47.9~81.0) 35 50.0(32.4~65.3) 1.61(0.76~3.40) 0.22

Il 117 60.4(50.6~68.9) 123 57.0(47.4~65.5) ——— 1.11(0.75~1.64) 0.61

1l 53 49.1(34.8~61.9) 39 49.1(34.8~61.9) —_— 1.09(0.61~1.94) 0.77
AJcC

[ 52 60.1(42.6~73.6) 47 54.6(36.3~69.6) 1.33(0.66~2.70) 0.42

1 106 59.6(50.1~67.9) 115 49.5(39.9~58.4) —_——— 1.28(0.88~1.85) 0.19

Il 43 56.4(39.0~70.6) 35 66.8(50.5~78.8) e e— 0.77(0.38~1.53) 0.45
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FIGURE 3. The forest plot of the OS among patients with malignancy at 3 years of follow-up. AJCC indicates American Joint
Committee of Cancer; ASA, American Society of Anesthesiologists.

achieve better long-term survival. These findings still require chemotherapy may have influenced the evaluation of long-term
confirmation using large-scale trials and underscore the potential survival outcomes in both groups. Encouraging greater adher-
advantages of LPD in facilitating faster recovery and improved  ence to adjuvant chemotherapy in clinical practice is necessary to
long-term survival. improve patient outcomes. Last, this randomized controlled

Notwithstanding the significant insights provided by our
study, several limitations should be acknowledged. First, our
study was conducted in China, and the generalizability of the
results to a global population may be affected by population-
specific characteristics, particularly BMI differences. Second, all
participating surgeons were experts who had completed the
learning curve for LPD, thus limiting the generalizability of our . . . .
findings to surgeons with less extensive LPD training. Therefore, ~ ¢Valuating long-term survival is necessary to establish the
establishing effective training systems to optimize proficiency in deﬁmtlve? oncological advantages of LPD and OPD. An ongoing
this surgical technique is a crucial consideration. Third, the prospective, randomized, and controlled study is investigating
relatively low percentage of patients receiving adjuvant the long-term survival between LPD and OPD for PDAC

study was primarily designed to evaluate the short-term out-
comes of LPD and OPD, with postoperative length of stay as the
primary outcome. Although long-term survival was assessed as
one of the secondary endpoints, and the follow-up duration in
this study was reasonable for evaluating oncological outcomes, a
confirmatory randomized control trial specifically designed for

TABLE 3. Follow-up Information of the LPD and OPD Groups

Malignancies* Otherf
LPD (N=201) OPD (N=197) P LPD (N=67) OPD (N=64) P

Cause of death

Cancer-related death [n (%)] 84 (92.3) 90 (90.9) 0.73 10 (76.9) 8 (80.0) >0.99
Other causes] [n (%)] 7(1.7) 909.1) 3(23.1) 2 (20.0)

Relapse [n (%)] 36 (35.6) 38 (40.4) 0.49 NA NA

Adjuvant chemotherapy [n (%)] 59 (48.8) 72 (58.1) 0.14 NA NA

Time to initiation of adjuvant chemotherapy [mean (SD)] (mo) 2.8 (3.0) 3.1(7.4) 0.83 NA NA

Chemotherapy cycles [median (IQR)] 6.0 (3.0-6.0) 3.0 (2.0-5.0) 0.02 NA NA

EQ-5D-3L
Health utility score [mean (SD)] 0.9 (0.1) 0.9 (0.2) 0.96 0.9 (0.1) 0.9 (0.1) 0.02
VAS [median (IQR)] 85.0 (70.0-90.0) 80.0 (70.0-90.0) 0.73 82.5(77.5-92.5) 82.5(75.0-90.0)  0.98
Depression [median (IQR)] 16.0 (10.0-16.0) 16.0 (11.0-17.0) 0.28 13.5(10.0-16.5) 16.0 (11.0-17.0)  0.27

*Malignancies included PDAC, duodenal adenocarcinoma, ampullary adenocarcinoma, and cholangiocarcinoma.

tOther included intraductal papillary mucous neoplasm, pancreatic neuroendocrine tumor, serous cystic neoplasm, mucous cystic neoplasm, solid pseudopapillary
tumor, gastrointestinal stromal tumor, and other cancer types.

fIncludes other cancers, diseases other than cancer, and unknown causes.

IQR indicates interquartile range; NA, not available.
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(NCT03785743), and we are looking forward to the results of
that study.

In conclusion, LPD performed by experienced surgeons at
high-volume specialized institutions yields comparable OS out-
comes compared with OPD among patients with pancreatic or
periampullary tumors. LPD offers not only technical feasibility
and safety but also advantages such as shorter hospital stay and
faster recovery, enabling patients to promptly pursue the timely
initiation of systemic therapy. However, identifying suitable
surgical indications for LPD remains an important issue that
requires further investigation. Hence, future studies should refine
patient selection criteria and assess the long-term oncological
benefits of LPD in specific tumor types. These efforts will con-
tribute to optimizing surgical strategies and improving the out-
comes of patients with pancreatic or periampullary tumors.
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