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Simple Summary: Radium-223 prolongs overall survival in metastatic castration-resistant prostate
cancer patients with bone metastases. However, prognosis after Radium-223 administration varies
among patients. One possible reason for this heterogeneity could rely on the suboptimal selection of
patients with unfavourable prognostic factors. Moreover, in 2018, the European Medicines Agency
limited the Radium-223 prescription to patients pre-treated with at least two systemic therapies
or ineligible for any systemic treatment and more than six bone lesions. This moved Radium-223
treatment to the later stages of the disease, making the patient selection process even more challenging.
In the BIO-Ra study, we previously combined peripheral inflammatory indices and clinical factors in
a composite score able to stratify the prognosis of these patients since baseline. In the present study,
the BIO-Ra score was also a reliable prognostic tool in the current clinical scenario, with a potential
added value in the patient’s selection for Radium-223 treatment.

distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

Abstract: The multicentric retrospective BIO-Ra study combined inflammatory indices from peripheral blood and clinical factors in a composite prognostic score for metastatic castration-resistant
prostate cancer patients receiving Radium-223 (Ra-223). In the present study, we evaluated (i) the
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prognostic power of the BIO-Ra score in the framework of the restricted use of Ra-223 promoted by
the European Medicines Agency in 2018; (ii) the treatment completion prediction of the BIO-Ra score.
Four hundred ninety-four patients from the BIO-Ra cohort were divided into three risk classes according to the BIO-Ra score to predict the treatment completion rate (p < 0.001 among all the three groups).
Patients receiving Ra-223 after restriction (89/494) were at later stages of the disease compared with
the pre-restriction cohort (405/494), as a higher percentage of BIO-Ra high-risk classes (46.1% vs.
34.6%) and lower median Overall survival (12.4 vs. 23.7 months, p < 0.001) was observed. Despite
this clinically relevant difference, BIO-Ra classes still predicted divergent treatment completion rates
in the post-restriction subgroup (72%, 52.2%, and 46.3% of patients belonging to low-, intermediate-,
and high-risk classes, respectively). Although the restricted use has increased patients at higher risk
with unfavourable outcome after Ra-223 treatment, the BIO-Ra score maintains its prognostic value.
Keywords: metastatic castration-resistant prostate cancer; Radium-223; inflammatory indices;
neutrophil-to-lymphocyte ratio; clinical factors; treatment completion; European Medicines Agency
restricted use

1. Introduction
Radium-223 dichloride (Ra-223) is a targeting alpha therapeutic agent that binds
areas of high osteoblastic turnover, including bone metastases [1]. The short-range of the
emitted alpha particle irradiation allows specific cancer cell targeting, causing doublestranded DNA breaks, and reduces the cytotoxic damage to non-targeted cells [2,3]. In
the phase III ALSYMPCA trial [4], metastatic castration-resistant prostate cancer (mCRPC)
patients with exclusive bone metastases were randomized between treatment with Ra-223
(experimental arm) or placebo (control arm). The primary endpoint of OS favoured the
experimental arm, resulting in 14.9 vs. 11.3 months of median overall survival (mOS)
compared with the control arm (HR 0.70; 95% CI 0.58–0.83) with 30% reduction in risk
of death. All other secondary efficacy endpoints, such as time to skeletal events, time to
increase prostate-specific antigen (PSA), and alkaline phosphatase (ALP), also favoured
Ra-223, in the absence of statistically significant differences in terms of haematological
adverse events [4]. On these bases, Ra-223 has been rapidly introduced in the clinical setting
as a therapeutic option for metastatic castration-resistant prostate cancer (mCRPC) [5,6].
However, in the last decade, clinical practice has reported lower survival benefits than
the ALSYMPCA trial results. In fact, different real-life studies described a lower mOS, ranging from 6 to 10 months, compared with the 14.9 months of the ALSYMPCA study [7–10].
One possible reason for this discrepancy could rely on the suboptimal selection of patients
with unfavourable prognostic factors, which might occur in the real-life setting.
Moreover, in 2018, a formal warning promoted by the European Medicines Agency
(EMA) limited the Ra-223 prescription to mCRPC patients pre-treated with at least
two systemic therapies or ineligible for any systemic treatment and with more than
six osteoblastic lesions at bone scan [11]. This moved Ra-223 treatment to the later stages
of mCRPC disease, making the patient selection process even more challenging. In this
scenario, identifying prognostic factors potentially able to select patients most likely to
benefit from Ra-223 since baseline became a crucial clinical issue.
Several studies previously investigated many parameters potentially able to improve
patient’s selection since baseline [12–18]. However, most of them remained inconclusive
since none of the identified clinical or biochemical biomarkers has been validated as a
unique and reliable selection tool. Based on the preliminary results of a monocentric
proof-of-concept study [13], in the multicentric retrospective BIO-Ra study we combined
inflammatory indices from peripheral blood and clinical factors in a novel composite
prognostic score able to stratify mCRPC patients in three distinctive prognostic groups
since baseline, potentially improving the patients’ selection for Ra-223 treatment [19].
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In the present analysis, we verified whether the prognostic power of the BIO-Ra score
is still preserved in light of the EMA restriction of the use of Ra-223. Moreover, we verified
the correlation between the BIO-Ra score and treatment completion, which is a well-known
prognostic factor in mCRPC patients treated with Ra-223 [20–24].
2. Materials and Methods
The study was performed according to the Declaration of Helsinki, Good Clinical Practice, and local ethical regulations. The study was approved by the local ethical committee of
the leading centre (Regional Ethical Committee of Liguria—registration number 535/2020)
and then by the local ethical committee of each adhering centre. All patients enrolled in the
study signed written informed consent, which included the use of anonymized data for
retrospective research purposes.
2.1. Study Population and Treatment
The BIO-Ra study is a multicentric retrospective analysis conducted at seven Italian
centres collecting clinical data of mCRPC patients receiving at least one cycle of Ra-223 at
standard dose in a real-world setting. Detailed inclusion criteria of the BIO-Ra study are
reported elsewhere [19]. Briefly, patients must have a diagnosis of mCRPC with symptomatic
bone metastases and neither visceral metastases nor lymph nodes >3 cm in short-axis
diameter [25]. Ra-223 (50–55 KBq/kg) was intravenously administrated every 4 weeks and
was continued until disease progression, death, or patient choice up to six cycles [25].
2.2. BIO-Ra Score
The prognostic BIO-Ra score composed by the neutrophil-to-lymphocyte ratio (NLR:
< vs. ≥3.1), Eastern Cooperative Oncology Group performance status (ECOG PS: 0–1 vs.
2–3), number of bone metastases (<6 vs. 6–20 vs. ≥20), and alkaline phosphatase (ALP: <
vs. ≥220) was assessed before the first cycle of Ra-223 administration. This score identified
three distinctive prognostic groups of mCRPC patients: the low-risk group (score 0–2), the
intermediate-risk group (score 3–4), and the high-risk group (score 5–10) [19].
2.3. Study Endpoints
Among the secondary endpoints of the BIO-Ra study, two endpoints were clinically
relevant: (i) the prognostic role of the BIO-Ra score assessed according to the prescription
time, before and after the EMA restricted use (July 2018); (ii) the correlation of the BIO-Ra
score with treatment completion, defined as the percentage of patients who completed three
(T3) and all six cycles (T6). The interplay between these two variables was also assessed
to test whether differences among the BIO-Ra risk groups on treatment completion were
different before and after the EMA restrictions.
2.4. Statistical Analyses
The descriptive analyses were conducted using absolute frequency and percentage for
categorical variables and by median and range for quantitative variables. Mann-Whitney
test for continuous variables and chi-square test for categorical ones were used to compare
characteristics before and after EMA restrictions. The Kaplan-Meier (KM) method was
used to estimate the survival curve of OS. To compare OS among the three risk groups
detected by the BIO-Ra score, the log-rank test was used. Hazard ratios (HRs) and their
95% confidence intervals (CIs) were estimated by a univariable Cox proportional hazard
regression model.
Differences in treatment completion among the risk groups and between the two
periods (pre/post EMA restrictions) were assessed using a logistic regression model with
follow-up duration considered as an offset to account for different lengths of follow-up. The
interaction between the BIO-Ra score and the EMA restriction group was also computed.
All statistical analyses were performed using the software StataCorp. 2019 (Stata
Statistical Software: Release 16. StataCorp LLC, College Station, TX, USA).
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3. Results
3.1. Patients’ Characteristics
From September 2013 to July 2020, 519 mCRPC patients receiving Ra-223 were recruited, and in 494 patients (95%) the BIO-Ra score was calculable. Patients’ and treatment
characteristics are summarized in Table 1. The median age was 74 years (50–90 years), and
patients older than ≥75 years were 48% of the entire cohort. At baseline, most patients had
an ECOG PS of 0–1 (76.7%), no lymph nodal metastases (65.6%), and a number of bone
metastases between 6 and 20 (57.9%). Among all patients, 47.6%, 38.5%, and 13.9% received
Ra-223 as 1st–2nd, 3rd–4th, and further-line, respectively. Most of them had also previously
received chemotherapy (61.5%).
Table 1. Patients’ characteristics.

Characteristics

All Patients

Before EMA
Restricted Use

After EMA
Restricted Use

n = 494

n = 405

n = 89

p Value

n (%)
Age, years
Median (range)

74 (50–90)

74 (50–90)

75 (52–89)

0.465

<75

257 (52.0)

212 (52.4)

45 (50.6)

0.760

≥75

237 (48.0)

193 (47.7)

44 (49.4)

Median (range)

1 (0–3)

1 (0–3)

1 (0–3)

0.409

0–1

379 (76.7)

313 (77.3)

66 (74.2)

0.527

2–3

115 (23.3)

92 (22.7)

23 (25.8)

Median (range)

8 (5–10)

8 (5–10)

8 (6–10)

0.892

≤7

166 (33.6)

135 (33.3)

31 (34.8)

0.959

≥8

249 (50.4)

203 (50.1)

46 (51.7)

Missing

79 (16.0)

67 (16.5)

12 (13.5)

Yes

156 (31.6)

119 (29.4)

37 (41.6)

No

297 (60.1)

248 (61.2)

49 (55.1)

Missing

41 (8.3)

38 (9.4)

3 (3.4)

<6

60 (12.2)

56 (13.8)

4 (4.5)

6–20

286 (57.9)

243 (60.0)

43 (48.3)

>20

148 (30.0)

106 (26.2)

42 (47.2)

Median (range)

3 (1–9)

2 (1–9)

3 (1–9)

0.001

First and second line

235 (47.6)

208 (51.4)

27 (30.3)

<0.001

≥Third line

259 (52.4)

197 (48.6)

62 (69.7)

Yes

304 (61.5)

239 (59.0)

65 (73.0)

No

190 (38.5)

166 (41.0)

24 (27.0)

ECOG PS

Gleason score

Lymphadenopathies
0.063

Number of bone metastases
<0.001

Ra-223 treatment line

Prior chemotherapy
0.014
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Table 1. Cont.

Characteristics

All Patients

Before EMA
Restricted Use

After EMA
Restricted Use

n = 494

n = 405

n = 89

p Value

n (%)
Bisphosphonates/Denosumab use
Yes

224 (45.3)

178 (44.0)

46 (51.7)

0.107

No

267 (54.1)

227 (56.1)

40(44.9)

Missing

3 (0.6)

0(0.0)

3 (3.4)

Median (range)

145 (0–2474)

142 (0–1798)

149 (36–2474)

0.744

<220

330 (66.8)

273 (67.4)

57 (64.0)

0.542

≥220

164 (33.2)

132 (32.6)

32 (36.0)

Baseline median LDH, U/L (range)

295 (129–2146)

309.5 (129–2146)

266 (152–988)

0.038

Baseline median PSA, ng/mL (range)

58.6 (0.03–6089)

53.3 (0.03–3000)

85.3 (0.39–6089)

0.024

Baseline median Hb, g/dL (range)

12.2 (7.8–15.9)

12.3 (8.1–15.9)

11.5 (7.8–15)

0.007

Baseline ALP, U/L

n, number; ECOG, Eastern Cooperative Oncology Group; PS, performance status; EMA, European
Medicines Agency; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; PSA, prostate-specific antigen;
Hb, haemoglobin.

Among the 494 patients, 405 patients (82%) received Ra-223 treatment before the EMA
restricted use, while 89 patients (15%) after this time (Table 1). At the time of data cut-off
(February 2021), with a median follow-up of 10.7 months, 88.7% (n = 438) of patients
completed T3, and 62.2% (n = 307) of patients completed T6.
3.2. EMA Restricted Use
3.2.1. Population and BIO-Ra Score According to EMA Restrictions
Patients receiving Ra-223 after the EMA restriction were at later stages of the disease compared with the pre-restriction cohort, as suggested by the higher frequency of
lymphadenopathies, higher number of bone metastases, and previously administered
chemotherapy, as well as by the higher PSA and lower haemoglobin levels (Table 1). The
BIO-Ra score distribution showed a slight but statistically significant difference (p = 0.013)
between the two periods (before/after EMA restrictions) (Figure 1). After the EMA restriction, a higher percentage of patients belonged to the high-risk group (Score 5–10) (46.1% vs.
34.6%) and a lower percentage to the low-risk group (Score: 0–2) (28.1% vs. 37.8%).

Figure 1. The BIO-Ra scores distribution before and after EMA restrictions. Each column describes
the frequency of the corresponding BIO-Ra score in the study cohort. Full and empty columns
correspond to patients enrolled before and after EMA restrictions, respectively.
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3.2.2. Correlation between OS and EMA Restrictions, According to the BIO-Ra Score
Patients treated with Ra-223 after the EMA restriction showed lower mOS compared
with those treated before the restricted use (12.4 vs. 23.7 months, p < 0.001, Figure 2).

Figure 2. Kaplan-Meier OS curves according to the BIO-Ra risk classes before and after the EMA
restriction of the use of Ra-223. OS prediction according to the BIO-Ra score, categorizing patients
into three prognostic groups before (left Panel) and after (right Panel) the EMA restriction of the
use of Ra-223. BIO-Ra scores 0–2, 3–4, and 5–10 corresponding to low-, intermediate-, and high-risk
classes are represented as blue, red, and green colours, respectively.

Among the 405 patients treated before the EMA restriction, mOS was 33.6 (CI: 29.5–37.7),
26.6 (CI: 17.1–31.0), and 9.8 (CI: 8.9–11.7) for patients belonging to the low, intermediate, and
high-risk group according to the BIO-Ra score. Patients in the intermediate-risk (HR = 1.73;
95% CI: 1.17–2.55; p = 0.006) and high-risk groups (HR = 6.38; 95% CI: 4.41–9.22; p < 0.001)
had a significantly lower mOS as compared with those in the low-risk group. Moreover,
patients in the high-risk group had a worse mOS as compared with the intermediate-risk
group (HR = 3.68; 95% CI: 2.52–5.37; p < 0.001).
By contrast, mOS resulted in 19.6 (CI: 10.2–23.8), 13.5 (CI: 6.9–21.0), and 6.8 (CI:
5.7–11.2) in patients belonging to the low, intermediate, and high-risk group according
to the BIO-Ra score in the remaining 89 patients receiving Ra-223 after the EMA restriction. In this cohort of patients, the mOS was not significantly different between low- and
intermediate-risk groups (HR = 1.08; 95% CI: 0.43–2.69; p = 0.87), while it was significantly
lower in the high-risk group (vs. 1: HR = 3.10; 95% CI: 1.42–6.77; p = 0.005; vs. 2: HR = 2.87;
95% CI: 1.32–6.23; p = 0.008).
3.3. Treatment Completion
3.3.1. Correlation between OS and Treatment Completion
Among all patients, only 18 patients (4%) had not enough follow-up to reach the
timepoint for the third cycle administration. Among the remaining 476 patients (96%) with
at least two months of follow-up, patients who completed T3 (N = 438, 92%) were associated
with longer mOS compared with those who did not (21.8 vs. 6.2 months; p < 0.001; Figure 3).
A total of 415 patients (84%), instead, reached the timepoint of 5 months for the sixth cycle
administration. Among these, the 307 patients (74%) who completed T6 were associated
with longer mOS compared with those who did not (29.1 vs. 9.8; p < 0.001; Figure 3).
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Figure 3. Kaplan-Meier OS curves according to treatment completion. OS prediction according to
treatment completion at T3 (left panel) and T6 (right panel). Completed and incomplete cycles are
represented as red and blue colours, respectively.

3.3.2. Treatment Completion According to the BIO-Ra Score
The BIO-Ra low- and intermediate-risk groups were associated with a statistically
higher percentage of treatment completion T3 compared with the high-risk group (98.8%
vs. 94.1% vs. 74.6%, respectively; p < 0.001). According to the completion T6, the more
favourable was the prognostic group, the higher was the percentage of treatment completion, with significant differences among all the three groups (84.3% of low-risk group vs.
68.9% of intermediate-risk group and 35.4% of high-risk group; p < 0.001).
3.3.3. Correlation between Treatment Completion and EMA Restrictions
Patients treated after the EMA restricted use were associated with lower rate of
treatment completion, especially at T6, without statistically significant differences (T3:
86.5% vs. 89.1% p = 0.86; T6: 55.1% vs. 63.7% p = 0.12) compared with patients treated
before the EMA restricted use.
3.3.4. Correlation of BIO-Ra Score, Treatment Completion, and EMA Restrictions
After the EMA amendment, the BIO-Ra risk classes still predicted divergent treatment
completion rates. Regarding the completion T3, results according to the BIO-Ra score were
similar also after splitting according to the EMA restricted use (p for interaction BIO-Ra
score—EMA restriction group = 0.53). For the completion T6, instead, statistically significant differences between the two periods according to the BIO-Ra score were observed (p
for interaction BIO-Ra score—EMA restriction group = 0.013). In fact, before the EMA restriction, the completion T6 was observed in 86.3%, 72.3%, and 32.1% of patients belonging
to the low-, intermediate-, and high-risk groups, respectively. By contrast, intermediateand high-risk groups showed very similar (52.2% and 46.3%) treatment completion rates at
T6, instead of the low-risk group (72%).
4. Discussion
In 2018, based on the review of the ERA-223 trial [26], the EMA’s Pharmacovigilance
Risk Assessment Committee issued a formal warning against using Ra-223 in combination with abiraterone acetate plus prednisone/prednisolone in patients with mCRPC [11].
However, EMA retraction concerned not only the combination of Ra-223 with androgen
receptor-targeted agents but also its prescription as monotherapy [11,27]. Indeed, the
presence of progressive disease after at least two previous treatments for mCRPC was
set as a new precondition for the prescription of Ra-223. In the clinical setting, the use of
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Ra-223 was inevitably limited to the later stages of the disease, making more challenging
the patient’s selection for this treatment, leading to the urgent need to identify reliable
biomarkers whose prognostic power could be still preserved in light of the EMA restriction.
The BIO-Ra multicentric retrospective study developed a widely applicable integrated
score combining performance status, tumour burden, and systemic inflammation, which is
able to identify subgroups of patients with distinctive survival outcomes following Ra-223
administration [19]. The main aim of the present study was to assess the capability of the
BIO-Ra score to predict treatment completion rates, especially in the subgroup of patients
treated after EMA restriction.
In the present analysis, we observed a higher frequency of patients with unfavourable
prognostic characteristics such as pre-treatment with chemotherapy, lymphadenopathies,
high bone metastatic tumour burden (depicted by the number of bone lesions at the bone
scan and PSA levels), and low haemoglobin levels in patients treated with Ra-223 after
the EMA amendment. Notably, the more advanced disease was paralleled by lower mOS,
which was roughly halved compared with patients treated before the restriction, coherent
with the previous literature [28]. Consistently, we observed that in the post-EMA restriction
period a higher percentage of patients belonged to the higher BIO-Ra risk class. Of note,
this subgroup of patients showed lower OS compared with the remaining subgroups,
suggesting that the prognostic value of the BIO-Ra score is preserved in the present clinical
setting. This finding is coherent with the observed prediction of treatment completion by
the BIO-Ra score in the same time interval. Indeed, several previous studies showed a
substantial survival benefit in patients reaching the completion of Ra-223 cycles [20–24].
The most likely cause of the poor prognosis in patients receiving incomplete Ra-223
treatment is the advanced stage of their disease. However, it can be hypothesized that
the Ra-223 effective dose is only achieved by giving all the six cycles and that anything
less is undertreatment, as was suggested in the latest joint procedural guidelines by the
Committee on Practice Parameters of the American College of Radiology (ACR) in collaboration with the American College of Nuclear Medicine (ACNM), the American Society for
Radiation Oncology (ASTRO), and the Society of Nuclear Medicine and Molecular Imaging
(SNMMI) [29].
Of note, while mean treatment completion rates were not significantly different between patients treated before and after the EMA restriction, differences between the
two periods according to the BIO-Ra risk stratification were observed. In particular, while
treatment completion rates were largely different before the EMA amendment between the
three BIO-Ra risk classes, in the post-restriction era, patients belonging to intermediateand high-risk groups showed remarkably similar treatment completions. On the one side,
this finding might be related to the lower statistical power of the post-restriction study
cohort. On the other side, whether confirmed in a larger and independent patient cohort,
it might suggest that caution is also needed when treating patients at intermediate-risk,
underlining the need to revise the current Ra-223 treatment selection criteria to maximize
the benefit of this therapy in mCRPC patients.
The present study has some limitations. First, the retrospective nature of the analysis
may inevitably introduce a selection bias related to the heterogeneous diagnostic and
therapeutic approach of each adhering centre. Therefore, although only high-volume
tertiary-level institutions participated in the BIO-Ra study and the current international
guidelines were followed [25], independent external validation is mandatory to confirm
the robustness of the obtained results. Second, as already stated above, the post-restriction
cohort had a smaller size than the pre-restriction one, with a relatively shorter follow-up.
Therefore, dedicated analyses with longer follow-up are needed to confirm our results.
Third, although the present data suggest the capability of the BIO-Ra score to identify
patients who would most benefit from Ra-223 since baseline, the validation of the BIORa risk stratification as a supporting tool for the patient selection process needs external
validation in a prospective trial. Finally, the present study lacks the use of molecular
biomarker data. In recent years, several bio-molecular alterations have been observed
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in PC, showing a potential predictive power for treatment planning [6]. In a precision
medicine perspective, the addition of molecular biomarkers to the BIO-Ra score might
further improve its capability for selecting the best drug for the right patient. A similar
consideration applies to next-generation imaging, particularly with positron emission
tomography (PET), whose functional nature may at the same time provide an accurate
staging of the disease extent [30] and display tumour heterogeneity in vivo [13,17,18,31–35],
potentially improving the patient selection process. Unfortunately, given the study’s
retrospective nature, we built the BIO-Ra score exclusively using widely available clinical
and lab data. However, this also represents the strength of our approach, as it makes the
BIO-Ra score easily and widely applicable for clinical practice at no additional costs.
5. Conclusions
The present study showed that the 2018 EMA restriction of the use of Ra-223 has led
to treating mCRPC patients at a later stage of the disease, with a measurable impact on
survival outcomes. In this context, the BIO-Ra score was demonstrated to be a reliable
prognostic tool also in the current clinical scenario, with a potential added value in patient
selection for Ra-223 treatment.
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