Original Article

Quantifying the survival benefit of completing all
the six cycles of radium-223 therapy in patients with
castrate-resistant prostate cancer with predominant bone

metastases

ABSTRACT

A retrospective analysis was performed of epidemiological data assessing the survival of patients who had received radium-223 for
castrate-resistant metastatic prostate cancer treated at a regional tertiary referral center over a 5-year period. The patients’ age, date of
first treatment, and the number of cycles of radium-223 given were obtained from the patients’ electronic patient record (EPR). Data on the
date of death were provided by national death registrations which update the EPR via a unique national health service number. A total of
187 patients (mean age on the date of first treatment: 73 years; range: 56-93) were treated from April 1, 2014, to June 30, 2019. The median
overall survival of the 119 patients (71%) who had died by December 31,2019, was 15 months. There was no significant age difference between
those who had died and survivors (72 vs. 74 years). On a further analysis, it was found that the median overall survival of the 107 patients who
had received all the six cycles of radium-223 was 31 months, significantly longer than the median overall survival of only 6 months for those
eighty patients who had received less than the full course of six cycles of radium-223 (P = 0.001). Of those who received all the six cycles of
treatment, 58 patients had died (58%) and the 1-year survival was 87%. This was compared to the group of patients receiving <6 cycles of
radium-223 where 61 patients (76%) had died and the 1-year survival was 30%. Therefore, the hazard ratio of dying before 1 year if the patient
did not receive all the six cycles of treatment was 2.9. Where the reason for stopping treatment was recorded on the EPR the most common
cause for the cessation of treatment was because of the side effects caused by the treatment itself. Other causes were hospitalization with
comorbidities, disease progression, or patient choice. Given the survival advantage of receiving the full course of all the six cycles of treatment,
this should be administered if possible and the patients should be managed in such a way as to allow the complete treatment course to be given.
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INTRODUCTION

Radionuclides have been used to treat pain from bone
metastases due to metastatic prostate cancer for at least
four decades initially using strontium-89 (Sr-89) and then
Samarium-153 ethylenediaminetetranethylenephosphonic
acid (Sm-153 EDTMP).I"7I There has been a suggestion from a
Phase Il trial that Sm-153 EDTMP may improve survival. A more
recent meta-analysis has failed to show any survival benefit
from the use of beta-emitting radionuclides such as Sr-89 and
Sm-153 in hormone-resistant and chemotherapy-refractory
metastatic prostate cancer.®?!
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One solution that was proposed was the use of alpha emitters
such as radium-223, which like calcium is a Group-2 metal.
It complexes into the bone matrix like calcium and has an
11-day half-life. It has a complex decay system involving
isotopes of radon, thallium, polonium, and bismuth. Most
of these daughters have very short half-lives measured in
seconds or a few minutes.!"

Phase Il trials showed good anti-tumor affect, but the pivotal
trial was the ALSYMPCA Phase Il trial which compared six
cycles of 50kBq/kg radium-223 every 4 weeks with a placebo.
Over 1000 patients were recruited into the trial, and the
results showed that the median overall survival of those
patients treated with radium-223 was 15 months compared
to 11 months in the control group.!'*'

Since 2014, our center has offered radium-223 treatment. This
treatment was offered on a regional basis to a mainly rural
area with a population base of around 3.5 million spread over
an area 130 km X 100 km. We soon started to observe much
better survival in those patients who managed to receive
the full course of all the six cycles of radium-223. Therefore,
we performed an epidemiological retrospective review of
the data of patients treated at our center to determine if
those patients who were able to complete the full treatment
course had a greater overall survival than those patients who
were unable to receive the full six cycles of treatment.

MATERIALS AND METHODS

This was an epidemiological retrospective review of the
demographic data to determine the effectiveness of
radium-223 in patients with castrate-resistant prostate
cancer where at least 95% of the known metastases were
within the bone. This work was performed as part of our
institution’s clinical governance review of the effectiveness
of new treatments. As such, it complies with the Declaration
of Helsinki. No additional institutional ethics approval
was therefore required. All patients gave their written
informed consent to treatment. After their final cycle of
treatment, there was no further contact with the patient.
All patients who started their treatment after April 1, 2014,
and completed their treatment by June 30, 2019, were
included in the study. This allowed a minimum 6-month
follow-up period up to December 31, 2019, when the data
set was sealed.

All patients were treated in compliance with the guidelines
provided by the United Kingdom National Institute for
Healthcare and Clinical Excellence.™ The indication for
initiating radium-223 therapy was the evidence of progressive

bone metastases despite 2"-line chemical castration and,
where indicated, taxane chemotherapy. Patients could not
be treated if they had any evidence for liver, lung, or bone
metastases on computed tomography or magnetic resonance
imaging and having taken enzalutamide or abiraterone for
6 weeks. Patients taking pain relief and oral, intravenous,
or depot intramuscular bisphosphonates could continue
these medications. Each patient had to have reasonable
bone marrow reserve (hemoglobin >100 g/L, >100,000
platelets/mL, and >1.5 X 107 neutrophils/L). There were no
exclusion criteria for performance status, but patients had
to be able to attend nuclear medicine on six occasions every
4 weeks. They also had to have a prognosis of >24 weeks at
the date of the first injection of radium-223.

Treatment could be stopped due to a significant unfixable
skeletal event, sustained severe hematological toxicity,
nontolerable side effects, or patient choice.

The radium-223 service was set up in April 2014. It was
designed as a regional service, so patients would be sent to
our center for treatment. The primary urological oncology
team would be responsible for selecting patients, ensuring
that they were eligible and all attend the follow-up. This
pattern of service was set up following regional discussions
with the referring urological oncologists during 2013
and early 2014 with 6-monthly updates after the service
commenced.

Demographic data including patient age at the time of first
cycle, date of the first and last cycles, and the number of
cycles of radium-223 were collected from the electronic
patient record (EPR) (EPIC Health Care, Milwaukee, USA). The
date of death was provided by the United Kingdom Office
for National Statistics (ONS, Newport, UK). The EPR was
automatically updated with the date of death by the ONS.
Where possible, data concerning why a patient may have
stopped treatment before all the six cycles were sought from
the EPR. These were not normally available for patients seen
by urological oncologists outside our institution. As so many
patients were referred from institutions other than our own,
it was decided not to collect data on prostate-specific antigen
and alkaline phosphatase levels.

Data were collated using Excel (Microsoft, Redmond, USA) and
analyzed using the standard “add-in” statistical package (Excel
statistics add-in, Microsoft). The mean survival times were
calculated using an unpaired Students’ “t”"-test. The median
overall survival was calculated via a Kaplan—Meier curve.
Death rates at 1 year were compared by a Chi-squared test.
P < 0.05 was considered statistically significant.
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RESULTS

A total of 187 patients with a mean age of 73 years (range:
56-93 years) were treated [Figure 1]. Of these patients,
119 (71%) had died by December 31, 2019. There were
107 patients who had received the full course of six cycles
of radium-223 treatments, of whom 58 (54%) had died. In
the remaining eighty patients who received less than the full
course of six cycles of treatment, 61 (77%) had died [Table 1].

The median overall survival of all the 187 patients was 15
months [Figure 2], with four patients dying within 1 month
of the first cycle of treatment and the longest survivor being
alive 59 months after their first cycle of treatment. There
was no significant difference between the ages of those
who survived (74 years) and those who died (72 years). In
those patients who received <6 months of treatment, the
median overall survival was 6 months [Figure 3] (with four
patients dying within 1 month of the first cycle of treatment
and the longest survivors being two patients alive 51 months
after their first cycle of radium-223). This was statistically
significantly less (P = 0.00) than the median overall survival
of 31 months for those patients receiving all the six cycles
of radium-223 (three patients dying within 7 months of the
first cycle of treatment and the longest survivor being alive
59 months after his/her first cycle of radium-223).

A total of 94 patients (87%) survived for the first 12 months
after treatment, will all the six cycles of radium-223 compared
to 24 (30%) who survived 1 year in the group of patients who
did not receive the full course of the six cycles of radium-223.
The death rate at 1 year was significantly greater for those who
received <6 cycles of treatments (0.05 > 0 >0.01, y?). The
hazard ratio of dying before 12 months of receiving <6 cycles
of treatments was thus 2.9.

The mean time of death after the first cycle of radium-223
in those 119 patients who had died by December 31,
2019 and who had received <6 cycles of treatments
was 8 months (= 6 months). For those patients who
received all the six cycles of treatments, the mean time

Table 1: Characteristics of patients receiving all the six cycles
of radium-223 and those receiving less than six cycles

Factor All the <6 cycles P
six cycles

Number of patients treated 107 80

Mean age 73 73 NS

Number of patients died (%) 58 (54) 61 (76) <0.05

Median overall survival (months) 31 6 <0.01

1-year survival (%) 94 (87) 24 (30) <0.05

NS: Not significant

of death was statistically significantly longer at 15
months (=7 months) [Figure 4] (P = 0.001 unpaired “t"-test).

Of the eighty patients who stopped treatment before all six
cycles could be given, the reason for stopping treatment was
only stated in the EPR of 32 these patients. Some patients
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Figure 1: Patients’ bone scintigraphy before and 6 weeks after treatment
with the six cycles of radium-223. There has been a partial response in both
the number and activity of bone metastases seen
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Figure 2: Kaplan—Meier plot of the survival of all the patients treated with
radium-223
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Figure 3: Kaplan—Meier curve of patients completing all the six cycles of
treatment (orange line) and <6 cycles of treatment (blue line)
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Figure 4: Box and whisker plot (showing mean, quartiles, and total range)
showing mean time to death (and standard deviation) of the 119 patients
who have died after receiving all 6 cycles of treatment and have died having
received less than 6 cycles of treatment

recorded more than one reason. In twenty patients, they
could not tolerate the disease-related diarrhea or nausea. In
15 patients, there was increased bone pain 7-10 days post
treatment. The other main causes included admission to
hospital with comorbidities commonly due to co-existent
circulatory or respiratory disease. Patient choice was also
a factor particularly in those patients who had to travel
3—4 h each way to receive their radium-223 injections. In
48 patients, no reason for stopping treatment was provided
on the EPR. All these patients were referred in from other
regional hospitals, and we had no access to their local medical
notes. Anemia was not a cause of stopping treatment though
15 patients did have blood transfusions during their course
of radium-223 treatment.

DISCUSSION

The results of this study are similar to those predicted from
the ALSYMPCA trial with an identical median overall survival
of 15 months."? This demonstrates that that the trial was
similar to our “real-world” patient experience within the
UK. This is not surprising as reimbursement for radium-223
treatment was dependent on adhering to the advice
published by the National Institute for Clinical and Healthcare
Excellence (NICE), which was based on the treatment criteria
used in the ALSYMPCA trial.l"*!

There are some other single-site and multicenter trials
which also looked at survival in the first few years following
treatment with radium-223 [Table 2]. Our series compares
well with the other single-site trials published. The results
are similar to the results of a multicentric trial of radium-223
conducted in the Netherlands,?® where a similar median

Table 2: Postregistration reports of median survival in patients
receiving radium-223

First Country of Number References Notes
author study of
patients
Fosbol M Denmark 88 [14] Med 0S>BSI 8
etal. months
Med 0S 5 or less
BSI 15 months
Parimi S Canada 48 [15] Med 0S overall 11
etal. months <5 cycles
Med 0S 6 months
5 or 6 cycles Med
0S 16 months
Parikh S The UK 189 [16] Med 0S overall 10
etal. months
5-6 cycles Med
0S 19 months
Dadhnia The UK 13 7] Med 08, 6 cycles
etal. 12 months
Med 0S<6 cycles
4 months
Uemura Japan 49 [18] Med 0S
etal. 19months
Badrising The 305 [19] Med 0S 15
etal. Netherlands months multisite
trial
Frantelizzi  Italy 173 [20] Med 0S 8 and
et al. 16 months
Depends on
baseline quality
of life

Med 0S: Median overall survival; BSI: Bone scintigraphy index

overall survival was recorded. Two UK and a single Canadian
studies looked at the effect of completing at least five cycles
of treatment and similar to our results, there was a survival
benefit but at 5-9 months was less than the 25 months we
found in our patient group."'® The reason for this difference
is unclear but maybe related to difference in patient selection
at different treatment centers. For example, it was a policy
in our region to refer patients for radium-223, if suitable,
as soon as they failed chemical castration or chemotherapy.

Several studies have tried to identify factors which could
lead to a poor prognosis in treating bone metastases of
castrate-resistant prostate cancer. One study looked at a
semi-quantitative measure of bone involvement derived from
the bone scintigraphy pre-radium-223, as the more extensive
the bone involvement, the worse the prognosis.I'>?? The
general well-being of the patient has also been identified as an
issue with those patients having a poorer performance status
tending not to complete all the six cycles of radium-223, and
this results in a poorer prognosis.?'l A further recent study
has shown a link between the poor performance status before
the first cycle of radium-223, the onset of significant adverse
events, and not receiving all the six cycles of treatment.”!
The authors clearly state that this led to a poorer prognosis
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as receiving <6 cycles of radium-223 is not an effective
treatment for bone metastases from prostate cancer. It would
appear that patient selection may be the key to success.
There must be some concern so many patients died in the
month after treatment despite the fact the NICE guidelines
stated patients should be expected to live for 6 months after
treatment is started.!"!

A significant weakness of our study is that we were unable
to obtain a full data set including the pretreatment and
posttreatment performance status of each patient and
tumor marker such as prostate-specific antigen and alkaline
phosphatase. However, this was not possible as we could only
validate and use data which were held by our institution’s EPR.

From the ALSYMPCA trial, it would be thought that
haemotological toxicity would be a treatment-limiting issue
as it is with the beta emitting radionuclides Sr-89 and Sm-
153 (1-6,12) because the bone marrow is the critical organ.
In this cohort of patients anaemia was not a significant issue
as patients would be transfused if this was required and
radium-223 treatment continued. A recent follow-up study
shows that even 3 years post radium-223 treatment, there are
no long-term bone marrow sequelae such as hematological
malignancies or myelodysplasia.l?*

A further problem identified with poor prognosis has been
skeletal fractures. Both abiraterone and enzalutamide have
been implicated in increasing the probability of skeletal
fractures, and a recent study was stopped because of the
increased fracture rate in patients co-treated with abiraterone
and radium-223.%! The increased rate of skeletal fractures
with these drugs in not unexpected as both are known to
reduce bone density and increase fracture risk.?® However,
we developed a policy of rapid orthopedic fixing of fractures
and early mobilization of patients so that any cycle of
radium-223 was not delayed by >2 weeks.

Another main reason for which patients chose to stop the
treatment was unacceptable gastrointestinal side effects such
as diarrhea and nausea. Even though patients were counseled
concerning the adverse effects during the consent process
and supporting medications were offered, some patients
were unable to continue the treatment. For patients within
our own institution, this was less of an issue as they were
able to access our symptom control teams.

The most likely cause of the poor prognosis in those patients
who received <6 cycles of treatment was the advanced stage
of their disease. This could mean that patient selection
was not ideal, but the prognosis of patients with advanced

metastatic cancer is not an exact science and it may be
considered the best practice to give patients a least a trial
of treatment. However, it is true that the effective dose of
radium-223 is only achieved by giving all the six cycles and
anything less is undertreatment. The need to give all the six
cycles of treatment, if at all possible, is underlined in the
latest advice from North America.?”! In this way, our patients
will receive the best chance of success and can extend their
lives.
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