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BACKGROUND: Radium-223 is a registered treatment option for symptomatic bone metastatic castration-resistant prostate cancer
(mCRPC). Aim of this multicenter, prospective observational cohort study was to evaluate health-related quality of life (HR-QoL),
psychological distress and fatigue in mCRPC patients treated with radium-223.
METHODS: Primary endpoint was cancer-specific and bone metastases-related HR-QoL, as measured by the EORTC QLQ-C30 and
BM-22 questionnaires. Secondary endpoints were psychological distress and fatigue, evaluated by the HADS and CIS-Fatigue
questionnaires. Outcomes were analyzed for the total cohort and between subgroups (1-3 versus 4-5 versus 6 radium-223
injections). A trajectory analysis was performed to explore HR-QoL patterns over time.
RESULTS: In total, 122 patients were included for analysis. Baseline HR-QoL, pain intensity, psychological distress and fatigue were
worse in patients who did not complete radium-223 therapy. In patients who completed therapy, stabilization of HR-QoL was
perceived and psychological distress and fatigue remained stable, whereas clinically meaningful and statistically significant
deterioration of HR-QoL, psychological distress and fatigue over time was observed in patients who discontinued radium-223
therapy. Trajectory analysis revealed that HR-QoL deterioration over time was more likely in patients with baseline opioid use, low
hemoglobin and high alkaline phosphatase levels.
CONCLUSIONS: Patients who discontinued radium-223 therapy showed worse HR-QoL, psychological distress and fatigue at
baseline and more frequent deterioration of HR-QoL, psychological distress and fatigue over time when compared to patients who
completed therapy. Specific attention with regard to HR-QoL during follow-up is indicated in patients with opioid use, low
hemoglobin and high alkaline phosphatase levels before radium-223 therapy initiation.
CLINICAL TRIAL REGISTRATION NUMBER: NCT04995614.
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INTRODUCTION
Bone metastases of prostate cancer may cause considerable pain,
impaired mobility, pathological fractures, and spinal cord com-
pression [1]. These complications affect health-related quality of
life (HR-QoL), diminish patients’ functional capacities, and lead to
decreased overall survival (OS) [2–5]. In addition, androgen
deprivation therapy, the standard of care for patients with
metastatic prostate cancer, is known to have profound effects
on physical and emotional well-being in this population, including

fatigue and psychological distress [6, 7]. Furthermore, patients’
concerns about the effectivity of systemic therapies can aggravate
psychological distress, and thereby negatively influences physical
and mental well-being [8].
Radium-223 is a registered treatment option for patients with

symptomatic bone metastatic castration-resistant prostate cancer
(mCRPC). Previously, the phase 3 ALSYMPCA trial demonstrated
that radium-223 improved OS and prolonged the times to first
symptomatic skeletal-related event (SRE) and opioid use,
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irrespective of prior docetaxel chemotherapy [9–11]. Subsequent
analysis revealed that a significantly higher percentage of patients
receiving radium-223 experienced meaningful HR-QoL improve-
ment when compared to patients treated with placebo [12]. Prior
phase 1-2 trials had already reported pain relief after radium-223
therapy [13, 14]. Subsequently, several real-world studies have
confirmed the observed decrease in pain levels during radium-223
therapy [15–17].
However, studies evaluating HR-QoL, psychological distress, and

fatigue in mCRPC patients treated with radium-223 in daily
practice are lacking. This is of particular importance since there is
discrepancy in the observed HR-QoL between highly selected trial
populations and patients in real-world practice [5, 18]. Moreover,
phase 3 trials commonly used HR-QoL instruments that are not
specifically designed for mCRPC patients and therefore, specific
symptoms might not have been addressed in these trials [19, 20].
Additionally, the ALSYMPCA trial was conducted in the era prior to
the registration of abiraterone, enzalutamide, and cabazitaxel as
life-prolonging therapies for mCRPC. Therefore, the aim of the
current study was to evaluate cancer-specific and bone
metastases-related HR-QoL, psychological distress, and fatigue in
mCRPC patients before, during and after treatment with radium-
223 in daily practice. We hypothesized that there would be
different HR-QoL trajectories between patients who were able to
complete six injections of radium-223 therapy and patients who
discontinued radium-223 therapy. Furthermore, we aimed to
identify variables related to HR-QoL deterioration during the
course of treatment, as patients with HR-QoL deterioration may
need specific attention during follow-up.

MATERIALS AND METHODS
Study design and population
This prospective observational cohort study included mCRPC patients
treated with radium-223 at eleven institutions throughout The Nether-
lands between April 2017 and July 2020. Eligible patients had
histologically proven mCRPC with symptomatic bone metastases, and
no visceral metastases. Symptomatic disease was defined as regular use of
analgesics for cancer-related bone pain and/or experiencing disease-
related limitations in the performance of daily activities. The initiation of
radium-223 therapy was at the physician’s discretion, but the recommen-
dations of the European medicines Agency were followed. Concomitant
other anticancer treatments were not allowed except for luteinizing
hormone-releasing hormone agonists or antagonists. No restrictions were
applied with regard to the number of bone metastases, the PSA level, or
the Eastern Cooperative Oncology Group (ECOG) performance status at
baseline. Written informed consent was obtained from all patients before
the start of therapy. The study was conducted in accordance with the
principles of Good Clinical Practice and the Declaration of Helsinki. The
study protocol was approved by the medical ethics committee (CMO
2017-3220) and the institutional review boards of all participating centers
(NCT04995614).

Study procedures
Patients were treated with intravenous injections of radium-223 (55 kBq/kg
body weight) every four weeks, for maximally six doses. Consenting
patients completed five questionnaires at baseline (time point T0): the
European Organization for Research and Treatment of Cancer (EORTC) core
QoL questionnaire (QLQ-C30) and the bone metastases module (BM-22),
the Brief Pain Inventory Short Form (BPI-SF), and after a study protocol
amendment in January 2018, the Hospital Anxiety and Depression Scale
(HADS), and the Checklist Individual Strength–Fatigue subscale (CIS-
Fatigue). The questionnaires were repeated four weeks after the third
injection (time point T1) and four weeks after the sixth injection (time point
T2; Supplementary Fig. 1A). In case of discontinuation of therapy, patients
were asked to complete an end-of-therapy questionnaire (T1 or T2) four
weeks after the last received injection (Supplementary Fig. 1B, C). Patients’
sociodemographic and clinical information were retrieved from the
medical records. OS was defined as the time between the first radium-
223 injection and either date of death or last follow-up date. All patients
were followed until death or April 1, 2021. SREs were defined as surgery or

radiotherapy to the bone, spinal cord compression, and symptomatologic
pathological fractures [21].

Study outcomes
Primary endpoint was cancer-specific and bone metastases-related HR-
QoL, measured with the EORTC QLQ-C30 and BM-22 questionnaires. The
QLQ-C30 questionnaire contains five multi-item functional scales (physical,
role, emotional, cognitive, and social functioning), nine symptom scales,
and a two-item global health status scale [22]. The BM-22 questionnaire
consists of four scales assessing painful sites, pain characteristics,
functional interference, and psychosocial aspects [23, 24]. All items are
rated on a 4-point Likert-type response scale of 1 (“not at all”) to 4 (“very
much”), with exception of the global health status scale items, which are
rated from 1 to 7. Each subscale was linearly transformed to a 0–100 scale,
according to EORTC scoring manuals [24, 25]. Clinically relevant changes
(CRCs) in EORTC scores were defined as small (5–10 points), moderate
(10–20 points), or large (>20 points) [26].
Secondary endpoints were the intensity and location of bone pain

assessed by the BPI-SF, psychological distress evaluated by the HADS, and
fatigue measured with the CIS-Fatigue. The BPI-SF assesses severity of pain,
impact of pain on daily function, location of pain (using diagrams), pain
medication, and amount of pain relief in the past week [27]. The pain
severity items are rated on 0–10 scales, with 0 indicating “no pain” and 10
indicating “worst possible pain” [27]. In this study, pain diagrams and BPI-
SF pain severity items “worst” (item 3) and “average” (item 5) were used to
represent pain intensity at baseline. The HADS and CIS-Fatigue ques-
tionnaires were added in January 2018 after consultation with the medical
psychology department of the Radboud University Medical Center for
advice on the evaluation of psychological distress and fatigue. Changes
over time in HADS and CIS-Fatigue scores were analyzed. The HADS
contains a 7-item anxiety and a 7-item depression subscale. All items are
scored on a 4-point Likert-scale ranging from scores 0 (“never”) to 3
(“almost always”). A total score of ≥11 indicates psychological distress [28].
The CRC in HADS subscale scores were defined as 1.5 points change, and 3
points change for the total HADS score [29]. The CIS-Fatigue contains eight
items, and each item is scored on a 7-point Likert scale ranging from “Yes,
that is true” to “No, that is not true” [30]. A score of ≥35 indicates severe
feelings of fatigue [31].

HR-QoL trajectory analysis
To explore HR-QoL patterns during radium-223 therapy, a trajectory
analysis was performed. In this analysis, individual responses are classified
based upon similar patterns in the outcomes of interest. For this HR-QoL
trajectory analysis, we calculated the EORTC QLQ-C30 summary score,
which encompasses all QLQ-C30 scales, with the exception of the financial
impact and global quality of life scales [32, 33]. Summary scores were
prespecified by the research team based on clinical expertise and classified
as <60 (low), 60–80 (intermediate), and >80 (high) based on the cut-off for
a large CRC in EORTC scores [26]. Changes in summary scores over time
were classified as deteriorated (deterioration in class), stable low (low at all
time points), stable intermediate (intermediate at all time points), stable
high (high at all time points), improved (improvement in class), and
fluctuating (varying between low, intermediate and high classes). The
following baseline variables were evaluated as potential predictive factors
for distinguishing between trajectory classes: age, marital state/partner-
ship, ECOG performance status, opioid use, the number of prior therapies
and hemoglobin, alkaline phosphatase (ALP) and prostate-specific antigen
(PSA) levels. To verify the prognostic value of the HR-QoL classification, the
OS was compared between the different baseline summary score classes
and HR-QoL trajectory classes.

Data analysis
The outcomes were analyzed for the total cohort and between
prespecified subgroups, based on the number of received radium-223
injections (1–3 versus 4–5 versus 6 injections). To compare subgroups, the
Chi-square or Fisher's Exact and Mann-Whitney or Kruskal-Wallis tests were
used for categorical variables and nonparametric continuous variables,
respectively. The paired T-test was used to compare patient-reported
outcomes over time. OS was analyzed with Kaplan-Meier curves and
stratified with log-rank tests. Univariate multinominal logistic regression
analysis was used to analyze the relationship between trajectory classes
and baseline variables, with odds ratios describing the probability for class
membership in comparison with the reference class. ALP and PSA levels
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were log-transformed because of distribution skewness. Two-sided
statistical analysis with P values <0.05 were considered to be statistically
significant. Statistical analyses were performed using SPSS 25.0 (IBM,
Armonk, NY, USA).

RESULTS
Response to questionnaires
In total, 124 patients were enrolled in this study, of whom 122
patients completed the baseline HR-QoL questionnaires and
were included for analysis. A total of 327 EORTC QLQ-C30 plus
BM-22 questionnaires were completed. Ninety-one (75%)
patients completed all HR-QoL questionnaires, whereas 23
(19%) patients completed two HR-QoL questionnaires and eight
(7%) patients completed only the baseline HR-QoL questionnaire
(Fig. 1). Less participants completed the HADS and CIS-Fatigue

questionnaires due to the later addition of these questionnaires
to the study protocol (Supplementary Fig. 2). However,
compliance rates for all questionnaires at the different time
points were comparable (Supplementary Table 1). Compliance to
the questionnaires decreased with each subsequent assessment
due to treatment discontinuation (n= 17; 14%), refusal to
complete follow-up questionnaires (n= 4; 3%), non-response to
follow-up questionnaires (n= 3; 3%), or death (n= 7; 6%).

Patient and treatment characteristics
Patient characteristics are shown in Table 1. Median age of the
patients was 73 years and the majority (85%) had a good
performance status (ECOG 0–1) and no or modest comorbidity
(86%). Ninety-seven (80%) patients received prior abiraterone or
enzalutamide. Seventy-four (61%) patients underwent prior

Patients treated with radium-223
Informed consent obtained

N = 124

Baseline HR-QoL questionnaire available
Included for analysis

n  = 122

Excluded from analysis
n = 2

Missing baseline questionnaire   n = 2

Continuing radium-223 therapy
Follow-up HR-QoL questionnaire available

after third radium-223 injection
n  = 97

Lost to follow-up
n = 8

Refused follow-up questionnaire n = 3
Missing follow-up questionnaire n = 5

End-of-therapy HR-QoL questionnaire available
after sixth radium-223 injection

n  = 75

Lost to follow-up
n = 6

Refused follow-up questionnaire n = 1
Missing follow-up questionnaire n = 5

Discontinuation after first injection n = 2
Discontinuation after second injection n = 4
Discontinuation after third injection n = 11

Discontinuation of therapy
End-of-therapy HR-QoL questionnaire available

n = 16

Discontinuation after fourth injection n = 7
Discontinuation after fifth injection n = 9

Discontinuation of therapy
End-of-therapy HR-QoL questionnaire available

n = 17

Number of injections received
n = 122

One injection n = 3
Two injections n = 8
Three injections n = 11
Four injections n = 13
Five injections n = 10
Six injections n = 77

Number of injections received - grouped
n = 122

One – two – three injections n = 22
Four – five injections n = 23
Six injections n = 77

Fig. 1 Consort diagram of patient enrollment. Enrollment based on completion of the European Organization for Research and Treatment of
Cancer (EORTC) core QoL questionnaire (QLQ-C30) and the bone metastases module (BM-22).
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taxane-based chemotherapy, either upfront in hormone-sensitive
state (n= 35; 29%), in castration-resistant (n= 37; 30%) state, or
both (n= 2; 2%). At time of radium-223 initiation, opioids were
used in 40 (33%) patients.
Seventy-seven (63%) patients completed radium-223 therapy.

Twenty-two (18%) and 23 (19%) patients received 1–3 and 4–5
injections, respectively. At the moment of survival analysis, 79% of
the patients had died and the median OS was 12.8 months (95%
CI 11.1–14.4; Supplementary Fig. 3A).

Baseline HR-QoL, pain intensity, psychological distress, and
fatigue
Baseline HR-QoL, pain intensity, psychological distress, and fatigue
scores are presented in Table 2. Physical and role functioning were
affected most, with mean scores of 71.5 and 64.3, respectively.
Most reported symptoms were pain, fatigue, and insomnia. At
baseline, 47% of the patients had psychological distress and 50
(52%) patients reported severe feelings of fatigue. Mean total
HADS and CIS-Fatigue scores at baseline were 11.0 and 33.5,
respectively, indicating moderate to high levels of psychological
distress and fatigue among the patients.
Baseline HR-QoL, pain intensity, psychological distress, and

fatigue were worse in patients who did not complete radium-223
therapy. When compared to patients who completed radium-223
therapy, patients who received 1-3 radium-223 injections had
clinically relevant lower baseline global health status and physical
functioning scores. In addition, these patients showed higher
baseline pain and dyspnea scores when compared to the other
patients. The sacroiliac region was the most prevalent (35%)
reported location of pain (Supplementary Fig. 4).

Changes in HR-QoL, psychological distress, and fatigue over
time
Patients who completed radium-223 therapy experienced stabi-
lization of cancer-specific HR-QoL, with only small changes in the
global health status and physical and role functioning by end of
treatment (Fig. 2). Moderate CRCs were observed in the EORTC
QLQ-C30 domains fatigue, nausea/vomiting, and appetite loss in
this subgroup (Supplementary Table 2). No increase in psycholo-
gical distress was found in these patients.
In contrast, in patients who discontinued radium-223 therapy,

clinically meaningful deterioration on all EORTC QLQ-C30 function-
ing scales was observed (Supplementary Fig. 5). Similar trends
were seen in the outcomes of the EORTC QLQ-C30 symptom

Table 1. Baseline patient demographics and clinical characteristics.

All patients
(N= 122)

Age, years, median (IQR) 73 (65–78)

Gleason score ≥8, n (%) 80 (65.6)

Time from mCRPC to radium-223, months,
median (IQR)

21.4 (10.4–41.6)

Extent of disease, n (%)

Low volume (<6 bone metastases) 15 (12.3)

Intermediate volume (6–20 bone
metastases)

33 (27.0)

High volume (>20 bone metastases) 62 (50.8)

Superscan 12 (9.8)

Lymph node metastases ≥15mm, n (%) 17 (13.9)

Visceral metastases, n (%) 3 (2.5)

Prior systemic therapies

Number of prior registered therapies,
median (range)

2 (0-5)

None, n (%) 12 (9.8)

Docetaxel, n (%)a 74 (60.7)

Cabazitaxel, n (%) 18 (14.8)

Abiraterone, n (%)b 53 (43.4)

Enzalutamide, n (%) 58 (47.5)

Both Abiraterone and Enzalutamide, n (%) 14 (11.5)

Prior skeletal-related event, n (%) 55 (45.1)

Opioid use, n (%) 40 (32.8)

ECOG performance status, n (%)

ECOG 0 51 (41.8)

ECOG 1 53 (43.4)

ECOG 2-3 18 (14.8)

Hemoglobin, mmol/L, median (IQR) 7.8 (7.3-8.3)

Platelet count, ×109/L, median (IQR) 240 (198-286)

PSA, ng/ml, median (IQR) 88 (29-256)

ALP, U/L, median (IQR) 142 (102-234)

LDH, U/L, median (IQR) 234 (204-280)

Concomitant bone protective agent use,
n (%)

82 (67.2)

Bisphosphonates 25 (20.5)

Denosumab 57 (46.7)

Charlson comorbidity index, %

6–7 105 (86.1)

8–9 15 (12.3)

≥10 2 (1.6)

Marital status, n (%*)

Married/living together 105 (86.8)

Single/not living together 4 (3.3)

Divorced 3 (2.5)

Widowed 9 (7.4)

Unknown 1

Having children, n (%c)

Yes 99 (89.2)

No 12 (10.8)

Unknown 11

Table 1. continued

All patients
(N= 122)

Current profession, n (%c)

Employed 18 (18.2)

Incapacitated 12 (12.1)

Retired/early retired 69 (69.7)

Unknown 23

ALP alkaline phosphatase, mCRPCmetastatic castration-resistant prostate
cancer, ECOG Eastern Cooperative Oncology Group, IQR interquartile range,
LDH lactate dehydrogenase, PSA prostate-specific antigen.
Superscan refers to a bone scan showing diffuse, intense skeletal uptake of
the tracer without renal and background activity.
aIncluding 37 (30.3%) patients who were treated with upfront docetaxel for
metastatic hormone-naïve prostate cancer.
bIncluding 2 (1.6%) patients who were treated with upfront abiraterone for
metastatic hormone-naïve prostate cancer.
cIn case of missing data, valid percentages were calculated.
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scales, EORTC BM-22, HADS, and CIS-Fatigue (Supplementary
Figs. 6–8). In patients who received 1–3 injections, clinically
relevant and statistically significant deterioration was found in
psychical, role, emotional and social functioning and in dyspnea,
fatigue, and appetite (Supplementary Table 3). In patients who
received 4-5 injections, clinically relevant and statistically signifi-
cant HR-QoL deterioration was observed by end of treatment
(Supplementary Table 4). When compared to baseline, fatigue,
pain, dyspnea, appetite loss, constipation and diarrhea increased
significantly during therapy in this subgroup. Furthermore, the

outcomes of the HADS and CIS-Fatigue questionnaires revealed
clinically relevant and statistically significant increase of psycholo-
gical distress and fatigue over time in patients who discontinued
radium-223 therapy. We did not find a statistically significant
correlation between PSA response to radium-223 therapy and
patterns in psychological distress (Supplementary Table 5).

HR-QoL trajectory analysis
In patients with high EORTC QLQ-C30 summary scores at baseline,
OS was significantly longer (median 14.2 months, 95% CI

Table 2. A. Baseline patient-reported outcomes on cancer-specific and bone metastases-related health-related quality of life and bone pain intensity.
B. Baseline patient-reported outcomes on psychological distress and fatigue.

A

Total cohort
(N= 122)
Mean (SD)

Subgroup 1-3
injections (N= 22)
Mean (SD)

Subgroup 4-5
injections (N= 23)
Mean (SD)

Subgroup 6
injections (N= 77)
Mean (SD)

QLQ-30 functional scalesa

Global health status 62.5 (20.4) 54.9 (27.8) 58.3 (21.9) 65.9 (16.6)

Physical functioning 71.5 (22.5) 63.6 (24.6) 72.2 (21.7) 73.5 (22.0)

Role functioning 64.3 (30.9) 58.3 (33.2) 62.3 (34.5) 66.7 (29.2)

Emotional functioning 77.9 (21.3) 76.9 (20.4) 73.6 (25.8) 79.5 (20.2)

Cognitive functioning 83.5 (19.7) 80.3 (22.8) 76.1 (22.9) 86.6 (17.1)

Social functioning 79.5 (25.0) 75.8 (33.2) 77.5 (26.9) 81.2 (21.7)

QLQ-30 symptom scalesb

Fatigue 36.0 (23.5) 43.4 (28.5) 34.3 (23.7) 34.3 (21.7)

Nausea/vomiting 7.5 (16.7) 7.6 (13.3) 13.8 (25.5) 5.6 (13.9)

Pain 37.8 (29.8) 51.5 (35.2) 38.4 (29.1) 33.8 (27.6)

Dyspnea 17.2 (25.8) 25.8 (29.0) 15.9 (24.3) 15.2 (25.1)

Insomnia 19.9 (24.5) 21.2 (24.2) 18.8 (22.1) 19.9 (25.5)

Appetite loss 14.8 (26.8) 19.7 (30.3) 18.8 (33.1) 12.1 (23.5)

Constipation 10.1 (20.5) 9.1 (23.4) 4.3 (11.5) 12.1 (21.6)

Diarrhea 8.2 (23.2) 4.5 (11.7) 5.8 (21.7) 10.0 (26.0)

Financial difficulties 7.2 (17.3) 4.5 (11.7) 8.7 (18.0) 7.5 (18.5)

BM-22 symptom scalesb

Painful sites 24.9 (16.6) 30.0 (19.7) 23.2 (16.8) 24.0 (15.5)

Pain characteristics 29.2 (24.1) 39.9 (27.6) 27.1 (22.9) 26.8 (22.9)

BM-22 functional scalesa

Functional interference 74.1 (20.7) 68.6 (24.0) 75.5 (19.9) 75.2 (20.0)

Psychosocial aspects 60.5 (18.2) 56.6 (21.8) 59.5 (21.1) 61.9 (16.1)

BPI-SF

Average pain score 3.4 (2.7) 4.2 (2.9) 3.3 (2.8) 3.1 (2.6)

Worst pain score 4.4 (3.2) 5.3 (3.3) 4.1 (3.1) 4.2 (3.2)

B

Total cohort
(N= 96) Mean (SD)

Subgroup 1-3
injections (N= 19)
Mean (SD)

Subgroup 4-5
injections (N= 18)
Mean (SD)

Subgroup 6
injections (N= 59)
Mean (SD)

HADSc

Anxiety score 5.5 (4.0) 6.0 (4.2) 6.2 (3.2) 5.2 (4.1)

Depression score 5.5 (4.3) 7.1 (5.7) 5.9 (3.9) 4.8 (3.7)

Total score 11.0 (7.8) 13.1 (9.4) 12.1 (6.5) 10.0 (7.5)

CIS Fatiguec

Fatigue severity subscale 33.5 (13.6) 33.5 (16.0) 36.0 (11.5) 32.7 (13.5)

Mean health-related quality of life scores range from 0 to 100.
aFunctional and global scales: high scores indicate high level of functioning.
bSymptom scales: high scores indicate high symptom burden.
cHigh scores indicate high symptom burden.
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12.8–15.7) than in patients with intermediate (median
12.4 months, 95% CI 9.5–15.3) and low baseline summary scores
(median 7.7 months, 95% CI 3.4–11.9; P < 0.001; Supplementary
Fig. 3B).
Based on changes in the summary scores over time, 50 (44%), 9

(8%), 10 (9%), 27 (24%), 9 (8%), and 9 (8%) patients were
categorized as having deteriorated, stable low, stable intermediate,
stable high, improved and fluctuating HR-QoL, respectively. In
patients who discontinued therapy, HR-QoL deteriorated more
frequently (58%) than in patients who received six radium-223
injections (37%). In addition, OS was significantly different among
the HR-QoL classes (Supplementary Table 6).
When compared to patients who experienced HR-QoL dete-

rioration (reference class), patients with baseline opioid use were
more likely to have stable low HR-QoL over time (odds ratio 9.00,
P < 0.05) and less likely to have a stable high HR-QoL over time
(odds ratio 0.10, P < 0.05). Furthermore, patients in the stable high
HR-QoL class were more likely to have high baseline hemoglobin
and low ALP levels at baseline (Table 3).

DISCUSSION
In this prospective cohort study, baseline cancer-specific and bone
metastases-related HR-QoL, pain intensity, psychological distress
and fatigue were worse in patients who discontinued radium-223
therapy. Additionally, patients who discontinued radium-223
therapy also experienced significant deterioration of HR-QoL,
psychological distress and fatigue over time. In contrast, in patients
who completed therapy stabilization of HR-QoL, psychological
distress and fatigue were reached. Furthermore, descriptive
trajectory analysis showed subgroups of patients with similar HR-

QoL patterns over time. Baseline opioid use, hemoglobin, and ALP
levels were identified as predictors of the different HR-QoL courses.
In this cohort of mCRPC patients, physical and role functioning

were mostly affected HR-QoL domains. The identified impact on
these functioning scales is in line with previously published
patient-reported outcomes of Dutch mCRPC patients who were
treated with various life-prolonging agents in daily practice, and
reflects the pain and fatigue which mCRPC patients experience
during daily activities [18]. Other studies in patients with less
advanced mCRPC reported higher baseline scores on EORTC QLQ-
C30 functioning domains [18, 34]. Hence, comparison of study
outcomes is hampered by differences in administered therapies,
disease stage of the patients, and the availability of other life-
prolonging agents at the time of HR-QoL evaluation. Moreover,
direct comparison with the HR-QoL outcomes of phase 3 studies is
not possible due to the use of different HR-QoL instruments.
One previous study has evaluated HR-QoL by the EORTC QLQ-

C30 in 30 mCRPC patients who underwent radium-223 therapy.
This study reported lower HR-QoL scores and higher symptom
burden at baseline when compared to our study. Notably, patients
in that study were less pretreated with prior chemotherapy in only
37% of the patients. The authors found small worsening of
patients’ role functioning after the first radium-223 injection,
which stabilized during subsequent treatment cycles [35].
Furthermore, symptoms of dyspnea and diarrhea increased over
time. However, the impact of this study was limited by the small
cohort size and single-center study design.
It is known that mCRPC patients experience significant HR-QoL

deterioration over time as a result of disease-related symptoms
[5, 18]. We found significant deterioration in all EORTC functioning
domains over time, except for cognitive functioning. The

Fig. 2 Course of cancer-specific health-related quality of life (EORTC QLQ-C30 functional scales and global health status) over time in
patients treated with radium-223 for metastatic castration-resistant prostate cancer. Bars indicate mean scores with 95% confidence intervals.
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demonstrated increase in fatigue and dyspnea in the present
study may be related to decreased hematologic function as a
result of disease progression or adverse event of radium-223,
whereas the increase in constipation scores may reflect a side
effect of opioid use [9].
In the contemporary study, we showed that HR-QoL deteriora-

tion was mainly found in patients who discontinued radium-223
therapy. This finding underlines the importance of appropriate
selection of patients for radium-223 therapy, in order to achieve
the HR-QoL benefits of this therapy. Furthermore, since baseline
HR-QoL score correlates with OS in our study and prior cohort
studies, HR-QoL evaluation may be useful in clinical decision-
making on treatment options in mCRPC [36, 37].
In the present cohort, we found that HR-QoL deterioration was

accompanied by an increase in psychological distress and fatigue in
patients who discontinued radium-223 therapy. Patients’ concerns
about the discontinuation of radium-223 therapy and uncertainty
about further systemic options for metastatic prostate cancer may
explain the found increase of psychological distress. In a prior study
including 63 mCRPC patients who were treated with radium-223,
no significant variations in psychological status were detected, as
measured by the EORTC QLQ-C30 and BM-22 questionnaires [38].
Although pain intensity significantly decreased throughout therapy,
no association was found between psychological status and the
observed pain relief. Importantly, specific instruments to assess
psychological distress were not used in this study.
By performing trajectory analysis, we found that there is

considerable variation in HR-QoL patterns during radium-223
therapy. Although 40% of the patients showed stable HR-QoL over
time, HR-QoL deteriorated in most patients (44%). Opioid use, low
hemoglobin, and high ALP levels at baseline were related to HR-
QoL deterioration over time. These variables are known prognostic
parameters that have been associated with the number of radium-
223 injections and OS [39, 40]. These variables may be used to
identify patients who need specific attention during follow-up, in
order to preserve HR-QoL. However, due to the relatively small
sample size of the trajectory classes, validation of our findings in
larger cohorts is warranted.
The current study is limited by its observational nature.

Decisions regarding radium-223 therapy were made by the local
physicians without strict criteria for evaluation and (dis)continua-
tion of therapy, reflecting the situation in daily clinical practice.
Furthermore, we chose to evaluate patient-reported outcomes at
three-time points. The interval of 12 weeks may have led to
missing relevant information about patients’ HR-QoL status
between the time points. However, increasing the frequency of
HR-QoL assessments does increase patient burden and is likely to
result in lower compliance rates [41]. The study is strengthened by
the multicenter study design, the use of validated questionnaires
and the high compliance rates at all time points, even in patients
who discontinued therapy.
In conclusion, patients who completed radium-223 had better

baseline HR-QoL and experienced stabilization of HR-QoL,
psychological distress, and fatigue during treatment. Patients
who used opioids and had low hemoglobin and high ALP levels at
baseline were at higher risk of HR-QoL deterioration and therefore,
specific attention during follow-up is indicated in these patients.
The incorporation of HR-QoL evaluation in daily practice might
help to treat physicians in clinical decision-making and the
evaluation of treatment effects.
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