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Abstract:

Background and Purpose
To analyse outcomen metastatic castrate resistant prostate cancer (NCRPC) patients treated with Radium 223 (Ra-223) across the Yorkshire and

Humber Cancer Network.

Material and Methods
A regional, multi-centre, retrospective cohort study of 189 men undergag3 for mMCRPC between March 2014 and April 2017 was undertaken.

Factors predicting overall survival (OS) and completion of planned treatment were assessed.

Results

The mediarOSfor the entire cohort was 10.5 months. Those completing 5-6 cydRes2#3 had highe©S of 18.6 monthsOn multivariable analy-
sis, four factors remained independent significant predictors of OS: age (p=0.005 HR1.07 (1.02-1.12)), numbeobRay283 5-6 vs. 1-4
(p=<0.001HR 0.10 (0.005-0.20)), baseline alkaline phosphatase (ALP) (p=6IB4406 (1.002-1.12)), and NeutrophdH.ymphocyte Ratio (NLR)



(p=0.033HR 1.19 (1.01-1.40)). Baseline performance status 0 vs. 2 (p=@626,080 (0.001-0.74) and higher baseline haemoglobin (p=@628
1.04 (1.004-1.074)) were independent prediobdrsompletion of 5-6 cycles d?a223.

Conclusions
Younger age, completion of 5-6 cyclesRé#223, lower ALP and NLR are predictors of OS. Tikithe first studyto report NLRasanindependent

predictor ofOSin aRa&223 cohort. Good performance status and higher baseline haemoglobin predict completion of 5-6 Rgc2&30f

I ntroduction

Prostate cances the most common cancer diagnogse&uropean men, causing 72,000 deaths per year across Europe [1]. Several nhew systemic ther-

apies have been showmprolong survivain metastatic Castrate Resistant Prostate Cancer (CRPC) and have been approved for use, including enzalu-

tamide, abiraterone, cabazitaxel &a223.



Radium-223 (Ra-223% a novel bone seeking alpha-particle emitter with a half-life of 11.4 Ba&223 mimics calcium, forming complexes with hy-
droxyapatite and targeting regions of high bone turnover asiocbteoblastic metastases which are commsedgin advanced prostate cancer. The
high linear energy transfer of alpha particles induces double €hidAdbreaks, while the 2-10 cell width ranigmits toxicity to surrounding tissue

and marrow [2]Ra223is administere@san intravenous injectioevery 4 weeks for a period of 6 months.

The ALSYMPCA trial [3], randomised 921 men with predominantly bone mCRPByclesof Ra223 or placebo, and demonstragetverall sur-
vival benefit of 3.6 months those treated witRa-223. Patients were requirealhave symptomatic bone-metastatic disease, with no known visceral
metastatic disease and no lymph node metastases larger thafn3eastern Cooperative Oncology Group (ECOG) performance status &fdhd

a life expectancyf greater than 6 months were also required. NICE subsequently issued technology appraisal guitRke223asdow widely

available [4].

The Yorkshire and Humber Clinical Network covers a large geographical area of over 5000 square miles and delivgrsemasdg a popula-

tion of 5.4 million locatedn diverse communities ranging from dense, deprived urban areamote and rural communities [5]. There are three can-
cercentres based Hull, Leeds and Sheffield and specialised radiation cancer serviceasfRal223 ae delivered from these bases. The purpose of
this regional, multi-centre, retrospective auslio analyse real world outcomasmCRPC patients treated wie-223 from the establishment of the

servicein 2014.

Materials and M ethods:

Patients
All patients with mCRPC who receivadleast 1 dose dRa223 since the introduction of this servioe2014at the 3 treating centres Yorkshire and
Humber were included. Only patients who either completed all pladRa@@3 cycles or had discontinuB#223 were included, thoseid-treatment
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atthetime of analysis were excluded. The cohort was divided into two groups: patients who completed 1-@f &&R23 (70 patients; Group 1-4),
and those who completed 5-6 cycleRRaf223 (119 patients; Group 5-6).

Data collection

Retrospective data collection was completed from electronic and paper medical records. Patients routinely hadchulniéooenal and liver func-

tion tests, and prostate specific antigen (PSA) checked bedoheycle. Baseline bloods were document&sia proportion of blood tests were per-
formedin primary careor peripheral hospitals, however, not all results were retrievable for study purposes. Alkaline phosphate (ALP) response was
definedasa decrease of 50% from baseline alkaline phosphatase levels during treatment months. SiRAntgsponse was defineda 50% de-

crease from baseline. Baseline ECOG performance status was noted.

Co-morbidities were classified accorditgthe Adult Comorbidity Evaluation (ACE-27) score [6]. Pain scores were not clearly docunmepétient

notes and hence excluded from the analysis.

Major adverse events including need for transfusions and skeletal-related events (SRE) during treatment months were documémnétatefkeleta
events were defineasmetastatic spinal cord compression, symptomatic pathological fracture, palliative radiotbegdipye symptoms or surgery

to bone.

Statistics

The primary outcome measure was median overall survival. Kaplan Meier survival curves from commendee228 tif time of death were plot-
ted. Reverse Kaplan Meier was usedalculate median follow up. Cox Regression was tsétkntify factors predicting overall survival. The fol-
lowing factors were includeid the univariate survival analysis: age, ACE comorbidity score, 1-4 vs. 5-6 cy&®e=2@8, Gleason score, ECOG per-
formance status, baseline bloods including haemogl&8A,, ALP, aloumin and neutrophié-lymphocyte ratio (NLR), previous use of docetaxel,

number of previous lines of therapy, ALP @8Aresponse. Logistic Regression was usddentify which baseline characteristics predicted comple-



tion of 5-6 cycles oRa223 comparetb 1-4 cycles. All above factors except for ALP @A response were us@dunivariate logistic regression.
Factors with p-value of <0.1 on univariate analysis were carried into the multivariate analyses, which arenegesing a backwards selection
method.

Results:

189 patients with mCRPC underwent treatment Widk223 across the region between March 2014 and April 2017. Median age was 72 years (range
51 -86 years). 115/189 (61%) patients died during the study period with 74/189 (39%) remainiatiaditiene of analysis. 94% of patieniis Group

1-4, but only 41%of patientan Group 5-6 died during the study period. 8/189 patients died within 1 month BRI2&3 treatment. Median follow up
was 16.8 months.

The median overall survival for the entire cohort was 10.5 months (95% ClI, 8.7 - 12.3 months).
On comparison accordingp numberof cycles completed, Groupl-4 had a median survival of 4.5 months (95% ClI, 3.3 - 5.7 months) and Group 5-6
had a median survival of 18.6 months (95% ClI, 16.9 - 20.1 months; p= <0.001, Figure 1a)

The clinical characteristics of the entire patient group and the analysis of potential factors associated with overaltesaietirahatrateish Table 1

and Table 2 respectively. Baseline blood results were available for 90% of patients, with the exception of ngutpipdtide ratio which was

availablein 77% of patients and albumin level which was availablenly 49% of patient68% of patients hacalculated ACE-27 scores (data avail-

able from only 2 centresn univariate analysis the following factors were associated with poorer overall survival: increasing age, completion of only
1-4 cycles, poorer initidPS,lower baseline Hb, higher initial PSA, higher baseline ALP, higher NLR and géSreresponse during treatmefin
multivariable analysis, only fowf these factors remained independgghificant predictor®f overall survival: age (p=0.005 HR1.07 (1.02-1.12)),
number of cycles dRa223; 5-6 vs. 1-4 (p=<0.0HR 0.10 (0.005-0.20)), baseline alkaline phosphatase (p=61B4406 (1.002-1.12)), and NLR
(p=0.033HR 1.19 (1.01-1.40)).



Table 3 demonstrates analysis of the patient factors associated with completion of 5-6 &&l283fInitial performance status and baseline blood
results were fountb be significantly associated with successful completion of 5-6 treatment on unil@gistie regressionOn multivariable analy-
sis, only performance status 2 vs. 0 (p=0.@R,0.080 (0.001-0.74)) and higher baseke(p=0.0280R 1.04 (1.004-1.074)) remained independent-

ly significant.

The reasons for stoppirRp223 before the 6th cycle were documented of the 3 centres (N=69). Death or disease progression were the most com-
mon reasons (75% patients) for early cessatidReeg23 (Table 4).

Adverse event data was available for 134 patients: 18% of panhdmh Groups 1-4 and 5-6 (10/56 and 14/78 patients) suffered SREs wRite on
223.

Discussion:

The landmark ALSYMPCA trial demonstrated tiRe223 prolongs median overall survival and has a favourable impact on pain andafu#iéty

[3]. In real-world practice, however, outcomes are often fdar variable dueo treatments being offerdd patients who are more complex or

would not have met the entry criteria for clinical trials. The overall median survival of 10.5 morf#es2®8 patients observed hesanferior to that
reported for both thRa223 and the placebo groups (14.9 vs. 1ih3)e ALSYMPCA trial. Other real world retrospective studies have reported me-

dian overall survival ranging from 8.3 montiesl2.9 month$7-9], in-keeping with that observed this cohort.

In this cohort, nearly 47% (88/189) of patients were expts2dr 3 lines of prior survival enhancing therapy, namely combinations of enzalutamide,
abiraterone, cabazitaxel or doxetaxel. Neither enzalutamide nor abiraterone was licenseduiongisiee ALSYMPCA trial and thus the ALSYMP-



CA trial observations may not be applicatanore heavily pre-treated mCRPC patients. Furthermore, 37% of pati¢hits current study completed
only 1-4 cycles oR&223-223 comparetb 27% of patientth Ra223 arm of the ALSYMPCA trial. [10]

Previous retrospective studies have identified prognostic factors associated with surviiRd2agar(Table 5). Most studies have focused on two
outcome measures, namely, overall survival or completion of 5-6 cydRes2#3. All studies were retrospective and used logistic regression or step-
wise cox regression proportional hazardsrderto predict variables that might be associated with favourable outcomes. Heteromerestytsis

clear from Table 5.

Nevertheless, thens agreement across studies that the number of cycR&223is a predictoiof overall survival, buaisthis canonly be determined
retrospectivelyit does not guide initial patient selectidm.our cohort, median overall survival Group 1-4 was 4.5 months and Group 5-6 was 18.6
months (Figure 1a)n a similar retrospective study, Stolteral reported median overall survivall 16 months for those who completed 6 cycles of
Ra223 vs. 4 months for those who completed fewer than 6 cycles [11].Furthermore, median overall survival for patients add-#Rai223 cy-
cles vs. 5-6 cycles was 6.2 vs. 17.9 moimh&LSYMPCA trial and 6.3 vs. >16 montlrsthe international Expanded Access Program (iEAP) [10].
Interestingly, the ovetiasurvival median for 1-4 vs. 5-6 placebo injection&LSYMPCA trial was 6.1 vs. 15.8 months. Therefore, median survival
for patients who received 1-4 injections of eitR&223 or placeban these studies was similar (6.1 months for placel®d.SYMPCA vs. 6.2

months forRa223in ALSYMPCA vs. 6.3 months for 14 iEAP Ra223), implying potentially little benefif 4 or fewer cycles are delivered. The
poor baseline status of patieimighe 1-4 Group may account for their poor overall survival and suggests that anyibenediall survivais depend-
ent on patients being well enoughcomplete all 6 cycles ®@a223 -223. While thiganbe difficultto predict,we propose thaRa223 should be ini-
tiatedin only those patientss whomit is felt likely that they will be abléo complete the planned course, namely those with EESG-1 and higher

baseline haemoglobin.



With regarddo useof systemic drugs, Etchebehetal have reported overall survival beneéfitthose patients who completed 6 cyadéfa223 de-
spite disease progressiond-treatment comparei those who switchetb chemotherapy [9]. Also of note, IEAP has shown trends towards survival
benefit with concomitant abiraterone aRd223-223 [10, 12].

In generalPSAresponse does not reflect respotmsRa-223 treatment. Alkaline phosphatas@a markeiof bone turnover and has been uased sur-
rogate marker for disease response. A higher baseline Alkaline Phosphatase wde beawmdependent poor prognostic indicatoour study
(albeit with a small hazard ratio), similarthat reportedy Wongetal [7].

Baseline haemoglobin and ECOG performance status scores were idastifietbrs predicting completion of 5-6 cyclesRé&223 from both the
IEAP and this currergtudy. [10] Interestingly, predicting completion of cycles was independent of prior docetaxel use or number gfidme of

chemotherapy.

The limitations of this study include lack of complete informatiom@morbidity and no patient reported outconsesh aspain scores and general
quality of life. The incorporation of patient reported outcomes into everyday clinical praatiealenging but would provide valuable information

guide treatment decisions.

To our knowledge, thiss also the first study analysing and reporting the baseline neuttoghiiiphocyte raticasanindependent survival predictor

in MCRPC patients receiviriga223 (Figure 1b). NLR has been hypothesigeldean indirect measurement of tumour inflammation. A higher NLR

has been extensively reportasian adverse prognostic biomarker, including results from a meta-analysis of >40,000 patients with a variety of cancers
[13]. High baseline NLRs associated with a poor overall surviraimCRPC patients treated with low dose corticosteroids, abiraterone, enzalutamide
and cabazitaxdll4 -17. However, until now, this has yt&t be reportedn theRa223 cohortlt is of importanceo note thain our study, data from 2
centres suggests thattleast 42% (56/133) patients were prescribed concurrent low dose corticosteroids-22B. However, duw limitations of
retrospective data collection, the steroid-statusaghpatient preRa223 and during therapy could not be conclusively determined. Corticosteroids are
knownto increase the NLR and a possible confounding effect cannot be discounted. However,diaig¢h?® have reportednindependent associa-
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tion between baseline NLR and surviramCRPC patients treated with second-line chemotherapy, irrespetbaseline corticosteroid use. Though
the role of corticosteroidea mMCRPC remains controversial, their use for palliation of sympismsll established. Larger studies are requicecbn-
firm the robustness of NLRsa prognostic marken the mCRPC and Radium-223 cohort, and independent of baseline steroid use, thus reflecting real

world practice.

In conclusion, the lackf headto head trials between abiraterone, enzalutamiddRaP3 makest difficult to identify the ideal drug for a given clin-

ical scenario. Furthermore, althougka223is generally well-tolerated, data suggests current surrogate biomarkers of disease resp@sd_such
response do not predict overall survival. Rather younger age, completion of 5-6 of cyR&228f lower baseline ALP, and lower baseline neutro-
phil-to-lymphocyte ratio were independent predictors of increased overall survival. Importantly, suggested survival beRei22®iseems limited

to the sub-group of patients actually atdeeomplete 5-6 cycles ®@a223, and factors predicting treatment completion are higher baseline haemoglo-
bin and better performance statée would also liketo stress the importance of auditing real world practiteur study the median survival of

Group 1-4 (70/189 or 37% of patients) was 4.5 months, whishorter than thBme takento complete 5-6 cycles ®a223 thatis expectedo im-

prove survival. This reflects the clinical difficultiesidentifying appropriate therapy for contemporarily treated mCRPC patients. Research focus on
the optimal combination, timing and sequence of available therapies for mMCRPC, and further studies on prognostic factors, must régndiea prior

veloping a prognostic todlo predict completion oRa223 cyclesdy risk-stratification of patients accordingbaseline status would be helpful.
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Tablel. Patient Characteristics

Patient factors n=no. of patients Median Range
Total n =189 value

Treatment Centres

Leeds vs Hull vs Sheffield n=105vs 55vs 23

Age (years) n=189 72 51-87

Number of Cycle of Ra-223

Group 5-6vs 1-4 n=119vs 70

Gleason Score at diagnosis

Gleason 6-%s 8-10 n= 34vs 92 -

Performance Status (reference category 0)

ECOG Ovs1vs?2 n = 29vs 110vs 50

ACE Comorbidity Score

ACE score 0-vs 2-3 n=97vs 32

Previous docetaxel

YesvsNo n =102vs 87

Baseline Haemoglobin (Hb) (g/L) n=174 121 63 - 155

Prostate Specific Antigen (PSA) (ng/ml) n=171 90 0.4-7739

Alkaline Phosphatase (ALP) (1U/L) n=171 230 36 - 2360
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Tablel. Patient Characteristics

Albumin (g/L) n=93 40 23 - 47
Neutrophil/Lymphocyte Ratio (NLR) n =146 3.42 0.25-13.79
Alkaline Phosphatase (AL P) response (r eference group 0)

0- 0to 49% decreasa ALP n==69

1->50% decreas@ ALP n=_82

2- Risein ALP n=31

Prostate Specific Antigen response (reference group 0)

0 - 0to <49% decreasea PSA n=33

1 ->50% decreasiea PSA n=21

2 - (Risein PSA) n=127
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Table2: Factors predicting survival

Patient factors Univariate  Univariate Hazard Ratio Multi-variable  Multivariable Hazard Ratio (95% CI)
p value (95% CI) p value

Age 0.015 1.03 (1.006 - 1.06) 0.005 1.07 (1.02- 1.12)

Cycles of Ra223: Group 5-6 vs 1-4 <0.001 11.62 (7.31 - 18.46) <0.001 0.10 (0.05 - 0.20)

Gleason 6-%s 8-10 0.049 1.87 (1.003 - 3.49)

Performance Status (reference category 0)

ECOG O <0.001

ECOG 1 2.27 (1.16 -4.42)

ECOG 2 6.34 (3.14 - 12.82)

ACE Comorbidity score 0-s 2-3 0.828

Previous docetaxel: Yas No 0.963

Baseline Haemoglobin (g/L) <0.001 0.77 (0.68-0.88)

per 10 unit rise

Prostate Specific Antigen (PSA) (ng/ml) per 11 0.005 1.03 (1.010-1.057)

unit rise.

Alkaline Phosphatase (1U/L) <0.001 3.54 (2.27-5.54) 0.044 1.06 (1.002-1.12)

per 100 unit rise

Albumin (g/L) per unit rise 0.25
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Table2: Factors predicting survival

Neutrophil to Lymphocyte Ratio <0.001 1.17 (1.08 - 1.27)

0.033

1.19 (1.01 - 1.40)

Alkaline Phosphatase (ALP) response (reference group 0)

0- 0to 49% decreas@ ALP 0.275

1->50% decreasén ALP

2- Risein ALP

Prostate Specific Antigen response (reference group 0)

0 - 0to <49% decrease PSA 0.008
1 ->50% decrease PSA 0.38 (0.142 - 1.019)
2 - (Risein PSA) 1.14 (0.87 - 2.38)
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Table 3 : Multivariate analysis of initial patient factors predicting successful completion of 5-6 cydkes2@f3.

GROUP 1-4 GROUP 5-6 p value Oddsratio Multi- Multivariable
1-4 Cyclesof Ra223  5-6 Cycles of Ra223 (95% CI) variable  OddsRatio (95%
(N=70) (N=119) p value Cl)
ECOGPSO N=4 N =25 <0.001 0.078
ECOGPS1 N =36 N =74 0.33(0.11-1.02) 0.067 0.013
(0.02 - 1.15)
ECOGPS2 N =30 N =20 0.11 (0.03 - 0.35) 0.026 0.080
(0.01-0.74)
Median baselinélb 111 (103-126) 123 (115.5-131) <0.001 1.05(1.02-1.07) 0.028 1.04
(IQR) N =62 N =112 (1.004 - 1.074)
Median baseline 346 ( 200 - 681) 172.5 (97 - 343) 0.011 0.999 (0.10-1.00)
ALP (IQR) N =60 N=111
Median baseline 39 (34.5-42.5) 40 (37 - 43) 0.09 1.08 (0.98 - 1.18)
albumin (IQR) N =35 N =58
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Table 4 : Reasons for stoppir@a223 before 6th cycle. Note data available from 2 of 3 centres only.

1-4 Cycles of Ra223

5 Cycles of Ra223

N =56 N=13

Death 2 (4%) 1 (8%)
General Deterioration/Diseas 41 (73%) 8 (62%)
Progression

Sepsis 5 (9%) 1 (8%)
Pain 4 (7%) 1 (8%)
Myelotoxicity 2 (4%) 2 (15%)
PSAexponential rise 1 (2%) 0 (0%)
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Table5: Comparison of current study with other published retrospective cohort studies and randomised trials.

Overall Survival Completion of 5-6 cycles of Ra-223 vs 1-4 cycles 6vs<6 cycles
Ra223
Wongetal Etchebe- Current Saadetal Saadetal Current Stoltenetal
n=64 hereetal study n=696 n= 599 study n=55
n=110 n=189 IEAP ALSYMPCA n=189
FACTORS Significancein Multivariable analysis
Age N/A N/A YES NS NS NS NS
HR 1.07
Time fromPCdiag- N/A N/A N/A NS NS N/A YES
nosis Ra223
No Prior Chemother- YES NS NS NS NS NS NS
apy HR 0.25
< 5 bone mets YES N/A N/A N/A N/A N/A N/A
HR <0.001
No. of CyclesoRa N/A YES YES Outcome Outcome Outcome  Outcome meas-
223 HRO05 HRO0.10 measure measure measure ure
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Abiraterone dur- N/A YES N/A N/A N/A N/A N/A
ing/after Ra223 HR 0.32

No prior Abiraterone N/A N/A N/A N/A N/A N/A YES

failure

ECOG 0-1vs 2 NS NS NS YES NS YES N/A
ORO0.71 OR 0.80

Less Baseline Pain  N/A NS N/A YES NS N/A N/A
OR 0.64

Baseline Haemoglo- NS NS NS YES NS YES N/A

bin oD o0.71 OR 1.04

(cut at 10g/dl)

Baseline ALP YES NS YES NS NS NS NS
(IU/L) HR 0.22 HR 1.06
(cut at 115)

BaselinePSA NS NS YES YES NS NS
(ug/L) OR 0.63 OR 0.68
(cut at 141) (log PSA)
Baseline Albumin N/A N/A NS NS YES NS NS
OR 0.94
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Baseline LDH N/A N/A N/A NS YES N/A YES
OR 0.08
(log LDH)
Baseline NLR N/A N/A YES N/A N/A NS N/A
HR 1.19
ALP response YES N/A NS N/A N/A NS N/A
(30% |)
HR 0.26

N/A - Factors not reporteid study.NS - not significantPC - prostate cancer. NLR - neutroptoHymphocyte ratio. ALP- Alkaline phosphata&SA

- prostate specific antigen. LDH- lactate dehydrogenase
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