
TOWARDS ONLINE MRI GUIDED RADIOTHERAPY 
FOR PANCREATIC CANCER

Hanne Heerkens



Towards online MRI guided radiotherapy for pancreatic cancer
PhD thesis, Utrecht University, the Netherlands
© Hanne Heerkens, Utrecht 2017

All rights reserved. No part of this publication may be reproduced or transmitted 
in any form or by any means without permission in writing from the author. The 
copyright of the articles that have been published or have been accepted for 
publication has been transferred to the respective journals. 

ISBN/EAN:   978-90-393-6842-8 
Cover and lay-out:  Roy Sanders
Printed by:   Gildeprint

Deze uitgave is tot stand gekomen met financiële steun van de afdeling 
Radiotherapie, Universitair Medisch Centrum Utrecht, ChipSoft B.V., ELEKTA B.V. en 
Philips B.V..



TOWARDS ONLINE MRI GUIDED RADIOTHERAPY 
FOR PANCREATIC CANCER

Op weg naar online MRI gestuurde radiotherapie voor alvleesklierkanker
(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht  
op gezag van de rector magnificus, prof.dr. G.J. van der Zwaan,  

ingevolge het besluit van het college voor promoties  
in het openbaar te verdedigen op  

dinsdag 10 oktober 2017 des middags te 2.30 uur

door

Hanne Dieneke Heerkens
geboren op 20 juni 1985 te Nijmegen



Promotor:   Prof.dr.ir. J.J.W. Lagendijk 

Copromotoren:   Dr. G.J. Meijer
   Dr. M.P.W. Intven





CONTENTS

Chapter 1 General introduction and thesis outline 9

PART I - Quality of life after resection for pancreatic cancer

Chapter 2 Systematic review on the impact of pancreatoduodenectomy 
on quality of life in patients with pancreatic cancer

25

Chapter 3 Health-related quality of life after pancreatic resection for 
malignancy

53

Chapter 4 Long-term health-related quality of life after pancreatic 
resection for malignancy in patients with and without severe 
postoperative complications

71

PART II - MRI in radiotherapy for pancreatic cancer

Chapter 5 MRI-based tumor motion characterization and gating 
schemes for radiation therapy of pancreatic cancer.

91

Chapter 6 Pancreatic motion reduction by use of a custom abdominal 
corset 

111

Chapter 7 Recommendations for MRI-based contouring of gross tumor 
volume and organs at risk for radiotherapy of pancreatic cancer

125

Chapter 8 Pancreatic gross tumor volume contouring on computed 
tomography as compared with MRI, results of an international 
MRI consensus contouring conference

147

PART III - Stereotactic radiotherapy for pancreatic cancer

Chapter 9 MRI guided stereotactic radiotherapy for locally advanced 
pancreatic cancer

163

Chapter 10 Summary and general discussion 187

Appendix Nederlandse samenvatting 203

List of publications 213

Dankwoord 217

CV 223







CHAPTER 1

Introduction



Introduction

10

1

10

EPIDEMIOLOGY OF PANCREATIC CANCER

Pancreatic cancer is a devastating disease with a very poor prognosis. The incidence 
of pancreatic adenocarcinoma was 2142 patient cases in the Netherlands in 2015 
(www.cijfersoverkanker.nl). In contrast, in 1995 the incidence was 1435. The current 
5-year survival is 7% and this hardly improved over the last two decades. As the 
incidence is increasing and the survival is poor, there is a definitive need for better 
treatment options for these patients. 

CURRENT TREATMENT OF PANCREATIC CANCER

Of all patients with pancreatic cancer, 15-20% is eligible for resection with curative 
intention  (1). Pancreatic resection is a major procedure with high mortality (2-
7%) and morbidity (20-40%) rates (2,3). Many of these patients are found to have 
microscopically positive resection margins and many patients develop systemic 
(>70%) or local (>20%) disease recurrence (4). This leads to the poor 5-year survival 
rate of 25%, even after resection with curative intention (5). As survival is short, 
maintaining quality of life (QoL) is of great importance. 
About 50% of patients are diagnosed with primarily metastatic disease. Chemo-
therapy is the cornerstone of treatment for these patients. For metastatic patients 
under 75 years and a performance status of 0 or 1, FOLFIRINOX (oxaliplatin, folinic 
acid, irinotecan, and fluorouracil) is the treatment of choice. In the ACCORD-11 
trial, the median survival in the experimental FOLFIRINOX arm was 11.1 months 
compared to 6.8 months in the gemcitabine control arm (6). For metastatic 
patients over 75 years and/or with a performance status of 2, gemcitabine plus 
nanoparticle albumin-bound paclitaxel (nab-paclitaxel) is indicated. In the MPACT 
trial, gemcitabine plus nab-paclitaxel was shown to be superior to gemcitabine 
monotherapy in terms of overall survival (8.5 versus 6.7 months, respectively) (7). 
The adverse effects of nab-paclitaxel are less pronounced than those of FOLFIRINOX 
and this regimen can be applied in a wider range of patients, although survival 
rates are lower compared to FOLFIRINOX.
In 30% of patients, even in absence of distant metastases, the tumor involves 
essential local vessel structures and, therefore, cannot be surgically removed.  For 
these locally advanced pancreatic cancer (LAPC) patients, no standard treatment 
option is available in the Netherlands. For many years palliative chemotherapy with 
gemcitabine was standard of care in LAPC, showing a median overall survival of 
9.2-11.7 months (8-10). A recent meta-analysis investigated FOLFIRINOX in LAPC. 
Patients treated with FOLFIRINOX had a median overall survival of 24.2 months 
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(11). However, these results might be biased as none of the included studies 
were randomized and most studies had a retrospective design. Non-randomized 
trials are biased by (highly) selected patient groups, and a retrospective design 
predisposes underreporting of toxicity.  
Iacobuzio-Donahue demonstrated in an autopsy study that about 30% of all 
pancreatic cancer patients die as a result of local destructive disease (12). Therefore, 
there is a rationale for local ablative treatment in locally advanced pancreatic cancer 
in addition to systemic treatment. Different local ablative treatment modalities 
have been investigated for LAPC (13). These include radiofrequency ablation 
(RFA), irreversible electroporation (IRE) and radiotherapy. The goal of these local 
ablative treatment modalities is to prevent local progression and the associated 
complications of locally destructive growth. Ultimately, a delay in the development 
of distant metastases and a prolonged survival are pursued. 

QUALITY OF LIFE IN PANCREATIC CANCER 

As pancreatic cancer patients have a very limited life expectancy, health-related 
quality of life (QoL) is of utmost importance. Pancreatic resection is a very invasive 
procedure and has a high rate of severe complications (14-16). Previous reports 
about QoL after pancreatic resection demonstrated a deterioration in QoL after 
resection. These studies have several methodological downsides. Some studies 
lack baseline measures while these patients demonstrate worse baseline QoL 
compared to the norm population (17). Therefore, the influence of resection on 
QoL cannot be assessed. Other studies reported about patients that were part of a 
clinical trial. As in daily practice most patients do not participate in clinical trials, this 
is less representative for the daily clinical practice. Therefore, we sought to obtain 
insight in QoL before and after pancreatic resection. In addition, as complication 
rates are high after surgery for pancreatic malignancy, we wanted to explore the 
differences in QoL for patients with and without severe surgical complications.

RADIOTHERAPY FOR PANCREATIC CANCER

Radiotherapy is a local treatment using ionizing radiation. Currently, in the 
Netherlands there is no role for radiotherapy in pancreatic cancer outside of clinical 
trials. Up to now, conventional (chemo)radiotherapy in locally advanced pancreatic 
cancer has failed to show survival benefit as compared to chemotherapy alone. 
Reported median survival ranges from 8.6 to 15.2 months with chemoradiotherapy 
(18-20). However, conventional radiotherapy techniques were used in these 
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studies. These consist of fractionated radiotherapy with large treatment fields to 
compensate for several uncertainties, i.e. in  tumor motion, in tumor extension, and 
in patient or tumor setup.  

STEREOTACTIC BODY RADIATION THERAPY

In contrast to fractionated conventional radiotherapy, stereotactic body radiation 
therapy (SBRT) is a high-precision radiation technique that enables delivery of a high 
radiation dose in one or a few fractions. The advantage of this high-precision technique 
is that this allows for smaller margins, and therefore smaller treatment fields and thus 
less exposure of organs at risk (OARs) to high radiation doses (see Figure 1). 
 

Another advantage of SBRT in a few fractions over fractionated radiotherapy is that it also 

allows for a shorter overall treatment time in patients with a limited life span. 

In high-precision, hypofractionated stereotactic radiotherapy, exact knowledge of the 

tumor extension and tumor position in time are of utmost importance. In pancreatic cancer, 

this is particularly vital as this organ is in close proximity of OARs, mainly the duodenum 

and stomach. Furthermore, voxel-based tumor definition is challenging due to moderate 

visibility of pancreatic cancer with CT (21,22). Besides this, the pancreas moves substantially 

Figure 1: Conventional (A) and stereotactic (B) dose distribution of the same pancreatic cancer patient. 
Note that the dose in B is allowed to go higher in the center of the tumor and as a result the dose fall-off 
is sharper in B. 
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with respiration (23,24).  Lack of knowledge of pancreatic tumor extension and of time 

related tumor position, in combination with inaccurate patient setup, results in geographic 

missing of the target and delivering unintended high radiation doses to OAR. This in turn 

leads to high toxicity rates and unfavorable outcomes of the treatment.  

SBRT for LAPC has been studied several times (Table 1). These are all phase I or phase II 

single-arm, single institutional trials. Most studies concluded that SBRT is a safe procedure 

in unresectable pancreatic cancer. An exception is the study of Hoyer, who delivered a dose 

of 3x15 Gy to a very large treated volume due to diagnostic uncertainty in delineation and 

less precise patient setup by means of bony anatomy (25). This might explain why Hoyer 

found a higher toxicity rate and lower survival after SBRT compared to the other studies. 

Median survival in these studies ranged from 6-20 months and grade ≥3 toxicity ranged 

from 0-22%. However, toxicity reporting in this patient group is challenging as it is often not 

clear whether symptoms are treatment related or related to disease progression.

CHALLENGES IN RADIOTHERAPY FOR PANCREATIC  CANCER 

CONTOURING 

Accurate tumor definition in radiotherapy is vital, as delineation inaccuracies 
are systematic errors that are persisting throughout the treatment. Computed 
tomography (CT) is the current standard for staging and contouring of pancreatic 
cancer for radiotherapy treatment planning. However, pancreatic tumors are often 
difficult to visualize and demarcate due to the poor soft tissue contrast of CT.  MRI 
has a superior soft tissue contrast compared to CT (26). In addition, multiparametric 
MRI has the ability to demonstrate both anatomical as biological characteristics of 
tissue using different imaging sequences. Tumor extension in pancreatic cancer is 
better determined with MRI than with CT (27,28). To improve tumor contouring, 
there might be a role for multiparametric MRI integrated in radiotherapy treatment 
planning. Up until now, no MRI scanning protocol or MRI based contouring 
guidelines exist for contouring pancreatic cancer for radiotherapy treatment 
planning purposes.

BREATHING INDUCED MOTION 

The abdominal location of the pancreas makes this organ subject to substantial 
breathing induced motion. Previous studies assessing pancreatic tumor motion 
demonstrate significant breathing induced motion of 20-24 mm, mainly in 
craniocaudal direction (23,24). To minimize breathing related treatment margins 
in pancreatic cancer, it is essential to obtain insight in pancreatic tumor motion 
and develop individualized strategies to deal with this motion. There are different 
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Table 1: overview of current literature about SBRT for LAPC.

Author No of patient Type of radiation Dose Overall Survival** Toxicity 
(grade 3 or higher) 

Local control/ 
FFLP 

Boone 
2013 (29)

9
LA=5
BR=4

CyberKnife 3x12 Gy NR NR NR

Chang 
2009 (30)

77 
M=15 
LA=56
Other =6 

CyberKnife 1x25Gy 6 months Acute: 1 pat grade 3 
Late: 7 pat grade ≥3 
(total 10%) 

FFLP: 91%-84% (6m-1y) 

Chuong
2013 (31)

73
BR=57
LA=16

Gating if motion>1cm,
Otherwise VMAT

25-30 Gy GTV
35-50 Gy vessels
In 5 frx

BR= 16.4 mo
LA=15 months

Acute: none
Late: 4 patients
(5.3%)

LC in non-resected patients: 
90% (1Y)
Resection: 32/57 BR; 0/16 LA

Didolkar 
2010 (32)

85 
M=21 
NM=64 

CyberKnife 2-4 fractions 
15-30 Gy

18.6 months 19 pat grade ≥3 
(total 22%) 

LC: 78 pat. 
TTP: 8 months 

Goyal 
2012 (33)

20 
NR
  

CyberKnife 25 Gy in 1-3 fractions 14.4 months 16% grade 3 FFLP 88%-65% (6 m-1y) 

Gurka
2014 (34)

38
LA=28
BR=6
MI=4

CyberKnife 5x5 Gy =13 pt
5x6 Gy =24 pt

14.3 Acute grade ≥3: none
Late grade ≥3: 3 patients

PFS 9.2 months
LC:79%

Herman
2015 (35)

49
LA=49

VMAT or linear accelerator 5x6.6 Gy 13.9 months Acute grade ≥3 2% 
Late grade ≥3 6% (3 patients)

1Y FFLP 78%

Hoyer 
2005 (25)

22 
LA=19 
LR=3

Conventional 3x15 Gy 5.7 months 
OS 1 yr 5% 

Baseline: 17 pat 
grade ≥3 
14 days after treatment: 29 pat grade ≥3*** 
(total 100%) 

PFS: 4.8 months 
  

Kim
2013 (36)

26
LA=14
MI=12
>80years

CyberKnife/
IMRS
(gating)

Mostly
1x24 Gy 

7.6 months Acute: none
Late: none 

LC 11.5 months
41% 1y
8.4 months ffmd

Koong 
2004  (37)

15 
LA=15

CyberKnife 1x15 Gy (3p) 
1x20 Gy (5p) 
1x25 Gy (7p) 

8 months 
(25 Gy group) 

None 100% 
(25 Gy group) 

Lin 
2015 (38)

20 
LA=16
M=4

CyberKnife SBRT: 35-45Gy in 7-9 Gy/fx 20 months (80% 1y) 0 70% 1y, 50% 2y

Mahadevan
2010 (39)

36
LA=36

CyberKnife 24-36 Gy in 3 fractions 14.3 months$ Acute: 3 pat grade 3
Late: 2 pat grade 3
(total 14%)

PFS 9.6 months

Mahadevan 
2011 (40)

39
LA=39  

CyberKnife 24-36 Gy in 3 fractions 20 months Late: 3 pat grade 3 
(total 6%) 

LC rate: 85% 
PFS 15 months 

Mellon 
2015(41)

159
LA=49
BR=110

CyberKnife 5x5.6–6 Gy 19.2 m (BR)
15 m (LAPC)

2% acute
5% late

78% LRC
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Table 1 Continued: overview of current literature about SBRT for LAPC.

Author No of patient Type of radiation Dose Overall Survival** Toxicity 
(grade 3 or higher) 

Local control/ 
FFLP 

Moningi 
2015 (42)

88
LA=74
BR=14

NR 5x5-6.6 Gy 18.4 LAPC
14.4 BRPC

4.5% acute
5.7% late

61% – 14% (1y-2y)
PFS 9.9m

Polistina 
2010 (43)

23 
LA=23 

CyberKnife 3x10 Gy 10.6 months None Local response ratio 82%. 
TTP: 7.3 months 

Pollom 
2014 (44)

167
LA=167

cyberKnife, synchrony, linac 1x25Gy
5x6.6 Gy

13.6 months 12.3% at 12 months 1y 89.3%

Rwigema 
2011 (45)

71 
ADJ=12
LR=11
LA=40
M=8  

CyberKnife 1x24 Gy 
(18-25Gy) 
(67 pat) 

10.3 months 
  

Acute: 3 pat grade 3 
Late: none 
(total 4%) 

FFLP 71%-48% (6m-1y) 
Median 68% 

Schellenberg 
2008 (46)

16 
LA=16 

CyberKnife 1x25 Gy 11.4 months Acute: 1 pat grade 3  
Late: 2 pat grade ≥3 
(total 18%) 

LC: 81% 

Schellenberg 
2011 (47)

20 
LA=20 

9-field IMRT 1x25 Gy 11.8 months Acute: none 
Late: 1 pat grade 4 

FFLP 94% (1y) 

Shen 
2010 (48)

20
LA=20

CyberKnife 32–55 Gy (median 45 
Gy)/3–6 fr (median 4)

NR NR NR

Song 
2015 (49)

59
LA=59

CyberKnife 45 Gy (35-50 Gy), in 5 frx 
(3-8 frx)

12.5 m (53% 1y, 35% 
2y) 

Acute 0
Late 1.7%

90.8% 1y

Su 
2015 (50)

25
LA=9
M=16

CyberKnife 3x10-12 Gy
N=14
4x10-12
N=11

LA 13.5months
M 8.5months

Acute: no grade 3+
Late: not mentioned

NR

Tozzi
2013 (51)

30
LA=21
LR=9

VMAT (no fiducials, bony 
match)

45 Gy in 6 frx 11 months Acute: none
Late: none

FFLP all pat: 77% 1Y
FFLP pat 45 Gy: 96% 1Y&2Y

Yechieli 
2014 (52)

20#

MI=20
Novalis BrainLab 5x7Gy N=14

5x6Gy N=5, 3x12Gy N=1
6.4 months 2 grade 3

1 grade 4 both “subacute”
Recurrence free survival 6.8 
months

Abbreviations: ADJ =  adjuvant SBRT after resection with positive margins, BR = borderline resectable, 
FFLP = freedom from local progression, Gy = Gray, LA = Locally advanced pancreatic cancer, LC = 
local control, LR = locally recurrent pancreatic cancer, M = metastasized (stage IV), MI = medically 
inoperable, NM = non-metastasized (stage I-III), NR = not reported, OS = overall survival (median), pat 
= patient(s), TTP = time to progression, VMAT =  volumetric modulated arc therapy, y = years. 

* 14 days after treatment. 

** time from SBRT. 

***some patients have more than one grade 3 toxicity.

$only patients with a follow-up of more than 1 year were included in this retrospective analysis

#only patients >75 years were included
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methods available to manage motion in high precision radiotherapy: (i) Gating 
encompasses that the radiation beam is turned off when the tumor position is out 
of the radiation field. (ii) Tracking incorporates that the radiation beam follows the 
tumor position in time while continuously irradiating. (iii) Midventilation position 
aims to reduce field sizes by aiming at the midventilation position in free breathing. 
(iv) Breath hold yields treating patients when holding their breath, as breathing is 
the main reason for tumor motion. Applying these motion management strategies 
could lead to treatment margin reduction, which in turn enables lower toxicity 
rates and increased local control. We sought to evaluate different strategies in 
gated radiotherapy. 
In addition to these different treatment delivery methods, also abdominal com-
pression could be implemented to reduce pancreatic motion. The application 
of known abdominal pressure devices could be uncomfortable in patients with 
pancreatic cancer due to existing abdominal pain. The influence of a custom made 
surgical corset on pancreatic tumor motion has never been explored. 

PURPOSE AND OUTLINE OF THESIS

In this thesis, different aspects in the treatment of pancreatic cancer are explored 
in three sections. In the first section, we want to obtain insight in quality of life in 
pancreatic cancer patients undergoing surgery. We aim to answer three questions: 
(i) What is the course of QoL after surgery for pancreatic malignancy according to 
the literature? (ii) What is  the influence of surgery for pancreatic malignancy on 
QoL in our own prospective cohort? (iii) Is there a difference in QoL after surgery for 
pancreatic malignancy in patients with and without severe surgical complications?
The second section will be dedicated to the integration of MRI in radiotherapy of 
pancreatic cancer. In this section, improvements of radiotherapy techniques and 
approaches for LAPC are explored. We want to answer the following questions: (i) 
What is the cine-MRI based motion of pancreatic tumors and what is an optimal 
gating procedure for pancreatic cancer radiotherapy? (ii) Can we reduce pancreatic 
motion by use of a custom abdominal corset? (iii) How can we use MRI when 
contouring pancreatic tumors and nearby organs at risk? (iv) What is the difference 
in pancreatic tumor volume contoured on CT as compared with MRI? 
All this is subsequently incorporated in a phase II trial in which we investigate 
safety and feasibility of MRI integrated stereotactic radiotherapy in unresectable 
pancreatic cancer patients. This will be described in the third section. 
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ABSTRACT

BACKGROUND

Patients undergoing pancreatoduodenectomy for pancreatic cancer have a high 
risk of major postoperative complications and have a median survival of 18-29 
months. Insight in the impact of pancreatoduodenectomy on quality of life is 
therefore of great importance. The aim of this systematic review was to assess 
quality of life (QoL) after pancreatoduodenectomy for pancreatic cancer. 

METHODS

A systematic review of the literature was performed according to the PRISMA 
guidelines. A systematic search of all the English literature available in PubMed and 
Medline was performed up to June 1st 2016. All studies assessing QoL with validated 
questionnaires in pancreatic cancer patients undergoing pancreatoduodenectomy 
were included. Studies without a baseline measurement, studies without distinction 
between malignant and benign diseases, review articles and conference abstracts 
were excluded.

RESULTS

After screening a total of 788 articles, the full texts of 36 articles were assessed, 
and 17 articles were included. QoL of physical and social functioning domains 
decreased in the first 3 months after surgery. Recovery of physical and social 
functioning towards baseline values took place after 3-6 months. Pain, fatigue and 
diarrhoea deteriorated postoperatively, but eventually resolved after 3 to 6 months. 

CONCLUSION

Pancreatoduodenectomy for malignant disease negatively influences QoL in 
the physical and social domains at the short term. It will eventually recover to 
baseline values after 3 to 6 months. This information is valuable for counselling 
and expectation management of patients undergoing pancreatoduodenectomy. 
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INTRODUCTION

Pancreatic cancer manifests in the pancreatic head in nearly two-third of all 
patients (1). The only potentially curative treatment option for these patients is 
pancreatoduodenectomy. However, only 20% of patients can undergo resection 
at time of diagnosis (2). Even after pancreatoduodenectomy, prognosis is very 
poor with a 5-year survival of approximately 4-30% and a median survival of 18-29 
months (3–6).
Pancreatoduodenectomy is a major abdominal operation, with a risk of major 
complications up to 57% (7–9). Frequent postoperative complications include 
wound infection, delayed gastric emptying, pancreatic fistula, post-pancreatectomy 
bleeding. These complications are associated with a prolonged length of hospital 
stay and readmission rates up to 38% (7,10,11). 
Especially given the poor prognosis in pancreatic cancer and the considerable risk 
of complications, impact of the operation on patients’ quality of life (QoL) is of great 
concern. Therefore, patients should be counselled on the impact on QoL before 
they undergo pancreatoduodenectomy. 
QoL is often assessed in different domains, e.g. physical QoL, emotional QoL and 
social well-being. All these domains may be influenced by pancreatic resection. 
As most studies cover small patient groups, timing of assessment, and different 
questionnaires, no consensus is available for the course of QoL after pancreatic 
resection. Therefore, this review was performed to provide insight in the 
postoperative changes in QoL after pancreatoduodenectomy over a larger patient 
group. We assessed QoL according to the guideline Analysis and interpretation of 
health-related quality-of-life data from clinical trials: basic approach of The National 
Cancer Institute of Canada Clinical Trials Group (12). 

METHODS

A systematic search was performed of studies published in Embase and Pubmed 
up to June 1st 2016 according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines. 
After removal of duplicates, the articles were independently screened by two 
authors (SMvD and HDH) on title and abstract. Inclusion criteria were: 1) studies of 
patients undergoing resection of the pancreatic head and duodenum (i.e. Whipple 
procedure or pylorus preserving pancreatoduodenectomy) for (suspected) 
pancreatic or peri-ampullary cancer, 2) systematic assessment of QoL using 
validated questionnaires, 3) availability of a baseline QoL measurement (i.e. before 
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the operation), 4) in case of series reporting on patients with pancreatic cancer and 
benign disease, results for pancreatic cancer had to be presented separately. 
Review articles were excluded, as well as all non-English articles, articles with 
metastatic malignancies originating from other organs than the pancreas and, in 
order to reduce bias, case reports and studies reporting fewer than 5 patients. The 
references of the included articles were manually screened for additional eligible 
articles to supplement the electronic search.

DATA EXTRACTION

Study characteristics obtained from the studies were study design, year of 
publication, country, study period, total number of included patients, number of 
patients with malignant disease in whom QoL was assessed, applied questionnaires, 
time points of QoL measurement, completion rates, and, if the included study made 
a comparison of QoL between different groups, what comparison was made in the 
study. All data on QoL were extracted from the studies. If numeric data were not 
assessable in the article, data were extracted manually by measuring the presented 
graphs. Values were recalculated to a 0-100 scale, where a high value represents 
high QoL. 

DATA ANALYSIS

Due to the heterogeneity of the questionnaires, the difference in time points 
assessing QoL and differences in reported outcomes in the various included studies, 
a descriptive analysis was performed. QoL of the following domains was described: 
physical functioning (PF), social functioning (SF), emotional functioning (EF), 
physical complaints (PC) and overall QoL (OQ). The QoL in all studies was assessed 
according to the four steps as presented by The National Cancer Institute of Canada 
Clinical Trials Group(12), which include calculating the questionnaire completion 
rates, calculating baseline scores and comparing between groups, comparing the 
change of scores between and within treatment groups, and determining the 
proportions of patients who reported clinically meaningful changes in scores since 
baseline(12). A change of 10% on the scale is considered clinically relevant(12). 
Differences that were statistically significant and clinically relevant were included 
in the analysis. If no statistical analysis towards baseline was performed, clinically 
relevant changes were reported.
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RESULTS

LITERATURE SEARCH

The literature research identified a total of 1223 articles potentially relevant to this 
study: 747 results returned from the EMBASE search, 476 results returned from 
the PubMed search. Two articles were found by a reference check. After removal 
of duplicates, 788 articles remained and were screened by title and abstract for 
eligibility. Thirty-six articles remained after excluding 752 articles that did not 
meet the inclusion criteria, and the full texts of these articles were assessed. Two 
papers were excluded as a consequence of overlapping series (13,14). Two studies 
originated from the same institution, with overlapping study intervals(15,16). The 
authors of these two studies were contacted, but did not respond. Both studies 
were included in the analysis. Therefore, overlapping series cannot be ruled out. 
Fifteen papers were excluded for not having a baseline measurement (17–32). 
Ultimately, 17 articles were included in this systematic review (Figure 1)(15,16,33–47). 

Records identified through  
database searching

(n = 1223)

Additional records identified 
through other sources

(n = 2)

Records after duplicates removed
(n = 788)

Records screened
(n = 788)

Full-text articles assessed
eligibility
(n = 36)

Records excluded after  
reading title and abstract

(n = 752)

Full-text articles excluded, 
with reasons:
 - Overlapping study 
population (n = 1)

 - No baseline measurement  
(n = 15)

 - No systematically reporting 
of QoL (n = 1)

 - Including distal 
pancreatectomy (n = 2)

Studies included in this  
systematic review

(n = 17)
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Figure 1: flow chart showing study selection.
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DETAILS OF STUDIES 

In total, the 17 included studies described 1240 patients. Three studies were 
randomized controlled trials (16,36,46), all other studies were prospective 
observational cohort studies. Study characteristics are presented in Table 1. 

CRITICAL APPRAISAL

Critical appraisal was performed according to the Centre for Evidence-based 
Medicine guideline for critical appraisal of prognostic studies. All studies had a 
representative sample of patients included at an early point in the course of their 
disease. We arbitrarily decided a follow-up of at least one year was sufficient to see 
the impact and recovery of QoL after resection; 10 studies had a sufficiently long 
follow-up period (Table 2)(15,16,34,35,38,40,42–45). Response rates are reported in 
Table 2. 

QUALITY OF LIFE ASSESSMENT

In total, 15 different questionnaires were used in the 17 different studies (Table 3). Ten 
studies used a single questionnaire (15,16,34,35,41–45,47), 3 studies used 2 different 
questionnaires (33,37,46) and 4 studies used 3 or more different questionnaires 
(36,38–40). All used questionnaires were validated in previous studies. The most 
frequently used questionnaire was the European Organisation of Research and 
Treatment of Cancer, Quality of Life Questionnaire-C30 (EORTC QLQ-C30), a 
cancer-specific questionnaire(48) which was used in 9 of the included studies 
(15,16,33,36,38,39,43,44,47). Six studies used a questionnaire specific for pancreatic 
diseases, the Functional Assessment of Cancer Therapy-Pa (FACT-Pa)(37,46) or the 
EORTC QLQ-PAN26 (33,36,38,39,44). The time of assessment of QoL varied widely, 
with maximum follow-up ranging between 1 month and 2 years postoperatively. 
The median number of time points of QoL assessments per study was 5 (range 2-7). 
The proportions of returned questionnaires are listed in Table 3. Six of the studies 
reported management of missing data, or explained of the decrease of completed 
questionnaires in time (35,36,38,40,41,44). One study imputed missing data (44).

QUALITY OF LIFE
OVERALL QOL AND GLOBAL HEALTH
Twelve studies reported overall QoL. Figure 2a and 2b show the impact of 
pancreatoduodenectomy on overall QoL in the first 12 months postoperatively for 
all data that could be extracted. Six studies reported no changes in general health 
or overall QoL during the study period, where six other studies showed a clinically 
relevant decrease in overall QoL after surgery, which recovered to baseline values 
after 3-6 months.
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Table 3. Questionnaire characteristics

Author Questionnaire Postoperative moments of assessment1

Arvaniti et al. EORTC QLQ-C30

EORTC QLQ-PAN26

1,3 and 6 months 

Belyaev  et al. SF-36 3 and 24 months 

Chan  et al. SF-36 1, 3, 6 and 12 months

Eshuis et al. EQ-5D

EORTC QLQ-C30

EORTC QLQ-PAN26

GIQLI

0.5, 1 and 3 months

Farnell et al. Uniscale Global QoL, 

FACT-Pa

4 months 

Heerkens et al. SF-36 

EORTC QLQ-C30

EORTC QLQ-PAN26

1, 3, 6 and 12 months

Kostro et al. EORTC QLQ-C30

EORTC QLQ-PAN26

VAS pain-score

1, 2, 3 and 6 months

Nieveen van Dijkum 
et al.

MOS24, 

GIQLI 

RSCL

2 and 6 weeks, 3, 6, 9 and 12 
months 

Nordby et al. Edmonton Symptom Assessment System 
(ESAS)

longitudinally assessed every four 
weeks

Ohtsuka et al. modified Kurihara’s questionnaire 2 weeks, 6 and 12 months

Pezzilli et al. EORTC QLQ-C30 6, 12, 18 and 24 months

Rees et al. EORTC QLQ-C30 6 weeks, 3,6,12,18 and 24 months

Schniewind  et al. EORTC QLQ-C30 at discharge, 3, 6, 12 and 24 
months 

Seiler et al. Sickness Impact Profile 6, 12 and 24 months 

Van Buren et al. FACT-PA

FACT-G

1 month 

Walter et al. EORTC QLQ-C30 at discharge, and 3, 6, 12 and 24 
months 

Wang et al. EORTC QLQ-C30 3 and 6 months 

1 all studies had a pre-operative assessment of QoL
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PHYSICAL FUNCTIONING
All but two studies reported data on physical functioning (PF) (41,45). Figure 3a 
and 3b shows the impact of pancreatoduodenectomy on PF in the 12 months 
postoperatively. A decrease in PF was seen in the first 3 months after surgery. 
Seven of these studies demonstrated a recovery to baseline values at 3 to 6 months 
postoperatively in PF (15,35,36,38,40,42,47) and one study at 9 months (44). In one 
study QoL values did recover, however values did not reach baseline values (16), 
and one study shows no recovery at all during their 6 months follow-up (33). 

Figure 2a: Overall QoL / 
General Health. Values were 
recalculated to a 0-100 
scale, where 0 represents a 
low QoL and 100 represents 
the best QoL.

Figure 2b: Difference in 
Overall QoL / General 
Health as compared to 
baseline scoring. Zero 
represents a standardized 
baseline level. A difference 
of >10 points from baseline 
score is considered clinically 
relevant
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PSYCHOSOCIAL FUNCTIONING
Different facets of psychosocial functioning were evaluated in the included studies: 
general psychosocial functioning, emotional functioning (EF), social functioning 
(SF), cognitive functioning and mental health. Eleven studies reported on EF, of 
3 studies data could not be extracted. All available data are presented in Figure 4a 
and 4b. One study demonstrated a clinically relevant decline in EF at one month 
postoperatively. EF increased after surgery in most studies compared to baseline 
at 3 to 12 months. 

Figure 3a: Physical Functioning. 
Values were recalculated 
to a 0-100 scale, where 0 
represents a low QoL and 
100 represents the best QoL.

Figure 3b: Difference in 
Physical Functioning as 
compared to baseline 
scoring. Zero represents 
a standardized baseline 
level. A difference of >10 
points from baseline score is 
considered clinically relevant
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Nine studies reported about social functioning (SF), showing varying results (Figure 
5a and 5b) (15,16,35–39,43,44). Of 3 studies data could not be extracted. Four studies 
reported SF initially decreased the first 3 months postoperative, returning to baseline 
values at 3 to 6 months in 3 studies (15,16,38,44). Three studies showed no clinical 
relevant changes in SF at short term post-operative. At 12 months postoperative, 
all studies demonstrated equal or improved SF compared to baseline. 

Figure 4a: Emotional 
Functioning. Values were 
recalculated to a 0-100 scale, 
where 0 represents a low 
QoL and 100 represents the 
best QoL.

Figure 4b: Difference in 
Emotional Functioning 
as compared to baseline 
scoring. Zero represents 
a standardized baseline 
level. A difference of >10 
points from baseline score is 
considered clinically relevant
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Mental health as a single item was reported by one study (35): there was a significant 
increase of mental health at 3 months postoperative, to remain stable at 6 months. 
Three studies reported the mental component summary or summarised the 
psychosocial QoL scores, instead of reporting separate items. All three studies 
showed no statistically significant differences on the mental component summary 
or at the psychosocial QoL scores, implying that pancreatoduodenectomy would 
not have a significant impact on the psychosocial aspects of QoL (34,40,42). 

Figure 5a: Social 
Functioning. Values were 
recalculated to a 0-100 
scale, where 0 represents 
a low QoL and 100 
represents the best QoL.

Figure 5b: Difference in 
Social functioning as 
compared to baseline 
scoring. Zero represents 
a standardized baseline 
level. A difference of >10 
points from baseline score 
is considered clinically 
relevant



2

Systematic review on Quality of life after resection for pancreatic malignancy

39

SYMPTOM SCALES
Eight studies reported postoperative fatigue (15,16,33,36,38,41,43,44). All studies 
reporting fatigue within the first three months postoperative showed an increase 
in fatigue (15,16,33,36,38,44). One study showed no recovery to baseline values 
during their 6 months follow-up, however differences are not clinically relevant 
(33). In the other studies fatigue returned to baseline values during follow-up 
(Figure 6a and 6b).

Figure 6a: Fatigue. Values 
were recalculated to 
a 0-100 scale, where 0 
represents no fatigue and 
100 represents the most 
fatigue.

Figure 6b: Difference in 
fatigue as compared to 
baseline scoring. Zero 
represents no differences 
from baseline, a positive 
value represents an 
increased fatigue, a 
negative value represents 
a decrease in fatigue. A 
difference of >10 points 
from baseline score is 
considered clinically 
relevant
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Six studies reported on nausea. Three studies showed a clinical relevant increase 
in nausea postoperatively, all returning to baseline values (15,36,44). One study 
showed a gradual decrease in nausea (Figure 7a and 7b) (38).

Figure 7a: Nausea. Values were 
recalculated to a 0-100 scale, 
where 0 represents no nausea 
and 100 represents the most 
nausea.

Figure 7b: Difference in nausea 
as compared to baseline 
scoring. Zero represents no 
differences from baseline, a 
positive value represents an 
increased nausea, a negative 
value represents a decrease 
in nausea. A difference of >10 
points from baseline score is 
considered clinically relevant.
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Thirteen studies reported on pain (15,16,33–39,41,43,44,47). Four studies showed 
an increase in pain at 1 month postoperative, returning to baseline values at 3 
months (16,36,38,44). Four studies showed a significant decrease in pain during 
follow up (33,34,39,43) (two with unclear time of assessment, values unavailable 
(34,39)), and four studies showed no clinically relevant differences of pain towards 
baseline measurements (15,37,41,47). One study showed a significant increase in 
pain at 6 and 12 months postoperative (Figure 8a and 8b) (35). 

Figure 8a: Pain. Values were 
recalculated to a 0-100 scale, 
where 0 represents no pain 
and 100 represents the most 
pain.

Figure 8b: Difference in pain 
as compared to baseline 
scoring. Zero represents no 
differences from baseline, a 
positive value represents an 
increased pain, a negative 
value represents a decrease 
in pain. A difference of >10 
points from baseline score is 
considered clinically relevant.
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Six studies reported on dyspnea, two studies with a slight increase postoperatively 
returning to baseline at 3 months (15,36), two studies without differences in 
dyspnea (33,38) and two studies with an improvement in dyspnea during follow-
up (41,43).
Five studies reported on insomnia. Two studies showed an increase in insomnia 
at discharge and 1 month postoperative, returning to baseline a 3 months (15,36). 
One study showed no differences(33), two study showed a decrease of insomnia at 
3 (38) and 6 months (43) postoperative. 

Figure 9a: Diarrhea. Values 
were recalculated to a 0-100 
scale, where 0 represents no 
diarrhea and 100 represents 
the most diarrhea.

Figure 9b: Difference in diarrhea 
as compared to baseline 
scoring. Zero represents no 
differences from baseline, a 
positive value represents an 
increase in diarrhea, a negative 
value represents a decrease in 
diarrhea. A difference of >10 
points from baseline score is 
considered clinically relevant.
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Seven studies reported on loss of appetite. All studies showed a better appetite 
postoperatively (15,33,36–38,41,43), of which two studies first showed an initial 
decrease of appetite (15,36). 
Seven studies reported about diarrhea. Five studies showed an increase in diarrhea 
(15,16,36,38,47), differences of 4 are clinically relevant (Figure 9a and 9b). One study 
showed a statistical significant increase at 3 months postoperative (47), returning 
to baseline at 6 months (values not presented). Two studies showed no clinically 
relevant differences in diarrhea postoperatively (38,43).
Six studies reported on constipation (15,33,36,38,39,43), of only one study the 
presented differences appear clinically relevant (33) (Figure 10a and 10b). 

Figure 10a: Constipation. 
Values were recalculated 
to a 0-100 scale, where 0 
represents no constipation 
and 100 represents the most 
constipation.

Figure 10b: Difference in 
constipation as compared 
to baseline scoring. Zero 
represents no differences 
from baseline, a positive 
value represents an increase 
in constipation, a negative 
value represents a decrease 
in constipation. A difference 
of >10 points from baseline 
score is considered clinically 
relevant. 
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DISCUSSION

In this systematic review we have evaluated the available studies on the course 
of QoL after pancreatoduodenectomy in pancreatic cancer patients. Most studies 
showed a postoperative decrease in PF, which returns to baseline values, or near-
baseline values within 3 to 6 months. EF seems to improve compared to baseline 
at long term, varying from 3 to 9 months postoperative. Reportings about EF 
and SF shortly after surgery vary between studies. Outcomes in ‘Overall QoL’ 
and the psychosocial functioning scales are contradictory. Even when the same 
questionnaires were used, the outcomes varied widely. Most studies showed an 
initial increase in pain, fatigue and diarrhea, which will return to baseline values 
eventually. After 3 to 6 months pain, fatigue and diarrhea resolve. Appetite 
improves after PD.
In PF, there initially is a significant decrease in PF after PD in pancreatic cancer 
patients. PF decreases in the early postoperative period, and recovers between 
3 and 6 months after surgery. All studies assessing PF between baseline and 3 
months postoperatively showed a decrease in PF during the 3 months after surgery 
compared to preoperative values, which eventually recovered to baseline values. 
No difference was found between baseline and long term follow-up for the physical 
functioning scales of pancreatic cancer patients after PD. However, because of the 
limited median survival of patients with pancreatic malignancies, the quality of life 
in the first 6 months to 1 year may be of greater concern. Considering the short-
term results, in the first 3 months postoperative there is serious QoL-loss in several 
functioning and symptom scales.
We found most of the clinically relevant findings are present in the first 6 months 
postoperatively. Therefore, this period should be covered in QoL research. Several 
studies did not have measurements in the ‘early’ postoperative time. The studies 
that did not show a decrease in QoL items postoperatively may have missed the 
decrease in QoL because they did not cover the early postoperative period (i.e. 
between the resection and 6 months postoperatively). This might have led to 
that changes in QoL have been missed. Therefore, well-chosen time points of 
assessment is of utmost importance.
Due to the heterogeneity of questionnaires and the time points of assessment of 
QoL, pooling of patient data was impossible and, therefore, a quantitative meta-
analysis could not be performed. We did, however, perform a qualitative analysis 
which clearly demonstrated a decreased quality of life in several domains in the 
early postoperative period of patients undergoing pancreatoduodenectomy for a 
pancreatic malignancy. The information is valuable for counseling of patients in the 
preoperative and postoperative phase.
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QoL research in patients with a poor prognosis is probably biased by the fact that 
many patients die during study period, so only the survivors are able to complete 
the questionnaires in the long term. Completion of the questionnaires in the 
studies included in this review varied from 16% at six months follow-up in one 
study (15) up to 100% on some time points in other studies (34,35,46). The low 
rate of questionnaire completion is an important limitation of some studies (12). 
This review shows that, at baseline, not all included patients completed the QoL-
questionnaires and results may be biased. 
The studies included in this review mostly have relatively small sample sizes. The 
small number of patients in the studies is not remarkable, as centralization of 
pancreatic surgery is recently evolving. A higher volume of pancreatic resections 
increases survival and reduces morbidity48-50. It would be an interesting topic for 
future research whether patients resected in high volume hospitals correspondingly 
demonstrate a higher QoL after pancreatoduodenectomy. 
All included studies contain a baseline measurement. As mentioned by the 
guideline on how to approach QoL-data of The National Cancer Institute of Canada 
Clinical Trials Group this is necessary to be able to compare results before and after 
the intervention of interest (12). It has been shown that patients with pancreatic 
cancer have a worse baseline QoL compared to a norm population(16,40). 
Five studies did not perform analysis to compare postoperative values with baseline 
measurements, although median values or median changes towards baseline 
were presented. In these studies, comparisons were made between different 
study groups (15,37,41,45,46),. Still we can see that the presented value- changes 
in several functioning scales are large enough to be clinically relevant. However, 
nothing can be said about the statistical significance. 
The significant decrease in the physical domains of QoL at the short-term, is relevant 
in the light of shared decision making on the indication for pancreatoduodenectomy 
in daily clinical practice. In addition, many of these resections will eventually prove 
to be not curative, one-third of patients typically have no resection tumor-free 
resection margins (49), although patients with an irradical resection still have 
a longer survival compared to patients without resection (41). Median survival 
after radical (R0) resection is 20-23 months, whereas after R1 resection this is 10-
14 months (50,51). In addition, radicality cannot be predicted pre-operatively. In 
shared decision making regarding resection or not for pancreatic malignancy, 
surgeons should inform patients about the expected loss of QoL in the first months 
after resection. This is especially relevant in patients with severe comorbidities or 
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elderly patients. Providing this information to patients will positively influence their 
patients’ expectation management. 

In conclusion, pancreatoduodenectomy has a negative influence on the physical 
and psychosocial functioning domain of quality of life of patients with pancreatic 
cancer in the first 3 months after surgery, and will recover to baseline values at 3 
to 6 months. This information can be used for patient counselling and expectation 
management of patients undergoing pancreatoduodenectomy. 
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ABSTRACT 

BACKGROUND

Health-related quality of life (QoL) is of major importance in pancreatic cancer, 
owing to the limited life expectation. The aim of this prospective longitudinal 
study was to describe QoL in patients undergoing resection for pancreatic or 
periampullary malignancy.

METHODS

QoL was measured on a scale of 0–100 in patients who underwent pancreatic 
resection for malignancy or premalignancy at the University Medical Center Utrecht 
before resection, and 1, 3, 6 and 12 months after surgery. Measures consisted of 
the RAND-36, the European Organization for Research and Treatment of Cancer 
(EORTC) core questionnaire (QLQ-C30) and the EORTC pancreatic cancer-specific 
module (QLQ-PAN26).

RESULTS

Between March 2012 and November 2013, 68 consecutive patients with a 
malignancy (59 patients) or premalignancy (9) were included. Physical role 
restriction, social and emotional domains showed a significant and clinically 
relevant deterioration directly after operation in 53% (RAND-36, P <0.001), 63 and 
78% (QLQ-C30 and RAND-36 respectively, P <0.001) and 37% (RAND-36, P <0.001) of 
patients respectively. Most domains demonstrated recovery to preoperative values 
or better at 3 months, except for physical functioning. Emotional functioning at 3, 6 
and 12 months was better than at baseline (P <0.001). Symptom scores revealed a 
deterioration in vitality, pain (P =0.002), fatigue (P <0.001), appetite loss (P <0.001), 
altered bowel habit (P =0.001) and side-effects (P <0.001) after 1 month. After 3 
months, only side-effects were worse than preoperative values (P <0.001).

CONCLUSION

QoL after pancreatic resection for malignant and premalignant tumors decreased 
considerably in the early postoperative phase. Full recovery of QoL took up to 6 
months after the operation. 
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INTRODUCTION

Pancreatic cancer has a poor prognosis, with a 5-year overall survival rate of 
approximately 5%(1). The only potentially curative treatment is resection. However, 
the majority of patients do not undergo resection owing to a locally unresectable 
tumor or distant metastases. Even  after surgery with curative intent, median 
survival is only 17–23 months (1). 
Several surgical interventions with curative intent are used for pancreatic cancer. 
Unfortunately all of these surgical procedures are extensive and, therefore, have a 
high probability of complications. The mortality rate after pancreatoduodenectomy 
or pylorus-preserving pancreatoduodenectomy (PPPD) ranges from 2 to 7per cent 
(2-4). In addition, clinically relevant morbidity is observed in 20–40% (5-8). 
A discrepancy has been described between the patient’s and the physician’s 
perspective of the impact of medical interventions (9). Therefore, it is of added 
value to address patient-reported outcomes, or health-related quality of life (QoL) in 
addition to perioperative complications. QoL is of major importance in pancreatic 
cancer owing to the limited life expectancy and the extensive surgical procedures 
with considerable complication rates. When informing patients about surgical 
procedures, not only potential complications and expected morbidity need to be 
discussed but also subjective outcome measures such as QoL. The best approach 
to measuring QoL is to use validated questionnaires, with a baseline measure and 
an organ-specific module in a large patient group (10). Several previous studies 
have reported on QoL in patients with pancreatic cancer(11-19). Most of these used 
data from larger (non-)randomized trials and, therefore, included selected patients. 
This study reports QoL after surgery for pancreatic malignancies and 
premalignancies as measured by the health-specific RAND-36, the cancer-specific 
European Organization for Research and Treatment of Cancer (EORTC) core 
questionnaire QLQ-C30 and the EORTC PAN-26, a pancreatic cancer module, in 
an unselected patient group. The aim of this prospective longitudinal study was 
to gain insight into the course of QoL after pancreatic surgery in order to inform 
patients about the expected effects.

METHODS

The study was approved by the local institutional review board of the University 
Medical Center Utrecht (13/546) and registered at http://www.clinicaltrials.gov 
(NCT02175992). All consecutive patients scheduled for surgery for suspected 
pancreatic or periampullary malignancy or premalignant tumors at the Department 
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of Surgery of the University Medical Center Utrecht, one of the main centers for 
pancreatic surgery in the Netherlands, were asked to participate in this single-
center prospective longitudinal study. Patients who underwent operation between 
March 2012 and November 2013, and who completed the baseline questionnaire 
and at least one questionnaire after operation, were included in the analysis. 
Patients were excluded if they were unable to complete the questionnaires or 
refused to participate. All patients were considered fit for surgery.

SURGICAL PROCEDURES

PPPD was usually performed in patients with tumors arising from the pancreatic 
head. Whipple’s pancreatoduodenectomy was undertaken if there was 
uncertainty about involvement of the pylorus or the distal part of the stomach. 
Distal pancreatectomy was carried out, with or without splenectomy, for tumors 
located in the tail of the pancreas. Total pancreatectomy was performed for tumors 
involving both the pancreatic head, body and/or tail. Extended arterial or venous 
resections and reconstructions were undertaken if required to achieve complete 
tumor resection. Neoadjuvant treatment was not administered routinely. Patients 
with pancreatic adenocarcinoma received adjuvant gemcitabine or FOLFIRINOX 
(folinic acid, 5-fluorouracil, irinotecan, oxaliplatin).

DEFINITIONS AND COLLECTION OF CLINICAL OUTCOMES

Clinical data were collected prospectively using a predefined case record form on 
the ward and in the outpatient clinics. The following data were collected regarding 
baseline characteristics: age, sex, tumor diameter as defined by preoperative CT, 
type of resection, and histopathological details including resection margins (R1 if 
tumor cells were visible within 1mm of the resection margins and R0 if not). 
Clinical outcomes included mortality and complications, classified according to the 
Dindo–Clavien scoring system for postoperative complications(5)A complication 
with a Dindo–Clavien grade of IIIA (requiring surgical, endoscopic or radiological 
intervention) and higher was considered clinically relevant. A distinction was made 
between general and surgical complications, and complications scored according 
to the definition of the International Study Group of Pancreatic Surgery (ISGPS)(20-
22). ISGPS complications include delayed gastric emptying (DGE), postoperative 
pancreatic fistula (POPF) and postpancreatectomy hemorrhage. Clinically relevant 
DGE, POPF and postpancreatectomy hemorrhage (ISGPS grade B or C) were also 
scored according to the Dindo–Clavien classification. DGE was classified as Dindo–
Clavien grade II if total parenteral nutrition was started or a triple-lumen nasojejunal 
tube was placed during surgery. If the nasojejunal tube was placed after surgery 
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or was replaced after dislodgement, it was graded as a Dindo–Clavien grade IIIA. 
Pancreatic fistula (diagnosed by a drain amylase level more than 3 times the serum 
amylase level on postoperative day 3) was considered to be Dindo–Clavien grade 
II if treated by continuation of the existing drain, or grade III if an intervention was 
needed. Postpancreatectomy hemorrhage was scored as Dindo–Clavien grade 
II when blood transfusion was needed; grade IIIA or IIIB when an intervention as 
required, depending on the need for general anesthesia; and grade IVA or IVB if the 
patient was admitted to a medium care or intensive care unit respectively.

QUALITY OF LIFE ASSESSMENT

Three QoL questionnaires were used. The 36-Item Short Form Survey from the 
RAND Medical Outcomes Study (RAND-36) is a generic health survey which 
evaluates basic values of health that are important to functional status and well-
being (23). Items assessed are: physical functioning, social functioning, physical role 
restriction, emotional role restriction, mental health, vitality, pain, general health 
and change in health. The EORTC questionnaire (QLQ-C30) version 3.0 assesses 
cancer-specific QoL with evaluation of the following items: physical functioning, 
role functioning, emotional functioning, cognitive functioning, social functioning, 
fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, 
diarrhea, financial difficulties and global health/QoL(24). The EORTC PAN-26 
module, comprising pancreatic cancer-specific questions, was developed as a 
disease-specific questionnaire module to supplement the EORTC QLQ-C30 core 
cancer module(25) It contains 26 questions covering nine disease and treatment-
related symptoms (pain, eating-related items, cachexia, hepatic symptoms, side-
effects, altered bowel habit, ascites, indigestion and flatulence) and five emotional 
issues specific to pancreatic cancer (body image, healthcare satisfaction, sexuality, 
fear of future health and ability to plan future). 
All items on the three questionnaires range from 0 to 100 points. A high score for 
RAND-36 items, and functional items and general QoL of the EORTC questionnaires, 
indicates good QoL. A high score on EORTC problem and symptom scales 
represents a high degree of complaints, and therefore poor QoL. A change of 
10% on the scale, or 0.5 s.d., is considered a clinically relevant difference (10). The 
baseline QoL questionnaire was handed to the patient at the first outpatient visit 
to the Department of Surgery. Patients completed this questionnaire at home after 
visiting the surgeon and sent it back by mail, or completed it in the waiting room. 
Follow-up questionnaires were scheduled for completion during routine visits 
to the outpatient department at 1, 3, 6 and 12 months after surgery, until loss to 
follow-up or death (11). Patients who remained in hospital were considered unable 
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to complete questionnaires. Therefore, all questionnaires analyzed originated from 
outpatients. Although completed questionnaires were available to the surgical 
staff, in practice they were not used for the consultation. 
The expected number of returned questionnaires was calculated as the total 
number of study patients minus those who had died and those still in hospital. 
Follow-up was calculated from the last known date the patient visited the authors’ 
hospital, or the date of death.

STATISTICAL ANALYSIS

Statistical analysis was carried out with SPSS® for Windows® version 20.0 (IBM, 
Armonk, New York, USA).Postoperative QoL scores, expressed as mean (s.d.), were 
compared with the corresponding baseline score using a paired t test, as all items 
were distributed normally. To describe proportions of patients with a clinically 
relevant difference compared with baseline for an item, all patients at each time 
point were categorized into one of three groups: clinically relevant improvement, 
stable or clinically relevant worsening. A change of 10% compared with baseline 
was considered clinically relevant (10). 
P <0.050 was considered statistically significant. Outcomes were interpreted as 
hypothesis-generating. Therefore, multiplicity correction was not performed. No 
missing data were imputed.

RESULTS

Between March 2012 and November 2013, 99 patients underwent surgery for 
suspected pancreatic malignancy or premalignancy. Of these, five patients were 
excluded because of unresectable disease and 87 had a postoperative pathological 
diagnosis of pancreatic premalignancy or malignancy. Three patients (3%) died 
within 30 days of surgery or in hospital. Sixty-eight (81%) of 84 patients completed 
the baseline QoL questionnaire and at least one postoperative QoL questionnaire 
(Figure 1). Median follow-up was 12 months. Median (i.q.r.) length of hospital stay 
was 14 (10–25) days; the median waiting time for surgical resection was 30 (19–42) 
days, measured from the day of the last preoperative interdisciplinary meeting to 
the day of surgery. Postoperative adjuvant therapy was indicated in 35 patients 
(51%). Nineteen of these received chemotherapy; adjuvant therapy was waived in 
the remaining patients owing to poor clinical condition and/or patient preference. 
Baseline characteristics are summarized in Table 1.



3

Quality of life after pancreatic resection for malignancy

59

COMPLICATIONS

In total, 26 severe general and surgical complications (Dindo–Clavien grade IIIA or 
higher) were registered in 15 patients (Table 2). DGE, POPF and postpancreatectomy 
hemorrhage of ISGPS grade B or C occurred in 21 (31%), six (9%) and three (4%) 
patients respectively. When added to the general and surgical complications, a 
total of 47 complications of Dindo–Clavien grade IIIA or higher were recorded in 27 
patients. The most frequent severe complications were DGE, pleural effusion and 
intra-abdominal bleeding. Two patients still suffered from a complication at the 
time of discharge; one had DGE and the other leakage of the hepaticojejunostomy. 
These patients were discharged with a nasojejunal tube and percutaneous 
transhepatic cholangiography drain respectively.

Table 1: Baseline characteristics

n = 68

Age (years) 66 (29-82)

Male / female ratio 39/29

Tumor size (cm) 3.2 (0.6-8.0)

Surgical procedure

Whipple 7

PPPD 46

Total pancreatectomy 6

Distal pancreatectomy 6

Other1 3

Resection margin status

Radical (R0) 28

Irradical (R1) 33

Not applicable2 7

Pathology

Adenocarcinoma 41

Ampullary carcinoma 12

Cholangiocarcinoma 2

Neuroendocrine tumor 4

IPMN 7

Other (pre-)malignancy3 2

Values are mean (range). 
1 Other surgical procedures are: modified Appleby procedure (n=1), Whipple and 
right-sided hemicolectomy (n=1), distal pancreatectomy, splenectomy, resection 
of colon transversum and descendens, and ileal resection (n=1). 
2 Not applicable for IPMN patients. 
3 Other is desmoid tumor (n=1), solid pseudopapillary tumor (n=1).
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QUALITY OF LIFE

The availability of questionnaires for analysis was 100, 94, 71, 71 and 57% at 0, 1, 3, 6 
and 12 months after surgery respectively (Figure 1). Reasons for non-completion were 
hospitalization, death, condition too poor to attend the outpatient clinic and loss 
to follow-up for logistical reasons (patient did not complete a questionnaire despite 
visiting the outpatient clinic, follow-up performed at the medical oncology clinic or 
referring center, or did not adhere to the scheduled time points). All 68 patients were 
still alive at 1-month follow-up, but one, nine and 15 patients had died by 3, 6 and 
12 months respectively. The median (i.q.r.) interval between expected and actual 
questionnaire completion was: −1 (−1 to 13) days at 1-month follow-up, 1 (1–8) days 
at 3 months, 0 (−5 to 7) days at 6 months and 3 (−32 to 15) days at 12 months. Mean 
(s.d.) scores for all items in the three QoL questionnaires are shown in Table 3. 

Table 2: Number of patients with severe complications (Grade IIIA and higher) according to Dindo-
Clavien. 

Grade
IIIA

Grade
IIIB

Grade
IVA

Grade
IVB

Grade
V

General and surgical complications

Infection n.o.s. 1

Collaps (cause unknown) 1

Fascial dehiscence 2

Stroke 1

Upper GI bleeding 1

Glycemic dysregulation 1

Liver abcess 2

Dislocated drain in peritoneal cavity 1

Anastomotic leakage1,2 1+d 2

Necrotic omentum 1

Pleural effusion 5 2

Fluid collection n.o.s. 5

ISGPS complications

Delayed gastric emptying 14+1+d

Post pancreatectomy hemorrhage 3

Postoperative pancreatic fistula 3

All complications 31 9 7 0 0

1 +d suffix: patient suffers from the complication at the time of discharge. 2 Two patients had 
anastomotic leakages of the hepaticojejunostomy (1+d), one patient had an anastomotic leakage 
of the colon. N.o.s., not otherwise specified; GI, gastrointestinal;  ISGPS: International Study Group of 
Pancreatic Surgery
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GENERAL QUALITY OF LIFE AND PAIN

Fifty percent of patients showed a clinically relevant worsening (P=0.010) in global 
health as assessed by the QLQ-C30 at 1 month. The change in global health, change 
in health and general health over time is shown in Figure 2a. Global health (QLQ-C30) 
and change in health (RAND-36) were equal to baseline level or improved in 88 and 
79% of patients respectively at 6 months, and 87 and 97% at 12 months. 
At 1 month, pain was significantly and clinically relevantly increased as measured 
by the RAND-36 (P<0.001) and QLQ-C30 (P=0.002) respectively (Figure 2b). No 
significant increase in pancreatic pain was found. 

PHYSICAL AND SOCIAL FUNCTIONING

Physical functioning (both QLQ-C30 and RAND-36) and physical role restriction 
scales showed a significant and clinically relevant decrease in QoL at 1 month 
(P<0.001) and 3 months (P=0.001 and P=0.022 respectively) after surgery (Figure 
2c). After 3 months, more than half of the patients still showed a clinically relevant 
deterioration in comparison with baseline. 
Social functioning scales also demonstrated a significant (P<0.001) and clinically 
relevant worsening at 1 month (78 and 63% of patients for RAND-36 and QLQ-C30 
respectively) (Figure 2d). At 3 months, 53 and 33% of patients respectively indicated 

Surgery for suspected  
pancreatic malignnancy (n = 99) 
between 03-2012 and 11-2013

Patients available
 for analysis (n = 68)

Exclusion
- 7 benign pathology
- 3 died
- 21 no baseline QoL or  
 no follow-up

12 months
14/25 patients

(56%)

6 months
36/50 patients

(72%)

1 month
60/64 patients

(94%)

N = 68 reached timepoint
- 4 patients hospitalized
- 4 patients did not
 complete questionnaire

N = 63 reached timepoint
- 1 patient died
- 2 patients hospitalized
- 16 patients did not
 complete questionnaire

N = 50 reached timepoint
- 7 patients died
- 14 patients did not
 complete questionnaire

N = 25 reached timepoint
- 13 patients died
- 11 patients did not
 complete questionnaire

3 months
45/61 patients

(74%)

Figure 1: flow chart showing patient selection and questionnaire return rates



PART I | Quality of life after resection for pancreatic cancer 

62

3

 Table 3: scores for all items on the three quality of liquestionnaires

Pre-operative 1 month 3 months 6 months 12 months

Number of returned questionnaires
Percentage of expected completion*

68
100%

60
94%

45
69%

42
73%

31
58%

RAND-36
Physical functioning 72 (23) 41 (24) 59 (27) 71 (26) 77 (19)
Social functioning 63 (27) 35 (25) 56 (28) 70 (29) 78 (23)
Physical role restriction 47 (45) 6 (13) 26 (40) 54 (44) 68 (74)
Emotional role restriction 70 (42) 40 (47) 61 (44) 77 (36) 77 (39)
Mental health 68 (21) 64 (22) 71 (21) 77 (17) 79 (14)
Vitality 51 (26) 38 (21) 56 (18) 59 (22) 65 (19)
Pain 77 (23) 55 (29) 71 (27) 80 (23) 81 (21)
General health 49 (18) 50 (20) 52 (20) 55 (18) 60 (19)
Change in health 32 (26) 22 (25) 36 (30) 47 (34) 80 (25)

EORTC QLQ-C30  
Physical functioning 79 (20) 54 (24) 69 (22) 78 (22) 82 (17)
Role functioning 63 (32) 31 (28) 52 (32) 72 (31) 79 (24)
Emotional functioning 65 (2) 69 (23) 77 (22) 84 (18) 84 (18)
Cognitive functioning 87 (16) 74 (26) 81 (24) 84 (21) 85 (15)
Social functioning 75 (27) 54 (30) 68 (32) 81 (26) 84 (26
Global health/QoL 59 (23) 52 (24) 61 (24) 71 (20) 74 (16)
Fatigue 41 (30) 58 (27) 42 (26) 35 (28) 30 (23)
Nausea and vomiting 21 (26) 23 (29) 16 (24) 9 (18) 5 (10)
Pain 23 (26) 37 (32) 28 (30) 17 (24) 16 (22)
Dyspnea 15 (24) 18 (26) 19 (24) 15 (27) 18 (20)
Insomnia 38 (34) 38 (35) 26 (29) 20 (29) 15 (24)
Appetite loss 25 (31) 45 (34) 23 (27) 13 (23) 10 (17)
Constipation 11 (23) 14 (24) 4 (11) 6 (15) 9 (19)
Diarrhea 15 (27) 23 (35) 26 (36) 22 (30) 18 (28)
Financial difficulties 4 (12) 7 (16) 7 (19) 7 (20) 4 (14)

EORTC QLQ-PAN26
Pain 26 (21) 32 (22) 29 (26) 24 (23) 21 (22)
Eating related items 29 (33) 42 (30) 29 (30) 20 (24) 11 (18)
Cachexia 29 (30) 39 (26) 28 (30) 19 (21) 15 (19)
Hepatic 31 (36) 7 (18) 5 (12) 5 (10) 3 (8)
Body image 20 (26) 27 (28) 25 (28) 20 (26) 17 (23)
Side effects 22 (22) 43 (25) 32 (23) 26 (25) 19 (18)
Health care satisfaction 62 (32) 70 (24) 66 (29) 50 (35) 53 (36)
Altered bowel habit 32 (31) 47 (29) 39 (30) 39 (28) 33 (25)
Sexuality 57 (37) 56(37) 62 (36) 67 (37) 68 (34)
Ascites 27 (31) 29 (30) 28 (31) 30 (33) 16 (24)
Indigestion 28 (29) 31 (35) 29 (32) 26 (30) 24 (22)
Flatulence 32 (30) 40 (32) 35 (33) 45 (31) 38 (28)
Fear of future health 64 (29) 46 (33) 41 (30) 32 (28) 30 (26)
Ability to plan future 45 (31) 62 (30) 51 (30) 31 (31) 18 (27)

Bold: statistically significant (p<0.015) and  clinically relevant (>10 points) change in score between 
baseline and postoperative time point.*Excluding censored patients (those remaining in hospital or 
who had died)
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Figure 2. A: Mean scores of general health items. A high score reflects a high general health status. B: 
Mean scores of pain items. A high score reflects a high degree of pain. Note: for readability, RAND-36 
score is depicted as 100 minus RAND-36 score. C and D: Functioning scales of the EORTC QLQ-C30 and 
PAN-26 questionnaires. A high score reflects a high level of functioning. E and F: Symptom scores of the 
EORTC QLQ-C30 and the PAN-26 questionnaire. A high score reflects a high level of symptoms.

A

C

E

B

D

F
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a clinically relevant decline compared with baseline (P=0.012 and P=0.100). 
Emotional role restriction showed significantly and clinically relevant worsening 
at 1 month as measured by the RAND-36 (P<0.001). At 6 months after surgery, 
recovery to baseline was seen in 78% of patients. A significant and clinically relevant 
improvement compared with baseline was seen for emotional functioning, as 
calculated using the QLQ-C30, at 3, 6 and 12 months (P <0.001). Mental health 
showed a significant and clinically relevant improvement at 6 and 12 months 
(P=0.001 and P<0.001 respectively).

GASTROINTESTINAL SYMPTOM SCALES

Altered bowel habit demonstrated a significant (P=0.001) and clinically relevant 
worsening at 1 month (Figure 2e). At 3 and 6 months, 45% of patients still demon-
strated a clinically relevant worsening of bowel habit compared with baseline. 
Diarrhea was significantly and clinically worse at 1, 3 and 6 months (P=0.027, P=0.010 
and P=0.022 respectively). The proportion of patients with increased flatulence varied 
between 29 and 43% at 1 to 12 months. Eating-related items were significantly and 
clinically worse in 61% of the patients at 1 month (P=0.002), decreasing to 33% at 
3 months; at 12 months, there was improvement or no difference compared with 
baseline in 73% of patients. Nausea and vomiting at 1 month was comparable to 
preoperative values; scores were equal to baseline values or improved in 80, 86 and 
93% of patients at 3, 6 and 12 months respectively (P=0.501, P=0.005 and P=0.026). 
A statistically significant and clinically relevant worsening of appetite was reported 
at 1 month after surgery (P<0.001). At 6 and 12 months, a significant and clinically 
relevant improvement was seen compared with baseline (P=0.009 and P=0.010).

OTHER SYMPTOM SCALES

A significant (P<0.001) and clinically relevant worsening of fatigue was reported 
at 1 month after surgery (Figure 2f). At 3 months, 48% of patients still reported a 
deterioration of fatigue compared with baseline. However, insomnia improved 
significantly and clinically from 3 months onwards (P=0.037). Side-effects of 
treatment showed a significant and clinically relevant increase at 1 and 3 months 
after surgery (P<0.001). At 6 and 12 months, 55 and 60% of patients respectively 
reported an increase in side-effects. Sexuality showed a statistically and clinically 
relevant improvement at 3, 6 and 12 months (P=0.040, P=0.006 and P=0.018 
respectively). Hepatic symptoms (jaundice and pruritus) decreased after surgery 
and did not return to baseline; this was because a hepaticojejunostomy was 
created in patients who presented with obstructive jaundice, which resolved the 
obstruction. Fear of future health decreased after surgery. The improvement was 
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significant (P<0.001) and clinically relevant, with 91, 91, 93 and 90% of patients 
indicating less or no change in fear at 1, 3, 6 and 12 months respectively. Ability 
to plan for the future showed a significant and clinically relevant deterioration 
at 1 month after surgery (P<0.001), but improvement at 12 months (P=0.003). 
Healthcare satisfaction had its lowest value at 6 months, when 56% of patients 
reported less satisfaction than at baseline(P=0.081).

DISCUSSION

This prospective study analyzed different QoL scoring systems, including the PAN-
26 questionnaire, simultaneously for up to 1 year after pancreatic resection for 
malignant and premalignant tumors in a large, unselected patient group. Most 
aspects of QoL changed negatively between 1 and 3 months after pancreatic 
surgery. Physical well-being and symptom scores deteriorated directly after surgery. 
In contrast, general health and mental health did not decrease significantly after 
resection. 
Unlike most previous studies reporting on QoL, the present patient population was 
not part of a randomized study conducted for a different study aim. Most patients 
in trials are selected, based on age, performance score or co-morbidities. Patients 
excluded according to one of these criteria may, however, undergo surgery outside 
the context of a trial. The present single-center study provides a good reflection 
of daily practice in a large university hospital, and so can be used to inform 
patients about the expected effects of surgery on QoL. Previous research showed 
that patients with pancreatic cancer have a worse baseline QoL than a normal 
population (13-15). A baseline measurement was included here, so it was possible 
to analyze the impact of surgery by measuring the difference in QoL before and 
after operation. Furthermore, this study provides absolute questionnaire scores, 
rather than the change between two time points. 
In this study, 41% of patients suffered from one or more general and surgical 
complications or an ISGPS complication. DGE was frequently encountered (31% 
of patients), whereas pancreatic fistula and postpancreatectomy hemorrhage 
affected 9 and 4% respectively. These rates are comparable to published data, 
suggesting that the present  study was probably conducted in a representative 
population (26,27). 
Up to now, the PAN-26 questionnaire has been used in only one other study to 
describe QoL after surgery for pancreatic malignancy (13). That study described 
QoL among 26 patients who underwent surgery with curative intent for pancreatic 
malignancy. It showed a positive effect of time on pain, eating-related items, side-
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effects and fear of future health. This is in contrast to the present study, where side-
effects of treatment were worse at 1 and 3 months after surgery. Here, pain was no 
different before and after surgery, and eating-related items were affected only at 1 
month after operation. The decreased score for the item fear of future health is in 
accordance with the present results. The difference in results might be explained 
by the worse median survival encountered by Kostro and Sledzínski: 12.3 and 4.6 
months for patients with an R0 and R1 resection respectively (13). 
A previous single-center study described physical component scores for the 
QLQ-C30 questionnaire before surgery, at discharge, and 3 and 6 months after 
double-loop bypass surgery and R1 resection (19). In accordance with the present 
findings, physical functioning deteriorated at 1 and 3 months. Other studies of QoL 
after pancreatic surgery for malignancy reported a decrease in all functional scores 
after surgery, with a recovery to baseline values at 3–6 months (11,12,15,17).
In the present study, social functioning and emotional role restriction improved after 
surgery following a short decline. This trend was reported previously (11). A positive 
effect for mental health over time was observed here. Similarly, others have described 
no worsening of mental component scores after surgery (11,12,17,18). This may be 
attributed to the ‘response shift mechanism’, a psychological adaptation resulting 
from a change in internal standard owing to a life-threatening disease (26). 
Other studies reported an early deterioration in scores for fatigue, pain, dyspnea 
and loss of appetite, and recovery of these items at 6 weeks and 3 months (14,15). 
Similarly, symptom scores in the present study showed a negative influence of 
surgery in terms of fatigue, appetite, pain and vitality 1 month after surgery. At 3–6 
months, all symptom scores were back at baseline level, or even better. 
The main limitation of this study is the limited number of returned questionnaires, 
mainly due to loss to follow-up. However, this study covered the most important 
period after surgery as most items showed a return to preoperative values at 3–6 
months. Only a few patients (3, 5 and 4% at 3, 6 and 12 months respectively) were too 
unwell to attend the outpatient clinic or complete the questionnaire. Over time, an 
increasing number of patients did not complete the questionnaires despite visiting 
the clinic, possibly owing to lack of motivation or patient refusal (3, 6, 8 and 17% at 1, 
3, 6 and 12 months respectively). Against expectations, none of these patients’ charts 
reported recurrence of disease or poor well-being. Loss to follow-up occurred mostly 
because patients receiving adjuvant chemotherapy did not have regular follow-up 
at the surgery clinic, follow-up was at the referring center, or because follow-up visits 
did not adhere to standard timings. Missing questionnaires are a common problem in 
QoL research for pancreatic cancer, for reasons already mentioned. In addition, mean 
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scores may improve over time as patients who die from early recurrences are lost to 
follow-up. Thus the healthiest patients completed the questionnaires, implying that 
data were not missing at random. Especially in the emotional domains, patients in 
better health and with a better prognosis may have contributed to increase scores 
over time. Therefore, this study might have underestimated the impact of surgery on 
QoL. 
Furthermore, only patients with malignant disease were included. Patients with 
benign pathology may show a different course of QoL than those with proven 
malignancy. Potentially, less extensive surgical procedures for benign disease than 
for malignant disease (such as vascular resection, lymph node dissection) may 
influence QoL. There may also be psychological differences between these groups 
of patients. Invasive pancreatic surgery might be considered worthwhile by cancer 
survivors, whereas those with benign disease might judge their experience of 
pancreatic surgery more severely. 
Another limitation of this study is the variety of surgical procedures and 
heterogeneous patient population. No additional statistical testing was performed 
to assess QoL for different types of resection or other subgroups, as analysis of small 
samples may have led to chance findings. This should be taken into consideration 
when interpreting the present results. Nonetheless, almost 80% of patients 
underwent a PPPD or Whipple procedure and, although the results may not be fully 
representative for patients undergoing distal or total pancreatectomy, they can be 
used to inform patients about the expected effects of pancreatoduodenectomy for 
a pancreatic malignancy on QoL.
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ABSTRACT

BACKGROUND

Surgery for pancreatic cancer yields significant morbidity and mortality risks and 
survival is limited. Therefore, the influence of complications on quality of life (QoL) 
after pancreatic surgery is important. This study compares QoL in patients with and 
without severe complications after surgery for pancreatic (pre-)malignancy.

METHODS

This prospective cohort study scored complications after pancreatic surgery 
according to the Dindo-Clavien system and the definitions of the International Study 
Group of Pancreatic Surgery. QoL was measured by the RAND36 questionnaire, the 
European Organization for Research and Treatment of Cancer core questionnaire 
(QLQ-C30) and the pancreas specific QLQ-PAN26. QoL in patients with severe 
complications was compared with QoL in patients with no or mild complications 
over a period of 12 months. Analysis was performed with linear mixed models for 
repeated measurements.

RESULTS

Between March 2012 and July 2016, 137 patients were included. Sixty-eight patients 
(50%) had at least 1 severe complication. There were no statistically significant and 
clinically relevant differences between both groups in QoL up to 12 months after 
surgery.

CONCLUSION

In this study, no differences in QoL between patients with and without severe 
postoperative complications were encountered during the first 12 months after 
surgery for pancreatic (pre-)malignancy. 
Trial registration: http://www.clinicaltrials.gov Identifier: NCT02175992
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INTRODUCTION

Pancreatic cancer is the fourth leading cause of cancer death. Only 10% of patients, 
diagnosed with pancreatic cancer can be operated with curative intent at time of 
diagnosis. The median survival for this resected group is 17-23 months (1).
Pancreatoduodenectomy is a major operation yielding significant morbidity and 
mortality of 14% and 2.3% respectively (2). The combination of major surgery and 
limited life expectancy makes quality of life (QoL) very important for these patients. 
Previous studies have shown that in the period 1-3 months after major pancreatic 
operations, there is an obvious decrease in QoL (3-6). It takes 3-6 months for QoL to 
fully recover after surgery (3,5-7).
Literature has reported negative effects of complications on QoL in esophageal 
and (colo)rectal cancer (8-10). Complications might also influence QoL in 
patients with pancreatic cancer. The main pancreas specific complications after 
pancreatic surgery are postoperative pancreatic fistula, delayed gastric emptying, 
postpancreatectomy haemorrhage and bile leakage. The incidences of these 
complications are respectively 2-20%(11), 19-57%(12), 1-8%(13), and 0.4-12%(14). 
The incidence of Dindo-Clavien complications grade III or higher varies from 17-
37%(15-17). 
Previous studies evaluating the difference in QoL between patients with and 
without complications demonstrate conflicting results (4,6,18-20). Some studies 
suggest there are no significant differences in postoperative QoL between patients 
with or without complications (6,20), while others show that complications tend to 
negatively affect postoperative QoL (4,18,19).Most patients in these studies were 
part of large randomized clinical trials. In contrast, this study used an unselected 
patient group to analyze postoperative QoL. In addition, our study used the 
EORTC QLQ-PAN26 questionnaire that assesses pancreas specific QoL (21). This 
questionnaire was up until now only used in a few studies, with limited numbers of 
patients included (3,4,19,22-24) .
The aim of our study was to evaluate the influence of severe complications after 
major pancreatic resection on postoperative QoL during the first postoperative 
year.

METHODS

All patients undergoing pancreatic surgery for malignant or premalignant disease 
between March 2012 and July 2016 at the Department of Surgery of the University 
Medical Center Utrecht were asked to participate in this study. All patients with a 
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preoperative (baseline) questionnaire and at least 1 follow-up questionnaire were 
included for analysis. The study was approved by the local institutional review board 
of the University Medical Center Utrecht (No.13/546) and registered at http://www.
clinicaltrials.gov (NCT02175992) (3). 

PATIENT CHARACTERISTICS

The following baseline characteristics were collected: age, sex, tumor size, 
surgical procedure, histopathological type, resection margin, administration of 
postoperative chemotherapy, ASA score, waiting time, time of hospital stay and 
rehospitalization. Resection margin was defined as R1 if tumor cells were visible 
within 1 mm from the resection surface and R0 if not. Waiting time was defined as 
the time between the last interdisciplinary meeting and the day of surgery, whereas 
hospital stay was defined as the time between pancreatic surgery and the day of 
discharge. Adjuvant chemotherapy consisting of gemcitabine was administered if 
approved by the multidisciplinary meeting and if condition of the patient allowed 
this. Baseline characteristics were described for the included patients in total and 
separate group with and without complications.

ASSESSMENT OF QOL

We prospectively evaluated QoL in a large patient cohort, using three different 
validated questionnaires on QoL: the 36-Item Short Form Health Survey of the 
RAND Medical Outcomes Study (RAND36), the European Organization for Research 
and Treatment of Cancer (EORTC) core questionnaire (QLQ-C30), and the pancreatic 
cancer-specific EORTC QLQ-PAN26 questionnaire.
The RAND36 is a general health survey. It consists of 36 questions that assesses 
8 domains: physical functioning, physical role restriction, social functioning, 
emotional role restriction, vitality, pain, mental health, general health, and change 
in health (25). The EORTC QLQ-C30 is a cancer-specific questionnaire. It consists 
of 30 questions that evaluate physical functioning, social functioning, emotional 
functioning, role functioning, cognitive functioning, nausea and vomiting, pain, 
fatigue, global health and QoL, insomnia, loss of appetite, constipation, diarrhoea, 
dyspnoea, and financial difficulties (26).The EORTC QLQ-PAN26 is a questionnaire 
specific for pancreatic cancer. It consists of 26 questions that evaluate symptoms 
related to disease and treatment (pain, indigestion, flatulence, an altered bowel 
habit, eating related items, cachexia, ascites, hepatic symptoms, and side effects), 
and additional emotional difficulties related to pancreatic cancer (body image, 
sexuality, health care satisfaction, fear of future health, and the ability to plan 
future) (21).
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All QoL domains are scaled from 0 to 100 points. A high score on the RAND36 
survey and functional items and general health of the QLQ-C30 indicates a good 
QoL. A high score on the QLQ-C30 problem and symptom scales indicates a poor 
QoL. Except for health care satisfaction and sexuality, high scores on the QLQ-
PAN26 indicate a poor QoL.
Baseline questionnaires were handed over to the patient at the first outpatient 
visit to the Department of Surgery. Follow-up questionnaires were handed over to 
patients at routine visits at 1, 3, 6, and 12 months after surgery, until loss to follow-
up or death. Inpatients were considered unable to complete questionnaires. The 
expected number of returned questionnaires was calculated as the total number 
of patients minus the patients who were lost to follow-up or who had died. Length 
of follow-up was calculated as the date of surgery until the date of the last returned 
questionnaire in patients who were alive at the end of the inclusion period (1 July 
2016).

SURGICAL COMPLICATIONS

All complications were scored prospectively according to the Dindo-Clavien 
classification for surgical complications (27) and the definitions set by International 
Study Group of Pancreatic Surgery (ISGPS). Dindo-Clavien complications are scored 
from grade I to V. Pancreas specific complications are categorized in grade A (mild), 
grade B (moderate), and grade C (severe).
The definition of postoperative pancreatic fistula is a concentration of amylase 3 
times higher in drain fluid than serum amylase on, or after postoperative day 3(11). 
Grade A has no clinical impact. Grade B involves a change in clinical management, 
however, no invasive procedure is necessary. For grade C, intensive care and/or 
surgical re-exploration is needed. Delayed gastric emptying is a very common after 
pancreatic surgery (12). Patients with grade A delayed gastric emptying are not 
able to accept a solid diet or need or (re)insertion of a nasogastric tube between 
postoperative day 4 and 7. For patients with grade B, this is the case at postoperative 
day 8 to 14. For patients with grade C, this situation is true for postoperative day 
14 to 21. Postpancreatectomy haemorrhage grade A has no major clinical impact 
and no change in clinical management (13). With grade B therapeutic actions 
are needed, such as transfusion, intensive care, and invasive interventions such 
as relaparotomy or embolization. Grade C demands immediate diagnostic and 
therapeutic consequences, as it is potentially life threatening. Bile leakage is 
defined as a fluid with a 3 times increased concentration of bilirubin on or after 
postoperative day 3 or as the need for radiologic intervention or relaparotomy (14). 
Grade A is defined as bile leakage with no or little change in clinical management 
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needed. Grade B bile leakage requires a change in clinical management, however 
no relaparotomy is needed. Grade A bile leakage lasting for more than 1 week is 
also considered grade B bile leakage. Grade C bile leakage involves relaparotomy.
All complications requiring radiological, endoscopic or surgical intervention, 
admission to an intensive care unit or leading to death were considered severe 
complications, i.e. Dindo-Clavien grade IIIa and higher and pancreas specific 
complications grade B and C.

STATISTICAL ANALYSIS

All patients were divided into 2 groups: patients with ‘no complications’ and 
patients with ‘severe complications’. The group with ‘no complications’ was defined 
as patients having at most a pancreas specific complication grade A or a Dindo-
Clavien complication grade I or II (hereafter: ‘no complications’). The second group 
comprised all patients with at least 1 pancreas specific complication grade B or C or 
at least 1 Dindo-Clavien complication grade IIIa (‘severe complications’).
Kaplan-Meier curves were created to calculate the overall survival of the group 
with no complications and with severe complications. One and two-year survival 
was calculated for both groups.
The primary outcome in this study is the difference in course of QoL until 12 months 
after surgery between patients with no complications and severe complications. 
A difference of QoL of 10 points on a 0-100 point scale was considered clinically 
relevant (28). We considered a p-value <0.01 as statistically significant to account for 
multiple testing. The mean difference in QoL between the group of patients with no 
complications and the group with severe complications was analyzed using a linear 
mixed model for repeated measurements. Follow-up was truncated at 12 months 
postoperatively in order to reduce the influence of death as competing risk. To assess 
whether the course of QoL over time is different per group (group * time interaction), 
we compared the -2 log likelihood of a model with and without interaction terms for 
time by group. When interaction by time was present, we did not calculate a mean 
difference over time, but decided based on the time trends the most valid way to 
present the data, e.g. in a graphic display. Least squares means (estimated mean 
scores) at each time point were calculated and plotted in graphs for both patient 
groups for all QoL measures. 
Statistical analysis was performed by SPSS Statistics Data Editor version 21 and 22 for 
Windows (IBM, Armonk, New York, USA) and SAS version 9.4 (SAS Institute, Cary, NC). 
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RESULTS

Between March 2012 and July 2016, 288 patients underwent pancreatic surgery. Of 
them, 137 patients with malignant (n=109) and premalignant disease (n=28) of the 
pancreas were included in this study. Reasons for non-completion of the baseline 
questionnaire were mainly logistic (e.g. patient hospitalised before surgery), or 
patient refusal. Figure 1 shows patient selection and the number of questionnaires 
returned for each follow-up moment. Response rates were 86%, 72%, 69%, and 
60% at respectively 1, 3, 6, and 12 months. Sixty-eight patients experienced severe 
complications, i.e. Dindo-Clavien grade IIIa or higher and/or ISGPS grade B or C, see 
Tables 1 and 2 for specifications of the complications. Baseline characteristics for all 
patients stratified by complication group are presented in Table 3. 

Surgery for suspected  
pancreatic malignnancy between  

01-03-2012 and 01-07-2016 (n = 288)

Patients available
 for analysis (n = 137)

Exclusion
- 1 no infomed consent  
   for database
- 24 tumor
   unresectable at 
   exploration
- 8 in hospital death
- 18 benign pathology
- 91 no baseline QoL
- 9 no follow-up QoL

12 months
58/97 patients

(60%)
No vs. severe 

complications:
29 (55%) / 29 (66%)

6 months
85/123 patients

(69%)
No vs. severe 

complications:
49 (74%) / 36 (63%)

1 month
118/137 patients

(86%)
No vs. severe 

complications:
62 (90%) / 56 (82%)

N = 137 reached time point
- 5 patients hospitalized
- 14 patients did not
 complete questionnaire

N = 132 reached time point
- 4 patient died
- 3 patients hospitalized
- 34 patients did not
 complete questionnaire

N = 132 reached time point
- 12 patients died
- 4 patients hospitalized
- 33 patients did not
 complete questionnaire

N = 97 reached time point
- 16 patients died
- 1 patients hospitalized
- 38 patients did not
 complete questionnaire

3 months
95/132 patients

(72%)
No vs. severe 

complications:
50 (74%) / 45 (70%)

Figure 1: Flow chart showing patient selection and number of questionnaires returned. The questionnaire 
return percentages at 1, 3, 6, and 12 months are calculated as the number of returned questionnaires 
divided by the expected completion number per group.
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Table 1: Prevalence of Dindo-Clavien complications 

Grade
IIIA

Grade
IIIB

Grade
IVA

Grade
IVB

Grade
V

Infection NOS 3 1

Collapse (cause unknown) 1

Fascial dehiscence 4a 1

Cerebrovascular accident 1

Upper GI tract bleeding 1 1

Rectal blood loss 1

Aspiration pneumonia 2

Hypokalaemia 1

Benign stenosis of the hepaticojejunostomy 1

Abdominal compartment syndrome 1

Second look related to construction of the 
leotransversostomy

1

Necrotising decubitus 1

Portal occlusion 2 1

Glycaemic dysregulation 1

Liver abscess 2

Luxation drain in peritoneal cavity 1

Anastomotic leakage 1d 2

Necrotic omentum 1

Pleural effusion 4

Respiratory insufficiency 4

Fluid collection NOS 6

Chyle leak 1

Total, all complications 24 14 14 1 0

Values are presented as n. a 1 out of 4 patients with evisceration, d still present at time of discharge. 
NOS: not otherwise specified.

Table 2: Number of patients with ISGPS complications 

None Grade A Grade B Grade C Missing 

Pancreatic fistula 114 (83%) 12 (9%) 11 (8%) 0 (0%) 0 (0%)

Pancreatic hemorrhage 133 (97%) 0 (0.0%) 3 (2%) 1 (1%) 0 (0%)

Delayed gastric emptying 78 (57%) 15 (11%) 24 (18%)a 19 (14%)b 1 (1%)

Bile leakage 125 (91%) 1 (1%) 6 (4%) 0 (0%) 5 (4%)

Values are presented as n (%). a still present at time of discharge in 2 patients. b still present at time of 
discharge in 6 patients.ISGPS: International Study Group of Pancreatic Surgery
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Table 3: Baseline characteristics 

Overall 
(n=137)

No complications  
(n=69)

Severe complications 
(n=68)

Age, years (median, range) 67 (29-86) 67 (33-82) 66 (29-86)
Sex ratio (M:F) 75:62 36:33 39:29
Waiting time, days (median, range) 28 (4-98) 28 (4-98) 28 (4-80)
Surgical procedure

Whipple 17 (12%) 6 (9%) 11 (16%)
PPPD 84 (61%) 44 (64%) 40 (59%)
Total pancreatectomy 9 (7%) 4 (6%) 5 (7%)
Resection of body and tail 5 (4%) 4 (6%) 1 (1%)
Anterior RAMPS 5 (4%) 4 (6%) 1 (1%)
Spleen preserving distal resection 5 (4%) 3 (4%) 2 (3%)
Othera 12 (9%) 4 (6%) 8 (12%)

Resection margin
Radical (R0) 67 (49%) 38 (55%) 29 (43%)
rradical (R1) 68 (50%) 30 (43%) 38 (56%)
N/A 2 (2%) 1 (1%) 1 (1%)

Histology
Pancreatic adenocarcinoma 77 (56%) 34 (49%) 43 (63%)
Papillary carcinoma 17 (12%) 12 (17%) 5 (7%)
Cholangiocarcinoma 9 (7%) 4 (6%) 5 (7%)
IPMN 17 (12%) 10 (14%) 7 (10%)
NET 7 (5%) 4 (6%) 3 (4%)
Duodenal carcinoma 4 (3%) 1 (1%) 3 (4%)
Otherb 6 (4%) 4 (6%) 2 (3%)
Tumor size, cm (median, range) 3.0 (0.2-20.0) 3.0 (1.0-10.0) 3.3 (0.2-20.0)

ASA score
1 36 (26%) 20 (29%) 16 (24%)
2 78 (57%) 37 (54%) 41 (60%)
3 19 (14%) 10 (14%) 9 (13%)
Unknown 4 (3%) 2 (3%) 2 (3%)

Adjuvant therapy
None 86 (63%) 39 (57%) 47 (69%)

Not indicated 71 (52%) 35 (51%) 36 (53%)
Due to poor condition 12 (9%) 3 (4%) 9 (13%)
Patient refusal 3 (2%) 1 (1%) 2 (3%)

Gemcitabine 46 (34%) 26 (38%) 20 (29%)
Otherc 3 (2%) 2 (3%) 1 (1%)
Unknown (lost to follow-up) 2 (1%) 2 (3%) 0 (0%)

Hospital stay, days (median, range) 13.0 (0-86) 9.0 (0-26) 19.5 (9-86)
Rehospitalization

Yes 22 (16%) 8 (12%) 14 (21%)

Values are presented as n (%) unless otherwise indicated. Numbers may not add up to 100, as a result 
of rounding of numbers. a other: posterior RAMPS  (n=1), modified Appleby  (n=1), distal resection with 
splenectomy  (n=1), and pancreatic surgery combined with duodenectomy, hemicolectomy, partial 
stomach resection, omentectomy, and/or adnex extirpation (n=9). b other: acinair cell carcinoma 
(n=1), mucinous cystadenoma (n=1), solitary fibrous tumor (n=1), metastasis (n=1), Hamoudi tumor 
(n=2). c other: folfirinox (n=1), carboplatin/paclitaxel (n=1), chemoradiation (n=1). PPPD: pylorus 
preserving pancreatoduodenectomy; RAMPS: radical antegrade modular pancreatosplenectomy; 
NET: neuroendocrine tumor; IPMN: intraductal papillary mucinous neoplasm; ASA: American Society 
of Anesthesiologists.
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In the severe complications group, more patients underwent a Whipple procedures 
(16% vs 9%), and less patients underwent a distal resection (5% vs 16%). In addition, 
there were more adenocarcinomas in the severe complications group (63% vs 49%), 
patients had a longer hospital stay (19.5 vs 9 days) and a higher rehospitalization 
rate (21% vs 12%). Less patients with severe complications received adjuvant 
therapy (69% vs 57%).
Median follow-up, calculated for all patients who were alive at the end of the 
study period (n=69), was 22 months (range 3-50 months). Two patients were lost 
to follow-up. At a follow-up time of 3, 6, and 12 months, a total of 4, 12, and 28 
patients had died, respectively. Median survival was 18.3 months. Median waiting 
time for surgery was 28 days (interquartile range (i.q.r.) 14-40 days, n=133, 4 patients 
unknown date of last interdisciplinary meeting). The median length of hospital stay 
was 14 days (i.q.r. 9-21 days).
Twenty-one patients with severe complications and 28 patients without 
complications received adjuvant systemic therapy. In the group with complications, 
11 patients did not receive adjuvant therapy while indicated due to poor condition 
(n=9) or patient refusal (n=2). In the group without complications, four patients 
did not receive adjuvant therapy while indicated due to poor condition (n=3) 
or patient refusal (n=1). The group of patients with no and severe complications 
consisted of respectively 69 (51%) and 68 (49%) patients (Table 1 and 2). 
Kaplan-Meier analysis showed an overall 1-year and 2-year survival of 80% and 
61%, respectively. One-year survival in patients with no complications and severe 
complications, was 83% and 76%, respectively (p=0.25). Two-year survival in both 
groups was 62% and 59%, respectively (p=0.39) (Figure 2).

Figure 2: Kaplan-Meier curves of 
2-year survival of patients with no 
and severe complications.
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QUALITY OF LIFE AND COMPLICATIONS

Patients in both groups assessed their general health as stable during the first year 
after surgery (Figure 3ab). In contrast, physical functioning decreased at 1 month 
postoperatively and recovered in 3 to 6 months (Figure 3cd). The linear mixed model 
for repeated measurements revealed no statistically significant and clinically 
relevant differences between patients with and without severe complications in 
all 38 QoL items until 12 months follow-up (see Table 4 for results of all individual 
items). 

a

c

b

d

Figure 3: General QoL and physical functioning. 
a) Least squares mean scores of RAND36 general health. b) Least squares mean scores of QLQ-C30 
general health/QoL. c) Least squares mean scores of RAND36 physical functioning. d) Least squares 
mean scores of QLQ-C30 physical functioning. In all items, a high score indicates a good health, a good 
functioning and/or a high QoL.

The linear mixed model for repeated measurements showed that interaction by 
time was present for 3 QoL items: RAND36 change in health, constipation and 
hepatic. In these items, the effect of the resection on QoL was opposite in both 
groups in two different time periods, i.e. the QoL lines crossed in the graphs. For 
the item RAND36 change in health, the group with severe complications had a 
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lower health score than the group with no complications before 6 months and 
a higher health score after 6 months. Therefore, we analyzed QoL until 6 months 
for this item as we expected the largest effect of the complications in the first 
months after surgery. For two items (QLQ-C30 constipation and PAN26 hepatic), 
we corrected for baseline-QoL since there was a statistically significant difference 
at baseline between both groups. Performing a baseline correction leveled out the 
group interaction by time.

DISCUSSION

This study investigated differences in QoL between patients with and without 
severe complications after pancreatic resection. We observed that most QoL items 
deteriorated after pancreatic surgery, to return to baseline values in 3 to 6 months, 
irrespective of the presence of postoperative complications. The lack of differences 
between these two patient groups might be the result of the short duration of 
the impact of complications. Previous studies reported conflicting results on 
the influence of complications on QoL (4,18,19). The latter studies show that 
complications may negatively affect postoperative QoL (18,19). The differences 
between our study and these studies might be explained by different scoring 
methods and selection bias. In our study, an unselected patient group was studied 
who were not participating in a clinical trial and, thereby, reflecting daily practice. 
Other studies measured QoL as a secondary outcome in large clinical trials (4,19). In 
addition, we assessed complications prospectively using both the Dindo-Clavien 
scoring system and the ISGPS definitions. Prospective scoring leads to higher levels 
of complication reporting (29). 
We analyzed our data using a mixed model strategy. An advantage of a linear 
mixed model analysis over analyzing separate points in time, is that it makes full 
use of the available data, i.e. all patients with at least 1 follow-up measurement are 
included. Moreover, the course of QoL over a period of time can be analyzed, as a 
linear mixed model estimates a course of QoL per subject instead of comparing 
separate time points. This makes the results more robust against missing data (30). 
In this study, 64 grade B and C pancreas specific complications occurred in 51 out 
of 137 (37%) patients. These results are in line with previous reported complication 
rates (11-14). This suggests that the patient group is representative for the daily 
practice. Sixty out of 137 (44%) of the patients had a Dindo-Clavien complication 
grade IIIa or higher. This is slightly higher than reported incidences of 31 to 38 
percent (17). This might be explained by the high level of complexity of patients 
resected in this university hospital and the prospective complication registration 
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with reporting of complications with both Dindo-Clavien and ISGPS scoring 
systems (15-17). 
One of the limitations of this study is that not all patients completed all 
questionnaires. This is, however, a common feature in QoL studies in cancer 
patients. We showed response rates of 86%, 72%, 69%, and 60% at respectively 1, 
3, 6, and 12 months which is comparable to other studies (20,22,31,32). Assuming 
that patients with a worse condition showed higher non-reponse rates, QoL 
might be overestimated. As response rates are comparable between both patient 
groups, this might not influence the outcomes of this study. Another limitation is 
the variety of surgical procedures and histological types of cancer. Different types 
of surgery and different histological types of tumors might show a different QoL 
after surgery. Particularly, more classic Whipple procedures were performed in the 
group of patients with severe complications. In the group without complications, 
more pylorus preserving pancreatoduodenectomy procedures were done. In 
addition, more adenocarcinomas and irradical resections were found in the group 
with severe complications. This might be related to a potentially more extended 
resection performed in patients with adenocarcinomas.
Adjuvant chemotherapy might influence the course of QoL. Although in both 
groups, adjuvant systemic therapy was indicated in 32 patients, less patients actually 
received adjuvant therapy in the group of patients with severe complications. 
However, previous literature revealed that adjuvant chemotherapy does not 
influence QoL (33). Therefore, we do not expect that the difference in administration 
of adjuvant systemic therapy has influenced our results. The results of this study can 
be used in the process of shared decision making to inform patients concerning 
benefits and risks of major pancreatic surgery. Patients are often hesitant about 
possible postoperative complications and the influence of complications on their 
QoL. These patients can be informed that severe postoperative complications do 
occur but do not affect longtime QoL. 

CONCLUSION

Quality of life decreases in the first months after surgery for the most items, to 
recover to baseline values at 3 to 6 months. About 51 percent of patients in this 
study experienced severe complications after resection for pancreatic cancer or 
premalignancy. However, during the first postoperative year, quality of life appears 
to be similar between patients experiencing severe complications and patients 
without complications. 
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ABSTRACT 

BACKGROUND AND PURPOSE

To characterize pancreatic tumor motion and to develop a gating scheme for 
radiotherapy in pancreatic cancer.

MATERIALS AND METHODS

Two cine MRIs of 60 seconds each were performed in fifteen pancreatic cancer 
patients, one in sagittal direction and one in coronal direction. A Minimum Output 
Sum of Squared Error (MOSSE) adaptive correlation filter was used to quantify 
tumor motion in craniocaudal, lateral and anteroposterior directions. To develop 
a gating scheme, stability of the breathing phases was examined and a gating 
window assessment was created, incorporating tumor motion, treatment time and 
motion margins. 

RESULTS

The largest tumor motion was found in craniocaudal direction, with an average 
peak-to-peak amplitude of 15 mm (range 6-34 mm). Amplitude of the tumor in 
the anteroposterior direction was on average 5 mm (range 1-13 mm). The least 
motion was seen in lateral direction (average 3 mm, range 2-5 mm). The end exhale 
position was the most stable position in the breathing cycle and tumors spent 
more time closer to the end exhale position than to the end inhale position. On 
average, a margin of 25% of the maximum craniocaudal breathing amplitude was 
needed to achieve full target coverage with a duty cycle of 50%. When reducing 
the duty cycle to 50%, a margin of 5 mm was sufficient to cover the target in 11 
out of 15 patients.

CONCLUSION

Gated delivery for radiotherapy of pancreatic cancer is best performed around 
the end exhale position as this is the most stable position in the breathing cycle. 
Considerable margin reduction can be established at moderate duty cycles, 
yielding acceptable treatment efficiency. However, motion patterns and amplitude 
do substantially differ between individual patients. Therefore, individual treatment 
strategies should be considered for radiotherapy in pancreatic cancer.
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INTRODUCTION

Despite several advances in therapy, pancreatic cancer remains one of the most 
aggressive tumors and has a very poor survival, with an overall 5 year survival 
rate of approximately 5% (1). Especially the high metastatic potential leads to this 
very low survival (1). Cure can only be reached by surgery. However, only 20% of 
patients that harbor only local disease can be operated. If not operable, the disease 
is considered locally advanced. For these patients chemoradiation has been 
investigated. Unfortunately, up to now, survival after chemoradiation remains poor 
(1,2). Still, both improvements in systemic therapy and radiation therapy may result in 
improved outcomes. In radiation therapy, especially high ablative doses might result 
in an improvement of local control. Also, the use of MRI has potential for treatment 
planning and guidance. Radiotherapy can be associated with high gastrointestinal 
toxicity since the pancreas is adjacent to radiosensitive organs such as the duodenum 
and the stomach (3). Moreover, the pancreas moves with respiration, which requires 
significant treatment margins to compensate for this motion (4-6). The combination 
of a large irradiated volume and the close vicinity of vital organs makes pancreatic 
cancer challenging to irradiate up to curative dose levels. 
Dose escalation to the tumor is needed when the objective is local control. However, 
this may lead to high toxicity. To overcome toxicity while maintaining high tumor 
doses, treatment margins must be minimized. As breathing is the major component of 
tumor motion, it is an important contributor to a large treated volume. Active motion 
compensation techniques such as tracked and gated radiotherapy delivery are 
desired to minimize treated volumes (4,5). These techniques require image guidance 
to assess the target position in time and thereby enable radiation delivery with high 
precision and smaller margins. The use of tracking and gating for radiotherapy of 
LAPC has been assessed by several groups and has demonstrated high rates of local 
control with acceptable toxicity (7-13). Most studies have been performed using the 
CyberKnife, a system that allows tracked radiotherapy delivery (14). 
Gated radiotherapy has the advantage that it can be delivered with conventional 
linear accelerators, in contrast to tracked radiotherapy delivery (15). Respiratory 
gating involves irradiation during a certain fraction of the respiratory cycle. When 
developing a gating strategy, a trade-off has to be made between breathing 
associated treatment margins required to obtain full target coverage and overall 
treatment time, as reducing margins increases overall treatment time. In addition, 
timing of gating is essential, i.e. at which phase of the breathing cycle gating is best 
performed. 
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The aim of this study was to develop an optimal gating procedure for pancreatic 
cancer radiotherapy. For this purpose, pancreatic tumor motion was quantified, 
based on cine magnetic resonance imaging (MRI). Subsequently, the obtained 
motion patterns were used to develop an optimal gating procedure, consisting of 
a reproducible tumor position in the breathing cycle and a patient specific trade-
off between breathing amplitude, beam-on time and treatment margins. 

MATERIALS AND METHODS

PATIENTS

The study was approved by our local institutional review board. All patients provided 
written informed consent. Fifteen patients suspected of having pancreatic cancer 
based on computed tomography and/or endoscopic ultrasound findings were 
scheduled for MRI examination between January 2012 and January 2013. Patients 
were scanned before surgical resection (Whipple’s resection or pyloric-preserving 
pancreatoduodenectomy) or before start of palliative treatment. Patients were 
excluded if they met exclusion criteria for MRI imaging according to our radiology 
department protocol.

IMAGE ACQUISITION

MRI scanning was performed on a 1.5 Tesla scanner (Achieva, Philips, Best, The 
Netherlands) using a 16 channel phased array torso coil. Patients drank 300 ml of 
tap water to increase contrast between pancreas and duodenum and to minimize 
air in the stomach.  
In every patient, a respiratory triggered axial T2 weighted image was acquired (TE/
TR 80/588 ms, FOV 400x299x262 mm3, slice thickness 3.5 mm, acquired voxel size 
1.0x1.3x3.5 mm3, reconstructed voxel size 0.8x0.8x3.5 mm3, FA 90°, TSE 74, SENSE 
factor 2, half scan factor 0.635). This scan served as an anatomical reference to plan 
two cine MRIs: one sagittal scan and one coronal scan. For the sagittal scan, the 
scan plane was positioned through the center of the tumor which was identified 
on the axial T2 weighted scan. The coronal plane was similarly set through the 
center of the tumor. Since substantial out-of-plane motion was observed in 
the first three patients, the coronal plane was angulated in the 12 subsequent 
patients. The angulation was chosen such that the principal motion direction 
of the pancreas was positioned in the scan plane, thereby minimizing out-of-
plane motion. This comes down to an angulation in the craniocaudal direction, 
relative to the left-right axis (Figure 1). Scan parameters of the coronal single slice 
SSFP sequence were as follows: TR/TE 2.8/1.40 ms, FA 50°, FOV 450x450 mm2, slice 
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thickness 7 mm, acquired voxel size 2.2x7.0x2.2 mm3 which were reconstructed 
on a grid with resolution 2.0x7.0x2.0 mm3. Sagittal imaging parameters were the 
same, with exception of TR/TE 2.9/1.44 ms, FOV 320x301 mm2, acquired voxel size 
7.0x1.5x1.5mm3 which was reconstructed on a grid with resolution 7.0x1.4x1.4mm3. 
Both cine MRIs were collected over the course of 60 seconds, at a rate of 2 Hz. GTV 
delineation was performed on the available imaging, using T2-weighted sequence 
and the cine-MRI. 

MOTION CHARACTERIZATION

An in-house developed validated software tool was used to quantify the amount 
of motion observed on the two cine MRIs (16). This software tool was validated 
with Elastix software and Optical Flow and showed to be non-inferior (17,18) A 
Minimum Output Sum of Squared Error (MOSSE) adaptive correlation filter was 
used. This filter is capable of tracking one point in a series of images, thereby being 
independent of variations in intensity, scale and small non-rigid transformations 
of the image (19). Tumor motion was evaluated in craniocaudal, lateral and 
anteroposterior directions. For target tracking, one point at the inferior edge of the 

Figure 1: Angulation of the coronal 
scan plan in the principal motion 
direction of the pancreas.

5

MRI based pancreatic motion and gating schemes

95



tumor and one at the superior edge was chosen with high contrast between the 
tumor and the surrounding structures on both the coronal and sagittal slides. The 
excursions of these two points were averaged to calculate mean tumor motion in 
anteroposterior and craniocaudal direction on the sagittal scan. Left-right motion 
was determined in the same way on the coronal scan. We chose to assess the 
craniocaudal motion on the sagittal scan and not on the angulated coronal scan. 
As the left-right motion showed to be negligible, the data from the sagittal scan 
seemed to be more robust as no out of plane motion is present on the sagittal 
cine MRI. The main motion trajectory of the tumor was reconstructed from the 
craniocaudal and anteroposterior motion of the tumor as observed on the sagittal 
cine MRI, as left-right motion was shown to be negligible. 
Motion in each direction is reported as the M

100%
 and M

95%
, where M

100%
 is distance 

between the most extreme excursions measured over the duration of the entire 
scan (i.e., 60 seconds) and includes outliers as hiccups, coughs and sneezes. M

95%
 

is a more robust measure and is defined as the bandwidth that includes 95% of 
the data points but excludes the 5th percentile most extreme data points (2.5% at 
inspiration and 2.5% at expiration).      
The stability and reproducibility of both the end inspiration position (EIP) and the 
end expiration position (EEP) were evaluated. This was done to determine which 
position of the breathing cycle is most efficient to perform gating. Stability was 
expressed as 1 standard deviation (sd) of all peaks in inspiration or expiration, 
respectively. This was calculated for both individual patients, as well as for the 
average stability of all patients together. Subsequently, the ratio of EIP to EEP was 
calculated by dividing the time spent closer to the EIP by the time spent closer to 
the EEP.  

GATING WINDOW

We define the Internal Gross Tumor Volume (IGTV) as the union of all GTVs 
integrated over the beam-on time. We adapted this from ICRU 62 where the 
Internal Target Volume (ITV) is considered the volume encompassing the Clinical 
Target Volume (CTV) and the Internal Margin (IM) (20).  In our analysis the IM is 
added to the GTV. The size of the IGTV increases as the duty cycle (beam-on time/
total time) increases. At a duty cycle of 100% (i.e. continuous irradiation), the IGTV 
covers all GTV positions over time. This means that this IGTV is defined as the GTV 
expanded with margins equal to the maximal breathing excursions. GTV-to-IGTV 
margins can be reduced at the cost of a reduced duty cycle. Ultimately, a 0 mm 
margin is established at a duty cycle of virtually zero. For each patient, a probability 
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density function (PDF) of the positions of the GTV was created based on the motion 
trajectory. Trade-offs between duty cycle and margins are determined by analyzing 
these PDFs.

RESULTS

PATIENTS

Fifteen patients were imaged using cine MRI (Figure 2). Nine patients underwent 
pyloric-preserving pancreatoduodenectomy after MRI imaging while six patients 
underwent palliative surgery (double bypass surgery with or without experimental 
radiofrequency ablation procedure of the primary tumor). Three patients were 
female, 12 patients were male. Mean age was 62 years (range 48-76 years).  Sagittal 
cine MRIs were available in all 15 patients. Useful coronal images were available 
in 12 patients, due to significant out-of-plane motion in three patients, thereby 
making accurate motion analysis impossible. 

Figure 2: Single frame of a mixed 
T1/T2 weighted cine MRI series 
in a pancreatic cancer patient. 
The tumor is contoured in white. 
Tracking was performed at one 
point at the inferior edge of the 
tumor, indicated with the X, and at 
one point at the superior edge (not 
shown in this image). 

CHARACTERIZATION OF TUMOR MOTION 

The MOSSE adaptive correlation filter was successfully used to quantify pancreatic 
tumor motion. It showed to be a very fast and robust method, not requiring any 
adjustment during motion quantification. The largest tumor motion was found in 

5

MRI based pancreatic motion and gating schemes

97



craniocaudal direction, with an average M
100%

 (complete peak-to-peak amplitude) 
of 15 mm (range 6-34 mm, sd 9 mm) (Table 1 and Figure 3).  The M

95%
 of craniocaudal 

motion was on average 13 mm (range 5-31 mm, sd 8 mm). M
100%

 of the tumor in 
the anteroposterior direction was on average 5 mm (range 1-13 mm, sd 3 mm), 
mean M

95%
 of anteroposterior motion was 4 mm (range 1-12 mm, sd 3 mm). The 

least motion was seen in lateral direction (mean M
100%

 3 mm, range 2-5 mm, sd 
1 mm). M

95%
 in lateral direction was on average 2 mm (range 1-4 mm, sd 1 mm). 

Difference in tumor motion between the superior and inferior edge of the tumor 
was on average  0.4 mm in all directions.
Because the left-right motion was very small, the sagittal cine MRI showed the least 
out-of-plane motion and thus shows in 2D the main direction of motion of the 
tumor. The trajectory in craniocaudal and anteroposterior direction was plotted. 
All tumor trajectories showed an angulation relative to the left-right axis, with the 
cranial region angled toward posterior and the caudal part angled toward anterior. 
The average angle was 11° (range 1-21°, sd 6°) (Table 1). 

GATING STRATEGY

The EEP showed to be a more reproducible position than the EIP. The overall 
standard deviation in the CC direction of all EEPs was 0.8 mm, whereas this was 
1.9 mm for the EIPs (Table 1). All tumors spent more time closer to the EEP than to 
the EIP, except for the tumor of patient 14. On average, 70% of time the tumor was 
closer to the EEP than to the EIP (range 49-85%, sd 9%). These two findings support 
the fact that gating is more time efficiently performed around the EEP than around 
EIP.

GATING WINDOW

Two representations of a gating window assessment were made. The first is an 
assessment of the percentage beam-on time that can be established by gating 
around the EEP with a margin consisting of a percentage of the maximum breathing 
amplitude in craniocaudal direction (Figure 4). The second representation illustrates 
the percentage of beam-on time that can be established at different margins (i.e. 
3, 5, 7, or 9 mm) (Figure 5). 
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Table 1: motion characteristics of patients 

Patient Tumor size
(mm)a

Tumor motion (mm) Stability
(1 sd)(mm)b

Degrees angulationc

(95% CI)

CC AP EEP EIP

M
100%

M
95%

M
100%

M
95%

1 11 26 20 9 7 0.8 2.9 12
(10-13)

2 22 34 31 9 8 1.3 1.6 17
(16-17)

3 12 28 25 13 12 1.2 2.6 21
(19-22)

4 25 23 20 5 4 1.6 2.1 13
(12-14)

5 25 9 7 3 2 0.5 1.2 7
(5-8)

6 53 7 6 1 1 0.1 1.4 6
(4-7)

7 21 11 10 4 3 0.6 1.3 6
(4-7)

8 35 10 8 4 3 0.8 1.2 8
(5-11)

9 25 10 9 3 2 0.4 1.6 12
(10-13)

10 50 7 6 2 2 0.1 0.9 15
(15-16)

11 n/a 9 7 3 1 0.4 0.8 10
(9-11)

12 64 8 6 4 3 0.3 1.3 19
(18-20)

13 50 6 5 1 1 0.4 0.6 6
(5-7)

14 n/a 18 13 3 2 1.4 1.3 1
(0-2)

15 n/a 22 16 8 6 0.5 4.2 7
(4-10)

Average 
(sd)

33
(17)

15
(9)

13
(8)

5
(3)

4
(3)

1 sd
0.8

1 sd
1.9

11
(6)

a Largest tumor diameter in the axial plane. N/a = not available. 
b Stability of end-exhale and end-inhale position, defined as 1 standard deviation of all end-exhale or 
end-inhale positions present in one minute expressed in mm. 
c degrees angulation of the trajectory of the pancreas in craniocaudal direction, relative to the left-
right axis, where zero degrees is exactly the craniocaudal axis.
CC = craniocaudal direction; AP = anteroposterior direction.
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A Figure 3a: Typical example of craniocaudal 
tumor motion over time (patient 9).  The 
peak-to-peak amplitude here is 14 mm. 
The end-exhale  position (upper part) is 
more reproducable than the end-inhale 
position (lower part).

B Figure 3b: Tumor motion in three 
directions. All dots represent individual 
patients. For each patient, the M

100%
 

and M
95%

 is shown in craniocaudal (CC), 
anteroposterior (AP) and left-right (LR) 
direction.

Figure 4: Extent of IGTV in relation to the 
beam-on time. As shown, at 50% beam-
on time, the required GTV-to-IGTV margin 
decreases to one quarter of the total 
breathing amplitude. 
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DISCUSSION

In this study, cine MRI provided insight into pancreatic tumor motion. A MOSSE 
correlation filter was used to automatically track tumor motion in coronal and 
sagittal planes within milliseconds per frame. 

TUMOR MOTION

The largest motion of the pancreatic tumors was observed in craniocaudal direction, 
with an average motion of 15 mm. These data are in line with previously described 
studies of pancreatic tumor motion with cine MRI. Feng et al and Bussels et al 
demonstrated a craniocaudal tumor motion of 20 mm and 24 mm, respectively 
(4,5). In our study, the M

100%
  and the M

95%
 motion characteristics were presented. 

The relative difference between the M
100%

  and the M
95%

  was 17% on average in 
craniocaudal direction. In anteroposterior direction this relative difference was on 
average 18%. The results from this study demonstrated that tumor motion is highly 
variable among pancreatic cancer patients. The range of tumor motion was 6 mm 
to 34 mm in craniocaudal direction. Nine patients showed a motion of 11 mm or 
less in craniocaudal direction and six patients move 18 mm or more (Figure 3B). This 
implies that the majority of patients show a motion in a small range and only a few 
patients exhibit a more pronounced motion. 

Figure 5: Duty cycles shown for different 
margins. Each dot represents an 
individual patient.
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MOTION MANAGEMENT

These highly variable motion characteristics demonstrate the need for an individual 
approach on how to address this motion. At little motion, the use of active motion 
compensation techniques leads to only a small margin reduction, and this does 
not outweigh the effort of applying breathing control during radiotherapy (21). 
In addition, the dose distributions of patients with limited tumor motion is hardly 
influenced by this tumor motion (22). In clinical practice, radiotherapy can be 
delivered without a motion management strategy when tumors show limited 
motion on cine MRI. In contrast, when patients with large tumor amplitudes are 
treated without motion management techniques, the whole amplitude needs to 
be added to the GTV to establish full target coverage in all phases. This leads to 
large treated volumes with sometimes inacceptable toxicity. Therefore, the use of 
a sophisticated motion management strategy is recommended if tumor motion 
is more pronounced. Tracked radiotherapy delivery is preferable when choosing 
a motion management technique, as this is the most time efficient technique. 
However, gated radiotherapy is a good alternative when tracking is not possible 
and its main advantage is that gating is feasible with widely available conventional 
linear accelerators. Gated radiotherapy is not necessary when pancreatic tumor 
motion is less than 8 mm according to Tai et al. This is based on a 95% or more 
overlap between ITVs at different phases of the 4D CT when tumor motion is 
less than 8 mm (23). At a tumor motion of 8 mm or more, gated radiotherapy is 
advisable.
In this study the end expiration position has shown to be the most stable position 
and also the position in which the tumors spend a high proportion of time. This is 
in line with literature, as Coolens et al showed that the phases around exhale have 
the smallest variation in both amplitude and phase (24). As such we developed a 
gating scheme around the stable EEP where the duty cycle is balanced against a 
one-sided treatment margin. In addition, Taniguchi et al showed that the EEP is 
the preferred position for gated radiotherapy, as the dose in organs at risk is lower 
when gating around EEP than when gating around EIP (25). Full target coverage 
is obtained with a one-sided caudal margin of on average only a quarter of the 
breathing amplitude at a 50% duty cycle (Figure 4). However, a large inter-patient 
variation does exist as the required margin varies between 13% and 49% at this 
50% duty cycle level, mainly due to a difference in stability of EEP. When translating 
this to absolute margins, a margin of 5 mm is sufficient for 11 out of 15 patients at 
a duty cycle of at least 50% to reach full target coverage (Figure 5) . At lower duty 
cycles the margin can be further reduced to 3 mm for 11 out of 15 patients at a 
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beam on time of 25%. As the mean tumor amplitude in craniocaudal direction was 
15 mm, this demonstrates that gating around the EEP considerably decreases the 
treatment margins at acceptable duty cycles for the majority of patients. 
However, 4 out of 15 patients exhibited irregularities in EEP, even with standard 
deviations of 1.2 mm or higher. Therefore, gating schemes around the EEP seem 
suboptimal for these patients for two reasons. First, accurate patient setup is 
problematic as the instability of the EEP hinders definition of the EEP. Secondly, 
duty cycles may become extremely short in combination with treatment margins 
of 5 mm or smaller, leading to unacceptably long treatment times. For these 
patients, gating at the midvent position may lead to smaller margins at the 
same duty cycles. Though, the velocity of tumors is highest around the midvent 
position, possibly neutralizing the potential benefit of smaller margins. The shape 
of the motion PDF could impact where gating might be optimal on an individual 
basis. This again demonstrates that an individual approach is needed for gated 
radiotherapy delivery in pancreatic cancer patients.  
Another way of increasing treatment efficiency is by actively reducing tumor 
motion. This may be accomplished by using an abdominal compression device 
(ACD). Studies in patients with liver tumors revealed that tumor motion and 
treated volumes can be reduced by using an ACD (26,27). The pancreas and 
liver are situated close to each other, and this suggests that in pancreatic cancer 
patients abdominal compression may also decrease motion. This may lead to such 
a reduction of motion that no motion management strategy is needed anymore or 
to higher duty cycles when performing gated radiotherapy.
In this study we demonstrated that individual breathing patterns vary substantially 
among patients and that its pretreatment assessment is very useful and functional 
in setting up the optimal gating scheme. 4D CT is a widely used technology to 
analyze tumor positions in moving tumors. However, 4D CT has some drawbacks. 
CT has a poor soft tissue contrast, and accurate tumor demarcation is therefore 
difficult. Moreover, motion characterization with 4D CT is generally based on 
retrospective sorting of oversampled images based on the corresponding 
breathing signals. This means that the fourth dimension is generally not time but 
phase. In addition, imaging artifacts are common due to breathing irregularities. 
We demonstrated that cine MRI is a more convenient method to provide insight 
in tumor motion and also motion of organs at risk. Due to the high soft tissue 
contrast semi-automatic quantification of the tumor motion using a correlation 
filter was achieved in all patients without employing fiducial markers that could 
easily be extended to motion characterization of organs at risk as well. Moreover, 
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it is possible to study multiple subsequent breathing cycles, therewith enabling to 
quantify the reproducibility of the breathing pattern over an arbitrary time span. 
Although outside the scope of this study, the day-to-day variation of the breathing 
pattern could additionally be examined as the use of MRI is free of ionizing radiation.
This study has several limitations. The patients in this study had (palliative) surgery 
as their primary treatment and were not irradiated. Therefore no validation with 
pathology was available. The delineations were only performed on T2-weighted 
images and cine-MRI. For delineation also other sequences might become relevant, 
but were not used in this study. We believe this GTV uncertainty is not relevant to 
estimate tumor movement in this study, as visually, on cine-MRI the tumor and 
surrounding tissues move in the same way. 
In this study we chose an arbitrary 2.5% to define M

95%
. Better measures might be 

related to the proposed gated state. The average angle reported is smaller than 
the angle determined from the ratio of motion either at the extremes or at the 
95% levels.  It should be noted that the sample size is too small to exclude a non-
Gaussian distribution and patient selection might not be representative for the 
entire population. 
Several patient specific aspects might influence movement patterns and therefore 
also gating strategies, like tumor size, involvement of vessels and the presence of 
a stent. In addition, motion patterns may change over time by changing anatomy 
or tumor shrinkage. Therefore, motion must be monitored during the course of 
radiotherapy. 
Although cine MR is shown to be useful and effective for pretreatment tumor 
motion characterization, we currently depend on a kV imaging techniques in 
combination with fiducial markers when it comes to gated treatment delivery. 
However, several groups are developing external beam treatment systems with an 
integrated MR scanner (28-31). These systems potentially allow online MR imaging 
during treatment and as our MOSSE adaptation filter turned out to be fast and 
robust, this may be online used to generate a gating signal.     

CONCLUSION

Pancreatic tumor motion was quantified with a MOSSE adaptive correlation filter 
applied on different cine MRIs. Tumor motion was shown to be extensive, with 
a maximum motion seen in craniocaudal direction (15 mm). When using gated 
radiotherapy, gating is best performed around the end expiration position, as 
this is the position where tumors spend most of the time and this is the most 
stable position in the breathing cycle. A duty cycle of 50% leads, on average, to a 
reduction of the IGTV to 25% of the maximum craniocaudal breathing amplitude 
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to achieve full target coverage when gating around expiration. However, between 
different patients, motion patterns and amplitude do substantially differ and 
consequently the range of motion margins needed is very extensive. Therefore, 
individual treatment strategies are essential in radiotherapy of pancreatic cancer. 
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ABSTRACT

We studied the influence of a custom abdominal corset on cine MRI based 
pancreatic tumor motion. All patients were imaged twice; once without the corset, 
and once with the corset in place. Craniocaudal motion decreased on average by 4.1 
mm, from 11.3 to 7.2 mm. No effects of the corset were observed in anteroposterior 
and lateral directions. The efficacy of the abdominal corset in combination with its 
simplicity, the low manufacturing costs and the good tolerance makes this an easy 
way to decrease motion. This might open the way to safer dose escalation when 
treating patients under free breathing conditions.
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INTRODUCTION

Stereotactic radiotherapy (SBRT) has been explored for unresectable pancreatic 
cancer in several studies (1-6). In these studies, a high dose was stereotactically 
delivered over a few fractions. Hence, accurate tumor positioning is essential. In 
pancreatic cancer patients this is hampered by the substantial breathing induced 
tumor motion. Particularly in craniocaudal direction, tumor motions of 15 mm to 
24 mm have been observed (7-9). By decreasing tumor motion, accuracy can be 
increased and this reduces the magnitude of motion induced treatment margins. 
We developed a custom abdominal corset to reduce breathing induced tumor 
motion. The hypothesis is that the application of the corset decreases pancreatic 
tumor motion as a result of more shallow abdominal breathing. Therefore, the 
goal of this study was to investigate the pancreatic tumor motion reduction as 
measured with cine MRI with application of the custom abdominal corset. 

METHODS AND MATERIALS

PATIENTS

This study was part of a phase II trial investigating feasibility and safety of 
stereotactic radiotherapy for unresectable pancreatic cancer patients. Locally 
advanced pancreatic cancer was defined by the Dutch Pancreatic Cancer Group 
(DPCG, 2012). Patients without evidence of distant metastases, ECOG performance 
score ≤2, life expectancy of ≥3 months, age ≥18 years, no previous neoadjuvant 
chemotherapy or pancreatic surgery, and eligible for contrast enhanced CT and 
MRI imaging were included. The trial was approved by our local institutional 
review board and registered at www.clinicaltrials.gov (NCT01898741). All patients 
provided informed consent.

CORSET

The Neofrakt® corset consists of a polyurethane soft foam and an elastic stocking 
as bandage surface (Neofrakt®, Spronken Orthopedie NV, Genk, Belgium), see 
also Figure 1A. The abdominal corset was applied in soft condition. The corset was 
shaped in soft condition around the lumbar spine, where it will harden on the body. 
The lower ribs were left out to promote chest breathing and reduce abdominal 
breathing. No specific breathing instructions were provided to the patients, to 
obtain a reproducible,  unaware and relaxed breathing pattern. Tightening to 
the patient was performed with the Velcro fasteners in a way that it was tight but 
still reasonable comfortable. The Velcro fastener settings were marked by pen. 
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Distances from corset borders to tattoo points were noted. Absorption of the 
corset was measured with a beam angle of 180 degrees and a field size of 10 by 10 
cm. The effect of the corset on skin dose was quantified for a 10 MV photon beam 
calibrated at 20 mm depth. 

IMAGE ACQUISITION

MRI scanning was performed on a 1.5 Tesla scanner (Achieva, Philips, Best, The 
Netherlands) using a 16 channel phased array torso coil. Patients drank 300 mL of 
tap water to increase contrast between pancreas and duodenum and to minimize 
upper intestinal air, directly prior to MRI scanning. All patients underwent cine-MRI 
scanning twice, the first scan without the corset in place and the second scan with 
the corset. The second cine-MRI was scheduled on the same day as the treatment 
planning CT and MRI. Both MRIs were scheduled before radiation treatment. Gold 
fiducial markers were placed in the tumor during an endoscopic ultrasound guided 
procedure between the two MRI scans (0.4 x 5mm gold fiducial marker, QLRAD inc, 
Miami, USA or 0.35 x 10 mm Visicoil, IBA Dosimetry, Schwarzenbruck, Germany). 
A respiratory triggered axial T2 weighted image was acquired. On this scan the 
single slice SSFP sequence cine MRI scans were planned. Cine MRI was performed in 
two directions through the center of the tumor, i.e. in the sagittal and coronal plane. 
To minimize out-of-plane motion in the coronal plane, this cine MRI was angulated 
in the main motion direction of the tumor, i.e. an angulation in the craniocaudal 
direction, relative to the left–right axis. Scan parameters were described previously 
(9). The cine MRIs were collected at a rate of 2 Hz, over the course of one minute. 

Figure 1. A: patient positioning with corset in place. Note the aligning based on laser. B: example of 
coronal cine MRI image. The white line represents the tumor. The green dots are followed in time. 
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MOTION CHARACTERIZATION

The cine MRIs were analyzed with a minimum output sum of square errors 
(MOSSE) adaptive correlation filter, as described previously (9). Tumor motion was 
characterized in craniocaudal (CC), lateral (LR) and anteroposterior (AP) directions. 
One point at the cranial edge of the tumor and one point at the caudal edge of 
the tumor were tracked in the sagittal and coronal scanning planes (Figure 1B). The 
results of these two points were averaged to calculate the tumor motion. 
Motion was described as the M

100%
 and M

95%
. M

100%
 includes all data points, including 

outliers. The M
95%

 represents 95% of the bandwidth of all data points, and is a more 
robust measure. The 2.5 percentile most extreme data point on both inspiration 
and expiration were excluded.
The cine MRI motion was compared with 4D planning CT (4D CT) and 4D cone 
beam CT (4D CBCT) data. All patients underwent a 4D CT, containing 10 phases. 
If the pancreatic tumor motion on this 4D CT was smaller than 5 mm, we sufficed 
with 3D CBCTs during treatment. If this motion was larger than 5 mm, 4D CBCTs 
were performed. In these 10 patients, 4 patients had a tumor motion larger than 5 
mm on the 4D planning CT. Motion on the 4D CTs was determined by assessing 
the difference in fiducial marker position between the two most extreme phases of 
breathing, i.e. inspiration and expiration. As the slice thickness was 3 mm, all values 
are a multiple of 3. Motion on the 4D CBCTs was determined by manual registration 
of the total inspiration and total expiration phases to the midventilation phase of 
the planning CT.  

STATISTICS

A paired T-test was performed to assess differences in motion patterns with and 
without the corset. A p - value of 0.05 was considered statistically significant.

RESULTS

PATIENTS

Ten patients were included in this study, of whom 9 were locally advanced pancreatic 
cancer patients and one patient refused surgery due to severe comorbidities in 
combination with his age (86 years) (See Table 1 for patient characteristics).
The two cine MRI scans were obtained with a median interval of 14 days (range 0-37 
days). All patients tolerated the corset well during MRI scanning and radiotherapy. 
An increase in skin dose of 34% was measured with application of the corset, 
equivalent to 3.5 mm water. The absorption of the corset was 0.95% at a 
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Table 1: Patient characteristics

Tumor stage
   Locally advanced (n of patients)
   Refused surgery (n of patients)

9
1

Tumor localization
   Head (n of patients)
   Body/tail (n of patients)

8
2

Largest diameter on staging CT (cm, range) 3.6
(2.5-4.5)

GTV size (cm3, range) 67.0
(22.4-134.0)

Table 2: Motion characteristics

  With 
corset

Without 
corset

Motion reduction p - value

Craniocaudal (sagittal)

100% motion (mm) 7.2
(4.1-12.1)

11.3
(7.5-22.1)

-4.1*
(-17.2 - +2.3)

 0.04

95% motion (mm) 5.6
(3.3-9.4)

9.2
(6.9-14.9)

-3.6**
(-11.2 - +1.2)

0.01

Craniocaudal (coronal)

100% motion (mm) 7.3
(4.4-13.4)

11.3
(6.6-19.6)

-4.0**
(-9.9 – +0.1)

0.01

95% motion (mm) 6.0
(3.8-11.7)

9.6
(5.5-16.0)

-3.6**
(-8.8 - +0.3)

0.00

Anteroposterior (sagittal)

100% motion (mm) 3.3
(2.0-4.6)

3.3
(2.6-4.6)

0.0
(-0.9 - +1.6)

0.97

95% motion (mm) 2.6
(1.6-3.8)

2.6
(1.9-3.8)

0.0
(-0.9 - +0.9)

0.91

Lateral (coronal)

100% motion (mm) 2.9
(1.1-5.0)

3.3
(1.9-7.5)

0.4
(-1.3 - +4.5)

0.45

95% motion (mm) 2.2
(0.8-3.8)

2.8
(1.4-6.7)

-0.5
(-4.2 - +1.0)

0.30

All values are average values (range)
*Significant reduction (p ≤ 0.05)
**Significant reduction (p ≤ 0.01)
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perpendicular 10 by 10 cm beam. As the corset is place when acquiring the 
treatment planning CT, the absorption is taken into account during the treatment 
planning process. 

MOTION REDUCTION

Without corset, the sagittal M
100%

 in CC direction was on average 11.3 mm (range 
7.5 - 22.1 mm, Table 2). With the application of the corset, the average M

100%
 was 

7.2 mm (range 4.1 - 12.1 mm). A typical example of tumor motion pattern with 
and without corset is shown in Figure 2a. The largest decrease in 100% motion was 
seen in CC direction, with an average reduction of 4.1 mm (p = 0.035) (Figure 2b). In 
LR direction, an average increase in 100% motion of 0.4 mm was observed. In AP 
direction, no motion reduction was seen. The largest motion reduction achieved in 
one patient was 17.2 mm, as this patient had a 100% motion of 22.1 mm without 
corset; with the corset this was 4.9 mm. 

Figure 2. a: typical example of breathing amplitude with (solid line) and without (dashed line) corset 
for one patient. b: motion reduction established with application of abdominal corset. Each diamond 
represents an individual patient (** p < 0.01). 

CT BASED MOTION 

The planning CT and treatment 4D CBCTs were performed with the corset in place. 
The craniocaudal motion of the planning 4D CT was on average 3.9 mm (range 3-6 
mm). The average motion of the 10 patients as measured by 4D CBCTs was 3.1 mm 
(range 1.7- 5.3 mm). This was calculated by averaging the mean cc motion of the 
4D CBCTs of each patient. See also Table 3 and Figure 3.
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Table 3: craniocaudal tumor motion measured by cine MRI, 4D CT and 4D cone beam CT

Cine MRI (M95%) 4D CT# 4D cone beam CT

Patient 
number

Without 
corset

With 
corset

Average
(SD)

Number of
4D CBCTs*

1 10.1 9.4 6 3.4 (1.05) 8

2 6.9 3.6 6 3.1 (0.74) 8

3 6.9 3.3 3 2.1 (0.52) 10

4 11.7 4.8 3 1.7 (0.58) 3

5 9.0 4.2 3 3.4 (2.09) 6

6 7.4 8.6 3 4.9 (2.36) 7

7 10.0 8.2 6 4.7 (1.75) 6

8 14.9 3.7 3 2.0 (n.a.) 1

9 7.8 6.4 3 2.7 (0.57) 4

10 7.8 3.9 3 2.9 (2.62) 2

All values are in craniocaudal direction and represented in mm. n.a. = not applicable.
#CT slice thickness was 3 mm, therefore all values are a multiple of 3. 
*including 4D CBCT simulation before treatment

Figure 3: comparison between 4D CBCT, 
4D CT and cine MRI based motion. 
The average 4D CBCT value is shown, 
including the SD (error bars). 
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DISCUSSION

This is, to our knowledge, the first study to describe the application of a custom 
abdominal corset for radiotherapy purposes. As the corset is tightened in 
accordance with the patient, it is highly tolerable for the patient. The corset is 
easily applicable and, in addition, reproducible to apply. The image quality was not 
affected by the corset. This study demonstrates that the application of the corset 
resulted in a reduction in craniocaudal tumor motion of almost 40%. 
Motion was quantified with cine MRI. This has several advantages. The superior 
soft tissue contrast of MRI allows for accurate tumor and OAR demarcation. In 
addition, motion data can be acquired unlimited as there is no radiation exposure. 
Moreover, cine MRI provides the information of each individual breathing cycle at 
a 2Hz temporal resolution whereas the 4D (CB)CT data is retrospectively binned in 
different phases averaging the motion amplitude over multiple breathing cycles. 
This under sampling  also explains why the observed CT based motion is generally 
less than the motion captured with cine MRI.  
In this study, data was collected at two different scanning episodes. We assumed 
that the effect of imaging at different days had little effect on the described 
motion and the effect of the corset. Imaging covered multiple breathing cycles, 
as the cine MRIs were collected at a rate of 2 Hz over the course of one minute 
in both scanning planes, yielding 2 times 120 data points in sagittal and 2 times 
120 data points in coronal direction. In addition, there was a good correlation 
between the sagittal and coronal scanning plane regarding craniocaudal tumor 
motion, implying a robustness of the methods. Averaged over all patients, 
craniocaudal motion was significantly reduced by the application of the corset (p 
< 0.01). Immobilization with a corset could have dosimetric benefits for patients 
with major motion reduction. However, inter-patient variability was substantial. 
This variability might depend on patient characteristics as for example GTV size 
and location, extension of tumor in surrounding structures, and natural breathing 
mode (chest or abdominal breathing). The number of patients in this study was too 
small to analyze these subgroups. 
In previous studies investigating abdominal compression, only a limited effect of the 
magnitude of pressure on motion reduction was found (10,11). As the positioning 
of the Velcro fasteners was marked with pen, reproducing the closure of the 
corset was easy. Abdominal compression has been described in previous studies 
to reduce abdominal motion. Wunderink describes abdominal compression in a 
stereotactic body frame in liver SBRT (10). In this study, the median craniocaudal 
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excursion reduction was 62%. In lung tumors, the same compression device has 
been explored (12). In the 10 examined patients with tumor motion larger than 5 
mm that received external compression, motion was reduced from 12.3 to 7.0 mm. 
Several motion management strategies are available for radiotherapy of moving 
targets. These include the internal target volume (ITV) approach (13), where motion 
is accounted for in an extra margin. This might lead to higher toxicity rates (14). 
Similarly, breath hold, gating and tracking are applied strategies in moving tumors. 
Nakamura described that interfractional and intrafractional breath hold variations 
lead to additional treatment margins of 5 mm (15). Gating and breath hold will 
prolong radiotherapy time slots, depending on the gating window and duration 
of breath hold. This might increase radiotherapy costs. In addition, these methods 
require advanced technology, which is not universally available.

CONCLUSION

The efficacy of the abdominal corset in combination with its simplicity, the low 
manufacturing costs and the good tolerance makes this an easy way to reduce 
pancreatic tumor motion. This might open the way to safer dose escalation when 
treating patients in free breathing conditions with a modern linear accelerator.
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ABSTRACT 

PURPOSE

Local recurrence is a common and morbid event in patients with unresectable 
pancreatic adenocarcinoma. A more conformal and targeted radiation dose to 
the macroscopic tumor in nonmetastatic pancreatic cancer is likely to reduce 
acute toxicity and improve local control. Optimal soft tissue contrast is required 
to facilitate delineation of a target and creation of a planning target volume 
with margin reduction and motion management. Magnetic resonance imaging 
offers considerable advantages in optimizing soft tissue delineation and is an 
ideal modality for imaging and delineating a gross tumor volume (GTV) within 
the  pancreas, particularly as it relates to conformal radiation planning. Currently, 
no guidelines have been defined for the delineation of pancreatic tumors for 
radiotherapy treatment planning. Moreover, abdominal MRI sequences are 
complex and the anatomy relevant to the radiation oncologist can be challenging. 
The purpose of this study is to provide recommendations for delineation of gross 
tumor volume (GTV) and organs at risk (OARs) using MRI and incorporating multiple 
MRI sequences.

METHODS AND MATERIALS

Five patients with pancreatic cancer and 1 healthy subject were imaged with MRI 
scans either on 1.5 T or on 3 T magnets in 2 separate institutes. The GTV and OARs 
were contoured for all patients in a consensus meeting. 

RESULTS

An overview of MRI-based anatomy of the GTV and OARs is provided. Practical 
contouring instructions for the GTV and the OARs with the aid of MRI were 
developed and included in these recommendations. In addition, practical 
suggestions for implementation of MRI in pancreatic radiation
treatment planning are provided.

CONCLUSIONS

With this report, we attempt to provide recommendations for MRI-based contouring 
of pancreatic tumors and OARs. This could lead to better uniformity in defining the 
GTV and OARs for clinical trials and in radiation therapy treatment planning, with 
the ultimate goal of improving local control while minimizing morbidity. 
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INTRODUCTION

Pancreatic cancer has an extremely dismal prognosis, with a 5-year overall 
survival of 5% for all patients (1). The role of chemoradiation is controversial for 
both resectable and unresectable pancreatic adenocarcinoma, but likely plays an 
important role for select patients in whom local recurrence is the predominant 
mode of failure (2-4).
Radiation dose escalation has been hypothesized to offer an  improvement in 
outcome for patients with locally advanced pancreatic cancer, however such a 
benefit remains to be proven in a prospective fashion (5). Considerable challenges 
exist in accomplishing dose escalation in pancreatic adenocarcinoma that involve 
both treatment planning and treatment delivery. Dose escalation for pancreatic 
head lesions is hampered by the potential for toxicity to the closely positioned 
duodenum and distal stomach, whereas for body and tail lesions, the more 
proximal stomach, distal duodenum and jejunum can be dose-limiting. Accurate 
tumor contouring as a part of treatment planning is vital as contouring errors 
are propagated throughout the treatment; therefore, these errors can result in 
systematic underdosage of the target and/or preventable toxicity to the organs at 
risk (OARs). Such errors can be considerably consequential when treating patients 
with dose escalation . 
Currently, computed tomography (CT) is the standard for contouring pancreatic 
tumors for radiation treatment planning. CT offers less soft tissue contrast compared 
with magnetic resonance imaging (MRI) (6).It has been suggested that MRI can 
lead to better detection and determination of local tumor extension in pancreatic 
cancer compared with CT because of its improved soft tissue resolution (7,8). MRI 
has functional imaging capabilities, such as dynamic contrast enhanced MRI and 
diffusion weighted imaging (DWI). Appropriate incorporation of these data into 
radiation therapy treatment planning will likely lead to improved targeting of the 
gross tumor volume (GTV). However, some difficulties can be experienced with MRI 
(eg, geometric inaccuracies, problems with image registration, motion artifacts). 
Paulson describes a workflow to integrate MRI simulation in external beam radiation 
therapy treatment planning, including strategies to manage these challenges (9). 
At present, MRI is the standard for contouring tumors in other disease sites such 
as prostate cancer, spinal metastases and cervical cancer (10-12). In line with this, 
there is a possible role for MRI in contouring of pancreatic cancers and surrounding 
OARs for radiation therapy planning, especially when dose escalation is to be used. 
To our knowledge, no guidelines exist regarding the role of MRI for contouring 
of pancreatic cancer for radiation treatment planning. The aim of this study is 
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to provide recommendations for contouring of pancreatic cancer using MRI. 
In addition, our objective is to provide an educational tool to help radiation 
oncologists  routinely integrate MRI into treatment planning, including managing 
the challenges inherent to MRI.  

METHODS

The working group consisted of 2 expert radiation oncologists (BE, WH), a radiologist 
(PK) and physicist (ED) from the Medical College of Wisconsin (MCW), USA and 1 
radiation oncologist (MVV) and 1 radiation oncologist in training (HH) from the 
University Medical Center Utrecht (UMCU), the Netherlands. In addition to the 
members of this working group, three radiation oncologists from MD Anderson 
Cancer Center, USA (EK, CC) and Royal Marsden Hospital London, UK (KA) approved 
the recommendations.

PATIENTS

The MRI scans of 5 patients with pancreatic cancer and 1 healthy person were 
used (see also Table 1 for patient characteristics). One healthy person was scanned 
at MCW on a 3 T diagnostic scanner as part of a screening program for pancreatic 
cancer. One patient with resectable and one patient with unresectable disease 
were also scanned at MCW in the department of radiation oncology on a 3 T 
scanner as part of their simulation for radiation therapy planning. The other three 
patients had unresectable pancreatic cancer and were scanned on a 1.5 T scanner 
in  t the UMCU as part of their simulation for radiation therapy planning.

MR IMAGING 

This article includes both patients imaged at 1.5 T and 3 T. Both field strengths were 
included because of variable availability of MRI scanners at different field strengths 
throughout diverse radiation therapy clinics.
For the UMCU 1.5 T patients, MRI scanning was performed on a 1.5 Tesla Achieva 
scanner (Philips, Best, The Netherlands) using a 16 channel phased array torso 
coil. Patients were positioned with their arms down at their sides, on a diagnostic 
table top. No alignment with the CT simulation position was performed. Patients 
wore a custom manufactured corset to decrease breathing- induced motion of 
the pancreas. Immediately before scanning, patients drank 300 mL of tap water 
to increase the contrast between the pancreas and duodenum and stomach. No 
bowel motion suppression was applied. For respiratory triggered acquisition, a 
trigger delay of 400ms was applied after the maximum inspiration to acquire data 
at expiration (13). 
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Table 1a: Three UMC Utrecht patients scanned on 1.5 T MRI

Patient 1 Patient 2 Patient 3

Age (years) 68 71 65

Sex Male Male Male

Tumor location Head of the pancreas Body of the pancreas Body of the pancreas

Encasement of vessels Occlusion of SMV, 
SV, SMV, 360° 

encasement of SMA, 
GDA

360° encasement of 
CA, HA, LGA.

90° abutment of PV, 
90-180° abutment 

of SMV

360° encasement 
of CA, SA, HA. 90° 

abutment of SV, 90-
180° abutment of PV

Resectability Unresectable Unresectable Unresectable

Stent in CBD Plastic stent None Metallic stent

Prior chemotherapy None None None

Table 1b: Three MCW patients scanned on 3 T MRI

Healthy person Patient 4 Patient 5

Age (years) 20 80 65

Sex Male Male Male 

Tumor location N/a Head of the pancreas Body of the pancreas

Encasement of vessels N/a 90° abutment of SMV 360° encasement of 
CA, HA, and LGA, and 

of SV, SMV and PV. 
180° abutment of the 

SMA and aorta and 
involvement of the left 

adrenal gland. 

Resectability N/a Borderline resectable Unresectable

Stent in CBD N/a Metallic stent No

Prior chemotherapy None None Yes: 8 cycles of 
FOLFIRINOX

Abbreviations: CA: celiac axis; GDA: gastroduodenal artery; HA: hepatic artery; LGA: left gastric artery;  
PV: portal vein; SA: splenic artery; SMA: superior mesenteric artery; SMV: superior mesenteric vein; SV: 
splenic vein; N/a: not applicable. 

Postcontrast imaging was performed following IV administration of Gadobutrol 
1mmol/mL (Bayer Pharma AG, Berlin, Germany) 0.1 mL/kg. This bolus injection 
was followed by a 20mL saline flush. A real-time bolus track was performed in the 
gadolinium contrast procedure. When the contrast bolus was visible at the left side 
of the heart, patients were instructed to hold their breath at end-expiration. 
The MCW patients and healthy volunteer were imaged in the radiation treatment 
position on a 3.0 Tesla Verio scanner (Siemens Healthcare, Erlangen, Germany) with 
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a custom melamine flat table overlay (9) with arms immobilized above their heads 
in an alpha cradle. Alignment was performed with the internal bore lasers of the 
scanner. A combination of the 8 channel spine phased array coil and two flexible, 
6 channel phased array coils positioned on custom RF coil bridges were used.  
Respiratory gating at the end-expiratory phase was performed using pencil-beam 
navigators positioned at the lung/liver interface.  For bowel motion suppression, 
0.5 mg glucagon (GlucaGen, Bedford Laboratories, Bedford, OH) injections were 
administered IV twice, once immediately prior to and once midway through the 
exam. Postcontrast imaging was performed following administration of 0.1mmol/
kg MultiHance (Bracco, Monroe Township, NJ).  Arterial, venous, and portal-venous 
phase postcontrast images were acquired using breath holds performed at end-
expiration. 

CT IMAGING

All patients underwent CT simulation to perform dose calculations. 
The UMCU patients underwent CT scanning on the same day as MRI scanning. 
The scanning took place one week after endoscopic ultrasound- guided 
placement of 4 fiducial markers in the tumor (0.35 x 10 mm Visicoil, IBA Dosimetry, 
Schwarzenbruck, Germany or 0.4 x 5mm gold fiducial marker, QLRAD inc, Miami, 
FL). The CT protocol consists of a 4-dimensional (4D) CT and a contrast-enhanced 
CT scan with an arterial and a portal venous phase. Patients were scanned in the 
treatment position with the custom made abdominal corset.  
At MCW, patients underwent 3-dimensional (3D) and 4D CT scanning with oral and 
intravenous contrast in the treatment position, followed by MRI scanning, either 
the same day or several days after the CT simulation. No water was given for the 
MRI scan but patients were asked to not eat or drink for 4 hours before both the 
CT and MRI scans. 

REGISTRATION OF IMAGES

All images were coregistered to the mid-ventilation position of the 4D CT in the 
UMCU cases and to the end-exhale position of the 4D CT in the MCW cases. 
Image registration was performed on the tumor area using rigid, clip box-based 
alignment in MIM (MIM Maestro, v6.4.3, MIM Software Inc. Cleveland, OH). Manual 
adjustment of the images was sometimes necessary with priority of alignment 
with the pancreas rather than the more mobile OARs.
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CONTOURING 

The pancreatic tumor was contoured in each of the scans with malignancy present. 
In the healthy patient, in the absence of a GTV, the different parts of the pancreas 
were contoured, i.e. head and body/tail. The following organs were considered 
OARs in the treatment of pancreatic cancer: duodenum, stomach, bowel (both 
including small bowel and colon), kidneys, gallbladder, and liver. Though not 
contoured for this exercise, the spinal cord and spinal cord plus 5 mm would 
routinely be contoured for radiation planning. Additionally,  the main vessels 
surrounding the pancreas were contoured for pictorial reasons (celiac axis (CA), 
superior mesenteric artery (SMA), superior mesenteric vein (SMV), portal vein (PV), 
inferior vena cava (IVC), common hepatic artery (CHA), and aorta). 
All structures were contoured by all participants of the working group on the MRI 
scans individually. After delineating all the cases individually, a discussion was held 
with the radiologist and 3 radiation oncologists (BE, WH, HH) to create the eventual 
contours of the GTV and OARs. Because the contours are a reflection of the group 
discussion of the 3 radiation oncologists and the radiologist, no statistical analysis 
was performed.

RESULTS

ANATOMY OF THE PANCREAS

The pancreas consists of a head, neck, uncinate process, body and tail. The head 
of the pancreas is located in the curvature of the duodenum and is anterior to the 
inferior vena cava. The most inferior part of the pancreas that is located posterior 
to the SMV and SMA is called the uncinate process.  The neck is a small part of the 
pancreas between the head and the body, located ventrally to the origin of the SMA 
from the abdominal aorta and where the splenic vein (SV) and SMV join to form the 
PV. The part of the pancreas located to the left of the midline is called the body of 
the pancreas. The nomenclature defining the boundaries of the pancreatic tail is 
not uniform. It has been suggested that the tail is the area where the pancreatic 
body narrows, or the distal one-quarter of the pancreatic body.

STAGING OF PANCREATIC CANCER

In pancreatic cancer, prognosis is mainly influenced by the presence or absence 
of distant metastases and the possibility for resection. In general, two systems are 
used to determine resectability, the National Comprehensive Cancer Network and 
MD Anderson criteria (14,15). 
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VISUALIZATION OF TUMOR AND OARS
T1-WEIGHTED IMAGING
Normal pancreatic tissue is bright/high signal on T1-weighted imaging (Figure 1). 
A pancreatic tumor appears as a hypointense or dark area when surrounded by 
normal pancreatic tissue on T1-weighted imaging (Figure 2 and Table 2) (16). In the 
arterial phase, the tumor enhances to a lesser extent than the benign pancreatic 
tissue. This phase may also be used to evaluate arterial involvement of the tumor. 
The later venous phase may show increasing enhancement of the tumor, especially 
in small tumors. Large tumors and some smaller tumors may remain low in signal 
intensity. The portal venous phase can be used to assess venous involvement of 
the tumor and to visualize lymph nodes (16). 

Figure 1: pre contrast T1-weighted image (A) and arterial phase T1-weighted image (B) of the normal 
pancreas case showing enhancement of the pancreatic tissue and the visibility of the duodenal bulb. 

Figure 2: Resectable pancreas case with contouring of tumor and critical structures. Red: GTV, turquoise: 
duodenum, blue: liver, pink: right kidney, orange: left kidney, bright green: aorta, violet: bowel loops, 
orange: celiac axis, deep pink: superior mesenteric vein, yellow: portal vein.  Note the hypointense area 
of the GTV on the pre contrast (A) and on the arterial phase (B) images. 
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T2-WEIGHTED IMAGING
Pancreatic cancer appears variable on a T2-weighted image (16). The tumor might 
be isointense or mildly hypointense compared with the surrounding pancreatic 
tissue. It is therefore difficult to define the borders of the GTV with this sequence; 
however, T2-weighted images create an excellent contrast for visualization of the 
pancreatic and common bile ducts. This might help define the extent of the tumor 
in the pancreas itself as a result of pancreatic duct disruption or common bile duct 
obstruction in association with pancreatic tumors (Figure 3). Cystic areas in close 
vicinity of the tumor can be demarcated on T2-weighted images (Figure 3). Figure 4 
illustrates the presence of an abrupt ending of the visualized pancreatic duct and 
clear demarcation of GTV.

Table 2: Visibility of GTV and organs at risk with different scanning sequences and contouring

Sequence Visibility of Needed for

T1W Normal pancreas is bright
Tumor area is hypointense

Tumor contouring

T2W Normal pancreas, pancreatic 
duct, cysts
Duodenum and stomach
Other critical structures (small 
bowel, colon, liver, kidneys, spinal 
chord

Distinguishing normal pancreas from 
tumor
Distinguishing tumor from duodenum 
and stomach
Contouring of critical structures

Contrast enhanced
    Arterial

    

    Venous

    

    Delayed venous 
    phase

Tumor as a hypointense 
area, normal pancreas as a 
hyperintense area

Venous structures 
Portal vein

Tumor discrimination from surrounding 
pancreas

Contouring of venous structures
Tumor discrimination from surrounding 
pancreas

Contouring of portal vein

DWI
    Low b-values

    High b-values

Anatomy

Diffusion restriction in tumor, 
lymph nodes (both pathologic 
and non-pathologic), bowel areas

Registration to other sequences

As this sequence is very sensitive, 
although not specific, and geometric 
inaccuracies may exist, careful use of this 
sequence.

ADC Differentiation of restricted diffusion from 
T2 shine through

T2W: T2-weighted imaging, T1W: T1-weighted imaging, DWI: Diffusion-weighted imaging
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Figure 3. A: Visualization of cystic areas (A) and pancreatic duct (B) on T2-weighted imaging at 1.5 T.

Figure 4: T2-weighted image, an example of 
gross tumor volume in red and duodenum 
in turquoise.

DIFFUSION-WEIGHTED IMAGING
In DWI, the random Brownian motion of water molecules is depicted and reflects 
tissue cellularity. Cancer-containing tissue is more cellular than noncancer tissue 
and  restricts the diffusion of water. In the majority of patients, a pancreatic tumor 
appears as an area with increased diffusion restriction (Figure 5) (17). In the literature, 
a sensitivity of 0.86 (95% CI, 0.78, 0.91) with a specificity of 0.91 (95% CI, 0.81, 0.96), 
for detecting pancreatic cancer with DWI was found (18). However, discriminating 
pancreatic cancer from pancreatitis or healthy pancreatic tissue with DWI is difficult. 
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Areas of restricted diffusion can be used to locate areas of pathology but should 
not be used for contouring. Both pathologic and benign lymph nodes show 
diffusion restriction with DWI (19). Therefore, DWI is not suitable for assessment of 
pathologic lymphadenopathy.

PRACTICAL RECOMMENDATIONS FOR CONTOURING
MRI REQUIREMENTS
To integrate MRI in radiation therapy treatment planning, several requirements 
must be met. To overcome registration issues, patients are best imaged in the 
radiation therapy treatment position on the same day as CT simulation  and with 
reproducible filling of OARs such as the stomach and duodenum. Restricting eating 
and drinking for 2 to 4 hours before simulation and daily treatment may aid in 
minimizing variable gut distention. Administration of glucagon can be considered 
to minimize the peristaltic motion of the gastrointestinal tract. 
To facilitate registration between CT simulation and MRI simulation, and between 
treatment planning and during treatment, motion management strategies are 
best chosen in advance. In this way, CT and MRI scanning can be performed in the 
same respiration phase to create fewer registration issues. Manual adjustment of 
the registration is usually needed with priority placed on aligning tumor-bearing 
tissues rather than the adjacent organs at risk. Differences in organ filling and 
patient positioning should be minimized to improve the registration.
In addition to motion management during scanning, the insertion of fiducial 
markers can facilitate registration between the CT and MRI. Furthermore, it allows 
for highly accurate image guided radiation therapy. The choice of fiducial marker 
type is dependent on the clinical purpose. Visibility of these markers is best 

Figure 5: Unresectable pancreas case (Utrecht 1) with contouring of tumor on arterial T1-weighted 
image (A) and on DWI (B). Red line: GTV. Note the hypointense area on the T1-weighted image and the 
diffusion restriction on the DWI.
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achieved with iron-based markers; however, these might induce artifacts on DWI. 
If distortions of the DWI are to be avoided, then noniron markers are preferred (20). 
The choice of field strength implies different pros and cons. For higher field 
strengths (ie, 3 T), higher susceptibility effects, and thus increased geometric 
distortions, will be present. In addition, motion artifacts are more pronounced. 
In lower field strengths (ie, 1.5 T), scan times will be prolonged to reach similar 
contrast to noise ratios as at 3 T; therefore, no definite conclusion can be drawn as 
to which field strength is optimal (9).
In concordance with CT simulation, a slice thickness of ≤ 3 mm is advised for MRI 
simulation when contouring the GTV and geometric distortions must be less than 
2 mm (9). 

GTV
It is advised to contour the GTV in conjunction with, or after discussion with, an 
experienced radiologist (21). To start contouring, the T1-weighted sequence 
without intravenous gadolinium is used and the hypointense or dark area is included 
in the GTV (Figure 6). Subsequently, the T1 series with intravenous gadolinium are 
used to confirm or optimize the GTV. When in doubt about areas of involvement 
with tumor, the high b-value DWI might help in localizing and contouring the GTV 
(Figure 7). However, the sensitivity of DWI concerning the primary tumor is high, 
nevertheless, the specificity of areas with diffusion restriction is low. DWI can be 
prone to geometric distortion. Further, restricted diffusion can be confounded by 
T2 shine through; therefore, we suggest looking at the high b-value DWI images 
and corresponding apparent diffusion coefficient maps after finishing contouring 
of the GTV on the T1-weighted images to evaluate areas of contradiction. 
Pancreatic cancer is sometimes associated with cysts. Because invasive carcinoma 
is almost always present in these cyst walls, it would be best to include them in 
the GTV if the dose to the OARs allows for this. However, such cysts can be quite 
large, and it should be left to the clinical discretion of the radiation oncologist as 
to whether such cysts can be safely included within the GTV without creating a 
prohibitively large GTV. 

OARS
The OARs are best seen on the T2-weighted images whereas the GTV is best seen 
on the T1-weighted images. This can lead to issues with alignment of the GTV and 
the OARs. The stomach can be contoured on the T1-weighted images to prevent 
problems with registration. The T2-weighted images can help if there are areas of 
doubt. The stomach has to be contoured from the esophageal junction up to the 
pylorus. Contouring of the duodenum should be performed from the pylorus up 
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Figure 6: Contouring of an unresectable pancreatic tumor in the pancreatic body on pre contrast T1-
weighted (A), arterial T1-weighted (B), T1-weighted (C), T2-weighted (D). Red: GTV, turquoise:duodenum, 
dark green: pancreatic head, purple: stomach

Figure 7: Contouring of an unresectable pancreatic tumor in the pancreatic head on  arterial T1-weighted 
(A), and DWI (b-value 800 s/mm2) (B). Red: GTV, turquoise: duodenum, blue: liver, pink: right kidney, 
orange: left kidney, red: gall bladder, bright green: aorta, violet: bowel loops, orange: celiac axis, yellow: 
portal vein, red-orange: inferior vena cava. 
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to the ligament of Treitz and, when visible, can be performed on the T1-weighted 
images. Also the areas of duodenal invasion, as seen on the T2-weighted images, 
need to be included in the GTV.
In pancreatic cancer, it is common to contour the individual small and large bowel 
loops. However, creation of a ‘bowel region’ or ‘bowel bag’ is also a possible 
solution, especially because it can be difficult to accurately separate the small 
and large bowel in some patients. This consists of the peritoneal contents after 
subtracting the planning target volume, stomach, duodenum and other OARs 
(22). Both strategies have their own dose constraints and dose volume histograms 
(DVH). As long as the appropriate dose constraints are used, both can be applied. 
For an example of OAR contouring, see Figure 8. 
Contouring of vessels is best performed on arterial and venous phases of the 
contrast-enhanced T1-weighted images. Awareness of the anatomical location 
of these vessels is important because these structures can potentially be used for 
creating elective nodal clinical target volumes. CT-based contouring of vessels for 
this purpose has been previously described by Goodman et al. and Jabbour et 
al.(23,24). Additionally, contouring of these major arterial trunks can also be used 
to cover areas of occult perineural spread of pancreas cancer. 

Figure 8: Normal pancreas case with contouring of pancreas and critical structures on T1-weighted 
image, pre contrast (A) and arterial phase (B). Dark green: pancreatic head, turquoise: duodenum, 
purple: stomach, blue: liver, pink: right kidney, orange: left kidney, bright green: aorta, violet: bowel, 
orange: celiac axis. 
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DISCUSSION

Integrating MRI into radiation treatment planning for pancreatic cancer can lead 
to more accurate target definition. Combining this treatment planning technique 
with MRI-based image guidance is expected to lead to a smaller planning target 
volume margin as compared with CT and reduce the dose to normal tissues. This 
might enhance the ability to escalate dose to the pancreatic tumor, and thereby 
increase local control rates without increasing toxicity. 
This study describes recommendations for contouring pancreatic tumors and OAR 
with the aid of MRI. The recommendations are based on both 1.5 and 3 T images 
and 2 different scanning protocols. Even though there are differences, contouring 
of the GTV and OARs has been shown to be possible with both techniques. The 
registration of the data sets was somewhat more difficult for the UMCU patients 
because there were rotational differences resulting from lack of immobilization. 
This had no consequences for the GTV contouring; however, for contouring of 
OARs, the registration errors were larger, especially when located farther away from 
the GTV. This shows the need for MRI scans in the treatment position. Although 
the MCW patients were scanned in their treatment position, image coregistration 
could be challenged by differences in internal anatomy because of CT and MRI 
scans being acquired on different days.
In cases in which dose escalation is being considered, we suggest  patients 
undergo MRI simulation, because it can be very helpful in defining the tumor and 
OARs at the time of contouring.  As shown, the tumor can best be visualized and 
contoured with the arterial phase T1-weighted images. The high b-value DWI can 
also be helpful to define tumor extension. Visualization of the duodenum and the 
stomach is best performed with T2-weighted imaging, but use of the T1 images is 
also possible so that the contours of the GTV and the stomach and duodenum will 
be properly registered. 
One of the major limitations of this study is the lack of pathology correlation with 
the imaging contours. Pathologic correlation is the foundation for determining 
tumor extension. Up to now, no voxel-wise comparison between MRI and 
pathologic specimens in pancreatic cancer has been performed. A comparison of 
the largest tumor diameter measured with MRI and pathologic specimens  after 
resection has previously been performed. This showed an underestimation of the 
tumor diameter by 4 mm (25). Also in the CT studies, a discrepancy between tumor 
size and the pathology specimen was found. In 1 study, tumors with an average 
size on pathology of 34 mm were underestimated with CT by 7 mm (26). In another 
study, no significant difference between 3D–CT and pathology tumor diameters 
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was found (27). However, there was a wide range of the degree of radiologic-
pathologic discrepancies. Tumors larger than 3 cm were underestimated on 3D–
CT by 8 mm, whereas tumors <3 cm were overestimated by 4.2 mm. Previous 
research by Dalah et al investigated the maximum tumor diameter of the pathology 
specimen, compared with partly automated delineation of the GTV with positron 
emission tomography, MRI, and CT (28). They showed that there is no apparent 
consensus about the optimal imaging strategy for defining the GTV. No evidence 
for the additional value of FDG-positron emission tomography in delineation of 
pancreatic tumors currently exists (29).
Future studies with voxel-wise comparison of pathologic specimens and MRI have 
to provide insight into the correlation between tumor properties and MRI features. 
This might imply a reduction of contouring uncertainties. 
In general, there are some difficulties with the use of MRI for radiation therapy 
planning for pancreatic tumors. First, registration between different MRI sequences 
and the CT simulation can be difficult because of geometrical changes of the OARs 
(28). These image registration errors can be avoided by using a single imaging 
modality, and whenever possible, use of the T1-weighted MRI sequence. In spite of 
this, CT is currently still needed for dose calculations in present radiation therapy 
practice. With recent developments in MRI-based treatment planning, there could 
be a time in the future when MRI-only treatment planning in pancreatic cancer is a 
reality (30). The anatomical location of the stomach and duodenum changes over 
time, especially because of filling differences and contractility of these organs. Our 
suggestion is to implement an OAR filling protocol and perform MRI simulation 
in the treatment position to minimize the possibility of geometrical changes. In 
addition, we prefer to perform registration of the different sequences based on the 
tumor area, or, if available, on intratumoral fiducial markers, that are visible both on 
MRI and CT scans. This technique will allow for the most accurate GTV contouring. 
In addition, contouring of the adjacent OARs on the same sequence(T1) is the most 
accurate, This is exceedingly important because the adjacent OARs are in the high 
dose area and must be accurately defined. 
Second, at times there are discrepancies between tumor areas as depicted on CT 
and MRI scans or on different MRI sequences. Use of only 1 imaging modality for 
treatment planning, preferably MRI, will reduce these errors. 
Third, geometrical distortions are mainly seen in DWI when acquired using 
conventional single-shot echo-planar imaging sequences. Optimization of 
sequence parameters, scanning at lower field strengths, and application of 
correction algorithms during reconstruction using magnetic field maps acquired 
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during the MRI examination can diminish the severity of geometric distortions in 
DWI (15). 
In addition, there are more drawbacks to the use of MRI in radiation therapy 
treatment planning. These include the cost of MRI in addition to a CT scan, patient 
discomfort, and the extra time required for fusing and contouring. Because we 
think that the superior soft tissue contrast of an MRI scan might lead to improved 
contouring of pancreatic tumors and OARs, higher doses might be possible with 
smaller margins. This might lead to better outcomes and could outweigh the 
drawbacks of adding MRI scans to radiation therapy treatment planning. 
One of the future directions for the application of MRI in radiation therapy for 
pancreatic cancer is adaptive radiation therapy. Next to better soft tissue contrast, 
spatially-heterogeneous biological properties of tumors can also be revealed with 
MRI scans. This allows dose painting (e.g., selective dose escalation). In addition, 
MRI-based response assessment during treatment might lead to adjustment of 
the treatment plan as a result of biological changes of the tumor. This has been 
preliminarily shown in rectal and esophageal cancer with DWI acting as an imaging 
biomarker (31,32). Individualized treatment can eventually prevent under- or 
overtreatment. MRI also allows for response assessment during treatment , which 
may be prognostic This might lead to better patient selection for dose escalation 
before treatment is completed. Finally, the superior soft tissue contrast may allow 
more accurate image registration during image guided treatment.
In addition to showing the biological properties of pancreatic tumors, MRI scans 
can provide insight into pancreatic tumor motion in the form of cine MRI or 4D MRI 
(13,33,34). This can be used as tool to choose motion management strategies and 
individualized treatment margins.
In conclusion, MRI holds promise for radiation planning and delivery for pancreatic 
cancer. In this article we have provided insight into the use of MRI in contouring 
of pancreatic tumors and OARs. This can be extended to individualizing radiation 
therapy treatment based on biologic markers and response, and individualizing 
treatment margins by motion characterization. For dose escalation patients the 
essentials include respiratory motion management, no water or foods status before 
treatment, MRI simulation in the treatment position, and daily image guidance 
with good soft tissue delineation.
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ABSTRACT 

INTRODUCTION

Accurate identification of the gross tumor volume in pancreatic cancer is 
challenging. We sought to understand differences in gross tumor volume 
delineation using pancreatic CT as compared with MRI. 

METHODS

A total of 12 radiation oncologists were convened for an international contouring 
symposium. All participants had a clinical and research interest in pancreatic 
adenocarcinoma. CT and MRI scans from three pancreatic cases were used for 
contouring. CT and MRI gross tumor volumes (GTV’s) were analyzed and statistically 
compared. Inter-observer variability was compared using Dice’s similarity 
coefficient (DSC), Hausdorff distances, and Jaccard indices. Mann-Whitney tests 
were used to check for significant differences. Consensus contours on CT and MRI 
and constructed count maps were used to visualize the agreement. A consensus 
agreement as to the optimal method to determine GTV definition using MRI was 
reached.

RESULTS

A total of six contour sets (three from CT and three from MRI) were obtained 
and compared for each observer, totaling 72 contour sets. The mean volume of 
contours on CT was significantly larger at 57.48 cubic centimeters (cc) as compared 
with a mean of 45.76 cc on MRI, p-value = 0.011. The standard deviation obtained 
from the CT contours was significantly larger than the standard deviation from the 
MRI contours, p-value = 0.027. The mean DSC was 0.73 for the CT and 0.72 for the 
MRI (p-value = 0.889). The conformity index (CI) measurement was similar for CT 
and MRI (p-value = 0.58). Count maps were created to highlight differences in the 
contours from CT and MR.

CONCLUSIONS

Using MRI as a primary image set to define a pancreatic adenocarcinoma GTV 
resulted in smaller contours as compared with CT. No differences in DSC or the 
CI were seen between MRI and CT. A consensus method was reached as to the 
optimal approach to contour a pancreatic adenocarcinoma GTV using MRI. 
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INTRODUCTION

Pancreatic adenocarcinoma remains a lethal malignancy with very low 5-year 
overall survival and progression free survival rates(1). Oncologists are entering 
an era of uncertainty and controversy regarding the role of radiation therapy 
in pancreatic adenocarcinoma given the lack of consistent randomized data 
to support its utility in this disease. The recently published locally advanced 
pancreatic cancer (LAP-07) clinical trial has demonstrated that historic methods 
of treating this malignancy with conventional chemoradiation therapy have 
failed to demonstrate an overall survival benefit(2).  However, the LAP-07 trial also 
illustrates that local disease progression remains a common event, occurring in 
32% of patients treated with chemotherapy and radiation (Chemo-RT) and 46% 
of patients with chemotherapy alone(2). Moreover, questions remain regarding 
radiotherapy quality assurance and compliance in the LAP-07 clinical trial(3). The 
recent development of more effective systemic therapeutic strategies has been 
shown to reduce distant metastatic disease and improve overall survival in patients 
with stage IV disease (4,5). In addition, local/regional disease progression remains 
a primary cause of death in approximately one third of pancreatic cancer patients 
(6). This clearly reflects the critical need for an effective local treatment modality in 
locally advanced unresectable pancreatic adenocarcinoma.
Radiation therapy is a rapidly evolving and highly effective local oncologic treatment 
modality. Novel methods of delivering radiation therapy emerge continuously 
and hold considerable promise. Image guidance is creating unprecedented 
capabilities for targeted and adaptive radiation delivery (7). The emergence of real 
time adapted radiation therapy treatment strategies with on board MRI guidance 
is exciting and will potentially alter outcomes with radiation therapy. These 
technologies may hold implications for pancreatic adenocarcinoma by improving 
local control decreasing treatment-related morbidity which may translate to an 
overall survival advantage for patients. For MRI-guided radiotherapy to realize its 
potential, radiation oncologist would have to attain a much deeper familiarity with 
the MRI features of abdominal malignancies and abdominal organs at risk.
Along with improved image guidance has emerged stereotactic body radiation 
therapy (SBRT). SBRT is gaining popularity amongst radiation oncologists and may 
hold considerable advantages for the treatment of pancreatic adenocarcinoma. 
When SBRT is used for pancreatic adenocarcinoma, there is an extremely small 
margin of expansion from the gross tumor volume (GTV) to the planning target 
volume (8). This places critical importance on the radiation oncologists’ definition 
of GTV when using SBRT. Historically, CT has represented the predominate imaging 
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modality used for pancreatic GTV delineation. We sought to compare differences in 
contouring pancreatic GTV on either CT or MRI images amongst a cohort of expert 
radiation oncologists. Furthermore, we sought to obtain a consensus method for 
GTV delineation in patients with pancreatic adenocarcinoma using MRI imaging. 

METHODS 

Expert gastrointestinal radiation oncologists from major academic centers around 
the world were identified and invited to a contouring symposium which was held at 
the Medical College of Wisconsin. An expert gastrointestinal diagnostic radiologist 
with extensive experience in pancreatic CT and MRI interpretation was included 
for instruction and collaboration. Each radiation oncologist had a clinical practice 
focused in gastrointestinal malignancies and a specific interest in pancreatic 
adenocarcinoma. Most of the represented institutions were either actively using an 
MRI guided radiation therapy system (ViewRayÒ)  or were in the active process of 
acquiring an MRI guided radiation therapy system with Elekta. The symposium was 
in part financially supported by Elekta (Elekta Ltd, Stockholm, Sweden). The sponsor 
had no role in data processing, interpretation, analysis, or manuscript preparation. 
A total of three pancreatic adenocarcinoma cases with both contrast enhanced CT 
and multiparametric MRI, including contrast enhanced MRI images, were available 
for review and were contoured for this exercise. All cases were anonymized prior 
to contouring. CT/MRI coregistration and contouring was performed in MIM (MIM 
Software Inc., Cleveland, OH, USA). 
The symposium started with a diagnostic radiologist providing a detailed lecture 
including methods for identification of the GTV on both MRI and CT images. During 
these lectures, discussion took place regarding the optimal approach for accurate 
identification of the GTV in pancreatic adenocarcinoma. Each individual case 
was reviewed in a mock tumor board fashion radiology review, which took place 
immediately in advance of individual case contouring. The GTV for each of the 
cases was then contoured individually on both CT and MRI immediately following 
the review of the diagnostic imaging studies by the diagnostic radiologist. There 
was no input from the diagnostic radiologist during the case contouring by each 
individual radiation oncologist. 
Following the contouring of each case, challenges in the contouring were 
discussed. Following all contour completion, a work flow was then identified to 
help with optimal tumor volume delineation. 
Contour analysis was performed using Sorensen-Dice similarity coefficient (DSC), 
Jaccard index, a Hausdorff distance, and conformity index (CI) metrics. The contour 
volume from both CT and MRI were calculated and statistically compared using a 
Mann-Whitney test. 
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The GTV contours of all individual observers were used to create a so-called “count 
map” having the same resolution as the underlying image modality. Within such 
a count map, each voxel value is determined by the superposition of observers 
that included the corresponding image voxel within their GTV. For 12 observers, 
the maximum count is 12. Within a count map, different iso-surfaces were created, 
generally indicating a volume which is included by more than a given number of 
observers. For instance, the majority surface encloses all voxels of the count map 
having a value of five or higher. In general, we can create a percentile surface of x% 
which encloses all voxels marked as being part of the GTV by x% of the observers 
or more. The spread in volume over these percentile surfaces gives an indication 
of the GTV similarity over the observers. All contour evaluations were conducted 
using MIM and Prism (GraphPad Software Inc, La Jolla, California).

RESULTS

A summary of each of the case characteristics can be seen below in Table 1. The 
mean volume of the GTV contours from the CT was 57.48 cubic centimeters (cc) 
with a standard deviation of 17.44.  The mean volume from the GTV contour using 
the MRI was 45.76 cc with a standard deviation of 11.30.  The p-value between 
each of these was statistically different at 0.011 for the volume comparison and 
0.027 for the standard deviation comparison. The average (pair-wise) DSC for the 
GTVs contoured on CT was 0.73 and on MRI was 0.72. These were not found to be 
statistically different with a p-value of 0.889. The average (pair-wise) CI was 0.58 for 
the CT and was 0.57 for the MRI and were also not found to be statistically different. 
The DSC and CI were similar for each of the patients. A summary of these results can 
be seen in Table 2. In addition, the Jaccard index and Hausdorff distance were not 
statistically different, these results are not reported. Further analysis was conducted 
with outlying observers removed from the contour analysis in a sequential fashion. 
The absence of any statistical significance between both the CT and MRI contour 
sets DSC and CI remained. The results of the mean count map analysis, as described 
above, are displayed for an example patient to highlight differences between CT 
and MRI based contours, Figure 1. 
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Table 1: Patient Characteristics

Patient 1 Patient 2 Patient 3

Age (years) 65 71 65

Sex Male Male Male

Tumor location Pancreatic Body Body of the pancreas Body of the pancreas

Encasement of vessels Encasement of the 
Celiac, common 
hepatic, proximal 
proper hepatic, and 
proximal left gastric

360° encasement of 
CA, HA, LGA.
90° abutment of PV, 90-
180° abutment of SMV

360° encasement of 
Celiac 90° abutment of 
SV, 90-180° abutment 
of PV

Resectability Unresectable Unresectable Unresectable

Stent in CBD None None Metallic stent

Prior chemotherapy 8 cycles FOLFIRINOX None None

Table 2: CT vs. MRI Volumetric, Conformity, and DSC similarity coefficients

CT contour MR contour

Pt 1 Pt 2 Pt 3 Avg Pt 1 Pt 2 Pt 3 Avg P-Value *

Volume (cc’s)

Mean 34.9 56.43 81.12 57.48 25.6 43.68 67.99 45.76 0.011

SD 11.69 17.71 22.93 17.44 5.6 13.33 14.98 11.3 0.27

DSC

Mean 0.72 0.70 0.76 0.73 0.75 0.68 0.74 0.72 0.889

SD 0.08 0.08 0.07 0.07 0.08 0.10 0.06 0.08 0.836

Conformity

Mean 0.57 0.54 0.61 0.58 0.61 0.52 0.60 0.57 0.923

SD 0.09 0.09 0.09 0.09 0.09 0.11 0.07 0.09 0.860

Cc- cubic centimeters, DSC- Dice's similarity coefficient, SD- Standard Deviation.
*p-value obtained using two sample t-test assuming unequal variances
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Figure 1: A: Example of the count map from the contours of a select patient drawn using MRI, red 
represents an area of total overlap, meaning all contours were included this region, blue represents 
only a single observer. B: demonstrates these contours without a color wash, green represents the 5th 
percentile and pink is the 95th percentile of agreement. C: demonstrates the count map of contours 
performed on the CT images, again red represents total overlap, blue represents a single observer. D: 
represents those CT based contours without the color wash, green represents the 5th percentile and 
pink is the 95th percentile of agreement

The complete consensus steps to contour a pancreatic GTV on MRI can be seen 
below. 
Steps to contour a pancreatic adenocarcinoma GTV using pancreatic MRI: 
1. Focus on the conditions under which you are contouring: Utilize a non-

reflective screen and dim the lights. Optimizing ambient lighting is a critical 
way to improve our ability to perceive tissue contrast (9).

2. Review overall scan quality, looking for artifacts and/or patient motion. 
3. Scroll through the images of the pancreas, focusing on contrast differences 

between the tumor and the normal pancreatic tissues. Optimize the window 
and level to obtain the best contrast by focusing on the image for which you 
can see the tumor best. This will differ depending on the specific scanner 
and patient. The late arterial phase fat-suppressed post-contrast T1 images 
often serve as the optimal sequence for this tumor visualization because the 
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normal pancreatic tissue is maximally enhancing which optimizes contrast 
with the hypovascular adenocarcinoma. When determining the extent of the 
tumor volume, focus on examining the normal tissues, following the normal 
pancreatic duct and looking for narrowing or distortion which signals the 
presence of the tumor. The non-fat saturated T2 weighted images are also 
helpful to distinguish the tumor from other critical local structures such as the 
duodenum, and should be used for this purpose. 

4. Start by contouring the GTV on the slice where the tumor is the most visible 
and slowly work superiorly and inferiorly from that slice. 

5. Pay close attention to the encasement and distortion of vasculature and 
local normal structures as the tumor volume is contoured. For example, 
compression of vasculature should be accounted for. Similarly, if the pancreatic 
duct is normal in caliber, the presence of tumor is unlikely in that region of the 
pancreas. 

6. Diffusion weighted images can be used for the purpose of helping to identify 
the location and extent of the tumor, however care should be taken not to rely 
too heavily on diffusion sequences as they are prone to geometric distortion. 
Diffusion weighted imaging is very sensitive, but not specific for tumor and 
processes such as inflammation and fibrosis can also cause restricted diffusion. 
GTV boundaries should be defined only on the late arterial phase T1 post 
contrast and the non-fat saturated T2 weighted images.  

7. There are likely to be areas in which the presence of gross tumor is uncertain. 
In that case, consider the consequences (probability of normal tissue 
complication) of extending the GTV contours into that region of the pancreas 
or associated vessels, and if negative consequences of this increased volume 
are low (damage to large-caliber vessels), then a more generous contouring 
approach may be taken in that region, and if high (damage to duodenum), 
then a more conservative approach should be considered. 

8. Once the structures have been completed, go back and forth through the 
contours, and smooth the GTV contours, looking for areas where the contours 
lose consistency or “jump” from slice to slice. 

9. Final review and collaboration with a diagnostic radiology is essential when 
uncertainty exists.
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DISCUSSION

The manner in which radiation therapy is delivered for pancreatic adenocarcinoma 
requires intense scrutiny and evaluation.  Historically, radiation therapy for 
pancreatic adenocarcinoma has been administered over a fractionated treatment 
course that requires between 5 to 6 weeks. This has traditionally included a large 
treatment volume, potentially including elective regional lymph nodes in addition 
to the pancreas and associated vessels (10,11). The strategy of treating pancreatic 
adenocarcinoma to 54 Gy, even using a large treatment volume, has been shown 
to have high rates of local and regional disease progression of approximately 
30-40% (2,10). This is likely secondary to inadequate radiation dose along with 
an unfavorable tumor microenvironment. This could also potentially be due to 
inadequate or heterogeneous GTV definition and/or issues related to unaccounted 
tumor motion during therapy. 
Novel radiation delivery modalities, including  SBRT, and dose escalated intensity 
modulated radiation therapy (IMRT), have focused on treatment of only the 
primary pancreatic tumor ( and grossly involved nodes) with a small margin for set 
up variability (8,12). Retrospective studies have hypothesized as to the potential 
advantages of such conformal and dose escalated approaches (13,14). Furthermore, 
hypofractionated approaches have been postulated to have an increased 
biological anti-tumor effect due to non-traditional mechanisms such as vascular 
effects, and tumor immunological effects (15). Typically the PTV accounting for 
setup error in the treatment of pancreatic cancer, consists of only a few millimeters 
of expansion from GTV, when utilizing advanced motion management and image 
guided delivery techniques (8). This treatment approach places critical importance 
on the ability of the radiation oncologist to consistently and accurately define the 
GTV. However, there is significant variation when using either CT or MRI to identify 
pancreatic tumors when compared with gross pathologic specimen measurements 
(16,17). In addition it has been shown that contours from prospective clinical trials 
using CT can completely miss pancreatic tumors, again reflecting the difficulty of 
GTV contouring (18). 
The role of MRI guidance in radiation therapy is rapidly expanding and certain MRI 
sequences hold advantages to both identification and delineation of pancreatic 
GTV (16,19). Devices such as the ViewRay system combine a low field strength MRI 
(0.35 Tesla) and cobalt based IMRT delivery into a single treatment device. This 
enables the use of a low field strength MRI on a daily basis to evaluate changes 
in tumor size and normal organ position. Treatment plans can be adapted, using 
MRI, based on the daily position of the tumor and normal structures. These MR-
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guided radiotherapy devices may hold unique advantages for the purpose of inter 
and intra fraction tumor and normal organ motion management (20). Elekta is 
actively developing an MRI guided linear accelerator that will include a 1.5 Tesla 
MRI with field strength comparable to many MRI scanners currently being used 
in diagnostic radiology. The ability to acquire 1.5 Tesla field strength MRI on a daily 
basis might bring new capabilities to daily radiation therapy delivery. However, the 
routine use of MRI is entirely novel to many radiation oncologists. This is particularly 
true when it comes to non-central nervous system MRI, such as abdominal MRI. 
In the case of pancreatic cancer, research to define the role of MRI is needed to 
demonstrate added value beyond CT. Specifically, the routine use of MRI requires 
further investigation as to its ability to improve outcomes. The precise role of MRI in 
pancreatic GTV contouring has been the subject of somewhat limited evaluation, 
but available studies suggest it may hold promise (16,19). Pancreatic MRI has 
been shown to have advantages with regard to soft tissue delineation and tumor 
conspicuity when compared with CT (21). Despite these potential advantages, 
wide spread use of MRI for pancreatic tumor volume delineation in radiation 
oncology is limited. 
The current study presents the results of a contouring exercise intended to further 
the understanding of GTV delineation in pancreatic adenocarcinoma. In addition, we 
sought to assemble a group of specialized radiation oncologists to define a process 
by which GTV should be defined when using pancreatic MRI. The results of the 
analysis provide new insights into the use of MRI in pancreatic cancer. 
It can be seen in this analysis that the use of MRI resulted in delineation of smaller 
tumor volumes, which is visually highlighted on the count maps in Figure 1 and 
graphically in Figure 2. GTVs were also shown to be consistently reduced across 
each patient along with standard deviations. A smaller treatment volume may have 
important implications when it comes to the safety and feasibility of dose escalation. 
It was also seen that the DSC, Conformity, Jaccard index and Hausdorff distance 
were not statistically different when comparing CT and MRI based contours. Despite 
the complexity of MRI based imaging for pancreatic cancer, it was encouraging to 
see that significant differences in these important metrics were not seen. The DSC 
presented in this analysis are important to contemplate and to our knowledge this 
is the first report of such metrics using MRI in pancreatic adenocarcinoma. Despite 
this being a highly specialized group of radiation oncologists, who had a detailed 
review of the images by a diagnostic radiologist immediately before contouring, 
we still observed a moderate amount of dissimilarity between the contours.



8

Pancreatic Tumor Contouring On CT As Compared With MRI

157

This is visually rather striking, as illustrated in Figure 3. One might expect that such 
differences would likely be further magnified when pancreatic contours are 
executed by the radiation oncology community at large. This difference was seen 
on both MRI and CT. These differences may have been even more considerable had 
there not been immediate diagnostic radiology review of the images in advance 
of contouring. The difficulty and inconsistency in contouring pancreatic tumors is 
important for radiation oncologists to recognize. 
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Figure 2: differences in tumor volumes seen when using MRI as compared with CT for primary tumor 
volume

Figure 3: Visual examples of contour heterogeneity present amongst various observers
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Finally, we have presented a systematic method by which GTV can be contoured. 
These steps may seem rather straightforward and intuitive, however several 
important points from this methodology should be considered. For example, 
of the 12 radiation oncologists present at the contouring symposium, only 3 
routinely contoured gross tumor volumes with any adjustment in the ambient 
lighting. While this point may seem trivial, there exist ample recommendations and 
requirements for monitor characteristics and ambient lighting in the diagnostic 
literature (9). Our diagnostic radiology collaborator highlighted the importance of 
decreased ambient lighting for soft tissue contrast identification. It seems such a 
simple change should be used routinely by radiation oncologists. Bringing this to 
the attention of the radiation oncology community at large may hold importance. 
Limitations of this contour analysis exist. The contours in this analysis were only 
generated by a highly specialized group of radiation oncologists with extensive 
interest and experience in gastrointestinal malignancies. The similarity in the DSC 
and conformity shown in this series between MRI and CT may not prevail amongst 
a group of non-specialized radiation oncologists. In addition, we have made no 
mention here as to the methods or definitions of clinical target volume delineation. 
This was seen as beyond the scope of this manuscript and contouring symposium 
as this topic carries great controversy, particularly the role for elective regional 
node inclusion. 
Limitations of this analysis not-withstanding, we feel there are potentially important 
conclusions from and implications of this study. First, this study highlights both 
numerically and visually the difficulty in contouring pancreatic GTV. It is somewhat 
remarkable that these contours were all executed by highly specialized academic 
radiation oncologists, yet dramatic differences in GTV contours were seen. 
Radiation oncologists treating patients with pancreatic adenocarcinoma should be 
acutely aware of this challenge and pay careful attention to GTV delineation as this 
forms the foundation of the entire treatment plan. Further research is needed into 
novel MRI sequences and post processing methods that might improve the ability 
for radiation oncologists to uniformly and accurately identify GTV in pancreatic 
adenocarcinoma. Such improvements in GTV delineation may be critical as highly 
conformal treatment approaches with modalities such as SBRT become more 
common place in the management of pancreatic adenocarcinoma. 
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ABSTRACT 

BACKGROUND

Stereotactic radiotherapy (SBRT) in locally advanced pancreatic cancer (LAPC) may 
lead to better palliation in a short overall treatment time. MRI might improve tumor 
delineation and is capable of tumor motion quantification. We want to explore the 
safety and technical feasibility of MRI guided SBRT for LAPC. 

METHODS

A custom made abdominal corset was manufactured to reduce breathing induced 
tumor motion. Delineation of the tumor and organs at risk (OARs) was performed 
on CT and multiparametric MRI. Tumor motion was quantified with cine MRI. After 
treatment planning, the static dose distribution was convolved with the cine MRI 
based motion trajectory to simulate the delivered dose to the tumor and OARs. 
SBRT was carried out up to a dose of 24 Gray in 3 fractions in one week. 

RESULTS

From July 2013 to January 2016, 20 patients were included. Tumors and OARs were 
clearly visible with contrast enhanced CT and MRI. After simulation of the delivered 
dose taking the motion into account, an adequate target coverage was achieved 
with acceptable dose in the OARs. No grade 3 or higher treatment related toxicity 
was observed.

CONCLUSIONS

MRI guided SBRT for pancreatic cancer is technical feasible and safe, with no 
treatment related grade ≥3 toxicity. New strategies are applied, including an 
individual corset to reduce breathing motion, MRI based delineation and simulation 
of motion-integrated dose distributions.

TRIAL REGISTRATION

www.clinicaltrials.gov (NCT01898741) 
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INTRODUCTION

Forty to 50% of pancreatic cancer patients present with locally advanced disease 
(1,2). Patients with locally advanced pancreatic cancer (LAPC), in the absence 
of distant metastases have a median survival of 8-14 months (2). Unfortunately, 
effective local treatment options are lacking. 
Radiotherapy may delay the development of metastasis and physical discomfort 
and it may lead to better palliation and possibly increase survival. Up to now, there 
is no evidence for a survival benefit of radiotherapy for LAPC (3). However, mostly 
3D conformal radiotherapy techniques have been used with a total dose of 50.4 Gy 
(4,5). There is a rationale for higher dose levels, as this potentially leads to higher 
local control and higher survival rates (6). Modern randomized controlled trials 
investigating chemoradiation for LAPC indicate good tolerance of the combined 
modality regimens (4,7). 
In addition to standard chemoradiation, stereotactic body radiation therapy (SBRT) 
has also been explored for LAPC (8-10). SBRT offers the advantage of shorter overall 
treatment times for this frail patient group with a poor prognosis than a more 
protracted regimen. Several non-randomized studies delivering a dose of 24-36 
Gy in 3 fractions showed good survival rates of 10.6 to 20 months in LAPC (9-14). 
In addition, high local control rates between 82 – 91.7% were reported (9,12,13). 
However, substantial severe (grade ≥3) toxicity was seen, ranging from 6-22%. The 
toxicity reported was often due to duodenal toxicity in the initial studies treated with 
cyberknife where fiducials were used as surrogate for tumor position with tracking. 
Target definition has been CT-based in these SBRT series. Our aim was to integrate 
MRI in the workflow of pancreas SBRT under free breathing conditions. We used 
the superior soft tissue contrast of MRI for optimal target and organ at risk (OAR) 
definition (15-17). This could lead to smaller treated volumes, and subsequently a 
decreased toxicity. A custom abdominal corset was used to decrease the breathing 
induced pancreatic motion. Residual motion was quantified using MRI and patient-
specific motion was prospectively integrated into the treatment planning. 
Here, we report the safety and technical feasibility of this novel strategy of MRI 
guided stereotactic radiotherapy for inoperable pancreatic cancer patients.

MATERIALS AND METHODS

PATIENTS 

All patients with LAPC as defined by the Dutch Pancreatic Cancer Group (DPCG, 
2012) or medically inoperable resectable pancreatic cancer patients were eligible 
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for this trial. Patients with distant metastases, ECOG performance score ≥3, life 
expectancy of <3 months, age <18 years, previous chemotherapy or pancreatic 
surgery, or contra-indications for contrast enhanced (CE) CT or MRI were excluded. 
Patients received a proton pump inhibitor from the day before treatment up to 6 
months after treatment. This trial was approved by our institutional review board 
and registered at www.clinicaltrials.gov (NCT01898741). All patients provided 
written informed consent.

PREPARATORY WORK

Fiducial markers (0.4 x 5mm gold fiducial marker, QLRAD inc, Miami, USA or 0.35 
x 10 mm Visicoil, IBA Dosimetry, Schwarzenbruck, Germany) were placed during 
an endoscopic ultrasonography (EUS) procedure inside the tumor. In addition, 
pathology was obtained during this EUS. A custom abdominal corset was 
manufactured (Neofrakt®, Spronken Orthopedie NV, Genk, Belgium). The corset 
was pulled tight in such a way that the abdominal breathing was restricted, but 
still with reasonable comfort.

SIMULATION
CT SCANNING
One week after fiducial marker placement, patients underwent CT scanning with 
the custom made abdominal corset in place. No restrictions in dietary intake prior 
to scanning or irradiation were placed. The CT protocol consisted of a 4D CT and an 
intravenous CE CT with an arterial and a portal venous phase with a slice thickness 
of 3 mm. Following CT simulation, a simulation took place in the treatment room 
to evaluate marker visibility and cone beam CT (CBCT) quality. During simulation, 
a 4D CBCT was executed. When the fiducial marker peak-to-peak amplitude was 
less than 5 mm in all directions, 3D CBCTs were standard during treatment. If the 
amplitude was more than 5 mm, 4D CBCTs were performed during treatment. 

MRI SCANNING 
MRI scanning was performed on the same day as CT scanning, on a 1.5 Tesla MRI 
scanner (Achieva, Philips Healthcare, Best, The Netherlands) using a 16 channel 
phased array torso coil. Patients were positioned with their arms down at their 
sides, on a diagnostic table top with the corset in place. No alignment with the CT 
simulation position was performed. Immediately before scanning, patients drank 
300 mL of tap water to increase the contrast between the pancreas and duodenum 
and stomach. Scanning included T1-weighted (T1W) imaging, T2-weighed (T2W) 
imaging, diffusion weighted imaging (DWI), multi-phase CE MRI, and a cine MRI 
(see Table 1). 
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MOTION CHARACTERIZATION

Cine MRI scanning was performed with the corset in place in the sagittal direction 
with the scan plane positioned through the center of the tumor. The 2D cine MRI 
was collected over the course of one minute, at a rate of 2 Hz. Cine MRI based 
tumor tracking was performed with a Minimum Output Sum of Squared Error 
(MOSSE) adaptive correlation filter, as described previously (18). Peak-to-peak 
motion in craniocaudal and anteroposterior direction was calculated.

TREATMENT PLANNING

DELINEATION
Registration of the CT and MRI was based on anatomy as the fiducial markers were 
not visible on MRI. Delineation of the gross tumor volume (GTV) and the OARs was 
performed at the 20% phase of the 4DCT with the aid of the rigidly coregistered CE 
CT, DWI, T2W MRI, T1W and CE T1W MRI (Figure 1). This 20% phase was empirically 
proven to be the best representative of the midventilation phase of the 4D CT, 
but as an online correction protocol was applied during treatment delivery, (small) 
deviations with respect to the real midventation phase were not critical here.  

Figure 1: Delineation with the aid of MRI and CT. Red: GTV. Green: pancreatic head. Blue: duodenum.
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DOSE PRESCRIPTION
The planning target volume (PTV) was defined as a 3 mm margin around the GTV. 
A total dose of 24 Gy in 3 fractions was prescribed to the PTV. Preferably, at least 
95% of the PTV received 24 Gy. Heterogeneity within the tumor was desired and 
the maximum dose (Dmax) was allowed to go up to 150% of the prescribed dose 
(Figure 2). The following dose constraints were used (12,19,20): 

 - Liver ≥700 mL less than 15 Gy; 
 - Spinal cord: maximum point dose ≤22.5 Gy; 
 - Small bowel, large bowel, stomach, and duodenum: maximum point dose <30 

Gy and D5cc <22.5 Gy;
 - Both kidneys mean dose < 11.1 Gy 

Figure 2: Example treatment planning. Different dose levels are shown in centiGray at the left. Inner red 
line: GTV. Outer red line: PTV. Green: duodenum. Yellow and orange: kidneys. Pink: bowel. Green: liver. 
Yellow: stomach. 
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Planning organ at risk volumes (PRVs) were created around the small and large 
bowel, stomach, and duodenum with a 2 mm margin. Dose constraints were 
applied to the PRV for these organs. A dual arc VMAT plan was created using 
Monaco versions 3.2 and 5.1 (Elekta Corporation, Atlanta, GA).

DOSIMETRIC ASSESSMENT OF RESPIRATORY MOTION PATTERNS
After treatment planning, the planned dose distribution was convolved with the 
3D motion trajectory around the midventilation position, as measured by the cine 
MRI. In this way, the effect of the motion on the dose distribution was simulated for 
the GTV, PTV, and OARs before start of treatment.

TREATMENT DELIVERY

Patients were treated with a linear accelerator (Elekta Synergy, Stockholm, Sweden). 
In case of a 4D CBCT, each of the individual frames was automatically registered to 
the midventilation phase of the planning CT based on the fiducial markers. In case 
of a 3D CBCT, the CBCT was automatically registered to the midventilation phase of 
the planning CT. Set-up corrections were carried out accordingly. A 3D CBCT scan 
was carried out after the translations to verify the setup correction. The third CBCT 
was performed after dose delivery to monitor the intrafraction motion.

FOLLOW UP

Follow-up was scheduled at 1, 3, 6, and 12 months after SBRT. Tumor response was 
assessed by Response Evaluation Criteria In Solid Tumors version 1.1 (RECIST) at 3 
months after SBRT by CT and MRI scan (21). 

QUALITY OF LIFE

Quality of life questionnaires were completed before treatment and at 1, 3, 6, 
and 12 months after SBRT. The questionnaires consisted of the general health 
related RAND-36, the cancer-specific EORTC QLQ-C30, and pancreatic cancer 
specific EORTC QLQ PAN26 (22-24). Items range from 0 to 100 points. A high 
score on the RAND-36 items, functional items and general QOL on the EORTC 
questionnaires indicate a good QOL. A high score on the symptom items on the 
EORTC questionnaires indicate a high degree of complaints, and thus a poor QOL. 
A clinically relevant difference was defined as a 10 per cent change on the item 
compared to baseline (25). As statistical analysis in this small proportion of patients 
is futile, QOL was described in a descriptive way. 
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STATISTICS

The primary outcome of this study was safety, expressed in study related toxicity 
grade ≥3 according to the Common Terminology Criteria of Adverse Events 
version 4.0 (CTC-AE) within 90 days of radiotherapy. Fiducial marker placement, 
radiotherapy and CT and MRI scanning were defined as study procedures. To 
determine whether an event was study related, an independent expert panel was 
generated, consisting of a radiation oncologist, gastroenterologist, and medical 
oncologist. All events grade ≥3 were evaluated by the expert panel. An event was 
considered study related when 2 out of 3 experts determined this event to be 
(very) likely study related. 
This study was continuously monitored, i.e., an analysis was performed after every 
treatment-related grade 3 or higher toxicity, by using an established, sequential 
testing safety model (26,27). This model was constructed at an expected toxicity 
rate of 10% and an unacceptable toxicity rate of 20%, according to previous SBRT 
studies (8-12,28). The P value was set at 0.05 one-sided for the safety monitoring.

RESULTS

PATIENT AND TREATMENT CHARACTERISTICS

From July 2013 until January 2016, 24 pancreatic cancer patients were enrolled in 
this prospective phase II trial (see Table 2 for patient characteristics). Four of these 
patients were not irradiated after signing informed consent, due to rapid disease 
progression. 

TECHNICAL FEASIBILITY

FIDUCIAL MARKERS
QLRAD markers were placed in 15 patients. In the first 5 patients, a combination 
of 2 Visicoils and 2 QLRAD markers were placed. Placement of fiducial markers was 
uncomplicated in all but one patient (grade 2 post puncture pancreatitis, requiring 
administration of analgesics and intravenously administered fluids). In two patients 
3 markers were placed, for all other patients 4 markers were placed. 

CORSET
All patients tolerated the abdominal corset well during MRI scanning and 
treatment. With the application of the corset, the average 100% craniocaudal 
tumor motion as calculated from the sagittal cine MRI was 8.2 mm (range 2.7 - 23.8 
mm). In anteroposterior direction, the average 100% motion was 3.8 mm (range 
0.8 - 12.6 mm). 
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TREATMENT PLANNING 
Contouring was based on the midventilation scan of the 4DCT. We found the 
multiparametric MRI helpful for contouring. The DWI and contrast enhanced T1W 
imaging were used for GTV determination. Diffusion restriction in DWI is very 
sensitive for tumor detection, although it is not specific to tumor in pancreatic 
cancer. Therefore, tumor delineation was based on DWI in combination with 
arterial T1W imaging. Predominantly in the arterial phase, the GTV appears as a 
hypointense area.T2W imaging was used for discrimination of tumor and OARs as 
stomach and duodenum. In case of geometric discrepancies,the midventilation 
CT scan was leading in contouring, as this was the imaging that was also used for 
treatment. 
All patients received 24 Gy in 3 fractions. Mean dose to the GTV was on average 
29.8 Gy (range 24.7-32.3 Gy) with a maximum dose of on average 34.5 Gy (range 
30.4 – 36.2 Gy) (see Table 3). After blurring the dose with the individual respiratory 
motion kernels obtained from the cine MRI scans, the mean GTV dose only slightly 
reduced to an average dose of 29.6 Gy (range 24.6-31.8 Gy). The same pattern 

Table 2: Patient characteristics

N (%)

Age (year, range) 70.3 (50-85)

Male/female 14/6 (70/30%)

Location 

    Head 17 (85%)

    Body 2 (10%)

    Body/Tail 1 (5%)

Performance score

    0 7 (35%)

    1 9 (45%)

    2 3 (15%)

    Missing 1 (5%)

Classification 

    Locally advanced 18 (90%)

    Medically inoperable/ refused surgery 2 (10%)

Chemotherapy (after SBRT)

   FOLFIRINOX 2 (10%)

   Gemcitabine/nab-paclitaxel 2 (10%)

   None 16 (80%)
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Table 3: Treatment characteristics

Mean Range

GTV

   Volume (cm3) 52.30 6.92 - 134.4

   Min dose (Gy) 22.58 18.86 - 26.51

   Mean dose (Gy) 29.55 25.07 – 32.41

   Max dose (Gy) 34.70 32.57 - 36.16

PTV

   Volume (cm3) 81.98 14.92 - 197.59

   Min dose (Gy) 19.98 15.16 - 22.78

   Mean dose (Gy) 28.05 23.83 - 30.40

Duodenum 

   Max point dose (Gy) 25.85 23.82 - 28.39

   D5cc (Gy) 19.91 13.27 - 21.89

Stomach 

   Max point dose (Gy) 16.21 0.15 - 29.58

   D5cc (Gy) 9.54 0.10 - 19.59

Bowel 

   Max point dose (Gy) 23.79 15.09 - 30.75

   D5cc (Gy) 17.21 10.85 - 20.99

was observed for the PTV dose: here the D99 of the PTV was on average 22.3 Gy 
(range 20.4-24.6 Gy) and after motion simulation it was 22.0 Gy (range 20.3-24.1 
Gy). Even in the patient with the largest tumor motion of 23.8 mm, the mean dose 
to the GTV decreased with only 0.8 Gy. These findings support that the planned 
stereotactic dose distributions were very robust against motion oscillations around 
the midventilation position. 

TREATMENT DELIVERY
After the radiation treatment, a third CBCT was performed to determine the 
intrafraction motion. Nineteen patients were available for analysis. The intrafraction 
motion was modest, with a mean vector length over all patients of 1.7 mm (SD 1.0 
mm, range 0.4 - 4.0 mm). In one patient the PTV margin was increased to 10 mm 
only for the last fraction, as there was an extreme rotation of 7 degrees seen at the 
second fraction. 
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CLINICAL OUTCOMES

The median overall survival of irradiated patients was 8.5 months (range 3.7 to 19 
months), calculated from the first fraction. May 1th 2016, five patients are still alive 
at 3, 3, 4, 5, and 19 months from the first SBRT fraction. At 3 months, radiological 
evaluation of the treatment response took place in 18 patients. Three patients did 
not undergo follow-up scanning per protocol, due to a poor performance status. 
However, one of them had an abdominal ultrasound which demonstrated liver 
metastases at three months. According to RECIST, no patients had a complete 
or partial response, 7 showed stable disease and 11 demonstrated disease 
progression at three months. Progression was local alone in 1 patient, whereas 
distant metastases without local progression developed in 6 patients. In 3 patients, 
there was both local and distant progression. 

SAFETY 

No acute or late treatment related grade 3 or higher toxicity was seen in this trial. A 
one-sided Pearson-Klopper analysis revealed a toxicity rate of 0% (95% confidence 
interval 0-14%). There were several non-study related grade 3 or higher toxicities, 
as was expected in this fragile patient category. Acute grade ≥3 toxicities were: 
pneumonia, asymptomatic pulmonary embolism, infected ascites, bile duct 
stenosis, morphine associated constipation (all grade 3). Late toxicities were: grade 
3 bleeding duodenal varices due to portal hypertension at 6 months, grade 3 liver 
abscess at 4 months, grade 3 gastroparesis at 5 months, perforated cholecystitis 
causing abdominal sepsis grade 4 at 9 months, grade 5 bleeding of the SMA at 5 
months due to tumor progression. For an overview of all toxicities, see Table 4  

QUALITY OF LIFE

Pre-SBRT, all 20 irradiated patients completed the QOL questionnaires. At time 
point 1, 3, 6, and 12 months after SBRT, 18, 15, 8 and 3 patients completed the 
questionnaires. See Table 5 for the results. Overall quality of life after SBRT was equal 
or improved compared to baseline in 69, 60, 43, and 33 percent of patients at 
1, 3, 6, and 12 months, respectively. After 1, 3, 6, and 12 months, patients rated 
their general health improved or equal to baseline in 88, 67, 38 and 33 percent, 
respectively. 
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Table 4: Toxicity scored using the Common Terminology Criteria for Adverse Events version 4.0.

Grade

1 2 3 4 5

Abdominal Pain
Pre SBRT 10 2 0 0 0

Acute 9 5 0 0 0

Late 2 2 0 0 0

Anorexia
Pre SBRT 6 6 0 0 0

Acute 6 6 0 0 0

Late 0 2 0 0 0

Bloating
Pre SBRT  4 2 0 0 0

Acute 9 2 0 0 0

Late 4 0 0 0 0

Elevated bilirubin
Pre SBRT  2 3 0 0 0

Acute 2 1 1 0 0

Late 1 1 0 0 0

Constipation
Pre SBRT  1 0 0 0 0

Acute 2 3 0 0 0

Late 2 0 0 0 0

Diarrhea
Pre SBRT  5 1 0 0 0

Acute 5 5 0 0 0

Late 2 4 0 0 0

Fatigue
Pre SBRT  13 3 0 0 0

Acute 12 4 0 0 0

Late 4 2 0 0 0

Gastritis
Pre SBRT  1 0 0 0 0

Acute 1 1 0 0 0

Late 0 0 0 0 0

Gastroparesis
Pre SBRT  2 2 0 0 0

Acute 3 1 1 0 0

Late 1 0 0 0 0

Malabsorption
Pre SBRT  3 7 0 0 0

Acute 3 11 0 0 0
Late 3 4 0 0 0
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Table 4: Continued.

Grade

1 2 3 4 5

Nausea
Pre SBRT  0 2 0 0 0

Acute 3 5 0 0 0

Late 0 0 0 0 0

Pancreatic enzymes decreased
Pre SBRT  2 6 0 0 0

Acute 4 7 0 0 0

Late 3 3 0 0 0

Pancreatitis
Pre SBRT  0 0 0 0 0

Acute 0 1a 0 0 0

Late 0 0 0 0 0

Vomiting
Pre SBRT  1 0 0 0 0

Acute 3 1 0 0 0

Late 0 0 0 0 0

Weight loss
Pre SBRT  8 7 0 0 0

Acute 5 2 0 0 0

Late 2 1 0 0 0

Gastrointestinal hemorrhage
Pre SBRT  0 0 0 0 0

Acute 0 0 0 0 0

Late 0 0 2 0 1b

Gastrointestinal infection
Pre SBRT  0 0 0 0 0

Acute 0 0 3 0 0
Late 0 0 3 1c 0

Abbreviations: SBRT, stereotactic body radiotherapy.  
a procedure related pancreatitis, after endoscopic puncture. 
b death secondary to bleeding from the superior mesenteric artery caused by arterial tumor invasion, 
treatment unrelated. 
c infection secondary to a potential perforated cholecystitis, treatment unrelated.
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Table 5: Quality of life before and after SBRT

Pre-SBRT 1 month 3 months 6 months 12 months

Number of returned 
questionnaires

20 18 15 8 3

Percentage of expected 
completion*

100 90 88 80 100

RAND-36

Physical functioning 63 (28) 60 (35) 70 (28) 72 (22) 50 (43)

Social functioning 52 (27) 62 (31) 70 (19)† 67 (28) 42 (26)

Physical role restriction 30 (40) 39 (42) 45 (38) 31 (32) 8 (14)

Emotional role restriction 43 (46) 52 (43) 48 (41) 46 (43) 33 (58)

Mental health 65 (18) 69 (22) 72 (17) 68 (17) 68 (14)

Vitality 53 (20) 51 (22) 57 (20) 61 (25) 27 (13)

Pain 56 (25) 75 (20)† 73 (23) 67 (18) 52 (23)

General health 45 (15) 45 (20) 45 (13) 43 (18) 27 (14)

Change in health 20 (13) 33 (30) 35 (33) 34 (40) 17 (14)

EORTC QLQ-C30

Physical functioning 71 (22) 70 (28) 77 (24) 79 (17) 53 (37)

Role functioning 55 (24) 64 (34) 66 (20) 56 (31) 39 (35)

Emotional functioning 67 (18) 71 (26) 77 (18) 62 (24) 61 (13)

Cognitive functioning 82 (22) 76 (31) 81 (23) 85 (19) 78 (26)

Social functioning 68 (24) 70 (34) 81 (21)† 73 (27) 56 (26)

Global health/QoL 59 (16) 62 (26) 66 (18) 57 (25) 44 (13)

Fatigue 40 (23) 38 (24) 37 (25) 47 (21) 74 (26)

Nausea and vomiting 12 (16) 15 (28) 9 (14) 23 (33) 22 (19)

Pain 35 (26) 23 (23) 27 (24) 33 (22) 50 (17)

Dyspnea 16 (25) 11 (23) 16 (31) 21 (25) 22 (19)

Insomnia 25 (36) 22 (23) 20 (28) 38 (28) 67 (33)

Appetite loss 42 (34) 33 (38) 29 (35) 33 (36) 33 (33)

Constipation 23 (31) 20 (35) 16 (21) 8 (24) 0 (0)

Diarrhea 22 (29) 28 (37) 29 (33) 57 (37)† 56 (51)

Financial difficulties 7 (17) 8 (15) 9 (15) 13 (25) 0 (0)
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Table 5: Continued

Pre-SBRT 1 month 3 months 6 months 12 months

EORTC QLQ-PAN26

Pain 32 (25) 24 (18) 29 (22) 35 (18) 22 (10)

Eating related items 32 (25) 33 (34) 24 (27) 35 (27) 28 (19)

Cachexia 37 (23) 35 (24) 32 (23) 56 (33) 28 (26)

Hepatic 18 (22) 8 (15) 3 (9)† 15 (23) 11 (10)

Body image 21 (22) 26 (27) 21 (24) 44 (28) 28 (26)

Side effects 23 (21) 29 (28) 23 (25) 31 (26) 26 (23)

Health care satisfaction 74 (22) 70 (25) 80 (20) 76 (23) 75 (35)

Altered bowel habit 36 (27) 35 (18) 44 (24) 48 (19) 56 (10)

Sexuality 42 (40) 58 (37) 48 (45) 53 (40) 39 (42)

Ascites 35 (30) 31 (22) 38 (28) 38 (33) 44 (19)

Indigestion 27 (32) 29 (34) 31 (34) 29 (41) 33 (33)

Flatulence 48 (32) 43 (31) 42 (34) 38 (23) 44 (51)

Fear of future health 62 (27) 51 (29) 51 (28) 63 (21) 56 (19)

Ability to plan future 45 (27) 39 (34) 38 (33) 42 (30) 44 (51)

Values are mean (s.d.) unless indicated otherwise; *values are percentage of expected replies after 
exclusion of censored patients (those who had died or within 1 month of dying) or not yet reached 
time point due to short follow up. EORTC, European Organization for Research and Treatment of 
Cancer; QoL, quality of life. † P <0.050 and clinically relevant (more than 10-point change in score) 
difference between baseline and postoperative time point (paired t test).

DISCUSSION 

This study shows that MRI guided stereotactic delivery of at least 24 Gy was safe 
and feasible, with no treatment related grade 3 or higher acute and late toxicity. 
A high dose delivered with high precision in free breathing conditions and good 
target coverage was achieved while sparing OAR. A dose of 24 Gy to the PTV was 
prescribed, however, a higher dose in the tumor was feasible with an average 
Dmean of 29.8 Gy and Dmax of 34.5 Gy to the GTV. 
MRI was integrated in the treatment planning. MRI was used for delineation and 
motion simulation. As MRI is capable of demonstrating functional information in 
addition to anatomical information, we found the contribution of multiparametric 
MRI in addition to CT in delineating pancreatic tumors useful. Up to now, no 
evidence about the best way to delineate a pancreatic tumor exists. In a previous 
radiology versus pathology study, MRI underestimated the tumor diameter by 4 
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mm (29). However, in contrast to our study, only a single imaging sequence was 
used. Moreover, accurate pathology orientation related to the MRI measurements 
was lacking. Therefore, these results have to be approached with caution. With CT, 
discrepancies are also seen between the largest diameter on pathology and on 
CT. In one study, an underestimation of 7 mm was observed, and another study 
demonstrated an underestimation by 8 mm of tumors larger than 3 cm and an 
overestimation of 4 mm when tumors were smaller than 3 cm (30,31). 
Besides its role in tumor delineation, motion data derived from MRI were 
incorporated into treatment planning. Cine MRI is able to visualize tumor motion, 
instead of intratumoral fiducials and, similarly, OAR motion can be characterized. 
Another advantage of cine MRI is that it is possible to explore multiple respiration 
cycles over a long time span, or over different days to quantify day-to-day variation 
without being exposed to ionizing radiation. In this study, patients were imaged for 
1 minute with 2 images per second, covering on average 12-16 breathing cycles. 
After integration of the motion trajectory into the treatment planning the GTV-to-
PTV margin of 3 mm was considered sufficient for dose coverage in all patients. 
Patients were treated on a modern linear accelerator with a VMAT technique in free 
breathing conditions. Although it was previously demonstrated that the breathing 
amplitude on a planning 4DCT is not always representative of the amplitude during 
the course of treatment (32), dose distributions were robust against changes in the 
breathing amplitude as patients were positioned at the midventilation position. 
Furthermore, the advantage of a stereotactic dose distribution is that when the 
tumor is mobile, the maximum dose is blurred over a larger area. This results in a 
compensation of under- and overdosage areas. This beneficial strategy results in 
feasibility of smaller margins compared to application of an internal target volume. 
In addition, the use of the custom made corset decreased the breathing amplitude 
of the tumor and the surrounding tissues. Overall in this study, an average 
craniocaudal tumor motion of 8 mm was observed, while in other studies larger 
tumor motions were seen, i.e. 15 mm, 20 mm, and 24 mm (18,33,34). Moreover, 
we performed a simulation experiment in which the craniocaudal breathing 
amplitude was increased, up to 3 and 10 times the original tumor motion. This 
demonstrated that adequate tumor coverage was still reached while meeting the 
OAR constraints at larger tumor motions (Figure 3). 
The toxicity profile of our stereotactic delivery of 24 Gy was less when compared to 
other studies. This might be partly a result of the lack of concurrent chemotherapy. 
In addition, this fractionation schedule has a lower biologically effective dose (BED) 
than the 25 Gy in one fraction prescription of other groups: 43.2 Gy versus 87.5 Gy, 
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respectively, when calculated with an α/β of 10 (8,28,35). However, as the average 
mean dose in the GTV was 29.8 Gy, the average BED was 59.4 Gy in this study. 
This study has a lower local control rate and lower overall survival. This might be 
due to the older patient group and the higher percentage of distant metastases 
documented at 3 months. Only 4 patients received systemic therapy after SBRT. 
This was mainly due to the frail and elderly patient population. However, QOL was 
good in this study, with an overall QOL equal to or improved compared to baseline 
in 69, 60, 43, and 33 percent of patients at 1, 3, 6, and 12 months, respectively. 
A drawback of this study is the high percentage of early distant metastases. This 
might be a result of the presence of occult metastases at the initiation of treatment 
and this could bias our results. In a future study, patient selection might be beneficial. 
Biomarkers such as DPC4 could identify patients that are prone to distant metastases 
or local destructive disease only (36). In addition, induction chemotherapy could 
select patients that do not metastasize early as 30 to 35% of patients scheduled for 

Figure 3:  Dose volume histograms of simulation experiment with enlarged tumor motion trajectories for 
one patient for the GTV, PTV and duodenum. Black line: static dose distribution. Red line: simulated dose 
distribution with integration of tumor motion trajectories. A: original motion at 5 mm craniocaudal. B: 
motion three times enlarged (i.e. 15 mm). C: motion ten times enlarged (i.e. 50 mm). GTV: gross tumor 
volume. PTV: planning target volume.
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local treatment develop distant metastases after neoadjuvant systemic therapy for 
localized disease (37,38). Another downside is the difference in scanning position 
between CT and MRI and the difference in fasting protocol between imaging and 
treatment. However, as registration of both images was on the local area (i.e. tumor 
and duodenal area), discrepancies in GTV and closeby OAR between CT and MRI 
were minor. In addition, a PRV margin was applied to increase safety. 
A future perspective includes real time imaging during treatment as this could 
increase accuracy and holds premise for adaptive radiotherapy and dose escalation 
without adding toxicity (39,40).

CONCLUSION

MRI guided SBRT for pancreatic cancer is technical feasible and safe, with no 
treatment related grade ≥3 toxicity. New strategies are applied, including an 
individual corset to reduce breathing induced motion, MRI based delineation, and 
evaluation of motion-integrated dose distributions.
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This thesis addresses different aspects in the treatment of pancreatic cancer. The 
first section was dedicated to quality of life (QoL) after resection for pancreatic 
malignancy. Resection involves high severe complication rates, but as surgery is 
the only treatment with curative intent, this is generally accepted. In addition to 
inform patients about risk at surgical complications, patients need to be informed 
about the impact of resection on QoL. Especially in elderly and highly comorbid 
patients, shared decision making based on expected benefits and side effects 
might result in refusal of surgery. 
Surgery with curative intent is only possible in the minority of patients. A delay of 
local progression and distant metastases, diminishing of complaints, and ultimately 
a better survival is pursued in patients with unresectable disease. Therefore, we 
explored the potential of stereotactic radiotherapy for these patients. As different 
challenges are encountered with radiotherapy for pancreatic cancer, we sought 
to obtain insight in possible applications of MRI in stereotactic radiotherapy in 
the second section. The third section deliberated on the results of  a phase II trial 
investigating safety and feasibility of MRI integrated stereotactic radiotherapy in 
unresectable pancreatic cancer. 

PART I: QUALITY OF LIFE

In patients with a poor prognosis, quality of life (QoL) is exceedingly important. 
In chapter 2 we explored literature about QoL after surgery with curative intent for 
pancreatic cancer. This review encompassed 17 studies. It was demonstrated that 
overall QoL and general health decreased direct postoperatively. Most studies 
revealed a return to baseline values at 3 to 6 months. In line with this, physical 
QoL items deteriorated directly after surgery, to return to baseline values at 3 to 6 
months. An important remark is that baseline QoL in pancreatic cancer patients is 
worse compared to a reference group (1-3). Therefore, even when QoL returns to 
baseline values, this might imply a worse QoL compared to their peers. In contrast, 
for psychological QoL items, no or only a little decrease in QoL was seen. In most 
studies, social items returned to baseline levels or even higher. This might be related 
to the response shift mechanism, in which survivors of a life threatening disease 
show psychological adaptation resulting from a change in internal standard (4). In 
addition, this might be a result of decreasing fear of disease recurrence over time (5).
In chapter 3 we investigated the course of QoL after surgery for pancreatic (pre)
malignancy in a prospective cohort study. In a group of 68 patients, we demonstrated 
that QoL after pancreatic resection decreased considerably in the early 
postoperative phase. Full recovery of QoL took up to 6 months after the operation. 
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Chapter 4 elaborates on QoL in patients with and without severe complications after 
surgery of pancreatic cancer or premalignant disease. We found no differences in 
QoL between patients with and without severe complications in the first year after 
pancreatic surgery. In the Netherlands, pancreatoduodenectomies are centralized, 
as previous research demonstrated a beneficial effect of centralization on resection 
rates and survival in pancreatic surgery (6). The patients in these studies were 
treated in the University Medical Center in Utrecht (UMCU) and, therefore, are 
representative for this patient group in the Netherlands. The patients included in 
these trials were not part of a clinical trial. Patients participating in clinical trials 
are mostly younger and fitter than in the daily practice (7). In addition, patients 
in randomized clinical trials could be subject to the ‘trial effect’ (7). In this theory, 
patients might benefit from participating in a randomized clinical trial, for example 
as a result of a superior (experimental) treatment in the trial or being offered 
improved routine care when participating in a trial. This might also influence QoL 
results. Hence, we think that our study group may represent daily practice better 
than in other research investigating QoL. Nevertheless, overestimation of QoL in 
our studies might be present as well. Patients that were too ill did not complete the 
questionnaires, and, therefore, QoL is a reflection of the most fit patients. However, 
this is unfortunately reality in all studies investigating QoL. 
Future research might focus on selecting those patients who would benefit most 
from surgery. It is futile to perform resections on patients with low chances of 
survival and with low likelihood of radical resection, as recovery takes around six 
months. Other local treatments might be beneficial in patients who are too frail to 
undergo pancreatic resection. For example stereotactic radiotherapy (SBRT) might 
be explored for these patients. In chapter 9 we demonstrated that quality of life after 
SBRT does not decline in the first 6 months. Physical functioning is equal to baseline 
or better in 72-89, 87, and 63-75 percent of patients after 1, 3, 6, and 12 months, 
respectively. Also in other studies, no decline in QoL was seen at one month and 
three months after SBRT (8,9). This might lead to a treatment shift, thereby offering 
SBRT to potential resectable patients in whom the surgical risks are unacceptably 
high due to other comorbidities. 

PART II: INTEGRATION OF MRI IN PANCREATIC CANCER RADIOTHERAPY

Treatment of pancreatic cancer with radiotherapy is very complex. The major 
technical challenges in pancreatic radiotherapy are tumor motion and tumor 
visibility, especially as the pancreas is located nearby radiosensitive organs as 
the duodenum and stomach. Different strategies have to be integrated into the 
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treatment to be able to deliver adequate dose to the tumor while minimizing 
toxicity. In chapters 5 to 9, new MRI based strategies are explored for motion 
management and for contouring of pancreatic tumors.  

MOTION MANAGEMENT 

The pancreas is localized in the upper abdomen, where respiration causes repetitive, 
high-amplitude motion. For radiotherapy, moving targets are challenging. 
Therefore, insight in tumor motion is needed to be able to compensate for this 
motion. Stereotactic body radiotherapy (SBRT) delivers a high conformal dose with 
small margins and a sharp dose fall-off. SBRT in the highly mobile upper abdomen 
is particularly challenging, with a risk of missing the target and overdosing nearby 
organs at risk. Therefore, motion management in pancreatic cancer SBRT is 
extremely pivotal.
We quantified pancreatic tumor motion with cine MRI in 15 pancreatic cancer 
patients in chapter 5. In addition, we sought an optimal trade-off when applying 
gated radiotherapy in these patients. Respiratory gated radiotherapy involves 
irradiation during a certain fraction of the breathing cycle. It requires knowledge 
about the most stable position in the breathing cycle and it requires a trade-off 
between margin size and treatment efficiency. We demonstrated that tumor 
motion is most pronounced in craniocaudal direction, with an average motion of 
15 mm (range 6-34 mm). Anteroposterior and lateral motion was much smaller, i.e. 
on average 5 and 3 mm, respectively. In addition, we found that the end-expiration 
position was the most stable position in the breathing cycle. Furthermore, tumors 
spent a longer time in this position compared to all other positions. Therefore, 
the end-expiration position was most suitable for gated radiotherapy treatment 
delivery. 
In chapter 6, the influence of a custom made abdominal corset on pancreatic tumor 
motion was investigated. We demonstrated a reduction in craniocaudal motion 
from 11 to 7 mm. No motion decrease was observed in anteroposterior and lateral 
directions. The corset is easily applicable, with acceptable comfort for the patients. 
This makes the abdominal corset an easy way to reduce pancreatic tumor motion 
in the main motion trajectory. 
In chapters 5 and 6 we demonstrated that motion patterns and amplitude highly 
differed between individual patients in these studies. This makes an individual 
approach to motion management essential. 
The motion characterization in both chapters was performed with cine MRI. This 
technique demonstrated to be suitable for motion characterization and yields 
favorable properties compared to more often used 4D CT. The cine MRI images 
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were generated at a rate of 2 Hz and demonstrated actual tumor positions. With 
4D CT, the images are generally retrospectively binned in 10 phases. Therefore, the 
fourth dimension does not reflect time, but rather phase. This results in averaging 
of the amplitude and outliers of the breathing pattern will not be revealed. In 
chapter 6, we described the correlation between cine MRI, 4D CT and 4D CBCT. For 
all patients, the average motion on 4D CBCT was less than the motion measured 
with cine MRI. Although these images were not generated on the same day, we 
think that the smaller motion as measured with 4D CT is a result of the way the 
motion was analyzed, rather than an actual difference in motion. Therefore, we 
think that cine MRI based motion is more accurate than 4D CT based motion. As 4D 
CT is generally used in radiotherapy treatment, the consequences of this possible 
underestimation of motion on dose, toxicity, and tumor control are interesting to 
explore in the future.
An advantage of cine MRI is that it is free of ionizing radiation. This might be useful 
when insight in motion of tumors or organs at risk (OAR) over a longer period in time 
is needed, as the cine images are capable of covering multiple breathing cycles. 
Cine MRI is also suitable for monitoring of motion during treatment. In the UMCU, 
currently the first patients are treated on an MRI integrated linear accelerator (MRI 
linac) (10). Also other groups are developing external beam treatment systems 
with an integrated MR scanner (11). These MRI–guided radiation systems enable 
imaging during treatment, while the radiation is being delivered.  As tumor and 
OAR motion is continuously monitored, the treatment can be adapted accordingly. 
For instance, the radiation beam can be interrupted when the tumor is moving 
out of field, and similarly, when OAR are moving too close to the high dose area. 
In the future it will allow tracking of the tumor with cine MRI during treatment 
enabling the radiation beam to follow the tumor. In a more advance stage of the 
MRI linac, the radiation beam can adapt to the altered anatomical situation real 
time, including online replanning (12). 

MRI BASED CONTOURING

Adequate contouring of pancreatic tumors and organs at risk is crucial, as 
contouring errors are systematic errors propagated throughout the treatment. 
Currently, pancreatic cancer is contoured on CT. Previous studies have shown an 
underestimation of 7 mm when comparing CT with pathology (13). As MRI offers a 
superior soft tissue contrast compared to CT (14), we developed recommendations 
on how to use MRI for contouring of the tumor and OAR in radiotherapy for 
pancreatic cancer in chapter 7. Contouring of pancreatic cancer is best performed 
on the arterial phase of the contrast enhanced T1-weighted images. Also, the 
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diffusion weighted images (DWI) can be helpful for GTV definition. Organs at risk 
as the duodenum and stomach are best visualized with T2-weighted imaging. In 
addition, practical suggestions for integration of MRI in the radiotherapy workflow 
were provided. These include strategies to facilitate image registration with CT. 
Imaging in radiotherapy treatment position, completion of MRI and CT scanning 
on the same day with an OAR filling protocol can help registration of MRI to CT. 
The recommendations from chapter 7 were used in chapter 8 as the cornerstone of an 
interobserver study in which contouring of pancreatic cancer was performed on 
both contrast enhanced CT as multiparametric MRI. Twelve radiation oncologists 
with extensive experience in MRI and pancreas radiotherapy contoured 
three cases on both multiparametric MRI as CT. This study demonstrated that 
contouring on MRI resulted in smaller volumes (46 versus 57 cc, respectively). Dice 
similarity coefficients and conformity indices were similar between CT and MRI. 
Nevertheless, interobserver variation was substantial in this study. This emphasizes 
that contouring in pancreatic cancer is challenging, even in a group of experienced 
radiation oncologists. This is in line with a previous study that demonstrated an 
underestimation at pathology of on average 4 mm of the GTV size when contoured 
on MRI (15). As the need for accurate contouring is high in pancreatic radiotherapy, 
improvements can be sought in extensive training and development of better 
MRI sequences. Especially in SBRT, the risk of geographic missing of the target is 
increased as the treatment margins are minimal. 

PART III: MRI GUIDED STEREOTACTIC RADIOTHERAPY FOR PANCREATIC CANCER

PHASE II TRIAL OF SBRT IN UNRESECTABLE PANCREATIC CANCER

In the palliative setting of unresectable pancreatic cancer there is a rationale for 
a local treatment to relieve physical symptoms and  to achieve local control. In 
addition, local control has been associated with decreased time to metastases and, 
hence, might improve survival (16). Chapter 9 shows the results of a phase II trial, 
demonstrating both safety and feasibility of MRI integrated SBRT in patients with 
unresectable pancreatic cancer. Twenty patients with locally advanced pancreatic 
cancer or medically inoperable patients with pancreatic cancer were included. We 
incorporated new approaches into the radiotherapy workflow. 
The contouring of tumor and OAR was performed with aid of multiparametric 
MRI, according to the recommendations as described in chapters 7 and 8. As 
investigated in chapter 6, an abdominal corset was used to reduce pancreatic tumor 
motion. The individual cast was well tolerated and reduced pancreatic motion by 
almost 40% (chapter 6). Residual motion was measured by cine MRI. The treatment 
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planning was convolved with the cine MRI based motion to simulate delivered 
dose to the target and to the organs at risk, taking the breathing induced motion 
into account. The GTV-to-PTV margin of 3 mm achieved adequate dose coverage 
in all patients and we were able to avoid high dose levels in OAR with these small 
margins. The intrafraction motion was on average within the 3 mm GTV-to-PTV 
margin, with a mean vector length over all patients of 1.7 mm over all fractions. 
Future research will evaluate the influence of the residual intrafraction motion 
on the dose coverage of the GTV in individual patients over all three fractions. In 
addition, we evaluated the estimated delivered dose distribution when taking 
the breathing induced motion into account. The planned dose  distribution was 
convolved with the motion kernel derived from the cine MRI to obtain a motion 
integrated dose distribution. This simulation demonstrated that the average 
dose that 99% of the PTV received (D99) decreased from 22.3 Gy (range 20.4-24.6 
Gy) to 22.0 Gy (range 20.3-24.1 Gy) when integrating the tumor motion into the 
dose distribution. This limited decrease in dose is explained by the properties of 
the stereotactic dose distribution, i.e. an inhomogeneous dose distribution that 
allows for a high maximum dose (Dmax) and a sharp dose fall off, in combination 
with positioning of the tumor at the mid-ventilation position. When the tumor 
is positioned at the mid-ventilation position, the tumor moves in and out of the 
high dose area. This leads to alternating overdosing, when the tumor is in the 
high dose area, and underdosing, when the target moves out of this high dose 
area. We demonstrated in chapter 9 that underdosing and overdosing was almost 
averaged out in these pancreatic cancer treatment plans. This strategy profits from 
the advantages of stereotactic treatment planning and thereby allows for smaller 
margins than those used in the commonly applied internal target volume (ITV) 
concept. The ITV concept encompasses an extra margin that covers all breathing 
induced motion, even though the tumor is not present in this whole ITV covered 
area all the time. As the largest motion in our study was 23 mm in craniocaudal 
direction, this would lead to a GTV-to-ITV margin of 23 mm in craniocaudal 
direction in this patient. However, a GTV-to-PTV margin of 3 mm was applied and 
this lead to a reduction in mean dose to the GTV of only 0.8 Gy in this case. When 
applying the ITV concept to this patient, this would have resulted in an increased 
exposure of OAR to high doses. 
In addition to the feasibility of the SBRT treatment, we demonstrated that this 
treatment is safe. No treatment related grade 3 or higher toxicity was seen. ‘Overall 
QoL’ and ‘general health’ was rated high in the first three months after SBRT, 
whereafter deterioration of QoL was seen. The overall survival in these patients 
was 8.5 months from start of SBRT. Of patients that completed the post SBRT 
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imaging, 76% demonstrated local control. However, 53% of patients demonstrated 
distant metastases at three months. Stereotactic radiotherapy with integration of 
MRI based contouring for pancreatic cancer as studied in chapter 9 appeared to be 
safe and feasible, and it is a non-invasive procedure to patients with a limited life 
span. However, results in terms of survival are still poor. As this study was a non-
randomized trial, it might suffer from patient selection bias. The patients in this 
study were generally frail and elderly. In addition, no systemic chemotherapy was 
administered per protocol. As patients with pancreatic cancer are prone to distant 
metastases, lack of administration of chemotherapy might have had a detrimental 
effect on survival. After SBRT, only 4 out of 20 patients received chemotherapy. This 
low rate might be due to the poor condition of the included patients. Despite the 
demonstrated safety and feasibility of SBRT for unresectable pancreatic cancer, this 
treatment appears ineffective due to a lack of systemic therapy and a frail patient 
population. Therefore, optimization of this treatment is needed to achieve better 
clinical results. 

FUTURE PERSPECTIVES

ADEQUATE PATIENT SELECTION

The phase II study in chapter 9 demonstrated poor results in terms of overall survival, 
especially when comparing our results in terms of overall survival (8.5 months)  
to the results of the meta-analysis of FOLFIRINOX in LAPC (24 months)(17). The 
poor survival in our study can partly be explained by the fact that most patients 
were elderly and frail, and they were not able to tolerate chemotherapy before 
or after SBRT. Three months after SBRT, more than half of the patients had distant 
metastases. Despite these poor clinical results, there might be patients that could 
benefit from SBRT. The challenge lies in how to identify these patients, that have a 
lower risk on distant metastases and a potential better survival.
Clinical factors are valuable in adequate patient selection. Previous research 
demonstrated that 24-58% of patients who were radiologically staged as LAPC 
had occult metastases during staging laparoscopy (18,19). Therefore, we suggest a 
more comprehensive staging with laparoscopy before  initiation of local treatment 
in LAPC. There might also be a role for patient reported outcomes, as in a trial in 
advanced pancreatic cancer patients, baseline QoL values were related to overall 
survival. Patients with a higher baseline physical function score demonstrated an 
improved OS in a multivariate analysis adjusting for known predictive factors (20).
In recent research, several genomic and molecular factors were explored that 
might serve as prognostic factors. A study investigating CD44 expression in 
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pancreatic cancer patients demonstrated that patients with high tumor levels 
of CD44 had a significant worse survival compared to patients with low tumor 
levels of CD44 (10 versus >43 months, respectively) (21). In addition, blocking 
of CD44 lead to reduced tumor growth and less metastases in a mouse model 
(21). Another study demonstrated that expression of stromal growth factor SPARC 
correlated with a worse survival after chemoradiation for patients with locally 
advanced pancreatic cancer, compared to patients without expression of SPARC 
(22). Also DPC4 has been investigated for its prognostic relevance in pancreatic 
cancer (23). This study revealed that patients with predominantly systemic disease 
showed higher rates of DPC4 expression loss (72%) compared to patients with 
mainly localized disease (22%). Furthermore, Strom studied the predictive value 
of the genomic radiosensitivity index (RSI) in resected pancreatic cancer patients 
undergoing postoperative chemoradiation (24).This score is a radiotherapy specific 
biomarker based on 10 specific genes. In clinicopathological high-risk patients 
(positive surgical margins, pathologic lymph nodes, high postoperative CA19-9), 
radiosensitive patients had a significantly better survival compared to radioresistant 
patients (median 31 versus 13 months, respectively).
Potentially, in the future it might be possible to stratify patients into two groups 
based on prognosis and/or based on the disease characteristics: patients that are 
prone to systemic spread of disease and patients that are predisposed to mainly 
localized disease. This stratification allows for tailored and personalized treatment. 
Patients with a high metastatic potential would have a greater clinical benefit 
from only systemic therapy, whereas patients with expected localized destructive 
disease should be offered local (ablative) therapy in combination with systemic 
therapy as pancreatic cancer has a high metastatic potential.  

OPTIMIZATION OF TREATMENT

In addition to a better patient selection, also optimization of the current treatment 
might improve clinical results in the future. In the described phase II trial, stereotactic 
radiotherapy up to 24 Gy in 3 fractions was delivered to pancreatic cancer patients. 
As in metastatic pancreatic cancer, current developments in systemic therapy 
for LAPC are promising. In a recent systematic review of 13 studies involving 
355 LAPC patients treated with FOLFIRINOX, the median survival ranged from 
10 to 32.7 months (17). The included studies varied in additional treatments, e.g. 
other systemic therapies, (chemo)radiotherapy, and surgery. 31 to 100 percent of 
patients in the included studies received (chemo)radiotherapy after FOLFIRINOX. 
The results of this review are encouraging, however, these might be biased due to 
the retrospective nature of the described series. When optimal systemic therapy 
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is combined with improved radiotherapy techniques, this might open the door 
to better clinical outcomes. In our phase II trial, we stereotactically delivered 24 
Gy in 3 fractions to the tumor. This resulted in a mean dose in the GTV of 30 Gy in 
3 fractions. This equals a biologically effective dose (BED) of 60 Gy. This appeared 
to be insufficient to reach local control in all patients. Other groups delivered 
25 Gy in one fraction, which equals a BED of 87.5 Gy (25-28). These studies 
demonstrated local control rates at one year after SBRT of 65%, 84%, 89% and 94%, 
respectively. Dose escalation has been hypothesized to improve local control and 
survival in pancreatic cancer (29,30). As severe toxicity was absent in this study, 
dose escalation is possible. Additionally, recent technical developments as MRI 
integrated radiotherapy systems might aid in increasing dose without adding 
toxicity (10,11,31). The MRIdian system (ViewRay, Inc., Cleveland, OH) is equipped 
with three Cobalt-60 sources and a 0.35 T MR scanner. The Elekta Unity has a 1.5 
T MR scanner and a 7 MV linear accelerator mounted on a rotating gantry (Elekta 
AB, Stockholm, Sweden). The Elekta Unity has a high field strength with diagnostic 
imaging quality. Both systems allow for online adaptive MRI-guided radiotherapy. 

ONLINE MRI-GUIDED RADIOTHERAPY FOR PANCREATIC CANCER

Up to now, CT is needed in radiotherapy treatment as Hounsfield units are used 
for dose calculations in  treatment planning. Yet, recent research has shown that 
creating pseudo CT from MRI scans is feasible in pelvic tumors and adequate 
treatment planning is possible (32,33). This opens the door to an MRI only 
workflow for radiotherapy of pancreatic cancer, for example on the MRI linac. 
This has advantages over combining CT and MRI for treatment planning. When 
combining these two modalities in a radiotherapy workflow uncertainties are 
introduced, including registration issues. As the organs in the upper abdomen are 
highly mobile, voxel based registration is challenging as motion in between the 
two scanning episodes is inevitable. These inaccuracies lead to systematic errors 
that will propagate throughout the treatment. In an MRI only workflow, contouring 
is performed solely on MRI. With this strategy, registration issues are almost non-
existing. In addition, prediction of response and tailoring of treatment might be 
performed with MRI. Previous research demonstrated that tumors with a low 
apparent diffusion coefficient (ADC) value before treatment had a poor response 
to chemoradiation (34). Before treatment, also motion of pancreatic tumors can 
be explored. This allows for a patient-specific motion management strategy. For 
example patients with larger tumor motion might benefit from tracking, whereas 
patients with only little motion can suffice with an abdominal corset and irradiation 
in free breathing.
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During treatment position verification is performed based on online MRI imaging 
on the MRI linac. This offers advantages over the use of CBCT as described in chapter 9. 
The quality of pancreatic CBCT images was insufficient to register the CBCT images 
to the planning 4D CT based on the tumor. Therefore, registration was performed 
based on gold fiducial markers. MRI has a superior soft tissue contrast than CBCT 
and this allows for patient setup without the need for implanting fiducial markers. 
During treatment, MRI can be used to monitor tumor motion during radiation, 
and eventually adapt the treatment plan online according to the anatomy of 
the day. For example, the duodenum is located adjacent to the pancreas, and is 
a dose limiting organ. With MRI, the duodenum and pancreas are clearly visible  
as two separate organs. When imaging while treating, this opens the door to 
smaller treatment margins, holding premise for dose escalation. In addition, there 
is a rationale for an avoidance approach to focus on the critical structures as the 
duodenum and stomach instead of focusing on the tumor in terms of radiotherapy 
treatment planning and patient setup. This helps to overcome contouring and 
registration issues. Recently, a trial started that aims to deliver 50 Gy in 5 fractions 
with the MRIdian to pancreatic tumors and other abdominal tumors located 
adjacent to the gastrointestinal tract using this approach (www.clinicaltrials.
gov identifier NCT02950025). The investigators aim to reduce toxicity from 35% 
severe toxicity to 10% severe toxicity using MRI-guided online-adaptive therapy 
compared to MRI-guided non-adaptive therapy. The real time visibility of OARs and 
the possibility of online guidance of the high dose area away from the duodenum 
and stomach allows for delivery of an ablative dose to the tumor. This may lead to 
a new treatment paradigm that potentially increases survival and might change 
current treatment practice. 
In more fractionated treatments, daily MR imaging enables exploration of prediction 
of the response during radiotherapy, based on biological MRI based markers as ADC 
or dynamic contrast enhanced (DCE) derived markers. This could allow for adaptation 
of treatment, i.e. intensification of radiotherapy or change of chemotherapy. 
Correspondingly, after treatment the value of MRI has to be explored. There is a 
rationale for assessment of treatment response after completion of therapy. This 
might in the neoadjuvant setting discriminate patients that have a complete 
response and thus should probably not undergo surgery. In the definitive 
(chemo)radiation setting, it might be used to restage patients. Previous research 
demonstrated that CT is insufficient in differentiating tumor from chemotherapy 
or radiotherapy induced fibrosis (35). It might be that MRI sequences that image 
the biological properties of the tumor area could differentiate between fibrosis and 
tumor tissue. 
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CONCLUSIONS

Pancreatic cancer is a devastating disease with a poor prognosis. As the life span 
for these patients is limited, preventing deterioration of quality of life is exceedingly 
important. We found that most QoL items decrease after surgery for pancreatic 
cancer, to return to baseline values at 3 to 6 months. Patients with and without 
severe surgical complications experienced no differences in QoL up to 1 year after 
resection. For patients with locally advanced tumors, a non-invasive treatment 
with limited side effects and a positive effect on physical symptoms is desired. 
Radiotherapy for pancreatic cancer is challenging, as the pancreas moves with 
respiration. We found that these breathing induced motion patterns highly differed 
between individual patients. This requires individualized strategies for motion 
management. When choosing for gated radiotherapy, this is best performed at 
the end-expiration position as this is the most stable position in the breathing 
cycle. In addition, breathing induced motion can easily be reduced up to 40% by 
an abdominal corset. Another challenge in pancreatic radiotherapy is the poor 
visibility of tumor and OAR with CT. We developed contouring recommendations 
for contouring of pancreatic cancer and OAR with the aid of multiparametric MRI. 
The tumor volumes as contoured on MRI are smaller compared to volumes as 
contoured on CT. Lastly, we found that MRI guided SBRT in unresectable pancreatic 
cancer up to a dose of 24 Gy in 3 fraction is safe and feasible, but future research 
should focus on improving the clinical results. This might be achieved by a better 
patient selection, a higher radiation dose and a combination with effective 
chemotherapy. 
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INLEIDING (HOOFDSTUK 1)

In 2016 kregen in Nederland 2308 patiënten alvleesklierkanker (pancreascarcinoom). 
Alvleesklierkanker heeft een slechte prognose. Na één jaar is slechts 24% van 
de alvleesklierkankerpatiënten nog in leven en na vijf jaar is dit nog slechts 7%, 
ondanks behandeling. Omdat de overleving zo slecht is, is er behoefte aan een 
betere behandeling. 
Twintig procent van de patiënten komt in aanmerking voor een operatie. Dit is 
de enige behandeling waarmee genezing kan bereikt kan worden. Ook na deze 
operatie is de prognose slecht: 25% van de geopereerde patiënten is na 5 jaar nog 
in leven. Bovendien gaat een operatie gepaard met een grote kans op ernstige 
complicaties, die zelfs tot de dood kunnen leiden. Omdat zelfs na een operatie de 
overleving slecht is en er een grote kans is op chirurgische complicaties, is kwaliteit 
van leven van groot belang. 
Ongeveer 30-40% van de patiënten met alvleesklierkanker heeft een lokale 
uitbreiding van de ziekte die een operatie niet meer mogelijk maakt, maar heeft 
nog geen uitzaaiingen naar bijvoorbeeld de lever, het buikvlies of de longen. 
Voor deze patiëntengroep is nog geen standaardbehandeling voor handen. 
Deze patiënten ervaren vaak klachten van de tumor, zoals pijn, obstructie van de 
darm en/of maag en geelzucht. Om deze klachten te verminderen, en mogelijk 
om het mogelijke ontstaan van uitzaaiingen tegen te gaan, is er een rationale 
voor een lokale behandeling. Voor deze patiënten hebben we in dit proefschrift 
onderzocht of hogesprecisiebestraling middels stereotactische bestraling (SBRT) 
een mogelijke behandeling kan zijn. Stereotactische bestraling is een techniek die 
een hoge bestralingsdosis per bestraling (fractie) aflevert in slechts één of enkele 
bestralingen. Het voordeel van deze techniek is dat de behandelduur veel korter 
is dan met klassieke bestralingen. Dit is met name voordelig voor patiënten met 
een korte levensverwachting. Een ander voordeel is dat kleinere marges nodig 
zijn, waardoor er minder bestraling terecht komt in risico-organen, zoals de 
twaalfvingerige darm en de maag.
In tegenstelling tot de hier boven beschreven patiëntenpopulatie met lokale 
uitbreiding van de ziekte, is er ook een grote groep patiënten met uitgezaaide 
ziekte (met uitzaaiingen in bijvoorbeeld de lever, het buikvlies, of de longen). 
Deze patiënten kunnen niet meer genezen worden door een behandeling. Voor 
deze patiënten is chemotherapie de enige mogelijkheid om de tumor (tijdelijk) te 
remmen. Helaas gaat chemotherapie gepaard met de nodige bijwerkingen. 
Dit proefschrift beschrijft verschillende aspecten van de behandeling van 
alvleesklierkanker. In het eerste gedeelte beschrijven we de kwaliteit van leven 
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na een operatie voor alvleesklierkanker. We willen drie vragen beantwoorden: 
(I) Hoe verloopt de kwaliteit van leven na een operatie voor alvleesklierkanker 
volgens de eerder verschenen literatuur? (II) Wat is de invloed van een operatie 
voor alvleesklierkanker op de kwaliteit van leven, zoals onderzocht in ons 
eigen ziekenhuis? (III) Is er een verschil in kwaliteit van leven na operatie voor 
alvleesklierkanker voor patiënten met en zonder ernstige chirurgische complicaties?
Het tweede gedeelte richt zich op het ontwikkelen van nieuwe technieken binnen 
radiotherapie voor alvleesklierkanker. Hierin stellen we de volgende vragen: (I) 
Hoeveel bewegen alvleeskliertumoren, zoals gemeten met MRI-filmpjes (cine-MRI) 
en hoe kunnen we het beste met deze beweging omgaan tijdens de bestraling? 
(II) kunnen we de beweging van de alvleesklier verminderen als patiënten 
een korset dragen? (III) Hoe kunnen we MRI gebruiken om de uitbreiding van 
alvleeskliertumoren te bepalen (het zogenaamde intekenen) voor het maken 
van een bestralingsplan? (IV) Is er verschil in tumorvolumes als tumoren worden 
ingetekend met behulp van CT in vergelijking met MRI? 
Het derde gedeelte is een onderzoek waarin we 20 patiënten hebben bestraald, 
waarbij we bovenstaande technieken hebben toegepast. We hebben hierin 
gekeken of deze manier van bestralen technisch mogelijk is en of deze veilig kan 
worden toegepast.

DEEL I: KWALITEIT VAN LEVEN

In hoofdstuk 2 hebben we de huidige literatuur over kwaliteit van leven na operatie 
voor alvleesklierkanker op een rij gezet. Deze studie laat zien dat de globale kwaliteit 
van leven en de algehele gezondheid direct na een operatie verslechteren. De 
meeste onderzoeken lieten zien dat deze slechtere conditie binnen drie tot zes 
maanden na operatie weer herstelde. Ook fysieke kwaliteit van leven verslechterde 
direct na de operatie, maar keerde na drie tot zes maanden weer terug naar het 
preoperatieve niveau. Hoewel de kwaliteit van leven tot het preoperatieve niveau 
kan terugkeren, kan dit nog steeds een slechtere kwaliteit van leven betekenen 
dan bij andere mensen, aangezien alvleesklierkankerpatiënten vaak een slechtere 
kwaliteit van leven hebben voorafgaand aan de operatie dan mensen zonder 
alvleesklierkanker. Voor psychologische kwaliteit van leven werd meestal geen 
verslechtering gezien na een operatie. Dit kan te maken hebben met het ‘response 
shift mechanisme’ waarbij het psychologische referentiekader verandert bij 
patiënten die een levensbedreigende ziekte overleven. 
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Hoofdstuk 3 geeft inzichten uit een studie onder 68 patiënten van het UMC Utrecht 
die een alvleesklieroperatie ondergingen in verband met alvleesklierkanker of een 
voorloperstadium hiervan tussen maart 2012 en november 2013. De bevindingen 
uit deze studie liggen op een lijn met de bevindingen uit de literatuur. De patiënten 
hadden voornamelijk op fysiek gebied een slechtere kwaliteit van leven direct na 
de operatie, wat zich herstelde na drie tot zes maanden. 
Omdat patiënten die geopereerd worden aan alvleesklierkanker vaak chirurgische 
complicaties doormaken, keken we in hoofdstuk 4 naar de invloed van ernstige 
complicaties op de kwaliteit van leven. We onderzochten 137 patiënten waarvan 
de helft een ernstige complicatie had doorgemaakt na een operatie tussen maart 
2012 en juli 2016. In het eerste jaar na operatie vonden we geen verschillen 
tussen patiënten met en zonder ernstige complicaties. Deze studie laat zien 
dat complicaties waarschijnlijk alleen op de korte termijn van invloed zijn op de 
kwaliteit van leven. Omdat patiënten vaak op zien tegen deze grote operatie en de 
mogelijke complicaties, kan deze informatie in de spreekkamer gebruikt worden 
om patiënten goed te informeren over de gevolgen van een operatie en mogelijke 
complicaties. 

De onderzoeken van hoofdstuk 3 en 4 zijn uitgevoerd onder in principe alle 
patiënten die in het UMC Utrecht zijn geopereerd aan alvleesklierkanker of een 
voorloperstadium hiervan. Deze patiënten deden niet mee aan een onderzoek naar 
een experimentele behandeling. Dat maakt deze onderzoeken zeer representatief 
voor de dagelijkse praktijk. Het is namelijk bekend dat patiënten die deelnemen 
aan wetenschappelijk onderzoek vaak jonger en fitter zijn dan de patiënten uit de 
dagelijkse praktijk. Daarnaast worden patiënten in een wetenschappelijk onderzoek 
onbewust vaak beter behandeld, mogelijk door een betere (experimentele) 
behandeling, maar ook omdat ze beter in de gaten gehouden worden door de 
behandelend artsen. Dit kan daarom onderzoeksresultaten vertroebelen. De 
resultaten uit onze onderzoeken naar kwaliteit van leven kunnen chirurgen 
gebruiken voorafgaand aan de operatie om patiënten te informeren wat ze kunnen 
verwachten van de invloed van een operatie op hun kwaliteit van leven.

DEEL II: NIEUWE TECHNIEKEN IN RADIOTHERAPIE VOOR 
ALVLEESKLIERKANKER

Bestraling van alvleeskliertumoren kent enkele grote uitdagingen. Ten eerste 
beweegt de alvleesklier mee met de ademhaling. Daarnaast zijn alvleeskliertumoren 
vaak lastig te zien op een CT-scan (het onderzoek dat het meest verricht wordt om 
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alvleeskliertumoren te onderzoeken). Tumoren zijn vaak beter te zien op een MRI-
scan. Dit komt omdat MRI weke delen (organen) beter kan afbeelden dan CT. Het 
goed lokaliseren van de tumoren is extra belangrijk omdat de alvleesklier dichtbij 
bestralingsgevoelige risico-organen als de twaalfvingerige darm (duodenum) 
en de maag ligt. Risico van bestraling van deze risico-organen is dat hierbij 
bijwerkingen ontstaan, zoals misselijkheid, diarree en in het ernstigste geval een 
bloeding of een gaatje in de darm waarbij patiënten ernstig ziek kunnen worden. 
Om alvleeskliertumoren stereotactisch - dat wil zeggen met een hoge dosis en 
met hoge precisie - goed te kunnen bestralen, zonder de risico-organen teveel te 
beschadigen, moeten er strategieën worden toegepast om deze onzekerheden 
te compenseren of op te lossen. Deze hebben we in hoofdstuk 5 tot en met 8 
beschreven. 
In hoofdstuk 5 hebben we de beweging van alvleeskliertumoren in kaart gebracht 
met behulp van filmpjes gemaakt op een MRI-scanner. We vonden dat de tumor 
het meest beweegt in hoofd-voet richting (gemiddeld 15 mm). De links-rechts 
beweging en voor-achterwaartse beweging was veel kleiner (respectievelijk 3 en 5 
mm, respectievelijk). Bij een bepaalde vorm van bestraling wordt alleen bestraald als 
de tumor in een bepaalde zone beweegt. Zodra de tumor uit deze zone beweegt, 
wordt niet bestraald. Deze techniek heet gating. Voor de patiënten in deze studie 
hebben we gekeken hoe je een optimale afweging kan maken tussen een zo lang 
mogelijke bestralingstijd en een zo klein mogelijk bestraald gebied (zodat de kans 
op bestraling van andere organen zo klein mogelijk is, met zo weinig mogelijk 
bijwerkingen tot gevolg). We vonden dat de uitademingspositie de meest stabiele 
positie was in de ademhalingscyclus en daarnaast dat tumoren ook het langst in 
deze positie verblijven. Dit maakt dat de uitademingspositie de meest gunstige 
positie is om gating op toe te passen. 
In hoofdstuk 6 hebben we gekeken naar de invloed van een korset op tumorbeweging. 
Van 10 patiënten hebben we filmpjes gemaakt in de MRI-scanner, met en zonder 
korset om. We zagen dat de gemiddelde beweging in de hoofd-voet richting in 
deze groep patiënten van 11 naar 7 mm terugging. De patiënten vonden het 
korset goed te tolereren en het korset was makkelijk te maken. De vermindering 
in tumorbeweging leidt tot kleinere bestralingsmarges en daardoor mogelijk tot 
minder bijwerkingen tijdens en na de bestraling.
Het bepalen van waar de tumor precies zit en waar gezond weefsel begint, 
het zogenaamde intekenen, is cruciaal in de radiotherapie. Helaas bevatten 
intekeningen vaak onjuistheden. Deze onnauwkeurigheden kunnen leiden tot te 
lage bestraling in tumorgebieden en/of onnodig hoge bestraling van gezonde 



Dutch summary 

208

11

organen. In hoofdstuk 7 hebben we richtlijnen opgesteld hoe MRI gebruikt kan 
worden voor het intekenen van alvleeskliertumoren en de gezonde organen. 
Naast een richtlijn welke MRI-technieken (sequenties) gebruikt kunnen worden 
voor de intekening, worden ook praktische aanbevelingen gedaan om de MRI-
scans onderdeel te maken van het bestralingsproces. Deze aanbevelingen 
vergemakkelijken onder andere het registreren van de CT-scan aan de MRI-scan: 
het scannen op dezelfde dag van zowel de CT- als de MRI-scan, scannen in 
bestralingshouding en een beleid rondom eten of niet eten voorafgaand aan de 
scans.
De aanbevelingen van hoofdstuk 7 werden toegepast in hoofdstuk 8. In dit hoofdstuk 
hebben we gekeken naar de variatie in intekeningen van alvleeskliertumoren 
tussen 12 ervaren radiotherapeuten op zowel CT- als op MRI-scan. De resultaten 
laten zien dat de tumoren op MRI-scans kleiner werden ingetekend dan op CT-
scans (respectievelijk gemiddeld 46 en 57 cc). De mate van overeenstemming of 
overlap gemeten in de zogenaamde Dice similarity coefficient en de conformity 
index laten zien dat er geen verschillen zijn tussen deze waarden op CT en MRI, 
maar tonen wel dat de mate van overlap kleiner is dan gehoopt. Dit hoofdstuk 
laat zien dat het intekenen van alvleeskliertumoren uitdagend is, zelfs voor ervaren 
radiotherapeuten. 

DEEL III: KLINISCHE STUDIE NAAR BESTRALING MET HOGE PRECISIE BIJ 
LOKAAL UITGEBREIDE ALVLEESKLIERKANKER

In de situatie waarbij de alvleesklierkanker lokaal uitgebreid is er en er geen 
genezing mogelijk is door een operatie, is er op dit moment alleen behandeling 
mogelijk met chemotherapie. Echter dit heeft de nodige bijwerkingen aangezien 
het in het hele lichaam komt. Het zou wenselijk zijn om een lokale behandeling te 
kunnen geven op alleen de alvleesklier, waarbij zo min mogelijk gezonde cellen 
aangetast worden. Zo kunnen klachten verminderd worden en kan de tumor lokaal 
onder controle gekregen worden. Dit zou kunnen leiden tot een langere tijd totdat 
uitzaaiingen optreden en mogelijk zelfs een betere overleving. Hoofdstuk 9 beschrijft 
een experimentele studie naar stereotactische bestraling bij lokaal uitgebreide 
alvleesklierkanker. We hebben 20 patiënten met alvleesklierkanker bij wie een 
operatie niet meer mogelijk was, stereotactisch bestraald. Hierbij hebben we 
nieuwe technieken toegepast die we in de eerdere hoofdstukken hebben 
onderzocht. Het doel van de studie was om te kijken of deze manier van bestralen 
veilig is en of het technisch uitvoerbaar is. 
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Alle patiënten kregen voorafgaand aan de bestraling goudstaafjes in de tumor 
geplaatst. De maagdarmleverarts plaatste deze middels een endoscopie. De 
goudstaafjes zorgen ervoor dat de precieze locatie van de tumor zichtbaar is 
tijdens de scan op het bestralingstoestel, aangezien de tumor zelf op deze scan 
niet zichtbaar is. De intekening van de tumor en de risico-organen hebben we 
bepaald middels MRI, volgens de aanbevelingen uit hoofdstuk 7 en 8. Alle patiënten 
kregen een individueel korset aangemeten om de beweging van de alvleesklier 
te verminderen, zoals beschreven in hoofdstuk 6. Ondanks dat de tumoren meer 
dan 3 mm bewegen, zagen we dat met een krappe planningsmarge van 3 mm 
voldoende stralingsdosis in de tumor terecht komt, en dat ook de risico-organen 
voldoende gespaard blijven. 
In deze studie hebben we aangetoond dat deze manier van bestralen veilig is. 
We zagen geen ernstige toxiciteit (bijwerkingen) die gerelateerd was aan de 
behandeling. Daarnaast hebben we aangetoond dat deze manier van bestralen 
goed uitvoerbaar is. Bij deze twintig patiënten hebben we geen moeilijkheden 
gehad bij het bepalen van de tumoruitbreiding, bij het maken van een 
bestralingsplan of bij het uitvoeren van de bestraling. We hebben ook gekeken 
hoe het gaat met de patiënten na de bestraling. Patiënten vonden hun algehele 
kwaliteit van leven en hun algemene gezondheid goed in de eerste drie maanden 
na de bestraling. Hierna vond echter een verslechtering plaats van de kwaliteit van 
leven. We zagen dat driekwart van de patiënten na drie maanden geen groei van 
de tumor in de alvleesklier liet zien. Helaas zagen we dat bij meer dan de helft van 
de patiënten uitzaaiingen waren ontstaan na deze drie maanden. De patiënten in 
dit onderzoek waren ouder en kwetsbaar en deze patiënten konden daarom vaak 
geen chemotherapie krijgen. De conclusie van deze studie is dan ook dat deze 
vorm van bestraling bij deze groep patiënten veilig is en goed uitvoerbaar, maar 
dat de uitkomsten voor de patiënten ruimte laten voor verbetering.
Wat opvalt, is dat patiënten snel uitzaaiingen krijgen na de behandeling. Patiënten 
die uitzaaiingen krijgen, komen daar vaak snel aan te overlijden. Een behandeling 
van de tumor in de alvleesklier draagt bij hen vaak niet bij aan een betere 
overleving of vermindering van klachten. Een selectie zou kunnen plaatsvinden 
door patiënten eerst te behandelen met chemotherapie. Na een aantal maanden 
chemotherapie wordt dan gekeken welke patiënten nog steeds geen uitzaaiingen 
hebben en aan deze patiënten kan dan een stereotactische bestraling aangeboden 
worden. Daarnaast zou de behandeling verbeterd kunnen worden door een 
hogere bestralingsdosis toe te dienen. Op dit moment gebruiken wij een vorm 
van CT (cone-beam CT) tijdens de bestraling om de tumor en risico-organen af 
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te beelden. Echter is de alvleesklierkanker slecht zichtbaar op de cone-beam CT. 
Alleen de goudstaafjes zijn goed zichtbaar. In Utrecht worden op dit moment 
de eerste patiënten bestraald met de MRI-versneller, de MR linac. Dit is een 
bestralingsapparaat en een MRI-scanner in één. Dit maakt het mogelijk dat tijdens 
de bestraling de tumor en risico-organen met hoge kwaliteit worden afgebeeld. 
Als goed in beeld gebracht kan worden waar de tumor en de risico-organen zich 
tijdens de bestraling bevinden, lijkt het veiliger om de bestralingsdosis te verhogen. 
Dit zullen wij in vervolgstudies gaan onderzoeken. 

CONCLUSIES

Alvleesklierkanker is een ziekte met een slechte prognose. Aangezien de 
levensduur van deze patiënten beperkt is, is het voorkomen van verslechtering 
van kwaliteit van het leven zeer belangrijk. We hebben geconstateerd dat de 
kwaliteit van leven afneemt na een operatie voor alvleesklierkanker, om vervolgens 
terug te keren naar de uitgangswaarden na drie tot zes maanden. Patiënten met 
en zonder ernstige chirurgische complicaties ervaren geen verschillen in kwaliteit 
van leven tot 1 jaar na operatie. Voor patiënten met lokaal gevorderde tumoren 
is een niet-invasieve behandeling met beperkte bijwerkingen en een positief 
effect op lichamelijke klachten gewenst. Radiotherapie voor alvleesklierkanker is 
uitdagend, aangezien de alvleesklier beweegt met de ademhaling en zich dichtbij 
risico-organen bevindt. We vonden dat deze bewegingspatronen sterk verschillen 
tussen individuele patiënten. Dit vereist geïndividualiseerde strategieën hoe met 
deze beweging om te gaan. Bij het toepassen van gating in de radiotherapie, 
wordt dit optimaal uitgevoerd aan het einde van de uitademing, aangezien dit 
de meest stabiele positie in de ademhalingscyclus is. Ademhalingsgeïnduceerde 
beweging kan gemakkelijk tot 40% verminderd worden door een buikkorset toe 
te passen. Een andere uitdaging bij radiotherapie van de alvleesklier is de slechte 
zichtbaarheid van tumor en risico-organen met CT. We hebben aanbevelingen 
geschreven om alvleesklierkanker en risico-organen met behulp van MRI in te 
tekenen. De volumes van de tumor zoals deze op MRI ingetekend zijn, zijn kleiner 
in vergelijking met volumes zoals ingetekend op CT. Tenslotte vonden we dat MRI 
geleide stereotactische bestraling bij lokaal gevorderde alvleesklierkanker veilig en 
haalbaar is, maar toekomstig onderzoek moet zich richten op het verbeteren van 
de klinische resultaten. Dit kan worden bereikt door beter te kijken welke patiënten 
baat kunnen hebben bij deze vorm van behandeling, een hogere bestralingsdosis 
en een combinatie met effectieve chemotherapie.
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