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Background: Although short-course radiotherapy is an effective treatment for patients with painful bone
metastases, pain is not always sufficiently controlled. We therefore investigated the additional effect of a
nurse-led pain education program on pain control and quality of life (QoL).
Patients and methods: In this multicenter study, patients with solid tumor bone metastases and a worst
pain intensity of �5 on a 0–10 numeric rating scale (NRS) were randomized between care as usual
(control-group) and care as usual plus the Pain Education Program (PEP-group). PEP consisted of a struc-
tured interview and personalized education with follow-up phone calls. Patients completed the Brief Pain
Inventory, EORTC QLQ-C15-PAL and BM22 at week 0, 1, 4, 8 and 12. The primary outcome was pain con-
trol, defined as the number of patients whose worst pain intensity was <5 on a 0–10 NRS after 12 weeks.
Secondary outcomes were time to reach control of pain (NRS < 5), mean worst pain and average pain, and
QoL at weeks 1, 4, 8 and 12.
Results: Of 308 included patients, 182 (92 PEP-group) completed 12 weeks follow-up. At 12 weeks, more
patients in the PEP-group (71%) compared to the control-group (52%) reported pain control (P =.008). In
the PEP-group, pain control was reached earlier than in the control-group (median 29 days versus
56 days; P =.003). Mean worst and average pain decreased in both groups but decreased more in the
PEP-group. QoL did not differ between the groups.
Conclusion: The addition of PEP to care as usual for patients treated with radiotherapy for painful bone
metastases resulted in less pain and faster pain control.
� 2023 The Author(s). Published by Elsevier B.V. Radiotherapy and Oncology 185 (2023) 109687 This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Most patients with advanced cancer suffer from pain [1], often
due to bone metastases (31%–42%) [2]. A single fraction of 8 Gray
(Gy) radiotherapy is the standard therapy for most patients with
uncomplicated painful bone metastases, with a response rate of
61%-71% within four weeks [3–5]. However, about one-third of
patients still experience pain after radiotherapy and need addi-
tional pain management. Retreatment is possible, but the response
rates (maximum 50%) are lower [6]. This poses a significant prob-
lem as uncontrolled pain is associated with lower quality of life
(QoL) [7–9].
Inadequate pain management in these patients may be due to
profession-related and patient-related barriers. The most impor-
tant profession-related barriers are inadequate assessment and
insufficient knowledge of pain management. Important patient-
related barriers include poor knowledge and misconceptions about
pain medication and its side-effects, non-adherence to prescribed
treatments, and insufficient communication with healthcare prac-
tioners [10–11]. Moreover, common misbeliefs, such as fear of
addiction to opioids, influence how patients communicate their
pain and affect their compliance with pain medication [12].

Patient education regarding pain management is one way to
overcome these patient-related barriers [11,13–14]. Several stud-
ies have suggested that patient education may improve knowledge,
adherence and self-efficacy, resulting in less pain, less interference
with daily life, and better QoL. As a result, various pain education
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Pain education for painful bone metastases
programs have been developed, with a wide variation in type, con-
tent, and duration [11,13,14]. However, it remains unclear which
components of these programs contribute to better pain control
[11,13–15].

In the Netherlands, a nurse-led pain education program has
been tailored to the needs of individual patients. Known as the Pain
Education Program (PEP) [16], it enhances patients’ knowledge
regarding pain and pain treatment. It instructs patients on how
to register their pain intensity and encourages help-seeking behav-
ior. A previous randomized controlled trial (RCT) showed that PEP
is feasible and effective in patients with chronic cancer pain. After
participation in PEP, patients in the intervention group had
increased pain knowledge, and those in a subgroup not receiving
district nursing services reported decreased pain intensity [16].
In another RCT using the PEP, lower pain intensity in the interven-
tion group was reported after four weeks, but no differences were
found after eight weeks. The researchers concluded that follow-up
reinforcement by telephone should be implemented to ensure a
long-term effect of PEP [17]. PEP might also be effective in patients
with painful bone metastases when integrated into standard care
during palliative radiotherapy treatment. According to Dutch
guidelines, a pain intensity of �5 on a 0–10 numeric rating scale
(NRS; 0 = no pain, 10 = worst pain imaginable) should prompt
medical intervention [18].

In a sample of patients with painful bone metastases after treat-
ment with a single fraction or short-course radiotherapy, we con-
ducted a RCT to determine the effect of a nurse-led PEP – with
follow-up reinforcement by telephone – on pain control and QoL.
Patients and methods

Patients and study design

In this RCT, patients were included from five Radiotherapy
departments at hospitals and medical centers in the Netherlands.
Patients were randomized 1:1 to two groups: care as usual
(control-group) or care as usual plus PEP and follow-up sessions
by telephone (PEP-group). The study was centrally approved by
the ethics committee of the University Medical Center Groningen
and registered at ClinicalTrials.gov (NCT01358539).
Table 1
Main themes in the Pain Education program (PEP).

First consultation The following themes are discussed:
- Information and instruction about pain and pain mana
� Definition of pain;
� Causes of pain;
� Pharmacological pain treatment: name, doses, schedul
� Purpose, procedure and duration of invasive pain tech
� Experienced side-effects related to pain management
� Interference of pain aspects with sleep, mobility, activ
� Effect of non-adherence;
� Use of non-pharmacological pain management techniq

Patients are asked to give their ideas on the following eigh
1. Cancer pain can be relieved effectively;
2. Pain medication should be given only when pain is se
3. Most cancer patients will become addicted to pain me
4. It is better to give the lowest amount of pain medicat
5. It is better to give pain medication around the clock t
6. Non-pharmacological interventions can relieve pain;
7. Patients are often overmedicated;
8. Use of pain medication can be changed without consu

Patients are asked whether they completely agree-com
Improving self-efficacy and help-seeking behavior with re
- Patients are invited to start self-record their pain in a
- Patients are invited to think about what to do when t
- What actions to undertake if pain is not relieved adeq
- Communication with health care providers with regar

Follow up consultation During the follow up consultations patients are asked how
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Eligible patients were 18 years or older, had uncomplicated
painful bone metastases of a solid tumor, had experienced a self-
reported worst pain intensity of �5 on a 0–10 NRS before single
fraction or short-course radiotherapy (1–5 fractions, at the discre-
tion of the treating radiation oncologist), had a life expectancy of
�3 months with a WHO performance status 0–3, and were able
to complete questionnaires and follow instructions.

Patients in the control-group received the following informa-
tion: the standard information provided by their radiation oncolo-
gist on treatment goals, the expected effectiveness of the
radiotherapy, the possible side effects and their treatment. These
patients also received information leaflets addressing radiother-
apy, cancer pain (Dutch Cancer Society), and facts and misconcep-
tions regarding opioid use [19]. Additionally, the radiation
oncologist contacted the patient (mostly by telephone) 3 to 4weeks
after treatment to evaluate the effect of the radiotherapy.

Besides the above information, patients in the PEP-group partic-
ipated in one face-to-face education session before starting radio-
therapy and four follow-up sessions with a research nurse by
telephone after 1, 4, 8 and 12 weeks. At the start of this study,
all participating centers pointed out dedicated research nurses
trained to conduct the PEP. An adapted version of the PEP [16]
was used for the face-to-face session. It consisted of a structured
interview, personalized education regarding pharmacological and
non-pharmacological pain treatment, erroneous beliefs, self-
management, and instructions on using a pain diary (Table 1). Dur-
ing the face-to-face and follow-up sessions, patients were encour-
aged to contact the medical practitioner who had prescribed their
pain medication (general practitioner or oncologist) in case of
uncontrolled pain or other questions regarding pain and side
effects of analgesics.

The face-to-face educational session lasted 45 to 60 minutes,
and relatives were also invited to attend. The follow-up sessions
lasted 5 to 15 minutes.
Procedures

Patients were informed about the study by mail before their
appointment with the radiation oncologist. During the first visit,
they were invited to participate in the study. After providing writ-
gement:

e, mechanism, purpose, procedure, and duration of analgesics and co-analgesics;
niques;
(e.g. sedation, constipation, nausea and vomiting);
ities, appetite, emotions and how to deal with this;

ues (e.g. cold, heat, massage, relaxation).
t statements to investigate any myths and misconceptions:

vere;
dication;
ion, so that larger doses can be used later if pain increases;
han only when needed;

lting a physician.
pletely disagree on a 5 point Likert scale.

gard to pain and pain management:
pain diary to gain more insight into the course of their pain;
hey experience increased pain;
uately at home;
d to pain.
they cope and if necessary the themes above are repeated.

http://ClinicalTrials.gov
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ten informed consent, stratified randomization per participating
center was performed by the Netherlands Comprehensive Cancer
Organization (IKNL). The research nurse explained the details of
the study procedures to the participating patients. Before the start
of radiotherapy, patients completed questionnaires regarding pain
and QoL. They also completed these questionnaires at home at
week 1, 4, 8 and 12. If patients died during the study period, the
questionnaires were completed until death. Patients received the
first set of follow-up questionnaires from the research nurse when
they were at the radiotherapy department for consultation and
were requested to complete these questionnaires seven days after
the single or first radiotherapy fraction. The IKNL sent the subse-
quent questionnaires by mail to the patients’ homes. Completed
questionnaires were processed by the IKNL, where central data
management took place. Reminders were sent once to patients
who did not complete their follow-up questionnaires.

The set of questionnaires consisted of the Brief Pain Inventory
(BPI), the European Organisation of Research and Treatment of
Cancer Quality Of Life Questionnaire Core 15 Palliative Care
(EORTC QLQ-C15-PAL) and the corresponding module for patients
with bone metastases (EORTC QLQ-BM22). The BPI is a validated
questionnaire to assess the location of pain, pain intensity (NRS
0-10 for worst and average pain during the last three days and cur-
rent pain), used pain medication, and pain relief in the past 24
hours [20]. The EORTC-QLQ-C15-PAL, a short version of the
EORTC-QLQ-C30, includes scales and single items on physical and
emotional functioning, fatigue, pain, nausea, appetite, dyspnea,
constipation, sleeping difficulties, interference with daily activities,
and overall QoL [21]. The EORTC-QLQ-BM22 addresses symptoms
related to bone metastases and additional QoL dimensions. This
22-item questionnaire comprises four scales: painful sites, pain
characteristics, functional interference, and psychosocial aspects
[22]. All subscales and single items of the EORTC QLQ-C15-PAL
and the EORTC QLQ-BM22 questionnaires were converted to a
score from 0-100, with a higher score indicating a higher level of
symptoms or functioning.

For each patient, baseline patient and disease characteristics
(gender, age, marital status, children at home, level of education,
WHO performance status, site of primary tumor, distant metas-
tases other than bone metastases, prior treatment of malignancy,
single or multiple fractions radiotherapy given, previous radiother-
apy on same bone metastasis and use of pain medication) were col-
lected from their medical records.

Initially, patients were requested to complete the pain and QoL
questionnaires weekly. However, after 15 patients were included
this turned out to be overly burdensome for the patients. There-
fore, the study design was amended (November 24, 2011), with
follow-up questionnaires at week 1, 4, 8 and 12. Of the patients
who completed the questionnaires weekly, only the questionnaires
of week 1, 4, 8 and 12 were analyzed.
Outcomes

The primary outcome was pain control, defined as the number
of patients whose worst pain intensity was <5 on a 0–10 NRS after
12 weeks. Secondary outcomes were time to reach control of pain
(defined as the first moment of a worst NRS < 5), mean worst and
average pain intensity and QoL measures at weeks 1, 4, 8 and 12.
The relation between pain intensity, QoL, and predictors of
response to PEP was also studied.
Sample size

Sample size calculation was based on data from the Dutch Bone
Metastasis Study (DBMS) published in 1999 [4,23]. In that study,
35% of 1157 patients failed to reach a NRS < 5 within 12 weeks
3

after a single fraction or short-course radiotherapy for painful bone
metastases. Considering that pain treatment has improved over the
last 10 years, we estimated a prevalence of 25% of patients with a
mean worst pain intensity � 5 during the first 12 weeks after
radiotherapy. To detect a reduction to 10%, we calculated that 89
evaluable patients per treatment group were required to reach a
power of 80% given a significance level of 5% (1-sided). In the DBMS
25% of the included patients died within 12 weeks. Per treatment
group, 139 patients were needed to have data from 89 evaluable
patients, assuming 25% drop-out due to death and 25% drop-out
due to loss of follow-up.
Statistical analysis

Descriptive statistics were used to describe patient and disease
characteristics. The Fisher exact test (1-sided) was used to compare
both groups for categorical variables. Time to reach pain control
was estimated by the Kaplan Meier method and tested with the
log-rank test following the intention-to-treat principle. Analysis
of variance (ANOVA) was used to compare group means of the
QoL measures at 12 weeks.

We performed logistic regression analysis with the binary vari-
able controlled pain within 12 weeks as a dependent factor and
potential predictive factors (age, gender, marital status, level of
education, site of the primary tumor, WHO performance status,
and use of pain medication (strong opioids or not). Data analyses
were done on an intention-to-treat basis using STATA (version
14.2, StataCorp Texas) and SPSS (version 23), using a significance
level of 0.05.
Results

In total, 354 patients were included between March 2011 and
April 2016: 176 were randomized to the PEP-group and 178 to
the control-group. Of the total sample, 46 patients were excluded
from the analysis: 38 failed to meet all criteria, mainly because
their self-reported worst pain intensity was <5, or the scheduled
radiotherapy was canceled or more than 5 fractions were given.
Eight patients refused participation immediately after randomiza-
tion and before completing a questionnaire (Fig. 1). Of the 308
evaluable patients, 92 patients (59%) in the PEP-group and 90
patients (59%) in the control-group completed all 12 weeks of
follow-up (Fig. 1). During the follow-up, 60 patients died (26
PEP-group, 34 control-group), and 66 stopped participation (38
PEP-group and 28 in the control-group), mainly due to their wors-
ening condition, which made further participation too
burdensome.

Patient and disease characteristics at baseline for the evaluable
patients and the patients who completed 12 weeks are presented
in Table 2. The mean worst pain intensity was 7.2 (standard devi-
ation (SD) 1.3) in both groups. The mean average pain intensity at
baseline was 5.6 (SD 1.1) in the PEP-group and 5.5 (SD 1.6) in the
control-group. About half of the patients used strong opioids at
baseline (Table 2). Single fraction radiotherapy was given in 66%
of the patients in the PEP-group and in 78% of the patients in the
control-group. The first or single fraction radiotherapy was started
on the same day as randomization or the next day in 66% of the
patients and within 1 week in 95% of all patients (range 0–21 days).

Of the patients who completed 12 weeks, more patients in the
PEP-group (71%) than in the control-group (52%) reported con-
trolled pain at 12 weeks (P =.008). The median time to reach pain
control was 29 days in the PEP-group and 56 days in the control-
group (P =.003, Fig. 2). Fig. 3 shows the mean worst pain and mean
average pain at all follow-up time points of the intention-to-treat
population. Mean worst pain decreased from 7.2 to 3.5 in the



Fig. 1. Flow chart of patients.

Pain education for painful bone metastases
PEP-group and from 7.2 to 4.3 in the control-group (P =.0490
between groups at 12 weeks). Mean average pain also decreased
in both groups: from 5.6 to 2.8 in the PEP-group and from 5.5 to
3.6 in the control-group (P =.0251 between groups at 12 weeks).
4

At 12 weeks, there was a clinically significant improvement of
functional interference in both groups (EORTC-QLQ-BM22), in the
PEP-group from 50.3 to 66.4 and in the control-group from 49.0
to 67.4. There was a slight improvement of psychosocial aspects



Table 2
Patient and disease characteristics at baseline of the randomized patients and the patients who completed follow-up until 12 weeks.

All analyzed patients Patients who completed 12 weeks follow-up

PEP-group
n = 156

Control group n = 152 PEP-group
n = 92

Control group n = 90

Gender
Male (%) 92 (59) 87 (57) 59 (64) 49 (54)
Female (%) 64 (41) 65 (43) 33 (36) 41 (46)

Age (mean ± SD, range) 65.3 ± 10.0, 33–89 65.6 ± 10.2, 37–87 66.0 ± 9.5, 42–87 65.6 ± 10.2, 39–87
Performance status
WHO 0 (%) 25 (16) 27 (18) 14 (15) 19 (21)
WHO 1 (%) 88 (56) 67 (44) 63 (69) 47 (52)
WHO 2 (%) 36 (23) 46 (30) 12 (13) 20 (22)
WHO 3 (%) 6 (4) 8 (5) 3 (3) 3 (3)
WHO 4 (%) - - - -
Unknown (%) 1 (1) 4 (3) - 1 (1)

Marital status
Single (%) 13 (8) 11 (7) 6 (7) 5 (6)
Married (%) 116 (74) 125 (82) 73 (79) 79 (88)
Living together (unmarried) (%) 7 (5) 4 (3) 2 (2) 1 (1)
Widowed (%) 12 (8) 6 (4) 6 (7) 3 (3)
Other (%) 5 (3) 1 (1) 2 (2) -
Unknown (%) 3 (2) 5 (3) 3 (3) 2 (2)

Children at home
No (%) 132 (85) 124 (82) 80 (87) 71 (79)
Yes (%) 24 (15) 26 (17) 12 (13) 19 (21)
Unknown (%) - 2 (1) - -

Level of education
Lower (%) 44 (28) 53 (35) 23 (25) 29 (32)
Medium (%) 58 (37) 38 (25) 36 (39) 27 (30)
High (%) 46 (30) 53 (35) 29 (32) 31 (34)
Unknown (%) 8 (5) 8 (5) 4 (4) 3 (3)

Primary tumor
Prostate (%) 57 (37) 37 (24) 41 (45) 24 (27)
Breast (%) 40 (26) 34 (22) 24 (26) 28 (31)
Lung (%) 28 (18) 35 (23) 11 (12) 18 (20)
Colorectal (%) 7 (5) 12 (8) 2 (2) 6 (7)
Kidney (%) 10 (6) 9 (6) 7 (8) 4 (4)
Other (%) 14 (9) 25 (17) 7 (8) 10 (11)

Other metastasis than bone present 71 (46) 97 (64) 33 (36) 54 (60)
Lung (%) 6 (9) 17 (18) 3 (9) 9 (17)
Liver (%) 8 (11) 16 (17) 5 (15) 9 (17)
Lymph nodes (%) 19 (27) 22 (23) 10 (30) 16 (30)
Other (%) 38 (54) 42 (43) 15 (46) 20 (37)

Prior treatment of malignancy
Surgery (%) 17 (11) 13 (9) 11 (12) 8 (9)
Chemotherapy (%) 15 (10) 16 (11) 6 (7) 10 (11)
Radiotherapy (%) 8 (5) 11 (7) 5 (5) 2 (2)
Hormonal therapy (%) 23 (15) 17 (11) 17 (19) 11 (12)
Combination of therapies (%) 76 (49) 86 (57) 46 (50) 53 (59)
Other (%) 2 (1) 4 (3) 1 (1) 3 (3)
No treatment (%) 13 (8) 5 (3) 5 (5) 3 (3)
Unknown (%) 2 (1) - 1 (1) -

Pain score on a 0–10 numeric rating scale (NRS; 0 = no pain, 10 = worst pain imaginable)
Worst pain (mean ± SD) 7.2 ± 1.3 7.2 ± 1.3 7.1 ± 1.4 7.1 ± 1.4
Average pain (mean ± SD) 5.6 ± 1.8 5.5 ± 1.6 5.5 ± 1.7 5.4 ± 1.6

Radiotherapy treatment
Single fraction (%) 103 (66) 118 (78) 61 (66) 71 (79)
Multiple fractions (max 5) (%) 53 (34) 34 (22) 31 (34) 19 (21)
Previous radiotherapy on same bone metastasis (%) 25 (16) 25 (16) 16 (17) 14 (16)

Pain medication
No pain medication (%) 11 (7) 18 (12) 8 (9) 11 (12)
WHO step 1 (no opioids) (%) 48 (31) 40 (26) 36 (39) 35 (39)
WHO step 2 (weak opioids) (%) 17 (11) 15 (10) 10 (11) 11 (12)
WHO step 3 (strong opioids) (%) 80 (51) 79 (52) 38 (41) 33 (37)
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(EORTC-QLQ-BM22) and of physical functioning, emotional func-
tioning, and overall QoL (EORTC QLQ-C15-PAL) in both groups
(Table 3). There were no statistically significant differences
between groups on these aspects at 12 weeks.

Logistic regression analysis showed that age, gender, marital
status, level of education, site of the primary tumor, WHO perfor-
mance status, and use of pain medication did not independently
predict which patients benefit from PEP.
5

Discussion

Palliative cancer care often involves pain control issues. To help
address this problem, we performed a randomized clinical trial to
determine the effect of a pain education program (PEP) on con-
trolled pain and quality of life in patients with painful bone metas-
tases when added to care as usual for patients treated with a single
fraction or short-course radiotherapy. The trial data showed that



Fig. 2. Kaplan-Meier survival estimates of time to reach a pain intensity < 5. P =.003.

Pain education for painful bone metastases
the addition of PEP resulted in better pain control 12 weeks after
radiotherapy. The percentage of patients with uncontrolled pain
was nearly halved in the PEP-group, and pain relief was achieved
much faster.

Response to radiotherapy for the treatment of painful bone
metastases is defined by the International Bone Metastases Con-
sensus Endpoint Definitions as a decrease in pain intensity by at
least two points without analgesic increase, or analgesic reduction
of �25% with stable or maximally 1 point increase in pain intensity
[24]. Consequently, the responses in studies using these endpoints
[3–4,6,23–24] differ from our definition of controlled pain. How-
ever, the mean worst pain in the control-group at baseline and
after 12 weeks of follow-up from our study is comparable to the
data from the DBMS [4,23]. Moreover, the study protocol was writ-
ten in 2010. Since then, a cut-off of �4 on the NRS (instead of the
�5 used in this study) has been implemented in Dutch clinical
practice to prompt medical intervention [25].

Our study differed from previous studies using the PEP because
we added reinforcement through follow-up sessions by telephone
in the intervention during the entire follow-up period and we
extended the follow-up to 12 weeks [16,17]. In another RCT using
PEP combined with a pain consult, outpatients were phoned every
week during 8 weeks of follow-up. This study reported decreased
pain intensity for average pain and current pain, but not for worst
pain [26]. Together with the findings of our study, this suggests
that reinforcement by follow-up sessions is an essential part of
pain education programs. However, three other RCTs investigated
the effect of educational interventions other than PEP on pain
intensity in patients diagnosed with cancer with a follow-up of
at least 8 weeks by telephone alone or alternated with face-to-
face contact as part of the intervention. No effect of the interven-
tion on pain control was found [27–29]. A possible explanation
of the strong effect on pain control in our RCT compared to previ-
ous studies could be that education about misconceptions of opioid
use in combination with self-reported symptoms and discussing
satisfaction during the phone calls has empowered patients in
6

the PEP-group to seek help when needed. Most likely, they had
increased their medication consumption or had started using their
prescribed pain medication more effective. However, the course of
medication intake and improved empowerment were not investi-
gated as an outcome in our study. Moreover, two of these previous
studies also included patients with mild pain (NRS � 2 [28] or �3
[29]), which resulted in a lower mean pain intensity at baseline.
Therefore these studies were probably less likely to find a decrease
in pain intensity.

Although we found no differences between groups on any QoL
subscale, we found similar improvements in both groups regarding
functional interference, psychosocial aspects, physical functioning,
emotional functioning and overall QoL. Other studies on educa-
tional interventions with pain intensity and QoL as outcome mea-
sures also did not find QoL differences between the intervention
and control-groups [16,17,28,30–35]. Moreover, pain is not always
the most essential factor in patients’ QoL [28]. In outpatients with
painful bone metastases, depression, social functioning and physi-
cal functioning – and not pain – were found as the most important
factors that predicted QoL [9].

Our study had several limitations. First, we could not blind
patients and radiation oncologists to the intervention. To keep
radiation oncologists as unbiased as possible, they were not
informed directly about the PEP intervention. They provided rou-
tine care, consisting of patient intake, discussions on pain medica-
tion, treatment, and possible side effects. However, they also
included the patients in the study, which possibly made them
more aware of the benefits of additional pain education.

Second, we excluded 30 patients after randomization because
their self-reported NRS was <5, while the radiation oncologist
started radiation therapy for uncontrolled pain. A possible explana-
tion for this discrepancy is that patients with uncontrolled pain
started using analgesics while waiting for their referral to the radi-
ation oncologist or between their visit and start of radiotherapy.

Third, studying the course of intake of pain medication includ-
ing steroid intake would have given additional information on the



Fig. 3. Worst and average pain during follow-up (mean and standard deviation).
NRS; 0–10 numeric rating scale, 0 = no pain, 10 = worst pain imaginable (A) Worst
pain, * P =.0490 between groups at 12 weeks. (B) Average pain, * P =.0251 between
groups at 12 weeks.

Table 3
Quality of Life measures during follow up.

PEP group (n = 156)
Mean (SD)

Control group (n = 152)
Mean (SD)

Functional interference - EORTC QLQ-BM22
Baseline 50.3 (22.1) n = 154 49.0 (22.5) n = 152
Week 1 58.9 (23.3) n = 133 57.9 (22.4) n = 117
Week 4 63.5 (21.3) n = 115 63.8 (20.4) n = 114
Week 8 67.0 (21.0) n = 114 65.0 (22.8) n = 92
Week 12 66.4 (23.1) n = 88 67.4 (22.2) n = 88

Physical functioning - EORTC QLQ-BM22
Baseline 53.7 (26.0) n = 153 51.9 (25.2) n = 149
Week 1 56.6 (27.1) n = 129 53.8 (25.0) n = 120
Week 4 56.6 (24.7) n = 118 56.2 (23.4) n = 113
Week 8 58.5 (25.7) n = 117 55.4 (24.8) n = 93
Week 12 56.8 (28.0) n = 89 58.8 (25.9) n = 86

Psychosocial aspects - EORTC QLQ-BM22
Baseline 46.3 (18.3) n = 154 44.3 (17.6) n = 152
Week 1 48.9 (16.4) n = 133 46.8 (18.1) n = 117
Week 4 50.6 (18.1) n = 116 46.4 (17.4) n = 116
Week 8 48.4 (17.7) n = 113 45.1 (18.8) n = 94
Week 12 48.8 (19.2) n = 90 47.5 (18.6) n = 89

Emotional functioning - EORTC QLQ-C15-PAL
Baseline 72.1 (22.9) n = 154 71.0 (24.9) n = 150
Week 1 74.5 (21.3) n = 133 72.5 (26.1) n = 119
Week 4 75.9 (24.9) n = 120 75.3 (22.4) n = 116
Week 8 77.0 (21.8) n = 111 72.3 (25.8) n = 95
Week 12 75.5 (23.9) n = 90 73.4 (25.8) n = 88

Overall quality of life - EORTC QLQ-C15-PAL
Baseline 58.9 (19.9) n = 151 57.5 (20.3) n = 149
Week 1 57.1 (21.1) n = 133 56.1 (19.4) n = 121
Week 4 62.0 (18.3) n = 119 59.1 (19.7) n = 116
Week 8 61.8 (19.2) n = 110 58.6 (22.3) n = 95
Week 12 61.6 (21.2) n = 88 61.4 (22.0) n = 88

J.I. Geerling, Y.M. van der Linden, Natasja J.H. Raijmakers et al. Radiotherapy and Oncology 185 (2023) 109687
effect of PEP. The outcome that with PEP indeed patients start on
medication, or are inclined to use higher doses, to bridge the three
to four weeks necessary for the effect of the radiotherapy on pain
to kick in, is very likely. Since we do not have these information,
we could only report the baseline use of pain medication, which
shows no differences between both groups.

A fourth limitation is that we lost a significant proportion (41%,
20% due to death) of the included patients during 12 weeks of
follow-up, even though a life expectancy of �3 months and a
WHO performance status 0–3 were inclusion criteria.

Our RCT has shown that the addition of nurse-led pain educa-
tion for patients with painful bone metastases undergoing radio-
therapy leads to controlled pain, defined as the worst pain
intensity < 5, in more patients, and achieves controlled pain faster.
Therefore, we strongly recommend that all patients who are
referred to a radiotherapy department for the treatment of painful
bone metastases should be offered a pain education program. Such
a program can be easily included during a visit to the out-patient
clinic, even when the intake and the radiotherapy are provided
on the same day. Nurses who already provide patient information
in the general practice or in the medical oncology department or
dayclinic and see many patients with painful bone metastases
can also be trained to integrate the PEP into their workflow. It is
helpful if all involved clinicians inform patients about the benefi-
cial effect of adequate pain management on their quality of life,
and integrate such in their daily practice.
7
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