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Comparison of prognosis and postoperative morbidities between standard
pancreaticoduodenectomy and the TRIANGLE technique for resectable pancreatic

ductal adenocarcinoma

Hang HX et al. PD and TRIANGLE technique for PDAC

Abstract

BACKGROUND

Radical surgery combined with systemic chemotherapy offers the possibility of long-
term survival or even cure for patients with pancreatic ductal adenocarcinoma (PDAC),
although tumor recurrence, especially locally, still inhibits the treatment efficacy. The
TRIANGLE technique was introduced as an extended dissection procedure to improve
the RO resection rate of borderline resectable or locally advanced PDAC. However, there
was a lack of studies concerning postoperative complications and long-term outcomes

of this procedure on patients with resectable PDAC.

AIM
To compare the prognosis and postoperative morbidities between standard

pancreaticoduodenectomy (PD) and the TRIANGLE technique for resectable PDAC.

METHODS

Patients with resectable PDAC eligible for PD from our hospital between June 2018 and
December 2021 were enrolled in this retrospective cohort study. All the patients were
divided into PDstandara and PDrtriancie groups according to the surgical procedure.
Baseline characteristics, surgical data, and postoperative morbidities were recorded. All
of the patients were followed up, and the date and location of tumor recurrence, and
death were recorded. The Kaplan-Meier method and log-rank test were used for the

survival analysis.




RESULTS

There were 93 patients included in the study and 37 underwent the TRIANGLE
technique. Duration of operation was longer in the PDrriancLe group compared with
the PDstandard group [440 (410-480) min vs 320 (265-427) min| (P = 0.001). Intraoperative
blood loss [700 (500-1200) mL vs 500 (300-800) mL] (P = 0.009) and blood transfusion
[975 (0-1250) mL vs 400 (0-800) mL] (P = 0.009) were higher in the PDtriancLE group.
There was a higher incidence of surgical site infection (43.2% vs 12.5%) (P = 0.001) and
postoperative diarrhea (54.1% vs 12.5%) (P = 0.001) in the PDrianciLE group. The rates of
RO resection and local recurrence, overall survival, and disease-free survival did not

differ significantly between the two groups.

CONCLUSION
The TRIANGLE technique is safe, with acceptable postoperative morbidities compared

with standardized PD, but it does not improve prognosis for patients with resectable

PDAC.
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Core Tip: We compared the prognosis and postoperative morbidities between standard
pancreaticoduodenectomy (PD) and the TRIANGLE technique for resectable pancreatic
ductal adenocarcinoma (PDAC). The TRIANGLE technique was safe and feasible, with
acceptable postoperative complications, and improved the extent of radical resection.

However, longer duration of operation, more intraoperative blood loss and higher
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incidence of postoperative diarrhea indicated that TRIANGLE technique was a more
aggressive procedure. Local recurrence, disease-free survival and overall survival did
not differ between the two groups. These results suggest that the TRIANGLE technique
is not necessary for all resectable PDAC patients.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer death,
and by 2030, it is expected to become the second most common cause in western
countriesl'2l. Currently, the only hope of long-term survival and even cure for PDAC
patients is radical resection in combination with systemic chemotherapyl®l. However,
despite the continuous advance of surgical techniques and chemotherapy regimens, the
survival of PDAC patients is still not optimistic, with a 5-year survival rate of only
approximately 10%4. Approximately 70% of patients resected will suffer from
recurrence within 2 yearsl®, and 25%-45% of patients with PDAC experience local
recurrence following surgical resectionl®’l. To date, there have been a number of
prognostic factors identified for recurrence and survival, and positive resection margin
has been identified as one of the major factors in terms of local and overall recurrencelsl.
Therefore, standardized concepts of radical resection should aim to achieve complete
tumor clearance and prevent local recurrence. However, perineural invasion is a
distinctive feature of PDAC, which is different from other tumors. PDAC in the
pancreatic head may spread to autonomous nerves located alongside the celiac trunk
(CT) and superior mesenteric artery (SMA), and consequently, complete resection is
compromised at the margins of the medial and posterior resectionsl®l. Currently, the
conventional surgical protocol does not include systematic removal of neural and
lymph tissue that is suspected of being infiltrated by tumor but lies between the SMA,
CT, and portal vein (PV).

In 2017, a new surgical technique was introduced by a team at Heidelberg University,
named the TRIANGLE operation[l. By using this technique, the tumor, including its

associated lymphatic and perineural extensions along the vascular structures, can be
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completely and radically removed, and arterial resection and reconstruction are not
required, which is morbidity-prone. As expected, for patients with initially locally
advanced PDAC with stable disease after neoadjuvant therapy, radical surgery was
performed and nearly half of them achieved RO resection. However, there was a lack of
studies concerning postoperative complications and long-term oncological outcome of
the TRIANGLE technique for patients with resectable PDAC.

Hence, the purpose of the present study was to assess the postoperative morbidities
as well as oncological outcomes of the TRIANGLE technique for PDAC patients
received pancreaticoduodenectomy (PD) in a single center, and discuss the necessity of

the technique for all resectable PDAC patients.

MATERIALS AND METHODS

Patient screening and ethics statement

Patiepts with PDAC who received radical surgery from June 2018 to December 2021 in

the Division of Pancreatic Surgery, Department of General Surgery, Nanjing Drum
ower Hospital were analyzed. A flowchart of patient enrollment is shown in Figure 1.

This study was approved by the Ethics Committee of Nanjing Drum Tower Hospital

(No. 2021-437-01). All procedures were in accordance with the Helsinki Declaration and

informed consent of patients was exempted because of the retrospective nature of the

study.

Inclusion and exclusion criteria

Inclusia'l criteria: (1) PDAC patients who received PD from June 2018 to December 2021
in the Division of Pancreatic Surgery, Department of General Surgery, Nanjing Drum
Tower Hospital; (2) no other active cancer; (3) resectable PDAC based on National
Comprehensive Cancer Network (NCCN) guidelines; (4) achieved radical resection; (5)
confirmation of the diagnosis of PDAC based on histopathological observations after

surgery; and (6) completeness of clinical data and survival information.
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Exclusion criteria: (1) Received neoadjuvant therapy; (2) multiple organ resection; (3)
postoperative pathological examination confirmed other than PDAC; (4) loss of

postoperative survival data; and (5) died within 1 months postoperatively.

Grouping
All the patients enrolled in the study were divided into the PDswandarda and PDTrianGLE

groups according to the surgical procedure.

Surgical procedure

Patients in the PDstandara group received standardized and conventional PD. Patients in
the PDrriancie group received the TRIANGLE technique and the major surgical
procedure was the same as that described by the Heidelberg University teaml®10l,
Laparotomy and exploration of the abdominal cavity were performed to rule out
distant metastasis. An extended Kocher’s maneuver completed the mobilization of the
pancreatic head, the origins of CT and SMA were palpated and displayed, and if
necessary, frozen sections were taken to confirm the tumor resectability. Dissection of
the hepatoduodenal ligament was completed and the left, right and proper hepatic
arteries were cleared. Lymphadenectomy was subsequently extended along the
common hepatic artery towards the CT. Lymphatic and neural tissue that was situated
in the TRIANGLE area, which was surrounded by the CT, SMA, and PV, was dissected
(Figure 2). During the reconstructive anastomotic procedure, a modified Blumgart
technique and a continuously sutured end-to-side method were performed for
pancreaticojejunostomy and cholangiojejunostomy respectively, and gastrojejunostomy

was performed with or without pylorus preservation.

rioperative management
Prophylactic antibiotics were administered 30 min before incision and continued for 48
h postoperatively. The nutritional risk of every patient was assessed after admission

and nutritional support was provided for patients with moderate or severe malnutrition




before surgery. After surgery, the diagnosis oajostoperative pancreatic fistula (POPF)
was based on the amylase measurements and abdominal infection was documented by
bacterial culture of drainage fluid, which were both performed 1d, 3d,5d,and 7 d
postoperatively. Drainage tubes were removed early when there was absence of POPF,
abdominal infection and intra-abdominal abscess based on postoperative contrast-

enhanced computed tomography (CECT).

Patient data collection

Age, gender, body mass index (BMI) and nutrition risk screening 2002 score (NRS2002)
were recorded as the baseline characteristics. Preoperative concentrations of albumin,
hemoglobin and carbohydrate antigen 19-9 (CA19-9) were extracted from the medical
laboratory database. Tumor size was reassessed from preoperative CECT images.
Operative parameters included duration of operation, intraoperative blood loss and
transfusion. All postoperative complications were recorded and graded according to the
Clavien-Dindo classificationl!ll. Additionally, POPF[!2, bile leakagel'3], delayed gastric
emptying (DGE)M, surgical site infection (SSI)*], post-pancreatectomy hemorrhage
(PPH)"¢l, and chyle leakagel'”l were diagnosed based on the International Study Group
of Pancreatic Surgery definitions. Diarrhea was defined as a condition requiring opioid
antidiarrheal drug for > 6 months after surgery!sl.

Short term oncological outcomes were evaluated based on the pathological work-up,
including tumor, node, and metastasis (TNM) staging, which were based on the
American Joint Committee on Cancer manual (8% edition), tumor differentiation,
resection margin status, and number of extracted lymph nodes. RO was defined as a
distance of at least 1 mm. Structured follow-up protocol included routine clinical status
assessment and evaluation of CA19-9 serum level every 3 months, CECT of the
abdomen and thorax every 6 months after the operation, and p(ﬁitron emission
tomography was also an important supplemental tool if necessary. Overall survival
(OS) was defined as the time from the date of surgery to either death from any cause or

last follow-up. Disease-free survival (DFS) was defined as the time from the date of
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resection to the date of tumor recurrence showed by radiological or clinical evidence.
Recurrence pattern was recorded including local and distant recurrence. Deadline for

follow-up was 31 December, 2022.

Statistical analysis

SPSS 27.0 software (M Corp., Armonk, NY, United States) and PRISM 8 (GraphPad
Software, La Jolla, CA, United States) were used for statistical analyses and ﬁxph
preparation, respectively. Quantitative variables were summarized as mean + SD or
median (interquartile range, IQR) as appropriate and independent t test or Mann-
Whitney U test were used for the comparison. Categorical parameters were presented
as absolute (frequencies) and statistical analysis was examined with y? or Fisher’s exact
test. Survival was calculated with the Kaplan-Meier method and the difference of curve

pairs was compared using the log-rank test. P < 0.05 based on two-sided testing was

considered statistically significant.

RESULTS

Patient characteristics

We identified 93 patients who underwent PD for PDAC during the study period, 50
male (53.7%) and 43 female (46.3%), with an average age of 65.4 years. In total, 37
patients received PD with clearance of the TRIANGLE area, while the rest received
standardized PD. There was no significant difference in age, BMI, NRS2002 score,
tumor size, preoperative jaundice, and concentration of CA19-9, albumin, and
hemoglobin between the two groups. Demographic and clinical characteristics of the 93

patients are shown in Table 1.

Surgical data and postoperative complications

Duration of operation was longer in the PDrriancLe group compared with the PDstandard
group [440 (410-480) min vs 320 (265-427) min] (P = 0.001). Intraoperative blood loss was
higher in the PDmiancLe group [700 (500-1200) mL »s 500 (300-800) mL] (P = 0.009) and
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intraoperative blood transfusion was more common compared with the PDsiandaragroup
[975 (0-1250) mL vs 400 (0-800) mL] (P = 0.009).

An overview of postoperative complications is depicted in Table 2 and no
postoperative mortality occurred. SSI occurred in 12.5% of the PDsandard group and
43.2% of the PDriancLE group (P = 0.001). There were no significant differences in the
occurrence of POPF (PDstandard ©s PDtriancie: 17.8% vs 18.9%) (P = 0.114), more
specifically, clinically relevant POPF (CR-POPF) (PDstndara s PDtriancre: 16.1% vs
13.5%) (P = 0.736), bile leakage (PDstandard s PDtrianciE: 10.7% vs 5.4%) (P = 0.470), DGE
(PDstandard 5 PDrriancre: 21.4% vs 10.8%) (P = 0.263), PPH (PDstandard ©s PDrrIANGLE:
10.7% vs 2.7%) (P = 0.237), or chyme leakage (PDstandard vs PDTrIANGLE: 8.9% vs 13.5%) (P
= 0.485). Importantly, 54.1% of the patients who underwent TRIANGLE area clearance
developed postoperative diarrhea compared with 12.5% in the PDstandard group (P =
0.001).

Short-terin oncological outcomes

Short-term oncological outcomes were assessed based on the pathological reports
(Table 3). There were no significant differences in TNM stage, tumor differentiation and
status of resection margin. However, more lymph nodes were examined after clearance
of the TRIANGLE area [PDswndara: 14 (9-20) vs PDriancie: 19 (13-24)] (P = 0.010). More
importantly, all the resected soft tissues within the TRIANGLE area were not involved

by tumor cells according to the pathological reports.

Long-termm oncological outcomes

We also compared the long-term oncological outcomes of patients in the different
groups (Table 4). The median observation time for patients in the PDstandara group was
33.0 months (range 10.0-34.0 months) and 21.0 months (range 9.0-51.0 months) for
patients in the PDrriancie group, but the difference was not significant (P = 0.052). The
overall recurrence rate in the PDstandard group was higher than in the PDrriancLE group,

although the difference was not significant (P = 0.324) (Figure 3). The recurrence site
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was further analyzed. The rate of local recurrence also showed no significant difference
(PDstandard s PDTriANGLE: 21.4% v510.8%) (P = 0.263) (Figure 3).

median DFS of patients in the PDswandara and PDrriancre groups was 16.0 and 18.0
mo, respectively (P = 0.738) (Figure 4A). The median OS of patients in the PDstandard and
PDtriancLE groups was 26.0 and 28.0 mo, respectively (P = 0.729) (Figure 4B). Based on
these results, the TRIANGLE technique can not improve the prognosis for patients with
resectable PDAC.

DISCUSSION

This retrospective study from a single center demonstrated that the TRIANGLE
technique was a safe and feasible procedure, with acceptable postoperative
complications, for improving the extent of radical resection, compared with
standardized PD. However, longer duration of operation, more intraoperative blood
loss and higher incidence of postoperative diarrhea in the PDrriancLe group indicated
that the TRIANGLE technique was a more aggressive procedure. From the perspective
of long-term outcome, local recurrence, DFS and OS did not differ between the two
groups. The results suggest that routine clearance of the TRIANGLE area was not
necessary for all resectable PDAC patients.

Local recurrence has been described as an important pattern of PDAC recurrence in
previous studies and positive resection margin was proven to be a high-risk factor.
Medial margin around the CT and SMA was most easily involved due to the disperse
growth pattern and high neural affinity of PDAC tumor cellsl!%20l. To break this
dilemma and improve the overall effectiveness of surgical treatment, the TRIANGLE
technique was introduced in 2017. Radical clearance of all neural and soft tissues, and
lymph nodes that drain the pancreatic head between the CT, SMA, and PV is the
primary goall2.22l. Hackert et all’0] reported that six of 15 patients with locally advanced
PDAC achieved RO resection after neoadjuvant therapy combined with the TRIANGLE

operation. Also, no perioperative deaths occurred and 70% of the patients functioned
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well after discharge, which supports the surgical and oncological outcome of this
procedure.

It was noteworthy that no death occurred in patients receiving PD in the PDstandara or
PDrriancie group. Likewise, incidence of POPF, bile leakage, DGE and PPH were
comparable between the two groups, which indicated the safety of the TRIANGLE
technique. Contrary to the initial assumption that extended lymphatic tissues dissection
in the TRIANGLE area may increase the rate of chyme leakage, the incidence did not
differ in the two groups, in accordance with the results of Klotz et al?!l. However, the
rate of SSI in the PDrriancie group was almost three times greater than that in the
PDstandard group, which can be explained by the prolonged duration of operation and
significantly increased intraoperative blood loss in the PDrriancre groupl®®l As
expected, postoperative diarrhea was more common in patients who underwent the
TRIANGLE operation and most of them needed opioids to relieve symptoms compared
with the PDsandarda group, which was consistent with the results of another studyl2el.
More importantly, extended neural plexus dissection may sometimes result in
intractable diarrhea. Some patients suffer from severe malnutrition, so they are unable
to receive postoperative chemotherapy in a timely manner, which affects the overall
effect of treatment!?-?%l, In response to this problem, we conducted a family nutrition
plan to guide patients to provide nutritional support at home for early recovery!?l,

In addition to assessing the safety of the TRIANGLE technique, oncological outcomes
were another important aspect that should be considered. Zhai et all®l reported that
nine patients with borderline resectable PDAC underwent theTRIANGLE technique in
total pancreatectomy, with complete arterial skeletonization and dissection of soft
tissues in the TRIANGLE area, and eight patients achieved R0 resection. However, in
our study, the rate of RO resection in the PDrriancie group was higher than in the
PDstandard group, although the difference was not significant. The fact that all of the
recruited patients had resectable PDAC and the tumor invasion into the TRIANGLE
area was less frequent than that in patients with borderline resectable or locally

advanced PDAC can be used to explain the outcome. Besides, as the inevitable product
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of extended radical resection, more lymph nodes were examined in PDrriancLe group.
While extended lymphadenectomy did not better the oncological outcome as showed in
a multi-center prospective randomized controlled trial®'l. From the perspective of long-
term efficacy, there were no significant differences concerning recurrence pattern, DFS
and OS between the two groups. This indirectly reflects that routine TRIANGLE
technique for resectable patients may not reduce the rate of local recurrence and
improve prognosis. A multi-center randomized clinjﬁl trial from Korea suggested that
extended lymphadenectomy with dissection of the nerve plexus around the SMA and
CT does not provide a significant survival benefit compared with standard resection in
pancreatic head cancer!32l. In another multi-center randomized clinical trial from China,
extended pancreatoduodenectomy also did not significantly improve OSI®3l. However, it
is still controversial whether extended lymphadenectomy and nerve dissection provide
a survival benefit. Indeed, some features of extrapancreatic nerve invasion could be
judged from preoperative CECT images, such as increased attenuation or mass
formation in the peripancreatic fat spacel®l. The minimum distance from the tumor
boundary to the arteries was another efficient indicator of nerve invasion!®l. Since the
nerves and lymph nodes of the pancreatic head and neck usually flow back to the
TRIANGLE area, if the aforementioned signs are shown on the CECT images, the
TI%NGLE operation may be beneficial to patients with resectable PDAC.

There were some limitations to the present study. First, it was a single-center study
and the number of patients was limited. More studies from high-volume centers are
needed to support our results. Second, all the patients had resectable PDAC based on
the NCCN guidelines, and invasion of the TRIANGLE area was less common compared
with that in patients with borderline resectable or locally advanced PDAC. We are
actively collecting the data from borderline resectable or locally advanced PDAC
patients who underwent pancreatectomy after neoadjuvant therapy for further study.
Third, postoperative diarrhea was assessed within 6 months after the operation, but the

severity and duration were not traceable, and related parameters such as nutrition
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score, pancreatic exocrine insufficiency score, and quality of life should be included in

further studies.

CONCLUSION

Routine clearance of the TRIANGLE area did not improve the long-term outcome of
patients with resectable PDAC. The acceptable postoperative morbidity compared with
standardized PD suggests that this procedure is safe and feasible. More high-quality

studies are needed to verify the efficacy of this procedure.

ARTICLE HIGHLIGHTS

Research background

Radical surgery combined with systemic chemotherapy offers the possibility of long-
term survival for patients with pancreatic ductal adenocarcinoma (PDAC). The
TRIANGLE technique was introduced as an extended dissection procedure to improve
the R0 resection rate of borderline resectable or locally advanced PDAC. However, there
was a lack of studies concerning postoperative complications and long-term outcomes

of this procedure on patients with resectable PDAC.

Research motivation
The TRIANGLE technique is more complex and aggressive than conventional
pancreaticoduodenectomy (PD). It is still unclear whether the TRIANGLE technique is

necessary for all resectable PDAC patients.
Research objectives
To compare the prognosis and postoperative morbidities between standard PD and the

TRIANGLE technique for resectable PDAC.

Research methods
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In this retrospective cohort study, patients with resectable PDAC were divided into
PDstandara and PDtriancie groups according to the surgical procedure. Baseline
characteristics, surgical data, and postoperative morbidities were recorded. All o e
patients were followed up, and date and location of tumor recurrence, and death were
recorded. The Kaplan-Meier method and log-rank test were used for the survival

analysis.

Research results

There were 93 patients included in the study and 37 of them underwent the TRIANGLE
technique. Duration of operation was longer in the PDrriancie group, meanwhile,
intraoperative blood loss and blood transfusion were higher. There was a higher
incidence of surgical site infection and postoperative diarrhea in the PDtriancLE group.
The rates of RO resection and local recurrence, overall survival, and disease-free

survival did not differ significantly between the two groups.

Research conclusions

The TRIANGLE technique was a safe and feasible procedure with acceptable
postoperative complications in improving the extent of radical resection, although it
was a more aggressive procedure compared with standardized PD. However, routine

clearance of the TRIANGLE area did not improve the long-term outcomes for patients

with resectable PDAC.

éesearch perspectives

The aim of this study wag to evaluate the need for the TRIANGLE technique for all
resectable PDAC patients by utilizing patient information from our research center, and
conducting research from perspﬁtives of postoperative complications and short- and
long-term oncological outcomes. We hope that this study can provide valuable insights

into the surgical treatment of resectable PDAC patients.
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Figure Legends

Figure 1 Flowchart of patient screening. PDAC: Pancreatic ductal adenocarcinoma; CT:
Celiac trunk; CHA: Common hepatic artery; SMA: Superior mesenteric artery; PV:

Portal vein; SMV: Superior mesenteric vein.

Figure 2 Radical dissection of lymphatic and neural tissue within the TRIANGLE
area surrounded by the celiac trunk (CT), superior mesenteric artery (SMA) and

portal vein (PV).

Figure 3 Comparison of overall recurrence rate and local recurrence rate between

pancreaticoduodenectomy(PD)standara group and PDrrianGLE group.
Figure 4 Long-term prognosis of pancreaticoduodenectomy (PD)standarda group and

PDrriancLE group. A: Disease-free survival of PDstandard group and PDrriancLE group; B:

Overall survival of PDstandara group and PDTriancLE group.
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Table 1 Characteristics of the 93 pancreatic ductal adenocarcinoma patients

Characteristics PDstandard group  PDrtriancie group P value
(n=56) (n=137)
Age (yr) 65.7 +10.1 64.2+10.8 0.503
Sex (M/F) 33/23 17/20 0.219
BMI (kg/m?) 231433 238+29 0.250
NRS2002 score, median (IQR) 4 (3-5) 4 (3-5) 0.888
Jaundice, n (%) 23 (41.1) 20 (54.1) 0.219
Preoperative biliary drainage, n (%) 12 (21.4) 9(24.3) 0.744
Tumor size (cm) 26108 25+11 0.604
CA19-9 (U/mL), median (IQR) 141.0 (25.4-370.5) 112.6 (16.8-355.9)  0.580
Albumin (g/L) 384431 392+28 0.267
Hb (g/L> 1226 +14.9 1274 +12.1 0.110

BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; Hb: Hemoglobin; IQR:
Interquartile range; NRS2002: Nutrition risk screening 2002 score; PD:

Pancreaticoduodenectomy.
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Table 2 Comparison of surgical data and postoperative morbidities between PDswundara

group and PDrriancLE group

Variables PD:standard group PDrrIANGLE group P value
(n =56) (n=137)

Surgical data

Duration of operation 320 (265-427) 440 (410-480) 0.001!

(min), median (IQR)

Intraoperative blood loss 500 (300-800) 700 (500-1200) 0.0091

(mL), median (IQR)

Volume of blood 400 (0-800) 975 (0-1250) 0.009!

transfusion (mL), median

(IQR)

Number of complications, n 0.0071

(%)

CDCII 32 (57.1) 22 (59.4)

CDCIlla 3(54) 3(8.1)

CDC IIIb 0 (0) 4 (10.8)

CDC IVa 0 (0) 1(2.7)

POPF, n (%) 19 (17.8) 7 (18.9) 0.114

CR-POPF, n (%) 9 (16.1) 5(13.5) 0.736

Bile leakage, 1 (%) 6 (10.7) 2(54) 0.470

DGE, 1 (%) 12 (21.4) 4 (10.8) 0.263

SSI, n (%) 7 (12.5) 16 (43.2) 0.001!

PPH, n (%) 6 (10.7) 1(2.7) 0.237

Chyme leakage, n (%) 5 (8.9) 5(13.5) 0.485
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Postoperative diarrhea, n 7 (12.5) 20 (54.1) 0.0011
(%)
Postoperative length of stay 18 (14-24) 18 (14-25) 0.765
(d)

ISignificant P value.

CDC: Clavien-Dindo classification; POPF: Postoperative pancreatic fistula; CR-POPF:
Clinically relevant postoperative pancreatic fistula; DGE: Delayed gastric emptying;
IOR: Interquartile  range; PPH: Post-pancreatectomy  hemorrhage; PD:

pancreaticoduodenectomy; SSI: Surgical site infection.




Table 3 Comparison of short-term oncological outcomes between PDstandara group and

PDrriancLE group, 1 (%)

Variables PDstandard group  PDTRrIANGLE group P value
(n=56) (n=37)

T stage 0.600

1 9 (16.1) 6 (16.2)

2 40 (71.4) 24 (64.7)

3 7 (12.5) 7 (18.9)

4 0 (0) 0 (0)

N stage 0.581

0 29 (51.7) 18 (48.7)

1 14 (25.0) 17 (45.9)

2 13 (23.3) 2(5.4)

M stage 1.000

0 55 (98.3) 36 (97.3)

1 1(1.7) 1(2.7)

TNM stage 0.341

I 24 (42.8) 17 (45.9)

II 19 (33.9) 17 (45.9)

111 10 (17.8) 2(5.4)

1Y 3 (5.5) 1(2.7)

Tumor differentiation 0.752

Poor 21 (37.5) 17 (45.9)
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Moderate 35 (62.5)
Well 0(0)
Resection margin status

RO 40 (71.4)
R1 16 (28.6)

No. of examined Ilymph 14 (9-20)

nodes

17 (45.9)

3(8.2)
0453
29 (783)
8 (21.7)
19 (13-24) 0.0101

ISignificant P value.

T: Tumor; N: Node; M: Metastasis; PD: Pancreaticoduodenectomy.
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Table 4 Comparison of long-term oncological outcomes between PDstndara group and

PD1riaNGLE group

Variables PDstandard group PDrrIANGLE grOup P value
(n=56) (n=237)

Tumor recurrence, n 27 (48.2) 14 (37.8) 0.324

(%)

Local recurrence, n (%) 12 (21.4) 4 (10.8) 0.263

Follow-up duration

(months)

Median 33 21 0.052

IQR 10.0-54.0 9.0-51.0

Adjuvant treatment, n 47 (83.9) 29 (78.4) 0.654

(%)

IQR: Interquartile range; PD: Pancreaticoduodenectomy.
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