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Purpose: Clinical evidence is limited regarding palliative radiation therapy for relieving pancreatic cancer-related pain. We
prospectively investigated pain response after short-course palliative radiation therapy in patients with moderate-to-severe
pancreatic cancer-related pain.
Methods and Materials: In this prospective phase 2 single center nonrandomized trial, 30 patients with moderate-to-severe
pain (5-10, on a 0-10 scale) of pancreatic cancer refractory to pain medication, were treated with a short-course palliative radi-
ation therapy; 24 Gy in 3 weekly fractions (2015-2018). Primary endpoint was defined as a clinically relevant average decrease
of ≥2 points in pain severity, compared with baseline, within 7 weeks after the start of treatment. Secondary endpoint was
global quality of life (QoL), with a clinically relevant increase of 5 to 10 points (0-100 scale). Pain severity reduction and QoL
were assessed 9 times using the Brief Pain Inventory and European Organization for Research and Treatment of Cancer Qual-
ity of Life Questionnaire-C15-PAL, respectively. Both outcomes were analyzed using joint modeling. In addition, acute toxicity
based on clinician reporting and overall survival (OS) were assessed.
Results: Overall, 29 of 30 patients (96.7%) received palliative radiation therapy. At baseline, the median oral morphine equiva-
lent daily dose was 129.5 mg (range, 20.0-540.0 mg), which decreased to 75.0 mg (range, 15.0-360.0 mg) after radiation
(P = .021). Pain decreased on average 3.15 points from baseline to 7 weeks (one-sided P = .045). Patients reported a clinically
relevant mean pain severity reduction from 5.9 to 3.8 points (P = .011) during the first 3 weeks, which further decreased to 3.2
Corresponding author: C. Paola Tello Valverde, MSc; E-mail: c.p.
tellovalverde@amsterdamumc.nl

Geertjan van Tienhoven and Eva Versteijne made equal contributions
to this study.

Disclosures: The authors declare no conflicts of interest.

Data Sharing Statement: Research data are stored in an institutional
repository and will be shared upon request to the corresponding author.

Supplementary material associated with this article can be found in the
online version at doi:10.1016/j.ijrobp.2023.08.055.

Acknowledgments—The authors thank all involved colleagues from the
Department of Radiation Oncology for their great support.

Int J Radiation Oncol Biol Phys, Vol. 118, No. 2, pp. 352−361, 2024
0360-3016/$ - see front matter � 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
https://doi.org/10.1016/j.ijrobp.2023.08.055

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijrobp.2023.08.055&domain=pdf
mailto:c.p.tellovalverde@amsterdamumc.nl
mailto:c.p.tellovalverde@amsterdamumc.nl
https://doi.org/10.1016/j.ijrobp.2023.08.055
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijrobp.2023.08.055
http://www.redjournal.org


Volume 118 � Number 2 � 2024 Short-course radiotherapy in pancreatic cancer 353
until week 11, ending at 3.4 (P = .006) in week 21 after the first radiation therapy fraction. Global QoL significantly improved
from 50.5 to 60.8 during the follow-up period (P = .001). Grade 3 acute toxicity occurred in 3 patients and no grade 4 to 5 tox-
icity was observed. Median OS was 11.8 weeks, with a 13.3% 1-year actuarial OS rate.
Conclusions: Short-course palliative radiation therapy for pancreatic cancer-related pain was associated with rapid, clinically
relevant reduction in pain severity, and clinically relevant improvement in global QoL, with mostly mild toxicity. � 2023 The
Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Introduction
Pancreatic cancer is the seventh leading cause of cancer
worldwide, accounting for nearly as many new deaths as
new cases due to its poor prognosis.1 The majority of
patients (70%-80%) report pain due to tumor infiltration
into the celiac plexus, ductal obstruction or distension, and
inflammation in the surrounding tissue during the course of
their disease.2-5 This pain is typically located in the epigas-
tric region or radiates to the back.2,3,5 The severity of the
pain may differ from moderate to severe and is a challenge
to manage.2-4 Overall, along with other symptoms of
advanced disease, this leads to reduced performance status
and poor overall quality of life (QoL).2-4

Different treatment modalities can be used for pain man-
agement, such as pharmacologic treatments, chemotherapy
or radiation therapy, and celiac plexus block.3-7 Opioids can
be considered to manage moderate-to-severe refractory pan-
creatic pain.6-8 However, the use of strong opioids as part of
the treatment can cause side effects in many patients which
may lead to severely decreased QoL.9 Using radiation ther-
apy, the cancer-related pain may be reduced, with a possible
reduction of the required opioid dose, ultimately resulting
in an improvement of QoL.9

A number of studies aiming to improve local control
and/or overall survival, have suggested that pancreatic can-
cer pain may decrease after administering high dose radio-
therapy.10-17 Good-quality evidence regarding pain relief
using a short-course palliative radiation therapy in patients
with pancreatic cancer is limited. Only a few prospective
observational studies, with pain as primary outcome, sug-
gested an improvement of pain after a short-course pallia-
tive radiotherapy.18-20 Unfortunately, these studies
employed a very limited number of assessments precluding
the evaluation of the evolution of pain severity before, dur-
ing and after palliative radiation therapy. More detailed
assessment of the rapidity and extent of radiation therapy-
induced pain relief is extremely relevant in view of the often
short life expectancy for these patients.

Improvement of pain may have a positive effect on other
domains of QoL.21 Therefore, including the patient perspective
is important in clinical studies and incorporating validated suit-
able patient-reported outcome measures (PROMs) may aid in
monitoring the course in pain severity reduction and QoL over
time.21,22 PROMs are particularly important in patients with
poor life expectancy, and thus in the palliative setting.9,21,22

Despite the necessity of well-timed assessments,23 no
previous studies investigated the effect of radiation therapy
on pain and/or QoL at multiple time points during and after
radiation therapy in pancreatic cancer patients. The aim of
this prospective phase 2 nonrandomized trial was to assess
pain severity reduction, the primary outcome, and global
QoL, secondary outcome, at multiple frequently repeated
time points during short-course palliative radiation therapy
and follow-up, using validated PROMs in patients with pan-
creatic cancer-related pain refractory to pain medication.
Furthermore, acute toxicity and OS were also investigated.
Methods and Materials
Study design and population

A prospective phase 2 single center nonrandomized trial was
conducted at the Amsterdam UMC (University Medical Cen-
ters). The protocol was approved by the ethics committee on
August 24, 2015 (NR:191#C20151591). The study was per-
formed in accordance with the declaration of Helsinki and
registered in the Netherlands Trial Register as the PAIN-
PANC study (NTR5143). The “strengthening the reporting
of observational studies in epidemiology” (STROBE) checklist
for cohort studies was used to prepare this article.

Eligible patients with painful pancreatic cancer, who gave
written informed consent, were treated with a short-course palli-
ative radiation therapy between 2015 and 2018. Included
patients received a diagnosis of primary or recurrent, irresectable
pancreatic cancer with or without distant metastases, according
to the seventh edition of the Union for International Cancer
Control’s staging guidelines.24 All patients had a pathologically
confirmed adenocarcinoma of the pancreas and a diagnostic
computed tomography (CT) scan ≤3 months before study
entry; refractory cancer-related pain score ≥5 (0-10 scale), diffi-
cult to manage with oral opioids or celiac plexus block;≥18 years
of age; World Health Organization performance status ≤2 and
had received their last chemotherapy ≥14 days before the start
of radiation therapy. Exclusion criteria were resectable or bor-
derline resectable tumors without distant metastases, neuroen-
docrine pancreatic cancer, suspicion of metastases from another
malignancy in the pancreas, pregnancy, and no previous radia-
tion therapy of the abdomen was allowed.
Treatment

Before the radiation therapy, all patients underwent a plan-
ning computed tomography (CT) scan from the thorax to
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the groin with a slice thickness of 2.5 mm. Patients were
placed in a supine position with their arms raised above the
head. No vascular contrast was used, and the diagnostic
imaging was fused for target delineation. The planning CT
scan was acquired using a GE LightSpeed RT16 scanner
(General Electric Co). Because it was a palliative treatment,
no motion management was used during simulation, nor
during treatment, but generous clinical target volume-plan-
ning target volume (PTV) margins of 2 cm in craniocaudal
direction were applied. Radiation therapy consisted of
short-course radiation therapy of 24 Gy in 3 fractions of 8
Gy, once weekly (on day 1, 8, and 15).25

The treating radiation oncologist delineated the target vol-
umes. The gross tumor volume included the tumor and fat
infiltration. The clinical target volume included the gross
tumor volume with 5 mmmargin. PTV was defined by adding
10 mm margin in anteroposterior and lateral directions, and
20 mm in craniocaudal direction. The kidneys, liver, duode-
num, and spinal cord were delineated as organs at risks.

The treatment was delivered by intensity modulated radi-
ation therapy or volumetric-modulated arc therapy with 6 to
10 MV photons using a 4- or 5-field technique and 1 or 2
arcs, respectively. According to the International Commis-
sion on Radiation Units and Measurements guidelines; at
least 95% of the prescribed dose should cover ≥99% of the
PTV.26 The treatment planning was homogenous, with a
minimum dose of 95% in the PTV and a maximum dose of
107%. The Quantitative Analyses of Normal Tissue Effects
in the Clinic criteria were used to define dose constraints for
organs at risks.27 The dose constraints to the spinal cord,
stomach, small bowels, and liver were not met with this pre-
scribed dose, and both kidneys were spared as much as pos-
sible. Radiation therapy had to be started within 1 week
after inclusion, and patients were seen by the radiation
oncologist before the second and third fraction.

During the course of radiation therapy, antiemetics and
proton pump inhibitors were prescribed to all patients. In
case of any grade 3 or 4 acute toxicity, according to the
Common Terminology Criteria for Adverse Events version
4.0 (CTCAE v4.0), potential discontinuation of radiation
therapy was discussed with the patient.
Study endpoints/assessments

The primary endpoint, pain severity reduction, was measured
with the Brief Pain Inventory (BPI) Dutch version.28 The BPI
Dutch version measures pain severity (3 items), the effect of
pain on functioning (interference; 7 items), and also the loca-
tion of pain (that respondents can indicate on a picture;
Fig. E1). The response scale ranges from 0 to 10 (no pain
−worst possible pain or no interference-complete interfer-
ence). A pain severity score was calculated from the mean of
the 3 pain severity items and a pain interference score from
the mean of the 7 pain interference items. An average decrease
of ≥2 points, compared with the baseline, within 7 weeks after
the start of treatment, was considered clinically significant.
This definition was based on literature and Amsterdam UMC
experience with palliative radiation.29,30 Besides, the Dutch fed-
eration of medical specialists defined that a decrease of mini-
mally 2 points, on the scale of 0 to 10, is considered clinically
relevant for patients with pancreatic cancer.31 In addition, the
proportion of patients who reported pain reduction of at least
2 points until death or last follow-up were collected from
patient charts.

The secondary endpoint, global QoL, was measured with the
European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-C15-PAL (EORTC QLQ-C15-
PAL).32 The QLQ-C15-PAL, developed for patients with cancer
in palliative care, consists of 15 questions, including 2 multi-
item functional scales (physical and emotional functioning), 2
multi-item symptom scales (fatigue and pain), 5 single symp-
tom items (nausea/vomiting, dyspnea, insomnia, appetite loss,
and constipation), and a question regarding overall QoL (global
health status). All scales were transformed to range from 0 to
100 according to the QLQ-PAL-15 scoring manual.33 Higher
scores for functional scales or global QoL indicate better func-
tioning/global QoL, whereas for symptom scales, higher scores
indicate more symptoms. Significant increase over time of min-
imally 5 to 10 points were considered clinically important.34

The BPI and EORTC QLQ-C15-PAL were administered
at 9 time points: at baseline (defined as before the start of
the radiation therapy), before the second and third radiation
therapy fraction, and at 4, 5, 7, 11, and 19 weeks after the
first radiation therapy fraction, and every 3 months thereaf-
ter if the patient was still alive.

OS was calculated from the date of inclusion until death,
with death from any cause as an event. Patients alive were cen-
sored at the last follow-up. Acute toxicity based on clinician
reporting was defined according to the Common Terminology
Criteria for Adverse Events version 4.0 (CTCAE v4.0) and con-
sidered acute when occurring within 3 months.35
Sample size and statistical analysis

The primary endpoint was defined as a clinically relevant
average decrease of ≥2 points in pain severity, compared with
baseline, within 7 weeks after the start of treatment. Assuming
a large effect size (standardized mean difference) of 0.8, an
alpha level of 0.05 and power equal to 0.80, we had calculated
that 12 patients were required to identify a mean change
between baseline and 7 weeks pain severity reduction based
on a one-sided paired t test.29 We assumed that half of the
patients would be lost by seventh week, meaning that 24
patients were required, and increased the sample size by 25%
to account for potential loss to follow-up, and ultimately 30
patients were recruited (Fig. 1). We performed a power calcu-
lation to support an extension to the primary outcome analy-
sis based on a joint model, assuming a small to medium
association between the survival and longitudinal outcome
effect, a sample size of 30 patients, similar death and loss to
follow-up rates and an a of 0.05, the calculated power of a
joint model equals to 0.96.36 Furthermore, to check the
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robustness of our analysis a sensitivity analysis assuming a
worst-case scenario was performed, assuming that all patients
lost to follow-up had an increase of 20% to 40% in BPI pain
severity at their following time point.37-39

Patient and clinical characteristics are presented with means
and standard deviations, or count-percentages. PROMs and
acute toxicity are presented by descriptive statistics. The actu-
arial Kaplan-Meier method was used for assessing OS.

Inherent to the nature of locally advanced or recurrent
pancreatic cancer, many patients deteriorated and died
within several months, leading to many missing data points.
Although it is difficult to formally test the pattern of miss-
ingness, it may very well be assumed that the missing is
missing-not-at-random (MNAR), and the missing data
mechanism could be associated with the main outcomes.
More specifically, we assumed that missing (censored or
deceased) patients would have had increased pain severity
and poorer QoL in comparison to patients who provided
data at follow-up. As a result, traditional mixed models
were deemed not appropriate, and this informative missing-
ness is the main reason why joint modeling was used. This
technique allows integration of longitudinal data, which
includes repeated measurements of patients and the MNAR
patterns over time, and time-to-event data, that represent
the expected time before death occurs.40-42 By using joint
modeling, it allows correction for possible biases due to
informed missingness and to investigate the association
between PROMs and survival. Two covariates were included
in the model that are clinically known to influence the out-
comes: the radiation therapy scheme (<24 Gy/24 Gy) and
an increase of ≥25% in the prescription of opioids medica-
tion. The joint model produced a traditional output of a
Cox regression and a mixed model, that can be interpreted
Fig. 1. PAINPANC flowchart. Abbre
as such. All analyses were performed based on intention-to-
treat. The joint modeling analyses of QoL were kept similar
to that of the pain severity for more clarity.

We performed all the analysis using R (version 4.2.1)
with packages JM and JMbayes2, and JMdesign (version
1.5-2; 0.3-0; 1.3), survival, and survminer (version 3.4-0;
0.4.9). The primary endpoint analysis was based on a 1-
sided t test, and the joint model-based tests are 2-sided. All
tests were considered statistically significant at P <.05.
Results
Study population

A total of 30 eligible patients gave informed consent and
were enrolled in the study (Fig. 1). Of these, 29 patients
received palliative radiation therapy as one patient died
before the start of radiation therapy. Baseline patient, tumor,
and treatment characteristics are summarized in Table 1. At
baseline, the average BPI pain severity score was 6 (scale 0-
10). The vast majority of the patients had a World Health
Organization performance status ≥1 (n = 27, 90%), 56.7%
(n = 17) had metastatic disease, and in 63.3% (n = 19) the
tumor was located in the head of the pancreas. Eight
patients (26.7%) did not receive the total dose of 24 Gy due
to clinical deterioration or tumor progression.
Pain management

Of all patients receiving radiation therapy, a reduction in
pain medication was possible in 16 patients (55.2%) during
viation: ITT = intention-to-treat.



Table 1 Baseline characteristics

Characteristic n = 30

Age, y 61.5 (45.0-84.0)

Sex

Male 17 (56.7%)

Female 13 (43.3%)

WHO performance status

0 3 (10.0%)

1 14 (46.7%)

2 13 (43.3%)

Pain severity BPI* 5.9 (5.1-6.7)y

Tumor location

Head 19 (63.3%)

Body 6 (20.0%)

Tail 5 (16.7%)

Distant metastases

Yes 17 (56.7%)

No 13 (43.3%)

Chemotherapyz

Yes 16 (53.3%)

No 14 (46.7%)

Radiation therapy technique

IMRT 6 (20.0%)

VMAT 24 (80.0%)

Planning target volume 472 cc (215.0-1305.0)

Total Radiation therapy dosex

1 £ 8 Gy 4 (14.4%)

2 £ 8 Gy 4 (14.4%)

3 £ 8 Gy 21 (71.2%)

Nonopioid medication

PCM 18 (60.0%)

NSAID 2 (6.7%)

Both 7 (23.3%)

None 3 (10.0%)

Opioids║

Yes 28 (93.3%)

No 2 (6.7%)

OMED, mg 129.5 (20.0-540.0)

Values are presented as the mean (95% confidence interval)*;
median (range) or number of patients (%).

y Pain score before the first radiation therapy fraction.
z ≥14 days before the start of radiation therapy.
x Data missing for one patient.
║ Prescribed opioids = fentanyl 25-150 mcg, morphine 60-480 mg, and
oxycodone 5-130 mg.
Abbreviations: BPI = brief pain inventory; IMRT = intensity-modulated
radiation therapy; OMED = oral morphine equivalent dose; PCM =
paracetamol; VMAT = volumetric-modulated arc therapy; WHO =
world health organization.
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the treatment and follow-up. In 6 patients (20.7%), the pain
medication remained unchanged, and 5 patients (17.2%)
required ≥25% increase in the prescription of opioids medi-
cation, of whom 3 patients reported a decrease of pain medi-
cation during the follow-up. The adjustment of pain
medication was unknown in 2 patients (6.9%), both received
only one radiation therapy fraction. The location of the pain
varied (Fig. E1) and was most often felt in the back.
Twenty-eight patients (93.3%) used strong opioids with a
median oral morphine equivalent daily dose of 129.5 mg
(range, 20.0-540.0 mg) at baseline. After radiation, the
median oral morphine equivalent dose was 75.0 mg (range,
15.0-360.0 mg; P = .021).

Based on the patient charts, a total of 24 patients (80.0%)
reported pain reduction of ≥2 points, 21 (70.0%) until death
or last follow-up. In 3 patients, the pain reduction was tem-
porary. The pain increased again after 3, 4, and 5 weeks,
respectively. Three patients (10.0%) had an increase in pain
severity, and in 2 patients (6.7%) the pain remained
unchanged. The mean change from baseline to 7 weeks
showed a decrease of 3.15 points in pain on average
(P = .045).
Pain severity reduction

The baseline and follow-up pain severity scores are pre-
sented for each assessment per patient as well as the median
scores per time point in Figure E2. Additionally, the raw
data for pain severity are presented in Figure E4.

The joint model showed a clinically relevant decrease in
pain severity score from 5.9 to 3.8 (Table 2; P = .011)
between baseline and 3 weeks after the first radiation ther-
apy fraction, that continued to decrease to 3.2 until week 11.
From week 12 up to week 21, pain severity slightly increased
to 3.4 (P = .006) and continued to increase to 4.7 up in week
31 (P = .971). The joint model predicted average clinical
pain severity over time and is illustrated in Figure 2A.

The sensitivity analysis assuming a 20% to 40% increase
in BPI pain severity showed that the adjusted joint model
retained a similar shape, and the one-sided paired t test
remained marginally significant (P = .047).
Global quality of life

The baseline and follow-up global QoL scores are presented
for each assessment per patient as well as the median scores
per time point in Figure E3. Additionally, the raw data for
pain severity are presented in Figure E4.

Between baseline and 5 weeks after the first fraction of
radiation therapy, the joint model showed a clinically rele-
vant improvement of global QoL from 50.5 to 55.5 (Table 2;
P = .035). At week 21, the mean global QoL increased by 10
points up to 60.8 (P = .001). Figure 2B illustrates the pre-
dicted average clinical global QoL over time. The joint
model showed that patients treated with 3 radiation therapy
fractions reported better global QoL compared with patients



Table 2 Pain severity and quality of life scores at several time points

BPI EORTC QLQ-C15-PAL

Severity* Global QoLy

Assessment time points n Mean 95% CI Mean 95% CI

Baseline 30 5.9 5.1-6.7 50.5 45.8-54.5

1 wk 28 4.9 4.3-5.6 52.1 48.3-56.1

2 wk 27 4.2 3.6-4.9 53.4 49.2-58.0

4 wk 25 3.6z 2.9-4.4 54.9 50.6-59.7

5 wk 25 3.5z 2.8-4.3 55.5z 51.2-60.0

7 wk 24 3.3z 2.5-4.3 56.3z 52.2-60.4

11 wk 17 3.2z 2.1-4.4 57.8z 53.4-62.0

19 wk 11 3.4z 2.0-5.4 60.0z 54.9-64.6

31 wk 7 4.7 2.2-8.1 62.0z 55.9-70.4
* Scores range from 0-10. Lower scores indicate less pain severity.
y Scores range from 0-100. Higher scores indicate better global quality of life.
z Clinically relevant. Values from joint model are reported as means and 95% CI.
Joint model results after adjusting for radiation therapy scheme
(<24 Gy/24 Gy) and increase of ≥25% of opioids. For pain severity and global QoL an individual model was performed.
Abbreviations: BPI = Brief Pain Inventory; CI = confidence interval; EORTC QLQ-C15-PAL = European organization for research and treatment of cancer
quality of life questionnaire-C15-PAL; QoL = quality of life.
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treated with less than 3 fractions during the follow-up
(P = .028).
Other quality of life outcomes

For exploratory reasons, we also analyzed the other QoL
outcomes, which can be found in Table E1-E4.
Acute toxicity

During the study, 22 patients (73.3%) developed at least one
acute toxicity. The most clinician-reported acute toxicities
consisted of grade 1 to 2 fatigue (n = 12) and grade 1 to 2
nausea (n = 10; Table 3). Besides, these symptoms were
reported in the EORTC QLQ-C15-PAL (Table E3.4). Three
patients required 1 or 2 day(s) of hospitalization due to a
grade 3 transient flare-up of pain combined with grade 3
nausea or vomiting after the first radiation therapy fraction.
No grade 4 toxicity or radiation therapy-related death was
reported.
Overall survival

The median OS for the total group was 11.8 weeks (range,
0.9-251.7 weeks; Fig. 3), with 1-year OS rate of 13.3%. There
was a significant difference in OS between patients with
metastasized disease (median, 9.3 weeks, range, 1.4-32.2
weeks) and nonmetastasized disease (median, 28.8 weeks;
range, 0.9-251.7 weeks; hazard ratio, 0.3; 95% CI 0.1-0.7;
P = .007).
Discussion
This prospective phase 2 nonrandomized trial is the first to
investigate pain response and QoL at frequently repeated
multiple time points in patients with pancreatic cancer-
related pain undergoing short-course palliative radiation
therapy. We found a rapid clinically relevant and consis-
tently reduced pain severity within weeks, lasting for 11
weeks and longer, along with an increase in global QoL,
accompanied by mostly mild acute toxicities.

Our results indicate that a short course of palliative radi-
ation therapy is an effective treatment for patients with
painful pancreatic cancer. This palliative effect was present
in 80.0% of patients during and after the treatment. A simi-
lar effect was found in retrospective observational
studies.43,44 Observational studies focusing on reducing pain
severity after a short course of palliative radiation therapy
for pancreatic cancer showed a decrease in pain of 0.3 to 5.3
points (scale 0-10), 4 weeks after the radiation therapy
treatment.19,20,29 However, these studies had far fewer
observation time points during and after the treatment,
compared with our study. Additionally, a large percentage
of patients included in these studies had a relatively favor-
able performance status, less advanced disease or the disease
stage was not clearly reported, and the time interval between
the last chemotherapy and radiation therapy was unclear,
which makes it difficult to compare the results.19,20,29

The reduction in pain severity was also reflected by the
clinically relevant improvement in global QoL throughout
the follow-up. In the conducted observational studies
where patients received a short course of palliative



Fig. 2. Predicted average scores for A) pain severity and B) global quality of life over time. Shaded area represents the 95%
confidence intervals. Assessment time points: at baseline (0 = before the start of the radiation therapy) and during the follow-
up period (before the second and third radiation therapy fraction, at 4, 5, 7, 11, 19, and 31 weeks after the first radiation ther-
apy fraction). Abbreviations: BPI = brief pain inventory; EORTC QLQ-C15-PAL = European Organization for Research and
Treatment of Cancer Quality Of Life Questionnaire-C15-PAL; QoL = quality of life.
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radiotherapy,18-20,29,43,44 global QoL was only assessed in 2
studies using the QLQ-C30 or SF-36 (Short Form-36).19,20

The results showed no significant differences between
baseline and 3 months after radiation therapy. However, it
was not clear when patients received the last chemotherapy
before starting with radiation therapy, which may have
influenced the results.19 The other study suggested an
improvement in global QoL 4 weeks after the treatment
but had not measured global QoL during a more extended
period.20 Our goal was not only to measure the decrease in



Table 3 Number and type of acute toxicities based on cli-
nician reporting defined according to CTCAE v4.0 (n = 30)

CTCAE score Toxicity n (%)

1 Nausea 8 (26.7%)

Vomiting 6 (20.0%)

Diarrhea 2 (6.7%)

Fatigue 5 (16.7%)

Flare-up 6 (20.0%)

2 Nausea 2 (6.7%)

Vomiting 1 (3.3%)

Fatigue 7 (23.3%)

Flare-up 1 (3.3%)

3 Nausea 2 (6.7%)

Vomiting 1 (3.3%)

Flare-up 3 (10.0%)

4-5 - -

73.3% of the patients (n = 22) developed one or more types of toxic-
ity.
Abbreviations: CTCAE v4.0 = Common Terminology Criteria Of

Adverse Events version 4.0.
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pain severity and global QoL in patients with refractory
pancreatic cancer-related pain, but also to investigate the
durability of potential improvements.

Applying stereotactic body radiation therapy (SBRT) may
prove helpful in achieving pain relief in patients with longer
life expectancy. In recent studies/trials SBRT has been applied
to achieve pain relief while sparing organs at risk.45,46 Ham-
mer et al46 applied a dose painting technique to deliver 25 Gy
to the celiac plexus, while respecting dose constraints to the
bowel. However, we should consider that SBRT in palliative
patients with pain of pancreatic cancer might not be feasible
(extensive preparation, long treatment times).46

Fatigue and nausea/vomiting were the main patient-
reported symptoms during therapy, and the main clinician-
Fig. 3. Kaplan-Meier survival analysis for overall survival
reported treatment-related acute toxicities. These toxicities
were generally mild, and in agreement with previous stud-
ies.18-20,29,43,44,47 In addition, these toxicities were temporary
and consistently decreased until week 19 and 31. With the
combination of the chosen delivered weekly dose of 8 Gy,
the prophylactic antiemetics given before the second and
third fraction, and the frequent monitoring of patients, it
was possible to considerably reduce acute toxicity. This
shows that the use of this regimen could be safely incorpo-
rated in clinical practice. Besides, proton pump inhibitors
are given as part of the standard (palliative) treatment of
patients with pancreatic tumors to protect and prevent the
stomach from radiation ulcers. Additionally, dexametha-
sone is prescribed (3-8 mg per day) as a standard steroid
and is used as an antiemetic. By incorporating dexametha-
sone as part of the treatment, radiation-induced pain flare
can be reduced.48 In our study, the use of dexamethasone
resulted in reduction in nausea and improvement in func-
tional activity and appetite, without serious adverse effects.
Grade 3 toxicity developed in only 3 patients, in 2 of which
patients was due to nausea or vomiting. Since the radiation
therapy was delivered weekly, we assumed that the equiva-
lent dose of the duodenum (in fractions of 2 Gy) would not
exceed 51 Gy. In the literature, the V55 <1 cc is reported as
an important predictor of toxicity, which was not met in
this study with this fractionation scheme.49

The median OS of 3 months in our study was lower than
the median OS of 5 to 7.5 months reported previously.18-20,43

This difference reflects the selection of patients with an
advanced tumor stage and poor performance status. Neverthe-
less, also for this group of pancreatic cancer patients, short-
course palliative radiation therapy proves an important inter-
vention for pain relief and improvement of QoL, many of
them for the remainder of their (short) life.

Incorporating PROMs in the palliative phase is presently
found essential to monitor pain, symptom burden and QoL.22

Because pancreatic cancer is known for its poor prognosis, it
can be challenging to deal with the type of missing data.1

MNAR data will often occur in this patient group. By using
. Dashed area represents the 95% confidence intervals.
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joint modeling, results allowed valid inferences pertaining to
the evolution of pain and QoL over time.

The results of this study should be interpreted in light of
several limitations. First, a control group was lacking against
which to measure the effect of short-course palliative radia-
tion therapy on pain relief. However, the results of this study
may set a standard for future randomized controlled trials
for assessing the benefit of palliative short-course radiation
therapy compared with other treatments. Second, the sam-
ple size of our study can be questioned in light of the many
statistical tests performed and the study size could affect the
performance of the joint model, mostly because it does not
aid an extensive model exploration. However, the similar
outcome of our “worst case scenario” analysis suggests the
outcome to be robust, despite the small sample size. Yet,
larger prospective studies are required to confirm our results
and strengthen the evidence. Because the study was powered
for pain severity only, the reported results of the other out-
comes need to be viewed as exploratory. We therefore have
defined a priori criteria for clinically relevant change for
pain and overall QoL.

The strength of this study is that we were able to prospec-
tively examine the significant improvements in pain and in
QoL by administering suitable PROMs at many repeated
time points before, during and after treatment.22,50 More-
over, we applied the joint modeling framework as one of its
advantages is its ability to reduce bias resulting from incom-
plete data, enabling meaningful use of all available informa-
tion. Comparison of the pain score (severity) between
baseline and a fixed time point using a single test would
ignore possibly informative dropouts (death/loss to follow-
up), thereby potentially underestimating the severity at
week 7 and overestimating the standardized mean change
between baseline and week 7.51
Conclusion
This prospective phase 2 nonrandomized trial of a short
course of palliative radiation therapy for pancreatic cancer-
related pain showed a rapid and clinically relevant reduction
of pain severity for the majority of patients and an increase
in global QoL lasting until death or last follow-up, at the
cost of mild, temporary acute toxicities. The positive out-
come and feasibility established in the present study should
be used for securing reimbursement for palliative radiation
for this patient group. Also, confirmation of the role for
standard palliative radiation in larger studies is required to
further strengthen the evidence.
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