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223Ra, a targeted a-therapy, is approved for the treatment of patients
with metastatic castration-resistant prostate cancer (mCRPC) who
have bone metastases. In the phase 3 ALSYMPCA study, 223Ra pro-
longed survival and improved quality of life versus placebo. Our real-
world study, PARABO, investigated pain and bone pain–related quality
of life in patients with mCRPC and symptomatic bone metastases
receiving 223Ra in clinical practice.Methods: PARABO was a prospec-
tive, observational, noninterventional single-arm study conducted in
nuclear medicine centers across Germany (NCT02398526). The pri-
mary endpoint was a clinically meaningful pain response ($2-point
improvement from baseline for the worst-pain item score in the Brief
Pain Inventory–Short Form). Results: The analysis included 354
patients, who received a median of 6 223Ra injections (range, 1–6).
Sixty-seven percent (236/354) received 5–6 injections, and 33%
(118/354) received 1–4 injections. Of 216 patients with a baseline
worst-pain score of more than 1, 59% (128) had a clinically meaning-
ful pain response during treatment. Corresponding rates were 67%
(range, 98/146) with 5–6 223Ra injections versus 43% (range, 30/70)
with 1–4 injections, 60% (range, 60/100) in patients with no more
than 20 lesions versus 59% (range, 65/111) in those with more than
20 lesions, and 65% (range, 69/106) in patients without prior or con-
comitant opioid use versus 54% (range, 59/110) in those with prior or
concomitant opioid use. Mean subscale scores (pain severity and
pain interference) on the Brief Pain Inventory–Short Form improved
during treatment. Conclusion: 223Ra reduced pain in patients with
mCRPC and symptomatic bone metastases, particularly in patients
who received 5–6 injections. The extent of metastatic disease did not
impact pain response.
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Most patients with advanced prostate cancer develop bone
metastases (1). The formation and growth of such metastatic lesions
lead to bone pain, which is distressing for patients (2). The patho-
physiology of bone pain in metastatic prostate cancer is complex,
with skeleton-related events, including pathologic fractures, spinal
cord compression, hypercalcemia, and neurologic deficits, playing
a significant role (3). Although more than 50% of patients with
bone metastases present with skeletal complications, some experi-
ence pain not associated with fractures or nerve compression (4).
Chronic pain syndrome is an important complication of bone
metastases and negatively impacts overall survival (OS) and quality
of life (QoL) (5).
Currently, pharmacologic management of bone pain in patients

with bone metastases involves mainly nonsteroidal antiinflammatory
drugs and opioid analgesics used with different adjuvant therapies (6),
according to the World Health Organization analgesic ladder frame-
work (7). Nonpharmacologic management of bone pain in this set-
ting involves palliation using external-beam radiotherapy (8).

223Ra-dichloride (223Ra) is an a-particle–emitting radiopharma-
ceutical approved for the treatment of patients with bone-dominant
metastatic castration-resistant prostate cancer (mCRPC), based on
the registrational phase 3 ALSYMPCA study (9). In this study,
223Ra prolonged OS (median, 14.9 vs 11.3mo; hazard ratio, 0.70;
P , 0.001) and the time to the first symptomatic skeletal event
(SSE) (median, 15.6 vs 9.8mo; hazard ratio, 0.66; P , 0.001) ver-
sus placebo, when each was used in combination with the standard
of care (9). 223Ra also prolonged the time to external-beam radio-
therapy for bone pain, reduced the risk of spinal cord compression,
and improved QoL versus placebo (10,11). The short- and long-
term safety profiles of 223Ra were favorable compared with those
of placebo, with low myelosuppression rates (9,12).
ALSYMPCA was conducted on a well-defined patient popula-

tion (9), and real-world studies of 223Ra in mCRPC reporting on pain
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were limited in size or were not specifically designed to assess pain
(13–16). Furthermore, since ALSYMPCA, several anticancer agents,
such as abiraterone, enzalutamide, and cabazitaxel, have been
approved and introduced into routine clinical management for
mCRPC. Therefore, a more robust evaluation of the effects of 223Ra
on bone pain in patients with mCRPC in a real-world setting is
warranted.
The PARABO study (NCT02398526) was designed to investi-

gate the effect of 223Ra on pain and bone pain–related QoL in
patients with mCRPC and symptomatic bone metastases in routine
clinical practice. Here, we report the pain response, bone pain–
related QoL, OS, and safety outcomes of 223Ra in PARABO.

MATERIALS AND METHODS

Study Design and Patients
PARABO was an observational, prospective single-arm cohort study

designed to assess pain and bone pain–related QoL in patients with
mCRPC receiving 223Ra across nuclear medicine centers in Germany.
The study design is depicted in Supplemental Figure 1 (supplemental
materials are available at http://jnm.snmjournals.org). Eligible male
patients had a diagnosis of mCRPC with symptomatic bone metastases
and no known visceral metastases. Treatment with 223Ra was initiated
as per each investigator’s routine clinical practice. Patients participating
in an investigational program with interventions outside routine clinical
practice or participating in another observational study with 223Ra were
excluded. Documented approval from appropriate independent ethics
committees or institutional review boards was obtained for all partici-
pating sites before the study. All patients provided written informed
consent before study participation.

Treatment Schedule
223Ra was administered at a 55-kBq (1.485 mCi)/kg dose by intra-

venous injection every 4 wk, up to a maximum of 6 injections.

Endpoints
The primary endpoint was a clinically meaningful pain response,

defined as an improvement by at least 2 points from baseline in the
worst-pain item of the Brief Pain Inventory–Short Form at any postba-
seline assessment. Secondary endpoints included change in pain- and
bone pain–related QoL over time during 223Ra treatment, pain control
and progression rates, time to first pain progression, time to first opioid
use, covariates of pain response during treatment, pain response based
on extent of bone metastases at baseline, OS, treatment-emergent adverse
events, number of fractures, and time to first SSE. QoL was assessed
using a questionnaire: Functional Assessment of Cancer Therapy Quality-
of-Life Measurement in Patients with Bone Pain. All secondary end-
points are detailed in the supplemental methods.

Data Sources
Investigators collected historical data (demographic and clinical

characteristics) from medical records. Treatment-related data, the
results of tumor assessments, and other disease status information
were collected during routine practice visits. For patient-reported
outcomes, questionnaires were completed by patients during routine
visits.

Statistical Considerations
For sample size calculation, the precision of the estimate for the pri-

mary outcome (pain response rate) was considered. Precision was
defined by the width of the 95% CI of the estimate with a given sample
size. A precision of less than 20% was considered clinically meaning-
ful, taking the variance of pain measurements into account. Assuming
that at least 60% of patients would be evaluable for the primary

analysis of pain response at a postbaseline assessment and that
30%–70% of these evaluable patients would show a pain response,
at least 350 patients would be required to achieve a precision of less
than 20%. Sample size calculations were performed with the nQuery 7
(Statsols) platform. Statistical analyses in this study were primarily of
an explorative and descriptive nature.

RESULTS

Baseline Characteristics
Between March 2015 and December 2017, 358 patients were

enrolled at 27 medical centers; 356 patients received at least 1 dose
of 223Ra. Two patients who did not meet all eligibility criteria were
excluded; thus, 354 patients were included in the full analysis set.
Patient enrollment, treatment, and eligibility are shown in Supple-
mental Figure 2. Patient baseline characteristics are given in Table 1.
Overall, 58% (204/354), 17% (61/354), and 8% (27/354) of patients
had an Eastern Cooperative Oncology Group performance status
of 1, 2 or 3–4, respectively; 36% (127/354) had more than 20 bone
metastases; and 69% (243/354) had mild pain according to the
World Health Organization pain ladder. Sixty-two percent (219/354)
of patients had received at least 1 prior systemic anticancer med-
ication, with docetaxel being the most common (34% [119/354]).
Before the study, 13% (45/354) of patients used at least 1 bone
health agent, and 33% (116/354) used opioids.
Baseline characteristics for patients who received 1–4 or 5–6

223Ra injections are shown in Supplemental Table 1. Among patients
with an Eastern Cooperative Oncology Group performance status of
2–4, a superscan, opioid use (World Health Organization pain level,
2–3), an alkaline phosphatase (ALP) level of more than 300U/L, a
prostate-specific antigen (PSA) level of more than 200mg/L, or at
least 3 prior systemic anticancer therapies, a greater proportion
received 1–4 than 5–6 injections (Supplemental Table 1).

Treatments
The median number of 223Ra injections received was 6 (range,

1–6); 33% (118/354) of patients received 1–4 injections, and 67%
(236/354) received 5–6 injections (Supplemental Table 2). 223Ra
treatment was delayed or interrupted in 6% (23/354) of patients,
most often for adverse events (Supplemental Table 2). Adverse events
were also the most common reason for 223Ra discontinuation
(12%), followed by progression of underlying disease (10%), the
patient’s decision (8%), and death (6%).
The likelihood of receiving a higher number of 223Ra injections

was greatest for patients who received concomitant enzalutamide
and lowest for patients with a higher number of bone metastases,
higher baseline ALP or PSA levels, opioid use, or prior chemo-
therapy (Supplemental Table 3). The percentage of patients with
blood cell counts below the limit for further injections at each treat-
ment visit is shown in Supplemental Table 4. The median time
from castration resistance to the first 223Ra injection was 10mo
(range, 0–155mo) (Table 1). The median time to the next treat-
ment with a life-prolonging therapy was 12.1mo (95% CI, 7.2–not
reached [NR]) in patients who received 1–4 223Ra injections and
21.8mo (95% CI, 14.8–NR) in those who received 5–6 injections
(Supplemental Fig. 3).

Pain Outcomes
A clinically meaningful pain response occurred in 59% (128/

216) of evaluable patients overall. Among the individual sub-
groups assessed, rates of clinically meaningful pain response were
1.6-fold greater in patients who received 5–6 than 1–4 223Ra
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injections, 1.2-fold greater in patients with-
out than with prior or concomitant opioid
use, and generally similar regardless of
lesion number (Fig. 1).
When the effects of covariates on this

pain response were assessed, greater rates
of pain response were seen at most treatment
visits in patients with a baseline ALP of
more than 300U/L than in those with less
than 150 or 1502 300U/L (Supplemental
Table 5), patients with baseline PSA of less
than 50or 50–200mg/L than in those with
more than 200mg/L (Supplemental Table 6),

TABLE 1
Baseline Characteristics (Full Analysis Set, n 5 354)

Characteristic Data Characteristic Data

Age (y) 74 (43–91) World Health Organization pain ladder

EOG performance status Step 1 (mild pain) 243 (69%)

0 56 (16%) Step 2 (moderate pain) 74 (21%)

1 204 (58%) Step 3 (severe pain) 37 (10%)

2 61 (17%) Prior bone health agents

3–4 27 (8%) $1 medication 45 (13%)

Missing 6 (2%) Denosumab 19 (5%)

Months from diagnosis to initial visit 55 (2–321) Zoledronic acid 25 (7%)

Months from bone metastases to initial visit 28 (0–243) Bisphosphonates 1 (,1%)

Months from castration resistance to initial visit 10 (0–155) Prior radiotherapy 194 (55%)

ALP (U/L) Prior LPTs that ended before start
of 223Ra*

Median 133.0 $1 219 (62%)

,150 134 (38%) Docetaxel 119 (34%)

150–300 52 (15%) Cabazitaxel 29 (8%)

.300 44 (12%) Abiraterone 83 (23%)

Missing 124 (35%) Enzalutamide 51 (14%)

PSA (mg/L) Prior LPTs, including those
overlapping 223Ra treatment†

Median 58.0 0 112 (32%)

,50 118 (33%) 1 119 (34%)

50–200 70 (20%) 2 65 (18%)

.200 61 (17%) $3 58 (16%)

Missing 105 (30%) Opioid use before or at baseline 116 (33%)

Extent of bone disease (n 5 335)

,6 metastases 37 (10%)

6–20 metastases 124 (35%)

.20 metastases 127 (36%)

Superscan 55 (16%)

Missing 9 (3%)

*Selected prior LPTs are shown.
†Abiraterone, enzalutamide, cabazitaxel, and docetaxel.
ECOG 5 Eastern Cooperative Oncology Group; LPT 5 life-prolonging therapy.
Qualitative data are number and percentage; continuous data are median with or without range.
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FIGURE 1. Rates of clinically meaningful pain response. Responses were evaluated in patients
with baseline Brief Pain Inventory–Short Form worst-pain item score . 1 (n 5 216), with data also
stratified by number of 223Ra injections, disease extent, and prior or concomitant opioid use.
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and patients who were taking nonopioid analgesics or weak opioids
than those taking strong opioids (Supplemental Table 7). No other
covariates had consistent effects on response rates, including the
number of known bone metastases at baseline or prior treatment with
chemotherapy, abiraterone, enzalutamide, or bone health agents.
The total pain score and pain severity and interference subscale

scores on the Mean Brief Pain Inventory–Short Form improved from
baseline during 223Ra treatment (Fig. 2A). Improvements from base-
line in these scores were notable in patients who received concomi-
tant bone health agents (Fig. 2B), whereas no clear benefit was seen

in patients without concomitant bone health agents (Fig. 2C). Of
patients who received 6 223Ra injections, 24% (40/167) reported
complete or nearly complete (80%–100%) pain relief (Fig. 3A). Pain
control was reported in 67% (145/216) of patients, and pain progres-
sion was reported in 33% (71/216). Mean improvements from the
baseline score on the Functional Assessment of Cancer Therapy
Quality-of-Life Measurement in Patients with Bone Pain (indicating
improved bone pain–related QoL) were seen from treatment visit 2
onward, with the greatest improvement seen at visit 6 (Fig. 3B).
The median time to the first pain progression was 6.70mo (95%

CI, 6.44mo–NR); the time to pain progression was shorter in patients
treated with 1–4 than 5–6 223Ra injections but was not impacted by
concomitant bone health agent use (Supplemental Fig. 4). The median
time to the first opioid use in patients who had not received prior
opioids was NR (Supplemental Fig. 5).
At each study visit, the mean decrease from baseline in worst-pain

scores was greater in patients with strong bone uptake than in those
with weaker bone uptake (Supplemental Table 8). For all skeletal
areas that were most frequently reported as hurting at baseline
(lumbar and thoracic vertebrae, left and right pelvis, and left and
right thigh), fewer patients reported these areas as still hurting in
the posttreatment follow-up period (Fig. 4).

OS
Median OS was 17.15mo (95% CI, 15.33–18.97mo) in the total

patient population and was longer in patients who received 5–6 223Ra
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injections than in those who received 1–4 injections (Fig. 5). Median
OS was shorter in patients who had received prior abiraterone or
enzalutamide than in those who had not received these agents and
was longer in patients who had received bone health agents during
223Ra treatment than in those who had not (Supplemental Table 9).

Safety
Any-grade treatment-emergent adverse events occurred in 56%

(200/356) of patients, and serious treatment-emergent adverse
events occurred in 27% (96/356) (Supplemental Table 10). The
most common treatment-emergent adverse event and drug-related

treatment-emergent adverse event was
anemia (13% [47/356] and 9% [33/356],
respectively), whereas few patients expe-
rienced pancytopenia (2% for each) or
thrombocytopenia (2% for each) (Table 2).
Grade 5 treatment-emergent adverse events
occurred in 8% (27/356) of patients; 1%
(5/356) of patients experienced drug-related
grade 5 treatment-emergent adverse events
(Supplemental Table 10), which included
pancytopenia (n 5 4) and metastasis to soft
tissue (n 5 1).
New SSEs occurred in 15% (52/354) of

patients during 223Ra treatment and the
5-y follow-up. The most common of these
events were new external-beam radio-
therapy use and new symptomatic patho-
logic fractures (vertebral and nonvertebral)
(Fig. 6). The median time to the first SSE
was NR in the total patient population (95%
CI, 37.45mo–NR), in patients with 1–4or
5–6 injections (95% CI, 24.05mo–NR and
37.45mo–NR, respectively), or in patients
with or without concomitant bone health
agent use (95% CI, 37.45–NR and NR–NR,
respectively) (Supplemental Fig. 7).

The incidence rate of pathologic fractures was 0.14 (95% CI,
0.08–0.23) during the treatment period and 0.05 (95% CI,
0.03–0.09) during the 5-y follow-up period. The incidence rate of
nonpathologic fractures was not recorded during treatment. How-
ever, the incidence of nonpathologic fractures during the 5-y
follow-up period was 0.01 (95% CI, 0.00–0.03). The incidence pro-
portions of pathologic fractures and bone-associated events other
than fractures are shown in Supplemental Table 11. The incidence
proportions of pathologic fractures and bone-associated events other
than fractures were higher in recipients of 1–4 223Ra injections
than 5–6 injections, although only the latter had nonoverlapping

95% CIs. Patients who used concomitant
bone health agents had a lower incidence
of pathologic fractures and a higher inci-
dence of bone-associated events other than
fractures than did patients who did not use
concomitant bone health agents, although
95% CIs were overlapping in all cases
(Supplemental Table 11).

DISCUSSION

Here, we show the real-world clinical
benefit of 223Ra in alleviating pain and
improving bone pain–related QoL in patients
with mCRPC and bone metastases in the
current clinical landscape. PARABO was a
large (354 patients) prospective study spe-
cifically designed to assess these outcomes
in a heterogeneous real-world patient pop-
ulation, providing strong evidence on pain
response during 223Ra treatment relative to
the other available studies in this setting,
which were mostly smaller, retrospective,
or not designed primarily to evaluate pain
(13–16).
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In our study, almost two thirds (59%) of patients experienced a
clinically relevant reduction in pain during 223Ra treatment, con-
sistent with the rates of pain response reported in other real-world
studies (47%–58%) (13–16) and clinical trials (56%) (17) con-
ducted on more than 30 patients. Notably, our response rate was
independent of factors such as the extent of metastatic disease but
was generally greater in patients with a high baseline ALP, a low
baseline PSA, and no use of strong opioids, although a direct
impact of opioids on bone pain is a potential confounding factor.

However, improvements in pain severity, pain interference, and
overall pain were notable with 223Ra in patients who received con-
comitant bone health agents but not in those who did not, suggest-
ing that concomitant bone health agents may be beneficial for pain
relief. Consistent with the pain relief associated with 223Ra therapy,
improvements in bone pain–related QoL were also seen during
treatment. The QoL benefits of 223Ra were also evident in a recent
prospective observational study, with QoL being maintained longer
in patients who completed 223Ra therapy (18).
Median OS was longer in this study (17.2mo) than in

ALSYMPCA (14.9mo) (9). This finding may be related to our
patients’ having less advanced disease at baseline (median ALP
and PSA levels were 133U/L and 58mg/L, vs. 211U/L and
146mg/L in ALSYMPCA) or the introduction of novel anticancer
treatments earlier into clinical care in the current treatment land-
scape. Indeed, since ALSYMPCA, there has been a shift toward
using androgen receptor pathway inhibitors over chemotherapy
early in the treatment sequence. How to optimally integrate 223Ra
into the mCRPC treatment pathway continues to be an area of
interest to ensure that patients receive as many life-prolonging thera-
pies as possible. In our study, two thirds of patients received either
no (32%) or 1 (34%) life-prolonging therapy before starting 223Ra
therapy. However, the survival benefit of early- versus later-line
223Ra use in clinical practice is not yet clear from recent real-world
studies. In the PRECISE study, slightly reduced risks of all-cause
and prostate cancer–specific mortality were seen with 223Ra versus
other mCRPC treatments, when used as a second- or third-/fourth-
line treatment (19), whereas in the REACTIVATE study, second-
line use of 223Ra was associated with longer survival than third- or
later-line use (20).
Two thirds of patients in our study received 5–6 223Ra injections.

These patients were more likely to achieve a clinically meaningful
pain response and had longer OS than those who received 1–4
injections, as is consistent with the OS findings of other real-world
studies (21). Moreover, patients who completed all 6 223Ra injec-
tions had the greatest improvements in bone pain–related QoL. In
our study, patients who received 5–6 223Ra injections had less
advanced disease than those who received 1–4 injections, based on
their lower ALP and PSA levels and the lower proportions of
patients with an Eastern Cooperative Oncology Group performance
status of 2–4, a superscan, opioid use, or at least 3 prior systemic
anticancer therapies. The fact that these patients had less advanced
disease may in part explain our survival findings, as such patients
will have the fitness to complete 5–6 cycles of 223Ra.

223Ra had an acceptable safety profile in our study. Consistent
with ALSYMPCA (9,12), rates of myelosuppression were low,
with the incidence of anemia (the most common drug-related
treatment-emergent adverse event), pancytopenia, and thrombocy-
topenia being less than 10%. Similar findings were reported with
223Ra in patients with mCRPC in the ongoing real-world REAS-
SURE study (22). SSEs (the most common being new use of
external-beam radiotherapy and new symptomatic pathologic frac-
tures) occurred in a low proportion of patients during treatment
with 223Ra and over 5 y of follow-up in our study, and there was
no clear impact of bone health agents on SSEs. Notably, the inci-
dence of pathologic fractures was consistent with the findings of
the short- and long-term analyses of ALSYMPCA (9,12).
Like other real-world studies, our study had certain limita-

tions, including the potential for suboptimal collaboration between
urologists (the primary contacts for patients) and nuclear medicine
physicians (involved later in the treatment course), which may
affect the timeliness of 223Ra treatment. Additionally, it is possible

TABLE 2
Treatment-Emergent and Drug-Related Treatment-
Emergent Adverse Events Occurring in at Least 2%

of Patients (Safety Analysis Set, n 5 356)

Adverse event n

Treatment-emergent

Any 200 (56%)

Anemia 47 (13%)

Fatigue 28 (8%)

Diarrhea 18 (5%)

Nausea 16 (4%)

Metastases to liver 11 (3%)

Pain 11 (3%)

General physical health deterioration 10 (3%)

Back pain 8 (2%)

Bone pain 8 (2%)

Pancytopenia 8 (2%)

Thrombocytopenia 8 (2%)

Drug-related treatment-emergent

Any 92 (26%)

Anemia 33 (9%)

Diarrhea 17 (5%)

Nausea 10 (3%)

Fatigue 9 (3%)

Pancytopenia 8 (2%)

Thrombocytopenia 8 (2%)

Treatment-emergent adverse events are according to system
organ classes in Medical Dictionary for Regulatory Activities
(MedDRA, version 23.0), and preferred term–worst grade is listed.
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FIGURE 6. Incidence of new symptomatic skeletal events (full analysis
set). EBRT5 external-beam radiation therapy.
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for SSEs to be underreported in real-world practice for various rea-
sons, including long intervals between patient visits, which may
contribute to missing of asymptomatic fractures. However, in our
study, patients were assessed regularly during the follow-up period
(quarterly for the first 2 y and twice a year for the remaining 3 y).

CONCLUSION

This large, real-world study provided evidence supporting the
effectiveness of 223Ra in reducing pain (particularly when used in
combination with bone health agents) and improving bone pain–
related QoL and OS. Completion of 5–6 223Ra injections was asso-
ciated with the greatest benefit in these outcomes. 223Ra had an
acceptable safety profile, consistent with that established in previ-
ous studies.
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KEY POINTS

QUESTION: Does 223Ra alleviate pain and improve bone
pain–related QoL in patients with mCRPC and symptomatic
bone metastases in clinical practice?

PERTINENT FINDINGS: PARABO, a prospective, observational
real-world study, found that 223Ra treatment resulted in clinically
meaningful pain responses in almost two thirds of patients with
pain at baseline. Pain responses were more notable after 5–6
223Ra injections and were not impacted by the extent of
metastatic disease.

IMPLICATIONS FOR PATIENT CARE: The findings of this large,
robust study show that 223Ra can provide much-needed pain
relief in a substantial proportion of patients with mCRPC and
symptomatic bone metastases.

REFERENCES

1. Wong SK, Mohamad NV, Giaze TR, Chin KY, Mohamed N, Ima-Nirwana S.
Prostate cancer and bone metastases: the underlying mechanisms. Int J Mol Sci.
2019;20:2587.

2. Muralidharan A, Smith MT. Pathobiology and management of prostate cancer-
induced bone pain: recent insights and future treatments. Inflammopharmacology.
2013;21:339–363.

3. Broder MS, Gutierrez B, Cherepanov D, Linhares Y. Burden of skeletal-related
events in prostate cancer: unmet need in pain improvement. Support Care Cancer.
2015;23:237–247.

4. Wadhwa VK, Weston R, Mistry R, Parr NJ. Long-term changes in bone mineral
density and predicted fracture risk in patients receiving androgen-deprivation ther-
apy for prostate cancer, with stratification of treatment based on presenting values.
BJU Int. 2009;104:800–805.

5. Iacovelli R, Ciccarese C, Caffo O, et al. The prognostic value of pain in castration-
sensitive prostate cancer. Prostate Cancer Prostatic Dis. 2020;23:654–660.

6. Mercadante S, Fulfaro F. Management of painful bone metastases. Curr Opin
Oncol. 2007;19:308–314.

7. Cancer pain relief. World Health Organization website. https://apps.who.int/iris/
handle/10665/43944. Published 1986. Accessed June 7, 2023.

8. Rose JN, Crook JM. The role of radiation therapy in the treatment of metastatic
castrate-resistant prostate cancer. Ther Adv Urol. 2015;7:135–145.

9. Parker C, Nilsson S, Heinrich D, et al. Alpha emitter radium-223 and survival in
metastatic prostate cancer. N Engl J Med. 2013;369:213–223.

10. Sartor O, Coleman R, Nilsson S, et al. Effect of radium-223 dichloride on symp-
tomatic skeletal events in patients with castration-resistant prostate cancer and
bone metastases: results from a phase 3, double-blind, randomised trial. Lancet
Oncol. 2014;15:738–746.

11. Nilsson S, Cislo P, Sartor O, et al. Patient-reported quality-of-life analysis of
radium-223 dichloride from the phase III ALSYMPCA study. Ann Oncol. 2016;
27:868–874.

12. Parker CC, Coleman RE, Sartor O, et al. Three-year safety of radium-223 dichlor-
ide in patients with castration-resistant prostate cancer and symptomatic bone
metastases from phase 3 randomized alpharadin in symptomatic prostate cancer
trial. Eur Urol. 2018;73:427–435.

13. De Luca R, Costa RP, Tripoli V, Murabito A, Cicero G. The clinical efficacy of
radium-223 for bone metastasis in patients with castration-resistant prostate cancer:
an Italian clinical experience. Oncology. 2018;94:161–166.

14. Parimi S, Bondy S, Tsang E, et al. Pain response in a population-based study of
radium-223 (Ra223) for metastatic castration-resistant prostate cancer. Can Urol
Assoc J. 2019;13:E311–E316.

15. Higano CS, Dizdarevic S, Sundar S, et al. Pain efficacy with radium-223 (Ra-223) in
the REASSURE global, prospective, observational study of men with metastatic
castration-resistant prostate cancer (mCRPC) [abstract]. Ann Oncol. 2021;32(suppl 5):
640–641.

16. Badrising SK, Louhanepessy RD, van der Noort V, et al. Integrated analysis of
pain, health-related quality of life, and analgesic use in patients with metastatic
castration-resistant prostate cancer treated with radium-223. Prostate Cancer Pros-
tatic Dis. 2022;25:248–255.

17. Nilsson S, Strang P, Aksnes AK, et al. A randomized, dose-response, multicenter
phase II study of radium-223 chloride for the palliation of painful bone metastases in
patients with castration-resistant prostate cancer. Eur J Cancer. 2012;48:678–686.

18. van der Doelen MJ, Oving IM, Wyndaele DNJ, et al. Health-related quality of life,
psychological distress, and fatigue in metastatic castration-resistant prostate cancer
patients treated with radium-223 therapy. Prostate Cancer Prostatic Dis. 2023;26:
142–150.

19. Stattin P, Westerberg M, Lissbrant IF, et al. Real world outcomes in patients with
metastatic, castration-resistant prostate cancer treated with radium-223 in routine
clinical practice in Sweden. Clin Genitourin Cancer. 2023;21:107.e1–107.e9.

20. Mbuagbaw L, Lowther J, Lee-Ying RM. Clinical outcomes of patients with meta-
static castration-resistant prostate cancer (mCRPC) receiving radium-223 (Ra-223)
early versus late in the treatment sequence [abstract]. J Clin Oncol. 2021;39(suppl):
136.

21. O’Sullivan JM, McKay RR, Rahbar K, et al. Real-world effectiveness, long-term
safety and treatment pathway integration of radium-223 therapy in patients with
metastatic castration-resistant prostate cancer. Front Med (Lausanne). 2022;9:
fmed-09-1070392.

22. Dizdarevic S, Petersen PM, Essler M, et al. Interim analysis of the REASSURE
(Radium-223 alpha Emitter Agent in non-intervention Safety Study in mCRPC
popUlation for long-teRm Evaluation) study: patient characteristics and safety
according to prior use of chemotherapy in routine clinical practice. Eur J Nucl Med
Mol Imaging. 2019;46:1102–1110.

PAIN OUTCOMES AFTER
223RA THERAPY � Palmedo et al. 7

https://apps.who.int/iris/handle/10665/43944
https://apps.who.int/iris/handle/10665/43944

