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General introduction and outline of this thesis
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Chapter 1

GENERAL INTRODUCTION
Cancer of the pancreas or periampullary region
In the upper abdomen behind the stomach lies the periampullary region which includes the pancreas,
the distal bile duct, the ampulla of Vater, and the duodenum (Figure 1). The pancreas is a gland that is
anatomically divided in a head, body, and tail, and has an endocrine and exocrine function. In the
endocrine function, hormones such as insulin and glucagon are produced to regulate the blood glucose
levels. In the exocrine function, digestive enzymes are produced to digest carbohydrates, proteins, and
fats. The bile duct is a structure through which bile, produced in the liver, is transported to the ampulla
of Vater and ultimately to the duodenum. Besides bile, pancreatic enzymes are also transported through
the ampulla of Vater from the pancreatic duct into the duodenum.

Figure 1. Pancreatic and periampullary region

Cancers in this region are historically divided into pancreatic cancer and non-pancreatic periampullary
cancer (i.e. distal cholangiocarcinoma, ampullary cancer, and duodenal cancer). Of these, pancreatic
cancer, specifically pancreatic ductal adenocarcinoma (PDAC), is the most common (i.e. 85% of
patients1) and is the main focus of this thesis. Currently in the Netherlands, approximately 2 500 patients
are newly diagnosed with pancreatic cancer each year of whom 78% die within the first year (derived
from up to date Netherlands Cancer Registry numbers). Median overall survival of Dutch patients with
PDAC (all stages) is around 4 months.2 This poor prognosis is the result of the large proportion of patients
of about 80-90% who are diagnosed with locally advanced or metastasized disease. The remaining 1020% of patients are diagnosed with a resectable tumor.2-4 Even after resection of PDAC, median overall
survival is only 17-23 months.2, 4, 5
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Symptoms and treatment of pancreatic cancer
Symptoms of pancreatic cancer include fatigue, abdominal pain, weight loss, gastrointestinal
complaints, and obstructive jaundice.6 In addition, endocrine and exocrine pancreatic insufficiency can
occur, for example due to pancreatic duct obstruction and subsequent tissue destruction.7 Associated
symptoms can be blood glucose dysregulation or diabetes mellitus in case of endocrine insufficiency
and weight loss, steathorrea, and abdominal discomfort in case of exocrine insufficiency. Pancreatic
cancer and its symptoms affect survival and quality of life.3 Cancer treatment strategies for PDAC are
dependent on tumor stage. In the Netherlands, standard of care for patients with a resectable tumor is
upfront resection (e.g. pancreatoduodenectomy, distal pancreatectomy) followed by adjuvant
chemotherapy. In study settings, neoadjuvant chemotherapy is available.8 For patients with locally
advanced PDAC, the standard of care is palliative chemotherapy. In study settings, local ablative
therapies and in some cases resection after chemotherapy are performed.9 For patients with
metastasized disease, the standard of care is palliative chemotherapy. Currently, multicenter studies
are prepared which focus on follow-up strategies and treatment of asymptomatic patients (e.g. timing
of start of systemic treatment for asymptomatic metastasized pancreatic cancer (TIMEPAN)). In the past
decade more effective chemotherapy regimens have been developed, such as (modified) FOLFIRINOX
(5-fluorouracil, leucovorin, irinotecan, and oxaliplatin) or gemcitabine with nab-paclitaxel.10-12 Some
patients with poor performance status or a specific preference may only receive supportive care.
Depending on the symptoms, supportive care can entail pain medication sometimes in combination
with palliative radiation, biliary drainage, diabetes mellitus treatment, pancreatic enzyme replacement,
or guidance by a dietician. Both cancer treatment and supportive care can improve survival and quality
of life.10, 13-15

Practice variation and guideline non-compliance, and differences in outcomes
Several reasons exist for regional or nationwide practice variation in pancreatic cancer care. It can be
an expression of case-mix, patient selection, and patient preference. Also, it can be an (often
undesirable) expression of logistics, politics, or physicians’ preference. For example, even among
international expert pancreas surgeons, substantial variation in management preferences exists.16 This
was also the case for 14 medical oncologists who were presented the same patient with locally advanced
PDAC in a qualitative interview study.17 Previous population-based studies showed that practice
variation in pancreatic cancer care (e.g. with surgery, or adjuvant or palliative chemotherapy) can lead
to worse outcomes for patients with all stages of PDAC (e.g. resection rates or survival).18-20 To reduce
practice variation and improve outcomes, (nationwide) guidelines have been introduced. Unfortunately
in general, it was demonstrated that implementation of guidelines is difficult and success of

13

1

Chapter 1

implementation often differs for various recommendations.21,

22

pancreatic cancer care with compromised outcomes as a result.

23, 24

This was also demonstrated in
In the Netherlands in 2011, the

multidisciplinary guideline on pancreatic cancer was introduced. Compliance to three selected quality
indicators was low one year after the Dutch guideline introduction.25 It is, however, not yet clear
whether the guideline compliance improved in the past decade in the Netherlands. In addition, details
on nationwide practice variation of the different PDAC guided treatment or supportive care strategies
and their consequences on patient outcomes are lacking.

From the Dutch Pancreatic Cancer Project towards clinical improvement
To facilitate research and to ultimately improve outcomes on a nationwide level, the Dutch Pancreatic
Cancer Project (PACAP) was launched in 2013.26 PACAP was an initiative of the national multidisciplinary
Dutch Pancreatic Cancer Group (DPCG). PACAP includes several registries; the Netherlands Cancer
Registry (NCR), Patient Reported Outcome Measures (PROMs), the surgical Dutch Pancreatic Cancer
Audit (DPCA), the Dutch Pancreas Biobank (PancreasParel), and an online expert panel.27, 28 With these
registries, current points of improvement in care and guideline compliance for all patients with
pancreatic cancer can be identified. Once these are identified, structured implementation projects can
be developed to improve quality of care, because guideline release only often does not render the
desired effect.21, 22 Consequently patient outcomes (e.g. survival and quality of life) could improve. Such
nationwide projects could be implemented within the PACAP logistics and outcomes would be
registered continuously within the PACAP registries.

OUTLINE OF THIS THESIS
This thesis describes several projects all aimed to improve outcomes for all patients with pancreatic
cancer in the Netherlands by identifying differences in outcomes and points of improvement in care.
Subsequently, a nationwide ‘best-practices’ implementation trial (PACAP-1) was developed and
performed. First, in Chapter 2 it was investigated whether nationwide compliance to the Dutch
pancreatic cancer guideline changed in the six years since its introduction. This provided a backbone for
more extensive research through the different PACAP registries in Part I through the NCR and PROMs,
and in Part II through the DPCA. Part III depicts the details on nationwide improvement of outcomes
with the study protocol of the PACAP-1 trial and through collaboration within the DPCG.

Outcomes from the Netherlands Cancer Registry and the Patient Reported Outcomes Registry
Survival of patients with PDAC is related to various factors (e.g. patients characteristics, tumor stage,
tumor biology, treatment). Patients may also have different outcomes depending on their primary
14
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tumor location. The relation between survival and primary tumor location however is still unclear as
literature is contradictive.29, 30 Therefore in Chapter 3, differences in tumor stage, treatment, and
outcomes between all patients with a head, body, or tail tumor were compared. Additionally, for
patients with metastasized PDAC only, metastatic patterns and outcomes were compared between
primary tumor locations in Chapter 4.
In the past decade, the newer chemotherapy regimens FOLFIRINOX and gemcitabine with nab-paclitaxel
were introduced for patients with metastatic PDAC as they were shown to be more effective in clinical
trials.10, 12 It is unclear how these trial results from selected patient groups translate into nationwide
clinical practice. In addition, patient and hospital characteristics, as well as treatment preferences of the
patient or physician may lead to practice variation and differences in outcomes. In Chapter 5, the effect
of implementation of the new regimens on nationwide clinical practice and patient outcomes was
shown.
Cancer treatment affects not only survival, but also patient satisfaction and quality of life. Both are
important in the care for patients who undergo complex treatments and have limited survival. In
addition, both are potentially modifiable and have been associated with survival,31-33 and could
therefore lead to improvement of outcomes. However, previous studies were mostly performed in
other types of cancer (e.g., breast, lung, esophageal, or liver cancer).31-33 Therefore in Chapter 6, the
influence of pancreatic and periampullary cancer treatment on patient satisfaction and quality of life
was described. Moreover, the relation between quality of life and survival, and its additional prognostic
value on top of known clinical predictors was investigated in Chapter 7.

Outcomes from the Dutch Pancreatic Cancer Audit
Approximately half of the patients with resectable pancreatic head or periampullary cancer undergo
preoperative endoscopic biliary drainage. Several clinical studies showed improved outcomes after
biliary drainage with a self-expandable metal stent compared to a plastic stent.34, 35 Therefore, in the
updated 2017 European guideline on biliary drainage, the advice is to use metal stents whenever
possible.14 However, experts fear that national uptake of this advice is (s)low. Chapter 8 describes a
population-based study on nationwide practice and outcomes of preoperative endoscopic biliary
drainage.
Clinical auditing is a tool to compare outcomes and to attain quality improvement. In pancreatic surgery,
various quality indicators are used for this purpose. Single-outcome quality indicators are mortality,

15
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morbidity, or readmission rates, for example. However, composite outcome indicators, like failure to
rescue rates,36 may offer a better and potentially more stable reflection of quality. Therefore, in Chapter
9, a novel composite quality indicator ‘Textbook Outcome’ for pancreatic surgery was developed and
used to compare Dutch pancreatic centers. Predictors of Textbook Outcome were identified for
pancreatoduodenectomy and distal pancreatectomy.
Next to such a national comparison, an international approach may also provide additional insights.
Comparing differences between large audits in different countries may be an effective strategy to detect
whether certain country-specific practice variations could improve outcomes or prevent complications.
First, an audit-based comparison of outcomes after pancreatoduodenectomy between Germany and
the Netherlands was performed in Chapter 10. Noteworthy differences were found in these seemingly
similar countries. These results fueled an additional comparison of all available sufficient pancreatic
surgery audits in four Western countries (C
Chapter 11). The focus was to map details on the design of the
audits and variable definitions, and to develop an expert consensus core parameter set for future audits.
With this, audits can be harmonized and compared accurately which could ultimately reduce practice
variation and improve outcomes globally.
Pancreatic resections are complex procedures and in 20-30% of patients major postoperative
complications occur.37 Postoperative complications may lead to delay or omission of adjuvant
chemotherapy, while that is known to improve survival and quality of life.13, 38 The relation between
postoperative complications, especially pancreatic surgery specific complications, and not receiving
adjuvant chemotherapy on a population-based level is unclear. Therefore, this was investigated in
Chapter 12, together with practice and outcome variation among pancreatic centers.

Improving outcomes nationwide
From current literature and the first three years of PACAP, guideline non-compliance and practice
variation, and subsequently points of improvement in pancreatic cancer care were identified. These
‘best-practices’ were implemented in the Netherlands with the nationwide multicenter stepped-wedge
cluster randomized controlled PACAP-1 trial between May 2018 and July 2020. The protocol of this study
is shown in Chapter 13.
Successful clinical auditing, identifying practice variation, and performing high-quality nationwide
research to ultimately improve quality of care and patient outcomes on a population-based level is not

16
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possible without a well-established multidisciplinary working group. In Chapter 14, the establishment
and coordination of the DPCG are described, of which PACAP and PACAP-1 were projects.

1

Summary of research questions addressed in this thesis
Chapter

Research questions

2

Did compliance rates of five selected guideline quality indicators improve in the six years after
introduction of the national pancreatic cancer guideline?

3

What is the association between location (head, body, tail) of pancreatic ductal adenocarinoma
(PDAC) and tumor stage, treatment, and survival?

4

What is the relation between primary tumor location (head, body, tail), metastatic patterns, and
survival in patients with metastasized PDAC?

5

How did the implementation of new chemotherapy regimens (FOLFIRINOX and gemcitabine with
nab-paclitaxel) affect nationwide clinical practice and overall survival in patients with metastasized
PDAC?

6

How does pancreatic and periampullary cancer treatment influence patient satisfaction and quality
of life?

7

What is the relation between quality of life and survival for patients with pancreatic or
periampullary cancer?

8

What is current nationwide practice regarding preoperative endoscopic biliary drainage in
resectable pancreatic head and periampullary cancer and what are related outcomes?

9

How should we define Textbook Outcome for pancreatic surgery, and what are predictors of
Textbook Outcome in our nationwide pancreatic surgery audit?

10

What is the variation in pancreatoduodenectomy between Germany and the Netherlands from two
national pancreatic surgery audits?

11

To what extent do existing pancreatic surgery registries from the USA, Germany, the Netherlands,
and Sweden differ in design, variables, patients, treatment characteristics, and clinical outcomes?

12

Which patient factors and postoperative complications were associated with not receiving adjuvant
chemotherapy for PDAC?

13

Does a nationwide program for enhanced implementation of best practices in pancreatic cancer
care (PACAP-1) improve one-year overall survival and quality of life?

14

How to establish and coordinate a nationwide multidisciplinary working group such as the Dutch
Pancreatic Cancer Group (DPCG)?
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ABSTRACT
Introduction: Compliance with national guidelines on the management of pancreatic cancer is expected
to improve patient outcomes. Early compliance with guidelines is frequently poor, as was previously
shown in the Netherlands, but it is unknown to what extent guideline compliance improves over time.
The aim of this study was to assess compliance with the Dutch pancreatic cancer guideline up to six
years after publication.
Methods: Compliance with the national guideline was investigated for three subsequent time periods
(2012-2013 vs. 2014-2015 vs. 2016-2017) in patients with pancreatic cancer using five quality indicators
in the Netherlands Cancer Registry: 1) patient is discussed in a multidisciplinary team (MDT) meeting,
2) maximum 3-week interval from final MDT meeting to start of treatment, 3) preoperative biliary
drainage when bilirubin >250 µmol/L, 4) use of adjuvant chemotherapy, and 5) chemotherapy for
inoperable disease (non-metastatic and metastatic).
Results: In total, 14 491 patients were included of whom 2 290 (15.8%) underwent resection and 4 561
(31.5%) received palliative or (neo)adjuvant chemotherapy. Most quality indicators did not change over
time: overall, 88.8% of patients treated with curative intent were discussed in a MDT meeting, 42.7%
were treated with curative intent within the maximum 3-week interval, 62.7% with a resectable head
tumor and bilirubin >250 µmol/L underwent preoperative biliary drainage, 57.2% received adjuvant
chemotherapy after resection, and 36.6% with metastatic disease received palliative chemotherapy.
Only use of chemotherapy in patients with non-metastatic, non-resected disease improved over time
(23.4% vs. 25.6% vs. 29.7%, p-trend<0.001).
Conclusion: Nationwide compliance to five quality indicators for the national guideline on the
management of pancreatic cancer showed little to no improvement during a period of six years after
publication. Besides a critical review of the current quality indicators, these outcomes may suggest that
a nationwide implementation program is required to increase compliance to guideline
recommendations.
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INTRODUCTION
Despite advances in the management of pancreatic ductal adenocarcinoma (here: pancreatic cancer) in
recent years, patient outcomes are still poor.1,

2

National guidelines may improve diagnosis and

treatment of pancreatic cancer resulting in improved survival and quality of life.3 Previous systematic
reviews, however, have demonstrated that implementation of guidelines in clinical practice is often
difficult and that the implementation varies greatly between the various recommendations.4, 5 In the
Netherlands, impact of guidelines for general practitioners mostly on clinical care was observed in 17 of
19 studies with largely varying effect sizes across the different recommendations, while effects on
patient outcomes, observed in 6 of 9 studies, were small.5 Similar effects may be seen after
implementation of guidelines for specialist care such as in pancreatic cancer.
In 2011, a new national multidisciplinary guideline on diagnosis and treatment of pancreatic cancer was
introduced in the Netherlands.6 At that time, three quality indicators were identified: patients discussed
in a multidisciplinary team (MDT) meeting, treated within a maximum 3-week interval between final
MDT meeting and start of treatment, and use of adjuvant chemotherapy. One year later, in 2012,
compliance to these three quality indicators was investigated using the Netherlands Cancer Registry
(NCR). At that moment, guideline compliance was considered poor; 64% of patients with a suspected
pancreatic or periampullary cancer were discussed in an MDT meeting, 39% of patients met the
maximum 3-week interval between final MDT meeting and start of treatment, and 54% of patients
received adjuvant chemotherapy after resection of pancreatic cancer.7
For this study, two additional indicators were selected by the Dutch Pancreatic Cancer Group8:
preoperative biliary drainage in patients with a bilirubin >250 µmol/L and chemotherapy for inoperable
(non-metastatic and metastatic) pancreatic cancer. International guidelines recommend preoperative
biliairy drainage in case of severe (symptomatic) jaundice to reduce complaints and postoperative
complications.9, 10 Chemotherapy for inoperable cancer is recommended for patients with adequate
performance as it can improve survival and quality of life, and may even convert locally advanced to
resectable disease in 10-25% of patients.11-15
An update of the national Dutch guideline was recently published in 201916 and it is unclear whether a
structured implementation program should accompany this new guideline or whether with time
guideline compliance will improve naturally. It is therefore of interest to know whether the compliance
after the 2011 guideline has increased over the years after introduction. Suboptimal compliance would
provide a strong incentive to develop implementation strategies for guidelines to improve outcomes of
pancreatic cancer patients nationwide. Therefore, the aim of this study was to assess compliance to the
25
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2011 Dutch guideline on diagnosis and treatment of pancreatic cancer in the years 2012-2013 vs. 20142015 vs. 2016-2017.

METHODS
Study design
This was a retrospective nationwide study using clinical data from the population-based NCR between
2012-2017. The NCR covers the total Dutch population of approximately 17 million inhabitants. This
study was designed in accordance with the STROBE guidelines17 and the protocol was approved by the
scientific committee of the Dutch Pancreatic Cancer Group.8
Study population
Patients registered in the NCR and diagnosed with pancreatic ductal adenocarcinoma (International
Classification of Disease – Oncology (ICD-O-3) C25 excluding C25.4 and morphology code 8000, 8010,
8012, 8020, 8140, 8141, 8260, 8310, 8440, 8453, 8480, 8481, 8490, 8500 and 8560) were included.
Patients <18 years at diagnosis or who were diagnosed abroad or at autopsy were excluded.
Data collection and definitions
Data were routinely collected from medical records by trained NCR data managers. Treatment with
curative intent was defined as neoadjuvant chemotherapy, resection, or surgical exploration with
curative intent without resection. Tumor-directed treatment was defined as resection or
chemo(radio)therapy. Patients who received at least one course of palliative or (neo)adjuvant
chemotherapy were categorized as the chemotherapy receiving group. Highest bilirubin before tumordirected treatment or preoperative biliary drainage was registered. Preoperative biliary drainage was
performed either with stent or percutaneously, before exploration or resection. Tumor stage was
classified according to TNM 7 for the years 2012-2016 and to TNM 8 for 2017. Pathological tumor stage
was used primarily if available and was complemented by clinical tumor stage. The total cohort was
divided into three time periods based on date of diagnosis: period 1 (2012-2013), period 2 (2014-2015),
and period 3 (2016-2017). Additionally, patients who either initiated tumor-directed treatment or
underwent exploration were assigned to non-academic or academic hospital based on center of
treatment, and the remaining patients (receiving best supportive care) based on center of clinical
diagnosis.
Outcome measures
The primary outcome measure was the rate of compliance to five quality indicators in the three periods:
1) discussion in a MDT for pancreatic cancer who were treated with curative intent (available in 2012
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partially for 8/9 regions for May 1st until December 31st (59.2% of all patients in 2012), and in 2014-2017
completely); 2) maximum transit time until start of treatment with curative intent (available 2014-2017;
2A: maximum 3-week interval between final MDT meeting and start of treatment7; 2B: maximum 6week interval between first contact and start of treatment (based on national ‘SONCOS’ guidelines for
oncological care18); 3) preoperative biliary drainage for pancreatic head cancer and bilirubin >250
µmol/L (available 2015-2017); 4) adjuvant chemotherapy after resection of pancreatic cancer (available
2012-2017); and 5) palliative chemotherapy for inoperable pancreatic cancer (available 2012-2017; 5A:
metastatic disease, non-resected; 5B: non-metastatic disease, non-resected; excluding patients who
died within 30 days after diagnosis). Our previous analysis showed that compliance was different for
patients <75 and ≥75 years old and for different hospital types. Therefore, secondary outcome measures
were rates of compliance to the quality indicators for patients <75 and ≥75 years, and for non-academic
and academic hospitals.
Statistical analysis
Descriptive statistics were used for analysis of baseline, tumor, and treatment characteristics. They were
reported as proportions for binary or categorical variables, and as mean with standard deviation (SD) or
as median with interquartile range (IQR) for continuous variables as appropriate. Primary and secondary
analyses were performed with Chi-squared test for categorical variables, and unpaired t-test or MannWhitney U test for continuous variable as appropriate. Trends over time were analyzed with Chi-square
test for trend. Missing data have been described and not imputed. A two-sided p<0.05 was considered
statistically significant. All calculations were performed with SPSS.

RESULTS
In total, 14 491 patients with pancreatic ductal adenocarcinoma were included with a mean age of 70.4
years. The number of diagnosed patients increased gradually over the study period (from 4 425 in 20122013 to 4 822 in 2014-2015 to 5 244 in 2016-2017). The majority of patients had a tumor in the
pancreatic head (n=8 244, 56.9%) and tumor stage IV (n=8 169, 56.4%). Overall, 2 290 patients (15.8%)
underwent pancreatic resection of whom 1 387 (60.6%) received (neo)adjuvant chemotherapy and
median overall survival was 17.2 months (IQR 10.4-29.7). Among all patients, median overall survival
was 3.9 months (IQR 1.4-10.3). Patient, tumor, and treatment characteristics are shown in Table 1.
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Table 1. Patient, tumor, and treatment characteristics of Dutch patients with pancreatic cancer
diagnosed between 2012-2017
All patients
Patient selection
N = 14 491
Age, mean years (SD)
Missing, N (%)
Male, N (%)
Missing, N (%)

70.4 (10.8)
0 (0.0)
7356 (50.8)
0 (0.0)

All patients
All patients

Tumor location, N (%)
Pancreas head
Pancreas body
Pancreas tail
Pancreas head-body or body-tail
Pancreas, not otherwise specified
Other*
Missing, N (%)
Pathologically confirmed, N (%)
Missing, N (%)
Preoperative biliary drainage, N (%)
Missing, N (%)

8244 (56.9)
1846 (12.7)
2378 (16.4)
1148 (7.9)
778 (5.4)
97 (0.7)
0 (0.0)
10 119 (69.8)
1 (0.0)
494/1173 (42.1)
0 (0.0)

Total bilirubin, median µmol/L (IQR)
With biliary drainage
Missing, N (%)
Without biliary drainage
Missing, N (%)

144 (38-255)
191 (109-283)
13/494 (2.6)
48 (10-186)
917/1287 (71.3)

All patients
Pancreatic head tumor
before exploration or
resection (2015-2017)
Resected pancreatic head
tumors

All patients

Chemotherapy received, N (%)
No
Yes, no resection
Yes, preoperatively only
Yes, postoperatively only
Yes, pre- and postoperatively
Missing, N (%)
Explorative surgery without resection, N (%)
Missing, N (%)
Resection, N (%)
Missing, N (%)

9930 (68.5)
3174 (21.9)
82 (0.6)
1207 (8.3)
98 (0.7)
0 (0.0)
787 (5.4)
0 (0.0)
2290 (15.8)
0 (0.0)

Resection margin, N (%)
R0
R1
R2
Missing, N (%)

N = 2290
1392 (60.8)
778 (34.8)
28 (1.2)
92 (4.0)

Tumor stage, N (%)
315 (2.2)
IA
837 (5.8)
IB
999 (6.9)
IIA
1860 (12.8)
IIB
1945 (13.4)
III
8169 (56.4)
IV
Missing, N (%)*
366 (2.5)
SD = standard deviation. IQR = interquartile range.
* Pancreatic duct, pancreatic islet cells, other not specified.
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Over one third of patients diagnosed with pancreatic cancer were ≥75 years: 36.5% vs. 35.9% vs. 38.3%
(p-trend=0.062). The distribution of patients across type of hospital of diagnosis did not change over
time (non-academic centers: 90.8% vs. 92.4% vs. 91.1%, p-trend=0.735). Small differences between the
time periods were found for the proportion of patients diagnosed with a pancreatic head tumor (59.5%
(n=2 632) vs. 55.8% (n=2 690) vs. 55.7% (n=2 922), p-trend=0.012), tumor stage (stage III: 12.1% (n=525)
vs. 13.1% (n=618) vs. 15.7% (802); stage IV: 56.7% (n=2 451) vs. 57.5% (n=2 701) vs. 59.1% (n=3 017),
p-trend=0.012). The proportion of patients who underwent resection decreased (16.6% (n=735) vs.
16.5% (n=795) vs. 14.5% (n=760), p-trend=0.004).
Indicator 1: patients treated with curative intent discussed in MDT meeting
The proportion of patients who were discussed in an MDT did not change over time (87.3% vs. 87.9%
vs 90.3%, p-trend=0.066, Table 2). No difference was found between the <75 and ≥75 year age groups
(88.6% vs. 89.4, p=0.695). For both age groups, no time trends were found (Figure 1A and 1B).
Discussion MDT rates were similar for non-academic and academic hospitals (88.8% vs. 90.4%, p=0.222).
Over time, the proportion of discussed patients increased for non-academic hospitals (Figure 2A), yet
remained similar for academic hospitals (Figure 2B).
Indicator 2A: maximum transit time from MDT to curative intent treatment of 3 weeks
The proportion of patients who were treated within the maximum transit time did not change over time
(unknown vs. 44.8% vs. 40.5%, p=0.064, Table 2). Patients <75 years more often were treated within
the maximum transit time than ≥75 (44.1% vs. 38.0%, p=0.032). Over time for patients <75 years, the
proportion of patients who were treated within the maximum transit time decreased (unknown vs.
46.7% vs. 41.3%, p=0.046, Figure 1A). For patients ≥75 years, no time trend was found (Figure 1B).
Patients from non-academic hospitals were treated within the maximum transit time more often than
from academic hospitals (51.5% vs. 32.7%, p<0.001). Over time, the proportion of patients treated
within the maximum transit time decreased for non-academic hospitals (Figure 2A), yet remained
similar for academic hospitals (Figure 2B).
Indicator 2B: maximum transit time from first contact to curative intent treatment 6 weeks
The proportion of patients who were treated within the maximum transit time did not change over time
(unknown vs. 72.8% vs. 75.3%, p=0.209, Table 2). No difference was found between <75 and ≥75 age
groups (75.0% vs. 71.1%, p=0.119). For both age groups, no time trends were found (Figure 1A and 1B).
Patients from non-academic hospitals were slightly more often treated within the maximum transit time
than from academic hospitals (75.7% vs. 71.8%, p=0.057). For both hospital types, no time trends were
found (Figure 2A and 2B).
29

2

903/2109 (57.2)

Adjuvant chemotherapy*, N (%)
411/715 (57.5)

NA
416/726 (57.3)

50/80 (62.5)
379/668 (56.7)

108/172 (62.8)

362/894 (40.5)
742/985 (75.3)

0.961

1.000

Chemotherapy inoperable disease~, N (%)
2237/6116 (36.6)
657/1789 (36.7)
773/2050 (37.7)
807/2277 (35.4)
0.300
Metastatic disease, non-resected
Non-metastatic disease, non-resected
872/3298 (26.4)
235/1004 (23.4)
277/1082 (25.6)
360/1212 (29.7)
0.003
MDT = multidisciplinary team. Bold P-value indicates statistical significance.
^
Curative intent = neoadjuvant chemotherapy, exploration, or resection. Partially available: 2012. Not available: 2013.
#
For patients treated with curative intent = neoadjuvant chemotherapy, exploration, or resection. Not available: 2012-2013.
#
3 week interval: median 25 days (IQR 15-36), 223/2039 (10.9%) missing. 6 week interval: median 28 days (IQR 16-43), 136/2039 (6.7%) missing.
$
For patients with a pancreatic head tumor, and resection or exploration. Excluding preoperative chemotherapy. Not available: 2012-2014.
*
Excluding preoperative chemotherapy.
~
Excluding patients who died within 30 days after diagnosis.

158/252 (62.7)

Preoperative biliary drainage$, N (%)
Bilirubin >250 µmol/L

413/922 (44.8)
668/918 (72.8)

0.360
0.001

0.781

NA

NA
0.064
0.209

775/1816 (42.7)
1410/1903 (74.1)

0.066

0.136

Maximum transit time#, N (%)
MDT-treatment (3 week interval)
First contact-treatment (6 week interval)
NA

P-trend

P-value

Table 2. Compliance to five quality indicators of the nationwide guideline for pancreatic cancer during a six year period
All
Period 1
Period 2
Period 3
2012-2017
2012-2013
2014-2015
2016-2017
Discussion in MDT meeting^, N (%)
Patients treated with curative intent
2104/2369 (88.8)
288/330 (87.3)
922/1049 (87.9)
894/990 (90.3)
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Figure 1. Compliance to five quality indicators of the nationwide guideline for pancreatic cancer over three time
periods for patients (A) <75 and (B) ≥75 years old.
MDT = multidisciplinary team. Preop = preoperative. CT = chemotherapy. M1 = metastatic disease. M0-NR =
non-metastatic, non-resected disease. Bold p-values indicate statistical significance.
Indicator 1: discussion in a MDT meeting for pancreatic cancer treated with curative intent.
Indicator 2: maximum transit time until start of treatment with curative intent (2A: maximum 3-week interval
between final MDT meeting and start of treatment; 2B: maximum 6-week interval between first contact and
start of treatment).
Indicator 3: preoperative biliary drainage for pancreatic head cancer with bilirubin >250 µmol/L.
Indicator 4: adjuvant chemotherapy after resection of pancreatic cancer.
Indicator 5: chemotherapy for inoperable pancreatic cancer (5A: metastatic disease, non-resected; 5B: nonmetastatic disease, non-resected).
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Indicator 3: preoperative biliary drainage when bilirubin >250 µmol/L
The rate of preoperative biliary drainage remained similar over time (unknown vs. 62.5% vs. 62.8%,
p=1.000, Table 2). No statistical difference was found in drainage rates between the <75 and ≥75 year
age groups (65.4% vs. 55.2%, p=0.144). For both age groups, no time trends were found (Figure 1A and
1B). Drainage rates were similar between non-academic and academic hospitals (both 63.8%, p=1.000).
For both hospital types, no time trends were found (Figure 2A and 2B). For patients without drainage,
highest median bilirubin before treatment was 326.5 µmol/L (IQR 287.3-372.3) and median time from
final MDT meeting to start of treatment with curative intent was 22.0 days (IQR 14.0-34.0).
Indicator 4: adjuvant chemotherapy
The use of adjuvant chemotherapy did not change over time (57.5% vs. 57.3% vs. 56.7%, p-trend=0.781,
Table 2). Patients <75 years more often received adjuvant chemotherapy than those ≥75 years (65.4%
vs. 26.5%, p<0.001). For both age groups, no time trends were found (Figure 1A and 1B). Patients who
underwent resection in non-academic hospitals less often received chemotherapy than those who
underwent resection in academic hospitals (54.0% vs. 60.9%, p=0.001). For both hospital types, no time
trends were found (Figure 2A and 2B).
Indicator 5A: chemotherapy in metastatic disease
Use of chemotherapy in metastatic disease did not change over time (36.7% vs. 37.7% vs. 35.4%, ptrend=0.360, Table 2). Patients <75 years old more often received chemotherapy than those ≥75 years
(46.6% vs. 12.2%, p<0.001). For both age groups, no time trends were found (Figure 1A and 1B). Patients
from non-academic hospitals less often received chemotherapy than those from academic hospitals
(34.5% vs. 55.0%, p<0.001). For both hospital types, no time trends were found (Figure 2A and 2B).
Indicator 5B: chemotherapy in non-metastatic, non-resected disease
Use of chemotherapy increased over time (23.4% vs. 25.6% vs. 29.7%, p-trend=0.001, Table 2). Patients
<75 years old more often received chemotherapy than those ≥75 years (45.5% vs. 6.9%, p<0.001). Over
time, more patients <75 years with non-metastatic, non-resected disease received chemotherapy
(39.9% vs. 44.3% vs. 51.1%, p-trend<0.001, Figure 1A). For patients ≥75 years, no time trend was found
(Figure 1B). Patients from non-academic hospitals less often received chemotherapy than those from
academic hospitals (20.4% vs. 60.0%, p<0.001). Over time, the proportion of patients who received
chemotherapy from non-academic hospitals increased (Figure 2A), yet remained similar for academic
hospitals (Figure 2B).
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Figure 2. Compliance to five quality indicators of the nationwide guideline for pancreatic cancer over three time
periods for patients from (A) non-academic and (B) academic hospitals.
MDT = multidisciplinary team. Preop = preoperative. CT = chemotherapy. M1 = metastatic disease. M0-NR =
non-metastatic, non-resected disease. Bold p-values indicate statistical significance.
Indicator 1: discussion in a MDT meeting for pancreatic cancer treated with curative intent.
Indicator 2: maximum transit time until start of treatment with curative intent (2A: maximum 3-week interval
between final MDT meeting and start of treatment; 2B: maximum 6-week interval between first contact and
start of treatment).
Indicator 3: preoperative biliary drainage for pancreatic head cancer with bilirubin >250 µmol/L.
Indicator 4: adjuvant chemotherapy after resection of pancreatic cancer.
Indicator 5: chemotherapy for inoperable pancreatic cancer (5A: metastatic disease, non-resected; 5B: nonmetastatic disease, non-resected).
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DISCUSSION
Nationwide compliance to five selected quality indicators showed little to no increase during six years
after release of the national multidisciplinary guideline on pancreatic cancer in 2011. Overall, 89% of
patients treated with curative intent were discussed in a MDT meeting, 43% were treated with curative
intent within the recommended maximum transit time from final MDT meeting, 63% with bilirubin >250
µmol/L underwent preoperative biliary drainage, 57% received adjuvant chemotherapy, and 37% with
metastatic disease received palliative chemotherapy. The proportion of patients with non-metastatic,
non-resected disease who received chemotherapy was the sole indicator that increased over time, yet
was still only 30% in 2016-2017.
The fact that hardly any change was seen in compliance to the quality indicators over time may either
indicate that there was not much room for improvement from a clinical point of view or that compliance
remained overall poor over the years. In addition, it is clear these quality indicators probably will never
all reach 80-100% compliance. On the contrary, the absolute compliance rates indicate that there is
some room for improvement. The nationwide Dutch Pancreatic Cancer Group was established in 2011
and has increased focus on quality aspects of pancreatic cancer care.8, 19-23 This paradox could be
explained by the fact that many researchers and physicians involved with the Dutch Pancreatic Cancer
Group work in higher volume or academic hospitals. The Dutch guideline on pancreatic cancer is
nationwide and covers all hospital types. After the guideline introduction in 2011, various meetings with
presentations were organized to increase guideline adherence. Therefore, compared to the previous
analysis by our study group one year after guideline release,7 it was expected that compliance rates to
the selected guideline quality indicators would have improved over the years, especially since pancreatic
cancer guideline compliance has been associated with improved survival.3, 24 The compliance rates seen
in this study suggest that guideline release with only meetings is not sufficient and extra attention
should be given to guideline implementation with the aim to improve patient outcomes, potentially
involving all centers within the various regional pancreatic surgery referral networks. Regional care
pathways could also be used to improve guideline adherence.
Previous studies in a number of other countries have also demonstrated that guideline compliance is
generally also suboptimal. In Germany, where adjuvant chemotherapy for pancreatic cancer is
recommended for all patients, only 69% of eligible patients received adjuvant treatment. Guideline
compliance by adjuvant chemotherapy administration resulted in improved survival.24 In the USA,
compliance to the National Comprehensive Cancer Network (NCCN) guideline for pancreatic cancer
regarding (palliative) surgery, and (neo)adjuvant or palliative chemo(radio)therapy was as low as 35% in
large Californian hospitals. Compliance to these guideline recommendations was independently
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associated with better survival.3 Failure of compliance to guidelines for intraductal papillary mucinous
neoplasm (IPMN) in the USA was seen in 58% of patients (e.g., for acknowledgement of IPMN, to
undergo endoscopic ultrasound, to undergo resection, to undergo proper surveillance). On the other
hand, it was shown that careful implementation of the Enhanced Recovery After Surgery (ERAS) protocol
was feasible and safe after pancreatectomy. This resulted in similar or better patient outcomes
regarding length of stay, morbidity, mortality, and readmissions.25, 26 Therefore, to ultimately improve
patient outcomes, structured implementation may lead to improved guideline compliance. Currently,
this is of particular importance in the Netherlands because the national guideline was updated recently
in 2019. This is an opportunity to address this issue.
What is the optimal compliance to quality indicators? Apart from doctors’ and patients’ preference, and
logistical problems, there may be lack of awareness of the guideline recommendations. For the
chemotherapy quality indicators, ‘compliance’ is mostly dependent on the proportion of suitable
patients receiving treatment, such as patients with adequate performance status and who wish to be
treated. It is difficult to exclude certain groups of patients since eligibility criteria differ between
chemotherapy regimens and eligibility for adjuvant therapy is influenced by recovery from surgical
complications. However, the 57% rate of adjuvant chemotherapy and 26-37% of chemotherapy for
inoperable disease on a nationwide level may be improved. For example, one fourth of patients develop
major postoperative complications.27 This suggests that adjuvant chemotherapy may probably be
administered to more than 57% of patients, especially when taken into account that most patients
recover from postoperative complications. Type of hospital and center volume are likely also of
influence. Our results showed that patients treated in academic hospitals more often received adjuvant
chemotherapy. Moreover, a recent studies found that adjuvant treatment rates varied among the
pancreatic surgery centers (range 32%-88%) and that a higher volume of pancreatoduodenectomy was
a predictor for receiving adjuvant treatment.27-29 In a Californian, state-wide, population-based study,
similar to our study design, chemotherapy for inoperable disease was given to 42% of patients.30
Although performance status was not available from the NCR, likely more patients with inoperable
disease than 26-37% were fit enough to receive chemotherapy, especially after excluding patients who
died within 30 days after diagnosis. However, in a national expert meeting in the Netherlands, in
preparation for a nationwide randomized trial most medical oncologists concluded that probably
around 40% of patients with metastasized disease should receive palliative chemotherapy compared to
around 60% of patients with locally advanced disease. The ‘optimal’ compliance to the chemotherapy
indicator for metastatic disease may therefore almost be reached (37% vs. 40%), whereas for nonmetastatic, non-resected disease may leave room for improvement (26% vs. 60%). Interestingly, over
time, the proportion of patients with non-metastatic, non-resected disease who received chemotherapy
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increased from 40% to 51% for the <75 age group, whereas remained similar (6-7%) for the ≥75 group.
Studies that suggest beneficial effects of chemotherapy, especially FOLFIRINOX, in patients with locally
advanced pancreatic cancer included mostly patients <75 years.14 Physicians may therefore be
conservative in treating patients ≥75 years. In addition, in the Netherlands 52% of patients with nonmetastatic, non-resected disease were ≥75 years old and likely not fit enough for either surgery or
chemotherapy.31
Interestingly, 11% of patients who were treated with curative intent were not discussed in a MDT
meeting prior to treatment. This was not influenced by the patients’ age or type of hospital. Exact
explanations for this finding remain unknown and future studies should investigate this finding.
The 3-week maximum interval between final MDT meeting and start of treatment with curative intent
did not return in the 2019 national guideline on pancreatic cancer and was replaced by a 6-week
maximum interval between first contact and start of treatment.18 The latter was therefore investigated
additionally in this study and may be chosen as the prefered compliance indicator in future studies. The
proportion of patients discussed within the maximum transit time did not increase, despite
centralization of pancreatic cancer care in the past years. Even though centralization may be improved
even further, perhaps certain patient and hospital factors may be of more influence than logistical
factors. Patients <75 years and from non-academic hospitals were more often treated within the
maximum transit time. Possibly, this could be a capacity issue, or these patients were less complex (e.g.
less comorbidites, less biliary drainage complications), as lower performance status and post-drainage
complications can lead to longer transit times. These details were not available in the NCR.
In patients without neoadjuvant treatment with bilirubin ≤250 µmol/L, early surgery is prefered over
biliary drainage.10, 32 On the contrary, in Dutch practice and in this study, a bilirubin cutoff value of >250
µmol/L was used for preference of primary biliary drainage over early surgery. Even though
hyperbilirubinemia is associated with higher risk of postoperative complications, perhaps reports of
worse postoperative outcomes after biliary drainage contribute to the absence of increase of this quality
indicator in patients with bilirubin >250 µmol/L.33 In addition, a proportion of the patients may have had
a bilirubin ≤250 µmol/L at the time of the final MDT, while it increased to >250 µmol/L at the time of
surgery. Together, this probably led to the finding that 37% of these patients did not receive
preoperative drainage and underwent surgery in a median of 22 days after final MDT meeting. It would
be interesting to understand what drives physicians’ treatment decision-making in these patients and
future studies should clarify this. Perhaps, physicians tend to treat patients with good performance
status with early surgery regardless of their bilirubin value. This quality indicator is therefore difficult to
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interpret. In the current era of neoadjuvant treatment we expect that the use of preoperative biliary
drainage will increase.34, 35 Because patients with neoadjuvant treatment are now excluded from this
quality indicator, in future studies this indicator should be adjusted into an indicator that is more
suitable for evaluation of patients treated with neoadjuvant treatment.
Guideline compliance varied across hospital types (i.e. non-academic vs. academic) which could be
partly explained by patient selection (e.g. younger patients treated in academic hospitals, referral in
case of specific treatment preference). Compliance to several quality indicators changed over time for
non-academic hospitals, while it remained similar for academic hospitals. Academic hospitals may be
fast adapters, as these clinicians are more often involved in randomized studies and guideline design. In
non-academic hospitals there may have been more room for change following guideline publication.
Still, in all hospital types, including academic hospitals, improvement seems desired.
The main limitation of this study is that some details on possible reasons for non-compliance to the
quality indicators are not registered such as performance status or indications for biliary drainage.
Furthermore, a previous internal survery showed that data on MDT meetings were less available in a
few smaller general hospitals. Although the completeness of registration in elderly patients with
pancreatic cancer in the NCR was questioned previously,36 in recent years some improvement of
available notification sources in hospitals has occurred. To optimize data quality in this study, a strict
selection of patients was used, as well as a stratification by age and hospital type. Unfortunately, a
proper selection of patients with locally advanced disease within the group of patients with nonresected non-metastasized disease was not possible (indicator 5B). However, it remains interesting that
compliance to the guideline hardly improved over a 6-year period, especially after the development of
nationwide auditing and feedback through the Dutch Pancreatic Cancer Group and nationwide
projects.8, 19, 21 Perhaps these quality indicators do not reflect ‘quality’ adequately. Still, optimizing
compliance if possible remains important. Nationwide improvement of guideline compliance is
addressed within the ongoing PACAP-1 trial (ClinicalTrials.gov: NCT03513705).37 This nationwide trial
was initiated in 2018 and aims to determine to what extent an enhanced implementation of best
practices in pancreatic cancer care (all stages) leads to a prolonged survival and improvement of quality
of life as compared to current practice. Key best practices include optimization of treatment with
chemotherapy, treatment of exocrine pancreatic insufficiency, and biliary drainage with metal stents.
In addition, the trial aims to improve logistics within and between centers, which could ultimately lead
to an increased proportion of patients being discussed in MDT meetings with shorter transit times.
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This nationwide study demonstrated that compliance to five selected quality indicators on pancreatic
cancer care hardly improved during a period of six years after release of a multidisciplinary guideline.
These outcomes highlight the importance of a critical review of the current quality indicators and of a
structured implementation programme to create awareness and enhance compliance to guideline
recommendations, with the ultimate goal to improve outcomes of patients with pancreatic cancer.
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ABSTRACT
Introduction: The association between pancreatic ductal adenocarcinoma (PDAC) location (head, body,
tail) and tumor stage, treatment, and overall survival (OS) is unclear.
Methods: Patients with PDAC diagnosed between 2005 and 2015 were included from the populationbased Netherlands Cancer Registry. Patient, tumor, and treatment characteristics were compared with
the tumor locations. Multivariable logistic and Cox regression analyses were used.
Results: Overall, 19 023 patients were included. PDAC locations were 13 451 (71%) head, 2 429 (13%)
body and 3 143 (16%) tail. Differences were found regarding metastasized disease (head 42%, body
69%, tail 84%, p<0.001), size (>4 cm: 21%, 40%, 51%, p<0.001), and resection rate (17%, 4%, 7%,
p<0.001). For patients without metastases, median OS did not differ between head, body, tail (after
resection: 16.8, 15.0, 17.3 months, without resection: 5.2, 6.1, 4.6 months, respectively). For patients
with metastases, median OS differed slightly (2.6, 2.4, 1.9 months respectively, adjusted HR body vs.
head 1.17 (95%CI 1.10-1.23), tail vs. head 1.35 (95%CI 1.29-1.41)).
Conclusion: PDAC locations in body and tail are larger, more often metastasized, and less often
resectable than in the pancreatic head. Whereas survival is similar after resection, survival in
metastasized disease is somewhat less for PDAC in the pancreatic body and tail.
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INTRODUCTION
Patients with pancreatic ductal adenocarcinoma (PDAC) have a median overall survival after of only 4-6
months1 and a 5-year overall survival of 7%.2 Only 20% of patients are amenable to resection. Following
resection, the median overall survival is 17-21 months and the 5-year overall survival 16-19%.3-5 When
resection can be combined with adjuvant chemotherapy, median overall survival increases with 7
months to 26-28 months.6 Survival with PDAC is associated with different factors, such as tumor biology,
stage and possible treatment. One of the issues that is still under debate is the association of the primary
tumor location with survival.
Data from the Surveillance, Epidemiology and End Results (SEER) database showed that patients with
PDAC in the pancreatic head have higher 3-year relative survival rates than patients with a PDAC in the
pancreatic body or tail in case of regional (7.6% versus 6.7%) or distant disease (1.8% versus 1.4%). For
local disease, results were reversed (9.0% versus 20%).7 Another US study investigating disease-specific
survival by tumor location, reported higher survival rates for PDAC in the tail than for PDAC in the head
for all stages, while survival for PDAC in the body was higher than for PDAC in the head in stage I, but
lower in stages II-IV.8 A study including patients from a single institution in the US who underwent
resection for PDAC in the period 1994-2014, reported similar oncological outcomes between the tumor
locations.5 However, two of the three studies did not have recent study periods (1973-2002 and 19851995).
Due to lack of early symptoms due to biliary obstruction, PDAC in the body or tail are usually more
advanced and larger at diagnosis than PDAC in the head.5, 9 This may be the sole explanation for a worse
survival in PDAC in the body or tail. However, a recent clinicopathological study from Glasgow reported
that PDAC of the body and tail may have a more aggressive tumor biology compared to PDAC of the
head. PDAC of the body and tail was associated with the PDAC squamous subtype and enriched for gene
programmes associated with inflammation, epithelial-to-mesenchymal transition and potential immune
avoidance mechanisms, which may also explain worse outcomes in these patients.10
The aim of this study is therefore to investigate tumor, patient and treatment characteristics and
outcomes of PDAC in the head, body and tail of all stages in the Netherlands.
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METHODS
Data collection
This is a retrospective study using data from the nationwide Netherlands Cancer Registry. The
Netherlands Cancer Registry is a population-based registry which collects data on all newly diagnosed
cancer patients in the Netherlands. Information on patient and tumor characteristics, diagnosis and
treatment is routinely extracted from the medical records by trained administrators of the Netherlands
Cancer Registry. Anatomical site of the tumor is registered according to the International Classification
of Disease – Oncology (ICD-O). The TNM (tumor-node-metastasis) classification is used for stage
notification of the primary tumor, according to the edition valid at time of cancer diagnosis. In case of
resection, margin status was classified as microscopically radical resection (>1mm; R0), microscopically
irradical resection (≤1mm; R1), and macroscopic irradical resection (R2). Survival data is obtained by
annual linkage with the Municipal Personal Records Database, which contains information on the vital
status of all Dutch inhabitants, and is completed until 1 February 2017.
Study population
For the present study, all patients with pancreatic ductal adenocarcinoma (PDAC) or suspected PDAC
(ICD-O C25, morphology codes 8010, 8012, 8020, 8140, 8141, 8260, 8310, 8440, 8480, 8481, 8490,
8500, and 8560, or a non-microscopic verified invasive neoplasm of the pancreas suspected for
adenocarcinoma (i.e. no cytological or histological verification) diagnosed between 2005 and 2015 were
selected. Patients younger than 18 years at diagnosis or residing abroad and patients diagnosed at
autopsy were excluded. Tumor stage was based on pathological TNM stage (for patients who underwent
resection) supplemented by clinical TNM stage if no pathological TNM stage was available (for patients
without resection; 2005-2009 TNM-6, 2010-2015 TNM-7). Until 2011, a summary stage was recorded
for non-verified cancers. Therefore, tumor stage of all patients was categorized as: locoregional (tumor
confined to the pancreas or extended to surrounding organs, tissues or regional lymph nodes), distant
metastases (tumor spread to distant lymph nodes or organs) and unknown. Patients with distant
metastases who underwent resection were excluded. Patients were also classified according to tumor
location: head (C25.0), body (C25.1), tail (C25.2) and other (C25.3-9). The latter group was excluded.
For treatment and survival analysis, patients who underwent resection, patients without resection and
without distant metastases, and patients with distant metastases were analyzed separately.
Treatment and outcome measures
Primary outcome of the study was overall survival by tumor location in relation to resection. For patients
undergoing resection, secondary outcomes included histopathological margin status, ≥10 examined
lymph nodes, number of positive lymph nodes, and 30- and 90-day mortality. Type of resection and the
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proportions of preoperative and adjuvant chemotherapy were also investigated. For patients without
resection, the proportion of patients undergoing chemotherapy was defined.
Statistical analyses
Descriptive statistics were used to compare patient, tumor and treatment characteristics for all patients
and for patients who underwent resection. Characteristics included gender, age, tumor stage,
microscopic verification and tumor size (the latter only available in 2015). Included treatments were
resection (mainly pancreatoduodenectomy and distal pancreatectomy), preoperative, adjuvant and
palliative chemotherapy. Multivariable logistic regression analyses, presented as odds ratios with 95%
confidence intervals, were used to determine the independent association of tumor location with the
likelihood of receiving resection (in all patients) and chemotherapy (in patients who underwent
resection, patients without resection and without distant metastases, and patients with distant
metastases separately). Differences in 2-year overall survival according to tumor location were analyzed
by means of Kaplan-Meier curves and compared with Log-Rank tests. Multivariable Cox regression
analyses were used to determine the independent association of tumor location with long-term survival
and the results presented as hazard ratios with 95% confidence intervals. Survival time was defined as
the time between the date of diagnosis (for patients without resection) or date of resection (for patients
who underwent resection) and date of death or censoring (1 February 2017). The variables that were
included in the multivariable analyses (as applicable) were gender, age (categorized as <65, 65-74 and
≥75 years), period of diagnosis (categorized as 2005-2008, 2009-2012 and 2013-2015), tumor stage,
resection, and preoperative, adjuvant and palliative chemotherapy. To investigate whether the effect
of tumor location on survival differed according to stage, an interaction term was included in the model
with all patients. P values below 0.05 were considered statistically significant. SAS/STAT® statistical
software (SAS system 9.4, SAS Institute, Cary, NY) was used for all analyses.

RESULTS
Study population
The final study population consisted of 19 023 patients with (suspected) PDAC: 13 451 patients (71%)
with PDAC in the pancreatic head, 2 429 patients (13%) in the body and 3 143 patients (16%) in the tail
(Figure 1).
Table 1 provides an overview of the patient, tumor and treatment characteristics of the study
population by tumor location. Large differences were especially found for tumor stage (i.e. proportion
metastatic disease in head 42%, body 69%, tail 84%, p<0.0001), for tumor size (i.e. proportion tumor
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size >4 cm in head 21%, body 40%, tail 51%, p<0.0001) and for microscopic verification (head 63%, body
70%, tail 75%, p<0.0001).
22 203 patients aged ≥18 years with pancreatic ductal adenocarcinoma (PDAC) or suspected PDAC,
diagnosed in the Netherlands between 2005-2015
3 105 patiens (14%) were excluded because
not classified as head, body or tail (C25.3-9)
75 patiens (<1%) were excluded because a
resection was performed in the presence of
distant metastasis
19 023 patients were included in the study

13 451 (71%) tumor location head (C25.0)

2 429 (13%) tumor location body (C25.1)

3 143 (16%) tumor location tail (C25.2)

Figure 1. Selection of the study population

Table 1. Patient, tumor, and treatment characteristics by PDAC location in the pancreas (n=19 023)
Head
Body
Tail
P-value
n (%)
n (%)
n (%)
Total n
13 451
2 429
3 143
Gender
<0.0001
Male
6 672 (50)
1 158 (48)
1 724 (55)
Female
6 779 (50)
1 271 (52)
1 419 (45)
Age
<0.0001
<65 years
3 909 (29)
795 (33)
1 060 (34)
65-74 years
4 231 (31)
831 (34)
1 148 (36)
≥75 years
5 311 (40)
803 (33)
935 (30)
Tumor stage
<0.0001
Locoregional
7 154 (53)
713 (29)
466 (15)
Distant metastases
5 644 (42)
1 671 (69)
2 637 (84)
Unknown
653 (5)
45 (2)
40 (1)
Microscopically verified
<0.0001
Yes
8 478 (63)
1 706 (70)
2 368 (75)
No
4 973 (37)
723 (30)
775 (25)
Tumor size (2015 only)
<0.0001
0 – 2 cm
155 (13)
28 (10)
11 (3)
>2 – 4 cm
618 (51)
98 (34)
97 (27)
>4 cm
249 (21)
118 (40)
182 (51)
Unknown
188 (15)
48 (16)
67 (19)
Resection
<0.0001
Yes
2320 (17)
107 (4)
207 (7)
No
11131 (83)
2 322 (96)
2 936 (93)
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For all patients groups, chemotherapy rates were low (Table 2). Patients who received chemotherapy
were younger than patients who did not receive chemotherapy, yet gender, tumor location and tumor
size were similar in the three groups. Clinical characteristics of patients with and without chemotherapy
are provided in supplementary Table S1. Overall, patients who received palliative chemotherapy had
significantly better survival compared to patients without chemotherapy (median overall survival in
patients without resection, no metastases with or without chemotherapy: 10.4 vs. 4.3 months, and
similarly, in patients without resection, but with metastases: 5.8 vs. 1.6 months, respectively, both
p<0.0001, supplementary Figure S1).
Patients with a PDAC in the head more often underwent resection than patients with a PDAC in the body
or tail (17% vs. 4% vs. 7% respectively, p<0.0001). After adjustment for gender, age, period of diagnosis,
and tumor stage, patients with a PDAC in the body were still less likely to undergo a resection, as
compared to patients with a PDAC in the head (adjusted odds ratio (OR) 0.29, 95% CI 0.24-0.37), while
patients with a PDAC in the tail were more likely to undergo a resection (adjusted OR tail vs. head 1.46,
95% CI 1.19-1.78) (Table 2).
Table 2. Logistic regression analyses predicting the provision of treatment
Tumor
Treated (%) Unadjusted OR (95% CI)
location
All patients (n=19 023)
Treatment: resection
Head
17
1.00 (reference)
Body
4
0.22 (0.18-0.27)
Tail
7
0.34 (0.29-0.39)
Patients who underwent resection
(n=2 621)
Head
48
1.00 (reference)
Treatment: chemotherapy
Body
51
1.13 (0.77-1.68)
Tail
48
1.00 (0.74-1.32)
Patients without resection and without
distant metastases (n=5 712)
Head
15
1.00 (reference)
Treatment: chemotherapy
Body
30
2.47 (2.04-2.99)
Tail
20
1.42 (1.03-1.94)
Patients with distant metastases
(n=9 952)
Head
22
1.00 (reference)
Treatment: chemotherapy
Body
30
1.51 (1.33-1.70)
Tail
28
1.34 (1.21-1.49)
Bold text indicates statistically significant findings.
A
Odds ratio adjusted for gender, age, period of diagnosis, and tumor stage.
B
Odds ratio adjusted for gender, age, and period of diagnosis.

Adjusted OR (95% CI)

1.00 (reference) A
0.29 (0.24-0.37) A
1.46 (1.19-1.78) A
1.00 (reference) B
0.87 (0.57-1.12) B
0.81 (0.59-1.12) B
1.00 (reference) B
2.03 (1.64-2.51) B
1.24 (0.88-1.74) B
1.00 (reference) B
1.46 (1.28-1.66) B
1.24 (1.11-1.39) B

For all stages combined, median overall survival was 4.5 months for PDAC in the head, 3.3 months for
body and 2.2 months for tail (Figure 2A). The interaction test between tumor location and stage was
significant (p<0.0001), indicating that the association between tumor location and overall survival
differed according to stage. For tail versus head, survival was better in locoregional disease (HR 0.84,
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95% CI 0.76-0.93) but worse in metastatic disease (HR 1.20, 95% CI 1.15-1.26). For body versus head,
survival was worse in locoregional disease (HR 1.15, 95% CI 1.06-1.24) but similar in metastatic disease
(HR 1.02, 95% CI 0.97-1.08).
Patients who underwent resection
Some 2 621 patients underwent resection, additional characteristics of these patients per tumor
location are presented in Table 3.
Table 3. Characteristics of patients undergoing resection of PDAC according to tumor location (n=2 621;
2005-2015)
Head
Body
Tail
P-value*
Pathological tumor stage
0.858
T1-3 Nany
2 176 (94)
98 (94)
194 (94)
T4 Nany
103 (5)
5 (5)
11 (5)
TX Nany
32 (1)
1 (1)
1 (1)
Type of resection
<0.0001
Pancreatoduodenectomy
2 283 (99)
33 (32)
8 (4)
Distal pancreatectomy
0 (0)
64 (61)
196 (95)
Other/unknown
28 (1)
7 (7)
2 (1)
Margin status
0.066
R0
1 428 (62)
60 (58)
131 (63)
R1-2
712 (31)
32 (31)
51 (25)
Unknown
171 (7)
12 (11)
24 (12)
≥10 examined lymph nodes
0.016
Yes
1 320 (57)
57 (55)
95 (46)
No
922 (40)
46 (44)
106 (52)
Unknown
69 (3)
1 (1)
5 (2)
Number of positive lymph nodes
<0.0001
0
680 (29)
43 (41)
91 (44)
1-3
966 (42)
38 (37)
85 (41)
≥4
609 (26)
16 (15)
20 (10)
Unknown
56 (3)
7 (7)
10 (5)
Death ≤30-day postoperatively
0.501
Yes
83 (4)
6 (6)
7 (3)
No
2 228 (96)
98 (94)
199 (97)
Death ≤90-day postoperatively
0.256
Yes
154 (7)
11 (11)
12 (6)
No
2 157 (93)
93 (89)
194 (94)
Preoperative chemotherapy$
<0.0001
Yes
67 (3)
11 (11)
5 (2)
No
2 244 (97)
93 (89)
201 (98)
Adjuvant chemotherapy
0.657
Yes
1 038 (45)
42 (40)
93 (45)
No
1 273 (55)
62 (60)
113 (55)
* P-value indicates significance of the Chi-square test or Fisher’s Exact test as appropriate
$
Neoadjuvant or induction chemotherapy before tumor resection

In patients with a PDAC in the body, 32% underwent a pancreatoduodenectomy and 61% a distal
pancreatectomy. Margin status did not differ significantly between tumor locations (p=0.066), as well
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as 30 or 90 day postoperative mortality (p=0.501 and p=0.256 respectively). Approximately half of the
patients received chemotherapy, regardless of tumor location (Table 2). Preoperative chemotherapy
was mainly administered to patients with a PDAC in the body, while adjuvant chemotherapy was less
often administered to patients with a PDAC in the body (Table 3). In the group of patients who
underwent resection, median overall survival was 16.8, 15.0 and 17.3 months respectively for tumor
location head, body and tail (Figure 2B). Two-year overall survival for head, body and tail were 36.2%,
36.9% and 37.9% respectively, while 5-year overall survival was 14.1%, 6.9% and 20.4% respectively.
Also in multivariable analysis adjusting for patient, tumor and treatment characteristics, survival was
similar for all tumor locations (Table 4).
Patients without resection and without metastases
The study population comprised 5 712 patients without resection and without metastases. Of these
patients, the proportion treated with chemotherapy was 15%, 30% and 20% for patients with a PDAC in
the head, body or tail, respectively. In unadjusted analyses, the odds of receiving chemotherapy was
higher for both tumor locations body and tail compared to tumor location head. However, after
adjustment for patient and tumor characteristics, only patients with a PDAC in the body were more
likely to receive chemotherapy compared to patients with a PDAC in the head (adjusted OR 2.03, 95%
CI 1.64-2.51) (Table 2). Median overall survival in this subgroup was 5.2 months for head, 6.1 months
for body and 4.6 months for tail (Figure 2C). In unadjusted analysis, survival was better for patients with
a PDAC in the body than for patients with a PDAC in the head. However, in multivariable analysis, survival
was similar (Table 4).
Patients with distant metastases
There were 9 952 patients with distant metastases included in the study. The proportions of patients
treated with chemotherapy by tumor location were: 22% for head, 30% for body and 28% for tail. Both
in univariable and multivariable analyses, the odds of receiving chemotherapy was higher for patients
with a PDAC in the body (adjusted OR 1.46, 95% CI 1.28-1.66) and for patients with a PDAC in the tail
(adjusted OR 1.24, 95% CI 1.11-1.39) compared to patients with a PDAC in the head (Table 2).
Median overall survival was 2.6 months for PDAC in the head, 2.4 months for PDAC in the body and 1.9
months for PDAC in the tail (Figure 2D). Survival was worse for patients with a PDAC in the body and tail
compared to patients with a PDAC in the head (body: adjusted HR 1.17, 95% CI 1.10-1.23; and tail:
adjusted HR 1.35, 95% CI 1.29-1.41) (Table 4).
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Table 4. Cox regression analyses
Tumor
Median OS 1-year OS 2-year OS 5-year OS Unadjusted HR (95% CI) Adjusted HR (95% CI)
Adjusted HR (95% CI)
location
(months)
(%)
(%)
(%)
without treatment
with treatment
Patients who underwent
resection (n=2 621)
Head
16.8
68.1%
36.2%
14.1%
1.00 (reference)
1.00 (reference) B
1.00 (reference) B+
B
Body
15.0
65.4%
36.9%
6.9%
1.15 (0.93-1.43)
1.24 (0.99-1.54)
1.23 (0.99-1.53) B+
Tail
17.3
63.6%
37.9%
20.4%
0.89 (0.76-1.05)
0.95 (0.81-1.12) B
0.94 (0.79-1.11) B+
Patients without resection
and without distant
Head
5.2
21.4%
4.9%
1.0%
1.00 (reference)
1.00 (reference) C
1.00 (reference) C+
C
metastases (n=5 712)
Body
6.1
26.3%
6.7%
1.4%
0.87 (0.80-0.95)
0.90 (0.82-0.98)
0.96 (0.88-1.05) C+
Tail
4.6
18.5%
8.2%
2.5%
1.01 (0.89-1.14)
1.02 (0.90-1.16) C
1.03 (0.91-1.17) C+
Patients with distant
metastases (n=9 952)
Head
2.6
1.00 (reference)
1.00 (reference) D
1.00 (reference) D+
D
Body
1.17 (1.10-1.23) D+
2.4
1.03 (0.97-1.08)
1.07 (1.01-1.13)
Tail
1.9
1.20 (1.15-1.26)
1.16 (1.11-1.22) D
1.35 (1.29-1.41) D+
Bold text indicates statistically significant findings.
A
Odds ratio adjusted for gender, age, period of diagnosis, and tumor stage; + resection, (neo)adjuvant chemotherapy and palliative chemotherapy.
B
Odds ratio adjusted for gender, age, period of diagnosis, and tumor stage; + (neo)adjuvant chemotherapy.
C
Odds ratio adjusted for gender, age, period of diagnosis, and tumor stage; + palliative chemotherapy.
D
Odds ratio adjusted for gender, age, and period of diagnosis; + palliative chemotherapy.
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Figure 2. Overall survival by tumor location
Starting point survival analyses: A-C-D: date of diagnosis; B: date of resection.

DISCUSSION
This first population-based analysis focusing on the association between PDAC location and tumor stage,
treatment, and survival found that PDAC locations in the pancreatic body or tail are larger, more often
metastasized and less often resectable than PDAC in the pancreatic head. Only in patients with
metastasized disease, overall survival of patients with a PDAC in the body or tail was significantly worse
than of patients with a PDAC in the head.
This is the first study in which tumor, treatment, and survival of PDAC in head, body, and tail are
investigated separately. Our findings are in line with previous studies.5, 7, 8, 11 One study describes similar
resection rates for body and tail PDAC compared to head PDAC.11 In contrast, in our study, patients with
a PDAC in the body were less likely to undergo resection and patients with a PDAC in the tail more likely
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to undergo resection than patients with a PDAC in the head. Because PDAC locations in the body are in
close relation to the celiac trunc and major vascular structures (e.g. superior mesenteric artery,
portomesenteric vein), these tumors are more often considered unresectable. In contrast, a nonmetastasized PDAC in the tail with ingrowth in nearby, less vital, structures (e.g. stomach, spleen,
adrenal gland) could more often undergo resection than a PDAC in the head. In some patients with
PDAC in the head, malignant biliary obstruction and complications after preoperative biliary drainage,
lead to delay or even omission of surgery.12, 13 As this is not the case for patients with a PDAC in the tail,
this could also partially explain the higher likelihood of resection for tail versus head.
Patients with PDAC in the body who did not undergo resection and had no distant metastases were
more often treated with chemotherapy than patients with a location in the head, which could indicate
the primary effort to preoperatively reduce these tumors that are more challenging to resect. This is in
line with the higher proportion of patients with a resected PDAC in the body receiving preoperative
chemotherapy compared with head or tail. In the Netherlands, neoadjuvant chemo(radio)therapy was
mostly used in the context of the PREOPANC trial14 since 2013 for (borderline) resectable PDAC and in
the PELICAN trial (NTR5517) for irresectable PDAC since 2014.
Although palliative chemotherapy is advised in the Dutch guideline for pancreatic cancer15, the
proportion of patients with metastases receiving chemotherapy was low in this study (22-30%).
Previously reported rates of palliative chemotherapy are inconsistent and range from 17-54%.16-20 If
patients are fit, palliative chemotherapy should be considered as our data in accordance with previous
literature show this can improve survival significantly.21, 22
Overall, the initiation rate of adjuvant chemotherapy was low during our study period (48-51%). While
this treatment strategy is widely accepted as standard of care, low initiations rates have also been
described in the literature, ranging from 51-68% in various studies.23-26 This finding may be attributed
to several factors. First, in the Netherlands, adjuvant chemotherapy rates ranged from 26-74% between
19 pancreatic surgery centers.27 We expect this difference to be even larger in non-expert / referral
centers. Perhaps clinicians interpret the guideline differently and therefore advice on adjuvant
treatment may differ. Many patients receive adjuvant chemotherapy in smaller referral centers closer
to their home. It was previously shown that high center volume for metastatic pancreatic cancer was
associated with more receipt of palliative chemotherapy,16 and this association could also exist for
adjuvant treatment. Second, pancreatic surgery has a high complication rate. It is known that a
substantial proportion of patients recovers too late for start of adjuvant therapy. Third, patients may
choose to not undergo treatment with chemotherapy as they may believe that it will decrease quality
of life.
56

Association between PDAC location and tumor stage, treatment, and survival

Survival differences between the different tumor locations varied per disease stage. In our study,
patients without metastases had similar overall survival for the three locations. This is in contrast with
the literature, as better survival is described for head, body and tail PDAC of local/regional disease stage
in various studies.7, 8 In our study, patients with metastases from head PDAC showed significantly better
overall survival than patients with body or tail PDAC, while previous studies found this for metastasized
head as well as metastasized tail PDAC.7, 8 We found a 5-year overall survival after pancreatic resection
of 20% for tail, 14% for head, yet 7% for body. This is in line with better 3-year relative survival for
7

body/tail cancers as described previously (20% body/tail versus 9% head). It is unclear from that study
whether patients with overlapping locations were included and whether pathological or clinical stage
was used for the selection of patients.7 Besides, both studies included earlier time periods in which
other TNM editions were used.7, 8 A clear explanation for the lower 5-year overall survival for PDAC in
the body was not found. Resection margin and chemotherapy rates were similar to the other tumor
locations, and the proportion of patients without positive lymph nodes was even significantly higher
than in patients with a PDAC in the head (41% vs 29%, p<0.001). Potentially, patients with a PDAC in the
body more often have vascular involvement due to the nearby celiac trunc, as compared to other tumor
locations, which may lead to worse long-term outcomes. Considering the outcome variations between
body and tail, the two locations should be assessed separately in future studies.
It is known that PDAC in the body or tail are often diagnosed later due to lack of specific clinical
symptoms, which leads to detection bias and possibly explains survival differences according to tumor
location. On the other hand, Dreyer et al. recently showed that PDAC in the body and tail may have
more aggressive tumor biology compared to PDAC in the head which may explain worse clinical
outcomes.10 Within the group with distant metastases, both a delayed diagnosis and an aggressive
tumor biology could contribute to the survival difference.
There are several limitations to this study. Firstly, in the Netherlands Cancer Registry, no comorbidity,
postoperative morbidity data and cause of death are available. In addition, type of chemotherapy was
only registered since 2015 and could therefore not be analyzed in this study. Secondly, a recent study
suggested that the Netherlands Cancer Registry underestimates pancreatic cancer incidence of elderly
patients, leading to a small overestimation of survival in this study.28 Thirdly, patients with registered
tumor location ‘other’ were excluded (14%). In this group, tumor locations were partly overlapping (e.g.
head/body or body/tail) or ‘not otherwise specified’ and could therefore not be assigned to the groups
of this study. It is possible that some of the overlapping tumors are larger than tumors confined to either
head, body or tail, possibly with worse outcomes. As a result, survival in this study could be slightly
overestimated.
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However, the strength of these Netherlands Cancer Registry data is that it is population based. A large
nationwide cohort of patients with PDAC in the Netherlands represents daily clinical practice.
In conclusion, PDAC locations in the pancreatic body or tail are larger, more often metastasized and less
often resectable than PDAC in the pancreatic head. Only in patients with metastatic disease, overall
survival of patients with a PDAC in the body or tail was significantly worse than of patients with a PDAC
in the head.
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ABSTRACT
Introduction: The relation between the primary origin of metastasized pancreatic ductal
adenocarcinoma (PDAC) – head, body or tail -, metastatic patterns and outcome has not yet been
investigated in large population-based studies.
Methods: Patients with metastasized PDAC at diagnosis from the Netherlands Cancer Registry were
included (2005-2015). We compared number of metastatic organ sites (1, 2, ≥3) and specific metastatic
organ sites (peritoneum, liver, lung, extra-regional lymph nodes) for the different primary tumour
locations. Cox regression analyses were used to determine the association of tumour location and
metastatic organ site(s) with overall survival.
Results: Overall, we included 9,952 patients with metastasized PDAC. The primary origin was head in
5,644 (57%), body in 1,671 (17%) and tail in 2,637 (26%) patients. Differences between primary origins
were the number of metastatic organ sites (proportions ≥3 sites for head 4%, for body 8% and for tail
13%, p<0.0001) and peritoneal metastases (present in 13% for head, 24% for body and 30% for tail,
p<0.0001). Median overall survival was 2.6 months for head PDAC (reference), 2.4 months for body (HR
1.02 (0.97-1.08)) and 1.9 months for tail (HR 1.20 (1.15-1.26)). Of patients with one metastatic organ
site, the worst survival compared to other sites was seen with liver only metastases (2.5 months vs. 2.75.1 months), and the best survival for patients with extra regional lymph node only metastases (5.1
months).
Conclusion: Metastatic patterns differ between the primary origin for PDAC with metastasized tail
tumours having more metastatic sites, more often peritoneal metastases and worse survival.
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INTRODUCTION
Survival of patients with metastatic pancreatic ductal adenocarcinoma (PDAC) is notoriously poor. A
recent Dutch population-based study (2007-2011) found a median overall survival (OS) of 10 weeks1. In
the past years, new palliative chemotherapy strategies (i.e. gemcitabine(/nab-paclitaxel) and folinic
acid-fluorouracil-irinotecan-oxaliplatin (FOLFIRINOX)) have improved the median OS to 6-11 months2-5.
Most studies report worse survival for patients with metastatic body or tail compared to head PDAC6-9.
Primary body and tail PDAC are generally larger and more often metastasized at diagnosis than head
tumours, possibly because of delayed presentation due to absence of specific symptoms6, 10-12. Besides,
location of resected PDAC in body and tail was associated with the molecular squamous subtype and
more aggressive tumour biology than resected head PDACs7. This may be an underlying cause for worse
clinical outcomes of patients with pancreatic body and tail cancer, also within the metastatic patient
subgroup.
Common sites of PDAC metastases are liver, lung, peritoneum and distant lymph nodes13, 14. Patients
with multiple metastatic sites, and liver and/or peritoneal metastases have worse OS than patients with
a single metastatic site or other metastatic locations15-18. Previous studies however did not investigate
the relation between primary tumour location, metastatic patterns and survival, specifically within the
metastatic PDAC subgroup only. It is important to investigate survival in relation to metastatic pattern
per primary tumour origin as some smaller non-randomized studies suggest that local ablative or
surgical therapy may be beneficial for a selected group of patients with favourable outcomes19, 20.
Therefore, the aim of this study is to investigate if metastatic patterns differ between the origin of PDAC
and if these differences explain the survival difference in a population-based cohort of patients with
metastatic pancreatic cancer at primary diagnosis (2005-2015) from the Netherlands Cancer Registry
(NCR).

METHODS
Data collection
This is a retrospective study using data from the nationwide NCR. The NCR is a population-based registry
which collects data on all newly diagnosed cancer patients in the Netherlands (about 17 million
inhabitants). Information on patient and tumour characteristics, diagnosis and treatment is routinely
extracted from the medical records by trained administrators of the NCR. Anatomical sites of the
primary tumour and metastases are registered according to the International Classification of Disease –
Oncology (ICD-O-3). The TNM (tumour-node-metastasis) classification is used for stage notification of
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the primary tumour, according to the edition valid at time of cancer diagnosis. Survival data is obtained
by annual linkage with the Municipal Personal Records Database, which contains information on the
vital status of all Dutch inhabitants. This study was designed in accordance with the STROBE guidelines.
Study population
For the present study, we selected all patients with PDAC or suspected PDAC (ICD-O C25, morphology
codes 8010, 8012, 8020, 8140, 8141, 8260, 8310, 8440, 8480, 8481, 8490, 8500, and 8560, or a nonmicroscopic verified invasive neoplasm of the pancreas suspected for adenocarcinoma (i.e. no
cytological or histological verification)) diagnosed in the Netherlands between 2005 and 2015. Primary
diagnosis (clinical TNM staging) was made with imaging studies or surgical exploration. Patients younger
than 18 years at diagnosis or residing abroad and patients diagnosed at autopsy were excluded. Patients
were classified according to tumour location: head (C25.0), body (C25.1), tail (C25.2) and other (C25.39). We excluded the latter group. Furthermore, we excluded all patients without distant metastases and
with distant metastases who underwent resection.
Statistical analyses
Descriptive statistics were used to compare patient, tumour, metastasis and treatment characteristics
between primary tumour locations. Characteristics included sex, age (categorized as <65, 65-74 and ≥75
years), microscopic verification, primary tumour size (only available in 2015; categorized as
0-2, >2-4, >4 centimetre and unknown), number of metastatic organ sites (categorized as 1, 2, ≥3 or
unknown), specific metastatic organ sites (categorized as peritoneum, liver, lung, extra-regional lymph
nodes and other), surgical exploration (available for 2009-2015) and chemotherapy.
We used univariable and multivariable Cox regression analyses to determine the association of tumour
location and metastatic organ site(s) with overall survival and the results are presented as hazard ratios
with 95% confidence interval. The variables used in the multivariable analyses besides primary tumour
location and metastatic organ site(s), were gender, age, period of diagnosis and chemotherapy.
Metastatic organ site(s) was categorized as liver only, peritoneum only, lung only, extra-regional lymph
nodes only, other site only, 2 sites (any combination), ≥3 sites (any combination) and unknown. For the
most common metastatic organ site(s), i.e. liver only, peritoneum only, 2 sites and ≥3 sites, 1-year
overall survival according to tumour location was analysed by means of Kaplan-Meier curves and
compared with Log-Rank tests. We defined survival time as the time between the date of diagnosis and
date of death or censoring (1 February 2018). Sensitivity analysis was performed including only patients
with pathologically confirmed PDAC. P values below 0.05 were considered statistically significant. We
used SAS/STAT® statistical software (SAS system 9.4, SAS Institute, Cary, NY) for all analyses.
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RESULTS
Overall, 9,952 patients with metastasized PDAC were included (Figure 1). Primary origin was the
pancreatic head in 5,644 (57%), body in 1,671 (17%) and tail in 2,637 (26%) patients.
Table 1 provides an overview of the patient, tumour and treatment characteristics by primary origin.
We particularly found large differences for tumour size (i.e. proportion tumour size >4 cm in head 26%,
body 41%, tail 52%, p<0.0001) and metastasis found at surgical exploration (11% in head, 2% in body
and 3% in tail, p<0.0001).

4

22,203 patients aged ≥ 18 years with pancreatic ductal adenocarcinoma (PDAC) or suspected PDAC,
diagnosed in the Netherlands between 2005-2015

3,105 patients (14%) excluded because not
classified as head, body or tail (C25.3-9)

13,502 (71%) tumour location head (C25.0)

2,435 (13%) tumour location body (C25.1)

7,807 head tumours (58%)
were excluded because of
no distant metastasis

3,161 (16%) tumour location tail (C25.2)

758 body tumours (31%)
were excluded because of
no distant metastasis

506 tail tumours (16%)
were excluded because of
no distant metastasis

75 patients (<1%) were excluded because a
palliative resection was performed in the
presence of distant metastasis

9,952 patients with metastasized PDAC were included in the study

Figure 1. Selection of the study population

Figure 2 shows that the number of metastatic organ sites differs by primary origin of PDAC (p<0.0001).
Multiple metastatic sites were found most often in patients with tail tumours. A specification of the
affected metastatic organ sites per primary tumour location is presented in Figure 3. Differences were
especially present with regard to peritoneal metastases (p<0.0001), but differences were also present
for liver (p=0.0035), lung (p<0.0001) and other metastases (p<0.0001). There was no difference in the
proportion of extra-regional lymph nodes between primary tumour locations (p=0.726).
The most common metastatic organ site(s) were liver only (n=5,007; 50.3%), peritoneum only (n=770;
7.7%), 2 metastatic organ sites (n=2,171; 21.8%) and ≥3 metastatic organ sites (n=867; 8.7%, Table 2).
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Table 1. Patient, tumour and treatment characteristics by tumour location of 9,952 patients with metastasized
pancreatic ductal adenocarcinoma
Head
Body
Tail
P-value
n (%)
n (%)
n (%)
Total n
5,644
1,671
2,637
Sex
<0.001
Male
2,912 (52)
802 (48)
1,475 (56)
Female
2,732 (48)
869 (52)
1,162 (44)
Age
0.006
<65 years
1,874 (33)
573 (34)
906 (34)
65-74 years
1,868 (33)
578 (35)
964 (37)
≥75 years
1,902 (34)
520 (31)
767 (29)
Microscopically verified
<0.001
Yes
3,710 (66)
1,207 (72)
1,994 (76)
No
1,934 (34)
464 (28)
643 (24)
Tumour size (2015 only)
<0.001
0 – 2 cm
44 (8)
18 (9)
5 (2)
>2 – 4 cm
243 (46)
65 (31)
72 (25)
>4 cm
135 (26)
85 (41)
153 (52)
Unknown
104 (20)
39 (19)
62 (21)
Surgical exploration (2009-2015)
<0.001
Yes
419 (11)
29 (2)
52 (3)
No
3,347 (89)
1,191 (98)
1,878 (97)
Chemotherapy
<0.001
Yes
1,252 (22)
502 (30)
729 (28)
No
4,392 (78)
1,169 (70)
1,908 (72)
P-value indicates significance of the Chi-square test

Figure 2. Proportional distribution of the number of metastatic organ sites by primary tumour location
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As presented in Table 2, chemotherapy was given to 22%, 30% and 28% of patients with head, body and
tail PDAC, respectively (p<0.0001). Median OS was worst for tail PDAC with 1.9 months compared to 2.6
and 2.4 months for head and body PDAC, respectively. This difference remained after adjustment for
metastatic site(s) with worse survival for tail than for head cancer in all analyses (adjusted HR 1.23, 95%
CI 1.17-1.29) and for body compared to head only after additional adjustment for treatment with
chemotherapy (adjusted HR 1.13, 95% CI 1.06-1.19). In patients treated with chemotherapy, median OS
was 6.4 months for head, 5.8 months for body and 5.0 months for tail tumours. Patients with 2 or ≥3
metastatic organ sites had the worst survival, independent of the origin of the primary tumour. Of
patients with one metastatic organ site, liver only had the worst survival compared to other sites (Figure

4

4).
Sensitivity analysis including only patients with pathologically confirmed PDAC showed slightly better
survival but overall similar trends (data not shown).
For patients with liver metastases only, 1-year OS for head, body and tail was 6.5%, 6.8% and 5.6%, and
median OS was 2.5, 2.6 and 2.1 months, respectively (p=0.004). For peritoneal metastasis only, these
were 13.9%, 11.8% and 10.5%, and 3.4, 2.3 and 2.2 months, respectively. (p=0.051). For 2 metastatic
organ sites these were 5.8%, 6.0% and 5.4%, and 2.0, 2.0 and 1.8 months, respectively (p=0.245). For 3
or more metastatic sites these were 3.0%, 3.9% and 1.9%, and 1.2, 1.5 and 1.3 months, respectively
(p=0.028).
Table 2. Survival analyses of 9,952 patients with metastasized pancreatic ductal adenocarcinoma (n=9,952)
Total Chemotherapy Median OS Unadjusted HR Adjusted HR (95% CI) Adjusted HR (95% CI)
n
(%)
(months)
(95% CI)
without chemotherapy A with chemotherapy B
Tumour location
Head
5,644
22
2.6
1.00 (reference)
1.00 (reference)
1.00 (reference)
Body
1,671
30
2.4
1.02 (0.97-1.08)
1.03 (0.97-1.09)
1.13 (1.06-1.19)
Tail
2,637
28
1.9
1.20 (1.15-1.26)
1.14 (1.09-1.19)
1.23 (1.17-1.29)
Metastatic organ site(s)
Liver only
5,007
26
2.5
1.00 (reference)
1.00 (reference)
1.00 (reference)
Peritoneum only
770
26
2.7
0.85 (0.78-0.91)
0.84 (0.78-0.91)
0.82 (0.76-0.89)
Lung only
0.65 (0.59-0.72)
0.61 (0.55-0.67)
0.57 (0.51-0.63)
376
24
4.7
Extra-regional lymph nodes only 308
0.58 (0.52-0.66)
0.58 (0.52-0.65)
0.56 (0.50-0.63)
27
5.1
Other site only
0.74 (0.65-0.86)
0.71 (0.62-0.81)
0.64 (0.55-0.73)
206
18
3.5
2 sites (any combination)
1.16 (1.10-1.22)
1.16 (1.10-1.22)
1.17 (1.11-1.23)
2,171
25
1.9
≥3 sites (any combination)
1.56 (1.45-1.68)
1.61 (1.50-1.73)
1.69 (1.57-1.82)
867
24
1.3
Unknown
247
12
2.3
1.10 (0.97-1.26)
1.00 (0.88-1.14)
0.90 (0.79-1.03)
Bold numbers indicate statistical significance. OS, overall survival. HR, hazard ratio. CI, confidence interval.
A
Besides adjustment for tumour location and metastatic site(s), hazard ratios also adjusted for gender, age, and period of diagnosis.
B
Besides adjustment for tumour location and metastatic site(s), hazard ratios also adjusted for gender, age, period of diagnosis, and
chemotherapy.

69

Chapter 4

Figure 3. Metastatic organ sites by primary tumour location.
Patients with an unknown number and specification of metastatic organ sites excluded. Bold P-values indicate
statistical significance.

Figure 4. Overall survival per metastatic organ site only.
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DISCUSSION
This is the first large population-based study that investigated the relation between the primary origin
of metastasized PDAC and metastatic patterns on oncologic outcome. Patients with metastasized PDAC
originating from the pancreatic tail had more metastatic sites, more often peritoneal metastases and
worse survival than patients with head or body PDAC.
Previous studies found worse outcomes for patients with metastatic body and tail tumours compared
to patients with head PDAC6-9. Only few studies reported on body and tail PDAC separately and
metastatic patterns are largely unknown9. Our study showed that metastatic patterns differed
significantly between the primary origin of PDAC. Especially patients with tail tumours have multiple
metastatic organ sites and more often peritoneal metastases compared to head and body tumours. This
could be explained by late onset of symptoms of tail tumours leading to more extensive metastases at
time of diagnosis11, 21.
Concurrent with the metastatic pattern differences, median OS decreased from 2.6 to 2.4 to 1.9 months
for head, body and tail tumours, respectively. In all analyses, tail PDAC had the worst survival compared
to head and body PDAC. This is partly explained by the fact that tail tumours metastasize to liver,
peritoneum and multiple sites more often than head or body tumours. Previous studies indeed reported
worse outcomes for patients with similar metastatic patterns to the liver, peritoneum or multiple sites13,
15-18

. However, after adjustment for baseline characteristics, tumour location and metastatic site(s),

patients with primary PDAC location tail still have worse survival compared to head and body locations.
This suggests that metastatic patterns are not the sole explanation for the survival difference between
the various PDAC origins. Tail tumours are not only diagnosed later, they appear to also have a more
aggressive tumour biology which could explain our findings7. Additionally, as metastatic PDAC in the
head is more often diagnosed at surgical exploration, these patients are diagnosed at an earlier time
stage, leading to a lead time bias and an artificial longer survival period. However, since the proportion
of patients undergoing surgical exploration is limited, this is not expected to fully explain the differences
in survival. Furthermore, recovery from futile surgery and stent placement for bile duct obstruction may
have precluded the administration of chemotherapy, since chemotherapy use was lowest in patients
with head PDAC.
In the literature, median OS of patients treated with chemotherapy ranges from 4.4 to 11.1 months for
different chemotherapy regimens, including the newer FOLFIRINOX and nab-paclitaxel and gemcitabine
regimen3-5, 14, 22, 23. Median OS after chemotherapy in our cohort (5.0-6.4 months) falls within the lower
range of these previous studies. This is explained by two reasons, first outcomes from population-based
71
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data are not comparable to outcomes of patients treated in randomized clinical trials (RCTs) as strict
inclusion criteria in RCTs select patients with good performance status and consequently higher survival
rates . Second, the years of publication of RCTs with FOLFIRINOX and gemcitabine + nab-paclitaxel were
in 2011 and 2013, respectively. Because of the inclusion period of this study (2005-2015), the majority
of patients in our study were probably treated with gemcitabine monotherapy. Details about
chemotherapy use are not available for the current time period.
There were some limitations to this study. Overall, 14% of patients were excluded because tumours
could not be classified as head, body or tail. It is suspected that these tumours had overlap between
locations (e.g. head-body or body-tail). Furthermore, no data on comorbidity are available in the NCR,
while comorbidity will have influenced treatment decisions. As tumour size was only available in the
NCR in 2015 and the proportion of patients with ‘unknown’ size was relatively high (20%), adjustment
for tumour size and sensitivity analysis including 2015-data only were not possible. In addition, only the
number of metastatic sites, but not the number of metastases per metastatic site (total tumour burden)
was available for our study. Lastly, there may be a small overestimation of survival in this study as Fest
et al. suggested an underestimation of pancreatic cancer incidence of elderly patients with poorer
survival that were registered in the NCR24.

CONCLUSION
Metastatic patterns differ between the primary origin (head, body, tail) of metastatic PDAC, with the
worst outcome for patients with tail PDAC. The differences in metastatic patterns do not fully explain
the difference in OS between patients with head, body and tail primary tumour locations and suggest
that other causes, such as more aggressive tumour biology or the extensiveness of the metastatic
disease at diagnosis of tail origin could be of influence.

ACKNOWLEDGEMENTS
The authors thank the registration team of the Netherlands Cancer Registry for their dedicated data
collection and Pauline Vissers (Netherlands Comprehensive Cancer Organisation (IKNL)) for performing
several analyses.

72

Association between primary location of metastasised PDAC and oncologic outcome

REFERENCES
1.

Haj Mohammad N, Bernards N, Besselink MG, et al. Volume matters in the systemic treatment of

metastatic pancreatic cancer: a population-based study in the Netherlands. Journal of cancer research and clinical
oncology. 2016;142(6):1353-1360.
2.

Thota R, Pauff JM, Berlin JD. Treatment of metastatic pancreatic adenocarcinoma: a review. Oncology

(Williston Park, NY). 2014;28(1):70-74.
3.

Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer.

The New England journal of medicine. 2011;364(19):1817-1825.
4.

Moore MJ, Goldstein D, Hamm J, et al. Erlotinib plus gemcitabine compared with gemcitabine alone in

patients with advanced pancreatic cancer: a phase III trial of the National Cancer Institute of Canada Clinical Trials
Group. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2007;25(15):19601966.
5.

Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pancreatic cancer with nab-paclitaxel plus

gemcitabine. The New England journal of medicine. 2013;369(18):1691-1703.
6.

Lau MK, Davila JA, Shaib YH. Incidence and survival of pancreatic head and body and tail cancers: a

population-based study in the United States. Pancreas. 2010;39(4):458-462.
7.

Dreyer SB, Jamieson NB, Upstill-Goddard R, et al. Defining the molecular pathology of pancreatic body

and tail adenocarcinoma. Br J Surg. 2018;105(2):e183-e191.
8.

Artinyan A, Soriano PA, Prendergast C, et al. The anatomic location of pancreatic cancer is a prognostic

factor for survival. HPB : the official journal of the International Hepato Pancreato Biliary Association.
2008;10(5):371-376.
9.

Watanabe I, Sasaki S, Konishi M, et al. Onset symptoms and tumour locations as prognostic factors of

pancreatic cancer. Pancreas. 2004;28(2):160-165.
10.

Brennan MF, Moccia RD, Klimstra D. Management of adenocarcinoma of the body and tail of the

pancreas. Annals of surgery. 1996;223(5):506-511; discussion 511-502.
11.

Ruess DA, Makowiec F, Chikhladze S, et al. The prognostic influence of intrapancreatic tumour location

on survival after resection of pancreatic ductal adenocarcinoma. BMC surgery. 2015;15:123.
12.

Sener SF, Fremgen A, Menck HR, et al. Pancreatic cancer: a report of treatment and survival trends for

100,313 patients diagnosed from 1985-1995, using the National Cancer Database. Journal of the American College
of Surgeons. 1999;189(1):1-7.
13.

Oweira H, Petrausch U, Helbling D, et al. Prognostic value of site-specific metastases in pancreatic

adenocarcinoma: A Surveillance Epidemiology and End Results database analysis. World journal of
gastroenterology. 2017;23(10):1872-1880.
14.

Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. The New England journal of medicine.

2014;371(11):1039-1049.
15.

Morizane C, Okusaka T, Morita S, et al. Construction and validation of a prognostic index for patients with

metastatic pancreatic adenocarcinoma. Pancreas. 2011;40(3):415-421.

73

4

Chapter 4
16.

Weber A, Kehl V, Mittermeyer T, et al. Prognostic factors for survival in patients with unresectable

pancreatic cancer. Pancreas. 2010;39(8):1247-1253.
17.

Yi JH, Lee J, Park SH, et al. A prognostic model to predict clinical outcomes with first-line gemcitabine-

based chemotherapy in advanced pancreatic cancer. Oncology. 2011;80(3-4):175-180.
18.

Kim HW, Lee JC, Paik KH, et al. Initial Metastatic Site as a Prognostic Factor in Patients With Stage IV

Pancreatic Ductal Adenocarcinoma. Medicine. 2015;94(25):e1012.
19.

Hong Y, Rice J, Sharma D, et al. The use of IRE in multi-modality treatment for oligometastatic pancreatic

cancer. American journal of surgery. 2018;216(1):106-110.
20.

Hackert T, Niesen W, Hinz U, et al. Radical surgery of oligometastatic pancreatic cancer. European journal

of surgical oncology : the journal of the European Society of Surgical Oncology and the British Association of
Surgical Oncology. 2017;43(2):358-363.
21.

Toomey P, Hernandez J, Golkar F, et al. Pancreatic adenocarcinoma: complete tumour extirpation

improves survival benefit despite larger tumours for patients who undergo distal pancreatectomy and
splenectomy. Journal of gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary Tract.
2012;16(2):376-381.
22.

Burris HA, 3rd, Moore MJ, Andersen J, et al. Improvements in survival and clinical benefit with

gemcitabine as first-line therapy for patients with advanced pancreas cancer: a randomized trial. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology. 1997;15(6):2403-2413.
23.

Ueno H, Ioka T, Ikeda M, et al. Randomized phase III study of gemcitabine plus S-1, S-1 alone, or

gemcitabine alone in patients with locally advanced and metastatic pancreatic cancer in Japan and Taiwan: GEST
study. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2013;31(13):16401648.
24.

Fest J, Ruiter R, van Rooij FJ, et al. Underestimation of pancreatic cancer in the national cancer registry -

Reconsidering the incidence and survival rates. European journal of cancer (Oxford, England : 1990). 2017;72:186191.

74

Association between primary location of metastasised PDAC and oncologic outcome

4

75

5

CHAPTER 5
Implementation of contemporary chemotherapy for
patients with metastatic pancreatic ductal
adenocarcinoma: a population-based analysis
Anouk E.J. Latenstein, Tara M. Mackay , Geert-Jan Creemers, Casper H. J. van Eijck,
Jan Willem B. de Groot, Nadia Haj Mohammad, Marjolein Y.V. Homs, Hanneke
W.M. van Laarhoven, I. Quintus Molenaar, Bert-Jan ten Tije, Judith de Vos-Geelen,
Marc G. Besselink, Lydia G.M. van der Geest, Johanna W. Wilmink; for the Dutch
Pancreatic Cancer Group
Acta Oncologica. 2020 Jun;59(6):705-712.

77

Chapter 5

ABSTRACT
Introduction: Positive results of randomized trials led to the introduction of FOLFIRINOX in 2012 and
gemcitabine with nab-paclitaxel in 2015 for patients with metastatic pancreatic ductal adenocarcinoma.
It is unknown to which extent these new chemotherapeutic regimens have been implemented in clinical
practice and what the impact has been on overall survival.
Methods: Patients diagnosed with metastatic pancreatic ductal adenocarcinoma between 2007–2016
were included from the population-based Netherlands Cancer Registry. Multilevel logistic regression
and Cox regression analyses, adjusting for patient, tumor, and hospital characteristics, were used to
analyze variation of chemotherapy use.
Results: In total, 8726 patients were included. The use of chemotherapy increased from 31% in 2007–
2011 to 37% in 2012–2016 (p<0.001). Variation in the use of any chemotherapy between centers
decreased (adjusted range 2007–2011: 12–67%, 2012–2016: 20–54%) whereas overall survival
increased from 5.6 months to 6.4 months (p<0.001) for patients treated with chemotherapy. Use of
FOLFIRINOX and gemcitabine with nab-paclitaxel varied widely in 2015–2016, but both showed a more
favorable overall survival compared to gemcitabine monotherapy (median 8.0 vs. 7.0 vs. 3.8 months,
respectively). In the period 2015–2016, FOLFIRINOX was used in 60%, gemcitabine with nab-paclitaxel
in 9.7% and gemcitabine monotherapy in 25% of patients receiving chemotherapy.
Conclusion: Nationwide variation in the use of chemotherapy decreased after the implementation of
FOLFIRINOX and gemcitabine with nab-paclitaxel. Still a considerable proportion of patients receives
gemcitabine monotherapy. Overall survival did improve, but not clinically relevant. These results
emphasize the need for a structured implementation of new chemotherapeutic regimens.
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INTRODUCTION
Most patients with pancreatic ductal adenocarcinoma (PDAC) are diagnosed with metastatic disease1–
3

. These patients are treated with palliative chemotherapy combined with supportive care or supportive

care alone, depending on their performance status and preference. In 1997, gemcitabine was found to
improve survival compared to 5-fluorouracil (5.7 vs. 4.4 months median overall survival)4. Over the
years, several combination chemotherapy regimens have been investigated without any gain of
survival5,6. More recently, FOLFIRINOX (5-fluorouracil, leucovorin, irinotecan, and oxaliplatin) was
associated with a survival benefit compared to gemcitabine (11.1 vs. 6.8 months median overall survival)
in patients with a good performance status7. The phase III MPACT trial revealed a superior survival with
gemcitabine with nab-paclitaxel as compared to gemcitabine alone (8.7 vs. 6.6 months median overall
8

survival) . It is unclear how these findings of trials with often strict eligibility criteria translate to
nationwide clinical practice.
Most population-based studies1,9,10 on metastatic PDAC were performed in the gemcitabine era. A
recent study in Canada11 showed that use of FOLFIRINOX in patients with metastatic PDAC increased
from 41% in 2012 to 56% in 2014 although treatment regimens varied considerably across geographic
regions. In the Netherlands FOLFIRINOX and gemcitabine with nab-paclitaxel were introduced in 2012
and 2015 respectively7,8,11,12. The identification of nationwide trends over the years and variation across
hospitals is relevant as different treatment strategies might influence patients’ outcomes7,8. Patients
could receive other chemotherapy regimens leading to a difference in survival. Nationwide variation
between hospitals may exist over time, due to geographical or hospital volume differences, but also due
to differences in patient characteristics and clinical practice in prescribing palliative chemotherapy13–15.
For example, physicians with less experience with triplet chemotherapy in the treatment of PDAC, may
have been reluctant to prescribe FOLFIRINOX treatment.
Therefore, the aim of this study is to assess whether the implementation of new more effective
chemotherapy regimens (FOLFIRINOX and gemcitabine with nab-paclitaxel) for patients with metastatic
PDAC has affected nationwide clinical practice and overall survival.

METHODS
Data collection
For this nationwide study, data from the Netherlands Cancer Registry (NCR) were used, covering the
total population of approximately 17 million inhabitants. Patients with a newly diagnosed malignancy
were identified by automatic notifications of the national pathological archive (PALGA) and the National
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Hospital Discharge Register. Information on patient, tumor and treatment characteristics, and visited
hospitals (for diagnosis and for treatment), were routinely collected from medical records by trained
NCR administrators. This study was designed in accordance with the STROBE guidelines16 and the study
protocol was approved by the scientific committee of the Dutch Pancreatic Cancer Group.
Study population
Patients diagnosed in the period 2007-2016 with PDAC (International Classification of Disease –
Oncology (ICD-O-3) morphology code 8000, 8010, 8012, 8020, 8140, 8141, 8260, 8310, 8440, 8453,
8480, 8481, 8490, 8500 and 8560) and distant metastasis at time of diagnosis were extracted from the
NCR database. Patients younger than 18 years at diagnosis, patients who underwent pancreatic
resection, patients who received neoadjuvant chemotherapy prior to surgical exploration or patients
who died within 30 days after diagnosis were excluded.
For patients with metastatic PDAC, use of FOLFIRINOX was recommended in 2012 and gemcitabine with
nab-paclitaxel in 2015, after positive judgement of a national commission (Commissie BOM). Therefore,
the period of diagnosis was divided into a period before (2007-2011) and after (2012-2016) the
implementation of the new regimens. Patients were assigned as receiving chemotherapy treatment if
they started any chemotherapy regimen. Socioeconomic status (SES) was based on social deprivation
scores per 4-digit postal code (reference data from The Netherlands Institute of Social Research) and
categorized into three SES groups (high: 1st-3rd, intermediate 4th-7th, low: 8th-10th deciles). Primary
tumor location was classified as pancreatic head (C25.0), body (C25.1), tail (C25.2), or other (C25.3, 79), according to the ICD-O-3. Metastatic organ site(s) was categorized as liver only, peritoneum only,
lung only, extra-regional lymph nodes only, other site only, 2 sites (any combination), ≥3 sites (any
combination) and unknown. Nationwide data on comorbid conditions, performance status (WHO;
Karnofsky scores were converted to WHO according to the following values17: 90-100 to WHO 0, 80-90
to WHO 1, 60-70 to WHO 2, 40-50 to WHO 3, 20-30 to WHO 4) and type of first-line chemotherapy were
available for diagnoses in 2015 and 2016 only. Survival data were obtained by annual linkage with the
Municipal Personal Records Database, which contains vital status of all Dutch inhabitants. Survival time
was defined as the time between the date of diagnosis and date of death or censoring (1 February 2018).
Hospital classifications
Patients were assigned to their hospital of diagnosis, which was defined as the hospital of first visit or
clinical diagnosis of PDAC. In 2016, patients were diagnosed in 78 hospitals in the Netherlands, merged
hospitals were counted as one for the entire study period. Classifications of hospitals were: (1) type of
hospital, divided in university and non-university hospitals; (2) volume of diagnoses of metastatic PDAC
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per hospital per year, evenly divided into three groups (tertiles: 1-12, 13-19, 20-39); (3) volume of
patients receiving chemotherapy per hospital per year (the number of patients with metastatic PDAC
with chemotherapy per hospital per year was applied to all patients diagnosed with metastatic PDAC in
that hospital) (tertiles: 0-3, 4-6, 7-31); or (4) diagnosed in a center for pancreatic surgery (no/yes, only
available for 2012-2016). Nationwide variation for type of chemotherapy could only be assessed for
2015-2016, because type of chemotherapy was not registered before. In the analysis about type of
chemotherapy per hospital in 2015-2016, type of chemotherapy was linked to the hospital of treatment.
Statistical analysis
Time trends in the use of chemotherapy and referral for chemotherapy (chemotherapy treatment in
other hospital than hospital of diagnosis) were analyzed with the Chi-square for trend. Multilevel logistic
regression models were built to analyze variation of chemotherapy treatment between hospitals, since
patients were arranged in a natural hierarchy (clustered within hospitals)18. For each hospital of
diagnosis (separately for 2007-2011 and 2012-2016), a mean probability of receiving chemotherapy was
calculated, adjusted for differences in patient and tumor characteristics. Change in hospital variation
between both time periods was investigated using intraclass correlation coefficients (ICC) for the
proportion of variance explained by hospital level. Sensitivity analyses were performed for patients (1)
under 75 years only, (2) alive 60 days after diagnosis, (3) with pathologically verified PDAC, and (4)
diagnosed in 2015-2016 additionally adjusted for number of comorbid conditions and WHO
performance status. To investigate mechanisms underlying the variation of receiving chemotherapy
between hospitals, the hospital classifications were added one by one to the multivariable multilevel
models.
Overall survival was analyzed by means of Kaplan-Meier curves and compared with log-rank tests.
Multivariable Cox regression analyses were performed to assess the effect of (1) the period of diagnosis
(for all patients and for patients receiving chemotherapy), (2) probabilities of receiving chemotherapy
per hospital grouped in tertiles (2007-2011 and 2012-2016 separately) and (3) the different
chemotherapy regimens (patients with chemotherapy in 2015-2016) on survival. Results were
presented as hazard ratios (HR) with a 95% confidence interval (CI). All multivariable regression analyses
were adjusted for sex, age, SES, pathological confirmation, primary tumor location and number and
location of distant metastases. The third regression assessing the different chemotherapy regimens was
also adjusted for performance status and number of comorbidities. All p-values were based on a 2-sided
test and p-values of <0.05 were considered statistically significant. Data was analyzed using IBM SPSS
Statistics for Windows version 24.0 (IBM Corp., Armong, N.Y., USA) and Stata version 14.2 (StataCorp,
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TX, USA) for multilevel analyses of hospital variation, performed by LvdG to maintain anonymity of
hospitals.

RESULTS
Patient population
In total, 8726 patients diagnosed with metastatic PDAC were included. The median age was 68 years
(range 21-99) and one-third of patients was treated with chemotherapy (34%). Table 1 provides an
overview of the baseline characteristics. Use of palliative chemotherapy increased significantly from
31% in 2007-2011 to 37% in 2012-2016 (P<0.001, Figure 1A). During 2012-2016, the use of
chemotherapy stabilized (p-trend=0.20). The percentage of patients that was referred to another
hospital for chemotherapy treatment decreased from 22% to 10% from 2007-2011 (p-trend=0.001) and
fluctuated between 13% and 18% in 2012-2016 (p-trend=0.23). Median age of patients receiving
chemotherapy was 63 and 64 years in the consecutive time periods.
Nationwide variation in administration of chemotherapy
In the study period, an increasing number of hospitals provided chemotherapy to patients diagnosed
with metastatic PDAC: 60 (IQR 58-67) hospitals per year in the period 2007-2011 and 71 (IQR 70-72)
hospitals in the period 2012-2016 (P=0.009). The median number of patients receiving chemotherapy
per treating hospital was 13 and 21 patients per five-year period, respectively.
Between individual hospitals of diagnosis, a large variation in chemotherapy prescription for patients
with metastatic pancreatic cancer was found (observed range in 2007-2011: 6.3-87%, 2012-2016: 1462%). Multilevel analyses, adjusted for patient and tumor characteristics, showed that this variation
decreased over time (adjusted probabilities ranges: 12-67% and 20-54%, and ICC: 14% and 6%,
respectively, Supplementary Figure 1). Sensitivity analyses showed similar ranges between hospitals
(Supplementary Table 1). In hospitals with high volumes of chemotherapy and in hospitals with high
volumes of diagnoses, the likelihood of receiving chemotherapy was significantly higher (respectively,
compared to medium and low volumes in both time periods and compared to low volumes in 20072011 only, Table 2). Being diagnosed in a university hospital or a center for pancreatic surgery was not
associated with the likelihood of receiving chemotherapy.
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Table 1. Baseline characteristics of 8726 patients with metastatic pancreatic ductal adenocarcinoma in the Netherlands diagnosed between 2007-2016
All patients
Period 1
Proportion of
P-value
Period 2
Proportion of
P-value
2007-2016,
(2007-2011)
chemotherapy
(2012-2016)
chemotherapy
N=8726 (%)
N=3941 (%)
(row %)
N=4785 (%)
(row %)
Gender
Male
4496 (52)
2033 (52)
33%
0.002
2463 (51)
39%
<0.001
Female
4230 (48)
1908 (48)
29%
2322 (49)
34%
Age (years)
<0.001
<0.001
<50
413 (5)
207 (5)
52%
206 (4)
67%
50-59
1427 (16)
683 (17)
46%
744 (16)
57%
60-69
2857 (33)
1294 (33)
41%
1563 (33)
47%
70-79
2832 (32)
1229 (31)
21%
1603 (36)
27%
≥80
1197 (14)
528 (13)
4%
669 (14)
4%
Socioeconomic status
0.017
0.016
High
2619 (30)
1207 (31)
32%
1412 (30)
39%
Medium
3490 (40)
1552 (39)
33%
1938 (41)
37%
Low
2617 (30)
1182 (30)
28%
1435 (30)
34%
Pathologically confirmed
<0.001
<0.001
Yes
6430 (74)
2814 (71)
39%
3616 (76)
45%
No
2296 (26)
1127 (29)
13%
1169 (24)
12%
Primary tumor location
<0.001
<0.001
Head of pancreas
4121 (47)
1971 (50)
28%
2150 (45)
33%
Body of pancreas
1317 (15)
552 (14)
36%
765 (16)
43%
Tail of pancreas
1874 (21)
784 (20)
38%
1090 (23)
40%
Other
1414 (16)
634 (16)
30%
780 (16)
37%
Metastatic site
<0.001
0.114
Liver
4384 (50)
2098 (53)
32%
2286 (48)
36%
Lung
401 (5)
187 (5)
21%
214 (5)
33%
Peritoneum
746 (9)
306 (8)
26%
440 (9)
39%
Extra regional lymph nodes
317 (4)
143 (4)
29%
174 (4)
41%
Other
195 (2)
88 (2)
18%
107 (20
26%
2 metastatic sites*
1920 (22)
812 (21)
33%
1108 (23)
38%
3 or more metastatic sites*
730 (8)
275 (7)
37%
455 (10)
36%
Unknown
33 (<1)
32 (1)
22%
1 (<1)
Bold numbers indicate statistical significance. *Any combination of metastatic site
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47.9
38.0
19.9

Classification 3
Hospital volume of chemotherapy
High
Medium
Low
<0.001

0.057

Not applicable

1.00 (reference)
0.62 (0.47-0.80)
0.24 (0.19-0.31)

1.00 (reference)
0.86 (0.66-1.12)
0.66 (0.49-0.89)

<0.001
<0.001

0.260
0.006

37.5
34.9

44.5
38.0
25.3

37.0
35.5
37.6

0.104

<0.001

0.467

1.00 (reference)
0.77 (0.59-1.00)

1.00 (reference)
0.76 (0.64-0.91)
0.37 (0.30-0.46)

1.00 (reference)
0.89 (0.72-1.12)
0.96 (0.77-1.21)

Bold numbers indicate statistical significance. P: percentage of patients receiving chemotherapy, OR: odds ratio, CI: confidence interval
* Individual hospital classifications were adjusted for sex, age, SES, pathological confirmation, location of primary tumor, number and location of distant
metastases, and hospital of diagnosis by using multilevel regression analysis.

Classification 4
Pancreatic center (surgery)
No
Yes

32.2
33.0
29.1

Classification 2
Hospital volume of diagnoses
High
Medium
Low

0.052

0.003
<0.001

0.322
0.761

Table 2. Proportion of patients receiving chemotherapy and multivariable multilevel logistic regression to investigate hospital-related predictors for
chemotherapy use in patients diagnosed with metastatic pancreatic ductal adenocarcinoma in the Netherlands in 2007-2016, for 2 periods of diagnosis
separately.
Period 2007-2011
Period 2012-2016
Hospital measures*
% of patients with
P-value
OR (95% CI)
P-value % of patients with P-value
OR (95% CI)
P-value
chemotherapy
chemotherapy
Classification 1
Type of hospital
0.858
0.236
University
31.5
1.00 (reference)
33.7
1.00 (reference)
Non-university
31.1
1.66 (0.93-2.99)
0.088
37.0
1.48 (0.98-2.24)
0.065
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Overall survival
Patients who received chemotherapy had a median overall survival of 6.0 months (95%CI 5.8-6.2)
compared to 2.5 months (95%CI 2.4-2.6) in patients without chemotherapy use (P<0.001). In all
patients, median overall survival slightly improved between 2007-2011 and 2012-2016 (3.3 vs. 3.4
months, P<0.001) with a 1-year survival of 7.6% vs. 9.6% respectively (Table 3, Figure 1B). After
adjustment for patient and tumor characteristics, patients in 2012-2016 had a significantly higher
overall survival compared with patients in 2007-2011 in multivariable Cox regression (adjusted HR 0.91,
95%CI 0.87-0.95, P<0.001). Besides increased chemotherapy use, patients treated with chemotherapy
in 2012-2016 also had slightly better median overall survival (6.4 months vs. 5.6 months, P<0.001) and
1-year overall survival (20% vs. 15%) than in 2007-2011 (adjusted HR 0.82, 95%CI 0.76-0.89). Median
overall survival did not increase sequentially per year (6.5-6.2-6.4-6.3-6.7 months in 2012-2013-20142015-2016).
Table 3. Univariable and multivariable Cox regression analyses of overall survival for all patients with metastatic
pancreatic ductal adenocarcinoma in the Netherlands in 2007-2016 (n=8726), overall and for 2 periods of
diagnosis separately.
Crude 1-year
Univariable
Multivariable*
OS (%)
N
HR (95% CI)
HR (95% CI)
P-value
All patients
Period
2007-2011
3941
7.6
1.00 (reference)
1.00 (reference)
2012-2016
4785
9.6
0.92 (0.88-0.96)
0.91 (0.87-0.95)
<0.001
Period 2007-2011
Chemotherapy treatment
probability**
1.00 (reference)
1.00 (reference)
High (36%-67%)
1275
9.4
1.13 (1.04-1.22)
1.12 (1.03-1.20)
<0.001
Medium (25%-35%)
1344
7.9
1.22 (1.13-1.32)
1.21 (1.12-1.31)
0.006
Low (12%-25%)
1322
5.7
Period 2012-2016
Chemotherapy treatment
probability**
High (40%-54%)
Medium (35%-39%)
Low (20%-34%)

1543
1571
1671

11.4
9.4
8.2

1.00 (reference)
1.09 (1.01-1.17)
1.19 (1.11-1.28)

1.00 (reference)
1.05 (0.98-1.13)
1.13 (1.05-1.21)

0.202
0.001

Bold numbers indicate statistical significance.
* Adjusted for sex, age, SES, pathological confirmation, location of primary tumor, number and location of distant
metastases.
** Within periods of diagnosis patients were evenly divided into three groups according to the adjusted
probabilities of receiving chemotherapy (per hospital per period) based on the hospital of diagnosis.
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A

B

Figure 1. Use of chemotherapy in and survival of all patients with metastatic pancreatic ductal adenocarcinoma in
2007-2016. A) Use of chemotherapy in patients with metastatic pancreatic ductal adenocarcinoma and the
percentage of patients that were referred for chemotherapy treatment in 2007-2011 and 2012-2016 in the
Netherlands (N=8726). B) Median overall survival and 1-year survival of all patients with metastatic pancreatic
ductal adenocarcinoma in 2007-2016.

In 2007-2011, patients diagnosed in hospitals with low and intermediate probabilities of receiving
chemotherapy had a significant lower overall survival compared to patients in hospitals with high
probabilities (adjusted HR 1.21, 95%CI 1.12-1.31 and 1.12, 95%CI 1.03-1.20, respectively, Table 3). In
2012-2016, a significant worse survival was only found in patients diagnosed in hospitals with a low
probability of receiving chemotherapy treatment compared to a high probability (adjusted HR 1.13,
95%CI 1.05-1.21, Table 3).
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Nationwide variation in type of chemotherapy
In 2015-2016, 36% of all patients (723 patients) received chemotherapy of whom most patients received
the newly introduced regimens: 436 patients FOLFIRINOX (60%) and 70 patients gemcitabine plus nabpaclitaxel (9.7%, Supplementary Table 2). The remaining patients received gemcitabine only (182
patients, 25%), and other or unknown chemotherapy regimens (35 patients, 4.8%). FOLFIRINOX was
given in nearly all hospitals (72/74 hospitals of treatment in 2015-2016), while less than one-third of
hospitals administered gemcitabine plus nab-paclitaxel (22/74, Figure 2). Gemcitabine monotherapy
was administered to a relatively low proportion of patients in university hospitals. In general, patients
treated with FOLFIRINOX were younger (median 61 vs. 66-70 years) and had a better performance score
compared to patients treated with other regimens (WHO 0-1 in 70% vs. 44-69%). Compared to patients
treated with gemcitabine, patients receiving FOLFIRINOX and gemcitabine plus nab-paclitaxel had a
significantly higher median OS (3.8 months vs. 8.0 months vs. 7.0 months respectively). In multivariable
Cox regression the corresponding adjusted HR were 0.46 (95%CI 0.37-0.57, P<0.001) and 0.46 (95%CI
0.34-0.63, P<0.001), respectively, compared to gemcitabine only.

Figure 2. Proportions of type of chemotherapy per hospital of treatment for patients diagnosed with metastatic
pancreatic ductal adenocarcinoma in 2015-2016, N=74/78 hospitals prescribed chemotherapy.
The number of patients receiving chemotherapy per 2 years was grouped and represented in the figure. The
asterisk represents a university hospital.
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DISCUSSION
This population-based analysis of patients with metastatic PDAC showed that over the course of a
decade the nationwide use of chemotherapy increased and the nationwide variation in the use of
chemotherapy decreased. Since the introduction of FOLFIRINOX and gemcitabine with nab-paclitaxel
the overall survival of all patients with metastatic disease increased slightly, yet significantly (from 0.1
to 0.8 months) although only one third of patients received chemotherapy. FOLFIRINOX was widely
implemented in 2015-2016, but its use varied between hospitals. A considerable proportion of patients
still received gemcitabine monotherapy. Nevertheless, differences in survival due to variation in use of
chemotherapy between hospitals seem to have decreased over the study period.
During the last decade, on average 34% of patients with metastatic PDAC received chemotherapy in the
Netherlands compared to 17%-58%9,10,15,19–22 reported from other countries. Between 2007-2011 and
2012-2016, an increase was observed in the use of chemotherapy. The volume of patients receiving
chemotherapy per hospital increased, more hospitals prescribed chemotherapy and consequently the
number of referrals to tertiary centers decreased. Moreover, variation between hospitals in the
probability of receiving chemotherapy for metastatic PDAC per hospital decreased in 2012-2016.
Hospitals with a higher volume of patients receiving chemotherapy had an increased likelihood of
receiving chemotherapy in both 2007-2011 and 2012-2016. Hospital volume of diagnosis did affect the
likelihood of receiving chemotherapy in 2007-2011, but this effect disappeared in 2012-2016. Type of
hospital or pancreatic surgery centers did not affect the likelihood of receiving chemotherapy in both
periods. There are several possible explanations for the increased use of chemotherapy (regardless of
the type of chemotherapy) and the decrease in variation between hospitals: 1) the introduction of
FOLFIRINOX and gemcitabine with nab-paclitaxel with reported higher survival benefits; 2) the rise of
inter-hospital multidisciplinary meetings; and 3) the implementation of the national guideline on PDAC
in 20117,8,23.
On a population level, results of the new chemotherapy regimens on overall survival are somewhat
disappointing. As expected, in patients receiving chemotherapy the survival increase was higher
compared to patients who did not receive chemotherapy, but still only 0.8 months (24 days). The overall
survival of patients treated with FOLFIRINOX was lower than in the randomized controlled trial (8.0
months in our study vs. 11.1 months in the trial of Conroy et al.7). This was also the case for gemcitabine
with nab-paclitaxel (7.0 in our study vs. 8.7 months in the trial of Goldstein et al.8). The limited effect on
survival on population level probably originates from differences in patient selection compared to
clinical trials. Another study24 including patients with advanced pancreatic cancer from a single
institution showed that survival could achieve benefits as shown in randomized clinical trials, but that
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this differed between treatment regimens. Moreover, the study demonstrated protocol adherence to
be one of the explanations for differences between real-world outcomes and results in randomized
controlled trials. Both the effects of patient selection and protocol adherence emphasize the
importance of population-based studies to show real-life effects of new treatments25.
Remarkably, gemcitabine was still often prescribed (25%). The median overall survival of patients
receiving this regimen was considerably low (3.8 months) compared to the new chemotherapy regimens
(FOLFIRINOX and gemcitabine plus nab-paclitaxel 8.0 and 7.0 months, respectively) and to patients
without chemotherapy use (2.5 months). This could be related to worse performance status in these
patients. A population-based study from the United States13 found a rapid decline of the use of
gemcitabine monotherapy after 2009. Gemcitabine can be considered currently in patients not eligible
for FOLFIRINOX or gemcitabine with nab-paclitaxel. In daily practice these are patients with multiple
comorbidities, a WHO performance status of ≥2, or patients older than 75 years, because those patients
were not included in the previous mentioned trial7. In our cohort, gemcitabine was not only prescribed
in this selected population, but it was also given to patients younger than 70 years old, with a WHO
performance score of 0, and without comorbidities. Probably the relatively severe toxicity of these new
regimens, and the inexperience with the chemotherapy combinations restrain the medical oncologist
in prescribing these drugs26.
Based on the results, speculations for future perspectives could be made. Better outcomes on
population level and a decrease of variation might be achieved by further implementation of the new
chemotherapy regimens. Enhanced implementation of new treatments should be performed on a
national scale by a structured approach. It could be considered to centralize (palliative) care of PDAC,
because in 2012-2016 there still was a difference in the probability of receiving chemotherapy between
centers (however less pronounced compared to 2007-2011). Also, type of chemotherapy prescribed
was highly variable between hospitals. In pancreatic surgery, centralization increased resection rates
and reduced mortality27,28. In palliative care there is limited data on the benefit of centralization, or at
least centralized assessment, but it has been demonstrated that volume matters regarding the use of
chemotherapy15.
This study has some limitations. First, the incidence of PDAC is underestimated in the NCR. The missing
patient group consists especially of elderly patients without pathological confirmation of cancer,
patients with no cancer treatment and patients with a very poor survival29. To reduce the influence of
possible incompleteness, only patients alive at 30 days after diagnosis were included. Sensitivity
analyses addressing these limitations (selecting younger patients, pathologically confirmed PDAC or
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patients alive at 60 days after diagnosis) showed similar patterns. Second, treatment allocation bias
could have occurred. To reduce this bias, patients who died within 30 days after diagnosis were
excluded. Third, important case-mix factors like comorbid conditions and performance status were not
available in the total study period. However, a similar pattern was found in sensitivity analysis including
these factors. Fourth, details about chemotherapy regimens were only available for the 2015-2016
period. Possible trends in the use of FOLFIRINOX and nab-paclitaxel with gemcitabine could not be
confirmed.
In conclusion, nationwide variation in the use of chemotherapy in patients with metastatic PDAC
decreased after the implementation of FOLFIRINOX and gemcitabine with nab-paclitaxel in 2012-2016.
Nevertheless, a considerable proportion of patients still received gemcitabine with a disappointing
survival benefit. This study clearly shows that the implementation of more effective chemotherapeutic
regimens in patients with metastatic PDAC is difficult and does not translate directly to a clinically
relevant improvement in overall survival. These results emphasize the need for a structured
implementation of new and more effective chemotherapeutic regimens in order to increase the use of
these regimens and further decrease prescription variations.
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2007-2011
2012-2016
2007-2011
2012-2016
2015-2016

Selection patients alive 60 days after diagnosis

Selection patients with pathological confirmation of
cancer

Selection period 2015-2016,
additional adjustment with number of comorbid
conditions and WHO performance status
Adjusted for patient and tumor factors.

2015

2814
3616

2842
3473

2873
3414

4-67

6-109
6-125

7-102
6-106

5-105
6-105

36%

38%
46%

39%
46%

39%
47%

31%
37%

Overall (P)

Supplementary Table 2. Baseline characteristics of 723 patients with palliative chemotherapy in 2015-2016
Patients with
FOLFIRINOX, n (%)
Gemcitabine plus
chemotherapy, n (%)
N = 436
nab-paclitaxel, n (%)
2015-2016, N=723
N = 70
Gender
Male
403 (56%)
245 (56%)
35 (51%)
Female
320 (44%)
189 (44%)
34 (49%)
Age (years)
Median (IQR)
64 (58-70)
61 (55-67)
68 (61-72)
<50
47 (6.5%)
39 (9%)
2 (2.9%)
50-59
179 (25%)
148 (33%)
11 (16%)
60-69
295 (40%)
181 (42%)
30 (43%)

2007-2011
2012-2016

Selection patients under 75 years of age

Supplementary Table 1. Sensitivity analyses of variation in the use of chemotherapy in various subgroups
Period
Number of
Number per
patients (N)
hospital
(min-max)
Basic models
2007-2011
3941
11-122
2012-2016
4785
9-146

SUPPLEMENTARY MATERIAL

24 (59%)
17 (41%)
66 (57-72)
5 (12%)
6 (15%)
16 (39%)

70 (64-74)
1 (0.6%)
17 (9.5%)
68 (38%)

14-54%

8-64%

99 (55%)
80 (45%)

16-70%
29-62%

8-92%
18-78%

<0.001
<0.001

0.817

p-value over types
of chemotherapy

16-73%
27-63%

8-92%
18-73%

Other, n (%)
N = 35

18-76%
28-64%

6-100%
14-74%

Gemcitabine, n (%)
N = 182

Adjusted probability per
hospital
(min-max)
12-67%
20-54%

Observed proportion
per hospital
(min-max)
6-87%
14-62%

5

70-79
194 (27%)
68 (16%)
≥80
8 (1.1%)
1 (0.2%)
Number of comorbidities
None
211 (29%)
150 (35%)
1 condition
235 (33%)
156 (36%)
≥ 2 conditions
224 (31%)
94 (22%)
Unknown
53 (7.3%)
34 (7.8%)
Performance status (WHO)
0
205 (28%)
160 (37%)
1
241 (33%)
142 (33%)
2-3-4
81 (11%)
24 (6%)
Unknown
196 (27%)
108 (25%)
Socioeconomic status
High
211 (29%)
144 (33%)
Medium
309 (43%)
180 (42%)
Low
203 (28%)
110 (25%)
Pathological confirmation
672 (93%)
409 (94%)
Primary tumor location
Head of pancreas
298 (41%)
178 (41%)
Body of pancreas
138 (19%)
84 (19%)
Tail of pancreas
168 (23%)
107 (25%)
Other
119 (16%)
66 (15%)
Metastatic site
Liver
306 (42%)
186 (43%)
Lung
31 (4.3%)
13 (3.0%)
Peritoneum
67 (9.3%)
38 (8.8%)
Extra regional lymph nodes
31 (4.3%)
19 (4.4%)
Other
12 (1.7%)
7 (1.6%)
2 metastatic sites*
190 (26%)
120 (28%)
3 or more metastatic sites*
86 (11%)
51 (12%)
Unknown
Median overall survival, months (95%CI)
6.5 (5.9-7.0)
8.0 (7.3-8.8)
One-year survival
21%
26%
Bold numbers indicate statistical significance. *Any combination of metastatic site

88 (49%)
5 (2.8%)
36 (20.1%)
46 (25.7%)
88 (49.2%)
9 (5.0%)
23 (13%)
55 (31%)
40 (22%)
61 (34%)
45 (25%)
80 (45%)
54 (30%)
159 (89%)
72 (41%)
32 (18%)
38 (21%)
36 (20%)
73 (41%)
9 (5.0%)
17 (9.5%)
7 (3.9%)
3 (1.7%)
49 (27%)
21 (12%)
3.8 (3.1-4.6)
6.6%

25 (36%)
1 (1.5%)
14 (20%)
21 (30%)
29 (42%)
5 (7.3%)
16 (23%)
32 (46%)
14 (20%)
7 (10%)
11 (16%)
31 (45%)
27 (39%)
67 (97%)
26 (38%)
14 (20%)
15 (22%)
14 (20%)
30 (43%)
6 (8.7%)
10 (14%)
5 (7.3%)
12 (17%)
6 (8.7%)
7.0 (5.0-8.9)
26%

17 (41.5%)
3 (7.3%)
2 (4.9%)
2 (4.9%)
9 (22%)
8 (20%)
6.4 (4.6-8.2)
29%

21 (51%)
8 (20%)
8 (20%)
4 (10%)

11 (27%)
18 (44%)
12 (29%)
37 (90%)

6 (15%)
12 (29%)
3 (7%)
20 (49%)

11 (27%)
12 (29%)
13 (32%)
5 (12%)

13 (32%)
1 (2.4%)

<0.001
<0.001

0.259

0.046
0.721

0.052

<0.001

<0.001
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5

Supplementary Figure 1. Mean adjusted probability of receiving chemotherapy per hospital of diagnosis in 20072011 and 2012-2016 respectively for patients diagnosed with metastatic pancreatic ductal adenocarcinoma,
hospitals of diagnosis are sorted by probability of receiving chemotherapy.
Red indicates university hospitals and blue indicates non-university hospitals.
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CHAPTER 6
Patient satisfaction and quality of life before and after
treatment of pancreatic and periampullary cancer:
a prospective multicenter study
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ABSTRACT
Introduction: The objective is to assess patient satisfaction and quality of life before and after treatment
of pancreatic and periampullary cancer.
Methods: A prospective multicenter study among patients treated for pancreatic and periampullary
cancer. General patient satisfaction was measured with the European Organization for Research and
Treatment of Cancer (EORTC) satisfaction with care module (IN-PATSAT32) at baseline and three
months after start of treatment, with a 10-point change on the Likert-scale considered as clinically
meaningful. QoL was measured with the EORTC Core Quality of Life Questionnaire (QLQ-C30). The
influence of treatment (curative and palliative) on patient satisfaction and QoL was determined and
multivariable regression analysis was used to identify factors associated with patient satisfaction and
QoL.
Results: Of 100 patients included from three centers, 71 completed follow-up questionnaires. General
satisfaction with care decreased from 74.3 before treatment to 61.9 after treatment (p<0.001), whereas
global QoL increased from 68.4 to 71.4 (p=0.39). Clinically meaningful reductions were also observed
for the reported interpersonal skills of doctors (73.4 to 63.3) and exchange of information within the
care team (63.5 to 52.5). Satisfaction scores were lower for patients treated with curative vs. palliative
intent, regarding interpersonal skills of doctors (p=0.01), information provision by doctors (p=0.004),
information provision by nurses (p=0.02), availability of nurses (p=0.004), exchange of information
within the care team (p=0.01), and hospital access (p=0.02). In multivariable analysis, clinicopathological
or QoL factors were not independently associated with general patient satisfaction.
Conclusion: Satisfaction with care, but not QoL, decreased after pancreatic cancer treatment.
Improvements in communication and interpersonal skills are needed to maintain patient satisfaction
after treatment.
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INTRODUCTION
In line with developments towards patient-centered care, patient satisfaction is increasingly recognized
as an important outcome measure1 and indicator of hospital quality.2 Measuring patient satisfaction
next to quality of life (QoL) may be useful to identify potential areas of improvement.3-5 Higher patient
satisfaction has been associated with better treatment compliance, a better doctor-patient relationship,
and even improved survival in patients with cancer.6-9
Patient satisfaction is especially relevant in cancer care due to the limited survival which is characterized
by intense and complex treatments with frequent hospital visits, adverse events, and (re)interventions.
This is particularly true in patients with pancreatic and periampullary cancer, which are among the
deadliest cancers.10-12 Up to 80% of patients with pancreatic cancer are diagnosed with non-operable,
locally advanced or metastatic disease. Although new systemic therapies have demonstrated significant
survival benefits in recent years, they increase the risk of severe toxicity.10, 13, 14 A minority of patients is
eligible for surgical resection, which provide a five-year survival of 25% if combined with adjuvant
chemotherapy. However, again, both pancreatic surgery and adjuvant treatment are accompanied by
high complication rates.10, 15 Due to these complex treatments and limited survival, patient satisfaction
and QoL are particularly important in the care for patients with pancreatic and periampullary cancer.16
QoL may be influenced by characteristics of the health care organization, the patient and the disease
itself.17, 18 The exact relationship between patient satisfaction and QoL is unclear. Therefore, this study
aimed to asses patient satisfaction with pancreatic and periampullary cancer treatment, and its
relationship with QoL. In addition, we aimed to identify potential clinicopathological factors with a
relationship with patient satisfaction. We hypothesized that patients treated in the palliative setting
would display lower satisfaction with care, as compared to patients treated in the curative setting. Our
findings will inform health care providers about patients’ needs and expectations during the treatment
of pancreatic and periampullary cancer and provide options to improve patient satisfaction.

METHODS
Patients
A prospective cohort of 100 patients newly diagnosed with pancreatic or periampullary cancer between
June 2015 and April 2016 was enrolled from three Dutch pancreatic centers: Amsterdam UMC, location
Academic Medical Center (Amsterdam), Catharina hospital (Eindhoven), and Erasmus Medical Center
(Rotterdam). This study was part of a pilot study of the Dutch Pancreatic Cancer Project (www.pacap.nl),
performed by the Dutch Pancreatic Cancer Group (www.dpcg.nl) to investigate patient reported
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outcomes (PROs).19 Patients received either curative treatment or palliative treatment as defined below.
Patients returning the baseline questionnaire after the start of treatment were excluded, as were
patients who were not fluent in the Dutch language or who could not complete the questionnaires due
to mental reasons. For the measurement of both QoL and satisfaction with care with questionnaires, a
waiver was obtained for informed consent procedure from the Institutional Review Board (IRB) of the
Amsterdam UMC, location Academic Medical Center (Amsterdam).
Patients were approached for participation within one week following diagnosis. Patients could choose
to complete an online or paper questionnaire.20 Automated reminders were sent in case of nonresponse. Patients who did not return the follow up questionnaire following a reminder were contacted
by telephone and asked to complete the questionnaire over telephone (LR). Deceased patients were
excluded from the calculation of questionnaire return rates.
Questionnaires
Patients completed the Dutch versions of the European Organization for Research and Treatment of
Cancer (EORTC) satisfaction with care measure (IN-PATSAT32) and the EORTC Core Quality of Life
Questionnaire (QLQ-C30) prior to treatment, and 3 months after inclusion.
The EORTC IN-PATSAT32 module measures patients’ self-perceived satisfaction with care through 32
items which are categorized into 11 multi-item and three single-item domains.21 These include
measures of doctor and nurse technical skills, interpersonal skills, information provision and availability,
satisfaction with other hospital staff’s kindness and helpfulness, interpersonal skills and information
provision, exchange of information within the care team, waiting time, hospital access, hospital comfort
and overall satisfaction with care. The scoring procedure for the IN-PATSAT32 module generates a score
between 0 to 100 for each (single and multi-item) domain. A higher score reflects a higher level of
satisfaction.
The EORTC QLQ-C30 module measures QoL in cancer patients through 30 items which are categorized
into nine multi-item domains and six single-item domains.22 These include five functioning scales
(physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, and nausea and
vomiting), a global QoL scale, and six symptoms (dyspnea, insomnia, appetite loss, constipation,
diarrhea, and financial difficulties) commonly reported by cancer patients. The scoring procedure for
the QLQ-C30 module also generates a score between 0 to 100 for each (single and multi-item) scale. A
higher score for a functioning domain and global QoL represents better level of functioning. A higher
score for a single or multi-item symptom domain suggests a higher level of symptoms.
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Clinical data and definitions
Sociodemographic and clinical data were retrieved from the relevant medical charts of the participating
centers. Extracted baseline characteristics were age, sex, educational level, Eastern Cooperative
Oncology Group (ECOG) performance status, histopathological diagnosis (occasionally omitted in case
patients desired no additional treatment and also no pathology confirmation), treatment type, and date
of the start of treatment. Curative treatment was defined as a pancreatic resection with curative intent.
In case of good postoperative clinical condition adjuvant chemotherapy was offered to these patients.
Palliative treatment was defined as any palliative systemic treatment for metastatic or locally advanced
pancreatic or periampullary cancer. Start of treatment was defined as upfront surgery or start of
chemotherapy.

6

Statistical analysis
Data were analyzed using IBM SPSS statistics version 21 (IBM, Armonk, New York, USA). Normally
distributed continuous data were presented as means with standard deviations (SD) and non-normally
distributed continuous data were presented as medians with interquartile range (IQR). Categorical data
were presented as frequencies with percentages. IN-PATSAT32 and QLQ-C30 scores were expressed as
means with SD, and compared with the corresponding baseline score using paired t-tests and Wilcoxon
tests as appropriate. Cronbach’s alpha was calculated where possible to evaluate each multi-items
scale’s internal consistency. Following Osoba et al.23, a change of 10 points on IN-PATSAT32 scores was
considered clinically meaningful. Only clinically meaningful changes of IN-PATSAT32 scores were
reported. A change of 10 points on QLQ-C30 scores was considered clinically meaningful, where a
change of 5–10 indicates a small difference, 10–20 a moderate difference and >20 a large difference.23
Mean differences in IN-PATSAT32 scores were compared with unpaired t-tests, between patients
treated with curative intent and patients treated with palliative intent. Sensitivity analysis was
performed excluding patients with other diagnosis than pancreatic or periampullary adenocarcinoma
(n=8). Standard multivariable linear regression was used to identify predictors of general satisfaction
with care scores after treatment. Included in the regression analysis were clinical variables and the QLQC30 scores global QoL, and all five functioning scales. QLQ-C30 symptom scales were omitted as it was
felt that for the purpose of this study these were sufficiently reflected in the physical functioning scale.
Variables with a p-value <0.20 in a univariable analysis were entered into the multivariable model.
Outcomes of the multivariable analysis were reported as beta (B) regression coefficient with the
corresponding 95% confidence interval (CI). A p-value smaller than 5% was considered statistically
significant.
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RESULTS
Patients and characteristics
Mean age was 66 years and the majority (61%) of the 100 included patients was male. One patient died
shortly after inclusion due to severe cholangitis and did not complete any questionnaires. Median time
between the start of treatment and the follow up questionnaire was 13 weeks. Six (6%) patients
completed the baseline questionnaire after start of treatment (range 2-21 days after start of treatment)
and were excluded. Therefore, 93 out of 99 (94%) patients completed the baseline questionnaire and
were available for analysis. Seventy-one out of these 93 (76%) patients completed the follow up
questionnaire. During follow-up, eight patients died, eight patients declined further participation, and
six patients were lost to follow up. A flowchart for patient accrual is shown in Figure 1.

Diagnosed with pancreatic or
periampullary cancer (n=100)

Death (n=9)
No baseline (n=6)
Drop-out (n=8)
Lost to follow-up (n=6)

Patients available for analysis (n=71)
Curative treatment (n=40)
Palliative treatment (n=31)
Figure 1. Flow chart of patient selection and questionnaire return rates.

Of the 71 patients who completed both questionnaires, 40 (56%) patients received treatment with
curative intent and 31 (44%) patients received treatment with palliative intent. Of the 40 patients that
were treated with curative intent, none received neoadjuvant chemotherapy, 13 (33%) surgery alone,
and 27 (68%) surgery with adjuvant chemotherapy during this study. Baseline characteristics of the total
100 patients and the 71 patients returning both questionnaires are summarized in Table 1. Baseline
characteristics of patients treated with curative intent, and the patients treated with palliative intent
are also shown in Table 1.
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Table 1. Baseline characteristics of the patients.
All
Completed both
Treated with
Treated with
P-value
P-value
patients
questionnaires
curative intent palliative intent
Number of patients
100
71
40
31
Male sex
61 (61)
40 (56)
0.54
23 (58)
17 (55)
0.82
Age ≥65 years
51 (51)
30 (42)
0.26
14 (35)
16 (52)
0.16
ECOG performance status ≥2
31 (31)
11 (16)
0.02
4 (11)
7 (23)
0.17
Histopathological diagnosis
0.87
0.003
Pancreatic cancer
53 (53)
33 (47)
15 (38)
18 (58)
Periampullary cancer*
31 (31)
25 (35)
18 (45)
7 (23)
Other#
10 (10)
8 (11)
7 (18)
1 (3)
Non-microscopically verified
6 (6)
5 (7)
0 (0)
5 (16)
Treatment
0.58
N/A
N/A
Surgical
52 (52)
40 (56)
Systemic
48 (48)
31 (44)
Data are expressed as n (%). ECOG, Eastern Cooperative Oncology Group. *Periampullary refers to duodenum, distal bile
duct and papilla of Vater. #Other diagnosis includes intraductal papillary mucinous neoplasm (three patients), pancreatic
neuroendocrine tumor (one patient), serous cystadenoma (one patient), solid pseudopapillary neoplasm (one patient)
and one patient in who the diagnosis was not specified.

Impact of treatment on patient satisfaction and quality of life
Satisfaction with care before and after treatment is shown in Table 2. Cronbach’s alpha coefficients
were ≥0.70 for all IN-PATSAT32 domains indicating good internal consistency. After treatment,
reductions of IN-PATSAT32 scores were observed for three out of 14 domains: general satisfaction with
care (74.3 to 61.9), satisfaction with the interpersonal skills of doctors (73.4 to 63.3), and the exchange
of information within the care team (63.5 to 52.5).
QoL before and after treatment is shown in Table 3. Global QoL increased from 68.4 to 71.4 (not
clinically meaningful). Small changes of QLQ-C30 scores (<10 points) were observed for physical
functioning, cognitive functioning, social functioning, and fatigue. Moderate changes of QLQ-C30 scores
were observed for role functioning and insomnia, and both were clinically meaningful (≥10 points).
After sensitivity analysis excluding patients with other diagnosis than pancreatic or periampullary
adenocarcinoma, satisfaction with care and QoL before and after treatment remained similar to primary
results (Supplementary Table S1 and S2).
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Table 2. IN-PATSAT32 scores before and after treatment in 71 patients who completed both questionnaires.
Clinically
Before treatment
After treatment
P-value
meaningful
Mean
SD
Mean
SD
General satisfaction with care
74.3
10.7
61.9
12.4
<0.001
Yes
Doctor interpersonal skills
73.4
13.2
63.3
14.1
<0.001
Yes
Doctor technical skills
75.6
11.5
66.0
14.6
<0.001
Doctor information provision
73.2
12.7
68.4
14.0
0.01
Doctor availability
68.8
13.3
60.7
14.0
<0.001
Nurse interpersonal skills
72.7
10.5
67.0
12.6
<0.001
Nurse technical skills
73.3
10.8
68.8
11.8
0.01
Nurse information provision
68.9
9.3
62.9
11.5
<0.001
Nurse availability
67.6
9.6
58.9
12.3
<0.001
Other hospital staff
68.8
9.7
59.6
8.3
<0.001
Waiting time
61.6
12.4
57.8
12.6
0.08
Hospital access
61.5
12.0
56.2
12.7
0.01
Exchange of information
63.5
14.1
52.5
11.9
<0.001
Yes
Hospital comfort
62.7
12.1
59.1
11.3
0.07
IN-PATSAT32, Satisfaction with Care module of the European Organization for Research and Treatment of
Cancer. SD, standard deviation.
Table 3. EORTC QLQ-C30 scores before and after treatment in 71 patients who completed both
questionnaires.
Baseline

Post-treatment

P-value

Clinically
meaningful

Mean
SD
Mean
SD
Global quality of life
68.4
17.2
71.4
20.1
0.39
Physical functioning
82.6
17.0
77.6
18.5
0.06
Role functioning
82.8
21.5
67.2
27.2
<0.001
Yes
Emotional functioning
78.8
19.2
75.0
22.6
0.22
Cognitive functioning
86.3
14.8
78.1
19.7
0.003
Social functioning
80.6
22.2
74.6
23.7
0.12
Fatigue
34.9
22.3
42.2
25.4
0.08
Nausea and vomiting
19.4
27.1
20.8
23.2
0.75
Pain
27.4
23.7
26.9
27.2
0.90
Dyspnoea
13.8
22.7
16.9
24.4
0.40
Insomnia
32.8
34.4
22.4
29.2
0.03
Yes
Appetite loss
34.3
32.5
37.9
31.4
0.46
Constipation
22.4
29.8
22.4
29.4
0.98
Diarrhoea
18.7
26.9
20.7
26.0
0.63
Financial difficulties
68.4
17.2
71.4
20.1
0.11
EORTC, European Organization for Research and Treatment of Cancer. QLQ-C30, Core Quality of Life
Questionnaire. SD, standard deviation.

Treatment type and patient satisfaction
Figure 2 (2A; general satisfaction with care and satisfaction with doctors, 2B; satisfaction with nurses,
2C; satisfaction with other domains) shows the mean differences in satisfaction scores pre- and posttreatment for patients treated with curative and palliative intent separately. A clinically meaningful
reduction (i.e. a change ≥10 points, depicted by the dotted line) of patient satisfaction in patients
treated with curative intent was observed for the domains general satisfaction with care, technical skill
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of doctors, interpersonal skill of doctors, availability of doctors, availability of nurses, and exchange of
information within the care team. A clinically meaningful reduction of patient satisfaction in patients
treated with palliative intent was observed for general satisfaction with care.
A

B

6

C

Figure 2. Mean difference in satisfaction with care before and after treatment of pancreatic or periampullary
cancer. A. General satisfaction with care and satisfaction with doctors. B. Satisfaction with nurses. C. Satisfaction
with other domains. GS; General satisfaction with care. dIS; Doctor interpersonal skills. dTS; Doctor technical skills.
dIP; Doctor information provision. dAV; Doctor availability. nIS; Nurse interpersonal skills. nTS; Nurse technical
skills. nIP; Nurse information provision. nAV; Nurse availability. HO; Other hospital staff. WT; Waiting time. AC;
Hospital access. EI; Exchange of information. CC; Hospital comfort.
Based on unpaired t-test. * P-value <0.05.
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Mean difference of general satisfaction with care in patients treated with curative intent was -12.5,
compared to -12.1 in patients treated with palliative intent. For six domains, satisfaction scores were
significantly lower in patients treated with curative intent, compared to patients treated with palliative
intent. This included the interpersonal skills of doctors (-14.0 (±15.7) vs. -4.7 (±20.0), p=0.013),
information provision by doctors (-8.9 (±16.3) vs. 0.9 (±12.5), p=0.004), information provision by nurses
(-8.4 (±11.4) vs. -2.7 (±16.0), p=0.02), availability of nurses (-12.8 (±12.6) vs. -2.9 (±16.0), p=0.004),
exchange of information (-14.5 (±19.0) vs. -6.1 (±15.4), p=0.01), and hospital access (-8.1 (±16.6) vs. 1.3 (±14.1), p=0.02).
Associations between quality of life and patient satisfaction
In univariable analysis, only a better cognitive functioning (QLQ-C30) was associated with an
increased general satisfaction with care (B 0.2, 95% CI 0.02–0.3, p=0.03). Yet, after multivariable
analysis no factors were found to be independently associated with general patient satisfaction
(Table 4).
Table 4. Regression analysis of predictors of general patient satisfaction with care following treatment of
pancreatic or periampullary cancer.
Univariable
Multivariable
Characteristics
B
95% CI
P-value
B
95% CI
P-value
Female Sex
5.1
-1.4 – 11.6
0.12
1.5
-3.3 – 6.3
Age ≥65 years
1.9
-4.6 – 8.4
0.57
ECOG <2
1.1
-7.3 – 9.6
0.79
Educational level >high-school
-1.2
-8.4 – 5.9
0.74
Treatment with curative intent
-4.9
-11.4 – 1.6
0.13
-2.1
-6.9 – 2.5
Treatment center
A
Ref
B
-1.0
-8.0 – 5.9
0.77
C
1.5
-10.7 – 13.7
0.81
Global QoL
0.1
-0.1 – 0.3
0.16
0.03
-0.1 – 0.2
Physical functioning
0.1
-0.1 – 0.3
0.25
Role functioning
0.04
-0.1 – 0.2
0.57
Emotional functioning
0.2
-0.01 – 0.3
0.05
0.1
-0.1 – 0.3
Cognitive functioning
0.2
0.02 – 0.3
0.03
0.2
-0.1 – 0.4
Social functioning
0.1
-0.01 – 0.3
0.08
-0.01
-0.2 – 0.2
B, beta regression coefficient. CI, confidence interval. ECOG, Eastern Cooperative Oncology Group. Ref,
reference. QoL, quality of life.

0.54

0.36

0.73

0.31
0.24
0.89

DISCUSSION
This prospective multicenter study found that patient satisfaction decreased after treatment for
pancreatic or periampullary cancer whereas global QoL did not. Decreases in patient satisfaction after
treatment were found for general satisfaction with care, the interpersonal skills of doctors, and
satisfaction with the exchange of information within the care team. Somewhat unexpected, satisfaction
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scores decreased more in patients treated with curative intent, than for those treated with palliative
intent. Our results have important implications for clinical practice and are relevant for those wishing
to maintain and even improve patient satisfaction after treatment in their practice.
It was surprising to find decreased satisfaction scores after treatment, as patients may be expected to
appreciate ‘treatment of their disease’. This expectation has, however, not yet been tested or previous
studies did not show a clear relation. Previous studies have only employed cross-sectional assessments
of patient satisfaction after treatment of cancer, or are heterogeneous in terms of the methods and
questionnaires used, impeding cross-study comparisons.24-27
Since the interpersonal skills of doctors and the exchange of information within the care team were
found to be particularly important determinants of satisfaction with care, our results indicate that
communicative skills may be important targets for improvement in order to increase patient
satisfaction. This has also been previously suggested.28-30 It is difficult to determine if communication
was truly insufficient in the three dedicated pancreatic cancer centers, or if this was predominantly the
patient’s perception. Unfortunately, due to the design of the IN-PATSAT32 module, it is not possible to
determine in hindsight which doctor (e.g. the physician present during pre-treatment or post-treatment
outpatient visit, or the resident during admission) is – or are – meant by patients. Our results may
indicate two directions for future improvements. First, communication and interpersonal skills need to
be improved, specifically around diagnosis and treatment planning but especially so during and after
treatment. Second, patient expectations at the outset, need to be managed better.
Various studies investigating patient satisfaction have suggested that improved information provision is
important.31-36 In fact, information provision is a prerequisite of shared decision-making, which, in turn,
has been related to satisfaction with care.8, 28, 37 Also, if patients are well informed about the risks of
treatment (e.g. complications, recurrence), coping with complication may be improved.38 This is
particularly important as complications after surgical operation have been shown to decrease
satisfaction with care, although such complications are inherent to surgical therapy. Decreases in
satisfaction with care may thus be more pronounced in surgically treated patients.39 This may explain
why larger decreases in satisfaction with care were observed for patients treated with curative intent
(i.e. surgical resection), compared to patients treated with palliative intent (i.e. systemic therapy).
However, in a study investigating patient satisfaction among patients treated with curative and palliative
intent for upper gastrointestinal cancer, patient satisfaction was independent of (major) treatment
related complications.25 Therefore, a difference in follow-up schemes and practice of surgeons versus
medical oncologists may contribute to our findings. The patient-surgeon relationship consists of intense
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contact in the period immediately after surgery followed by less contact during follow-up, whereas the
patient-medical doctor relationship consists of intense contact during (long-term) follow-up, after the
postoperative period. Therefore, the effect of specific communication strategies in the pre- and posttreatment phase on patient satisfaction should be investigated further in future studies, especially in
the curative intent and palliative group separately.
Communication (or rather, a lack thereof) in the post-treatment phase may also contribute to (lower)
patient satisfaction. In the Netherlands, as in many countries, multidisciplinary team meetings are
mandatory for the treatment of patients with pancreatic cancer.40 Much effort of these multidisciplinary
team meetings is directed at a rapid diagnostic phase and early treatment initiation.41 Patients spend
one or two days undergoing various diagnostic tests, and receive much information, a diagnosis and a
tailored treatment plan. Specialized case managers and oncology nurses guide the patients during this
time, provide additional information, and psychosocial support.42, 43 This psychosocial care is important
to patients with cancer.44 Following treatment, contact with the hospital staff is often reduced and
psychosocial support may rely predominantly on family and friends. In our study, the first questionnaire
was sent to patients directly after the (fast track) outpatient clinic, prior to treatment. During this time,
patients received intensive guidance and psychosocial support. However, after treatment, when
patients had to rely mostly on their own psychosocial support system and much less on hospital staff,
satisfaction with care was lower. This is especially true in the curative setting, as patients treated with
palliative intent may still visit the hospital more frequently compared to patients treated with curative
intent, e.g. outpatient visits for the administration of systemic therapy and potentially the treatment of
chemotherapy-related toxicity. In our study, 10 out of 15 pancreatic cancer patients treated with
curative intent received adjuvant chemotherapy. However, satisfaction scores in these patients were
not significantly higher compared to the 30 patients treated with curative intent who did not receive
adjuvant chemotherapy (data not shown). Although much efforts are already directed at attention to
psychosocial problems during follow up after treatment with curative intent, this may be further
optimized, for example by the use of specific signaling instruments.45
We did not identify associations between QoL and patient satisfaction, a finding which also has been
found in previous studies.25, 45 Other factors associated with patient satisfaction remain to be identified.
Overall, there were no large changes in QoL three months after initiation of treatment, findings which
have been described previously.46, 47
Our study must be interpreted within the context of its design. The IN-PATSAT32 module was designed
to measure in-patient satisfaction with care, while some of our patients received out-patient treatment
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(i.e. systemic therapy). The EORTC QoL group recently introduced an extended module with a
provisional list of 57 additional items to be added to the original module, and applicable to any cancer
care setting.1 However, due to the high treatment intensity in pancreatic cancer patients we feel the
use of the current module was justified. All single- and multi-scale domains seem applicable in
pancreatic cancer.21 For example, waiting times for palliative systemic therapy are also applicable in the
outpatient setting, i.e. waiting times to get an outpatient appointment. Second, we had no information
on postoperative complications and data on toxicity. This was due to referral patterns in the Netherlands
where patients are often treated for adverse events (e.g. toxicity) in a local hospital. In future, PRO data
will be combined with clinical data from audits and other registries.19 However, treatment outcome (e.g.
complications) in terms of QoL were not related to patient satisfaction. Due to the design of the study,
we had no information on patients who were eligible, but not included in this study. Although we aimed
to include all consecutive patients, not all patients participated which may limit generalizability.
Declining response rates in the course of time are common in health related QoL studies, particularly in
advanced disease stages. In the present study, the response rate after 3 months was 78% which is
remarkably high compared to other studies, given that many patients were treated with palliative
intent.46 Selective attrition, however, where only the fittest patients complete the follow up
questionnaires cannot be ruled out. Finally, the relatively small number of patients introduces statistical
uncertainty.
In conclusion, satisfaction with care decreased after treatment of pancreatic and periampullary cancer
in this prospective cohort whereas QoL did not. Expectation management through shared-decision
making, and attention to psychosocial problems and health care professionals communication skills may
improve patients’ satisfaction with care.
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SUPPLEMENTARY MATERIAL
Supplementary Table S1. Sensitivity analysis of IN-PATSAT32 scores before and after treatment in 63 patients
with clinically or pathologically diagnosed pancreatic or periampullary cancer who completed both
questionnaires.
Before treatment
After treatment
P-value
Clinically meaningful
Mean
SD
Mean
SD
General satisfaction with care
74.2
10.5
61.0
13.3
<0.001
Yes
Doctor interpersonal skills
74.7
13.6
62.8
15.1
<0.001
Yes
Doctor technical skills
77.1
11.6
65.4
15.6
<0.001
Doctor information provision
74.1
13.1
68.0
15.0
0.01
Doctor availability
69.3
14.4
60.2
15.2
<0.001
Nurse interpersonal skills
72.9
11.3
65.9
13.3
<0.001
Nurse technical skills
73.3
11.2
67.6
12.7
0.01
Nurse information provision
69.1
9.6
61.6
11.8
<0.001
Nurse availability
66.7
10.2
58.1
13.1
<0.001
Other hospital staff
68.8
10.5
58.5
8.1
<0.001
Waiting time
62.4
13.4
56.4
13.3
0.02
Hospital access
61.4
13.0
56.0
13.6
0.02
Exchange of information
64.0
14.4
51.5
11.0
<0.001
Yes
Hospital comfort
62.8
13.4
59.0
12.7
0.12
IN-PATSAT32, Satisfaction with Care module of the European Organization for Research and Treatment of
Cancer. SD, standard deviation.

6

Supplementary Table S2. Sensitivity analysis of EORTC QLQ-C30 scores before and after treatment in 63
patients with clinically or pathologically diagnosed pancreatic or periampullary cancer who completed both
questionnaires.
Baseline
Post-treatment
P-value
Clinically
meaningful
Mean
SD
Mean
SD
Global quality of life
67.4
16.5
69.8
20.8
0.56
Physical functioning
83.8
16.5
77.2
18.2
0.04
Role functioning
84.0
19.4
64.9
28.0
<0.001
Yes
Emotional functioning
76.8
19.8
72.0
24.1
0.17
Cognitive functioning
85.3
15.7
77.2
20.6
0.01
Social functioning
80.1
21.9
72.3
24.6
0.09
Fatigue
34.9
20.5
43.3
26.4
0.09
Nausea and vomiting
21.4
29.1
20.7
25.1
0.89
Pain
29.8
23.0
29.5
28.7
0.94
Dyspnoea
12.4
21.0
18.3
25.2
0.18
Insomnia
34.7
34.4
22.9
29.3
0.04
Yes
Appetite loss
38.0
33.7
41.3
33.8
0.57
Constipation
21.6
28.1
26.1
31.5
0.42
Diarrhoea
18.7
24.4
18.0
25.4
0.88
Financial difficulties
68.4
17.2
71.4
20.1
0.11
EORTC, European Organization for Research and Treatment of Cancer. QLQ-C30, Core Quality of Life
Questionnaire. SD, standard deviation.
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ABSTRACT
Introduction: A relation between quality of life (QoL) and survival has been demonstrated for several
types of cancer, mostly in clinical trials with highly selected patient groups. The relation between QoL
and survival for patients with pancreatic or periampullary cancer is unclear.
Methods: Analysis of QoL data from a prospective multicenter patient reported outcome registry in
patients with pancreatic or periampullary carcinoma registered in the nationwide Netherlands Cancer
Registry (2015-2018). Baseline and delta QoL, between baseline and three months follow-up, was
assessed with the Happiness, EORTC QLQ-C30 and QLQ-PAN26 questionnaires. The relation between
QoL and survival was assessed with Cox regression models and additional prognostic value of separate
items with Nagelkerke’s R2 (explained variance).
Results: For the baseline and delta analyses, 233 and 148 patients were available. The majority had
pancreatic adenocarcinoma (n=194, 83.3%), stage III disease (n=77, 33.0%), with a median overall
survival of 13.6 months. Multivariate analysis using baseline scores, indicated several scales to be of
prognostic value for the total cohort (i.e. happiness today, role functioning, diarrhea, pancreatic pain,
and body image, hazard ratios all p<0.05) and for patients without resection (i.e. overall satisfaction
with life, physical and cognitive functioning, QLQ-C30 summary score, fatigue, pain, constipation,
diarrhea, and body image, hazard ratios all p<0.05). Except for diarrhea, all QoL items accounted for
>5% of the additional explained variance and were of added prognostic value. Multivariate analysis using
delta QoL revealed that only constipation was of prognostic value for the total cohort, while no
association with survival was found for subgroups with or without resection.
Conclusion: In a multicenter cohort of patients with patients with pancreatic or periampullary
carcinoma, QoL scores predicted survival, regardless of patient, tumor and treatment characteristics.
QoL scores may thus be used for shared decision making regarding disease management and choice of
treatment.
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INTRODUCTION
Patient reported outcome measures (PROMs) are increasingly used in clinical practice to assess patients’
quality of life (QoL). Addressing QoL is important for patients with a short life expectancy such as
patients with pancreatic and periampullary carcinoma with a median overall survival of 4-6 months1.
Different types of treatment that may improve survival of pancreatic cancer may also impact QoL.
Pancreatic resection has been found to be associated with a temporary deterioration in QoL after which
it usually returns to baseline values after 3-6 months2, 3. Moreover, chemotherapy has been found to
improve QoL in randomized studies in the adjuvant and palliative setting4, 5.
QoL may also be used to predict survival. Previous studies with other types of cancer (e.g., breast, lung,
oesophageal, or liver cancer) consistently found a correlation between QoL and survival6-11. Previous
studies combined patients with different types of cancer, including a limited number (approximately
6%) of patients with pancreatic cancer9, 10. Most of the data were acquired from randomized trials that
included patients who were relatively fit. Only one case series of 55 patients with advanced pancreatic
cancer suggested a prognostic relation between the physical functioning scale scores of the EORTC QLQC30 and survival12.
In the Netherlands, the Dutch Pancreatic Cancer Project (PACAP) was established in 2013. This is a
multicenter cohort of patients with pancreatic and periampullary carcinoma of whom clinical data and
PROMs are collected13. We used this cohort to investigate the relation between QoL and survival in daily
clinical practice. The aim of this study was to examine which domains of QoL are predictive of survival
in patients with pancreatic and periampullary cancer.

METHODS
Study design
This is a post-hoc analysis of a prospective multicenter cohort of PROMs in patients with pancreatic and
periampullary cancer. Currently, 48 centers in the Netherlands participate in the PACAP PROMs. Clinical
data were included from the nationwide population-based Netherlands Cancer Registry (NCR). Both
registries are incorporated within PACAP13. Patients provided written informed consent for participation
and linkage of their data between the registries. This study was designed in accordance with the STROBE
guidelines14.
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Study population
Adult patients diagnosed with pancreatic and periampullary cancer between January 2015 and February
2018 who were registered in the NCR and participated in PACAP PROMs were included. Patients were
excluded if they completed the baseline questionnaire after start of cancer treatment (n=143 of the
total cohort).
Data collection
The NCR data include patient, tumor, and treatment characteristics (i.e. date of diagnosis, age at
diagnosis, sex, BMI, comorbidities, Eastern Cooperative Oncology Group (ECOG) performance status,
pathological diagnosis, tumor location, tumor stage (according to American Joint Committee on Cancer
7th edition), tumor size, tumor differentiation grade, date of initial treatment, type of pancreatic
resection,

margin

status

(microscopically

radical

(R0)

and

irradical

resection

(R1)),

15

(neo)adjuvant/palliative chemo(radio)therapy, biliary drainage, and survival data . PROMs at baseline
and three months follow-up were used. Baseline measurement was defined as a measurement between
date of diagnosis and date of start of first cancer treatment (e.g., chemo(radio)therapy, resection or
local ablative therapy). Overall survival was defined as time between date of diagnosis and date of death.
QoL assessment
The QoL data include data derived from the Happiness16, EORTC QLQ-C3017, and EORTC QLQ-PAN2618
questionnaires19, 20. The Happiness questionnaire consists of four items, including satisfaction with one’s
life as a whole, happiness today, happiness during the last month, and at which level one feels to
personally stand at present on a ladder from worst to best possible life. All items employ a 0 (worst) to
10 (best) scale16.
The cancer-specific EORTC QLQ-C30 questionnaire encompasses global health status, five functioning
scales (i.e. physical, role, emotional, cognitive, and social functioning) and eight symptom scales/items
(i.e. fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhea), and
financial difficulties. The pancreatic-specific EORTC QLQ-PAN26 questionnaire includes nine disease and
treatment-related symptoms (pain, eating-related items, cachexia, hepatic symptoms, side-effects,
altered bowel habit, ascites, indigestion and flatulence) and five emotional domains specific to
pancreatic cancer (body image, healthcare satisfaction, sexuality, fear of future health and ability to plan
future). The items of the EORTC questionnaires employ four response categories, which after linear
transformation, form a scale ranging from 0 to 100. A higher score on the functional and global scales
indicate better QoL, whereas for problems and symptoms higher scores indicate poorer QoL. In addition,
a summary score was obtained from the EORTC QLQ-C30 questionnaire21, based on the mean of all scale
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and item scores with the exclusion of global QoL and financial impact, and after reversing the scores of
the symptom scales.
The relation between baseline QoL and delta QoL (between baseline and three months follow-up), and
survival was assessed with the scales/items of the three questionnaires. Secondary analyses addressed
the relation between QoL and survival for patients 1) undergoing pancreatic resection and 2) not
undergoing pancreatic resection (with or without metastases).
Statistical analysis
Descriptive statistics were used for analysis of baseline, tumor, and treatment characteristics, and QoL
scores. They were reported as proportions for binary or categorical variables, and as mean with standard
deviation (SD) or as median with interquartile range (IQR) for continuous variables as appropriate.
Missing data from clinical variables (0.9-13.7%) were imputed by multiple imputation using predictive
mean matching in which 20 dummy sets were created. Primary and secondary analyses were performed
with baseline QoL and delta QoL (three months follow-up minus baseline) scores. Survival analyses were
performed with Cox regression models. QoL variables with P<0.20 in univariable analysis were selected
for inclusion in multivariable analysis with backward stepwise selection and reported as hazard ratios
(HR) with corresponding 95% confidence intervals (CI). Analyses were adjusted for patient, tumor, and
treatment characteristics as well as other known predictors for survival. Delta analyses were additionally
adjusted for baseline scores. The covariates are presented in the footnotes of the tables. The prognostic
value of baseline QoL predictors was assessed with Nagelkerke’s R2 (i.e. explained variance) in
univariable analysis, multivariable analysis with adjustment for clinical variables (i.e. sex, age, BMI, ECOG
performance status, tumor topography, tumor stage, and type of chemotherapy), and multivariable
analysis with adjustment clinical variables and other predictive QoL items from the same questionnaire.
An increase in explained variance in analyses with adjustment for clinical variables of 5% was considered
clinically relevant. These analyses were performed according to the previously described method for
estimation of R2 after multiple imputation.22 The survival analyses were repeated for the resected and
non-resected subgroups. Two-sided P<0.05 were considered statistically significant after adjustment for
multiple testing by Benjamini-Hochberg procedure.

RESULTS
Population
For baseline analyses, 376 patients were included. After exclusion of 143 patient who completed the
baseline questionnaire after start of treatment, 233 patients remained. Similarly for delta analyses, 256
patients were included, and after exclusion of 108 patients, 148 patients remained. The majority of
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patients were diagnosed with pancreatic adenocarcinoma (n=194, 83.3%) and had stage III (n=77,
33.0%) or IV (n=61, 26.2%) disease. Overall, 141 patients (60.5%) received chemotherapy. Of all
patients, 103 (44.2%) underwent a pancreatic resection and 130 (55.8%) did not. During the study
period, 159 patients (68.2%) of the cohort died. Median follow-up of patients was 13.1 months (IQR 7.417.5). Median overall survival was 13.6 months (95% CI 11.6-15.6) for the total cohort, 20.7 months
(95% CI 14.9-26.5) for patients after resection, and 9.3 months (95% CI 7.7-11.2) for patients without
resection. Table 1 provides an overview of patient, tumor, and treatment characteristics. Most QoL
scores changed over time, see Table 2 for QoL scores of all items and Figure 1A and 1B for a radar chart
of the EORTC QLQ-C30 and -PAN26 scores.
Table 1. Characteristics of 233 patients with pancreatic and periampullary adenocarcinoma in the Netherlands
Total cohort (n=233)
Clinical characteristics
Male (n, %)
126 (54.1)
Age at diagnosis (mean, SD)
66.6 (9.1)
BMI (median, IQR)
23.9 (21.4-26.7)
Comorbidities (n, %)
Previous cancer
36 (15.5)
Pulmonary
26 (11.2)
Cardiovascular
70 (30.0)
Diabetes mellitus
70 (30.0)
ECOG performance status (n, %)
0-1
195 (83.7)
2-4
38 (16.3)
Year of diagnosis (n, %)
2015
47 (20.2)
2016
14 (6.0)
2017
157 (67.4)
2018
15 (6.4)
Follow-up in months (median, IQR)
13.1 (7.4-17.5)
No surgery
9.1 (5.7-13.6)
Surgery
16.4 (12.1-19.5)
Tumor characteristics
Location (n, %)
Pancreas
194 (83.3)
Periampullary
39 (16.7)
Stage (n, %)
IA
11 (4.7)
IB
20 (8.6)
IIA
16 (6.9)
IIB
48 (20.6)
III
77 (33.0)
IV
61 (26.2)
Treatment characteristics
Surgical intervention (n, %)
109 (46.8)
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Pancreatoduodenectomy

91 (39.1)$

Other pancreatectomy

12 (5.2)$

IRE / RFA

6 (2.6)$
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Resection margin (n, %)
R0
R1
Radiotherapy (n, %)
Chemotherapy (n, %)

70 (68.0)^
33 (32.0)^
16 (6.9)
141 (60.5)

Neo-adjuvant only

4 (2.8)#
45 (31.9)#

Adjuvant only
Neo-adjuvant and adjuvant

9 (6.4)#

Chemotherapy, no resection
Type of first chemotherapy (n, %)

83 (58.9)#
31 (22.0)#

Gemcitabine only
*

Gemcitabine in combination

33 (23.4)#

FOLFIRINOX

68 (48.2)#

Other
Chemotherapy courses (n, %)

9 (6.4)#

1-4

50 (35.5)#

5-8

69 (48.9)#

≥9

22 (15.6)#

Adjustment of chemotherapy (n, %)
36 (25.5)#
Biliary drainage (n, %)
101 (43.3)
BMI = Body Mass Index, ECOG = Eastern Cooperative Oncology Group, IRE = irreversible electroporation, RFA
= radiofrequent ablation
$
Proportion of patients who underwent surgical intervention
^
Proportion of patients who underwent resection
#
Proportion of patients who underwent chemotherapy
*
Gemcitabine + nab-paclitaxel and gemcitabine + capecitabine

Baseline QoL and survival
For the total cohort, independent baseline QoL predictors based on multivariable analyses for reduced
survival were overall happiness today (HR per step on 0-10 scale 0.92 (95% CI 0.84-0.92, P = 0.046)),
role functioning (HR per step on 0-100 scale 0.99 (95% CI 0.99-1.00, P = 0.007)), diarrhea (HR per step
on 0-100 scale 1.01 (95% CI 1.00-1.01, P = 0.018)), pancreatic pain (HR per step on 0-100 scale 1.01
(95% CI 1.00-1.02, P = 0.009)), and body image (HR per step on 0-100 scale 1.01 (95% CI 1.00-1.01, P =
0.035), Table 3).
For patients who had undergone resection, no independent baseline QoL score predicted survival
(Supplementary Table S1).
For patients without resection, lower overall satisfaction with life, and physical and cognitive
functioning, and higher QLQ-C30 summary, fatigue, (pancreatic) pain, constipation, diarrhea, and body
image scores were independent predictors for reduced survival in multivariable analysis (Supplementary
Table S2).
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Table 2. Median QoL scores with IQR on all items of three questionnaires at baseline and after three months.
Baseline
Three months
Happiness
(n=233)
(n=148)
Item one*
7.0 (5.0-8.0)
7.0 (6.0-8.0)
Item two*
7.0 (5.0-8.0)
7.0 (6.0-8.0)
Item three*
5.0 (4.0-7.0)
7.0 (5.0-8.0)
Item four*
6.0 (4.0-7.0)
7.0 (5.0-8.0)
EORTC QLQ-C30
Summary score*
76.4 (64.7-85.1)
81.0 (71.3-89.1)
Global health status*
66.7 (50.0-83.3)
75.0 (58.3-83.3)
Physical functioning*
80.0 (61.7-93.3)
80.0 (63.3-86.7)
Role functioning*
66.7 (37.5-100.0)
66.7 (50.0-100.0)
Emotional functioning*
75.0 (58.3-91.7)
83.3 (70.8-100.0)
Cognitive functioning*
81.7 (66.7-100.0)
83.3 (66.7-100.0)
Social functioning*
83.3 (66.7-100.0)
83.3 (66.7-100.0)
Fatigue#
33.3 (22.2-66.7)
44.4 (22.2-55.6)
Nausea and vomiting#
0.0 (0.0-33.3)
0.0 (0.0-16.7)
Pain#
33.3 (0.0-50.0)
16.7 (0.0-33.3)
Dyspnea#
0.0 (0.0-33.3)
0.0 (0.0-33.3)
Insomnia#
33.3 (0.0-66.7)
0.0 (0.0-33.3)
Appetite loss#
33.3 (0.0-66.7)
0.0 (0.0-33.3)
Constipation#
0.0 (0.0-33.3)
0.0 (0.0-0.0)
Diarrhea#
0.0 (0.0-33.3)
0.0 (0.0-33.3)
Financial difficulties#
0.0 (0.0-0.0)
0.0 (0.0-0.0)
EORTC QLQ-PAN26
Pain#
25.0 (8.3-50.0)
16.7 (8.3-25.0)
Digestive complaints#
33.3 (0.0-50.0)
16.7 (0.0-33.3)
Hepatic symptoms#
16.7 (0.0-33.3)
0.0 (0.0-4.2)
Body image#
16.7 (0.0-33.3)
16.7 (0.0-33.3)
Healthcare satisfaction#
66.7 (50.0-83.3)
66.7 (33.3-83.3)
Altered bowel habit#
33.3 (16.7-50.0)
33.3 (12.5-50.0)
Sexuality#
50.0 (0.0-100.0)
66.7 (33.3-83.3)
QoL = quality of life. IQR = interquartile ranges. Item one = satisfaction with one’s life as a whole. Item two =
happiness today. Item three = happiness during the last month. Item four = where one feels to personally
stand at present on a ladder from worst to best possible life.
*
Higher scores represent better QoL
#
Higher scores represent worse QoL
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Figure 1A and 1B. Baseline and 3-month quality of life scores from the EORTC QLQ-C30 (A1: summary and
functioning scores, A2: symptom scores) and -PAN26 (B: symptom scores) items for the total cohort.
* Higher scores represent better quality of life. # Higher scores represent worse quality of life.
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Table 3. Uni- and multivariable analysis of the relation between baseline QoL scores with overall mortality of
patients with pancreatic and periampullary adenocarcinoma
Univariable*

Adjusted P
value

Multivariable*#

Adjusted
QoL scores
HR (95% CI)
P value
HR (95% CI)
P value
P value
Happiness
0.131
Item one
0.92 (0.85-1.01)
0.068
0.086
0.035
Item two
0.92 (0.84-0.92)
0.035
0.92 (0.84-0.92)
0.035
0.482
Item three
0.96 (0.89-1.04)
0.357
0.060
Item four
0.91 (0.83-0.99)
0.020
EORTC QLQ-C30
0.027
Summary score
0.98 (0.97-0.99)
0.001
0.148
Global health status
0.99 (0.99-1.00)
0.082
0.043
Physical functioning
0.99 (0.98-1.00)
0.008
0.034
0.023
Role functioning
0.99 (0.99-1.00)
0.005
0.99 (0.99-1.00)
0.007
0.179
Emotional functioning
0.99 (0.99-1.00)
0.106
0.060
Cognitive functioning
0.99 (0.98-1.00)
0.018
0.122
Social functioning
0.99 (0.99-1.00)
0.059
0.027
Fatigue
1.01 (1.00-1.02)
0.002
0.792
Nausea and vomiting
1.01 (1.00-1.01)
0.124
0.058
Pain
1.01 (1.00-1.01)
0.015
0.622
Dyspnea
1.00 (1.00-1.01)
0.530
0.710
Insomnia
1.00 (1.00-1.01)
0.631
0.090
Appetite loss
1.01 (1.00-1.01)
0.040
0.086
Constipation
1.01 (1.00-1.01)
0.035
0.192
0.030
Diarrhea
1.01 (1.00-1.01)
0.128
1.01 (1.00-1.01)
0.018
0.572
Financial difficulties
1.00 (1.00-1.01)
0.463
EORTC QLQ-PAN26
0.027
0.023
Pancreatic pain
1.01 (1.00-1.02)
0.003
1.01 (1.00-1.02)
0.009
0.409
Digestive complaints
1.00 (1.00-1.01)
0.288
0.572
Hepatic symptoms
1.00 (1.00-1.00)
0.466
0.054
0.035
Body image
1.01 (1.00-1.01)
0.012
1.01 (1.00-1.01)
0.035
0.822
Healthcare satisfaction
1.00 (1.00-1.01)
0.761
0.934
Altered bowel habit
1.00 (1.00-1.01)
0.934
0.910
Sexuality
1.00 (1.00-1.01)
0.876
HR = hazard ratio, CI = confidence interval, QoL = quality of life, EORTC = European Organization for Research
and Treatment of Cancer, QLQ = quality of life questionnaire. Item one = satisfaction with one’s life as a whole.
Item two = happiness today. Item three = happiness during the last month. Item four = where one feels to
personally stand at present on a ladder from worst to best possible life. Bold in univariable analysis indicates
use of variable in multivariable analysis. Bold in multivariable analysis indicates statistical significance after
backward step selection.
*
Adjusted for sex, age, BMI, ECOG performance status, tumor topography, tumor stage, surgical intervention,
type of chemotherapy, and number of chemotherapy courses.
#
Not adjusted for QoL scores from the other two other questionnaires.

Delta QoL and survival
For the total cohort in multivariable analysis, the only independent predictor for reduced survival was
more constipation at three months compared to baseline (HR per step on 0-100 scale 1.02 (95% CI
1.01-1.03, P = 0.006), Table 4). For patients with or without resection, no independent delta QoL score
predicted survival (Supplementary Table S3 and S4).
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Table 4. Uni- and multivariable analysis of the relation between delta QoL scores with overall mortality of patients
with pancreatic and periampullary adenocarcinoma
Univariable*

Multivariable*#

Adjusted P
P value
value

Adjusted P
QoL scores
HR (95% CI)
HR (95% CI)
P value
value
Happiness
Item one
1.04 (0.82-1.30)
0.772
0.940
Item two
0.95 (0.80-1.14)
0.584
0.907
Item three
0.98 (0.82-1.18)
0.852
0.940
Item four
1.12 (0.92-1.35)
0.257
0.861
EORTC QLQ-C30
Summary score
1.01 (0.98-1.04)
0.575
0.907
Global health status
0.99 (0.98-1.01)
0.455
0.907
Physical functioning
1.00 (0.99-1.02)
0.782
0.940
Role functioning
1.01 (1.00-1.02)
0.173
0.861
Emotional functioning
1.01 (0.99-1.03)
0.499
0.907
Cognitive functioning
0.99 (0.97-1.01)
0.224
0.861
Social functioning
1.00 (0.99-1.02)
0.938
0.940
Fatigue
1.00 (0.99-1.01)
0.940
0.940
Nausea and vomiting
1.00 (0.98-1.02)
0.850
0.940
Pain
1.00 (0.99-1.02)
0.564
0.907
Dyspnea
0.99 (0.98-1.02)
0.807
0.940
Insomnia
0.99 (0.98-1.01)
0.329
0.874
Appetite loss
0.99 (0.98-1.01)
0.215
0.861
Constipation
1.02 (1.01-1.03)
0.006
0.162
1.02 (1.01-1.03)
0.006
0.006
Diarrhea
0.99 (0.98-1.01)
0.638
0.907
Financial difficulties
0.99 (0.96-1.01)
0.287
0.861
EORTC QLQ-PAN26
Pancreatic pain
1.00 (0.99-1.02)
0.631
0.907
Digestive complaints
1.00 (0.99-1.02)
0.538
0.907
Hepatic symptoms
1.01 (0.99-1.03)
0.356
0.873
Body image
1.01 (1.00-1.03)
0.097
0.861
Healthcare satisfaction
0.99 (0.98-1.00)
0.263
0.861
Altered bowel habit
1.00 (0.99-1.00)
0.897
0.940
Sexuality
1.01 (1.00-1.03)
0.041
0.554
HR = hazard ratio, CI = confidence interval, QoL = quality of life, EORTC = European Organization for Research and
Treatment of Cancer, QLQ = quality of life questionnaire. Item one = satisfaction with one’s life as a whole. Item
two = happiness today. Item three = happiness during the last month. Item four = where one feels to personally
stand at present on a ladder from worst to best possible life. Bold in univariable analysis indicates use of variable
in multivariable analysis. Bold in multivariable analysis indicates statistical significance after backward step
selection.
*
Adjusted for baseline score, sex, age, BMI, ECOG performance status, tumor topography, tumor stage, surgical
intervention, type of chemotherapy, and number of chemotherapy courses.
#
Not adjusted for QoL scores from the other two other questionnaires.

Explained variance baseline without resection
Together, the clinical variables (i.e. sex, age, BMI, ECOG, tumor topography, tumor stage, and type of
chemotherapy) in this subgroup model explained 20% of the outcome variance (blue bars, Figure 2).
Figure 2 shows what percentage of the outcome is explained additionally by the various independent
QoL predictors individually (orange bars). When for example the item physical functioning was added,
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32% of variance of the outcome was explained (12% increase by adding this to the model; blue plus
orange bar for physical functioning). All baseline QoL items but diarrhea accounted for >5% of the
additional explained variance and were therefore considered to be of additional prognostic value. A
similar effect was seen after adding the other QoL items from the same questionnaire to the model
(grey bars, Figure 2).

Figure 2. Additional prognostic value of independent baseline quality of life (QoL) predictors for overall mortality
of patients without resection for pancreatic and periampullary adenocarcinoma expressed as Nagelkerke’s R2. Blue
bars: the clinical variables include sex, age, BMI, ECOG performance status, tumor topography, tumor stage, and
type of chemotherapy. Orange bars: additional explained variance of the QoL item. Grey bars: additional explained
variance of the other QoL items from the same questionnaire. Yellow bars: unexplained variance.
*Item one (i.e. satisfaction with one’s life as a whole) from the Happiness questionnaire. In grey, not adjusted for
other QoL items from the Happiness questionnaire.
~Items from the EORTC QLQ-C30 questionnaire. In grey, adjusted for the other predictive QoL items from the
EORTC QLQ-C30 questionnaire (i.e. summary score, physical functioning, cognitive functioning, fatigue, pain,
constipation, diarrhea).
^Items from the EORTC QLQ-PAN26 questionnaire. In grey, adjusted for the other predictive QoL items from the
EORTC QLQ-PAN26 questionnaire (i.e. pancreatic pain, body image).
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DISCUSSION
This multicenter study including patients with pancreatic and periampullary cancer in daily clinical
practice showed that several QoL domains measured at baseline and follow-up predict survival, even
when adjusting for well-known clinical prognostic parameters such as ECOG performance status15. Since
QoL questionnaires measure patients’ perspective on their functioning and symptoms, they may
provide a more sensitive and comprehensive picture of patients’ health status that may be missed by
traditional clinical measures (e.g., tumor stage or performance status)6, 23.
We found lower happiness, a worse body image, and a lower summary score to predict reduced survival
of patients with pancreatic and periampullary cancer. With the used questionnaire, happiness is
measured as life satisfaction, hedonic level of affect, and contentment16. Taking this into account, the
happiness items could cover more QoL aspects than for example the global health status item only, and
therefore come forth as predictor, while global health status does not. Previous studies found that
satisfaction with life of cancer patients is correlated with clinical (e.g., times of admission, surgical
treatment, postoperative complications, length of hospital stay), psychosocial (e.g., depressive
symptoms, stress, social support, self-esteem), and sociodemographic (e.g., marital status, occupation)
factors24-26. Several of these factors have been associated with survival, such as postoperative
complications, depressive symptoms, and marital status27-29. This could also be a reason why life
satisfaction or happiness is associated with survival in our population. In addition, it was suggested that
socioeconomic status (e.g., marital status, occupation) of cancer patients is a survival predictor23.
Unfortunately, because socioeconomic status is not registered accurately in the NCR, we could not
investigate this in more detail.
Body image is often negatively influenced in cancer patients by physical changes due to the disease or
treatment, for example after surgery for breast- or colorectal cancer (e.g., mastectomy, colostomy)30,
31

. Specifically for patients with pancreatic and periampullary cancer, body image may be affected by

the occurrence of cachexia32. The incidence of cachexia in patients with pancreatic cancer is high,
cachexia related complications occur often, and cachexia has been associated with reduced survival3335

. A part from obstructive jaundice, which often is the presenting symptom of pancreatic and

periampullary cancer patients, other mechanisms leading to cachexia are still not completely clear and
evaluation of this multifactorial syndrome is not straightforward35. For this reason, this easy to measure
QoL item - body image - could be representative of cachexia, which is an important prognostic factor
for patients with cancer, especially in combination with other factors of cachexia (e.g., weight loss,
anorexia).
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The summary score combines 13 of the 15 EORTC QLQ-C30 scales and was amongst other things
developed to reduce the risk of type-I-errors due to multiple testing. The score was found to have equal
or superior known-groups validity and responsiveness to change over time as compared to the separate
scales21. Although many of these individual scales were shown to have predictive value in other cancers7,
23, 36, 37

, this was not yet the case for patients with pancreatic and periampullary cancer, nor for the

relatively new summary score. This score uses the information of the individual scales, while maintaining
a broad QoL scope. In addition, it is measured with a widely implemented and validated questionnaire.
Therefore, it can be investigated with comparison of data of other pancreatic or periampullary cancer
populations whether this item is not only efficient (i.e. single vs. multiple testing), but also effective for
measuring a predictive relation to survival (i.e. robust single higher order factor model)21.
We found that baseline QoL scores were specifically predictive of survival for the subgroup of patients
who did not undergo pancreatic resection. In contrast, baseline scores were not predictors of mortality
in the resected subgroup. This might be due to the longer survival times after resection and thus other
factors that may come into play in the course time that could also influence survival. In other patient
groups, for example patients with colorectal cancer, baseline QoL has been associated with survival after
resection38. However, the disease course of patients with pancreatic cancer is fairly different from other
types of cancer, for example regarding morbidities, treatment, disease recurrence, and survival. Of the
baseline symptoms that we found to be predictive of survival for patients who did not undergo a
resection, diarrhea as a symptom deserves special attention. Diarrhea can be treatment related, or a
symptom of exocrine pancreatic insufficiency, which occurs in up to 92% in patients with unresectable
pancreatic or periampullary tumors within six months from diagnosis39. Unfortunately, often only a small
proportion of patients in the palliative setting receive pancreatic enzyme replacement therapy40. Recent
studies have suggested that this therapy may independently improve survival41. Therefore, this is an
important and potentially modifiable risk factor that can be identified through PROMs.
For delta QoL, we found that constipation was predictive of mortality for the total cohort. Some studies,
for example in lung and oesophageal cancer patients, demonstrated that deterioration of QoL scores
was predictive of shorter survival times37, 42, whereas delta scores for head-neck cancer patients were
not related to survival43. It may be hypothesized that the patients with more constipation were patients
with progressive disease and more pain, and therefore received more opioids, leading to obstipation.
Unfortunately, due to a limited number of events in the subgroups of our dataset, we could not test this
hypothesis and could only adjust for a limited number of confounding factors.
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Our results have important implications for daily practice and research. In the explained variance
analysis (Nagelkerke’s R2), we found that the QoL items were of additional prognostic value on top of
the clinical variables. Given the prognostic value of QoL parameters, these parameters may be used
during shared decision making on disease management and treatment in the (outpatient) clinic. Ideally,
patients should complete questionnaires before meeting their clinician so that QoL can be discussed
during the subsequent appointment. The summary score could be easily used for evaluation of overall
QoL, as it is one seemingly valid score compared to the 15 individual scale scores. When specific
symptoms are present, such as diarrhea, these could be acted upon immediately. Predictive QoL
parameters may be added to prediction models for survival44, 45, in addition to patient, tumor, and
treatment characteristics to improve their predictive outcome. Finally, QoL parameters may be
considered as a stratification factor in clinical trials and should be included in the core set of mandatory
baseline measurements15, 20.
Some limitations of our study should be taken into account. First, median overall survival of our cohort
is relatively high compared to other population-based studies46-48. Although the NCR covers all patients
with cancer in the Netherlands, selection bias has probably occurred in the PROMs registry. Almost half
of this study population underwent resection, while usually this is approximately 20% in the
Netherlands47. Second, almost 60% of patients without surgery received chemotherapy, while this is
approximately 30% in an unselected subgroup47. Presumably, fit patients are more willing to participate
in QoL questionnaire studies, or clinicians are more likely to include fit patients. Third, approximately
40% of patients were excluded because baseline questionnaires were not filled out before start of
cancer treatment. Fourth, although the association model remained stable, due to limitations in the
sample size, multiple testing and some statistical uncertainty were introduced. To reduce this, the
Benjamini-Hochberg procedure was used. Fifth, adjustment for chemotherapy duration or change of
treatment was not feasible in delta subgroup analyses, as the number of patients and non-events (i.e.
non-death) decreased in the subgroups compared to the total cohort. Future studies with a larger
sample size are needed to investigate this newly found relation between QoL and survival more clearly.
In conclusion, in daily clinical practice for patients with pancreatic and periampullary carcinoma, QoL is
related to survival regardless of patient, tumor, and treatment characteristics. Overall happiness
(Happiness), summary score (EORTC QLQ-C30), and several functioning and symptom scale item scores
(EORTC QLQ-C30 and -PAN26) were predictive of survival. Baseline QoL scores were of prognostic value
for patients without resection, whereas delta QoL scores were predictive for the total cohort. In patients
with pancreatic or periampullary carcinoma, QoL may be the first indication of disease progression or
physical deterioration, even before clinical parameters detect such change. Given their additional
129
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prognostic value, PROMs may be used for different reasons in the clinical setting (i.e. shared decision
making, disease management/treatment, clinical prediction models, or stratification in trials).

ACKNOWLEDGEMENTS
The authors thank the registration team of the Netherlands Cancer Registry for their dedicated data
collection.

130

Relation between quality of life and survival

REFERENCES
1.

Carrato A, Falcone A, Ducreux M, Valle JW, Parnaby A, Djazouli K, et al. A Systematic Review of the Burden

of Pancreatic Cancer in Europe: Real-World Impact on Survival, Quality of Life and Costs. J Gastrointest Cancer.
2015;46(3):201-211.
2.

van Dijk SM, Heerkens HD, Tseng DSJ, Intven M, Molenaar IQ, van Santvoort HC. Systematic review on

the impact of pancreatoduodenectomy on quality of life in patients with pancreatic cancer. HPB : the official
journal of the International Hepato Pancreato Biliary Association. 2018;20(3):204-215.
3.

Heerkens HD, Tseng DS, Lips IM, van Santvoort HC, Vriens MR, Hagendoorn J, et al. Health-related quality

of life after pancreatic resection for malignancy. Br J Surg. 2016;103(3):257-266.
4.

Carter R, Stocken DD, Ghaneh P, Bramhall SR, Olah A, Kelemen D, et al. Longitudinal quality of life data

can provide insights on the impact of adjuvant treatment for pancreatic cancer-Subset analysis of the ESPAC-1
data. International journal of cancer. 2009;124(12):2960-2965.
5.

Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, Becouarn Y, et al. FOLFIRINOX versus

gemcitabine for metastatic pancreatic cancer. N Engl J Med. 2011;364(19):1817-1825.
6.

Gotay CC, Kawamoto CT, Bottomley A, Efficace F. The prognostic significance of patient-reported

outcomes in cancer clinical trials. Journal of clinical oncology : official journal of the American Society of Clinical
Oncology. 2008;26(8):1355-1363.
7.

Ediebah DE, Quinten C, Coens C, Ringash J, Dancey J, Zikos E, et al. Quality of life as a prognostic indicator

of survival: A pooled analysis of individual patient data from Canadian Cancer Trials Group clinical trials. Cancer.
2018.
8.

Pinheiro LC, Reeve BB. Investigating the prognostic ability of health-related quality of life on survival: a

prospective cohort study of adults with lung cancer. Supportive care in cancer : official journal of the Multinational
Association of Supportive Care in Cancer. 2018.
9.

Quinten C, Coens C, Mauer M, Comte S, Sprangers MA, Cleeland C, et al. Baseline quality of life as a

prognostic indicator of survival: a meta-analysis of individual patient data from EORTC clinical trials. The Lancet
Oncology. 2009;10(9):865-871.
10.

Quinten C, Maringwa J, Gotay CC, Martinelli F, Coens C, Reeve BB, et al. Patient self-reports of symptoms

and clinician ratings as predictors of overall cancer survival. Journal of the National Cancer Institute.
2011;103(24):1851-1858.
11.

Sternby Eilard M, Hagstrom H, Mortensen KE, Wilsgaard T, Vagnildhaug OM, Dajani O, et al. Quality of life

as a prognostic factor for survival in hepatocellular carcinoma. Liver international : official journal of the
International Association for the Study of the Liver. 2018;38(5):885-894.
12.

Gupta D, Lis CG, Grutsch JF. The European organization for research and treatment of cancer quality of

life questionnaire: implications for prognosis in pancreatic cancer. International journal of gastrointestinal cancer.
2006;37(2-3):65-73.
13.

Coebergh van den Braak RRJ, van Rijssen LB, van Kleef JJ, Vink GR, Berbee M, van Berge Henegouwen MI,

et al. Nationwide comprehensive gastro-intestinal cancer cohorts: the 3P initiative. Acta oncologica (Stockholm,
Sweden). 2018;57(2):195-202.
131

7

Chapter 7
14.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational
studies. International journal of surgery (London, England). 2014;12(12):1495-1499.
15.

Ter Veer E, van Rijssen LB, Besselink MG, Mali RMA, Berlin JD, Boeck S, et al. Consensus statement on

mandatory measurements in pancreatic cancer trials (COMM-PACT) for systemic treatment of unresectable
disease. The Lancet Oncology. 2018;19(3):e151-e160.
16.

Veenhoven R. How do we assess how happy we are? Tenets, implications and tenability of three theories.

In A. K. Dutt, & B. Radcliff (Eds.), Happiness, economics and politics: towards a multi-disciplinary approach.
Cheltenham UK: Edward Elger Publishers 2009. p. 45-69.
17.

Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization for

Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical trials in
oncology. J Natl Cancer Inst. 1993;85(5):365-376.
18.

Fitzsimmons D, Johnson CD, George S, Payne S, Sandberg AA, Bassi C, et al. Development of a disease

specific quality of life (QoL) questionnaire module to supplement the EORTC core cancer QoL questionnaire, the
QLQ-C30 in patients with pancreatic cancer. EORTC Study Group on Quality of Life. European journal of cancer
(Oxford, England : 1990). 1999;35(6):939-941.
19.

Gerritsen A, Jacobs M, Henselmans I, van Hattum J, Efficace F, Creemers GJ, et al. Developing a core set

of patient-reported outcomes in pancreatic cancer: A Delphi survey. European journal of cancer (Oxford, England
: 1990). 2016;57:68-77.
20.

van Rijssen LB, Gerritsen A, Henselmans I, Sprangers MA, Jacobs M, Bassi C, et al. Core Set of Patient-

reported Outcomes in Pancreatic Cancer (COPRAC): An International Delphi Study Among Patients and Health Care
Providers. Annals of surgery. 2019;270(1):158-164.
21.

Giesinger JM, Kieffer JM, Fayers PM, Groenvold M, Petersen MA, Scott NW, et al. Replication and

validation of higher order models demonstrated that a summary score for the EORTC QLQ-C30 is robust. Journal
of clinical epidemiology. 2016;69:79-88.
22.

Harel O. The estimation of R 2 and adjusted R 2 in incomplete data sets using multiple imputation. Journal

of Applied Statistics. 2009;36(10):1109-1118.
23.

Montazeri A. Quality of life data as prognostic indicators of survival in cancer patients: an overview of the

literature from 1982 to 2008. Health and quality of life outcomes. 2009;7:102.
24.

Cobo-Cuenca AI, Martin-Espinosa NM, Rodriguez-Borrego MA, Carmona-Torres JM. Determinants of

satisfaction with life and self-esteem in women with breast cancer. Quality of life research : an international journal
of quality of life aspects of treatment, care and rehabilitation. 2019;28(2):379-387.
25.

Hamdan-Mansour AM, Al Abeiat DD, Alzoghaibi IN, Ghannam BM, Hanouneh SI. Psychosocial and

sociodemographic correlates of life satisfaction among patients diagnosed with cancer in Jordan. Journal of cancer
education : the official journal of the American Association for Cancer Education. 2015;30(1):31-36.
26.

Romain B, Rohmer O, Schimchowitsch S, Hubner M, Delhorme JB, Brigand C, et al. Influence of

preoperative life satisfaction on recovery and outcomes after colorectal cancer surgery - a prospective pilot study.
Health and quality of life outcomes. 2018;16(1):16.
132

Relation between quality of life and survival
27.

Nathan H, Yin H, Wong SL. Postoperative Complications and Long-Term Survival After Complex Cancer

Resection. Annals of surgical oncology. 2017;24(3):638-644.
28.

Massie MJ. Prevalence of depression in patients with cancer. Journal of the National Cancer Institute

Monographs. 2004(32):57-71.
29.

Wang XD, Qian JJ, Bai DS, Li ZN, Jiang GQ, Yao J. Marital status independently predicts pancreatic cancer

survival in patients treated with surgical resection: an analysis of the SEER database. Oncotarget.
2016;7(17):24880-24887.
30.

Ayaz-Alkaya S. Overview of psychosocial problems in individuals with stoma: A review of literature.

International wound journal. 2019;16(1):243-249.
31.

Miaja M, Platas A, Martinez-Cannon BA. Psychological Impact of Alterations in Sexuality, Fertility, and

Body Image in Young Breast Cancer Patients and Their Partners. Revista de investigacion clinica; organo del
Hospital de Enfermedades de la Nutricion. 2017;69(4):204-209.
32.

Dengso KE, Tjornhoj-Thomsen T, Dalton SO, Christensen BM, Hillingso J, Thomsen T. Gut disruption

impairs rehabilitation in patients curatively operated for pancreaticoduodenal cancer - a qualitative study. BMC
cancer. 2018;18(1):1017.
33.

Hou YC, Wang CJ, Chao YJ, Chen HY, Wang HC, Tung HL, et al. Elevated Serum Interleukin-8 Level

Correlates with Cancer-Related Cachexia and Sarcopenia: An Indicator for Pancreatic Cancer Outcomes. Journal of
clinical medicine. 2018;7(12).
34.

Mueller TC, Burmeister MA, Bachmann J, Martignoni ME. Cachexia and pancreatic cancer: are there

treatment options? World journal of gastroenterology. 2014;20(28):9361-9373.
35.

Tan CR, Yaffee PM, Jamil LH, Lo SK, Nissen N, Pandol SJ, et al. Pancreatic cancer cachexia: a review of

mechanisms and therapeutics. Frontiers in physiology. 2014;5:88.
36.

Robinson DW, Jr., Eisenberg DF, Cella D, Zhao N, de Boer C, DeWitte M. The prognostic significance of

patient-reported outcomes in pancreatic cancer cachexia. The journal of supportive oncology. 2008;6(6):283-290.
37.

Blazeby JM, Brookes ST, Alderson D. The prognostic value of quality of life scores during treatment for

oesophageal cancer. Gut. 2001;49(2):227-230.
38.

Sharma A, Walker LG, Monson JR. Baseline quality of life factors predict long term survival after elective

resection for colorectal cancer. International journal of surgical oncology. 2013;2013:269510.
39.

Sikkens EC, Cahen DL, de Wit J, Looman CW, van Eijck C, Bruno MJ. A prospective assessment of the

natural course of the exocrine pancreatic function in patients with a pancreatic head tumor. Journal of clinical
gastroenterology. 2014;48(5):e43-46.
40.

Landers A, Muircroft W, Brown H. Pancreatic enzyme replacement therapy (PERT) for malabsorption in

patients with metastatic pancreatic cancer. BMJ supportive & palliative care. 2016;6(1):75-79.
41.

Dominguez-Munoz JE, Nieto-Garcia L, Lopez-Diaz J, Larino-Noia J, Abdulkader I, Iglesias-Garcia J. Impact

of the treatment of pancreatic exocrine insufficiency on survival of patients with unresectable pancreatic cancer:
a retrospective analysis. BMC cancer. 2018;18(1):534.
42.

Eton DT, Fairclough DL, Cella D, Yount SE, Bonomi P, Johnson DH. Early change in patient-reported health

during lung cancer chemotherapy predicts clinical outcomes beyond those predicted by baseline report: results
133

7

Chapter 7
from Eastern Cooperative Oncology Group Study 5592. Journal of clinical oncology : official journal of the American
Society of Clinical Oncology. 2003;21(8):1536-1543.
43.

Fang FM, Liu YT, Tang Y, Wang CJ, Ko SF. Quality of life as a survival predictor for patients with advanced

head and neck carcinoma treated with radiotherapy. Cancer. 2004;100(2):425-432.
44.

van den Boorn HG, Engelhardt EG, van Kleef J, Sprangers MAG, van Oijen MGH, Abu-Hanna A, et al.

Prediction models for patients with esophageal or gastric cancer: A systematic review and meta-analysis. PloS one.
2018;13(2):e0192310.
45.

DuMontier C, Clough-Gorr KM, Silliman RA, Stuck AE, Moser A. Health-Related Quality of Life in a

Predictive Model for Mortality in Older Breast Cancer Survivors. Journal of the American Geriatrics Society.
2018;66(6):1115-1122.
46.

van der Geest LGM, Lemmens V, de Hingh I, van Laarhoven C, Bollen TL, Nio CY, et al. Nationwide

outcomes in patients undergoing surgical exploration without resection for pancreatic cancer. The British journal
of surgery. 2017;104(11):1568-1577.
47.

van Erning FN, Mackay TM, van der Geest LGM, Groot Koerkamp B, van Laarhoven HWM, Bonsing BA, et

al. Association of the location of pancreatic ductal adenocarcinoma (head, body, tail) with tumor stage, treatment,
and survival: a population-based analysis. Acta oncologica (Stockholm, Sweden). 2018;57(12):1655-1662.
48.

Zijlstra M, van der Geest LGM, van Laarhoven HWM, Lemmens V, van de Poll-Franse LV, Raijmakers NJH.

Patient characteristics and treatment considerations in pancreatic cancer: a population based study in the
Netherlands. Acta oncologica (Stockholm, Sweden). 2018;57(9):1185-1191.

134

Relation between quality of life and survival

SUPPLEMENTARY MATERIAL
Supplementary Table S1. Uni- and multivariable analysis of the relation between baseline QoL scores with overall
mortality of patients who underwent resection for pancreatic and periampullary adenocarcinoma
Univariable*

Multivariable*#

Adjusted
Adjusted
QoL scores
HR (95% CI)
P value P value
HR (95% CI)
P value
P value
Happiness
Item one
0.99 (0.81-1.22)
0.945
0.973
Item two
1.01 (0.87-1.16)
0.932
0.973
Item three
0.99 (0.87-1.13)
0.858
0.965
Item four
0.92 (0.79-1.06)
0.249
0.932
EORTC QLQ-C30
Summary score
1.00 (0.98-1.03)
0.843
0.965
Global health status
1.01 (0.99-1.03)
0.203
0.914
Physical functioning
1.01 (1.00-1.03)
0.132
0.713
Role functioning
1.00 (0.98-1.01)
0.491
0.932
Emotional functioning
1.00 (0.98-1.01)
0.656
0.932
Cognitive functioning
1.00 (0.98-1.01)
0.646
0.932
Social functioning
1.00 (0.99-1.02)
0.714
0.964
Fatigue
1.00 (0.99-1.02)
0.634
0.932
Nausea and vomiting
0.99 (0.97-1.01)
0.412
0.932
Pain
1.00 (0.98-1.01)
0.412
0.932
Dyspnea
1.00 (0.99-1.02)
0.973
0.973
Insomnia
1.00 (0.99-1.01)
0.811
0.965
Appetite loss
1.00 (0.99-1.01)
0.627
0.932
Constipation
0.99 (0.98-1.00)
0.118
0.713
Diarrhea
1.00 (0.98-1.01)
0.574
0.932
Financial difficulties
1.01 (0.99-1.04)
0.309
0.932
EORTC QLQ-PAN26
Pancreatic pain
1.00 (0.98-1.01)
0.607
0.932
Digestive complaints
0.99 (0.97-1.00)
0.051
0.713
Hepatic symptoms
1.00 (0.99-1.01)
0.494
0.932
Body image
0.99 (0.97-1.00)
0.119
0.713
Healthcare satisfaction
1.00 (0.99-1.01)
0.540
0.932
Altered bowel habit
0.99 (0.98-1.00)
0.084
0.713
Sexuality
1.00 (0.99-1.01)
0.788
0.965
HR = hazard ratio, CI = confidence interval, QoL = quality of life, EORTC = European Organization for Research and
Treatment of Cancer, QLQ = quality of life questionnaire. Item one = satisfaction with one’s life as a whole. Item
two = happiness today. Item three = happiness during the last month. Item four = where one feels to personally
stand at present on a ladder from worst to best possible life. Bold in univariable analysis indicates use of variable
in multivariable analysis. Bold in multivariable analysis indicates statistical significance after backward step
selection.
*
Adjusted for sex, age, BMI, ECOG performance status, tumor topography, tumor stage, and type of
chemotherapy.
#
Not adjusted for QoL scores from the other two other questionnaires.
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Supplementary Table S2. Uni- and multivariable analysis of the relation between baseline QoL scores with overall
mortality of patients without resection for pancreatic and periampullary adenocarcinoma
Univariable*
Adjusted
P value P value

Multivariable*#

Adjusted
QoL scores
HR (95% CI)
HR (95% CI)
P value P value
Happiness
Item one
0.86 (0.77-0.95)
0.004
0.010
0.86 (0.77-0.95)
0.004
0.006
Item two
0.89 (0.81-0.99)
0.006
0.014
Item three
0.94 (0.85-1.01)
0.293
0.360
Item four
0.89 (0.80-0.99)
0.035
0.056
EORTC QLQ-C30
Summary score
0.97 (0.95-0.98)
<0.001 <0.001
1.07 (1.02-1.11)
0.004
0.006
Global health status
0.98 (0.97-0.99)
0.001
0.003
Physical functioning
0.98 (0.97-0.99)
<0.001 <0.001
0.98 (0.96-0.99)
0.003
0.006
Role functioning
0.99 (0.98-1.00)
0.004
0.010
Emotional functioning
0.99 (0.98-1.00)
0.068
0.097
Cognitive functioning
0.98 (0.98-0.99)
<0.001 <0.001
0.99 (0.97-0.99)
0.029
0.029
Social functioning
0.99 (0.98-1.00)
0.020
0.039
Fatigue
1.02 (1.01-1.03)
<0.001 <0.001
1.02 (1.01-1.04)
0.004
0.006
Nausea and vomiting
1.01 (1.00-1.02)
0.052
0.078
Pain
1.02 (1.01-1.02)
<0.001 <0.001
1.01 (1.00-1.02)
0.018
0.020
Dyspnea
1.00 (0.99-1.01)
0.715
0.715
Insomnia
1.00 (0.99-1.01)
0.710
0.715
Appetite loss
1.01 (1.00-1.01)
0.097
0.131
Constipation
1.01 (1.01-1.02)
0.001
0.003
1.02 (1.01-1.03)
<0.001 <0.001
Diarrhea
1.01 (1.00-1.02)
0.024
0.043
1.01 (1.00-1.02)
0.015
0.019
Financial difficulties
1.00 (0.99-1.01)
0.671
0.715
EORTC QLQ-PAN26
Pancreatic pain
1.02 (1.01-1.03)
<0.001 <0.001
1.02 (1.01-1.03)
<0.001 <0.001
Digestive complaints
1.01 (1.00-1.02)
0.012
0.025
Hepatic symptoms
1.00 (0.99-1.01)
0.398
0.467
Body image
1.01 (1.00-1.02)
0.004
0.010
1.01 (1.00-1.02)
0.002
0.006
Healthcare satisfaction
1.00 (1.00-1.01)
0.540
0.608
Altered bowel habit
1.01 (1.00-1.02)
0.035
0.056
Sexuality
1.00 (0.99-1.01)
0.233
0.300
HR = hazard ratio, CI = confidence interval, QoL = quality of life, EORTC = European Organization for Research and
Treatment of Cancer, QLQ = quality of life questionnaire. Item one = satisfaction with one’s life as a whole. Item
two = happiness today. Item three = happiness during the last month. Item four = where one feels to personally
stand at present on a ladder from worst to best possible life. Bold in univariable analysis indicates use of variable
in multivariable analysis. Bold in multivariable analysis indicates statistical significance after backward step
selection.
*
Adjusted for sex, age, BMI, ECOG performance status, tumor topography, tumor stage, and type of
chemotherapy.
#
Not adjusted for QoL scores from the other two other questionnaires.
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Supplementary Table S3. Uni- and multivariable analysis of the relation between delta QoL scores with overall
mortality of patients who underwent resection for pancreatic and periampullary adenocarcinoma
Univariable*

Multivariable*#

Adjusted
P value P value

Adjusted
QoL scores
HR (95% CI)
HR (95% CI)
P value P value
Happiness
Item one
0.94 (0.75-1.17)
0.563
0.813
Item two
0.97 (0.76-1.25)
0.815
0.842
Item three
0.98 (0.80-1.20)
0.835
0.842
Item four
1.10 (0.91-1.33)
0.333
0.692
EORTC QLQ-C30
Summary score
1.02 (0.98-1.06)
0.299
0.680
Global health status
1.00 (0.98-1.02)
0.647
0.813
Physical functioning
0.98 (0.96-1.01)
0.141
0.476
Role functioning
0.99 (0.97-1.01)
0.302
0.680
Emotional functioning
1.02 (1.00-1.05)
0.062
0.476
Cognitive functioning
0.98 (0.96-1.01)
0.168
0.504
Social functioning
1.00 (0.99-1.02)
0.666
0.813
Fatigue
1.00 (0.98-1.02)
0.723
0.813
Nausea and vomiting
0.97 (0.94-1.00)
0.071
0.476
Pain
1.00 (0.99-1.02)
0.707
0.813
Dyspnea
0.97 (0.95-1.00)
0.092
0.476
Insomnia
0.99 (0.97-1.01)
0.478
0.807
Appetite loss
0.99 (0.97-1.00)
0.073
0.476
Constipation
0.99 (0.98-1.01)
0.508
0.807
Diarrhea
0.99 (0.97-1.00)
0.121
0.476
Financial difficulties
0.99 (0.96-1.02)
0.467
0.807
EORTC QLQ-PAN26
Pancreatic pain
1.00 (0.97-1.02)
0.663
0.813
Digestive complaints
1.01 (0.99-1.03)
0.273
0.680
Hepatic symptoms
0.98 (0.95-1.01)
0.138
0.476
Body image
1.01 (0.99-1.02)
0.466
0.807
Healthcare satisfaction
0.99 (0.97-1.00)
0.111
0.476
Altered bowel habit
1.00 (0.99-1.02)
0.702
0.813
Sexuality
1.00 (0.99-1.01)
0.842
0.842
HR = hazard ratio, CI = confidence interval, QoL = quality of life, EORTC = European Organization for Research and
Treatment of Cancer, QLQ = quality of life questionnaire. Item one = satisfaction with one’s life as a whole. Item
two = happiness today. Item three = happiness during the last month. Item four = where one feels to personally
stand at present on a ladder from worst to best possible life. Bold in univariable analysis indicates use of variable
in multivariable analysis. Bold in multivariable analysis indicates statistical significance after backward step
selection.
*
Adjusted for baseline score, sex, age, BMI, tumor topography, tumor stage, and type of chemotherapy; not for
ECOG performance status as 96.2% of patients had ECOG I-II.
#
Not adjusted for QoL scores from the other two other questionnaires.
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Supplementary Table S4. Uni- and multivariable analysis of the relation between delta QoL scores with overall
mortality of patients without resection for pancreatic and periampullary adenocarcinoma
Univariable*
Adjusted
P value P value

Multivariable*#

Adjusted
QoL scores
HR (95% CI)
HR (95% CI)
P value P value
Happiness
Item one
0.92 (0.78-1.08)
0.311
0.881
Item two
0.96 (0.80-1.15)
0.684
0.924
Item three
0.95 (0.78-1.15)
0.570
0.924
Item four
1.00 (0.84-1.20)
0.960
0.974
EORTC QLQ-C30
Summary score
1.01 (0.98-1.04)
0.684
0.924
Global health status
0.99 (0.97-1.01)
0.230
0.881
Physical functioning
1.01 (0.99-1.03)
0.591
0.924
Role functioning
1.01 (0.98-1.02)
0.359
0.881
Emotional functioning
1.01 (0.99-1.03)
0.345
0.881
Cognitive functioning
1.00 (0.98-1.02)
0.974
0.974
Social functioning
1.01 (0.99-1.03)
0.336
0.881
Fatigue
1.00 (0.98-1.02)
0.941
0.974
Nausea and vomiting
1.01 (0.99-1.03)
0.309
0.881
Pain
1.01 (1.00-1.02)
0.107
0.772
Dyspnea
1.00 (0.98-1.02)
0.725
0.924
Insomnia
1.00 (0.98-1.01)
0.535
0.924
Appetite loss
1.00 (0.99-1.01)
0.819
0.933
Constipation
1.02 (1.00-1.03)
0.013
0.351
Diarrhea
1.00 (0.99-1.01)
0.829
0.932
Financial difficulties
0.98 (0.96-1.00)
0.079
0.711
EORTC QLQ-PAN26
Pancreatic pain
1.01 (0.99-1.03)
0.333
0.881
Digestive complaints
1.01 (0.99-1.02)
0.552
0.924
Hepatic symptoms
1.00 (0.98-1.03)
0.753
0.924
Body image
1.00 (0.98-1.01)
0.554
0.924
Healthcare satisfaction
1.00 (0.99-1.01)
0.600
0.924
Altered bowel habit
1.00 (0.99-1.01)
0.740
0.924
Sexuality
1.01 (1.00-1.02)
0.063
0.711
HR = hazard ratio, CI = confidence interval, QoL = quality of life, EORTC = European Organization for Research and
Treatment of Cancer, QLQ = quality of life questionnaire. Item one = satisfaction with one’s life as a whole. Item
two = happiness today. Item three = happiness during the last month. Item four = where one feels to personally
stand at present on a ladder from worst to best possible life. Bold in univariable analysis indicates use of variable
in multivariable analysis. Bold in multivariable analysis indicates statistical significance after backward step
selection.
*
Adjusted for baseline score, sex, age, BMI, tumor topography, tumor stage, and type of chemotherapy; not for
ECOG performance status as 87.7% of patients had ECOG I-II.
#
Not adjusted for QoL scores from the other two other questionnaires.
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ABSTRACT
Introduction: Guidelines advise self-expanding metal stents (SEMS) over plastic stents for preoperative
endoscopic biliary drainage (EBD) in malignant extrahepatic biliary obstruction. This study assessed the
current nationwide practice and outcomes of EBD.
Methods: All patients diagnosed with pancreatic head and periampullary cancer who underwent EBD
before pancreatoduodenectomy were included from the mandatory Dutch Pancreatic Cancer Audit
(2017-2018). Multivariable logistic and linear regression models were performed.
Results: In total, 575 of 1056 (54·4 per cent) patients underwent EBD. This included 246 (42·8 per cent)
SEMS and 329 (57·2 per cent) plastic stents. SEMS placement varied from 0-77·1 per cent between
pancreatic centres (P<0·001). EBD-related complications were comparable between SEMS and plastic
stents (17·9 versus 19·5 per cent, P=0·607), including pancreatitis (8·9 versus 7·6 per cent, P=0·387).
EBD-related cholangitis was reduced after SEMS placement (4·1 versus 9·7 per cent, P=0·043), which
was confirmed in multivariable analysis (OR 0·36, 95 per cent c.i. 0·15-0·87, P=0·023). Major
postoperative complications did not differ (23·6 versus 27·4 per cent, P=0·316), whereas both the rate
of postoperative pancreatic fistula (9·8 versus 18·5 per cent, P=0·004; multivariable analysis: OR 0·50,
95 per cent c.i. 0·27-0·94, P=0·031) and hospital stay (14·0 days versus 17·4 days, P=0·005; multivariable
analysis B -2·86, 95 per cent c.i. -5,16--0·57, P=0·014) were less after SEMS placement.
Conclusion: Plastic stents were frequently placed during EBD prior to pancreatoduodenectomy. SEMS
placement was associated with lower risks of cholangitis, less postoperative pancreatic fistula, and
shorter postoperative hospital stay but not with an increased risk of pancreatitis.
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INTRODUCTION
Patients with resectable pancreatic head and periampullary cancer may require preoperative
endoscopic biliary drainage (EBD) due to extrahepatic bile duct obstruction. Early surgery is, however,
preferred, as this is associated with fewer perioperative complications compared to preoperative EBD.1
Indications for EBD include cholangitis, severe jaundice, long waiting times for surgery, and the use of
neoadjuvant therapy, which is an rapidly emerging indication for longer-term EBD.2–4
Historically, EBD is performed by placement of a plastic stent, which has to be replaced every three
months to prevent stent occlusion. In the recently updated European Society of Gastrointestinal
Endoscopy Clinical Guideline, self-expanding metal stent (SEMS) placement is recommended in case of
preoperative EBD of malignant extrahepatic biliary obstruction.2 A previous study showed an increased
risk of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis which could be
interpreted as a potential downside of SEMS placement.5 Plastic stents are still frequently used,
however, possibly because of lower upfront costs. Nationwide studies assessing clinical practices and
outcomes of EBD with SEMS or plastic stents in pancreatic head and periampullary cancer are lacking.
The aim of this study was to assess the use of SEMS on a nationwide scale in daily clinical practice in
patients with pancreatic head and periampullary cancer undergoing preoperative EBD and to determine
the relation between type of stent and EBD-related complications and postoperative outcomes.

METHODS
Patients and design
This nationwide, retrospective cohort study included all patients with a pancreatic ductal
adenocarcinoma, distal cholangiocarcinoma, duodenal adenocarcinoma, and ampulla of Vater
adenocarcinoma who underwent pancreatoduodenectomy (PD) between January 2017 and December
2018 after EBD in the Netherlands. In general, biliary drainage was considered indicated in patients with
clinical suspicion of cholangitis (characterized by fever, abdominal pain and/or jaundice), severe
jaundice (bilirubin concentration ≥250 µmol/L), or mild jaundice (>25 µmol/L) before commencing
neoadjuvant chemotherapy. EBD was also indicated for bilirubin <250 µmol/L if the waiting time for
surgery exceeded 3 weeks and it was anticipated that the bilirubin might be above ≥250 µmol/L at time
of surgery. Procedures concerning EBD and stent placement were performed according to local
protocol. Prevention of post-ERCP pancreatitis exists of rectal nonsteroidal anti-inflammatory drug
administration and in case of manipulation of the pancreatic duct, a 5 Fr plastic stent is placed in the
pancreatic duct. Patients with percutaneous biliary drainage were excluded. Patients were identified
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from the Dutch Pancreatic Cancer Audit (DPCA), a nationwide, mandatory, prospective audit of
pancreatic surgery. The surgeons of each centre registered data. Since 2017, several variables
containing information about preoperative EBD and stents were added to the DPCA. All 17 pancreatic
centres in the Netherlands performing pancreatic surgery participate in this audit. Annually, each centre
is required to perform at least 20 PDs. Data are registered anonymously and evaluated retrospectively.
This study is reported in accordance with the STROBE guidelines.6
Data collection
Patient-, tumour-, and treatment characteristics were collected. Center of stent placement was not
registered, but centre of surgery (pancreatic centre) was. Therefore, pancreatic centres represent stent
placements from the centre itself and from regional centres referring to the pancreatic centre. Dates of
the final multidisciplinary team (MDT) meeting in pancreatic centres and of drainage were available as
well as type of stent and EBD-related complications. No other data about stent replacement were
available. Postoperative outcomes were postoperative complications, in-hospital mortality, length of
hospital stay, and readmissions within 30 days after discharge.
Definitions
Data from patients with pancreatic head and periampullary cancer were pooled in this study. Site of
origin was categorized into pancreas, distal bile duct, ampulla of Vater, or duodenum or other. Type of
stent was SEMS versus plastic stent. SEMS were categorized into fully covered SEMS and uncovered
SEMS. Neoadjuvant therapy was chemo(radio)therapy, mostly given within a randomized trial.
Preoperative pathological confirmation was obtained by duodenoscopy with biopsy, ERCP with brush,
or endoscopic ultrasound guided puncture of the primary tumour. PD included pylorus-preserving PD,
pylorus-resecting PD, and classical Whipple. EBD-related complications included pancreatitis,
cholangitis, stent occlusion, perforation of the bile duct or duodenum, and haemorrhage. These
complications were registered accordingly to judgement of the local physicians. It was documented
whether reinterventions (radiological or endoscopic) were performed for any EBD-related complication.
All postoperative complications during hospital admission or up to 30 days after resection were also
registered. Major postoperative complications were defined as a Clavien-Dindo score ≥3·7 Pancreatic
surgery specific complications (i.e. postoperative pancreatic fistula, delayed gastric emptying, postpancreatectomy haemorrhage, and chyle leak) were defined by the International Study Group on
Pancreatic Surgery (ISGPS) and scored in three groups of severity.8–11 Bile leakage was scored
accordingly as was defined by the International Study Group of Liver Surgery.12 Grade B and C graded
complications were considered clinically relevant. Reintervention for a postoperative complication was
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categorized as an endoscopic, radiological, or surgical intervention. Exact details about the type of
reintervention were not registered.
Statistical analysis
Missing data (range 0-24 per cent) were imputed by multiple imputation with predictive mean matching
in which 25 dummy sets were created. Age, sex, hospital of treatment, date of drainage and date of
MDT meeting were not imputed, because only a selected number of variables could be imputed.
Patients with missing data in age, sex and hospital of treatment were excluded for further analyses.
Baseline characteristics were presented using descriptive statistics. Normally distributed continuous
data were compared using a Students t-test and presented as means with standard errors (SE). Nonnormally distributed continuous data were compared using the Mann Whitney U test and presented as
medians with interquartile ranges (IQR). Categorical data were presented as frequencies with
percentages and compared using the Chi-square test or with the Fisher’s exact test if the expected count
was less than 5· To determine the association between type of stent and EBD-related complications or
postoperative outcomes that differed statistically significantly between the plastic stent and SEMS
group, we performed multivariable logistic or linear regression models, adjusted for patient
characteristics, differences in baseline data and other potential risk factors per specific outcome.
Postoperative outcomes were also adjusted for hospital volume. The patient characteristics were age,
sex, body mass index (BMI), and American Society of Anaesthesiologists (ASA) score. Potential risk
factors were found for postoperative pancreatic fistula, specifically BMI, pancreatic texture, and
pancreatic duct diameter.13 The results were reported as the odds ratio (OR) with corresponding 95 per
cent confidence interval (c.i.) in logistic regression or as the regression coefficient (B) with
corresponding 95 per cent c.i. in linear regression. All P-values were based on a 2-sided test and P-values
of <0·05 were considered statistically significant. Data were analysed using IBM SPSS Statistics for
Windows version 25 (IBM Corp., Armong, N.Y., USA) and R version 3·4·3 (cran.r-project.org).

RESULTS
In total, 1056 patients underwent PD for pancreatic head and periampullary cancer in 2017 and 2018
(Figure 1). In 655 patients (62·0 per cent) preoperative biliary drainage was performed, of whom 73
patients were excluded because the method of drainage was unknown or occurred percutaneously due
to ERCP failure or technical impossibilities to perform EBD (e.g. after gastric bypass). Of the remaining
582 patients, 7 patients were excluded because of missing data in age, sex, and hospital of treatment.
The final cohort undergoing EBD existed of 575 patients (54·4 per cent). Missing data were randomly
distributed between the pancreatic centres. Baseline characteristics after multiple imputation are
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demonstrated in Table 1. All 17 pancreatic centres performed ≥20 PDs annually, of which eight centres
performed ≥40 PDs annually.

Figure 1. Flow chart of endoscopic biliary drainage in patients who underwent pancreatoduodenectomy for
pancreatic head and periampullary cancer in 2017 and 2018 in the Netherlands.

Type of stent
SEMS were placed in 246 of 575 patients (42·8 per cent) and plastic stents in 329 patients (57·2 per
cent). The use of SEMS varied from zero to 77·1 per cent between pancreatic centres (Figure 2, P<0·001).
Of all SEMS, 196 were covered (79·7 per cent) and 50 were uncovered (20·3 per cent). Timing of stent
placement relative to the date of the MDT meeting was analysed in 493 patients (non-imputed data).
The majority of patients (n=343, 69·6 per cent) had EBD before being discussed in the MDT meeting of
a pancreatic centre. From these 343 patients, 215 (62·7 per cent) received plastic stents compared to
64 out of 150 patients (42·7 per cent) after the MDT meeting in a pancreatic centre (P<0·001).
Patients with SEMS had higher ASA scores, more often a fibrotic/hard pancreatic texture during surgical
exploration, were more often treated with neoadjuvant therapy and the site of origin was more often
the pancreas compared to patients with plastic stents (Table 1). Of all patients with neoadjuvant
therapy, 31 patients (64·6 per cent) received a SEMS. Time to surgery after stent placement was shorter
for patients with SEMS compared to patients with plastic stents after excluding patients with
neoadjuvant therapy (non-imputed data: 27·0 (21·0-41·0) versus 37·5 (25·0-53·0) days, P<0·001).
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Table 1. Baseline characteristics
All patients
(n = 575)
68 (0·4)
315 (54·8)
25·3 (0·2)

SEMS*
(n =246)
68 (0·6)
136 (55·3)
24·9 (0·3)

Plastic stents
(n =329)
67 (0·6)
179 (54·4)
25·6 (0·3)

Pooled
P-value
0·117
0·784
0·074
0·001

Age, mean (SE)
Male
BMI*, mean (SE)
ASA score*
I and II
419 (72·9)
162 (65·9)
257 (78·1)
III and IV
156 (27·1)
84 (34·1)
72 (21·9)
Comorbidity
0·098
Liver cirrhosis
10 (1·7)
7 (2·8)
3 (0·9)
Pancreatitis
24 (4·2)
7 (2·8)
17 (5·2)
Site of origin
0·008
Pancreas
310 (53·9)
155 (63·0)
156 (47·4)
Distal bile duct
152 (26·4)
57 (23·2)
96 (29·2)
Ampulla of Vater
99 (17·2)
30 (12·2)
68 (20·7)
Duodenum or other
14 (2·4)
5 (2·0)
9 (2·7)
Diameter pancreatic duct, mean (SE)
4·6 (0·1)
4·8 (0·2)
4·4 (0·2)
0·095
Preoperative cytological or
0·328
histological examination
201 (35·0)
95 (38·6)
106 (32·2)
Endoscopy with biopsy
289 (50·3)
115 (46·7)
174 (53·2)
ERCP* and brush
13 (2·3)
4 (1·6)
10 (3·0)
Other
Type stent
NA
Covered
196 (79·7)
Uncovered
50 (20·3)
Neoadjuvant therapy
48 (8·3)
31 (12·6)
17 (5·2)
0·011
Hospital volume
<0·001
<40 PDs annually
201 (35·0)
55 (22·4)
146 (44·4)
≥40 PDs annually
374 (65·0)
191 (77·6)
183 (55·6)
Time to surgery#, days, median (IQR)
32·0 (22·0-48·0) 27·0 (21·0-41·0)
37·5 (25·0-53·0)
<0·001
Pancreatic texture during surgery
0·001
Normal/soft
331 (57·6)
121 (49·2)
209 (63·5)
Fibrotic/hard
244 (42·4)
125 (50·8)
119 (36·2)
Values in parentheses are percentages. Bold numbers indicate statistical significance; numbers in the SEMS and
plastic stent group do not always equal the total cohort, because of rounding due to the imputation.
* SEMS: self-expandable metal stents, BMI: body mass index, ASA score: American Society of Anaesthesiologists
score, NA: not applicable, ERCP: endoscopic retrograde cholangio- and pancreatography, PD:
pancreatoduodenectomie
# Only in patients without neoadjuvant chemotherapy and based on non-imputed data: 414 patients in overall
group, 240 patients in plastic stent group, and 174 in SEMS group
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Figure 2. Variation in nationwide use of SEMS and plastic stents in 2017-2018 for endoscopic biliary drainage in
patients undergoing pancreatoduodenectomy for pancreatic head and periampullary cancer in 17 pancreatic
centres in the Netherlands.
The numbers in the bar charts represent the actual numbers of placed stents per pancreatic centre. Stents could
be placed either in the referring centre or the pancreatic centre.

Endoscopic biliary drainage-related complications
The rate of any complication after EBD was comparable in both stent groups (17·9 versus 19·5 per cent
for SEMS and plastic stents respectively, P=0·607). EBD-related cholangitis occurred statistically
significantly less often in patients with SEMS compared to plastic stents (10 patients (4·1 per cent) versus
32 patients (9·7 per cent), P=0·043, Table 2).
Table 2. Complications related to endoscopic biliary drainage
All patients (n = 575)
SEMS* (n =246)
Plastic stents (n =329)
Pooled P-value
Any complication
107 (18·6)
44 (17·9)
64 (19·5)
0·607
Pancreatitis
47 (8·2)
22 (8·9)
25 (7·6)
0·387
Cholangitis
43 (7·5)
10 (4·1)
32 (9·7)
0·043
Perforation
16 (2·8)
3 (1·2)
13 (4·0)
0·120
Haemorrhage
23 (4·0)
8 (3·3)
15 (4·6)
0·365
Occlusion
38 (6·6)
11 (4·5)
27 (8·2)
0·173
Reintervention
54 (9·4)
22 (8·9)
32 (9·7)
0·584
Values in parentheses are percentages. Bold numbers indicate statistical significance; numbers in the SEMS and
plastic stent group do not always equal the total cohort, because of rounding due to the imputation.
* SEMS: self-expandable metal stents

Post-ERCP pancreatitis occurred in 22 patients (8·9 per cent) with SEMS and 25 patients (7·6 per cent)
with plastic stents (P=0·387). Reintervention (endoscopic or radiological) was required in 22 patients
(8·9 per cent) of the SEMS group and 32 patients (9·7 per cent) of the plastic stent group (P=0·584). In
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multivariable logistic regression, adjusted for patient characteristics (i.e. age, sex, BMI, and ASA score),
site of origin, and neoadjuvant therapy, SEMS were associated with a lower OR of cholangitis (OR 0·36,
95 per cent c.i. 0·15-0·87, P=0·023, Figure 3A) compared to plastic stents. The rate of any complication
after EBD, pancreatitis, cholangitis, perforation, haemorrhage, occlusion, and reintervention for
complications did not differ between the covered and uncovered SEMS (See Supplementary Table 1).
Postoperative outcomes after pancreatoduodenectomy
Patients with SEMS and plastic stents had similar rates of major postoperative complications (58
patients (23·6 per cent) versus 90 patients (27·4 per cent), P=0·316, Table 3).
Table 3. Postoperative outcomes
All patients
(n = 575)
148 (25·7)
363 (63·1)

SEMS*
(n =246)
58 (23·6)
161 (65·4)

Plastic stents
(n =329)
90 (27·4)
202 (61·4)

Pooled
P-value
0·316
0·397

Major postoperative complication
Any complication during hospital
admission/30 days after surgery
Postoperative pancreatic fistula,
85 (14·8)
24 (9·8)
61 (18·5)
0·004
grade B/C*
Delayed gastric emptying, grade
110 (19·1)
39 (15·9)
72 (21·9)
0·100
B/C*
Post pancreatectomy
33 (5·7)
11 (4·5)
23 (7·0)
0·236
haemorrhage, grade B/C*
Bile leakage, grade B/C*
25 (4·3)
13 (5·3)
12 (3·6)
0·351
Chyle leak, grade B/C*
44 (7·7)
18 (7·3)
25 (7·6)
0·776
Pneumonia
34 (5·9)
18 (7·3)
16 (4·9)
0·245
Wound infection
89 (15·5)
41 (16·7)
48 (14·6)
0·487
Intensive care unit admission*
49 (8·5)
20 (8·1)
29 (8·8)
0·652
Reintervention
141 (24·5)
54 (22·0)
87 (26·4)
0·211
Endoscopic
26 (5·2)
13 (5·3)
14 (4·3)
0·553
Radiological
109 (19·0)
40 (16·3)
69 (21·0)
0·164
Reoperation
40 (7·0)
15 (6·1)
25 (7·6)
0·529
In-hospital mortality
8 (1·4)
4 (1·6)
4 (1·2)
0·603
Length of hospital stay, mean (SE)*
16·0 (0·6)
14·0 (0·6)
17·4 (1·0)
0·005
Readmission within 30 days after
80 (13·9)
32 (13·0)
48 (14·6)
0·598
discharge
Values in parentheses are percentages. Bold numbers indicate statistical significance; numbers in the SEMS and
plastic stent group do not always equal the total cohort, because of rounding due to the imputation.
* SEMS: self-expandable metal stents

Major postoperative complications occurred in all 43 patients who had EBD-related cholangitis (100 per
cent) and in 181 patients who did not have EBD-related cholangitis (34·0 per cent, P<0·001). The
proportion of patients with postoperative pancreatic fistula grade B-C (i.e. clinically relevant fistula) was
statistically significantly lower in patients with a SEMS compared to plastic stents (24 patients (9·8 per
cent) versus 61 patients (18·5 per cent) respectively, P=0·004). After adjustment for patient
characteristics, hospital volume, neoadjuvant therapy, site of origin, pancreatic duct diameter, and
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pancreatic texture, the use of SEMS was still associated with a lower risk on postoperative pancreatic
fistula (OR 0·50, 95 per cent c.i. 0·27-0·94, P=0·031, Figure 3A).13 Patients with SEMS had a shorter mean
length of hospital stay than patients with plastic stents (14·0 days (SE 0·6) versus 17·4 days (SE 1·0)
respectively, P=0·005, Figure 3B). In multivariable linear regression, adjusted for patient characteristics,
hospital volume, site of origin, neoadjuvant therapy, pancreatic texture, and major postoperative
complications, length of hospital stay was almost three days shorter in patients who received a SEMS (B
-2·86, 95 per cent c.i. -5·16--0·57, P=0·014) compared to patients with a plastic stent.

B

A

Figure 3. Multivariable regression analysis to assess the association between type of stent and outcomes.
Figure 3A. Results of multivariable logistic regression analysis to assess the association between type of stent and
EBD-related cholangitis and postoperative pancreatic fistula.
Odds ratio of EBD-related cholangitis is adjusted for patient characteristics (i.e. age, sex, BMI, and ASA score),
site of origin, and neoadjuvant therapy. Odds ratio for postoperative pancreatic fistula adjusted for patient
characteristics (i.e. age, sex, BMI, and ASA score), hospital volume, neoadjuvant therapy, site of origin,
pancreatic duct diameter, and pancreatic texture.
Figure 3B. Results of multivariable linear regression analysis to assess the association between type of stent and
length of hospital stay.
The beta coefficient of length of hospital stay is adjusted for patient characteristics (i.e. age, sex, BMI, and ASA
score), hospital volume, site of origin, neoadjvant therapy, pancreatic texture, and major postoperative
complications.

DISCUSSION
This nationwide study shows that in 2017 and 2018 in the Netherlands, SEMS were placed in less than
half of all patients who received EBD prior to pancreatoduodenectomy. The rate of overall EBD-related
complications were similar between SEMS and plastic stents, but patients receiving SEMS had a lower
odds of cholangitis, less postoperative pancreatic fistula, and a shorter postoperative hospital stay. No
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association between SEMS and post-ERCP pancreatitis rate could be demonstrated, neither in the small
subgroup analysis of patient that received a covered SEMS.
As demonstrated in a multicentre randomized controlled trial including 196 patients, early surgery
without preoperative biliary drainage in patients with cancer of the pancreatic head is the preferred
treatment, because routine preoperative biliary drainage increased the rate of complications from 39
per cent to 74 per cent.1 Still, preoperative EBD was performed in 54·4 per cent of all patients who
underwent PD in our study. Unfortunately, the exact indication for stent placement could not be
assessed because this variable was not registered in the audit. Data from the Surveillance, Epidemiology,
and End Results (SEER) tumour registry showed that in 2004-2007 the rate of preoperative EBD was 40
per cent.14 The nationwide audit from Germany showed a preoperative EBD percentage of 38·9 per cent
for pancreatic ductal adenocarcinoma in 2014-2016·15 Monocentric studies showed that respectively
47·6 (2005-2016) and 55 per cent (2006-2016) initially underwent preoperative biliary drainage.16,17 Our
relative high percentage of preoperative drainage might be a reflection of lack of awareness of the
proper indication as stated in the guidelines.2 Nevertheless, the percentage will probably increase over
the years, as more patients will receive neoadjuvant chemotherapy.
The European guideline published in 2018 explicitly recommends the use of SEMS in patients who
undergo preoperative EBD.2 This recommendation is mainly based on a meta-analysis that showed
significantly lower rates of endoscopic reinterventions and postoperative pancreatic fistula in patients
treated with SEMS compared to plastic stents (3·4 versus 14·8 and 5·1 versus 11·8 per cent,
respectively).18 Our data shows, however, that over 50 per cent of all patients still received a plastic
stent. Which is particularly remarkable as currently, neoadjuvant chemo(radio)therapy is increasingly
administered to patients with pancreatic cancer. In the Netherlands both the recently completed
PREOPANC-1 trial (NL3525; https://www.trialregister.nl/trial/3525) and the ongoing PREOPANC-2 trial
(NL7094; https://www.trialregister.nl/trial/7094) advise the use of (fully covered) SEMS prior to start of
neoadjuvant treatment.19 Naturally, the percentage of patients with neoadjuvant therapy was higher in
the SEMS group, but still a considerable proportion of patients with neoadjuvant therapy received a
plastic stent (35 per cent). Even though data revealed that delay until start of neoadjuvant treatment
was shorter in patients with a SEMS and stent patency was longer.3,20 There could be several reasons
for these relatively high percentages of plastic stents in all patients and the subgroup with neoadjuvant
therapy. First, most patients received a stent before being discussed in the MDT meeting in a pancreatic
centre (69·6 per cent). If drainage is performed before staging, a plastic stent is often preferred by the
radiologist as scattering from the metallic stents might hamper adequate interpretation of tumour
staging. After staging, but before pathological confirmation, as well plastic as fully covered SEMS could
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be placed. In this scenario the European guideline recommends against uncovered SEMS, because these
cannot be removed without surgery.2 Second, the higher costs of initial SEMS placement compared to
plastic stent placement probably also play a major role in the current findings. Dutch costs for initial
stent placement for palliation including secondary procedures in case of initial failure were €1973 for a
SEMS and €1042 for a plastic stent (P=0·001).21 However, cost-effectiveness of SEMS placement has
been demonstrated in patients who received neoadjuvant therapy (United States’ costs of the index
ERCP, procedural adverse events, and adverse events from stent occlusion based on actual hospital
charges: fully covered SEMS €36·978 versus uncovered SEMS €37·304 versus plastic €35·937), as the
stent itself is more expensive, but SEMS have higher patency rates and render less adverse events.3,22
Finally, the new guideline was published in September 2018 and therefore the implementation time
was short, however, the results of the Dutch randomized trial were already published in 2016 and were
given much attention in the Netherlands.2,23 As it is known that implementation of new or updated
guidelines often requires several years and is affected by multiple factors, e.g. quality of guidelines and
characteristics of health care professionals such as age and country of training.24,25 Even in a small and
organized country as the Netherlands, it has been shown that one year after implementation guideline
compliance in pancreatic cancer was poor.24 This is also shown for other countries and cancer types.26–
28

A nationwide implementation strategy addressing both pancreatic centres and regional referral

networks might increase the use of SEMS, as recommended by the European guideline. A future study
could show whether the use of SEMS will rise due to increased use of neoadjuvant chemotherapy. This
would be relatively easy, because the DPCA is an ongoing registry.
Several baseline characteristics differed between patients in the SEMS and plastic stent groups.
Differences in pancreatic texture and site of origin were probably related to neoadjuvant therapy. The
higher ASA score of patients with SEMS remains unexplained. The moment of registration of the ASA
score is unknown. It could be that in patients with neoadjuvant therapy the ASA score increases during
treatment and that this score is registered after treatment shortly before resection. More patients with
a SEMS received neoadjuvant therapy and it might be speculated that this (partly) causes the higher
ASA score.
In our study, a similar rate of overall EBD-related complications was found in the SEMS and plastic stent
groups, but patients receiving plastic stents had statistically significantly more EBD-related cholangitis
compared to patients receiving SEMS. This might also be the explanation for the longer time to surgery
in patients with a plastic stent. Surprisingly, the percentage of reinterventions was not higher in the
plastic stent group. This could have been caused by an under registration, as the DPCA is a surgical audit
in which gastroenterological variables may be registered less accurate.
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It has been shown in previous studies that the frequency of EBD-related pancreatitis was higher in
patients with SEMS as compared to plastic stents.23,29 SEMS and particularly fully covered SEMS could
hamper pancreatic duct out flow as compared to plastic stents which could increase the risk of postERCP pancreatitis.30 In our nationwide data, no difference in post-ERCP pancreatitis was seen after EBD
as was confirmed by several other studies.31,32 Currently, the multicentre SPHINX trial in the Netherlands
is assessing whether an endoscopic sphincterotomy prior to biliary fully covered SEMS placement could
decrease the incidence of post-ERCP pancreatitis (NL5130; https://www.trialregister.nl/trial/5130).
Major postoperative complications were similar between the SEMS group and plastic stent group. These
results were comparable to the results of a meta-analysis.18 Literature is contradictive about the
association between type of stent and postoperative pancreatic fistula.18,23,33 In our cohort, after
adjustment for patient characteristics (i.e. age, sex, BMI, and ASA score), hospital volume, neoadjuvant
therapy, and other risk factors (i.e. BMI, pancreatic texture, and pancreatic duct diameter; in accordance
with the alternative fistula risk score) in multivariable analysis, the odds of postoperative pancreatic
fistula was statistically significantly lower for patient who received a SEMS.13 It is thought that the higher
odds of postoperative pancreatic fistula is related to pancreatic texture. The current binary classification
of pancreatic texture does not cover all variations in pancreatic texture. After expansion of the SEMS,
the pancreatic duct experiences more pressure and therefore fibrosis of the pancreatic texture
increases. More fibrosis is likely related to less postoperative fistula.
The length of hospital stay was approximately 3 days shorter in patients who received a SEMS as
compared to a plastic stent, which is clinically relevant, because it reflects improved patients’ recovery,
and may result in decreased hospital costs. This has not been previously described.34 Although not
completely clear this might be related to an increased rate of postoperative pancreatic fistula grade A,
which is not covered in the Clavien-Dindo score ≥3, and hence a longer time to functional recovery after
surgery with plastic stents.
This study had several limitations. First, the retrospective character of this study causes missing
information about for example centre of stent placement, exact indication for EBD, severity of EBDrelated complications, details about reinterventions for EBD-related complications, and stent
replacement. Moreover, data on the physician who performed biliary drainage was unknown. Technical
expertise en ERCP volume may be important factors affecting biliary drainage outcomes.35 Also within
variables collected in the audit, data was missing. Multiple imputation was performed after careful
evaluation of the data to increase validity. Second, residual confounding cannot be truly excluded due
to unmeasured variables of (yet) unknown confounders, such as indication for EBD and experience of
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the endoscopist. Third, only patients who underwent a PD were included and therefore selection bias
might have been introduced. Therefore, patients who had serious complications due to preoperative
EBD and were not able to undergo surgery were not registered in the DPCA. This proportion of patients
might be, however, negligible as in a randomized setting there was only 1 out of 120 patients who did
not undergo surgery after initial preoperative EBD due to stent related complications.1,23 The main
strength of this study is the mandatory, nationwide aspect of the DPCA including data on all pancreatic
resections in the Netherlands. A previous study reported a high quality of DPCA data.36
In conclusion, this nationwide study found that EBD prior to pancreatoduodenectomy still frequently
involved plastic stents. SEMS placement seemed to be associated with lower risks of cholangitis, less
postoperative pancreatic fistula, and a shorter postoperative hospital stay but not with an increased risk
of pancreatitis. A nationwide implementation strategy addressing both pancreatic centres and regional
referral networks might increase the use of SEMS, as recommended by the European guideline.
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ABSTRACT
Introduction: Textbook outcome (TO) is a multidimensional measure for quality assurance, reflecting
the "ideal" surgical outcome.
Methods: Post-hoc analysis of patients who underwent pancreatoduodenectomy (PD) or distal
pancreatectomy (DP) for all indications between 2014 and 2017, queried from the nationwide
prospective Dutch Pancreatic Cancer Audit. An international survey was conducted among 24 experts
from 10 countries to reach consensus on the requirements for TO in pancreatic surgery. Univariable and
multivariable logistic regression was performed to identify TO predictors. Between-hospital variation in
TO rates was compared using observed-versus-expected rates.
Results: Based on the survey (92% response rate), TO was defined by the absence of postoperative
pancreatic fistula, bile leak, postpancreatectomy hemorrhage (all ISGPS grade B/C), severe
complications (Clavien-Dindo ≥III), readmission, and in-hospital mortality. Overall, 3341 patients were
included (2633 (79%) PD and 708 (21%) DP) of whom 60.3% achieved TO; 58.3% for PD and 67.4% for
DP. On multivariable analysis, ASA class 3 predicted a worse TO rate after PD (ASA 3 OR 0.59 [0.440.80]), whereas a dilated pancreatic duct (>3 mm) and pancreatic ductal adenocarcinoma (PDAC) were
associated with a better TO rate (OR 2.22 [2.05-3.57] and OR 1.36 [1.14-1.63], respectively). For DP,
female sex and the absence of neoadjuvant therapy predicted better TO rates (OR 1.38 [1.01-1.90] and
OR 2.53 [1.20-5.31], respectively). When comparing institutions, the observed-versus-expected rate for
achieving TO varied from 0.71 to 1.46 per hospital after casemix-adjustment.
Conclusion: TO is a novel quality measure in pancreatic surgery. TO varies considerably between
pancreatic centers, demonstrating the potential benefit of quality assurance programs.
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INTRODUCTION
Clinical auditing and quality improvement is increasingly important in the field of surgery.1 This process
is also driven by hospitals, governmental institutions and other providers as they increasingly demand
transparency to monitor and improve clinical outcomes.2 In the US and Europe, several prospective
surgical registries have been established to support this goal.3-6 In the Netherlands, clinical auditing
designed for quality improvement purposes and reduction of unwanted variation in clinical practice has
been implemented for many surgical procedures.7 One of these audits is the Dutch Pancreatic Cancer
Audit (DPCA), a mandatory nationwide prospective registry for pancreatic surgery.6
Monitoring and comparing quality of specific procedures, such as pancreatic resections, requires a
broad judgement which may be difficult to obtain.8,9 Although different outcome parameters are
generally related to each other, a composite outcome measure based on a variety of short-term
outcomes might offer a better, and potentially more stable reflection of overall quality than singleoutcome indicators like mortality, morbidity or readmission rates.10,11 Textbook Outcome (TO) is such a
composite outcome, which attempts to cover the entire surgical process in a single indicator. TO,
reflecting the ideal surgical outcome, is realized when all prespecified requirements of TO are fulfilled
according to an all-or-none principle.12 TO has been defined for several surgical procedures, including
abdominal aneurysm surgery, oesophageal/gastric surgery and colorectal surgery.13-15 The
requirements of TO would ideally be disease-specific and surgery-related parameters, covering all
important aspects of a patients’ postoperative course with the possibility for ‘case-mix correction’ to
account for variance in patient populations between centers. The definition of surgical quality and what
constitutes TO, however, is arbitrary, subject to cultural differences and might even change over time.16
Nevertheless, previous studies in other surgical fields demonstrated that TO was a feasible and useful
parameter for comparison of quality between institutions, also showing correlation with improved longterm outcomes after cancer surgery.13-15,17,18
This study proposes a TO definition for pancreatic surgery, based on the opinion of international experts,
and assesses predictors and associations with TO in a nationwide surgical audit.

METHODS
Study design and data collection
Patients who underwent pancreatoduodenectomy (PD) or distal pancreatectomy (DP) for all indications
between January 2014 and December 2017 in the Netherlands were eligible for this study. Data were
obtained from the prospectively maintained, mandatory, nationwide DPCA.6 The DPCA covers all
163
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pancreatic resections for both malignant and benign/premalignant tumors in the Netherlands since
January 2014. A previously published internal audit of the DPCA demonstrated a high degree of accuracy
(97.2%) and case ascertainment (93.0%).6 Patients with missing data on one or more of the
requirements for TO according to the survey were excluded.
Baseline characteristics, pathological parameters and short-term outcomes up until 30 days postdischarge are collected by each institution and are centrally archived in a nationwide database. Study
proposals and data requests using the DPCA are reviewed by a scientific board of the Dutch Pancreatic
Cancer Group, after which the data, in case of unanimous approval, are anonymized and provided for
research purposes. As anonymized data was used, no ethical approval was required by the Institutional
Review Boards.
Regarding pathology definitions, any type of ductal adenocarcinoma (pancreatic, ampullary, distal bile
duct or duodenal), and neuro-endocrine tumors grade II and III of the pancreas were classified as
malignant.19 Non-invasive IPMN, neuroendocrine tumors grade I and solid pseudopapillary neoplasms
were classified as premalignant/benign.
Survey on the definition of textbook outcome
In order to reach international consensus on all requirements for TO, a survey was conducted among
24 internationally recognized experts from 21 institutions, in 10 different countries spanning 4
continents. Experts were systematically identified by contacting the senior authors of large single-center
studies (>1000 PDs) or studies on quality improvement in (pancreatic) surgery. The survey consisted of
17 items, which were each rated on a 5-point Likert scale whether the respondent agreed on that
particular item to be a requirement for TO. An agreement rate of >80% per item was considered as
consensus and resulted in the item being included in the definition of TO. The survey outcome and
definition of TO are presented in the results section. The international experts are presented in the
supplementary table S2.
Statistical analysis
Continuous variables were presented as median with interquartile range (IQR), or dichotomized on a
clinically relevant cut-off value. Categorical variables were presented as frequencies and proportions,
or in some cases as proportions only to omit large numbers. TO was determined for each patient,
according to the selected items through the survey. TO was achieved when a patients’ admission met
all TO requirements. TO rates were compared between groups using the Chi-square test.
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Multiple imputation was used to impute missing baseline and treatment variables by creating 5
datasets, using the mice package in R (predictive mean matching). In order to assess between-hospital
variations in TO rate, casemix-adjustment was performed with logistic regression using relevant baseline
variables which may have played a role in patient selection (sex, age [continuous], BMI [continuous],
preoperative low serum albumin [below 3.5 g/dL], WHO performance status [0, 1, 2, or 3], pancreatic
texture [soft or hard], and pathology [pancreatic cancer or other]). Based on the covariates (i.e. casemix)
a predicted probability to achieve TO was estimated, with subsequently observed-versus-expected (O/E)
TO rates being calculated per hospital. O/E rates higher than 1 represent better TO rates than predicted
and O/E rates lower than 1 worse than predicted, based on the casemix for that specific hospital. O/E
rates were presented in a funnel plot to visualize volume-outcome relationships. Additionally,
multivariable logistic regression was performed to identify clinicopathological predictors of TO.
Variables were excluded through backward selection until only statistically significant variables were
selected in the final model. Two-sided P values of less than 0.05 were considered statistically significant
and odds ratios (OR) and their 95% confidence intervals (CI) were reported. All analyses were performed
using R version 3.4.3 (cran.r-project.org).

9

RESULTS
Survey outcome
Based on the survey (92% response rate), 6 out of the 17 items were selected as requirements for TO
with an agreement rate of >80%. TO was defined as the absence of postoperative pancreatic fistula
(POPF), bile leak, postpancreatectomy hemorrhage (all grade B/C according to ISGPS or ISGLS),20-22
severe complications (Clavien-Dindo grade ≥III),23 readmission within 30 days after discharge, and inhospital or 30-day mortality. For the current study only in-hospital mortality was available in the DPCA,
which was used instead in our analyses. Furthermore, the items regarding complications rated as
Clavien-Dindo grade ≥III and a postoperative reintervention (surgical, endoscopic or radiological) were
combined in one item, due to the same nature of these items. Since previous TO publications also
included prolonged length of stay (LOS) as requirement, additional analyses were performed using an
extended definition (TO+LOS) with prolonged LOS defined as >14 days. The various agreement rates of
the survey are presented in the supplementary tables S1 and S2.
Baseline characteristics
In total, 3,520 patients met the inclusion criteria. Of those, 179 (5.1%) patients were excluded for
missing data on one or more requirements of TO. The final cohort consisted of 3,341 patients, of which
2,633 (78.8%) patients underwent PD and 708 (21.2%) patients underwent DP. The median age was 67
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(IQR 58-74) years, 54.3% of the patients were male. The majority of patients had an American Society
of Anesthesiologists (ASA) score of 1 or 2 (77.8%), a WHO performance status of 0 or 1 (89.0%), a BMI
lower than 30 kg/m2 (86.6%) and underwent surgery for a malignancy (76.6%). In-hospital mortality was
3.2%; 3.7% for PD and 1.5% for DP, respectively (p=0.006). All baseline characteristics are presented in
Table 1.

Table 1. Baseline characteristics by type of surgery
Total
cohort

Pancreatoduodenectomy
Textbook outcome

Distal pancreatectomy
Textbook outcome

(n=3341)

Yes (n=1536)

No (n=1097)

P value

Yes (n=477)

No (n=231)

P value

Elderly patients (>75y), %

17.5

18.9

19.0

0.99

13.5

9.5

0.13

Male, %

54.3

44.3

57.5

0.35

43.8

51.5

0.05

ASA score, %
ASA I
ASA II
ASA III
ASA IV

15.5
62.3
21.8
0.4

14.3
65.6
20.0
0.1

13.7
60.6
25.3
0.5

0.006

19.6
60.2
19.6
0.6

21.8
54.2
22.3
1.7

0.62

BMI ≥30 kg/m2, %

13.2

10.7

13.1

0.08

18.6

22.6

0.23

WHO performance status, %
0-1
≥2

89.0
11.0

88.7
11.3

89.3
10.7

0.62

85.9
14.1

88.5
11.5

0.48

Dilated pancreatic duct
(>3mm), %

48.6

65.7

42.6

<0.001

30.2

21.1

0.19

Neoadjuvant therapy, %

3.8

3.5

3.9

0.55

3.0

7.0

0.02

Malignant diagnosis, %

76.6

84.2

82.8

0.35

49.5

54.4

0.24

Year of surgery, %
2014
2015
2016
2017

24.3
24.3
25.1
26.3

24.2
25.3
24.1
26.4

25.7
24.5
26.6
24.2

0.31

22.6
21.8
26.0
29.6

22.5
21.2
27.3
29.0

0.97

Minimally-invasive, %

20.8

12.3

16.0

0.007

54.7

50.7

0.36

Vascular resection, %

12.4

15.9

13.3

0.07

2.8

5.4

0.10

TO

No TO

TO

No TO

Clinical parameters

Operative parameters

Textbook Outcome items*
In-hospital mortality

3.2

96.3

3.7

98.5

1.5

POPF grade B/C

14.5

86.4

13.6

82.1

17.9

PPH grade B/C

7.3

91.9

8.1

95.9

4.1

Bile leak grade B/C

4.2

94.9

5.1

99.2

0.8

Complication CD ≥ III

28.1

69.6

30.4

80.4

19.6

Readmission

16.7

83.1

16.9

84.3

15.7

* Textbook outcome percentages are displayed per item, TO versus no TO.
Values are percentages. ASA = American Association of Anesthesiologists, BMI = body mass index, WHO = World Health
Organization, PPPD = pylorus-preserving pancreatoduodenectomy
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Textbook Outcome rates
The overall proportion of patients who achieved TO was 60.3%. TO was realized in 58.3% of patients
after PD versus 67.4% of patients after DP (p<0.001). Among the different items of TO, a complication
of Clavien-Dindo grade ≥III (requiring endoscopic, radiologic or surgical reintervention) occurred most
often with a rate of 30.4% and 19.6% for patients who underwent PD and DP, respectively (p<0.001).
The rates of the 6 TO items and the cumulative percentages are displayed in Figure 1. Among patients
who underwent PD, patients with TO had lower ASA scores (p=0.006) and more often a dilated
pancreatic duct (p<0.001) than patients who did not achieve TO. Among patients who underwent DP,
patients with TO less often received neoadjuvant therapy (p=0.02).

9

Figure 1. Textbook Outcome percentages (per item and cumulative) for pancreatoduodenectomy and distal
pancreatectomy.

Between-hospital variation
During 2014-2017, 20 centers performed pancreatic surgery in the Netherlands, with 18 centers
performing ≥ 20 PDs annually and, of those, 5 centers performing ≥ 40 PDs annually. The median number
of annually performed procedures was 33 (IQR 27-39) for PD and 8 (IQR 5-10) for DP per hospital.
Unadjusted TO rates varied considerably between hospitals, with a range of 35.2% to 87.7% for PD and
47.6% to 91.2% for DP. When adjusted for casemix, the O/R rates ranged from 0.71 to 1.46 per hospital
for all pancreatic surgeries, with O/R rates ranging from 0.61 to 1.56 for PD and from 0.71 to 1.32 for
DP. There was no evident correlation between procedure volume and TO rate, as presented in Figure
2A and 2B.
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A

B

Figure 2. Funnel-plot of between-hospital variation in Textbook Outcome during 2014-2017. A) After
pancreatoduodenectomy. B) After distal pancreatectomy.
* O/E ratio: observed number of Textbook Outcome patients divided by expected^ number of Textbook Outcome
patients. ** O = E: the observed number equals the expected number of Textbook Outcome patients.
^ Expected based on population characteristics in t.
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Multivariable analysis
On multivariable analysis, only class ASA 3 predicted a worse TO rate after PD (OR 0.62 [0.46-0.83]),
whereas a dilated pancreatic duct (>3mm) and pancreatic ductal adenocarcinoma (PDAC) were
associated with a better TO rate (OR 2.22 [2.05-3.57] and OR 1.36 [1.14-1.63], respectively). For DP,
female sex and the absence of neoadjuvant therapy were associated with a better TO rate (OR 1.38
[1.01-1.90] and OR 2.53 [1.20-5.31], respectively). Results of univariable and multivariable analysis are
presented for PD and DP in Table 2A and 2B, respectively.
Additional analyses using the extended definition (TO+LOS)
When applying the extended definition, TO+LOS rates decreased from 58.3 to 47.5% for PD and from
67.4 to 63.3% for DP. When assessing factors associated with TO+LOS on multivariate analysis, age >75
years was identified as additional risk factor for a lower TO+LOS rate after PD (OR 0.78 [95% CI 0.640.96]). Among patients who underwent DP, vascular resection was identified as additional predictor for
TO+LOS (OR 0.34 [95% CI 0.14-0.79]). The rest of the results did not change significantly with the
extended definition.

Table 2A. Multivariate analysis of parameters associated with Textbook Outcome after pancreatoduodenectomy
Univariable
Clinical parameters

Multivariable

OR (95% CI)

P value

Age

≤ 75y
> 75y

Ref
0.99 (0.82 – 1.22)

0.99

Sex

Male
Female

Ref
1.08 (0.92 – 1.26)

0.35

ASA score

ASA I
ASA II
ASA III
ASA IV

Ref
1.03 (0.82 – 1.30)
0.76 (0.58 – 0.98)
0.27 (0.05 – 1.43)

0.78
0.04
0.12

BMI

<30 kg/m2
≥30 kg/m2

1.25 (0.98 – 1.60)
Ref

Performance status

WHO 0-1
WHO ≥ 2

Ref
1.07 (0.82 – 1.38)

0.62

Dilated pancreatic
duct

≤ 3 mm
> 3 mm

Ref
2.58 (1.97 – 3.36)

<0.001

Neoadjuvant therapy Yes
No

Ref
1.13 (0.75 – 1.71)

0.55

Histological
diagnosis

PDAC
Other

1.72 (1.47 – 2.02)
Ref

<0.001

Yes
No

1.23 (0.99 – 1.54)
Ref

OR (95% CI)

P value

Ref
0.92 (0.71 – 1.18)
0.62 (0.46 – 0.83)
0.19 (0.04 – 1.04)

0.36
<0.001
0.06

Ref
2.22 (1.77 – 2.79)

<0.001

1.36 (1.14 – 1.63)
Ref

<0.001

0.08

Operative parameters
Vascular resection

0.07

OR = odds ratio, CI = confidence interval, ASA = American Association of Anesthesiologists, BMI = body mass index,
WHO = World Health Organization, PDAC = pancreatic ductal adenocarcinoma
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Table 2B. Multivariate analysis of parameters associated with Textbook Outcome after distal pancreatectomy
Univariable
Clinical parameters

Multivariable

OR (95% CI)

P value

Age

≤ 75y
> 75y

Ref
1.49 (0.89 – 2.48)

0.13

Sex

Male
Female

Ref
1.36 (0.99 – 1.87)

0.05

ASA score

ASA I
ASA II
ASA III
ASA IV

Ref
1.23 (0.82 – 1.85)
0.98 (0.60 – 1.59)
0.40 (0.09 – 1.87)

0.31
0.93
0.25

BMI

<30 kg/m2
≥30 kg/m2

1.28 (0.86 – 1.90)
Ref

Performance status

WHO 0-1
WHO ≥ 2

Ref
1.27 (0.65 – 2.49)

0.48

Dilated pancreatic
duct

≤ 3 mm
> 3 mm

Ref
1.63 (0.81 – 3.28)

0.19

Neoadjuvant therapy Yes
No

Ref
2.46 (1.17 – 5.14)

0.02

Histological
diagnosis

PDAC
Other

0.79 (0.56 – 1.12)
Ref

0.19

Yes
No

0.52 (0.23 – 1.16)
Ref

0.11

OR (95% CI)

P value

Ref
1.38 (1.01 – 1.90)

0.05

Ref
2.53 (1.20 – 5.31)

0.01

0.23

Operative parameters
Vascular resection

OR = odds ratio, CI = confidence interval, ASA = American Association of Anesthesiologists, BMI = body mass index,
WHO = World Health Organization, PPPD = pylorus-preserving pancreatoduodenectomy

DISCUSSION
This study proposed a novel consensus-based definition of TO in pancreatic surgery (absence of all of
the following parameters: postoperative pancreatic fistula, bile leak, postpancreatectomy hemorrhage,
Clavien-Dindo ≥III complications, readmission and in-hospital mortality) as agreed by an international
survey. The nationwide analysis demonstrated its feasibility and utility to assess clinical outcome of
pancreatic surgery with 60.3% TO. On multivariable analysis, a higher ASA class was predictive for a
worse TO rate after PD, whereas a dilated pancreatic duct (>3mm) and PDAC were associated with an
improved TO rate. For DP, female sex and the absence of neoadjuvant therapy were independently
associated with improved TO rates. There was considerable variation in TO rates between pancreatic
centers, supporting the need and potential for quality assurance programs. The present study
demonstrated that only limited preoperative available parameters were predictive for TO. On a
nationwide basis, however, TO might be a powerful outcome measure to be evaluated as an instrument
for comparing quality of surgical practice between different institutions and national registries.
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The multidimensional parameter TO is a relatively new concept which was found useful in other fields
of surgery.13-15,17,18 Our definition of TO was established by an international survey, conducted among
experts in quality improvement in (pancreatic) surgery. Out of 17 items, absence of 6 complications was
considered to reflect the ideal outcome after pancreatic surgery. Prolonged hospital stay was initially
not included in these 6 requirements. Although hospital readmissions are generally expensive, at times
avoidable and in some countries even a tool for penalization,24,25 many cultural differences exist
worldwide regarding hospital stay. For instance, in southern Europe and in Japan patients are often not
discharged until fully recovered, which may take 3-4 weeks. The external validity of TO may therefore
actually benefit by not including prolonged hospital stay as a complication. Recently, another study
investigated TO among Medicare patients who underwent hepatopancreatic surgery.26 This study
included length of stay as one of the requirements for TO (>50th percentile for each procedure). This
study also combined distal pancreatectomy and pancreatoduodenectomy, impeding the generalizability
and translatability of the results to daily practice. The variation in overall TO rates in this study [range
11.1-69.6%] seem fairly in line with our findings.26
Compared with the TO definition in colorectal and oesophagogastric surgery, the proposed TO definition
for pancreatic surgery does not contain pathology-related variables.14,15 This decision was taken after
consultation with several pancreatic pathologists for two reasons. First, pancreatic surgery includes a
considerable proportion of benign and premalignant lesions (23.4% in the present study). With these
patients in mind, incorporating resection margin status and lymph node yield would further complicate
the definition of TO. Second, the R1 rate in pancreatic surgery does not necessarily reflect surgical
technique but rather the extent of pathological assessment and the disease itself.27,28 For example,
tumor invasion in the anterior margin results in an R1 resection, which is not under influence of the
surgeon and more a sign of advanced disease. Therefore, only surgical and no pathological variables
were included in our TO definition for pancreatic surgery.
Other variables related to the quality of pancreatic surgery could also be considered, such as prolonged
operative time, intraoperative blood loss or postoperative transfusions. Although these variables have
been found to be associated with worse outcomes,29,30 it might be difficult to obtain accurate
measurements and these parameters might not necessarily imply lower surgical quality but rather more
difficult cases. More importantly, the experts of the TO design panel decided not to include
intraoperative parameters in the survey round, so eventually only items related to postoperative clinical
outcome were considered most relevant to the patient.

171

9

Chapter 9

In the literature, several factors have been identified as predictors for postoperative morbidity and
mortality after PD, including a higher ASA score, a small pancreatic duct, a soft pancreas, high-risk
pathology (nonmalignant) and excessive blood loss.31-33 Our results showed that patients with a higher
ASA class, a smaller pancreatic duct (<3 mm) and a diagnosis other than PDAC were independently
associated with lower TO rates after PD, which are in line with previously published findings. For DP,
similar risk factors have been shown to be associated with POPF after DP, including a soft pancreas,
neuroendocrine or nonmalignant pathology, a higher BMI, blood transfusion, and longer operative
time.34,35 Remarkably, our findings demonstrate superior TO rates in female patients and those who
those who did not receive neoadjuvant treatment. Perhaps, patients who were selected for neoadjuvant
therapy were more likely to undergo extensive surgery with multivisceral resection due to more
advanced tumors. Not enough covariates (i.e. potential confounders) were available to adjust for this
relationship and to warrant causal inference.
Our study also identified a considerable variability of TO rates between pancreatic centers, ranging from
35.2 to 87.7% for PD and 47.6 to 91.2% for DP. Although subject to sampling error and potentially
selection bias, especially for lower volume centers, this variability would seem undesirable. Quality
assurance programs could improve this variation. Casemix-adjustment did not reduce much of the
differences in TO rates between institutions. This minimal effect of casemix-adjustment suggests that
patient selection played a minor role in the observed differences between centers. In addition to
assessing predictors or factors associated with TO, the key in assessing surgical quality through
parameters such as TO is mainly in revealing practice variation and potentially identify institutions that
might benefit most from quality improvement. Besides improving treatments at already excellent
institutions, quality improvement programs might help to improve overall and nationwide performance.
In evaluating surgical quality in a broad perspective, TO demonstrates to be a useful indicator.
These results should be interpreted with several limitations in mind. First, in a nationwide registry not
all parameters are recorded, or not recorded with sufficient detail. This could preclude in-depth study
of relationships and adjustment for all potential confounders. Second, there remains significant
variation in postoperative strategy between institutions, i.e. percutaneous catheter drainage for small
amounts of peripancreatic fluid after pancreatoduodenectomy or endoscopic placement of a
nasojejunal feeding tube (both considered as a Clavien-Dindo grade III complication and thus,
consequently, absence of TO).23 However, adequate complication management also reflects hospital
experience and expertise, which consequently has its impact on clinical outcome.36 Third, it should be
noted that TO does not make a distinction in terms of severity. Patients with a Clavien-Dindo grade III
complication and otherwise uncomplicated course have the same score (no TO) as a postoperative
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death. Fourth, TO is an important outcome parameter as experienced by involved surgeon and not by
involved patients. In this sense patient recorded outcome measures (i.e. discharge to home or
revalidation clinic, ability to work) will gain significance in future quality programs. Furthermore, it
should be addressed that if TO would be implemented as a part of a nationwide audit, defensive
strategies, like strict patient selection in certain centers, could emerge. This emphasizes that TO should
always be used in addition to the other quality indicators.
Nevertheless, TO is a promising multidimensional indicator. It reflects quality better than a single
indicator and is suitable to guide quality improvement. Although it remains difficult to predict TO
preoperatively, it may offer a powerful parameter to assess between-hospital variation and to compare
quality between institutions or audits. In other surgical audits in the Netherlands, TO has already been
successfully implemented as quality indicator for internal auditing purposes. Hospitals are able to see
their casemix-adjusted TO rate in relation to the TO rates of other institutions, which might lead to an
intrinsic drive for quality assurance.

9
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SUPPLEMENTARY MATERIAL

Table S1. Survey items and corresponding agreement rates
Survey item

Respondents’ agreement rate

Mortality
1. No in-hospital mortality
2. No 30-day mortality
3. No in-hospital and no 30-day mortality

77%
91%
91%

Pancreatic surgery-related complications
4. No postpancreatectomy hemorrhage
5. No postoperative pancreatic fistula
6. No delayed gastric emptying
7. No bile leak
8. No chyle leak

95%
86%
73%
100%
64%

Complications in general
9. No complication of Clavien-Dindo IV or higher
10. No complication of Clavien-Dindo III or higher
11. No complication of Clavien-Dindo II or higher
12. No unplanned intensive care admission
13. No reintervention (surgical / endoscopic / radiological)
14. No readmission within 30 days after discharge

73%
86%
41%
41%
82%
82%

Length of hospital stay
15. No hospital stay longer than 10 days
16. No hospital stay longer than 14 days
17. No hospital stay longer than 21 days

45%
59%
41%
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Table S2. Experts of the Textbook Outcome design panel
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13. Jin-Young Jang

Seoul National University Hospital
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14. Kees Dejong
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15. Marco del Chiaro

Karolinska University Hospital
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16. Markus Diener

University of Heidelberg

Heidelberg, Germany

17. Matthew Weiss
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ABSTRACT
Introduction: Nationwide audits facilitate quality and outcome assessment of pancreatic surgery.
Differences may exist between countries but studies comparing nationwide outcomes of pancreatic
surgery based on audits are lacking. This study aimed to compare the German and Dutch audits for
external data validation.
Methods: Anonymised data from patients undergoing pancreatoduodenectomy (2014-2016) were
extracted from the German DGAV StuDoQ|Pancreas and Dutch Pancreatic Cancer Audit.
Results: Overall, 4495 patients (2489 German, 2006 Dutch) were included. In the Netherlands,
adenocarcinoma was more often the indication for pancreatic resection. German patients had higher
ASA class but Dutch patients had more pulmonary comorbidity. Dutch patients underwent more
minimally invasive surgery and venous resection, but less multivisceral resection. No difference was
found in rates of postoperative pancreatic fistula grade B/C, post-pancreatectomy haemorrhage grade
C and in-hospital mortality. There was more centralization in the Netherlands (1 versus 13 per cent PD
in very low volume centres, P = 0.001). After multivariable analysis, both hospital stay (2.5 days
difference, 95 per cent CI 1.17-3.80) and the odds of reoperation (OR 1.54, 95 per cent CI 1.21-1.95)
were higher in the German audit, whereas the odds of postoperative pneumonia (OR 0.56, 95 per cent
CI 0.37-0.86) and readmission (OR 0.39, 95 per cent CI 0.31-0.49) were lower. Several baseline and
surgical characteristics, including hospital volume, but not country, predicted mortality.
Conclusion: Although in-hospital mortality, rates of pancreatic fistula and haemorrhage are similar,
noteworthy differences exist between patients, indications, surgical technique and centralization for
pancreatoduodenectomy between Germany and the Netherlands.
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INTRODUCTION
Nationwide multicentre audits facilitate quality and outcome assessment in surgery. Several surgical
registries have been implemented successfully over the last years, and have shown to facilitate research
and improvement of patient outcome1-4. Clinical auditing is therefore increasingly supported by
patients, medical professionals, and political and health insurance bodies. Auditing seems especially
useful in high risk surgery, with considerable practice variation between centres, such as for
pancreatoduodenectomy (PD)3, 5, 6.
In the Netherlands, the Dutch Pancreatic Cancer Audit (DPCA)7 was founded in 2013 by the Dutch
Pancreatic Cancer Group (DPCG)8 and the Dutch Institute of Clinical Auditing (DICA)9. Participation in
the DPCA is mandatory for all 18 Dutch pancreatic surgery centres and includes around 1000 pancreatic
resections per year. The minimum required volume for Dutch pancreatic surgery centres is 20 PDs per
year. An internal validation of the DPCA and cross-check with the Dutch healthcare inspectorate showed
a very high accuracy (97.2 per cent) and case ascertainment (> 90 per cent), and was externally
validated3, constituting a reference standard for registry practice.
In Germany, the StuDoQ|Pancreas pancreatic surgery audit was founded in 2013 by the German Society
for General and Visceral Surgery (DGAV). Currently, > 50 participating centres include more than 1000
pancreatic resections per year10. Although the minimum required volume for German pancreatic
surgery centres is 10 PDs per year, various studies have reported that a substantial proportion of centres
does not adhere to these requirements11, 12. Up to 2016, about 10-20 per cent of all pancreatic
resections in Germany were registered in StuDoQ|Pancreas10. In addition, because of the high case
numbers documented annually and the type of participating centres, the data is considered to be
representative for German medium- and high-volume centers10.
Comparing differences between large audits in different countries may be an effective strategy to detect
whether certain country-specific practice variations could improve outcomes or prevent complications.
Before such comparisons can be made it is important to determine to what extent the indications for
surgery, baseline characteristics and surgical details are comparable. We aimed to compare the German
DGAV StuDoQ|Pancreas registry to the DPCA as a mean for external data validation.

METHODS
Audits
In both audits, data registration is performed either by surgeons or by trained staff. In the Netherlands,
all pancreatic resections are registered, as this is mandatory. In Germany, registry participation is not
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10

Chapter 10

mandatory, but is required for DGAV certification. All pancreatic resections performed by participating
German centres are registered. Detailed descriptions and accuracy of the DPCA and DGAV
StuDoQ|Pancreas registries have been published3, 10, 13. Both countries have universal health coverage
and therefore data is registered independently with the main aim to improve quality of care.
Study design
Comparison of data on PD in the German DGAV StuDoQ|Pancreas registry to the previously externally
validated DPCA3. Data of both registries were extracted by anonymised export and a panel of core
parameters (see Baseline and operation variables and Study endpoints) from both datasets was merged
for analysis. This study was designed in accordance with the STROBE guidelines14.
Study population
All adults who underwent elective PD during a three-year period (2014-2016) and were registered in
the DGAV StuDoQ|Pancreas or the DPCA.
Baseline and operation variables
Baseline variables included country, anonymised institutional code, age at operation, sex, body mass
index (BMI), American Society of Anaesthesiologists (ASA) category, World Health Organisation (WHO)
performance status, preoperative histology, preoperative biliary drainage and relevant comorbidity
(diabetes, pulmonary, renal, hepatic). As the definition for cardiovascular disease entailed a broader
disease scope for Dutch (e.g. hypertension, cardiomyopathy, heart transplant, arrhythmias) than for
German patients, this variable was excluded from the baseline comparison.
Surgical characteristics included type of PD (pylorus preserving PD or classic Whipple), minimally
invasive surgery (with or without conversion), superior mesenteric/portal vein resection, arterial
resection, extent of lymphadenectomy (standard or extended), multivisceral resection, distant
metastases diagnosed during procedure and type of pancreatoenterostomy (pancreatogastrostomy or
pancreatojejunostomy). Standard lymphadenectomy was defined according to the International Study
Group on Pancreatic surgery (ISGPS) criteria15.
Centres were categorised into four categories based on their average annual PD volume using previously
established volume cut-offs6, 16: very low (< 10 PD per annum (p.a.)), low (10-19 PD p.a.), medium (2039 PD p.a.) and high (≥ 40 PD p.a.) volume.
Study endpoints
Primary outcome measure was in-hospital mortality. Secondary outcomes included postoperative
length of stay in days and postoperative complications, divided in pancreatic surgery specific and
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general. Pancreatic surgery specific complications were postoperative pancreatic fistula (POPF), delayed
gastric emptying (DGE) and post-pancreatectomy haemorrhage (PPH); all defined according to the
current ISGPS criteria17-20. General complications included pneumonia, surgical site infection (SSI), organ
failure, reoperation, in-hospital mortality and readmission. Complications were scored according to the
Clavien-Dindo classification.
Statistical analysis
Baseline characteristics are presented as mean ± standard deviation (SD) or as median with interquartile
ranges (IQR) in case of normally or not-normally distributed data, respectively. For continuous data,
student’s t-test (unpaired normally distributed variables) and Mann-Whitney U test (unpaired notnormally distributed variables) were used. For unpaired categorical data, Chi square test or Fisher’s
exact test were used. Variables with P < 0.1 in univariable analyses were assessed with a multivariable
logistic or linear regression model to compare outcomes between countries, adjusting for baseline and
operation differences. This was reported as odds ratio (OR) or with the regression coefficient with
corresponding 95 per cent confidence interval (CI). Sensitivity analyses were performed excluding
centres that performed <20 PDs per year. All P values were based on a 2-sided test. A P value of below
0.05 was considered to be statistically significant. All calculations were performed with R software

10

(www.r-project.org).

RESULTS
Patient characteristics
In total, 4495 patients were included (57 per cent male, 2489 German and 2006 Dutch patients), see
Table 1. Between both registries, age and sex were balanced. German patients had a slightly higher ASA
class, and more diabetes, renal and hepatic comorbidity with lower performance status. In the
Netherlands, adenocarcinoma was more often the indication for pancreatic resection than in Germany
(68.7 versus 77.5 per cent, P < 0.001). BMI was slightly higher in German patients (25.0 versus 24.7, P =
0.005). Dutch patients more frequently suffered from pulmonary comorbidity and (4.7 versus 13.0 per
cent, P < 0.001). Preoperative biliary drainage was performed less frequently in German patients (34.5
vs 46.5 per cent, P < 0.001).
After sensitivity analyses, 1716 German patients and 1979 Dutch patients were included, see Table S2.
The age of German patients was slightly higher, but hepatic comorbidities were similar between
countries. Other characteristics remained similar to the primary results.
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Table 1. Characteristics of 4495 patients undergoing pancreatoduodenectomy (2014-2016)
Germany (n=2489)
The Netherlands (n=2006)
P value
Age (range)
68 (20-89)
68 (9-95)
0.670
BMI (range)
25.0 (12.8-59.9)
24.7 (11.8-66.5)
0.005
Sex (male)
1421 (57.1%)
1136 (56.6%)
0.779
ASA class
< 0.001
I
148 (5.9%)
298 (15.1%)
II
1165 (46.8%)
1244 (63.1%)
III
1128 (45.3%)
427 (21.7%)
IV
41 (1.6%)
3 (0.0%)
V
1 (0.0%)
0 (0.0%)
Functional status
< 0.001
Independent
2333 (93.7%)
1822 (98.5%)
Partially dependent
117 (4.7%)
28 (1.5%)
Totally dependent
21 (0.8%)
0 (0.0%)
Histology postperatively
< 0.001
Adenocarcinoma
1699 (68.7%)
1530 (77.5%)
Cystic neoplasm
187 (7.6%)
148 (7.5%)
Neuroendocrine tumor
107 (4.3%)
97 (4.9%)
Chronic pancreatitis
222 (9.0%)
55 (2.8%)
Other
259 (10.5%)
145 (7.3%)
Diabetes preoperatively
< 0.001
No
1859 (74.7%)
1549 (79.6%)
Non-insulin dependent
325 (13.1%)
248 (12.7%)
Insulin dependent
299 (12.0%)
149 (7.7%)
Comorbidity present
Pulmonary
116 (4.7%)
261 (13.0%)
< 0.001
< 0.001
Renal
189 (8.0%)
41 (2.0%)
Hepatic
53 (2.1%)
22 (1.1%)
0.012
Preoperative biliary drainage
857 (34.5%)
877 (46.5%)
< 0.001
BMI = Body Mass Index. ASA = American Society of Anaesthesiologists. Functional status according to the ACSNSQIP scale.

Operation characteristics
Operative characteristics are presented in Table 2. Pylorus preserving PD was the preferred treatment
in both countries, but was more often performed in Germany (65.6 versus 61.6 per cent, P = 0.006).
Dutch patients more often underwent minimally invasive surgery (6.4 versus 11.2 per cent, P < 0.001).
Multivisceral resection was more common in Germany (9.0 versus 5.7 per cent, P < 0.001), but in the
Netherlands superior mesenteric/portal vein resection and arterial resection were more often
performed (10.3 versus 13.8 per cent and 0.3 versus 1.4 per cent, both P < 0.001).
Pancreatogastrostomy was more common in Germany (17.6 versus 9.1 per cent, P < 0.001).
There was evidence of stronger centralization in the Netherlands; whereas 99 per cent of Dutch patients
were operated in medium or high volume centres, 13 per cent of German patients were operated in
very low volume centres (P < 0.001, Table 2 and Supplementary Table S1).
After sensitivity analysis, only the rate of extended lymphadenectomy became similar between
countries, whereas other characteristics remained similar to primary results, see Table S3.
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Table 2. Perioperative characteristics of pancreatoduodenectomy
Germany (n=2489)
Type of pancreatoduodenectomy
Pylorus preserving
1632 (65.6%)
Classic Whipple/pylorus resecting
857 (34.4%)
Minimally invasive surgery
159 (6.4%)
Portal vein resection
257 (10.3%)
Arterial resection
8 (0.3%)
Extended lymphadenectomy
223 (10%)
Multivisceral resection
220 (9.0%)
Distant metastasis
140 (5.6%)
Type of pancreatic anastomosis
Pancreatogastrostomy
431 (17.6%)
Pancreatojejunostomy
2008 (82.4%)
Annual PD volume
< 10
330 (13.3%)
10-19
443 (17.8%)
20-39
1000 (40.2%)
≥ 40
760 (28.8%)

The Netherlands (n=2006)
1235 (61.6%)
771 (38.4%)
225 (11.2%)
277 (13.8%)
29 (1.4%)
230 (11.5%)
106 (5.7%)
44 (2.2%)

P value
0.006

< 0.001
< 0.001
< 0.001
0.058
< 0.001
< 0.001
< 0.001

162 (9.1%)
1617 (90.9%)
27 (1.3%)
0 (0.0%)
826 (41.1%)
1153 (57.5%)

< 0.001

Postoperative outcomes
In univariable analysis, no differences were seen in the rates of grade B/C POPF, grade B/C PPH, organ
failure, major complications (Clavien Dindo ≥ 3b) and in-hospital mortality between Germany and the
Netherlands (Table 3). In German patients, SSI (9.0 versus 5.6 per cent, P = 0.001) and reoperation (16.0
versus 9.6 per cent, P < 0.001) were more common, while Dutch patients had higher rates of
postoperative pneumonia (7.5 versus 11.5 per cent, P = 0.013) and DGE grade B/C (10.9 versus 18.0 per
cent, P < 0.001). Patients who underwent reoperation (n=575) had more often cardiovascular (P = 0.009)
and renal (P = 0.001) comorbidities than patients without reoperation. Postoperative length of stay was
significantly longer in Germany (median 16 versus 12 days, P < 0.001), but readmission rates were lower
(7.5 vs 17.4 per cent, P < 0.001).
In multivariable analysis, after adjustment for patient characteristics and surgical details, the odds of
pneumonia (OR 0.57, 95 per cent CI 0.37-0.88), DGE grade B/C (OR 0.48, 95 per cent CI 0.39-0.60) and
readmission (OR 0.38, 95 per cent CI 0.30-0.49) remained lower for German patients, whereas
reoperations were more frequent (OR 1.55, 95 per cent CI 1.22-1.97) and postoperative hospital stay
was longer (2.49 days difference, 95 per cent CI 1.17-3.80) in German patients (Table 3).
After sensitivity analysis, only the rate of pneumonia became similar between countries, other
predictors remained similar to primary analysis, see Table S4.
Predictors for mortality
Annual PD volume, was inversely correlated with in-hospital mortality (OR per PD increase, 0.99, 95 per
cent CI 0.98-0.99, P = 0.003 in binary logistic regression), translating to a theoretical 10 per cent relative
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reduction in mortality risk for every increase of 10 PD procedures per centre per year. A significant
volume-outcome relationship for in-hospital mortality could be demonstrated for very low and low
volume compared to medium and high volume institutions (6.2 and 6.5 per cent versus 3.5 and 3.7 per
cent, P < 0.05). In multivariable analysis, in-hospital mortality was associated with annual PD volume (P
< 0.001), cardiovascular (OR 1.64, 95 per cent CI 1.11-2.42), pulmonary (OR 1.87, 95 per cent CI 1.143.08), renal (OR 2.16, 95 per cent CI 1.28-3.63) and hepatic comorbidity (OR 4.31, 95 per cent CI 1.999.34), BMI (OR 1.05, 95 per cent CI 1.02-1.08), ASA (OR 1.46, 95 per cent CI 1.09-1.96), performance
status (OR 1.99, 95 per cent CI 1.26-3.13), arterial (OR 4.03, 95 per cent CI 1.28-12.70) and multivisceral
resection (OR 1.98, 95 per cent CI 1.19-3.28), but not with country (OR 0.94, 95 per cent CI 0.63-1.40).
Table 3. Outcomes after pancreatoduodenectomy
Univariable
Multivariable
Germany
The Netherlands
P value
OR (95% CI)*
(n=2489)
(n=2006)
Surgical site infection
9.0%
5.6%
0.001
1.31 (0.92-1.85)#
Pneumonia
7.5%
11.5%
0.009
0.57 (0.37-0.88)#
POPF grade B/C
14.7%
13.8%
0.418
DGE grade B/C
10.9%
18.0%
< 0.001
0.48 (0.39-0.60)#
PPH grade C
4.0%
4.5%
0.449
Organ failure
9.3%
8.7%
0.512
Reoperation
16.0%
9.6%
< 0.001
1.55 (1.22-1.97)#
Readmission
7.5%
17.4%
< 0.001
0.38 (0.30-0.49)#
In-hospital mortality
4.3%
3.9%
0.615
Clavien Dindo ≥ 3b
19.7%
17.6%
0.071
1.10 (0.90-1.35)#
Hospital stay (days, median, range)
16 (0-210)
12 (0-376)
< 0.001
2.49 (1.18-3.80) *¥
*
The Netherlands reference. ¥ Days difference
#
Odds ratio adjusted for BMI, ASA class, performance status, preoperative histology, comorbidities (diabetes,
cardiovascular, pulmonary, renal, hepatic), preoperative biliary drainage, type of operation, minimally invasive
surgery, portal vein resection, arterial resection, multivisceral resection, distant metastasis, type of pancreatic
anastomosis.
CI = confidence interval. POPF = postoperative pancreatic fistula. DGE = delayed gastric emptying. PPH = postpancreatectomy haemorrhage

DISCUSSION
The German and Dutch audits show comparable and good outcomes for PD regarding major
complications (19.7 and 17.6 per cent) and in-hospital mortality (4.3 and 3.9 per cent). Despite these
similarities, several noteworthy differences in patients, indications, surgical characteristics, and rate of
centralization of PD were found but also differences in the rates of pneumonia, DGE grade B/C, readmissions, reoperations and prolonged postoperative hospital stay. Most of these differences
remained after excluding data from centres with <20 PDs per year.
This is the first study comparing audit-based outcomes of PD between two countries. A recent metaanalysis of 12 studies published between 2002 and 2014 found a median overall mortality rate after PD
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of 6.2 per cent (range 2.1-10.3 per cent) with an inverse association between higher volume centres
and lower mortality21, as was found in this study. The low in-hospital mortality rate in Dutch patients
(3.9 per cent) can be explained by the larger centralization of pancreatic surgery in the Netherlands6. In
Germany, many centres do not adhere to the minimum annual caseload of 10 pancreatic resections11,
12

leading to the previously reported mortality rate of 7.7 per cent for PD in Germany (2009-2013)22. The

lower mortality in the DGAV StuDoQ|Pancreas audit (4.3 per cent) is explained by the participation of
only 10-20 per cent of German patients10, which clearly indicates a selection bias of high quality centres
registering patients in the audit, while a national centralization effect cannot be assessed from the data.
However, as participation in StuDoQ|Pancreas was declared mandatory for centres with the objective
to follow DGAV certification standards since 2017, an increase of registered resections is expected. Also,
recently, the DGAV identified three quality indicators for pancreatic surgery: in-hospital mortality,
severe complications according to the Clavien-Dindo classification and MLT30 (a composite endpoint of
postoperative death, transfer to another acute care clinic, or length of stay > 30 days after surgery)23, 24.
Preliminary results demonstrate that StuDoQ|Pancreas provides a valid platform for a risk-adjusted
quality assessment23. In addition, a (very) low annual PD volume (< 20 PD p.a.) was still associated with
a significantly higher odds (about 2.0) of in-hospital mortality compared to medium and high
institutional volume (≥ 20 PD p.a.). There was also a stronger centralization of PD in the Netherlands.
These observations can be seen to support the current minimum volume in the Netherlands (≥ 20 cases
p.a.)

6, 16
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as well as the DGAV certification minimum volume for pancreatic surgery in Germany (≥ 30

cases p.a.).
The difference between preoperative biliary drainage (34.5 versus 46.5 per cent) was quite striking and
unexpected. The observed difference between the countries might be explained as an effect of
centralization. Where referral to another hospital with potentially longer waiting period is needed for
pancreatic surgery, the threshold for upfront stenting at initial diagnosis might be lower. Interestingly,
a Dutch multicentre randomised trial previously demonstrated that upfront surgery is superior to
drainage with plastic stents25. Subsequently, a second multicentre prospective Dutch study
demonstrated that upfront surgery is also superior to drainage with metal stents26.
Median postoperative hospital stay was significantly longer for German patients (16 versus 12 days),
while Dutch patients were readmitted to the hospital more often (7.5 versus 17.4 per cent).
Postoperative hospital stay documented in several international studies (Europe, U.S., Asia) ranged from
13 to 41 days21, 27, 28. Enhanced recovery programs are likely the main reason for the relatively short
hospital stay in this study29. A recent meta-analysis reported a shorter duration of hospital stay in
patients treated in high volume surgical centers21, which could partly explain the difference between
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Germany and the Netherlands. In addition, the Netherlands is a small country with easy access to
hospitals and extensive home care options (e.g. for patients with postoperative drainage). Therefore
perhaps, patients are discharged sooner than in reasonably larger countries with a less developed home
care system, such as Germany. Although it is reported that postoperative major complications leading
to longer hospital stay is associated with more readmissions30, 31, early discharge of patients within
enhanced recovery programs with or without minor complications may lead to more readmissions32-36.
Therefore, early discharge should be a considered decision. Especially because minimally invasive
surgery has increased in the Netherlands during the past years with shorter recovery times 37-40.
Sixteen percent of the German patients underwent reoperation compared to 9.6 per cent of the Dutch
(OR 1.55). In a review, an overall reoperation rate of approximately 10 per cent was reported, ranging
from 1.8 to 22.0 per cent in the separate studies41. This difference is yet unexplained although in the
Netherlands, previously, also a higher rate of reoperation was reported42. However, as the indication
for reoperation is not documented in the registries, the reason for this difference can only be speculated
on. As major complication rates did not differ, increased rates of SSI in the German cohort might have
contributed43.
Postoperative pneumonia was found in 7.5 per cent of German patients and 11.5 per cent of Dutch
patients (OR 0.57). This was paralleled by a higher incidence of pulmonary comorbidity in Dutch
patients, providing a possible explanation for the pneumonia rates, although the underlying case
remains unclear. In general, pulmonary complications are seen in 2-12 per cent of patients after PD44.
The German cohort was less likely to suffer from DGE than the Dutch cohort (10.9 versus 18.0 per cent,
OR 0.48). The main reason for DGE is postoperative complications45,

46

. Although overall major

complications were similar between cohorts and DGE rates reported in literature vary mostly between
15 and 40 per cent47, reporting or classification bias seems more likely.
Although some patient characteristics were slightly yet significantly different, these were not clinically
relevant, such as differences in BMI (25.0 versus 24.7) and hepatic comorbidity (2.1 versus 1.1 per cent).
This is likely due to large sample size. Yet, other preoperative characteristics were interestingly different.
The indication for resection in German patients was chronic pancreatitis in 9.0% and 2.8% in Dutch
patients. It is yet unclear why PD was more often performed for chronic pancreatitis in Germany as
compared to the Netherlands. It could be related to the type of chronic pancreatitis with an
inflammatory head mass which is more frequently seen in Germany and requires a head resection. In
the Netherlands, mostly drainage procedures (i.e. Frey procedure or lateral pancreatico-jejunostomy)
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are performed which are not recorded in the audit. In general, indications for resection may be more
liberal in Germany as compared to the Netherlands, given the higher rates of renal comorbidities and
higher ASA scores which were seen in German patients.
Surprisingly, some patients underwent resection while they had distant metastases. By design of both
audits it is unclear whether these resections were done intentionally or were reclassified based on final
pathology (e.g. lymph node metastases).
This study had some limitations. First, in Germany, almost a third of patients underwent resection in
centres with an annual PD volume of < 20, while in the Netherlands this was the case for 1.3% of
patients. As this may influence perioperative variables, sensitivity analyses were performed by excluding
these patients. These analyses demonstrated that most patient and operation characteristics as well as
postoperative outcomes, especially mortality, hospital stay and postoperative complications, remained
similar to the primary analyses. Second, the difficulty to adjust for cultural and regional differences
between Germany and the Netherlands may lead to possible confounding. Although the German audit
was shown to be a valid platform for quality assessment, a registration bias may be present as only
higher quality centres register patients. Third, data on long-term survival are lacking. In the near future,
data on survival will be added to the audits allowing for analyses on the impact of baseline and operation

10

characteristics on oncological outcomes.
In conclusion, the comparison between the German DGAV StuDoQ|Pancreas and the Dutch DPCA,
showed several noteworthy differences in patients, indications, surgical technique and outcomes
although mortality was comparable despite hospital volume predicting mortality, also after sensitivity
analyses comparing only patients that underwent resection in centres performing at least 20 PDs per
year. Future studies should address the identified differences and determine which are determined by
cultural or even genetic differences and which reflect practice variation as the latter could lead to clinical
improvement.
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ABSTRACT
Introduction: Registries of pancreatic surgery become increasingly popular as they facilitate both quality
improvement and clinical research. We aimed to compare registries for design, variables collected,
patient characteristics, treatment strategies, clinical outcomes, and pathology.
Methods: Data on pancreatoduodenectomies (2014-2017) in nationwide or multicenter pancreatic
surgery registries from the USA (NSQIP), Germany (StuDoQ), the Netherlands (DPCA), and Sweden
(SNPPRC) were compared. Fifty-five core parameters were evaluated with relative and absolute largest
differences (RLD; ALD) between extremes (smallest vs. largest).
Results: Overall, 22,983 pancreatoduodenectomies were included (15,224, 3,558, 2,795, and 1,406 in
the USA, Germany, the Netherlands, and Sweden, respectively). Design of the registries varied as 20/55
(36.4%) core parameters were not available in one or more registries. Preoperative chemotherapy in
patients with pancreatic ductal adenocarcinoma was administered in 27.6%, 4.9%, 7.0%, and 3.4% (RLD
8.1, ALD 24.2%, p < 0.001). Minimally invasive surgery was performed in 7.8%, 4.5%, 13.5%, and
unknown (RLD 3.0, ALD 9.0%, p < 0.001). Median length of stay was 8.0, 16.0, 12.0, and 11.0 days (RLD
2.0, ALD 8.0, p < 0.001). Reoperation was performed in 5.7%, 17.1%, 8.7%, and 11.2% (RLD 3.0, ALD
11.4%, p < 0.001). In-hospital mortality was 1.3%, 4.7%, 3.6%, and 2.7% (RLD 3.6, ALD 3.4%, p < 0.001).
Conclusion: Considerable differences exist in the design, variables, patients, treatment strategies, and
outcomes in four registries of pancreatic surgery. The absolute largest differences of 24.3% for the use
of preoperative chemotherapy, 9.0% for minimally invasive surgery, 11.4% for reoperation rate, and
3.4% for in-hospital mortality require further study and improvement. This analysis provides core
parameters for pancreatic surgery registries.
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INTRODUCTION
To facilitate assessment of quality and outcome of pancreatic surgery, several nationwide and
multicenter registries have been established in recent years. Many cohort studies are performed with
registry-data which are used as the basis for daily practice, clinical guidelines and development of
prospective studies around the world. It is, however, unclear to what extent data from these various
registries are comparable. To ascertain adequate external validity of reports from these registries,
differences in registry variables (e.g., various variable definitions, selection of inclusion), patient and
treatment characteristics, and outcomes should not go unnoticed.
Registry design may vary considerable. A previous European project identified a common dataset for 11
European pancreatic cancer registries1. Of the eight registries which provided data, only three covered
surgical details of which two were incomplete for the shared items in this project (e.g., type of resection,
vascular resection, postoperative complications). To provide insight in surgical practice variation and
potentially improve postoperative outcomes of pancreatic surgery worldwide, a comparison among
registries with surgical details with a more homogenous patient group outside of Europe is therefore
essential.
Various Western countries have developed registries on pancreatic surgery. Our aim was to compare
differences in 1) collected variables and definitions, 2) patient, tumor, and (surgical) treatment
characteristics, and 3) clinical and pathological outcomes. Based on this comparison, a core-parameter
set for registries on pancreatic surgery aimed to improve uniform data acquisition worldwide is
provided. With this effort, outcomes can be compared more accurately, and clear benchmarks can be
set worldwide. This comparison may ultimately lead to reduced practice variation and improvement of
outcomes globally.

METHODS
Study design
Comparison of four registries on pancreatic surgery with focus on pancreatoduodenectomy from the
USA (American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP)2;
multicenter, 147 centers in 2017, including several Canadian hospitals), Germany (Deutsche
Gesellschaft für Allgemein- und Viszeralchirurgie - Studien-, Dokumentations- und Qualitätszentrum
(DGAV StuDoQ|Pancreas)3; multicenter, 54 centers in 2017), the Netherlands (Dutch Pancreatic Cancer
Audit (DPCA)4; nationwide, 17 centers in 2017), and Sweden (Swedish National Pancreatic and
Periampullary Cancer Registry (SNPPCR)5; nationwide, six centers in 2017). Registries for pancreatic
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surgery from Australia, Canada, France, Japan, and Norway were also assessed, but data were not yet
sufficiently available, or registries were still under construction. The primary aim of this study was to
assess the design of the registries, and secondly to explore the data captured in the four countries. We
compared differences in 1) collected variables and definitions, 2) patient, tumor, and treatment
characteristics, and 3) patient outcomes. This study was designed in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) guidelines6.
Study population
All adults who underwent pancreatoduodenectomy for all indications during a four-year period (20142017) and were registered in one of the four described registries.
Core parameters
First, a panel of core parameters was established by identifying key variables from the existing
pancreatic surgery registries by all coauthors. This effort was followed by reviewing availability of these
key variables per registry. Second, definitions of the key variables were compared to assess whether an
accurate comparison among registries was possible. Data of all registries were extracted by anonymized
export, and the panel of core parameters from all datasets were merged for analysis. Core parameters
are divided into baseline and preoperative characteristics, treatment characteristics, surgical outcomes,
and pathological outcomes.
Parameter differences due to various metric systems were resolved by converting the data, such as
weight in ounces into kilograms or height in inches into meters. Several parameters were newly
categorized, such as functional health status as independent/partially dependent/totally dependent
status and pancreatic duct size as ≤3 and >3 millimeter. Pancreatic surgery specific complications (i.e.
pancreatic fistula, post-pancreatectomy hemorrhage, delayed gastric emptying, bile leakage) were
(newly) categorized according to the International Study Group of Pancreatic Surgery (ISGPS) and Liver
Surgery (ISGLS) criteria7-11 as accurately as possible, as not all registries recorded these complications
according to these definitions. The reoperation and readmission parameters differed in interval (30 days
post-surgery vs. 30-days post-discharge), yet were combined. For all variable definitions (including
discrepancies) and details per registry, and combined variable definitions for this study, see
Supplementary Table S1.
For a suggestion of a core parameter set, including detailed variable definitions, see Supplementary
Table S2. Bilirubin, annual pancreatoduodenectomy volume per center, drain fluid amylase
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postoperative day 1 and 3, and organ space infection were not sufficient for analyses in this study but
were included in the suggested core parameter set.
Statistical analysis
Characteristics are presented as proportions with percentages in case of categorical data, or as mean ±
standard deviation (SD) or median with interquartile ranges (IQR) in case of normally or not-normally
distributed data, respectively. Statistical comparisons were done by analysis of variance (ANOVA) or Chisquared test as appropriate. Because of the large dataset (>20,000 cases) even minimal differences
were statistically significant; and therefore, the relative and absolute largest differences (RLD, ALD)
between the smallest and largest outcomes among the four registries also were presented. RLD is a
ratio and ALD an absolute percentage difference. Because the primary aim is to compare design and
variables, no multivariable analysis was performed. Missing data have been described and not imputed.
All calculations were performed with SPSS.

RESULTS
Identified core parameters
In total, we selected 55 core parameters. Figure 1 shows the core parameters per registry. Design of the
registries varied among the countries as 20/55 (36.4%) core parameters were not available in one or
more registries, including pancreatic duct size, pancreatic gland texture, abdominal drain placement
during surgery, ICU admission, post-pancreatectomy hemorrhage, bile leak, readmission, and resection
margin (Figure 1).
Baseline and preoperative characteristics
Supplementary Table S3 demonstrates the comparison of the core parameters among the four
registries. Overall, 22,983 pancreatoduodenectomies were included (15,224 from the USA vs. 3,558
from Germany vs. 2,795 from the Netherlands vs. 1,406 from Sweden). BMI (27.3, 25.6, 25.2, and 25.4
kg/m2, RLD 1.1, ALD 2.1) and ASA (77.7%, 48.2%, 22.5%, and 27.2% ASA III-IV, RLD 3.5, ALD 55.2%) were
highest in the USA (both p < 0.001). Patients from the USA and Germany more often suffered from
diabetes mellitus (25.8%, 25.7%, 20.3%, and 19.7%, RLD 1.3, ALD 6.1%) and hypertension (52.9%, 56.3%,
30.3%, and 46.9%, RLD 1.9, ALD 26.0%, both p < 0.001). Preoperative biliary drainage was performed
most often in Sweden (48.9%, 35.9%, 48.4%, and 61.0%, RLD 1.7, ALD 25.1%, p < 0.001). Preoperative
chemotherapy in patients with pancreatic ductal adenocarcinoma, was used most often in the USA
(27.6%, 4.9%, 7.0%, and 3.4%, RLD 8.1, ALD 24.2%, p < 0.001).
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Core parameters

USA
(NSQIP)
Multicenter

Germany
(StuDoQ)
Multicenter

Netherlands
(DPCA)
Nationwide

Sweden
(SNPPCR)
Nationwide

Baseline / preoperative parameters
Age
Gender
Height
Weight
BMI
Weight loss
Functional health status
ASA classification
Diabetes Mellitus
COPD
Heart failure
Hypertension
Dialysis
Albumin (closest to surgery)
Bilirubin (closest to surgery)
Biliary stent
Preoperative chemotherapy
Preoperative radiation therapy
Surgical characteristics
Annual PD volume per center
Operation year
Type of pancreatic surgery
Operative approach
Pancreatic duct size
Pancreatic gland texture
Pancreatic reconstruction
Abdominal drains
Abdominal drain removal
Vascular resection
Spleen resection
Colon resection
Partial gastrectomy
Postoperative outcomes
Drain fluid amylase (POD 1-3)
ICU admission
Surgical site infection
Organ space infection
Pneumonia
Pancreatic fistula
Post pancreatectomy hemorrhage
Delayed gastric emptying
Radiologic intervention
Bile leak
Organ failure
Reoperation
Readmission
In-hospital mortality
Clavien Dindo classification
Date of death
Date of discharge
Pathological outcomes
Histopathological diagnosis
T-stage
N-stage
M-stage
Tumor stage
Tumor size for benign tumors
Resection margin

Figure 1. Availability of 55 core parameters during 2014-2017 in four registries on pancreatic surgery in Western
countries. Diagonal stripes: available in registry. Dots: not available in registry.
USA = United States of America. NSQIP = National Surgical Quality Improvement Program. StuDoQ = Studien-,
Dokumentations- und Qualitätszentrum. DPCA = Dutch Pancreatic Cancer Audit. SNPPCR = Swedish National
Pancreatic and Periampullary Cancer Registry. BMI = Body Mass Index. ASA = American Society of
Anesthesiologists. COPD = Chronic Obstructive Pulmonary Disease. PD = Pancreatoduodenectomy. POD =
Postoperative Day. ICU = Intensive Care Unit.
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Treatment characteristics
Laparoscopic or robotic procedures (including conversion) were performed mostly in the Netherlands
(7.8%, 4.5%, 13.5%, and unknown, RLD 3.0, ALD 9.0%, p < 0.001). Pylorus preservation occurred in
37.8%, 71.1%, 58.5%, and 23.3% (RLD 3.1, ALD 47.8%, p < 0.001). Additional venous and/or arterial
resection was done most commonly in the USA and Sweden (17.2%, 11.3%, 14.9%, and 18.5%, RLD 1.6,
ALD 7.2%, p < 0.001). In all countries, a pancreaticojejunal duct-to-mucosa anastomosis was the most
frequent type of pancreatic reconstruction (82.2%, 60.8%, 56.4%, and 51.4%, RLD 1.6, ALD 30.8, p <
0.001).
Surgical outcomes
Clinically relevant pancreatic fistula and post-pancreatectomy hemorrhage occurred in 10.9%, 13.8%,
14.1%, and 15.8% (RLD 1.4, ALD 4.9%), and unknown, 9.4%, 8.3%, and 8.7% (RLD 1.1, ALD 1.1%) of
patients, respectively (both p < 0.001). Reoperation was performed mostly in Germany and Sweden
(5.7%, 17.1%, 8.7%, and 11.2%, RLD 3.0, ALD 11.4%, p < 0.001). Complications of Clavien Dindo grade
≥3 occurred in 20.3%, 31.5%, 31.0%, and 21.0% (RLD 1.6, ALD 11.2%, p < 0.001). Median length of stay
was 8.0, 16.0, 12.0, and 11.0 days (RLD 2.0, ALD 8.0, p < 0.001). The USA and the Netherlands had the
most readmissions (16.5%, 8.3%, 16.6%, and unknown, RLD 2.0, ALD 8.3%, p < 0.001). In-hospital
mortality was the lowest in the USA (1.3%, 4.7%, 3.6%, and 2.7%, RLD 3.6, ALD 3.4%, p < 0.001).
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Pathological outcomes
Pancreatic or periampullary (i.e. duodenal, ampulla of Vater, distal bile duct) adenocarcinoma was the
indication for resection in 70.1%, 67.9%, 75.0%, and 76.9% of patients (RLD 1.1, ALD 9.0%, p < 0.001).
The majority of patients with pancreatic or periampullary carcinoma had a stage T3 tumor (69.7%,
64.7%, 61.5%, and 66.6%, RLD 1.1, ALD 8.2%, p < 0.001) with positive regional lymph nodes (63.2%,
64.4%, 66.3%, and 70.6%, RLD 1.1, ALD 7.4%, p < 0.001). The tumor stage was most often categorized
as stage IIB (43.3%, 44.3%, 52.1%, and 57.9%, RLD 1.3, ALD 14.6%, p < 0.001).

DISCUSSION
Nationwide or multicenter registries on pancreatic surgery are becoming increasingly popular and
produce large amounts of data, which may have global clinical implications for quality control. This first
transatlantic comparison of four large registries from Western countries demonstrated that over one
third of the identified 55 core parameters were not available in one or more registries. Furthermore,
considerable differences exist in patients and treatment characteristics, and outcomes. The absolute
largest differences were 6.1% for diabetes mellitus, 24.3% for the use of preoperative chemotherapy
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for pancreatic cancer, 9.0% for minimally invasive surgery, 11.4% for reoperation rate, 8 days for median
length of stay, and 3.4% for in-hospital mortality.
Interestingly, various parameters that are important (predictors of) outcomes in pancreatic surgery
(e.g., pancreatic duct size, pancreatic gland texture, post-pancreatectomy hemorrhage, resection
margin) were not registered in one or more registries12,13. The differences are partly because of the
various development strategies of the registries. In 2004, the ACS-NSQIP for pancreatic surgery was built
from the initial Veterans Affairs' NSQIP in which data on major operations were captured with the aim
to provide feedback and reduce postoperative morbidity and mortality2. Subsequently, members of the
Americas Hepato-Pancreato-Biliary Association (AHPBA) Research Committee developed 24 pancreasspecific variables. These variables were trialed at 43 institutions in 2012, made optional for more
institutions in 2013 and required at institutions targeting pancreatectomy in 2014. The German DGAV
StuDoQ|Pancreas registry was based on guidelines and the literature, which was reviewed by a panel
of surgeons and led to national expert consensus in 20133. The design of the Dutch DPCA in 2013 was
based on a systematic literature search, cross-checks with existing registries, international consensus,
and national consensus through the Dutch Pancreatic Cancer Group4. The Swedish registry was
developed in 2010 after literature research and consensus of a panel of experts5. The suggested core
parameter set should not only be used as a tool to develop new pancreatic surgery registries, but also
to adapt existing registries to improve worldwide uniform data capturing and selection of patients.
For ‘hard’ outcome parameters such as in-hospital mortality, a uniform definition was easily made.
Many other variables could be converted or newly categorized. For example, functional health status
was defined as the five-tier ECOG 0-4 classification in the DPCA and Swedish registry, yet as a three-tier
classification (independent/partially dependent/totally dependent) in NSQIP and StuDoQ. Therefore,
the combined variable definition was restricted to the three-tier classification. Another example was
the pancreatic duct size definition. In NSQIP the lowest cut-off value was <3 millimeters, while it was ≤3
millimeters in StuDoQ. A lowest cut-off value of ≤3 millimeters was chosen which led to misclassification
of several patients from NSQIP. Although these new categories led to some information loss or
misclassification, the data still became comparable. Some variables, however, were difficult to combine.
For instance, although ASA scores should have an unambiguous definition, the absolute largest
difference was 49% for ASA 3 classification (71% vs. 22%). This large variation could point to different
interpretation by anesthesiologists or data managers, or registration bias. In addition, heart failure was
present in 11% in Germany and 33% in Sweden, while in 0.4% in the USA and 1% in the Netherlands. A
previous meta-analysis showed that the prevalence of all type heart failure was 5-15% in older adults14,
and these rates are expected to be lower in patients undergoing a pancreatoduodenectomy. The two
204

Comparison of transatlantic pancreatic surgery registries

higher rates are the result of ambiguous definitions by which other diseases (e.g. rhythmic disorders)
are included in addition to heart failure. This finding indicates the importance of not only implementing
key parameters, but also using identical definitions in the separate registries.
Several interesting differences in treatment strategies were identified among the registries.
Preoperative chemo(radio)therapy was used in 28% of patients with pancreatic adenocarcinoma in the
USA, while this rate ranged from 3-7% in the other three countries. In many European countries,
preoperative chemo(radio)therapy is currently only administered in a study setting15,16, which explains
these differences. For the USA, this management strategy may explain the higher rate of hard-fibrotic
pancreatic textures (40% USA vs. 31-35% in Europe), with potentially less pancreatic fistula (11% vs. 1416%), and less in-hospital mortality (1% vs. 3-5%). In addition, the presence of several very high volume
centers in the USA (e.g., performing >300 pancreatoduodenectomies annually) may also have
contributed to the low in-hospital mortality rate17. Unfortunately, center volume was not available as
parameter for this study and should therefore be taken into account in future analyses.
In Germany, the highest reoperation rate was found (17% vs. 6-11%), but the reasons for reoperation
were not reported. According to a recent report, reoperation is mostly performed for severe pancreatic
fistula18. Compared to the USA, clinically relevant pancreatic fistula were seen more often in Germany
(14% vs. 11%). However, as the Netherlands as well as Sweden have similar rates of pancreatic fistula
as Germany (14%-16% vs. 14% in Germany), but lower reoperation rates (9%-11% vs. 17% in Germany),
cultural differences may have played a role. The different reoperation rates could be related to the
strategy to treat pancreatic fistula. The USA, the Netherlands, and Sweden may primarily treat
pancreatic fistula with percutaneous catheter drainage, whereas Germany with relaparotomy.
However, this information is not recorded in the registries so this hypothesis could not be tested.
Germany had the lowest readmission rate (8% vs. 16-17%). While the Netherlands used a 30-day postdischarge interval for readmission, Germany and the USA both used a 30-day post-surgery interval. As
the Netherlands and the USA have similar readmission rates, the lower rate in Germany is probably not
explained by the different definitions. A systematic review found an overall 30-day readmission rate of
17-21%, with postoperative complications and severe complications as strong predictors of
readmission19. However, (severe) postoperative complications occurred in various rates among the
countries, thus this issue does not seem to have a direct relation with readmission in this study. Most
likely, the longer length of stay in Germany (16 vs. 8-12 days) contributed to the lower readmission rate.
In addition, these outcomes may be explained by factors that are difficult to assess, such as cultural,
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geographical, insurance, health system payment and reimbursement differences and mentality towards
discharge of patients.
Some limitations of this study should be noted. First, whereas NSQIP and StuDoQ are multicenter
registries, both the DPCA and SNPPRC are nationwide registries. In the USA and Germany, this difference
probably resulted in a selection and registration bias because relatively more higher volume centers
participate in these registries. Currently, in the USA approximately two-thirds of the pancreatectomies
performed annually are captured and in Germany this rate is approximately one-fifth. These varying
procedures for inclusion and selection of patients between multicenter versus nationwide registries
may be a (partial) underlying cause of several found differences. Unfortunately, annual center volume
for pancreatoduodenectomy was not available in the NSQIP and Swedish audit so no extent of this
difference can be assessed. Second, in some instances observed differences may be the result of
definition variations among registries. Third, all comparisons were made in the current very large
dataset by which minimal differences were statistically significant, yet were not always clinically
relevant. Fourth, some variables could not be compared, such as drain fluid amylase. Some countries
may for example determine this at postoperative day 1, whereas others at day 3 or both days.
Definitions and clinical practice were too different for a valid comparison. In the future, consensus
should be reached on drain fluid amylase before a comparison can be made between countries.
In conclusion, this comparison showed that even in four Western countries the design of four pancreatic
surgery registries differs. Furthermore, differences in patient selection and characteristics, treatment
strategies, and outcomes exist which requires further study and improvement. Harmonizing registries
provides an opportunity to compare outcomes accurately, set clean benchmarks, and combine and
extrapolate data from different countries. Ultimately, reducing practice variation may improve
outcomes globally.
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ABSTRACT
Introduction: The relation between type of postoperative complication and not receiving chemotherapy
after resection of pancreatic ductal adenocarcinoma (PDAC) is unclear. The aim was to investigate which
patient factors and postoperative complications were associated with not receiving adjuvant
chemotherapy.
Methods: Patients who underwent resection (2014-2017) for PDAC were identified from the nationwide
mandatory Dutch Pancreatic Cancer Audit. The association between patient-, tumor-, center-,
treatment characteristics, and the risk of not receiving adjuvant chemotherapy was analyzed with
multivariable logistic regression.
Results: Overall, 1306 patients, 24% (n=312) developed postoperative Clavien Dindo ≥3 complications.
In-hospital mortality was 3.5% (n=46). Some 433 patients (33%) did not receive adjuvant chemotherapy.
Independent predictors (all p<0.050) for not receiving adjuvant chemotherapy were older age (odds
ratio (OR) 0.96), higher ECOG performance status (OR 0.57), postoperative complications (OR 0.32),
especially grade B/C pancreatic fistula (OR 0.51) and post-pancreatectomy hemorrhage (OR 0.36), poor
tumor differentiation grade (OR 0.62), and annual center volume of <40 pancreatoduodenectomies (OR
0.51).
Conclusion: This study demonstrated that a third of patients do not receive chemotherapy after
resection of PDAC. Next to higher age, worse performance status and lower annual surgical volume, this
is mostly related to surgical complications, especially postoperative pancreatic fistula and postpancreatectomy hemorrhage.
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INTRODUCTION
Adjuvant chemotherapy substantially improves survival and quality of life in patients undergoing
resection of pancreatic ductal adenocarcinoma (PDAC) and is therefore the current standard of care for
patients with a good performance status after resection1, 2. Several studies have shown that a substantial
number of patients do not receive adjuvant treatment after pancreatic resection (range 24%-54%)3-6.
These data are rather worrisome, especially since the recent French-Canadian PRODIGE-24 trial
demonstrated an impressive 54 months overall survival with adjuvant modified FOLFIRINOX as
compared to 35 months with adjuvant gemcitabine1.
Whether adjuvant chemotherapy is given depends on patient, doctor, and hospital factors. With respect
to patient factors, postoperative complications are important. Several small retrospective studies have
suggested an association between complications after pancreatic resection and delay or omission of
adjuvant chemotherapy4, 6-10. Larger studies either investigated only one specific complication (e.g.,
pancreatic fistula), or are relatively outdated, especially since the quality and efficiency of both
perioperative care and adjuvant therapy has improved4, 11, 12. Large, observational studies on the impact
of patient factors, hospital factors and postoperative complications on the risk of not receiving adjuvant
chemotherapy are lacking.
The aim of this study, which used data from a nationwide mandatory prospective surgical audit, was to
investigate which patient factors, hospital factors and postoperative complications are associated with
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not receiving adjuvant chemotherapy after resection of PDAC.

METHODS
Study Design
This was a nationwide analysis of prospectively collected data within the Dutch Pancreatic Cancer Audit
(DPCA)13, 14. All Dutch patients with PDAC who underwent resection in the period 2014-2017 in 19
centers were included. One center stopped pancreatic surgery after 2015 and two centers merged,
leaving 17 centers at the end of the study period. Patients were divided into subgroups of (A) no or
minor complications (Clavien Dindo <3) and (B) major complications (Clavien Dindo ≥3)15. Patients with
more than one complication were categorized according to their most severe complication. Patients
were excluded if data on postoperative complications or on adjuvant chemotherapy were missing. This
study was designed in accordance with the STROBE guidelines.
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Data Collection
Data were retrieved from the DPCA database, including patient characteristics (i.e. age at resection, sex,
preoperative ECOG performance status, ASA score, and comorbidities), tumor characteristics (i.e.
resection margins, T-stage, N-stage, and tumor differentiation grade), treatment characteristics (i.e.
neoadjuvant chemotherapy, surgical procedure, and minimally invasive surgery), length of hospital stay,
postoperative complications (i.e. general and pancreatic surgery specific complications), in-hospital
mortality, the use of adjuvant chemotherapy, and interval between resection and start of adjuvant
chemotherapy. General complications were pneumonia (diagnosed with X-ray), wound infection
(requiring at least opening, flushing and covering of the wound with gauze), organ failure (dialysis,
inotropes, and/or artificial respiration required), and death. Pancreatic surgery specific complications
(only grade B and C) included postoperative pancreatic fistula, delayed gastric emptying, bile leakage,
post pancreatectomy hemorrhage, and chyle leakage, all of which defined according to the International
Study Group on Pancreatic Surgery (ISGPS)16-21. Data on pancreatic fistula and chyle leakage according
to ISGPS 2016 definitions were only available for 2017. Tumor stage was defined in accordance with the
7th TNM classification edition. Margin status was classified as microscopically radical resection (>1mm;
R0) and microscopically irradical resection (≤1mm; R1). Time to adjuvant chemotherapy was defined as
time between pancreatic resection and start date of chemotherapy. To assess the accuracy of data on
adjuvant chemotherapy in the DPCA, validation was performed through the Netherlands Cancer
Registration, an independent population-based registry collecting data on all patients with cancer in the
Netherlands. The percentage of resected PDAC patients receiving adjuvant chemotherapy was
compared between both registries. A 96% concordance was found for the years 2013-2015.
Centers participating in the DPCA were classified into 2 groups based on the mean annual
pancreatoduodenectomy (PD) volume (regardless of the indication for resection) according to
predefined groups22: medium (<40 PDs) and high (≥40 PDs) volume centers.
Statistical Analysis
Baseline characteristics and outcomes were assessed using descriptive statistics. Categorical variables
were reported as proportions. Parametric continuous variables were reported as mean with standard
deviation (SD) and non-parametric continuous variables as median with interquartile range (IQR).
Missing data (range 0.6-13.2%) were imputed by multiple imputation techniques in which 10 dummy
sets were created.
Patient and tumor characteristics, as well as treatment and surgical outcome parameters were assessed
with univariable analysis as potential predictors for not receiving adjuvant chemotherapy. Variables with
p<0.10 were subsequently selected for multivariable logistic regression analysis with backward stepwise
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selection and reported as odds ratio (OR) with corresponding 95% confidence interval (CI). A subgroup
analysis was performed in which the effect of individual complications on not receiving chemotherapy
was evaluated, when adjusted for other previously identified confounders. Sensitivity analyses were
performed excluding 1) patients who received neoadjuvant chemotherapy (n=111) and 2) patients with
in-hospital mortality (n=46). All p-values were based on a 2-sided test. A p-value of below 0.05 was
considered statistically significant. Statistical analyses were performed in SPSS Statistics version 24 and
R version 3.4.4.

RESULTS
Study Population
In total, 1 457 patients underwent a resection for PDAC between 2014-2017. After exclusion of patients
with missing data on postoperative complications (n=29, 2.0%) or on adjuvant chemotherapy (n=122,
8.4%), the final cohort consisted of 1 306 patients. Patient, tumor and treatment characteristics are
given in Table 1.
Adjuvant Chemotherapy and Postoperative Complications
The in-hospital mortality was 3.5% (n=46/1 306). Overall, 427 patients (32.7%) suffered from minor
complications and 312 (23.9%) from major complications. A total of 873 patients (66.8% of the total
cohort and 69.3% after exclusion of patients with in-hospital mortality) received adjuvant
chemotherapy, of whom 848 (97.1%) received only chemotherapy and 25 (2.9%) received a
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combination of chemotherapy and radiotherapy.
The proportion of patients who did not receive adjuvant chemotherapy differed significantly between
centers during the study period (range 11.9%-68.3%, p<0.001, Figure 1) and varied from 39.9% in
medium volume to 25.1% in high volume centers respectively (p<0.001).
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Table 1. Characteristics of 1 306 Dutch patients with resected PDAC (2014-2017)
Age at resection (± SD)
67 (± 9.5)
BMI (± SD)
24.9 (± 4.1)
Sex (male)
719 (55.1%)
ECOG performance status
0
588 (45.0%)
I
542 (41.5%)
II
121 (9.3%)
III
20 (1.5%)
IV
34 (2.6%)
ASA score
I
165 (12.6%)
II
837 (64.1%)
III
299 (22.9%)
IV
5 (0.4%)
Comorbidity
Cardiovascular
608 (46.6%)
Pulmonary
165 (12.6%)
Renal
127 (9.7%)
Hepatic
16 (1.2%)
Neoadjuvant chemotherapy (received)
111 (8.5%)
Surgical procedure
Pancreatoduodenectomya
1 067 (81.7%)
Distal pancreatectomy
188 (14.4%)
Central pancreatectomy
1 (0.1%)
Total pancreatectomy
44 (3.4%)
Other
6 (0.5%)
Minimally invasive surgeryb
211 (16.2%)
Pancreatoduodenectomy volume
Medium (<40)
716 (54.8%)
High (≥40)
590 (45.2%)
Microscopic resection margins
R0
783 (60.0%)
R1
523 (40.0%)
T stage
T1
67 (5.1%)
T2
151 (11.6%)
T3
1 033 (79.1%)
T4
55 (4.2%)
N stage
N0
403 (30.9%)
N1
903 (69.1%)
Tumor differentiation grade
Well
161 (12.3%)
Moderate
729 (55.8%)
Poor
356 (27.3%)
Undifferentiated
60 (4.6%)
Adjuvant chemotherapy (not received)
433 (33.2%)
Median time to adjuvant chemotherapy in days (IQR)$
48 (37-62) (n=380)
a
Whipple, pylorus preserving and pylorus resecting pancreatoduodenectomy
b
Including procedures with conversion to open surgery (n=214, 25.7%)
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Figure 1. Proportion of patients after surgical resection of PDAC who did not receive adjuvant chemotherapy per
Dutch center between 2014-2017

Patients with major complications less frequently received adjuvant chemotherapy, as compared with
patients with minor or no complications (51.6% vs. 27.4%, p<0.001). Overall, median time to commence
adjuvant chemotherapy was 48 days (IQR 37-62) after resection, and was significantly longer for patients
with major versus minor or no complications (56 vs. 47 days, p<0.001).
The univariable and multivariable analyses of factors that predict not receiving adjuvant chemotherapy
are shown in Table 2.
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Table 3 summarizes the sub-analysis of the association of specific complications with not receiving
adjuvant chemotherapy. After sensitivity analyses, excluding 111 patients who received neoadjuvant
chemotherapy, results remained similar (Supplementary Table S1 and S2).
After sensitivity analyses, excluding 46 patients with in-hospital mortality, results remained similar
(Supplementary Table S3 and S4).
Of the 305 patients with ECOG 0 or 1 performance status and age <70 years who underwent surgery in
high volume centers, 57 (18.8%) did not receive adjuvant chemotherapy; 45 (14.7%) developed minor
or no complications versus 95 (31.1%) who developed major complications (p=0.003). The risk of not
receiving adjuvant chemotherapy in this ‘best-case-scenario’ was still high for patients with major
complications (OR 0.38, 95% CI 0.21-0.70, p=0.002).
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Table 2. Uni- and multivariable logistic regression for the risk not receiving adjuvant chemotherapy after surgical
resection for PDAC in a nationwide cohort
Univariable
Multivariable
OR (95% CI)
p-value
OR (95% CI)
p-value
Age at resection
0.95 (0.94-0.97)
<0.001
0.96 (0.94-0.97)
<0.001
ECOG performance status
0-I
Ref
Ref
II-IV
0.53 (0.38-0.74)
<0.001
0.57 (0.39-0.83)
0.003
ASA score
I
Ref
II
0.76 (0.52-1.12)
0.172
III-IV
0.40 (0.26-0.61)
<0.001
Comorbidity
Cardiovascular
0.67 (0.53-0.85)
0.001
0.71 (0.51-1.00)
0.056
Pulmonary
0.60 (0.41-0.88)
0.081
Renal
Hepatic
0.72 (0.24-2.14)
0.558
Neoadjuvant chemotherapy
1.49 (0.93-2.40)
0.090
Surgical procedure
Pancreatoduodenectomya
Ref
Distal pancreatectomy
0.83 (0.60-1.14)
0.254
Central pancreatectomyb
Total pancreatectomy
0.62 (0.39-1.00)
0.133
Other
0.47 (0.21-1.07)
0.369
Annual volume of
pancreatoduodenectomy
0.51 (0.40-0.65)
<0.001
0.51 (0.39-0.66)
<0.001
Medium (<40)
High (≥40)
Ref
Ref
Microscopic resection margins
R0
Ref
R1
0.99 (0.78-1.27)
0.971
T stage
T1
Ref
T2
1.10 (0.59-2.05)
0.783
T3
1.23 (0.72-2.11)
0.452
T4
0.63 (0.30-1.34)
0.224
N stage
N0
Ref
N1
1.21 (0.95-1.55)
0.130
Tumor differentiation grade
Well
Ref
Ref
Moderate
0.90 (0.61-1.32)
0.584
0.90 (0.59-1.40)
0.612
0.68 (0.43-0.99)
0.040
0.62 (0.39-0.98)
0.041
Poor
Undifferentiated
0.88 (0.33-2.36)
0.797
0.96 (0.32-2.88)
0.944
Postoperative complications
None or minor
Ref
Ref
Major
0.35 (0.27-0.46)
<0.001
0.32 (0.24-0.42)
<0.001
Bold in univariable analysis indicates variables (p<0.10) that were entered in multivariable analysis. Bold in
multivariable analysis indicates statistical significance (p<0.05).
a
Whipple, pylorus preserving and pylorus resecting pancreatoduodenectomy
b
Not enough events for statistical analysis
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Table 3. Uni- and multivariable analysis for the association between the various individual complications with
adjuvant chemotherapy after surgical resection for PDAC
Univariable
Multivariable
OR (95% CI)
p-value
OR (95% CI)a
p-value
Pancreatic fistula (ISGPS 2005)
None or grade A
Ref
Ref
Grade B/C
0.46 (0.31-0.68)
<0.001
0.51 (0.33-0.79)
0.003
Pancreatic fistula (ISGPS 2016)
None or biochemical leak
Ref
Grade B/C
0.48 (0.23-0.99)
0.050
Delayed gastric emptying
None or grade A
Ref
Grade B/C
0.79 (0.57-1.11)
0.173
Bile leakage
None or grade A
Ref
Grade B/C
0.45 (0.22-0.92)
0.038
Post-pancreatectomy hemorrhage
None or grade A
Ref
Ref
Grade B/C
0.35 (0.22-0.55)
<0.001
0.36 (0.22-0.59)
<0.001
Chyle leakage
None or grade A
Ref
Grade B/C
0.68 (0.31-1.51)
0.344
Pneumonia
No
Ref
Yes
0.39 (0.20-0.75)
0.013
Surgical site infection
No
Ref
Yes
0.81 (0.48-1.39)
0.455
Atrial fibrillation
No
Ref
Yes
0.42 (0.18-1.01)
0.057
Bold in univariable analysis indicates variables (p<0.10) that were entered in multivariable analysis. Bold in
multivariable analysis indicates statistical significance (p<0.05).
a
Analysis adjusted for age at resection, ECOG performance status, pancreatoduodenectomy volume and tumor
differentiation grade.
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DISCUSSION
This nationwide multicenter study demonstrated that a third of patients did not receive adjuvant
chemotherapy after resection of PDAC, with considerable variation among centers. Postoperative
surgical complications, especially pancreatic fistula and post-pancreatectomy hemorrhage, were the
strongest predictor for not receiving adjuvant chemotherapy, followed by increased age and a lower
annual center volume.
Reported rates of not receiving adjuvant chemotherapy range from 26%-54% in previous populationbased studies3, 4, 6, and was 33% in this study. In this cohort, 24% of patients suffered from major
postoperative complications. Previous studies report similar complication rates4, 6, 9, 10, 12, 23. The odds of
receiving adjuvant chemotherapy decreased significantly in these patients (OR 0.32, 95% CI 0.24-0.42).
Patients suffering from postoperative complications, specifically pancreatic fistula and postpancreatectomy hemorrhage, may have a performance status which is too poor to start adjuvant
chemotherapy within the advocated three months after surgery24, 25. Similar results have been found
for adjuvant treatment after surgery for colon and gastric cancer26-28. In addition, a recent Dutch study
showed that pancreatic centers differed little in the incidence of postoperative complications, but that
centers of excellence had much better ‘failure to rescue rates’ from these complications29. This
emphasizes the importance of prevention but also early detection and adequate management of
postoperative complications, especially pancreatic fistula30, 31. To improve postoperative complication
management and subsequent oncological care in pancreatic cancer, two nationwide randomized
stepped-wedge trials, PORSCH (NCT03400280) and PACAP-1 (NCT03513705) were recently launched in
the Netherlands.
Increased age at the time of resection, poor ECOG performance status and poor tumor differentiation
grade were independent predictors for not receiving adjuvant chemotherapy and may influence the
decision of clinicians and patients to pursue upfront surgery followed by adjuvant treatment. Increased
age is a known risk factor for not receiving adjuvant chemotherapy in PDAC7, 8, 10, 24, 32 and other types of
cancer26-28. Previous studies on adjuvant treatment have not investigated the influence of ECOG
performance status in PDAC, but this relationship was previously described in colorectal cancer33.
Although tumor differentiation grade should not influence the administration of adjuvant treatment
after PDAC resection, poor differentiation grade was an independent risk factor for not receiving
adjuvant chemotherapy. This finding is different from previous studies that suggest higher willingness
of clinicians to administer adjuvant chemotherapy to patients with worse prognosis PDAC (e.g. higher
T-stage)24, 32. However, specifically for cancers with a poor prognosis, such as PDAC, oncologists may be
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pessimistic about the added value of adjuvant treatment, especially when predictors for worse
outcomes such as poor differentiation grade are present. With the introduction of newer and more
effective chemotherapy regimens such as FOLFIRINOX with a clear survival benefit compared to
gemcitabine (median overall survival 54 vs. 35 months)34, it may be speculated that in the future more
patients with PDAC will be treated with adjuvant chemotherapy, even if negative outcome predictors
are present. Nevertheless, it should be noted that implementation of improvements in daily medical
care are inherently slow, underlining the relevance of bringing to attention the thus far limited uptake
of adjuvant chemotherapy after pancreatic resection.
Adjuvant chemotherapy was administered more often in patients who underwent pancreatic resection
in a high volume as compared to a medium volume center (40% vs. 25%). Volume-outcome relationships
have clearly been established for surgical outcome after PD for cancer22, 29, 35. A previous study showed
that center volume is also relevant for palliative chemotherapy for metastatic PDAC36. The current study
results suggest that institutional volume may also be relevant for adjuvant chemotherapy. Oncologists
from high volume centers may be more willing to administer systemic treatment to a broader selection
of patients. It may also be possible that more motivated patients who are willing to undergo
chemotherapy are more likely to visit high volume centers for treatment.
Neoadjuvant chemotherapy for patients with PDAC is currently gaining popularity and several studies
have shown a survival benefit compared to adjuvant therapy37-39. Some have argued that neoadjuvant
treatment may improve the use of systemic treatment, as this treatment strategy avoids the issue of
postoperative complications, as treatment is given prior to surgery. Neoadjuvant treatment may also
improve R0-resection rates compared to upfront surgery for (borderline) resectable PDAC37-39. To assess
the effect of neoadjuvant FOLFIRINOX in patients with (borderline) resectable PDAC, the PREOPANC-2
trial (NTR7292) was recently launched in the Netherlands. Neoadjuvant treatment in the Netherlands is
only given in trial settings, as the current standard of care is adjuvant chemotherapy.
This study has several limitations. First, the nationwide DPCA does not collect data on type of
chemotherapy, side effects, dose reductions, completion of treatment, or long-term survival. Second,
the DPCA may not collect data from patients referred to another hospital for adjuvant chemotherapy
correctly. Cross-validation with the Netherlands Cancer Registry data, however, showed a 96%
concordance. Therefore, the impact of this bias is probably small. The strength of the current study is
that the participation in the DPCA is mandatory and contains data on all pancreatic resections in the
Netherlands.
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In conclusion, increased age at resection, worse ECOG performance status, poor tumor differentiation,
annual center volume of <40 PDs, but mostly major postoperative complications are independently
associated with not receiving adjuvant chemotherapy after resection of PDAC. Pancreatic fistula and
post-pancreatectomy hemorrhage were the strongest predictors for not receiving adjuvant
chemotherapy. These findings may further fuel the current debate of the value of neoadjuvant versus
adjuvant treatment strategies in PDAC.
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SUPPLEMENTARY MATERIALS
Supplementary Table S1. Sensitivity analysis excluding 111 patients who received neoadjuvant chemotherapy; uniand multivariable logistic regression for the risk not receiving adjuvant chemotherapy after surgical resection for
PDAC in a nationwide cohort
Univariable
Multivariable
OR (95% CI)
p-value
OR (95% CI)
p-value
Age at resection
0.95 (0.93-0.96)
<0.001
0.95 (0.93-0.96)
<0.001
ECOG performance status
0-I
Ref
Ref
II-IV
0.57 (0.41-0.81)
0.001
0.60 (0.41-0.88)
0.009
ASA score
I
Ref
II
0.73 (0.48-1.09)
0.135
III-IV
0.38 (0.24-0.59)
<0.001
Comorbidity
Cardiovascular
0.65 (0.50-0.83)
0.001
0.76 (0.54-1.07)
0.127
Pulmonary
0.61 (0.42-0.90)
0.012
Renal
Hepatic
0.78 (0.22-2.79)
0.709
Surgical procedure
Pancreatoduodenectomya
Ref
Distal pancreatectomy
0.81 (0.57-1.14)
0.231
Central pancreatectomyb
Total pancreatectomy
0.72 (0.37-1.41)
0.344
Other
0.52 (0.07-4.13)
0.540
Annual volume of
pancreatoduodenectomy
0.51 (0.40-0.66)
<0.001
0.50 (0.38-0.66)
<0.001
Medium (<40)
High (≥40)
Ref
Ref
Microscopic resection margins
R0
Ref
R1
1.04 (0.80-1.33)
0.791
T stage
T1
Ref
T2
1.25 (0.63-2.47)
0.536
T3
1.39 (0.77-2.51)
0.280
T4
0.71 (0.31-1.62)
0.423
N stage
N0
Ref
N1
1.27 (0.97-1.65)
0.084
Tumor differentiation grade
Well
Ref
Ref
Moderate
0.90 (0.61-1.34)
0.612
0.92 (0.60-1.42)
0.722
0.039
0.040
Poor
0.62 (0.41-0.95)
0.61 (0.38-0.97)
Undifferentiated
0.84 (0.29-2.38)
0.735
0.96 (0.29-3.18)
0.955
Postoperative complications
None or minor
Ref
Ref
Major
0.34 (0.26-0.45)
<0.001
0.31 (0.23-0.41)
<0.001
Bold in univariable analysis indicates variables (p<0.10) that were entered in multivariable analysis. Bold in
multivariable analysis indicates statistical significance (p<0.05).
a
Whipple, pylorus preserving and pylorus resecting pancreatoduodenectomy
b
Not enough events for statistical analysis
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Supplementary Table S2. Sensitivity analysis excluding 111 patients who received neoadjuvant chemotherapy; uniand multivariable analysis for the association between the various individual complications with adjuvant
chemotherapy after surgical resection for PDAC
Univariable
Multivariable
OR (95% CI)
p-value
OR (95% CI)a
p-value
Pancreatic fistula (ISGPS 2005)
None or grade A
Ref
Ref
Grade B/C
0.41 (0.27-0.61)
<0.001
0.46 (0.29-0.73)
0.001
Pancreatic fistula (ISGPS 2016)
None or biochemical leak
Ref
Grade B/C
0.35 (0.16-0.78)
0.016
Delayed gastric emptying
None or grade A
Ref
Grade B/C
0.74 (0.52-1.01)
0.103
Bile leakage
None or grade A
Ref
Grade B/C
0.46 (0.22-0.97)
0.049
Post-pancreatectomy hemorrhage
None or grade A
Ref
Ref
Grade B/C
0.30 (0.18-0.49)
<0.001
0.32 (0.19-0.55)
<0.001
Chyle leakage
None or grade A
Ref
Grade B/C
0.57 (0.24-1.32)
0.191
Pneumonia
No
Ref
Yes
0.32 (0.15-0.67)
0.033
Surgical site infection
No
Ref
Yes
0.72 (0.41-1.26)
0.254
Atrial fibrillation
No
Ref
Yes
0.35 (0.14-0.88)
0.039
Bold in univariable analysis indicates variables (p<0.10) that were entered in multivariable analysis. Bold in
multivariable analysis indicates statistical significance (p<0.05).
a
Analysis adjusted for age at resection, ECOG performance status, pancreatoduodenectomy volume and tumor
differentiation grade.
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Supplementary Table S3. Univariable and multivariable logistic regression for the risk not receiving
adjuvant chemotherapy after surgical resection for PDAC in a nationwide cohort
Univariable
Multivariable
OR (95% CI)
p-value
OR (95% CI)
p-value
Age at resection
0.95 (0.94-0.97)
<0.001
0.96 (0.94-0.97)
<0.001
ECOG performance status
0
Ref
Ref
0.041
I
0.76 (0.58-0.99)
0.90 (0.68-1.20)
0.484
0.49 (0.32-0.75)
0.001
0.032
II
0.60 (0.38-0.94)
0.31 (0.10-0.92)
0.045
0.33 (0.10-1.08)
0.074
III
IV
0.44 (0.17-1.11)
0.089
0.52 (0.18-1.50)
0.226
ASA score
I
Ref
II
0.79 (0.54-1.18)
0.256
III-IV
0.44 (0.29-0.68)
<0.001
Comorbidity
0.001
Cardiovascular
0.67 (0.52-0.85)
0.81 (0.56-1.16)
0.249
Pulmonary
0.68 (0.46-1.01)
0.064
Renal
Hepatic
0.77 (0.23-2.53)
0.663
Neoadjuvant chemotherapy
1.60 (0.97-2.65)
0.077
Surgical procedure
Pancreatoduodenectomy*
Ref
Distal pancreatectomy
0.81 (0.58-1.13)
0.221
Central pancreatectomy#
Total pancreatectomy
0.70 (0.36-1.38)
0.293
Other
0.42 (0.19-0.96)
0.298
Annual volume of
pancreatoduodenectomy
0.51 (0.40-0.65)
<0.001
0.51 (0.39-0.66)
<0.001
Medium (<40)
High (≥40)
Ref
Microscopic resection margins
R0
Ref
R1
1.07 (0.83-1.37)
0.611
T stage
T1
Ref
T2
1.16 (0.62-2.17)
0.650
T3
1.37 (0.80-2.36)
0.253
T4
0.81 (0.37-1.76)
0.606
N stage
N0
Ref
N1
1.26 (0.98-1.63)
0.087
Tumor differentiation grade
Well
Ref
Ref
Moderate
0.93 (0.63-1.38)
0.722
0.92 (0.60-1.41)
0.691
0.075
0.042
Poor
0.68 (0.45-1.04)
0.62 (0.39-0.99)
Undifferentiated
0.91 (0.94-2.61)
0.918
1.02 (0.34-3.07)
0.975
Postoperative complications
None or minor
Ref
Ref
Major
0.50 (0.37-0.65)
<0.001
0.44 (0.33-0.59)
<0.001
Patients excluded that died during initial hospital admission (n=46). Bold in univariable analysis indicates variables
that were entered in multivariable analysis. Bold in multivariable analysis indicates statistical significance.
* Whipple, pylorus preserving and pylorus resecting pancreatoduodenectomy
#
Not enough events for statistical analysis
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Supplementary Table S4. Multivariable analysis for the association between the various individual
complications with adjuvant chemotherapy after surgical resection for PDAC
Univariable
Multivariable
OR (95% CI)
p-value
OR (95% CI)#
p-value
Pancreatic fistula (ISGPS 2005)
No or grade A
Ref
Grade B/C
0.51 (0.33-0.76)
0.001
0.52 (0.33-0.81)
0.004
Pancreatic fistula (ISGPS 2016)
No or biochemical leak
Ref
Grade B/C
0.49 (0.23-1.02)
0.064
Delayed gastric emptying
No or grade A
Ref
Grade B/C
0.80 (0.57-1.13)
0.213
Bile leakage
No or grade A
Ref
Grade B/C
0.59 (0.27-1.30)
0.191
Post-pancreatectomy hemorrhage
No or grade A
Ref
Grade B/C
0.53 (0.32-0.89)
0.028
0.54 (0.31-0.95)
0.032
Chyle leakage
No or grade A
Ref
Grade B/C
0.73 (0.32-1.69)
0.469
Pneumonia
No
Ref
Yes
0.48 (0.24-0.98)
0.040
Surgical site infection
No
Ref
Yes
0.91 (0.52-1.61)
0.756
Atrial fibrillation
No
Ref
Yes
0.54 (0.21-1.38)
0.204
Patients excluded that died during initial hospital admission (n=46). Bold in univariable analysis indicates variables
that were entered in multivariable analysis. Bold in multivariable analysis indicates statistical significance.
#
Analysis adjusted for age at resection, ECOG performance status, pancreatoduodenectomy volume and tumor
differentiation grade.
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ABSTRACT
Background: Pancreatic cancer has a very poor prognosis. Best practices for the use of chemotherapy,
enzyme replacement therapy, and biliary drainage have been identified but their implementation in
daily clinical practice is often suboptimal. We hypothesized that a nationwide program to enhance
implementation of these best practices in pancreatic cancer care improves survival and quality of life.
Methods: PACAP-1 is a nationwide multicenter stepped-wedge cluster randomized controlled
superiority trial. In a per center stepwise and randomized manner, best practices in pancreatic cancer
care regarding the use of (neo)adjuvant and palliative chemotherapy, pancreatic enzyme replacement
therapy, and metal biliary stents are implemented in all 17 Dutch pancreatic centers and their regional
referral networks during a six week initiation period. Per pancreatic center, one multidisciplinary team
functions as reference for the other centers in the network. Key best practices were identified from
literature, three years of data from existing nationwide registries within the Dutch Pancreatic Cancer
Project (PACAP), and national expert meetings. The best practices follow the Dutch guideline on
pancreatic cancer and the current state of the literature, and can be executed within daily clinical
practice. The implementation process includes monitoring, return visits, and provider feedback in
combination with education and reminders. Patient outcomes and compliance are monitored within
the PACAP registries. Primary outcome is one-year overall survival (for all disease stages). Secondary
outcomes include quality of life, three- and five-year overall survival, and guideline compliance. An
improvement of 10% of one-year overall survival was considered clinically relevant. A 25 months study
duration was chosen, which provides 80% statistical power for an mortality reduction of 10.0% in the
17 pancreatic cancer centers, with a required sample size of 2142 patients, corresponding with a 6.6%
mortality reduction and 4769 patients nationwide.
Discussion: The PACAP-1 trial is designed to evaluate whether a nationwide program for enhanced
implementation of best practices in pancreatic cancer care can improve one-year overall survival and
quality of life.
Trial registration: Trial open for accrual 22th May 2018. ClinicalTrials.gov - NCT03513705.
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BACKGROUND
It is estimated that pancreatic cancer will be the second most common cause of cancer-related mortality
by 2030 in Europe1. Without treatment, the median survival is only three to six months. Some 15-20%
of patients with pancreatic cancer are amenable to surgical resection combined with adjuvant
chemotherapy2. However, even after resection, the median overall survival is only 11-25 months1, 3. In
patients in whom it is possible to perform a microscopic radical resection median survival increases to
three to four years3-5.
The Dutch Pancreatic Cancer Project
The Dutch Pancreatic Cancer Project (PACAP) aims to improve outcomes of patients in all stages of
pancreatic cancer. PACAP was launched in 2013 as an initiative of the national multidisciplinary Dutch
Pancreatic Cancer Group (DPCG, www.dpcg.nl). In a period of six years, PACAP aimed primarily to
improve outcome and quality of life for pancreatic cancer patients in the Netherlands. This is achieved
through one of the largest nationwide collaborative outcomes registration and biobanking projects on
pancreatic cancer in the world, which provides unique opportunities for improving care for these
patients and developing new diagnostic and treatment strategies. From the start, PACAP included
several registries, including the Dutch Pancreatic Cancer Audit (DPCA), the Netherlands Cancer Registry
(NCR), the Dutch Pancreas Biobank (PancreasParel), Patient Reported Outcome Measures (PROMs) and
an online expert panel6-8. Details on PACAP registries are listed in APPENDIX 1.
The PACAP-1 trial
In 2014, 78% of 2393 patients diagnosed with pancreatic cancer in the Netherlands died within one year
(www.cijfersoverkanker.nl). These numbers illustrate the severity of this disease and the need for
improvement of treatment and clinical outcomes. From literature and the first three years of PACAP,
fairly straightforward points of improvement in care and guideline compliance for patients with
pancreatic cancer in the Netherlands were identified. Systematic reviews of guideline dissemination and
implementation strategies showed that compliance by health-care workers, specifically medical
doctors, is poor9, 10. A recent study demonstrated that compliance with the 2012 Dutch pancreatic
cancer guideline was low (Figure 1)11. In addition, regional differences in (type of) treatment and clinical
outcomes have been identified. For example, the use of adjuvant chemotherapy after
pancreatoduodenectomy for pancreatic cancer per DPCG center varied between 26-74% in 1195 Dutch
patients (2008-2013)12. Significant differences were also present in the type of palliative chemotherapy
given to 345 patients with metastatic disease (Figure 2). Patients with metastatic disease who were
treated in high-volume chemotherapy or surgical centers had better survival compared to lower volume
centers13. While administration of palliative systemic chemotherapy doubled in the elderly in the
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Netherlands between 2005 and 2013 (13% vs. 30%), it was still relatively low as compared with
population based-studies from other Western countries14.

Figure 1. Guideline compliance among 2,564 patients treated for pancreatic or periampullary cancer in the
Netherlands in 2010 and 2012. MDT = multidisciplinary team. Definition adjuvant chemotherapy: percentage of
patients receiving adjuvant chemotherapy after tumor resection for pancreatic carcinoma. Definition discussed in
MDT meeting: percentage of patients discussed within a MDT meeting. Definition waiting time: percentage of
patients who started treatment within three weeks of final MDT meeting.
* Not available for 2010

Figure 2. Type of palliative chemotherapy given to 345 patients with metastasized pancreatic cancer in 2015 in the
Netherlands in pancreatic and non-pancreatic centers (NCR data). CAPOX = capecitabine and oxaliplatin. 5FU = 5fluorouracil. FOLFIRINOX = folinic acid, 5-fluorouracil, irinotecan, and oxaliplatin.
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The PACAP-1 trial aims to enhance the implementation of key best practices in the 17 Dutch pancreatic
centers with their associated regional networks, using a nationwide stepped-wedge cluster randomized
controlled trial (RCT). PACAP-1 is unique that it involves all relevant medical specialties and all Dutch
hospitals treating patients with pancreatic cancer. PACAP-1 will use the registries already included in
PACAP to audit current practice and improve adherence to best practices and synoptic reporting in the
Netherlands for pancreatic cancer patients, including the Dutch evidence-based guideline on pancreatic
cancer15. Most importantly, with the PACAP infrastructure, the level of implementation, compliance and
the effect on patient outcomes can be assessed. We hypothesize that survival and quality of life will
improve for pancreatic cancer patients in the Netherlands by a program to enhance implementation of
best practices.

METHODS
Study setting
The PACAP-1 trial will implement best-practices to and collect data from all hospitals (e.g., academic,
top-clinical, general) in the Netherlands. A list of the DPCG centers where pancreatic surgery is
performed can be found at www.dpcg.nl.
Primary aim
The primary aim of PACAP-1 is to evaluate whether a nationwide program for enhanced implementation
of best practices can improve one-year overall survival by 10% in all pancreatic cancer patients in the
Netherlands. Ten percent was considered to be clinically relevant.

13

Secondary aims
Secondary aims are to evaluate whether enhanced implementation of key best practices can improve
quality of life (main secondary objective) and clinical outcomes (three- and five-year overall survival,
and treatment complications). Another aim is to improve the use of nationwide standardized ‘best
practice’ reports by radiologists, surgeons, pathologists, medical oncologists and gastroenterologists.
Hereby, we aim to optimize data registry with key parameter and synoptic reporting that will lead to
efficient and high-quality data collection. Finally, we aim to improve participation in DPCG RCTs,
especially those which aim to improve survival and/or quality of life.
PACAP-1 trial design
The PACAP-1 trial is a nationwide stepped-wedge cluster RCT which aims for enhanced implementation
of best practices in all 17 DPCG pancreatic cancer centers and their respective referral networks. Per
237

Chapter 13

pancreatic center and network, one regional pancreatic cancer team serves as reference for the other
centers in the network. The pancreatic cancer team included at least a medical oncologist, a
gastroenterologist, and a surgeon, regularly together with a specialized nurse. This trial was designed in
adherence to the CONSORT statement for cluster randomized trials16 and extension for stepped-wedge
trials17, and SPIRIT guidelines for clinical trials18. For an overview of PACAP-1, see the SPIRIT figure (Figure
3) and the SPIRIT checklist (Supplementary materials).

Figure 3. Schedule of enrolment, interventions, and assessments of PACAP-1 according to SPIRIT guidelines.

A schematic overview of the stepped-wedge trial design is provided in Figure 4. In a step-wise manner,
each cluster will cross-over from control (current practice) to intervention (best practice) phase. Each
cluster contains one DPCG center and its referral region (see Figure 5), and therefore the number of
sequences is equal to the number of participating centers. At start of the study, all clusters will be in the
control phase. After 25 months, all 17 clusters will have crossed over to the intervention phase.
The duration of the trial is determined by the required sample size. Details of the sample size calculation
are described in chapter ‘Sample size calculation’. The order in which the clusters will cross-over is
randomized19, 20.
To achieve effective implementation of PACAP-1 best practices, a structured six-week wash-in phase
was designed (APPENDIX 2). Also, in this timeframe the study team will discuss with the local pancreatic

238

Protocol PACAP-1 trial

cancer team how to implement best practices efficiently. It is important to avoid contamination of best
practice for clusters still in the control phase. Therefore, details on PACAP-1 best practices will not be
shared with local clinicians before the transfer to the intervention phase. In the analysis of PACAP-1,
every cluster is their own control, because of the cluster RCT design.

Figure 4. Schematic representation of PACAP-1 stepped-wedge cluster randomized controlled trial. DPCG = Dutch
Pancreatic Cancer Group.
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Figure 5. Schematic representation of 17 Dutch Pancreatic Cancer Group centers (large dots) and their respective
referral networks and centers (smaller dots) per color. NB. Referral centers may refer patients to more than one
pancreatic center and therefore this figure is only for illustration.
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Study population
All patients with pancreatic cancer in the Netherlands.
Patient inclusion criteria
Patients with pathologically or clinically diagnosed pancreatic ductal adenocarcinoma, all ages and all
stages.
Patient exclusion criteria
None.
Center inclusion criteria
All 17 centers of the DPCG with their respective referral network. Each DPCG center performs at least
20 pancreatoduodenectomies (PDs) annually. Each center already has a coordinating role for pancreatic
cancer for its regional network (Figure 5). It is expected that the enhanced implementation of best
practices will have an impact in the entire local network. A survey was conducted among DPCG centers
to identify peripheral centers that mainly refer to their DPCG center. Outcomes of this survey were
checked with NCR data and discrepancies only occurred for two centers. With these centers and the
particular DPCG centers, it was discussed in what region the center would fit best.
Center exclusion criteria
There are no specific center exclusion criteria.
Study endpoints
Primary endpoint
The primary endpoint is one-year overall survival.
Secondary endpoints
Secondary study endpoints are divided in intervention (e.g. quality of life, 3- and 5- year survival, and
treatment complications such as chemotherapy toxicity), process measure (e.g. proportion of postpancreatectomy patients receiving adjuvant chemotherapy, and proportion of patients requiring biliary
drainage receiving a metal stent), registry (e.g. proportion of patients registered for PROMs or in DPCA,
and proportion of patients where the CT-scan checklist was used), and other outcomes (e.g. proportion
of patients included in other DPCG prospective trials), see Supplementary materials for a detailed list of
the secondary endpoints.
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Sample size calculation
PACAP-1 is a superiority trial with one-year overall survival as primary endpoint, which will be extracted
from NCR survival data. The sample size calculation was based on the data from Table 1.
Table 1. Unpublished data from the Netherlands Cancer Registry of new patients diagnosed with pancreatic
cancer in the year 2014
New patients diagnosed in DPCG centers

1075

One-year mortality rate in DPCG centers

702/1075; 65%

New patients in the Netherlands

2393

One-year mortality rate in the Netherlands

1855/2393; 78%

Intra-cluster coefficient (95% CI) between DPCG centers for

Approach A1: 0.0185 (0.0132-0.0575)

one-year mortality

Approach B2: 0.0183 (0.0131-0.0560)

1.

Method A from the AOD library in R uses generalized linear mixed model.

2.

Method B from the AOD library in R uses generalized linear mixed model with Monte Carlo simulations.

The required sample size was calculated using the formula for stepped-wedge designs21. Sample sizes
were calculated for different effect sizes, different intra-cluster coefficients, for 80% or 90% power, and
for the DPCG centers and for all of the Netherlands separately, using a cluster autocorrelation (CAC) of
122 and a two-sided alpha of 0.05 (see Table 2). Subsequently, it was reversely calculated which effect
sizes could be determined with 80% and 90% power given a fixed study duration (hence a fixed sample
size) of 25 months for the different other assumptions (Table 2). For logistical reasons inherent to
successful implementation of different (discipline transcending) interventions, a shorter study duration
was not considered.
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Table 2. Power for effect size given fixed sample size
Population

N

p0

p1

RD

ICC

power

Interpretation

25 months study duration (including 5.8 weeks wash-in period)
DPCG

2142

0.65

0.550

-0.100

0.0184

0.8

80% power for true reduction of 10.0%

DPCG

2142

0.65

0.535

-0.115

0.0184

0.9

90% power for true reduction of 11.5%

All NL

4769

0.78

0.714

-0.066

0.0368

0.8

80% power for true reduction of 6.6%

All NL

4769

0.78

0.704

-0.076

0.0368

0.9

90% power for true reduction of 7.6%

All NL

4769

0.78

0.722

-0.058

0.0092

0.8

80% power for true reduction of 5.8%

All NL

4769

0.78

0.712

-0.068

0.0092

0.9

90% power for true reduction of 6.8%

N = sample size, p0 = current one-year mortality, p1 = expected one-year mortality, RD = risk difference, ICC = intracluster correlation coefficient, CAC = cluster autocorrelation, DPCG = Dutch Pancreatic Cancer Group, NL = the
Netherlands.
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An improvement of 10% of one-year overall survival for all patients with pancreatic cancer in the
Netherlands is considered clinically relevant, and could be established following the PACAP-1
interventions. A 25 months study duration was chosen, which provides 80% statistical power for an
absolute mortality reduction of 10.0% and 90% power for a reduction of 11.5% in the 17 pancreatic
cancer centers, with a required sample size of 2142 patients. For all of the Netherlands, assuming the
intracluster correlation coefficient (ICC) will be higher, the corresponding sample size provides 80%
power for an absolute mortality reduction of 6.6% and 90% power for a reduction of 7.6% (Table 2).
Intervention phase: PACAP-1 best practices
To determine key best practices, points of improvement for three key medical specialties (medical
oncology, gastroenterology and surgery) were identified from literature and the first three years of
PACAP (July 2014 – July 2017). These are divided in intervention and registry categories (Figure 6). Bestpractice-treatments are aimed to improve survival, clinical outcomes and quality of life. Best-practiceregistrations are aimed to optimize data registry with key parameter and synoptic reporting that will
lead to efficient and high-quality data collection. PACAP-1 interventions are listed in APPENDIX 3 per
medical specialism. An overview of PACAP-projects is presented in APPENDIX 1. Background and details
per best practice are found in the Supplementary materials.

Figure 6. Schematic representation of PACAP-1 best practices.
PERT = Pancreatic Enzyme Replacement Therapy. EPI = Exocrine Pancreatic Insufficiency. POC = Postoperative
Conclusion. PALGA = Nationwide network and registry of histo- and cytopathology of the Netherlands. WHO =
World Health Organization performance status.
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Best practice treatments
All treatments follow the current state of the Dutch guideline on pancreatic cancer15 and the literature.
Treatment-1: Optimal patient information and use of (neoadjuvant, adjuvant and palliative)
chemotherapy
Treatment-2: Pancreatic enzyme replacement therapy (PERT) and referral to dietician in case of
exocrine pancreatic insufficiency (EPI)
Treatment-3: Metal stents for biliary drainage
Best practice registration
Registration-1: Use of checklist for radiology reports of pancreatic cancer
Registration-2: Use of standardized table with intra-operative events in operation report and
complications of surgical treatment in discharge letters
Registration-3: Use of nationwide standard for synoptic reporting pancreatic cancer pathology from
PALGA; the nationwide network and registry of histo- and cytopathology of the Netherlands
Registration-4: Report of World Health Organization (WHO) performance status
Additional best practices
Other-1: Inclusion of pancreatic cancer patients in PACAP PROMs registry
Other-2: Participation in PancreasParel biobank
Other-3: Pathologic confirmation in patients with (suspected) metastatic and locally advanced
pancreatic cancer (LAPC)
Other-4: Participation in DPCG RCTs

13

Control phase: current practices
Current practice will be left to the discretion of the healthcare providers in the control phase. Centers
will not learn the details of the best practices until the six weeks wash-in period of their region.
National expert meeting
In preparation of the PACAP-1 trial, a national expert meeting was organized for one oncologist and/or
one surgeon per DPCG center to improve support and buy-in, and to optimize the design of the trial
including the three intervention best practices (i.e. 1) optimizing chemotherapy, 2) EPI treatment and
3) biliary drainage with metal stents). To minimize contamination in the study we chose to invite only
one specialist per center. Oncologists and surgeons working in 11 DPCG centers, and a representative
of the Netherlands Comprehensive Cancer Organization (IKNL) were present. Specialists from the other
six DPCG centers were informed on discussed topics by email and agreed. Specific details on best
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practices were not shared, but extensive background and logistic information was provided, and an
elaborate discussion on what best practices should entail, was conducted. Ultimately, consensus was
reached on the trial design and crucial parts of the three intervention best practices were identified.
The shared opinion of the experts was that PACAP-1 should aim for the following points:
1. Optimization of patient information and use of chemotherapy
a. 70% of patients with a resected tumor should receive adjuvant chemotherapy
b. 60% of patients with LAPC should receive chemotherapy
c. 40% of patients with metastasized disease should receive palliative chemotherapy
d. All pancreatic cancer patients should be discussed in a DPCG or regional
multidisciplinary team (MDT), with the exception of a small predefined subgroup (i.e.
metastasized patients with WHO performance status III-IV)
2. Optimization of PERT and referral to dietician
3. Optimization of use of metal stents for biliary drainage
Randomization, blinding and treatment allocation
The same randomization order is used as in the PORSCH trial (NCT03400280), a stepped-wedge cluster
RCT on the standard of care for postoperative complication after pancreatic surgery and the PACAP-1
trial which runs near simultaneously in all DPCG centers in the Netherlands. The reason to use the same
randomization order was to obtain an equally long period of optimized standard of care for
postoperative complications after pancreatic surgery before switching to the PACAP-1 intervention
phase, resulting in homogenous treatment impact throughout centers. Randomization of the 17
pancreatic centers was performed using R statistics software. Stratification was used for center volume
of pancreatic resections a year (>45 vs. ≤45). The median value of 45 was based on data from the DPCA
2014-2015). The randomization sequence was unknown to all participating centers and clinicians.
Because of the design of PACAP-1, it is not feasible to blind healthcare providers to the best practice
treatments and registrations. All PACAP-1 research data is obtained from existing encoded PACAP
registries (NCR, DPCA and PROMs), warranting (pseudo-)anonymization of patients.
Study procedures
No specific study procedures are used, and no concomitant care and interventions are prohibited during
the trial. All best practices are part of current clinical care. PACAP-1 aims to assess the impact of
enhanced implementation of current best practices. Therefore, the aim is to improve standard of care
compliance by informing, stimulating and reminding local clinicians per cluster to follow best practice
interventions outlined by PACAP-1. Best practice procedures, identified from literature and PACAP,
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include all interventions documented in chapter ‘Intervention phase: best practices’ and APPENDIX 3.
Treatment as usual according to best practice will continue after the study finishes.
Withdrawal centers
Because of the stepped-wedge cluster RCT design of PACAP-1, it is important that all randomized DPCG
centers complete the trial, so an unequal distribution of patients between current and best practice
arms is prevented. However, if a center drops out of the study the randomization order will be
maintained. Patients treated in a dropout center during this trial will still be accounted for in the final
analysis, according to intention-to-treat analysis. If a center stops performing pancreatic surgery, the
study will proceed with this center and its referral network.
Replacement centers after withdrawal
All 17 DPCG centers participate in PACAP-1 and therefore hospitals cannot and will not be replaced after
withdrawal.
Study duration
Planning of the PACAP-1 trial started in PACAP year three (November 2016) and the actual accrual of
patients started in May 2018 after obtaining local approval in all participating centers. The
implementation phase of the trial will run for 25 months, and the expected implementation end date is
July 2020. Follow-up for the primary endpoint will last up until July 2021 and for secondary endpoints
up until July 2025.

13

Statistical analyses
Outcomes of all patients with pancreatic cancer in the Netherlands will be evaluated before and after
wash-in period (i.e. current practice vs. best practice). Patients will be assigned to current or best
practice based on the date of first treatment related to pancreatic cancer (i.e. biliary stent placement,
chemotherapy or primary resection). In case of no treatment or best-supportive care, date of diagnosis
will determine assignment to current or best practice. Follow-up time is based on date of diagnosis for
all patients. For patients diagnosed in a non-DPCG center, the assignment to current or best practice
will depend on the affiliated DPCG center, which will be determined before the start of the study.
Primary analysis will be performed with an intention-to-treat analysis according to the randomization
order and cross-over dates. If implementation is not performed as scheduled, secondary analysis will be
performed according to a per protocol analysis. In the primary analysis, we will use the intention to treat
principle and patients will be assigned control or intervention according to what was applicable at the
time they received their first cancer treatment (i.e. biliary drainage, chemotherapy, or resection). In a
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secondary per protocol analysis, patients that started in the control period but received part of their
cancer treatment during the intervention period will be assigned to the intervention group (e.g. patients
who underwent resection in the current practice phase, yet started adjuvant chemotherapy in the best
practice phase). Patients diagnosed during the wash-in period will be described but will be excluded
from the primary analysis, yet will be included in a secondary analysis. The primary comparison between
current and best practice will be performed for patients from all hospitals in the Netherlands. Effect
estimates with 95% confidence intervals (CI) will be reported. All p-values will be based on a two-sided
test. P-values of less than 0.05 will be considered statistically significant.
Handling of missing data
Missing data on baseline characteristics will be imputed by multiple imputation techniques. Outcome
data will not be imputed, patients who are lost to follow-up within one year will be censored at the date
of loss to follow-up. Complete and multiple imputed data analysis will be performed to check for
inconsistencies.
Baseline characteristics
Descriptive statistics will be used for analysis and reporting of baseline characteristics. Chi-square or
Fisher’s exact test will be used to compare categorical variables between patients in current practice
and those in best practice. Parametric continuous variables will be reported as mean with standard
deviation (SD) and will be compared using the Student’s T-test. Non-parametric continuous variables
will be reported as median with interquartile range (IQR) and will be compared using the MannWhitney-U test.
Primary outcome
One year overall survival will be analyzed with mixed-effects Cox proportional hazards regression
models using a random intercept for hospital and a random slope on intervention effect for hospital.
The analysis will be adjusted for (calendar) time and for the following baseline characteristics: age at
diagnosis and tumor stage at diagnosis using the Union for International Cancer Control (UICC)
tumor/node/metastasis (TNM) eighth edition (2018) classification and staging system for pancreatic
cancer.
Secondary outcomes
Quality of life will be analyzed using mixed-effects linear regression models, with a random effect per
DPCG center. Primary analysis will be performed with Area Under the Curve (AUC) for the time points
at baseline and follow-up 3, 6, 9 and 12 months or until death or dropout. Exploratory analysis will be
246

Protocol PACAP-1 trial

performed with AUC for time points until three- and five-year follow-up or until death or dropout, delta
analysis, Quality Adjusted Life Years (QALY) and for one time point. Adjustment for random and fixed
effects will be performed similar to the primary analysis. Model assumptions will be checked and, if
violated, appropriate measures will be taken to derive unbiased standard errors.
Three- and five-year overall survival will be analyzed similar to the primary endpoint with mixed-effects
Cox proportional hazards regression models.
Complication rates will be determined using competing events analysis for time to first complication,
corrected for the competing event death. Analyses will be performed for any of all complications and
for each type of complication separately. Both cause-specific hazard ratios (reflecting the effect per day
alive) and sub-distribution hazard ratios (reflecting the overall effect) will be determined.
Other secondary outcomes will be descriptive in nature, e.g. the proportion of patients in the
intervention vs. the control arm using PERT or receiving metal stents.
Subgroup and sensitivity analyses
Subgroup analyses will be performed for three patient subgroups (i.e. patients with resectable, locally
advanced and metastatic pancreatic cancer), two hospital volumes (>40 vs. ≤40 PDs per year3) and trial
participation in prospective DPCG trials (e.g. PREOPANC-2).
Also, subgroup analysis will be performed for outcomes in pancreatic centers versus referring centers.
Patients are allocated to the center in which the primary treatment (e.g. pancreatectomy or first line
chemotherapy) has been given.
Sensitivity analyses will be performed for time before and after publication of the updated national
guideline on pancreatic cancer and European Society of Gastrointestinal Endoscopy guideline on
stenting.
Interim analysis
No interim analysis will be performed for study outcomes. A study progression analysis will be
performed to assess the number of inclusions at the time point when 50% of inclusions are expected.
In the case that <47.5% of inclusions are acquired at that time point, the length of the steps as described
in chapter ‘Study design’ will be increased for the remaining time of PACAP-1. As a result, sample size
will be reached and statistical power will be maintained. Furthermore, if necessary, when PORSCH
increases the length of the steps, PACAP-1 will do so too, to maintain a minimum time difference of five
months between wash-in phases of both studies in the same cluster.
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Safety reporting
PACAP-1 does not introduce new or experimental interventions. Therefore, this trial is not expected to
introduce any additional safety or health risk for patients compared to regular care and hence no
specific safety reporting is performed. There is no anticipated harm and compensation for trial
participation.
Handling and storage of data and documents
Data will be collected through DPCA, NCR and PROMs.
Nationwide DPCA registration, containing mostly surgical data, is completed by local clinicians through
an online survey supported by Medical Research Data Management (MRDM). MRDM secures privacy
and safe data management and complies to the requirements of information safety with NEN
7510:2011 and ISO 27001:2013 certifications. An opt-out procedure is in place by which patients can
refuse the use of their data. Coded DPCA data is securely sent to the PACAP project leader every three
months. MRDM is the only one with access to the coding key.
NCR data, containing mostly survival, oncological, chemo- and/or radiotherapy information, is collected
from local medical records by trained IKNL registration employees. An opt-out procedure is in place by
which patients can refuse the use of their data. Coded NCR data will be obtained from IKNL by the
PACAP-1 research team at request. NCR is the only one with access to the coding key.
PROM questionnaires are completed by patients either on paper or online with the first quality of life
evaluation at baseline before index treatment. After that, questionnaires will be sent out every three
months in the first year, every six months in the second year, and every 12 months for subsequent years.
After collection of paper questionnaires at the AMC, storage and digitalization happens at Profiles
(subdivision of IKNL focusing on quality of life, https://www.profilesregistry.nl/). Online completed
questionnaires are primarily collected at Profiles. Patients sign an informed consent form for
participation. The informed consents are available from the corresponding author on request. Coded
data will be obtained from Profiles by the PACAP-1 research team at request. Profiles and the PACAPcoordinating investigators are the only ones with access to the coding key.
Composition of the data monitoring committee, its role and reporting structure
Because PACAP-1 does not introduce new or experimental interventions and implements best-practices
from current literature and guidelines on a health care workers level, no data monitoring committee
was needed.
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Public disclosure and publication policy
Final manuscript and co-authorship
PACAP-1 was registered at ClinicalTrials.gov (NCT03513705). The results of PACAP-1 will be submitted
to a peer-reviewed journal regardless of study outcome. Co-authorship will be based on the
international ICMJE guidelines. Beside the key authors (coordinating investigators as first authors and
principal investigators as senior authors), each participating DPCG center will be offered three
authorships. Each center will determine who these authors are, but it is advised to include a surgeon,
medical oncologist and gastroenterologist. Additional involved researchers per center can be listed as
collaborator.
Publications and other studies performed during the trial
Best practices are based on the current standard of care and literature, and identified improvement
points from the first years of PACAP. Publications on treatment of pancreatic cancer during PACAP-1trial will be reviewed by the PACAP-1 research team. All “practice changing” evidence publications that
conflict with the proposed best practices of this trial will be reviewed by the DPCG stakeholders. The
DPCG stakeholders and PACAP-1 research team will decide together whether best practices should be
adjusted based on the new evidence.
It is expected that several external factors will contribute to the outcomes of PACAP-1. Firstly, the
updated Dutch national guideline on diagnosis and treatment of pancreatic cancer and an updated
European Society of Gastrointestinal Endoscopy guideline on biliary stenting are expected during our
study period. Secondly, national DPCG studies will be developed and executed. For example, the
PREOPANC-2 trial on outcomes of neoadjuvant FOLFIRINOX chemotherapy vs. neoadjuvant
chemoradiotherapy in patients with resectable and borderline resectable pancreatic cancer has already
started including patients. This could influence outcomes of PACAP-1 and will be taken into account in
the statistical analyses if possible.

DISCUSSION
PACAP-1 is a nationwide multicenter randomized controlled stepped-wedge superiority trial with the
aim to improve overall survival and quality of life of patients with all stages of pancreatic
adenocarcinoma in the Netherlands by enhanced implementation of best-practices.
Rationale for stepped-wedge cluster randomized design
A structured audit combined with provider feedback, education, outreach visits, and reminders has
been shown to be the most effective implementation strategy for change in patients' care23. RCTs are
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considered the most robust research design for establishing a causal relationship. However, educational
interventions at the level of the physician preclude the use of individual randomization due to
contamination of the control group. Therefore, a variant of this research method is increasingly used;
the stepped-wedge cluster RCT24. Data collection in such large multicenter (stepped-wedge) RCTs is,
however, often challenging. Therefore, collection through multicenter registries such as PACAP has
recently gained interest from researchers as it is a practical way to improve feasibility and at the same
time reduce costs for large multicenter RCTs25.
In a systematic review, evaluating 25 studies, it was found that the stepped-wedge cluster RCT design
has mainly been applied in evaluating interventions in routine practice24. Individual randomization was
mostly not deemed possible for the risk of contamination of the control group. Also, using ‘classical’
parallel-group design was not desirable because the PACAP-1 trial aims to implement already previously
identified and universally acknowledged ‘best practices’ in the entire population. In a stepped-wedge
cluster RCT, clusters (e.g. centers) are randomly allocated a time when they start with the intervention.
The order wherein the clusters start with the intervention is based on a randomization process, thus
effectively resulting in a staged implementation in all clusters participating in the trial. This design is
especially useful where phased implementation is preferable (e.g. because simultaneous
implementation in more clusters is not possible due to logistic reasons), and implementation in all
clusters is essential, such as with enhanced implementation of best practices. Additionally, this design
makes differentiation from time-effects possible and after calculating the statistical efficiency for
PACAP-1, the power achieved with a stepped-wedge cluster RCT was considerably larger than that of a
parallel cluster randomized trial.
Challenges
In the design of the trial, we faced several challenges. First, to avoid contamination, in the design of this
stepped-wedge trial, only a select group of DPCG experts from every specialty was involved. Although
an important aspect of this trial is nationwide support and buy-in, it was actually not desirable to involve
a large group of clinicians throughout the country before the actual wash-in phase of their particular
center and network. A downside of this could be that there is less involvement and awareness on the
trial.
Second, the Netherlands was divided into 17 regions according to the 17 DPCG centers with their
respective referral networks. The referral centers usually have one main DPCG center they refer to,
however, there might be some cross-over between regions due to geographical reasons, wish of the
patient, or other reasons. This will lead to some unavoidable contamination of the trial information.
Third, with the aim to improve survival and quality of life, implementation of a package of best-practices,
based on nationwide PACAP data, seemed the best strategy. This will, however, make it difficult to
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determine the effectiveness of each intervention separately. In addition, we advise to include patients
in ongoing DPCG trials (e.g. PREOPANC-2) with the similar aim of survival improvement, while the
individual trials advise to actively participate in PACAP-1 best-practices if already implemented. A
measured effect of increased survival may therefore be partly due to the PACAP-1 enhanced
implementation and partly due to the different individual trials. PREOPANC-2 is an individually
randomized trial and will therefore not suffer from imbalances in patient management due to the
PACAP-1 trial. However, if over time the proportion of patients enrolled in PREOPANC-2 changes, this
might confound the prognosis of patients in the PACAP-1 trial. To account for this, a sensitivity analysis
will be performed, but separate effects can never be measured in detail.
Fourth, every step in this trial, including the wash-in period, accounts for six weeks. Therefore, a delay
between date of diagnosis or date of resection, and date of commencement of chemotherapy of longer
than six weeks will lead to an attenuated measurement of the implementation effect. For example,
patients who undergo resection a week before the wash-in phase and adjuvant chemotherapy is started
eight weeks after surgery, are included in the current-practice group according to intention to treat, yet
are treated as the best-practice group. In the Netherlands, median time to adjuvant chemotherapy is 6
to 7 weeks12, yet due to logistical reasons it was not feasible to prolong steps. To assess the impact of a
certain delay, intention to treat as well as per protocol analyses will be performed.
Fifth, the PACAP-1 trial was designed parallel to the PORSCH trial, both concurrent nationwide steppedwedge trials. PACAP-1 used the identical randomization order as in the PORSCH trial. We have
considered to perform an independent randomization for PACAP-1. However, that would very likely
have resulted in unacceptable outcomes; i) possibly both trials would have to implement the same DPCG
center simultaneously which is too much information at once and clinicians may lose their trial
dedication, ii) multiple combinations of the implementation order per DPCG center would be developed
(e.g. first PACAP-1 / second PORSCH, or vice versa, or PACAP-1 / PORSCH at the same time) causing bias
in trial results, and iii) it ignores the fact that the PORSCH algorithm (or something similar) will probably
be the standard of care for postoperative complication management in the Netherlands. Therefore, we
believe that PACAP-1 best practices should ideally be implemented in regions that are already in the
best practice phase of the PORSCH trial. The possibility to delay the onset of PACAP-1 was deemed
unacceptable for a guideline implementation program.
Sixth, during the trial there will be updates of two guidelines in care of pancreatic cancer (i.e. the
national guideline on pancreatic cancer diagnostics and treatment, and the international ESGE guideline
on biliary drainage). This led to more awareness of pancreatic cancer care in current practice and best
practice phase centers. As best practice centers are already more attentive, probably the effect of this
indirect contamination is larger in current practice centers and may therefore eliminate part of the
implementation effect. Sensitivity analyses before and after the publication of both updated guidelines
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will be performed, but due to attention to these processes over a longer time period, it will be difficult
to account for this effect accurately.
Seventh, due to ongoing centralization, centers may stop performing pancreatic surgery. Such centers
will, however, remain as oncological center for patients with not-resectable pancreatic cancer. In such
a scenario, the randomization order will not be changed, as only 20% of patients undergo a resection
and this is according to the intention to treat principle.
Eight, current practice may change during any trial that runs for a longer period of time. In PACAP-1 for
example, the advice on adjuvant strategy in the national guideline could change during the trial to
modified FOLFIRINOX based on the recent trial by Conroy et al.26. As modified FOLFIRINOX has shown
to improve survival compared to older chemotherapy regimens, however, this change will likely only
positively influence survival in our cohort and therefore may result in biased outcomes.
Implications and future aims
PACAP-1 is expected to increase awareness and knowledge on best practices and pancreatic cancer care
overall, from university pancreatic centers to smaller non-pancreatic centers. This may lead to enhanced
implementation of both PACAP-1 best practices and other regional aspects that came to light due to
this trial (e.g. necessity of establishing a regional pancreatic MDT meeting). For this study, a pancreatic
cancer team was identified in every region which could lead to improved multidisciplinary
communication throughout and between the different networks. This study also identified dieticians in
each network. A next step in implementing best practices could be education of all (para-)medical
caregivers (e.g. general practitioners, physiotherapist, home care, etcetera), to improve awareness and
knowledge on pancreatic cancer care.

TRIAL STATUS
PACAP-1 was registered with ClinicalTrials.gov on May 1st, 2018 with the identifier NCT03513705. The
actual study and recruitment start date was May 22nd, 2018. The estimated recruitment completion
date is July 9th, 2020. To date, 13 / 17 regional networks have undergone the implementation phase and
the trial is on schedule.
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INTRODUCTION
Researchers are increasingly interested in joining forces in multicenter, multidisciplinary study groups
as a means to conduct high-quality research, including large randomized trials and prospective cohorts
with the aim to improve the quality of care. In the Netherlands, clinical care and research in pancreatic
diseases are well-organized within the nationwide Dutch Pancreatitis Study Group and, since 2011, the
Dutch Pancreatic Cancer Group (DPCG). The Netherlands has some inherent benefits for multicenter
collaboration, including a small and densely populated country (17 million inhabitants), full-time PhDstudents working for 3-4 years in clinical research before applying for a residency position, and a
healthcare system that pays per diagnosis rather than per intervention allowing for comparisons
between procedures/strategies. Aside from this specific situation in the Netherlands, we feel that the
presented model of nationwide study groups is also applicable to other regions and countries.
No clear guidance exists on how to establish a multidisciplinary study group. In recent years, several
members of our group have been asked to share their experiences during (inter-)national meetings. To
provide a framework for those interested in multicenter collaboration, we herewith outline the
establishment and coordination of the nationwide DPCG, and many of our lessons learned over the past
eight years.

ESTABLISHING A MULTICENTER STUDY GROUP
The DPCG is a nationwide collaboration of surgeons, clinicians from other medical specialties,
researchers, nurses, and patient associations involved in pancreatic and periampullary cancers and
neoplastic cysts. All 16 hospitals performing pancreatic surgery and several hospitals providing nonsurgical care for pancreatic cancer patients in the Netherlands participate. The DPCG was founded with
the aim to improve care and survival for patients with pancreatic cancer and built on previous
experiences of the Dutch Pancreatitis Study Group.
The first prerequisite is a group of experts who are willing to collaborate within a culture of commitment
and mutual trust. All should strongly feel that more will be achieved by collaboration than by
competition. Willingness to compromise and take turns in the lead of projects are essential. The board
of the study group should facilitate this by showing the right example and arranging transparent
regulations supporting the group rather than the individual. Deciding on a group name and logo, soon
to be followed by a house style for PowerPoint presentations and a basic website early in the process
may seem trivial but are important to promote the ‘group feeling’. Funding the start-up of such an
initiative may be difficult but is essential. The DPCG board approached possible sponsors (industry and
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patient organizations) to compile a small starting budget. During the first years, a small budget per year
was sufficient.

BUILDING A MULTICENTER STUDY GROUP
The three main ‘platforms’ within the DPCG are the plenary study group, the scientific committee, and
the board (Figure 1). During the four plenary study group meetings per year, new proposals for
prospective clinical studies (including randomized trials), and progress of ongoing studies are discussed.
Hence, commitment and input from all parties is enhanced. Moreover, new developments in pancreatic
cancer from conferences and literature, and the outcome of the surgical and other audits are discussed.

14
Figure 1. Organizational structure of the Dutch Pancreatic Cancer Group

The scientific committee consists of 25 representatives from different specialties, a legal advisor, a
clinical epidemiologist and a representative from the patient association. This committee meets four
times per year to evaluate research proposals for the use of data from the clinical registries, biobank,
and completed trials1, 2; advises on scientific activities, including the yearly reporting of the mandatory
surgical audit; and assesses research grant applications which are submitted on behalf of the DPCG.
Researchers interested in using data from the registries, biobank, and trials can download a protocol
template with instructions from the DPCG-website (www.dpcg.nl) and send the request to the DPCGcoordinator who disperses it prior to the scientific committee meeting. Subsequently, the researcher is
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invited to briefly explain his/her proposal at the meeting and take part in the discussion. The proposal
may either be approved (with adjustments) or rejected, mostly with the option to resubmit. The aim of
the scientific meeting is to promote high-quality research and prevent overlapping initiatives, rather
than function as a judgmental organ.
The DPCG board consists of representatives from surgery, medical oncology, gastroenterology,
radiotherapy and the patient association. In their four-monthly meetings, the board, supported by a
PhD-student and the “DPCG-coordinator” (i.e. a dedicated research nurse), discusses general issues,
governmental and political topics, and finances. All PhD-students involved in the DPCG also meet once
per year informally to enhance collaboration. They keep close contacts with each other to exchange
ideas and experiences, and establish efficient logistics and workflow across centers.
The daily management, which includes social media, a website and a three-monthly newsletter, is done
by the DPCG-coordinator together with PhD-students, supervised by the scientific committee and DPCG
board. Funding for specific research projects and clinical trials is obtained via regular funding parties;
the DPCG functions as a platform, but does not provide funding by itself. DPCG specific activities, such
as the salary of the DPCG-coordinator, are mainly funded through donations of patients and their
relatives.

DEVELOPMENT OF MULTICENTER STUDIES
Since its establishment in 2011, the DPCG has initiated several multicenter randomized trials, of which
four have been completed (PREOPANC-1, LEOPARD-1 and -2, and CPR).3-5 Currently, four multicenter
randomized trials are ongoing; PELICAN (NTR5517), PREOPANC-2 (NTR7292), PORSCH (NCT03400280),
and PACAP-1 (NCT03513705). A study is listed as a “DPCG study” when at least three DPCG centers
participate but mostly the vast majority of centers participate.
Besides multicenter RCTs, several nationwide prospective data registries exist which collaborate under
the umbrella of the Dutch PAncreatic CAncer Project (PACAP, www.pacap.nl).1 PACAP was established
in 2013 with funding from the Dutch Cancer Society (KWF) and contains clinical data, patient reported
outcomes (PROMs) and biomaterials. Clinical data are collected within the Netherlands Cancer Registry
and the Dutch Pancreatic Cancer Audit (DPCA), a mandatory audit in which nearly 150 variables are
collected per pancreatic resection.6 PROMS are collected from patients with pancreatic or periampullary
carcinoma from almost 50 centers. Biomaterials from resection specimens are collected in the Dutch
Pancreas Biobank (www.pancreasparel.nl) in collaboration with the Parelsnoer Institute which provides
the infrastructure, logistics and a legal/ethical framework for nationwide biobanking.2
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When designing multicenter studies, the first and foremost advice is to actively involve all specialties,
researchers of several centers and patient advocates in an early stage. This in contrast to the situation
where a small (often monocenter/monodisciplinary) group designs a trial and convinces other centers
and specialties to participate in ‘their’ trial. The board and scientific committee stimulate trials for each
disease stage (i.e. resectable, locally advanced, metastatic cancer), and aim to prevent competing trials
although this may occur, especially in case of small phase I/II trials of innovative therapies.

AUTHORSHIPS
In many collaborative groups, authorship is a recurring topic. To maximize transparency, authorship
regulations are specified in detail in each DPCG study protocol, under the premise that the International
Committee of Medical Journal Editors (ICMJE) guidelines are leading.7 Authors are identified from each
participating center already during the design phase of the protocol to allow for broad discussion and
input. Naturally, all authors are also required to deliver input during the study and during the stage of
analyses and writing of the manuscript. When a potential author would not meet the ICMJE criteria,
he/she is listed as a collaborator. The senior authorship positions(s) are reserved for the principal
investigator(s). First authorship(s) are usually for the PhD student(s) who was/were responsible for daily
management, data collection and the first draft of the manuscript. The other authorships are for the
researchers from the different participating centers and often based on the number of contributed
samples/patients (e.g. 0-50 patients 1 authorship, 50-100 patients 2 authorships, etc); these authors
are usually listed in alphabetical order.

DIFFICULTIES AND MISTAKES
Over the years we experienced a lot of difficulties and clearly made several mistakes. Also within our
group, competition between centers has been an issue. We feel that there is no simple solution. To
prevent discussions on authorships, we define authorship positions in great detail in the study protocol,
before the actual start of a study. Also, to prevent discussions on positions in boards and committee;
regular rotations of board and committee positions (and predefined periods) helps to overcome these
issues. Also, a culture in which these kind of feelings (e.g. a center feels disadvantaged) can openly be
discussed eventually improves collaboration.
Funding is one of the most important ongoing problems. The principal investigator of each DPCG study
is responsible for obtaining sufficient funding through regular channels. Because of the collaboration
and steady results over the years, the DPCG as a group has become more interesting for funding parties.
Moreover, because of the already established logistics, we aim to perform trials more efficiently (and
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less costly) using the ‘trials within cohorts’ (TWICS) design in the PACAP cohort and ‘registry-based
randomized trials’ within the Dutch Pancreatic Cancer Audit.8 We hope that these developments will
secure our position to perform clinically relevant randomized trials in years to come.

AMBASSADOR’S ROLE
Apart from scientific activities, a nationwide study group will automatically receive an ‘ambassador’s
role’ and become involved in education. For instance during the introduction of new (surgical)
techniques a centrally coordinated initiative for safe implementation could have a strong effect on
quality control. As an example, the DPCG initiated the LAELAPS projects for safe implementation of
laparoscopic and robotic pancreatic surgery.9, 10 The DPCG also plays a central role in overseeing several
aspects of clinical care. For example, after the LEOPARD-2 trial questions were raised about the safety
of laparoscopic pancreatoduodenectomy, after which all DPCG surgeons decided to stop performing
these procedures in the Netherlands. The DPCG facilitates and participates in the development of
nationwide guidelines on pancreatic cancer and coordinates a nationwide expert panel. The DPCG also
(co-)organizes several scientific and social activities, and functions as a point of contact for those
interested in organizing pancreatic cancer-related activities in (collaboration with) the Netherlands.

THE FUTURE
For the future, advanced trial logistics and sustaining financial support are probably the most relevant
challenges. In order to face these challenges, the DPCG is working with novel trial designs; multiple
parallel ‘trials within cohorts’ (TWICS) in the PACAP cohort1, 8, ‘registry-based randomized trials’ within
the DPCA, and ‘stepped-wedge’ trials for implementation of new standards of care. Additionally, it may
soon be impossible to run multicenter trials in a single country because of the growing required sample
sizes (less incremental yield due to continuously improving outcomes). This development may drive
further international collaboration between multicenter study groups. For example, the DPCG endorses
the European Consortium on Minimally Invasive Pancreatic Surgery (www.e-mips.com) which is running
the DIPLOMA trial (ISRCTN44897265), and has joined forces with the German StuDoq registry on
pancreatic surgery. These types of collaborations are likely to provide a further quality impulse in the
coming years and are welcomed by the DPCG.
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In Chapter 1, pancreatic and (non-pancreatic) periampullary cancers, their symptoms, treatment
options (i.e. cancer treatment and supportive care), and their grim prognosis are introduced. Pancreatic
ductal adenocarcinoma (PDAC) was depicted as the main focus of this thesis. Furthermore, the
multidisciplinary Dutch Pancreatic Cancer Group (DPCG) and its nationwide project the Dutch Pancreatic
Cancer Project (PACAP) were introduced. It was shown that PACAP consists of several registries
including the Netherlands Cancer Registry (NCR), Patient Reported Outcome Measures (PROMs), the
surgical Dutch Pancreatic Cancer Audit (DPCA), the Dutch Pancreas Biobank (PancreasParel), and an
online expert panel. Data from the registries can help to identify guideline non-compliance, practice
variation, and subsequent differences in patient outcomes. With PACAP, the aim is to facilitate research
and ultimately improve outcomes on a nationwide level.
Good compliance with guidelines on the management of PDAC can improve patient outcomes. In
Chapter 2, compliance to five selected quality indicators of the national pancreatic cancer guideline was
investigated in 14,491 patients with PDAC for three subsequent time periods (2012-2013 vs. 2014-2015
vs. 2016-2017). The five quality indicators were; 1) the proportion of patients treated with curative
intent who were discussed in a multidisciplinary team meeting, 2) the proportion of patients treated
with curative intent within the recommended maximum transit time from final multidisciplinary team
meeting, 3) the proportion of patients with bilirubin >250 µmol/L who underwent preoperative biliary
drainage, 4) the proportion of patients after resection of PDAC who received adjuvant chemotherapy,
and 5) the proportion of patients with inoperable disease who received palliative chemotherapy. The
proportion of patients with non-metastatic, non-resected disease who received chemotherapy was the
sole indicator that increased over time (23% vs. 26% vs. 30%). Besides critical review of the quality
indicators, these outcomes suggest that a nationwide implementation program is required to increase
compliance to guideline recommendations in order to ultimately improve patient outcomes.

Outcomes from the Netherlands Cancer Registry and the Patient Reported Outcomes Registry
Next to guideline non-compliance, practice variation and differences in patient outcomes were assessed
through the different PACAP registries. In Chapter 3, differences in tumor stage, treatment, and
outcomes between 19,023 patients with a head (71%), body (13%), or tail (16%) PDAC were compared.
Tumors arisen from the body or tail were larger, more often metastasized, and less often resectable
than from the pancreatic head. For patients without metastases (with or without resection), survival
was similar for the three tumor locations. For patients with metastases, survival was less favorable for
patients with a pancreatic body (HR 1.17) or tail (HR 1.35) tumor compared to a head PDAC. Following
these results, in Chapter 4 for metastatic disease only, the relation between the three PDAC locations
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(head, body, tail), and metastatic patterns and outcomes was investigated in 9,952 patients. Metastatic
patterns differed for the three tumor locations. Patients with a tail tumor had the worst outcomes
compared to head or body tumors; they had more metastatic sites, more often peritoneal metastases,
and worse survival.
In Chapter 5, the uptake of the newer chemotherapy regimens (i.e. FOLFIRINOX and gemcitabine with
nab-paclitaxel) and their impact on survival of patients with metastasized disease was assessed in 8,726
patients on a nationwide level outside trial settings. After implementation of FOLFIRINOX and
gemcitabine with nab-paclitaxel, variation in the type of chemotherapy used decreased between
centers. Overall survival for patients with chemotherapy increased (5.6 to 6.4 months) and survival of
patients with FOLFIRINOX or gemcitabine with nab-paclitaxel was more favorable than with gemcitabine
only. A considerable proportion of patients still received gemcitabine only, with a disappointing survival
benefit. Survival of all patients increased significantly from 3.3 to 3.4 months, but was not clinically
relevant. The introduction of new chemotherapy regimens is difficult and may not translate directly into
changed practice or clinically relevant outcomes. A structured implementation may be needed to
increase use of new regimens and decrease prescription variation.
Besides influence on survival, cancer treatment can also affect patient satisfaction and quality of life
which may also affect survival. Therefore, in Chapter 6, the influence of cancer treatment on patient
satisfaction and quality of life was investigated in 71 patients before and three months after initiation
of treatment. Various ‘satisfaction with care’ scores decreased after treatment, such as general
satisfaction with care, interpersonal skills of doctors, and exchange of information within the care team.
Patients who were treated with curative intent had lower satisfaction scores than those who were
treated with palliative intent regarding interpersonal skills of doctors, information provision by doctors
and nurses, availability of nurses, exchange of information within the care team, and hospital access.
Quality of life scores before and after treatment remained similar. Satisfaction scores that were
influenced by cancer treatment were mostly based on communication factors and interpersonal skills.
Therefore, patient satisfaction after treatment may be maintained by improving communication and
interpersonal skills of healthcare workers. Subsequently in Chapter 7, the relation between baseline and
delta (between baseline and three months) quality of life, and survival in 233 pancreatic or
periampullary cancer patients was assessed. Quality of life was related to survival regardless of patient,
tumor, and treatment characteristics. Overall happiness, a QLQ-C30 summary score, and several
functioning and symptom scale item scores were predictive of survival. Baseline QoL scores were of
prognostic value for patients without resection, whereas one delta QoL score (i.e. constipation score)
was predictive for the total cohort. The scores were of additional prognostic value besides known clinical
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survival predictors. Therefore, quality of life scores may be used for different reasons in the clinical
setting (e.g. shared decision making, disease management/treatment, clinical prediction models, or
stratification in trials).

Outcomes from the Dutch Pancreatic Cancer Audit
In patients with a resectable malignant extrahepatic biliary obstruction (e.g. pancreatic head or
periampullary cancer), preoperative endoscopic biliary drainage (EBD) can be indicated. International
guidelines advice the use of self-expandable metal stents over plastic stents. In 1,056 patients who
underwent pancreatoduodenectomy, it was demonstrated in Chapter 8 that guideline non-compliance,
nationwide practice variation, and outcome differences exist for EBD. Approximately half of the patients
underwent preoperative EBD of whom only 43% received a metal stent, compared to 57% plastic. Use
of metal stents varied between pancreatic centers. Metal stents were associated with lower risks of
cholangitis, less postoperative pancreatic fistula, and shorter postoperative hospital stay. The feared
higher risk of post-EBD pancreatitis after metal as compared to plastic stent use was not found in this
study. To increase guideline compliance (i.e. metal stent use), reduce practice variation, and ultimately
improve outcomes, a structured guideline implementation strategy might be beneficial for patients in
the future.
Reducing practice variation and improving outcomes can also be achieved by clinical auditing and use
of quality indicators. For pancreatic surgery, a novel composite quality indicator ‘Textbook Outcome’
was developed in Chapter 9, based on consensus on the requirements for Textbook Outcome among 24
experts from 10 countries. Textbook Outcome was defined as absence of postoperative pancreatic
fistula, bile leak, post-pancreatectomy hemorrhage, severe complications, readmission, and in-hospital
mortality. Of 2,633 patients who underwent pancreatoduodenectomy for all indications, 58% achieved
Textbook Outcome, compared to 67% of 708 patients who underwent distal pancreatectomy. In
pancreatoduodenectomy, ASA classification, pancreatic duct size, and histology were predictors of
Textbook outcomes, compared to sex and neoadjuvant treatment in distal pancreatectomy. Textbook
Outcome varied considerably between pancreatic centers and was therefore deemed suitable to guide
quality assurance programmes.
To improve outcomes of pancreatic surgery by clinical auditing and comparing practices, not only
national, but also international approaches can be effective. Therefore in Chapter 10, 2,489 patients
from the German pancreatic surgery audit (StuDoQ) were compared with 2,006 from the Dutch audit
(DPCA). Patient selection and practice was different between the countries, for example regarding
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indication for resection, ASA classification, comorbidity, minimally invasive surgery, and additional
resections. Some important post-pancreatectomy outcomes were similar between the countries (i.e.
pancreatic fistula, hemorrhage, in-hospital mortality), whereas others differed significantly (i.e.
pneumonia, reoperation, hospital stay, and readmission). In addition, there was more centralization of
pancreatic surgery in the Netherlands. However, to compare outcomes accurately, set clean
benchmarks, and combine and extrapolate data from different countries, the differences in registry
design, variable definitions, and patient selection should be understood clearly. Therefore, in Chapter
11, this was investigated for successfully established pancreatic surgery registries from the USA (ACSNSQIP), Germany (StuDoQ), the Netherlands (DPCA), and Sweden (SNPPRC). Design of the registries
varied considerably as 36% of the 55 identified core parameters were not available in one or more
registries. Patient selection was not similar between countries as two registries were nationwide,
whereas the other two were multicenter. In addition, variable definitions and answer options often
differed between countries. Still, many variables were comparable, for example because they had
uniform or similar definitions (e.g. BMI, neoadjuvant chemotherapy, surgical approach), or were ‘hard
outcomes’ (e.g. in-hospital mortality). Comparison of the 55 core parameters in 22,983 patients after
pancreatoduodenectomy showed interesting differences of patient characteristics, treatment
strategies, and clinical and pathological outcomes. The provided core parameter set should be used to
harmonize registries for accurate comparisons between countries and to aim for improvement of
outcomes globally.
Even though (inter)national guidelines advice the use of adjuvant chemotherapy after resection for
PDAC, a considerable proportion of 33% of 1,306 Dutch patients did not receive adjuvant
chemotherapy, as was demonstrated in Chapter 12. Remarkable variation between pancreatic centers
exist in administration rates of adjuvant treatment. Independent factors associated with not receiving
adjuvant chemotherapy were older age, worse ECOG performance status, severe postoperative
complications (especially pancreatic fistula and post-pancreatectomy hemorrhage), poor tumor
differentiation grade, and annual center volume of <40 pancreatoduodenectomies.

Improving outcomes nationwide
The previous chapters demonstrated that nationwide guideline compliance, practice variation, and
differences in outcomes exist for patients with pancreatic cancer. This was fuel for the nationwide
stepped-wedge cluster randomized controlled PACAP-1 trial. In Chapter 13, the study protocol of
PACAP-1 was described and aimed to include 4,769 patients. The trial was initiated in May 2018 and
finished in July 2020. ‘Best practices’ were identified from the national guideline, our previous analyses,
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and the current state of the literature. Key best practices included use of chemotherapy, pancreatic
enzyme replacement therapy, and biliary drainage using metal stents. They were structurally
implemented in 17 regions (based on the 17 pancreatic centers and their referral centers in 2018) to
improve survival and quality of life of patients with pancreatic cancer. Per pancreatic center, a
multidisciplinary team functioned as reference for the other centers in the network to improve
involvement of all pancreatic care workers and regional connectivity. Compliance and outcomes were
monitored within the existing PACAP registries. With one-year overall survival as primary outcome,
results of the trial are expected in July 2021 at the earliest.
Well-established nationwide multidisciplinary working groups such as the DPCG are crucial for
successful implementation of large projects such as PACAP and the PACAP-1 trial. The establishment,
coordination, and affiliated challenges of the DPCG were described in Chapter 14. This nationwide
collaboration of clinicians, researchers, nurses, and patient associations aims to improve care and
outcomes for patients with pancreatic and periampullary (pre-)malignancies. Backbones of the DPCG
are a plenary study group, a scientific committee, and a board, which are important to maintain
structure. Other essential topics in the coordination are collaborative development of multicenter
studies, transparency in workflows and regulations (e.g. authorships, use of (PACAP) data), and
involvement of patient organizations. Apart from PACAP and the PACAP-1 trial, various prospective trials
and projects, and educational meetings were initiated by the DPCG. National as well as international
collaborations to improve care and outcomes for these patients are made possible through the DPCG.
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Summary of research questions and main findings
Chapter

Research questions

2

Did compliance rates of five selected guideline quality indicators improve in the six years after
introduction of the national pancreatic cancer guideline?
Nationwide compliance to the quality indicators showed little to no improvement in the six years
after introduction of the guideline as only the indicator ‘use of chemotherapy in patients with nonmetastatic, non-resected disease’ improved slightly over three time periods; 23% vs. 26% vs. 30%
(p-trend<0.001). The indicators adjuvant chemotherapy after resection, discussion of patients in a
multidisciplinary team meeting, maximum 3-week interval from final multidisciplinary team
meeting to start of treatment, and preoperative biliary drainage when bilirubin >250 µmol/L did
not improve over time.

3

What is the association between location (head, body, tail) of pancreatic ductal adenocarinoma
(PDAC) and tumor stage, treatment, and survival?
PDAC in the pancreatic body or tail is typically larger, more often metastasized, and less often
resectable than PDAC in the pancreatic head. Only in patients with metastasized disease, overall
survival of patients with a PDAC in the body or tail was significantly worse than of patients with a
PDAC in the head.

4

What is the relation between primary tumor location (head, body, tail), metastatic patterns, and
survival in patients with metastasized PDAC?
Metastatic patterns differ between the primary origin (head, body, tail) of metastatic PDAC, with
the worst outcome for patients with PDAC in the pancreatic tail. Patients with metastasized PDAC
originating from the pancreatic tail had more metastatic sites, more often peritoneal metastases,
and worse survival than patients with PDAC in the pancreatic head or body.

5

How did the implementation of new chemotherapy regimens (FOLFIRINOX and gemcitabine with
nab-paclitaxel) affect nationwide clinical practice and overall survival in patients with metastasized
PDAC?
Nationwide variation in the use of chemotherapy decreased after the implementation of
FOLFIRINOX and gemcitabine with nab-paclitaxel. Still, 25% of patients received gemcitabine
monotherapy. Overall survival increased from 5.6 to 6.4 months (p<0.001) for patients treated with
chemotherapy. For all patients, overall survival increased slightly from 3.3 to 3.4 months (p<0.001).

6

How does pancreatic and periampullary cancer treatment influence patient satisfaction and quality
of life?
Several ‘satisfaction with care’ scores decreased three months after treatment (i.e. general
satisfaction with care, interpersonal skills of doctors, exchange of information within the care
team). Various satisfaction scores were lower for patients treated with curative vs. palliative intent.
Quality of life did not decrease after treatment.

7

What is the relation between quality of life and survival for patients with pancreatic or periampullary
cancer?
Regardless of patient, tumor, and treatment characteristics, baseline quality of life scores predicted
survival for the total cohort and for the subgroup of patients without resection, not for the
subgroup of patients with resection. For delta quality of life (between baseline and three months
follow-up), only the constipation score was of prognostic value for the total cohort, while no
association with survival was found for subgroups with or without resection.

8

What is current nationwide practice regarding preoperative endoscopic biliary drainage in
resectable pancreatic head and periampullary cancer and what are related outcomes?
Approximately half of all patients before pancreatoduodenectomy underwent endoscopic biliary
drainage of whom 43% received a self-expanding metal stent and the remainder a plastic stent.
Compared to plastic, metal stents were associated with lower risks of cholangitis, less
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postoperative pancreatic fistula, and a shorter postoperative hospital stay, but not with an
increased risk of pancreatitis.
9

How should we define Textbook Outcome for pancreatic surgery, and what are predictors of
Textbook Outcome in our nationwide pancreatic surgery audit?
Based on the opinion of international experts, Textbook Outcome was defined by the absence of
postoperative pancreatic fistula, bile leak, postpancreatectomy hemorrhage (all ISGPS grade B/C),
severe complications, readmission, and in-hospital mortality. Overall, 60% of patients achieved
Textbook Outcome. For pancreatoduodenectomy, lower ASA class, a dilated pancreatic duct
(>3 mm) and PDAC were predictors of Textbook Outcome. For distal pancreatectomy, female sex
and the absence of neoadjuvant therapy were predictors of Textbook Outcome.

10

What is the variation in pancreatoduodenectomy between Germany and the Netherlands from two
national pancreatic surgery audits?
The German and Dutch audits show comparable and good outcomes regarding major
complications (20% and 18%) and in-hospital mortality (both 4%). However, several differences
were found in patients (e.g. performance status, comorbidities), indications (i.e. pathology),
surgical characteristics (e.g. surgical approach, additional resections), rate of centralization, and
complications (e.g. readmissions, reoperations, postoperative hospital stay).

11

To what extent do existing pancreatic surgery registries from the USA, Germany, the Netherlands,
and Sweden differ in design, variables, patients, treatment characteristics, and clinical outcomes?
Design of the registries varied as 20/55 (36%) core parameters were not available in one or more
registries and several variable definitions varied. This indicates that harmonization of registries is
needed. Comparison of the 55 core parameters in 22,983 patients after pancreatoduodenectomy
showed interesting differences of patient characteristics, treatment strategies, and clinical and
pathological outcomes.

12

Which patient factors and postoperative complications were associated with not receiving adjuvant
chemotherapy for PDAC?
A third of patients did not receive adjuvant chemotherapy after resection of PDAC which was
associated with higher age, worse performance status and lower annual surgical volume, but
mostly with major surgical complications, especially postoperative pancreatic fistula and postpancreatectomy hemorrhage.

13

Does a nationwide program for enhanced implementation of best practices in pancreatic cancer
care (PACAP-1) improve one-year overall survival and quality of life?
The implementation phase of the nationwide PACAP-1 stepped-wedge trial was completed in all
17 clusters in July 2020. The primary outcome of one-year overall survival will become available in
the second half of 2021.

14

How to establish and coordinate a nationwide multidisciplinary working group such as the Dutch
Pancreatic Cancer Group (DPCG)?
A group of experts from different specialties and centers should be identified who are willing to
collaborate within a culture of commitment and mutual trust. Structure is important, such as the
three backbone platforms within the DPCG (i.e. plenary study group, scientific committee, board).
Other essential topics are collaborative development of multicenter studies, transparency in
workflows and regulations (e.g. authorships, use of (PACAP) data), and involvement of patient
organizations.
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This thesis demonstrated that nationwide guideline non-compliance and practice variation exist
regarding cancer treatment as well as supportive care for patients with pancreatic cancer. This resulted
in differences in patient outcomes, such as procedural complications, survival, and quality of life. Based
on these results, points of improvement in pancreatic cancer care were identified. Because mere
information release often does not render the desired dissemination effect, affiliated ‘best-practices’
were structurally implemented within the PACAP-1 trial on a nationwide level. Collaboration within
multidisciplinary study groups (e.g. the DPCG) is crucial for nationwide registries (e.g. PACAP) and
prospective implementation trials (e.g. PACAP-1) to succeed. The recruitment phase of the PACAP-1
trial was finished in July 2020 and results are awaited. This discussion focuses on PACAP, the different
registries (i.e. NCR, DPCA, PROMs) and data quality improvement strategies, funding challenges,
(innovative) trial possibilities within PACAP, challenges within the PACAP-1 trial and its best practices,
(inter)national collaboration (including within the DPCG), and future research and project opportunities
(e.g. personalized treatment).

PACAP and its registries
The DPCG project PACAP was initiated in 2013 to provide insight into nationwide data on clinical
parameters, patient reported outcomes, and biomaterials of a rare disease; pancreatic cancer.1 Through
the DPCG and PACAP platform, data (quality indicators) could be assessed, points of improvement
identified, research stimulated, and prospective trials initiated. In addition, (innovative) projects could
be implemented efficiently within the PACAP logistics and outcomes registered continuously within the
PACAP registries.1 Another reason to establish population-based registries, was to overcome the issue
of discrepancies between trial data and nationwide data. In general, clinical trials include highly selected
patient groups due to inclusion criteria and often results are produced with limited external validity.2
For example, most chemotherapy trials include patients <75 years old through which physicians may be
conservative in treating older patients, even if they have a good performance status.3 Population-based
registries were needed to investigate uptake of a (new) treatment and how it affects patient outcomes
on a nationwide level, for example as performed in Chapter 3 to 12 of this thesis. Therefore, they should
exist complementary to clinical trial databases. In the past decades, many population-based cancer
registries have been established.4 The registries within PACAP aim for a population-based coverage, high
data quality, and (patient-friendly) efficient data acquisition.
The NCR is a population-based registry that identifies patients with newly diagnosed PDAC via the
national pathology archive (PALGA) and the National Hospital Discharge Register. However, the
incidence of PDAC is slightly underestimated in the NCR, because part of the elderly patients without
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pathological confirmation and hospital admission with very poor survival are missed.5, 6 To improve this,
a national basic records registration of hospital care (‘Landelijke Basisregistratie Ziekenhuiszorg’, LBZ)
provides information to the NCR since 2014, including information on ambulant care (e.g. diagnosis
through CT-scan without pathology or hospital admission). An internal audit of the mandatory DPCA
demonstrated an accuracy of 97% and a case ascertainment of 93% after the first two years.7 To
minimize the registration burden, clinical variables captured within the NCR and the DPCA were
designed to be complementary. The NCR includes oncological, chemotherapy, and long-term survival
details, while it excludes operative details and postoperative complications. In contrast, the DPCA
focuses on operative details and postoperative complications. The main limitation of the DPCA is that
postoperative outcomes are registered up to 30 days after surgery. Patients after resection, however,
have a median overall survival of 17-23 months and long-term follow-up should be available, for
example for analyses such as in Chapter 12 regarding adjuvant chemotherapy.8-10 The complementary
aspect of both registries is ideal and aids efficient data acquisition when the registries can be linked.
Unfortunately, this is not (yet) the case due to logistical, political, and legal challenges. To address these
challenges and improve PACAP data and research quality even further, recently, a project was initiated
to link the NCR and DPCA. Once a linkage is achieved, remaining overlapping variables can be reduced
to a minimum to optimize efficient data acquisition.
Currently, doctors or data managers are often required to register patient data multiple times (e.g. in
patient medical files, in trial databases, or in (nationwide) registries). This by definition is subject to
human (registration) error and leads to a higher burden of registration. Therefore, initiatives such as
automatic referral of data from electronic patient files to other centers in case of referral, to research
or insurance databases, or to registries are becoming popular.11 Recently, a project (‘Registratie aan de
Bron’) was started which aims to reduce the registration burden, and to improve the patient-friendly
data acquisition and the data quality by implementing core parameter sets and reusing data. For the
various PACAP registries, future projects should also aim for optimized data quality and minimized
registration burden by such electronic referral projects.

16

Coverage of the PROMs registry is dependent on the participating centers, and willingness and ability of
patients to participate in a three-monthly quality of life questionnaire. Currently, 48 centers (i.e.
approximately half of all Dutch centers including all pancreatic centers) participate in the PROMs registry
and approximately 1500 patients are included. In 2019, linkage between the NCR and the PROMs
Chapter 7). This study
registry was established. This resulted in the first study with linked PACAP data (C
demonstrated that quality of life is a predictor of survival which is one of the reasons why quality of life
is increasingly used as outcome measure.12 As described in Chapter 7, the patients included in the
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PROMs registry are likely fitter than an unselected group of patients, because they more often
underwent resection and received chemotherapy. These patients are probably more willing and able to
participate and doctors are less reluctant to include these patients resulting in selection bias. To increase
patient-friendly and efficient data acquisition, PACAP collaborates with several DPCG clinical trials (e.g.
PORSCH (NCT03400280), PREOPANC-2 (NTR7292)) by sharing PROMs data. In return, these
collaborations increase awareness and inclusion rates in the participating trial centers. This hopefully
improves accrual rates not only of trial patients, but also of non-trial patients who are often less fit. This
would lead to a more representative cohort of pancreatic cancer patients (i.e. reduced selection bias).
In the future, more funding is needed for extension of the central coordination of the PROMs registry
to improve the representativeness of the PROMs cohort even further. All Dutch hospitals that are willing
to participate can then be involved and, more importantly, be (kept) motivated to include patients.
In Chapter 6 on patient satisfaction it was suggested that there may be room for improvement of
communication and interpersonal skills of health care workers. To maintain or increase patient
satisfaction there should be more attention given to these skills. For example, in the future, these topics
could be addressed more extensively during medical school, health care workers could be provided
(recurring) coaching or courses, and education in shared decision making could be introduced. In
addition, future (nationwide) trials could take certain skills and topics into account (e.g. through the
DPCG).

PACAP and its funding
To acquire funding for (long-term) projects and cancer research is a challenge and often dependent on
charitable, governmental, or industrial financial support.13 The initial PACAP funding from the Dutch
Cancer Society covered the six years from initiation of the project to the nationwide implementation.
Now that PACAP is successfully established, it was crucial that external funding remained available to
improve and continue this unique project that is amongst the largest nationwide DPCG projects. This
was

one

of

the

reasons

to

initiate

the

‘Deltaplan

Alvleesklierkanker’

project

(www.deltaplanalvleesklierkanker.nl). Deltaplan Alvleesklierkanker aims to create financial support for
PACAP and projects that can be implemented through the PACAP platform through donations and
collaboration with funding bodies. Ultimately, Deltaplan Alvleesklierkanker aims to improve patient
outcomes through supporting high-quality efficient research and optimal nationwide care for patients
with pancreatic cancer by making the best care available for all patients. This project was an initiative
of the DPCG, the patient platform ‘Living With Hope’, and the gastro-intestinal-liver foundation ‘MaagLever-Darm Stichting’, and aims to collaborate with other important stakeholders in the field such as
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‘Support Casper’. Such initiatives and collaborations can enhance the relationship with industrial and
governmental bodies, and health insurance companies which might improve options for long-term or
even continuous financial support.13, 14

Innovative trial designs within the PACAP platform
Apart from stepped-wedge cluster randomized controlled trials (e.g. PACAP-1, Chapter 13), the PACAP
platform allows other novel study designs to be performed such as trials within cohorts (TwiCs,
previously known as cohort multiple randomized controlled trials (cmRCTs)). The basis of the TwiCs
design is a large observational cohort of patients with the condition of interest of whom outcomes are
measured regularly (e.g. PACAP).15 Patients in this cohort are asked to provide general informed consent
for possible participation in future studies. When a (new) intervention is ready for testing in trial
settings, all eligible patients are identified from the existing cohort and randomized to standard vs.
experimental treatment. Only the patients randomized to the experimental group are offered the
intervention and asked for additional informed consent. The patients from the control group are not
informed about the trial or the intervention. Data from the cohort measurements are used for
comparative analyses.15 This process can be repeated for new interventions and therefore multiple
interventions can be performed simultaneously. The TwiCs design may achieve efficient patient
recruitment, avoid disappointment bias, contamination, and cross-over to the intervention arm, and
reduce trial costs compared to traditional trial designs. On the contrary, rates of non-compliance in the
intervention arm may be higher in the TwiCs design compared to the traditional randomized trial
design.16 In the Netherlands in clinical oncology settings, the TwiCs design has been implemented
successfully and trials were feasible with efficient patient enrollment and generalizability of results.17-19
The possibility of TwiCs within PACAP allows feasible and efficient research opportunities for patients
with pancreatic cancer that could lead to improved patient outcomes. An example could be the
TIMEPAN-trial to investigate the timing of start of systemic treatment for asymptomatic metastasized
pancreatic cancer (immediate vs. postponed treatment initiation).
Chapter 13) is a stepped-wedge cluster randomized controlled trial performed within
The PACAP-1 trial (C
the PACAP platform with continuous data capturing through the existing PACAP registries. The best
practices for the PACAP-1 trial were selected based on the analyses described in this thesis, the national
guideline, and the current state of the literature. In addition, the potential benefit on quality of life and
survival was important. Because the simultaneously performed PORSCH-trial focused on improving
outcomes after pancreatic surgery, the PACAP-1 trial focused on chemotherapy and supportive care.
Adjuvant and palliative chemotherapy have shown to positively affect survival and quality of life of
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pancreatic cancer patients.20-24 Still, previous Dutch studies demonstrated that use of chemotherapy
varied between hospitals and led to different patient outcomes.3, 25, 26 This is in line with the findings
from Chapter 5 and 12, and suggest that there is room for improvement regarding use of adjuvant and
palliative chemotherapy for PDAC. Up to 92% of patients with inoperable disease and 83% with
resectable disease suffer from exocrine pancreatic insufficiency.27,

28

These patients often have

complaints such as steatorrhea, weight loss, abdominal discomfort, and a reduced quality of life.29
Pancreatic enzyme replacement therapy can reduce complaints and increase quality of life.29, 30 In
addition, several retrospective studies showed that pancreatic enzymes may even independently
improve survival for patients with inoperable and resectable tumors.31,

32

However, unpublished

updated NCR data showed that only approximately 40% of patients with PDAC received pancreatic
enzyme replacement therapy compared to the 83-92% prevalence. Moreover, previous studies
demonstrated that understanding and use of the enzymes is difficult, which negatively influenced
outcomes.33, 34 It is suggested that education and guidance (e.g. by a dietician or nurse practitioner) can
improve understanding and treatment adherence, and reduce complaints. Besides an increase in the
prescription and use of pancreatic enzymes, better treatment adherence and adequate guidance could
improve outcomes. Endoscopic biliary drainage can be performed with self-expandable metal stents or
plastic stents. In neoadjuvant, preoperative, and palliative settings, the use of metal stents resulted in
better outcomes (e.g. post-drainage, postoperative, quality of life, survival).35-39 There is, however, room
for improvement in the Netherlands, because only 43% of Dutch patients received a metal stent
preoperatively and the use of metal stents varied considerably among hospitals (C
Chapter 8). In addition,
unpublished updated NCR data showed that of all PDAC patients who received a biliary stent, at least
40% of the stents was plastic. Therefore, the PACAP-1 best practices included use of chemotherapy, use
of pancreatic enzyme replacement therapy and referral to dietician, and use of metal stents for biliary
drainage.

PACAP-1 and the DPCG: nationwide collaboration
The DPCG is well-organized, enables nationwide collaboration, and is based on a multidisciplinary group
of experts who aim to improve care and outcomes for patients with pancreatic cancer (C
Chapter 14). This
is supported by some inherent benefits of our country, such as being a small country that is densely
populated. It was therefore possible to design and perform large nationwide (implementation) trials
that require effort and dedication of physicians involved in pancreatic cancer care. This was a key
component in the set-up of the PACAP-1 trial and the implementation of the best-practices throughout
the country (C
Chapter 13). The one- and five-year follow-up results of the PACAP-1 trial will provide
information whether the structured implementation and nationwide collaboration led to improved
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patient outcomes. Although the collaboration contributed to the potential success of PACAP-1, several
challenges were faced in preparation of and during the trial. The most important was identifying and
addressing undesirable reasons for guideline non-compliance (C
Chapter 2) and practice variation
(C
Chapter 5 and 12 regarding chemotherapy, Chapter 9, 10, and 11 regarding surgery, and Chapter 8
regarding biliary drainage). While case-mix and patient selection were good reasons for refraining from
following a guideline,40 logistical problems and lack of awareness were poor reasons and were hopefully
reduced within PACAP-1.41, 42 The biggest challenge was addressing patients’ and doctors’ preference,
because they are difficult to interpret. They may be based on expert knowledge and shared decision
making (i.e. desired), yet also on lack of awareness, insufficient information provision, or difficulty in
changing current practice (i.e. undesired).43 In addition, it is difficult to interpret a physician’s individual
assessment of factors (e.g. age, performance status, prognosis) as this often differs between physicians
and plays a decisive role in treatment recommendations.44 It is, nevertheless, important to address the
latter ‘undesired’ group, because the largest improvement could be expected from this. However,
specifically the doctors with lack of awareness for example may not be willing to participate in a trial.
They were (possibly) not reached during the PACAP-1 trial. The solution to undesired guideline noncompliance and practice variation may therefore lie outside trial settings, for example through
centralization of care. Centralization of pancreatic surgery has occurred in the Netherlands and has
shown to improve patient outcomes.45, 46 In addition to further centralization, future efforts should also
focus on improving connectivity within regions to reach all pancreatic cancer doctors, for example with
extension of regional multidisciplinary team meetings. Furthermore, to clearly understand and change
undesired non-compliance and practice variation, future (qualitative) studies should focus on the
reasons for their existence.

Towards international collaboration
Collaboration and regional connectivity should not stop at a country’s borders. Due to its rare nature
and grim prognosis, pancreatic cancer is a worldwide problem and different countries have to overcome
similar challenges.10,

47, 48

Countries may be in different stages of disease knowledge, regional or

nationwide collaboration, development of research, and (understanding of) pancreatic cancer care.
Although these are difficulties, they are opportunities to lift knowledge on and care of pancreatic cancer
to a higher level globally. Countries can learn from each other’s experiences. Especially for rare tumors,
international collaborations can result in improved diagnostics, increased trial accrual rates, better
definitions of standard treatment, and higher quality (clinical) research.14 In addition, some differences
between countries will remain challenging (e.g. funding possibilities, insurance policies, health care
authorities, preferences of doctors and patients, cultural or geographical factors; also described in
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Chapter 10 and 11), yet will be understood better and become less challenging through collaborative
initiatives.49 In recent years, international working groups and research collaborations have been
established (e.g. International Hepato-Pancreato-Biliary Association (IHPBA), Pancreatic Cancer Europe
(PCE), GAPASURG (C
Chapter 11), the European consortium on Minimally Invasive Pancreatic Surgery (EMIPS) registry, Minimally Invasive versus Open Distal Pancreatectomy for Ductal Adenocarcinoma
(DIPLOMA-trial, ISRCTN44897265), the European Registration of Cancer Care (EURECCA)50). However,
further expansion of projects and especially implementation projects are needed. Next steps would be
to expand international initiatives to more countries, harmonize registries and research if possible,
perform clinical auditing, identify international practice variation, and provide feedback. When accurate
differences between countries come to light and an open discussion is created, undesirable practice
variation can be reduced and patient outcomes improved internationally.

Towards personalized treatment
Even with the most favorable tumor stage and “best” possible treatments, survival and quality of life of
patients with PDAC remains dismal. The only curative treatment option continues to be resection of the
tumor. The most promising published RCT results so far are 54 months median overall survival and 63%
three-year overall survival rate after adjuvant modified FOLFIRINOX.22 Therefore, even though
structured implementation of best-practices should stay a point of interest, personalized cancer
treatment is an important topic for the future. In Chapter 3 and 4, it was suggested that the differences
in patient, tumor, and treatment characteristics did not fully explain the differences in survival, and that
tumor biology may play a role. Genomic sequencing studies have shown that tumor biology varies
between patients (e.g. genetic mutations, molecular subtypes) and is associated with differences in
clinical outcomes.51, 52 Different PDAC subtypes can respond differently to cancer treatments.53 This
provides opportunities to identify which patients will benefit from what readily available treatment
strategies (e.g. FOLFIRINOX vs. gemcitabine-nab/paclitaxel) and to optimize patient selection. Within
PACAP, the Dutch Pancreas Biobank was established to enable translational research and improve
treatment decisions based on disease characteristics.54 Currently, of patients undergoing pancreatic
surgery in 13 centers, preoperative and follow-up blood samples, tumor tissue from resected
specimens, and pancreatic cyst fluid are collected. Besides patient selection for readily available
treatment options, developing new therapies based on the specific tumor biology and treating the
patient accordingly would be the ultimate personalized treatment. In the Netherlands, the DPCG project
‘Pancreatic and EsophagoGastric cAncer: improving Survival and qUality of life through personalized
medicine (PEGASUS)’ was initiated together with the Center for Personalized Cancer Treatment (CPCT)
in context of patient selection for readily available treatments, but also of new treatment development.
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In the future, personalized medicine trials could be performed through the TwiCs design within the
PACAP platform.
In conclusion, it was demonstrated that nationwide guideline non-compliance and practice variation in
pancreatic cancer care exist. This resulted in differences in outcomes of patients with pancreatic cancer
of all stages. Best-practices in cancer treatment as well as supportive care were implemented with the
nationwide PACAP-1 trial to improve survival and quality of life. Future (research) initiatives should focus
on 1) linkage between the NCR, PROMS, and DPCA, 2) improving data quality and completeness, and
decreasing registration burden by electronic data referral, 3) understanding and reducing undesired
guideline non-compliance and practice variation, 4) use of the TwiCs design, 5) national and
international collaborations, and 6) personalized treatment.
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Nederlandse samenvatting
In hoofdstuk 1 worden pancreas en andere periampullaire maligniteiten geïntroduceerd met
bijbehorende symptomen, tumorgerichte en ondersteunende behandelopties, en hun slechte
prognose. Van deze maligniteiten is voornamelijk het subtype pancreas ductaal adenocarcinoom (PDAC)
de focus van dit proefschrift. Tevens werden in dit hoofdstuk het Dutch Pancreatic Cancer Project
(PACAP) en de Dutch Pancreatic Cancer Group (DPCG) geïntroduceerd. PACAP is opgebouwd uit
verschillende registraties en projecten; de Nederlandse Kankerregistratie (NKR), de patiënt
gerapporteerde uitkomsten (PROMs) registratie, de chirurgische Dutch Pancreatic Cancer Audit (DPCA),
de PancreasParel (Dutch Pancreas Biobank) en een online expert panel. Middels de data uit de
registraties kunnen afwijkingen van de richtlijn en praktijkvariatie worden geïdentificeerd, en mogelijk
daarop volgende verschillen in patiëntuitkomsten. Het doel van PACAP is om onderzoek te faciliteren
en uiteindelijk landelijke uitkomsten voor patiënten te verbeteren.
Over het algemeen wordt aangenomen dat uitkomsten van patiënten verbeteren als de landelijke
richtlijnen over de management van PDAC zo goed mogelijk worden nageleefd. Met
kwaliteitsindicatoren kan de ‘kwaliteit van zorg’ worden gemeten. Derhalve is in hoofdstuk 2 bij 14.491
patiënten onderzocht wat de compliantie is van vijf geselecteerde kwaliteitsindicatoren van de
Nederlandse richtlijn pancreascarcinoom in drie opvolgende tijdsperiodes (2012-2013 vs. 2014-2015 vs.
2016-2017). De vijf kwaliteitsindicatoren waren; 1) het deel van de patiënten dat voorafgaand aan
behandeling met curatieve intentie is besproken in een multidisciplinair overleg, 2) het deel van de
patiënten behandeld met curatieve intentie dat binnen de aangeraden doorlooptijd na het laatste
multidisciplinaire overleg is behandeld, 3) het deel van de patiënten met een bilirubine >250 µmol/L dat
preoperatieve biliaire (oftewel galweg-) drainage heeft ondergaan, 4) het deel van de patiënten dat
adjuvante chemotherapie heeft gekregen na resectie van PDAC, en 5) het deel van de patiënten met
inoperabele ziekte dat palliatieve chemotherapie heeft gekregen. De enige indicator die over de drie
tijdsperioden bleek toegenomen, was het deel van de patiënten zonder metastasen en zonder resectie
dat chemotherapie heeft gekregen. Het percentage patiënten dat chemotherapie kreeg steeg van 23%
in 2012-2013, 26% in 2014-2015 naar 30% in 2016-2017. Naast het kritisch evalueren van de indicatoren
pleiten deze uitkomsten voor een landelijk implementatie project bedoeld om richtlijn compliantie te
bevorderen om uiteindelijk patiëntuitkomsten te verbeteren.
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Uitkomsten van de Nederlandse Kankerregistratie en de patiënt gerapporteerde uitkomst registratie
Behalve afwijkingen van de richtlijn is middels de verschillende PACAP-registraties ook onderzocht of er
sprake was van praktijkvariatie en verschillen in patiëntuitkomsten. Allereerst is in hoofdstuk 3 bij 19.023
patiënten onderzocht wat de relatie is tussen primaire PDAC locatie (pancreaskop, -corpus of -staart)
en verschillen in tumorstadium, behandeling en uitkomsten. Het bleek dat corpus- en staarttumoren
groter, vaker gemetastaseerd en minder vaak resectabel waren dan pancreaskoptumoren. Overleving
was gelijk tussen de drie tumorlocaties voor patiënten zonder metastasen (met of zonder resectie).
Overleving in de groep patiënten met metastasen was daarentegen slechter voor patiënten met een
corpus- of staarttumor vergeleken met een koptumor. Naar aanleiding van deze resultaten is in
hoofdstuk 4 bij 9.952 patiënten met gemetastaseerde ziekte onderzocht wat de relatie was tussen de
drie PDAC locaties, metastaseringspatroon en uitkomsten. Metastaseringspatroon verschilde voor de
drie tumorlocaties. Patiënten met een staarttumor hadden de slechtste uitkomsten in vergelijking met
kop- of corpustumoren. Zij hadden namelijk meer lokalisaties van metastasen, vaker peritoneale
metastasen en slechtere overleving.
Om overleving voor patiënten met gemetastaseerde PDAC te verbeteren zijn nieuwe chemotherapieën
ontwikkeld zoals FOLFIRINOX en gemcitabine (reeds gebruikt als monotherapie) gecombineerd met
nab-paclitaxel. Gerandomiseerde studies naar deze therapieën hebben positieve resultaten getoond. In
hoofdstuk 5 is bij 8.726 patiënten met gemetastaseerde ziekte onderzocht wat het implementatieniveau
van deze nieuwe therapieën was op een landelijk niveau buiten studieverband en wat het effect is
geweest op de overleving. De variatie in het voorschrijven van chemotherapie verminderde na de
introductie van FOLFIRINOX en gemcitabine met nab-paclitaxel. Overleving van patiënten die waren
behandeld met chemotherapie is verbeterd van 5,6 naar 6,4 maanden en bleek beter te zijn na
FOLFIRINOX of gemcitabine met nab-paclitaxel dan na gemcitabine monotherapie. Toch kreeg een
aanzienlijk deel van de patiënten gemcitabine monotherapie en dat veroorzaakte slechts een
teleurstellende overlevingswinst in deze groep. Voor alle patiënten in deze studie steeg de overleving
niet klinisch relevant, maar wel significant van 3,3 naar 3,4 maanden. Het bleek dat de introductie van
nieuwe chemotherapie strategieën moeilijk is en een gestructureerde implementatie mogelijk nodig is
om gebruik van nieuwe therapieën te stimuleren en variatie in het voorschrijven te verminderen.
Tumorgerichte behandeling kan naast op overleving, ook invloed hebben op patiënttevredenheid en
kwaliteit van leven. Op hun beurt kunnen die laatste twee weer invloed hebben op overleving. Daarom
is in hoofdstuk 6 onderzocht bij 71 patiënten wat de invloed is van tumorgerichte behandeling op
patiënttevredenheid en kwaliteit van leven. Verscheidene tevredenheidsscores daalden drie maanden
na behandeling, zoals algemene tevredenheid met zorg, interpersoonlijke vaardigheden van artsen en
297
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uitwisseling van informatie binnen het zorgteam. Patiënten die zijn behandeld met curatieve intentie
hadden lagere tevredenheidsscores dan die zijn behandeld met palliatieve intentie wat betreft
interpersoonlijke vaardigheden van artsen, informatievoorziening door artsen en verpleegkundigen,
beschikbaarheid van verpleegkundigen, uitwisseling van informatie binnen het zorgteam en ziekenhuis
toegankelijkheid. Kwaliteit van leven scores waren voor en na behandeling vergelijkbaar. Omdat
tevredenheidsscores die zijn beïnvloed door behandeling met name communicatie en interpersoonlijke
vaardigheden van zorgmedewerkers betreffen, kan het verbeteren hiervan mogelijk leiden tot een
betere patiënttevredenheid na behandeling. Vervolgens is in hoofdstuk 7 onderzocht bij 233 patiënten
wat de relatie is tussen baseline en delta (tussen baseline en drie maanden follow-up) kwaliteit van
leven, en overleving. Onafhankelijk van patiënt, tumor en behandelkarakteristieken, was kwaliteit van
leven geassocieerd met overleving. De algemene geluk score, een samenvattende score, en
verscheidene functionerings- en symptoomscores waren voorspellend voor overleving. Baseline
kwaliteit van leven scores waren voornamelijk van prognostische waarde voor patiënten zonder
resectie, terwijl één delta score (de constipatie score) dat was voor het gehele cohort. De scores van
additionele prognostische waarde bovenop de bekende klinische overlevingsvoorspellers. Derhalve
kunnen kwaliteit van leven scores mogelijk worden gebruikt met verschillende redenen in de kliniek
zoals ‘shared decision making’, ziekte management of behandeling, klinische predictie modellen of voor
stratificatie in studies.

Uitkomsten van de Dutch Pancreatic Cancer Audit
Bij patiënten met een obstructie van de galwegen door een maligne proces (zoals een pancreaskop of
periampullair carcinoom), kan preoperatieve endoscopische biliaire drainage (EBD) geïndiceerd zijn.
Internationale richtlijnen adviseren het gebruik van metalen stents boven het gebruik van plastic stents
in het geval van EBD. In hoofdstuk 8 is getoond dat bij patiënten die een pancreatoduodenectomie
ondergingen afwijkingen van de richtlijn, landelijke praktijkvariatie en verschillen in patiëntuitkomsten
bestaan wat betreft EBD. Ongeveer de helft van de 1.056 patiënten onderging preoperatieve EBD
waarvan slechts 43% een metalen stent kreeg en de overige 57% een plastic stent. Het gebruik van
metalen stents varieerde sterk tussen de verschillende ziekenhuizen. Metalen stents zijn geassocieerd
met een lagere kans op cholangitis, minder postoperatieve pancreasfistels en een kortere
postoperatieve opnameduur. De gevreesde hogere kans op pancreatitis na een metalen stentplaatsing
werd in deze studie niet gevonden. Patiënten hebben mogelijk voordeel bij een gestructureerde richtlijn
implementatie, omdat dit zou kunnen leiden tot verhoogde richtlijn compliantie (bv. metalen stent
gebruik), verminderde praktijkvariatie en uiteindelijk verbeterde uitkomsten.
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Het verminderen van praktijkvariatie en verbeteren van uitkomsten kan tevens worden gerealiseerd
door een klinische ‘audit’ en het gebruik van kwaliteitsindicatoren. Voor pancreaschirurgie is in
hoofdstuk 9 een nieuwe samengestelde kwaliteitsindicator ‘Textbook Outcome’ ontwikkeld op basis van
consensus tussen 24 experts uit 10 landen. Textbook Outcome geeft aan of de operatieve en
postoperatieve fase 'volgens het boekje' is verlopen. Textbook Outcome werd gedefinieerd door
afwezigheid van postoperatieve pancreasfistels, gallekkage, post-pancreatectomie bloedingen, ernstige
complicaties, heropnames en overlijden gedurende ziekenhuisopname. Van de 2.633 patiënten die een
pancreatoduodenectomie ondergingen bereikte 58% Textbook Outcome in vergelijking met 67% van de
708 patiënten die een pancreasstaartresectie ondergingen. Bij pancreatoduodenectomie waren ASA
score, grootte van de ductus pancreaticus en histologie voorspellers voor Textbook Outcome en bij
pancreasstaartresectie waren dat geslacht en neoadjuvante behandeling. Textbook Outcome varieerde
aanzienlijk tussen de pancreasziekenhuizen en bleek daarom een goede optie om op te varen bij
verbeterprogramma’s van zorgkwaliteit.
Klinisch auditeren en het vergelijken van praktijken kan niet alleen tot verbetering leiden op nationaal
niveau, maar ook op internationaal niveau. In hoofdstuk 10 is daarom een vergelijking gemaakt tussen
2.489 patiënten uit de Duitse pancreaschirurgie audit (StuDoQ) en 2.006 uit de Nederlandse variant
(DPCA). De patiëntselectie en praktijk was anders tussen beide landen, bijvoorbeeld voor indicatie van
resectie, ASA score, comorbiditeiten, minimaal invasieve chirurgie en additionele resecties. Enkele
belangrijke post-pancreatectomie uitkomsten waren vergelijkbaar tussen de landen (bv. pancreasfistels,
bloedingen en mortaliteit tijdens ziekenhuisopname), terwijl andere juist verschilden (bv. pneumonie,
reoperatie, opnameduur en heropname). Daarbij was er meer centralisatie van chirurgie in Nederland
geconstateerd. Om uitkomsten accuraat te vergelijken, duidelijke maatstaven te ontwikkelen en data
van verschillende landen te combineren en extrapoleren is het noodzakelijk om verschillen in audit
design, variabelen definities en patiëntselectie tussen landen duidelijk te hebben. Derhalve is dit in
hoofdstuk 11 onderzocht voor reeds succesvol geïmplementeerde registraties uit Amerika (ACS-NSQIP),
Duitsland (StuDoQ), Nederland (DPCA) en Zweden (SNPPRC). Het design van de registraties verschilde
aanzienlijk, omdat 36% van de 55 geselecteerde kernvariabelen niet beschikbaar was in één of meer
registraties. Daarnaast waren verscheidene variabele definities en antwoordopties verschillend tussen
de landen. Tevens was de patiëntselectie verschillend, omdat twee registraties landelijke dekking
hadden en de andere twee multicenter dekking. Toch konden veel variabelen worden vergeleken,
omdat ze bijvoorbeeld uniforme of vergelijkbare definities hadden (bv. BMI, neoadjuvante therapie,
chirurgische benadering), of ‘harde uitkomsten’ waren (bv. mortaliteit gedurende ziekenhuisopname).
Vergelijking van de 55 kernvariabelen bij 22.983 patiënten na pancreatoduodenectomie toonde diverse
interessante verschillen in patiëntkarakteristieken, behandelstrategieën, en klinische en pathologische
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uitkomsten. De verschafte kernvariabelen set kan worden gebruikt om registraties te harmoniseren
zodat accurate vergelijkingen mogelijk worden gemaakt en het doel kan worden gesteld om uitkomsten
wereldwijd te verbeteren.
Ondanks dat (inter)nationale richtlijnen het gebruik van adjuvante chemotherapie adviseren na resectie
van PDAC, kreeg een aanmerkelijk deel van 33% van 1.306 Nederlandse patiënten geen adjuvante
chemotherapie (h
hoofdstuk 12). Er was opvallende variatie in het gebruik van adjuvante chemotherapie
tussen de pancreasziekenhuizen. Factoren die geassocieerd waren met het niet krijgen van adjuvante
chemotherapie waren hogere leeftijd, slechtere ECOG performance status, ernstige postoperatieve
complicaties, in het bijzonder pancreasfistels en post-pancreatectomie bloedingen, slechte tumor
differentiatiegraad en een jaarlijks volume van <40 pancreatoduodenectomieën per centrum.

Landelijke verbetering van uitkomsten
De vorige hoofdstukken hebben getoond dat landelijke afwijkingen van de richtlijn, praktijkvariatie en
verschillen in uitkomsten bestaan voor patiënten met pancreascarcinoom. Dit waren bouwstenen voor
de landelijke stapsgewijze cluster gerandomiseerde PACAP-1 trial. In hoofdstuk 13 is het studieprotocol
van PACAP-1 beschreven waarvoor 4.769 patiënten geïncludeerd zullen worden. De studie is gestart in
mei 2018 en wordt afgerond in juli 2020. ‘Best practices’ zijn geïdentificeerd op basis van de landelijke
richtlijn, onze eerdere studies en de huidige stand van zaken in de literatuur. De belangrijkste best
practices zijn optimalisatie van gebruik van chemotherapie, suppletie van pancreasenzymen en biliaire
(i.e. galweg-) drainage. Om overleving en kwaliteit van leven te verbeteren voor patiënten met
pancreascarcinoom, zijn de best practices geïmplementeerd in 17 regio’s in Nederland. De regio’s zijn
gebaseerd op de 17 pancreasziekenhuizen en bijbehorende verwijzende centra. Per pancreasziekenhuis
is een multidisciplinair pancreasteam referentiepunt voor de andere centra uit de regio om
betrokkenheid van alle pancreas zorgmedewerkers en regionale contacten te verbeteren. Compliantie
en uitkomsten worden gemonitord via de bestaande PACAP registraties. Omdat de primaire uitkomst
één-jaarsoverleving is, worden de uitkomsten van de trial op zijn vroegst verwacht in juli 2021.
Goed opgezette landelijke multidisciplinaire werkgroepen zoals de DPCG zijn cruciaal voor succesvolle
implementatie van grote projecten zoals PACAP en de PACAP-1 trial. De opzet, coördinatie en verwante
uitdagingen van de DPCG zijn beschreven in hoofdstuk 14. Deze landelijke samenwerking van artsen,
onderzoekers, verpleegkundigen en patiëntverenigingen heeft het doel om zorg en uitkomsten te
verbeteren voor patiënten met pancreas en periampullaire (pre-)maligniteiten. Belangrijke pilaren van
de DPCG zijn een plenaire werkgroep, een wetenschappelijke commissie en een bestuur. Deze zijn van
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belang om structuur te behouden. Andere essentiële zaken in de coördinatie zijn het opzetten van
studies middels samenwerking, transparantie in werkzaamheden en regels (bv. auteurschappen,
gebruik van (PACAP) data), en betrokkenheid van patiëntorganisaties. Behalve PACAP en PACAP-1, zijn
er verscheidene prospectieve studies en projecten, en educatieve meetings geïnitieerd door de DPCG.
Zowel nationale als internationale samenwerkingsverbanden worden mogelijk gemaakt door de DPCG
om zorg en uitkomsten voor deze patiënten te verbeteren.
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Samenvatting van de onderzoeksvragen en belangrijkste bevindingen
Hoofdstuk

Onderzoeksvraag

2

Worden de vijf geselecteerde richtlijn kwaliteitsindicatoren vaker gevolgd in de zes jaar na
implementatie van de landelijke pancreascarcinoom richtlijn?
In de zes jaar na implementatie van de richtlijn is de compliantie aan de vijf kwaliteitsindicatoren
niet of nauwelijks verbeterd. Slechts één indicator is verbeterd over drie tijdsperiodes; 23% vs. 26%
vs. 30% van de patiënten met niet-gemetastaseerde, niet-gereseceerd pancreascarcinoom kreeg
chemotherapie (p-trend<0.001). De andere indicatoren zijn niet verbeterd; adjuvante
chemotherapie na resectie, bespreken van patiënten in een multidisciplinair overleg (MDO),
maximum interval van drie weken tussen laatste MDO en start behandeling, en preoperatieve
biliaire drainage bij een bilirubine >250 µmol/L.

3

Wat is de relatie tussen primaire tumor locatie (kop, corpus, staart), tumor stadium, behandeling
en overleving bij PDAC?
PDAC locaties in het pancreascorpus en de -staart zijn groter, vaker gemetastaseerd en minder
vaak resectabel dan locaties in de pancreaskop. Alleen in de gemetastaseerde setting was de
overleving van patiënten met een corpus of staarttumor significant slechter dan van patiënten met
een pancreaskoptumor.

4

Wat is de relatie tussen primaire tumor locatie (kop, corpus, staart), metastaseringspatroon en
overleving bij de patiënten met gemetastaseerd PDAC?
Metastaseringspatronen verschillen tussen de primaire tumor locaties (kop, corpus, staart) bij
gemetastaseerd PDAC. Patiënten met een staartcarcinoom hadden de slechtste uitkomsten. Zij
hadden vaker een tumor die naar meerdere locaties was gemetastaseerd, vaker peritoneale
metastasen en slechtere overleving dan patiënten met een kop- of corpuscarcinoom.

5

Hoe zijn landelijke praktijkvoering en overleving beïnvloed door implementatie van nieuwe
chemotherapie behandelingen (FOLFIRINOX en gemcitabine met nab-paclitaxel) voor patiënten met
gemetastaseerd PDAC?
Landelijke variatie in het gebruik van chemotherapie is minder geworden na de implementatie van
FOLFIRINOX en gemcitabine met nab-paclitaxel. Desondanks kreeg 25% van de patiënten nog
gemcitabine monotherapie. Bij patiënten die zijn behandeld met chemotherapie is de overleving
toegenomen van 5,6 naar 6,4 maanden (p<0.001). Bij alle patiënten was dit ook het geval, maar
deze toename was klein (3,3 naar 3,4 maanden, p<0.001).

6

Hoe beïnvloedt pancreas en periampullaire kanker behandeling patiënttevredenheid en kwaliteit
van leven?
Verscheidene patiënttevredenheid scores namen af drie maanden na de behandeling (algemene
tevredenheid met de zorg, interpersoonlijke vaardigheden van artsen, uitwisseling van informatie
in het zorgteam). Verschillende tevredenheidsscores waren lager voor patiënten die werden
behandeld met curatieve vs. palliatieve intentie. Kwaliteit van leven nam niet af na behandeling.

7

Wat is de relatie tussen kwaliteit van leven en overleving bij patiënten met een pancreas of
periampullair carcinoom?
Baseline kwaliteit van leven scores voorspelden overleving voor het gehele cohort en voor de
subgroep patiënten zonder resectie, ongeacht de patiënt-, tumor- en behandelkarakteristieken. Dit
was niet het geval voor de subgroep patiënten met resectie. De enige delta kwaliteit van leven
(tussen baseline en drie maanden) score die overleving voorspelde was constipatie, alleen voor het
gehele cohort. Dit was niet het geval voor beide subgroepen met of zonder resectie.

8

Wat is de huidige landelijk praktijkvoering omtrent preoperatieve endoscopische biliaire drainage
bij resectabele pancreaskop en periampullary maligniteiten en wat zijn hiervan de uitkomsten?
Ongeveer de helft van de patiënten ondergaat endoscopische biliaire drainage voorafgaand aan
een pancreatoduodenectomie. In 43% van de gevallen wordt een metalen stent geplaatst en in het
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overige deel is dat een plastic stent. In vergelijking met plastic stents, zijn metalen stents
geassocieerd met een lager risico op cholangitis en postoperatieve pancreasfistels, en met een
kortere opnameduur. Dit was niet geassocieerd met een verhoogd risico op pancreatitis.
9

Hoe zou ‘Textbook Outcome’ moeten worden gedefiniëerd voor pancreaschirurgie en wat zijn
predictoren voor Textbook Outcome in onze landelijke pancreaschirurgie audit?
Op basis van de mening van internationale experts is Textbook Outcome gedefinieerd door de
afwezigheid van postoperatieve pancreasfistels, gallekkage, post-pancreatectomie bloeding,
ernstige complicaties, heropname en sterfte tijdens ziekenhuisopname. In totaal bereikte 60% van
de patiënten Textbook Outcome. Een lagere ASA score, een verwijde ductus pancreaticus (>3mm)
en PDAC waren voorspellers voor Textbook Outcome na een pancreatoduodenectomie. Het
vrouwelijk geslacht en afwezigheid van neoadjuvante therapie waren predictoren voor Textbook
Outcome na een pancreasstaartresectie.

10

Wat is de variatie in pancreatoduodenectomie tussen de pancreaschirurgie audits in Duitsland en
Nederland?
De Duitse en Nederlandse audits laten vergelijkbare goede uitkomsten zien wat betreft ernstige
complicaties (20% en 18%) en sterfte tijdens ziekenhuisopname (beide 4%). Er zijn echter
verschillen gevonden in patiënten (bv. ‘performance status’, comorbiditeiten), operatie indicaties
(pathologie), chirurgische kenmerken (bv. minimaal invasieve benadering, additionele resecties),
mate van centralisatie en complicaties (bv. heropnamens, reoperaties, opnameduur).

11

Hoe verschillen bestaande pancreaschirurgie audits uit de Verenigde Staten, Duitsland, Nederland
en Zweden van elkaar op het gebied van opzet, variabelen, patiënten, behandelkenmerken en
klinische uitkomsten?
De opzet van de audits verschilde, aangezien 20/55 (36%) kernparameters niet beschikbaar waren
in één of meer audits. Dit laat zien dat harmonisatie van audits noodzakelijk is. Vergelijking van de
55 kernvariabelen bij 22.983 patiënten na pancreatoduodenectomie toonde interessante
verschillen in patiëntkarakteristieken, behandelstrategieën, en klinische en pathologische
uitkomsten.

12

Welke patiënt factoren en postoperatieve complicaties zijn geassocieerd met het niet krijgen van
adjuvante chemotherapie voor PDAC?
Eén derde van de patiënten krijgt geen adjuvante chemotherapie na resectie van PDAC. Dit was
geassocieerd met hogere leeftijd, slechtere performance status en lager jaarlijks chirurgisch
volume, maar vooral met ernstige postoperatieve complicaties, in het bijzonder met
pancreasfistels en post-pancreatectomie bloedingen.

13

Verbetert een landelijke uitgebreide implementatie van “beste praktijkvoering” voor
alvleesklierkanker zorg (PACAP-1) de één-jaarsoverleving en kwaliteit van leven?
De implementatie fase van alle 17 clusters is afgerond in juli 2020 en derhalve zal de primaire
uitkomst van één-jaarsoverleving bekend worden in de tweede helft van 2021.

14

Hoe ontwikkel en coördineer je een landelijke multidisciplinaire werkgroep, zoals de Dutch
Pancreatic Cancer Group (DPCG)?
Het is noodzakelijk een groep experts van verschillende specialismen en uit verschillende
ziekenhuizen te vinden die bereid zijn om samen te werken in een cultuur van betrokkenheid en
onderling vertrouwen. Structuur is belangrijk, zoals de drie basis platformen van de DPCG (plenaire
werkgroep, wetenschappelijke commissie, bestuur). Andere essentiële zaken zijn samenwerking
gedurende de opzet van multicenter studies, transparantie in de werkprocessen en afspraken
(bijvoorbeeld omtrent auteurschappen en gebruik van data) en betrokkenheid van patiënten
organisaties.
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PhD training

Year

ECTS

Academic education
Masters of Epidemiology (Msc), EpidM, Vumc

2018 - 2020

60

World of Science

2017

0.7

Basic course in legislation and organization for clinical researchers (BROK)

2017

1.0

Project Management

2018

0.6

RCT course, Centre for Statistics in Medicine, Oxford University

2017

1.3

Clinical Epidemiology: Systematic Reviews

2017

0.7

Clinical Epidemiology: Observational Epidemiology

2017

0.6

Practical Biostatistics

2018

1.1

Dutch Pancreatic Cancer Group seminars

2017 - 2020

1.0

Journal Club

2017 - 2020

2.0

Annals of Surgical Oncology

2018

0.5

Cancer Medicine

2019

1.0

2017

0.5

Amsterdam Gastroenterology & Metabolism (AG&M)

2018

1.0

International Hepato-Pancreato-Biliary Association (IHPBA)

2018

1.0

Dutch Institute for Clinical Auditing (DICA)

2018 - 2019

1.0

Nederlandse Vereniging voor Gastro-Enterologie (NVGE)

2018 - 2019

1.5

Chirurgendagen

2018 - 2020

1.5

European-African Hepato-Pancreato-Biliary Association (E-AHPBA)

2019

1.0

Wetenschapsdag Chirurgie regio 1 & 2

2019

0.5

Symposium Experimenteel Onderzoek Heelkundige Specialismen (SEOHS)

2019

0.5

Alpine Liver and Pancreatic Surgery Meeting (ALPS)

2019 - 2020

1.5

Courses

Seminars, workshops and master classes

Invited peer-reviews

Invited lectures
PACAP PROMs at the V&VN VS conference
Attended conferences
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0.5

2018

1.5

2018 - 2019

1.5

2020

0.5

2020

0.5

2017

1.0

body, tail) with tumor stage, treatment, and survival: a population-based
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Nationwide enhanced implementation of best practices in pancreatic
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pancreatic ductal adenocarcinoma: a nationwide analysis at ALPS,
Chirurgendagen, DICA, NVGE, and E-AHPBA
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Dankwoord
Velen hebben bijgedragen aan de ontwikkeling van dit proefschrift. Hiervoor betuig ik graag mijn dank.
Bovenal wil ik alle patiënten bedanken voor hun deelname aan PACAP. U wist dat uw inzet met name
zijn vruchten zou afwerpen voor de toekomstige patiënt. Ik ben u bijzonder dankbaar voor uw
onzelfzuchtige hulp.
Professor Besselink, Marc, een baas uit duizenden. Jouw onvermoeibare inzet heeft mij altijd
geïnspireerd. Ondanks een leger aan promovendi wist je ons wekelijks te begeleiden en advies te geven.
Je gaf ons allemaal de ruimte om ons te ontwikkelen en zelfstandig te worden. Ik heb van jou niet alleen
veel geleerd over het doen en coördineren van onderzoek, maar ook over de politiek hieromheen en
vooral over het behoud van ambitie. Bedankt voor jouw vertrouwen in mij en de kansen die jij mij hebt
gegeven om zover te komen als nu.
Professor van Eijck, Casper, als enige baas uit Rotterdam gaf jij mij begeleiding vanaf een wat grotere
afstand. Wij zagen elkaar daardoor minder frequent. Toch nam je altijd ruim de tijd om mijn hele
proefschriftopzet samen door te lopen. Je leerde mij met een kritische blik naar mijn promotie te kijken
en stimuleerde mij om mijn proefschrift zoveel mogelijk te optimaliseren tot een proefschrift dat bij mij
past. Bedankt voor jouw verfrissende begeleiding en het leren om me altijd kritisch te blijven opstellen.
Professor van Laarhoven, Hanneke, bijzonder veel dank voor alle tijd die jij in mij hebt gestoken. Niet
alleen hadden we elke donderdagochtend overleg, ook reageerde je enorm snel op al mijn mails, of het
nu een manuscript was of een onbenullige vraag. Ik vind het bijzonder hoe gedetailleerd je al mijn
documenten bekeek, van artikelen tot privacy-bestanden. Het was een opluchting wetende dat jouw
correctiepen ergens doorheen was gegaan. Daarnaast vond je ook altijd nog de tijd om te vragen hoe
het met mij ging. Bedankt voor jouw onuitputtelijke inzet en oprechte interesse.
Professor Busch, Olivier, wij hebben voornamelijk veel samengewerkt binnen de DPCG en de DICA. Zo
hebben we vele vergaderingen in Utrecht en Leiden mogen bijwonen. Jouw natuurlijk leiderschap was
een inspiratie. Gedurende mijn promotie heb jij een overkoepelende rol gehad. We hadden
voortgangsgesprekken en je hield in de gaten of alles wel liep zoals het zou moeten. Ik heb altijd veel
waarde gehecht aan jouw advies. Met name bedankt voor de kansen en verantwoordelijkheden die ik
heb gekregen om me te ontwikkelen binnen de DPCG.
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Beste leden van mijn leescommissie, dr. Vlijm-Kiewiet, dr. Derks, prof. Nieveen van Dijkum, prof. van
Gulik, prof. Fockens, prof. Verkooijen en prof. van de Poll-Franse, veel dank voor het lezen en
beoordelen van mijn proefschrift.
Dank aan alle DPCG deelnemers en onderzoekers, de enige echte DPCG coördinator Bibi, de
wetenschappelijke commissie en het bestuur, alle coauteurs, alle deelnemende PACAP centra en in het
bijzonder aan alle betrokkenen bij de PACAP-1 trial. Het was een logistieke, landelijke uitdaging. Dank
voor jullie enthousiasme, dit bleef mij motiveren.
Beste PACAP-1 team, Jeanin, Casper, Hanneke, Hanneke, Marc, en Anouk, wat een mooi en uitdagend
project hebben wij de afgelopen jaren mogen dragen namens de DPCG. Hier ben ik trots op. Ik ben jullie
ontzettend dankbaar voor het vertrouwen in mij en jullie altijd bezielende begeleiding. Het was niet
altijd makkelijk, maar hierdoor heb ik veel geleerd. En, het belangrijkste: dankzij PACAP-1 was ik elke
dag van mijn onderzoekersleven trots. Niet te vergeten, Joyce, bedankt voor alle ondersteuning bij de
opzet van de trial en bij de verdiepende diëtetiek meetings door het hele land.
Een uitzonderlijke hoeveelheid dank aan Mariska, Joyce en Aranka: PACAP-PROMs-heldinnen. Met jullie
valt of staat het succes van PACAP. Ik kan jullie verklappen dat het dankzij jullie altijd heeft gestaan.
Jullie brachten orde in de chaos en jullie coördinatie van dit mega project was fantastisch. Verder mag
ik natuurlijk niet de vele studenten vergeten die hebben bijgedragen aan PACAP, met in het bijzonder
Mo, Kang en Skip, dank voor jullie inzet. Annelie en Simone, ik heb geen twijfel dat PACAP een succes
blijft, dankzij jullie toewijding, enthousiasme en accuratesse. Geniet van jullie tijd op G4.
Martijn, je begeleidde mijn EpidM masterstage en bood altijd een kritische blik die tot in de kleinste
details reikte. Ik heb enorm veel van je geleerd. Bedankt!
Co-groep 39, een groep fantastische mensen bij elkaar. Bedankt voor de unieke coschaptijd die dankzij
onze bijzondere band zonder moeite voortging in de tijd van ons werkende leven. Kaas.
Stel, dank voor alle afleiding buiten het promoveren en voor de steun tijdens de trainingen. Je bent de
beste RL buddy die ik ooit had kunnen wensen. Met jou is elke training een feest en we hebben maar
één blik nodig om te communiceren.
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Lien, dankzij Roos heb ik jou ruim 10 jaar geleden ontmoet. Wat een verrijking van mijn leven bleek jij
en wat zijn we het toch absurd vaak eens met elkaar. Niemand liever met wie ik het mooiste baantje
van mijn leven had willen delen (#9juni2019).
Mijn oudste vriendin, Lies, wat een heerlijk gevoel dat wij nog altijd parallel door het leven gaan. Dit kon
natuurlijk ook niet anders. Wij wisten in 2003 al dat dit voor de rest van ons leven zo zou zijn. Ik heb
enorm veel zin in alles wat wij nog samen zullen beleven.
Alle G4-onderzoekers, veel dank voor de leerzame momenten en kritische woorden bij de journal club,
voor al het lekkers tijdens de vrijdag-lunch, voor jullie gezelligheid bij de winter- en zomertrips, en voor
alle uit de hand gelopen vrijmibo’s. Dankzij jullie kwam ik nooit met tegenzin naar G4. Eliza en Laurens,
heerlijk dat jullie samen met mij nerd wilden spelen en dat jullie de (externe) collegedagen bij EpidM
een stuk aangenamer maakten. Koningin Ka, welke rol hebben wij niet voor elkaar vervuld? Fietsmaat.
Language editor. Plant uitwisselaar. Partner in crime op congres. Mede-koningshuisliefhebber. Teveel
om op te noemen. Wat hebben we gelachen, dank voor alles. Niels, van bleue jaars op wintersport naar
doorgewinterde onderzoekers op G4 een decennium later, wat heb ik een geluk. Bom, soms (=heel
vaak) keek ik je mijn kamer uit, omdat ik me zo nodig moest concentreren. Bedankt dat je nooit hebt
opgegeven en altijd als boemerang weer terug kwam. Wat was jij, maar vooral ik blij, dat Eline Groningen
heeft achtergelaten voor het veel mooiere Amsterdam. Marianne, de avonturen die wij samen hebben
beleefd en de 30-day challenge zal ik nooit vergeten. Nicky, genieten was de wijncursus onder jouw
begeleiding. Vooral de ‘on the spot’ overhoringen hielden me scherp. Lil, ik ben blij dat jij je meer met
Amsterdam identificeert dan met Utrecht. Alles met jou erbij was een feest. Char, voor jou heb ik weinig
woorden nodig; wij begrijpen elkaar. Li, van jou kwam ik niet meer af. We gingen één dag samen skiën
en voor ik het wist had je de kamer naast me veroverd op G4 en volgde je me ook nog naar Rockstar.
Gelukkig bleken we een fantastisch team. Dank voor alle feestjes, onze traditionele quarantaine vrijmibo
en alle goede gesprekken. Dit gaan wij allemaal nog heel vaak over doen. Ik kijk er ontzettend naar uit.
Alle G4 secretaresses, Indra, Els, Ingrid, Joke, Corien en Ilse, dank voor jullie hulp en gezelligheid. Apart
wil ik natuurlijk Jacq benoemen. Bedankt voor jouw ondersteuning en hulp, met name in de afrondende
fase van mijn promotie, maar uiteraard vooral voor het kletsen en de grappen op de gang.
Alle Bessies, Alicia, Alma, Annelie, Anouk, Boris, Char H, Charlotte V, Daan, Deesje, Erna, Fred, Jony,
Lianne, Lil, Maarten, Marcel, Marin, Maurice, Nicky, Sanne, Simone, Sjors, Stijn, Sven, Thijs, Thomas,
Timothy, en natuurlijk ook AC, Jas, Lois, Nota en Walma, wat heb ik genoten van mijn promotietijd in dit
fantastische team. Jullie hebben mij altijd gestimuleerd en beter gemaakt in het onderzoek doen, in
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presentaties geven, in vergaderingen coördineren, maar ook in de kroeg. Hoogtepunten blijven de
congressen waar alles samenkwam. Bedankt voor de geweldige invulling van onze promotietijd.
Lydia, wat ben ik onder de indruk van jouw kennis over pancreaspathologie, de NKR, de gang van zaken
bij IKNL en DPCG, en de epidemiologie. Jou wil ik vooral bedanken voor jouw geduld en begeleiding
tijdens mijn promotie. Ik heb enorm veel van jou geleerd.
Amsterdam D6, mijn hockeyvriendinnen, wat hebben wij een heerlijk team. Elke week geniet ik van onze
competitieve houding op het veld, maar ook van de gezelligheid daarbuiten. An en Fre, ik ben zo
ontzettend blij dat ik alles samen met jullie mag doen. We zijn een geoliede machine en een gouden
trio. Vooral ben ik blij dat onze vriendschap sinds 2011 en 2012 is opgebloeid dankzij dit fantastische
hockeyavontuur. Jullie geven mij altijd het gevoel dat jullie achter me staan en in me geloven, ondanks
dat jullie relatief weinig kennis hebben van de medische inhoud van mijn projecten. Hiervoor ben ik
jullie enorm dankbaar.
Lieve Roos, Kwee en Car, als jonkie namen jullie mij onder de vleugels. Als coassistent leerden jullie mij
over het actieve leven als dokter op zaal, en Car jij liet mij snuffelen aan het leven als onderzoeker. Als
student mee naar mijn eerste chirurgendagen, geadopteerd door jullie, zal ik nooit vergeten. Wat een
avontuur. Vanaf het begin zijn jullie mijn klankbord geweest en dat is gelukkig, nu bijna zes jaar later,
niet veranderd. Ondanks dat jullie alle drie nu zelf kinderen hebben, blijf ik hopelijk altijd nog jullie
chirurgie baby.
Lieve Marin en Jony, ik kwam in een project en een werkgroep terecht, waarvan mijn wereld door de
hoeveelheid termen, afkortingen, betrokkenen, en inhoudelijke en politieke zaken nogal eens begon te
draaien. Gelukkig waren jullie daar. Jullie namen mij aan de hand en leerden me alles wat ik moest
weten. Uiteraard gebeurde dit niet zonder de nodige lunches, koffiedates en borrels. Ik kijk met
bewondering naar alles wat jullie hebben bereikt. Wie weet mogen we ooit nog eens in een
multidisciplinaire werkgroep samenwerken. Ik hoop het.
Lieve Anouk, Noukie, Ano, wederhelft van Taranouk, jou zou ik iedere keer weer opnieuw kiezen, mijn
enige echte PACAP-1 partner. Ongelofelijk is het, dat wij gedurende deze intensieve, logistieke trial,
nooit één onenigheid hebben gehad. Daarbij was jij mijn rots in de branding als ik de logistieke
uitdagingen of administratie niet meer kon zien. Elke eindeloze trip naar elke uithoek van het land was
leuk met jou. Bedankt voor jouw onvermoeibare inzet, voor jouw steun in en buiten werk, voor jouw
humor die elke dag beter maakte, voor jouw ski-neerstorting en borrel capriolen die mij buikpijn van
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het lachen hebben bezorgd, maar vooral voor dat jij onlosmakelijk achter mij hebt gestaan en mij hebt
geleerd hoe het is om de beste partner ooit te hebben. Voor altijd samen blijven werken? Dan ga ik
nooit met pensioen.
Mijn allerliefste jaargenoten, al 10 jaar zijn we een entiteit. Stuk voor stuk uniek, maar altijd een geheel.
Sinds 2010 heb ik er een tweede familie bij. Jullie weten hoeveel familie voor mij betekent. Wij hebben
zoveel van elkaar geleerd en zoveel aan elkaar gehad. Bij jullie ben ik thuis. An, Ap, Bab, ML, Rap, Sjook,
ik kijk uit naar alle avonturen die wij nog gaan beleven. Jook, onze creatieveling, bedankt voor het
ontwerpen van het grootse PACAP-1 logo, een pronkstuk. Circ en Soof, bedankt voor alle steun en liefde
die jullie mij onvoorwaardelijk hebben gegeven. Marlo, bedankt dat de fysieke afstand, de mentale
afstand nooit in de weg heeft gestaan. Er is maar één iemand die dit had kunnen waarmaken. Olm, waar
was ik zonder jou? Bedankt dat je mij altijd in de juiste richting leidt. Voor jou heb ik maar één vraag:
“Mag ik dan bij jou?”
Lieve Jup, Lot, jou ken ik het langst van ons jaar. Ik ben zo trots op jou en onze vriendschap. Ik ben
vereerd dat jij op deze promotie aan mijn zijde staat, zoals je dat altijd doet. We hebben vele andere
stappen gezet, maar zijn altijd weer samen geëindigd. Toeval? Daar geloof ik niet in. Onze band is deze
jaren onbreekbaar geworden. Jouw humor, realistische blik en luisterend oor waren een altijd
aanwezige steun die mij een continu gevoel van zekerheid boden, zelfs als ik daar niet om vroeg. Jij
begrijpt mij en weet precies wanneer ik wat nodig heb. Ik weet dat ik jou heb, dus ik kan de wereld aan.
Bedankt dat jij degene bent die met mij dit pad doorloopt. Elke dag op G4 met jou maakte mij blij. Ik kan
niet wachten op alle stappen die wij samen nog gaan nemen. Eigenlijk is een leven aan vriendschap met
jou niet genoeg.
Lieve Vief, mijn beste G4-maatje en de grootste doorzetter die ik ken, wat ben ik ongelofelijk trots dat
jij mij altijd, maar vooral nu op deze promotie bijstaat. Bij de wetenschappelijke stage startte ons
avontuur. Vanaf het begin waren we onafscheidelijk. Ik kan je bedanken voor alle onvergetelijke
momenten die wij al samen hebben beleefd, maar ons avontuur is nog lang niet ten einde. Dit was pas
het begin. Waar ik jou voor wil bedanken, is jouw onvoorwaardelijke steun en geloof in mij, juist op de
momenten waarvan ik zelf dacht dat ik het niet nodig had. Ik geef het niet graag toe, maar soms ken je
mij beter dan ik mezelf. Ik bewonder jouw passie, openheid, eerlijkheid en nieuwsgierigheid. Hiermee
heb je mij zoveel geleerd, over mijzelf en over alles om mij heen. Dat zal ik nooit vergeten. Jij bent het
grootste cadeau van mijn promotietijd. Bedankt dat je in mijn leven bent, maar vooral; bedankt dat je
blijft.
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Lieve oma, mam en pap, er mist één iemand. Gezegender kon ik niet zijn, dan met deze twee sets aan
ouders. Jullie hebben van jongs af aan vertrouwen in mij gehad en mij gestimuleerd om mezelf te
ontwikkelen. De mogelijkheden waren eindeloos. Bij elke stap die ik heb gezet, wist ik dat ik een front
van drie achter me had staan. Dankzij jullie sta ik nu op dit punt in mijn leven. Bovenal wil ik jullie
bedanken voor ons gezellige en open gezin waarin liefde voor elkaar overheerst. Bedankt voor alles.
Lieve Nick en Toine, mijn twee favoriete mensen op deze wereld. Ik ben zo ontzettend trots op jullie. Er
zijn niet voldoende woorden om te beschrijven hoe dankbaar ik ben dat jullie mijn broertjes, maar vooral
mijn twee grootste vrienden zijn. Alles is beter met jullie erbij. Bedankt dat jullie van mij zijn. Voor altijd.
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Curriculum Vitae
Tara Mackay was born in Heemskerk on December 27th 1991 and grew
up in a city named Beverwijk that is famous for the ’Black Market’ and the
Burns Unit in the local hospital. She lived together with her brothers Nick
and Toine, and her parents Monique and Donald. Her grandparents
Mieke and Martin were her next door neighbors. After her graduation
(with honors) from the ‘Gymnasium Felisenum’ in Velsen-Zuid, she
started Medical School at the University of Amsterdam in 2009. After
indulging in student life and finishing her Bachelor degree, she combined
her two interests traveling and research by participating in a research
project at the HIV Netherlands Australia Thailand Research Collaboration
in Bangkok, Thailand. As a result, she participated in the International
Symposium on HIV Medicine Bangkok (2013). Afterwards, she traveled around South-East Asia, NorthAmerica, and Mexico. During her Master degree, she partook in a pre-specialization program at the
Department of Surgery of the AMC and the Flevo hospital under the supervision of prof. Nieveen van
Dijkum, dr. Verbeek, and prof. Busch. After graduation in February 2017, she decided that more of the
world should be discovered and therefore she traveled to Australia and Peru, specifically to climb the
miraculous Machu Picchu.
Tara’s interest for research grew during her Master degree with her research internship on pancreatic
neuroendocrine tumors, supervised by prof. Nieveen van Dijkum, and participation in a research project
on medium care after colorectal surgery, supervised by drs. van de Ven. In June 2017 she started as a
full-time PhD student under the supervision of prof. van Eijck and prof. Besselink. Her thesis focused on
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