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Abstract

Background: We sought to identify potential clinical variabkssociated with outcomes after
radium-223 therapy in routine practice.

Methods: Consecutive non-trial MCRPC patients (pts) wheixed> 1 dose of radium
dichloride-223 at 4 academic and 1 community urngisggecific cancer centers from May 2013
to June 2014 were retrospectively identified. Assman of baseline and on-therapy clinical
variables with number of radium doses receiveddinical outcomes including overall survival
were analyzed using chi-square statistics, coxgitamal hazards, and Kaplan Meier methods.
Bone Scan Index (BSI) was derived from availableeoscans using EXINI software.

Results: One hundred and forty-five pts were included. BadR23 was administered for 6
cycles in 74 pts(51%). One-year survival in thia\ily pre-treated population was 64% (95%CI.:
54-73%). In univariate & multivariate analysis, \&val was highly associated with receiving all
6 doses of Radium-223. Receipt of 6 doses was iassdavith ECOG PS of 0-1, lower baseline

PSA & pain level, no prior abiraterone/enzalutamice BSI value, and normal alkaline



phosphatase. In patients who reported baseline(par/2), pain declined in 51% after 1 dose
and increased in 7%. PSA declinre80% in 16% (18/110). Alkaline phosphatase declined
25% in 48% (33/69) and50% in 16/69 pts. BSI declined in 17 (68%) of tlepatients who had
bone scan available at treatment follow-up. Gea@eneutropenia, anemia and
thrombocytopenia occurred in 4% (n = 114), 4% @P5) and 5% (n = 123) respectively.
Conclusions: Patients earlier in their disease course with $5 Bw pain score and good
ECOG performance status are optimal candidatesfbhum-223. Radium-223 therapy is well
tolerated with most patients reporting declinepaim scores and BSI.

I ntroduction:

Metastatic CRPC represents the lethal phenotypeastate cancer and will cause an estimated
27,540 deaths in 2015 in the U8reakthroughs in our understanding of the castrat
resistance phenotype of prostate cancer have edsualseveral novel agents demonstrating
clinical benefits including improved survivalThese novel agents include cytotoxic
chemotherapy (docetaXé] cabazitaxé), androgen signaling inhibitors (abiraterdfe
enzalutamid®®), immunotherapy (sipuleucel*¥ and uniquely, a bone targeted agent, radium-
223",

Radium-223 is an intravenously administered bomiag radiopharmaceutical emitting alpha-
radiation with short tissue penetration depth (24lls deep or <100 microns) resulting in
minimal toxicity to bone marrotd™2 It is distinctly different from samarium-153 elbge
diamine tetramethylene phosphonate or strontiumA@8h are palliative in intent and confer
significant risk of myelosuppression. Radium-223wested in several early trials in CRPC
patients with painful bone metastas$é$ A single-infusion study of radium-223 with doses

ranging from 5 kBqg/kg to 100kbg/kg demonstratedides in self-reported pain scores (Visual



Analog Scale) and analgesic use as classifieddWHO ladder scate”. A phase 2 double
blind trial randomized 122 patients to three défardose levels of radium-223 (25 kBg/kg, 50
kBa/kg and 80 kBq/kg) given every 6 weEk©nly a minority of patients experienced PSA
declines by 50% or greater (6% in the 50-kBg/kgedg®up). A> 50% decrease in bone
alkaline phosphatase level was noted in substgntredre patients (67% at the 50-kBg/kg dose
level). Therapy was well tolerated with few majoxitities at all dose levels.

Subsequently, radium-223 was evaluated in the ramkal phase 3 ALSYMPCA trial, in which
921 CRPC patients with2 symptomatic bone-only metastases, either postdrel or
declined/ineligible for docetaxel, were treatedwetther 50 kBg/kg radium-223 (given
intravenously every 4 weeks for up to 6 cycles)lacebo (2:1 randomization) in addition to
best standard of care (excluding cytotoxic chemaig. Stratification was by prior docetaxel
use (57% had prior docetaxel), alkaline phosphdéast and bisphosphonate use. Radium-223
significantly improved the primary end-point of @$R 0.695, 95% CI1 0.552-0.875, P=0.002).
Median OS was 14 months with radium-223 and 11.8thsowith placebo. The trial confirmed
the tolerable safety profile with radium, the mosinmon adverse effects being gastrointestinal
toxicities though serious events were similar ithterms (grade 3/4 1% with radium vs. 1%
with placebo) and bone pain. Importantly, for ghédient population with implications for future
explorations of concurrent or sequential cytotmhiemotherapy, grade 3 and 4 hematological
toxicity was uncommon (anemia 11%, neutropenigtnahd thrombocytopenia in 4%) in the
radium arm. Median time to first symptomatic SREswsanificantly longer in the radium group
(15.6 months vs. 9.8 months, HR 0.66, 95% CI 0.%3,0P=0.00037}. However, no imaging
was mandated in the trial and details of prior dmoel cumulative dose were not tracked. In a

planned subgroup analysis, the survival benefit mamtained irrespective of prior docetaxel



use albeit with a higher frequency of gratethrombocytopenia with radium in docetaxel
treated patients (9% vs. 3% placebo) compareddetdrel-naive patients (3% vs. 1%
placebod’.

Radium-223 represents a first in class therapagent in CRPC with an overall survival benefit
as monotherapy and an intriguing mode of actiofediht from chemotherapy and androgen
signaling inhibitors with a relatively benign andmoverlapping toxicity profile to those other
classes. The demonstrated overall survival belegfito regulatory approval of radium-223 by
the FDA in 2013 for treatment of metastatic CRP®ajor challenges in clinical practice with
radium-223 include the lack of reliable biomarkirgredict benefit in individual patients or
discern benefit during radium-223 therapy, andagigmal timing of radium in CRPC patients’
clinical course.

Therefore, we sought to characterize the benefiadiim-223 use in routine clinical practice in
a multicenter retrospective study and assess ithiead| utility of standard blood-based and

imaging biomarkers.

M ethods:

Study Design: The objectives of the retrospecttueyswere to identify covariates and
biomarkers associated with radium-223 use. Consecnbn-trial mMCRPC pts who received
dose of radium dichloride-223 at four academic amel community urologic oncology specific
cancer centers from May 2013 to June 2014 wereadec. CRPC was defined as patients who
had failed androgen deprivation therapy and had bkeically documented to have biochemical
and/or radiological progression despite castratel lef serum testosterone (<50ng/dL). We

collected available baseline, on-treatment and-aitim-223 data including the prior treatment



history, ECOG performance score, VAS, analgesicai$aseline, Prostate Specific Antigen
(PSA), alkaline phosphatase (ALP) and availablestsman images. The study was approved by
the Institutional Review Boards at the participgtsites.

Automated BSI analysis: Commercially available EMBNNne version 2, developed by EXINI
Diagnostics AB, was used to analyze the availablelscans and to generate automated BSI.
The methodology of the automated platform has blescribed previousfs;

Statistical Plan:

Baseline data is described. Cox proportional hazarddels are used to determine prognostic
associations of baseline covariates with overaitigal. Multivariable cox models were initially
done using complete cases, patients without angingiaseline covariates. This model had a
limited set of the data (<50% of cases) and theeafaultiple imputation was used to impute all
missing baseline covariates. Five datasets weratgdmnd the average of the imputed values
for each patient and variable were used as adiat@set. Cox models were repeated (univariate
and multivariable) on the multiple imputed datased are presented in Table 3. Overall survival
Cox models for variables from during treatment usath provided only and were not used in the
multivariable model. Kaplan-Meier plots are prowdd®y prior treatment and baseline BSI.
Analysis of patient characteristics including basetovariates and treatment outcomes are
described using descriptive statistics classifocatnto the number of Radium-223 treatments
given. The association between the number of Rad@R&treatments and the continuous
covariates using the ANOVA F-test for presentedmsea Kruskal-Wallis test for presented
medians. Categorical covariates associations weakyzed using Jonckheere-Terpstra test.
Additionally, baseline BSI was categorized intoasisl> 5. The overall survival Kaplan-meier

plot is presented.



Results:

One hundred and forty-four patients were includéth @ mean age of 72 years (Table 1). Nearly
70% had Gleason 8 or greater in their pathologytieg aggressive pathology. Nearly 80% had
ECOG performance score of 0 or 1. Almost half (26.5ad prior abiraterone
acetate/enzalutamide/both, 20% each had concwabénatterone or enzalutamide and 53% had
had prior chemotherapy. Narcotic analgesics used@¥sat baseline. Approximately half
(51.4%) of all eligible subjects in the study reesl all 6 planned doses of radium-223. The most
common reason for receiving fewer than 6 dosesdsath. The overall survival for the entire
cohort was 15.7 months (95% Confidence Intervald £322.5 months). In ALSYMPCA study,
the median OS in the radium-223 treated patientsMia® months (versus the 11.3 months in the
control arm) which is very comparable to our cohort

In keeping with published trial experience withitad-223, in our real word cohort too radium-
223 therapy caused only mild cytopenias (Tablexiity). Anemia and thrombocytopenia were
more common than neutropenia but were predomingraige 1 or 2 and did not seem to differ
by prior chemotherapy status. In terms of toxidityg post-docetaxel group treated with radium-
223 experienced more grade 3/4 thrombocytopenigaoed to placebo (9% versus 3%) while
there was no statistical difference between treatmed placebo in the pre-docetaxel group, and
neither were there any discernible differenceienftequencies of grade 3/4 neutropenia and
anemia versus placebo in either docetaxel-naiymst-docetaxel subsets. Baseline ECOG PS
was in general good to excellent and largely maiethafter completion of Radium-223 though

some (18.8 %; 25/133) patients experienced degtidor by the last radium dose.



In our cohort, 9% (11/119) of the patients withadavailable experienced an increase in WHO
ladder score after the first/second cycles perrtedgain scores (Figure 1). This is termed
“tumor flare” and an increase in the score indisatersening pain. PSA declines by 50% or
more from baseline occurred in 14% of the subjimtsvyhom baseline and subsequent PSA
values were available (n=128) — (Figure 2). Sallighline phosphatase measurements were
available in 70 subjects (49%) and 35 of the 7@4pbbad 25% or greater declines while 16
subjects (23%) had reduction by 50% or more irrttoéal alkaline phosphatase levels from
baseline- (Figure 3). All but 1 subject with eleacgtlkaline phosphatase at baseline experienced
declines with radium-223 therapy.

As no prognostic variables currently exist for féne patients receiving radium-223 therapy,
we performed a univariate and multivariable analgdiclinical patient variables associated with
overall survival (Table 3). All pre-radium-223 dkal variables were independently associated
with univariate overall survival except prior biggphonate use. In multivariate analysis
however, only elevated baseline alkaline phospkatd80 mg/dL) and timing of radium-223 in
the CRPC disease course in the context of prisatdrone/enzalutamide and chemotherapy use
were correlated with overall survival. Of note, IESYMPCA trial enrolled pts from June 2008
through February 2011 while abiraterone was FDA@pgd in 2011 though it was accessible
through clinical trials prior to that. Responseighles measured during radium-223 treatment
were not found to be significantly associated wiierall survival. Overall survival by
pretreatment group is displayed in Figure 4. Thalper of radium-223 doses received was
associated with ECOG performance status at basebent of prior therapy and alkaline

phosphatase elevation (Table 4).



A subgroup of 66 (46%) patients had a baseline lsoae and was retrospectively analyzed for
automated BSI assessment. No significant differememe observed in baseline characteristics
of pts with bone scans versus without. Median li@seuto-BSI was 2.4 (range: 0.01-33.2). A
smaller subset of patients (n=25) had bone scaaitabie at both baseline and at 24-week
treatment. Change in BSI was evaluated in theserntat Seventeen (68%) of the 25 patients
showed a decrease in auto-BSI from baseline. Gensiwith previous studies, baseline BSI
values were significantly associated with overailvgsal (Figure 5). Due to the ad hoc BSI
analysis on the available bone scans at treatro#owfup, the change in BSI is only reportable
on 25 of the 66 pts with baseline bone scans. B8lirtkd in most of these pts who received 6
doses of radium-223.An illustrative example is show(Figure 6).

Discussion:

With the inherent limitations of a retrospectivadireview study, our multi-center cohort of
MCRPC patients treated with radium-223 outsideialistis the largest group described to date
with data measuring the real world impact of radi2®3. The participating sites are cancer
centers experienced in radium-223 therapy withxaohacademic and community practices.
Patients who had had no chemotherapy prior to nadhad longer overall survival (OS)
compared to those who had had chemotherapy. Keiy lieflects less advanced and less
intractable disease. Consistent with this, moréha$e patients who received all six planned
radium doses had ECOG performance statuses ol @ensus those who received one or two
doses.

Our analysis presents a few clear inferences. feéef from symptomatic bone metastases is a
concrete benefit of radium-223 therapy. The dedhngain index and its individual components

(VAS score and WHO ladder level) in most pts off@esaningful palliation from bone pain.



There have been suggestions of a flare in pain, ®#3®ne scan seen in up to 25% of pts with
the initial doses of radium-223 in early studiesmak the LHRH flare effect, flare with ASIs or
the taxane PSA surf®?> The variability in analgesic use, missing datd small numbers
with the first two cycles, probably account for thiference in reported frequency of the flare
response with radium in our group of pts.

PSA declines were noted in a minority of patiemissistent with previously published data on
impact of radium-223 therapy on PSA and its medrarof action which is for the most part
directed at the bone tumor microenvironment rathan at prostate cancer cells specifically.
PSA values are therefore hard to interpret on rae2@3 therapy and PSA changes should not
direct radium-223 therapy decisions or duration.

Alkaline phosphatase (total or bone-specific) hesnbexplored as a potential biomarker for
radium-223. In the early published experiencewptis elevated total alkaline phosphatase at
baseline had robust declines but not those witmabalkaline phosphataSeln an ad-hoc
analysis of alkaline phosphatase levels in ALSYMB&#, declines in alkaline phosphatase
were correlated with prolonged survival. In ourad&t, only half experienced declines but of
those who had elevated values at baseline, athiript experienced a decrease. Unanswered
guestions remain: How specific a measure of tunuoddn in bone is alkaline phosphatase in
MCRPC patients? How predictive are changes iniaka@hosphatase? How does this marker
perform in the large number of MCRPC patients whots alkaline phosphatase is within the
normal range at baseline? A panel of bone turnmagkers may potentially better measure
impact of radium-223 on bone and bone metastases.

Bone Scan index as a semi-quantitative assessrhbane scintigraphy has shown clinical

validity as an imaging biomarker associated witkrail survival in other contexts To our



knowledge, this is the first study to explore thrical context of BSI in metastatic prostate
cancer patients treated with radium-223. BaseliBed&serves to be further studied in future
prospective trials of radium-223.

More than half of pts in our cohort had receiveidmpecytotoxic chemotherapy. Impact of prior
chemotherapy on radium-223 toxicity and benefit aaalyzed in patients on the ALSYMPCA
trial in a pre-specified manner. Patients who leived docetaxel previously (57%) as well as
those docetaxel naive (43%) derived an overalligahbenefit from radium-223 with very
similar hazard ratios and confidence inter$fal§he bone marrow toxicity with radium-223 is
remarkably modest and lends itself very well to boration therapy with agents from other
classes including cytotoxic chemotherapy. Our padium follow-up data collection was

limited and did not permit analysis of a possilaldium-223 impact on toxicity from subsequent
therapies or incidence of secondary neoplasms.

An intriguing hypothesis based on the stated mdshaof action for radium-223 is that radium
is ideally dosed on height, possibly a more aceypabxy for skeletal mass in a patient than
body weight. If this hypothesis is true, obeseqyds are being over-treated currently (possibly
experiencing more toxicities) and taller patients laeing under-treated (possibly resulting in
inferior clinical benefit and outcomes). In our wveniiate and multivariate analyses of our limited
cohort, there is no evidence to support the formference and no way to test the latter. The
reasoning behind such a hypothesis may merit fugtespective evaluation.

What emerges from our dataset is the importancemdidering radium-223 early on in pts
CRPC disease course where pts are more likelyceve all 6 planned cycles. The absence of a
control arm limits our conclusions regarding theependent impact of radium-223 on the

survival of our patients included in the study &@nd probable that receipt of all 6 cycles is



merely a surrogate for known good prognostic facietCRPC such as better performance
status. The lack of LDH values for a significantmher of patients in this cohort made
estimation of a predicted overall survival with i®euch as the Halabi nomogram impossible but
the OS was very comparable to data from radiumtfa® such as ALSYMPCA which also had
docetaxel-untreated and treated CRPC patients.

Ongoing studies are exploring higher doses andeloogurses of radium-223 treatment in
prostate cancer (NCT02023697). One could safelyiserthat utilizing radium-223 early on in
the course of castration resistant prostate cdefere ECOG PS declines to 2 or worse is a
reasonable and effective strategy given that dosgber is key to deriving maximal benefit.
Post-radium chemotherapy could be expected to bampered given the mild and reversible
myelosuppressive effect of radium but awaits furtteta. Assessment of long-term
complications such as secondary malignancies aheyfare heightened by early radium-223
use deserves long-term prospective studies. Ongtimgal trials are examining combinations
of radium-223 with ASIs and no doubt, these wiflire the role of radium-223 in the quickly
burgeoning options for treatment of CRPC.
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Conclusions:



In this multisite retrospective study, pts who reed radium-223 in CRPC prior to cytotoxic
chemotherapy had longer survival as did those algkiated serum alkaline phosphatase.
Radium-223 therapy is well tolerated in routin@icial practice with most pts experiencing
declines in pain scores and Bone Scan Index.
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Figure caption

Figure 1. Greatest Change in WHO Pain Ladder Stegtifeed by Baseline WHO Pain Ladder
Step

Figure 2. Maximum PSA Decline from Baseline withdRem-223 Therapy (N=128)

Figure 3. Maximum Decrease in Alkaline Phosphatasa Baseline with Radium-223 Therapy
(N=70)

Figure 4. Overall Survival Stratified by Prior Tteeents Received

Figure 5. Overall Survival stratified by Baselin8IBEN=65)

Figure 6. lllustrative on-treatment BSI change pa#ient before and after 6 cycles of Radium-
223. The red color represents bone metastasedetet®cEXINI software.



