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Abstract

Background: Pancreatoduodenectomy is a complex and challenging procedure that requires meticulous tissue
dissection and proficient suturing skills. Minimally invasive surgery with the utilization of robotic platforms has
demonstrated advantages in perioperative patient outcomes in retrospective studies. The development of robotic
pancreatoduodenectomy (RPD) in specific has progressed significantly, since first reported in 2003, and high-
volume centers in pancreatic surgery are reporting large patient series with improved pain management and
reduced length of stay. However, prospective studies to assess objectively the feasibility and safety of RPD
compared to open pancreatoduodenectomy (OPD) are currently lacking.
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Methods/design: The PORTAL trial is a multicenter randomized controlled, patient-blinded, parallel-group, phase III
non-inferiority trial performed in seven high-volume centers for pancreatic and robotic surgery in China (> 20 RPD
and > 100 OPD annually in each participating center). The trial is designed to enroll and randomly assign 244
patients with an indication for elective pancreatoduodenectomy for malignant periampullary and pancreatic lesions,
as well as premalignant and symptomatic benign periampullary and pancreatic disease. The primary outcome is
time to functional recovery postoperatively, measured in days. Secondary outcomes include postoperative
morbidity and mortality, as well as perioperative costs. A sub-cohort of 128 patients with pancreatic
adenocarcinoma (PDAC) will also be compared to assess the percentage of patients who undergo postoperative
adjuvant chemotherapy within 8 weeks, in each arm. Secondary outcomes in this cohort will include patterns of
disease recurrence, recurrence-free survival, and overall survival.

Discussion: The PORTAL trial is designed to assess the feasibility and safety of RPD compared to OPD, in terms of
functional recovery as described previously. Additionally, this trial will explore whether RPD allows increased access
to postoperative adjuvant chemotherapy, in a sub-cohort of patients with PDAC.

Trial registration: ClinicalTrials.gov NCT04400357. Registered on May 22, 2020

Keywords: Robotic, Robot-assisted, Minimally invasive, Pancreatoduodenectomy, Whipple, Pancreatic cancer,
Outcomes, Recurrence, Survival

Background
Pancreatoduodenectomy (PD) is the surgical approach of
choice for benign and malignant tumors of the pancre-
atic head and periampullary region, and it is considered
the only potential curative treatment option [1]. It is a
sophisticated operation that requires proficient surgical
skills, both for the dissection of the tumor from the adja-
cent vascular structures and for the restoration of
gastrointestinal tract continuity with the performance of
the pancreatic, biliary, and gastric anastomosis. This
level of surgical complexity may result in significant
postoperative morbidity, and data suggest that surgeon
experience [2] and hospital volume [3] are critical for
the achievement of favorable outcomes in pancreatic
surgery. The introduction of minimally invasive surgery
(MIS) promptly led to the first report of a laparoscopic
pancreatoduodenectomy (LPD) [4]; however, broader
adoption of this technique was relatively slow due to
multiple parameters, which include limited instrument
motion range, deficient ergonomics, and a long learning
curve [5]. A recent phase 2/3 randomized controlled trial
comparing LPD and open pancreatoduodenectomy
(OPD) was terminated early, due to increased mortality
in the LPD arm [6], demonstrating further the technical
limitations of the technique, as well as the importance of
substantial surgeon experience in minimally invasive
pancreatic surgery (MIPS).
Utilization of the daVinci® robotic surgical platform

(dVSS, Intuitive Surgical, Sunnyvale, CA, USA) has dem-
onstrated an advantage compared to laparoscopic instru-
ments, mainly due to improved three-dimensional
visualization of the surgical field, tremor reduction, and
additional instrument degrees of freedom [7]. As a re-
sult, robotic pancreatic surgery has gained popularity in

recent years. In robotic pancreatoduodenectomy (RPD),
specifically complication rates, including postoperative
pancreatic fistula (POPF), delayed gastric emptying
(DGE), and bleeding [8, 9], are comparable to OPD, after
surpassing the learning curve [10, 11]. Additionally, esti-
mated intraoperative blood loss, postoperative pain, and
length of stay appear to be improved in RPD [12, 13].
Yet, the significant costs of the robotic platform and the
lack of robust evidence to demonstrate meaningful bene-
fit have also raised concerns in the surgical community
regarding its generalized acceptance [14].
The integration of robotic pancreatic surgery in China

was initiated in high-volume centers for patients with
pancreatic disease, early in the development of MIS.
This process allowed for optimal identification of the
learning curve, assessment, and development of training,
and deeper integration of the robotic surgical approach
for the management of patients with pancreatic disease
[11]. Since most clinical evidence for robotic surgery is
based on single-center retrospective case series and non-
randomized data, the need for a randomized controlled
trial to objectively assess the feasibility and patient out-
comes in RPD is evident, as indicated by the recent con-
sensus guidelines on MIPS [15]. This report describes
the study design and protocol of the PORTAL trial, a
non-inferiority multicenter randomized controlled trial,
conducted in seven national high-volume centers for
pancreatic and robotic surgery. The primary goals of this
trial are to prospectively [1] assess and compare the time
from surgery to functional recovery between patients
who undergo OPD versus RPD and [2] investigate the
percentage of patients who initiate postoperative adju-
vant chemotherapy within 8 weeks from surgery in a
sub-cohort of patients with pancreatic adenocarcinoma.
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Methods
Trial design
The PORTAL trial is a multicenter randomized con-
trolled, patient-blinded, parallel-group, phase III non-
inferiority trial performed in seven high-volume centers
for pancreatic and robotic surgery in China (> 20 RPD
and > 100 OPD annually in each participating center).
Eligible patients for enrollment will be randomized in a
1:1 ratio to one of the two trial arms: robotic pancreato-
duodenectomy and open pancreatoduodenectomy.

Patient population
All patients who present in the participating centers with
an indication for elective pancreatoduodenectomy will
be assessed for eligibility regarding trial participation.
Clinical indications for the procedure will include malig-
nant periampullary and pancreatic lesions (pancreatic
adenocarcinoma, distal cholangiocarcinoma, duodenal
and ampullary carcinoma), as well as premalignant and
symptomatic benign periampullary and pancreatic dis-
ease (pancreatic neuroendocrine tumors, cystic lesions,
and chronic pancreatitis). Eligible patients will be
assessed and informed by participating registered mem-
bers of the surgical teams involved in the trial at the out-
patient clinics.

Inclusion and exclusion criteria
The inclusion criteria for trial eligibility are [1] age ≥ 18
years [2]; clinical indication for pancreatoduodenectomy
[3]; patient eligibility for both RPD and OPD [4]; patient
performance status of 0 or 1 based on comorbidities,
assessed using the Karnofsky score and the Nutritional
Risk Screening Tool (NRS-2002) score; and [5] imaging
with computed tomography (CT) and/or MRI pancreas
performed within 8 weeks for benign and 4 weeks for
malignant disease; for the latter, tumor staging with MRI
liver, CT chest, and cancer antigen 19-9 (CA19-9) is also
mandatory not earlier than 4 weeks prior to surgery.
The exclusion criteria are [1] body mass index > 35

kg/m2, [2] pregnancy, [3] previous history of major
abdominal surgery, [4] requirement for multivisceral
resection (additional surgical resection of surrounding
solid organs), [5] ongoing treatment for other primary
malignancy, [6] preoperative chemotherapy and/or
radiotherapy in patients with pancreatic adenocarcin-
oma, and [7] involvement of major regional vessels by
the tumor (portal and superior mesenteric vein, su-
perior mesenteric artery, hepatic artery, celiac artery)
as defined by the borderline resectable and locally ad-
vanced nomenclature [16].

Randomization process (Fig. 1)
Eligible patients will be identified and discussed about
the trial at the time of initial outpatient clinic

assessment. Details will be provided to the patients
about the goals and the structure of the trial and how it
will affect the treatment approach. Recruited patients
will be informed further in detail and will sign a written
informed consent prior to treatment initiation, which
can be revoked at any time. After signing the informed
consent, all included patients will be randomized in a 1:1
ratio between robotic and open pancreatoduodenectomy
using an online randomization module (IRT, Shanhu
Health, Shanghai, China). Eligible patients will be vari-
ably randomized in equal proportions, with variable sizes
blocks. After enrollment, they will be randomly stratified
preoperatively based on [1] risk of developing a postop-
erative pancreatic fistula (POPF) using an externally vali-
dated model [17]: high risk (pancreatic duct diameter <
3 mm on preoperative CT at the pancreatic neck, and/or
body mass index (BMI) > 25 kg/m2) versus low risk (pan-
creatic duct diameter ≥ 3 mm on preoperative CT at the
pancreatic neck, and/or BMI ≤ 25 kg/m2) [2]; presence
of endoscopic stenting for preoperative biliary drainage;
and [3] diagnosis of pancreatic adenocarcinoma. Patient
randomization and allocation between the two arms is
performed with dedicated software (irtlite.irtone.com);
after allocation, the patient details and allocated arm are
typed into sealed envelopes by the randomization team,
and the clinical nurse specialists deliver the envelopes to
the appropriate surgical teams. The envelopes will be
opaque and numbered with the patient trial ID number
and will be opened by the responsible surgical team 1
day prior to surgery. Participating patients will be
blinded to the procedure until postoperative day 5 or
until functional recovery is achieved. Blinding will occur
with the placement of identical wound dressings in all
patients: on the presumed midline or J-incision and the
placed trocars sites and extraction site incision in the
RPD group and on the midline or J-incision and the pre-
sumed trocar sites and extraction site incision in the
OPD group (Fig. 2a). Wound changes will occur as clin-
ically indicated in an attempt to maintain patient blind-
ing. This is a feasible approach that has been tested in
previous randomized prospective trials [6, 18]. Unblind-
ing of participating patients will be available as per their
request; if a patient is accidentally unblinded, the event
will be noted, and the patient will be excluded from the
per-protocol analysis.

Operative technique: robotic pancreatoduodenectomy
The daVinci® Si or Xi Surgical System will be utilized for
patients randomized to the RPD arm. The basic steps of
the procedure are as follows: In the immediate preopera-
tive setting, prior to anesthesia induction, subcutaneous
deep venous thromboprophylaxis and intravenous anti-
biotics are administered, and the patient is placed in a
supine position with split legs and the left arm in 90°
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Fig. 1 PORTAL trial flowchart: patient inclusion and randomization, arms design, and statistical analysis. BMI, body mass index; PDAC, pancreatic
adenocarcinoma; ITT, intention-to-treat; PP, per-protocol
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abduction. After prepping and draping, access to the ab-
dominal cavity is established with a supraumbilical or
infraumbilical port, which accommodates the camera;
the rest of the trocars are placed as follows (Fig. 2b):
three robotic arm ports are placed in the left and right
upper quadrant midclavicular line and the right subcos-
tal anterior axillary line. A laparoscopic assistant port is
also placed in the lower left quadrant midclavicular line;
additional ports for further laparoscopic assistance and
placement of liver retractor can also be utilized. The
table is turned left at approximately 15° and the patient
is placed in reverse Trendelenburg position to accom-
modate the docking of the robot.
A diagnostic laparoscopy is initially performed to ex-

clude occult abdominal metastatic disease. Tissue dissec-
tion is initiated with access in the lesser sac by cutting
the gastrocolic ligament, followed by mobilization of the
hepatic flexure of the colon and performance of a Ko-
cher maneuver for mobilization and exposure of the
pancreatic head. Identification of the avascular plane be-
tween the posterior surface of the pancreatic head and
the underlying inferior vena cava and right kidney fol-
lows. The fourth part of the duodenum is mobilized, and
40–50 cm of the jejunum is pulled through the gap
under the mesenteric root and transected 10 cm from
the ligament of Treitz. The inferior border of the pan-
creas is further dissected, the superior mesenteric vein
(SMV) is visualized, and ligation of the gastrocolic trunk
is performed. Attention is then turned to the superior
pancreatic border, where the stomach is transected im-
mediately proximal to the pylorus using a surgical stap-
ler. The 8a lymph node is resected and sent to

pathology, and posteriorly, the gastroduodenal (GDA)
and right gastric arteries are also visualized and trans-
ected between Hem-o-lok clips (Teleflex Medical, Re-
search Triangle Park, NC, USA). The anterior surface of
the pancreas is exposed, and a tunnel is created under it;
the pancreatic parenchyma is transected at the neck with
diathermy or harmonic scalpel and sharply at the pan-
creatic duct. If indicated, frozen biopsies from the trans-
ected pancreatic margin are sent to pathology, and a 6-
Fr catheter is placed in the pancreatic duct to secure
visualization. The gallbladder is detached from the gall-
bladder fossa, and the hepatoduodenal ligament is then
dissected to identify the common hepatic duct; this is
transected above the junction with the cystic duct, close
to the confluence. The specimen is positioned to the
right of the PV/SMV for optimal exposure. The uncinate
process is further mobilized with ligation of the inferior
pancreatoduodenal arteries and veins, and the specimen
is freed and placed in a collection bag, which is left tem-
porarily within the abdomen.
The reconstruction phase starts with a single jejunal

loop being passed in a retrocolic fashion through a small
incision in the mesocolon on the right of the mesocolic
vessels or through the tunnel under the mesenteric root.
The pancreaticojejunostomy (PJ) is performed in an
end-to-side fashion as a double-layer duct-to-mucosa
anastomosis with interrupted 3/0 and 5/0 or 6/0 Prolene
sutures for the outer and inner layer, respectively. Ten
centimeters distally on the same jejunal loop, the hepati-
cojejunostomy (HJ) is constructed with running or inter-
rupted 4/0 or 5/0 PDS or Prolene sutures, based on the
diameter of the common hepatic duct. Lastly, the

Fig. 2 a Illustration of patient blinding in the postoperative setting; all wound dressings and drain sites are identical in patients who undergo
both open and robotic pancreatoduodenectomy. b Illustration of trocar placement in robotic pancreatoduodenectomy; 1–3, robotic ports. C,
camera port, A1––A3: assisting laparoscopic ports (utilized on individual patients basis)
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gastrojejunostomy is performed with single-layer run-
ning 3/0 V-loc (Covidien, New Haven, CT, USA) or 3/0
Vicryl sutures, or with an endostapler. If a pylorus-
preserving pancreatoduodenectomy (PPPD) is decided,
the subsequent duodenojejunostomy is performed in a
similar fashion to the GJ. The abdomen is thoroughly
inspected, and hemostasis is secured and two large-bore
double-lumen surgical drains are placed in proximity to
the PJ and the HJ. The specimen is extracted via the ex-
tended periumbilical trocar incision or a Pfannenstiel in-
cision, which is closed in layers, and all trocars are
removed, and skin incisions are sutured. Placement of
wound catheters for postoperative pain control is
optional.
Minor variations in the robotic surgical approach

based on individual surgeon experience and preference,
especially regarding the pancreatic and/or biliary anasto-
motic technique, will be discussed and accepted accord-
ingly; documentation of any variations in patient records
will be mandatory. Conversion rates from the robotic to
the open procedure will be recorded in detail and
assessed based on urgent and non-urgent conditions. Pa-
tients assigned in the robotic arm, who undergo a con-
version procedure will be included as part of the robotic
group in an intention-to-treat analysis.

Operative technique: open pancreatoduodenectomy
In the control arm, patients will undergo an open pan-
creatoduodenectomy, which is the standard of care and
has a long-standing safety record. A midline or right J-
shaped subcostal incision is performed for access in the
abdominal cavity. The operative steps are similar to the
robotic approach in terms of tumor dissection, specimen
removal, and anastomotic reconstruction. Since OPD
volumes in participating centers are very high with qual-
ity results, wider surgical variations from individual sur-
geons are anticipated. These variations will be evaluated
in advance and allowed accordingly, and they will also
be documented in detail in patient records.

Postoperative patient care
All participating centers are following a modified en-
hanced recovery after surgery (ERAS®) protocol, which
focuses mainly on patient mobilization, pain manage-
ment, and patient-directed oral intake and includes the
following landmarks: removal of NGT on postoperative
day and patient mobilization (POD) 1, clear fluids on
POD 2, free fluids on POD4, and diet on POD5 as toler-
ated. Medical discharge will occur as a joint decision of
the surgical team and the local community services that
may need to be involved in the patient’s care as an out-
patient. All patients are essentially declared fit for dis-
charge as soon as functional recovery is achieved.

Primary outcome measures
The primary outcome measure of the PORTAL trial for
all participating patients is time to postoperative func-
tional recovery, measured in days. The patients’ postop-
erative course will be evaluated daily by the nursing and
medical staff and will be communicated to the study co-
ordinators for documentation. Postoperative criteria that
need to be fulfilled independently to achieve functional
recovery status are as previously described [18]:

� Discontinuation of intravenous or subcutaneous
analgesia and preservation of adequate control levels
(assessed by a pain score).

� Ability to maintain sufficient oral caloric intake as
defined by the institutional dietetic services (no less
than 50% of recommended dietary intake), without
intravenous fluid support.

� Restoration of patient ambulation to an independent
or preoperative level if mobility deficits were
present.

� No clinical or biochemical signs of ongoing
abdominal infection affecting the patient’s
performance status: absence of fever and
normalization of inflammatory markers (white cell
count, procalcitonin, and/or C-reactive protein). Pa-
tients can be in oral antibiotics.

Additionally, in a sub-cohort of patients with pancre-
atic ductal adenocarcinoma assessed between the two
study arms, the primary outcome will be the percentage
of patients who achieve administration of adjuvant
chemotherapy at 8 weeks postoperatively. The chemo-
therapy regimen will be decided by the oncology service
on an individual basis and will not affect the
comparison.

Secondary outcome measures (Tables 1 and 2)
Multiple secondary outcomes will be compared within
the trial. Intraoperative parameters will include operative
time (from the first incision to skin closure) and esti-
mated blood loss. Additionally, pathologic characteristics
will also be studied, including tumor size and degree of
differentiation, presence of perineural and/or lympho-
vascular invasion in PDAC, resection margin status, and
number of harvested and infiltrated regional lymph
nodes, as defined by the 8th edition of the American
Joint Committee for Cancer [19]. Regarding the resec-
tion margin (R), it will be defined as R0 when tumor
cells are detected > 1mm from the margin, R1 when
they are detected ≤ 1mm from the margin, and R2 when
there is macroscopically margin positivity. In the postop-
erative setting, the main secondary outcomes are com-
plication rates as defined by the Clavien-Dindo
classification [20] within 30 days and mortality within
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90 days from operation. The trial will assess the occur-
rence of postoperative pancreatic fistula, biliary leak,
chyle leak, delayed gastric emptying, bleeding, and surgi-
cal site infections (SSI) in both arms as defined by the
International Study Group on Pancreatic Surgery [21–
24] and the International Study Group in Liver Surgery

[25], with a specific focus on the severe complications
(Clavien-Dindo grade IIIa and higher). Subsequently, re-
intervention (radiological, endoscopic, or surgical) and
readmission rates will also be assessed. All interventions
necessary for the treatment of participating patients in
terms of management of potential complications are
allowed. There are no limitations regarding patients’ care
within this trial. All performed interventions will be doc-
umented in detail and assessed accordingly. Periopera-
tive costs including postoperative hospitalization and
readmissions within 30 days from the surgery will also
be documented and evaluated. Lastly, quality of life
(QoL) measurements will occur using patient question-
naires up to 3 months after surgery.

Analysis of long-term outcomes in patients with
pancreatic adenocarcinoma
The sub-cohort of patients with PDAC in the two arms
will be followed up for a period of 2 years after surgery,
or until their time of death within this period. During
that time, the administration and type of systemic ther-
apy will be documented; the main focus will be the
recurrence-free survival (RFS) and overall survival (OS),
defined as the time from surgery to the first radiological
evidence of disease recurrence and death, respectively.

Data collection and patient follow-up
At the time of patient consent for participation in the
trial and prior to randomization, baseline patient charac-
teristics will be recorded. These will mainly comprise

Table 1 Trial progression portrayed as per Standard Protocol Items: Recommendation for Interventional Trials (SPIRIT) guidelines

Event Preoperative
setting (3 to 14
days pre-op)

Day of
surgery

POD
1

POD
2

POD
3

POD
5

POD8/
discharge
day

POD
14

POD
30

POD
90

6
months
post-op

1
year
post-
op

2 years
post-op/
time of
death

Eligibility screening X

Informed consent X

Baseline
characteristics

X

Arm allocation X

QoL questionnaire
(EQ-5D-5 L)

X X X X X X X

Intraoperative
outcomes

X

Postoperative
outcomes/
secondary
endpoints

X X X X X X X X

Primary endpoint
assessment

X X

Recurrence-free
and overall survival
assessment

X

pre-op preoperative, post-op postoperative, POD postoperative day, QoL quality of life

Table 2 Primary and secondary outcomes of the PORTAL trial

Variable

Primary outcomes
Time to functional recovery, n (days)
Patients with PDAC who start adjuvant chemotherapy at 8 weeks, n
(%)

Secondary outcomes
Estimated blood loss, ml
Operative time, min
Length of hospital stay, days
30-day morbidity, n (%)
< Clavien-Dindo grade IIIa
≥ Clavien-Dindo grade IIIb

30-day mortality, n (%)
90-day mortality, n (%)
30-day readmission, n (%)
Reoperation, n (%)
Quality of life assessment
Perioperative costs, $
In PDAC
Resection margin status, n (%)
Harvested lymph nodes, n
Positive lymph nodes, n
Recurrence, n (%)
Recurrence site, n (%)
Recurrence-free survival, months
Overall survival, months

OPD open pancreaticoduodenectomy, RPD robotic pancreaticoduodenectomy,
PDAC pancreatic adenocarcinoma
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demographics (age, sex, BMI) and past medical history,
including comorbidities for the assessment of perform-
ance status. Clinical presentation will also be docu-
mented with a focus on patient symptoms and signs; in
cases of solid tumors, imaging data will also be collected
and evaluated: tumor size and staging, vessel involve-
ment, and pancreatic duct (PD) diameter, as well as the
presence of preoperative biliary drainage and treatment
with somatostatin analogs. At the time of surgery, the
pancreatic texture will be documented (soft versus hard
gland) and the PD diameter will be also measured. Previ-
ously discussed minor variations in operative approach
and anastomotic reconstruction will be added in patient
record forms. Regarding the quality of life assessment,
patients will complete the latest translated version of the
EuroQoL EQ-5D-5 L questionnaire, which is a self-
reported assay focusing on five parameters: pain/discom-
fort, anxiety/depression, usual activities, self-care, and
mobility. Each of these parameters is scored from 0 to 5
(no issue, slight problem, moderate problem, severe
problem, unable). Patients also score independently their
health status on a scale numbered from 0 to 100: 100
meaning the best health they can imagine, and 0 the
worst. The questionnaires will be filled and collected by
medical or nursing staff on postoperative days 1, 3, 5,
and 7 during the patients’ hospital stay; further question-
naires will be completed in the postoperative setting
every week until day 30, every month until day 90, and
every 3 months until 12 months, when the evaluation
will terminate (Fig. 3). Remote completion will take
place via telephone communication, by mail, or face-to-
face for all patients who are followed up at the partici-
pating centers. Furthermore, in the postoperative setting,
primary and secondary outcomes during the hospital
stay will be documented daily by the trial coordinators.
Patients will be further followed up after discharge with
out-patient clinic appointments or via telephone/video
conference as an alternative to monitor for delayed post-
operative complications, quality of life changes, and

disease recurrence patterns. Frequent communication
and close monitoring of enrolled patients by the partici-
pating centers via telephone and mail will aim to pro-
mote patient retention during the trial period. All
collected data are de-identified and stored safely in a
centralized online database, which is accessible by all
participating institutions for data input. The stored data
are not available to individual collaborators and are only
screened by two dedicated members of the trial team for
assessment of wrong or missing data. Data processing
regarding the results is conducted by a group of two in-
dependent statisticians who work under the data moni-
toring committee.

Statistical considerations and analysis
The main hypothesis in the PORTAL trial is that func-
tional recovery of patients who undergo RPD is non-
inferior to the one of patients who undergo OPD. Based
on institutional historical data and information from
retrospective series in the literature, the time to func-
tional recovery in OPD is 10 days with a standard devi-
ation of 2.5 days. Non-inferiority of functional recovery
in RPD will be assessed with a non-inferiority (δ) margin
of 10% or 1 day. With a one-sided test, a significance
level of 5% (α = 0.05), and a power (1 − β) of 80%, the
cohort for the trial is calculated to 200 patients (per-
protocol (PP) group), using the PASS 11.0 software
(NCSS, Kaysville, UT, USA) with a sample allocation ra-
tio of 1:1 between the RPD and OPD groups. However,
we anticipate a conversion rate in the RPD group of
10%, 3% incidence of occult abdominal metastatic dis-
ease in both groups, and 5% of patients to be lost to
follow-up. Therefore, the final cohort will include 122
patients in each arm (intention-to-treat (ITT), Fig. 1).
The main analysis will be conducted on the ITT group
according to the randomized initial assignment of pa-
tients in each study arm at baseline. All enrolled patients
from the ITT population who do not fulfill the afore-
mentioned protocol violations will be included in the PP

Fig. 3 Timeline diagram of the studied primary and secondary outcomes. EQ-5D-5L, Quality of Life Questionnaire; POD, postoperative day; PDAC,
pancreatic adenocarcinoma
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group. Additionally, patient characteristics of those who
will be excluded from the PP analysis will be separately
evaluated. Non-inferiority will be concluded if the lower
bound of the 95% confidence interval (CI) for the differ-
ence between the two groups in time to functional re-
covery is not lower than − 1 day of the non-inferiority
margin.
A second primary endpoint of the study is the percent-

age of patients with a diagnosis of pancreatic adenocar-
cinoma in each study arm, who will be fit for the
initiation of postoperative adjuvant chemotherapy 8
weeks after the day of surgery. Institutional empirical
data demonstrate that 50% and 75% of patients who
undergo OPD and RPD, respectively, are eligible for ad-
juvant chemotherapy at 8 weeks, which is considered the
optimal time for postoperative systemic treatment. With
the same power and significance level as in the ITT
group, 64 patients with pancreatic adenocarcinoma will
be included in each arm to assess for the superiority of
RPD.
Primary and secondary outcome data for both ITT

and PP groups will be compared utilizing appropriate
statistical methodology. Categorical variables will be rep-
resented as frequency and proportion and will be ana-
lyzed using Fisher’s exact or chi-square tests, as
appropriate. Continuous variables will be presented as
mean values with standard deviation (SD), or median
values with interquartile range (IQR), and will be com-
pared using the two-sample t-test or Mann-Whitney U
test, as per the type of distribution. A logistic regression
analysis was performed for consideration of
randomization stratification, based on the predetermined
parameters. Survival of patients with pancreatic adeno-
carcinoma between the two arms will be estimated using
the Kaplan-Meier analysis method and compared be-
tween the groups with the log-rank test. The SAS soft-
ware v. 9.2 (SAS Institute Inc., USA) was utilized for all
statistical analyses.

Trial monitoring: quality and safety plan
Participating surgeons in the PORTAL trial have signifi-
cant experience in both open and robotic pancreatic re-
sections: all have at least 10 years of very high-volume
open pancreatoduodenectomy (> 100 annually), have sig-
nificant experience in laparoscopic pancreatectomy, and
have implemented a robotic approach in pancreatic re-
sections for more than 5 years. Regarding RPD, all par-
ticipants in the trial have undergone formal robotic
training via proctoring, official daVinci® training course,
and video training and have subsequently performed >
30 RPD each. Therefore, they have passed the learning
curve for RPD [10], and reported outcomes on mortality
and morbidity are in line with the literature and compar-
able with the open approach. All procedures are also

performed in very high-volume centers for pancreatic
surgery (> 100 open and > 20 robotic cases annually).
Cumulatively, all participating centers have performed
approximately 1000 RPD. Furthermore, for safety moni-
toring purposes, all operations will be recorded and
reviewed in retrospect to assess for technique
optimization and evaluate major incidents that have led
to conversion and/or significant patient morbidity. The
safety of the robotic approach will be evaluated in stan-
dardized intervals by the appointed institutional ethics
and data monitoring committees, which will advise re-
garding the trial’s status. More specifically, 30-day mor-
tality will be monitored independently in each arm, and
if a safety threshold of 5% is reached at any given time,
the trial will be withheld for further safety evaluation
and potential decision for early termination. If deemed
necessary, major protocol modifications will be approved
by the ethics committee and will be communicated to
participating centers.

Financial considerations
Patients enrolled in the PORTAL trial will receive no
compensation for their participation. Additionally, they
will not need to cover medical costs applied for
randomization in the RPD arm. Costs of the robotic
equipment will be covered cooperatively by the patients’
insurance companies and the trial sponsors. This trial is
partially funded by Intuitive Surgical, which explicitly
has no role in the study design and/or data collection
and interpretation.

Discussion
The main goal of the PORTAL trial is to prospectively
assess the feasibility and safety of RPD in patients with
benign and malignant lesions of the pancreatic head and
periampullary region and further compare it with OPD.
This protocol describes the study design and presents
the analyses that will be published after the conclusion
of the trial. The comparison/control group of OPD was
selected because it is the standard of surgical practice
and has a proven safety record when performed in high-
volume centers.
The feasibility and safety of RPD have so far been ex-

hibited only in retrospective series of high-volume insti-
tutions. Zureikat et al. initially reported comparable 30-
day morbidity and 90-day mortality rates between RPD
and OPD [12], and similar results were also shown in re-
cent meta-analyses [26, 27]. Moreover, data from Ruijin
Hospital, the leading institution in the PORTAL trial,
similarly demonstrated a 2.1% 90-day mortality in pa-
tients who underwent RPD [9]. The ongoing integration
of minimally invasive and specifically the robotic ap-
proach in pancreatic surgery led to the development of
evidence-based consensus guidelines and
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recommendations [15, 28]. Two main key points were
highlighted: [1] there is no evidence to suggest superior-
ity of robotic approach in pancreatoduodenectomy, due
to lack of prospective randomized trials, and [2] RPD
should be utilized in high-volume centers for pancreatic
and minimally invasive surgery that have surpassed the
learning curve. The significance of patient volume and
learning curve in RPD has been previously underlined
and associated with improvement in patient outcomes.
Adam et al. defined a minimum number of 22 minimally
invasive pancreatoduodenectomies per year to correlate
with the decrease in postoperative complications [29].
Similarly, passing the learning curve in RPD was associ-
ated with improved morbidity and mortality rates as
well; the number of RPD cases that constitute the learn-
ing curve has been previously identified to be at least 40
cases as an individual surgeon up to 250 cases within a
single institution [8, 11, 30, 31]. All participating centers
in the PORTAL trial are considered high-volume centers
in pancreatic surgery and MIS and have surpassed the
learning curve in RPD; therefore, the PORTAL trial is
characterized as a phase 3 trial.
This study was designed as a non-inferiority trial, and

the rationale for this decision was based on the lack of
robust retrospective data to demonstrate the superiority
of RPD versus OPD, regarding functional recovery. The
goal is to prospectively examine the outcomes in RPD
and demonstrate non-inferiority of this approach com-
pared to OPD. Furthermore, the decision to focus on
RPD only and not include laparoscopic pancreatoduode-
nectomy patients was multifactorial: the robotic platform
offers extra degrees of freedom and improved surgical
ergonomics and was previously found to have an advan-
tage compared to the laparoscopic approach [32]. Add-
itionally, LEOPARD-2, a prospective randomized trial
comparing LPD versus OPD, failed to demonstrate the
superiority of LPD in functional recovery, but most im-
portantly, the minimally invasive arm was associated
with more complication-related deaths and the study
was terminated early for safety purposes [6]. These re-
sults have revealed both the significance of the learning
curve and surgical experience in MIS.
The number of enrolled patients in the PORTAL trial

is 244 and was calculated taking under consideration
three main protocol parameters: [1] conversion to open
surgery in the RPD arm, which was defined as 10% based
on historical institutional data [2]; intraoperative find-
ings of occult abdominal metastatic disease; and [3] loss
to follow-up, which in randomized controlled trials
where included patients are closely monitored is ap-
proximately 3% [33]. The selection of eligible patients
was limited to upfront resectable lesions without the in-
volvement of major vessels. RPD with vascular resection
or in patients with PDAC who previously underwent

neoadjuvant are being performed in the participating in-
stitutions in increasing numbers, and recent reports have
demonstrated their safety and feasibility [34, 35]. How-
ever, the technical challenges encountered in these pa-
tients would considerably affect the studied outcomes.
All participating institutions are national referral centers
and are considered very high volume in terms of open
and robotic pancreatic surgery. Considering the number
of patients that are being reviewed on a daily basis, we
expect no delays in patient recruitment via an initial ap-
proach at the outpatient clinic preoperatively.
The primary endpoint of this study is functional recov-

ery, which is a more objective evaluation of recovery and
combines postoperative complications and patient-
reported quality of life (QoL) outcomes. It is determined
by four main parameters in the immediate postoperative
period: sufficient pain control, nutritional competency,
mobilization, and no evidence of ongoing inflammation
[36]. Indeed, these criteria are of main interest in all pa-
tients and remain the focus of conversation during pre-
operative decision-making: when will the patient be able
to resume his daily activities. Moreover, patient-reported
outcomes are widely accepted and incorporated in pa-
tient care [37, 38]. Additionally, the concept of func-
tional recovery is separate from inelastic variables, such
as postoperative complications and/or postoperative
length of hospital stay [39]; different healthcare systems
around the world have different capacities for patient
care management in the community [40]. However,
postoperative complication rate and severity, and length
of stay will be compared between RPD and OPD as sec-
ondary endpoints. The established EuroQoL Group 5-
level EQ-5D questionnaire was utilized for the assess-
ment of the quality of life [https://euroqol.org/eq-5d-
instruments/]. Similar to previous randomized trials
comparing minimally invasive and open surgery [41], pa-
tient blinding is being applied to reduce bias due to pa-
tient expectations and limit the effect of psychological
factors associated with either of the two surgical ap-
proaches [42].
The second primary endpoint of this study is the tim-

ing of adjuvant chemotherapy initiation in patients with
pancreatic adenocarcinoma, who represent the main
bulk of pancreatoduodenectomies. The role of chemo-
therapy in PDAC has been long established, and differ-
ent regimens have been identified to provide survival
benefits [43, 44]. A recent retrospective study by Girgis
et al. demonstrated that long-term oncological outcomes
in patients with PDAC who undergo RPD are borderline
superior compared to the open approach [45]. These re-
sults differentiate from a large study on cervical carcin-
oma that showed inferior overall survival in the
minimally invasive group [46]. Thus far, no prospective
data exist to support non-inferiority of RPD regarding
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oncological outcomes. The optimal time for chemother-
apy treatment in the postoperative setting in PDAC has
been identified to be no later than 12 weeks in order to
achieve a combination effect of local and systemic treat-
ments, yet most oncologists aim to start at 8 weeks [47].
Based on institutional data, we identified the percentage
of patients who initiate adjuvant chemotherapy to be ap-
proximately 50% in OPD and 75% in RPD, and we aim
to compare the two groups and assess for the superiority
of RPD (64 patients in each arm). Furthermore, we will
compare the recurrence-free survival and overall survival
between the two groups, as well as the patterns of recur-
rence which are closely associated with long-term out-
comes in PDAC [48].
Secondary endpoints of the PORTAL trial include

perioperative and long-term outcomes. A recent meta-
analysis [27] and smaller retrospective series within the
past few years have demonstrated significantly lower
overall complication rates in RPD compared to the open
approach, as well as benefits in terms of estimated intra-
operative blood loss. Additionally, retrospective data on
RPD in PDAC patients have shown increased R0 resec-
tion rates and higher numbers of harvested lymph nodes
[27, 49] and no difference in recurrence-free and overall
survival [50]. The targeted analysis of PDAC patients
within the PORTAL trial will be able to answer the
question of long-term oncological outcomes in RPD.
Moreover, a comprehensive cost analysis will include
and compare operative charges, postoperative institu-
tional expenses, and potential readmission costs to iden-
tify in detail the presence—or lack thereof—of the
economic burden of robotics utilization in pancreato-
duodenectomy [51].
In conclusion, the primary goal of the PORTAL trial is

to study the short-term and long-term outcomes in
RPD, compare them with the established OPD, and pro-
vide high-level evidence regarding the value of the ro-
botic approach in pancreatoduodenectomy. Proof of
non-inferiority may allow wider implementation of RPD
in high-volume centers and engage for further studies
focusing on more complex robotic pancreatic surgery.
The goal is to publish the results of the trial in a high-
impact peer-reviewed journal.

Trial status
The reported study protocol for the PORTAL trial is the
final version 1.4.1, dated May 26, 2020. Patient recruit-
ment was initiated in September 2020 and is estimated
to be completed by December 2022.

Abbreviations
RPD: Robotic pancreatoduodenectomy; OPD: Open
pancreatoduodenectomy; PDAC: Pancreatic ductal adenocarcinoma;
MIS: Minimally invasive surgery; LPD: Laparoscopic pancreatoduodenectomy;
CT: Computed tomography; MRI: Magnetic resonance imaging; CA19-

9: Cancer antigen 19-9; NRS-2002: Nutritional risk screening;
POPF: Postoperative pancreatic fistula; BMI: Body mass index; SMV: Superior
mesenteric vein; PV: Portal vein; GDA: Gastroduodenal artery; SMA: Superior
mesenteric artery; PJ: Pancreaticojejunostomy; HJ: Hepaticojejunostomy;
GJ: Gastrojejunostomy; NGT: Nasogastric tube; POD: Postoperative day;
RFS: Recurrence-free survival; OS: Overall survival; PD: Pancreatic duct

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13063-021-05939-6.

Additional file 1. SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents*.

Acknowledgements
Not applicable.

SPIRIT guidelines
The PORTAL study protocol was developed according to the Standard
Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines
(Table 1). Supplementary file 1 shows the completed SPIRIT checklist.

Authors’ contributions
Study conception and design: Jin, Gemenetzis, Shi, Deng, Peng, and Shen.
Acquisition of the data: all authors. Analysis and interpretation of the data:
Jin, Gemenetzis, Shi, Deng, Peng, and Shen. Drafting and critical revision of
the manuscript: all authors. The authors read and approved the final
manuscript.

Funding
Funding for this trial was provided by the Interdisciplinary Program of
Shanghai Jiao Tong University (YG2019QNB26) and the Medical Engineering
Cross Foundation of Shanghai Jiao Tong University (grant No.
ZH2018ZDA01). Additional financial support was provided by Intuitive
Surgical (Sunnyvale, CA, USA). The authors state that Intuitive Surgical has no
influence on the trial design, data collection and interpretation, or
manuscript publication.

Availability of data and materials
The final trial dataset will be available to all investigators from the
participating institutions.

Declarations

Ethics approval and consent to participate
The PORTAL trial has been approved by the Ruijin Hospital and Shanghai
JiaoTong University School of Medicine Ethics Committee (Reference
number KY2020-93) and has been designed and conducted according to the
principles of the Helsinki Declaration (64th WMA General Assembly, October
2013). All eligible patients will sign an informed consent to participate in the
trial prior to randomization. A copy of the consent form is available upon
request.

Consent for publication
All eligible patients will declare consent for publication of de-identified data
at the time of informed consent for enrollment in the PORTAL trial. A copy
of the consent form is available upon request.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pancreatic Surgery, Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai, China. 2Department of
Hepatobiliary Surgery, The First Affiliated Hospital of Xi’an Jiaotong
University, Xi’an, Shanxi Province, China. 3Department of Pancreaticobiliary
Surgery, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou,
Guangdong Province, China. 4Department of Gastroenterology and
Pancreatic Surgery, Zhejiang Provincial People’s Hospital, Hangzhou, Zhejiang

Jin et al. Trials          (2021) 22:954 Page 11 of 13

https://doi.org/10.1186/s13063-021-05939-6
https://doi.org/10.1186/s13063-021-05939-6


Province, China. 5Department of General Surgery, Fujian Medical University
Union Hospital, Fuzhou, Fujian Province, China. 6Department of General
Surgery, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine,
Hangzhou, Zhejiang Province, China. 7Department of Hepatobiliary and
Pancreatic Surgery, The Affiliated Hospital of Qingdao University, Qingdao,
Shandong Province, China. 8Clinical Research Center, Shanghai Jiao Tong
University School of Medicine, Shanghai, China. 9Department of
Hepatopancreatobiliary and Transplant Surgery, Royal Infirmary Edinburgh,
Edinburgh, UK. 10Department of Pancreatobiliary Surgery, Glasgow Royal
Infirmary, Glasgow, UK.

Received: 16 May 2021 Accepted: 15 December 2021

References
1. Wolfgang CL, Herman JM, Laheru DA, Klein AP, Erdek MA, Fishman EK, et al.

Recent progress in pancreatic cancer. CA Cancer J Clin. 2013;63(5):318–48.
https://doi.org/10.3322/caac.21190.

2. Cameron JL, He J. Two thousand consecutive pancreaticoduodenectomies. J Am
Coll Surg. 2015;220(4):530–6. https://doi.org/10.1016/j.jamcollsurg.2014.12.031.

3. Lidsky ME, Sun Z, Nussbaum DP, Adam MA, Speicher PJ, Blazer DG 3rd.
Going the extra mile: improved survival for pancreatic cancer patients
traveling to high-volume centers. Ann Surg. 2017;266(2):333–8. https://doi.
org/10.1097/SLA.0000000000001924.

4. Gagner M, Pomp A. Laparoscopic pylorus-preserving
pancreatoduodenectomy. Surg Endosc. 1994;8(5):408–10. https://doi.org/1
0.1007/BF00642443.

5. Nickel F, Haney CM, Kowalewski KF, Probst P, Limen EF, Kalkum E, et al.
Laparoscopic versus open pancreaticoduodenectomy: a systematic review
and meta-analysis of randomized controlled trials. Ann Surg [Internet]. 2019;
Available from:. https://doi.org/10.1097/SLA.0000000000003309.

6. van Hilst J, de Rooij T, Bosscha K, Brinkman DJ, van Dieren S, Dijkgraaf MG,
et al. Laparoscopic versus open pancreatoduodenectomy for pancreatic or
periampullary tumours (LEOPARD-2): a multicentre, patient-blinded,
randomised controlled phase 2/3 trial. Lancet Gastroenterol Hepatol. 2019;
4(3):199–207. https://doi.org/10.1016/S2468-1253(19)30004-4.

7. Kinross JM, Mason SE, Mylonas G, Darzi A. Next-generation robotics in
gastrointestinal surgery. Nat Rev Gastroenterol Hepatol [Internet]. 2020;
Available from:. https://doi.org/10.1038/s41575-020-0290-z.

8. Zureikat AH, Beane JD, Zenati MS, Al Abbas AI, Boone BA, Moser AJ, et al.
500 minimally invasive robotic pancreatoduodenectomies: one decade of
optimizing performance. Ann Surg [Internet]. 2019; Available from:. https://
doi.org/10.1097/SLA.0000000000003550.

9. Shi Y, Jin J, Qiu W, Weng Y, Wang J, Zhao S, et al. Short-term outcomes
after robot-assisted vs open pancreaticoduodenectomy after the learning
curve. JAMA Surg [Internet]. 2020; Available from:. https://doi.org/10.1001/ja
masurg.2020.0021.

10. Boone BA, Zenati M, Hogg ME, Steve J, Moser AJ, Bartlett DL, et al.
Assessment of quality outcomes for robotic pancreaticoduodenectomy:
identification of the learning curve. JAMA Surg. 2015;150(5):416–22. https://
doi.org/10.1001/jamasurg.2015.17.

11. Shi Y, Wang W, Qiu W, Zhao S, Wang J, Weng Y, et al. Learning curve from
450 cases of robot-assisted pancreaticoduocectomy in a high-volume
pancreatic center: optimization of operative procedure and a retrospective
study. Ann Surg [Internet]. 2019; Available from:. https://doi.org/10.1097/SLA.
0000000000003664.

12. Zureikat AH, Postlewait LM, Liu Y, Gillespie TW, Weber SM, Abbott DE, et al.
A multi-institutional comparison of perioperative outcomes of robotic and
open pancreaticoduodenectomy. Ann Surg. 2016;264(4):640–9. https://doi.
org/10.1097/SLA.0000000000001869.

13. Zimmerman AM, Roye DG, Charpentier KP. A comparison of outcomes
between open, laparoscopic and robotic pancreaticoduodenectomy. HPB.
2018;20(4):364–9. https://doi.org/10.1016/j.hpb.2017.10.008.

14. de Rooij T, Klompmaker S, Abu Hilal M, Kendrick ML, Busch OR, Besselink
MG. Laparoscopic pancreatic surgery for benign and malignant disease. Nat
Rev Gastroenterol Hepatol. 2016;13(4):227–38. https://doi.org/10.1038/nrga
stro.2016.17.

15. Asbun HJ, Moekotte AL, Vissers FL, Kunzler F, Cipriani F, Alseidi A, et al. The
Miami International Evidence-Based Guidelines on Minimally Invasive
Pancreas Resection. Ann Surg [Internet]. 2019; Available from:. https://doi.
org/10.1097/SLA.0000000000003590.

16. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M, Sandberg AA,
et al. Borderline resectable pancreatic cancer: a consensus statement by the
International Study Group of Pancreatic Surgery (ISGPS). Surgery. 2014;
155(6):977–88. https://doi.org/10.1016/j.surg.2014.02.001.

17. Mungroop TH, van Rijssen LB, van Klaveren D, Smits FJ, van Woerden V,
Linnemann RJ, et al. Alternative Fistula Risk Score for
Pancreatoduodenectomy (a-FRS): design and international external
validation. Ann Surg [Internet]. 2017; Available from:. https://doi.org/10.1
097/SLA.0000000000002620.

18. de Rooij T, van Hilst J, van Santvoort H, Boerma D, van den Boezem P,
Daams F, et al. Minimally Invasive Versus Open Distal Pancreatectomy
(LEOPARD): a multicenter patient-blinded randomized controlled trial. Ann
Surg [Internet]. 2018; Available from:. https://doi.org/10.1097/SLA.
0000000000002979.

19. Vanroessel S, Kasumova GG, Verheij J, Najarian RM, Maggino L, de Pastena
M, et al. International Validation of the Eighth Edition of the American Joint
Committee on Cancer (AJCC) TNM Staging System in patients with resected
pancreatic cancer. JAMA Surg. 2018;153(12):e183617.

20. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al.
The Clavien-Dindo classification of surgical complications: five-year
experience. Ann Surg. 2009;250(2):187–96. https://doi.org/10.1097/SLA.0b013
e3181b13ca2.

21. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adam M, et al. The
2016 update of the International Study Group (ISGPS) definition and
grading of postoperative pancreatic fistula: 11 years after. Surgery [Internet].
2016; Available from:. https://doi.org/10.1016/j.surg.2016.11.014.

22. Besselink MG, van Rijssen LB, Bassi C, Dervenis C, Montorsi M, Adham M,
et al. Definition and classification of chyle leak after pancreatic operation: a
consensus statement by the International Study Group on Pancreatic
Surgery. Surgery [Internet]. 2016; Available from:. https://doi.org/10.1016/j.
surg.2016.06.058.

23. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al.
Delayed gastric emptying (DGE) after pancreatic surgery: a suggested
definition by the International Study Group of Pancreatic Surgery (ISGPS).
Surgery. 2007;142(5):761–8. https://doi.org/10.1016/j.surg.2007.05.005.

24. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al.
Postpancreatectomy hemorrhage (PPH): an International Study Group of
Pancreatic Surgery (ISGPS) definition. Surgery. 2007;142(1):20–5. https://doi.
org/10.1016/j.surg.2007.02.001.

25. Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, et al. Bile
leakage after hepatobiliary and pancreatic surgery: a definition and grading
of severity by the International Study Group of Liver Surgery. Surgery. 2011;
149(5):680–8.

26. Zhao W, Liu C, Li S, Geng D, Feng Y, Sun M. Safety and efficacy for robot-
assisted versus open pancreaticoduodenectomy and distal pancreatectomy:
a systematic review and meta-analysis. Surg Oncol. 2018;27(3):468–78.
https://doi.org/10.1016/j.suronc.2018.06.001.

27. Podda M, Gerardi C, Di Saverio S, Marino MV, Davies RJ, Pellino G, et al.
Robotic-assisted versus open pancreaticoduodenectomy for patients with
benign and malignant periampullary disease: a systematic review and meta-
analysis of short-term outcomes. Surg Endosc [Internet]. 2020; Available
from:. https://doi.org/10.1007/s00464-020-07460-4.

28. Liu R, Wakabayashi G, Palanivelu C, Tsung A, Yang K, Goh BKP, et al.
International consensus statement on robotic pancreatic surgery. Hepatobiliary
Surg Nutr. 2019;8(4):345–60. https://doi.org/10.21037/hbsn.2019.07.08.

29. Adam MA, Thomas S, Youngwirth L, Pappas T, Roman SA, Sosa JA. Defining
a hospital volume threshold for minimally invasive
pancreaticoduodenectomy in the United States. JAMA Surg. 2017;152(4):
336–42. https://doi.org/10.1001/jamasurg.2016.4753.

30. Napoli N, Kauffmann EF, Palmeri M, Miccoli M, Costa F, Vistoli F, et al. The
learning curve in robotic pancreaticoduodenectomy. Dig Surg. 2016;33(4):
299–307. https://doi.org/10.1159/000445015.

31. Rice MK, Hodges JC, Bellon J, Borrebach J, Al Abbas AI, Hamad A, et al.
Association of mentorship and a formal robotic proficiency skills curriculum
with subsequent generations’ learning curve and safety for robotic
pancreaticoduodenectomy. JAMA Surg [Internet]. 2020; Available from:.
https://doi.org/10.1001/jamasurg.2020.1040.

32. Kamarajah SK, Bundred J, Marc OS, Jiao LR, Manas D, Hilal MA, et al. Robotic
versus conventional laparoscopic pancreaticoduodenectomy a systematic
review and meta-analysis. Eur J Surg Oncol [Internet]. 2019; Available from:.
https://doi.org/10.1016/j.ejso.2019.08.007.

Jin et al. Trials          (2021) 22:954 Page 12 of 13

https://doi.org/10.3322/caac.21190
https://doi.org/10.1016/j.jamcollsurg.2014.12.031
https://doi.org/10.1097/SLA.0000000000001924
https://doi.org/10.1097/SLA.0000000000001924
https://doi.org/10.1007/BF00642443
https://doi.org/10.1007/BF00642443
https://doi.org/10.1097/SLA.0000000000003309
https://doi.org/10.1016/S2468-1253(19)30004-4
https://doi.org/10.1038/s41575-020-0290-z
https://doi.org/10.1097/SLA.0000000000003550
https://doi.org/10.1097/SLA.0000000000003550
https://doi.org/10.1001/jamasurg.2020.0021
https://doi.org/10.1001/jamasurg.2020.0021
https://doi.org/10.1001/jamasurg.2015.17
https://doi.org/10.1001/jamasurg.2015.17
https://doi.org/10.1097/SLA.0000000000003664
https://doi.org/10.1097/SLA.0000000000003664
https://doi.org/10.1097/SLA.0000000000001869
https://doi.org/10.1097/SLA.0000000000001869
https://doi.org/10.1016/j.hpb.2017.10.008
https://doi.org/10.1038/nrgastro.2016.17
https://doi.org/10.1038/nrgastro.2016.17
https://doi.org/10.1097/SLA.0000000000003590
https://doi.org/10.1097/SLA.0000000000003590
https://doi.org/10.1016/j.surg.2014.02.001
https://doi.org/10.1097/SLA.0000000000002620
https://doi.org/10.1097/SLA.0000000000002620
https://doi.org/10.1097/SLA.0000000000002979
https://doi.org/10.1097/SLA.0000000000002979
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.surg.2016.06.058
https://doi.org/10.1016/j.surg.2016.06.058
https://doi.org/10.1016/j.surg.2007.05.005
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1016/j.suronc.2018.06.001
https://doi.org/10.1007/s00464-020-07460-4
https://doi.org/10.21037/hbsn.2019.07.08
https://doi.org/10.1001/jamasurg.2016.4753
https://doi.org/10.1159/000445015
https://doi.org/10.1001/jamasurg.2020.1040
https://doi.org/10.1016/j.ejso.2019.08.007


33. Kristman V, Manno M, Côté P. Loss to follow-up in cohort studies: how
much is too much? Eur J Epidemiol. 2004;19(8):751–60. https://doi.org/10.1
023/B:EJEP.0000036568.02655.f8.

34. Beane JD, Zenati M, Hamad A, Hogg ME, Zeh HJ 3rd, Zureikat AH. Robotic
pancreatoduodenectomy with vascular resection: outcomes and learning
curve. Surgery [Internet]. 2019; Available from:. https://doi.org/10.1016/j.
surg.2019.01.037.

35. Nassour I, Tohme S, Hoehn R, Adam MA, Zureikat AH, Alessandro P. Safety
and oncologic efficacy of robotic compared to open
pancreaticoduodenectomy after neoadjuvant chemotherapy for pancreatic
cancer. Surg Endosc [Internet]. 2020; Available from:. https://doi.org/10.1007/
s00464-020-07638-w.

36. Myles PS. More than just morbidity and mortality - quality of recovery and
long-term functional recovery after surgery. Anaesthesia. 2020;75(Suppl 1):
e143–50.

37. Torphy RJ, Chapman BC, Friedman C, Nguyen C, Bartsch CG, Meguid C,
et al. Quality of life following major laparoscopic or open pancreatic
resection. Ann Surg Oncol [Internet]. 2019; Available from:. https://doi.org/1
0.1245/s10434-019-07449-x.

38. Coens C, Pe M, Dueck AC, Sloan J, Basch E, Calvert M, Campbell A, Cleeland
C, Cocks K, Collette L, Devlin N, Dorme L, Flechtner HH, Gotay C, Griebsch I,
Groenvold M, King M, Kluetz PG, Koller M, Malone DC, Martinelli F, Mitchell
SA, Musoro JZ, O'Connor D, Oliver K, Piault-Louis E, Piccart M, Quinten C,
Reijneveld JC, Schürmann C, Smith AW, Soltys KM, Taphoorn MJB, Velikova
G, Bottomley A, Setting International Standards in Analyzing Patient-
Reported Outcomes and Quality of Life Endpoints Data Consortium
International standards for the analysis of quality-of-life and patient-
reported outcome endpoints in cancer randomised controlled trials:
recommendations of the SISAQOL Consortium. Lancet Oncol 2020;21(2):
e83–e96, 2, https://doi.org/10.1016/S1470-2045(19)30790-9.

39. Hinami K, Bilimoria KY, Kallas PG, Simons YM, Christensen NP, Williams MV.
Patient experiences after hospitalizations for elective surgery. Am J Surg.
2014;207(6):855–62. https://doi.org/10.1016/j.amjsurg.2013.04.014.

40. International Surgical Outcomes Study group. Global patient outcomes after
elective surgery: prospective cohort study in 27 low-, middle- and high-
income countries. Br J Anaesth. 2016;117(5):601–9.

41. Wong-Lun-Hing EM, van Dam RM, van Breukelen GJP, Tanis PJ, Ratti F, van
Hillegersberg R, et al. Randomized clinical trial of open versus laparoscopic
left lateral hepatic sectionectomy within an enhanced recovery after surgery
programme (ORANGE II study). Br J Surg. 2017;104(5):525–35. https://doi.
org/10.1002/bjs.10438.

42. Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BMJ. 2015;
351:h4672.

43. Neoptolemos JP, Palmer DH, Ghaneh P, Psarelli EE, Valle JW, Halloran CM,
et al. Comparison of adjuvant gemcitabine and capecitabine with
gemcitabine monotherapy in patients with resected pancreatic cancer
(ESPAC-4): a multicentre, open-label, randomised, phase 3 trial. Lancet
[Internet]. 2017; Available from:. https://doi.org/10.1016/S0140-6736(16)324
09-6.

44. Conroy T, Hammel P, Hebbar M, Ben Abdelghani M, Wei AC, Raoul J-L, et al.
FOLFIRINOX or gemcitabine as adjuvant therapy for pancreatic cancer. N
Engl J Med. 2018;379(25):2395–406. https://doi.org/10.1056/NEJMoa1809775.

45. Girgis MD, Zenati MS, King JC, Hamad A, Zureikat AH, Zeh HJ, et al.
Oncologic outcomes after robotic pancreatic resections are not inferior to
open surgery. Ann Surg [Internet]. 2019; Available from:. https://doi.org/10.1
097/SLA.0000000000003615.

46. Melamed A, Margul DJ, Chen L, Keating NL, Del Carmen MG, Yang J, et al.
Survival after minimally invasive radical hysterectomy for early-stage cervical
cancer. N Engl J Med. 2018;379(20):1905–14. https://doi.org/10.1056/
NEJMoa1804923.

47. Ma SJ, Oladeru OT, Miccio JA, Iovoli AJ, Hermann GM, Singh AK. Association
of timing of adjuvant therapy with survival in patients with resected stage I
to II pancreatic cancer. JAMA Netw Open. 2019;2(8):e199126. https://doi.
org/10.1001/jamanetworkopen.2019.9126.

48. Groot VP, Rezaee N, Wu W, Cameron JL, Fishman EK, Hruban RH, et al.
Patterns, timing, and predictors of recurrence following pancreatectomy for
pancreatic ductal adenocarcinoma. Ann Surg [Internet]. 2017; Available
from:. https://doi.org/10.1097/SLA.0000000000002234.

49. Peng L, Lin S, Li Y, Xiao W. Systematic review and meta-analysis of robotic
versus open pancreaticoduodenectomy. Surg Endosc. 2017;31(8):3085–97.
https://doi.org/10.1007/s00464-016-5371-2.

50. Nassour I, Winters SB, Hoehn R, Tohme S, Adam MA, Bartlett DL, et al. Long-
term oncologic outcomes of robotic and open pancreatectomy in a
national cohort of pancreatic adenocarcinoma. J Surg Oncol [Internet]. 2020;
Available from:. https://doi.org/10.1002/jso.25958.

51. Kowalsky SJ, Zenati MS, Steve J, Esper SA, Lee KK, Hogg ME, et al. A
combination of robotic approach and ERAS pathway optimizes outcomes
and cost for pancreatoduodenectomy. Ann Surg [Internet]. 2018; Available
from:. https://doi.org/10.1097/SLA.0000000000002707.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Jin et al. Trials          (2021) 22:954 Page 13 of 13

https://doi.org/10.1023/B:EJEP.0000036568.02655.f8
https://doi.org/10.1023/B:EJEP.0000036568.02655.f8
https://doi.org/10.1016/j.surg.2019.01.037
https://doi.org/10.1016/j.surg.2019.01.037
https://doi.org/10.1007/s00464-020-07638-w
https://doi.org/10.1007/s00464-020-07638-w
https://doi.org/10.1245/s10434-019-07449-x
https://doi.org/10.1245/s10434-019-07449-x
https://doi.org/10.1016/S1470-2045(19)30790-9
https://doi.org/10.1016/j.amjsurg.2013.04.014
https://doi.org/10.1002/bjs.10438
https://doi.org/10.1002/bjs.10438
https://doi.org/10.1016/S0140-6736(16)32409-6
https://doi.org/10.1016/S0140-6736(16)32409-6
https://doi.org/10.1056/NEJMoa1809775
https://doi.org/10.1097/SLA.0000000000003615
https://doi.org/10.1097/SLA.0000000000003615
https://doi.org/10.1056/NEJMoa1804923
https://doi.org/10.1056/NEJMoa1804923
https://doi.org/10.1001/jamanetworkopen.2019.9126
https://doi.org/10.1001/jamanetworkopen.2019.9126
https://doi.org/10.1097/SLA.0000000000002234
https://doi.org/10.1007/s00464-016-5371-2
https://doi.org/10.1002/jso.25958
https://doi.org/10.1097/SLA.0000000000002707

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods
	Trial design
	Patient population
	Inclusion and exclusion criteria
	Randomization process (Fig. 1)
	Operative technique: robotic pancreatoduodenectomy
	Operative technique: open pancreatoduodenectomy
	Postoperative patient care
	Primary outcome measures
	Secondary outcome measures (Tables 1 and 2)
	Analysis of long-term outcomes in patients with pancreatic adenocarcinoma
	Data collection and patient follow-up
	Statistical considerations and analysis
	Trial monitoring: quality and safety plan
	Financial considerations

	Discussion
	Trial status
	Abbreviations
	Supplementary Information
	Acknowledgements
	SPIRIT guidelines
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

