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 The skeletal metastatic disease is a real clinical problem. Approximately 70% of patients with prostate or 
breast cancer and 35% of those with advanced lung, thyroid, and kidney cancers will develop skeletal metastases, 
which cause considerable morbidity. Several options are available for treatment, to be used either alone or in 
various combinations: hormones in case of hormone-sensitive tumours, chemotherapy, biphosphonates, external 
beam radiation therapy, surgery (in pathologic or impending fracture), bone-seeking radiopharmceuticals, and also 
molecular therapies. 
 
 Focusing our attention to patients with prostate cancer, 50% of patients with bone metastases develop 
skeletal related events  (SREs) such as : severe pain, pathologic fractures, spinal compression syndrome, 
malignant hypercalcemia, bone marrow suppression. All these SREs require adequate therapy since generally 
determine several functional impairments and worsen the prognosis.  It is well known that skeletal complications 
reduce the quality of life affecting different aspects, physical, functional end emotional [1]. SREs are associated 
also with lower survival [2]. 
 
 Three different type of bone seeking radionuclides were proposed for the treatment of bone metastases of 
the blastic or mixed type: 89Sr-Chloride (89SrCl2), 186Re-1-1-hydroethylenedisphosphonate (186Re-HEDP) and 
153Sm- ethylene diamine tetra methylene phosphonate (153Sm-EDTMP). These radionuclides emit a short range of 
therapeutic beta irradiation, having bone marrow as the dose limiting toxicity. Various clinical trials showed their 
effect is limited only to bone pain palliation. In Phase III trials there was no demonstration of any improvement in 
tumour reduction or overall survival. They differ in terms of efficacy, duration of pain palliation, ability to repeat 
treatments, toxicity and costs. 153Sm-EDTMP seems to have some advantages such as a shorter half-life, the fact 
that it is also a gamma-emitter (useful to easily scan the radiopharmaceutical uptake and distribution), and 
possibility to repeat the treatment. However these radiopharmaceuticals did not met a great success in the clinical 
practice as bone palliation agents, since they fought with a lot of non radioactive competitors (biphosphonates, 
opioids, combinations of chemotherapy) that Oncologists and Urologists prefer to use, since the final decision 
about patient management is up to them and they often tend to exclude Nuclear Medicine Physicians. 
 
 The interest in bone-seeking radionuclides has been enhanced in the recent years by the study and the use of 
Radium-223 (223RaCl2). As alpha emitter 223Ra shows an enormous and concentrate killing power, since 
thousands of Beta hits are needed to kill a cancer cell while only one alpha hit can be lethal in case hits DNA. 
223Ra acts as a calcium mimic, naturally targets new bone growth in around bone metastases, has a very short 
penetration (2-10 cell diameters) in the tissue, so it determines a highly localized tumour cell killing and minimal 
damage to surrounding normal tissues. 
 
 A large study demonstrated a very good dose-response relationship and pain-relieving effect of 223Ra (from 
5 KBq/Kg to 100 kBq/kg ) on 100 patients with castration-resistant prostate cancer (CRPC). Pain response was 
seen in up to 71% of patients, with a dose response after 2 weeks of the injection [3]. In another randomized study 
in CRPC patients selected for local external beam radiotherapy, 223Ra affected bone-alkaline phopshatase (ALP) 
levels, improved the time to SREs, the time to prostate specific antigen (PSA) progression, and also the overall 
survival [4]. 
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 Very impressive results were obtained in the ALSYMPCA trial. This is a phase III double blind placebo 
controlled RCT of Radium-223 (Xofigo®), in patients with progressive symptomatic CRPC previously treated 
with chemotherapy (Docetaxel) or unfit for chemotherapy. Patients were randomised with fashion 2:1 to 6 × 4 
weekly injections of 223Ra (50 kBq/kg IV) or placebo. The study endpoints were: overall survival (primary 
endpoint), time to first SRE, time to total ALP progression, total ALP response, total ALP normalization, time to 
PSA progression, safety and quality of life (secondary endpoints). The majority of patients were with advanced 
disease ( a large number of metastatic localizations) ; 922 patients were evaluated by this study and a statistical 
interim analysis showed a very impressive benefit from 223Ra treatment. This caused an early termination of the 
trial. The results showed a great improvement in the overall survival (median 14 months with 223Ra vs 11.2 with 
placebo) , longer time to SREs (median 13.6 months with 223Ra vs 8.4 with placebo), lower incidence of SREs  in 
223Ra group. 223Ra treatment was well tolerated, the side effects’ incidence was nearly the same in the 223Ra 
treated patients than placebo, the incidence of grade 3/4 neutropaenia was low (1.8% vs. 0.8%) and 
thrombocytopaenia (4% vs. 2%) was very low. On the basis of these clinical evidences, FDA approved 223Ra in 
USA and, in Europe, approval is expected by the end of 2013. 
 
 Nowadays Urologists, Oncologists and Nuclear Medicine Physicians have in their hands a very powerful 
agent that can be used in hormone resistant prostate cancer patients, and that demonstrated not only a pain 
palliation effect but also an evident anti-cancer effect leading to an improvement of the overall survival. The 
question is:  Will be a future for this radiopharmaceutical in the armamentarium of the available therapies for 
prostate cancer? 
 
 Looking at the possible competitors, we could mention the following drugs. 
 
o Antiresorptive agents such as biphopsphonates (Zoledronic acid) and Denosumab (NF-kb ligand). The 

biphosphonates demonstrated recently that they are able to reduce all type of SREs vs placebo, at 2 years, in 
patients with bone metastases from hormone resistant prostate cancer [5]. Demosumab is a fully human 
monoclonal antibody that binds human RANK ligand and inhibits osteoclast differentiation. Some studies 
show that it can reduce bone resorption and tumour-induced bone destruction [6]. However, these drugs do 
not affect the overall survival and disease progression. 

o Androgen inhibitors such as Abiraterone acetate  (inhibits the androgens synthesis) and Enzalutamide 
(androgen signalling inhibitor). The Abiraterone in patients with mild symptomatic metastatic CRPC (plus 
prednsone) reduces the risk of disease progression by 48% and delays the time to opiate use. Enzalutamide 
determine a tumour response consistent with castration as evaluated by PSA levels and objective response 
rate (data provided by M. R. Smith, MGH Cancer Centre). 

o Kinase inhibitors such as Cabozantinib (cMET/VEGFR2 Inhibitors), Dasanitib (Src inhibitor) and 
Cabozantinib, which inhibits the system MET/VEGFR2. It has been shown that activated MET is highly 
expressed in bone metastases. Preliminary studies demonstrated a significant bone effects and good effects on 
bone pain and limiting the narcotic use [7,8] Dasanitib can have potential efficacy since the Src inhibition 
blocks tumour cell proliferation, osteoclast proliferation, osteclast activity, in these area the results are still 
controversial [9]. 

 
 Considering all the above mentioned options, to answer the following question: “When 223Ra-Chloride shall 
be chosen?”, requires the examination of many aspects related to the patient, the drug and the clinical situation. 
These are: 

(a) patient’s characteristics (e.g. absence of visceral metastases, multiple skeletal involvement, single metastasis, 
failure of taxane regimens, etc.), 

(b) clinical efficacy (comparison of drug), 
(c) toxicity of the treatments, 
(d) dose optimization, 
(e) overall costs (economic, social etc.), 
(f) patient management, 
(g) monotherapy or association? 
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 Of course patient’s characteristics is the most important issue to be evaluated in order to choose the correct 
therapeutic strategy. It’s clear that the treatment depends primarily on the clinical situation. For example, (i) a 
metastasis at risk of fracture needs immediately an external beam irradiation, (ii) the presence of lesions in the soft 
tissue obviously can not be treated only with bone seeking agents, (iii) the presence of pain is the main indication 
for beta emitters radiopharmaceuticals (89SrCl2, 186Re-HEDP, or153Sm –EDTMP), but scintigrafic uptake at the 
sites of painful metastases is another essential element that limits this indication. Similarly, the assessment of the 
response/resistance to previous anticancer treatment is very important in taking the therapeutic decision, etc. etc. 
A high clinical efficacy is of course what every physician expect from any anticancer treatment. The efficacy of 
223Ra-Chloride has been fully demonstrated. There is no doubts that among all radiopharmaceuticals used for 
patients with bone metastases 223Ra-Chloride demonstrated, in large clinical trials, the best efficacy, not only on 
pain control, but also on other key parameters, the most important being overall survival. However, it should be 
mentioned that recent clinical CRPC trials (involving advanced prostate cancer patients) demonstrated a good 
therapeutic efficacy on the overall survival. Table 1 reports comparison between results of ALSYMPCA vs some 
selected clinical trials. 
 
 
TABLE 1. COMPARISON OF RESULTS FROM VARIOUS CLINICAL TRIALS WITH ALSYMPCA 
 

Trial/Agent Mechanism Comparator Months 
(survival) Hazard Ratio P-value 

ALSYMPCA 
223Ra-Chloride 

Alpha-particle 
emitter Placebo 14.9 vs 11.3 0.69 0.0018 

AFFIRM 
Enzalutamide 

Angrogen receptor 
signalling inhibitor Placebo 18.4 vs 13.6 0.63 0,0001 

COU-AA301 
Abiraterone + 
prednisone 

CYP Inhibitor Placebo+prednisone 14.8 vs 10.9 0.64 0,0001 

TROPIC 
Cabacitaxel + 
prednisone 

Cytotoxic Motoxantrone + 
prednisone 15.1 vs 12.7 0.70 0.0001 

 
 
 
 Considering toxicity, this is different depending on the type of compound used. The antiadrogen directed 
therapies determine mineral corticoid excess, fluid retention, hypertension and hypokaliemia. Enzalutamide can 
induce grade 3-4 toxicity and fatigue. Antiresorptive agents give pyrexia, fatigue, bone pain and/or arthralgias, 
myalgias, chills, and influenza-like illness. Also nausea, vomiting, constipation or diahrrea, abdominal pain. A 
very particular side effect in several osteonecrosis is  the osteonecrosis of the jaw.  The kinase inhibitors  
sometimes are responsible of nausea, vomiting fatigue, constipation or diarrea, neutropaenia, hand-foot syndrome. 
223Ra-Chloride is a treatment  generally well tolerated and safe, since no significant difference in haematological 
toxicity and bone pain were observed in the group treated with 223Ra-Chloride  and with placebo. Only gastro-
intestinal symptoms (diarrhea, constipation, nausea, vomiting) are the most relevant because 223Ra-Chloride   is 
eliminated through GI tract. With respect to radiation safety precautions, it should be reminded that these are 
minimal with 223Ra-Chloride. 
 
 It is well known that the dosimetric approach with alpha emitting particles is very difficult. However, it has 
been reported that 223Ra-Chloride individualized macro-dosimetry could be efficiently employed in clinical 
routine by determining bladder and kidney adsorbed dose from urine, bone marrow adsorbed dose from blood 
activity and bone images, GI tract adsorbed dose from image data, adsorbed dose to cancer lesions (metastases) 
from image data, and whole body adsorbed doses from imaging, external counter, faecal excretion [10]. 
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 Considering costs, until now there exists no definite evidence supporting a final analysis. However, 
examination of data obtained from USA reveals that the cost of a single treatment with 223Ra-Chloride is not low, 
accounting approximately 12.000 USD. This means that the whole treatment would require approximately 
70.000,00 USD, and this casts doubts that, after approval in Europe, this therapy will obtain a full reimbursement 
by the National Health Insurance systems. 
 
 Another point to be discussed is related to the responsibility of the patient management. All these patients 
are usually evaluated by surgeons (Urologist) and/or by the Oncologist, at cancer onset. Only in very limited 
number of cases are Nuclear Medicine Physicians involved. This means that, in spite of the availability of several 
very effective treatments such as 223Ra-Chloride, even in presence of clinical cases where the indication for alpha 
particle therapy is correct, the probability that patients will be treated with non-radioactive pharmaceuticals 
remains very high. This is just one of the main reasons for the very limited use worldwide of beta emitting 
radiopharmaceuticals in patients with bone pain metastases. Urologist and Oncologists feel the treatment with 
radiopharmaceuticals as the main competitor with their non-radioactive strategies, and since they do not like to 
miss patients, sometimes they neglect this kind of treatment. Besides, patients and operators often consider 
radioactivity dangerous. There is still need for exhaustive and correct information on alpha particle therapy, which 
can be only achieved by involving Nuclear Medicine Physicians in the multidisciplinary groups that have to take 
care of prostate cancer patients. The efficacy and safety of this treatment should be clearly explained and 
understood. 
 
 Finally, future is probably open to explore the association of different drugs, having different mechanisms of 
action that could increase the effectiveness of a single treatment with a specific compound. Some studies in this 
direction are ongoing with 223Ra-Chloride. A phase III clinical study in conjunction with antiresorptive agents is 
ongoing and a phase I/II trial with docetaxel combined with 223Ra-Chloride is investigated in Phase III trials. 
Preliminary reports are supporting a synergistic interaction between androgen deprivation therapy and metabolic 
radiotherapy that can increase apoptosis in prostate cancer. One possible association, with a theoretical high 
probability of success could be between Abiraterone and 223Ra-Chloride. 
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