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PROSTATE CANCER

T he incidence of prostate cancer, the 
most common malignancy in UK men 
for many years, is rising. In the UK every 

year >40,000 men receive the diagnosis of 
prostate cancer and approximately 11,000 men 
will die from the disease. For many decades, 
prostate cancer was the poor relation to other 
cancers, in particular breast cancer, in terms 
of research funding, pharmaceutical industry 
investment (apart from castration therapies) 
and media interest. The reasons for this relative 
deprioritisation of prostate cancer are manifold, 
but probably include the fact that it mostly 
affects older men rather than breast cancer that 
affects younger women. However, there has 
been a remarkable and very welcome change 
in the past 20 years. There is now significant 
investment in prostate cancer research, the 
fruits of which are becoming clear with 
unprecedented improvements in the therapy. 
The results of a number of large academic 
randomised clinical trials have led to practice-
changing developments in the treatment of 
prostate cancer. Of particular note are studies 
demonstrating significant improvements in the 
cure rate for locally advanced prostate cancer 
by a combination of radiotherapy and androgen 
deprivation [1], and life extension (survival) in 
patients diagnosed with advanced disease [2]. It 
has been an exciting period in drug development 
for the lethal variety of the disease, namely 
castration-resistant prostate cancer (CRPC), 
with six new life extending therapies licensed 
in the last 12 years. An excellent example of 
investment by pharma that has paid off in terms 
of new therapy is the bone-seeking radionuclide, 
Radium-223 (Xofigo ®, Bayer). 

Bone-Seeking Radionuclides
Bone-seeking radionuclides are radioactive 
agents which accumulate following intravenous 
injection, either by direct mimicry of calcium 
(e.g. strontium-89, radium-223) or by virtue 
of attachment to a phosphate molecule (e.g. 
samarium-153 EDTMP, rhenium-186 HEDP). 
Because advanced prostate cancer has a strong 
predilection for spread to bone, with these 
metastases being characteristically associated 
with increased mineral activity along with the 
metastatic deposits, prostate cancer is an ideal 
disease to potentially benefit from these agents 
(Figure 1). Strontium-89 was the first bone-
seeking radionuclide licensed in 1993 for use 

in metastatic prostate cancer. It is a calcium-
mimetic agent that emits therapeutic β-rays.  
Samarium-153 EDTMP was the second bone-
seeker to receive a license. Multiple randomised 
trials have demonstrated the benefit of these 
two agents in metastatic prostate cancer. There 
is level 1 evidence of pain responses in the order 
of 40-70% in men with symptomatic advanced 
metastasis to bone [3]. Randomised trial 
evidence is summarized in Table 1; all the studies 
evaluated the radionuclides as single agents given 
as a single intravenous injection, sometimes in 
combination with external beam radiotherapy 
(EBRT), and none of the trials were powered 
statistically for overall survival.

While attempts were made to improve 
the efficacy of the β-emitting radionuclides 
by increasing dose and intensity, the dose-
limiting toxicity of bone-marrow suppression, 
in particular thrombocytopenia, proved 
insurmountable. There have also been attempts 
to enhance the effectiveness of β-emitting 
radionuclides by combination with chemotherapy 
and bone-marrow support. However overall the 
results have been disappointing [4]. 

While there remain enthusiasts for the use 
of β-emitting radionuclides, the toxicity, lack 
of overall survival benefit, and availability of 
numerous life-extending alternatives signaled the 
death knell of these agents in metastatic CRPC.

Radium-223
Apart from radium-223, another isotope 
(radium-226) was first described by Pierre and Marie 
Curie at the end of the 19th century. Radium-223 
predominantly decays by the emission of 
α-particles, helium nuclei consisting of two protons 
and two neutrons, making them relatively massive 
in atomic terms compared to the β particle. They 
deposit significant amounts of DNA-damaging 
energy over a relatively short range (in the order 
of 10-20 cell diameters). A comparison of α- and 
β-particles is shown in Table 2. By mimicking 
calcium, radium-223 accumulates preferentially in 
bone, resulting in delivery of a powerful radiation 
source to the site of bone metastases. The short 
range of the energy deposition has the advantage 
of sparing the bone marrow from damage. 

The use of the agent in patients with bone-
metastases was first proposed by Oyvind 
Bruland and Roy Larsen in Oslo [5] and the first 
human trials commenced in 2005 in prostate 
and breast cancer. The first phase 1 trial in man 
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Figure 1.
Technetium-89 bone scan demonstrating 
typical pattern of bone metastases in a 
patient with prostate cancer
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Table 1 RCTs of Bone Seeking Radionuclides 

Author N Tumour Study design Pain response

Porter (1993) 126 Prostate XRT plus Sr-89 vs XRT plus placebo CR 30-60%; longer time to new pain in 
Sr-89 patients

Oosterhof (2003) 203 Prostate Sr-89 vs local XRT CR ~35%

Quilty (1994) 284 Prostate Sr-89 vs local XRT or HBI PR 65%, Significantly less new pain sites

Buchali (1988) 49 Prostate Sr-89 vs placebo CR 37% 

Lewington (1991) 32 Prostate Sr-89 vs Sr-88 (placebo) CR 38%

Serafini (1998) 118 Breast + prostate* Sm-153 37 vs 18.5 MBq/kg vs placebo PR 70%; CR 31%

Sartor (2004) 152 Prostate Sm-153 37 MBq/kg vs placebo CR 38%

Tian (1999) 105 Breast + prostate* Sm-153 37 vs 18.5 MBq/kg PR 83%

Resche (1997) 114 Breast + prostate* Sm-153 37 vs 18.5 MBq/kg PR 70%

Han (2002) 111 Prostate Re-186 1295-2960 MBq vs placebo PR 65%

Table 2 – Comparison of Alpha and Beta Emitters

Alpha emitters Beta emitters

Example emitters Radium 223 Strontium 89, Samarium 153

 Relative particle mass 7000 1

 Initial energy (MeV) 5–9 0.05–2.3

 Range in tissue (µm) 40–100 50–12,000

 Linear energy transfer (KeV/µm) 60–300

 Ion pairs/µm 2000–7000 5–20

 DNA hits to kill cell 1–4 >1000

 DNA damage Irrepairable Repairable
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demonstrated an excellent toxicity profile 
for single infusions of multiple dose levels 
of radium-223, which led to a several of 
key phase 2 trials that evaluated multiple 
doses and a range of cycle numbers [6]. 
The most significant study was a phase 
2 RCT in 64 patients that compared four 
cycles of radium-223 versus placebo in 
symptomatic CRPC metastatic to bone 
[7]. This study, while underpowered 
statistically for overall survival, 
demonstrated a clear trend for survival 
benefit and a low toxicity profile, thereby 
providing the necessary reassurance that a 
large RCT was warranted. 

ALSYMPCA
ALSYMPCA was a randomised controlled, 
double-blind, trial comparing best standard 
of care combined with either six cycles 
of radium-223 administered as a single iv 
infusion of 50kBq/kg every four weeks 
for six months or six injections of placebo 
(normal saline). Patients were randomised 2:1 
radium: placebo. The main eligibility criteria 
for the trial were a diagnosis of CRPC with 
at least two bone metastases visible on 
an isotope bone scan, and characteristic 
symptoms. A patient was considered 
symptomatic if, at a minimum, they required 

regular paracetamol. At the time of 
recruitment, the only life-extending therapy 
available was Docetaxel. Patients enrolled 
in ALSYMPCA therefore had to either have 
received Docetaxel or were considered unfit 
for it. Best standard of care could include 
any therapy deemed appropriate by the 
treating physician apart from cytotoxic 
chemotherapy or other radionuclides.

The primary endpoint of the trial was 
overall survival; the secondary endpoints 
included time to symptomatic skeletal 
event (SSE), safety, quality of life and 
biochemical response. In total, 921 patients 
recruited in Europe and North America 
were randomised in the trial. There was 
a significant improvement in overall 
survival for patients receiving radium-223, 
with a hazard ratio for death of 0.7 and 
an improvement in median survival of 
3.6 months [8]. There was a significant 
delay of almost six months to first SSE 
for patients receiving radium compared 
to placebo. A good safety profile seen in 
the phase 2 trials was also evident in the 
ALSYMPCA trial, with the most significant 
toxicity being grade 3/4 thrombocytopenia 
in 6% of radium patients compared with 
2% rate in the placebo arm. There was 
slightly more cases of diarrhoea in radium-

treated patients, but this did not affect the 
difference in grade 3/4 toxicity compared 
to placebo.

These results led to the licensing in 
2014of radium-223 for use in patients with 
symptomatic CRPC metastatic to bone.

Early Access Programme
Following the ALSYMPCA trial results and 
before the drug received a license, Bayer 
instigated an Early Access Programme 
(EAP) to facilitate access to radium-223. 
The European part of this programme was 
the largest, treating 696 patients. The EAP 
confirmed the overall survival and good 
toxicity profile seen in ALSYMPCA. It is 
also important for a number of reasons, 
in particular the fact that patients were 
not required to be symptomatic and 
the availability of other drugs including 
Abiraterone and Enzalutimide at the time 
of recruitment [9]. 

Patients were treated with open 
label radium-223, six cycles at 50kBq/
kg and it was left to the investigator’s 
discretion regarding concomitant use 
of other therapies e.g. Abiraterone and 
Enzalutiamide as well as supportive 
therapies, such as Denosomab or 
Zoledronic acid. Interestingly there 
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appeared to be a benefit in overall survival for patients 
receiving concomitant Abiraterone or Enzalutamide. 
While not altogether unexpected in view of the known 
survival benefit with these drugs, we unexpectedly saw 
a similar increased survival in patients receiving either 
Zoledronic acid or Denosomab. Neither agent has ever 
been shown to increase survival in CRPC. At the very 
least, the data my lead to new hypotheses and thus merit 
further investigation. 
Conclusions and Future Directions
Radium-223 has opened up a new era in the use of 
molecular radiotherapy in metastatic CRPC, giving 
survival benefit at a relatively minor cost in terms 
of toxicity. In my view, there is a lot of potential to 
increase the efficacy of radium-223 by earlier use, 
prolonged or repeated courses, and in combination 
with other therapies, including new hormonal therapies 
and bone supportive drugs. Clinical trials are underway 
to address these matters. In Belfast, we have recently 
begun recruiting to a phase 1/2  trial men with de 
novo bone metastases from prostate cancer combining 
androgen deprivation therapy, radiotherapy to the 
prostate and pelvis using volumetric modulated arc 
therapy (VMAT), and six cycles of Radium-223. The trial, 
called ADRRAD, will evaluate the toxicity and feasibility 
of this combination before hopefully proceeding with 
a RCT.
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