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Abstract Introduction: Prostate cancer is the second cause of cancer-related death. The 
treatment for metastatic disease with bone activity is multimodal and includes external beam 
radiation therapy and radiopharmaceuticals with bone affinity. The therapeutic decision is 
based on the presence or absence of symptoms, on prostate-specific antigen behavior, and on 
the distribution of metastatic disease, where the role of chemotherapy is well defined (pres-
ence or absence of visceral metastases or only bone disease). Radium-223 dichloride (223-Ra) 
is a calcium-mimetic radiopharmaceutical with activity in osteoblastic lesions that has demon-
strated an increase in the time to first skeletal symptomatic event, a decrease in alkaline 
phosphatase and increased quality of life, with good tolerance. Case presentation: An 83-year 
old male diagnosed in 2011 with prostate adenocarcinoma with bone metastases, treated with 
hormone blockade for two years. In 2013, he developed hormone-refractory disease progres-
sion at the bone level, which was treated with abiraterone in 2014, with prostate-specific 
antigen elevation and bone pain due to bone progression without visceral disease. In January 
2015, radium-223 was indicated every 28 days for four cycles, with important symptom im-
provement and adequate toxicity profile. Conclusions: Treatment with radium-223 provides 
adequate pain control with an important decrease of alkaline phosphatase and quality of life 
improvement, offering yet another alternative for patients with castration-resistant metastat-
ic prostate cancer and symptomatic bone disease, with an acceptable toxicity profile. (crea-
tivecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Prostate cancer is the most common non-cutaneous malig-
nant tumor in men in the USA, it is the second cause of 
cancer-related death, and it is acknowledged as the most 
common malignancy in males older than 50 years. Average 
life expectancy for Mexican males in the year 2008 was 75 
years, which increases the incidence and mortality of this 
malignancy. 

In spite of these figures, most cases are diagnosed at ear-
ly stages where the likelihood of cure is high, with only 5% of 
patients being estimated to present with advanced phases 
at diagnosis.

Up to 20-30% of patients diagnosed with local disease will 
have recurrence in the systemic form.

In patients with metastatic prostate cancer, the predomi-
nant site of disease is the bone. Bone metastases are a com-
mon event (65-85%), and have a notorious clinical impact by 
generating symptoms such as pain, weakness, or functional 
impairment.

Established treatment for advanced prostatic cancer in-
itially includes androgen-blockage therapy. This approach 
shows high efficacy, which is estimated at 80%. However, 
benefit duration is limited in time, with a median of 18-
24 months and with most patients progressing to a castra-
tion-resistance situation.

In this context, there are therapeutic options such as 
treatments that interfere with tumor-growth androgenic 
stimulus (abiraterone, enzalutamide), immunotherapy 
and chemotherapy with taxanes, among others. If patients 
show multifocal osteoblastic bone metastases, systemic 
treatments or external beam radiation therapy is admin-
istered and, if uncontrollable, therapeutic radiopharma-
ceuticals with bone affinity may offer significant palliative 
benefit.

Thus, the therapeutic decision is dependent on the pres-
ence or absence of symptoms, on prostate-specific antigen 
(PSA) doubling time, and on the distribution of metastatic 
disease (presence or absence of visceral metastases or only 
bone disease).

RADIUM-223 DICHLORIDE (223-RA)

Radium-223 dichloride (223-Ra) has been approved for the 
treatment of patients with castration-resistant prostate 
cancer with symptomatic bone metastases and without 
known visceral metastases.

Radium-223 dichloride (223-Ra) is a radiopharmaceutical 
for alpha particle-emission treatment that mimics calcium 
and selectively binds to the bone, specifically to areas of 
bone metastasis where it forms complexes with bone hy-
droxyapatite. Alpha particles’ linear transference elevated 
energy (80 keV/micrometer) causes double-stranded DNA 
breaks in adjacent tumor cells rather frequently, which re-
sult in a potent cytotoxic effect.

It also elicits additional effects in the tumor microen-
vironment, including osteoblasts and osteoclasts; radium 
(223-Ra) alpha particles travel less than 100 micrometers 
(less than 10 cell diameters), which minimizes damage to 
normal surrounding tissue.

EFFICACY 

Radium-223 dichloride (223-Ra) efficacy has been assessed 
in 921 patients in a phase III clinical trial (BC1-06, 15245 
or ALSYMPCA) and in 286 patients included in three phase 
II clinical trials (BC1-02, BC1-03, BC1-04). Patients had to 
be diagnosed with castration-resistant prostate cancer with 
bone metastases.

The ALSYMPCA study was a multi-center, randomized, 
double-blind trial where radium-223 dichloride (223-Ra) 
and the best standard of care was compared with placebo 
and the best standard of care, with best standard of care 
being defined as local external beam radiation therapy or 
treatment with bisphosphonates, corticosteroids, anti-an-
drogens, estrogens, estramustine or ketoconazole. The 
study demonstrated that the treatment with radium-223 
prolonged the time to a first symptomatic skeletal event, 
reduced alkaline phosphatase, improved quality of life, and 
was well tolerated. A PSA decrease was observed in a minor-
ity of patients.

SAFETY

Safety data are essentially based on 600 patients of the AL-
SYMPCA trial who had to be treated with a total of six in-
travenous injections of 50 kBq/kg of radium-223 dichloride 
(223-Ra) at four-week intervals between administrations.

In this study, treatment mean duration was 141 days for 
the radium-223 dichloride (223-Ra) group and 128 days for 
the placebo group patients, with a mean number of doses of 
5.1 and 4.5, respectively.

The most common adverse reactions reported with radi-
um-223 dichloride (223-Ra) include nausea (36%), diarrhea 
(25%), vomiting (19%), thrombocytopenia (12%), neutrope-
nia (5%), and leukopenia (4%). 

CASE PRESENTATION

This is the case of an 83-year-old male patient with a history 
of prostate adenocarcinoma with bone metastasis (lumbar) 
diagnosed in 2011. He was treated with hormone blockade 
for two years, and experienced progression of the disease at 
the bone level in 2013, demonstrated by scintigraphy (hip, 
lumbar spine, and shoulder), which was defined as castra-
tion-resistant prostate cancer. The patient was therefore 
initiated on abiraterone therapy in 2014 but showed pro-
gressive elevation of the tumor marker (PSA) and bone pro-
gression, as well as bone pain without visceral disease. In 
view of this, treatment with radium-223 dichloride (223-Ra) 
was indicated in January 2015. The patient received four 
administrations, with an important improvement in symp-
toms such as bone pain and alkaline phosphatase and PSA 
levels, with no data consistent with hematologic toxicity 
being found.

DISCUSSION

Radium-223 dichloride (223-Ra) is indicated for the treat-
ment of male adult patients with castration-resistant pros-
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tate cancer, symptomatic bone metastases, and without 
known visceral metastases. Therefore, this indication sug-
gests that it can be administered both in patients with no 
previous treatment with chemotherapy and in patients who 
have failed to respond to first-line chemotherapy.

There are a total of seven clinical trials available to 
support radium-223 dichloride (223-Ra) efficacy and safe-
ty (including pharmacokinetics), although no study so far 
has been positive for overall survival. However, there are 
sufficient data to support that the administration of this 
treatment helps to improve symptoms associated with 
symptomatic metastatic bone disease such as pain, with an 
adequate toxicity profile at the hematologic level, as in the 
present case. There was no PSA-associated therapeutic re-
sponse, but an important symptom improvement was main-
tained. Median treatment duration was 118 days, with an 
important decrease in alkaline phosphatase and adequate 

Figure 1. Evolution by imaging in the course of the treatment with radium-223 dichloride (223-Ra). 
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Figure 2. Alkaline phosphatase.

Figure 3. Hemoglobin.
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pain control, and even with a decrease in opioid medication 
support, most of which are clearly dose-limiting and some-
times can elicit undesirable effects that further deteriorate 
patient quality of life.

CONCLUSION

Treatment with radium-223 dichloride (223-Ra) is yet anoth-
er alternative for patients diagnosed with castration-resist-
ant metastatic prostate cancer with bone tumor activity and 
associated pain. Radium-223 dichloride (223-Ra) therapy of-
fers an acceptable toxicity profile, with an impact on our 
patient’s quality of life.

REFERENCES

 1. Gónzalez del Alba A. Cáncer de prostate. Available at: http://www.
seom.org/en/informacion-sobre-el-cancer/info-tiposcancer/genitouri-
nario/prostata. 

 2. Incidencia del cáncer de próstata. Available at: https://www.aecc.es/
SobreElCancer/CancerPorLocalizacion/cancerdeprostata/Paginas/inci-
dencia.aspx.

 3. Ferlay J, Soerjomataram I, GLOBOCAN 2012 v1.0, Cancer Incidence 
and Mortality Worldwide: IARC.) Int J Cancer. 2013;132:1133-45.

 4. Duran I, Garzón C, Sánchez A, et al. Cost analysis of skeletal-related 
events in Spanish patients with bone metastases from solid tumours. 
Clin Transl Oncol. 2014;16:322-9.

 5. Xofigo SPC. Available at: http://www.ema.europa.eu/docs.
 6. Assessment report for Xofigo (radium chloride (223Ra). Available at: 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR Pub-
lic_assessment_report/human/002653/WC500156174.pdf

 7. Parker C, Nilsson S, Heinrich D, et al. Alpha emitter radium-223 and 
survival in metastatic prostate cancer. N Engl J Med. 2013;369:213-23.

 8. Current use and future needs of radiopharmaceuticals labeled with 
radionuclides produced in reactors and possible alternatives.

 9. Fizazi K, Scher HI, Molina A, et al. Abiraterone acetate for treatment 
of metastatic castration-resistant prostate cancer: final overall surviv-
al analysis of the COU-AA-301 randomised, double-blind, placebo-con-
trolled phase 3 study. Lancet Oncol. 2012;13:983-92.

 10. Scher HI, Fizazi K, Saad F, et al. Increased survival with enzalutamide 
in prostate cancer after chemotherapy. N Engl J Med. 2012;367:1187-97.

 11. Kantoff PW, Higano CS, Shore ND, et al. Sipuleucel-T immunotherapy 
for castration-resistant prostate cancer. N Engl J Med. 2010;363:411-22.

 12. Berthold DR, Pond GR, Soban F, de Wit R, Eisenberger M, Tannock IF. 
Docetaxel plus prednisone or mitoxantrone plus prednisone for ad-
vanced prostate cancer: updated survival in the TAX 327 study. J Clin 
Oncol. 2008;26:242-5.

 13. de Bono JS, Oudard S, Ozguroglu M, et al. Prednisone plus cabazitaxel 
or mitoxantrone for metastatic castration-resistant prostate cancer 
progressing after docetaxel treatment: a randomised open-label trial. 
Lancet. 2010;376:1147-54.

 14. Stabin MG. Dosimetric and radiobiologial considerations. In: Ell PJ, 
Gambhir SS. Nuclear Medicine in clinical diagnosis and treatment. 
Third Edition. Churchill Livingstone 2004; pp. 363-73.

200

250

50

100

150

0
1/6/2015 5/6/20154/6/20153/6/20152/6/2015

Figure 5. Platelets.
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Figure 4. Leukocytes and neutrophils.
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Figure 6. Prostate-specific antigen.
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