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Introduction 

Pancreatic cancer is a devastating disease a�ecting approximately 10-12 per 100,000 persons 
per year [1-3]. Only around one in every �ve patients presents with resectable disease, surgical 
resection being the only curative treatment option [4,5]. Palliative treatment o�ers a limited 
survival bene�t and some improvement in quality-of-life [6]. Total 5-year survival rates are as 
low as 3-6% [1,7,8]. 

Both national and international developments regarding diagnostic strategies and treatment 
options, and the participation of various medical disciplines mandate uniform evidence-based 
guidelines on pancreatic and periampullary cancer. Quality indicators in pancreatic cancer care 
are scarce and mainly focus on pancreatectomy case volume [9]. However, guideline compliance 
in the management of pancreatic cancer has been associated with improved survival [10]. The 
Dutch National Working Group on Gastrointestinal Tumors (LWGIT) therefore developed a 
multidisciplinary evidence-based guideline which was guided and �nanced by the Netherlands 
Comprehensive Cancer Organisation [11]. The guideline was implemented in The Netherlands 
in 2011 and comprises both pancreatic and periampullary carcinomas [12]. 

The aim of this study was to evaluate national compliance to 3 selected quality indicators from 
the guideline and to identify areas for improvement of compliance. The 3 quality indicators were 
selected based on their relevance and potential bene�t. Selected quality indicators were the use 
of adjuvant chemotherapy following tumor resection for pancreatic carcinoma, the discussion 
of a patient with a suspected pancreatic or periampullary carcinoma within a multidisciplinary 
team (MDT) meeting, and a maximum transit time of 3 weeks between �nal MDT meeting and 
the start of potentially curative treatment.

Methods

Patient selection
Patients diagnosed with an invasive pancreatic or periampullary carcinoma in The Netherlands 
between 2010 and 2012were selected fromthe database of the DutchNational Cancer Registry 
(NCR),which covers nearly 17 million inhabitants. Patients diagnosed at autopsy, <18 years old 
at diagnosis, with a non-invasive tumor or diagnosed abroad were excluded. Patients receiving 
surgery abroad were excluded from the analyses of compliance to the selected indicators.

Data acquisition
Specially trained registration-employees of the NCR gather data on patient (age, sex), tumor 
(date of diagnosis, morphology, topography, stage) and treatment (tumor resection, surgical 
exploration, chemotherapy) characteristics from medical �les in all Dutch hospitals. Data were 
not regularly available on the occurrence of MDT meetings and on time intervals between MDT 
meetings and the start of treatment. These were therefore additionally collected for patients 
diagnosed between May 1st and December 31st of 2012.
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Table 1. Patient and tumor characteristics of patients diagnosed in 2010 and 2012 with a pancreatic or 
periampullary carcinoma, or only a pancreatic carcinoma, respectively.

Pancreatic- and periampullary 
carcinoma

Pancreatic carcinoma

2010 2012 Chi2 2010 2012 Chi2
N=2522 (%) N=2564 (%) p-value N=2159 (%) N=2122 (%) p-value

Sex 0.77 0.80
Male 1276 (51) 1308 (51) 1074 (50) 1064 (50)
Female 1246 (49) 1256 (49) 1085 (50) 1058 (50)

Table 1 continues on next page
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Conforming to guideline recommendations, the use of adjuvant chemotherapy was evaluated 
only for patients with a pancreatic carcinoma. Discussion of a patient within a MDT meeting 
was evaluated for all patients diagnosed with a pancreatic or periampullary carcinoma. Only 
patients who started potentially curative treatment for pancreatic or periampullary carcinoma 
were selected in the evaluation of the time interval between the �nal MDT meeting and the 
start of (neoadjuvant) treatment.

Hospitals were divided into academic, top-clinical and general hospitals (in 2012 respectively 
8, 28 and 57 hospitals). Hospital volume was calculated based on respectively the true number 
of resections and the number of planned resections. Regions were divided based on (previous) 
NCR regions. For one region in The Netherlands no data on the occurrence or dates of a MDT 
was available.

Statistical analysis
Data were analyzed using STATA/SE (version 13.0; STATA Corp., College Station, Texas, USA). 
Populations were compared using Chi-square tests. Case-mix corrected data were compared 
using likelihood ratio test. Di�erences between hospitals and regions were corrected for sex, 
age (<60, 60-74, �75 years), tumor location and TNM stage. Results were considered statistically 
signi�cant at a p-value below 0.05. For the analysis of variation between hospitals patients who 
initiated tumor-directed treatment (resection or chemo(radio)therapy) were classi�ed based on 
the hospital of treatment and the remainder of patients were classi�ed based on the hospital 
of clinical diagnosis.

Results

In total 5,086 patients with a pancreatic or periampullary carcinoma were included. In 2010, in 
total 2,522 patients were included of which 2,159 (86%) patients had a pancreatic carcinoma. 
Of these patients, 685 (27%) patients underwent surgical exploration. In 2012, 2564 patients 
with a pancreatic or periampullary (of which 83% with pancreatic carcinoma) were included, of 
which 765 (30%) patients underwent surgical exploration. Table 1 depicts patient and tumor 
characteristics. Neoadjuvant therapy was only administered sporadically during the study period 
(1.6% of all patients with pancreatic carcinoma that underwent surgical exploration in 2012).
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Pancreatic- and periampullary 
carcinoma

Pancreatic carcinoma

2010 2012 Chi2 2010 2012 Chi2
N=2522 (%) N=2564 (%) p-value N=2159 (%) N=2122 (%) p-value

Age 0.44 0.47
< 60 years 431 (17) 431 (17) 374 (18) 354 (17)
60-74 years 1142 (45) 1206 (47) 988 (46) 1011 (48)
�75 years 949 (38) 927 (36) 797 (37) 757 (36)

Stage a n.a. n.a.
TNM � I (T1-2N0M0) 136 (5) 236 (9) 75 (3) 168 (8)

TNM � II (T3N0M0, 
T1-2-3N1M0)

425 (17) 606 (24) 319 (15) 459 (22)

TNM � III (T4M0) 214 (9) 312 (12) 179 (8) 265 (13)
TNM � IV (M1) 887 (35) 1260 (49) 804 (37) 1154 (54)
TNM - X 82 (3) 115 (5) 35 (2) 47 (2)

No TNM-info (diagnosis 
2010)

779 (31) 35 (1) 747 (35) 29 (1)

Hospital of 1st visit <0.001 0.001
Academic 311 (12) 238 (9) 256 (12) 195 (9)
Top-clinical 1171 (46) 1137 (44) 1007 (47) 943 (44)
General 1040 (41) 1189 (46) 896 (42) 984 (46)

Hospital of pathological diagnosis b 0.05 0.01
Academic 450 (18) 523 (20) 361 (17) 426 (20)
Top-clinical 1199 (48) 1159 (45) 1033 (48) 955 (45)
General 873 (35) 882 (34) 765 (35) 741 (35)

Treatment 0.01 0.02
Curative intent c 685 (27) 765 (30) 483 (22) 506 (24)

Other tumor-directed 
treatments d

405 (16) 450 (18) 379 (18) 426 (20)

No tumor-directed 
treatment

1432 (57) 1349 (53) 1297 (60) 1190 (56)

nn

Continuation of table 1

n.a. not applicable.
a Based on pTNM supplemented with cTNM. NX and MX were classi�ed as N0 and M0.
b When no pathological diagnosis was available, hospital of clinical diagnosis was selected.
c Curative intent: surgical exploration with curative intent with or without tumor resection, neo-adjuvant chemo(radio)
therapy before surgical exploration with curative intent. 
d Other tumor-directed treatments: chemo(radio)therapy not followed by surgery, radiotherapy for metastases and 
sporadically radio frequent ablation (RFA) or irreversible electroporation (IRE). No tumor-directed treatment: no treatment 
or symptom-relief only.
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Table 2. Use of adjuvant chemotherapy following resection of pancreatic carcinoma.

2010 2012 Increase?

Numerator / 
denominator b

Indicator 
value

Numerator / 
denominator

Indicator 
value

Chi2 
p-value

All patients 120 / 268 45% 182 / 329 54% 0.02
Age <0.001 <0.001

 < 60 years 43 / 64 67% 48 / 67 72% 0.58
60-74 years 73 / 162 45% 123 / 204 60% 0.004
� 75 years 4 / 42 10% 9 / 58 16% 0.38

Stage a 0.43 <0.001
TNM � I (T1-2N0M0) 16 / 46 35% 10 / 42 24% 0.26
TNM � II (T3N0M0, T1-2-3N1M0) 95 / 203 47% 163 / 276 59% 0.008
TNM � III (T4M0) 7 / 16 44% 7 / 11 64% 0.31
TNM - X 2 / 3 67% - - n.a.

Radicality of resection 0.15 0.77
R0 90 / 188 48% 118 / 217 54% 0.19
R1-2 28 / 70 40% 56 / 103 54% 0.06
RX 2 / 10 20% 6 / 9 67% 0.04

a Based on pTNM. NX and MX were classi�ed as N0 and M0.
b All patients that received resection of pancreatic (adeno)carcinoma.
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First indicator: use of adjuvant chemotherapy
The use of adjuvant chemotherapy following resection of a pancreatic carcinoma increased 
signi�cantly from 44% (121 of 275 patients) in 2010 to 54% (182 of 336 patients) in 2012 (p = 
0.02, Table 2). This was mainly caused by an increase in patients aged younger than 75 years, 
where the use of adjuvant chemotherapy increased from 51% to 63% (p = 0.008). In patients 
aged 75 years or older there was a non-signi�cant increase (10%-16%). In 2010, in hospitals with 
lower resection volumes fewer patients received adjuvant chemotherapy compared to hospitals 
with higher resection volumes (28-52%, p = 0.02). In 2012 these di�erences were non-signi�cant 
(25-59%, p = 0.13). In 2010 and 2012 there were no signi�cant di�erences between academic, 
top-clinical or general hospitals.

Second indicator: discussion of a patient within a MDT meeting
Of all patients diagnosed with pancreatic or periampullary carcinoma in 2012, 64% (896 of 
1,396 patients) had been discussed within a MDT meeting (Table 3). Patients aged 75 years and 
older were signi�cantly less often discussed (51%) within a MDT meeting compared to patients 
younger than 75 years (72%, p < 0.001).
Of all patients who initiated tumor-directed treatment, 22% had not been discussed within a 
MDT. In patients who underwent surgical exploration this percentage was lower (15%) compared 
to patients receiving palliative chemo(radio)therapy (33%, p < 0.001). Of patients not receiving 
treatment, 50% had not been discussed within a MDT.
Both patients receiving tumor-directed treatment and patients not receiving tumor-directed 
treatment were less often discussed within a MDT in a general hospital compared to patients 
in an academic or top-clinical hospital (p < 0.001 for both groups).
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Table 3. Frequency of discussion of patients with pancreatic or periampullary carcinoma within 
multidisciplinary team meeting. 

Numerator / 
denominator c

Indicator 
value

p-value Numerator / 
denominator d

Indicator 
value

p-value

All patients a 543 / 694 78% 353 / 702 50%

Start treatment with <0.001
Curative intent 375 / 442 85%

Other tumor-directed 
treatments

168 / 252 67%

No tumor-directed treatment 353 / 702 50%
Age 0.44 <0.001

< 60 years 123 / 163 75% 44 / 70 63%
60-74 years 326 / 408 80% 149 / 255 58%
� 75 years 94 / 123 76% 169 / 337 42%

Tumor location 0.05 0.86
Pancreas 412 / 538 77% 311 / 617 50%
Periampullary 131 / 156 84% 43 / 85 49%

Stage b <0.001 <0.001
TNM � I (T1-2N0M0) 40 / 53 75% 38 / 73 52%

TNM � II 
(T3N0M0, T1-2-3N1M0)

237 / 270 88% 52 / 82 63%

TNM � III (T4M0) 81 / 97 84% 51 / 65 78%
TNM � IV (M1) 181 / 270 67% 192 / 424 45%
TNM - X 4 / 4 100% 20 / 58 34%

a Excluding 86 patients in which information on dates was absent (6% of selection period and regions).
b Based on pTNM, supplemented with cTNM. NX and MX were classi�ed as N0 and M0.
c All patients suspected of a pancreatic or periampullary carcinoma that received tumor-directed treatment (i.e. surgical 
exploration or chemo(radio)therapy).
d All patients suspected of a pancreatic or periampullary carcinoma, that did not receive tumor-directed therapy.
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Third indicator: time interval between �nal MDT meeting and start of treatment
Of all patients receiving potentially curative surgery in 2012, 39% (141 of 363 patients) underwent 
surgical exploration or started neoadjuvant treatment within 3 weeks following the �nal MDT 
meeting. Patient and tumor characteristics did not in�uence this result (Table 4).
In academic hospitals fewer patients (33%) started potentially curative treatment within 3weeks 
following the �nal MDT meeting compared to top-clinical (47%) and general hospitals (45%, 
p = 0.02).
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Table 4. Percentage of patients with maximum transit time of 3 weeks between �nal MDT meeting and 
the start of potentially curative treatment.

Start treatment with curative intent (2012)

Numerator / 
denominatior c

Indicator 
value p-value Mean (SD),

in days
Median (p25-p75),

in days

All patients 141 / 363 39% 30 (21) 28 (15-39)

Start treatment type a 0,97
Resection 107 / 270 39% 30 (21) 28 (15-39)
Surgical bypass 22 / 56 39% 33 (21) 28 (14-39)
Exploration only (�open-close�) 11 / 32 34% 28 (15) 26.5 (13.5-37)
Neoadjuvant treatment 1 / 5 20% 38 (19) 41 (26-46)

Age 0,1
< 60 years 31 / 66 47% 24 (14) 25 (12-32)
60-74 years 89 / 228 39% 30 (22) 28 (15-39)
� 75 years 21 / 72 29% 34 (20) 32.5 (20-42)

Tumor location 0,76
Pancreas 95 / 250 38% 32 (14) 31 (24-37)
Periampullary 46 / 116 40% 30 (21) 28 (14-39)

Stage b 0,93
TNM � I (T1-2N0M0) 12 / 37 32% 35 (29) 28 (19-42)
TNM � II (T3N0M0, T1-2-3N1M0) 88 / 222 40% 30 (20) 28 (15-39)
TNM � III (T4M0) 19 / 47 40% 26 (17) 26 (13-35)
TNM � IV (M1) 21 / 57 37% 28 (19) 27 (14-39)
TNM � X 1 / 3 33% 46 (45) 23 (17-97)

a Excluding patients where date of start of treatment was not available.
b Based on pTNM, supplemented with cTNM. NX and MX classi�ed as N0 and M0.
c All patients with a malignant pancreatic or periampullary tumor that underwent surgical exploration following 
multidisciplinary team meeting.
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Discussion

National compliance to 3 selected quality indicators from the Dutch evidence-based guideline 
on pancreatic carcinoma was low in 2012. Following resection of a pancreatic carcinoma, patients 
in adequate clinical condition should receive adjuvant chemotherapy [13,14]. However, in total 
only 54% of patients received adjuvant chemotherapy in 2012. Use of adjuvant chemotherapy 
signi�cantly increased following implementation of the guideline in 2011 which was mainly 
caused by an increase in patients younger than 75 years old. Possibly, adjuvant chemotherapy 
is precluded in older patients due to a consequently worse performance status or increased 
comorbidity compared to younger patients, however we had no data available on this issue. With 
the exception of a hospital volume category of less than 10 resections per year, the number of 
patients receiving adjuvant chemotherapy increased in each higher hospital volume category. 
Possibly low volume hospitals are less aware of guideline recommendations. Many studies have 
already demonstrated improved postoperative and long-term survival following pancreatic 
surgery in hospitals with higher procedural volumes as compared to low volume hospitals [15-
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18]. Over the past decade, centralization of pancreatic surgery has also been observed in The 
Netherlands which was accompanied by a decrease in postoperative mortality [19-21].

Due to an increasing number of available treatment options, MDT meetings are considered 
essential for each patient and not only to discuss possible surgical treatment. In 2012 this was 
not yet evident in The Netherlands. As the survival of older patients is similar to younger patients 
following surgery, age should not preclude surgery [22]. However, patients older than 75 years 
were less often discussed in a MDT compared to patients younger than 75 years old. Possibly 
it is anticipated that there is a worse preoperative condition of the patient to be eligible for 
surgery, however these aspects should be weighed during the MDT meeting itself. Indeed, 
perhaps older patients should even be more often discussed within a MDT meeting because 
of co-morbid diseases and relatively poor performance status. Possibly, some elderly patients 
may have refused to undergo high-risk pancreatic surgery. Patients that underwent surgical 
exploration were more often discussed within a MDT compared to patients who did not. Possibly 
more patients would be eligible for curative treatment if they had been discussed within a MDT. 
However, in multiple hospitals MDT meetings seem to be selectively utilized.

Due to the participation of patient organizations in the development of the guideline there 
has been an increased attention for shorter transit times. A maximum time interval of three 
weeks between the �nal MDT meeting and the start of potentially curative treatment was 
chosen by the guideline committee as this was considered feasible for all hospitals to perform 
additional diagnostics if necessary, and to plan the operation. Various factors such as a patient’s 
preoperative condition and the need for preoperative biliary drainage may slow transit times. 
Preoperative biliary drainage may increase the rate of postoperative complications, as was 
demonstrated in patients undergoing surgery for pancreatic head cancer [23]. However, the 
maximum time interval of 3 weeks following MDT meeting to surgery or neoadjuvant treatment 
is an important quality indicator and was most often achieved in top-clinical and general 
hospitals. Improved hospital logistics, collaborations or tumor-speci�c MDT’s may increase 
compliance to this quality indicator.

It was challenging in which hospital a MDT meeting should be registered. Many patients start a 
diagnostic pathway in hospital A but are consequently referred to hospital B where pathological 
diagnosis, MDT meeting and possibly treatment are performed. Registering the MDT meeting 
in hospital B probably fails many referring hospitals. However, registering the MDT meeting in 
hospital A - as the hospital responsible for adequate referral of potentially curable patients - 
does not re�ect the true situation. We therefore chose a partition. For the analysis of variation 
between hospitals, patients who initiated tumor-directed treatment (resection or chemo(radio)
therapy) were classi�ed based on the hospital of treatment and the remainder of patients 
were classi�ed based on the hospital of clinical diagnosis. With the exception of a few general 
hospitals, data on MDT meetings was available in all (digital) medical �les used by registration 
employees. Therefore only a slight under-registration in general hospitals on the number of 
patients discussed within MDT meetings is possible.
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In order to stimulate and monitor further compliance to the guideline, continuous audit and 
feedback at a hospital level is recommended, with attention to �best practices�. Examples include 
the recently started audit systems in the Netherlands by the Dutch Institute for Clinical Auditing 
(DICA), which also include an audit for pancreatic carcinoma [24]. In the Dutch Pancreatic 
Cancer Audit (DPCA) patient-, tumor- and surgical characteristics are registered, as are the 
treatment results of patients receiving a pancreatic resection [25]. In the future these data will 
be shared with both health care providers and patients, so that transparency may contribute 
to improvement in the quality of care with adequate case-mix correction. Furthermore, the 
Netherlands Comprehensive Cancer Organisation reports periodically to all hospitals on all 
patients diagnosed with a pancreatic or periampullary carcinoma.

Based on a nationwide evaluation, compliance to a multidisciplinary evidence-based guideline 
on pancreatic and periampullary carcinoma was low. A signi�cantly increased amount of 
patients should receive adjuvant chemotherapy. Non-compliance to this quality indicator 
seems to be mainly a�ected by older age. Although a slight improvement was seen before and 
after implementation of the guideline, a longer study period is needed to evaluate compliance 
changes. The percentage of patients discussed within a MDT should approach 100% and non-
compliance seems to be a�ected by a patient’s older age and not starting treatment with curative 
intent. A signi�cantly increased amount of patients should experience faster transit times 
between the �nal MDT meeting and start of treatment. Better hospital logistics, collaborations 
or tumorspeci�c MDT’s between hospitals within regions may here contribute to improvement.
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Abstract

Background
Volume�outcome relationships in pancreatic surgery are well established, but an optimal 
volume remains to be determined. Studies analyzing outcomes in volume categories exceeding 
20 procedures annually are lacking.

Study design
A consecutive 3,420 patients underwent PD for primary pancreatic or periampullary carcinoma 
(2005�2013) and were registered in the Netherlands Cancer Registry. Relationships between 
hospital volume (<5, 5�19, 20�39 and �40 PDs/year) and mortality and survival were explored.

Results
There was a non-signi�cant decrease in 90-day mortality from 8.1 to 6.7% during the study 
period (p = 0.23). Ninety-day mortality was 9.7% in centers performing <5 PDs/year (n = 185 
patients), 8.9% for 5�19 PDs/year (n = 1432), 7.3% for 20�39 PDs/year (n = 240) and 4.3% for 
�40 PDs/year (n = 562, p = 0.004). Within volume categories, 90-day mortality did not change 
over time. After adjustment for confounding factors, signi�cantly lower mortality was found in 
the �40 category compared to 20�39 PDs/year (OR = 1.72, 95% CI 1.08�2.74). Overall survival 
adjusted for confounding factors was better in the �40 category compared to categories under 
20 PDs/year: HR (�40 vs 5�19/year) = 1.24, 95%CI 1.09�1.42. In the �40 category signi�cantly 
more patients received adjuvant chemotherapy and had >10 lymph nodes retrieved compared 
to lower volume categories.

Conclusions
Volume�outcome relationships in pancreatic surgery persist in centers performing �40 PDs 
annually, regarding both mortality and survival. The volume plateau for pancreatic surgery has 
yet to be determined.
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Introduction 

Pancreatic carcinoma a�ects 10 per 100,000 persons annually [1]. Resection o�ers the only 
chance for cure in patients with pancreatic or periampullary (duodenum, ampulla, distal bile 
duct) carcinoma. Pancreatic surgery is traditionally regarded as low-volume, high-complex 
surgery. Many studies have clearly demonstrated improved postoperative outcomes following 
pancreatoduodenectomy (PD) in centers with higher procedural volumes compared to low 
volume hospitals. However, most studies examine volume�outcome relationships up to more 
than 20 procedures per year, and an optimal volume cut-o� level is currently unknown [2�5].

Over the past decade, centralization of pancreatic surgery has occurred in The Netherlands 
which was accompanied by improved postoperative and long-term survival [6�9]. Nationwide 
minimum volumes have been set for various procedures and are reviewed periodically. For PD, 
in 2011 the Dutch Society for Surgery has set a minimum volume level of 20 procedures per 
center annually [10]. The question was raised whether further increasing the volume cut-o� for 
PD from 20 to 40 could further improve outcomes. 

The aim of this study was to examine postoperative mortality and long-term survival in patients 
who underwent PD for primary pancreatic or periampullary malignancy in The Netherlands with 
hospital volume categories higher than previously examined.

Methods

Patient selection
This study was approved by the review board of the Netherlands Comprehensive Cancer 
Organization (IKNL), which was established to protect the privacy rights of patients and hospitals 
in the Netherlands Cancer Registry (NCR). Newly diagnosed malignancies in The Netherlands 
are registered in the population-based NCR, covering 17 million inhabitants. Completeness 
is estimated to be at least 95%. Topography and morphology are coded according to the 
international Classi�cation of Diseases for Oncology (ICD-O) [11]. The tumor � lymph node � 
metastasis (TNM) classi�cation was used to record tumor stage at diagnosis [12]. Survival data 
was obtained from the Municipal Personal Records Database.

All patients who underwent a PD (either pylorus-preserving or Whipple-Kausch) for primary 
pancreatic (C25), ampulla of Vater (C24.1), extrahepatic bile duct (C24.0) or duodenal (C17.0) 
adenocarcinoma between 2005 and 2013 were selected from the NCR. Patients residing or 
resected abroad, other (pancreatic) resections and age under 18 years old were excluded. Tumor 
location was categorized as pancreas or periampullary (ampulla, distal bile duct and duodenum). 
Tumor stage (TNM 6th (2005�2009) and 7th (2010�2013) edition) was based on pathological 
TNM. Socioeconomic status (SES) was based on The Netherlands Institute for Social Research 
and deciles were collapsed into three categories (high: 1st�3 rd, intermediate: 4th�7 th, low: 8th�10 th 
deciles).
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Hospital volume and outcome measures
Hospital volume was categorized as <5, 5�19, 20�39 and �40 PDs per year. The highest volume 
category was based on doubling of the current volume cut-o� of 20 PDs per year [6, 9]. Hospital 
volume classi�cation was based on the number of PDs for primary malignancies. The volume 
category per hospital was calculated for each years separately. For each hospital, the volume 
category could vary per year. To account for late fatal outcomes of postoperative complications, 
postoperative mortality was de�ned as death from any cause within 90 days postoperatively. 
Patients with metastatic disease undergoing PD (n = 61) were excluded from the analysis of 
survival. Overall survival (OS) was de�ned as the time between PD and death Patients alive 
after December 31st, 2014 were censored. To minimize the in�uence of postoperative mortality 
on results of long-term survival, patients alive at 90 days postoperatively were included in the 
analysis of conditional survival (CS).

Statistical analysis
Baseline patient characteristics (gender, age, prior cancer, SES), tumor characteristics (location, 
stage, grade) and treatment characteristics (margin status, lymph nodes, chemotherapy) were 
compared between hospital volume categories using Pearson�s chi-square tests. A p-value 
<0.05 was considered statistically signi�cant. The chi-square test was used to investigate the 
association between hospital volume and postoperative outcomes. Univariable and multivariable 
logistic regression analyses were performed to investigate hospital volume and the in�uence of 
patient and tumor characteristics on 90-day postoperative mortality. Supplementary multilevel 
analysis did not reveal relevant clustering within hospitals (likelihood ratio test, p = 0.14) and 
was discarded. Cox proportional hazard regression analysis was used to evaluate the relation 
between hospital volume and (conditional) survival. Characteristics with a p < 0.10 in univariable 
analysis were entered into multivariable models, as well as period of surgery to adjust for 
possible time e�ects of (high) hospital volumes. Hospital volume was entered in all models. 
Analyses were performed using STATA/SE (version 13.0; STATA Corp., College Station, Texas, USA).

Results

Patient and hospital characteristics
In total 3,420 patients were included. The nationwide total volume of PDs for primary pancreatic 
or periampullary carcinoma doubled from 270 patients in 2005 to 538 patients in 2013. Between 
2005 and 2013, an increase was found in the proportion of patients receiving PD aged 65 years 
or older (from 54 to 64%, p = 0.003) and the proportion of stage II pancreatic carcinoma (T3 or 
N1, 66�73%, p < 0.001). Patient and hospital characteristics are shown in Table 1. Patients in 
high volume centers more often had high SES (37 vs 24�30%, p = 0.002). In the lowest volume 
category the tumor was more often located in the periampullary region (50 vs 40�44%, p = 
0.012).

Between 2005 and 2013, the number of hospitals performing PD for pancreatic or periampullary 
carcinoma halved from 42 to 21. The median annual number of PDs per hospital increased 
from 4 (interquartile range [IQR] 2�7) to 23 (IQR 20�32). The highest volume category of �40 
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procedures per year contained 4% of all hospital-years (5 di�erent hospitals), while the lowest 
volume category consisted of 30% of all hospital-years. The highest annual number of PD�s 
performed for pancreas or periampullary carcinoma by a single center was 57 in 2013. The 
number of patients undergoing surgery in a >40 PDs/year center increased from 14% in 2009 
to 36% in 2013 (p < 0.001).

Table 1. Baseline characteristics of patients who underwent pancreatoduodenectomy (PD) for primary 
pancreatic or periampullary carcinoma between 2005 and 2013 based on volume of PDs/year.

All <5 /year 5-19 /year 20-39 /year �40 /year P-value
Hospital-years n= 286 87 139 48 12 -
Patients n= 3,420 185 1,432 1,241 562 -

N (%) % % % %

Patient
Sex 0.459

Male 1,929 (56) 58 57 57 53
Female 1,491 (44) 42 43 43 47

Age 0.085
<65 years 1,426 (42) 49 43 40 40
65-74 years 1,385 (41) 40 39 42 42
�75 years 609 (18) 11 18 18 18

History of cancer 0.025
No 2,873 (84) 90 85 82 85
Yes 547 (16) 10 15 18 15

SES 0.002
High 1,026 (30) 24 30 28 37
Medium 1,371 (40) 40 41 40 38
Low 1,023 (30) 36 30 32 25

Tumor 
Location of primary tumor 0.012

Pancreas 1,960 (57) 50 60 56 56
Periampulary 1,460 (43) 50 40 44 44

Tumor invasion (T) <0.001
T1-2 1,185(35) 43 39 31 29
T3-4 2,205(64) 56 60 69 70
TX 30(0.9) 1 1 1 1

Lymph node status (N) <0.001
N0-X 1,376(40) 48 44 38 34
N1 2,044(60) 52 56 62 66

Distant metastasis (M) 0.36
M0-X 3,359(98) 99 98 98 98
M1 61(1.8) 1 2 2 2

Table 1 continues on next page
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Tumor grade <0.001
Moderate/well di�. 1,835 (54) 64 56 50 51
Poor di�. 1,041 (30) 26 26 35 33
Unknown 544 (16) 9.2 18 15 15

Treatment characteristics
Lymph nodes 1 1,660 (49) 23 39 55 66 <0.001
Margin status 2 2,270 (75) 69 74 78 77 0.024
Chemotherapy 3 810 (41) 15 30 50 61 <0.001

SES socioeconomic status. Di� di�erentiation. 1 per cent 10 or more examined. 2 per cent R0, T1-2-3N0-1M0 only. 
3 per cent chemotherapy in patients with pancreatic carcinoma only.

Postoperative mortality
Between 2005 and 2013, no signi�cant decrease in 90-day mortality was found (8.1�6.7%, 
p = 0.23). The 90-day mortality was 9.7% in centers performing <5 resections annually (n = 
185 patients), 8.9% for 5�19 resections (n = 1432), 7.3% for 20�39 resections (n = 1240) and 
4.3% for �40 resections (n = 562, p = 0.004).Within volume categories, 90-day mortality did 
not change over time. After adjustment for confounding factors including period of surgery 
(Table 2), signi�cantly worse 90-day mortality was found in each volume category compared 
to the highest (�40) volume category: OR = 2.59 (95% CI 1.32�5.09) for the <5 category, OR = 
2.11 (95% CI 1.32�3.38) for the 5�19 category and OR = 1.72 (95% CI 1.08�2.74) for the 20�39 
category, respectively.

Table 2 continues on next page

Table 2. Univariable and multivariable analyses predicting 90-day postoperative mortality following PD 
for pancreatic or periampullary carcinoma between 2005 and 2013.

Univariable Multivariable
Characteristics N (%) OR (95%CI) p-value OR (95%CI) p-value

3,419 (100) a  

Hospital volume  0.002  
<5 / year 185 (5) 2.41 (1.28-4.56) 2.59 (1.32-5.09) 0.006
5-19 / year 1,432 (42) 2.18 (1.39-3.41) 2.11 (1.32-3.38) 0.002
20-39 / year 1,240 (36) 1.75 (1.11-2.78) 1.72 (1.08-2.74) 0.023
�40 / year 562 (16) 1.00 1.00 

Period of surgery  0.232  
2005-2007 853 (25) 1.00 1.00 
2008-2010 1,075 (31) 1.04 (0.75-1.44) 1.08 (0.77-1.52) 0.646
2011-2013 1,491 (44) 0.82 (0.59-1.12) 0.93 (0.65-1.33) 0.695

Sex  0.006  
Male 1,929 (56) 1.00 1.00 
Female 1,490 (44) 0.69 (0.53-0.90) 0.69 (0.53-0.90) 0.006

Continuation of table 1
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Univariable Multivariable
Characteristics N (%) OR (95%CI) p-value OR (95%CI) p-value

3,419 (100) a

Age  <0.001  
<65 years 1,425 (42) 1.00 1.00 
65-74 years 1,385 (41) 2.07 (1.51-2.83) 2.14 (1.56-2.93) <0.001
�75 years 609 (18) 3.03 (2.14-4.31) 3.17 (2.23-4.52) <0.001

History of cancer  0.921
No 2,872 (84) 1.00 
Yes 547 (16) 1.02 (0.72-1.44)

SES  0.378
High 1,026 (30) 1.00 
Medium 1,370 (40) 1.07 (0.78-1.47)
Low 1,023 (30) 1.25 (0.90-1.73)

Location of primary tumor  0.566
Pancreas 1,959 (57) 1.00 
Periampullary 1,460 (43) 1.08 (0.84-1.39)

Tumor invasion (T)  0.082
T1-2 1,185(35) 1.00 1.00 
T3-4 2,204(64) 1.07 (0.81-1.40) 1.12 (0.85-1.48) 0.422
TX 30(0.9) 3.24 (1.29-8.13) 3.47 (1.34-8.98) 0.010

Lymph node status (N)  0.912
N0-X 1,375(40) 1.00 
N1 2,044(60) 0.99 (0.76-1.28)

Distant metastasis (M)  0.277
M0-X 3,358(98) 1.00 
M1 61(1.8) 1.60 (0.72-3.55)

Tumor grade  0.150
Moderate/well di�. 1,834 (54) 1.00 
Poor di�. 1,041 (30) 1.09 (0.82-1.46)
Unknown 544 (16) 1.41 (1.00-1.97)

SES socioeconomic status. Di� di�erentiation. OR odds ratio. CI con�dence interval.
a N=1 lost to follow up due to emigration before 90 days postoperatively.

Treatment characteristics
With increasing hospital volume, there were signi�cant di�erences in treatment characteristics 
(Table 1). Following adjustment for period of surgery, age, SES, prior cancer, tumor location, 
stage and grade, and excluding metastatic disease, in the �40 category signi�cantly more 
often 10 or more lymph nodes were found at pathological analysis compared to each lower 
volume category: OR = 0.22 (95% CI 0.15�0.33) compared to the <5 category, OR = 0.41 (95% 
CI 0.33�0.51) compared to the 5�19 category, and OR = 0.66 (95% CI 0.54�0.82) compared 
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to the 20�39 category. Also, signi�cantly more patients received adjuvant chemotherapy in 
the highest volume category compared to each lower category: OR = 0.22 (95% CI 0.11�0.43) 
compared to the <5 category, OR = 0.45 (95% CI 0.32�0.60) compared to the 5�19 category, and 
OR = 0.70 (95% CI 0.52�0.95) compared to the 20�39 category. Furthermore, a radical resection 
(R0) was achieved signi�cantly more often in the highest volume category compared to the <5 
category but not to respective higher categories: OR = 0.62 (95% CI 0.41�0.93) compared to the 
<5 category, OR = 0.89 (95% CI 0.69�1.15) compared to the 5�19 category, and OR = 1.12 (95% 
CI 0.87�1.43) compared to the 20�39 category.

Overall survival and conditional survival
Median OS was 16.8 months for patients undergoing resection for pancreatic carcinoma, and 
31.9 months for patients with periampullary carcinoma. Older age, pancreatic tumors, advanced 
tumor stage, poor di�erentiation, and positive margins were associated with worse OS. After 
adjustment for confounding factors including the period of surgery, OS was better in the �40 
volume category compared to hospital volumes under 20 procedures per year: HR = 1.34 (95% 
CI 1.09�1.65) compared to the <5 category, HR = 1.24 (95% CI 1.09�1.42) compared to the 5�19 
category, and HR = 1.10 (95% CI 0.97�1.26) compared to the 20�39 category (Table 3). When 
using the 20�39 volume category as reference category, signi�cantly better OS was found in 
this reference category compared to volumes under 20 procedures per year: HR = 1.21 (95% 
CI 1.01�1.46) compared to the <5 category and HR = 1.13 (95% CI 1.02�1.24) compared to the 
5�19 category.

Besides aforementioned confounding factors, in CS (n = 3,160), the use of adjuvant chemotherapy 
was associated with improved survival. In a multivariable model predicting CS, survival of 
patients alive at 90 days after resection was signi�cantly better in the �40 volume category 
compared to hospital volumes under 20 procedures per year: HR = 1.30 (95% CI 1.04�1.61) 
compared to the <5 category and HR = 1.19 (95% CI 1.04�1.37) compared to the 5�19 category. 
No signi�cant di�erence was found compared to the 20�39 hospital volume category: HR = 1.06 
(95% CI 0.93�1.22). When using the 20�39 volume category as reference category, signi�cantly 
better CS was found in this reference category compared to volumes under 20 procedures per 
year: HR = 1.22 (95% CI 1.01�1.49) compared to the <5 category and HR = 1.12 (95% CI 1.01�1.25) 
compared to the 5�19 category.
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Table 3 continues on next page

Table 3. Univariable and multivariable proportional hazard (Cox) regression analyses predicting overall 
survival following PD for primary pancreatic or periampullary carcinoma between 2005 and 2013. 

Univariable Multivariable 
Characteristics N=3,359 a HR (95%CI) p-value HR (95%CI) p-value

Hospital volume  0.002  
<5 / year 184 1.31 (1.08-1.59) 1.34 (1.09-1.65) 0.006
5-19 / year 1,404 1.23 (1.09-1.40) 1.24 (1.09-1.42) 0.002
20-39 / year 1,222 1.10 (0.97-1.26) 1.10 (0.97-1.26) 0.14
�40 / year 549 Ref Ref 

Period of surgery  0.320  
2005-2007 843 Ref Ref 
2008-2010 1,051 0.93 (0.84-1.03) 1.02 (0.92-1.14) 0.70
2011-2013 1,465 0⋅94 (0.84-1.04) 1.03 (0.91-1.15) 0.68

Sex  0.208  
Male 1,898 Ref  
Female 1,461 0.95 (0.87-1.03)

Age  <0.001  
<65 years 1,396 Ref Ref 
65-74 years 1,362 1.17 (1.07-1.28) 1.16 (1.06-1.27) 0.001
�75 years 601 1.35 (1.21-1.51) 1.31 (1.16-1.47) <0.001

History of cancer  0.551
No 2,824 Ref 
Yes 535 1.03 (0.93-1.16)

SES  0.314
High 1,006 Ref 
Medium 1,345 1.05 (0.95-1.16)
Low 1,008 0.98 (0.88-1.09)

Location of primary tumor  <0.001
Pancreas 1,921 Ref Ref 
Periampullary 1,438 0.55 (0.50-0.60) 0.60 (0.55-0.66) <0.001

Tumor invasion (T)  <0.001  
T1-2 1,174 Ref Ref 
T3-4 2,157 1.51 (1.38-1.65) 1.20 (1.09-1.32) <0.001
TX 28 1.32 0.85-2.06 1.60 1.01-2.52 0.04

Lymph node status (N)  <0.001  
N0-X 1,363 Ref Ref 
N1 1,996 2.11 (1.93-2.30) 1.92 (1.75-2.11) <0.001

Tumor grade  <0.001  
Moderate/well di�. 1,801 Ref Ref 
Poorly di�. 1,022 1.53 (1.40-1.67) 1.52 (1.39-1.66) <0.001
Unknown 536 0.94 (0.83-1.06) 0.99 (0.88-1.12) 0.90
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Age 0.10
< 75 years 2,811(82) 84 80 83
� 75 years 609(18) 16 20 17

History of cancer 0.14
No 2,873(84) 86 83 84
Yes 547(16) 14 17 16

Socioeconomic status (SES) 0.006
High 1,026(30) 29 28 34
Intermediate 1,371(40) 41 39 40
Low 1.023(30) 30 33 27

Location of primary tumor 0.13
Pancreas 1,960(57) 58 59 55
Periampullary 1,460(43) 42 41 45

Tumor stage (TNM) 0.001
I 656(19) 23 18 16
II 2,313(68) 63 68 72
III 367(11) 11 11 9.8
IV 61(1.8) 1.7 1.7 2.0
X 23(0.7) 0.8 0.5 0.6

Tumor grade <0.001
Moderate/well di�. 1,835(54) 58 51 51
Poorly di�erentiated 1,041(30) 26 31 34
Unknown   544(16) 15 18 14

Adjuvant chemotherapy 
(pancreas only, % yes)

810 (41) 22 48 56 <0.001

Low hospital volume <15 resections per year; medium 15�28 resections per year; and high >28 per year.
TNM tumor-node-metastasis classi�cation system.

Postoperative outcomes
Over time, 30-day mortality in elderly patients showed a tendency to decrease, from 10.2%  
(13/127) in 2005�2007 to 5.1% (15/296) in 2011�2013 (p = 0.15); in younger patients, a decrease 
was found, from 4.3% (31/726) to 3.3% (40/1195) (p = 0.31). At 90 days after surgery, a similar 
pattern was found in younger (6.9�5.7%, p = 0.26) and elderly patients (15.0�10.8%, p = 0.47). 
Overall, HHV showed the most favorable 30-day (p = 0.002) and 90-day postoperative mortality 
rates (p = 0.001). As shown in Table 2, within all hospital volume tertiles, mortality was less 
favorable for elderly patients compared to younger patients. After adjustment for confounding 
factors, in LHV 30-day postoperative mortality of elderly patients was more than double that 
of younger patients, while di�erences in MHV and HHV were less pronounced (p = 0.10 and p 
= 0.31, respectively). Adjusted 90-day mortality in elderly patients was signi�cantly increased 
within each hospital volume tertile (Table 2). Furthermore, in all hospital volume tertiles, 
elderly patients had a worse overall survival compared to younger patients (Table 3). After 
supplemental adjustment for adjuvant chemotherapy, the strongest reduction of the hazard 
ratio (HR) of mortality was found in HHV.
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Table 2. Univariable and multivariable logistic regression analyses predicting 30-day and 90-day 
postoperative mortality of patients who underwent PD for primary adenocarcinoma, by age of patients 
within each hospital volume tertile. 

Univariable Multivariable
30-day mortality N P p-value OR (95% CI) p-value OR (95% CI) p-value

Low HV 1,184 6.0   
Age <75 years 989 5.2 0.006 1 0.007 1 0.007
Age �75 years 195 10.3 2.10 (1.22-3.61) 2.13 (1.23-3.70)

Medium HV 1,138 4.5   
Age <75 years 913 3.9 0.08 1 0.08 1 0.10
Age �75 years 225 6.7 1.74 (0.94-3.24) 1.72 (0.91-3.25)

High HV 1,098 2.9   
Age <75 years 909 2.8 0.48 1 0.48 1 0.31
Age �75 years 189 3.7 1.36 (0.58-3.19) 1.59 (0.65-3.88)

90-day mortality N P p-value OR (95% CI) P-value OR (95% CI) p-value
Low HV 1,184 9.3   

Age <75 years 989 8.4 0.02 1 0.02 1 0.01
Age �75 years 195 13.9 1.75 (1.10-2.79) 1.81 (1.13-2.91)

Medium HV 1,138 8.0   
Age <75 years 913 6.6 <0.001 1 <0.001 1 0.001
Age �75 years 225 13.8 2.27 (1.43-3.60) 2.28 (1.42-3.65)

High HV 1,097 5.3   
Age <75 years 908 4.5 0.01 1 0.008 1 0.004
Age �75 years 189 9.0 2.05 (1.20-3.50) 2.46 (1.32-4.59)

HV hospital volume, <15 resections per year; medium, 15�28 resections per year; and high, >28 per year; p value by Chi-
square test, N number of patients, P proportion of patients deceased, OR odds ratio, CI con�dence interval.

Table 3. Univariable and multivariable Cox proportional hazard analyses predicting overall survival of 
patients who underwent PD for primary adenocarcinoma, by age of patients within each hospital volume 
tertile.

Univariable analysis Multivariable analysis Multivariable analysis + 
adjuvant chemotherapy

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Low HV
�75 vs <75 years 1.29 (1.09-1.52) 0.004 1.27 (1.07-1.51) 0.006 1.21 (1.02-1.44) 0.03
Medium HV
�75 vs <75 years 1.24 (1.04-1.47) 0.02 1.45 (1.21-1.73) <0.001 1.31 (1.09-1.57) 0.004
High HV
�75 vs <75 years 1.24 (1.01-1.51) 0.04 1.32 (1.08-1.61) 0.007 1.16 (0.94-1.43) 0.17

HV hospital volume, <15 resections per year; medium, 15�28 resections per year; and high, >28 per year
HR hazard ratio, CI con�dence interval.
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Discussion

This nationwide study of 3,420 patients who underwent PD for primary pancreatic or 
periampullary carcinoma in the Netherlands found lower 30- and 90-day mortality in elderly 
patients treated at HHV compared to lower hospital volumes. Within each hospital volume 
tertile, postoperative mortality of elderly patients was 1.6�2.5 times higher compared to younger 
patients. Mortality rates of elderly patients in high-volume hospitals equalled mortality rates of 
younger patients in low- and medium-volume hospitals, while mortality rates of elderly patients 
in low-volume hospitals were worse.

In earlier reports from the Netherlands based on data until 2009, centralization of pancreatic 
surgery was observed, but no change was found in the age distribution of patients undergoing 
resection [10,19]. With ongoing centralization (the number of hospitals performing PDs 
decreased from 42 in 2005 to 21 of 91 hospitals in 2013), our study showed that the age of 
patients undergoing PD increased, especially from 2011 onward. The 2011 Dutch evidence-
based guideline on pancreatic and periampullary carcinoma state that advanced age by itself 
should not be a contraindication for pancreatic surgery [20]. Also in 2011, the Dutch Healthcare 
Inspectorate (IGZ) and Dutch Society for Surgery (NVvH) set a minimum hospital volume 
standard for pancreatic surgery (benign and malignant) at 20 PD procedures per year [21]. In 
our study, over time, a steeper increase of the age of patients who underwent PD for cancer 
was found in low-volume hospitals. This �nding suggests that treatment guidelines and volume 
standards have stimulated pancreatic surgery in the elderly, especially in low-volume hospitals. 
One may speculate that low-volume hospitals may have had more trouble attaining the national 
volume standard for pancreatic surgery, while high-volume hospitals may have room to select 
�t elderly patients. On the other hand, patients who seek care at low-volume hospitals may be 
older compared to patients seeking care at high-volume (university) hospitals. In recent years, 
an increasing proportion of this reservoir of eligible elderly patients in low-volume hospitals 
may have been o�ered pancreatic surgery.

We also found that patients who underwent pancreatic resection in high-volume hospitals 
more often had a high SES. In studies on treatment decision making, especially elderly and low-
educated patients seem less likely to take active roles in the treatment decision-making process 
[22]. Elderly or low-SES patients may hesitate to leave ��their�� nearby hospital with doctors who 
know their comorbid diseases well, or they may prefer the nearest hospital because of the short 
travel distance [23]. Also, referral patterns may already di�er by age or SES at the level of general 
practitioners before the �rst hospital visit. With ongoing centralization of pancreatic surgery, a 
better understanding is needed of factors in�uencing referral and treatment decision making 
in elderly patients [22]. The centralization process should not stimulate referral of only younger 
patients to hospitals with higher volumes.

Despite the rising age of patients who underwent PD, a slight decrease of postoperative 
mortality was found during our study period. Older age and the presence of comorbid diseases 
are important risk factors for early postoperative mortality [12,24]. In several studies a (more 
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than) doubled postoperative mortality was found in elderly patients who underwent pancreatic 
surgery [10,14]. Mortality di�erences between hospital volume tertiles in our study may be 
the result of di�erences in the incidence of complications and the ability to manage them 
(failure to rescue) [7]. Generally, morbidity rates were high after pancreatic surgery [25,26]. In 
studies that di�erentiated between surgical and nonsurgical complications, age di�erences 
were particularly found with respect to nonsurgical complications [13,25,27]. In our study, age 
di�erences in nonsurgical complications and failure-to-rescue rate may have contributed to 
the strong additive relation of age and hospital volume concerning postoperative mortality. 
Furthermore, the mortality di�erence between elderly and younger patients seemed to increase 
slightly between 30 and 90 days after surgery, especially in medium- and high-volume hospitals. 
These results suggest that in medium and high-volume hospitals, a better ability to manage 
postoperative complications may have delayed some mortality beyond the 30-day period. 
Despite a possible delayed mortality, 90-day postoperative mortality of elderly patients in high-
volume hospitals in our study remained similar to that of younger patients in low- and medium-
volume hospitals. Therefore, elderly patients may bene�t from undergoing pancreatic surgery 
in high-volume hospitals.

Overall, chemotherapy use after resection for pancreatic carcinoma was low in the Netherlands 
(41%). Adjuvant chemotherapy after resection of pancreatic carcinoma is now considered the 
standard of care [20,28,29]. Elderly patients and patients in low-volume hospitals in our study 
were less likely to receive adjuvant chemotherapy. Adjustment for variation of chemotherapy 
only slightly explained the decreased survival of elderly patients in low-volume hospitals. In 
these hospitals, other factors like postoperative complications may have contributed to both 
postoperative mortality and the omission of adjuvant chemotherapy [24]. The Netherlands is 
characterized by good access to health care facilities as a result of its well-organized health 
insurance. After diagnosis of pancreatic cancer, physicians should inform elderly patients about 
volume�outcome patterns in pancreatic surgery. Furthermore, when discussing minimum 
volumes of pancreatic surgery, special attention should be paid to the elderly and potentially 
other high-risk groups, such as patients with premalignant or extensive disease. These patients 
may be regarded as comprising speci�c high-risk categories; they should be operated on only 
in the highest tertile volume hospitals. In this way, high-risk patients are provided with similar 
operative risks as low-risk patients such as younger patients.

Our study has some major limitations, especially the lack of detailed data on the health status 
of patients. Adjustment for number and type of comorbid diseases may limit the magnitude 
of mortality di�erences between younger and elderly patients after PD surgery [12]. However, 
available data on SES and a prior diagnosis of cancer that were included in the multivariable 
models hardly in�uenced the association of age with postoperative outcomes after PD. SES may 
have little (additional) impact because patients who were o�ered high-risk pancreatic surgery 
will be relatively �t. Furthermore, comorbidity information had only limited impact on survival 
in cancers with poor prognosis like pancreatic cancer [30]. Second, in the NCR, no data were 
available on surgical and nonsurgical postoperative complications after PD. In 2013, the Dutch 

7

Elderly patients strongly bene�t from centralization of pancreatic cancer surgery

115

Binnenwerk proefschrift Lydia1.indd   115 10-12-2018   21:59:41



Pancreatic Cancer Audit (DPCA) was launched, and in the future, this will provide more extensive 
case mix correction and investigation of postoperative complications [31].

Conclusions
Over time, the age of patients undergoing PD for primary pancreatic or periampullary 
adenocarcinoma increased. In low-volume hospitals, this increase was slightly more pronounced 
compared to medium- and high-volume hospitals. A better understanding is needed of the 
dynamics of centralization and factors in�uencing referral and treatment decision making in 
elderly patients. Furthermore, both older age and lower hospital volume were independently 
and strongly related to increased postoperative mortality after PD for primary adenocarcinoma 
(additive e�ect). To improve postoperative mortality and overall survival, elderly patients should 
undergo pancreatic surgery in hospitals with low baseline risks, i.e., the highest volume tertile 
facility. In this way, these patients are o�ered an operative risk comparable to that of younger 
patients.
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Supplementary table 1. Univariate and multivariable analyses predicting 30-day and 90-day postoperative 
mortality and overall survival of patients who underwent PD for primary adenocarcinoma, by age of patients 
within each hospital volume tertile calculated within 3-year periods. 

Univariable Multivariable 
30-day mortality N P p-value OR (95% CI) p-value OR (95% CI) p-value

Low HV 1,316 5.6   
Age <75 years 1,081 4.9 0.02 1 0.02 1 0.01
Age �75 years 235 8.9 1.90 (1.12-3.22) 1.99 (1.16-3.39)

Medium HV 1,045 4.4   
Age <75 years 860 4.0 0.13 1 0.13 1 0.15
Age �75 years 185 6.5 1.69 (0.86-3.32) 1.68 (0.84-3.36)

High HV 1,059 3.2   
Age <75 years 870 2.9 0.18 1 0.19 1 0.18
Age �75 years 189 4.8 1.69 (0.78-3.68) 1.73 (0.78-3.87)

90-day mortality N P p-value OR (95% CI) p-value OR (95% CI) p-value
Low HV 1,316 9.1   

Age <75 years 1,081 8.1 0.004 1 0.006 1 0.003
Age �75 years 235 14.0 1.87 (1.22-2.86) 1.95 (1.26-3.01)

Medium HV 1,045 7.5   
Age <75 years 860 6.4 0.005 1 0.005 1 0.01
Age �75 years 185 12.4 2.08 (1.24-3.48) 1.97 (1.16-3.35)

High HV 1,058 5.8   
Age <75 years 869 4.8 0.005 1 0.009 1 0.003
Age �75 years 189 10.1 2.20 (1.25-3.88) 2.45 (1.36-4.42)

Overall survival N HR (95% CI) p-value HR (95% CI) p-value
Low HV 1,316   

Age <75 years 1,081 Ref 0.001 Ref 0.001
Age �75 years 235 1.31 (1.12-1.54) 1.33 (1.13-1.57)

Medium HV 1,045   
Age <75 years 860 Ref 0.03 Ref 0.004
Age �75 years 185 1.23 (1.02-1.48) 1. 32 (1.09-1.59)

High HV 1,059   
Age <75 years 870 Ref 0.08 Ref 0.001
Age �75 years 189 1.19 (0.98-1.44) 1.38 (1.13-1.68)

N number of patients, P proportion of patients deceased, p-value of Chi2 test, OR odds ratio (logistic regression analysis), 
HR hazard ratio (Cox proportional hazard regression analysis), CI con�dence interval.
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Abstract

Background
Despite improvements in diagnostic imaging and staging, unresectable pancreatic cancer is still 
encountered during surgical exploration with curative intent. This nationwide study investigated 
outcomes in patients with unresectable pancreatic cancer found during surgical exploration.

Methods
All patients diagnosed with primary pancreatic (adeno)carcinoma (2009�2013) in the 
Netherlands Cancer Registry were included. Predictors of unresectability, 30-day mortality and 
poor survival were evaluated using logistic and Cox proportional hazards regression analysis.

Results
There were 10,595 patients with pancreatic cancer during the study interval. The proportion 
of patients undergoing surgical exploration increased from 19.9 to 27.0% (p < 0.001). Among 
2,356 patients who underwent surgical exploration, the proportion of patients with tumour 
resection increased from 61.6% in 2009 to 71.3% in 2013 (p < 0.001), whereas the contribution 
of M1 disease (18.5% overall) remained stable. Patients who had exploration only had an 
increased 30-day mortality rate compared with those who underwent tumour resection (7.8% 
versus 3.8%; p < 0.001). In the non-resected group, among those with M0 (383 patients) and M1 
(435) disease at surgical exploration, the 30-day mortality rate was 4.7% and 10.6% (p = 0.002), 
median survival was 7.2 and 4.4 months (p < 0.001), and 1-year survival rates were 28.0% and 
12.9%, respectively. Among other factors, low hospital volume (0�20 resections per year) was 
an independent predictor for not undergoing tumour resection, but also for 30-day mortality 
and poor survival among patients without tumour resection.

Conclusion
Exploration and resection rates increased, but one-third of patients who had surgical exploration 
for pancreatic cancer did not undergo resection. Non-resectional surgery doubled the 30-day 
mortality rate compared with that in patients undergoing tumour resection.
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Introduction 

Pancreatic cancer is one of the most dismal types of cancer, with incidence and mortality rates 
of 8.6 and 8.3 per 100 000 inhabitants respectively in developed countries [1], and a 5-year 
survival rate of 5�7% [2,3]. The incidence rises with increasing age, and more than half of patients 
diagnosed with pancreatic cancer are more than 70 years old [2,4].

Only 15�20% of patients have resectable disease at the time of diagnosis, and so accurate 
preoperative staging is crucial to prevent unnecessary explorations. CT is the cornerstone for 
staging suspected pancreatic tumours. However, positive and negative predictive values for 
resectability are in the range 54�91% and 73�100% respectively [5]. Although other imaging 
modalities such as endoscopic ultrasonography and MRI are employed occasionally, their 
additional value in determining resectability is limited [6,7]. Overall, preoperative imaging has 
limited ability accurately to estimate local tumour ingrowth or to detect small distant metastases. 
Consequently, a substantial proportion of patients who undergo surgical exploration with 
curative intent (in short, surgical exploration) still turn out to have unresectable disease (21�
43%) [5,8�11]. Most studies on surgical exploration for pancreatic cancer are based on high-
volume, single-centre experiences; nationwide data on this topic are scarce [12].

The volume�outcome relationship for pancreatoduodenectomy is well established, with better 
outcomes in hospitals with higher procedural volumes [13�15]. Along with centralization of 
pancreatic surgery in the Netherlands, resection rates in patients diagnosed with pancreatic 
cancer have increased [16,17], especially for tumours extending beyond the pancreas and in 
elderly patients. It is unclear how hospital volume in�uences the surgical outcomes of patients 
in whom locally advanced or metastasized disease is detected during exploration.

The aim of this nationwide study was to assess resection rates in patients who underwent 
surgical exploration with curative intent for pancreatic cancer, and to investigate predictors 
of postoperative 30-day mortality and survival among those with unresectable disease found 
during surgical exploration, with special attention to hospital volume and elderly patients.

Methods

The Netherlands Cancer Registry (NCR) records data on all patients with newly diagnosed cancer in 
the Netherlands, a country with 17 million inhabitants. Since 1989, newly diagnosed malignancies 
have been noti�ed to the NCR by the automated pathological archive, supplemented with data 
from the National Registry of Hospital Discharge Diagnoses. Completeness is estimated to be 
at least 95%. Trained registrars routinely collect data on patient characteristics, tumour type 
and primary cancer treatment (tumour resection, radiotherapy, chemotherapy) extracted from 
medical records in all Dutch hospitals. Tumour location and histology are registered according 
to the ICD for Oncology (ICD-O-3) [18]. 
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In patients with a histologically proven malignancy, the TNM staging classi�cation is used [19, 
20], whereas in those without a histological diagnosis (patients with imaging only) a summary 
stage is recorded (extent of disease). Data on actual vital status (dead or alive) is obtained 
routinely from the Municipal Personal Records Database, which keeps records of the vital status 
of all Dutch inhabitants.

Patients
For this study, all patients diagnosed with pancreatic ductal adenocarcinoma (ICD-O C25) 
between 1 January 2009 and 31 December 2013 were selected from the NCR. Patients diagnosed 
with pancreatic cancer at autopsy, and those younger than 18 years, residing abroad, or 
with con�rmed neuroendocrine or non-epithelial malignancies, were excluded. Since 2009, 
nationwide data on �surgical exploration with curative intent� and sites of distant metastases 
(with a maximum of 3 metastatic sites) have been available in the NCR. Because neoadjuvant 
treatment was provided sporadically in the present study period (1.7%  of patients who had 
surgical exploration), only postoperative systemic treatment is reported. No information was 
available on imaging or palliation, for example whether patients had bypass surgery.

De�nitions
The age of patients at diagnosis was divided into four groups: less than 70, 70�74, 75�79 and at 
least 80 years. Owing to the nature of the NCR, information on previous primary malignancies 
was available for all patients.

Data on socioeconomic status (SES) were used, based on reference data from the Netherlands 
Institute for Social Research [21]. Scores for social deprivation were derived from income, 
education and occupation by four-digit postal code, and were divided into three SES categories 
(high: 1st to 3rd deciles; intermediate: 4th to 7th deciles; low: 8th to 10th deciles).

Tumour stage was based on pathological TNM stage supplemented with clinical TNM, which 
also included intraoperative �ndings at the time of surgical exploration (2005�2010 TNM 6th 
edition [19]; 2010�2013 TNM 7th edition [20]).

Hospital volume was based on the total number of pancreatic resections for pancreatic 
or periampullary carcinoma per hospital per year, and applied to patients with pancreatic 
carcinoma who underwent surgical exploration with curative intent. Hospital volumes were 
divided evenly into three volume categories (tertiles): low (0�20 resections per year), medium 
(21�32 per year) and high (33 or more per year). For individual hospitals, the volume category 
may di�er in consecutive years.

Postoperative mortality was de�ned as death from any cause within 30 days after surgical 
exploration. If the date of surgical exploration was missing (in 11 patients; primarily those 
who did not undergo resection), the date of histological con�rmation was used. Survival was 
calculated from the date of surgical exploration to the date of death. Patients who were alive 
on 1 February 2016 were censored.
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Abstract

Background
Despite an aging population and underrepresentation of elderly patients in clinical trials, studies 
on elderly patients with metastatic pancreatic cancer are scarce. This study investigated the use 
of chemotherapy and survival in elderly patients with metastatic pancreatic cancer. 

Methods
From the Netherlands Cancer Registry, all 9,407 patients diagnosed with primary metastatic 
pancreatic adenocarcinoma in 2005�2013 were selected to investigate chemotherapy use and 
overall survival (OS), using Kaplan�Meier and Cox proportional hazard regression analyses. 

Results
Over time, chemotherapy use increased in all age groups (<70 years: from 26 to 43%, 70�74 
years: 14 to 25%, 75�79 years: 5 to 13%, all p < 0.001, and �80 years: 2 to 3% p = 0.56). Median 
age of 2,180 patients who received chemotherapy was 63 years (range 21�86 years, 1.6% was 
�80 years). In chemotherapy-treated patients, with rising age (<70, 70�74, 75�79, �80 years), 
microscopic tumor veri�cation occurred less frequently (91-88-87-77%, respectively, p = 0.009) 
and OS diminished (median 25-26-19-16 weeks, p = 0.003). After adjustment for confounding 
factors, worse survival of treated patients �75 years persisted. 

Conclusion
Despite limited chemotherapy use in elderly age, suggestive of strong selection, elderly patients 
(�75 years) who received chemotherapy for metastatic pancreatic cancer exhibited a worse 
survival compared to younger patients receiving chemotherapy.
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Introduction 

Pancreatic cancer is one of the most dismal types of cancer, with a 5-year survival rate of only 
5-7% [1,2]. These low survival rates re�ect an advanced stage at diagnosis in the vast majority 
of patients: at least half of patients already have metastatic disease at time of diagnosis [3, 4]. 
Median survival of unselected patients with metastatic disease is only 2-3 months [3-5]. 

Pancreatic cancer is predominantly a disease of the elderly [2,6], at least half of all patients are 
over 70 years of age and more than one-�fth is older than 80 years [6,7]. Unfortunately, elderly 
patients are underrepresented in clinical trials. For example, the phase III study which showed 
that FOLFIRINOX (oxaliplatin, irinotecan, �uorouracil, and leucovorin) signi�cantly improved 
survival compared with gemcitabine monotherapy (median survival 11.1 vs 6.8 months, 
respectively) excluded patients over 75 years of age [8]. The phase III study on the combination 
of gemcitabine and nab-paclitaxel included patients until 88 years of age (median survival 8.5 
months vs 6.7 months in patients with gemcitabine-alone), but the median age of 63 years 
suggests that few patients were older than 75 years [9].

Population-based studies have shown that in the past decades the administration of palliative 
chemotherapy steeply increased in patients with metastatic pancreatic cancer [3,10]. Whether 
the increased use of chemotherapy also applies to elderly patients, is unknown. Furthermore, 
some specialized institutions have reported acceptable safety and e�cacy of chemotherapy 
in selected elderly patients with metastatic pancreatic cancer, with survival comparable with 
younger patients [11-13]. However, in these reports a direct comparison with younger patients 
(<75 years) was not performed [11,12] or a single age cut-o� (<70, �70 years) was used [13] 
which may mask variation within the older age group. To the best of our knowledge, no 
population-based studies have been published which compare survival after chemotherapy 
according to age. 

Therefore, the purpose of this nationwide study is to examine the use of chemotherapy and its 
impact on overall survival in elderly patients with metastatic pancreatic cancer, using multiple 
age groups.

Methods

Netherlands cancer registry 
In the Netherlands, a country with approximately 16.8 million inhabitants, all newly diagnosed 
malignancies are recorded in the nationwide Netherlands Cancer Registry (NCR). Besides 
noti�cation by the automated pathological archive (PALGA), the National Registry of Hospital 
Discharge Diagnoses is used. Subsequently, trained registrars collect information on patient, 
tumor and primary treatment from the medical records in all Dutch hospitals. The International 
Classi�cation of Diseases for Oncology (ICD-O-3) is used for coding of morphology and tumor 
locations [14]. Histologically con�rmed malignancies are staged according to the Tumor-Node-
Metastasis (TNM) staging classi�cation [15]. In patients without microscopically veri�ed diagnosis 

144

PART II  Pancreatic cancer care for elderly patients

9

Binnenwerk proefschrift Lydia1.indd   144 10-12-2018   21:59:50



a summary stage is recorded (Extent of Disease, EoD). Data quality is high and completeness is 
estimated to be at least 95%. Follow-up for all patients is obtained by routinely linking the NCR 
to the Municipal Personal Records Database (BRP). The BRP contains information on the vital 
status of all Dutch inhabitants (dead or alive, date of death or emigration). 
The NCR Review Board approved the current study.

Patients
For this study, from the NCR all patients were selected who were diagnosed with primary invasive 
pancreatic (ductal) adenocarcinoma in the period 2005�2013 (ICD-O-3 C25, morphology codes 
8010, 8012, 8020, 8140, 8141, 8260, 8310, 8440, 8470, 8480, 8481, 8490, 8500, 8560, or a non-
microscopic veri�ed invasive neoplasm of the pancreas suspected for adenocarcinoma). Patients 
diagnosed at autopsy, younger than 18 years or residing abroad were excluded. TNM and EoD 
staging information were combined to select patients with metastatic disease at diagnosis 
(53% of patients).

To investigate a possible age gradient or age cut-o� point, patients were divided into four age 
groups: <70 years, 70�74 years, 75�79 years and �80 years of age. Due to the nature of the NCR, 
information on prior primary malignancies was available in all patients. Additionally, a slightly 
modi�ed version of the Charlson classi�cation was recorded region-wide within 1�2 out of nine 
cancer regions (18% of all patients). Serious comorbid conditions included chronic obstructive 
pulmonary diseases, cardiovascular diseases, cerebrovascular diseases, digestive tract diseases, 
diabetes mellitus and other serious diseases. The number of comorbidities were categorized 
in three groups (0, 1, �2). Furthermore, data on socioeconomic status (SES) were used [16]. 
SES was based on reference data from The Netherlands Institute for Social Research. Scores 
on social deprivation were derived from income, education and occupation per 4-digit postal 
code, and were broken into three SES-categories (high: 1st�3rd, intermediate: 4th�7th, low: 8th�
10th deciles). Registered treatment after diagnosis included the cancer treatment modalities 
as mentioned in the treatment plan and provided to the patient (i.c. resection, radiotherapy, 
chemotherapy). Time intervals between date of diagnosis and date of initiating chemotherapy 
were calculated to explore possible delay. 

Survival time was calculated from the date of diagnosis to the date of death or 1 January 2015, 
whichever came �rst. To reduce the in�uence of survivor treatment selection bias in analysis 
of survival of patients with versus without chemotherapy [17], only patients were selected 
who survived at least 30�days after diagnosis (conditional survival). In addition to information 
about delay of starting chemotherapy, survival time from the starting date of chemotherapy 
was calculated.

Statistical analysis
In each age group of patients with metastatic pancreatic cancer, Chi square tests for trend were 
performed to assess the administration of chemotherapy in consecutive 3-year periods (2005�
2007, 2008�2010, 2011�2013). A two-sided p < 0.05 was considered statistically signi�cant. In 
patients receiving palliative chemotherapy, Chi-square tests were also used to compare patient, 
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tumor and treatment characteristics between age groups. To compare time intervals between 
groups of patients, nonparametric Kruskal�Wallis tests were used. Univariable and multivariable 
logistic regression analyses were performed to investigate the association of patient and tumor 
characteristics with the administration of chemotherapy. Kaplan�Meier analyses with log rank 
tests were used (1) to evaluate overall survival of all patients with metastatic disease and (2) to 
compare overall and conditional survival of chemotherapy-treated and untreated patients within 
the di�erent age groups. In patients receiving chemotherapy, univariable and multivariable 
Cox proportional hazard regression analyses were performed to evaluate predictors for a 
worse survival, using survival time calculated from (1) date of diagnosis and from (2) starting 
chemotherapy. In multivariable models, a backward stepwise elimination procedure was used 
with a p > 0.10 in likelihood ratio tests for removal of variables. Missing values were included 
as separate categories or dummy variables. In sensitivity analyses using region-wide data only, 
the additional in�uence of the number and type of comorbid conditions was investigated (in 
addition to the predictors derived from the multivariable models in the total population). All 
analyses were performed using STATA/SE (version 13.0; STATA Corp., College Station, TX).

Results

Patients with metastatic pancreatic cancer
Of 9,407 patients diagnosed with metastatic pancreatic cancer in the period 2005�2013, 32% was 
75 years or older. Twenty-three per cent of all patients received palliative chemotherapy. Over 
time, the administration of palliative chemotherapy more than doubled from 13% in 2005 to 
30% in 2013 (p < 0.001). Although treatment with chemotherapy was far less common in elderly 
patients, an increased use of chemotherapy was found in all age groups (Figure 1). In consecutive 
3-year periods, from 26% to 43% of patients under age 70 years received chemotherapy, from 
14% to 25% of patients aged 70�74 years and from 5% to 13% of patients aged 75�79 years (all 
p < 0.001). Over age 80 years very few patients were treated with chemotherapy and the very 
small increase of 2�3% was not statistically signi�cant (p = 0.56). Besides elderly patients (�70 
years) and patients diagnosed in earlier years, also patients living in low SES neighborhoods, 
without tumor veri�cation, with tumors located in the pancreatic head and patients with 
multiple metastatic sites independently had a lower probability of receiving chemotherapy 
(Table 1), In addition, the accumulation of comorbid conditions showed a stronger association 
with not receiving chemotherapy than speci�c comorbid conditions.

Median overall survival (OS) of patients with metastatic pancreatic cancer was 9.5 weeks (with 
rising age of patients [<70, 70�74, 75�79, �80 years]: 13-10-8-5 weeks, respectively, p < 0.001), 
and OS was 7 weeks in untreated patients versus 25 weeks (5.7 months) in patients who received 
chemotherapy (p < 0.001). As many as 26% of all patients died within 30 days after diagnosis 
(with rising age: 19-26-32-43%, p < 0.001). In patients who survived 30 days, chemotherapy-
treated patients under 75 years survived longer compared to untreated patients (conditional 
survival [CS] <70 years: median 26 vs 12 weeks, 70�74 years: 27 vs 11 weeks, both p < 0.001), 
but the survival di�erence was smaller in patients over 75 years of age (75�79 years: median 20 
vs 11 weeks, p < 0.001, �80 years: 16 vs 10 weeks, p = 0.02, Figure 2).
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Continuation of table 1

Patients CT Univariable analysis Multivariable analysis
N=9,407 (%) % OR (95% CI) p-value OR (95% CI) p-value

Primary tumour <0.001 <0.001
Head of pancreas 4,567 (49) 21 1.00 1.00
Body or tail 3,254 (35) 27 1.42 (1.28-1.57) 1.33 (1.19-1.49)
Overlapping/NOS 1,586 (17) 20 0.95 (0.83-1.10) 0.98 (0.84-1.14)

Metastatic site <0.001 <0.001
1 6,283 (67) 24 1.00 1.00
�2 2,808 (30) 23 0.95 (0.86-1.06) 0.79 (0.70-0.89)
Unknown 316 (3.4) 12 0.44 (0.31-0.62) 0.62 (0.43-0.90)

Sensitivity analysis a

Comorbid c. (n=1,697) <0.001 b 0.06
0 420 (25) 36 1 1.00
1 466 (27) 26 0.63 (0.47-0.83) 0.78 (0.57-1.07)
�2 590 (35) 19 0.40 (0.30-0.54) 0.67 (0.48-0.94)
Unknown 221 (13) 16 0.34 (0.23-0.52) -

Comorbid c. (%yes) (yes vs no) b

Diabetes 394 (27) 23 0.82 (0.63-1.08) 0.16   
Cardiac 353 (24) 15 0.43 (0.32-0.60) <0.001
Vascular 271 (18) 17 0.51 (0.36-0.72) <0.001 0.69 (0.47-1.04) 0.07
Pulmonary 170 (12) 18 0.58 (0.38-0.87) 0.009
Hypertension 450 (31) 23 0.79 (0.61-1.02) 0.07
Digestive tract 151 (10) 28 1.11 (0.76-1.61) 0.60

CT chemotherapy, Comorbid c. comorbid conditions, SES socioeconomic status, NOS not otherwise speci�ed, OR odds 
ratio, CI con�dence interval.
a Region-wide data only n=1,697 (18% of all patients). Multivariable model adjusted for variables included in model 
using nationwide data (age, year of diagnosis, history of cancer, SES, tumour veri�cation, primary tumour and number 
of metastatic sites). 
b excluding n=221 patients with unknown comorbid conditions because of collinearity.
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years of age, patients over 75 years of age who received chemotherapy showed a worse OS 
(Hazard Ratio [HR] (75�79 vs <70) = 1.21, 95% CI 1.02�1.44; HR (�80 vs <70) = 1.48, 95% CI 
1.06�2.07), but the intermediate age group did not (HR (70�74 vs <70) = 0.92, 95% CI 0.81�1.03, 
p = 0.16). In sensitivity analysis, the number and type of comorbid conditions of treated patients 
seemed not signi�cantly associated with a poor OS (borderline: pulmonary diseases: adjusted 
HR = 1.38, 95% CI 0.94�2.01, p = 0.10).

Using survival time calculated from the starting date of chemotherapy, median OS of treated 
patients was 20 weeks. With rising age (<70, 70�74, 75�79, �80 years), median survival was 
20, 22, 16 and 13 weeks, respectively, (p = 0.006, Figure 3). No survival di�erence was found 
according to tumor location (univariable HR (body/tail vs head) = 1.07, 95% CI 0.96�1.19, p = 
0.43), but other above-mentioned prognostic characteristics were independently associated 
with a worse OS (age: HR (70�74 vs <70) = 0.93, 95% CI 0.81�1.07, HR (75�79 vs <70) = 1.24, 95% 
CI 1.02�1.51, HR (�80 vs <70) = 1.68, 95% CI 1.13�2.50).

Table 2. Characteristics of patients who received palliative chemotherapy (CT) for metastatic pancreatic 
cancer in the period 2005-2013 in the Netherlands, by age group.

All 
patients

<70 
years

70-74 
years

75-79 
years

�80 
years

Chi2
p-value

N=2,180 N=1,674 N=329 N=142 N=35
% % % % %

Sex 0.49
Male 1,194(55) 56 51 54 57
Female 986(45) 44 49 46 43

SES 0.56
High 724(33) 33 34 29 40
Intermediate 874(40) 40 38 42 46
Low 582(27) 27 28 29 14

History of cancer <0.001
No 1,944(89) 91 85 77 77
Yes 236(11) 8.7 15 23 23

Comorbid c. a (n=420) (n=325) (n=64) (n=27) (n=4) <0.001
0 152(36) 42 17 22 0
1 122(29) 30 25 26 50
2+ 110(26) 20 52 37 25
Unknown 36(8.6) 8.3 6.3 15 25

Comorbid c. (%yes) a, b (n=384) (n=298) (n=60) (n=23) (n=3)
Diabetes 92(24) 21 35 30 0 0.09
Cardiac disease 54(14) 9.7 28 26 67 <0.001
Vascular disease 45(12) 8.4 25 17 33 0.001
Pulmonary disease 30(7.8) 7.1 13 4.4 0 0.33
Hypertension 103(27) 24 40 26 33 0.09
Digestive tract disease 42(11) 9.7 10 26 33 0.06

Table 2 continues on next page
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Tumour veri�cation 0.009
Veri�ed 1,968(90) 91 88 87 77
No veri�cation 212(9.7) 8.8 12 13 23

Primary tumour 0.27
Head of pancreas 964(44) 44 48 44 34
Body or tail 894(41) 42 36 39 57
Other or overlapping 322(15) 15 16 17 8.6

Number of metastatic sites 0.51
1 1,497(69) 69 69 63 69
�2 645(30) 29 28 37 31
Unknown 38(1.7) 1.8 2.1 0.7 0

Time interval to CT c

Median [p25-p75] in days 25[15-42] 26[15-43] 26[16-48] 21[13-33] 18[13-34] 0.007
�6 weeks 443(26) 27 29 17 12 0.03
Mortality of starting CT c
30-day mortality 141(8.4) 8.0 8.5 10.0 20.0 0.17
90-day mortality 541(32) 31 31 44 48 0.02

Comorbid c. comorbid conditions, SES socioeconomic status, NOS not otherwise speci�ed, N number of patients, 
a Region-wide data only n=420 (18% of all patients).
b excluding patients with unknown comorbid conditions.
c If date of initiating chemotherapy is available n=1,676 (77% of all patients).

Table 3. Crude median overall survival and univariable and multivariable Cox proportional hazards 
regression analyses predicting survival of patients who received palliative chemotherapy for metastatic 
pancreatic cancer in the period 2005-2013 in the Netherlands. Survival calculated from date of diagnosis 
(100% of patients).

MS Univariable Multivariable
Characteristics months HR (95%CI) p-value HR (95% CI) p-value
Age 0.003 0.008

<70 years 5.8 Ref Ref
70-74 years 6.0 0.93 (0.83-1.05) 0.92 (0.81-1.03)
75-79 years 4.3 1.25 (1.05-1.48) 1.21 (1.02-1.44)
�80 years 3.7 1.58 (1.13-2.21) 1.48 (1.06-2.07)

Year of diagnosis 5.7 0.98 (0.96-1.00) 0.05 0.98 (0.96-1.00) 0.03
Sex 0.30

Male 5.5 Ref 
Female 6.2 0.96 (0.88-1.04)

History of cancer 0.85
No 5.7 Ref 
Yes 6.0 0.99 (0.86-1.13)

SES 0.27
High 5.8 Ref 
Medium 5.5 1.05 (0.95-1.16)
Low 6.0 1.09 (0.98-1.22)

Table 3 continues on next page
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MS Univariable Multivariable
Characteristics months HR (95%CI) p-value HR (95%CI) p-value
Tumour veri�cation 0.02 0.007

Veri�cation 5.8 Ref Ref 
No veri�cation 4.9 1.19 (1.03-1.37) 1.22 (1.05-1.41)

Primary tumour <0.001 0.002
Head 6.2 Ref Ref 
Body or tail 5.4 1.21 (1.11-1.33) 1.17 (1.07-1.29)
Overlapping/NOS 5.7 1.17 (1.03-1.33) 1.17 (1.03-1.33)

Metastatic sites <0.001 <0.001
1 6.2 Ref Ref 
�2 5.0 1.38 (1.25-1.51) 1.36 (1.23-1.49)
Unknown 5.6 1.13 (0.82-1.56) 1.07 (0.76-1.49)

Sensitivity analysis a

Comorbid c. 0.06 b

0 5.8 Ref
1 6.0 0.97 (0.76-1.23)
�2 5.4 1.18 (0.96-1.51)
Unknown 6.3 0.71 (0.49-1.03)

Comorbid c.  (if yes) (yes vs no) b

Diabetes 5.8 1.10 (0.87-1.40) 0.42
Cardiac 5.2 0.97 (0.72-1.30) 0.84
Vascular 4.8 1.02 (0.74-1.40) 0.90
Pulmonary 5.4 1.40 (0.96-2.03) 0.10 1.38 (0.94-2.01) 0.10
Hypertension 5.8 1.16 (0.92-1.46) 0.22
Digestive tract 7.1 0.84 (0.61-1.16) 0.29

MS median survival, Comorbid c. comorbid conditions, SES socioeconomic status, NOS not otherwise speci�ed, HR hazard 
ratio, CI con�dence interval.
a Region-wide data only n=420 (18% of all patients). Multivariable model adjusted for variables included in model using 
nationwide data (age, year of diagnosis, tumour veri�cation, primary tumour and  number of metastatic sites).
b excluding n=36 patients with unknown comorbid conditions because of collinearity.

Continuation of table 3
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Discussion

To our knowledge, this is the �rst nationwide study of patients with metastatic pancreatic 
cancer that investigated chemotherapy use and survival in multiple elderly age groups. The 
administration of palliative systemic therapy doubled between 2005 and 2013 in all age groups. 
Compared with younger patients receiving chemotherapy, treated patients over 75 years of 
age less often underwent microscopic tumor veri�cation of cancer and showed a worse overall 
survival.

In accordance with previous population-based reports, overall survival of patients with primary 
metastatic pancreatic cancer in our study was only 2�3 months [4,5,18]. Our nationwide study 
also con�rmed a recent regional report from the Netherlands that the administration of palliative 
chemotherapy has increased rapidly in the past decade [3]. Chemotherapy prescription in 
the Netherlands, however, (overall 23%, patients surviving 30 days 31%), seemed relatively 
low compared with population-based studies from the USA and France (42�54%) [10,19�21]. 
Although no information on the type of chemotherapy was available in our study, it is plausible 
that gemcitabine-based therapies were prescribed to the vast majority of patients in the selected 
time period [20�22]. Treatment preference for gemcitabine was mainly based on its favorable 
clinical bene�t response (pain, performance status, weight) and toxicity pro�le compared 
to 5-�uorouracil (5-FU) [23,24]. Only recently, the studies by Conroy et al. on FOLFIRINOX 
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Figure 3. Crude overall survival of patients who received palliative chemotherapy for metastatic pancreatic 
cancer, by age group. Survival calculated from date of starting chemotherapy (77% of patients). 
Log rank test p = 0.006.
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(oxaliplatin, irinotecan, �uorouracil, and leucovorin) [8] and Von Ho� et al. on the combination 
of gemcitabine and nab-paclitaxel (MPACT-trial) [9] opened new treatment perspectives [25�27]. 
However, despite a good performance status of included patients, prolonged survival in these 
studies went along with an increased risk of side e�ects. Possibly, modi�ed FOLFIRINOX or 
gemcitabine with nab-paclitaxel treatment may be bene�cial to older patients or patients with 
a less favourable performance status [28].

Similar to other reports [3,20,21], chemotherapy use in the current study was far less likely in 
elderly patients with metastatic pancreatic cancer. Although the number of octogenarians 
receiving chemotherapy hardly increased, in the course of our study the age of patients 
who received palliative chemotherapy rose. In patients aged 70�74 years who received 
chemotherapy, tumor veri�cation rate,  timing of chemotherapy, early mortality and overall 
survival in our study were very similar to that of treated patients younger than 70 years. However, 
although very few and therefore highly selected elderly patients over 75 years of age were 
treated with palliative chemotherapy, a poor survival after chemotherapy was particularly found 
in this elderly age groups. Survival of treated elderly patients in our nationwide study (�75 
years: median 4.0 months) was strikingly worse than the median of 7�8 months in previous 
mono-institutional cohorts of patients over 75 years of age [11,12]. Our observations are likely 
related to the nationwide character of our study with a less selective cohort of elderly patients. 
Furthermore, additional analyses of the MPACT-study data showed that older age (de�ned as 
�65 years) was an independent predictor for both worse overall and progression-free survival 
[29]. Unlike older age, in our study comorbid conditions seemed not strongly associated with 
a worse overall survival of treated patients. Possibly, a loss of �functional reserve� due to the 
process of aging may add to a worse survival of elderly patients, resulting in increased toxicity or 
reduced dose adherence and consequently reduced treatment e�cacy and survival. Therefore, 
geriatric characteristics and co-morbid features predictive of treatment intolerance should be 
better de�ned.

Overall, survival of the total group of patients who received palliative chemotherapy in our study 
was similar to other observational studies (median 5.7 vs 5�6.4 months) [13,20,22]. Although as 
many as 32% of patients in our study died within 90 days of starting chemotherapy, this may 
re�ect the treatment goal directed at symptom management and the progressive character of 
pancreatic cancer. Generally, chemotherapy use in the last weeks of life is considered undesirable 
end-of-life care [30]. Particularly in pancreatic cancer patients with their already poor prognosis, 
palliative chemotherapy may jeopardize quality of end-of-life care and yield a limited cost-
e�ectiveness [31]. Therefore, a better selection of patients with pancreatic cancer who may 
bene�t from available palliative chemotherapies is clearly needed.

Most previous observational studies only included patients with microscopically con�rmed 
pancreatic cancer [5,11,13,21,22,32]. Although pathologic con�rmation of pancreatic cancer 
prior to chemotherapy is strongly recommended [27, 33], one in ten of treated patients in 
our study started chemotherapy without prior microscopic tumor veri�cation. Especially in 
elderly patients, microscopic veri�cation was often omitted. Although in selected patients, a 
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suspected mass on computer tomography (CT), elevated serum marker CA19-9 and cancer-
speci�c symptoms may result in a high speci�city for pancreatic cancer [34], misdiagnosis cannot 
be ruled out [35, 36].

Our population-based study also revealed that especially patients with pancreatic head tumors 
started palliative chemotherapy several weeks after diagnosis (median, 4�5 weeks). Many 
patients with pancreatic head tumors undergo stent placement to solve bile duct obstruction 
[37]. Other patients must recover from explorative surgical procedures [38�40]. Stent dysfunction 
and surgical morbidity may have delayed or precluded chemotherapy in a number of patients 
with metastatic disease. Indeed, patients with pancreatic head cancer in our study less likely 
received palliative chemotherapy (21%, vs 27% in patients with body or tail disease).

Important limitations in this population-based study concern the availability of data. Firstly, 
completeness of pancreatic cancer diagnoses in the NCR was questioned recently [41]. Although 
chemotherapy use in elderly patients and survival of untreated patients might slightly be 
overestimated, analyses of treated patients are expected to be highly accurate. Secondly, the 
NCR does not contain nationwide data on comorbid conditions and performance status of 
patients. However, patients who received palliative chemotherapy for pancreatic cancer may 
already have a relatively favorable performance status and available (region-wide) comorbidity 
data did not show signi�cant associations with a poor survival. Furthermore, this nationwide 
population-wide study re�ects real-world treatment and survival patterns and also included 
patients without microscopic con�rmation of cancer and patients who underwent pancreatic 
resection (0.7%). Excluding these patient groups did not alter our results. Thirdly, although 
conditional survival analysis has reduced survivor treatment bias (immortal time bias), treatment 
choice was not at random (treatment selection bias) [17]. Therefore, the observed di�erences 
between treated and untreated patients are likely an overestimation of true survival di�erences. 
Finally, starting dates of chemotherapy were available in only three quarters of patients. 
However, patients were representative for the total patient population and the available data 
revealed important information about the treatment process. The recently initiated Dutch 
nationwide PAncreatic CAncer Project (PACAP), which combines data from the NCR with the 
Dutch Pancreatic Cancer Audit and Dutch Pancreatic Biobank, is expected to provide more 
detailed information on systemic treatment in patients with pancreatic cancer, such as type 
and amount of chemotherapy [42].

Conclusions
Despite a limited chemotherapy use in elderly patients, suggestive of strong selection, especially 
patients over 75 years of age who received chemotherapy showed a poor survival. Improved 
de�nition of the geriatric characteristics and co-morbid features predictive of treatment 
intolerance is necessary to optimize selection of elderly patients for palliative chemotherapy. 
In addition,  appropriate chemotherapy regimens are required that are better tolerated by 
elderly patients.
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Abstract

Background
Nonresected, nonmetastatic (NR-M0) pancreatic cancer involves both locally advanced 
pancreatic cancer and patients who did not undergo resection due to poor health status or 
patient preference. This study investigates nationwide trends of characteristics, treatment, and 
survival of patients with NR-M0 pancreatic cancer.

Methods
From the Netherlands Cancer Registry, all patients diagnosed with pancreatic cancer between 
2006 and 2014 were selected. Chemotherapy and overall survival (OS) of NR-M0 patients were 
evaluated for 3-year time periods and 2 age groups using chi-square tests for trend and Cox 
proportional hazard regression analysis.

Results
Of 18,234 patients, 33% had NR-M0 pancreatic cancer, which decreased over time (in consecutive 
3-year periods: 38%-33%-28%, p<0.001). Of 5,964 NRM0 patients, 52% was over 75 years of age, 
16% received chemotherapy, and median OS was 5.1 months. Chemotherapy use increased 
over time in younger patients (<75 years: from 23 to 36%, p-trend<0.001, �75 years: 3% to 4%, 
p-trend=0.053). In multivariable survival analysis, elderly age, low SES, noncon�rmed cancer, 
stage II-III disease, and earlier years of diagnosis were independently associated with a worse 
OS. Age of patients who received chemotherapy increased over time (median 62- 66 years) and 
median OS was 10.4 months without signi�cant di�erences between time periods (p=0.177) 
or age groups (p=0.207).

Conclusions
Overall survival of NR-M0 pancreatic cancer remains poor which is partly related to advanced 
age of many patients. Despite an increase, chemotherapy is infrequently used. Future research 
should investigate to what extent the more widespread use of chemotherapy could improve 
survival in relation to age-related morbidity.
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Introduction

Pancreatic cancer remains one of the most lethal cancers with a 5-year survival rate of 5- 7% 
[1, 2]. Since symptoms usually emerge late, about 50%- 60% of patients are diagnosed with 
metastatic disease [3, 4]. Only 10%- 20% of patients have resectable disease. The intermediate 
group of 30%- 40% generally is referred to as locally advanced pancreatic cancer (LAPC) [5, 6]. 
Nonresected patients in cancer registries have metastatic or unresectable disease diagnosed 
at imaging or at time of surgical exploration or are ineligible for surgery due to a poor health 
status or patient preference. As a result of increased resection rates for pancreatic cancer [7, 
8], characteristics of the patient group with nonresected, nonmetastatic (NR-M0) disease may 
have changed.

For patients with pancreatic cancer not undergoing resection, chemotherapy is the main 
treatment modality. In patients with metastatic disease, population- based studies have shown 
that the administration of palliative chemotherapy steeply increased in the past decades [3, 9, 
10]. Notably, this increased use of chemotherapy was found in the gemcitabine era, and thus, 
before the studies on FOLFIRINOX (5-�uorouracil, leucovorin, irinotecan, and oxaliplatin) and 
nab-paclitaxel plus gemcitabine reported favorable results compared with gemcitabine alone 
[11, 12]. No randomized controlled trials have yet been published on these chemotherapy 
schemes in patients with LAPC. Despite a lack of randomized studies, an increased use of 
chemotherapy may also be found in patients with NR-M0 disease.

Population- based data on treatment and survival of patients with LAPC or NR-M0 disease are 
scarce [13]. In addition, little is known about survival of elderly patients with NR-M0 disease, 
with or without chemotherapy.

Therefore, the aim of this nationwide study was to investigate time trends in characteristics, 
treatment, and survival of patients with NR-M0 pancreatic cancer.

Methods 

Data collection
The Netherlands Cancer Registry (NCR) records data on all patients with newly diagnosed 
cancer in the Netherlands, a country with 17 million inhabitants. Since 1989, newly diagnosed 
malignancies are noti�ed to the NCR by the automated pathological archive (PALGA), 
supplemented with data from the National Registry of Hospital Discharge Diagnoses. 
Completeness is estimated to be at least 95%. Trained registrars in all Dutch hospitals routinely 
extract data on patient, tumor, and treatment characteristics. Tumor location and histology are 
registered according to the International Classi�cation of Diseases for Oncology (ICD- O- 3) [14]. 
The tumour- node- metastasis (TNM) staging classi�cation is used (6th edition in 2003- 2009 
[15], 7th edition in 2010- 2016 [16]) for pathologically con�rmed malignancies, while in other 
cases, a 1-digit extend of disease (EoD) is recorded. From 2012 onwards, TNM was recorded 
for all patients. Actual vital status (dead or alive, date of death or emigration) is obtained by 
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periodically linking the NCR to the Municipal Personal Records Database which keeps record 
on the vital status of all Dutch inhabitants.

Patients 
From the NCR, all patients were selected who were diagnosed with pancreatic (ductal) 
adenocarcinoma between 2006 and 2014 (ICD-O-3 C25, morphology codes 8010, 8012, 8020, 
8140,8141, 8260, 8310, 8440, 8480, 8481, 8490, 8500, 8560, or a noncon�rmed supposed 
adenocarcinoma). Patients diagnosed at autopsy, younger than 18 years or residing abroad, 
were excluded. The total population was divided into three groups: resected, nonresected, 
nonmetastatic (NR-M0), and metastatic pancreatic cancers. Since this division was based on 
�ndings of imaging and surgical exploration, a number of patients with nonresected disease 
underwent a laparotomy or laparoscopy (11% of NR-M0 patients in 2012-2014). The intermediate 
group of NR-M0 patients was the focus of the present study.

The study period was evenly divided into three 3-year periods: 2006- 2008, 2009- 2011, and 
2012-2014. Patients were divided into two age groups: younger patients <75 years and elderly 
patients �75 years at diagnosis. Comorbidity was recorded regionwide in 2 out of 9 Dutch 
cancer regions (16% of all patients) according to a slightly modi�ed version of the Charlson 
classi�cation. Serious comorbid conditions included chronic obstructive pulmonary diseases, 
cardiovascular diseases, cerebrovascular diseases, digestive tract diseases, diabetes mellitus, 
and other serious diseases. The number of comorbidities was categorized into three groups (0, 
1, and �2). In addition, due to the nature of the NCR, information on previous malignancies was 
available in all patients. Furthermore, socioeconomic status (SES) [17] was based on reference 
data from The Netherlands Institute for Social Research. Social deprivation scores were derived 
from data on income, education, and occupation per 4- digit postal code and were broken 
into three SES categories (high: 1st-3rd, intermediate: 4th-7th, and low: 8th-10th deciles). Both 
types of information on tumor stage (TNM and EoD) were combined into one summary stage: 
(a) �localized�: tumor con�ned to the pancreas (TNM I); (b) �nonlocalized�: �tumor extension 
into adjacent organs or tissues and/or into regional lymph nodes� (TNM II-III); (c) �metastatic�: 
distant metastasis (TNM IV); and (d) unknown stage. In the period 2012-2014, a distinction 
between stage II (T3/N1M0) and stage III (T4M0) could be made. Registered treatments comprise 
tumor resection, chemotherapy, and/or local treatment such as radiotherapy applied for stage 
at diagnosis. No information was available about type of chemotherapy treatment. Survival time 
was calculated from the date of diagnosis to the date of death or emigration. Patients who were 
alive on 1 February 2017 were censored (1.6%). To investigate early mortality after diagnosis, 
30- and 90-day mortality of any cause after date of diagnosis were calculated.

Statistical analysis
Chi-square tests for trend were used to analyze characteristics and treatment of the NR-M0 
patients in consecutive 3-year periods. A two-sided p-value <0.05 was considered statistically 
signi�cant. To evaluate overall survival of NR-M0 patients, Kaplan- Meier analyses and log- rank 
tests were used, as well as univariable and multivariable Cox proportional hazard analyses. In 
multivariable models, a backward stepwise selection was used with a p>0.10 for removal of 
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Inleiding 

De alvleesklier (of pancreas) is een langwerpig orgaan van ongeveer 15 cm in het retroperitoneum 
achter de maag. De endocriene functie bestaat o.a. uit de aanmaak van insuline dat het 
bloedsuikergehalte in het bloed reguleert en de exocriene functie betreft de aanmaak en het 
transport naar de twaalfvingerige darm (of duodenum) van enzymen voor de vertering van 
voedsel. 

In Nederland wordt jaarlijks zo�n 2400 keer de diagnose alvleesklierkanker geregistreerd. 
Daarmee is dit een minder vaak voorkomende maar zeker niet een zeldzame type kanker. 
Vaak wordt met de algemene term alvleesklierkanker (pancreascarcinoom) het (ductaal) 
adenocarcinoom bedoeld, de meest voorkomende (95%) en ook de agressiefste vorm. Vrijwel 
iedereen die de diagnose pancreascarcinoom krijgt, overlijdt uiteindelijk aan deze kanker. In 
vergelijking met andere kankers is de prognose extreem slecht, de helft overlijdt binnen enkele 
maanden en 5 jaar na diagnose is nog slechts zo�n 6% van alle patiºnten in leven. 

Pancreascarcinoom komt vooral voor op oudere leeftijd; minstens de helft van de patiºnten 
is ouder dan 70 jaar. Roken is een belangrijke risicofactor voor het ontstaan van deze kanker. 
Kenmerkend voor pancreascarcinoom is dat deze vaak lange tijd geen of slechts vage 
klachten geeft. Met behulp van CT-scan of MRI wordt beoordeeld of een eenmaal ontdekt 
pancreascarcinoom �resectabel� (verwijderbaar met operatie) is, d.w.z. er is geen of hooguit 
beperkte ingroei in de grote bloedvaten direct achter de pancreas en er zijn geen uitzaaiingen 
zichtbaar (bijv. in lever of buikvlies). Bij hooguit 1 op de 5 patiºnten met pancreascarcinoom 
is dit het geval. 

Alvleesklierkankerchirurgie is complexe chirurgie. Hoewel er in recenter jaren minder patiºnten 
overlijden na of door een operatie, is het risico op complicaties nog steeds hoog. Afhankelijk 
van de tumorlocatie wordt gekozen voor - de meest voorkomende - pancreatoduodenectomie 
(Whipple of pylorus-sparende PD) waarbij pancreas, duodenum, papil van Vater, galblaas en al 
dan niet een deel van de maag worden verwijderd, of voor een pancreasstaartresectie (inclusief 
de milt). Soms blijkt tijdens de operatie pas dat de kanker niet of niet geheel verwijderd kan 
worden of dat er toch uitzaaiingen zijn. 

Patiºnten waarbij geen radicale resectie van het pancreascarcinoom kan plaatsvinden, komen 
- na weefselonderzoek en bevestiging van de diagnose � in aanmerking voor palliatieve 
chemotherapie. Jarenlang werd op dit vlak nauwelijks vooruitgang geboekt. Recent lieten 
echter een tweetal combinatieschema�s, waarover is gepubliceerd in 2011 (FOLFIRINOX) en 
2013 (nab-paclitaxel & gemcitabine), een substantieel overlevingsvoordeel zien ten opzichte 
van gemcitabine alleen. Wel bleken deze schema�s vaker en ernstiger bijwerkingen te geven. 
Ook na resectie van het pancreascarcinoom bestaat volgens de richtlijn (2011) een indicatie voor 
aanvullende chemotherapie (adjuvant). Op dit moment wordt onderzocht of er meerwaarde 
is van chemotherapie of chemoradiotherapie voorafgaand aan een operatie (neoadjuvant).
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Doel van dit proefschrift

Mensen worden ouder als gevolg van betere gezondheidszorg en leefomstandigheden. 
Bovendien bereikt de naoorlogse babyboom generatie inmiddels een oudere leeftijd. Deze 
dubbele vergrijzing van de Nederlandse bevolking, tezamen met het feit dat alvleesklierkanker 
voornamelijk een ziekte is op oudere leeftijd, zal in komende decennia een forse toename 
opleveren van aantallen oudere patiºnten met alvleesklierkanker. Hoewel epidemiologische 
informatie over incidentie en overleving van de totale populatie publiek toegankelijk is op 
de website van de NKR (www.cijfersoverkanker.nl), is er weinig bekend over behandeling en 
behandeluitkomsten van speci�eke groepen van alvleesklierkanker patiºnten in Nederland. In 
2011 is een evidence-based richtlijn pancreas- en periampullair carcinoom gepubliceerd en in 
datzelfde jaar werd ook een minimum volumenorm van 20 pancreatoduodenectomieºn (PD) per 
ziekenhuis ingevoerd. Deze kwaliteitsinitiatieven kunnen bij oudere patiºnten anders hebben 
uitgepakt dan bij jongere patiºnten.

Doel
Dit proefschrift evalueert kwaliteit van zorg voor patiºnten gediagnostiseerd met pancreas (of 
periampullair) carcinoom in Nederland, en met name of oudere patiºnten een vergelijkbare 
kwaliteit van zorg ontvingen als jongere patiºnten. 

Alle studies in dit proefschrift zijn uitgevoerd met behulp van gegevens in de Nederlandse 
Kankerregistratie (NKR) over pancreas (en periampullair) carcinoom in het afgelopen decennium. 
De NKR bevat gegevens over nieuw gediagnosticeerde kankers in Nederland vanaf 1989. 
Signalering van nieuwe diagnoses op basis van onderzocht lichaamsmateriaal via PALGA wordt 
aangevuld met signalering van ziekenhuisontslagdiagnoses (LMR, vanaf 2014: LBZ) via DHD 
en � indien nodig - DBC�s in individuele ziekenhuizen. Bij een derde van de geregistreerde 
alvleesklierkankerdiagnoses in de NKR heeft namelijk geen weefselonderzoek plaatsgevonden 
(bij darmkanker is dit minder dan 3%). 

Belangrijkste bevindingen

In deel I lag de nadruk op landelijke kwaliteitsevaluatie en kwaliteitsverbetering, met name het 
volgen van aanbevelingen in de richtlijn (2011; Hoofdstuk 2-3 ) en het centralisatieproces van 
pancreaschirurgie (Hoofdstuk 4-5 ). 

Ten behoeve van een evaluatie van het gebruik van de richtlijn voor pancreas- en periampullaire 
carcinomen (2011) zijn in Hoofdstuk 2  gegevens uit de NKR over ØØn jaar voor en ØØn jaar na 
publicatie van de richtlijn geselecteerd. De evaluatiecommissie koos drie kwaliteitsindicatoren 
uit de richtlijn: (1) adjuvante chemotherapie, (2) bespreking in een multidisciplinair overleg 
(MDO), en (3) wachttijd van MDO tot start van behandeling met curatieve intentie van maximaal 
3 weken. 
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Over het algemeen werd de richtlijn slechts beperkt gevolgd. Het gebruik van adjuvante 
chemotherapie na resectie van het pancreascarcinoom nam toe van 44% in 2010 tot 54% in 2012, 
met name bij patiºnten jonger dan 75 jaar. Variatie tussen ziekenhuisvolumes nam af in de tijd en 
er werden geen signi�cante verschillen gezien tussen type ziekenhuizen (UMC, STZ, algemeen). 
Van patiºnten met een pancreas- of periampullair carcinoom in 2012, bleek 64% besproken in 
een MDO; met name oudere patiºnten en patiºnten zonder tumorgerichte behandeling waren 
minder vaak besproken. Bovendien waren patiºnten in algemene ziekenhuizen minder vaak 
besproken dan patiºnten gediagnosticeerd in UMCs of STZ-ziekenhuizen. Van de patiºnten 
die een op curatie gerichte behandeling kregen (neoadjuvante behandeling of chirurgische 
exploratie), was 39% binnen 3 weken na het (laatste) MDO met deze behandeling gestart. 
Patiºnt- en tumorkenmerken bleken niet gerelateerd aan de wachttijd, maar UMCs waren 
minder vaak binnen 3 weken gestart met behandelen dan STZ of algemene ziekenhuizen. 

Hoewel het gebruik van adjuvante chemotherapie licht steeg tussen 2010 en 2012, kan een 
langere studieperiode extra inzicht verscha�en in het patroon van toename en in variatie tussen 
ziekenhuizen. In Hoofdstuk 3  zijn alle 1195 patiºnten geselecteerd die 90 dagen na een PD 
in een pancreascentrum vanwege een adenocarcinoom van de pancreas nog in leven waren. 
Het gebruik van adjuvante chemotherapie nam toe van 33% in 2008 naar 52-54% in 2009-
2011 en dan tot 59-61% in 2012-2013. Hoewel geen verschil werd gevonden tussen UMCs 
en niet-UMCs, varieerde het chemotherapie gebruik tussen individuele centra met een factor 
twee (35-68%, gecorrigeerd voor patiºnt- en tumorkenmerken). Verder verschilde de tijd tot 
adjuvante chemotherapie (mediaan 6,6 weken) niet tussen pancreascentra (UMC of niet-UMC) 
of tussen ziekenhuizen van chemotherapie (pancreascentrum of niet-centrum). Het gebruik van 
adjuvante chemotherapie was geassocieerd met een betere overleving. 

Enige jaren voordat een landelijke volumenorm werd ingevoerd, was in de Leiden regio (1,7 
miljoen inwoners) een vrijwillige centralisatie van pancreasoperaties afgesproken. In Hoofdstuk 
4 is dit centralisatieproces geºvalueerd door 3 tijdsperiodes te vergelijken in de NKR (n=249): 
start van de volume discussie (1996-2000), introductie van kwaliteitsafspraken (2001-2005) en 
centralisatie van alle alvleesklierkankeroperaties in 2 ziekenhuizen (2006-2008). Na centralisatie 
vertienvoudigde het gemiddelde resectievolume per operatieziekenhuis, waren er geen 
operaties buiten de 2 centra uitgevoerd, nam het resectiepercentage toe en verbeterde de 
2-jaars overleving na resectie. Er was geen verbetering zichtbaar tussen de eerste 2 periodes. 

In 2011 voerde de Nederlandse Vereniging voor Heelkunde een minimum volumenorm in van 
20 pancreatoduodenectomieºn (PD) per ziekenhuis per jaar in Nederland, maar een optimaal 
volume afkappunt is nog onbekend. Hoofdstuk 5  evalueert de voortgaande centralisatie 
van meer dan 3400 PDs voor pancreas- of periampullair carcinoom in de NKR om te kijken of 
een hoger volume afkappunt (�40 per jaar) de uitkomsten kon verbeteren. Tussen 2005 en 
2013 halveerde het aantal ziekenhuizen dat PDs uitvoerde van 42 naar 21, nam het aantal PDs 
per ziekenhuis per jaar toe van (mediaan) 4 naar 23 en het percentage patiºnten dat een PD 
onderging in een ziekenhuis met minstens 40 PDs per jaar ging van 14% naar 36%. In vergelijking 
met ziekenhuizen die 40 of meer PDs per jaar uitvoerden, werd in alle lagere volumecategorieºn 
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een hogere 90-dagen mortaliteit, een lager gebruik van adjuvante chemotherapie en een lager 
aantal onderzochte lymfklieren gezien. In centra met jaarlijks minder dan 20 operaties werd 
tevens een signi�cant slechtere overleving op de langere termijn gezien.

In deel II lag de focus sterker op kwaliteit van zorg voor oudere patiºnten (Hoofdstuk 6-10 ); waar 
mogelijk zijn meerdere leeftijdsgroepen boven 70 jaar onderscheiden om een leeftijdsgradiºnt 
te kunnen bestuderen (Hoofdstuk 6, 8-9). 

Volgens de Nederlandse richtlijn (2011) mag een oudere leeftijd op zichzelf niet een 
contra-indicatie zijn voor pancreaschirurgie. Daarom onderzoekt Hoofdstuk 6  trends in 
resectiepercentages binnen 4 leeftijdscategorieºn (<70, 70-74, 75-79, �80 jaar) in de periode 
2005-2013, evenals 30- en 90-dagen postoperatieve sterfte en lange-termijn overleving van 
gereseceerde patiºnten. 

Hoewel resectiepercentages bij 75-plussers met pancreascarcinoom lager waren, was in alle 4 
leeftijdsgroepen sprake van een duidelijke toename gedurende de studieperiode. Bij patiºnten 
met een duodenum- of papil van Vater carcinoom was alleen bij 80-plussers een duidelijke 
toename zichtbaar. Verder vond de toename bij 80-plussers vooral plaats in de meest recente 
jaren van de studieperiode (2011-2013). 

De postoperatieve sterfte daalde lichtjes over de tijd, terwijl de leeftijd van gereseceerde 
patiºnten toenam (mediaan 65 naar 67 jaar) en het percentage 80-plussers bijna verdubbelde 
naar 5,5%. Hoewel de postoperatieve sterfte in alle leeftijdsgroepen boven 70 jaar verhoogd 
was ten opzichte van jongere patiºnten, waren er geen signi�cante verschillen tussen de 3 
leeftijdsgroepen boven 70 jaar. Opvallend was dat de lange termijn overleving van 80-plussers 
die de postoperatieve periode hadden overleefd dichtbij de overleving van patiºnten jonger 
dan 70 jaar lag (zie ook Casus). 

In aanvulling op bovenstaande onderzoekt Hoofdstuk 7  de invloed van ziekenhuisvolume 
op chirurgische zorg voor oudere patiºnten (�75 jaar) die een pancreatoduodenectomie (PD) 
ondergingen voor pancreas- of periampullair carcinoom in 2005-2013 in Nederland. Hoewel het 
percentage oudere patiºnten niet signi�cant verschilde tussen volume tertielen (3 ongeveer even 
grote groepen), was een toename over de tijd iets meer uitgesproken in lage ziekenhuisvolumes. 
Het gebruik van adjuvante chemotherapie was het hoogst in hoge ziekenhuisvolumes bij zowel 
jongere als oudere patiºnten. In lage volumes was de 30-dagen postoperatieve sterfte van 
oudere patiºnten meer dan tweemaal zo hoog dan die van jongere patiºnten, terwijl verschillen 
in medium en hoge ziekenhuisvolumes minder uitgesproken waren. Op het moment van 
90-dagen postoperatief was de sterfte van oudere patiºnten duidelijk hoger binnen alle volume 
tertielen. Gecombineerde analyses van beide leeftijdsgroepen en volume tertielen (totaal 6 
groepen) lieten zien dat sterfte van oudere patiºnten in hoge ziekenhuisvolumes vergelijkbaar 
was aan dat van jongere patiºnten in lage en medium volumes, terwijl uitkomsten van ouderen 
in lage volumes slechter waren. 
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Soms wordt pas tijdens chirurgische exploratie van de buik ontdekt dat een pancreascarcinoom 
niet verwijderd kan worden. Populatie studies over deze patiºntencategorie zijn schaars. In de 
periode 2009-2013 (Hoofdstuk 8 ) nam het percentage chirurgische exploraties met curatieve 
intentie vanwege pancreascarcinoom toe en binnen deze groep van 2356 patiºnten nam het 
percentage tumorresecties eveneens toe, vooral door een afname van niet-resectabele ziekte 
zonder afstandsmetastasen (LAPC en enkele niet-�tte patiºnten). Onafhankelijke voorspellers 
voor een niet-resectie tijdens operatie waren oudere studiejaren, oudere leeftijd (�80 jaar) en 
lage ziekenhuisvolumes (tertielen). Voor 30-dagen postoperatieve sterfte na niet-resectie waren 
dat de aanwezigheid van afstandsmetastasen en lage ziekenhuisvolumes, en onafhankelijke 
voorspellers van een slechtere overleving waren, naast nog andere factoren, een oudere leeftijd 
(�75 jaar) en een operatie in ziekenhuizen met lage volumes.

Meer dan de helft van alle patiºnten met pancreascarcinoom heeft bij diagnose al uitgezaaide 
ziekte (afstandsmetastasen). Hoofdstuk 9  onderzoekt chemotherapie gebruik en overleving 
in deze grootste patiºntgroep met pancreascarcinoom. Hoewel chemotherapiegebruik sterk 
afneemt met een stijgende leeftijd van patiºnten, verdubbelde het chemotherapie gebruik 
tussen 2005-2007 en 2011-2013 in leeftijdsgroepen tot 80 jaar. De helft van de 9407 patiºnten 
met afstandsmetastasen was binnen 9,5 weken overleden. Maar liefst een kwart van alle 
patiºnten overleed al binnen 30 dagen na diagnose, variºrend van een vijfde van degenen 
jonger dan 70 jaar tot meer dan twee-vijfde van de 80-plussers.

De leeftijd van 2180 met palliatieve chemotherapie behandelde patiºnten nam in de 
studieperiode toe van (mediaan) 62 naar 64 jaar. Bij behandelde ouderen vond minder vaak 
weefselonderzoek plaats om de kanker te bevestigen en de overleving van behandelde 
patiºnten (mediaan 5,7 maanden) was signi�cant slechter bij patiºnten van 75 jaar en ouder.

De resterende patiºntgroep van niet-gereseceerd niet-uitgezaaid (NR-M0) pancreascarcinoom 
bestaat enerzijds uit patiºnten met lokaal gevorderd pancreascarcinoom (LAPC) en anderzijds 

Casus: Operatie of niet?
Een vitale 84-jarige man met geelzucht, die zijn tijd verdeelde tussen mantelzorg voor zijn vrouw, een 
volkstuin en vrijwilligerswerk, was verwezen voor beoordeling van resectabiliteit van een verdachte 
massa in de alvleesklier. Een galwegstent verbeterde de eetlust en huidskleur weer snel. Dit en bezorgde 
geluiden van artsen over de risico�s op zijn leeftijd maakten de man aanvankelijk huiverig voor een 
operatie. Nader onderzoek toonde een goede conditie en de chirurg sprak zijn vertrouwen uit in een goede 
a�oop. Daardoor kon de man zijn blik verplaatsen naar de langere termijn. Ook al zou hij waarschijnlijk 
lange tijd een stapje terug moeten doen, de man wilde graag zijn vrouw blijven ondersteunen en koos 
daarom alsnog voor een operatie. De Whipple-operatie van een papilcarcinoom verliep goed, maar 
het postoperatief beloop bleek gecompliceerd en emotioneel zwaar. Na twee spoedoperaties binnen 
anderhalve week, i.v.m. een gallekkage via de drain en een bloeding in de lever, was de man namelijk 
zo ernstig verzwakt dat zelfstandig eten en lopen niet meer lukten. Terwijl de man heel langzaam weer 
opkrabbelde, overleed zijn vrouw. Een week na de begrafenis, na negen weken ziekenhuis en 15 kilo 
afgevallen, verhuisde de man naar een zorghotel om verder te revalideren. Na nog eens 9 weken was hij 
voldoende hersteld om weer naar zijn eigen huis te gaan. Het is hem niet gelukt om zijn �oude� vitaliteit van 
voor de operatie te bereiken, maar met stok en rollator in plaats van de �ets lukt het hem nog steeds om 
zelfstandig te blijven wonen. Spijt van de operatie, die inmiddels 3,5 jaar achter hem ligt, heeft hij beslist 
niet.
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uit inoperabele patiºnten als gevolg van een slechte gezondheid. In Hoofdstuk 10  zijn trends 
in de tijd van kenmerken, behandeling en overleving van deze NR-M0 patiºnten onderzocht. 

Tussen 2006-2008 en 2012-2014 daalde het percentage patiºnten met NR-M0 pancreascarcinoom 
scherp van 38% naar 28%. Ruim de helft van de 5964 NR-M0 patiºnten was 75 jaar of ouder, 
twee-vijfde had een stadium III tumor (T4M0) en slechts 16% kreeg chemotherapie. In de 
patiºntgroep jonger dan 75 jaar nam het chemotherapiegebruik sterk toe (van 23% naar 36%), 
maar van een duidelijke verbetering van de overleving was (nog) geen sprake. Minder dan 5% 
van de oudere patiºnten werd behandeld met chemotherapie. 

De leeftijd van de groep van 967 NR-M0 chemotherapiegebruikers steeg van (mediaan) 62 naar 
66 jaar, twee-derde had een stadium III tumor, bij maar liefst 1 op de 6 patiºnten was de kanker 
niet PA-bevestigd en de overleving van behandelde patiºnten was (mediaan) 10,4 maanden.

Conclusies

In dit tijdperk van een vergrijzende populatie en toenemende aantallen ouderen met een 
diagnose alvleesklierkanker die bovendien vaker een kankerbehandeling ontvangen, is 
objectieve informatie gewenst over hun korte en lange termijn opbrengsten en risico�s. De 
studies die zijn verzameld in dit proefschrift lieten zien dat patiºnten bij een oplopende leeftijd 
minder vaak kankerbehandelingen volgens de richtlijn ontvingen en een verhoogd risico 
hadden op een slechtere uitkomst na behandeling. Patiºnten binnen oudere leeftijdsgroepen 
kunnen echter sterk van elkaar verschillen wat betreft hun �functionele leeftijd� of �risicopro�el�. 
Voor individuele oudere patiºnten dienen bovendien patiºntvoorkeuren en de kans om na 
behandeling (opnieuw) een functionele onafhankelijkheid te bereiken zorgvuldig te worden 
meegewogen in de beoordeling van opbrengsten en risico�s van een kankerbehandeling.

Gezonde oudere patiºnten kunnen veilig de standaardbehandelingen volgens de (Nederlandse) 
richtlijn ontvangen. Echter, optimale kankerbehandelingen voor kwetsbare oudere patiºnten 
en voor de tussengroep van matig gezonde patiºnten zijn grotendeels onbekend. Een update 
van de Nederlandse richtlijn voor pancreas- en periampullair carcinoom wordt verwacht in 2018. 
Richtlijnen zouden ook een �plan B� (beste behandeling gegeven bepaalde omstandigheden) 
moeten bevatten. Een �plan B� is nodig voor minder �tte oudere patiºnten die behandeling 
zouden willen maar heden geen kankerbehandeling krijgen aangeboden. Of die een sterk 
verhoogd risico hebben op ongewenste uitkomsten van optimale kankerbehandeling. 

Oudere leeftijd en kleinere ziekenhuisvolumes bleken sterke voorspellers voor ongewenste 
uitkomsten van behandelingen. Beiden zijn een simpele weerspiegeling van een onderliggende 
complexiteit van (veronderstelde) kenmerken. In dit proefschrift vonden we dat chirurgische 
risico�s van oudere patiºnten lager waren in hoog-volume ziekenhuizen. Daarnaast zijn 
ontwikkeling van niet-chirurgische lokale behandelingen en minder toxische chemotherapie 
schema�s nodig voor behandeling-op-maat van kwetsbare oudere patiºnten.
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