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Abstract
Objective In mCRPC patients treated with 223Ra, a major issue is the validation of reliable prognostic and predictive bio-
markers to maximize clinical benefit and minimize toxicities and costs. Bearing in mind how changes in tALP did not meet 
statistical requirements as surrogate marker for survival, aim of this single-center retrospective study was to characterize 
the prognostic and predictive role of baseline clinical variables associated with overall survival in patients receiving 223Ra 
treatment.
Methods 92 consecutive CRPC patients with symptomatic bone metastases receiving 223Ra treatment were included. Avail-
able baseline clinical data relevant to the survival analysis were retrospectively collected. The primary end-point of the study 
was overall survival, which was established from the first 223Ra administration until date of death from any cause.
Results Median follow-up time from the first 223Ra administration was 6 months (range 1–31 months). The univariate 
analysis evaluating the prognostic value of all baseline clinical variables showed that patients’ weight, BMI, ECOG PS, Hb 
and tALP values were independently associated with OS. On multivariable analysis only baseline Hb value and ECOG PS 
remained significantly correlated with OS. To determine reliable baseline predictive factors for survival in patients receiving 
223Ra treatment, we produced a predictive score. We tried all possible variable combinations, and found that the best score 
was obtained by combining baseline ECOG PS with Hb < 12 g/dl and PSA ≥ 20 ng/ml. This resulted in a score ranging from 
0 to 4, with AUC 78.4% (p < 0.001).
Conclusions We propose a multidimensional clinical evaluation to select those mCRPC subjects suitable to receive the 
maximum benefit from 223Ra treatment.
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Introduction

During the past 10 years significant progress has been 
achieved in treatment of metastatic castration-resistant 
prostate cancer (mCRPC). In the course of 223Ra treat-
ment, a major challenge is represented by the assess-
ment of treatment effectiveness due to lack of reliable, 
validated and easily available biomarkers for predicting 
outcomes and clinically relevant endpoints. Looking at 
the history of the mCRPC therapeutic scenario, several 
biomarkers have previously been described including 
prostate-specific antigen (PSA), circulating tumor cells 
(CTC), total alkaline phosphatase (tALP) [1, 2]. However, 
these markers are not always straightforward or interpret-
able beyond doubt. PSA can rise during the first phase of 
therapy before declining [3]. Baseline CTC enumeration 
and changes during therapy have been shown to be surro-
gate for survival endpoints [4], but lack broad availability 
and display limited accuracy with currently available kits 
[5, 6]. tALP has prognostic potential in mCRPC treated 
with Docetaxel and 223Ra [7, 8] but changes during ther-
apy have not yet been evaluated in depth. Baseline levels 
of tALP do not correlate with the efficacy of  223Ra; there-
fore, baseline tALP have no predictive value in this field. 
However, there are indications of a correlation between 
pre-treatment tALP levels (≥ 146 U/l) and increased risk 
of death, time to progression, skeletal-related events, and 
bone marrow failure, which suggests a prognostic value 
for baseline tALP [9, 10]. Survival benefit distinguishes 
223Ra from other bone-targeted therapies, such as local 
EBRT,  radioisotopes89Sr and 153Sm-EDTMP, Zoledronic 
acid and Denosumab, which have demonstrated to be 
effective on pain palliation without impact on Overall 
Survival (OS) [11]. Recently, several clinical trials con-
ducted in expanded access setting have confirmed 223Ra 
safety and efficacy [12–14]. Given the rapid change in 
CRPC therapeutic landscape and the complexity in clini-
cal decision-making, a major priority in both, clinical 
practice and research, is now represented by the valida-
tion of reliable prognostic and predictive biomarkers, able 
to guide an appropriate treatment sequencing to maxi-
mize clinical benefit and minimize toxicities and costs 
[15]. Despite the increasing clinical experience involving 
223Ra-dichloride use in mCRPC patients, clinical vari-
ables that may predict response to 223Ra treatment are still 
hard to identify. Aim of this single-center retrospective 
study was to characterize the prognostic and predictive 
role of baseline clinical variables associated with overall 
survival, with the aim of maximizing the treatment effi-
cacy in patients receiving 223Ra.

Materials and methods

This retrospective study was approved by the local Ethi-
cal Committee and conducted in accordance with Helsinki 
Declaration of 1975. Informed consent was obtained from 
all individual participants included in the study. 92 con-
secutive CRPC patients with symptomatic bone metastases 
receiving 223Ra treatment in our institution were included. 
Currently, 223Ra treatment schedule consists of 6 intrave-
nous injections (55 kBq per kg of body weight) admin-
istered every 28 days [16] in patients without visceral 
metastasis. Available baseline clinical data relevant to the 
survival analysis were retrospectively collected including 
age, height and weight, Gleason Score, Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS), 
number of systemic treatments prior to 223Ra therapy and 
hemoglobin (Hb) value. Baseline body mass index (BMI) 
was calculated for every patient. Serum levels of PSA and 
tALP were collected at baseline, after every 223Ra admin-
istration and during follow-up 3 and 6 months after 6th 
cycle. A 99mTc-diphosphonate bone scan was performed 1 
month before starting 223Ra treatment to assess the base-
line burden of skeletal disease, expressed according to 
Soloway classification [17]. The primary end-point of the 
study was OS, which was established from the first 223Ra 
administration until date of death from any cause.

Statistical methods

Data are expressed as mean ± standard deviation or 
median ± IQR as appropriate. OS was estimated through 
Kaplan–Meier estimates, and effects of predictors were 
assessed through log-rank tests and univariate Cox regres-
sion. A multivariable Cox regression model was estimated, 
where the final set of predictors was selected based on 
minimization of the Akaike Information Criterion in for-
ward selection stages. To evaluate the relationship between 
time-dependent biomarkers repeatedly measured at dif-
ferent follow-up occasions and OS (and the relationship 
between trends and OS) we used Joint Models for sur-
vival and longitudinal data, where a single shared param-
eter captures the association of interest. Predictive scores 
were built based on dividing numerical variables into 
two classes for simplicity of scoring, with the exception 
of Gleason and ECOG scores, and then rounding coeffi-
cients estimated at Cox regression analysis. The prognostic 
significance of the new scores was evaluated via time-
dependent receiver operating characteristic (ROC) curves. 
Area under the curve (AUC) was also estimated and their 
significance was assessed via the bootstrap. The final score 
was selected by maximizing the AUC. All tests are two 

Author's personal copy



Annals of Nuclear Medicine 

1 3

tailed, a p < 0.05 was deemed as statistically significant. 
All analyses were carried out using R (R development core 
team, Vienna, Austria) version 3.4.0.

Results

390 223Ra cycles were delivered to 92 pts (mean 223Ra 
administrations 4, range 1–6) in a period between September 
2013 and December 2016. Baseline patients’ characteristics 
are summarized in Table 1. Among 92 patients, 40 (43%) 
completed the 6 scheduled administrations, 27 patients 
(29%) discontinued 223Ra treatment due to disease progres-
sion (10%), bone marrow failure (3%) or death (15%), while 
25 (27%) were still receiving 223Ra therapy at the time of 
analysis, when 44 patients were deceased and 22 patients 
were in follow-up. Median follow-up time from the first 
223Ra administration was 6 months (range 1–31 months). 
Median overall survival time was 10 months (95% CI 7–16 
months), as shown in Fig. 1. The univariate analysis evalu-
ating the prognostic value of all baseline clinical variables 
showed that patients’ weight, BMI, ECOG PS, Hb and tALP 
values were independently associated with OS. Higher 
weight (i.e., higher administered activity), BMI and higher 
baseline Hb levels resulted as favorable prognostic factors, 
whereas a deteriorated performance status and higher initial 
tALP values were associated with an increased risk of death. 
When adjusting for other measures on multivariate analy-
sis, only baseline Hb value and ECOG PS remained signifi-
cantly correlated with OS. Results of regression analysis are 
shown in Table 2. The median value of baseline tALP in our 
cohort was 226 U/l. To determine the ability to predict OS 
of baseline tALP, the median baseline value was used as cut-
point to stratify the entire cohort into two groups. Notably, 
the subgroup of patients with baseline tALP levels < 226 

Table 1  Baseline patients’ characteristics

Baseline variable Patients (n = 92) %

Age (years)
 Mean (range) 73 (50–90)

Height (m)
 Mean (range) 1.71 (1.58–1.95)

Weight (kg)
 Mean (range) 77.7 (56–120)

BMI
 Mean (range) 25 (19–39)

Gleason score
 Mean (range) 8 (6–9)
 6 2 2
 7 22 24
 8 22 24
 9 23 25
 Unknown 23 25

ECOG performance status
 Mean (range) 1.1 (0–3)
 0 17 19
 1 51 55
 2–3 24 26

No. of previous systemic treatments
 0 20 22
 1 30 32
 2 24 26
 ≥ 3 18 20

Skeletal burden
 0–6 mets 9 10
 6–20 mets 73 79
 ≥ 20 mets 10 11

Baseline Hb
 Median (range) 12 (10–15.3)
 < 12 g/dl 46 50
 ≥ 12 g/dl 46 50

Baseline tALP
 Median (range) 226 (36–1750)
 < 226 U/l 46 50
 ≥ 226 U/l 46 50

Baseline PSA
 < 20 ng/ml 36 39
 ≥ 20 ng/ml 56 61 Fig. 1  Kaplan–Meier estimate showing overall survival in our cohort, 

with 95% confidence interval in dashed lines
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U/l (n = 46, 50%) showed a median OS of 14 months (95% 
CI 11 months-NE) while for patients with baseline tALP 
levels ≥ 226 U/l (n = 46, 50%) the median survival was 7 
months (95% CI 6–11 months). This subgroup stratification 
showed a hazard ratio of 2.291 (95% CI 1.237–4.241) with 
a p = 0.008. Given the significant predictive value found for 
baseline tALP, a time-dependent ROC curve was built to 
evaluate the strength of this biomarker as a baseline predic-
tor for survival (Fig. 2). For this value, an AUC of 74% was 
found. To determine reliable baseline predictive factors for 
survival in patients receiving 223Ra treatment, we produced a 
predictive score. We tried all possible variable combinations 
after dividing into opportune classes, and found that the best 
score (maximizing the AUC) was obtained by combining 
baseline ECOG PS (0: 0 points, 1: 1 point, 2–3: 2 points) 
with Hb < 12 g/dl (1 point) and PSA ≥ 20 ng/ml (1 point). 
This resulted in a score ranging from 0 to 4 (Table 3), with 
AUC 78.4% (p < 0.001). Notably, inclusion of tALP did not 

lead to increase in AUC; on the contrary, it was obtained 
with the PSA value more or less 20 ng/ml which did not 
show significant results in the univariate analysis. The 
choice of the parameters and their combination was exclu-
sively based on statistical criteria, with the aim of deter-
mining the parameters’ configuration capable of providing 
the highest value of AUC. The entire cohort was stratified 
into five subgroups on the basis of this 3-variable predictive 
score (3-PS) so obtained; the estimated overall survival for 
each subgroup is reported in Table 4. An evaluation of the 

Table 2  Univariate and multivariable analysis of OS in relation to baseline variables

Clinical covariates Univariate models HR (95% CI) p value Multivariable model HR 
(95% CI)

p value

Age (years) 1.03 (0.99–1.07) 0.19
BMI 0.90 (0.82–0.99) 0.03
Gleason score 0.97 (0.90–1.06) 0.52
ECOG performance status 1.88 (1.28–2.76) < 0.01 1.89 (1.27–2.83) < 0.01
No. of previous systemic treatments 1.31 (0.99–1.75) 0.06
Baseline Hb 0.71 (0.58–0.86) < 0.01 0.71 (0.58–0.86) < 0.01
Baseline PSA 1.00 (1.00–1.00) 0.15
Baseline tALP 1.001 (1.000–1.001) 0.03

Fig. 2  ROC curve for baseline tALP value

Table 3  3-variable predictive score scoring system

3-variable 
predictive 
score

Baseline ECOG PS
 0 0
 1 1
 ≥2 2

Baseline PSA
 <20 ng/ml 0
 ≥20 ng/ml 1

Baseline Hb
 ≥ 12 g/dl 0
 < 12 g/dl 1

Table 4  Subgroup analysis of survival with 3-variable predictive 
score cohort stratification

3-variable pre-
dictive score

Patients 
(n = 92)

Overall survival 95% CI

0 6 > 31 months (> 31 to > 31)
1 18 > 31 months (7 to > 31)
2 23 11 months (7 to > 31)
3 32 9 months (7 to > 31)
4 13 4 months (2 to > 31)
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association between serum biomarkers’ trend during treat-
ment and survival was then performed. A linear association 
between PSA trend and OS was found although this could 
not reach the significance threshold (p = 0.0528). Notably, 
tALP trend during 223Ra treatment was found to be signifi-
cantly associated with OS (p = 0.0004), with an increased 
risk of death in patients characterized by a rising trend of 
tALP values. Due to the heavily skewed distribution of 
PSA values in our cohort, a logarithmic transformation was 
applied to this variable for the regression analysis. The base-
line value of logPSA resulted significantly associated with 
OS at univariate analysis (HR = 1.20, 95% CI 1.02–1.43) 
with a p = 0.033, whereas the lack of correlation between 
logPSA trend during treatment and survival was confirmed 
(p = 0.0528).

Discussion

In mCRPC patients treated with 223Ra, several baseline prog-
nostic markers associated with survival have been proposed 
such as Eastern Cooperative Oncology Group (ECOG) Per-
formance Status, tALP, Hb value and the number of prior 
systemic treatments. Nonetheless, no predictive clinical vari-
able assessing 223Ra therapeutic benefit has been currently 
identified [18].

Furthermore, it is known that the effectiveness of the 
treatment on survival is obtained after at least five adminis-
trations of 223Ra [12], as a consequence, the ability to stratify 
the expected survival for the subjects during the treatment 
period is of primary importance.

Whilst tALP is currently under evaluation as a potential 
predictive biomarker in patients receiving 223Ra therapy, 
both ALSYMPCA trial and reports from the Expanded 
Access Programs assessed that PSA does not provide accu-
rate information on the effectiveness of 223Ra treatment. 
In fact, on the one hand, the minor decline in PSA level 
recorded during 223Ra therapy could be related to the fact 
that 223Ra mechanism of action is predominantly directed 
at bone metastasis microenvironment, rather than at pros-
tate cancer cells [19]. On the other hand, an increase in 
PSA value during treatment may result from the onset of 
visceral metastases, not influenced by 223Ra dynamics. 
Furthermore, a recent report exposed that 223Ra treatment 
can be associated with a PSA “flare phenomenon”, similar 
to other anticancer drugs [20]. It is now clear that, due to 
its complex trend, PSA should not be considered as a reli-
able biomarker to guide therapeutic decisions in patients 
receiving 223Ra treatment. A recent exploratory analysis 
on LDH, PSA and tALP dynamics during 223Ra treatment 
concluded that tALP decline at 12 weeks may be used as 
an early pharmacodynamic marker to monitor treatment, 
but changes in tALP did not meet statistical requirements 

as surrogate marker for survival [21]. A recent analysis 
from the ALSYMPCA study [22] showed significant dif-
ferences between the 223Ra-treated group and placebo for 
tALP reduction, normalization and median time to tALP 
increase. Baseline levels of tALP do not correlate with the 
efficacy of 223Ra; therefore, baseline tALP values have no 
predictive value. 223Ra has been shown to increase OS both 
in patients with baseline tAL p < 220 U/l and in those with 
values > 220 U/l. In our series, we substantially confirmed 
these data by assuming a reference value of 226 U/l.

However, there are indications of a correlation between 
pre-treatment tALP levels (≥ 146 U/l) and increased risk 
of death, time to progression, skeletal-related events, and 
bone marrow failure, which suggests a prognostic value 
for baseline tALP [23]. Indeed, a retrospective analysis of 
data from the registrational ALYMPCA trial [22] showed 
that patients treated with 223Ra and with confirmed decline 
in tALP at week12 had significantly longer OS (median 
17.8 vs 10.4 months for patients with vs without tALP 
decline). A decrease in total and bone ALP (post-treatment 
vs pre-treatment) was also observed by Nome et al., which 
is thought to be related to the killing and/or stunning effect 
of 223Ra deposition in sites of increased osteoblastic activ-
ity [24]. In patients treated with 223Ra, a twofold increase 
in the risk of progression has been reported for patients 
with initial PSA levels > 10 ng/mL; these, however, did 
not significantly correlate with other outcome variables 
[25]. The overall number of delivered 223Ra therapy cycles 
was also related to decreased tALP levels, as well as sig-
nificantly better pain scores. The 3-PS baseline evaluation 
we propose in this paper is strongly associated with the 
overall survival of the patients. It takes into account, at 
the same time, the majority of parameters commonly used 
in clinical practice for mCRPC evaluation, such as ECOG 
PS, PSA and Hb, all at baseline. Multidimensional clinical 
evaluation is certainly the most conceptually appropriate 
approach, allowing to evaluate the best pharmacological 
approach, individualized in each patient by maximizing 
clinical outcomes and optimizing healthcare costs. In fact, 
it should be underlined that the estimated survival with 
the 3-PS in patients with a baseline score of 3 or 4 would 
be rarely associated with a completion of the six sched-
uled administrations of 223Ra treatment, thus not allowing 
the survival advantage offered by 223Ra, when properly 
used. Our experience confirms literature data that state 
that tALP is the most reliable marker currently available 
in evaluation during treatment.

However, one aspect to be taken into consideration is 
the role played by the PSA, which although ineffective as a 
single disease predictor results in more powerful multipara-
metric assessment than tALP, which confirms its statistical 
significance as a single predictor, but resulted less effective 
than the 3PS we propose.
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To our knowledge this is the first study examining the 
possibility of predicting survival in patients treated with 
223Ra through a multidimensional approach that takes into 
account multiple clinical and laboratory parameters.

The limited number of our sample does not allow us to 
draw definitive conclusions; in fact, our data need to be con-
firmed on a larger number of cases.

Another limitation of this study may derive from patients’ 
therapeutic history, considering that previous systemic 
therapy, especially chemotherapy, might impact on overall 
survival and it, almost partially, might reflect general health 
condition of the patients rather than the effect of 223Ra treat-
ment, but just considering the different therapeutic pathways 
and the different compliances to various therapies, appear 
necessary to have a simple and reliable method of punctual 
prognostic stratification for every subject candidate to 223Ra 
treatment, regardless of its history.

Our follow-up period ends at 31 months after starting 
therapy, so the data presented should be considered in terms 
of the hope of completing the treatment with 223Ra, while 
longer time frames and larger sample sizes are needed to be 
able to draw conclusions in terms of overall survival.

However the 3-PS evaluation model seems to be a prom-
ising tool, helpful in the identification of mCRPC patients 
that are most likely to benefit from a 223Ra treatment plan-
ning in clinical routine.

Conclusion

Literature data show that 223Ra therapy demonstrates maxi-
mum effectiveness only in those who are able to receive 
almost all of the six doses provided by the current treatment 
scheme. It, therefore, appears evident that there is a need 
to stratify the patients at the time of enrollment for 223Ra 
treatment to select patients suitable to fully benefit from 
this therapeutic approach. We propose a multidimensional 
clinical evaluation to select those mCRPC subjects suitable 
to receive the maximum benefit from 223Ra treatment. This 
approach promises to enhance the treatment effectiveness 
along with cost optimization.
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