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Chapter 1  

GENERAL INTRODUCTION
The pancreas is suggested to be first described by the Greek anatomist Herophilus around 
300BC. The word “pancreas” reportedly appeared in the first century AD and originated 
from the Greek πᾶν (pan), meaning all, and κρέας (kreas), meaning flesh, which probably 
refers to the soft, salmon-like texture of the organ.1 The pancreas is anatomically divided 
into the head, body, and tail and lies behind the stomach in the retroperitoneal space, close 
to major abdominal vessels (Figure 1). The pancreatic head lies in the right upper quadrant 
of the abdomen and is closely related to the distal bile duct, the ampulla of Vater, and the 
duodenum (together called the periampullary region). The pancreatic tail is located in the 
left upper quadrant close to the spleen. 

The function of the pancreas remained unknown for a long period, until its’ exocrine and 
endocrine functions were discovered in the 17th and 19th centuries. The pancreatic islets 
secrete insulin and glucagon in the bloodstream, which regulates blood glucose levels 
(endocrine function). Furthermore, the pancreatic acinar cells secrete digestive enzymes 
through the pancreatic duct via the ampulla of Vater into the duodenum (exocrine function). 
The bile duct also finds its insertion in the ampulla of Vater and has a close anatomical relation 
with the insertion of the pancreatic duct. Bile is produced by the liver and transported via 
the right and left hepatic duct, into the common bile duct, through the ampulla of Vater into 
the duodenum. Both bile and pancreatic fluid are essential for the digestion of food. 

Figure 1. Anatomy of the pancreas and periampullary region

Although clinical presentations of diseases of the pancreas, such as diabetes, have been 
described since 1500 B.C., it was only in the 19th century that they were linked to deficiencies of 
the pancreas.2-4 This thesis focuses on patients with tumors of the pancreas and periampullary 
region, with pancreatic cancer being the most common of these tumors. It is said that the first 
microscopic diagnosis of pancreatic ductal adenocarcinoma (PDAC) was described in 1858.5 
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The incidence of pancreatic cancer is rising, and in the Netherlands, almost 3000 patients are 
newly diagnosed each year, as compared to approximately 450 patients with periampullary 
cancer (data: Netherlands Cancer Registry).6, 7 Clinical symptoms of pancreatic cancer may 
be absent in the early phase but can gradually progress over time, including fatigue, malaise, 
abdominal and back pain, gastrointestinal complaints, and weight loss. Jaundice is a 
characteristic sign of cancers in the head of the pancreas due to obstruction of the common 
bile duct. Sometimes a tumor may extend to the duodenum or stomach, leading to gastric 
outlet obstruction. PDAC is known for its poor prognosis, with a median overall survival 
(all stages) currently around 3.8 months in the Netherlands. The diagnosis is often made 
late, with the largest proportion of patients presenting with locally advanced or metastatic 
disease and only 15-20% being diagnosed with a resectable tumor. Prognosis relies mainly 
on clinical staging and histopathological assessment. A mandatory baseline and prognostic 
measurement set were established for patients with unresectable pancreatic cancer to 
allow better comparison between Randomized Controlled Trials (RCTs).8 For pancreatic 
cancer patients eligible for surgery, a mandatory measurement set for incorporation in RCTs 
is lacking. One of the strongest prognostic factors after pancreatic resection is lymph node 
involvement, with 5-year survival rates of approximately 10 percent for LN-positive disease 
versus 30 percent for LN-negative disease after resection for pancreatic cancer. However, 
prospective multicenter studies investigating the impact of lymph node involvement for 
both pancreatic and periampullary cancer are lacking. Additionally, it is unclear if molecular 
subtyping adds to prognostication and may help stratify patients in clinical practice and 
randomized trials.

PANCREATIC SURGERY
During the 19th century, developments in general anesthesia and surgical asepsis expanded 
the possibilities for surgery. Surgeons have been undertaking resections of pancreatic 
head tumors since 1898, although only individual cases were reported in that period, and 
postoperative mortality was extremely high.9, 10 Due to the complexity of the anatomy and 
various surgical techniques, including resection and reconstruction, pancreatic surgery is 
considered among the most challenging areas of abdominal surgery. Allan Whipple published 
a milestone manuscript on the pancreatoduodenectomy procedure in 1935; a technique 
still used today.11 This classical pancreatoduodenectomy procedure includes resection of 
the pancreatic head, distal stomach, proximal duodenum, distal common bile duct, and gall 
bladder. In a pylorus-preserving pancreatoduodenectomy (PPPD), the stomach section is 
not removed during the operation.12 To reconstruct the continuity of the gastrointestinal 
tract, three anastomoses are necessary: gastrojejunostomy, hepaticojejunostomy, and a 
pancreatojejunostomy or pancreatogastrostomy (Figure 2).

1
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Figure 2. Schematic overview of pancreatoduodenectomy 
(left: the parts to be resected; right: after reconstruction)

Although early recognition and management of postoperative complications have improved 
patient outcome in the postoperative period, pancreatic surgery remains associated with 
major morbidity rates of 30-70%. The most feared postoperative complication is post-
pancreatectomy pancreatic fistula (POPF), wherein activated enzyme-rich pancreatic fluid 
leaks into the intra-abdominal space, which could lead to sepsis and erosion of (major) 
vessels leading to life-threatening hemorrhage. The severity of POPF is graded based on the 
clinical impact: a biochemical leak (i.e., formerly defined as ‘grade A’ POPF) being the mildest 
form without relevant clinically relevant effects on the patient. Grade B and C are clinically 
relevant because of the severe impact on the patient due to the need for interventions, 
potential organ failure, and even death. Several risk factors for POPF have been identified. 
Two important factors are related to the pancreas itself: a soft structure of the pancreatic 
tissue and a small main pancreatic duct diameter. Both make it technically challenging to 
create a solid pancreatic anastomosis. Although risk factors for POPF have been widely 
investigated, few perioperative measures with debatable effects, such as perioperative use 
of somatostatin-analogs or hydrocortisone, are currently available. 13-15 New interventions 
are needed to prevent the development of postoperative pancreatic fistula.

IMPROVING CLINICAL OUTCOME THROUGH THE DUTCH 
PANCREATIC CANCER PROJECT 
The Dutch Pancreatic Cancer Group (DPCG) is a nationwide collaboration of surgeons, 
gastroenterologists, medical oncologists, radiologists, radiotherapists, pathologists, 
dieticians, researchers, nurses, and the patient association involved in pancreatic and 
periampullary tumors. The DPCG was founded in 2011 to join forces in research to improve 
nationwide outcomes.16 One of the keystone projects is the Dutch Pancreatic Cancer 
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Project (PACAP).17 In the PACAP project, best practices were implemented nationwide. 
Furthermore, several registries were initiated; the Netherlands Cancer Registry (NCR) and 
Patient Reported Outcome Measures (PROMs) for all cancer patients, the surgical Dutch 
Pancreatic Cancer Audit (DPCA), and the Dutch Pancreas Biobank (PancreasParel) for all 
patients who underwent pancreatic surgery, and an online expert panel. The DPCA registry 
forms an essential foundation for this thesis. The DPCA is a mandatory, nationwide registry in 
which all patients after pancreatic surgery are included from all 16 Dutch centers performing 
pancreatic surgery.18 Patient, tumor, and treatment characteristics are collected prospectively 
by healthcare professionals. Follow-up covers 30 days after the index pancreatic resection 
or, if patients were still admitted after 30 days, until discharge. The DPCA aims to monitor 
and improve the quality of care by using data for benchmarking, identification of variation 
between hospitals, and for scientific research. Results are discussed during the quarterly 
DPCG meetings.

1
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SUMMARY OF QUESTIONS ADDRESSED IN THIS THESIS

CHAPTER RESEARCH QUESTION

Part I Reducing complications

2 Can the 4-tier ISGPS classification for the prediction of POPF grade B/C after 
pancreatoduodenectomy be validated in the DPCA?

3 What is the outcome of different pancreatic anastomoses during pancreato-
duodenectomy, focusing on the rate of POPF, in two large audits of pancreatic 
surgery?

4 What is known in the literature on the impact of preoperative therapy on 
surgical complications and POPF in patients with resected pancreatic cancer?

5 What is the effect of preoperative chemotherapy and preoperative 
chemoradiotherapy on POPF and other complications in a nationwide cohort 
of patients after pancreatoduodenectomy?

6 What is the nationwide postoperative morbidity and mortality after pancreat- 
oduodenectomy for duodenal adenocarcinoma compared to other periam-
pullary cancers?

7 Can preoperative radiotherapy on the future anastomotic site of the pancreas 
reduce pancreatic fistula in patients with a very high risk (>25%) of developing 
POPF? 

8 What is the evolution of failure to rescue and mortality after pancreatic 
resection during the first six years of the nationwide mandatory DPCA within 
the Dutch Pancreatic Cancer Group?

Part II Improving survival

9 What is the consensus on the baseline and prognostic factors to be used as 
mandatory measurements in resectable and borderline resectable pancreatic 
cancer RCTs?

10 What is the clinical prognostic value of the classical and basal-like molecular 
subtypes in resected pancreatic cancer?

11 What is the impact of lymph node metastases in stations 16b1, 8a, and 9 on 
overall survival in patients undergoing pancreatoduodenectomy for pancreatic 
and periampullary adenocarcinoma? 
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ABSTRACT 
Background: The International Study Group of Pancreatic Surgery (ISGPS) 4-tier (i.e., A-D) 
risk classification for postoperative pancreatic fistula (POPF) grade B/C is based on pancreatic 
texture and pancreatic duct (PD) size: A (not-soft texture and PD >3mm), B (not-soft texture 
and PD ≤3mm), C (soft texture and PD >3mm), and D (soft texture and PD ≤3mm). This study 
aimed to validate the ISGPS risk classification for POPF after pancreatoduodenectomy.

Methods: Consecutive patients after pancreatoduodenectomy for all indications (2014-
2021) were included from the nationwide, mandatory Dutch Pancreatic Cancer Audit. The 
rate of POPF grade B/C (ISGPS 2016 definition) was calculated per ISGPS risk category. 
Model performance was assessed using the area under the receiver operating curve (AUC; 
discrimination) and calibration plots.

Results: Overall, 3900 patients were included: A (n = 1046), B (n= 498), C (n = 963), and D 
(n = 1393) with corresponding POPF grade B/C rates 3.8%, 12.2%, 15.6%, and 29.6%. Per 
category, the in-hospital mortality rates were 1.3%, 3.4%, 2.9%, and 4.1%, P = 0.001. There 
was no difference in the rate of POPF between risk categories B and C (12.2% vs. 15.6%, P 
= 0.101). When simplifying the classification system to a 3-tier classification system (based 
on 0, 1, and 2 risk factors) the discrimination was not significantly different (AUC 0.697; vs. 
AUC 0.701, P = 0.077).

Conclusions: This validation of the 4-tier ISGPS risk classification for POPF after pancreato-
duodenectomy confirmed its predictive value. However, as the two middle risk categories 
provide no added predictive value, a simplified 3-tier classification with comparable 
predictive value is proposed.
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INTRODUCTION
Postoperative pancreatic fistula (POPF) is a relatively common and potentially life-threatening 
complication after pancreatoduodenectomy.1-4 As defined by the International Study Group 
of Pancreatic Surgery (ISGPS), a POPF grade B/C involves all fistulas with clinically relevant 
consequences in the presence of elevated drain fluid amylase.5 In a recent comparison of 
four transatlantic registries of pancreatic surgery, the rate of POPF grade B/C varied from 
10.9% to 15.8%.6 Despite improved outcomes for pancreatic surgery in recent years, the 
rate of POPF has not decreased. For instance, the recent nationwide PORSCH trial improved 
postoperative complication management after pancreatic surgery and almost halved the 
postoperative mortality rate but did not reduce the rate of POPF.7 Predicting the risk of 
POPF following pancreatoduodenectomy may be useful for tailored patient treatment such 
as drain placement, external pancreatic stents, and somatostatin.7-9 Moreover, a simple and 
accurate risk classification may enhance comparability between studies, standardization, 
and for stratification in randomized trials.10 

Since the publication of the landmark Fistula Risk Score in 201311, others have followed.12-14 
Recently, the ISGPS proposed a categorical 4-tier classification system to predict POPF to 
enhance comparison between studies. This system is based on intraoperative measurements 
of pancreatic texture (soft or not-soft) and pancreatic duct size (≤ 3 mm or > 3mm).15 This 
classification distinguishes four groups with increasing risks of POPF grade B/C, based on a 
cohort of 5533 patients: type A (3.5% risk), type B (6.2% risk), type C (16.6% risk), and type 
D (23.3% risk).

However, validation of this novel ISGPS risk classification is lacking. Therefore, this study  
aims to validate the ISGPS classification for predicting POPF grade B/C after pancreato-
duodenectomy in a nationwide, observational cohort study. 

METHODS
Study design 
This observational cohort study included consecutive patients after pancreato-
duodenectomy for all indications (January 2014 - December 2021). Data were retrieved 
from the nationwide Dutch Pancreatic Cancer Audit (DPCA), a mandatory audit in which 
all (i.e., 100%) patients after elective pancreatic resection in the Netherlands are included. 
Patient- and tumor characteristics, treatment, and postoperative outcomes were collected 
prospectively by health care professionals. Follow-up data is collected up to 30 days 
after the pancreatic resection or, if a patient is still admitted after these 30 days, until 
discharge. The DPCA database was verified and demonstrated data completeness of 90% 
(case ascertainment) and data accuracy of over 95%.16 The study protocol was approved 
by the scientific committee of the Dutch Pancreatic Cancer Group (DPCG).17 All data are 
anonymized and coded; therefore, no informed consent or ethical approval was required.18 
Data was reported according to the STROBE Statement checklist.19

2
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Risk categories and variables 
Patients after pancreatoduodenectomy for all indications with known pancreatic texture 
and duct size were included and stratified by the ISGPS risk categories A-D (Table 1).15 The 
surgeon subjectively evaluated pancreatic texture during surgery. The main pancreatic duct 
diameter was estimated intraoperatively at the transection point of the pancreas. 

Endpoint
The primary endpoint was postoperative pancreatic fistula grade B/C, according to the 
ISGPS 2016 definition.5 Secondary endpoint included in-hospital mortality.

Statistical analysis
Baseline characteristics were shown for the ISGPS risk categories (A-D). Continuous data 
were expressed as medians with interquartile ranges (IQRs) and tested using the Mann-
Whitney U test. Categorical data were presented as frequencies with percentages and 
analyzed using the Chi-square test or Fisher’s exact test, as appropriate. Missing data were 
analyzed by comparing differences in predictors for POPF (sex, body mass index, ASA score, 
and diagnosis), POPF, and in-hospital mortality between the included and excluded (due to 
missing data on pancreatic texture and duct size) patients. 

Rates of clinically relevant POPF (grade B/C), according to the ISGPS 2016 definition, were 
calculated for the four ISGPS risk categories and compared to the original ISGPS cohort using 
the Chi-square test. In addition, the median updated-alternative Fistula Risk Score (ua-FRS) 
was calculated for the patients in each risk category.13 Based on the observation of a highly 
similar rate of POPF in the two middle ISGPS categories (i.e., B and C), a 3-tier system was 
proposed and assessed.

Model performance of the ISGPS 4-tier system and the proposed 3-tier system were 
assessed according to the area under the receiver operating curve (AUC; discrimination) and 
calibration plots. The calibration plots present the predicted versus the observed POPF risk 
per risk category. The DeLong’s test was used to assess differences between the ROC curves 
of the ISGPS 4-tier system and the proposed 3-tier system. A P-value < 0.05 was considered 
statistically significant. R-studio version 4.0.2 was used for all analyses. 

RESULTS
Patient and treatment characteristics
During the study period, 5808 patients underwent pancreatoduodenectomy, of whom 3900 
patients had complete data regarding the pancreatic texture, pancreatic duct diameter, and 
the primary outcome and could be included for analysis. No clinically relevant differences 
were found between the included and excluded patients (Supplementary Table 1). Patient 
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distribution over the four categories was as follows: 1046 patients (26.8%) type A; 498 
patients (12.8%) type B; 963 patients (24.7%) type C, and 1402 patients (35.7%) type D. 
Baseline characteristics per ISGPS risk category are shown in Table 1. The rates of pancreatic 
ductal adenocarcinoma (PDAC) were: type A: 65%, type B: 56%, type C: 40%, and type D: 
24%. Preoperative therapy in patients with PDAC was given in 23%, 32%, 13%, and 23%, 
respectively. The use of robot-assisted surgery was the highest in the highest fistula risk 
category, type D (20%), type C (14%), type B (13%), and lowest in type A (9.3%). Perioperative 
octreotide was most frequently used in the highest fistula risk category, type D (67%), as 
compared to type C (62%), type B (44%), and type A (51%).

Outcome ISGPS classification
POPF grade B/C was observed in 663 (17%) patients (Table 2). The rates of POPF in patients 
classified as type A, B, C, and D were 3.8%, 12.2%, 15.6%, and 29.6%, respectively (P < 
0.001). The POPF rates in categories B and C did not differ significantly (P = 0.101). The ua-
FRS score in types A, B, C, and D were 11 (7 - 14), 24 (18 - 31), 24 (17 - 29), and 47 (38 - 55), 
respectively. Mortality rates in risk types A, B, C, and D were 1.3%, 3.4%, 2.9%, and 4.1%, P = 
0.001, again showing no difference between type B and C (P = 0.716). Model discrimination 
of the 4-tier ISGPS classification had moderate discrimination (AUC: 0.701; 95% CI: 0.682 - 
0.719, see Figure 1A) and good calibration (Figure 2A).

Figure 1. A (left): Correlation of the 4-tier ISGPS risk classification and fistula risk; 
and B (right): Correlation of the proposed 3-tier ISGPS risk classification system and fistula risk.

2
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Figure 2. A (left): Calibration plot of the proposed simplified 3-tier ISGPS risk classification system and fistula risk; 
and B (right): Calibration plot of the 4-tier ISGPS risk classification and fistula risk.

Outcome simplified 3-tier ISGPS classification
In the proposed simplified 3-tier ISGPS classification, patients are scored as A, B, and C 
based on 0, 1, and 2 risk factors. The rates of POPF in patients classified as type A, B, and C 
were 3.8%, 14.4%, and 29.6%, respectively (P < 0.001). In-hospital mortality rates in types 
A, B, and C were 1.3%, 3.1%, and 4.1% (P < 0.001). Model discrimination of the 3-tier ISGPS 
classification had moderate discrimination (AUC: 0.697; 95% CI: 0.679-0.715, see Figure 2) 
and good calibration (Supplementary Figure 2). The discrimination did not differ significantly 
(P = 0.077) between the 4-tier and 3-tier classification systems. The ISGPS risk classification 
for postoperative pancreatic fistula grade B/C after pancreatoduodenectomy and modified 
ISGPS system with corresponding POPF rates are shown in Table 3. The proposed modified 
ISGPS risk classification system is shown in Figure 3.

Figure 3. Simplified ISGPS risk classification system for pancreatic fistula after pancreatoduodenectomy



29

Validation of the ISGPS risk classification for postoperative pancreatic fistula after pancreatoduodenectomy

DISCUSSION
This first nationwide validation of the ISGPS risk classification for the prediction of POPF 
grade B/C in 3900 patients following pancreatoduodenectomy confirmed its predictive 
value. However, no clinically relevant difference was observed between type B and C for 
fistula risk (12.2% vs. 15.6%, P = 0.101) and between type B and C for in-hospital mortality 
(3.4% vs. 2.9%, P = 0.716). A simplified 3-tier ISGPS risk classification (based on 0, 1, and 2 
risk factors; type A 3.8% risk, type B 14.4% risk, type C 29.6% risk) would be as predictive and 
lead to a more balanced patient distribution per risk category. 

A few retrospective single-center studies have looked at the patient distribution across 
the ISGPS risk types, although the actual rates of POPF grade B/C per risk type were not 
presented.20, 21 In both studies, the two smallest patient groups were in risk category type B 
and C. In recent years, multiple prediction models for POPF after pancreatoduodenectomy 
(e.g., FRS, a-FRS, ua-FRS) have been published.11, 13, 22 These models provide a precise 
estimate of the individual patient’s risk of POPF. Although online calculation tools have 
been made available to calculate these exact risks, surgeons typically translate these risks 
back to discrete risk categories. Of note, also the ua-FRS translates and assigns the risk 
predictions into three risk categories13, and a 3-tier POPF prediction model based on the 
preoperative variables: main pancreatic duct diameter (≥ or <5 mm) and BMI (≥ or <25 kg/
m2) was recently presented by the Verona group.14 

The ISGPS risk classification could aid in perioperative decision-making, such as drain 
placement, use of preoperative somatostatin analogs and hydrocortisone, although the value 
of both latter agents in the prevention of POPF remains debated.23, 24 Recently, even total 
pancreatectomy has been advocated as an alternative to pancreatoduodenectomy in high-
risk (type D) patients.25, 26 Although this remains a topic for discussion, clearly a cutoff value 
for a clinical decision rule for the application of different methods and agents is preferred. 
However, evaluating this classification system in large, prospective studies is needed 
before treating patients differently based on a risk score. Ultimately, good postoperative 
complication management in all patients after pancreatic surgery remains essential.
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Table 1. Baseline characteristics for 3900 patients after pancreatoduodenectomy, stratified according to the ISGPS 
risk categories

Overall
n = 3900

Type A*
n = 1046

Type B*
n = 498

Type C*
n = 963

Type D*
n = 1393

p-value#

Sex (female) 1745 (45%) 477 (46%) 194 (39%) 450 (47%) 624 (45%) 0.033

   Missing 4 1 0 1 2

Age 69 (61 - 75) 69 (60 - 75) 67 (59 - 73) 71 (64 - 76) 68 (61 - 74) <0.001

   Missing 4 2 0 2 0

Age (>75 years) 857 (22%) 226 (22%) 98 (20%) 251 (26%) 282 (20%) 0.003

   Missing 4 2 0 2 0

CCI (≥2) 1256 (32%) 308 (29%) 151 (30%) 325 (34%) 472 (34%) 0.062

BMI 24 (22 - 27) 24 (22 - 27) 25 (22 - 27) 24 (21 - 26) 25 (22 - 28) <0.001

   Missing 77 23 9 20 25

ASA-score (≥3) 1133 (30%) 301 (30%) 161 (33%) 275 (29%) 396 (30%) 0.419

   Missing 133 29 15 27 62

Diagnosis <0.001

   PDAC 1675 (43%) 678 (65%) 278 (56%) 385 (40%) 334 (24%)

   Periampullary 
   carcinoma

1239 (32%) 199 (19%) 126 (25%) 312 (33%) 602 (43%)

   NET 159 (4.1%) 18 (1.7%) 9 (1.8%) 34 (3.5%) 98 (7.1%)

   Premalignant 
   lesions≠

457 (12%) 80 (7.7%) 32 (6.5%) 151 (16%) 194 (14%)

   Chronic pancreatitis 118 (3.0%) 39 (3.7%) 30 (6.0%) 20 (2.1%) 29 (2.1%)

   Other/unknown 237 (6.1%) 28 (2.7%) 21 (4.2%) 57 (5.9%) 131 (9.4%)

   Missing 15 4 2 4 5

Preoperative therapy¥ <0.001

   Chemotherapy 218 (13%) 76 (12%) 54 (20%) 34 (9.0%) 54 (17%)

   Chemoradiotherapy 148 (9.0%) 79 (12%) 34 (12%) 15 (4.0%) 20 (6.1%)

   Missing 39 18 4 9 8

Surgical approach <0.001

   Open 3046 (79%) 876 (85%) 398 (81%) 745 (79%) 1027 (75%)

   Laparoscopic 221 (5.8%) 56 (5.5%) 28 (5.7%) 66 (7.0%) 71 (5.2%)

   Robot-assisted 569 (15%) 95 (9.3%) 63 (13%) 133 (14%) 278 (20%)

   Missing 64 19 9 19 17

Somatostatin analog 2259 (59%) 527 (51%) 218 (44%) 594 (62%) 920 (67%) <0.001

   Missing 36 12 4 11 9

Vascular resection 634 (16%) 270 (26%) 131 (26%) 112 (12%) 121 (8.7%) <0.001

   Missing 18 5 1 6 6

*Type A: not-soft pancreatic texture and main pancreatic duct > 3mm; Type B: not-soft pancreatic texture and 
main pancreatic duct size ≤ 3mm; Type C: soft pancreatic texture and main pancreatic duct size > 3mm; Type D: 
soft pancreatic texture and main pancreatic duct size ≤ 3mm
#Chi-squared test based on complete case analysis
¥In patients with pancreatic ductal adenocarcinoma
Continuous data are presented as median (IQR). 
CCI: Charlson Comorbidity Index, ASA: American Society of Anesthesiologists score, PDAC: pancreatic ductal 
adenocarcinoma, POPF: postoperative pancreatic fistula according to the ISGPS 2016 criteria
≠Intraductal papillary mucinous neoplasm, Mucinous cystic neoplasm, Solid pseudopapillary neoplasm, 
adenoma
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Table 2. Postoperative pancreatic fistula rates grade B/C in the present validation cohort versus the original ISGPS 
cohort

Present validation cohort
N=3900

Original ISGPS cohort15

N=5533
POPF No POPF Rate ua-FRS score POPF No POPF Rate

Type A 40 1006 3.8% 11  (7 – 14) 56 1533 3.5%

Type B 61 437 12.2% 24 (18 - 31) 56 854 6.2%

Type C 150 813 15.6% 24 (17 - 29) 169 847 16.6%

Type D 412 981 29.6% 47 (38 - 55) 471 1547 23.3%

POPF: postoperative pancreatic fistula according to the ISGPS 2016 criteria
ua-FRS: updated-alternative fistula risk score13

Table 3. ISGPS risk classification system for postoperative pancreatic fistula grade B/C after pancreatoduo-
denectomy and proposed simplified ISGPS system

ISGPS 
risk categories

Risk factor POPF 
B/C risk

Simplified ISGPS 
risk categories

Risk factor POPF  
B/C risk

A None 3.8% A None 3.8%

B MPD ≤3 mm AND 
non-soft texture

12.2%

B 
Soft texture 

OR
 MPD ≤3 mm

14.4%
C Soft texture AND 

MPD >3 mm
15.6%

D Soft texture AND 
MPD ≤3 mm

29.6% C Soft texture AND 
MPD ≤3 mm

29.6%

Risk factors: soft pancreatic texture, main pancreatic duct (MPD) ≤3 mm 

The present study found a higher risk of POPF grade B/C in risk category B (12.2%) than the 
original ISGPS cohort (6.2%).15 Since information on the baseline and perioperative variables 
of the ISGPS cohort is lacking, potential causes could not be assessed, and the reason for this 
difference remains unclear. Even though the histopathological diagnosis and perioperative 
treatment strategies were not identical between the ISGPS categories, highly similar rates 
of POPF in ISGPS types B (12.2%) and C (15.6%) were observed in the present cohort. This 
is further underlined by the corresponding similar median (IQR) ua-FRS scores of 24 in both 
types B and C. Although the ISGPS type B (MPD ≤3 mm and non-soft texture) and type C 
(soft texture and MPD >3 mm) might differ from a technical point of view, the findings of 
the present study suggest that the ISGPS risk category can be simplified into a 3-tier (A, B, C) 
system. This simpler classification should be based on the presence of 0, 1, and 2 risk factors 
(Table 3, Figure 2). There was no statistically significant difference in model performance 
between the original 4-tier (AUC 0.701) and the proposed 3-tier classification (AUC 0.697, P 
= 0.077), suggesting that the 3-tier classification would be an acceptable alternative but has 
to be verified in future prospective studies. 
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A remarkable finding of this study is that 20% of the patients in type D (highest risk of 
POPF) underwent robotic pancreatoduodenectomy, compared to only 9.3% in type A. This 
is probably explained by the selection for the robotic approach, mostly excluding patients 
with larger pancreatic cancers with vascular involvement, who often present with a dilated 
pancreatic duct and non-soft pancreas.27, 28 Future studies on surgical technique in pancreatic 
surgery should take the ISGPS risk classification into account when interpreting the rates of 
POPF and surgical outcome. 

The findings of this study should be interpreted in light of certain limitations. First, the 
retrospective nature of this study introduces a risk of information bias, reflected by the 1886 
patients with missing data. However, analysis of excluded patients showed no difference 
in POPF rates compared to the included cohort (17.0% versus 17.6%). Second, the design 
and assessment of the 3-tier system was a post-hoc analysis; external validation should 
ideally compare the 3-tier and the 4-tier systems in a prospective study. Nevertheless, the 
3-tier system performs as well as the 4-tier system with a better patient distribution and 
without two middle categories with little to no added value. Third, the interactions between 
factors that protect against and those that predispose to POPF are not considered in the 
ISGPS classification system. Therefore, larger prospective multicenter studies are needed, 
ideally comparing model performance amongst all existing POPF risk prediction models. The 
strength of this study is that it is the first multicenter, nationwide study in which the ISGPS 
risk classification system was critically assessed. 

CONCLUSION
In conclusion, this external validation of the ISGPS classification for predicting POPF grade 
B/C after pancreatoduodenectomy confirmed its predictive value. However, no clinically 
relevant difference was found between the two middle risk categories (B and C). For this 
reason, we propose simplifying the ISGPS risk categories to a 3-tier system (type A, B, and 
C based on 0, 1, and 2 risk factors) with a similar model performance. Future prospective 
studies are required to validate this proposal.
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ABSTRACT
Background: Evidence on the optimal pancreatic anastomosis during pancreatoduo-
denectomy is inconclusive. Large multicenter and nationwide registries may provide 
additional insights. This study compared the practice and outcome of different pancreatic 
anastomoses during pancreatoduodenectomy, focusing on the rate of postoperative 
pancreatic fistula in two large audits of pancreatic surgery.

Methods: Posthoc analysis of patients after pancreatoduodenectomy in the Dutch Pancreatic 
Cancer Audit and the German DGAV StuDoQ|Pancreas registries (January 2014 to December 
2017). Postoperative pancreatic fistula (ISGPS grade B/C), postpancreatectomy hemorrhage 
(ISGPS grade B/C), and major complications (Clavien-Dindo ≥3) rates were compared for the 
three most common anastomoses: duct-to-mucosa pancreatojejunostomy (PJ), nonduct-to-
mucosa PJ, and non-duct-to-mucosa pancreatogastrostomy (PG). Multivariable adjustment 
for potential confounders was performed.

Results: Overall, 6,149 patients were included. The most common anastomosis was duct-
to-mucosa PJ (duct-to-mucosa PJ 59.8%, non-duct-to-mucosa PJ 21.1%, non-duct-to-mucosa 
PG 12.4%). The overall postoperative pancreatic fistula rate was 14%: duct-to-mucosa PJ 
12.9%, non-duct-to-mucosa PJ 14.4% (P = .162), non-duct-to-mucosa PG 18.3% (P < .001). 
The rate of postpancreatectomy hemorrhage was the lowest after duct-to-mucosa PJ: duct-
to-mucosa PJ 6.9%, non-duct-to-mucosa PJ 10% (P < .001), non-duct-to-mucosa PG 17.9% 
(P < .001). The rate of major complications was the lowest after duct-to-mucosa PJ: duct-
to-mucosa PJ 28%, non-duct-to-mucosa PJ 32.7% (P = .002), non-duct-to-mucosa PG 43.1% 
(P < .001). In the multivariable analysis, the risk of postoperative pancreatic fistula did not 
differ significantly between the three anastomoses. The risk of hemorrhage (odds ratio 2.4, 
95% confidence interval 1.6-3.5, P < .001) and major complications (odds ratio 1.6, 95% 
confidence interval 1.2-2.1, P = .001) remained significantly higher only for non-duct-to-
mucosa PG.

Conclusion: Data from two national audits showed no difference in the risk-adjusted post-
operative pancreatic fistula rate among the three most used pancreatic anastomoses during 
pancreatoduodenectomy. Pancreatogastrostomy was inferior to pancreatojejunostomy 
regarding bleeding and overall major complications.
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INTRODUCTION
Postoperative pancreatic fistula (POPF) is a common complication of pancreatoduo- 
denectomy that remains associated with considerable morbidity and mortality.1 
Mechanistically, POPF has been explained as leakage at the pancreatic anastomosis or at sites 
of accidental injury of the capsule of the remnant pancreas.2 This has prompted extensive 
research in different pancreatic anastomotic techniques during pancreatoduodenectomy, 
aiming for a reduction of the incidence and impact of POPF.3,4 Among the numerous 
anastomotic techniques, the duct-to-mucosa pancreatojejunostomy (dm-PJ) is the most 
widely used.3,5 Non-duct-to-mucosa PJ (ndm-PJ) is an alternative reconstruction, either with or 
without invagination. The latter anastomosis is technically easier to perform, especially when 
the pancreatic duct is small. A third commonly used technique is the pancreatogastrostomy 
(PG), which is usually performed as non-duct-to-mucosa pancreatogastrostomy (ndm-
PG). PG has gained popularity in the past decades after three randomized-controlled trials 
(RCTs) provided evidence that PG is associated with a lower POPF rate as compared to PJ.6-8 
Other large RCTs and observational studies could not reproduce these results, showing no 
difference between PG and PJ.9-14 Given these inconsistent data, registry- and population-
based observational studies can be an important source of evidence to complement RCTs, 
eliminating drawbacks of strict inclusion or exclusion criteria, specialized centers and 
surgeons, and reproducibility in a larger cohort.15

We aimed to assess current surgical practice and outcome of different types of pancreatic 
anastomoses during pancreatoduodenectomy, focusing on the rate of the International 
Study Group of Pancreatic Surgery (ISGPS) POPF grade B/C in a large cohort from two 
national audits on pancreatic surgery: the Dutch Pancreatic Cancer Audit (DPCA) and the 
German DGAV StuDoQ|Pancreas.16-19

METHODS
All patients after pancreatoduodenectomy from January 2014 to December 2017 were 
selected from anonymized data exports from the Dutch Pancreatic Cancer Audit and the 
German DGAV StuDoQ|Pancreas. Of those, patients with a missing value for POPF were 
excluded. The study was approved by the local ethics committee of the University of Lübeck, 
Germany (Reference Number: 19-180A). 

Pancreatic anastomoses were categorized as either dm-PJ (ISGPS type IA), ndm-PJ (ISGPS 
type IB), dm-PG (ISGPS type IIA), ndm-PG (ISGPS type IIB), other, or unknown.20 The 
distribution of the different anastomotic techniques among the centers was delineated. The 
further analysis focused on the three most common anastomosis types: dm-PJ, ndm-PJ, and 
ndm-PG.  
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Comparison among the anastomoses
Pre- and intraoperative parameters Univariable analysis was performed to detect 
imbalances among the anastomosis types in the preoperative patient characteristics (age 
at time of operation, American Society of Anesthesiologists [ASA] classification,21 Eastern 
Cooperative Oncology Group [ECOG] status,22 sex, body-mass index [BMI], preoperative 
stenting of the common bile duct) as well as intraoperative parameters (type of resection, 
operation access, stenting of the main pancreatic duct, pancreatic texture, main pancreatic 
duct diameter, portal vein resection, intraoperative red blood cell transfusion). Operation 
access was dichotomized in open versus minimally invasive, the later including laparoscopic, 
robotic, and hybrid operations.

Postoperative parameters
Univariable analysis was performed to evaluate associations between anastomosis type 
and postoperative complications (POPF grade B/C, postpancreatectomy hemorrhage 
[PPH] grade B/C, and delayed gastric emptying (DGE) grade B/C according to ISGPS,23,24 
reoperation rate, leakage of the bile duct anastomosis, major morbidity Clavien-Dindo 
classification grade ≥3 [CDC ≥3],25 in-hospital mortality). For POPF, PPH, DGE, reoperation 
rate, morbidity CDC ≥3, and in-hospital mortality, this analysis was performed on the entire 
dataset as well as on the subgroup of patients with the highest POPF risk (main pancreatic 
duct diameter <3 mm, soft pancreatic texture and BMI ≥25 kg/m2). To adjust for potential 
confounders, mixed-effects models for POPF, PPH, and morbidity CDC ≥3 with center as 
random effect were performed.26 The variables included as fixed effects in all three models 
were anastomosis type, main pancreatic duct diameter, BMI, pancreatic texture, sex, and 
pathology. Additionally, intraoperative transfusion and portal vein resection were included 
in the model for PPH, while in the model for morbidity CDC ≥3, age at the time of operation, 
ASA classification, ECOG status, intraoperative blood transfusion, portal vein resection and 
preoperative stenting of the common bile duct were included.

Statistical methods
Data processing and statistical analysis were performed with R version 3.3.3.27 Descriptive 
statistics were used with median and interquartile range of continuous variables and 
absolute number and percentage of total for categorical variables. Five-fold multiple 
imputation for missing data using chained equations was performed.28 Results were pooled 
for the five imputed datasets. For the univariable analysis, a multinomial logistic regression 
was used in the case of categorical variables, while analysis of variance was applied with the 
continuous variables age and BMI. The mixed-effects models were implemented with the R 
package lme4.29
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RESULTS
Baseline characteristics
Overall, 6,149 patients were included: 2,659 (42.9%) from the DPCA and 3,535 (57.1%) from 
the German DGAV StuDoQ|Pancreas. Not included were 36 patients with a missing value for 
POPF. Patients were operated in 17 Dutch and 51 German centers. Baseline characteristics 
are displayed in Table I. Most patients were male (56.4%), the median age at the time of the 
operation was 68 years, the most common diagnosis was pancreatic ductal adenocarcinoma 
(PDAC) (48%). Anastomosis types were distributed as follows: dm-PJ 3707 (59.8%), ndm-PJ 
1308 (21.1%), ndm-PG 770 (12.4%), dm-PG 90 (1.5%), other 161 (2.6%), and unknown 158 
(2.6%) patients. The overall rate of POPF was 14%, PPH B/C 9%, DGE B/C 14.3%, reoperation 
13.8%, CDC ≥3 complications 32.3%, and in-hospital mortality 4.2%. 

Figure 1. Anastomotic techniques per center

Anastomoses per center
Figure 1 displays the distribution of the anastomosis types among the 68 centers. The mean 
percentage of dm-PJ per center was 63.4% (range 0% to 100%), ndm-PJ 20.5% (range 0% to 
100%), ndm-PG 11.5% (range 0% to 96.9%), dm-PG 1.1% (range 0% to 14.1%), other 1.8% 
(range 0% to 75%), and unknown 1.8% (range 0% to 23.8%). The most common pattern was 
either dm-PJ or ndm-PJ in 16 centers. The two second most common patterns, each seen in 
10 centers, were either performing exclusively dm-PJ or all four types of anastomoses (dm-
PJ, ndm-PJ, ndm-PG, and dm-PG). PG was performed in 36 centers; of those 15 used both 
ndm-PG and dm-PG, 15 used only ndm-PG, and 6 only dm-PG. Although all anastomoses 
were present in the data from DPCA and StuDoQ|Pancreas, ndm-PG was performed more 
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often (17.2%) in Germany than in The Netherlands (6.1%, P < .001). On the other hand, 
ndm-PJ was more often performed in The Netherlands (24.6%) than in Germany (17.2%, P < 
.001). In both registries, the most common anastomosis type was dm-PJ (58.1% in DPCA and 
61.2% in StuDoQ|Pancreas).

Comparison of the three most common anastomoses
The three most common pancreatic anastomoses were performed in 5,785 (94.1%) patients: 
dm-PJ 3,707 (64.1%), ndm-PJ 1,308 (22.6%), and ndm-PG 770 (13.3%). The results of the 
univariable comparison among these three anastomotic types are displayed in Table II.

Preoperative parameters
Several differences were seen between dm-PJ and ndm-PG: pathologies other than PDAC or 
chronic pancreatitis (43 vs 51.4%, P < .001), main pancreatic duct diameter <3 mm (41.8 vs 59.1%, 
P = .001), soft pancreatic parenchyma (60.7 vs 65.5%, P = .022), and proportion of minimally 
invasive pancreatoduodenectomies (7.4 vs 12.3%, P < .001). Compared with dm-PJ, ndm-PJ was 
significantly less often performed in patients with chronic pancreatitis (7.9 vs 5.4, P = .003). 

Table 1. Descriptive statistics of original and imputed data

N (% nonmissing) / median (IQR)
Original Imputed Missing (% of total)

Registry 0

   StuDoQ|Pancreas 3,535 (57.1) 3,535 (57.1)

   DPCA 2,659 (42.9) 2,659 (42.9)

Age (y) 68 (16) 68 (16) 12 (0.2)

Sex (female) 2,700 (43.6) 2,700 (43.6) 0

ASA classification 41 (0.7)

   I-II 3,863 (62.8) 3,894 (62.9)

   III-V 2,290 (37.2) 2,300 (37.1)

ECOG status 241 (3.9)

   0-2 5,736 (96.4) 5,736 (92.6)

   3-4 217 (3.6) 458 (7.4)

BMI (kg/m2) 24,9 (5.1) 147 (2.4)

Bile duct stent 2,559 (42.4) 2,613 (42.2) 156 (2.5)

Pathology 303 (4.9)

   PDAC 2,859 (48.5) 2,977 (48)

   Nonpancreatic periampullary carcinoma 
(DBDC, AMPAC, DUOAC)

1,482 (25.2) 1,599 (25.8)

   IPMN 397 (6.7) 429 (6.9)

   NET 293 (5) 318 (5.1)

   CP 432 (7.3) 440 (7.1)

   Other 428 (7.3) 437 (7)

Resection type 0

   PPPD 4,123 (66.6) 4,123 (66.6)
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N (% nonmissing) / median (IQR)
Original Imputed Missing (% of total)

   PRPD or Whipple 2,071 (33.4) 2,071 (33.4)

Operation access 53 (0.9)

   Open 5,649 (92) 5,651 (91.2)

   Minimally invasive 492 (8) 543 (8.8)

Anastomosis type 0

   dm-PJ 3,707 (59.8) 3,707 (59.8)

   ndm-PJ 1,308 (21.1) 1,308 (21.1)

   ndm-PG 770 (12.4) 770 (12.4)

   dm-PG 90 (1.5) 90 (1.5)

   Other 161 (2.6) 161 (2.6)

   Unknown 158 (2.6) 158 (2.6)

Portal vein resection 776 (12.6) 780 (12.6) 32 (0.5)

Pancreatic texture 1,063 (17.2)

   Soft 3,120 (60.8) 3,754 (60.6)

   Hard 2,011 (39.2) 2,440 (39.4)

MPD diameter 2,207 (35.6)

   <3 mm 1,816 (45.5) 2,745 (44.3)

   ≥3 mm 2,171 (54.5) 3,449 (55.7)

MPD stent 1,242 (20.3) 1,257 (20.3)

POPF 0

   None/ biochemical leak 5,324 (86) 5,324 (86)

   B/C 870 (14) 870 (14)

PPH 34 (0.5)

   None/A 5,609 (91.1) 5,639 (91)

   B/C 551 (8.9) 555 (9)

DGE 17 (0.3)

   None/A 5,297 (85.8) 5,308 (85.7)

   B/C 880 (14.2) 886 (14.3)

Intraoperative RBC transfusion 812 (13.3) 826 (13.3) 80 (1.3)

Bile leakage 315 (5.1) 317 (5.1) 27 (0.4)

Reoperation 832 (13.7) 854 (13.8) 107 (1.7)

Morbidity CDC ≥3 1,912 (31.9) 2,002 (32.3) 203 (3.3)

Postoperative stay (d) 15 (12) 15 (12) 128 (2.1)

In-hospital mortality 254 (4.2) 259 (4.2) 155 (2.5)

Total 6,149 (100) 6,149 (100)

AMPAC, ampullary adenocarcinoma; ASA, American Society of Anesthesiologists; BMI, body mass index; CDC, 
Clavien-Dindo classification; CP, chronic pancreatitis; d, days; DBDC, distal bile duct carcinoma; DGE, delayed gastric 
emptying; dm-PG, duct-to-mucosa pancreatogastrostomy; dm-PJ, duct-to-mucosa pancreatojejunostomy; DUOAC, 
duodenal adenocarcinoma; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; IPMN, intraductal 
papillary mucinous neoplasm; MPD, main pancreatic duct; NA, not applicable; NET, neuroendocrine tumor; ndm-
PG, noneduct-to-mucosa pancreatogastrostomy; ndm-PJ, noneduct-to-mucosa pancreatojejunostomy; PDAC, 
pancreatic ductal adenocarcinoma; POPF, postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage; 
PPPD, pylorus-preserving pancreatoduodenectomy; PRPD, pylorus- resecting pancreatoduodenectomy; RBC, red 
blood cells; y, years.
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Postoperative pancreatic fistula 
The highest rate of POPF was reported with ndm-PG: dm-PJ 12.9%, ndm-PJ 14.4% (P = .162), 
ndm-PG 18.3% (P < .001). After adjusting for BMI, sex, main pancreatic duct diameter, 
pancreatic texture, pathology, and center, the difference between dm-PJ and ndm-PG was 
no longer significant (OR 1.28, 95% CI 0.93e1.76, P = .123). The results of the mixed-effects 
models are given in Table III. 

Postpancreatectomy hemorrhage, other morbidities, and mortality
In the univariable analysis, the rate of PPH B/C was significantly lower in dm-PJ: dm-PJ 
6.9%, ndm-PJ 10% (P < .001), and ndm-PG 17.9% (P < .001). In the mixed-effects model, 
after adjusting for BMI, sex, main pancreatic duct diameter, pancreatic texture, pathology, 
transfusion, portal vein resection, and center, only the difference between ndm-PG and dm-
PJ was still significant (OR 2.39, 95% CI 1.64-3.48, P < .001; Table III). The rate of major 
complications CDC ≥3 was lower in the dm-PJ group: dm-PJ 28%, ndm-PJ 32.7% (P =.002), 
and ndm-PG 43.1% (P < .001). After adjusting for BMI, sex, main pancreatic duct diameter, 
pancreatic texture, pathology, transfusion, portal vein resection, ASA classification, ECOG 
status, preoperative bile duct stent, age, and center, again, only the difference between 
ndm-PG and dm-PJ was significant (OR 1.62, 95% CI 1.23-2.14, P = .001; Table III). The in-
hospital mortality rates did not differ significantly between the groups: dm-PJ 4.0%, ndm-PJ 
4.2% (P =.771), ndm-PG 5.2% (P = .124). 

Subgroup analysis of patients with the highest POPF risk
In the subgroup of patients with the highest POPF risk (main pancreatic duct diameter <3 
mm, soft pancreatic texture, and BMI ≥25 kg/m2), POPF occurred in 168 of 659 patients 
(25.5%). The distribution of the different anastomoses types was 58.7% dm-PJ, 22.2% 
ndm-PJ, and 19.1% ndm-PG. The POPF rates were dm-PJ 24.3%, ndm-PJ 26% (P = .679), 
and ndm-PG 28.6% (P = .338). The PPH B/C rate was significantly higher in ndm-PG: dm-PJ 
10.6%, ndm-PJ% 13.7 (P = .316), ndm-PG 18.3 (P = .033), whereas the differences in CDC ≥3, 
reoperation rate, and in-hospital mortality were not statistically significant. The results of 
the subgroup analysis are given in Table II.

DISCUSSION
In over 6,000 patients after pancreatoduodenectomy from the German and Dutch audits, the 
most common anastomotic technique was dm-PJ in about 60% of patients. No statistically 
significant differences in POPF rate were seen between the different types of pancreatic 
anastomoses after adjusting for known risk factors for POPF. The rates of PPH B/C and major 
complications CDC ≥3 were, however, higher after ndm-PG as compared to dm-PJ. When 
assessing outcomes only in high-risk patients, the difference in PPH B/C remained, while the 
difference in morbidity rate CDC ≥3 was not statistically significant. 
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Table 3. Multivariable mixed-effects models for POPF B/C, PPH B/C, and major complications CDC ≥3 with center 
as random effect

POPF B/C PPH B/C CDC ≥3
OR (95%CI) P val OR (95%CI) P val OR (95%CI) P val

Anastomosis type (dm-PJ)

   ndm-PJ 1.15 (0.88-1.5) .309 1.1 (0.77-1.55) .605 1.14 (0.92-1.42) .228

   ndm-PG 1.28 (0.93-1.76) .123 2.39 (1.64-3.48) <.001 1.62 (1.23-2.14) .001

Age NI NI 1.07 (1.00-1.14) .039

Sex (female)

   Male 1.48 (1.26-1.75) <.001 1.16 (0.95-1.14) .158 1.18 (1.04-1.33) .009

ASA score (≤2)

   >2 NI NI 1.27(1.11-1.45) .001

ECOG status (≤2)

   >2 NI NI 1.62 (1.26-2.08) <.001

Bile duct stent NI NI 1.04 (0.91-1.18) .565

MPD diameter (<3 mm)

   ≥3 mm 0.57 (0.44-0.74) .001 0.85 (0.66-1.09) .205 0.78 (0.64-0.93) .013

Pancreatic texture (soft)

   Not-soft 0.44 (0.35-0.55) <.001 0.73 (0.56-0.97) .033 0.65 (0.57-0.76) <.001

BMI (kg/m2) 1.31 (1.22-1.42) <.001 1.04 (0.95-1.14) .416 1.16 (0.89-1.23) <.001

Pathology (PDAC)

CP 1.64 (1.11-2.41) .012 1.38 (0.92-2.08) .119 1.25 (0.95-1.64) .114

Other 2.23 (1.85-2.69) <.001 1.15 (0.91-1.44) .244 1.41 (1.22-1.61) <.001

Portal vein resection NI 0.72 (0.52-1.00) .049 0.96 (0.79-1.17) .662

Intraoperative RBC 
transfusion

NI 8.77 (6.97-11.04) <.001 5.03 (4.19-6.04) <.001

ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; CDC, Clavien-Dindo 
classification; CP, chronic pancreatitis; DGE, delayed gastric emptying; dm-PJ, duct-to-mucosa pancreatojejunostomy; 
ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; MPD, main pancreatic duct; ndm-PG, non-
duct-to-mucosa pancreatogastrostomy; ndm-PJ, non-duct-to-mucosa pancreatojejunostomy; PDAC, pancreatic ductal 
adenocarcinoma; POPF, postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage; PPPD, pylorus-
preserving pancreatoduodenectomy; PRPD, pylorus-resecting pancreatoduodenectomy; RBC, red blood cells; y,years. 
* Subgroup of patients with high POPF risk (MPD-diameter <3 mm, soft pancreatic texture, and BMI 25 kg/m2).

In most centers, one type of anastomosis was exclusively or predominantly performed, 
showing a subjective preference. The relative popularity of ndm-PG in Germany might be 
contributable to the recent multicenter German RECOPanc Trial, that compared PG with PJ 
and demonstrated no difference in POPF rate (PG 22%, PJ 20%, P = .617).11

3
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Non-duct-to-mucosa PG was more frequently performed in patients with a small pancreatic 
duct, soft pancreatic parenchyma, and histological diagnosis other than PDAC or chronic 
pancreatitis. These patients are known to be a high-risk group for POPF.30,31 Thus, there is 
an indication toward an intentional selection for ndm-PG in high-risk cases. This practice 
reflects the past scientific evidence pointing to reduced POPF rate after PG, especially in 
patients at high-risk for developing POPF.6-8,32-34

Table IV displays a summary of randomized trials comparing different pancreatic anastomosis 
regarding POPF. Figueras et al. compared ndm-PG with dm-PJ and showed a lower overall 
POPF rate after ndm-PG (15.4% vs 34.5%, P = .014) as well as a lower POPF B/C rate (11% 
vs 33%, P = .006).7 Topal et al. compared ndm-PG with ndm-PJ in patients undergoing 
pancreatoduodenectomy for malignant disease and demonstrated again lower POPF B/C 
rate in the ndm-PG group (8% vs 19.8%, P = .002).6 In the present study, in the univariable 
analysis ndm-PG was associated with a significantly higher rate of 18.3% POPF B/C compared 
with 12.9% in patients with dm-PJ (P < .001). After adjusting for the well-known POPF risk 
factors BMI, sex, main pancreatic duct diameter, pancreatic texture, pathology, and center, 
this difference was no longer significant (OR 1.28, 95% CI 0.93-1.76, P = .123). Also, in the 
subgroup analysis of high-risk patients, there was no significant difference in the POPF 
B/C rate. Other studies have shown similar results.5,10-14,35 Grendar et al. and Wellner et al. 
compared ndm-PG versus dm-PJ in two independent randomized controlled trials and found 
no significant difference in the POPF rate.13,14 Two other randomized controlled trials of 
Bassi et al. and Keck et al. compared ndm-PG versus ndm-PJ/ dm-PJ and found no difference 
in POPF rate either, the former trial including only high-risk patients with soft pancreatic 
parenchyma.10,11 In a large-volume retrospective analysis stratified for POPF risk, Ecker et al 
found no difference in POPF rate between PJ and PG, irrespective of risk group.5

Regarding ndm-PJ versus dm-PJ, Berger et al. showed a lower POPF rate for ndm-PJ (12% vs 
23.7%, P = .04).36 Senda et al. demonstrated the superiority of ndm-PJ only in high-risk cases 
with a soft pancreas (10% vs 42%, P = .01).37 Bai et al. demonstrated no significant difference 
in overall POPF rate but significantly lower POPF B/C rate in the dm-PJ group (17.6% vs 3.1%, 
P = .004).38 Others could show no difference.39-42 Finally, several meta-analyses showed no 
statistically significant difference between dm-PJ and ndm-PJ, as well as between dm-PJ and 
ndm-PG regarding the POPF rate.43-45

In the present study, clinically relevant PPH B/C were significantly more frequent in the 
non-duct-to-mucosa anastomoses (ndm-PJ 10%, P < .001; ndm-PG 17.9, P < .001) in the 
univariable analysis, compared with dm-PJ (6.9%). Correspondingly, the reoperation 
rate and major morbidity CDC ≥3 were higher in ndm-PJ and ndm-PG. After adjusting for 
confounders, the difference in PPH B/C between ndm-PG and dm-PJ was still significant 
(OR 2.39, 95% CI 1.64-3.48, P < .001). One reason for this higher rate of PPH B/C in non-
duct-to-mucosa anastomoses might be a higher rate of bleeding from the resection plane 
of the pancreas that is inserted directly into the lumen of the jejunum or stomach without 
coverage by a mucosal layer.
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PPH has been evaluated in several RCTs comparing pancreatic anastomoses as a secondary 
endpoint. Comparability of results is difficult because of heterogeneous definitions of PPH 
used. Three trials used the ISGPS definition and grading,7,11,13 one showing a higher rate of 
PPH A/B in the PG group.11 No difference was shown in the other two trials as well as other 
trials that used different definitions of intraabdominal bleeding.6,7,10,13 A Cochrane meta-
analysis showed a slightly higher risk for bleeding in the PG group.45 No difference has been 
shown between dm-PJ and ndm-PJ.43

Pancreatic anastomosis is one of the most critical and technically challenging steps in the 
reconstruction after pancreatoduodenectomy. In a web-based systematic review, Daamen 
et al. identified 61 different types of pancreatic anastomosis published in the literature.3 This 
plethora of variations reflects the quest of pancreatic surgeons for an optimal technique 
that minimizes the rate of leakage and POPF. Despite extensive research, variation of the 
pancreatic anastomosis could not achieve a reduction of POPF B/C rates. This suggests 
that the mechanistic view of POPF as a leakage from the pancreatic anastomosis might not 
explain its pathogenesis entirely and other physiological processes, such as inflammation and 
postoperative pancreatitis, might play an important role, as suggested by some authors.46,47

This study is a retrospective analysis of one of the largest cohorts to date, showing the real-
world practice and outcome of pancreatic anastomosis in The Netherlands and Germany. The 
relatively high proportion of patients with PG makes the results of the study an important 
contribution to the evidence regarding outcomes of different pancreatic anastomoses. We 
found confounding by indication in favor of PG in high-risk patients as well as preferential use 
of one anastomosis type in most centers. This was accounted for using a mixed-effects model 
to adjust for well-known POPF risk factors as well as center effect. As a drawback, the effect of 
the individual surgeons and their experience could not be evaluated because this data was not 
available. Based on the results of this study, dm-PJ and ndm-PJ are superior regarding overall 
major morbidity and should be given preference over ndm-PG. Moreover, the selective use of 
anastomotic techniques according to risk for POPF does not lead to a better outcome.

CONCLUSION
In conclusion, we present data on pancreatic anastomotic techniques during pancreat-
oduodenectomy in a cohort of >6,000 patients from the Dutch and German registries. Although 
ndm-PG was more often performed in patients with high-risk for postoperative pancreatic 
fistula, no difference in POPF B/C rate between the different anastomotic techniques was 
found after multivariable adjustment for risk factors and center effect. Finally, ndm-PG was 
associated with higher PPH B/C as well as major complications CDC ≥3 rates.
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ABSTRACT
Background: Preoperative chemo- or chemoradiotherapy is recommended for borderline-
resectable pancreatic cancer. The aim of this study was to determine the impact of 
preoperative therapy on surgical complications in patients with resected pancreatic cancer.

Methods: This systematic review and meta-analysis included studies reporting on the rate of 
surgical complications after preoperative chemo- or chemoradiotherapy versus immediate 
surgery in pancreatic cancer patients. The primary endpoint was the rate of grade B/C POPF. 
Pooled odds ratios were calculated using random-effects models.

Results: Forty-one comparative studies including 25,389 patients were included. Vascular 
resections were more often performed after preoperative therapy (29.4% vs. 15.7%, 
p < 0.001). Preoperative therapy was associated with a lower rate of grade B/C POPF as 
compared to immediate surgery (pooled OR 0.47, 95%CI 0.38–0.58). This reduction was 
mostly obtained by preoperative chemoradiotherapy (OR 0.46, 95%CI 0.29–0.73), but 
not by preoperative chemotherapy alone (OR 0.83, 95%CI 0.59– 1.16). No difference was 
demonstrated for major morbidity, mortality, postpancreatectomy hemorrhage, delayed 
gastric emptying and overall morbidity.

Conclusion: Preoperative chemo- and chemoradiotherapy in patients with pancreatic cancer 
appears to be safe with respect to POPF and other surgical complications as compared to 
immediate surgery. The reduced rate of POPF appears to be attributable to preoperative 
chemoradiation.
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INTRODUCTION
Pancreatic cancer is projected to become the second leading cause of cancer-related deaths 
in Europe and the United States by 2030, with overall five-year survival of only 9%.1 In patients 
with pancreatic cancer, the only potentially curative treatment option is the resection of 
the primary tumor in combination with systemic therapy. Pancreatic surgery is associated 
with high postoperative morbidity.2,3 The development of postoperative pancreatic fistulas 
(POPF) occurs in approximately 10–15% of the patients after pancreatoduodenectomy.2,4 
POPF rates are lower after pancreatoduodenectomy for pancreatic cancer compared 
to periampullary tumors.5 POPF is associated with increased length of hospital stay, 
postoperative interventions, mortality, and healthcare utilization costs.4,6,7 Moreover, 
patients may not be able to receive their intended adjuvant treatment due to POPF.8

A recently published meta-analysis of randomized controlled trials (RCT) demonstrated that 
preoperative therapy for the treatment of pancreatic ductal adenocarcinoma resulted in 
significant improvement in overall survival compared to immediate surgery (HR 0.73, 95% 
CI 0.61-0.86).9 The randomized PREOPANC trial found that preoperative chemoradiotherapy 
was associated with a decreased POPF rate compared to immediate surgery (0% vs. 
9.1%, p = 0.011).10 This could be caused by increased fibrosis levels in post-radiation 
pancreatic tissue.11–13 Two systematic reviews and meta-analyses investigated the impact 
of preoperative therapy on postoperative morbidity.14,15 However, these reviews did not 
identify a significant number of relevant studies. In addition, the impact of chemotherapy 
and chemoradiotherapy on complication rates has not been effectively assessed.

This systematic review and meta-analysis aimed to determine the safety of preoperative 
chemotherapy and chemoradiotherapy with respect to major morbidity and mortality after 
pancreatic resection for pancreatic cancer. In addition, the aim was to determine the impact 
of preoperative therapy on pancreas-specific complications, in particular grade B/C POPF.

METHODS
The study protocol was registered in the online PROSPERO registry prior to the study 
(Registry ID: CRD42020054825).16 This systematic review and meta-analysis were performed 
following the PRISMA guidelines.17

Search strategy and eligibility criteria
Embase, Ovid MEDLINE (PubMed), Web of Science, Cochrane CENTRAL, and Google Scholar 
electronic databases were searched for studies from the inception of each database to 29 
September 2020. The search strategy for each database was formulated by a biomedical 
information specialist and can be found in Supplemental methods 1. The search terms 
consisted of three main components which included terms on preoperative therapy, 
pancreatic resection, and postoperative complications. Additionally, references of included 
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studies were reviewed to identify additional studies not included by the systematic search. 
The publication language was limited to English. Articles were eligible for inclusion if they 
reported a surgical complication rate after any preoperative therapy compared to immediate 
surgery in patients with pancreatic cancer. Case reports and conference abstracts were 
excluded. Titles and abstracts were independently screened abstracts for eligibility by JD 
and LW, followed by full-text retrieval and review for definite inclusion. Any discordance 
between authors was discussed and resolved through consensus. Studies without a control 
group (i.e., did not report both a preoperative therapy and immediate surgery group) were 
excluded. Data retrieval from the included study was independently done using standardized 
data extraction forms by two authors (JD and LW). The primary endpoint was the grade 
B/C POPF rate. Secondary endpoints included major morbidity, mortality, overall morbidity, 
postpancreatectomy hemorrhage, and delayed gastric emptying. Additional data retrieval 
included study and patient characteristics.

Data synthesis and analysis
Data were described in text and summary tables. The quality of the included studies 
was assessed according to the Newcastle-Ottawa Scale.18 Main analysis consisted of the 
comparison of the complication rates after any preoperative therapy compared to immediate 
surgery with pooled odds ratios (OR). Forest plots were visually assessed to determine 
heterogeneity among studies, and I2 statistics were calculated. In order to calculate pooled 
effect estimates in the meta-analysis, random-effects models were constructed due to 
suspicion of statistical or clinical heterogeneity. The primary outcome was assessed in studies 
reporting grade B/C POPF according to the International Study Group of Pancreatic Surgery 
(ISGPS) (2005 or 2016 definition).19,20 Sensitivity analyses were conducted in prespecified 
subgroups on POPF rates, including chemoradiotherapy versus chemo- therapy and in high-
quality studies as determined by the Newcastle Ottawa Scale. The potential for publication 
bias was visually assessed using a funnel plot. R statistical software (version 3.4.3.; ww.r-
project.org) was used for all statistical analyses, using the metafor package. P-values < 0.05 
were considered statistically significant.

RESULTS
The literature search
The systematic search identified 862 abstracts, of which 626 studies remained after excluding 
duplicates (Fig. 1). Five additional studies were identified through crosschecking references 
21-25. Finally, 88 studies were retrieved for full-text review, of which 41 were included for 
both qualitative and quantitative analyses.10,21–60 The references of studies excluded based 
on full-text assessment can be found in Supplemental results 1.
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Characteristics of eligible studies
Thirty-five retrospective cohort studies, one prospective study, four phase II RCT’s and one 
phase III RCT together included a total of 25,389 patients (Supplemental table 1). Individual 
study sizes ranged between 34 and 10,117 patients. This meta-analysis included 5742 
patients (22.6%) after resection following pre-operative therapy and 19,647 patients (77.4%) 
who underwent immediate surgery. According to the Newcastle-Ottawa Scale, the overall 
quality of the included studies was high in 12 studies and low in 29 studies (Supplemental 
Table 2).

Patient characteristics
Patient characteristics are shown in Supplemental Table 1. Included studies reported on 
surgical complications after preoperative chemotherapy (n = 6), preoperative chemo- 
radiotherapy (n = 17), or both preoperative chemotherapy and chemoradiotherapy (n = 
18). In the preoperative therapy group, 3087 pancreatoduodenectomies (85.2%), 472 distal 
pancreatectomies (13.0%), 62 total pancreatectomies (1.7%), and one central pancreatectomy 
(0.0%) were performed. In the immediate surgery group, 9427 pancreatoduodenectomies 
(85.2%), 1532 distal pancreatectomies (13.8%), and 110 total pancreatectomies (1.0%) were 
performed. Vascular resections were more often performed in the group of patients that 
received preoperative therapy (29.4% vs. 15.7%, P < 0.001).

Postoperative pancreatic fistula
Twenty-nine, representing 17,914 patients, reported the POPF rate after any preoperative 
therapy compared to immediate resection. In 16 studies, POPF was defined by 
2005 ISGPS classification,23–25,32,34–37,39,40,45,48,50,52,54,56 in seven studies by 2016 ISGPS 
classification,10,27,30,53,57,59,60 in two studies other definitions were used28,55, and in four studies 
POPF was not defined21,26,29,51 (Supplemental Table 3). In 18 studies reporting on the rate of 
grade B/C POPF, a decreased POPF rate was observed (n = 14,803, 8.3% vs. 17.8% pooled OR 
0.47, 95% CI 0.38-0.58, Fig. 2). Moreover, preoperative therapy was also associated with a 
decreased POPF rate compared to immediate resection considering all studies reporting on 
POPF (n = 17,914, pooled OR 0.50, 95% CI 0.43-0.59, Supplemental Figure 1). No evidence of 
publication bias was found (Fig. 3). These findings were consistently observed in the subgroup 
of the high-quality studies reporting on POPF (n = 11,158, pooled OR 0.50, 95% CI 0.43-0.58, 
Supplemental Figure 2). In six studies, no difference was reported in the incidence of POPF 
after preoperative chemotherapy compared to those who underwent immediate surgery 
(n = 2,744, pooled OR 0.83, 95% CI 0.59-1.16, Fig. 4a). On the other hand, in 10 studies a 
decreased POPF rate was demonstrated after preoperative chemoradiotherapy (n = 1,143, 
pooled OR 0.46, 95% CI 0.29-0.73, Fig. 4b). One propensity-score matched study reported 
on the rate of POPF in 708 patients after chemotherapy matched with 708 patients after 
chemoradiotherapy; a lower rate was observed in the chemoradiotherapy group (11.2% vs. 
3.5%, P < 0.001).57
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Figure 1. Flowchart

The majority of the studies reported on both PD and DP (25 of 41 studies) without providing 
separate analyses for these groups. Twelve studies reported surgical complications in patients 
after PD, of which eight studies reported grade B/C POPF according to ISGPF definition. In 
these studies, a decreased rate of grade B/C POPF was reported (Supplemental figure 3A, 
OR 0.61, 95% CI 0.46-0.83). Six studies reported surgical complications after DP, of which 
five studies reported grade B/C POPF. These studies reported a decreased rate of grade B/C 
POPF, however not significant (Supplemental figure 3B, OR 0.45, 95% CI 0.19-1.07).
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Figure 2. Forest plot of the grade B/C POPF rate after preoperative therapy compared to immediate resection

Figure 3. Funnel plot of the POPF rate after preoperative therapy compared to immediate resection
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Figure 4. a: Forest plot of the POPF rate after preoperative chemotherapy compared to immediate surgery. b: 
Forest plot of the POPF rate after preoperative chemoradiotherapy compared to immediate surgery

Major morbidity and mortality
Major morbidity (i.e., Clavien-Dindo grade ≥3a) was reported in 19 studies (n = 7120). No 
difference was demonstrated between preoperative therapy versus immediate surgery 
(pooled OR 0.85, 95% CI 0.68-1.06, Fig. 5). Likewise, with respect to postoperative mortality, 
no difference was found in 33 studies (n = 14,939, pooled OR 1.18, 95% CI 0.89-1.57, Fig. 6).

Other postoperative complications
No differences were found between preoperative therapy compared to immediate surgery 
with respect to post-pancreatectomy hemorrhage (n = 4,409, pooled OR 0.94, 95% CI 0.64-
1.36, Supplemental figure 3), delayed gastric emptying (n = 18,186, pooled OR 0.83, 95% CI 
0.69-1.00, Supplemental figure 4) and overall morbidity (n = 11,800, pooled OR 0.88, 95% CI 
0.68-1.14, Supplemental figure 5).
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Figure 5. Forest plot of major morbidity after preoperative therapy compared to immediate surgery
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Figure 6. Forest plot of mortality after preoperative therapy compared to immediate surgery

DISCUSSION
This systematic review and meta-analysis found that the rate of grade B/C POPF was 
significantly lower in patients with pancreatic cancer who received preoperative therapy 
(pooled OR 0.51) as compared to patients undergoing immediate surgery. The reduced 
POPF rate appears to be primarily attributable to the effects of preoperative chemoradiation 
rather than preoperative chemotherapy without radiation therapy. The lower POPF rate 
did not translate into lower major morbidity and mortality rates in patients who received 
preoperative treatment. Major morbidity, mortality, and other complications were 
comparable between treatment groups. This study suggests that preoperative therapy in 
patients with pancreatic cancer is safe with respect to surgical complications.
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POPF is defined as the leakage of enzyme-derived fluid in the peri-pancreatic space 
or peritoneal cavity.19 This can cause local inflammation and contribute to secondary 
complications, such as postpancreatectomy hemorrhage or sepsis. The most severe grade 
of POPF, grade C, is a life-threatening condition with a mortality rate of 25%.7,20 Additionally, 
due to re-interventions and prolonged hospital stay, POPF is accompanied by high costs.61 
Preoperative radiotherapy has the additional benefit of reducing the rate of POPF after 
pancreatoduodenectomy and subsequently reducing health care costs. The absolute 
decrease in grade B/C POPF risk of 9.5% translates into a number needed to treat of 
approximately 11 patients to avoid one grade B/C POPF. However, decisions on preoperative 
therapy in pancreatic cancer should be based on findings of large randomized controlled 
trials powered for oncological outcomes.

Whether chemotherapy, radiotherapy, or the combination of both initiates the protective 
effect is not yet clarified in literature. The POPF rate in patients who received preoperative 
chemoradiotherapy was significantly reduced compared to patients after immediate 
surgery (OR 0.46, 95% CI 0.29– 0.73), while this could not be demonstrated for preoperative 
chemo- therapy (OR 0.83, 95% CI 0.59– 1.16). Ishikawa et al. proposed that radiation 
decreases the exocrine function, which consequently prevents leaking after pancreatic 
surgery.11 This was later confirmed by Uchida et al., who demonstrated that the histological 
grade of fibrosis in the pancreatic stump inversely correlates with the exocrine activity.62 
Second, soft pancreatic texture is widely recognized as an important risk factor for POPF 
development after pancreatoduodenectomy.63 This could be explained by the theory that 
fibrotic pancreatic texture has a better suture hold capacity, which makes postoperative 
disintegration of the anastomosis less likely to occur. It is supposed that radiation induces 
fibrosis in the pancreatic tissue and therefore causing a hard pancreatic texture. It has also 
been suggested that a lower rate of POPF after preoperative treatment is caused by the 
prolongation of the time to surgery, as main pancreatic duct obstruction induces fibrosis.64

Two previously published systematic reviews and metaanalyses also examined the effect of 
preoperative therapy on complications after pancreatic resection.14,15 Araujo et al. identified 
12 comparative studies reporting on POPF based on which no difference was observed after 
preoperative therapy (pooled OR 0.75, 95% CI 0.50-1.12).14 The lower number of included 
studies might be explained by a different time period of the search (until March 2017) and 
a less elaborate search strategy. Kamarajah et al. found that the POPF rate was decreased 
after preoperative therapy in eight studies reporting on grade B/C POPF (pooled OR 0.57, 
95% CI 0.46-0.71).15 Yet, in this study, a limited comparison of chemoradiotherapy versus 
chemotherapy was achieved as they identified only one study reporting on the effect of 
chemotherapy on the POPF rate.

POPF is a known risk factor of late postpancreatectomy hemorrhage (bleeding > 24 h after 
surgery) due to the corrosive effect of enzymatic fluid. However, despite the decrease in POPF, 
no difference in the rate of postpancreatectomy hemorrhage after preoperative therapy was 
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found compared to immediate surgery (OR 0.94, 95% CI 0.64-1.36). The decrease in late post- 
pancreatectomy hemorrhage might be counteracted by an increase of postpancreatectomy 
hemorrhage due to frailty of surrounding peri-pancreatic vessels secondary to post-
treatment effects. However, the majority of the studies did not specify details on the cause of 
postpancreatectomy hemorrhage and therefore could not be investigated. 

Preoperative therapy was usually given in case of more extensive vessel involvement, as 
demonstrated by the higher rate of vascular resections. The lack of improvement in major 
morbidity and mortality in patients undergoing preoperative therapy could be attributable to 
these vascular resections as this is a risk factor for postoperative morbidity and mortality.65,66 
Thus, the comparison between immediate surgery and preoperative therapy might be 
limited by confounding by indication. Furthermore, major morbidity may be partially related 
to impaired wound healing due to tissue toxicity and frailty caused by preoperative therapy.67

Sixteen studies provided separate analysis for pancreatoduodenectomy and/or distal 
pancreatectomy. Pancreatoduodenectomy was related to a decrease of POPF in a sensitivity 
analysis of nine studies (OR 0.61, 95% CI 0.46-0.83). Fibrotic pancreatic tissue may be less 
preferable during a distal pancreatectomy, in which the pancreatic remnant is closed by 
a stapler in most centers. However, preoperative treatment of patients undergoing distal 
pancreatectomy appeared to be related to a decrease of grade B/C POPF in five studies (OR 
0.45, 95% CI 0.19-1.07), though not significant possibly due to the small number of studies.

This study highlights several limitations in published research over the last years. First, only 
one large RCT has reported on the incidence of surgical complications after preoperative 
therapy.10 The PREOPANC trial provided level-one evidence on the safety of preoperative 
chemoradiotherapy. Results of ongoing oncological RCTs (e.g. NORPACT-1,68 PREOPANC-2, 
NEONAX69) are expected to provide more evidence on the safety of preoperative therapy 
in pancreatic cancer. The majority of the studies in our meta-analysis were of retrospective 
nature. These studies might be prone to selection bias as patients with resectable disease 
might undergo immediate resection more frequently compared to patients with more 
extensive disease. Second, there is heterogeneity among the preoperative treatment 
regimens. As stated before, the majority of the studies assessed the effect of any 
preoperative treatment on the rate of complications, hereby it was difficult to determine 
what exactly caused the decrease in POPF. To address this, a sensitivity analysis was 
performed separately investigating preoperative chemoradiotherapy and chemotherapy. 
Yet, the effect of type and duration of chemo- or chemoradiotherapy on the incidence of 
POPF was unknown. Third, the definitions of POPF varied among studies. Regardless of 
definitions, however, only three studies reported an increased POPF rate after preoperative 
therapy. Future prospective studies could explore the preemptive use of preoperative 
radiotherapy in patients with a high risk of developing POPF. Since POPF is the most severe 
and life-threatening complication after pancreatic resection, several attempts have been 
made to decrease its incidence.64,70 Factors such as soft pancreatic texture and a non-dilated 
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pancreatic duct can increase the risk of POPF after pancreatoduodenectomy up to 25%.5,71,72 
The safety, feasibility, and efficacy of a single fraction preoperative stereotactic radiotherapy 
to reduce the risk of POPF in patients with a high fistula risk score will be further investigated 
in the phase II FIBROPANC trial (NL9299).

CONCLUSION
In conclusion, preoperative chemotherapy and chemoradiotherapy appears to be safe 
in patients with pancreatic cancer with respect to surgical complications compared to 
immediate surgery. The rate of postoperative POPF is reduced after pre-operative therapy, 
which seems to be related to radiotherapy. Other complications, such as delayed gastric 
emptying and postpancreatectomy hemorrhage, demonstrated similar rates between the 
two groups.

SUPPLEMENTARY MATERIAL
Supplementary material is available at HPB online.
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ABSTRACT
Objective: This study aimed to investigate the effect of preoperative chemotherapy (PCT) 
and preoperative chemoradiotherapy (PCRT) on postoperative pancreatic fistula (POPF) and 
other pancreatic-specific surgery-related complications.

Summary Background Data. POPF remains the main cause of morbidity after 
pancreatoduodenectomy for pancreatic ductal adenocarcinoma (PDAC). Limited data about 
the impact of PCT and PCRT on the risk of POPF and other postoperative complications are 
available.

Methods: All patients after pancreatoduodenectomy for PDAC were included from the 
mandatory nationwide prospective Dutch Pancreatic Cancer Audit (DPCA; 2014-2020). 
Baseline and treatment characteristics were compared between immediate surgery, PCT, 
and PCRT. The relationship between preoperative chemotherapy, chemoradiotherapy, 
and clinically relevant POPF (ISGPS grade B/C) was investigated using multivariable logistic 
regression analyses.  

Results: Overall, 2019 patients after pancreatoduodenectomy for PDAC were included, 
of whom 1678 underwent immediate surgery (83.1%), 192 (9.5%) received PCT, and 149 
(7.4%) received PCRT. POPF occurred in 8.3% of patients after immediate surgery, 4.2% after 
PCT, and 2.0% after PCRT (P = 0.004). In multivariable analysis, PCRT was associated with 
reduced risk of POPF (OR 0.21, 95%CI 0.03-0.69, P = 0.033) compared to immediate surgery, 
whereas PCT was not (OR 0.59, 95%CI 0.25-1.25, P = 0.199). During surgery, firm pancreas 
texture was most often observed after PCRT (53% immediate surgery, 62% PCT, 77% PCRT, 
P < 0.001). 

Conclusions: In this nationwide analysis, the use of chemoradiotherapy before 
pancreatoduodenectomy in patients with PDAC was associated with a reduced risk of POPF. 
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INTRODUCTION
Pancreatic cancer is projected to become the second leading cause of cancer-related deaths 
by 2030, with a poor overall five-year survival of less than 5%.1, 2 The majority of pancreatic 
tumors arise from the pancreatic head, and among these patients only 16% is eligible for 
surgery.3 Surgery combined with systemic therapy is the best option to improve survival. 
However, pancreatic surgery, especially pancreatoduodenectomy is associated with a 19-
26% risk of major postoperative complications.4, 5 Postoperative pancreatic fistula (POPF 
grade B/C) is the most feared complication in patients after pancreatoduodenectomy for 
pancreatic cancer. POPF, i.e., leakage of pancreatic fluid, can cause secondary complications 
such as sepsis, postpancreatectomy hemorrhage, and organ failure.6, 7

In the last decade, the administration of preoperative chemotherapy (PCT) or chemoradio-
therapy (PCRT) has increasingly been studied in an attempt to improve survival in pancreat-
ic cancer patients.8-14 Initially, concerns were raised about the potential negative impact of 
preoperative therapy on postoperative complications after pancreatoduodenectomy. How-
ever, a recent systematic review deemed preoperative therapy safe in regard to pancreatic 
surgery-related complications.15 Moreover, preceding literature even described a lower inci-
dence of POPF after preoperative therapy compared to immediate surgery.10, 15-24 It is currently 
unclear whether this is due to the chemotherapy or the radiotherapy since most studies have 
not performed a direct comparison of the type of preoperative therapy. Therefore, this study 
aimed to investigate the effect of PCT and PCRT on POPF and other pancreatic-specific sur-
gery-related complications in a nationwide cohort of patients after pancreatoduodenectomy.

METHODS
Study design and patient cohort
This retrospective cohort study used data from the nationwide, prospective Dutch Pancreatic 
Cancer Audit (DPCA). All adult patients were included after pancreatoduodenectomy for 
postoperative pathologically confirmed PDAC between 2014 and 2020. The DPCA is a 
mandatory, prospectively maintained, nationwide audit that includes all 16 Dutch centers 
performing pancreatic surgery. The DPCA questionnaires are completed by healthcare 
professionals and do not only contain pre- and post-operative findings, but also detailed 
information about surgical technique, pancreatic duct size, and texture of the pancreatic 
remnant are available. As patient and hospital data are anonymously registered, informed 
consent nor ethical review was required. The current study was approved by the scientific 
committee of the Dutch Pancreatic Cancer Group (DPCG).25 In this study, patients after 
pancreatoduodenectomy for (borderline) resectable or locally advanced pancreatic cancer 
were included. During the study period, neoadjuvant therapy in the Netherlands was not 
routinely used and was mostly administered in clinical trials for (borderline) resectable 
disease.9, 11 Neoadjuvant chemotherapy regimen consisted of FOLFIRINOX followed 
by surgery. The neoadjuvant chemoradiotherapy regimen was gemcitabine-based in 
combination with 15 fractions of radiotherapy. In case of locally advanced disease, induction 
chemotherapy was given prior to surgery.

5
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Variables and outcomes
The primary outcome was the incidence of grade B/C postoperative pancreatic fistula 
(POPF) according to the International Study Group of Pancreatic Surgery (ISGPS 2016) 
classification.26, 27 Secondary outcomes were clinically relevant complications, i.e., post-
pancreatectomy hemorrhage (grade B/C), delayed gastric emptying (grade B/C), bile 
leak (grade B/C), major morbidity (Clavien Dindo Classification ≥3), readmissions, and in-
hospital mortality. Complications were defined following the ISGPS and the International 
Study Group of Liver Surgery (ISGLS) criteria.26, 28-30 During the study period, intra-operative 
intraperitoneal drain placement was routinely performed following pancreatectomy. Fluid 
amylase was determined on postoperative day 3. The diameter of the pancreatic duct was 
measured on the preoperative CT-scan from 2014 to 2017, hereafter the intraoperative 
measurement was collected. Resectability status (resectable, borderline resectable, or locally 
advanced) and tumor diameter were based on the preoperative CT-scan. Resectability was 
defined according to the criteria of the Dutch Pancreatic Cancer Group.31 Tumors without 
arterial involvement and with venous involvement <90° are considered resectable; tumors 
with arterial involvement <90° and/or venous involvement between 90° and 270° without 
occlusion are considered borderline resectable.31 The auditing fistula risk score (using 
gender, BMI, diagnosis, and pancreatic duct diameter) was calculated per cohort.32

Statistical analysis
Continuous data were expressed as median with interquartile range. Categorical data 
were presented as absolute numbers and percentages. Patients were stratified based 
on preoperative treatment. Differences in baseline and treatment characteristics were 
assessed via Pearson’s Chi-square, Mann-Whitney U test, Kruskal-Wallis rank sum test, and 
Fisher exact test, as appropriate. The association between preoperative therapy and POPF 
was assessed using complete-case multivariable logistic regression analyses, adjusted for 
age, BMI, biliary drainage, resectability status, pancreatic duct diameter, octreotide, and 
preoperative therapy type. P-values are based on complete case analysis unless unknown 
is displayed. Results were presented as odds ratios (OR) with a 95% confidence interval. 
Multicollinearity was determined by a variance inflation factor >2.5. All tests were two-
tailed. P-values <0.05 were considered statistically significant. Statistical analysis was 
performed with R statistical software (version 4.1.1).

RESULTS
Baseline and operative characteristics
Out of 2019 patients undergoing pancreatoduodenectomy for PDAC, 1678 patients (83%) 
underwent immediate surgery, 192 (9.5%) received PCT, and 149 patients (7.4%) received 
PCRT. At the last preoperative CT scan, 1367 (71%) patients had resectable disease, 435 
(22%) patients borderline resectable, and 19 (7%) patients locally advanced disease. Almost 
90% of the patients with resectable disease underwent immediate surgery. Patient and 
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treatment characteristics are shown in Table 1. Biliary drainage was performed in 989 (60%) 
patients before immediate surgery and more frequently before or during preoperative 
therapy; in 140 (74%) of PCT patients and 112 (76%) of PCRT patients (P < 0.001). Patients 
undergoing immediate surgery had a wider pancreatic duct (5.0 mm vs. 4.0 mm, P < 0.001). 
During surgery, surgeons categorized the texture of the pancreas as ‘firm’ most frequently 
after PCRT (immediate surgery 53%, PCT 62%, PCRT 77%, P < 0.001). 

Table 1. Baseline characteristics of patients with pancreatic cancer undergoing pancreatoduodenectomy

Immediate 
surgery

Preoperative 
chemotherapy

Preoperative 
chemoradiotherapy

P-value

n = 1678 n = 192 n = 149
Sex (female) 768 (46%) 79 (41%) 72 (49%) 0.349

   Missing 0 0 1

Age 69 (62 - 75) 66 (56.8 - 72) 65 (59 - 71) <0.001

   Missing 3 0 0

CCI ≥2 495 (29%) 50 (26%) 34 (23%) 0.298

   Missing 0 0 0

ASA score ≥3 479 (29%) 53 (28%) 43 (29%) 0.925

   Missing 17 3 1

Body Mass Index 24 (22 - 26) 23 (21 - 25) 24 (22 - 27) 0.079

   Missing 59 4 1

Biliary drainage 989 (60%) 140 (74%) 112 (76%) <0.001

   Missing

CT scan resectability status <0.001

   Resectable 1,220 (75%) 74 (41%) 73 (52%)

   Borderline resectable 335 (21%) 52 (29%) 48 (34%)

   Locally advanced 61 (3.8%) 56 (31%) 19 (14%)

   Missing 62 10 3

Tumor diameter (mm) 30 (23-40) 25 (18-32) 25 (20-30) <0.001

Pancreatic duct dm 5 (3 - 7) 4 (3 - 5) 4 (3 - 6) <0.001

   Missing 467 27 35

Minimal invasive surgery 218 (13%) 27 (14%) 23 (15%) 0.720

   Missing 37 4 0

Arterial resection 23 (1.4%) 6 (3.1%) 4 (2.7%) 0.086

   Missing 9 0 1

Venous resection 252 (17%) 50 (31%) 34 (28%) <0.001

   Missing 157 30 27

Texture (hard or fibrotic) 792 (53%) 106 (62%) 108 (77%) <0.001

   Missing 171 22 8

n (%); Median (IQR); Pearson’s Chi-squared test; Kruskal-Wallis rank sum test; Fisher’s exact test, based on 
complete case analysis; ASA, American Society of Anesthesiologists; CT-scan, computed tomography scan; texture, 
pancreatic texture
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Surgical outcomes
Table 2 shows the surgical outcome per treatment group. The incidence of grade B/C POPF 
was 8.3% for the patients who underwent immediate surgery, 4.2% after PCT, and 2.0% 
after PCRT (P = 0.004). Overall, 1651 (80%) patients were included in the complete-case 
multivariable analysis. PCRT remained independently associated with a decreased rate of 
POPF (OR 0.21, P = 0.033). PCT was not significantly associated with a decreased rate of POPF 
compared to immediate surgery (OR 0.59, P = 0.199). Other factors associated with POPF 
were high BMI (OR 2.02, P = 0.048), borderline resectable disease (OR 0.47, P = 0.016), and 
preoperative biliary drainage (OR 0.56, P = 0.004) (Table 3). Grade B/C post-pancreatectomy 
hemorrhage, delayed gastric emptying, and bile leak did not differ between the groups. In-
hospital mortality did not differ between the groups.  

Table 2. Postoperative outcome of patients with pancreatic cancer after pancreatoduodenectomy

Immediate 
surgery

Preoperative 
chemotherapy

Preoperative
chemoradiotherapy

P-value

n = 1678 n = 192 n = 149

CDC ≥3 382 (23%) 38 (20%) 44 (30%) 0.077

   Missing 36 2 4

POPF 0.004

   No/grade A/ biochemical leak 1,529 (92%) 184 (96%) 146 (98%)

   Grade B/C 139 (8.3%) 8 (4.2%) 3 (2.0%)

   Missing 10 0 0

Delayed gastric emptying 0.624

   No or grade A 1,426 (86%) 161 (84%) 124 (83%)

   Grade B/C 240 (14%) 31 (16%) 25 (17%)

   Missing 12 0 0

PPH 0.506

   No or grade A 1,556 (94%) 184 (96%) 136 (93%)

   Grade B/C 101 (6.1%) 8 (4.2%) 10 (6.8%)

   Missing 21 0 3

Bile leakage 0.394

   No or grade A 1,616 (97%) 189 (98%) 142 (96%)

   Grade B/C 47 (2.8%) 3 (1.6%) 6 (4.1%)

   Missing 15 0 1

Reintervention 

Reoperation 104 (6.3%) 11 (5.8%) 14 (9.6%) 0.283

Radiologic intervention 210 (13%) 24 (13%) 20 (14%) 0.932

   Missing 25 1 2
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Immediate 
surgery

Preoperative 
chemotherapy

Preoperative
chemoradiotherapy

P-value

n = 1678 n = 192 n = 149
Readmission rate 254 (15%) 30 (16%) 28 (19%) 0.493

   Missing 21 1 2

In-hospital mortality 52 (3.1%) 3 (1.6%) 3 (2.0%) 0.494

   Missing 21 1 2

n (%); Pearson’s Chi-squared test; Fisher’s exact test, based on complete case analysis; POPF, postoperative 
pancreatic fistula;  PPH, postpancreatectomy hemorrhage; CDC, Clavien-Dindo Classification

Table 3. Univariable and multivariable analysis for the effect of preoperative chemotherapy and preoperative 
chemoradiotherapy on grade B/C postoperative pancreatic fistula

Univariable Multivariable 
(N=1651/2056)

N OR 95% CI p-value OR 95%CI P-value

Sex (female) 1993/2056 0.82 0.58 – 1.14 <0.001 0.69 0.46 – 1.02 0.064

Age (≥70 year) 2056/2056 0.94 0.68 – 1.31 0.725

Charlson Comorbidity Index (0) 2056/2056 

   1-2 0.93 0.61 – 1.41 0.753

   >2 1.09 0.74 – 1.60 0.649

BMI < 20 1993/2056

   20-25 1.09 0.57 – 2.28 0.813 1.08 0.52 – 2.54 0.848

   >25 2.36 1.25 – 4.95 0.014 2.20 1.06 – 5.16 0.048

Biliary drainage (yes) 1997/2056 0.57 0.41 – 0.80 0.001 0.56 0.38 – 0.83 0.004

Resectability (resectable) 1966/2056

   Borderline resectable 0.39 0.22 – 0.64 0.001 0.47 0.25 – 0.84 0.016

   Locally advanced 0.63 0.28 – 1.25 0.226 0.93 0.36 – 2.07 0.863

Pancreatic duct diameter  (>3 mm ) 1839/2056

   ≤3mm 3.73 2.50 - 5.64 <0.001 3.47 2.26 – 5.40 <0.001

   Unknown 1.66 0.95 – 2.83 0.068 1.57 0.87 – 2.75 0.123

Octreotide 2029/2056 1.52 1.08 – 2.19 0.019 1.28 0.86 – 1.92 0.236

Preoperative therapy (none) 2009/2056

   Chemotherapy 0.48 0.21 – 0.93 0.047 0.59 0.25 – 1.25 0.199

   Chemoradiotherapy 0.23 0.06 – 0.61 0.012 0.21 0.03 – 0.69 0.033

*P-value based on complete case analysis, unless unknown is displayed
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DISCUSSION
This nationwide audit-based cohort study found that PCRT was associated with a reduced 
rate of POPF in 2019 patients after pancreatoduodenectomy for PDAC as compared to 
immediate surgery. The use of PCT was associated with a non-significant reduction in POPF. 
Rates of delayed gastric emptying, postpancreatectomy hemorrhage, and bile leakage did 
not differ between the three treatment groups. 

Previous studies have also suggested that preoperative therapy decreased the rate of 
POPF after pancreatectomy, yet detailed data about type of preoperative therapy (PCT or 
PCRT) are lacking.33 To our knowledge, only one NSQIP-based study of 10,117 patients after 
pancreatoduodenectomy for pancreatic cancer (2014-2016) compared the different types 
of preoperative therapy.19 This study also found that patients who received PCRT had a 
lower incidence of POPF than patients who received PCT (3.5% vs.11.2%, P < 0.001) but did 
not present data on pancreatic texture. This apparently protective effect of PCRT on POPF 
is in line with the current, more recent study containing data until 2020.  Studies evaluating 
surgical complications within a randomized trial on preoperative therapy are scarce. 
However, a recent study reported a significantly lower incidence of POPF in 66 patients after 
PCRT, compared to 98 patients after immediate surgery (0% vs. 9.2%, P = 0.011).22 However, 
this trial did not include a PCT arm. A recent meta-analysis, including 41 comparative 
studies, concluded that preoperative therapy significantly decreased the incidence of POPF 
compared to immediate surgery (OR 0.47 95%CI 0.38-0.58). In accordance with the current 
study, the reduction was the strongest for PCRT. 

Several patient-related and pancreas-related risk factors for the occurrence of POPF after 
pancreatoduodenectomy have been identified and widely validated in the literature.34, 35 The 
results of this study suggest that preoperative therapy should be included in risk models for 
predicting POPF. Soft pancreatic texture is one of the most important risk factors for POPF.35 
The suggested effect of PCRT on POPF may be explained by loss of acinar cell function and 
changes in pancreatic texture. It is presumed that radiotherapy causes oxidative tissue 
damage, followed by an inflammatory process leading to fibrosis.36 Moreover, histologic 
evaluation of irradiated pancreatic tissue shows atrophy and distortion of the lobular 
structure with a decreased volume of acinar cells.37  Decreased exocrine secretion, as a 
result of loss of acinar cells, is suggested to have a positive effect on postoperative leakage.38 

39 Additionally, radiotherapy-induced fibrosis could lead to firm pancreatic texture, which 
may prevent parenchymal tearing at the pancreatic-enteric anastomosis and could provide 
better suture hold capacity.40, 41  As hypothesized, hard or firm pancreatic texture was most 
frequently observed after PCRT. However, pancreatic texture remains a subjective measure 
as it is based on the surgeon’s intraoperative interpretation. An objective assessment could 
be the use of a durometer or histological examination.42-44 Another important risk factor for 
POPF is a small pancreatic duct diameter.35 A smaller duct diameter was observed in the 
preoperative therapy groups. Patients receiving preoperative therapy are expected to have 
a longer period of main pancreatic duct obstruction, especially when the tumor is located 
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in the pancreatic head. This difference may be due to the requirement of adequate biliary 
drainage before commencing PCT. Despite the smaller duct diameter in the preoperative 
therapy groups, a lower risk of POPF was observed. In the current study, the lower rate 
of POPF in the preoperative therapy groups did not translate into a significantly lower in-
hospital mortality.

This study also found that borderline resectable pancreatic cancer at the time of surgery 
was independently associated with a decreased risk of POPF in multivariable analysis. 
Resectability stage has not yet been described in relation to the risk of developing POPF. 
Subgroup analysis found the largest median (IQR) tumor diameter of 31 mm (25 mm - 40 
mm) in the borderline resectable group, as compared to 29 mm (22 mm - 36 mm) in the 
resectable group and 30 mm (20 mm - 40 mm) in the locally advanced group ( P < 0.001). The 
larger diameter of a borderline resectable tumor is more likely to cause a longer period of 
obstruction and parenchymal fibrosis, both factors known to be associated with a decreased 
risk of POPF.35

In participating centers, biliary drainage was performed in patients with (symptomatic) 
hyperbilirubinemia. In our study, preoperative biliary drainage was associated with a 
decreased rate of grade B/C POPF. On the other hand, studies demonstrated that routine 
preoperative biliary drainage increases the rate of postoperative complications.45, 46 
Therefore, solely based on this study, routine preoperative biliary drainage is not 
recommended. 

Nationwide audits enable large population-based studies. However, certain limitations 
are inherent to using nationwide audits. First, the retrospective nature of this study may 
introduce confounding by indication. Before the introduction of preoperative therapy in a 
clinical trial setting, most patients with resectable disease received immediate surgery as 
standard of care. Patients with locally advanced pancreatic cancer received PCT or PCRT to 
decrease tumor size and vessel involvement. As a result, preoperative therapy was more 
often given in case of extensive disease. Second, during the study period, an increase in 
preoperative treatment and POPF rates was observed.47 The increased POPF rate may be 
influenced by the implementation of an algorithm for early recognition and minimally 
invasive management of complications after pancreatic surgery in the nationwide stepped-
wedge cluster-randomized PORSCH trial.48 Although this algorithm significantly improved 
the composite endpoint (bleeding that required invasive intervention, organ failure, and 
90-day mortality), the lowered threshold for radiological drainage (Grade B according to 
the ISGPS criteria) will likely have contributed to higher rates of POPF over time. Since this 
trial was implemented nationwide and included all patients after pancreatic surgery, we 
do not expect that the change in the POPF rate over time has influenced our results and 
conclusions. Third, only resectability status prior to surgery was registered. Resectability 
status at presentation may have been different in some patients who received preoperative 
therapy. Fourth, although the sample size of  PCT  and PCRT is relatively large, we cannot 
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exclude a Type II error given the effect of PCT on POPF in multivariable analysis. However, 
previous studies also found a greater effect of PCRT on POPF than PCT.15 Fifth, no data on 90-
day mortality were available; hence, no impact of the reduction of POPF on 90-day mortality 
could be assessed. This should be done in future studies. Last, although some studies found 
an association between intraoperative blood loss and POPF, the effect of blood loss could not 
be assessed in the current data set.34, 49 Nonetheless, the number of patients who received 
blood transfusion (intra- and postoperative) was not different between the upfront surgery 
and preoperative therapy groups.

Further studies are needed to investigate whether the decrease in POPF is driven by 
radiotherapy alone. Therefore, the preemptive use of radiotherapy targeting the intended 
pancreatic transection margin is currently investigated in the FIBROPANC trial (NL9299). This 
multicenter phase II trial includes patients with a high risk of POPF, i.e., patients scheduled 
for pancreatoduodenectomy for indications other than pancreatic cancer. Although reduced 
POPF rates could result in more patients receiving adjuvant treatment, potentially leading to 
better overall survival, tumor characteristics will remain the determining factor for the type of 
preoperative treatment.50 Future studies should assess the impact of POPF on overall survival.

CONCLUSION
In this nationwide audit-based study, PCRT was associated with a reduced rate of POPF in 
patients after pancreatoduodenectomy for PDAC. This may be related to increased pancreatic 
fibrosis due to the addition of radiotherapy to chemotherapy. Larger studies should assess 
the impact of PCT on POPF after pancreatoduodenectomy for PDAC. Further translational 
and clinical studies are needed to objectify the effect of preoperative radiotherapy on 
pancreatic texture and POPF development. 
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ABSTRACT 
Background: Surgical outcome after pancreatoduodenectomy for duodenal adenocarcinoma 
could differ from pancreatoduodenectomy for other cancers, but large multicenter 
series are lacking. This study aimed to determine surgical outcome in patients after 
pancreatoduodenectomy for duodenal adenocarcinoma compared to other periampullary 
cancers in a nationwide multicenter cohort.

Methods: Consecutive patients after pancreatoduodenectomy for cancer between 2014-
2019 were included from the nationwide, mandatory Dutch Pancreatic Cancer Audit. 
Patients were stratified by diagnosis. Baseline, treatment characteristics, and postoperative 
outcome were compared between groups. The association between diagnosis and major 
complications (Clavien-Dindo ≥ grade III) was assessed via multivariable regression analysis. 

Results: Overall, 3113 patients after pancreatoduodenectomy for cancer were included: 
264 (8.5%) patients with duodenal adenocarcinoma and 2849 (91.5%) with other cancers. 
Patients after pancreatoduodenectomy for duodenal adenocarcinoma had higher rates of 
major complications (42.8% vs. 28.6%, P < 0.001), postoperative pancreatic fistula (ISGPS 
grade B/C; 23.1% vs. 13.4%, P < 0.001), complication-related intensive care admission (14.3% 
vs. 10.3%, P = 0.046), re-interventions (39.8% vs. 26.6%, P < 0.001), in-hospital mortality 
(5.7% vs. 3.1%, P = 0.025), and a longer hospital stay (15 days vs. 11 days, P < 0.001), as 
compared to pancreato-duodenectomy for other cancers. In multivariable analysis, 
duodenal adenocarcinoma was independently associated with major complications (OR 
1.14, 95CI 1.03-1.27, P = 0.011).

Conclusion: Pancreatoduodenectomy for duodenal adenocarcinoma is associated with 
higher rates of major complications, pancreatic fistula, re-interventions, and in-hospital 
mortality compared to patients undergoing pancreatoduodenectomy for other cancers. 
These findings should be considered in patient counseling and postoperative management.
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INTRODUCTION
Duodenal adenocarcinoma is a rare disease with a rising incidence.1 Locoregional duodenal 
and other periampullary cancers are primarily treated by pancreatoduodenectomy and, 
potentially, adjuvant chemotherapy.1-3 Tumour morphology of duodenal adenocarcinoma 
demonstrates an intestinal type differentiation, resembling colorectal cancer, while most 
other periampullary cancers have a pancreaticobiliary type differentiation.4 A better overall 
survival has been reported for patients with duodenal adenocarcinoma compared to 
patients with other periampullary cancers.4, 5 

Mortality after pancreatoduodenectomy has decreased over the last decades. Reported 
in-hospital mortality rates are less than 5% in specialized centers.6, 7 This is partially due 
to centralization of the operation, with pancreatoduodenectomy being increasingly 
performed in high-volume centres8, and better management of major complications such 
as postoperative pancreatic fistula (POPF) and their sequalae, abdominal sepsis and post-
pancreatectomy haemorrhage (PPH).9, 10 While mortality rates for pancreatoduodenectomy 
have decreased considerably, postoperative morbidity rates can still reach up to 67%.11-13

In surgical series on pancreatoduodenectomy, outcome for patients with duodenal 
adenocarcinoma is often combined with other periampullary cancers because of their low 
incidence.14-16 This results in limited knowledge of postoperative mortality and complication 
rates after pancreatoduodenectomy for duodenal adenocarcinoma. However, adequately 
identifying perioperative risk factors is pivotal for clinicians to better select patients with 
duodenal adenocarcinoma for curative resection and adequately counsel patients. This 
multicenter, nationwide audit-based study aimed to determine the postoperative morbidity 
and mortality after pancreatoduodenectomy for duodenal adenocarcinoma compared to 
other periampullary cancers.

METHODS
Consecutive patients after pancreatoduodenectomy for duodenal adenocarcinoma and 
other periampullary cancers (pancreatic ductal adenocarcinoma, distal cholangiocarcinoma, 
and ampullary cancer) between 2014-2019 were included from the nationwide mandatory 
Dutch Pancreatic Cancer Audit (DPCA). This audit covers all pancreatic resections and 
demonstrates high accuracy and case ascertainment.17 In this study, only patients 
with adenocarcinoma were included based on final postoperative histopathology. The 
group of duodenal adenocarcinoma included patients with a final diagnosis of duodenal 
adenocarcinoma, which did not include (intestinal type) ampullary carcinoma. Informed 
consent nor ethical approval for this study was required since data are anonymously 
registered. Complication rates, hospital stay, and mortality after pancreatoduodenectomy 
were compared for duodenal adenocarcinoma and other periampullary cancers. 
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Definitions & end points
Postoperative complications were classified according to the Clavien-Dindo classification, of 
which only complications with at least grade IIIa were included (i.e., major complications). 
Pancreatic surgery-specific complications were scored according to the International Study 
Group of Pancreatic Surgery (ISGPS) definitions for postoperative pancreatic fistula, post-
pancreatectomy hemorrhage, delayed gastric emptying (DGE), and bile leakage.18-21 Only 
clinically relevant complications, defined as grade B/C, were included.

The primary end point was the rate of major complications (Clavien-Dindo ≥ III). Secondary 
end points were length of stay, in-hospital mortality rates, and pancreatic-specific 
complications.

Statistical analysis
Normally distributed continuous data were presented as means with standard deviations 
(SD) and compared using a Student’s t-test. Non-normally distributed continuous data were 
expressed as medians with interquartile ranges (IQR) and assessed using the Mann-Whitney 
U test. Categorical data were presented in frequencies with percentages and analyzed with 
the Chi-square test. Multivariable complete-case logistic regression analyses, adjusted 
for all relevant confounders based on literature and expert opinion were performed to 
assess the association between diagnosis and major complications (Clavien-Dindo ≥ III). 
Confounders were patient characteristics (sex, age, BMI, pre-operative weight loss, and 
ASA), peri-operative care (neo-adjuvant treatment, pre-operative biliary drainage, peri-
operative use of octreotide), and intraoperative findings (pancreatic texture and diameter 
of the pancreatic duct).

RESULTS
Baseline characteristics
Overall, 3113 consecutive patients after pancreatoduodenectomy for cancer were included; 
264 (9%) patients with duodenal adenocarcinoma and 2849 (91%) patients with other 
periampullary cancers, of which 1753 (56%) with pancreas ductal adenocarcinoma, 546 
(17%) with distal cholangiocarcinoma, and 550 (18%) with ampullary cancer. Baseline 
characteristics are summarized in Table 1. Patient characteristics (e.g., sex and age) did not 
differ between duodenal adenocarcinoma and other periampullary cancers. Patients after 
pancreatoduodenectomy for duodenal adenocarcinoma had less preoperative weight loss 
(4 vs. 5 kg, P = 0.018) and less often underwent preoperative biliary drainage (14% vs. 64%, 
P < 0.001).
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Table 1. Patient and perioperative characteristics after pancreatoduodenectomy

Overall
N = 3 113

Duodenal 
adenocarcinoma 

N = 264

Other periampullary 
cancers

N = 2 849

P-value

Sex (female) 1 370 (44%) 116 (44%) 1 254 (44%) 0.981

Age 69.0 (62.0 - 75.0) 68.0 (60.8 - 74.0) 69.0 (62.0 - 75.0) 0.085

BMI 24.0 (22.0 - 27.0) 24.0 (22.0 - 28.0) 24.0 (22.0 - 27.0) 0.562

Preoperative weight loss (kg)* 5.0 (2.0 - 8.0) 4.0 (0.0 - 9.0) 5.0 (2.0 - 8.0) 0.023

ASA score ( ≥3) 816 (26%) 75 (29%) 741 (26%) 0.618

Charlson Comorbidity Index (≥2) 878 (28%) 89 (34%) 789 (28%) 0.025

Biliary drainage 1 862 (62%) 37 (15%) 1 831 (66%) <0.001

Neoadjuvant therapy 221 (7.3%) 6 (2.4%) 215 (7.8%) 0.002

Octreotide 1 899 (62%) 176 (67%) 1 723 (60%) 0.030

Surgical approach 0.114

Open 2 577 (85%) 229 (88%) 2 348 (84%)

Laparoscopic 216 (7.1%) 18 (6.9%) 198 (7.1%)

Robot-assisted 256 (8.4%) 13 (5.0%) 243 (8.7%)

Pancreatic texture* <0.001

Soft or normal 1 643 (58%) 203 (84%) 1 440 (56%)

Hard or fibrotic 1 189 (42%) 38 (16%) 1 151 (44%)

Pancreatic duct diameter (mm)* 4.0 (3.0 - 6.0) 3.0 (2.0 - 4.0) 4.0 (3.0 - 6.0) <0.001

n (%); Median (IQR); BMI, Body Mass Index; ASA, American Society of Anesthesiology; P: Pearson’s Chi-squared 
test; Wilcoxon rank sum test; Fisher’s exact test 

Surgical outcome
Post-operative complications and mortality are shown in Table 2. In total, 929 (29.8%) 
patients experienced major complications. Major complications were more often seen after 
pancreatoduodenectomy for duodenal adenocarcinoma (42.8% vs. 28.6%, P < 0.001), as 
compared to other periampullary cancers.

In-hospital mortality was higher in patients with duodenal adenocarcinoma (5.7%vs. 3.1%; 
P = 0.025). Re-intervention was more common in patients with duodenal adenocarcinoma 
(39.8% vs. 26.6%; P < 0.001), especially regarding radiologic drainage (28.3%vs. 17.6%; 
P < 0.001). Complications leading to intensive care admission occurred more often in 
patients with duodenal adenocarcinoma (14.3% vs. 10.3%; P = 0.046). The median length 
of hospital stay was longer for patients with duodenal adenocarcinoma in comparison to 
other periampullary cancers (15 days [IQR 9-24] vs. 11 days [IQR 8-17]; P < 0.001). Subgroup 
analysis of postoperative outcome stratified by diagnosis is shown in Supplementary table 1.
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Table 2. Surgical outcome after pancreatoduodenectomy

Overall

N = 3 113

Duodenal 
adenocarcinoma

N = 264

Other periampullary 
cancers

N = 2 849

P-value¥

Major complications# 901 (30%) 109 (43%) 792 (29%) <0.001

Postoperative pancreatic fistula* 443 (14%) 61 (23%) 382 (13%) <0.001

Post-pancreatect. hemorrhage* 234 (7.6%) 24 (9.3%) 210 (7.5%) 0.298

Delayed gastric emptying* 561 (18%) 65 (25%) 496 (18%) 0.002

Bile leakage* 128 (4.2%) 22 (8.4%) 106 (3.8%) <0.001

Postoperative interventions 863 (28%) 105 (40%) 758 (27%) <0.001

Intensive care admission 328 (11%) 37 (14%) 291 (10%) 0.043

Length of stay (days) 12.0 (8.0 - 18.0) 15.0 (9.0 - 23.8) 11.0 (8.0 - 17.0) <0.001

Readmission 467 (16%) 45 (18%) 422 (16%) 0.242

In-hospital mortality 106 (3.4%) 15 (5.7%) 91 (3.2%) 0.033

n (%); median (IQR); #Clavien Dindo ≥III; ¥Pearson’s Chi-squared test; Fisher’s exact test; *Grade B/C according to 
the ISGPS/ISGLS criteria

Table 3. Association between preoperative variables and major complications in multivariable analysis

OR 95% CI P-value
Age 1.000 0.988 - 1.012 0.998

Sex (male) 1.306 1.039 - 1.641 0.022

BMI 1.016 0.989 - 1.043 0.245

Preoperative weight loss 0.984 0.961 - 1.007 0.169

ASA score

   ASA 1 Reference

   ASA 2 1.087 0.722 - 1.637 0.715

   ASA ≥3 1.637 1.045 - 2.564 0.031

Perioperative octreotide 1.115 0.881 - 1.412 0.365

Preoperative biliary drainage 0.922 0.772 - 1.264 0.988

Pancreatic texture (hard/firm) 0.651 0.511 - 0.830 0.001

Neoadjuvant therapy 1.069 0.945 - 1.069 0.867

Pancreatic duct diameter 0.930 0.893 - 0.967 < 0.001

Diagnosis (duodenal adenocarcinoma) 1.142 1.031 - 1.266 0.011

OR: Odds ratio, CI: confidence interval,  BMI: Body Mass Index, ASA: American Society of Anesthesiology



93

Surgical outcome after pancreatoduodenectomy for duodenal adenocarcinoma

Multivariable analysis for major complications
Overall, 1881 patients were included in the multivariable logistic regression analysis for the 
development of major complications (Table 3). Multivariable analysis identified male sex 
(OR 1.31, 95CI 1.04 - 1.64, P = 0.022), ASA-score of III or higher (OR 1.64, 95CI 1.05 - 2.56, P 
= 0.031), pancreatic texture (OR 0.65, 95CI 0.51 - 0.83, P = 0.001), pancreatic duct diameter 
(OR 0.93, 95CI 0.89 – 0.97, P < 0.001), and duodenal adenocarcinoma (OR 1.14, 95CI 1.03 - 
1.27, P = 0.011) as independent factors influencing the development of major complications.

DISCUSSION
This first multicenter nationwide study on surgical outcome after pancreatoduodenectomy 
for duodenal adenocarcinoma found more major complications, more reinterventions, longer 
postoperative stay, and higher mortality compared to pancreatoduodenectomy for other 
periampullary cancers. Only a few, mostly small, monocenter studies reported on surgical 
outcome after pancreatoduodenectomy for duodenal adenocarcinoma and compared those 
with outcomes for other periampullary tumours.14, 15, 22-27 An overview of these studies, based 
on a systematic search, is shown in Table 4. The reported rates of major complications after PD 
for duodenal adenocarcinoma varied between 18%- 24%.14, 15, 27 Some of these studies included 
only patients with duodenal adenocarcinoma whereas others performed a subgroup analysis 
within a larger cohort. In addition, none of these studies included all endpoints reported in 
the current study. The higher rate of major complications found in the present study may be 
related to the prospective nature of the Dutch Pancreatic Cancer Audit. Moreover, the current 
study may better reflect more daily clinical practice than monocenter studies.

Table 4. Studies on pancreatoduodenectomy for duodenal adenocarcinoma

Author Year Mono- vs. 
multicenter

N POPF PPH DGE In-hospital 
Mortality

CD ≥ III Hospital 
stay

B/C B/C B/C

Bakeen22 2000 Mono 45 16 (35%)** nr nr 1 (2%) nr nr

He23 2014 Mono 158 17 (11%)** nr 16 (10%) nr nr nr

Lee25 2014 Mono 44 11 (25%)** nr 1 (2%) 0 (0%) nr nr

Shamali26 2016 Mono 40* 10 (25%) 4 (10%) 5 (13%) 2 (5%) nr 15

Lee24 2016 Multi 38* 9 (24%) nr nr 3 (10%) nr nr

Bourgouin14 2017 Mono 25 6 (24%) 4 (16%) 4 (16%) 1 (4%) 6 (24%) 22

Wiltberger27 2018 Mono 46 8 (17%) 3 (7%) nr 4 (9%) 11 (24%) 19

Jung15 2020 Mono 131 14 (11%) nr nr 2 (2%) 24 (18%) 16

Wang16 2021 Mono 92 9 (10%) 6 (7%) 9 (10%) 0 (%) 16 (17%) nr

De Bakker, 
Suurmeijer

Curr Multi 264 61 (23%) 24 (9%) 65 (25%) 15(6%) 113 (43%) 15 (9-24)

Number DA: * also adenoma included; POPF: Postoperative Pancreatic Fistula: ** No differentiation in B/C grade, 
PPH: Post Pancreatectomy Hemorrhage, DGE: Delayed Gastric Emptying, CD: Clavien Dindo, nr: not reported; Based 
on a search in PubMed: “pancreaticoduodenectomy AND adenocarcinoma AND complications AND (duodenum OR 
duodenal)”
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Multivariable analysis confirmed the positive correlation between high ASA score, 
soft pancreatic texture, small pancreatic duct diameter, and the occurrence of major 
complications.28, 29 It is widely recognized that soft pancreatic texture and small diameter 
of the pancreatic duct are associated with POPF. This study confirms that both are also 
associated with major complications. Patients with duodenal adenocarcinoma usually have 
both these risk factors, which poses them at greater risk for complications.15, 26 However, 
in the present analysis, even after adjustment for pancreatic texture and duct diameter, 
duodenal adenocarcinoma as indication for pancreatoduodenectomy remained an 
independent risk factor for postoperative complications.

In the current study, somatostatin analogs (Octreotide or Pasireotide) were used more often 
in patients with duodenal adenocarcinoma (67% vs. 60%, P = 0.03). However, the value 
of these agents in preventing POPF in all patients undergoing a pancreatoduodenctomy 
remains debated.30, 31  Based on our results, no benefit of somatostatin use was observed in 
patients after pancreatoduodenectomy for duodenal adenocarcinoma.   

Neoadjuvant or induction chemotherapy, radiotherapy, or a combination has been more 
frequently provided for patients with pancreatic cancer over the last decade, also affecting 
the patients included in the current analysis. Neoadjuvant therapy could impact the texture 
of pancreatic tissue, which has been associated with reduced rates of POPF.32 

The results of the present study should be interpreted considering several limitations. First, 
information bias regarding the lack of information on patient’s preoperative nutritional status 
as no data on nutritional status are available in the nationwide prospectively recorded Dutch 
Pancreatic Cancer Audit (DPCA). Preoperative nutrition status in pancreatic surgery has been 
recognized as a significant variable in postoperative mortality and morbidity.33 Malignancies 
such as PDAC are widely recognized to be associated with cachexia and malnutrition.34 Jaundice, 
exocrine insufficiency, and weight loss are the most common preoperative findings noted in 
patients with PDAC.35, 36 A gastric outlet obstruction caused by duodenal adenocarcinoma can 
lead to cachexia and malnutrition which further impairs nutrition status.  Second, although 
all complications are registered during hospital admission or within 30 days postoperatively, 
no information was available on the exact timing in which complications in the present 
study population were diagnosed and/or treated. Third, data on bile duct diameter was not 
available. However, it seems likely that the higher rate of bile leak is related to less dilated bile 
ducts in patients with duodenal adenocarcinoma as compared to other patients undergoing 
pancreatoduodenectomy. Fourth, during the majority of the study period, the Dutch hospitals 
had no uniform postoperative algorithm for detecting and treating complications. Such a 
protocol has been implemented recently during the nationwide PORSCH trial, which included 
patients with duodenal adenocarcinoma and reduced mortality after pancreatic surgery.37 
Fifth, no data on adjuvant chemotherapy was available. Major morbidity could influence the 
rate of adjuvant chemotherapy, for instance, in patients with positive nodal status. Efforts 
are underway to couple the DPCA to the Dutch cancer registry allowing for such analyses. 
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Ways to reduce the relatively high rates of major complications after pancreatoduodenectomy 
for duodenal adenocarcinoma should be the subject of further investigation. Preventive 
measurements such as preoperative prehabilitation could potentially contribute in this 
manner.38 The role of somatostatin analogs in the prevention of POPF remains unclear.30, 39 An 
intervention to alter the pancreatic texture using stereotactic radiotherapy is currently being 
investigated in the multicenter phase II FIBROPANC trial (NL9299). 

CONCLUSION
Pancreatoduodenectomy for duodenal adenocarcinoma is associated with higher rates of 
major complications and in-hospital mortality compared to patients undergoing pancreato-
duodenectomy for other periampullary cancers. This finding is relevant when counseling 
patients with duodenal adenocarcinoma undergoing pancreatoduodenectomy and 
optimizing postoperative treatment strategies. 

Supplementary table 1. Postoperative outcome after pancreatoduodenectomy stratified by diagnosis

Overall

N = 3,113

Pancreatic 
carcinoma
N = 1,753

Cholangio
carcinoma

N = 546

Ampullary 
carcincoma

N = 550

Duodenal 
carcinoma

N = 264
Major 
complications#

901 (30%) 407 (24%) 204 (39%) 181 (34%) 109 (43%)

   Missing 90 44 22 16 8

POPF* 443 (14%) 137 (7.9%) 132 (24%) 113 (21%) 61 (23%)

   Missing 17 9 3 5 0

PPH* 234 (7.6%) 108 (6.2%) 42 (7.8%) 60 (11%) 24 (9.3%)

   Missing 44 23 9 7 5

DGE* 561 (18%) 263 (15%) 123 (23%) 110 (20%) 65 (25%)

   Missing 35 11 9 8 7

Bile leakage* 128 (4.2%) 50 (2.9%) 31 (5.8%) 25 (4.6%) 22 (8.4%)

   Missing 32 14 7 9 2

Postop interventions 863 (28%) 385 (22%) 199 (37%) 174 (32%) 105 (40%)

   Missing 60 30 15 12 3

ICU admission 328 (11%) 153 (8.8%) 69 (13%) 69 (13%) 37 (14%)

   Missing 41 22 6 7 6

Length of stay (days) 12 (8 - 18) 11 (8 - 16) 13 (9 - 20) 12 (8 - 19) 15 (9 - 24)

   Missing 34 23 3 5 3

Readmission 467 (15%) 268 (16%) 82 (15%) 72 (13%) 45 (17%)

   Missing 49 25 13 7 4

In-hospital mortality 103 (3.3%) 49 (2.8%) 19 (3.5%) 20 (3.6%) 15 (5.7%)

N (%); Median (IQR) PPH: Post Pancreatectomy Hemorrhage; #Complications Clavien Dindo ≥III; *All grade B/C 
according to ISGPG/ISGLG criteria

6



96

Chapter 6

REFERENCES
1. Bilimoria KY, Bentrem DJ, Wayne JD, Ko CY, Bennett CL, Talamonti MS. Small bowel cancer in the United 

States: changes in epidemiology, treatment, and survival over the last 20 years. Ann Surg 2009;249(1): 
63-71.

2. Meijer LL, Alberga AJ, de Bakker JK, van der Vliet HJ, Le Large TYS, van Grieken NCT, de Vries R, Daams 
F, Zonderhuis BM, Kazemier G. Outcomes and Treatment Options for Duodenal Adenocarcinoma: A 
Systematic Review and Meta-Analysis. Ann Surg Oncol 2018;25(9): 2681-2692.

3. Ahn DH, Bekaii-Saab T. Ampullary cancer: an overview. Am Soc Clin Oncol Educ Book 2014: 112-115.

4. Delaunoit T, Neczyporenko F, Limburg PJ, Erlichman C. Pathogenesis and risk factors of small bowel 
adenocarcinoma: a colorectal cancer sibling? Am J Gastroenterol 2005;100(3): 703-710.

5. Hester CA, Dogeas E, Augustine MM, Mansour JC, Polanco PM, Porembka MR, Wang SC, Zeh HJ, 
Yopp AC. Incidence and comparative outcomes of periampullary cancer: A population-based analysis 
demonstrating improved outcomes and increased use of adjuvant therapy from 2004 to 2012. J Surg 
Oncol 2019;119(3): 303-317.

6. Sánchez-Velázquez P, Muller X, Malleo G, Park JS, Hwang HK, Napoli N, Javed AA, Inoue Y, Beghdadi 
N, Kalisvaart M, Vigia E, Walsh CD, Lovasik B, Busquets J, Scandavini C, Robin F, Yoshitomi H, Mackay 
TM, Busch OR, Hartog H, Heinrich S, Gleisner A, Perinel J, Passeri M, Lluis N, Raptis DA, Tschuor 
C, Oberkofler CE, DeOliveira ML, Petrowsky H, Martinie J, Asbun H, Adham M, Schulick R, Lang H, 
Koerkamp BG, Besselink MG, Han HS, Miyazaki M, Ferrone CR, Fernández-Del Castillo C, Lillemoe KD, 
Sulpice L, Boudjema K, Del Chiaro M, Fabregat J, Kooby DA, Allen P, Lavu H, Yeo CJ, Barroso E, Roberts 
K, Muiesan P, Sauvanet A, Saiura A, Wolfgang CL, Cameron JL, Boggi U, Yoon DS, Bassi C, Puhan MA, 
Clavien PA. Benchmarks in Pancreatic Surgery: A Novel Tool for Unbiased Outcome Comparisons. Ann 
Surg 2019;270(2): 211-218.

7. Mackay TM, Gleeson EM, Wellner UF, Williamsson C, Busch OR, Groot Koerkamp B, Keck T, van 
Santvoort HC, Tingstedt B, Pitt HA, Besselink MG. Transatlantic registries of pancreatic surgery in 
the United States of America, Germany, the Netherlands, and Sweden: Comparing design, variables, 
patients, treatment strategies, and outcomes. Surgery 2021;169(2): 396-402.

8. de Wilde RF, Besselink MG, van der Tweel I, de Hingh IH, van Eijck CH, Dejong CH, Porte RJ, Gouma DJ, 
Busch OR, Molenaar IQ. Impact of nationwide centralization of pancreaticoduodenectomy on hospital 
mortality. Br J Surg 2012;99(3): 404-410.

9. Pedrazzoli S. Pancreatoduodenectomy (PD) and postoperative pancreatic fistula (POPF) A systematic 
review and analysis of the POPF-related mortality rate in 60,739 patients retrieved from the English 
literature published between 1990 and 2015. Medicine 2017;96(19).

10. Pessaux P, Sauvanet A, Mariette C, Paye F, Muscari F, Cunha AS, Sastre B, Arnaud JP, Federation 
de Recherche en C. External pancreatic duct stent decreases pancreatic fistula rate after 
pancreaticoduodenectomy: prospective multicenter randomized trial. Ann Surg 2011;253(5): 879-885.

11. House MG, Fong Y, Arnaoutakis DJ, Sharma R, Winston CB, Protic M, Gonen M, Olson SH, Kurtz RC, 
Brennan MF, Allen PJ. Preoperative predictors for complications after pancreaticoduodenectomy: 
impact of BMI and body fat distribution. J Gastrointest Surg 2008;12(2): 270-278.

12. Lermite E, Wu T, Sauvanet A, Mariette C, Paye F, Muscari F, Cunha AS, Sastre B, Arnaud JP, Pessaux P, 
Federation de Recherche en C. Postoperative biological and clinical outcomes following uncomplicated 
pancreaticoduodenectomy. Korean J Hepatobiliary Pancreat Surg 2016;20(1): 23-31.

13. van Rijssen LB, Zwart MJ, van Dieren S, de Rooij T, Bonsing BA, Bosscha K, van Dam RM, van Eijck CH, 
Gerhards MF, Gerritsen JJ, van der Harst E, de Hingh IH, de Jong KP, Kazemier G, Klaase J, van der Kolk 
BM, van Laarhoven CJ, Luyer MD, Molenaar IQ, Patijn GA, Rupert CG, Scheepers JJ, van der Schelling GP, 
Vahrmeijer AL, Busch ORC, van Santvoort HC, Groot Koerkamp B, Besselink MG. Variation in hospital 
mortality after pancreatoduodenectomy is related to failure to rescue rather than major complications: 
a nationwide audit. HPB (Oxford) 2018;20(8): 759-767.



97

Surgical outcome after pancreatoduodenectomy for duodenal adenocarcinoma

14. Bourgouin S, Ewald J, Mancini J, Moutardier V, Delpero JR, Le Treut YP. Predictive factors of severe 
complications for ampullary, bile duct and duodenal cancers following pancreaticoduodenectomy: 
Multivariate analysis of a 10-year multicentre retrospective series. Surgeon 2017;15(5): 251-258.

15. Jung JH, Choi DW, Yoon S, Yoon SJ, Han IW, Heo JS, Shin SH. Three Thousand Consecutive 
Pancreaticoduodenectomies in a Tertiary Cancer Center: A Retrospective Observational Study. Journal 
of clinical medicine 2020;9(8).

16. Wang W, Liu Q, Zhao ZM, Tan XL, Wang ZZ, Zhang KD, Liu R. Comparison of robotic and open 
pancreaticoduodenectomy for primary nonampullary duodenal adenocarcinoma: a retrospective 
cohort study. Langenbecks Arch Surg 2021.

17. van Rijssen LB, Koerkamp BG, Zwart MJ, Bonsing BA, Bosscha K, van Dam RM, van Eijck CH, Gerhards 
MF, van der Harst E, de Hingh IH, de Jong KP, Kazemier G, Klaase J, van Laarhoven CJ, Molenaar IQ, 
Patijn GA, Rupert CG, van Santvoort HC, Scheepers JJ, van der Schelling GP, Busch OR, Besselink MG. 
Nationwide prospective audit of pancreatic surgery: design, accuracy, and outcomes of the Dutch 
Pancreatic Cancer Audit. HPB (Oxford) 2017;19(10): 919-926.

18. Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, Fan ST, Yokoyama Y, Crawford M, 
Makuuchi M, Christophi C, Banting S, Brooke-Smith M, Usatoff V, Nagino M, Maddern G, Hugh TJ, 
Vauthey JN, Greig P, Rees M, Nimura Y, Figueras J, DeMatteo RP, Buchler MW, Weitz J. 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): 680-688.

19. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, Allen P, Andersson R, Asbun HJ, 
Besselink MG, Conlon K, Del Chiaro M, Falconi M, Fernandez-Cruz L, Fernandez-Del Castillo C, Fingerhut 
A, Friess H, Gouma DJ, Hackert T, Izbicki J, Lillemoe KD, Neoptolemos JP, Olah A, Schulick R, Shrikhande 
SV, Takada T, Takaori K, Traverso W, Vollmer CR, Wolfgang CL, Yeo CJ, Salvia R, Buchler M. The 2016 
update of the International Study Group (ISGPS) definition and grading of postoperative pancreatic 
fistula: 11 Years After. Surgery 2017;161(3): 584-591.

20. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with 
evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004;240(2): 205-213.

21. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, Neoptolemos JP, Padbury RT, 
Sarr MG, Yeo CJ, Büchler MW. Postpancreatectomy hemorrhage (PPH): an International Study Group of 
Pancreatic Surgery (ISGPS) definition. Surgery 2007;142(1): 20-25.

22. Bakaeen FG, Murr MM, Sarr MG, Thompson GB, Farnell MB, Nagorney DM, Farley DR, van Heerden 
JA, Wiersema LM, Schleck CD, Donohue JH. What prognostic factors are important in duodenal 
adenocarcinoma? Arch Surg 2000;135(6): 635-641; discussion 641-632.

23. He J, Ahuja N, Makary MA, Cameron JL, Eckhauser FE, Choti MA, Hruban RH, Pawlik TM, Wolfgang CL. 
2564 resected periampullary adenocarcinomas at a single institution: trends over three decades. HPB 
(Oxford) 2014;16(1): 83-90.

24. Lee CHA, Shingler G, Mowbray NG, Al-Sarireh B, Evans P, Smith M, Usatoff V, Pilgrim C. Surgical outcomes 
for duodenal adenoma and adenocarcinoma: a multicentre study in Australia and the United Kingdom. 
ANZ J Surg 2018;88(3): E157-e161.

25. Lee SY, Lee JH, Hwang DW, Kim SC, Park KM, Lee YJ. Long-term outcomes in patients with duodenal 
adenocarcinoma. ANZ J Surg 2014;84(12): 970-975.

26. Shamali A, McCrudden R, Bhandari P, Shek F, Barnett E, Bateman A, Abu Hilal M. Pancreaticoduodenectomy 
for nonampullary duodenal lesions: indications and results. European journal of gastroenterology & 
hepatology 2016;28(12): 1388-1393.

27. Wiltberger G, Krenzien F, Atanasov G, Hau HM, Schmelzle M, Bartels M, Benzing C. 
Pancreaticoduodenectomy for periampullary cancer: does the tumour entity influence perioperative 
morbidity and long-term outcome? 2018(0001-5458 (Print)).

28. Mungroop TH, Klompmaker S, Wellner UF, Steyerberg EW, Coratti A, D’Hondt M, de Pastena M, Dokmak 
S, Khatov I, Saint-Marc O, Wittel U, Abu Hilal M, Fuks D, Poves I, Keck T, Boggi U, Besselink MG. Updated 

6



98

Chapter 6

Alternative Fistula Risk Score (ua-FRS) to Include Minimally Invasive Pancreatoduodenectomy: Pan-
European Validation. Ann Surg 2021;273(2): 334-340.

29. Mungroop TH, van Rijssen LB, van Klaveren D, Smits FJ, van Woerden V, Linnemann RJ, de Pastena M, 
Klompmaker S, Marchegiani G, Ecker BL, van Dieren S, Bonsing B, Busch OR, van Dam RM, Erdmann J, 
van Eijck CH, Gerhards MF, van Goor H, van der Harst E, de Hingh IH, de Jong KP, Kazemier G, Luyer M, 
Shamali A, Barbaro S, Armstrong T, Takhar A, Hamady Z, Klaase J, Lips DJ, Molenaar IQ, Nieuwenhuijs VB, 
Rupert C, van Santvoort HC, Scheepers JJ, van der Schelling GP, Bassi C, Vollmer CM, Steyerberg EW, Abu 
Hilal M, Groot Koerkamp B, Besselink MG. Alternative Fistula Risk Score for Pancreatoduodenectomy 
(a-FRS): Design and International External Validation. Ann Surg 2019;269(5): 937-943.

30. Chen JS, Liu G, Li TR, Chen JY, Xu QM, Guo YZ, Li M, Yang L. Pancreatic fistula after pancreaticoduodenectomy: 
Risk factors and preventive strategies. J Cancer Res Ther 2019;15(4): 857-863.

31. Sarr MG. The potent somatostatin analogue vapreotide does not decrease pancreas-specific 
complications after elective pancreatectomy: a prospective, multicenter, double-blinded, randomized, 
placebo-controlled trial. J Am Coll Surg 2003;196(4): 556-564; discussion 564-555; author reply 565.

32. van Dongen JC, Wismans LV, Suurmeijer JA, Besselink MG, de Wilde RF, Groot Koerkamp B, van Eijck 
CHJ. The effect of preoperative chemotherapy and chemoradiotherapy on pancreatic fistula and other 
surgical complications after pancreatic resection: a systematic review and meta-analysis of comparative 
studies. HPB (Oxford) 2021;23(9): 1321-1331.

33. Hamza N, Darwish A, O’Reilly DA, Denton J, Sheen AJ, Chang D, Sherlock DJ, Ammori BJ. Perioperative 
Enteral Immunonutrition Modulates Systemic and Mucosal Immunity and the Inflammatory Response 
in Patients With Periampullary Cancer Scheduled for Pancreaticoduodenectomy: A Randomized Clinical 
Trial. Pancreas 2015;44(1): 41-52.

34. van Dijk DPJ, van Woerden V, Cakir H, den Dulk M, Olde Damink SWM, Dejong CHC. ERAS: Improving 
outcome in the cachectic HPB patient. J Surg Oncol 2017;116(5): 617-622.

35. Fearon KC, Barber MD, Falconer JS, McMillan DC, Ross JA, Preston T. Pancreatic cancer as a model: 
inflammatory mediators, acute-phase response, and cancer cachexia. World J Surg 1999;23(6): 584-588.

36. Gupta R, Ihmaidat H. Nutritional effects of oesophageal, gastric and pancreatic carcinoma. Eur J Surg 
Oncol 2003;29(8): 634-643.

37. Smits FJ, Henry AC, van Eijck CH, Besselink MG, Busch OR, Arntz M, Bollen TL, van Delden OM, van 
den Heuvel D, van der Leij C, van Lienden KP, Moelker A, Bonsing BA, Borel Rinkes IHM, Bosscha K, 
van Dam RM, Festen S, Groot Koerkamp B, van der Harst E, de Hingh IH, Kazemier G, Liem M, van der 
Kolk BM, de Meijer VE, Patijn GA, Roos D, Schreinemakers JM, Wit F, van Werkhoven CH, Molenaar IQ, 
van Santvoort HC. Care after pancreatic resection according to an algorithm for early detection and 
minimally invasive management of pancreatic fistula versus current practice (PORSCH-trial): design and 
rationale of a nationwide stepped-wedge cluster-randomized trial. Trials 2020;21(1): 389.

38. van Wijk L, van der Snee L, Buis CI, Hentzen J, Haveman ME, Klaase JM. A prospective cohort study 
evaluating screening and assessment of six modifiable risk factors in HPB cancer patients and 
compliance to recommended prehabilitation interventions. Perioper Med (Lond) 2021;10(1): 5.

39. Li T, D’Cruz RT, Lim SY, Shelat VG. Somatostatin analogues and the risk of post-operative pancreatic 
fistulas after pancreatic resection - A systematic review & meta-analysis. Pancreatology 2020;20(2): 
158-168.



99

Surgical outcome after pancreatoduodenectomy for duodenal adenocarcinoma

6





CHAPTER 7
Preoperative radiotherapy in patients at very 

high risk of postoperative pancreatic fistula after 
pancreatoduodenectomy (FIBROPANC):  

a multicenter phase II study

J Annelie Suurmeijer*, Leonoor V Wismans*, Tessa E Hendriks, Anna M Bruynzeel, 
Joost J Nuyttens, Lydi M van Driel, Olivier R Busch, Martijn P Intven, Jaap Stoker, Joanne 

Verheij, Arantza Fariña Sarasqueta, Michail Doukas, Ignace H de Hingh, Daan J Lips, E van 
der Harst, Geertjan van Tienhoven# Marc G Besselink#, Casper H van Eijck# 

for the Dutch Pancreatic Cancer Group

* Shared first authorship
# Shared senior authors

Submitted



102

Chapter 7

ABSTRACT
Background: Postoperative pancreatic fistula (POPF) occurs in 25% after pancreato-
duodenectomy (PD) in high risk patients. Hereby, POPF remains a driving cause of major 
morbidity, mortality, increased costs, and increased hospital stay after PD. There is need 
for novel preoperative interventions to decrease the rate of POPF after PD. Preoperative 
chemoradiotherapy seems to reduce the rate of POPF after PD for pancreatic ductal 
adenocarcinoma. However, patients with a high risk of POPF mostly have a non-pancreatic 
periampullary tumor and do not receive preoperative chemoradiotherapy. In the current 
study, we hypothesize that a single course of preoperative radiotherapy may lead to 
fibrosis in a small targeted area (4 cm) at the future pancreatic transection margin, thereby 
reducing the risk of grade B/C POPF in patients at high risk of developing POPF after 
pancreatoduodenectomy. This study aims to investigate the feasibility and safety of targeted 
preoperative stereotactic radiotherapy in patients undergoing pancreatoduodenectomy at 
high risk (>25%) of developing POPF.

Methods: This is a multicenter, open-label, single-arm phase II clinical study. Adult patients 
scheduled for pancreatoduodenectomy for malignant and premalignant periampullary 
tumors, excluding pancreatic adenocarcinoma, with a pancreatic duct diameter ≤ 3 
millimeters, are included. The primary outcome is the safety and feasibility of a single-dose 
preoperative radiotherapy prior to pancreatoduodenectomy. The most relevant secondary 
outcomes are grade B/C POPF and the difference in the extent of fibrosis between the 
radiated and non-radiated (uncinate margin) pancreas.

Intervention: Preoperative radiotherapy delivered in a single fraction of 12 Gy, targeted on 
4 cm at the future pancreatic transection margin.

Discussion: FIBROPANC is the first multicenter open-label single-arm phase II clinical 
study with the primary objective to determine the safety and feasibility of a single fraction 
preoperative homogeneous stereotactic radiotherapy aimed to induce fibrosis at the future 
pancreatic transection margin prior to pancreatoduodenectomy in patients with a very 
high risk of postoperative pancreatic fistula, and to evaluate the potential effect on the 
development of POPF.
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BACKGROUND
Postoperative pancreatic fistula (POPF) is a potentially life-threatening complication after 
pancreatoduodenectomy associated with increased length of hospital stay, radiological 
or surgical interventions, higher readmission rates, higher costs, and mortality.1-3 Soft 
pancreatic texture, small pancreatic duct diameter (≤ 3 millimeters), high body mass index, 
and male sex are well-known risk factors for the development of POPF.4, 5 Furthermore, 
patients undergoing pancreatoduodenectomy for diagnosis other than pancreatic ductal 
adenocarcinoma (PDAC) have a higher risk of POPF.6, 7 These diagnoses include (pre)malignant 
tumors in the periampullary region, pancreatic neuroendocrine tumors, and intraductal 
papillary mucinous neoplasm (IPMN). In patients scheduled for pancreatoduodenectomy 
for another diagnosis than PDAC with a non-dilated pancreatic duct (≤ 3 millimeters), the 
risk of developing a pancreatic fistula is even more than 25%. 

In recent years, multiple studies reported a lower incidence of POPF after pancreato-
duodenectomy in patients with PDAC who had preoperative chemoradiotherapy as compared 
to patients after upfront surgery.8-10 Radiation-induced changes in acinar cell function and 
pancreatic texture may play a role in the declined risk of POPF after chemoradiotherapy. 
Radiation-induced fibrosis is characterized by tissue reorganization and immune response 
modulation due to the accumulation of various cells (i.e., fibroblasts and inflammatory 
cells) and extracellular matrix proteins, such as collagen, resulting in scar formation, 
creating support at the site of the pancreato-enteral anastomosis.11 Additionally, histologic 
evaluation of irradiated pancreatic tissue shows atrophy and distortion of the lobular 
structure with a decreased volume of acinar cells.12 Decreased exocrine secretion, as a result 
of loss of acinar cells, is suggested to have a positive effect on postoperative leakage.13, 14  
Currently, preoperative chemoradiotherapy is only indicated for patients undergoing 
pancreatoduodenectomy for PDAC, while patients with periampullary carcinomas are at 
much higher risk for the development of POPF. 

In the current study, we aim to perform a feasibility safety study for the hypothesis that 
a single dose of preoperative radiotherapy of 12 Gy targeted at 4 cm centered around 
the future pancreatic transection margin may induce local fibrosis, thereby potentially 
reducing the risk of POPF in patients with a very high risk of developing POPF (>25%) after 
pancreatoduodenectomy. 

METHODS
Study design
All participants in this multicenter open-label single-arm phase II clinical study are allocated 
to the intervention (radiotherapy) group. Given the yearly number of patients eligible for 
this study in the participating Dutch Pancreatic Cancer Group (DPCG) centers, the expected 
inclusion period will be 24-28 months. The first part of the study will be performed to establish 
safety and feasibility of radiotherapy administration before pancreatoduodenectomy.  

7
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When the criteria for the safety and feasibility are met, the second part of the study will start 
to provide a reliable estimate of the rate of grade B/C POPF (according to the International 
Study Group on Pancreatic Surgery, 20161) following the study intervention. The latter will 
be used to determine the need for a multicenter randomized controlled trial. 

Study population
The study population includes patients scheduled to undergo a high-risk pancreato-
duodenectomy, defined by a pancreatic duct diameter ≤ 3 millimeters and diagnosis other 
than PDAC.

Eligibility criteria
Inclusion criteria
In order to be eligible to participate in this study, a patient must meet the following criteria:

• Scheduled to undergo pancreatoduodenectomy for another indication than PDAC.
• Pancreatic duct diameter ≤ 3 millimeters, measured on the diagnostic CT scan (at the 

level of the portomesenteric vein, at the pancreatic neck, the future anastomotic site).
• WHO-ECOG performance status 0,1 or 2.
• Ability to undergo stereotactic radiotherapy and surgery.
• Age ≥ 18 years.
• Good understanding of the oral and written patient information provided.
• Written informed consent.

Exclusion criteria
Patients with any of the following criteria will be excluded:

• Patients undergoing pancreatoduodenectomy for (suspected) PDAC, chronic pancreatitis, 
or benign neoplasms (e.g., serous cyst).

• Patients with (a history of) chronic pancreatitis.
• Contra-indications for MRI.

Intervention
In preparation for treatment delivery, all patients will undergo a planning CT scan or a 
planning MRI in case of MR-guided stereotactic radiotherapy. When Cyberknife stereotactic 
radiotherapy is used, a fiducial marker will be placed endoscopically. Patients will be treated 
in a supine position. Radiotherapy treatment will be performed in hospitals using stereotactic 
ablative radiotherapy (SABR). A single dose of 12 Gy radiotherapy will be delivered at the 
intended location of the pancreatojejunostomy. 
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Target volumes, treatment planning, and dose prescription
The gross target volume (GTV) includes the middle of the pancreatic corpus, covering the 
intended location of the pancreatico-enteric anastomosis: from the right-sided border 
of the portal vein 4 cm to the left (i.e., towards the spleen). The planning target volume 
(PTV) margin will be generated by adding a 3-5 mm margin around the GTV, depending on 
institutional protocols. The dose prescription is 12 Gy in 1 fraction of the outline of the PTV, 
a cylinder encompassing the pancreatic duct and surrounding circumferential pancreatic 
tissue. Dosing constraints are  D95%  ≥95% of the prescribed dose (95% of the PTV receives 
at least 95% of the prescribed dose), and D2%  ≤110% of the prescribed dose (2% of the PTV 
receives a maximum dose of 110% of the prescribed dose), meaning homogenous planning. 
The stereotactic radiotherapy systems used in the study are MRI-guided radiotherapy and 
Cyberknife Technology. MRI-guided radiotherapy enables real-time adaptive planning. 
Cyberknife uses the Internal Target Volume (ITV) based on the patient’s free breathing 
movement. The ITV will be made on the in0% (beginning of inhalation), in50% (middle of 
inhalation), in100% (end of inhalation) and ex50 (middle of exhalation) (ITV=GTVin0% + GTV 
in50% + GTVin100% + GTVex50). The margin from ITV to PTV is 5 mm.

Durometer measurements
To quantify pancreatic hardness, several Durometers have been evaluated.15-17 The Rex Gauge 
Durometer outcomes (ranging from 0 to 100, Shore OO) correlate well with the subjective 
evaluation of the surgeon and the apparent diffusion coefficient values measured in MRI.15 
Durometer outcomes were significantly lower in soft pancreatic tissue (median 11, IQR 
8-13) compared to hard pancreatic tissue (median 25, IQR 21-28) (P < 0.001). Therefore, the 
Rex Gauge Durometer Shore OO was used to assess pancreatic texture in the current study. 
In the current study, two samples of the resection specimen are derived at the pathology 
department for durometer measurements: 

• Sample of radiated tissue: the pancreatic resection plane, taken parallel to the transection 
plane;

• Sample of non-radiated tissue: the uncinatus process, taken as a cross-sectional 
horizontal section of at most caudal part.

In order to perform a robust measurement, the durometer is secured in the operating stand 
(figure 1), and a minimum sample thickness of 6 millimeters is required. First, the sample 
will be positioned under the durometer and pinned to paraffin grease. The measurement 
is performed by pressing 500 grams on the sample. The average result of three repeated 
measurements on the exact location will be taken. After the measurements are completed, 
the samples are returned to the pathologist for regular diagnostics and preserved for further 
analysis.

7
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Figure 1. Durometer measurement setup (left) and sample measurement (right)

Histopathological measurements
Another way to quantify fibrosis is via digital image histopathological image analysis, 
determining the area of collagen using Sirius red.18 The sample from the pancreatic resection 
margin and uncinate process are separately enclosed and stored in accordance with regular 
protocol. At the end of the study, blocks and/or blanks of the pancreatic resection plane and  
uncinate process are requested and stained with Sirius red at Amsterdam UMC. Through 
image analysis, the percentage of collagen will be determined per sample.

Endpoints
The primary objective is to determine the safety and feasibility of a single-dose preoperative 
radiotherapy prior to pancreatoduodenectomy. All grade 3-5 events potentially related 
to the preparation (e.g., endoscopic fiducial marker placement) or administration of 
radiotherapy will be considered events for this endpoint. The study is defined as safe when 
≤ 15% of patients experience grade 3-5 toxicity. The adverse event rate should not be higher 
than the intended benefit. Feasibility is reached if a significant difference is measured in 
the hardness of the radiated part of the pancreas, as compared to the non-radiated part of 
the pancreas within the same patient (uncinate process of the pancreas) using the digital 
Rex Gauge Durometer, Model DD-4 Digital Durometer Type Shore OO.15 The Durometers 
measurement will be obtained via ex vivo measurements.
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Secondary endpoints include:

• Rate of grade B/C POPF1; 
• Histopathological assessment of fibrosis measured as the percentage of collagen in 

the pancreatic resection margin (radiated part) as compared to the uncinate process 
(non-radiated part); 

• Pancreatic texture, determined intraoperatively by the pancreatic surgeon; 
• Length of hospital stay in days;
• Readmission;
• 30-day mortality and in-hospital mortality;
• Pancreatic function postoperatively (exocrine or endocrine insufficiency).

Surgical techniques 
Pancreatoduodenectomy and anastomotic technique will be performed per the Institutional 
standard. Both open and minimal invasive pancreatoduodenectomy is included. 

Study procedures

Patient screening 
Eligible patients will be identified at the outpatient clinic and informed about the trial. After 
consideration time of 48 hours in which potential remaining questions can be answered, 
informed consent will be obtained. After written informed consent, patients will be scheduled 
for an intake with the responsible radiotherapist, planning imaging and radiotherapy. After 
the single fraction radiotherapy, pancreatoduodenectomy will follow after 4-6 weeks. A 
minimum period of four weeks is taken into account to allow for fibrosis to develop. Patients 
in whom surgery is ultimately performed within this four-week window are replaced.

Data collection
All measurements, methods, and/or tests used to assess the defined study parameters/
endpoints are collected within standard postoperative care.

Withdrawal of individual patients
Patients can withdraw consent to the study at any time for any reason if they wish to do so 
without any consequences. The investigator can withdraw a patient from the study for urgent 
medical reasons. Follow-up of patients withdrawn from treatment is following usual care.

Replacement of individual patients
Patients who drop out of the study before receiving the intervention (i.e., radiotherapy) and/
or patients who undergo pancreatoduodenectomy within four weeks after radiotherapy will 
be replaced. 

7
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Safety reporting
In accordance with section 10, subsection 1, of the WMO, the investigator will inform the 
patients and the reviewing accredited MEC if anything occurs, based on which it appears 
that the disadvantages of participation may be significantly greater than was foreseen in the 
research proposal. The study will be suspended pending further review by the accredited 
Medical Ethics Review Committee, except insofar as suspension would jeopardize the 
patient’s health. The investigator will take care that all patients are kept informed.

Adverse events (AEs)
Adverse events are any undesirable experience occurring to a patient during the study, 
whether or not considered related to fiducial marker placement or stereotactic radiotherapy. 
All adverse events classified as CTCAE version 5.0 grade 3 or higher reported spontaneously 
by the patient or observed by the investigator or his staff will be recorded. All episodes of 
the above-mentioned acute and late adverse events from fiducial marker placement will be 
reported and scored for severity using the NCI Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0.

Radiation-induced AE’s include: fatigue, loss of appetite, nausea/ vomiting, stomach 
ulcers, and diarrhea. All episodes of the above-mentioned acute and late adverse events 
from stereotactic radiation therapy will be reported and scored for severity using the NCI 
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0. All patients receive 
acid blockers and analgesics as standard of postoperative care.

Serious adverse events (SAEs)
A serious adverse event is any untoward medical occurrence or effect that 

• Results in death;
• Is life-threatening (at the time of the event);
• Requires hospitalization or prolongation of existing inpatients’ hospitalization;
• Results in persistent or significant disability or incapacity;
• Is a congenital anomaly or birth defect; 
• Any other important medical event that did not result in any of the outcomes listed 

above due to medical or surgical intervention but could have been based upon 
appropriate judgement by the investigator.

The sponsor will report all grade 4 events (possibly related to stereotactic radiotherapy 
or surgery) and all deaths (regardless of attribution) occurring until 30 days after surgery. 
These SAEs will be reported through the preferred web portal to the accredited MEC that 
approved the protocol within 15 days after the sponsor has first knowledge of the SAE. 
Only hospitalizations that prolong an existing hospitalization of >10 days will be reported. 
All SAEs will be reported until the end of study. All participating physicians involved in the 
FIBROPANC trial have to brief the study coordinator in case of mortality or any unexpected 
event that leads to a prolongation of the hospitalization or to readmission.
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Follow-up of adverse event
All AEs will be followed until they have abated or until a stable situation has been reached. 
Depending on the event, follow-up may require additional tests or medical procedures 
as indicated and/or referral to the general physician or a medical specialist. SAEs will be 
reported until the end of the study.

Data safety monitoring board
Since the low number of patients (n = 33) included in this feasibility study, no Data Safety 
Monitoring Board (DSMB) was required.

Study monitoring
A clinical research associate will monitor the study. All monitoring visitations will be 
scheduled at mutually agreeable times, periodically during the study at a frequency deemed 
appropriate. These visits will be conducted to evaluate the progress of the study, to ensure 
that the rights and well-being of the patients are protected, to check that the reported 
clinical study data are accurate, complete, and verifiable from source documents, and if the 
conduct of the study is in compliance with the approved protocol and amendments, good 
clinical practice, and applicable national regulatory requirements. A monitoring visitation 
will include a review of the essential clinical study documents (regulatory documents, 
case report forms, source documents, patient informed consent forms, etc.) as well as a 
discussion on the conduct of the study with the investigators. The investigators should be 
available during these visitations to facilitate the review of the clinical study records and to 
discuss, resolve, and document any discrepancies found during the visitation.

Protocol amendments
Amendments are changes made to the research after a favorable opinion by the accredited 
METC has been given. All amendments will be notified to the METC that gave a favorable 
opinion.

Statistical analysis

Sample size calculation
With a sample size of 20 patients and an expected reduction of 15% in POPF, a maximum 
of 3 patients (<15%) with grade 3-4-5 toxicity related to the intervention (stereotactic 
radiotherapy) is accepted. Furthermore, for efficacy in 20 patients, a one-sample t-test with 
a 5% one-sided significance level will have 80% power to detect the difference between a 
null hypothesis mean of 11 and an alternative mean of 25 (on Durometer measurements), 
assuming that the standard deviation is 21.198 as based on a recent publication.15 For the 
second part, focusing on clinical assessment to provide a reliable estimate of the rate of 
grade B/C PFOF following the study intervention, an additional 13 patients are needed to 

7
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calculate a reduction in POPF from the baseline risk of 25% to 10% (alpha = 0.05, power 0.80), 
intended 15% reduction. To prevent Type II errors, complete analysis of all endpoints (safety, 
feasibility, and POPF) are required in 33 patients. If, due to unforeseen circumstances (not 
related to intervention), an endpoint cannot be evaluated (e.g., a patient does not undergo 
resection due to the discovery of metastases during exploratory laparotomy or withdrawal 
of informed consent before the intervention), an additional patient will be included. All 
patients who have undergone the intervention (SBRT) will remain in the study for follow-up. 
The expected risk of unforeseen circumstances in the study population is low.

DISCUSSION
The FIBROPANC is the first multicenter open-label single-arm phase II clinical study with the 
primary objective to determine the safety and feasibility of a single fraction preoperative 
homogeneous stereotactic radiotherapy on 4 cm centered on the pancreatic transection 
margins prior to pancreatoduodenectomy in patients at very high risk of postoperative 
pancreatic fistula, as well as the potential effect on the development of POPF. 

The focus of this study is to assess the feasibility and safety of a single-fraction radiotherapy. 
The study intervention adds radiotherapy to the patient’s standard treatment. Radiotherapy 
can be associated with a small increased risk of secondary cancers, typically affecting organs 
adjacent to the irradiated area, initially raising concerns regarding patient safety. Several 
experts were consulted to perform an adequate risk estimate. The risk of secondary tumors 
was considered acceptable for the doses used for the current study for several reasons. First, 
by using modern SBRT techniques, the precision of radiotherapy is high and no adjacent 
organs are in the radiation field. Secondly, given the fact that the prognosis of the patients is 
largely determined by their primary tumor, the risk of radiation-induced cancer is negligible. 
Additionally, the sample size calculation incorporated clinical efficacy (a reduction in POPF 
from the baseline risk of 25% to 10%). 

Ethical considerations
This study will be conducted according to the principles of the Declaration of Helsinki (version 
October 2013) and the Medical Research Involving Human Subjects Act (WMO). The treating 
physician will inform eligible patients about the study and will explain the aims, methods, 
anticipated benefits, and potential hazards. Also, this information will be provided in print. 
Subsequently, patients will have at least 48 hours to decide if they want to participate in the 
study by giving their written informed consent. Written informed consent is required before 
any study related-procedures take place. If patients have any further questions, they can 
consult an independent physician. The investigator shall provide a copy of the information 
sheet and the signed consent form to the patient. The signed original consent form shall be 
maintained in the Investigator File. Patients participating in this study may experience AE’s. 
Subacute and late effects following a single fraction of 12 Gy are expected to be limited 
and can consist of gastrointestinal toxicity (nausea, diarrhea). Although radiotherapy can be 
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associated with a small increased risk of secondary cancers, this risk can be neglected for 
the single doses used for this study. The sponsor has an insurance that is in accordance with 
the legal requirements in the Netherlands (Article 7 WMO). This insurance provides cover 
for damage to research patients through injury or death caused by the study. The insurance 
applies to the damage that becomes apparent during the study or within four years after 
the end of the study.

CONCLUSION
FIBROPANC is the first multicenter open-label single-arm phase II clinical study with 
the primary objective to determine the safety and feasibility of a single fraction 
preoperative homogeneous stereotactic radiotherapy on 4 centimeters pancreas prior 
to pancreatoduodenectomy in patients with a very high risk of postoperative pancreatic 
fistula, as well as the potential effect on the development of POPF. 

Trial registration and status 
Ethical approval in the Amsterdam UMC was received on 20-07-2020. The trial was 
registered within the International Clinical Trials Registry Platform (ICTRP Search Portal 
(who.int)) with trial number NL72913 on 23-02-2021. The first patient was included on 08-
02-2021. Because of a SAE following endoscopic fiducial marker placement, the Cyberknife 
radiotherapy approach has been adapted so that fiducial placement was no longer necessary. 
At the moment of submission, 27/33 (81%) of patients have been included and undergone 
radiotherapy and pancreatoduodenectomy.

Public disclosure and publication policy
No arrangements have been made concerning public disclosure and publication of the 
research data and outcomes. The results of this trial will be submitted to a high-impact 
peer-reviewed medical journal regardless of the study outcome. Authorship will be based 
on the most recent international ICMJE guidelines.

Data availability
The data of this study are available from the corresponding author upon reasonable request.
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ABSTRACT   
Background: Within the Dutch Pancreatic Cancer Group, efforts have been made to improve 
outcome after pancreatic surgery. These include collaborative projects, clinical auditing, and 
the implementation of an algorithm for early recognition and management of postoperative 
complications. However, nationwide changes in outcome over time have not yet been 
described. This study aimed to describe the outcome after pancreatic surgery in the first six 
years of a mandatory nationwide audit.

Methods: This nationwide cohort study included consecutive patients after pancreato-
duodenectomy and distal pancreatectomy from the mandatory Dutch Pancreatic Cancer 
Audit (January 2014 - December 2019). Patient, tumor, and treatment characteristics were 
compared between three time periods (2014-2015, 2016-2017, and 2018-2019). Short-
term surgical outcome was investigated using multilevel multivariable logistic regression 
analyses. Primary endpoints were failure to rescue and in-hospital mortality.

Results: Overall, 5345 patients were included, of whom 4227 after pancreatoduodenectomy 
and 1118 after distal pancreatectomy. After pancreatoduodenectomy, failure to rescue 
improved from 13% to 7.4% (OR 0.64, 95%CI 0.50-0.80, P < 0.001), and in-hospital mortality 
decreased from 4.1% to 2.4% (OR 0.68, 95%CI 0.54-0.86, P = 0.001), despite operating on 
more patients with age >75 years (18% to 22%, P = 0.006), ASA score ≥3 (19% to 31%, P < 
0.001) and Charlson comorbidity score ≥2 (24% to 34%, P < 0.001). The rates of textbook 
outcome (57% to 55%, P = 0.283) and major complications remained stable (31% to 33%, P 
= 0.207), whereas complication-related intensive care admission decreased (13% to 9%, P 
= 0.002). After distal pancreatectomy, improvements in failure to rescue from 8.8% to 5.9% 
(OR 0.65, 95%CI 0.30-1.37, P = 0.253) and in-hospital mortality from 1.6% to 1.3% (OR 0.88, 
95%CI 0.45-1.72, P = 0.711) were not statistically significant.

Conclusions: During the first six years of a nationwide audit, in-hospital mortality and failure 
to rescue after pancreatoduodenectomy improved despite operating on more high-risk 
patients. Several collaborative efforts may have contributed to these improvements.
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INTRODUCTION
Improving the quality of surgery and patient outcome is especially relevant for pancreatic 
surgery, with its high risk of major complications (26% to 40%) and mortality (2% to 12%).1-

3 Previous studies reported that mortality after pancreatic resection is mostly attributed 
to ‘failure to rescue’ (FTR), defined as the mortality rate among patients with major 
complications.4, 5 In the Netherlands, in-hospital mortality after pancreatoduodenectomy 
varied from 1% to 8% between hospitals (2014-2015).6 This variation was largely explained 
by differences in the rate of failure to rescue rather than differences in major complications. 

Since then, numerous efforts to improve nationwide outcomes have been made by the 
Dutch Pancreatic Cancer Group (DPCG), a nationwide collaboration of medical specialists, 
researchers, nurses, and patient associations.7 Amongst these efforts were multicenter 
randomized trials, clinical auditing, and ongoing centralization.8, 9 It is well established 
that increased surgical volume is associated with reduced postoperative mortality.10, 11 In 
addition, a nationwide algorithm for early recognition and minimally invasive management 
of complications after pancreatic surgery was implemented in the Netherlands in 2018 in 
the stepped-wedge randomized PORSCH trial.12 

Several audits in pancreatic surgery have been introduced to improve quality through 
transparency in healthcare outcomes between hospitals.13-17 The mandatory, nationwide 
Dutch Pancreatic Cancer Audit (DPCA) was implemented by the DPCG in 2014 and includes 
patients after pancreatic surgery for all indications.7, 18 Although auditing in pancreatic 
surgery aims to improve quality of care, multicenter studies describing changes in outcome 
over time are scarce.19 Therefore, this study aimed to investigate the nationwide evolution 
of failure to rescue and mortality after pancreatic resection during the first six years of the 
nationwide mandatory DPCA. 

METHODS
Study design and patient selection
Data for this observational cohort study were retrieved from the DPCA, the mandatory, 
nationwide audit in which all patients after pancreatic resection are included from all 16 
Dutch centers performing pancreatic surgery. The study protocol was approved by the 
scientific committee of the Dutch Pancreatic Cancer Group (DPCG).7 Patient, tumor, and 
treatment characteristics are collected prospectively by healthcare professionals. Follow-
up covers 30 days after index pancreatic resection or, if patients were still admitted after 
30 days, until discharge. No patients were lost to follow-up. Since data are registered 
anonymously, informed consent or ethical approval for this study was not required.20 
The DPCA database was verified and demonstrated data completeness of over 90% (case 
ascertainment) and data accuracy of over 95%.18 For the current study, all consecutive 
patients after pancreatoduodenectomy (PD) or distal pancreatectomy for all indications 
from the initiation of the DPCA (January 1st, 2014, to December 31st, 2019) were included. 
Data was reported according to the STROBE Statement checklist.21

8
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Data collection and definitions
Baseline characteristics consisted of sex, age at time of surgery, body mass index (BMI), 
the Charlson Comorbidity Index (CCI), American Society of Anesthesiologists score (ASA) 
score, and histopathological diagnosis. Treatment characteristics included the use of 
neoadjuvant therapy, type of pancreatic resection, minimally invasive or open surgery, 
venous or arterial resection, and intra-operative drain placement. During the study period, 
neoadjuvant therapy for pancreatic cancer was mostly administered in clinical trials.22, 23 
Outcome parameters included failure to rescue6, in-hospital mortality, major complications 
(Clavien–Dindo grade ≥ III)24, textbook outcome25, pancreatic surgery-related complications, 
postoperative interventions (surgical, endoscopic, and radiologic), complication-related 
intensive care admission, hospital stay (days), and readmission within 30 days after discharge. 
Pancreatic surgery-related complications included postoperative pancreatic fistula (POPF)26, 
postpancreatectomy hemorrhage (PPH)27, bile leakage28, and delayed gastric emptying 
(DGE)29, all grade B or grade C according to the International Study Group of Pancreatic 
Surgery (ISGPS) or International Study Group of Liver Surgery (ISGLS) criteria. Failure to 
rescue was defined as in-hospital mortality in patients with a major complication.6 Textbook 
outcome was defined as the absence of POPF, PPH, bile leakage, major complications, 
readmission, and in-hospital mortality.25 Hospital volume was based on the annual volume 
of pancreatoduodenectomy and categorized according to the previous PORSCH trial, as 
high (> 45 pancreatoduodenectomies annually) versus low/medium volume (17-45/year). 
Hospital volume (high vs. low/medium) was calculated for each period separately and could 
therefore vary for individual hospitals between periods.

Endpoints
The primary endpoints were failure to rescue and in-hospital mortality. Secondary endpoints 
included major complications, pancreatic surgery-related complications, postoperative 
interventions, intensive care admission, textbook outcome, length of hospital stay, and 
readmission rates.

Statistical analysis
Results were stratified by type of surgery (pancreatoduodenectomy and distal 
pancreatectomy) and analyzed in three time periods (2014-2015, 2016-2017, and 2018-
2019). Differences in the patient, tumor, and treatment characteristics were assessed using 
Chi-squared tests. The changes over time of the mentioned short-term surgical outcomes 
were investigated using multilevel multivariable logistic regression analysis, taking all three 
time periods (i.e., of two years each) into account. To correct for unmeasured hospital 
differences, a two-level random effect was used. The following case-mix factors were added 
to the multivariable models: sex (male/female), age (<75, ≥75 years), CCI (<2, ≥2), BMI (<20, 
20-25, 26-30, >30 kg/m2), ASA score (<3, ≥3), diagnosis (pancreatic cancer yes, no), vascular 
resection (yes, no). For outcomes with less than 10 (non)events per category, relevant 
confounders were selected with backward selection to prevent overfitting of the model. 
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Intercorrelations among two or more independent variables in the model (multicollinearity) 
was determined by a variance inflation factor >2.5. P-values were based on complete case 
analysis unless unknown is displayed. A two-sided P-value <0.05 was considered statistically 
significant. Using univariable regression analysis, a subgroup analysis was performed for 
trends in failure to rescue and mortality rates, stratified for high versus low/medium annual 
center volume of pancreatoduodenectomy (>45 and 17-45). R-studio version 4.0.2 was used 
for all analyses. 

RESULTS
Patient and treatment characteristics
Overall, 5345 patients were included, of whom 4227 after pancreatoduodenectomy and 
1118 after distal pancreatectomy. Baseline and treatment characteristics stratified for 
the type of surgery are given in Table 1 and Supplementary Table 1. Over time, patients 
undergoing pancreatoduodenectomy more often were aged >75 years (18% to 20% and 
22%, P = 0.006), had an ASA score ≥3 (19% to 26% and 31%, P < 0.001), and a Charlson 
comorbidity index ≥2 (24% to 26 % and 34%, P < 0.001). In the subgroup of patients 
with pancreatic ductal adenocarcinoma, the use of neoadjuvant chemotherapy or 
chemoradiotherapy increased (P < 0.001). The use of laparoscopic pancreatoduodenectomy 
increased before it essentially stopped (7% to 13% and 1%, P < 0.001), whereas the use of 
robot-assisted pancreatoduodenectomy increased (0% to 7% and 20%, P < 0.001). For distal 
pancreatectomy, the use of the laparoscopic approach decreased (40% to 36% and 32%, P 
< 0.001), whereas the robot-assisted approach increased (7.3% to 10% and 32%, P < 0.001). 

Outcome after pancreatoduodenectomy
Trends in postoperative outcome are given in Tables 2 and 3. Improved rates of failure to 
rescue (13% to 11% and 7.4%, P = 0.004) and in-hospital mortality (4.1% to 3.2% and 2.4%, 
P = 0.012) were observed after pancreatoduodenectomy (Figure 1). The rates of textbook 
outcome (57% to 57% and 55%, P = 0.283) and major complications remained stable (31% to 
31% and 33%, P = 0.207) over time, whereas complication-related intensive care admission 
decreased (13% to 23% and 9%, P = 0.002). The rates of postoperative pancreatic fistula 
(13% to 15% and 19%, P < 0.001) and delayed gastric emptying (17% to 17% and 21%, P = 
0.013) increased, whereas the rates of bile leakage and post-pancreatectomy hemorrhage 
did not change significantly over time. The rates of postoperative radiologic interventions 
(17% to 19% and 25%, P < 0.001) and endoscopic interventions (5.8% to 4.7% and 8.4%, P 
< 0.001) increased. The median (IQR) length of stay after pancreatoduodenectomy was 12 
days for all time periods. Readmission rates (16% to 17% and 15%, P = 0.433) did not change 
significantly over time. 
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Figure 1. Trends in annual rates of all cause in-hospital mortality (A) and failure to rescue (B) among 4227 patients 
after pancreatoduodenectomy in the Netherlands. 

A best practice algorithm for early recognition and management of complications after pancreatic resection 
(PORSCH trial) was implemented in all 16 Dutch centers performing pancreatic surgery in 2018 to 201912

Outcome after distal pancreatectomy
After distal pancreatectomy, the improvements seen in the rates of failure to rescue (8.8% to 
7.1% and 5.9%, P = 0.513) and in-hospital mortality (1.6% to 1.5% and 1.3%, P = 0.744) were 
not statistically significant, see Table 2. Although the rates of POPF increased (16% to 20% 
and 22%, P = 0.031), the rates of complication-related intensive care admission decreased 
(7.6% to 6.5% and 3.7%, P = 0.027). The rate of postoperative radiological interventions 
increased (8.3% to 14% and 17%, P = 0.003). Other pancreatic-surgery related complications 
did not change significantly over time.

8
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Table 2. Postoperative outcome in 5345 patients after pancreatoduodenectomy and distal pancreatectomy

Pancreatoduodenectomy Distal pancreatectomy
2014-
2015

2016-
2017

2018-
2019

P-valueA 2014-
2015

2016-
2017

2018-
2019

P-valueA

Total (N) 1362 1421 1444 318 410 390

In-hospital mortality 56 (4.1%) 46 (3.2%) 35 (2.4%) 0.012 5 (1.6%) 6 (1.5%) 5 (1.3%) 0.744

  Missing 5 3 3 0 0 0

Failure to rescueB 54 (13%) 46 (11%) 34 (7.4%) 0.004 5 (8.8%) 6 (7.1%) 5 (5.9%) 0.513

  Missing 1 1 2

Major 
complicationsC

404 (31%) 426 (31%) 462 (33%) 0.207 57 (19%) 84 (21%) 85 (22%) 0.246

  Missing 47 45 42 15 13 12

Textbook outcomeD 740 (57%) 774 (57%) 766 (55%) 0.283 202 (66%) 259 (66%) 248 (65%) 0.750

  Missing 64 72 51 14 15 10

POPF, grade B/CE 181 (13%) 205 (15%) 277 (19%) <0.001 49 (16%) 82 (20%) 86 (22%) 0.031

  Missing 7 12 6 2 0 0

PPH, grade B/CE 102 (7.6%) 128 (9.2%) 110 (7.7%) 0.918 11 (3.5%) 20 (4.9%) 17 (4.4%) 0.619

  Missing 13 30 15 5 3 0

DGE, grade B/CE 228 (17%) 297 (21%) 295 (21%) 0.013 NA NA NA NA

  Missing 15 13 21

Bile leakage, grade 
B/C E

63 (4.7%) 81 (5.8%) 91 (6.4%) 0.054 NA NA NA NA

  Missing 14 24 15

Postoperative 
interventions

380 (29%) 406 (29%) 452 (32%) 0.052 53 (17%) 78 (20%) 80 (21%) 0.222

  Missing 35 28 32 12 10 10

Intensive care 
admission

171 (13%) 172 (12%) 132 (9%) 0.002 23 (7.6%) 26 (6.5%) 14 (3.7%) 0.027

  Missing 35 23 10 15 10 7

Hospital stay (days)F 12 (9 - 18) 12 (8 - 19) 12 (8 - 19) 0.546 8 (6 - 11) 8 (6 - 10) 7 (6 - 10) 0.139

  Missing 24 17 10 6 6 1

Readmission rates 221 (16%) 242 (17%) 219 (15%) 0.433 49 (15%) 66 (16%) 76 (20%) 0.126

  Missing 19 28 20 0 5 4

NA = not applicable, POPF = postoperative pancreatic fistula, PPH = post-pancreatectomy hemorrhage, DGE = 
delayed gastric emptying. A: P-value based on complete case analysis of the period of surgery variable (continuous) 
in univariable logistic regression analyses for dichotomous outcomes and in linear regression analyses for continuous 
outcomes. B: In-hospital mortality of patients with Clavien-Dindo grade III or higher. C: Clavien-Dindo grade III or 
higher. D: Textbook outcome: the absence of pancreatic fistula, bile leak, postpancreatectomy hemorrhage (all grade 
B/C according to ISGPS or ISGLS), major complications (Clavien-Dindo grade III), readmission within 30 days after 
discharge, and in-hospital mortality.25 E: Complications according to the ISGPS or ISGLS criteria. F: Median (IQR)
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Table 3. Multilevel multivariable logistic regression analyses on the 2-year trend of short-term surgical outcomes 
after pancreatoduodenectomy and distal pancreatectomy

Pancreatoduodenectomy Distal pancreatectomy
N OR CI2.5 % CI97.5 % P-valueA N OR CI2.5 % CI97.5 % P-valueA

Failure to 
rescueB

1190 / 
1292

0.64 0.50 0.82 <0.001 222 / 
226

0.65 0.30 1.37 0.253

MortalityC 3932 / 
4227

0.68 0.54 0.86 0.001 1089 / 
1118

0.88 0.45 1.72 0.711

Major 
complicationsD

3816 / 
4227

1.07 0.98 1.17 0.147 996 / 
1118

1.10 0.90 1.35 0.332

Textbook 
outcomeE

3769 / 
4227

0.95 0.87 1.03 0.229 998 / 
1118

0.99 0.83 1.17 0.869

POPF, grade 
B/CF

3917 / 
4227

1.25 1.11 1.40 <0.001 1029 / 
1118

1.28 1.04 1.58 0.020

PPH, grade 
B/CF

3886 / 
4227

0.94 0.82 1.09 0.423 1024 / 
1118

1.03 0.69 1.54 0.891

DGE, grade 
BCF

3895 / 
4227

1.16 1.05 1.29 0.005 - - - - -

Bile leakage, 
grade B/CF

3893 / 
4227

1.19 0.99 1.42 0.059 - - - - -

Postoperative 
interventions

3853 / 
4227

1.10 1.00 1.21 0.043 1104 / 
1118

1.12 0.91 1.38 0.281

Intensive care 
admission

3882 / 
4227

0.81 0.71 0.92 0.001 1104 / 
1118

0.66 0.47 0.93 0.017

Length of stay 3896 / 
4227

0.98 0.55 1.76 0.959 1019 / 
1118

0.59 0.29 1.22 0.156

Readmission 3877 / 
4227

0.98 0.88 1.09 0.682 1022 / 
1118

1.14 0.93 1.41 0.206

OR = Odds ratio, CI = confidence interval, POPF = postoperative pancreatic fistula, PPH = post-pancreatectomy 
hemorrhage, DGE = delayed gastric emptying 
A P-value based on complete case analysis of the period of surgery variable (continuous) in multilevel 
multivariable logistic regression analyses. All outcomes were corrected for sex, age, Charlson Comorbidity Index, 
Body Mass Index, ASA-score, diagnosis (PDAC y/n), vascular resection, and hospital identification number as 
random effect factor.
B In-hospital mortality of patients with Clavien-Dindo grade III or higher. For distal pancreatectomy, corrected for 
age and ASA score.
C For distal pancreatectomy corrected for ASA and vascular resection
D Clavien-Dindo grade III or higher
E Textbook outcome: the absence of pancreatic fistula, bile leak, postpancreatectomy hemorrhage (all grade B/C 
according to ISGPS or ISGLS), major complications (Clavien-Dindo grade III), readmission within 30 days after 
discharge, and in-hospital mortality25

F Complications according to the ISGPS or ISGLS criteria

8
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Hospital volume 
The median (IQR) annual hospital volume for pancreatoduodenectomy was 34 (24-45). The 
total number of pancreatoduodenectomies per 2-year time period were 1362, 1421, and 
1444. The total number of distal pancreatectomies per time period were 318, 410, and 390. 
At the start of the DPCA, 18 centers in the Netherlands performed pancreatic surgery. Two 
centers stopped performing pancreatic surgery during the study period. Figure 2 shows the 
trends for failure to rescue and mortality rates after pancreatoduodenectomy in high and 
low/medium volume centers. In high volume centers, failure to rescue improved from 13% to 
10% and 5.7% (OR 0.63, 95%CI 0.44-0.89, P = 0.010), whereas mortality improved from 4.4% 
to 3.5% and 2.1% (OR 0.67, 95%CI 0.48-0.94, P = 0.021). In low/medium volume centers, the 
improvements in failure to rescue (13% to 11% and 10%, P = 0.300) and mortality (4.0% to 
3.1% and 2.9%, OR 0.84, 95%CI 0.63-1.10, P = 0.208) were not statistically significant. 

Figure 2. Trends in annual rates of all cause in-hospital mortality (A) and failure to rescue (B) after 
pancreatoduodenectomy in high volume ( >45 PDs annually) and low/medium volume (≤ 45 PDs annually)
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DISCUSSION
In the first six years of a mandatory nationwide audit for pancreatic surgery established 
by the DPCG, despite operating on more high-risk patients and stable rates of textbook 
outcome and major complications, the rates of failure to rescue and mortality after 
pancreatoduodenectomy improved significantly. These improvements were mostly 
seen in high volume centers. Failure to rescue and mortality also improved after distal 
pancreatectomy but these changes were not statistically significant.

Nationwide studies on trends in short-term surgical outcome in audits of pancreatic surgery 
are scarce. Trends in outcome of pancreatic surgery were assessed in the American College 
of Surgeons National Surgical Quality Improvement Program (ACS NSQIP; 2013-2017).19 
In this study, improvement in the primary outcome “optimal pancreatic surgery” (defined 
as the absence of postoperative mortality, serious morbidity, percutaneous drainage, 
reoperations, postoperative length of stay <75th percentile, and readmission) was seen in 
16222 patients after pancreatoduodenectomy from 53.7% to 56.9% (OR 1.06 96%CI 1.02-
1.092, P < 0.001) and in 7946 patents after distal pancreatectomy from 53.3% to 58.8% 
(OR 1.09; 95%CI 1.04-1.14, P < 0.001). Furthermore, a decline in 30-day mortality from 
2.1% to 1.6% (P = 0.047) after pancreatoduodenectomy was reported without relevant 
difference after distal pancreatectomy (0.4% to 0.5%, P = 0.977). This NSQIP-based study 
did not report outcomes on failure to rescue. In comparison, the current study found higher 
mortality rates (from 4.1 to 2.4% after pancreatoduodenectomy and from 1.6% to 1.3% 
after distal pancreatectomy) as compared to the NSQIP-based study, but a greater decline 
was observed. However, the current study included in-hospital mortality, which could also 
include death after 30 days. When the ‘optimal pancreatic surgery’ criteria were applied 
in the current study, no significant differences after pancreatoduodenectomy (53% in all 
time periods, P = 0.941) and distal pancreatectomy (59%, 61%, and 61%, P = 0.732) were 
observed, similar as reported for textbook outcome.

The current study showed an improvement in failure to rescue after pancreatoduodenectomy 
from 13% to 7.4%. This is actually better than a recently published international benchmark 
study from high volume centers, defined as ≥50 complex pancreas interventions per year. 
They reported a failure to rescue cutoff value of 9%, based on an international cohort of 
2375 low-risk patients after pancreatoduodenectomy.1 Furthermore, failure to rescue rates 
found in the current study were also better when compared to the GAPASURG study: 13.3% 
(the Netherlands), 10.9% (Sweden), and 10.2% (Germany), but still worse as compared to 
the 5.4% reported for the United States/Canada.5 After distal pancreatectomy, failure to 
rescue (8.8% to 7.1% and 5.9%) and mortality rates (1.6% to 1.5% and 1.3%) in the current 
study were lower in all time periods compared to a recent nationwide French administrative 
database that reported failure to rescue (11.2%) and mortality (3.9%) rates of 10632 
patients.30 However, the French analysis reported 90-day mortality, rather than in-hospital 
mortality in the present study. A recent study presented the first results from the Swedish 
National Pancreatic and Periampullary Cancer Registry.15 However, no trends in the rates 
of failure to rescue, mortality, or pancreatic surgery-related complications were reported. 
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Prior to the introduction of the DPCA, nationwide mortality after pancreatoduodenectomy in 
the Netherlands was 9.8% in 2004.9 The current study shows a substantial reduction in mortality 
after pancreatoduodenectomy to 2.4%. Recently, the Global Audits on Pancreatic Surgery 
(GAPASURG) consortium compared surgical outcome after pancreatoduodenectomy in four 
registries, including the DPCA.31 In that study, including data from 2014 to 2017, the in-hospital 
mortality rate in the DPCA (3.6%) was lower as compared to the German StuDoQ (4.7%) audit, 
but higher as compared to the Swedish SNPPCR (2.7%), and the NSQIP (1.3%) audits. 

Although the rates of major complications in the current study remained similar over time, 
complication-related intensive care admissions decreased, and FTR rates improved. This 
may suggest that in the latest period, complications were treated more adequately. In 2018 
and 2019, the nationwide stepped-wedge cluster-randomized PORSCH trial implemented 
an algorithm for early recognition and minimally invasive management of complications 
after pancreatic surgery in all pancreatic centers in the Netherlands.12 Based on changes 
in vital signs, white blood cell count, and c-reactive protein, the algorithm dictated low-
threshold use of abdominal computed tomography (CT), radiological catheter drainage, 
and antibiotic treatment. This lowered threshold for radiological drainage will likely have 
contributed to the higher rates of POPF observed over time since drainage was performed 
more frequently and is classified as Grade B according to the ISGPS criteria.26 Notably, the 
introduction of the algorithm resulted in a significant reduction of the composite endpoint 
of bleeding requiring invasive intervention, organ failure, and death within 90 days after 
resection (composite endpoint reached in 14% of the patients assigned to usual care versus 
8.5% of patients assigned to PORSCH algorithm-centered care).32 These results demonstrate 
that timely recognition and minimally invasive management of complications, such as POPF, 
considerably improve outcome and reduce mortality after pancreatic resection. This finding 
is supported by our study which found an improved failure to rescue rather than a decrease 
in major complications. 

As for changes in treatment over time, the use of neoadjuvant chemotherapy and 
chemoradiotherapy increased for patients with pancreatic cancer from 5.5% in the first time 
period to 21% in the latest time period. A second major change was the introduction of 
robot-assisted pancreatoduodenectomy. Both developments can be explained by the rise 
of neoadjuvant therapy use in clinical trial setting and the implementation of a training 
program for robotic pancreatoduodenectomy in high-volume Dutch centers.22, 23, 33, 34 The 
use of laparoscopic pancreatoduodenectomy almost stopped completely, in line with earlier 
reported safety concerns in the Dutch LEOPARD-2 trial35, despite good results in three other 
randomized trials.36-38

Since 2011, clinicians from all Dutch hospitals performing pancreatic surgery have been 
collaborating in the DPCG.7 The benchmark results from the DPCA may help improve local, 
regional and nationwide outcomes.39 Furthermore, transparency on hospital outcome during 
national DPCG meetings further evoked the discussion about best practices and improvement 
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on a nationwide scale. Additionally, centralization and regional multidisciplinary team 
meetings have been established to improve patient selection.11, 40 Patients benefit from 
centralization due to increased resection rates and reduced mortality, probably related to 
improved failure to rescue.9, 10 Since Dutch minimum hospital volume requirements were 
raised to 20 pancreatoduodenectomies annually, two out of 18 centers stopped pancreatic 
surgery during the study period. The current study showed a significant decrease in failure 
to rescue and in-hospital mortality over the periods, which was only statistically significant in 
high volume (> 45 pancreatoduodenectomies annually) centers. In the PORSCH trial, these 
improvements were also significant in the low/medium volume centers, possibly because 
90-day outcomes were available.

The findings of this study should be interpreted in light of several limitations. First, only 
short-term outcomes (during hospital stay and in case of earlier discharge until 30-days) are 
registered in the DPCA. Efforts are currently being made to combine data from the DPCA with 
the Netherlands Cancer Registry data, which may provide insight into 90-day and long-term 
cancer outcome. Second, most data are manually registered in the DPCA, thus introducing 
a risk for inaccuracies or incomplete data entry. Several initiatives towards automatic data 
transfer from the electronic patient files to the audit registry have started. Third, due to 
the sample size and low number of events after distal pancreatectomy per time period, 
we cannot exclude a Type II error. Despite these limitations, the demonstrated nationwide 
improvement of failure to rescue and in-hospital mortality after pancreatic surgery suggests 
that progress has been made in the Netherlands. The DPCG aims to continuously improve 
the quality of care through auditing, collaborative research, and transparency on patient 
outcomes in nationwide meetings. 

CONCLUSION
In the first six years of a mandatory nationwide audit for pancreatic surgery, despite 
operating on more high-risk patients, improvement of failure to rescue rates and in-
hospital mortality after pancreatoduodenectomy was seen. Nationwide efforts, including 
collaboration between the DPCG centers, clinical auditing, and implementation of an 
algorithm for early recognition and management of complications, have likely contributed 
to these improvements.
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Supplementary table 1. Treatment characteristics of patients after pancreatoduodenectomy or distal 
pancreatectomy

Pancreatoduodenectomy Distal pancreatectomy
Treatment 2014-

2015 
2016-
2017 

2018-
2019 

P-value* 2014-
2015 

2016-
2017 

2018-
2019 

P-value*

Total N 1362 1421 1444 318 410 390

Neoadjuvant 
treatment¥

29 (5.3%) 54 (9%) 118 (21%) <0.001 7 (8%) 16 (15%) 19 (18%) 0.134

  Missing

Procedure 
(open)

1257 
(93%)

1104 (79%) 1115 
(79%)

<0.001 168 (53%) 219 (54%) 138 (36%) <0.001

  Laparoscopic 90 (6.7%) 183 (13%) 11 (0.8%) 125 (40%) 146 (36%) 124 (32%)

  Robot-assisted 0 (0%) 102 (7.3%) 283 (20%) 23 (7.3%) 42 (10%) 123 (32%)

  Missing 15 32 35 2 3 5

Vascular 
resection≠

185 (14%) 244 (17%) 222 (16%) 0.050 36 (12%) 28 (6.9%) 16 (4.1%) <0.001

  Missing 29 8 13 5 7 3

* Chi-squared test based on complete case analysis; ¥ In patients with pancreatic cancer; ≠ Venous or arterial 
resection
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ABSTRACT
Importance: Pancreatic cancer is the third most common cause of cancer death; however, 
randomized clinical trials (RCTs) of survival in patients with resectable pancreatic cancer 
lack mandatory measures for reporting baseline and prognostic factors, which hampers 
comparisons between outcome measures.

Objective: To develop a consensus on baseline and prognostic factors to be used as 
mandatory measurements in RCTs of resectable and borderline resectable pancreatic cancer.

Evidence review: We performed a systematic literature search of the Cochrane Central 
Register of Controlled Trials (CENTRAL), PubMed, and Embase for RCTs on resectable and 
borderline resectable pancreatic cancer with overall survival as the primary outcome. We 
produced a systematic summary of all baseline and prognostic factors identified in the RCTs. 
A Delphi panel that included 13 experts was surveyed to reach a consensus on mandatory 
and recommended baseline and prognostic factors.

Findings: The 42 RCTs that met inclusion criteria reported a total of 60 baseline and 19 
prognostic factors. After 2 Delphi rounds, agreement was reached on 50 mandatory baseline 
and 20 mandatory prognostic factors for future RCTs, with a distinction between studies of 
neoadjuvant vs adjuvant treatment.

Conclusion and relevance: The findings of this systematic review and international expert 
consensus have produced this Consensus Statement on Mandatory Measurements in 
Pancreatic Cancer Trials for Resectable and Borderline Resectable Disease (COMM-PACT-
RB). The baseline and prognostic factors comprising the mandatory measures will facilitate 
better comparison across RCTs and eventually will enable improved clinical practice among 
patients with resectable and borderline resectable pancreatic cancer.
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INTRODUCTION
Pancreatic cancer is ranked as the third most common cause of cancer death and the 14th 
most common cancer type.1,2 At diagnosis, the 5-year survival rate of pancreatic cancer is 
less than 8%.1 Therapeutic choices for patients with resectable and borderline resectable 
pancreatic cancer have progressed in recent years and now mostly include surgery in 
combination with neoadjuvant therapy. Unfortunately, approximately 50% of patients 
do not receive adjuvant treatment because of disease progression, patient choice, or 
postoperative complications.3 Consequently, shared decision-making is key in the process of 
determining the advantages vs. the negative aspects of a treatment trajectory, such as high-
risk surgery, associated with high morbidity and mortality, poor survival, and an adverse 
effects on quality of life.4 Appropriate advice about the outcomes of the different treatment 
options is essential, and prognostic and predictive factors might be of beneficial assistance 
in the decision-making for individual patients.3

In this systematic review of the literature, we used the definitions for prognostic and 
predictive factors as suggested by Clark and colleagues.5 A prognostic factor was defined 
as being associated with clinical outcome without treatment or with standard care only. A 
predictive factor was defined as being connected with response or absence of response to 
treatment; it refers to the association between a predictive measurement and treatment 
advantage, and it assists in selecting the treatment with the highest probability of efficacy 
for the individual patient (eg, treatment of colorectal cancer use of anti-EGFR [cetuximab/
panitumumab] therapy in a patient with a KRAS variant and colorectal cancer).5,6

To compare the outcomes of randomized clinical trials (RCTs), such as in a meta-analysis, a 
complete definition of the study population is crucial. Baseline factors describe the patient 
population at the start of the study and are not necessarily associated with the outcome of 
interest. On the contrary, prognostic factors are related to outcome variables.5 Clearly, it can 
be argued that to allow for good comparison among and between trials, relevant prognostic 
factors should also be included in the description of a patient population.

Nowadays, there is wide variability in the selection of study participants and reported 
baseline and prognostic factors in RCTs of patients with resectable and borderline resectable 
pancreatic cancer.7,8 Therefore, improvement in the reporting of these baseline and 
prognostic factors could lead to better comparisons of outcomes across studies. Previously, 
a group of experts published the Consensus Statement on Mandatory Measurements in 
Pancreatic Cancer Trials (COMM-PACT) for use in patients with unresectable pancreatic 
cancer; it described the mandatory baseline and prognostic factors that should be 
incorporated in these trials.9

The objective of this systematic review, which included a Delphi consensus statement, was to 
develop a consensus on baseline and prognostic factors in RCTs that investigate the survival 
of patients with resectable and borderline resectable pancreatic cancer. We used the Delphi 

9
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method to systematically obtain expert opinions in the field. We aimed to combine the factors 
found by the literature search with the expert opinions from the Delphi to describe baseline 
and prognostic factors that should be mandatory measurements in trials of resectable 
pancreatic cancer.
 

METHODS
This systematic review and consensus development was excepted from review because 
it used only previously published data and consent. The study followed the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guidelines.

Search Strategy and Selection Criteria
We searched three electronic databases—Cochrane Central Register of Controlled Trials 
(CENTRAL), PubMed, and Embase—for RCTs on survival outcomes among patients with 
resectable or borderline resectable pancreatic cancer whose treatment included surgery 
with or without neoadjuvant therapy as therapeutic option. We updated the search 
strategies described in our chapter for the European Society of Surgical Oncology10 and in 
the eSearch description in the online Supplement.

Eligibility Criteria
Eligibility criteria for included studies were study design, RCT; language, English; publication 
dates, from January 1, 2000, to March 31, 2020; patient age, 18 years or older; disease 
diagnosis, histopathologic evidence of resectable or borderline resectable pancreatic cancer 
per the National Comprehensive Cancer Network criteria in 70% or more of the study 
population; treatment, with or without neoadjuvant therapy; and primary outcome, overall 
survival.11 Two authors (E.N.P., J.A.S.) independently screened the titles, abstracts, and full 
texts of the search results to identify studies that met the eligibility criteria. Differences were 
discussed and resolved by the two reviewers. Because definitions of baseline and prognostic 
factors used by the RCTs were not always unequivocal, we produced a list of definitions of 
all the baseline and prognostic factors identified by our review (the complete definition 
list is available as eAppendix 3 in the online Supplement). These definitions facilitated the 
comparison of these factors among the trials of patients with resectable pancreatic cancer.

Outcome Measures
Baseline factors were obtained from each RCT article (usually the first table); from these we 
extracted all potentially prognostic factors that were analyzed in multivariable regression 
analyses. To determine the relevance of a prognostic factor to overall survival, we followed 
the criteria published in 2018 by Ter Veer et al.12: a prognostic factor is clinically relevant to a 
systematic review when it was shown to be statistically significant (P < .05) by multivariable 
regression analysis by one or more RCTs. The pooled sample-size of an RCT that reported 
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a statistically significant factor should be greater than 50% of the total sample size of all 
the RCTs that investigated that factor.12 For example, if age was described in 4 RCTs totaling 
1000 patients and 2 of these studies found age to be statistically significant (600 patients), 
age would be clinically relevant because it surpasses the minimum of 50% (600/1000 or 
60%). When a prognostic factor was investigated by three or more RCTs and was considered 
clinically relevant, we considered it a potentially mandatory measure. We also analyzed risk-
of-bias using the Revised Cochrane risk-of-bias tool for randomized trials (details available in 
eTable in the online Supplement).

Consensus Procedure
All of the corresponding authors (n = 31) of the included trials were invited to participate 
in the Delphi consensus process conducted through an online survey of 2 rounds. Thirteen 
(41%) of these authors completed the first and second consensus rounds and formed part 
of the Consensus Statement on Mandatory Measurements in Pancreatic Cancer Trials for 
Patients with Resectable or Borderline Resectable Disease (COMM-PACT-RB; online available 
as eAppendix 1). 

In the first round of the consensus-building process, we presented an overview of all 
baseline and prognostic factors identified by the literature search. We asked the expert-
participants to vote (yes/no) on as many factors as they wanted and whether there were, 
in their opinion, any factors missing. After the first round, only the factors with greater than 
50% of the votes were included in the potentially mandatory set of measures.

In the second round, only the baseline factors that had 20% to 50% of the votes or less 
than 20% but had been mentioned in more than four studies were presented again. The 
prognostic factors with 20% to 50% of the votes or those with less than 20% of the votes 
but had been determined to be clinically relevant per the criteria proposed by Ter Veer 
and colleagues were also presented.9 In the second round, we also presented a structured 
overview of the first-round findings. Additional factors suggested by the experts were also 
voted on. Excluded from further analysis were any baseline and prognostic factors with less 
than 20% of the votes and investigated by fewer than 4 RCTs (baseline) or falling short of the 
criteria for clinical relevance (prognostic). After the second consensus round, all remaining 
baseline and prognostic factors that received more than 50% of the votes were included 
in the mandatory set. The factors that received 20% to 50% of the votes comprised the 
recommended set. Factors that received less than 20% of votes were excluded.

Prognostic factors that were mandatory or recommended according to the Delphi consensus 
round were added to the corresponding baseline set if not already included. Furthermore, 
we distinguished between the baseline and prognostic factors that could only be part of 
adjuvant trials (e.g., consists of postoperative information at baseline) as indicated in eBoxes 
1 through 12 in the Supplement.
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RESULTS
Literature Review
Initi ally, 3025 studies were identi fi ed, of which 85 studies conti nued to a full-text screening 
aft er the ti tle and abstract assessment, ulti mately leading to 42 eligible studies containing 
data for 10 291 pati ents (Figure 1).13-54 Overall, 32 studies included pati ents with resectable 
pancreati c cancer, and ten studies included pati ents with borderline resectable pancreati c 
cancer (more details available in eAppendix 4 in the online Supplement). From the included 
studies, we identi fi ed 60 baseline factors that met the inclusion criteria. The most frequently 
reported were age (n = 41 studies), sex (n = 40), surgical margin status (n = 27), tumor (T) 
stage (n = 22), tumor size (n = 22), performance status (n = 21), and pathologic node (pN) 
stage (n = 20) (Figure 2). Of note, in the adjuvant RCTs, surgery and/or postoperati ve factors 
were someti mes part of the baseline tables and were therefore reported as baseline factors.

Figure 1. Flowchart of literature search. 
CENTRAL; Cochrane Central Register of Controlled Trials, RCT; randomized controlled trial
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Figure 2. Baseline Factors in Trials of Patients With Resectable or Borderline Resectable Pancreatic Cancer
The y-axis shows the baseline factors, and the x-axis shows the number of randomized controlled trials in which 

the factor was described. CA 19-9; cancer antigen (CA) 19–9, BMI; body mass index, CEA; carcinoembryonic 
antigen, RBC pack; red blood cell pack, HRQOL; health-related quality of life, CRP; C-reactive protein

From the 19 (45%) studies that used multivariable regression analysis, we identified 19 
prognostic factors. The most commonly reported prognostic factors were pN stage (n 
= 16), adjuvant therapy (n = 11), tumor differentiation (n = 10), tumor size (n = 9), and 
surgical margin status (n = 9) (Figure 3). From 3 categories, a total of 11 prognostic factors 
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met the criteria for potential clinical relevance: (1) patient characteristics—performance 
status, cigarette smoking status, and age; (2) tumor characteristics—pathologic node stage, 
tumor size, postoperative cancer antigen (CA) 19-9, tumor differentiation, T stage, and 
endovascular tumor emboli; and (3) treatment characteristics—adjuvant therapy and portal 
vein resection. Again, prognostic factors could include surgery and/or postoperative factors 
if these were derived from adjuvant trials.

Figure 3. Prognostic Factors for Overall Survival in Trials of Patients With Resectable
or Borderline Resectable Pancreatic Cancer. 

All prognostic factors were studied in multivariable regression analysis in at least one randomized clinical trial. CA 
19-9 indicates cancer antigen 19-9; CEA, carcinoembryonic antigen; mRNA, messenger RNA. 

a Factors that met the criteria for clinical relevance.

Consensus Rounds
The consensus process is described in Figure 4. A total of 60 baseline and 19 prognostic factors 
were identified from the findings of the literature search. In the first round, 31 baseline and 
14 prognostic factors were voted for by more than 50% of the panel and were classified 
as mandatory. Six baseline factors and one prognostic factor were excluded because they 
had less than 20% of votes and were reported in fewer than four studies (baseline) or did 
not fulfill the preset criteria for clinical relevance (prognostic). Twenty-three baseline and 
four prognostic factors entered in the second round because they received 20% to 50% 
of votes or less than 20% of votes but were mentioned in more than four studies or were 
clinically relevant in round 1. Additionally, 17 baseline and ten prognostic factors were 
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recommended by experts in round 1; these were added in the second round. In the second 
round, 16 baseline and six prognostic factors received more than 50% of the expert votes, 
and therefore, they were classified as mandatory. Three baseline factors were excluded 
after the second round because they received less than 20% of votes and were reported by 
fewer than four studies or were not clinically relevant; 0 prognostic factors were excluded. 
Twenty-one baseline and eight prognostic factors received 20% to 50% of votes or less than 
20% of votes but were mentioned in more than four studies or were clinically relevant and 
therefore were included in the recommended mandatory measurements set.

After the experts had voted in both consensus rounds, 47 baseline and 20 prognostic factors 
comprised the mandatory set of factors to be measured and reported by clinical trials that 
investigate resectable pancreatic cancer (Figure 4; full details are available in eAppendix 2 in 
the online Supplement). Inclusion of 20 prognostic factors may enable the identification of 
possible confounders, which may allow for improved accuracy of comparisons of outcomes 
across studies. Moreover, 21 baseline and eight prognostic factors were designated as 
recommended measurements for these trials (Figure 4 and eAppendix 2 in the online 
Supplement). 

To provide a complete overview of a patient population, we added three mandatory 
prognostic factors to the mandatory baseline set, forming a total of 50 mandatory baseline 
factors, among which we distinguished between the neoadjuvant and adjuvant factors 
(complete details available in eBoxes 1, 3, and 4 in the Supplement). Similarly, we added 
4 of the recommended prognostic for a total of 25 recommended baseline factors (eBoxes 
2, 5, and 6 in the Supplement) and distinguished between the neoadjuvant and adjuvant 
factors (eBoxes 5 and 6 in the Supplement).
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DISCUSSION
To our knowledge, this is the first systematic review and Delphi consensus statement of 
RCTs on resectable and borderline resectable pancreatic cancer using the Delphi consensus 
process to identify 50 mandatory baseline and 20 mandatory prognostic factors and 25 
recommended baseline and 8 recommended prognostic factors. This systematic review 
formed the basis of the COMM-PACT-RB.

The presentation of mandatory baseline factors ensures that the cohorts analyzed are 
comparable and are representative of the general population of patients with resectable 
and borderline resectable pancreatic cancer. These clinically relevant prognostic factors may 
be used to prespecify the factors to be used in the statistical analyses to adjust for possible 
confounding or used as a stratification factor in future clinical trials. Future studies need to 
validate the clinically relevant prognostic factors of this study using sizable cohort studies to 
build a complete prognostic index.12

Most of the mandatory baseline and prognostic factors that we identified in the literature 
corresponded with the outcome after the two consensus rounds with the votes of the experts. 
After the first consensus round, 17 baseline and ten prognostic factors were suggested by 
the experts. These novel factors mainly concerned the type of neoadjuvant treatment and 
findings of positron emission tomography, computed tomography, and magnetic resonance 
imaging. The association between survival and most of the mandatory prognostic factors has 
been described in other studies.55-57 However, for some factors that were deemed mandatory, 
limited evidence was available for their associations with survival; some were reported in 
only 2 RCTs (endovascular tumor emboli, T stage) or 1 RCT (performance status, portal vein 
resection),23,24,27-29,46 or were not clinically relevant according to the adopted criteria (surgical 
margin status, sex, diabetes, operative procedure, carcinoembryonic antigen [CEA], tumor 
location, clinical T stage, thymidylate synthase mRNA).17,21,23,26,28,32,33,36,37,46-49,52,53 However, 
because these factors received a sufficient number of votes from the experts, these factors 
were included in the mandatory set of prognostic factors. In contrast, cigarette smoking 
status was mandatory based on the literature, but did not receive a sufficient number of 
votes in either of the consensus rounds and was therefore added to the recommended 
measurements only.

The COMM-PACT also includes age, sex, and performance status as the most commonly 
reported baseline factors.9 To assess and compare different trials of patients with resectable 
and unresectable pancreatic cancer, we recommend that age, sex, and performance status be 
described as mandatory baseline factors. The most frequently described prognostic factors in 
our review—adjuvant therapy, pN stage, tumor differentiation, tumor size, and surgical margin 
status—differ from the five most commonly reported prognostic factors in RCTs for patients 
with unresectable pancreatic cancer— performance status, disease status (locally advanced 
pancreatic cancer vs. metastatic pancreatic), sex, age, and baseline CA 19-9.

9
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This review focused on patients with resectable and borderline resectable pancreatic 
cancer and therefore included RCTs on patients with resectable disease being treated with 
or without neoadjuvant therapy. We are aware that some of the baseline and prognostic 
factors that we used were available only after surgery (after resection) or after neoadjuvant 
therapy. This means that, for instance, the mandatory baseline factors set includes a 
variable such as resection rate, which clearly cannot be included as a baseline variable in a 
neoadjuvant trial. Therefore, we indicated the adjuvant and neoadjuvant factors separately 
(eBoxes 1-12 in the Supplement). Although the association of neoadjuvant treatment for 
resectable and borderline resectable pancreatic cancer with survival is debatable,22,54 we 
recommend reporting neoadjuvant treatment as a prognostic factor in future RCTs to improve 
comparisons of outcome measures between and among studies. In addition, the baseline 
factor “experience of the surgeon” was not equivocally defined in the RCTs; however, the 
surgeon’s experience is a relevant factor, and it received a sufficient percentage of the votes 
in the Delphi rounds. Therefore, we defined it as years of experience in pancreatic surgery. 
A complete definition list is available in eAppendix 3 in the Supplement.

In our literature review, only three biomarkers—CA 19-9, CEA, and thymidylate synthase 
mRNA—were identified prognostic factors. In the consensus rounds, the experts did not 
add any biomarkers. Both CA 19-9 and CEA received enough votes to become part of the 
mandatory or recommended prognostic set; however, thymidylate synthase mRNA did not. 
This is remarkable because recent studies have shown a substantial association of molecular 
and genetic factors with survival among patients with pancreatic cancer.58-61 Various studies 
have completed RNA expression analysis to allow for the characterization of several epithelial 
and stromal pancreatic cancer subtypes.58,59,62 In addition to RNA expression analyses, DNA 
variation analysis in patients with pancreatic cancer demonstrated an association between 
BRCA variants and an inferior prognosis.63-65 In addition, circulating tumor DNA has been 
found to be associated with a poor prognosis in patients with pancreatic cancer.66 The 
absence of these biomarkers in our consensus statement can be explained by the fact 
that these biomarkers are still too complicated for implementation in routine diagnostics, 
including large RCTs. Eventually, this will change. At that time, this consensus will need to 
be updated.

Limitations
This review had several limitations. First, because the established criteria for determining 
whether a prognostic factor is clinically relevant were lacking, we used the criteria described 
by Ter Veer and colleagues.12 Because we used the cutoff P value of < .05, we may have 
missed factors in trials with smaller sample sizes. In addition, because studies tend to 
primarily report the statistically significant (P < .05) factors, pooling of these results may 
have induced bias. Second, new prognostic factors, including novel biomarkers, may not 
have been studied in published RCTs yet. However, in the Delphi consensus rounds, the 
experts were asked whether there were, in their opinion, any missing factors. Unfortunately, 
the Delphi consensus rounds were only online surveys, so the experts did not get the chance 
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to discuss the clinical value of the varied factors in person. Third, because of the nature of 
the eligibility criteria, we mostly included trials on systemic treatment. Therefore, additional 
factors may be relevant in trials of other treatment modalities (e.g., surgery, endoscopy, 
radiotherapy) in resectable pancreatic cancer. In addition, some baseline and prognostic 
factors were not well defined in the RCTs; however, we provided a list of definitions for 
every baseline and prognostic factor (eAppendix 3 in the Supplement) to address the 
inconsistencies. 

This review’s most important strength was the inclusion of a large number of RCTs from which 
the baseline and prognostic factors were derived. In addition, experts voted individually, 
without being influenced by the opinions of other experts. Therefore, this consensus was 
based on expert clinical knowledge combined with the findings of the literature review, 
making the results as comprehensive and robust as possible.

CONCLUSION
Based on this systematic review of the literature, 2 Delphi consensus rounds, and prespecified 
criteria for evaluation of RCTs identified from a comprehensive search of the literature, we 
recommend applying the COMM-PACT-RB and using these 50 mandatory baseline and 20 
mandatory prognostic factors for all future trials of resectable and borderline resectable 
pancreatic cancer. Outcomes of RCTs should be meta-analyzed to inform the research on 
patients with pancreatic cancer. The COMM-PACT-RB will enable meta-analyses to perform 
improved comparisons of survival and other outcomes between and among studies of 
patients with resectable and borderline resectable pancreatic cancer.

9
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SUPPLEMENTARY MATERIAL
Supplementary material is available at JAMA Oncol online. Only few supplementary files are 
shown below.

a,prognostic factors from the mandatory and recommended prognostic sets added to the mandatory and 
recommended baseline sets; b, not always indicated whether it was clinical or pathological staging; c, not always 

indicated whether it was measured pre or post-operatively
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*= The total number of mandatory baseline factors (n=50) also includes the neoadjuvant and adjuvant factors 
(Boxes 1, 3 and 4 added together); a, prognostic factors from the mandatory and recommended prognostic sets 

added to the mandatory and recommended baseline sets; b, not always indicated whether it was clinical or 
pathological staging; c,not always indicated whether it was measured pre or post-operatively

^, The total number of recommended baseline factors (n=25) also includes the neoadjuvant and adjuvant factors 
(Boxes 2, 5 and 6 added together); a, prognostic factors from the mandatory and recommended prognostic sets 

added to the mandatory and recommended baseline sets; b, not always indicated whether it was clinical or 
pathological staging; c,not always indicated whether it was measured pre or post-operatively

9
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a,prognostic factors from the mandatory and recommended prognostic sets added to the mandatory and 
recommended baseline sets; b, not always indicated whether it was clinical or pathological staging; c, not always 

indicated whether it was measured pre or post-operative

α=The total number of mandatory prognostic factors (n=20) also includes the neoadjuvant and adjuvant factors 
(Boxes 7, 9 and 10 added together)

β= The total number of recommended prognostic factors (n=8) also includes the neoadjuvant and adjuvant 
factors (Boxes 8, 11 and 12 added together)
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ABSTRACT
Background: The recently identified classical and basal-like molecular subtypes of pancreatic 
cancer impact on overall survival (OS). However, the added value of routine subtyping in 
both clinical practice and randomized trials is still unclear, as most studies do not consider 
clinicopathological parameters. This study examined the clinical prognostic value of 
molecular subtyping in patients with resected pancreatic cancer.

Methods: Subtypes were determined on fresh-frozen resected pancreatic cancer samples 
from three Dutch centres using the Purity Independent Subtyping of Tumours classification. 
Patient, treatment, and histopathological variables were compared between subtypes. The 
prognostic value of subtyping in (simulated) pre- and postoperative settings was assessed 
using Kaplan–Meier and Cox regression analyses.

Results: Of 199 patients with resected pancreatic cancer, 164 (82.4 per cent) were classified 
as the classical and 35 (17.6 per cent) as the basal-like subtype. Patients with a basal-like 
subtype had worse OS (11 versus 16 months (HR 1.49, 95 per cent c.i. 1.03 to 2.15; P = 0.035)) 
than patients with a classical subtype. In multivariable Cox regression analysis, including 
only clinical variables, the basal-like subtype was a statistically significant predictor for poor 
OS (HR 1.61, 95 per cent c.i. 1.11 to 2.34; P = 0.013). When histopathological variables were 
added to this model, the prognostic value of subtyping decreased (HR 1.49, 95 per cent c.i. 
1.01 to 2.19; P = 0.045).

Conclusion: The basal-like subtype was associated with worse OS in patients with resected 
pancreatic cancer. Adding molecular classification to inform on tumor biology may be used 
in patient stratification.
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INTRODUCTION
Pancreatic cancer is predicted to become the second most common cause of cancer death 
by 2030; however, the treatment options remain limited, and survival remains poor.1,2 
Prognosis relies mainly on clinical staging and histopathological assessment.3 Molecular 
subtyping of pancreatic cancer could help stratify patients both in clinical practice and in 
randomized trials, ultimately leading to optimized treatment algorithms.4,5

In recent years, several groups have identified two subtypes of pancreatic cancer that 
show high concordance in their gene expression profiles: a classical subtype and a more 
aggressive, basal-like subtype.6–11 The basal-like subtype is associated with worse survival 
and is characterized by the high expression of genes related to epithelial to mesenchymal 
transition, a process by which tumour cells gain migratory and invasive properties.6 Classical 
and basal-like subtypes have also been established in other cancers (e.g., head and neck, 
urothelial, and breast).12,13

Until recently, the implementation of molecular subtyping in clinical practice was seen 
as costly and cumbersome, requiring fresh-frozen tumour tissue with sufficient tumour 
cellularity and laborious RNA sequencing. The recently published Purity Independent 
Subtyping of Tumours (PurIST) classifier requires expression analysis of only 16 genes to 
predict the previously established Moffitt basal-like and classical subtypes for each sample 
individually.14 This classifier showed a strong correspondence between subtypes from 
previously published discovery cohorts (i.e., Bailey, Moffitt, and Collinson), with an overall 
consensus area under the curve value of 0.993.9,10,15–19 Furthermore, the application of 
PurIST demonstrated the significant agreement of subtypes between matched pairs of bulk 
fresh-frozen samples, formalin-fixed tissue, and fine-needle aspiration.14 These advances 
are likely to reduce the overall costs and enable the implementation of subtyping in daily 
clinical practice. However, the added prognostic value of molecular subtyping compared to 
readily available clinicopathological variables is currently unclear, as most previous studies 
did not consider these variables.9–11,14,19,20

This study aimed to examine the clinical prognostic benefit of the molecular subtypes of 
pancreatic cancer in a real-world multicentre cohort of patients resected for pancreatic cancer.

METHODS
Patient selection
Fresh-frozen tumour tissue derived from resected pancreatic ductal adenocarcinoma 
(henceforth ‘pancreatic cancer’) between 1993 and 2015 was collected from the cryoarchives 
of the Departments of Pathology at the Amsterdam UMC, University Medical Center 
Utrecht, and Leiden University Medical Center (the SPACIOUS consortium). The current 
study builds on the previous SPACIOUS-1 cohort study7. This study was approved by the 
Amsterdam UMC Institutional Review Board (METC_A1 15.0122). Resection specimens were 
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retrospectively collected in accordance with ethical guidelines (‘Code for Proper Secondary 
Use of Human Tissue in the Netherlands’ (Dutch Federation of Medical Scientific Societies)). 
For prospectively collected material, informed consent was obtained from all patients in 
accordance with our hospital’s ethical guidelines (METC 2018_181). Samples from patients 
with metastatic disease were excluded. Clinicopathological data were obtained from the 
departments of surgery and pathology.

Sample information and molecular classification
All specimens were snap-frozen in liquid nitrogen and stored at −80°C. Five dedicated 
pancreatic pathologists (A.F.S., J.V., L.A.A.B., H.M., and G.J.A.O.) retrospectively assessed 
the specimens used for RNA extraction for tumour cell percentage and diagnosis. The PurIST 
classifier was used on this cohort, categorizing tumours as either the classical or basal-like 
subtype based on RNA sequencing data (Fig. S1).14 To obtain high-quality data, only samples 
with invasive pancreatic cancer and a tumour cell percentage of more than 30 per cent were 
included for analysis.19 Samples with poor-quality RNA were excluded. More information on 
the processing, revision of the samples, and subtype label assignment can be found in the 
supplementary material.

Definitions
Patients were stratified according to molecular subtype. Clinical parameters included age, 
sex, and ASA grade. The pathological parameters were those in the minimum data set 
for histological reporting (i.e., grade of differentiation, tumour size, lymphovascular and 
perineural invasion, lymph node status, and resection margin status).21 Pathological reports 
were retrospectively reclassified according to the eighth edition of the AJCC staging criteria.3

Outcome measure
The primary outcome was overall survival (OS), defined as the time between surgery and 
date of death or date of last follow-up, according to the National Personal Records Database.

Statistical analysis
Continuous data were expressed as medians with interquartile ranges (i.q.r.) and tested 
using the Mann–Whitney U test. Categorical data were presented as frequencies with 
percentages and analysed using the χ2 test or Fisher’s exact test for categories containing 
small numbers. The null hypothesis was rejected if the P value was ≤ 0.050. Margin status 
was defined by margin: R0 margin 1 mm or more; and R1 less than 1 mm. The anterior 
surface was not considered for R status, as this remains a point of discussion.22 Categories 
with numbers less than five were dichotomized based on a clinically relevant cut-off value.



161

Impact of classical and basal-like molecular subtypes on overall survival in resected pancreatic cancer

The date of the last follow-up was October 2021. Patients who died as a result of postoperative 
complications were excluded. Kaplan – Meier survival analysis was used to assess differences 
in survival between the classical and basal-like subtypes. To demonstrate whether subtype 
was associated with OS, multivariable Cox proportional hazards regression analysis with 
backward selection was performed in two different manners: considering only preoperative 
clinical variables (i.e., sex, age, and ASA grade), to simulate a preoperative setting; and a 
postoperative setting considering all clinical and pathological variables. Backward selection 
was performed by removing the highest P value in the model until all remaining variables 
had a P value < 0.1. Potential prognostic factors were age (continuous), sex (male, female), 
neoadjuvant therapy (no, yes), tumour location (head, corpus/tail), tumour diameter 
(continuous), margin status (R0, R1), differentiation grade (well/moderate, poor), perineural 
growth (no, yes), vasoinvasive growth (no, yes), lymph node ratio (continuous), and adjuvant 
therapy (minimum of two cycles; no, yes). To appraise the potential effects of preoperative 
treatment on molecular subtype and pathology-based variables, a sensitivity analysis 
was performed excluding patients with preoperative treatment. Statistical analyses were 
performed using R-studio version 3.6.1.

RESULTS
Overall, 560 tumour samples of resected pancreatic cancer were obtained from 560 patients. 
Excluded were 324 (57.9 per cent) samples with a tumour cell percentage of less than 30 
per cent, 21 (3.8 per cent) samples after revision for diagnosis, and 16 samples (2.9 per 
cent) based on poor quality of RNA, leaving 199 (35.5 per cent) samples from 199 patients 
available for the final analysis. Kaplan–Meier analysis of all included samples stratified for 
inclusion or exclusion did not show a difference in survival.

Clinicopathological characteristics
The baseline, treatment, and histopathological characteristics of patients with the classical 
and basal-like tumour subtypes are shown in Table 1. Of the 199 included tumour samples, 
164 (82.4 per cent) were classified as classical and 35 (17.6 per cent) as basal-like pancreatic 
cancer. Poor differentiation grade was associated with the basal-like subtype (odds ratio 
(OR) 2.27, 95 per cent c.i. 1.04 to 5.28; P = 0.042). There were neither differences in baseline 
characteristics nor in the administration of adjuvant therapy between the two groups.

Survival analysis
At the time of the last follow-up, eight (4 per cent) patients with the classical subtype were 
alive and no (0 per cent) patients with the basal-like subtype were alive. The median (i.q.r.) 
follow-up of patients alive at the last follow-up was 106 (i.q.r. 48–158) months. Patients 
with a basal-like tumour had a worse median OS of 11 versus 16 months for those with the 
classical subtype (HR 1.49, 95 per cent c.i. 1.03 to 2.15; P = 0.035) (Fig. 1).
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Table 1. Baseline and treatment characteristics of the classical and basal-like molecular subtype in resected 
pancreatic cancer

Overall
n (%)

Classical subtype
n (%)

Basal-like subtype
n (%)

P-value*

Total 199 (100%) 164 (84.4%) 35 (17.6%)

Age at diagnosis≠ 67.0 (59.0 - 73.0) 66.0 (59.0 - 71.2) 69.0 (59.0 - 74.5) 0.279

Sex (female) 95 (48%) 83 (51%) 12 (34%) 0.079

ASA score¥ 0.839

1 44 (22%) 37 (23%) 7 (20%)

2 115 (58%) 93 (57%) 22 (63%)

≥3 38 (19%) 32 (20%) 6 (17%)

Missing 2 2 0

Tumor location (head) 171 (86%) 141 (86%) 30 (86%) >0.999

Preoperative therapy 3 (1.5%) 3 (1.8%) 0 (0%) >0.999

Year of surgeryπ 2012 (1993-2015) 2011 (1993-2015) 2013 (1993-2015) 0.089

Type of surgery 0.699

Pancreatoduodenectomy 174 (88%) 144 (88%) 30 (86%)

Distal pancreatectomy 22 (11%) 17 (10%) 5 (14%)

Total pancreatectomy 2 (1.0%) 2 (1.2%) 0 (0%)

Missing 1 1 0

Margin status (R0) 102 (51%) 82 (50%) 20 (57%) 0.443

Differentiation grade 
(poor)

106 (53%) 81 (49%) 25 (71%) 0.018

Perineural growth 156 (80%) 125 (78%) 31 (91%) 0.082

Missing 5 4 1

Lymphovasculair growth 92 (47%) 72 (45%) 20 (57%) 0.182

Missing 3 3 0

Lymph node ratio≠ 0.2 (0.1 - 0.4) 0.2 (0.1 - 0.3) 0.2 (0.0 - 0.4) 0.803

Missing 2 2 0

T stage (AJCC 8thϮ) 0.702

1 31 (16%) 27 (17%) 4 (11%)

2 128 (65%) 105 (64%) 23 (66%)

3 39 (20%) 31 (19%) 8 (23%)

Missing 1 1 0

N stage (AJCC 8thϮ) 0.687

0 41 (21%) 32 (20%) 9 (26%)

1 95 (48%) 80 (49%) 15 (43%)

2 63 (32%) 52 (32%) 11 (31%)
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Overall
n (%)

Classical subtype
n (%)

Basal-like subtype
n (%)

P-value*

Adjuvant therapy 0.567

151 (76%) 123 (75%) 28 (80%)

Missing 1 1 0

Type of adjuvant therapy 0.515

None 45 (23%) 39 (24%) 6 (18%)

Gemcitabine 147 (75%) 120 (74%) 27 (79%)

Capecitabine 4 (2.0%) 3 (1.9%) 1 (2.9%)

Missing 3 2 1

Status (diseased) 191 (96%) 156 (95%) 35 (100%) 0.355

* Mann–Whitney U test; Pearson’s Chi-squared test; Fisher’s exact test; ≠, Median (IQR); π, Median (total range); 
¥, American Society of Anesthesiologists score; Ϯ American Joint Committee on Cancer

Figure 1. Overall survival after resection for pancreatic cancer, stratified by molecular subtype

Variables associated with survival in univariable Cox regression analysis were age, tumour 
diameter, margin status, differentiation grade, perineural growth, lymphovascular invasion, 
lymph node ratio, and molecular subtype (Tables 2 and 3). In multivariable Cox regression 
analysis including only the clinical parameters available at the time of surgery, the basal-like 
subtype was a predictor of poor survival (HR 1.61, 95 per cent c.i. 1.11 to 2.34; P = 0.013). 
In multivariable Cox regression analysis including all relevant clinical and histopathological 
parameters, the basal-like subtype remained a significant predictor of poor OS (HR 1.49, 95 
per cent c.i. 1.01 to 2.19; P = 0.045). The most important pathological tumour characteristics 
predicting OS were lymph node ratio, poor tumour differentiation, and margin status (R1).
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Table 2. Clinical predictors of survival in univariable and multivariable cox regression analysis in resected pancreatic 
cancer

Univariable analysis Multivariable analysis
HR* 95% CIϮ P-value HR* 95% CIϮ P Value§

Age 1.02 1.00-1.03 0.049 1.02 1.00-1.03 0.036

Sex (female) 1.23 0.61-1.09 0.160

Tumor location (pancreatic 
tail)

0.75 0.50-1.14 0.179 0.69 0.45-1.06 0.088

ASA score¥

1 Reference

2 1.41 0.97-2.04 0.069

≥3 1.44 0.91-2.27 0.117

Molecular subtype (basal-like) 1.49 1.03-2.15 0.035 1.61 1.11-2.34 0.013

* Hazard Ratios in Cox regression analyses on survival; Ϯ, 95% Confidence interval; §, Analyzed in 199 complete 
cases via multivariable cox regression analysis with backward selection until predictors with a p-value <0.1 
remained;¥, American Society of Anesthesiologists score

Subgroup analysis in 106 patients with a poor differentiation grade showed no statistical 
difference in OS in the basal-like subtype (8 versus 14 months; P = 0.440 (Fig. S2)) compared 
with the classical subtype. Analysis of the prognostic value of TN staging and margin status 
in both subtypes showed that, unlike in the classical subtype, T stage (HR 1.52, 95 per cent 
c.i. 0.34 to 1.30; P = 0.229), N stage (HR 1.48, 95 per cent c.i. 0.95 to 2.30; P = 0.084), and 
margin status (HR 1.66, 95 per cent c.i. 0.80 to 3.42; P = 0.171) had no prognostic value in 
the basal-like subtype (Table S1). After sensitivity analysis, which excluded patients after 
preoperative systemic therapy, the association between basal-like subtype and poor OS in 
multivariable regression analysis remained (HR 1.48, 95 per cent c.i. 1.00 to 2.18; P = 0.048 
(Table S2)).
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Table 3. Clinicopathological predictors of survival in univariable and multivariable cox regression analysis in 
resected pancreatic cancer

Univariable analysis Multivariable analysis
HR* 95% CIϮ P-value HR* 95% CIϮ P-value§

Age 1.02 1.00-1.03 0.049 1.03 1.01-1.05 <0.001

Sex (female) 1.23 0.61-1.09 0.160

Tumor location (tail) 0.75 0.50-1.14 0.179

Neo-adjuvant therapy 0.73 0.23-2.30 0.597

Tumor diameter 1.11 1.01-1.22 0.029

Margin status (R1) 1.60 1.20-2.14 0.001 1.52 1.12-2.08 0.007

Differentiation grade (poor) 1.61 1.21-2.15 0.002 1.70 1.25-2.31 <0.001

Perineural growth 1.49 1.03-2.15 0.034 1.61 1.07-2.42 0.022

Lymphovascular invasion 1.59 1.19-2.12 0.002 1.35 0.97-1.88 0.078

Lymph node ratio 2.99 1.67-5.35 <0.001 3.30 3.30-6.45 <0.001

Adjuvant therapy 0.75 0.54-1.05 0.097 0.66 0.45-0.96 0.031

Molecular subtype (basal-like) 1.49 1.03-2.15 0.035 1.49 1.01-2.19 0.045

* Hazard Ratios in Cox regression analyses on survival; Ϯ, 95% Confidence interval; §, Analyzed in in 191 complete 
cases via multivariable cox regression analysis with backward selection until predictors with a p-value <0.1 
remained

DISCUSSION
This multicentric study confirmed the association of the basal-like subtype with poor OS 
in patients with resected pancreatic cancer. The prognostic value was less when other 
histopathological variables were considered. Based on this, molecular classification will 
likely add information on the biology of a tumour and therefore could have a role in future 
patient stratification.

Over the last decade, many groups have used unsupervised class discovery for the 
molecular classification of pancreatic cancer.7,11,19,20,23–25 Although the number of identified 
subtypes varied, a basal-like subtype was consistently found (Fig. S1). Although consensus 
on a universal classifier is lacking, most groups now agree on a two-tier classification of 
pancreatic cancer. The poor prognosis of the basal-like subtype is well established, but little 
is known about the added value when considering traditional clinicopathological variables. 
A few discovery cohorts used multivariable Cox analysis to assess whether subtype was 
an independent predictor for OS, but information on the methods used to obtain and 
completeness of clinical and histopathological data was mostly lacking.7,10,23–25

A recent international study containing tumour samples from 442 patients with pancreatic 
cancer concluded that molecular subtype was a strong prognostic factor and should be 
considered when staging patients with resected pancreatic cancer.4 This study used a 
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subtyping method that is more difficult to perform on small biopsy material, hindering its 
use in the preoperative or metastatic setting. For patients with the basal-like subtype (25.3 
per cent), prognosis was extremely poor, irrespective of the T- and N-stage and margin 
status, with an OS of 14.9 months.4 This finding was confirmed in the current multicentric 
study, indicating that the power of the histopathological variables is limited in the basal-like 
subgroup as it is in itself a predictor of aggressive tumour behaviour.

In the present multicentric cohort, 35 patients (nearly 18 per cent) had a basal-like subtype, 
a smaller proportion than found in other studies.7,9,10 This suggests that the PurIST classifier 
predicts the basal subtype with higher specificity. However, the high degree of intratumour 
heterogeneity known to exist in pancreatic cancer is not considered in these binary 
classification systems. Although continuous classifications are proposed, and a probability 
score is provided in PurIST, a cut-off value remains essential for any treatment choice in 
clinical practice.26

Of all the prognostic clinicopathological variables, only poor differentiation grade was 
associated with the basal-like subtype. Poor differentiation is considered a measure of 
aggressive tumour behaviour, and its association is to be expected. Surprisingly, the other 
established histopathological variables that predict aggressive tumour behaviour (i.e., 
tumour size, lymph node ratio, lymphovascular, and perineural invasion) did not show a 
significant association with the basal subtype. It remains unclear whether this is because 
of the sample size or whether it implies that subtyping confers prognostic information that 
is supplementary to the standard histopathological assessment. During the range of time 
in which this cohort was collected, pathology reporting and sampling has considerably 
improved, resulting in more accurate detection of lymphovascular and perineural invasion. 
This should be studied in future large-scale studies.

The results of this study should be interpreted in light of certain limitations. Firstly, this 
cohort had a long inclusion period. However, treatment strategies were very similar during 
the inclusion time, and we therefore believe the heterogeneity of this cohort is relatively 
limited. Secondly, most patients were included before the era of preoperative therapy, 
which is not a reflection of current practice, especially in borderline resectable disease. 
Similarly, none of the patients received preoperative or adjuvant FOLFIRINOX chemotherapy. 
However, it is unclear whether and to what extent preoperative therapy affects the clinical 
impact of subtyping.15 This should be further investigated. Thirdly, only data from high-
cellularity samples were available, and only 39 per cent of the tumours were included. 
Because pancreatic cancer is, in general, characterized by low tumour cellularity, this is 
a common problem in studies of molecular subtyping.19 As the PurIST classifier only uses 
rank-transformed, relative expression of tumour cell-intrinsic gene pairs, subtype can be 
determined in samples with a lower cancer cell percentage. Of 13 samples initially excluded 
from our cohort due to low cellularity, RNA sequencing data were available. In fact, the 
PurIST classification could be applied to these samples, discovering 12 classical subtypes 
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and one basal-like subtype. However, validation is needed in a larger cohort of low cellularity 
samples, such as fresh-frozen paraffin-embedded biopsies. Finally, although our sample size 
was relatively large for this study type, the number of basal-like samples remained small. 
Therefore, we could not exclude a type II error regarding the primary endpoint.

The prognostic and predictive value of the basal-like subtype remains to be validated in 
patients receiving preoperative therapy and in the metastatic setting. Future studies may 
benefit from the recent advancements in RNA sequencing and apply subtyping on lower 
quantities and quality of tumour tissue.11,23 Currently, there are only few predictive factors to 
guide the choice of preoperative and adjuvant systemic therapy in patients with pancreatic 
cancer. The basal-like subtype, based on tumour-intrinsic biological features, has been 
proven to be robust and shows promise in this area.27,28 However, an important step before 
implementing subtyping in randomized trials on systemic treatment is to achieve consensus 
on which classifier to use. Such consensus will facilitate better comparison across trials, and 
enable researchers to study the predictive value of gene signatures and patient management 
and outcomes in more detail.29 Ultimately, this should lead to improved patient stratification 
and, as a result, treatment outcomes for patients with pancreatic cancer.

SUPPLEMENTARY MATERIAL
Supplementary material is available at BJS online.
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ABSTRACT 
Importance: Prospective multicenter studies with routine sampling of lymph node (LN) 
stations 16b1, 9, and 8a in patients during resection for pancreatic ductal adenocarcinoma 
(PDAC) or periampullary carcinoma are lacking. Preoperatively, differentiation between 
pancreatic and periampullary cancer may be difficult. This hampers intraoperative decision 
making based on lymph node involvement.

Objective: To investigate the impact of metastasis to LN stations 16b1, 9, and 8a on overall 
survival (OS) in patients undergoing pancreatoduodenectomy for PDAC or periampullary 
carcinoma.

Design, setting, and participants: This prospective, multicenter, observational cohort study 
included patients undergoing pancreatoduodenectomy for PDAC, distal cholangiocarcinoma, 
ampullary carcinoma, or duodenal carcinoma  (October 1st, 2015 - April 1st, 2020). The 
prognostic value of LN involvement was analyzed per station (8a, 9, 16b1) based on final 
pathology assessment using Kaplan-Meier and Cox regression analysis.

Main outcomes and measures: The primary outcome was median OS, calculated from the 
date of surgery or censored at the date of the last follow-up (March 1st, 2022).

Results: Overall, 1218 patients were included after pancreatoduodenectomy for PDAC 
(n=673), distal cholangiocarcinoma (n=228), ampullary carcinoma (n=212), or duodenal 
carcinoma (n=105). The LN stations 8a (n=1067), 9 (n=376), and 16b1 (n=511) had metastasis 
rates of 12%, 10%, and 13%, respectively. Metastasis in LN station 16b1 was associated with 
worse OS in all four cancers: PDAC (10 vs. 24 months, P<0.001); distal cholangiocarcinoma 
(7 vs. 28 months, P<0.001); ampullary carcinoma (9 vs. 62 months, P<0.001); and duodenal 
carcinoma (13 vs. not reached, P=0.007), respectively. Cox regression analysis revealed that 
metastasis of LN station 16b1 was independently associated with worse OS for all diagnoses. 
Metastasis of LN station 8a was associated with worse OS in PDAC (13 vs. 22 months, 
P<0.001), distal cholangiocarcinoma (16 vs. 26 months, P=0.002), and ampullary carcinoma 
(16 vs. 62 months, P<0.001). Metastasis of LN station 9 was associated with worse OS only 
in ampullary carcinoma (4 vs. 35 months, P<0.001).

Conclusions and relevance: Involvement of especially LN station 16b1 in patients undergoing 
pancreatoduodenectomy for pancreatic and periampullary carcinomas is associated with 
very poor OS, questioning the role of upfront surgery in these patients. Further studies are 
needed in patients following neoadjuvant treatment.
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INTRODUCTION
Pancreatic and periampullary cancer remains associated with poor survival. Even after 
surgical resection and adjuvant systemic therapy, the 5-year survival rate is only 20%.1,2 One 
of the strongest prognostic factors after resection is lymph node (LN) involvement. Five-
year survival after pancreatoduodenectomy (PD) for pancreatic ductal adenocarcinoma 
(PDAC) is approximately 10 percent for LN-positive disease versus 30 percent for LN-
negative disease.3,4 Adequate pre-operative evaluation of LN involvement is difficult since 
the diagnostic accuracy of CT for assessment of extra-regional LN metastases is poor.5,6 
Therefore, identification of metastases in LN stations typically occurs during surgery by 
performing intraoperative (frozen section) sampling or postoperatively at the definitive 
pathological assessment of the resection specimen. 

Several studies have advocated routine sampling of LNs during the exploration phase before 
PD, and most studies have focused on LNs harvested at the hepatic artery7-9, or aortocaval.10-16 
It remains unclear whether LN metastases in stations 16b1 (aortocaval), 9 (celiac trunk), 
and/or 8a (common hepatic artery) should lead to altered treatment decisions, such as 
refraining from resection during exploration for pancreatic or periampullary cancer.17,18 A 
standard lymphadenectomy, which includes the hepatic-artery but excludes aortocaval 
and celiac trunk LNs, was defined by the International Study Group of Pancreatic Surgery 
(ISGPS).19 Although consensus was reached on station 8a and station 9, the ISGPS did 
not reach consensus about station 16b1 due to different expert opinions and variations 
in interpretation of the literature.17 Prospective multicenter studies comparing survival of 
patients undergoing PD for pancreatic- and periampullary cancer with- versus without LN 
metastases in stations 16b1, 9, and 8a are lacking. This is important since differentiation 
between pancreatic and periampullary cancer may be difficult. Therefore, this study aimed 
to determine overall survival (OS) in relation to LN status, especially station 16b1, in patients 
undergoing PD for pancreatic ductal adenocarcinoma or periampullary cancer. 

METHODS
Design and study population
This prospective, multicenter, observational cohort study included all adult patients who 
underwent PD for pancreatic ductal adenocarcinoma, distal cholangiocarcinoma, ampullary 
(i.e., ampulla of Vater) carcinoma, or duodenal carcinoma in 7 centers of the Dutch 
Pancreatic Cancer Group (DPCG) between October 1st, 2015 and April 1st, 2020. LN8a was 
routinely harvested during PD (Figure 1). LN9 and/or LN16b1 were specifically harvested 
for the purpose of this study, but resection of these LN stations was not mandatory. Nodes 
were examined together with the resection specimen. Data collection for this study was 
performed by adding study-specific variables regarding sampling of LN stations 8a (LN8a), 
9 (LN9), and 16b1 (LN16b1) to the mandatory Dutch Pancreatic Cancer Audit (DPCA).20 
Data included sex, age at surgery, body mass index (kg/m2), ASA score (scored excluding 
the disease for which the surgery is being performed), preoperative therapy, vascular 
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resection, histopathological assessment (differentiation grade, margin status, LN ratio), 
adjuvant therapy, and vital status at last follow-up. Preoperative therapy for pancreatic 
adenocarcinoma was mostly administered in clinical trials.21,22 This study was approved by 
the Ethics Committee of Erasmus MC, Rotterdam (MEC-2015-548). The study protocol was 
registered in the Dutch Trial Registry and World Health Organization International Clinical 
Trial Registry Platform (NL8424).23 This study was reported in accordance with the STROBE 
guidelines.24,17

Figure 1. Adapted from Japan Pancreas Society. The common hepatic artery (station 8a), celiac trunk (station 9) 
lymph nodes, and para-aortic lymph nodes (station 16b1) are shown. Substation 16b1 is located around the 

abdominal aorta in-between the lower margin of the left renal vein and the upper margin of the inferior 
mesenteric artery. IMA, inferior mesenteric artery; LRV, left renal vein; SMA, superior mesenteric artery

Surgical Procedures
For LN8a, the LN located ventral to the common hepatic artery was resected. Station 9 
was as first encountered LN just to the right of the celiac trunk. This node was found by 
following the common hepatic artery towards the celiac trunk after removing LN8a. For 
LN16b1, the node(s) in the aortocaval window were resected caudally to the renal vein. 
LN stations were marked and sent in separately for histopathological assessment. This 
study did not define treatment decisions regarding frozen section analysis of LN8a, LN9, 
and LN16b1 intra-operatively. The treatment algorithm was dictated by local practice. 
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During the study period, concerns were raised regarding the incidence of chyle leak when 
extensively sampling LN16b1. Therefore the incidence of chyle leakage grade A and grade 
B/C, as defined by the International Study Group on Pancreatic Surgery, was assessed in 
patients with sampled LN16b1 and compared to patients without LN16b1 sampled.25 

Study endpoints
The primary study endpoint was OS. Secondary endpoints were the prevalence of metastases 
in LN stations 16b1, 9, and 8a, 30-day mortality, and 3-year survival probability.

Sample size 
The sample size was based on an expected prevalence of station 16b1 LN metastases of 
16% and 6.25 controls per experimental subject (ratio control:experimental group 100:16). 
Considering a median survival time of 27.2 months in the control group (i.e., patients 
without LN metastases in LN8a, LN9, LN16b1), and 15.7 months in the experimental group, 
506 patients with sampled LN16b1 were needed to reject the null hypothesis that the 
experimental and control survival curves are equal with a power of 80%.13 The Type I error 
probability associated with the test of this null hypothesis is 5%. 

Statistical analysis
Patients were stratified and analyzed per histopathological diagnosis. Continuous data 
were expressed as medians with interquartile ranges [IQRs], and categorical variables 
were expressed as numbers with percentages. Variables were compared using the Mann–
Whitney U test, Chi-square test, and Fisher’s exact test, where appropriate. Survival time was 
calculated from the date of surgery until the date of death, or censored at the date of last 
follow-up (03-2022). Survival was shown per diagnosis over the total cohort. Furthermore, 
survival was analyzed separately for LN stations 8a, 9, and 16b1 separately using Kaplan–
Meier analysis and the log-rank test. OS was reported as median with a 95% confidence 
interval (CI), and in case of less than 50% of events (death) it was stated as not reached 
(NR). 30-day mortality was defined as all-cause mortality within (fewer than or equal to) 30 
days after pancreatic resection. No patients were lost to follow-up. Multivariable analyses 
were performed for all diagnoses using Cox proportional hazards (HR) regression analysis. 
Factors associated with survival were considered age (continuous), sex (female vs. male), 
ASA score (> 2 vs. ≤2), differentiation (poor vs. well/moderate), margin status (R0 vs. R1/
R2), tumor diameter (>2cm vs. ≤2cm), and each nodal station separately, per diagnosis. For 
PDAC, preoperative therapy (yes vs. no) and adjuvant therapy (yes vs. no) were also included 
in the model. Missing data was included as a separate group when >5% missing. Backward 
selection was performed by removing the highest p-value in the model until all remaining 
variables had a P-value of <0.1. 
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Sensitivity analysis were performed for patients with PDAC who received preoperative 
chemotherapy or chemoradiotherapy and patients that received adjuvant therapy. Missing 
data were reported but not imputed. In multivariable A P-value < 0.05 was considered 
statistically significant. All statistical analyses were performed using Rstudio version 4.0.3.

RESULTS
Patient and treatment characteristics
Overall, 1219 patients were included, of whom 674 with PDAC (55%), 228 with distal 
cholangiocarcinoma (19%), 212 with ampullary carcinoma (17%), and 105 with duodenal 
carcinoma (9%), according to final histopathological assessment. Baseline and treatment 
characteristics are shown in Table 1. Overall LN involvement (N+) rates, regarding all LN 
stations, including 16b1, 9, and 8a, for the abovementioned diagnoses were 73%, 61%, 
59%, and 73%, respectively. The LN stations 8a (n=1067), 9 (n=376), and 16b1 (n=511) 
had metastasis rates of 12%, 10%, and 13%, respectively (Table 2). Out of 67 patients with 
LN16b1 involvement, 57% had no involvement of LN8a and 9, 22% had involvement of LN8a 
or LN9, and in 14 patients data were lacking on LN8a and LN9 involvement. Of 444 patients 
without LN16b1 involvement, 36% had N0 disease, and 64% had any LN involvement in the 
final histopathological assessment.   

Overall, 118 patients with PDAC received preoperative therapy. Less nodal involvement of LN8a 
was found in patients with PDAC who received preoperative therapy (5.5% vs. 15%, P = 0.007) 
as compared to patients without preoperative therapy. No significant difference was found 
in nodal involvement of LN9 nor LN16b1 in patients with or without preoperative therapy 
(5.7% vs. 12%, P = 0.384; and 11% vs. 15%, P = 0.378, respectively); see Supplementary Table 
1. Of the 343 PDAC patients who received adjuvant therapy, regimen included gemcitabine 
monotherapy (n = 190, 55%), gemcitabine combination therapy (n = 51, 15%), FOLFIRINOX (n 
= 78, 23%), or other/unknown (n = 24, 7%). In patients with or without sampled LN16b1, no 
significant difference was found in chyle leak rates (grade A-C) (grade A: 17%, grade B/C: 7.4% 
versus grade A: 19%, grade B/C: 9.8%,  respectively, P = 0.392).



177

Routine sampling of lymph node stations 16b1, 9, and 8a during pancreatoduodenectomy

Table 1. Baseline, tumor, and treatment characteristics of patients after pancreatoduodenectomy, stratified by 
definitive histopathological diagnosis

Overall
N = 1218

Pancreas 
carcinoma 

N = 673

Cholangio 
carcinoma

N = 228

Ampullary 
carcinoma

N = 212

Duodenal 
carcinoma

N = 105
Sex (female) 555 (46%) 318 (47%) 93 (41%) 96 (45%) 48 (46%)

Age 69 [61 - 74] 68 [61 - 74] 69 [62 - 74] 70 [62 - 76] 69 [60 - 74]

Age > 75 years 259 (21%) 134 (20%) 47 (21%) 58 (27%) 20 (19%)

Body Mass Index 24 [22 - 27] 24 [22 - 26] 25 [22 - 28] 25 [22 - 27] 24 [22 - 27]

ASA score (>2) 311 (26%) 176 (27%) 67 (30%) 41 (20%) 27 (26%)

Preoperative therapy 129 (12%) 118 (20%) 5 (2.5%) 3 (1.7%) 3 (2.9%)

Vascular resection 275 (25%) 234 (39%) 33 (16%) 4 (2.2%) 4 (4.5%)

Surgical approach (open) 870 (80%) 511 (86%) 156 (74%) 131 (68%) 72 (82%)

Tumor diameter (mm) 28 [20 - 37] 30 [24 - 39] 24 [17 - 30] 22 [15 - 30] 38 [25 - 50]

Differentiation grade (poor) 258 (22%) 140 (22%) 52 (24%) 38 (18%) 28 (28%)

Margin status (R0) 646 (60%) 279 (46%) 127 (62%) 167 (91%) 73 (81%)

Nodal involvement (N0) 380 (32%) 181 (27%) 86 (39%) 85 (41%) 28 (27%)

Adjuvant therapy 391 (37%) 343 (57%) 29 (15%) 7 (3.8%) 12 (16%)

n (%); Median [IQR]

Survival analysis
Overall, median survival (95%CI) for PDAC was 21 months (18 – 23), distal cholangiocarcinoma 
24 months (21 – 27), and ampullary carcinoma 41 months (33 – NR), see Supplementary 
Figure 1. For duodenal carcinoma, there were too few events (death in 32% of patients) to 
reach median survival. Table 2 shows the median survival and 3-year survival probability 
per LN station per diagnosis. Involvement of LN16b1 was associated with a strikingly worse 
OS in all diagnoses: PDAC (10 vs. 24 months, P < 0.001), distal cholangiocarcinoma (7 vs. 
28 months, P < 0.001), ampullary carcinoma (9 vs. 62 months, P < 0.001), and duodenal 
carcinoma (13 vs. NR, P = 0.007), respectively (Figure 2). The 3-year survival probabilities for 
involvement of LN16b1 for the abovementioned diagnosis were 5.2% vs. 35%,  0% vs. 45%, 
0% vs. 61%, and 29% vs. 70%, respectively. 
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Table 2. Median survival (months) and 3-year survival rates per lymph node station involvement of patients after 
pancreatoduodenectomy, stratified by diagnosis

Pancreas 
carcinoma 

N = 673

Cholangio 
carcinoma

N = 228

Ampullary 
carcinoma

N = 212

Duodenal 
carcinoma

N = 105
Station 8a, LN+ / total LN 76/581 (13%) 24/207 (12%) 14/185 (7.6%) 10/94 (11%)

Negative LN8a

   Median survival [CI] 22 [18-24] 26 [23-32] 62 [36-NR] NR [32-NR]

   3-year survival rate (95%CI) 30% (26%-35%) 37% (30%-46%) 60 (52-69) 57 (45-72)

Positive LN8a

   Median survival [CI] 13 [10-19] 16 [10-27] 16 [8-NR] 24 [20-NR]

   3-year survival rate (95%CI) 13% (6.3%-27%) 8.1% (1.3%-50%) 10% (1.6%-62%) 48% (22%-100%)

Station 9, LN+ / total LN 23/215 (11%) 6/63 (10%) 3/34 (4.7%) 3/28 (11%)

Negative LN9

   Median survival months [CI] 21 [18-28] 26 [19-NR] 35 [27-NR] NR [16-NR]

   3-year survival rate (95%CI) 25% (18%-34%) 41% (30%-58%) 49% (37%-65%) 56% (38%-85%)

Positive LN9

   Median survival months [CI] 12 [8-28] 10 [6-NR] 4 [3-NR] NR [20-NR]

   3-year survival rate (95%CI) 19% (7.0%-49%) 40% (14%-100%) 0% (0%-0%) 67% (30%-100%)

Station 16, LN+ / total LN 46/316 (15%) 7/76 (9.2%) 7/75 (9.3%) 7/44 (16%)

Negative LN16b1

   Median survival months [CI] 24 [21-29] 28 [23-NR] 62 [23-NR] NR [NR-NR]

   3-year survival rate (95%CI) 35% (29%-43%) 45% (33%-60%) 61% (49%-75%) 70% (54%-91%)

Positive LN16b1

   Median survival months [CI] 10 [3-13] 7 [5-NR] 9 [6-NR] 13 [6-NR]

   3-year survival rate (95%CI) 5.2% (1.4%-20%) 0% (0%-0%) 0% (0%-0%) 29% (6.2%-100%)

NR = not enough patients reached the endpoint
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Additional analysis in all patients with LN16b1 sampled (all diagnoses, Supplementary 
Figure 2) showed significantly different median (95%CI) survival times in patients without 
LN involvement: 62 months (39 months – NR). Patients with LN-positive disease but without 
LN16b1 involvement: 24 months (21 months – 28 months), and patients with LN16b1 
involvement 9 months (8 months – 12 months, P < 0.001). A total of 23 (34%) patients with 
LN16b1 involvement survived more than 1 year. Characteristics of that group, as compared 
to patients surviving ≤ 1 year, are shown in Supplementary Table 2. Patients who survived > 
1 year more often had an ASA score ≤ 2 (95% vs. 74%, P = 0.048) and an R0 resection (64% 
vs. 27%, P = 0.004). In patients with PDAC, adjuvant treatment was given in 67% vs. 37%, 
respectively. However, this difference was not statistically significant (P = 0.051). 

Involvement of LN8a was associated with worse OS in PDAC (median OS 13 vs. 22 months, 
P < 0.001), distal cholangiocarcinoma (16 vs. 26 months, P = 0.002), and ampullary 
carcinoma (16 vs. 62 months, P < 0.001), as compared to LN negative status of station 8a 
(Figure 3). Involvement of LN9 was associated with worse OS only in ampullary carcinoma 
(4 vs. 35 months, P < 0.001), as compared to LN9 negative status (Figure 4). Overall, 30-
day mortality occurred in 30 (2.5%) patients, of whom 13 (1.9%) with PDAC, 7 (3.1%) with 
cholangiocarcinoma, and 10 (4.7%) with ampullary carcinoma.  

Overall survival of patients with PDAC who received preoperative therapy with involvement 
of LN8a or LN9 did not differ compared to patients without involvement of LN8a (P = 0.520) 
or LN9 (P = 0.900). However, survival was worse in patients with PDAC after preoperative 
therapy and involvement of LN16b1, as compared to patients without LN16b1 involvement 
(P = 0.035), see Supplementary Figure 3. 

In multivariable Cox regression analysis, LN8a, and LN16b1 were independent predictors for 
overall survival in patients after PD for PDAC or distal cholangiocarcinoma, whereas LN9 was 
not (Table 3). In patients with PDAC who received adjuvant treatment, survival remained 
worse when LN16b1 was involved (17 months; 95%CI 11 – 15 months), as compared to 
patients without LN16b1 involvement (28 months; 95%CI 23 – 35 months, P < 0.001), see 
Supplementary Figure 4). In patients with PDAC and LN16b1 involvement (n = 46), adjuvant 
therapy resulted in improved median survival of 17 months (95%CI 11 – 25 months) as 
compared to 7 months (95%CI 5 – 13 months) in patients without adjuvant therapy. In 
that group, only 3 patients received adjuvant FOLFIRINOX. For patients with ampullary 
carcinoma, LN8a, LN9, and L16b1 were associated with poor survival. For patients with 
duodenal carcinoma, only LN16b1 involvement was associated with poor survival (HR 4.59, 
95%CI 1.33 – 15.83, P = 0.016). No other factors could be identified. 



181

Routine sampling of lymph node stations 16b1, 9, and 8a during pancreatoduodenectomy

Fi
gu

re
 3

. S
ur

vi
va

l a
nd

 in
vo

lv
em

en
t o

f L
N

8a
, s

tr
ati

fie
d 

by
 d

ia
gn

os
is

11



182

Chapter 11

Table 3. Association of variables with poor OS in multivariable cox regression analysis of station 8a, 9 and 16b1 in 
patients with pancreatic carcinoma

Station 8a Station 9 Station 16b1 
HR 2.5 

%
97.5 

%
P* HR 2.5 

%
97.5 

%
P* HR 2.5 

%
97.5 

%
P*

Pancreatic 
adenocarcinoma

N = 572 N = 215 N = 316

ASA score (> 2 vs ≤2) 1.23 0.97 1.55 0.084

Differentiation (poor 
vs well/moderate)

1.39 1.08 1.78 0.010 2.08 1.37 3.16 0.001 1.46 1.03 2.06 0.032

Margin status (R0 vs 
R1/R2)

1.38 1.10 1.73 0.005 1.55 1.10 2.18 0.012

Tumor diameter 
(>2cm vs ≤2cm)

1.43 1.07 1.93 0.017

Adjuvant therapy (no 
vs yes)

0.63 0.50 0.78 <0.001 0.68 0.47 0.99 0.041 0.58 0.44 0.78 <0.001

LN Station (positive 
vs negative)

1.43 1.07 1.92 0.016 1.44 0.87 2.38 0.156 2.41 1.70 3.40 <0.001

Distal 
cholangiocarcinoma

N = 107 N = 63 N = 76

Differentiation (poor 
vs well/moderate)

1.51 1.00 2.30 0.052

Margin status (R0 vs 
R1/R2)

1.98 0.96 4.06 0.063

Tumor diameter 
(>2cm vs ≤2cm)

1.92 1.27 2.90 0.002

LN Station (positive 
vs negative)

1.80 1.07 3.04 0.027 1.41 0.42 4.72 0.582 11.33 4.14 30.99 <0.001

Ampullary carcinoma N = 153 N = 62 N 72

Sex (male vs female) 2.29 1.01 5.15 0.046

ASA score (> 2 vs ≤2) 2.07 1.12 3.80 0.020

Differentiation (poor 
vs well/moderate)

2.67 1.51 4.72 0.001 2.87 1.19 6.90 0.019

Margin status (R0 vs 
R1/R2)

2.00 0.96 4.18 0.066 2.70 0.85 8.60 0.094 12.06 2.08 69.79 0.005

Tumor diameter 
(>2cm vs ≤2cm)

1.62 0.94 2.79 0.083 3.12 1.14 8.53 0.027

LN Station (positive 
vs negative)

2.56 1.29 5.10 0.007 13.41 2.92 61.62 0.001 4.52 1.79 11.45 0.001

*Multivariable Cox regression analyses with backward selection until variables with a P-value of <0.1 remained
Duodenal carcinoma not
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DISCUSSION
This first prospective, multicenter, observational cohort study on nodal involvement in both 
pancreatic and periampullary carcinomas found that involvement of LN16b1 is associated 
with very poor OS in 1218 patients undergoing PD for all types of pancreatic and periampullary 
adenocarcinoma. Nodal involvement of LN8a was associated with worse OS in patients with 
pancreatic adenocarcinoma, distal cholangiocarcinoma, and ampullary carcinoma, whereas 
involvement of LN9 was only associated with worse OS in patients with ampullary carcinoma.

Previous studies assessed the impact of LN16b1 or LN8a on survival in pancreatic cancer. 
However, prospective multicenter studies involving both pancreatic and periampullary cancer 
are lacking. This is relevant since it is preoperatively often difficult to make a distinction between 
both entities. The highest prevalence of LN16b1 involvement was found in patients undergoing 
PD for duodenal carcinoma (16%) and PDAC (15%). For PDAC, regional and especially extra-
regional LN metastasis (i.e., LN16b1) has previously been identified as important prognostic 
factors for PDAC.26 One study in 45 patients with PDAC reported a comparable poor median 
OS of 7.9 months in resected patients with LN16b1 involvement, versus 5.9 months in patients 
who did not undergo resection (P = 0.049).15 A total of 38% of patients received adjuvant 
therapy in that study. A recent multicenter study on 320 patients eligible for PD reported a 
median survival of 11 months in 59 patients with LN16b1 involvement after PD, as compared 
to 7 months in 27 patients with LN16b1 involvement who received a palliative double bypass 
procedure (P = 0.049).18 However, adjuvant treatment regimens were not specified, and 
periampullary carcinomas were not separately taken into account. Other, mostly retrospective 
studies on PDAC reported varying median survival times after PD with involvement of LN16b1  
(8 months - 17 months), suggesting that resection does improve OS. On the other hand, 
the median survival time in LN16b1 negative disease can rise to 31 months.11,27 Survival 
differences were also found in resected PDAC with involvement of LN8a and LN9, as compared 
to patients without LN8a or 9 involvement. However, the largest impact on survival difference 
was shown for involvement of LN16b1. In multivariable analysis poor differentiation grade 
and R1/R2 resection were associated with worse OS in models for LN8a and LN9, but had no 
significant prognostic value when the status of LN16b1 was known. Additionally, the results 
of the current study suggest that preoperative therapy in patients with PDAC may result in 
lower rates of LN metastasis in LN8a and an OS benefit in patients with LN8a involvement. 
However, patients who did not undergo resection after preoperative therapy (e.g., due to 
disease progression and possibly LN involvement) are not included in this study. Therefore, 
prospective studies should confirm this finding in patients treated with preoperative therapy. 
Currently, studies assessing preoperative therapy’s effect on 16b1 metastases are scarce, and 
the clinical relevance remains to be determined. Although no clear benefit for preoperative 
therapy was found in PDAC patients with LN16b1 involvement, adjuvant therapy in this group 
resulted in a higher median survival time (95%CI) of 17 (11-25) months as compared to 7 (5-
13) months in patients without adjuvant therapy. Clearly, receiving adjuvant therapy requires 
a reasonable performance status postoperatively, and adjuvant therapy leads to improved 
survival for all patients with PDAC. Patients with LN16b1 involvement who do not receive 
adjuvant chemotherapy have very poor survival. 
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A prevalence of LN16b1 involvement after PD for duodenal carcinoma was described in 
a retrospective single-center study of 65 patients, in which a prevalence of 12.3% was 
reported.28 Five-year survival rates of patients after PD with involvement of LN16b1 was 
0%, as compared to 75% without LN16b1 involvement. The current study did not find an 
impact on OS differences after PD for duodenal carcinoma for involvement of LN8a and 
LN9, compared to patients without regional LN metastasis, which contradicts previous 
literature.29,30 However, the number of included patients with duodenal carcinoma is small, 
and we can therefore not exclude a Type II error. The lowest prevalence of involvement of LN 
16b1 was found in ampullary carcinoma (9.3%), and distal cholangiocarcinoma (9.2%), with a 
median survival of 7, and 9 months, respectively. For these diagnoses, survival time differed 
strongly based on LN involvement. A recent retrospective mono-center study reported an 
LN16b1 metastasis rate of 4.4% in 105 patients with distal cholangiocarcinoma and reported 
5-year survival rates of 0%.31 This strengthens the argument for perioperative sampling and 
refraining from resection if these nodes are involved during frozen section. 

During the study, concerns were raised about the risk of chyle leak when fully clearing 
the aortocaval window, causing one hospital to stop sampling this lymph node station. In 
a recent Dutch study on chyle leak in 2159 patients after PD, LN16b1 sampling was not 
identified as an independent risk factor in a subgroup of 456 patients (208 patients with 
16b1 sampled).32 Although a trend towards increased morbidity was seen in patients 
with extended lymphadenectomy, the results of the current study showed no significant 
differences in chyle leak grade A nor grade B/C between patients with or without aortocaval 
LN sampling.33 Major morbidity related to LN sampling was not assessed in the current 
study, but specific sampling of LN16b1 seems advisable.

The results of this study should be interpreted in view of certain limitations. First, only LN 
stations 16b1, 9 and 8a were sampled. The relatively small sample size of LN9 should be 
taken into account in the interpretation of the results. Second, only patients after pancreatic 
resection were included in the cohort, and information on aborted explorations could not be 
taken into account. Third, adjuvant therapy was not routinely administered for patients with 
cholangiocarcinoma, ampullary carcinoma, and duodenal carcinoma. Therefore, the potential 
effect of systemic therapy could not be considered for these diagnoses. Since neoadjuvant 
treatment might lead to reduced involvement of LN stations, one could debate at what 
stage lymph node staging is most appropriate. Furthermore, future studies should assess 
the impact of adjuvant FOLFIRINOX on overall survival in patients with LN16b1 involvement. 
Although no strong recommendation on routinely dissecting LN16b1 could be formulated by 
the International Study Group on Pancreatic Surgery, the results of the current prospective 
study show that LN16b1 involvement is associated with very poor survival, strengthening the 
argument for routine intraoperative sampling. Resection may only be useful in fit patients who 
can receive adjuvant therapy, especially in pancreatic cancer. Resection is debatable for distal 
cholangiocarcinoma and ampullary carcinoma when LN16b1 is involved. Future studies should 
investigate the role of preoperative and adjuvant treatment, including (m)FOLFIRINOX. 
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Nodal status in patients after resection for pancreatic adenocarcinoma with and without 
preoperative therapy

Overall Preoperative 
therapy

No preoperative 
therapy

P-value*

Station 8a, total n 561 110 451

Station 8a positive, n (%) 74 (13%) 6 (5.5%) 68 (15%) 0.007

Station 9, total n 215 35 180

Station 9 positive, n (%) 23 (11%) 2 (5.7%) 21 (12%) 0.384

Station 16, total n 311 56 255

Station 16b1 positive, n (%) 45 (14%) 6 (11%) 39 (15%) 0.378

*Fisher exact test, Pearson’s Chi-squared test
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Supplementary Figure 1. Survival of patients after pancreatoduodenectomy, stratified by diagnosis

Supplementary Figure 2. Survival and involvement of LN16b1, all diagnoses
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Supplementary Figure 4. Survival and LN16b1 involvement in PDAC patients with and without adjuvant therapy

Supplementary Table 2. Characteristics of 67 patients with LN16b1 involvement, stratified by survival > or ≤ 1 year

All diagnosis Overall
N = 67

Survival >1 year 
N = 23

Survival ≤ 1 year
N = 44

P-value

Sex (female) 31 (46%) 12 (52%) 19 (43%) 0.483

Age > 75 years 11 (16%) 3 (13%) 8 (18%) 0.736

ASA score ≤ 2 51 (81%) 20 (95%) 31 (74%) 0.048

Histopathological diagnosis 0.236

Pancreas adenocarcinoma 46 (69%) 18 (78%) 28 (64%)

Cholangiocarcinoma 7 (10%) 0 (0%) 7 (16%)

Ampullary carcinoma 7 (10%) 2 (8.7%) 5 (11%)

Duodenal carcinoma 7 (10%) 3 (13%) 4 (9.1%)

Differentiation grade (poor) 19 (28%) 6 (26%) 13 (30%) 0.558

Margin status (R0) 25 (40%) 14 (64%) 11 (27%) 0.004

Tumor diameter (mm) 35 (25 - 40) 30 (22 - 38) 36 (29 - 43) 0.071

PDAC N = 46 N = 18 N = 28

Neoadjuvant therapy 6 (13%) 2 (11%) 4 (15%) >0.999

Adjuvant therapy 22 (49%) 12 (67%) 10 (37%) 0.051
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SUMMARY
Pancreatic surgery is complex and carries a high risk of complications. This thesis entitled 
“The Dutch Pancreatic Cancer Project: improving outcome in pancreatic surgery”, aims to 
identify factors adding to the improvement of clinical outcome of patients after pancreatic 
surgery, first by focusing on the reduction of complications (Part I) and secondly by identifying 
leads to improve survival (Part II).

In Chapter 1, an introduction to pancreatic surgery was provided. Postoperative pancreatic 
fistula (POPF, i.e., grade B/C) was addressed as the most feared complication in pancreatic 
surgery, and the need for preventive measures was emphasized. Furthermore, the Dutch 
Pancreatic Cancer Project (PACAP) was introduced, a nationwide project in which clinical 
data, biomaterials, and patient-reported outcomes measurements are prospectively 
collected for all patients with pancreatic and periampullary tumors. The Dutch Pancreatic 
Cancer Audit (DPCA), a nationwide mandatory (mainly surgical) audit aiming to monitor and 
improve quality of care by benchmarking, identification of hospital variation, and by using 
data for scientific research, was introduced. 

REDUCING COMPLICATIONS
In order to improve surgical outcome in the postoperative period, it is essential to identify the 
impact of various factors on POPF and other postoperative complications. The International 
Study Group of Pancreatic Surgery (ISGPS) performed a systematic review and identified two 
main intraoperative risk factors for POPF: soft pancreatic texture and main pancreatic duct 
(PD) size ≤3mm. The ISGPS proposed a 4-tier risk classification with increasing POPF risk: A 
(not-soft texture and PD >3mm), B (not-soft texture and PD ≤3mm), C (soft texture and PD 
>3mm), and D (soft texture and PD ≤3mm). In Chapter 2, this 4-tier ISGPS risk classification 
for postoperative POPF after pancreatoduodenectomy was validated in 3900 patients in 
the DPCA. Corresponding rates of POPF grade B/C were 3.8%, 12.2%, 15.6%, and 29.6%. 
The discrimination was not significantly different between the two middle categories B 
and C (AUC 0.697 vs. AUC 0.701, P = 0.077), suggesting that these categories provide no 
additional predictive value. Therefore, a simplified 3-tier classification with comparable 
predictive value was proposed. In Chapter 3, the surgical outcome of the two main types of 
pancreatic anastomoses during pancreatoduodenectomy, the pancreatojejunostomy, and 
the pancreatogastrostomy was investigated in two national audits. No difference in the risk-
adjusted postoperative POPF rates was found. However, pancreatogastrostomy was inferior 
to pancreatojejunostomy regarding the risk of bleeding and overall major complications. 

The use of preoperative treatment in patients with pancreatic cancer has increased in recent 
years, aiming at improving oncological outcome. The recently completed Dutch multicenter 
PREOPANC-1 randomized clinical trial found significantly less POPF after pancreato-
duodenectomy in patients with pancreatic cancer treated with neoadjuvant chemoradio-
therapy as compared to patients with upfront surgery. In Chapter 4, a systematic review of the 
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impact of chemotherapy and chemoradiotherapy on postoperative complications identified 
41 studies including 25,389 patients after pancreatic resection. The rate of POPF grade B/C 
was significantly lower in patients who received preoperative therapy as compared to patients 
after immediate surgery (i.e., without preoperative therapy). Additionally, no differences were 
found in the rates of major complications (i.e., Clavien-Dindo grade ≥ IIIa), delayed gastric 
emptying, and post-pancreatectomy hemorrhage, suggesting that preoperative therapy is safe 
regarding postoperative complications. These findings were further investigated in Chapter 
5 in a nationwide retrospective study of 2019 patients after pancreatoduodenectomy for 
pancreatic cancer. Results showed that preoperative chemoradiotherapy was independently 
associated with a decreased rate of POPF (OR 0.21, P = 0.033). The reduction found in patients 
receiving only preoperative chemotherapy (i.e., without radiotherapy) was not significant (OR 
0.59, P = 0.199). In this chapter, it was hypothesized that radiotherapy might induce oxidative 
tissue damage and an inflammatory process, leading to acinar cell loss and pancreatic fibrosis. 
The decreased exocrine function and firm pancreatic tissue may have played a role in the 
declined risk of POPF after chemoradiotherapy. 

Another potential determinant for postoperative fistula after pancreatoduodenectomy is 
the histopathological diagnosis. It is suggested that tumors in the periampullary region have 
a higher risk of surgical complications due to the normal (soft) pancreatic texture and small 
diameter of the main pancreatic duct. In Chapter 6, surgical outcome was investigated in a 
relatively large cohort of 264 patients after pancreatoduodenectomy for duodenal cancer 
as compared to other periampullary cancers (i.e., pancreatic cancer, ampullary cancer, and 
distal cholangiocarcinoma. Pancreatoduodenectomy for duodenal cancer was associated 
with higher rates of major complications (42.8% vs. 28.6%, P < 0.001), postoperative 
POPF (23.1% vs. 13.4%, P < 0.001), and in-hospital mortality (5.7% vs. 3.1%, P = 0.025). 
A subgroup analysis showed a significantly lower amount of POPF in patients undergoing 
pancreatoduodenectomy for pancreatic carcinoma compared to patients undergoing 
pancreatoduodenectomy for other indications. The different POPF risks for each diagnosis 
should be taken into account in future studies. Further studies on POPF risk reduction after 
pancreatoduodenectomy are desperately needed to lower the relatively high rates of major 
complications and postoperative POPF.

Based on the findings in the previously mentioned chapters, a patient population with a 
preoperatively high risk of POPF (>25%) was identified. These factors included patients 
with PD ≤3mm, measured on preoperative imaging, and a diagnosis other than pancreatic 
cancer. The pancreatic texture is measured intra-operatively and can therefore not be taken 
into account preoperatively. The hypothesis that a single dose of preoperative radiotherapy 
targeted at the future anastomotic site of the pancreas may induce local fibrosis of this 
pancreatic tissue, thereby potentially reducing the amount of POPF in patients with a very 
high risk (>25%) of developing pancreatic fistula following pancreatoduodenectomy was 
presented in Chapter 7. Furthermore, the study protocol of the FIBROPANC trial, aiming 
to investigate the safety and feasibility of a single-dose preoperative radiotherapy prior to 
pancreatoduodenectomy in patients at very high risk of POPF, was presented in this chapter. 

12
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In Chapter 8, nationwide trends in failure to rescue and in-hospital mortality in the first 
six years of the mandatory nationwide DPCA audit were described in 4227 patients 
after pancreatoduodenectomy and 1118 patients after distal pancreatectomy. After 
pancreatoduodenectomy, failure to rescue improved from 13% to 7.4% (OR 0.64, 95%CI 
0.50-0.80, P < 0.001), and in-hospital mortality decreased from 4.1% to 2.4% (OR 0.68, 
95%CI 0.54-0.86, P = 0.001), despite operating older patients with more comorbidities. 
After distal pancreatectomy, the improvements observed in failure to rescue (from 8.8% 
to 5.9%, OR 0.65, 95%CI 0.30-1.37, P = 0.253) and in-hospital mortality (from 1.6% to 1.3%, 
OR 0.88, 95%CI 0.45-1.72, P = 0.711) were not statistically significant. An algorithm for early 
recognition and management of postoperative complications (i.e., PORSCH trial) and several 
collaborative efforts, including clinical auditing and implementation, have contributed to 
these improvements.

IMPROVING SURVIVAL
To improve survival in patients with pancreatic cancer, a good comparison between randomized 
clinical trials (RCTs) is essential. However, mandatory measures for reporting baseline and 
prognostic factors in patients with resectable pancreatic cancer are lacking. In Chapter 9, 
these factors were identified through a systematic review of 42 studies on 10.291 patients with 
resectable and borderline resectable pancreatic cancer. Agreement on 50 mandatory baseline 
and 20 mandatory prognostic factors for future RCTs was reached after 2 Delphi rounds. 
Chapter 10 assessed the clinical prognostic value of the classical and basal-like molecular 
subtypes in 199 patients with resected pancreatic cancer. The basal-like subtype (n = 35) was 
associated with worse overall survival (OS) of 11 months (HR 1.49, 95%CI 1.03-2.15; P = 0.035) 
versus 16 months in patients with the classical subtype in patients with resected pancreatic 
cancer. The role of molecular classification in patient stratification for systemic treatment was 
emphasized. In Chapter 11, the prognostic value of routine lymph node sampling of stations 8a, 
9, and 16b1 was investigated in a prospective observational cohort of patients after resection 
for PDAC (n = 674), distal cholangiocarcinoma (n = 228), ampullary carcinoma (n = 212), and 
duodenal carcinoma (n = 105). Nodal involvement of station 16b1 in patients undergoing 
pancreatoduodenectomy for all pancreatic and periampullary cancers was associated with 
very poor OS: PDAC (10 vs. 24 months, P < 0.001); distal cholangiocarcinoma (7 vs. 28 months, 
P < 0.001); ampullary carcinoma (9 vs. 62 months, P < 0.001); and duodenal carcinoma  
(13 vs. not reached, P = 0.007), respectively. The role of upfront surgery in these patients was 
questioned, and further studies are needed in patients following neoadjuvant treatment.
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SUMMARY OF RESEARCH QUESTIONS AND MAIN FINDINGS
CHAPTER RESEARCH QUESTION
Part I Reducing complications

2 Can the 4-tier ISGPS classification for the prediction of POPF grade B/C following 
pancreatoduodenectomy be validated in the DPCA?

The ISGPS risk classification was valid in the DPCA. However, the middle risk 
categories provided no added predictive value. Therefore, a simplified 3-tier 
classification with comparable predictive value was proposed. 

3 What is the outcome of different pancreatic anastomoses during pancreat-
oduodenectomy, focusing on the rate of POPF, in two large audits of pancreatic 
surgery?

No difference in the risk-adjusted postoperative POPF rates was found 
between pancreatogastrostomy and pancreatojejunostomy although the 
former was inferior regarding bleeding and overall major complications.

4 What is known in the literature on the impact of preoperative therapy on 
surgical complications and POPF in patients with resected pancreatic cancer?

Preoperative chemo- and chemoradiotherapy in patients with pancreatic 
cancer appear to be safe with respect to POPF and other surgical 
complications as compared to immediate surgery. The reduced rate of POPF 
appears to be attributable to preoperative chemoradiotherapy.

5 What is the effect of preoperative chemotherapy and preoperative chemoradio-
therapy on POPF and other complications in a nationwide cohort of patients 
after pancreatoduodenectomy?

In this nationwide analysis, the use of chemoradiotherapy before pancreat-
oduodenectomy in patients with PDAC was associated with a reduced risk 
of POPF.

6 What is the nationwide postoperative morbidity and mortality after pancreat-
oduodenectomy for duodenal adenocarcinoma, as compared to other 
periampullary cancers?

Pancreatoduodenectomy for duodenal cancer was associated with higher 
rates of major complications, postoperative POPF, and in-hospital mortality.

7 Can preoperative radiotherapy on the future anastomotic site of the pancreas reduce 
pancreatic fistula in patients with a very high risk (>25%) of developing POPF?

The phase II FIBROPANC multicenter study aims to assess the safety 
and feasibility of a single-dose preoperative radiotherapy prior to 
pancreatoduodenectomy in patients at very high risk of POPF.

12
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CHAPTER RESEARCH QUESTION
8 What is the evolution of failure to rescue and mortality after pancreatic resection 

during the first six years of the nationwide mandatory DPCA within the Dutch 
Pancreatic Cancer Group?

During the first six years of a nationwide audit, in-hospital mortality and failure 
to rescue after pancreatoduodenectomy improved despite operating on more 
high-risk patients. Several collaborative efforts may have contributed to these 
improvements.

Part II Improving survival

9 What is the consensus on the baseline and prognostic factors to be used as 
mandatory measurements in resectable and borderline resectable pancreatic 
cancer RCTs?

International consensus was obtained among 13 experts regarding 50 
mandatory baseline and 20 mandatory prognostic factors, which will facilitate 
better comparison across RCTs and eventually improve clinical practice.

10 What is the clinical prognostic value of the classical and basal-like molecular 
subtypes in resected pancreatic cancer?

In a multicenter study, the basal-like subtype was associated with worse 
OS in patients with resected pancreatic cancer. Therefore, molecular 
classification may be used in patient stratification.

11 What is the impact of lymph node metastases in stations 16b1, 9, and 8a on 
overall survival in patients undergoing pancreatoduodenectomy for pancreatic 
and periampullary adenocarcinoma?

Nodal involvement of station 16b1 in patients undergoing pancreato-
duodenectomy for all pancreatic and periampullary cancers was associated 
with very poor OS. 
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES 
Registries within the Dutch PAncreatic CAncer Project (PACAP)
The project PACAP was initiated in 2013 by the Dutch Pancreatic Cancer Group (DPCG), 
aiming to improve nationwide outcomes for patients with pancreatic and periampullary 
cancer by collecting clinical data, patient-reported outcome measures (PROMs), and 
biomaterials.1, 2 Since then, population-based data has been used to establish and monitor 
quality indicators, to obtain benchmark results, and to identify best practices and areas for 
improvement.3 This population-based evidence is recognized to be of additional scientific 
value to randomized controlled trials (RCTs) due to the high number of included patients 
and the absence of strict selection criteria, better reflecting daily practice. Furthermore, 
the PACAP infrastructure is ideal for innovative research and trial designs.4 For example, 
Chapter 11 of this thesis presents a registry-based observational cohort, where study-
specific variables were added to the existing DPCA registry and could be prospectively filled 
out by the participating hospitals (7 out of 15) and extracted immediately when the trial 
was completed. Several similar DPCG initiatives have been performed, including the PACAP 
collaboration within the PORSCH trial, the PANDORINA trial5 (both using data from the 
DPCA), and the PREOPANC-2 trial6 (using data from NCR PROMs).

To obtain valid conclusions, high-quality data is essential. Although an initial verification 
of data quality of the DPCA has shown high data accuracy (97%)3, there is always room for 
improvement. DPCA data are mostly entered by healthcare professionals, such as doctors or 
trained data managers, and therefore subject to human errors. Furthermore, the complete 
registration of patients in the clinical audit registrations is time-consuming, and especially the 
DPCA consists of many items. To minimize the risk of errors and to decrease the registration 
burden, efforts have been made to enable automatic data extraction from electronic patient 
files. Furthermore, standardized reporting of items, such as structured radiology and surgery 
reports, was implemented in all DPCG centers in the PACAP-1 trial.2 These structured reports 
increase data completeness and improve findability in the patient files. 

Additionally, there is a need for data verification on a regular base in all participating 
hospitals. The DPCA data has been verified once by comparing the entered data with data 
registered in the electronic patient files. Discrepancies were discussed in an expert panel, 
and a final report was published. However, this is a time-consuming and expensive process. 
Currently, a project has started to use Artificial Intelligence (AI) for data validation. Although 
the straightforward items might be checked easily, it remains to be seen if nuances in the 
classification of pancreatic-surgery related complications can be easily identified from the 
electronic patient files using AI. Finally, there is need for multidisciplinary collaboration in 
the registration to further enhance DPCA data quality. Currently, items regarding all parts 
of the diagnostic process and postoperative period are collected, but they are mainly 
interpreted and filled out by surgeons themselves. Within the DPCG, there has been support 
to join the registry among the non-surgical specialties. However, it has been challenging 
to create broader support due to the registration burden, costs, and concerns of public 



205

General discussion and future perspectives

data sharing. However, steps are taken to connect and enthuse other specialties. To identify 
other points for improvement, the DPCG has initiated several meetings to discuss difficult 
cases among surgeons and other experts filling in the DPCA registry. The same cases were 
interpreted differently between surgeons, mostly the distinction between postoperative 
complications (i.e., POPF grade B and C), resulting in differences in data entry. To increase 
uniformity in registration, tools might be needed to clarify the areas of discussion that exist 
in the available ISGPS criteria for pancreatic-surgery related complications. 

Both the DPCA and NCR have been important sources for nationwide research aiming to 
better understand and treat patients with pancreatic and periampullary cancers. Both 
registries are complementary to each other, with the DPCA focusing on the surgical 
population with detailed short-term postoperative outcome. Furthermore, the DPCA has 
the opportunity to provide clinicians feedback on their performance compared to the 
national standard via the Dutch Institute for Clinical Auditing (DICA) Codman platform. The 
NCR provides information on oncological patients (all stages), long-term follow-up, and 
linkage to the collected PROMs. There has been a longstanding wish to link data from both 
registries for clinical and translational research and quality purposes. However, this is still 
an ongoing, lengthy process due to strict privacy regulations and several other obstacles, 
such as different regulations and processes across the parties involved. The next step will 
be to use the results from PROMs to consult patients. Information on the most important 
questionnaires is currently analyzed in the PACAP-1 trial.

Towards personalized medicine 
Biomaterials are likely needed in future studies to move towards more personalized 
treatment. In Chapter 10, the association of the basal-like subtype with poor overall 
survival in resected pancreatic cancer was presented. However, analyses were performed 
on high-quality biomaterials from resection specimens. Future studies should investigate 
whether subtyping can be implemented on preoperative biopsies containing tumor cells 
of less quality. To facilitate better comparison across trials, it is essential that international 
consensus is obtained on which molecular classifier to use. Other studies have also shown 
promising results for liquid biopsies, including ctDNA, microRNAs, and circulating tumor cells 
in prognostication.7-9 Ideally, biomaterial collection and assessment will be incorporated in 
future randomized trials on systemic treatment to better understand disease characteristics 
and response prediction on neoadjuvant therapy.

A point of attention is the collection of biomaterials in the Dutch Pancreas Biobank.10 After 
legal and ethical approval for biobanking in participating hospitals, a solid infrastructure is 
needed between the department where the tissue is obtained (e.g., endoscopy or surgery) 
and the department where the tissue is received (e.g., blood laboratory or the department 
of pathology). This infrastructure could relatively easily be implemented in most DPCG 
hospitals, and many biomaterials have been collected. Unfortunately, only two projects 
have emerged since the start of the Dutch Pancreas Biobank in 2015: one study on a stroma 

13
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marker (ADAM12) in Biobank serum of 215 patients after resection for pancreatic and 
periampullary tumors was published11, and the PEGASUS project is currently analyzing the 
value of molecular techniques in 119 resection specimen of patients with pancreatic cancer. 
Several factors seem to contribute to this low number of projects. First, an overview of 
the collected materials and high-quality follow-up data of patients included in biobanks is 
often lacking. Patient data (stored in electronic patient files) and biomaterial data (stored in 
the biobank, pathology, or laboratory registration system) are often stored separately. The 
lack of communication between systems hampers rapid sample identification and selection 
because different employees must access several systems. Second, issuing biomaterial from 
the Dutch Pancreas Biobank is cumbersome. After approval of the study proposal by the 
DPCG, the processes to obtain an institutional review board (IRB) and assessment time differ 
between hospitals. The PEGASUS project has taken more than two years to obtain samples 
from eight hospitals. It is easier to request samples from a local biobank, although this is 
mostly not linked to clinical data. Third, concerns were raised about the awareness of the 
Dutch Pancreas Biobank by preclinical researchers. Although a DPCG preclinical committee 
was established to create awareness and generate new ideas, research proposals have yet 
to come. In order to improve, the connection between basic scientists and clinicians should 
be further optimized. Finally, the costs of collection and storage of biomaterials, as well as 
follow-up data entry, and molecular analysis such as DNA and RNA sequencing, are high. 
Previously, costs were covert by the Dutch government in the Parelsnoer Institute. However, 
in 2020 the entity Parelsnoer Institute ended, and government funding stopped. Currently, 
options for continuing the Dutch Pancreas Biobank are being investigated. The costs of 
biobanking will potentially be incorporated into research projects.

Towards improved outcome after pancreatic surgery
In the Netherlands, nationwide improvements in the rates of failure to rescue (from 13% 
to 7.4%) and in-hospital mortality (from 4.1% to 2.4%) after pancreatoduodenectomy were 
observed (Chapter 8). These results were better as compared to the Swedish nationwide 
SNPPCR registry (10.9% and 2.7%) and the German multicenter StuDoQ registry (10.2% 
and 4.7%), although in the United States/Canada’s the NSQIP registry even reported lower 
(i.e., better) rates of these outcomes (5.4% and 1.3%, respectively).12 The recent nationwide 
Dutch PORSCH trial, in which an algorithm for early recognition and minimally invasive 
percutaneous management of complications of pancreatic surgery was implemented, and 
several collaborative efforts, including clinical auditing, have likely contributed to these 
improvements.13 Additionally, the results of the PORSCH trial show a significant reduction of 
the composite endpoint of bleeding requiring invasive intervention, organ failure, and death 
within 90 days after resection, suggesting that complications were treated in an earlier 
stage and more adequately.13 Chapter 8 showed that the rate of postoperative pancreatic 
fistula (POPF) increased over time (from 13% to 19%). More frequent radiological drainage 
of peripancreatic collections, which is automatically defined as POPF grade B according to 
the ISGPS definition, has likely contributed to this increase.14 Although POPF appears to be 
predominantly related to failure of the pancreatic anastomosis, previous studies reported 
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similar outcomes .15, 16 Although one systematic review reported favorable results for duct-
to-mucosa pancreaticogastrostomy, no differences in POPF rates between different types of 
anastomosis were observed in two national audits (StuDoQ and DPCA, Chapter 3).17 Chapter 
2 demonstrated that patients with a soft pancreatic texture and a small main pancreatic 
duct (PD) size ≤3mm, which is often the case in tumors located in the periampullary region, 
have the highest risk of POPF (almost 30%). In Chapter 6, higher rates of POPF, but also for 
major complications, and in-hospital mortality, are shown after pancreatoduodenectomy for 
duodenal cancer. Further studies on the potential influence of perioperative interventions, 
such as antibiotics and hydrocortisone, on postoperative outcomes for different diagnoses 
are needed.18, 19 In contrast, POPF rates after pancreatoduodenectomy for pancreatic 
cancer were low (8%), especially in the group receiving preoperative chemoradiotherapy 
(2%), without an increased risk of major complications or in-hospital morality in this group 
(Chapter 5). The potential decreased exocrine function and firm pancreatic texture caused 
by the radiation-induced tissue reaction may play a role in the declined risk of POPF after 
chemoradiotherapy. Further studies are needed to investigate whether the declined rate 
of POPF is caused by radiotherapy alone. Therefore, the preemptive use of radiotherapy, 
targeting the intended pancreatic transection margin, was studied in the phase II FIBROPANC 
trial (NL9299) (Chapter 7). When the trial is deemed safe and feasible, the clinical efficacy of 
radiotherapy in terms of grade B/C POPF will be performed to advise on a potential future 
multicenter randomized controlled trial.

13
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NEDERLANDSE SAMENVATTING
Pancreaschirurgie is complex en brengt een hoog risico op complicaties met zich mee. Dit 
proefschrift, getiteld “The Dutch Pancreatic Cancer Project: improving outcome in pancreatic 
surgery”, richt zich op het identificeren van factoren die bijdragen aan de verbetering van 
de klinische uitkomst van patiënten na pancreaschirurgie, ten eerste door zich te richten 
op de vermindering van complicaties (deel I) en ten tweede door aanknopingspunten te 
identificeren om de overleving te verbeteren (deel II).

In hoofdstuk 1 werd een inleiding gegeven over pancreaschirurgie. Het ontstaan van een 
postoperatief pancreasfistel (POPF, graad B/C) werd beschreven als de meest gevreesde 
complicatie na pancreaschirurgie. Het ontbreken van preventieve maatregelen voor het 
ontstaan van POPF werd benoemd en de noodzaak tot het onderzoeken van nieuwe 
interventies werd benadrukt. Verder werd het project Dutch Pancreatic Cancer Project (PACAP) 
geïntroduceerd, een landelijk project waarin klinische gegevens, biomaterialen en patiënt 
gerapporteerde uitkomstmaten (PROMs) prospectief worden verzameld voor alle patiënten 
met pancreas- en periampullaire tumoren. De Dutch Pancreatic Cancer Audit (DPCA) werd 
geïntroduceerd, een landelijke verplichte (voornamelijk chirurgische) audit die tot doel heeft 
de kwaliteit van de zorg te bewaken en te verbeteren door benchmarking, identificatie van 
ziekenhuisvariatie en door gegevens te gebruiken voor wetenschappelijk onderzoek.

Verbeteren van postoperatieve uitkomsten
Om de chirurgische uitkomst in de postoperatieve periode te verbeteren, is het essentieel 
om de impact van verschillende factoren op POPF en andere postoperatieve complicaties 
vast te stellen. De International Study Group of Pancreatic Surgery (ISGPS) voerde een 
systematic review uit en identificeerde twee belangrijke intra-operatieve risicofactoren voor 
POPF: 1) een zachte textuur van het pancreasweefsel en 2) een smalle ductus pancreaticus 
(PD) ≤3mm. In dat artikel werd een risicoclassificatie van 4 categorieën met een toenemend 
POPF-risico voorgesteld: A (niet-zachte textuur en PD >3mm), B (niet-zachte textuur en PD 
≤3mm), C (zachte textuur en PD >3mm), en D (zachte textuur en PD ≤3mm). In hoofdstuk 
2 werd deze risico classificering gevalideerd in 3900 patiënten in de DPCA. De percentages 
van POPF graad B/C voor de eerder genoemde risico categorieën waren: 3,8%, 12,2%, 15,6% 
en 29,6%. De discriminatie tussen de twee middelste categorieën B en C was niet significant 
verschillend (AUC 0,697 vs. AUC 0,701, P = 0,077), wat suggereert dat deze categorieën 
geen extra voorspellende waarde bieden ten opzichte van elkaar. Daarom werd een 
vereenvoudigde indeling in drie categorieën met een vergelijkbare voorspellende waarde 
voorgesteld. In hoofdstuk 3 werd de chirurgische uitkomst van de twee belangrijkste 
typen pancreas anastomosen bij pancreatoduodenectomie; de pancreatojejunostomie 
en de pancreatogastrostomie, onderzocht in twee nationale audits. Er werd geen verschil 
gevonden in de risico gecorrigeerde postoperatieve POPF-percentages. Echter, wat betreft 
het risico op bloedingen en ernstige complicaties was de pancreatogastrostomie was 
inferieur aan de pancreatojejunostomie. 
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Het gebruik van preoperatieve behandeling bij patiënten met pancreascarcinoom is de laatste 
jaren toegenomen met als doel de oncologische uitkomst te verbeteren. In de Nederlandse 
gerandomiseerde multicenter klinische studie PREOPANC-1 werd een significant lager 
percentage POPF na pancreatoduodenectomie gezien bij patiënten met pancreascarcinoom 
die vooraf neoadjuvante chemoradiotherapie hadden gekregen, in vergelijking met patiënten 
die gelijk werden geopereerd (zonder neoadjuvante therapie). In hoofdstuk 4 werd in een 
systematic review de invloed van chemotherapie en chemoradiotherapie op postoperatieve 
complicaties onderzocht in 41 studies, waarin 25,389 patiënten na een pancreasresectie 
waren opgenomen. Het percentage POPF graad B/C was significant lager bij patiënten die 
preoperatieve therapie kregen, in vergelijking met patiënten die gelijk werden geopereerd. 
Bovendien werden er geen verschillen gevonden in het aantal ernstige complicaties (d.w.z. 
Clavien-Dindo graad ≥ IIIa), vertraagde maaglediging en bloedingen na de pancreatectomie. 
Dit suggereert dat preoperatieve therapie veilig is wat betreft postoperatieve complicaties. 
Deze bevindingen werden in hoofdstuk 5 verder onderzocht in een landelijke retrospectieve 
studie waarin 2019 patiënten na pancreatoduodenectomie voor pancreascarcinoom werden 
geïncludeerd. Uit de resultaten bleek dat preoperatieve chemoradiotherapie onafhankelijk 
geassocieerd was met een lager percentage POPF (OR 0.21, P = 0.033). Patiënten die alleen 
preoperatieve chemotherapie kregen (d.w.z. zonder radiotherapie) hadden ook lager 
percentage POPF, alleen dat verschil was niet significant (OR 0.59, P = 0.199). In dit hoofdstuk 
werd de hypothese gesteld dat radiotherapie een rol kan spelen in de lagere aantallen POPF. 
Mogelijk komt dit doordat radiotherapie oxidatieve weefselschade en een ontstekingsproces 
induceert, wat leidt tot verlies van acinaire cellen en het ontstaan van fibrose van het 
pancreasweefsel. De verminderde exocriene functie en stevig pancreasweefsel kunnen een 
rol hebben gespeeld bij het afgenomen risico op POPF na chemoradiotherapie. 

Een andere mogelijke determinant voor postoperatieve fistels na pancreatoduodenectomie 
is de histopathologische diagnose. Er wordt gesuggereerd dat tumoren in het periampullaire 
gebied een hoger risico op chirurgische complicaties hebben, omdat de pancreas 
structuur vaak normaal (zacht) is en de PD nauw vanwege het uitblijven van obstructie. 
In hoofdstuk 6 is zijn de postoperatieve uitkomsten na pancreatoduodenectomie vanwege 
een duodenumcarcinoom onderzocht in een relatief groot cohort van 264 patiënten. De 
resultaten werden vergelijken met postoperatieve uitkomsten van andere periampullaire 
carcinomen (pancreascarcinoom, distaal cholangiocarcinoom en ampullair carcinoom). 
Pancreatoduodenectomie vanwege duodenumcarcinoom ging gepaard met hogere 
percentages ernstige complicaties (42.8% vs. 28.6%, P < 0.001), POPF (23.1% vs. 13.4%, 
P < 0.001), en ziekenhuissterfte (5.7% vs. 3.1%, P = 0.025). In een subgroep analyse 
waarin alle diagnosen apart werden bekeken, werd een significant lager percentage POPF 
gezien bij patiënten die pancreatoduodenectomie ondergingen voor pancreascarcinoom 
in vergelijking met patiënten die pancreatoduodenectomie ondergingen voor andere 
indicaties. In toekomstige studies moet rekening worden gehouden met de verschillende 
POPF risico’s voor elke diagnose. Toekomstige studies gericht op het verminderen van POPF 
risico na pancreatoduodenectomie zijn dringend nodig om de relatief hoge percentages 
ernstige complicaties en POPF te verlagen.

A
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Op basis van de bevindingen in de eerder genoemde hoofdstukken werd een 
patiëntenpopulatie geïdentificeerd met preoperatief een hoog risico op POPF (>25%). Deze 
populatie betreft patiënten met PD ≤3mm, gemeten op preoperatieve beeldvorming, en 
een andere diagnose dan pancreascarcinoom. De pancreasstructuur wordt intra-operatief 
gemeten, waardoor deze informatie preoperatief helaas ontbreekt. In hoofdstuk 7 werd 
de hypothese gesteld dat een enkele dosis preoperatieve radiotherapie gericht op de 
toekomstige locatie van de pancreas anastomose lokale fibrose van het pancreasweefsel kan 
induceren bij patiënten met een hoog risico op POPF (>25%), waardoor de hoeveelheid POPF 
na pancreatoduodenectomie mogelijk wordt verminderd. Verder werd in dit hoofdstuk het 
studieprotocol gepresenteerd van de FIBROPANC-studie, die tot doel heeft de veiligheid en 
haalbaarheid te onderzoeken van een enkele dosis preoperatieve radiotherapie voorafgaand 
aan pancreatoduodenectomie bij patiënten met een zeer hoog risico op POPF. 

In hoofdstuk 8 werden landelijke trends in failure to rescue, overlijden ten gevolge van een 
complicatie, en ziekenhuissterfte in de eerste zes jaar van de verplichte landelijke DPCA 
audit beschreven in 4227 patiënten na pancreatoduodenectomie en 1118 patiënten na 
pancreasstaart resectie. Na pancreatoduodenectomie verbeterde failure to rescue van 13% 
naar 7.4% (OR 0.64, 95%CI 0.50-0.80, P < 0.001) en daalde de ziekenhuissterfte van 4.1% 
naar 2.4% (OR 0.68, 95%CI 0.54-0.86, P = 0.001), ondanks dat over de tijd de geopereerde 
patiënten ouder waren en meer comorbiditeiten hadden. Na pancreasstaart resectie waren 
de verbeteringen in failure to rescue (van 8.8% naar 5.9%, OR 0.65, 95%CI 0.30-1.37, P = 0.253) 
en ziekenhuissterfte (van 1.6% naar 1.3%, OR 0.88, 95%CI 0.45-1.72, P = 0.711) niet statistisch 
significant. Een algoritme voor vroegtijdige herkenning en behandeling van postoperatieve 
complicaties (d.w.z. de PORSCH-trial) en verscheidene gezamenlijke inspanningen, waaronder 
klinische auditing en implementatie, hebben bijgedragen tot deze verbeteringen.

Verbeteren van lange termijn uitkomsten
Om de overleving van patiënten met pancreascarcinoom te verbeteren is een goede 
vergelijking tussen gerandomiseerde klinische onderzoeken (RCT’s) essentieel. Het ontbreekt 
echter aan een verplichte, standaard item lijst voor het rapporteren van “baseline” en 
prognostische factoren bij patiënten met een (borderline)resectabel pancreascarcinoom. 
In hoofdstuk 9 zijn deze factoren geïdentificeerd door middel van een systematic review 
van 42 studies waarin 10,291 patiënten met resectabele en borderline resectabele 
pancreascarcinoom waren opgenomen. Na 2 Delphi-rondes werd overeenstemming bereikt 
over een totaal van 50 verplichte “baseline” en 20 verplichte prognostische factoren voor 
toekomstige RCT’s. In hoofdstuk 10 werd de klinische prognostische waarde van moleculaire 
subtypen beoordeeld bij 199 patiënten na een resectie vanwege pancreascarcinoom. Het 
basaalachtige subtype (n = 35) was geassocieerd met een slechtere OS van 11 maanden (HR 
1.49, 95%CI 1.03-2.15; P = 0.035) versus 16 maanden bij patiënten met het klassieke subtype. 
De mogelijke toekomstige rol van moleculaire classificatie in het stratificeren van patiënten 
voor systemische behandeling werd beschreven. In hoofdstuk 11 werd de prognostische 
waarde van routinematige afnemen van lymfeklier stations 8a, 9 en 16b1 onderzocht in een 
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prospectief observationeel cohort van patiënten na resectie voor PDAC (n = 674), distaal 
cholangiocarcinoom (n = 228), ampullair carcinoom (n = 212) en duodenum carcinoom (n = 
105). Lymfeklier betrokkenheid van station 16b1 bij patiënten die pancreatoduodenectomie 
ondergingen voor alle pancreas- en periampullaire kankers was geassocieerd met een zeer 
slechte OS: PDAC (10 vs. 24 maanden, P < 0.001); distaal cholangio carcinoom (7 vs. 28 
maanden, P < 0.001); ampullary carcinoma (9 vs. 62 maanden, P < 0.001); en duodenum 
carcinoom (13 vs. niet bereikt, P = 0.007). De rol van directe resectie bij deze patiënten werd 
in twijfel getrokken en verdere studies zijn nodig bij patiënten na neoadjuvante behandeling.
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ervaring bij de chirurgie mij geleerd om de klinische relevantie van mijn promotieonderzoek 
te blijven inzien, waarvoor veel dank. Mijn huidige collega’s van Gelre ziekenhuizen, in het 
bijzonder Peter van Duijvendijk en Hessel Buscher, ik vind het heerlijk om in jullie vakgroep 
te mogen werken. Bedankt voor de leerzame tijd en voor de ruimte die ik heb gekregen om 
dit proefschrift netjes af te kunnen maken.

Lieve Marin en Tara, wat jullie binnen de DPCG hebben bewerkstelligd is bewonderings-
waardig. Het was een eer om in jullie voetsporen te mogen treden en ik ben blij dat jullie 
er waren om mij in te wijden in het promotieonderzoek en in de ingewikkelde logistiek en 
politiek van de projecten binnen de DPCG. 

Lieve Tessa, je kreeg misschien niet het meest eenvoudige pakket voorgeschoteld. Zoveel 
verschillende projecten, logistieke (en politieke) uitdagingen onder de knie krijgen, 
waarbij je werkzaam bent op maar liefst drie verschillende locaties. Dankzij je ambitie, 
enthousiasme en nauwkeurigheid heb je dit snel eigen gemaakt en je plek gevonden binnen 
de onderzoeksgroepen. A
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Lieve vrienden en vriendinnen, indirect hebben jullie bijgedragen aan dit proefschrift door 
alle leuke momenten die we samen hebben beleefd. Lieve Viv, Elske, en lieve Kings, Chris, 
Egor, Thijs, Renee, en Rogier, bedankt voor de vriendschap door de jaren heen! Dear Ray, 
thank you for our ongoing friendship.

Lieve teamies, trainers/coaches en stafleden van mijn volleybalteams bij US Amsterdam, de 
Krekkers en Donitas, het was fijn om mijn hoofd leeg te kunnen maken tijdens trainingen en 
wedstrijden. Ik ben blij met de vriendschappen die door de jaren heen zijn ontstaan. De derde 
helft heeft zeker niet bijgedragen aan mijn productiviteit op maandag, maar toch bedankt! 

Lieve Simone, de better half van Simannelie, ik heb je leren kennen toen je als onderzoeker 
begon en het klikte meteen! We coördineerden de verschillende pijlers van het PACAP 
project (zelfs voor de ‘insiders’ nog wel eens verwarrend wie nou precies wat deed) en 
waren onlosmakelijk met elkaar verbonden. Is er iets wat we niet samen hebben gedaan? 
DPCG vergaderingen (te vaak online) overleven met een borrelplank, logo’s ontwerpen (jouw 
specialiteit), idiote sportuitdagingen zoals 100 km roeien, op schrijf-retraite, en ga zo maar 
door. Vooral over niet-werk gerelateerde zaken “belangrijk overleg” inplannen, terwijl we 
elkaar enkele uren ervoor nog hadden gesproken. Het is eigenlijk ongelofelijk dat we slechts 
één artikel samen hebben en deze niet eens in dit proefschrift staat… Bedankt voor al jouw 
steun, oppeppende woorden, humor, doorzettingsvermogen en voor een onvergetelijke 
promotietijd. Ik hoop dat we altijd kunnen blijven samenwerken!

Lieve Dees, sinds onze OLVG tijd gaan we parallel door het leven. Naast dat we qua ‘looks’ 
enigszins op elkaar lijken, hebben we dezelfde interesses en kunnen we uren kletsen onder 
het genot van een kop koffie of een -onverwachte- borrel (ongeacht het tijdstip). Dit kwam 
de productiviteit zeker niet altijd ten goede, maar heeft mijn promotietijd duizend keer leuker 
gemaakt! Je hebt mij altijd gesteund met jouw humor, eerlijkheid en kritische blik, waarvoor 
heel veel dank. Daarnaast vind ik het geweldig dat ik als ‘logeer-kind’ in jullie huis in Apeldoorn 
ben geadopteerd door jouw lieve ouders. Zouden we later in een multidisciplinaire werkgroep 
belanden? Anders kunnen we altijd nog onze verkoop-skills in de IJhallen uitbreiden. Bedankt 
voor je vriendschap en ik ben vereerd dat je aan mijn zijde staat als paranimf. 

Lieve Renee, Raindeer, wat ben ik trots dat ik jou al meer dan 10 jaar mijn bestie mag 
noemen. Je bent er altijd voor me en ik weet zeker dat dat tot in de eeuwigheid zo zal zijn. 
Ik heb enorm veel zin in alles wat we samen gaan beleven en kijk er naar uit om later als 
grijze dakduiven in onze scootmobiel door het bejaardentehuis scheuren en grappen uit te 
halen met onze medebewoners. Bedankt dat je mij op alle momenten steunt, zowel binnen 
als buiten mijn promotieonderzoek!

Lieve familie, zonder jullie had ik dit proefschrift nooit kunnen afronden. Lieve Jaap en 
Janneke, bedankt voor jullie interesse in alles wat ik doe en jullie steun en luisterend oor. 
Lieve medeKlinkers (Tieme, Margot, Hilde, Jelmer en alle kids) bedankt voor de vermakelijke 
gedichten tijdens Sinterklaas, de fijne gesprekken en jullie interesse in dit proefschrift.
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Lieve Yv, Yvonne Sexy, mijn zus, liefste vriendin, partner-in-crime. Wat fijn dat je zo dichtbij 
mij bent en we zoveel samen doen en delen. Met niemand anders zing ik loepzuiver ‘Stap uit 
de schaduw’, of moet ik zo vaak meedenken over gekke dilemma’s. Ik ben ontzettend trots 
op wie je bent en alles wat je doet. Je steunt me door dik en dun en met jou aan mijn zijde 
(zeker als paranimf) kan ik de wereld aan. Bedankt dat je er bent! Lieve Ben, wat is het feest 
om je in de familie te hebben. Bedankt voor je positiviteit. 

Lieve ouders, bedankt voor onze fijne familie en dat jullie ons altijd hebben gestimuleerd 
om te doen wat we leuk vinden. Lieve Vincent, Suur, wij hebben niet zoveel woorden 
nodig om te weten dat het goed zit. Ik hou van je creativiteit, wijsheid, brede interesse en 
uitstekende gitaar-skills. Je bent een ontzettend trotse en lieve vader, bedankt dat je altijd 
vertrouwen in mij hebt en voor mij klaar staat. Lieve Jannie, liefste mams, onder jouw motto 
‘lifelong learning’ heb je met volle aandacht naar mijn promotieverhalen geluisterd en het 
geprobeerd te begrijpen. Ik had het niet gekund zonder jouw interesse, onvoorwaardelijke 
liefde en steun bij alles wat ik doe. Jouw adviezen tijdens belangrijke beslissingen in mijn 
leven zijn onmisbaar! Tammo, ik ben blij dat jij in onze familie bent gekomen. Bijzonder hoe 
alles met elkaar in verband staat. 

Hi mijn liefste! Mijn liefde, Allard, ondanks dat je van nature niet zo geduldig bent, is jouw 
geduld met mij (zeker tijdens de afronding van dit proefschrift) oneindig. Ik ben trots op wat 
we samen hebben en hoe we elkaar altijd weer weten te vinden. Je hebt me gestimuleerd 
meer uit mezelf te halen, maar ook afgeremd wanneer ik weer eens een te enthousiaste 
planning had. Bedankt dat je altijd met me wil meedenken, mijn eindeloze verhalen over (de 
perikelen van) onderzoek of volleybal wil aanhoren en voor me klaar staat. Het leven met 
jou is zoveel leuker. Met jou wil ik blijven dansen in onze woonkamer!
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