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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, 2?Ra 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 22®Ra 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 22°Ra 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 2°Ra 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: 22Ra 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 (/). 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) (9).

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 (***Ra) 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 11.3 mo; hazard ratio, 0.70;
P < 0.001) and the time to the first symptomatic skeletal event
(SSE) (median, 15.6 vs 9.8 mo; hazard ratio, 0.66; P < 0.001) ver-
sus placebo, when each was used in combination with the standard
of care (9). >*Ra 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 2>*Ra 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 >>Ra 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 2>Ra
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 ?>>Ra 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 ?>>Ra 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 2?*Ra 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 *>>Ra 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 ***Ra 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 n.Ci)/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 2?>Ra 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 22Ra. 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 34, 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 14 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 300 U/L, a
prostate-specific antigen (PSA) level of more than 200 pwg/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 2?Ra 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). 2>’Ra
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 ***Ra 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 22>Ra 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 22>Ra injection was 10 mo
(range, 0—155mo) (Table 1). The median time to the next treat-
ment with a life-prolonging therapy was 12.1 mo (95% CI, 7.2—not
reached [NR]) in patients who received 14 2*3Ra 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 ?2°Ra
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TABLE 1
Baseline Characteristics (Full Analysis Set, n = 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 6 (16%) Step 2 (moderate pain) 74 (21%)
1 204 (58%) Step 3 (severe pain) 37 (10%)
2 1(17%) Prior bone health agents
3-4 7 (8%) =1 medication 5 (13%)
Missing 6 (2%) Denosumab 9 (5%)
Months from diagnosis to initial visit 5 (2-321) Zoledronic acid 5 (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 2 (15%) Cabazitaxel 29 (8%)
>300 44 (12%) Abiraterone 83 (23%)
Missing 124 (35%) Enzalutamide 51 (14%)
PSA (ng/L) Prior LPTs, including those
overlapping ?*Ra treatment
Median 58.0 0 112 (32%)
<50 118 (33%) 1 119 (34%)
50-200 0 (20%) 2 5 (18%)
>200 1 (17%) =3 8 (16%)
Missing 105 (30%) Opioid use before or at baseline 116 (33%)
Extent of bone disease (n = 335)
<6 metastases 7 (10%)
6-20 metastases 124 (35%)
>20 metastases 127 (36%)
Superscan 5 (16%)
Missing 9 (3%)
*Selected prior LPTs are shown.
TAbiraterone, enzalutamide, cabazitaxel, and docetaxel.
ECOG = Eastern Cooperative Oncology Group; LPT = life-prolonging therapy.
Qualitative data are number and percentage; continuous data are median with or without range.
injections, 1.2-fold greater in patients with- 80 - 7o
out than with prior or. cF)ncomitant opioid L n=98/146 G S o
use, and generally similar regardless of 60 n=69/106
lesion number (Fig. 1). 50 i n=50/110

When the effects of covariates on this 40

pain response were assessed, greater rates
of pain response were seen at most treatment
visits in patients with a baseline ALP of
more than 300 U/L than in those with less Al patients 1-4 56 <20 lesions  >20 lesions No opiod use Opiod use

than 150 or 150 _ 300 U/L (Supplemental Number of *Ra injections Extent of disease Prior/concomitant opiod use

Table 5), patients with basellnf.: PSA of lf?ss FIGURE 1. Rates of clinically meaningful pain response. Responses were evaluated in patients
than 50 or 50-200 pg/L than in those with  \yith baseline Brief Pain Inventory-Short Form worst-pain item score > 1 (n = 216), with data also
more than 200 pg/L (Supplemental Table 6), ~ stratified by number of ?**Ra 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 2?°Ra 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

0.1
S 0.2
03

044

Pain severity
Pain interference
Total pain score

Mean change in BPI-SF
score from baseline

-0.5

06 T T T T 1
1 2 3 4 5 6
Patients, n Treatment visit
Pain severity 261 238 221 199 173 154
Pain interference 266 250 234 207 178 161
Pain total 255 230 215 192 166 149
B Concomitant bone health agents
0-4

Pain severity
Pain interference

Mean change in BPI-SF
score from baseline

0.7
~——— Total pain score
-0.8 T T T T 1
1 2 3 4 5 6
Patients, n Treatment visit
Pain severity 141 129 124 108 93 86
Pain interference 142 136 130 110 94 87
Pain total 136 124 120 102 88 81
C No concomitant bone health agents
0-4
-0.14
w 0.2+
9
& E -0.3
c®
eS8 04+
2E
S ,g -0.5
S
£8-064 ___ Ppainseverity
é‘ @ 0.7 Pain interference
~——— Total pain score
0.8 T T T T 1
1 2 3 4 5 6
Patients, n Treatment visit
Pain severity 120 109 97 91 80 68
Pain interference 124 114 104 97 84 74
Pain total 119 106 95 90 78 68

FIGURE 2. Changes in pain over time. Treatment visits correspond to
22Ra injections. Shown are mean change in mean Brief Pain Inventory-
Short Form scores from baseline (full analysis set; 274/354 patients com-
pleted Brief Pain Inventory-Short Form questionnaire and were included).
BPI-SF = Brief Pain Inventory-Short Form.

in patients without concomitant bone health agents (Fig. 2C). Of
patients who received 6 22°Ra 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 6.70 mo (95%
CI, 6.44 mo-NR); the time to pain progression was shorter in patients
treated with 1—4 than 5-6 2*>Ra 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).

[0 )33
Median OS was 17.15mo (95% CI, 15.33-18.97 mo) in the total
patient population and was longer in patients who received 5-6 2>Ra

A 30
25+
xX
8
3E 7
0 o
=]
£ 15
2 E
8§28 10
©
o
5 -
0 T T T T 1
1 2 3 4 5 6
Treatment visit
Patients, n 274 264 245 218 186 167
B 401
3.5

Mean change in FACT-BP
score from baseline
N
o
1

1.5
1.0
0.5
0.0 T T T T 1
1 2 3 4 5 6
Treatment visit
Patients, n 270 257 237 211 181 163

FIGURE 3. Changes in proportion of patients with complete or nearly
complete pain relief and bone pain-related QoL over time. Treatment visits
correspond to 22®Ra injections. (A) Proportion of patients with 80% —100%
pain relief. (B) Mean change from baseline on scores for Functional Assess-
ment of Cancer Therapy Quality-of-Life Measurement in Patients with
Bone Pain. FACT-BP = Functional Assessment of Cancer Therapy
Quality-of-Life Measurement in Patients with Bone Pain.
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FIGURE 4. Areas that hurt most at baseline and at follow-up after end of treatment. Numbers indi-
cate percentage of patients (=10%) who reported areas that hurt most at baseline and end of treat-
ment (in same areas as baseline). Patients may have reported pain in more than one area. Circles
indicate pelvis (left and right), thigh (left and right), thoracic vertebrae, and lumbar vertebrae. Circle
sizes represent percentage of patients who reported that area; 10% reference scale is shown.

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 = 4) and metastasis to soft
tissue (n = 1).

New SSEs occurred in 15% (52/354) of
patients during 2?*Ra 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%
CL, 37.45mo-NR), in patients with 1-4or
5-6 injections (95% CI, 24.05 mo—NR and
37.45mo-NR, respectively), or in patients
with or without concomitant bone health

injections than in those who received 14 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

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% CIL,
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 2?*Ra injections
than 5-6 injections, although only the latter had nonoverlapping
95% Cls. Patients who used concomitant
bone health agents had a lower incidence

1.0

0.8

Median 20.7 mo
(95% CI 18.0-28.5)

0.6

Probability of overall survival

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% Cls were overlapping in all cases
(Supplemental Table 11).

DISCUSSION

Here, we show the real-world clinical
benefit of 2*°Ra in alleviating pain and
improving bone pain—related QoL in patients
with mCRPC and bone metastases in the

Patients at risk, n

All patients 353 243 166 102 79
Patients with 1-4 ?2Ra injections 117 34 15 11 10
Patients with 5-6 ??Ra injections 236 209 151 91 69

=l All patients =l Patients with 1—4 ?2°Ra injections

0.4
Median 17.2 mo
(95% Cl 15.3-19.0)
0.2
Median 5.7 mo
(95% Cl 4.7-6.4)
0.0 T T T T T T T T 1
0 6 12 18 24 30 36 42 48

Time from start of 2°Ra therapy (mo)

10 5 3 2 1

10 5 3 2 1

—l—. Patients with 5-6 ?*Ra injections

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 2?*Ra treatment relative to
the other available studies in this setting,
which were mostly smaller, retrospective,

FIGURE 5. OS: full analysis set (n = 354).

PamN

or not designed primarily to evaluate pain

(13-16).
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TABLE 2
Treatment-Emergent and Drug-Related Treatment-
Emergent Adverse Events Occurring in at Least 2%

of Patients (Safety Analysis Set, n = 356)

Adverse event n

Treatment-emergent

Any 200 (56%)
Anemia 7 (13%)
Fatigue 8 (8%)
Diarrhea 8 (5%)
Nausea 6 (4%)
Metastases to liver 1 (3%)
Pain 1 (3%)
General physical health deterioration 0 (8%)
Back pain 8 (2%)
Bone pain 8 (2%)
Pancytopenia 8 (2%)
Thrombocytopenia 8 (2%)
Drug-related treatment-emergent
Any 2 (26%)
Anemia 3 (9%)
Diarrhea 7 (5%)
Nausea 0 (83%)
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.

In our study, almost two thirds (59%) of patients experienced a
clinically relevant reduction in pain during 2?>Ra 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.

20 1

9%

Patients (%)
=

31/354 7%
26/354
5 5 3%
2% 10/354
8/354
: ] I
New EBRT for bone New symptomatic Tumor-related Spinal cord
pain pathological fracture orthopedic surgery compression

FIGURE 6. Incidence of new symptomatic skeletal events (full analysis
set). EBRT = external-beam radiation therapy.
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However, improvements in pain severity, pain interference, and
overall pain were notable with >*Ra 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 22>Ra therapy,
improvements in bone pain-related QoL were also seen during
treatment. The QoL benefits of 2>>Ra were also evident in a recent
prospective observational study, with QoL being maintained longer
in patients who completed 2>*Ra 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 58 wg/L, vs. 211 U/L and
146 pg/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 2>>Ra
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 >**Ra
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 22>Ra versus
other mCRPC treatments, when used as a second- or third-/fourth-
line treatment (/9), whereas in the REACTIVATE study, second-
line use of >**Ra was associated with longer survival than third- or
later-line use (20).

Two thirds of patients in our study received 56 22>Ra injections.
These patients were more likely to achieve a clinically meaningful
pain response and had longer OS than those who received 14
injections, as is consistent with the OS findings of other real-world
studies (21). Moreover, patients who completed all 6 2>*Ra injec-
tions had the greatest improvements in bone pain—related QoL. In
our study, patients who received 5-6 2?>Ra 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 2**Ra.

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 22’Ra and over 5y 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 2?°Ra treatment. Additionally, it is possible
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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 2y and twice a year for the remaining 3 y).

CONCLUSION

This large, real-world study provided evidence supporting the
effectiveness of 2*>Ra in reducing pain (particularly when used in
combination with bone health agents) and improving bone pain—
related QoL and OS. Completion of 5-6 2*3Ra injections was asso-
ciated with the greatest benefit in these outcomes. **’Ra had an
acceptable safety profile, consistent with that established in previ-
ous studies.
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KEY POINTS

QUESTION: Does ?**Ra 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 22°Ra 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
228Ra injections and were not impacted by the extent of
metastatic disease.

IMPLICATIONS FOR PATIENT CARE: The findings of this large,
robust study show that 2®Ra can provide much-needed pain
relief in a substantial proportion of patients with mCRPC and
symptomatic bone metastases.

PAIN OUTCOMES AFTER 22°RA THERAPY *
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