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4. Nonclinical Pharmacology/Toxicology 
Radium-223 emits alpha particles causing double strand DNA breaks. Given its mechanism of 
action, it is thought to be carcinogenic, genotoxic, and teratogenic. Formal studies were not 
required.  Radium-223 is calcium-mimetic and it lodges in the bone. In repeat dose toxicology 
studies, radium-223 affected growing areas of the bone and teeth and caused bone marrow 
suppression. In animals, osteosarcoma, breast cancer, and lymphoma were seen 6 months after 
initial administration. 

5. Clinical Pharmacology/Biopharmaceutics  
Radium-223 is administered as 50 kBq/kg intravenously over approximately 1 minute. It is 
rapidly cleared from the blood with 20% of the administered dose remaining in the blood at 15 
minutes.  It is distributed to the bone and intestine. It is secreted into the feces like other 
divalent cations. At 7 days, ~ 63% of the administered dose has been excreted in the feces. 
However, fecal excretion does vary markedly with intestinal transit time. The half-life of 
radium-223 is 11.4 days and dosing must be corrected for product decay. In the body, radium-
223 decays into lead-207, a stable isotope. The amount of lead retained by the body is 3.2 ng 
per 6 mL vial of radium-223. 
 
There is no entero-hepatic circulation and little urinary excretion. Dose adjustment is not 
needed for mild hepatic impairment or for mild/moderate renal impairment. Use of calcium 
channel blockers or bisphosphonates did not affect the safety or the efficacy profile of radium-
223.  No large changes in mean QTc intervals (i.e., > 20 ms) were detected at up to 4 hours 
post-injection at the proposed dose. 
 
In exploratory analyses, the clinical pharmacology group found an improvement in overall 
survival with increasing body weight quartile and increasing dose. During drug development, 
the radium-223 dose was not extensively explored. Dose will be further explored as a post-
marketing commitment. 

6. Clinical Microbiology  
The intravenous product is sterile. Please see the microbiology review. 

7. Clinical/Statistical- Efficacy 
The Applicant provided the following studies in support of this submission.  
 

1. BC1-06: A double-blind, randomized, multiple dose, Phase III, multicenter study of 
alpharadin in the treatment of patients with symptomatic hormone refractory 
prostate cancer with skeletal metastases 

 
2. Three Phase 2 Studies: BC1-02, BC1-03, BC1-04 
 
3. Three Phase 1 Studies: AT1-BC1, BC1-05, BC1-08 
 
4. Expanded Access Trial 
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Phase 3 Study Design 
The Phase 3 study randomized patients with metastatic castration-resistant prostate cancer 2:1 
to radium-223 or placebo.  
 
Eligibility Criteria 
1. Metastatic castration-resistant prostate cancer defined by 2 consecutive rises in PSA and 

testosterone < 50 ng/dL 
a. Patients with visceral disease or lymph nodes > 3 cm in short axis were excluded.  
b. Patients were required to have at least 2 skeletal metastases.  
c. PSA > 5 ng/mL 

2. Prior docetaxel was permitted, but not required.  
3. Regular use of analgesic medications (including acetaminophen) for bone pain or treatment 

with XRT for bone pain within the 12 weeks prior to randomization was required.  
 

Stratification Factors: Alkaline phosphatase (<220 U/L, > 220 U/L), Current use of 
bisphosphonates (Y/N), Prior use of docetaxel (Y/N) 
 
Treatment 
1. Radium-223 50 kBq/kg IV bolus over 1 minute q 4 weeks x 6 
2. Placebo (normal saline) IV bolus over 1 minute q 4 weeks x 6 

 
o Unblinded personnel at the study site prepared the study drug and affixed a blinded 

patient label to the syringe. 
o Patients on both arms received best supportive care defined as XRT, steroids, 

estrogens, anti-androgens, estramustine, or ketoconazole.  
o Patients with cord compression or pathologic fracture could undergo XRT and/or 

surgery and were not required to discontinue study drug.  Patients who required 
cytotoxic chemotherapy discontinued study drug. 

o There were no dose reductions, but treatment could be delayed up to 4 weeks. Patients 
with grade 3-4 ANC for > 14 days (G-CSF use was suggested) or grade 4 non-
hematologic toxicity for > 7 days discontinued study drug.  

 
Safety Monitoring 

• Patient visits and laboratories (including PSA) were done monthly during the treatment 
period then every 2 mos to 1 year and then every 4 mos for 3 yrs.  

• Bone scans, abdomino-pelvic CT, and chest X-ray were done at baseline only.   
• All adverse events were reported during the treatment period and for 12 weeks after the 

last dose.  After that, only AEs thought to be related to study drug were reported. 
Information was obtained concerning a new diagnosis of AML, MDS, aplastic anemia, 
and solid tumors. 

 
Statistical Plan 
The primary endpoint was overall survival (OS) defined as the time from randomization until 
death. This analysis was conducted in the intent-to-treat population. Patients alive at the time 
of the analysis or lost to follow up were censored at the last date they were known to be alive.  
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The OS analysis used a stratified (randomization strata) logrank test.  The final analysis was to 
be conducted after 640 events. An interim analysis was to be performed when ~ 50% deaths 
had occurred. The total alpha for the analysis of OS was 0.05 (2-sided). A Lan-DeMets alpha 
spending approach was applied with O’Brien-Fleming stopping boundaries at the interim 
analysis.  
 
Secondary endpoints included time to alkaline phosphatase (ALP) progression, ALP response, 
time to occurrence of a symptomatic skeletal event (SSE), ALP normalization, and time to 
PSA progression. These were tested in order using an alpha of 0.05. All time to event analyses 
censored patients who were lost to follow up or without an event at their last efficacy 
assessment. Alkaline phosphatase progression, response, or normalization are not established 
biomarkers for prostate cancer. Time to occurrence of a SSE was defined as the time from 
randomization until 1 of these events occurred: 1) XRT to relieve skeletal symptoms, 2) new 
symptomatic pathologic fracture, 3) tumor-related orthopedic intervention, and 4) cord 
compression.  Time to PSA progression was defined as the time from randomization until PSA 
progression (per Prostate Cancer Working Group 2).   
 
There were substantial changes in the protocol and statistical plan during the study.  

1. Amendments 1, 2, and 3: Changed the stratification factors to those cited above 
and, as a result, increased the sample size to 750. Added a re-estimation of sample 
size (beyond 750 patients) and an interim analysis at ~ 50% of events.  Changed the 
follow up period to 3 years after entry of the last patient.  

 
2. Amendment 4-June 23, 2010: Increased the sample size to achieve 90% power in 

the primary analysis. This was the last amendment and SAP prior to the data cutoff 
for the interim analysis (October 14, 2010).  Results of the interim analysis were 
not presented to the Independent Data Monitoring Committee until June 3, 2011.  

 
3. Amendment 5-January 20, 2011: Provided for hierarchical testing of the secondary 

endpoints. Added time to SSE and ALP normalization to the secondary endpoints.  
 
4. The last patient was enrolled February 2, 2011 and Amendment 6 (June 24, 2011) 

allowed for crossover of patients receiving placebo to radium-223. 
 
Patient Disposition 
At the time of the interim analysis (October 14, 2010), 809 patients from 128 sites had been 
randomized. This included 10 patients from the US. In the table below, patients who withdrew 
prior to treatment are considered separately from those who withdrew after treatment. This 
table, therefore, differs slightly from that in the primary clinical review. 
 
The percentage of patients who withdrew from treatment was increased in placebo arm (27% 
vs. 44%).  This imbalance occurred in most of the categories of events leading to withdrawal. 
The largest number of patients, 60 radium-223 and 47 placebo, withdrew due to an adverse 
event. In the adverse events dataset, using the October 14, 2010 data cutoff, 72 patients in the 
radium-223 arm and 54 patients in the placebo arm permanently discontinued study drug due 
to an adverse event. Most of the patients who discontinued due to Patient and Investigator 
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carcinoma of the skin (2), and non-melanoma skin cancer (2)] and 5 patients treated with 
placebo [squamous cell carcinoma of the skin (1), skin cancer (2), gastric cancer (1), and rectal 
cancer (1)] have developed second primary tumors.  In the safety database, 4 patients have 
developed a second malignancy [squamous cell carcinoma of unknown primary (1), rectal 
cancer (1), bladder cancer (1), and pancreatic cancer (1)]. The patient who developed a  
squamous cell carcinoma of unknown primary was also diagnosed with cancer of the penis 1 
month after study entry. 
 
Osteonecrosis: Osteonecrosis is a theoretical concern in patients receiving radium-223. 
Osteonecrosis of the jaw (ONJ) was reported in 4 patients receiving radium-223, but was not 
reported in other areas of the bone. All 4 patients had received bisphosphonates. However, the 
last dose of bisphosphonate in 1 of the 4 patients was 8 months prior to the diagnosis of ONJ. 
This patient received 1 dose of radium-223 after the diagnosis of ONJ. The investigator 
reported that the area of osteonecrosis did not seem to progress following this dose of radium-
223.The safety database of all patients who received radium-223 was examined for additional 
reports of osteonecrosis. There was 1 additional report of jaw pain in the safety database. 
 
Injection Site Reactions: Although alpha particles have a 100 micron path length, it is possible 
that extravasation could result in local injury. There were no reports of extravasation. Injection 
site reactions (injection site pain, rash, reaction, swelling, and erythema) were reported in 6 
patients in the radium-223 arm of the Phase 3 study. All reactions were grade 1 and all 
resolved without sequelae. There was 1 additional report of grade 1 injection site pruritus in 
the safety database. 
 
Use of Cytotoxic Chemotherapy: Ninety-three patients in the Phase 3 study received cytotoxic 
chemotherapy after their last dose of radium-223. Limited information is available concerning 
the laboratory abnormalities in these patients and firm conclusions cannot be drawn. 
 
The Applicant is conducting an ongoing Phase 1-2 study of docetaxel 75 or 60 mg/m2 every 3 
weeks with 25 or 50 kBq/kg radium-223 every 6 or 3 weeks for 2 to 4 doses. Additional 
information was not included in the Safety Update. In the original NDA submission, the 
Applicant reported that 17 patients had been treated (doses unknown) and that 6 patients had 
experienced febrile neutropenia.  

9. Advisory Committee Meeting  
This application presented a clear benefit for treatment with radium-223 and was not discussed 
at an Advisory Committee meeting.  

10. Pediatrics 
Since prostate cancer rarely occurs in children, a pediatric waiver was granted for this 
indication.  

11. Other Relevant Regulatory Issues  
• Clinical Inspections of 4 clinical sites and the Applicant by the Office of Scientific 

Investigation found that the data submitted in the NDA was adequate for review. 
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• Applicant Audit: On routine audit prior to the submission of the NDA, the Applicant 

found a potential under-reporting of adverse events. This prompted further auditing and 
~ 75% of patients randomized prior to the cutoff date for the interim analysis were 
reviewed for the completeness of adverse event reporting. The Applicant found 12 
serious adverse events and 565 adverse events that had not been reported on their case 
report form. Bias was not found (by arm) in the under-reporting of adverse events. The 
Applicant initiated additional training and planned to conduct additional audits. The 
auditing program was discussed with the Applicant and the review team was satisfied 
that the data submitted in the NDA was adequate for review.  

 
• Establishment inspections are pending. 

 

12. Labeling  
Please see final labeling. The Applicant’s indication statement was changed to specifically 
state that this product is not indicated in patients with visceral metastases. Radium-223 targets 
areas of bone turnover and is not thought to be active in areas of visceral metastases. 

13. Recommendations/Risk Benefit Assessment  
 

• Recommended Regulatory Action: Approval 
 

• Risk Benefit Assessment 
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