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Abstract

Background: The mesenteric approach is an artery-first approach to pancreaticoduodenectomy for pancreatic
cancer, which starts with the dissection of connective tissues around the superior mesenteric artery. The procedure
aims for early confirmation of resectability by checking the surgical margin around the superior mesenteric artery
first during the operation. It also aims to decrease intraoperative blood loss by early ligation of the inferior
pancreaticoduodenal artery and to increase R0 rate by complete clearance of the lymph nodes around the superior
mesenteric artery and pancreatic head plexus II, the most favorable positive margin site for pancreatic ductal
adenocarcinoma. Furthermore, it aims to avoid the spread of cancer cells during operation (nontouch isolation
technique). The MAPLE-PD (Mesenteric Approach vs. Conventional Approach for Pancreatic Cancer during
Pancreaticoduodenectomy) trial investigates whether the mesenteric approach can prolong the survival of patients
with pancreatic ductal adenocarcinoma who undergo pancreaticoduodenectomy compared with the conventional
approach.
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Methods/design: The MAPLE-PD trial is a Japanese multicenter randomized controlled trial that compares the
surgical outcomes between the mesenteric and conventional approaches to pancreaticoduodenectomy. Patients
with pancreatic ductal adenocarcinoma scheduled to undergo pancreaticoduodenectomy are randomized before
operation to either a conventional approach (arm A) or a mesenteric approach (arm B). In arm A, the operation
starts with Kocher’s maneuver. At the final step of the removal procedure, the connective tissues around the
superior mesenteric artery are dissected. In arm B, the operation starts with dissection of the connective tissues
around the superior mesenteric artery and ends with Kocher’s maneuver. In total, 354 patients from 15 Japanese
high-volume centers will be randomized. The primary endpoint is overall survival by intention-to-treat analysis.
Secondary endpoints include intraoperative blood loss, R0 rate, and recurrence-free survival.

Discussion: If the MAPLE-PD trial shows the oncological benefits of the mesenteric approach for patients with
pancreatic ductal adenocarcinoma, this procedure may become a standard approach to pancreaticoduodenectomy.

Trial registration: ClinicalTrials.gov, NCT03317886. Registered on 23 October 2017.
University Hospital Medical Information Network Clinical Trials Registry, UMIN000029615. Registered on 15 January 2018.

Keywords: Mesenteric approach, Artery-first approach, Conventional approach, Pancreaticoduodenectomy, R0 resection,
Pancreatic ductal adenocarcinoma, Resectable pancreatic cancer, Borderline resectable pancreatic cancer, Superior
mesenteric artery

Background
The only curative treatment for pancreatic ductal adeno-
carcinoma (PDAC) is currently complete surgical resec-
tion with adjuvant therapies. Pancreaticoduodenectomy
(PD) is commonly accepted as a surgical treatment for
PDAC located in the pancreatic head. Because the
pathological positive margins (R1) of the resected speci-
men can cause postoperative recurrence and poor sur-
vival, R0 resection is necessary to improve the survival
of patients with PDAC [1–3]. The dissected margins
around the superior mesenteric artery (SMA) are re-
ported to be the most favorable R1 site for PDAC in the
pancreatic head [3, 4]. This region includes the lymph
nodes, the inferior pancreaticoduodenal artery (IPDA),
and the nerve plexus from the SMA to the pancreatic
head, which is defined as the pancreatic head plexus II
(plPh-II) in the fourth English edition of the classifica-
tion of pancreatic carcinoma organized by the Japanese
Pancreatic Society [5].
PD generally starts with Kocher’s maneuver, including

exfoliation of the pancreatic head and the duodenum
from the retroperitoneum, followed by regional lymph-
adenectomy and division of the stomach, bile duct, and
pancreas. Finally, dissection of the connective tissue
around the SMA, including the lymph nodes, plPh-II,
and IPDA, is performed before removal of the specimen.
We refer to this typical procedure as the conventional
approach [6].
Recently, the use of the term artery-first approach dur-

ing PD has spread worldwide [7, 8]. The concept of the
artery-first approach is to start by dissection of the con-
nective tissues around the SMA during PD. The aims
are (1) early determination of the resectability status be-
fore taking any irreversible step by checking the degree

of cancer invasion to the SMA plexus macroscopically
and microscopically, which is considered to be the most
favorable surgical positive margin; and (2) to decrease
intraoperative blood loss by early control of blood inflow
into the pancreatic head by division of the IPDA in an
early stage of PD [8].
The mesenteric approach, first suggested by Nakao et

al. in 1993 [9], is an artery-first approach during PD.
The mesenteric approach starts with complete clearance
of the connective tissues around the superior mesenteric
vein (SMV) and the SMA from the infracolic mesenter-
ium to the mesenteric root [9, 10]. After regional lymph-
adenectomy and division of the stomach, bile duct, and
pancreas, which are performed in the same way as in the
conventional approach, exfoliation of the pancreatic
head and duodenum from the retroperitoneum (Kocher’s
maneuver) is the final step before removal of the speci-
men. The mesenteric approach allows dissection around
the SMA from the noncancerous and less inflammatory
side of the mesenterium, and it may therefore be consid-
ered a safer procedure than other approaches to PD by
preventing cancer cell spread during operation by a non-
touch isolation technique and increasing the R0 rate by
complete dissection of the connective tissues around the
SMA and SMV, including the lymph nodes and the
plPh-II [9, 10].
Our retrospective study first showed the surgical and

oncological benefits of the mesenteric approach for pa-
tients with PDAC compared with the conventional ap-
proach [6]. To confirm the results of our retrospective
study and to evaluate the clinical benefits of the mesen-
teric approach for patients with PDAC, we are conduct-
ing a randomized, controlled, multicenter trial
comparing the oncological and surgical outcomes
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between the mesenteric and conventional approaches
during PD for patients with PDAC (Mesenteric Ap-
proach vs. Conventional Approach for Pancreatic Cancer
during Pancreaticoduodenectomy [MAPLE-PD] trial).

Methods/design
Design
The MAPLE-PD trial is a Japanese multicenter, random-
ized, controlled trial. Patients with PDAC are randomized
to arm A (conventional approach) or arm B (mesenteric
approach) during PD. The MAPLE-PD trial is conducted
in 15 Japanese high-volume centers (Additional file 1,
institution list) that have been board-certified as training
institutions by the Japanese Society of
Hepato-Biliary-Pancreatic Surgery, and the interventions
are performed by instructors and expert surgeons certified
by the Japanese Society of Hepato-Biliary-Pancreatic Sur-
gery to ensure the high quality of the study. The aim of
this study is to evaluate the oncological and surgical bene-
fits of the mesenteric approach during PD for patients
with PDAC compared with the conventional approach.
Therefore, this study is designed to evaluate the superior-
ity of the mesenteric approach (arm B) compared with the

conventional approach (arm A) during PD in terms of
overall survival (OS).
All patients are required to undergo postoperative

examination every 3 months for at least 2 years after
surgery. Signs of suspected recurrence of disease will be
closely monitored. The schedule of this trial is shown in
Fig. 1. The study period of the MAPLE-PD trial is ex-
pected to be 4 years, including 2 years for patient re-
cruitment and 2 years for follow-up.

Study endpoints
The primary endpoint is OS. Secondary endpoints in-
clude operative time, time from skin incision to removal
of the specimen, intraoperative blood loss volume, and
transfusion. Further secondary endpoints include inci-
dence of postoperative complications within 90 days
after surgery, including grade B or C pancreatic fistula,
delayed gastric emptying (DGE), and intra-abdominal
hemorrhage; all-morbidity rate within 90 days after sur-
gery; mortality rate within 90 days after surgery; and in-
cidence of diarrhea. The rates of R0 and R1; the closest
length from tumor margin to surgical margin in the case
of R0 resection; number of harvested lymph nodes,

Fig. 1 Study calendar
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number of metastatic lymph nodes, and lymph node ra-
tio; recurrence-free survival; and site of initial recurrence
are also secondary endpoints.
Postoperative pancreatic fistula (POPF) [11], DGE

[12], and intra-abdominal hemorrhage [13] are defined
and graded according to the International Study Group
of Pancreatic Surgery (ISGPS). Postoperative complica-
tions other than POPF, DGE, and intra-abdominal
hemorrhage are graded by Clavien-Dindo classification
[14]. Postoperative diarrhea is graded according to the
Common Terminology Criteria for Adverse Events
version 4.

Statistical analysis
Sample size
A retrospective study at the Wakayama Medical Univer-
sity Hospital showed that the 2-year OS rates were
28.5% for patients with PDAC treated by the conven-
tional approach and 50.7% for those treated by the mes-
enteric approach [6]. The HR of this result was
calculated to be 0.541. However, we considered the pos-
sibility that the HR of the MAPLE-PD trial would be
higher than 0.541, because recent advanced periopera-
tive management and adjuvant chemotherapy might im-
prove survival of patients with PDAC treated by either
approach. In the MAPLE-PD trial, we therefore set the
HR at 0.70. To detect an HR of 0.70 with 80% power
using a two-sided log-rank test at the 0.05 level of sig-
nificance requires 134 events in the conventional ap-
proach group and 115 events in the mesenteric
approach group. To observe the number of these events
during the 4-year study period, 354 patients (177 pa-
tients in each group) are necessary (accrual time is 2
years and follow-up time is 2 years), considering a drop-
out proportion of 10% for each group.

Statistical analysis plan
The primary population for efficacy analysis will be the
intention-to-treat population, defined as all randomized
patients. The primary endpoint is OS. The null hypothesis
that the HR is equal to 0.70, which will be tested against
the alternative hypothesis that the HR is not equal to 0.70.
The primary endpoint will be compared using a stratified
log-rank test with a two-sided alpha of 0.05 stratified by
resectability (resectable versus BR-PV), preoperative adju-
vant therapy (yes or no), and the participating institution.
Survival analysis will be conducted using the
Kaplan-Meier survival curves and the log-rank test in the
two randomization groups. The HRs and 95% CIs will be
estimated by the Cox proportional hazards model.
For the secondary endpoints, categorical outcomes will

be summarized using frequency and percentage for each
arm and will be compared using Fisher’s exact method.
Continuous outcomes will use median and range for

each arm and will be compared using the Wilcoxon
rank-sum test. Survival outcomes will be analyzed using
the Kaplan-Meier method and compared by log-rank
test.

Study population
Patients are eligible if they meet the MAPLE-PD trial
definitions for resectable PDAC or borderline resectable
pancreatic ductal adenocarcinoma with portal vein inva-
sion (BR-PV PDAC) and are scheduled to undergo PD.
Resectable PDAC and BR-PV PDAC are defined accord-
ing to the National Comprehensive Cancer Network
(NCCN) definition 2017 [15].

Inclusion criteria
Eligible for enrollment in the study are patients who are
scheduled to undergo elective PD for resectable PDAC
or BR-PV PDAC, have an Eastern Cooperative Oncology
Group performance status of 0–1, are ≥ 20 years old,
have intact function of major organs (e.g., bone marrow,
heart, liver, kidney, lung), and have provided written in-
formed consent based on sufficient understanding of the
study.
The exclusion criteria are as follows:

1. Patients with severe ischemic cardiovascular disease
2. Patients with liver cirrhosis or active hepatitis
3. Patients needing oxygen owing to interstitial

pneumonia or lung fibrosis
4. Patients undergoing dialysis for chronic renal failure
5. Patients needing surrounding organ resection
6. Patients needing arterial reconstruction (e.g., SMA,

common hepatic artery, celiac axis)
7. Patients with suspicious para-aortic lymph node

metastases visualized by preoperative imaging
8. Patients having active multiple cancer that is

thought to influence the occurrence of adverse
events or survival

9. Patients receiving long-term steroid medication that
is thought to influence the occurrence of adverse
events

10. Patients scheduled to undergo laparoscopic or
laparoscopy-assisted PD

11. Patients having difficulty with study participation
owing to psychotic disease or symptoms

12. Patients whose preoperative biopsy tissues are
diagnosed as pathological findings other than PDAC

13. Patients who have undergone gastrostomy or colon/
rectum resection previously

14. Patients with severe drug allergy to iodine and
gadolinium

Exit criteria from the protocol include the following:
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1. Patients offering to cancel entry into the MAPLE-
PD trial after enrollment

2. Patients who are found to have distant metastasis
and/or peritoneal dissemination during surgery

3. Patients with macroscopic positive margins (R2)
4. Patients requiring change of treatment procedure,

such as combined other organ resection bypass
procedure and exploratory laparotomy

5. Patients needing to cancel the treatment procedure
during surgery owing to intraoperative cardiac
infarction, heavy bleeding, and so forth

6. Patients with pathological disease other than PDAC

Randomization
After confirmation of eligibility, including written in-
formed consent, patients are randomized in a 1:1 alloca-
tion ratio to either arm A (conventional approach) or
arm B (mesenteric approach) with a random block size.
Central randomization and registration will be applied,
using an electronic data capture (EDC) system. After be-
ing assessed for eligibility at registration, patients will be
centrally randomized to either arm A or arm B. To
minimize background bias between the two groups, this
study is stratified for resectability (resectable versus
BR-PV), according to preoperative adjuvant therapy (yes
or no), and by participating institution. The indication
and regimen for preoperative adjuvant therapies depend
on the treatment strategy of the participating institu-
tions. We use Pocock and Simon’s minimization method
for random assignment and the Mersenne Twister for
random number generation (Fig. 2, flow diagram of the
MAPLE-PD trial).
All patients are blinded to the surgical approach that

they will be receiving, and they are required to sign an

informed consent before enrolling in this study. Blinding
of the surgeons is not possible, owing to the different
techniques used during the operation. However, the re-
sult assessment will be made by an independent re-
searcher (T.S.) who will be blinded to the surgical
procedures.

Interventions
Trial intervention (mesenteric approach)
After laparotomy, the mesenterium is incised at the line
between the Treitz ligament and the inferior duodenal
flexure to identify the SMA and the SMV. The middle
colic artery is exposed arising from the anterior side of
the SMA, and this artery is usually divided. The lymph
node dissection around the SMA proceeds to the origin
of the SMA in a longitudinal direction, and the IPDA or
the common trunk of the IPDA and J1 artery is ligated
and divided at the root. Lymph node dissection around
the SMV is also performed. The mesenteric approach is
completed when the circumferential dissection of the
connective tissues around the SMA and the SMV, in-
cluding lymph nodes (#14), plPh-II, and IPDA, is per-
formed [9, 10, 16].
Regional lymph node dissection around the common

hepatic artery (#8), the root of the left gastric artery (#7),
the right side of the celiac axis (#9), and in the hepato-
duodenal ligament (#12) is performed. After the stom-
ach, bile duct, pancreas, and jejunum are divided, the
tumor with en bloc-dissected tissues is removed. Finally,
the pancreatic head is exfoliated from the retroperito-
neum by Kocher’s maneuver. If tumor invasion of the
portal vein (PV)/SMV is suspected pre- and/or intraop-
eratively, concomitant PV/SMV resection is performed
immediately before the specimen is removed and

Fig. 2 Flow diagram of the MAPLE-PD (Mesenteric Approach vs. Conventional Approach for Pancreatic Cancer During
Pancreaticoduodenectomy) trial
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reconstruction of PV/SMV is performed [17]. In recon-
struction, pancreaticojejunostomy or pancreaticogastrost-
omy, choledochojejunostomy, and gastrojejunostomy are
performed in turn.

Control intervention (conventional approach)
Following exfoliation of the pancreatic head and duode-
num from the retroperitoneum by Kocher’s maneuver,
regional lymph node dissection around the same areas
as those of the mesenteric approach (#7, #8, #9, and
#12), and the stomach or duodenum, bile duct, and pan-
creas are divided. Finally, dissection of the connective
tissues around the SMA, including lymph node and
plPh-II, and division of the IPDA are performed before
removal of the specimen. After complete isolation of the
pancreatic head from the SMA, the jejunum is trans-
ected, and the specimen is removed. The same recon-
struction as that of the mesenteric approach is then
performed.

Standardization and validation of interventions
Before the start of the MAPLE-PD trial, we held three
consensus meetings to determine the details of the op-
erative techniques for both groups by observing and dis-
cussing several operative videos to ensure
standardization of the interventions in all institutions.
On the basis of these meetings, we determined that a
photographic record after the mesenteric approach is
necessary for the arm B group to validate intervention
quality, although this is not necessary for the conven-
tional approach (arm A), because the operative tech-
niques of this approach have been certified by the
Japanese Society of Hepato-Biliary-Pancreatic Surgery in
all institutions participating in the MAPLE-PD trial.
Central judgment will be conducted for the arm B
group, and the photographs will be reviewed by more
than two members of the committee at that time.

Recruitment
To achieve adequate participant enrollment to reach the tar-
get sample size within the study period, 15 Japanese
high-volume centers will participate in the MAPLE-PD trial.

Follow-up
After randomization, the patients will be followed every
3 months, or more often if the patient’s situation re-
quires, for at least 2 years. The patients in this study will
undergo computed tomography or magnetic resonance
imaging every 3 months to evaluate postoperative recur-
rence and metastases. OS is defined as the time from
operation to the time of the last follow-up or death.
Recurrence-free survival is defined as the time from op-
eration to the time of finding any recurrence or metasta-
sis or until death.

Data and safety monitoring
An independent data monitoring committee (Clinical
Study Support Center, Wakayama Medical University
School of Medicine) will monitor the safety of the trial
subjects by qualitative analyses of feasibility, accrual rate,
and adverse events as well as dropouts every 6 months
during the study. Data are collected via a case report
form using an EDC system and paper and stored and
managed securely by the data monitoring committee.
After written consent is signed, at baseline, all baseline
assessments will be conducted before randomization to
improve the quality of data. The handling of all cases is
managed by subject identification code or anonymized
registration number. The correspondence table of the
anonymizing codes and names, as well as consent form
containing the name, is kept in separate restricted-access
lockable document storage at each participating institu-
tion. To promote data quality, missing data will be pur-
sued until received or confirmed as not available or until
the trial reaches analysis.
No interim analyses are planned in the MAPLE-PD

trial. The principal investigator has the right to termin-
ate the trial at any time in consultation with the biostat-
istician. Reasons that may require termination of the
trial include the following:

� The incidence or severity of adverse events in the
trial indicates a potential health hazard caused by
the study treatment

� It appears that the patient enrollment is
unsatisfactory with respect to quality, or quantity or
data recording is severely inaccurate or incomplete

� External evidence renders it necessary to terminate
the trial

All adverse events observed by the investigators will
be recorded up to 90 days after surgery and reported to
the principal investigator and clinical trials coordination
center. The assignment of the severity or grading should
be made by the investigator responsible for the care of
the participant. Serious adverse events are defined as
those that are life-threatening or result in death. Serious
adverse events will be collected and recorded according
to good clinical practice throughout the study period.
The patients enrolled in this study will receive
standard-of-care supportive measures and all other med-
ically necessary interventions as needed.

Ethics
Research ethics approval
This study is performed in accordance with the Declar-
ation of Helsinki. The protocol has been approved by
the Wakayama Medical University Hospital Ethics Com-
mittee (approval number 2128). The trial protocol has
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also been registered in the protocol registration system
at ClinicalTrials.gov (NCT03317886) and the University
Hospital Medical Information Network Clinical Trials
Registry (UMIN000029615). All patients will be sched-
uled only after comprehensive information concerning
the nature, scope, and possible consequences of the clin-
ical trial has been provided to them in an understand-
able way by the investigator. Written informed consent
for the study will be obtained from each patient before
the operation. The procedure, benefits, risks, and data
management of this study will be clarified in detail for
the patients during the preoperative conversation.

Dissemination policy
The results of the MAPLE-PD trial will be submitted to
a peer-reviewed journal and will be presented at national
and international conferences regardless of the trial out-
comes. Authorship will be agreed in accordance with the
MAPLE-PD trial publication policy and in line with
international guidelines.

Discussion
The use of the term artery-first approach during PD for
PDAC has spread worldwide, and several case series
have reported its feasibility [7, 18, 19]. The aims of the
mesenteric approach, which is an artery-first approach,
are early confirmation of resectability during operation
and decrease of intraoperative blood loss and frequency
of transfusion by early ligation of the IPDA. Further
aims include increase of R0 rate by complete clearance
of the connective tissues around the SMA and the SMV,
including lymph nodes and plPh-II, which is the most
favorable positive margin site for PDAC, and avoidance
of cancer cell spread during operation, based on the
concept of the nontouch isolation procedure [9, 10].
There is little evidence, however, of the oncological ben-
efits of an artery-first approach, including the mesenteric
approach for PDAC.
We therefore retrospectively compared the surgical

outcomes between the conventional approach and the
mesenteric approach to evaluate the oncological and
surgical benefits of the mesenteric approach for PDAC
[6]. We reported first that intraoperative blood loss was
lower in the mesenteric approach in both resectable
PDAC and BR PDAC, and the R0 rate was higher and
the OS was better for the mesenteric approach in resect-
able PDAC, than in the conventional approach [6].
There is insufficient evidence to confirm our results be-
cause it was a retrospective, single-center study. The
MAPLE-PD trial, which is a multicenter, prospective,
randomized, controlled study therefore investigates
whether the mesenteric approach can prolong survival
for patients with PDAC who undergo PD compared with
the conventional approach.

In the MAPLE-PD trial, the study population includes
resectable PDAC as well as BR-PV PDAC cases, accord-
ing to the 2017 NCCN definition. Some BR-PV PDAC
cases might cross over into the mesenteric approach be-
cause surgeons want to rule out infiltration of the SMA
via this approach. However, in the three consensus meet-
ings for the MAPLE-PD trial, all surgeons participating
in this study agreed with the inclusion of BR-PV PDAC
in the trial. There are two reasons for this inclusion.
First, in BR-PV PDAC cases without infiltration of the
tissues around the SMA based on preoperative image
findings, we rarely give up the surgical resection during
the operation, so we do not consider it essential for
BR-PV PDAC to confirm the resectability at the first
step of the operation. Second, we strongly want to evalu-
ate the oncological benefits of the mesenteric approach
not only for resectable PDAC but also for BR-PV PDAC.
In the MAPLE-PD trial, resectability status is defined on

the basis of 2017 NCCN criteria. Recently, a new inter-
national consensus on the definition and criteria of BR
PDAC has been reported [20], including biological status
and patient condition, in addition to the anatomical defin-
ition. Patients eligible for enrollment in the MAPLE-PD
trial only have a performance status of 0–1 to compare
purely surgical outcomes between the mesenteric and
conventional approaches. However, biological status using
serum CA 19-9 levels might be an important factor associ-
ated with survival for patients with PDAC; we would
therefore like to compare the surgical outcomes between
the two groups in the subgroup analysis based on these
new biological criteria for BR PDAC [20].
If the MAPLE-PD trial shows that the mesenteric ap-

proach can improve survival by increasing R0 rate and/
or avoiding spread of cancer cells during operation com-
pared with the conventional approach, the mesenteric
approach is expected to become a standard procedure
during PD for PDAC worldwide, and survival of patients
with PDAC in the future may improve.

Trial status
The MAPLE-PD trial was opened in January 2018. At the
time of the submission of this paper (October 2018), the
protocol version is version 1-5, twelve institutions were
actively recruiting, and three institutions were pending.
The completion date is estimated to be December 2021.

Additional file

Additional file 1: Institution list. (DOC 122 kb)
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