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Abstract
Background Radium-223 prolongs overall survival (OS) and delays time to the first symptomatic skeletal events in patients 
with symptomatic metastatic castration-resistant prostate cancer (mCRPC). There is a lack of evidence on the safety and 
efficacy of Radium-223 treatment in the very elderly population.
Aims Aim of this multicentre study is to analyze mCRPC patients treated with Radium-223 in terms of OS and to assess 
whether there are differences between young and elderly, as well as to verify efficacy and safety in patients ≥ 75 years of age.
Methods 430 mCRPC patients of six Italian Centres were analyzed in this multicenter retrospective study. At baseline and 
after each cycle were collected clinical and diagnostic patients’ parameters. The whole cohort was divided into two groups 
based on the age of the patients (< 75 years old and ≥ 75 years old).
Results 47% of the patients were < 75 years old and 53% were ≥ 75 years old. The primary outcome, OS, does not show 
significant differences between the two subgroups if other basal parameters are considered. Considering clinical covariates 
in univariate models (p < 0.05) several clinical aspects have an impact on OS, except for age (p = 0.072). Age continues to 
have no significant impact on the OS (p = 0.274) even in multivariate models in the two groups. The toxic effects are similar 
in the two groups.
Conclusions Radium-223 prolongs survival in both younger and older patients at the same baseline condition and is a good 
option in the symptomatic mCRPC setting compared to other agents.
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Introduction

Prostate cancer (PCa) represents one of the most impor-
tant types of cancer by incidence [1]. The lethal stage of 
the disease is reached when cancer does not respond to 
hormone therapy anymore and frequently metastasizes to 
the bone [2–4]. Bone metastasis deteriorates the patient’s 
clinical condition and quality of life (QoL) as well [5]. 
Symptoms reported are bone fractures, pain, spinal cord 
compression, hypercalcemia, impaired mobility with a 
significant impact on mortality and morbidity [6]. A con-
siderable percentage of patients present this disease in the 
elderly age and older men are mostly affected by PCa. 
Treatments used for pain relief and involved in the delay 
of skeletal events are bisphosphonates, denosumab, exter-
nal beam radiation therapy and radioisotope treatments 
[7–11]. In the last few years, Radium-223 treatment took 
on relevance in patients with metastatic castration-resist-
ant prostate cancer (mCRPC) [12]. This condition, defined 
as a serum testosterone level of 50 ng/ml or lower, in bio-
chemical and/or radiological progression after androgen 
deprivation therapy (ADT), is developed by 10% of PCa 
patients and more than 90% of them have skeletal metas-
tases. Radium-223 is an alpha particle emitter with a half-
life of 11.4 days that produce high-energy particles, induc-
ing double-stranded breaks in DNA, with a tissue range of 
fewer than 100 μm [13]. As a calcium mimetic, it targets 
regions with high osteoblastic activity such as bone metas-
tases, inducing local cytotoxic effect with limited toxicity 
to surrounding tissue and marrow and minimal hemato-
logical adverse effects. Approved in 2013 by the Federal 
and drug administration (FDA) for treatment of mCRPC 
patients with symptomatic bone metastases, Radium-223 
improves overall survival (OS) with low myelosuppression 
rates and few adverse events as shown in the randomized 
phase 3 Radium-223 ALSYMPCA trial [14]. In this trial, 
comparing patients receiving Radium-223 with those who 
received placebo, OS was significantly longer (median 
survival: 14.9 vs 11.3 months; hazard ratio [HR] 0.70; 
95% CI 0.58–0.83; p < 0.0001) and significantly longer 
time to first symptomatic skeletal event (SRE) (15.6 vs 
9.8 months) generally correlated with significant mor-
bidity and mortality, impairing QoL [15] and leading to 
neurological damage, in the case of spinal cord compres-
sion. Toxicities reported were generally mild and compa-
rable to placebo: in 13% of Radium-223-treated patients 
grade 3–4 anemia, in 6% grade 3–4 thrombocytopenia, 
grade 3–4 neutropenia in 3% of treated patients (far more 
favorable than that of docetaxel or cabazitaxel; 3% for 
Radium-223 vs 82% for cabazitaxel) [16] and occasional 
cases of fatigue, nausea and loose stools. Furthermore, 
Radium-223 has to be considered next to Abiraterone or 

Enzalutamide and it is able to provide pain relief, deter-
mining an improvement in QoL [17, 18]. Lack of evidence 
regarding the efficacy of Radium-223 treatment in the 
elderly population and lack of literature data about very 
elderly patients, often excluded from clinical trials, has 
led to evaluate this particular aspect in this study [19]. 
Nowadays, elderly age must be reconsidered because of 
the elongation of life expectancy due to improvement and 
discoveries in scientific and medical fields. In light of the 
above, this assessment has led SIGG (Italian Society of 
Gerontology and Geriatrics), in the  2018th National Italian 
Congress, to shift the threshold of elderly age from 65 to 
75 years old, also based on many studies on this topic [20]. 
Moreover, some aspects should be taken into account in 
as much as elderly men with mCRPC should be managed 
not according to the mere chronological age, that cannot 
include and describe the wide heterogeneity present in 
each individual aging process, but according to the global 
health status [21]. The purpose of this multicentre study is 
to analyze mCRPC patients treated with Radium-223 and 
to evaluate if there are differences between young and old, 
as well as to verify efficacy and safety in the category of 
patients ≥ 75 years old.

Materials and methods

This retrospective multicentre study included consecutive 
mCRPC patients treated with Radium-223 between July 
2015 and July 2019 in six Italian centers. Inclusion criteria 
were at least 2 symptomatic skeletal metastases detected by 
99mTc-HDP bone scintigraphy, no known visceral metastases 
at contrast-enhanced CT scan, except for malignant lym-
phadenopathy with less than 3 cm in the short-axis diameter 
and an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) score of 0–2 [22]. Exclusion criteria 
were impaired kidney and liver function and the presence of 
inflammatory bowel disease (IBD). This study was approved 
by the local Ethical Committee of all participating centers 
and was performed in accordance with the ethical standards 
of the 1964 Declaration of Helsinki and its later amend-
ments. All patients signed a written Informed Consent. 
Radium-223 was administered, according to the Italian label 
authorization at that time in force, intravenously, in 6 cycles 
every 28 days at the activity of 55 kBq/kg [23]. At baseline 
and before each cycle were evaluated and collected the fol-
lowing patient’s parameters: blood values [hemoglobin (Hb), 
platelets (PLT), absolute neutrophil counts (ANC)], prostate-
specific antigen (PSA), total alkaline phosphatase (tALP), 
lactate dehydrogenase (LDH) and clinical outcome (in par-
ticular pain by Numeric Rating Scale(BPI) and ECOG-PS). 
Therefore, patients were submitted to bone scintigraphy just 
before starting treatment, after the third cycle and at the 
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end of the treatment to assess baseline skeletal metastasis 
and, eventually, improvement or worsening of health con-
dition. QoL was evaluated with an EORTC questionnaire 
[24] filled out by the patients and allowed us to calculate 
and report the Narcotic Score relying on the medical type of 
pharmaceutical taken to relieve it (analgesic, mild narcotic, 
strong narcotic) and on the frequency. The whole cohort 
was divided into two groups based on the age of the patients 
(< 75 years old and ≥ 75 years old). The main endpoint was 
the OS, which was considered in the period between the first 
administration of Radium-223 and the statistical analysis.

Statistical analysis

Data are expressed as mean ± standard deviation or 
median ± IqR as appropriate. Categorical data are expressed 
as counts or percentages. Means were compared by Student’s 
two-sample T test with Welch correction or Mann–Whitney 
test, accordingly. Association among categorical variables 
was evaluated by means of Chi squared test or Fisher test 
for binary variables. Survival distributions were estimated 
using the Kaplan-Meyer product-limit estimator and com-
pared using the log-rank test. The association of predictors 
with OS was evaluated by means of univariate Cox regres-
sion models. A multivariable Cox regression model was then 
selected by forcing the age variable (which is a target of our 
analysis) and using a stepwise forward procedure based on 
Akaike Information Criterion to include other predictors. 
Variance Inflation Factors were checked for collinearity and 
residual analysis was used to assess the proportionality of 
hazards assumption. The significance level was set at 5%. All 
analyses were conducted using the R software, version 3.5.1.

Results

430 mCRPC patients treated with Radium 223 were ana-
lyzed. Patients baseline characteristics are reported in 
Table 1. In this cohort, the mean age was 74.1 ± 1.9 years. 
The following parameters were collected at baseline and 
are reported in Table 1: blood values (Hb, PLT, ANC), 
PSA, tALP and LDH. The mean follow-up period from 
the first cycle of Radium-223 treatment to the date of 
the analysis or death was 12.7 ± 8.8 months. 157 patients 
(36.5%) died during the study period and 273 (63.5%) 
were still alive at the time of analysis. The reasons for 
Radium-223 treatment drop-out before the end of all 6 
cycles were progression disease, bone marrow failure, 
SRE and death. 47% of the patients were < 75  years 
old (YOUNGER GROUP) and 53% ≥ 75  years old 
(ELDERLY GROUP), defining elderly patients equal 
or older than 75 years. The baseline characteristics of 
the patients divided into the two subgroups based on 

age (< 75 years old and ≥ 75 years old) are compared in 
Table 2. YOUNGER GROUP median age was 68 years 
(IqR 8, range 50–74), while ELDERLY GROUP median 
age was 80 years (IqR 6, range 75–92). An overview of 
statistical analysis has been reported in Table 3. The pri-
mary clinical outcome, OS, does not show significant 
differences between the two subgroups if other basal 
parameters are considered. Indeed, considering clinical 
covariates in univariate models (p < 0.05) several clinical 
aspects have an impact on OS, except for age (p = 0.072) 
(See Kaplan–Meier curves in Fig. 1). Age continues to 
have no significant impact on the OS (p = 0.274) even in 
multivariate models in the two groups. This means that 
for the same basal tALP, Hb and LDH there is no effect 
of any parameter on survival, in other words, the data 
show no evidence that there is a difference between above 
and below 75 years age groups. In the two groups, there 
are not many differences both in terms of the number of 
systemic therapies received before Radium-223 and in 
terms of the number of cycles of Radium-223 received 

Table 1  Baseline patients’ characteristics

Baseline variable Patients (n = 430) %

Age (years)
 Mean (SD) 74.1 (1.9)

Gleason score
 Mean (range) 7.9 (5–10)
 5 3 0.7
 6 22 5.1
 7 108 25.1
 8 99 23
 9 110 25.6
 10 9 2.1
 Unknown 79 18.4

Skeletal burden
 0–6 mets 66 15.3
 6–20 mets 266 61.9
 ≥ 20 mets 98 22.8

Number of previous systemic treatments
 Mean (SD) 1.58 (1.2)
 0 65 15.1
 1 117 27.2
 2 74 17.2
 ≥ 3 78 18.1
 Unknown 96 22.3

Baseline PSA, mean (SD) 198 (655) ng/ml
Baseline tALP, mean (SD) 267 (308) U/l
Baseline Hb, mean (SD) 12.2 (2.5) g/dl
Baseline LDH, mean (SD) 359 (221) U/l
Baseline PLT, mean (SD) 240.4 (94.5)  103/mmc
Baseline ANC, mean (SD) 4.6 (1.8)  103/μl
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by the patients analyzed. Moreover, if we consider the 
toxic effects, understood as hematological or SRE, as we 
note in Table 3, they are few and, in any case, similar 
in the two groups, continuing to guarantee the safety of 
Radium-223 even in very elderly patients.

Discussion

Approximately 10% of PCa patients develop a CRPC and 
more than 90% of them have skeletal metastases which 

Table 2  Age groups baseline 
characteristics

YOUNGER GROUP 
(< 75 years) (n = 200)

ELDERLY GROUP 
(≥ 75 years) (n = 230)

p value

Gleason score
 Mean (SD) 8.02 (0.98) 7.79 (1.05) 0.032

ECOG PS
 0 91 (46%) 90 (39%) 0.46
 1 68 (34%) 83 (36%)
 2 38 (19%) 51 (22%)
 3 2 (1%) 5 (2%)

Brief Pain Inventory (BPI) pain score
 Low (0–3) 62 (31%) 78 (34%) 0.78
 Intermediate (4–7) 102 (51%) 110 (47.8%)
 Severe (8–10) 36 (18%) 42 (18.2%)

Progression disease
 Radiological 3 (1.5%) 5 (2.1%) 0.92
 Biochemical 12 (6%) 15 (6.5%)
 Clinical (pain) 1 (0.5%) 1 (0.43%)
 N of Radium-223 treatment drop-out 75 (37.5%) 83 (36.3%) 0.7

N of Radium-223 administered cycles
 Median 6 6
 1 12 (6%) 15 (6.5%)
 2 10 (5%) 17 (7.5%)
 3 18 (9%) 13 (5.6%)
 4 15 (7.5%) 21 (9.1%) 0.7
 5 24 (12%) 20 (8.7%)
 6 121 (60.5%) 144 (62.6%)

N of previous systemic treatments
 Median (IQR) 1 (1) 1 (1) 0.51

Types of previous systemic treatments
 Taxanes 138 (69%) 120 (52%) 0.11
 New hormonal agents 135 (67.5%) 157 (68%)

Worst hematological toxicities (blood 
transfusion or anemia G4)

7 8 1

Skeletal-related events (SREs) 5 3 0.58
Skeletal burden
 0–6 mets 53 (26%) 45 (20%) 0.22
 6–20 mets 119 (60%) 147 (64%)
 ≥ 20 mets 28 (14%) 38 (16%)

Baseline PSA ng/ml, median (IQR) 49.22 (181.20) 51.30 (126.94) 0.37
Baseline tALP U/l, median (IQR) 148 (196.5) 141 (194.5) 0.66
Baseline LDH U/l, median (IQR) 308.5 (217.5) 305.0 (202.5) 0.65
Baseline Hb g/dl, mean (SD) 12.24 (1.53) 12.15 (1.49) 0.52
Baseline PLT  103/mmc, median (IQR) 221 (86.0) 220 (85.5) 0.99
Baseline ANC  103/μl, mean (SD) 4.66 (1.94) 4.60 (1.65) 0.76
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are the cause of reduced Qol and responsible for disabil-
ity [17, 25]. Several new drugs have been introduced and 
approved for the management of mCRPC patients such 
as immunotherapeutic agent (sipuleucel-T), hormonal 
treatments (abiraterone acetate and enzalutamide), taxane 
agent (docetaxel and cabazitaxel) and a radiopharmaceuti-
cal (Radium-223). All these pharmaceuticals are able to 
improve OS [26]. A recent challenge is represented by 
the search for the most suitable drug sequence for elderly 
and frail patients. In fact, this particular category shows 
vulnerability to adverse effects and often develop resist-
ance mechanisms to taxane chemotherapy as well as hor-
monal therapy [27, 28]. Moreover, factors other than age 
should be considered when treating mCRPC, for example, 
the reduction of functional reserves that physiologically 

decline with age. This leads to an increased risk of interac-
tions between drugs taken for comorbidities. As the Inter-
national Society of Geriatric Oncology (SIOG) PCa task 
force has recently updated, the appropriate management 
of elderly patients should be conducted not according to 
chronological age but to the individual health status [21]. 
Validated tools that assess vulnerability in elderly patients 
with cancer, such as the G8, the CISR-G scale, the daily 
life activity ADL and a comprehensive geriatric assess-
ment (CGA) would be useful for initial health assessment 
decisions for fragile or disabled patients or with severe 
comorbidities. In light of the above, the recent SIOG 
guidelines classify oncologic PCa patients according to 
health status into four groups (fit, frail, disabled, termi-
nally ill) accompanied by different cancer treatment plan. 
International recommendations underline that fit elderly 
patients should be treated as younger patients. Both fit and 
frail symptomatic patients with mCRPC should receive 
first-line docetaxel. For fit patients at progression after 
docetaxel, cabazitaxel and hormonal agents are appro-
priate whereas for those who are disabled or with severe 
comorbidities or reluctant to receive chemotherapy, they 
should receive hormonal agents [21]. Because of poten-
tial cross-resistance between androgen receptor-targeted 
agents, if treatment with a novel hormonal agent fails, 
there is a consensus that drugs with a different mechanism 
of action (taxanes or Radium-223) should be taken in con-
sideration [2]. In particular, SIOG has recently addressed 
the use of radiopharmaceuticals and such a perspective 
is important because compared with cytotoxic and cyto-
static drugs, therapeutic radiopharmaceuticals are less 
toxic alternatives [21]. Also, in this study, we have shown 
that the toxic effects due to Radium-223 are few and how-
ever similar both in the very elderly and in the younger 
patients. The number of SRE is also comparable. Several 
studies demonstrated a correlation between the number 
of Radium-223 administration delivered and OS. Patients 

Table 3  Univariate and 
multivariable analysis of OS in 
relation to baseline variables

* Age ≥ 75 is a categorical dummy variable, everything else was used as a continuous predictor

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

p value

Age ≥ 75 1.246 (0.981–1.583) 0.072 1.433 (0.752–2.734) 0.274
BMI 0.948 (0.918–0.979) 0.001
Gleason score 0.928 (0.818–1.053) 0.246
ECOG PS 1.534 (1.325–1.775) 0.000
Baseline Hb 0.722 (0.663–0.787) 0.000 0.675 (0.542–0.841) 0.000
Baseline PSA 0.001 (1.001–1.001) 0.000
Baseline tALP 1.001 (1.001–1.002) 0.000 1.002 (1.001–1.003) 0.001
Baseline LDH 0.003 (1.002–1.004) 0.000 1.003 (1.002–1.004) 0.000
Baseline PLT 1.001 (1.000–1.003) 0.148
Baseline ANC 1.098 (1.024–1.178) 0.009

Fig. 1  Kaplan–Meier analysis shown the YOUNGER and the 
ELDERLY groups. The curve showed no difference in overall sur-
vival between the two groups
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who completed the planned six cycle had a reduced risk 
of death, reduced progression, SRE and reduced develop-
ment of bone marrow failure (BMF) compared to patients 
who didn’t receive all six doses [29]. Furthermore, patients 
undergoing Radium-223 treatment and previous radical 
prostatectomy (RP) and/or ablative external beam radio-
therapy (EBRT) have shown an improvement in OS rather 
than those who did not [30]. Moreover, several studies 
showed that patients Radium-223 treated and who had 
never undergone previous chemotherapy, had a much 
lower hematological toxicity than those who had previ-
ously been treated with chemotherapy. In this contest, 
to guarantee a better toxicity profile, postponing chemo-
therapy and anticipating the treatment with Radium-223 
it may be appropriate, although European Medicines 
Agency (EMA) recommended that Radium-223 can only 
be administered in progression disease patients after at 
least two previous systemic therapy lines for mCRPC. 
Several prognostic factors associated with survival after 
Radium-223 have been presented in most previous ret-
rospective studies like ECOG, tALP, Hb value, previous 
systemic treatments but anyone identified as a predictive 
clinical marker for OS [31–34]. However there is a need 
for a multidimensional clinical and laboratory evalu-
ation to select patients suitable to receive benefit from 
Radium-223 treatment: the 3-PS baseline evaluation pro-
posed by another study, strongly associated with OS of the 
patients mCRPC Radium-223 treated, is a promising tool 
useful for identifying them [35]. In this study, we assessed 
the impact of age on OS in mCRPC patients treated with 
Radium-223 and, comparing younger and older patients, 
data analysis showed that the two groups have similar 
OS at similar baseline conditions of the patient. There-
fore, our recent clinical experience shows that age alone 
is not a determining factor of survival outcomes among 
this category of patients. There is no evidence that OS 
should vary with age, conditional on basal characteristics. 
Rephrasing, our evidence is that two patients with equal 
basal tAPL, Hb and LDH values can be expected to have 
the same survival regardless of the presenting age. The 
results of this study are in line with a post hoc analysis 
of ALSYMPCA that examined men by age and in which 
treatment with Radium-223 resulted in a significant pro-
longed OS and with similar or fewer adverse events of the 
men in the group aged ≥ 75 than those in the younger age 
group [36]. It should be emphasized that in the population 
of this study, the number of cycles of Radium-223 received 
is similar in the two subgroups analyzed, as well as the 
number of systemic therapies received before Radium-223, 
therefore even this, which could have been a limit in the 
analysis, was overcome by the almost homogeneity of the 
groups analyzed. The most important prognostic parameter 
seems to be the general baseline health condition and not 

the chronological age. Taking in consideration that age 
does not affect the tolerability or efficacy of Radium-223 
treatment, this radiopharmaceutical could be considered 
a safer option before other therapies characterized by high 
rates of toxicities and a curable approach should be con-
sidered for the patient according to their general condition, 
independently of their age [37]. To maximize survival and 
QoL of these patients and to minimize treatment-related 
morbidity, there is the need of a CGA and critical con-
siderations as a functional reserve, comorbidities and life 
expectancy should be done to choose the best therapeutic 
modalities and to determine the optimal sequencing or 
combination of the available treatments [38].

Since this study was done considering only the inclusion 
criteria for the use of Radium-223, there are several limita-
tions. The retrospective nature of the study does not allow 
for many analyzes that can be evaluated in the future with 
a prospective analysis. In addition to the aforementioned 
analysis of the comorbidities of mCRPC patients, it would 
be interesting in the near future to study the impact of thera-
peutic sequences of each patient received before the admin-
istration of Radium-223, which in this study we could not 
analyze because of the too small sample. Since this onco-
logical work was born for the evaluation of the OS, the part 
of the geriatric evaluation was not carried out, but it would 
also be interesting in a prospective study to administer Q8 
or CGA to all patients and overcome the limit of this study.

All this should, therefore, be enclosed in a multidimen-
sional evaluation of the patient, which guarantees good con-
ditions before the administration of Radium-223 to increase 
its benefits, without considering the chronological age.

Conclusions

The management of individual elderly patients should not be 
based on age but on their health status. As observed in this 
study, Radium-223 may prolong survival in both younger 
and older patients at the same baseline condition and is a 
good option in the mCRPC setting compared to other agents, 
especially for men unsuitable for cytotoxic chemotherapy. In 
light of the above, Radium-223, better tolerated and char-
acterized by low rates of adverse effects, is suitable for the 
treatment of younger and even more for older, frails and 
vulnerable patients.
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