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ABSTRACT

Purpose: Lower serum testosterone levels correlate withrawgd cause-specific survival and
longer time to progression in the first year of tbmmous androgen deprivation in men with
prostate cancer. ICELAND was a large, Europeatlystiemonstrating the efficacy of
leuprorelin (Eligar®) during continuous androgen deprivation. Thist jhog analysis
investigated serum testosterone levels within itls¢ year of continuous androgen deprivation

for survival and time to progression.

Materialsand Methods: In ICELAND (NCT00378690), patients with locally
advanced/relapsing non-metastatic prostate cawdérprostate-specific antigen levels

<1 ng/mL following a 6-month induction with leupréire3-month depot 22.5 mg (plus
bicalutamide 50 mg/day for 1 month), were randouhiz&l to continuous androgen deprivation
(n=361) or intermittent androgen deprivation (n=Rd@h leuprorelin for 36 months. Patients
receiving continuous androgen deprivation werdifgd by minimum, median, and maximum
testosterone levels during the first year of theriapo <20, >20 to<50, and >50 ng/dL
subgroups. Cause-specific survival and time tastate-specific antigen (castrate-resistant

prostate cancer) progression were analyzed.

Results: A total of 90.1%, 83.5%, and 74.5% of patients ngng continuous androgen
deprivation achieved minimum, median, and maximemm® testosterone levels <10 ng/dL,
respectively. Cause-specific survival rates ame tio prostate-specific antigen progression did

not differ between testosterone subgroups.



Conclusions: In patients receiving continuous androgen depmvatcause-specific survival and
time to prostate-specific antigen progression ditddiffer according to testosterone levels in the
first year of therapy. This finding may be, in paue to the induction period and effectiveness

of leuprorelin in lowering testosterone.



INTRODUCTION

ADT is the standard systemic therapy in the managewf advanced prostate carideand is
often undertaken using long-acting LHRH analogshwhe aim of suppressing serum
testosterone to castrate levels and inducing regme®f the disease. For registration purposes,
testosterone levels e60 ng/dL are considered castrate level, but reEanipean Association

of Urology and American Urological Association gelities recognize testosterone levels of

<20 ng/dL as the castration level of testosterdne.

A goal of ADT is to quickly lower and maintain testerone levels below castrate level.
Treatment of prostate cancer patients with LHRHnégJe results in a diverse testosterone
response often dependent on the agent, with sexugisltypically ranging frorg20 ng/dL to

>50 ng/dL® Additionally, breakthrough testosterone levels50 ng/dL occur in as many as
13% of patients. A post hoc analysis of the PR-7 trial, compa@&pD and IAD in prostate
cancer patients treated with a variety of LHRH agisnwas performed to address the clinical
significance of these observations. Achievemembwfnadir serum testosterone2Q ng/dL)

within the first year of ADT correlated with imprest CSS and time to PSA (CRPC) progression

versus a nadir serum testosterone of >20 ng/dL.

Leuprorelin (Eligar8) has been found to effectively lower testosteroeducing PSA levels, in
previous clinical trialS:® ICELAND was a large, multicenter, European stddgnonstrating
similar efficacy, tolerability, and quality of lifeith CAD and IAD with leuprorelin in non-
metastatic prostate cancefThis post hoc analysis of the CAD arm of the I@EID trial was

undertaken to repeat the post hoc analysis of & Rial, stratifying patients by testosterone



levels in the first year after randomization toedgtine if low testosterone levels correlated with

improved CSS and time to PSA (CRPC) progression.
MATERIALSAND METHODS

The ICELAND study was a 42-month, phase llib, op#rel, randomized, multicenter study that
recruited patients from 102 centers in 20 Europeamtries. Full methods are detailed in the

primary manuscripf,with inclusion and exclusion criteria in the Sugrpentary.
Study Design

Patients were treated with leuprorelin acetate 28y53-month depot for 6 months and received
bicalutamide 50 mg once daily for 1 month from fin&t injection with leuprorelin acetate. Two
successive PSA levetd ng/mL &2 weeks apart) after 6 months were required fdepts to

proceed to randomization.

The randomized phase ran from visit 4 (month 6)isa 16 (month 42). Patients were randomly
assigned 1:1 to either CAD or IAD with leuproredicetate 22.5 mg 3-month depot. Treatment
was stopped 36 months after randomization, anéaillow-up was at 6-month intervals for
18 months. Study visit timing and end points argiwed in the Supplementary (including
Supplementary Table 1). The first patient’s futsit was in March 2006; the final patient’s last

visit was in April 2013.
Post Hoc and Statistical Analysis

Patients receiving CAD therapy were stratified kgimum, median, and maximum testosterone

levels achieved intg20 ng/dL €0.7 nmol/L), >20 te<50 ng/dL (>0.7 te<1.7 nmol/L), and



>50 ng/dL (>1.7 nmol/L) subgroups. Pre-dose seestosterone measurement was mandated
every 3 months. Testosterone was centrally medsisiag the Elecsys
electrochemiluminescent immunoassay (Roche, CHg limit of detection was 2.5 ng/dL, the
limit of quantitation was 12.0 ng/ml, and the measyrange was 2.5-1500 ng/8LData were
collected during the first year of therapy from ttage of randomization. CSS and time to PSA
(CRPC) progression were analyzed by Kaplan-Meiatyaes and Cox proportional hazards
regression models. CSS was a post hoc end peiimied as the time from randomization to the
date of death resulting from prostate cancer amaptication of cancer treatment to match the

end point in the Klotz et al post hoc analysis.

Time to PSA progression was defined as castratersgrstosterone <50 ng/dL plus either
biochemical progression (defined as three consexuses in PSA 1 week apart resulting in two
50% increases over the nadir with PSA >2 ng/mliadiological progression (defined as the
appearance af2 new bone lesions on bone scan or enlargemensaft #issue lesion using
Response Evaluation Criteria in Solid Tumors). Wik the Wald 95% CI computed by a Cox
proportional hazards regression model was calalila@mparing the rate of hazard in the
testosterone subgrow20 ng/dL €0.7 nmol/L) with the other >20 t60 ng/dL (>0.7 to

<1.7 nmol/L) and >50 ng/dL (>1.7 nmol/L) subgroups.
RESULTS

A total of 1131 patients were screened for the IBND study, of whom 933 entered the
induction phase. Of these, 701 patients were rammbuhand 232 patients discontinued before
randomization. The main reasons for discontinuadider screening, but before randomization,

were “not fulfilling the in- or exclusion criteriah = 176; 18.9%), “other” (n = 22; 2.4%), and
6



“consent withdrawal” (n=13; 1.4%). At the lastivisrior to randomization, 137 of the 144
available PSA measurements of the subjects tha stdysequently not randomized were

>1 ng/mL. Only 2.8% (10/354) of the available PSAasuwements at that visit weré ng/mL

for the CAD group and 2.1% (7/335) for the IAD gpouA total of 361 patients were assigned to
CAD (Figure 1). This post hoc analysis include® &figible patients in the CAD arm, 339 of
whom developed CRPC. Patient demographics wesepted in the primary publication of the

ICELAND study’

During the first year of randomized leuprorelinatiraent, less than 3% of patients were included
in any of the highest testosterone-level subgrgup® ng/dL [>1.7 nmol/L]) [Table 1]. The
minimum testosterone level of >50 ng/dL (>1.7 ninplvas reported in 0.3% of patients, and
the median and maximum testosterone levels of ¥&@Ln(>1.7 nmol/L) were reported in 0.9%
and 2.9% of patients, respectively. Minimum, madend maximum testosterone levels of

<20 ng/dL €0.7 nmol/L) were achieved in the majority of pat&e[®0.1%, 83.5%, and 74.5%,

respectively].

There was no significant difference among the tiestosterone subgroups in time to CSS
(Table 2; Figure 2). Patients who did not achi@wveinimum testosterone 820 ng/dL

(0.7 nmol/L) did not have a shorter time to CSShwih estimated HR of 0.89 (95% CI 0.4—
1.8). Time to CSS was not reached in patients mitiimum serum testosterone of >50 ng/dL
(>1.7 nmol/L). Similarly, patients with median testerone of >20 ng/dL (>0.7 nmol/L) had no
difference in time to CSS compared with patientthwiedian testosterone €20 ng/dL

(<0.7 nmol/L) [>20 to<50 ng/dL (>0.7 ta<1.7 nmol/L): HR 0.84; 95% CI 0.4—1.6; >50 ng/dL

(>1.7 nmol/L): HR 2.74; 95% CI1 0.2-12.7]. Furthem®, patients with a maximum testosterone
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level <20 ng/dL €0.7 nmol/L) did not differ significantly in time t6SScompared with those
patients with serum testosterone between 20 amd)&l). (>0.7 to<1.7 nmol/L) or >50 ng/dL
(>1.7 nmol/L), with an estimated HR of 1.13 (95%03%-1.9) and 3.59 (95% CI 0.9-10.0),

respectively.

There was also no significant difference amongttinee testosterone subgroups in time to PSA
(CRPC) progression (Table 2; Figure 3). Patierite did not achieve a minimum testosterone
<20 ng/dL €0.7 nmol/L) did not have a higher risk of devel@gpfdRPC, with an estimated HR
of 5.06 (95% CIl 1.3-16.1). Time to PSA (CRPC) pesgion was not reached in patients with
minimum serum testosterone >50 ng/dL (>1.7 nmol&milarly, patients with median
testosterone of >20 t&b ng/dL (>0.7 te<l.7 nmol/L) had no difference in time to PSA (CRPC)
progression compared with those patients with nmes@um testosteror®0 ng/dL

(0.7 nmol/L) [HR 3.92; 95% CIl 1.2-12.3]. Time to BB was not reached in patients with
median serum testosterone >50 ng/dL (>1.7 nmolAycthermore, patients with a maximum
testosterone level of >20 ng/dL did not differ sfgantly in PSA (CRPC) progression compared
with those patients with serum testosterone betv@smnd 50 ng/dL (>0.7 t€l1.7 nmol/L) or

>50 ng/dL (>1.7 nmol/L), with an estimated HR of2(95% CI 0.8-9.3) and HR of 4.57 (95%

Cl1 0.2-26.8), respectively.

DISCUSSION

This post hoc analysis of the CAD arm of the ICELIAKtudy investigating the relationship
between testosterone levels within the first yd@r aandomization to leuprorelin and time to
progression and disease-specific survival foundifference in clinical outcomes between the

subgroups. This is in contrast with the post haalysis of the PR-7 study, in which low nadir
8



serum testosteroneZ0 ng/dL) within the first year of ADT correlatedtltvimproved CSS and
time to CRPC in men being treated for biochemiadlife undergoing CAD. Two earlier
retrospective studies also suggested that lowdtestme levels achieved by ADT in the first
year correlate with time to CRPE°while other retrospective studies suggested anustic

role for testosterone levélsand a correlation with risk of deaftin patients receiving ADT.

Findings in this analysis may be due, at leastaim, po the effectiveness of leuprorelin in
lowering testosterone levels, as only one patiadtdaminimum testosterone level of >50 ng/dL
(>1.7 nmol/L) and ten patients had a maximum téstose level of >50 ng/dL (>1.7 nmol/L).

In addition, testosterone was measured using atrebhemiluminescence immunoassay, a
common testosterone assay routinely used in clipreactice, ensuring the testosterone data
presented are clinically relevant. Furthermomgrage of LHRH agonist preparations (buserelin,
goserelin, leuprolide as subcutaneous or intramasoyjection, and leuprorelin as intramuscular
or subcutaneous injection with varying doses amdiaidtration schedules) or bilateral
orchiectomy was acceptable in the PR-7 friahile only leuprorelin Atrigél depot (Eligar8)

as 22.5 mg 3-month subcutaneous depot injectiossused in the ICELAND study. This may
help account for the differing numbers of patiantsach testosterone subgroup between the PR-
7, Perachino et al (2010), Bertaglia et al (2013)lies, and the ICELAND study. Furthermore,
patients in an earlier study by Oefelein et al (®0dnderwent bilateral orchiectom$while
patients in the Morote et al (2007) study recei8edonth depots of LHRH agonist every 90
days, with a subset contininuing treatment withahitamide® In addition, patients in the
Perachino et al (2010) study were treated with hfg&oserelin every 12 weelsyhile

patients in the Bertaglia et al (2013) study reeéia long-acting formulation of commercially

available LHRH agonist every 3 months with concamitbicalutamide during the first 4 weeks
9



to prevent tumor flar&* These differences demonstrate the range of LH&tHiat agents used
in studies that have investigated the relationbleigveen testosterone levels and clinical
outcomes in prostate cancer. The performanceeskthiarious LHRH agonist formulations in

relationship with the pharmacologic performanc&ligard® has been discussed previously.

Additionally, differences between the PR-7 and IGRID study designs may contribute to the
dissimilar results. While stratification of patterwas performed using testosterone levels
obtained 0 to 12 months following treatment inigation in the PR-7 trial, stratification in the
ICELAND study was performed 6 to 18 months follogimeatment initialization. If the first

year testosterone levels after the initializatibl€AD are critical to the prognostic value of
clinical outcome, the ICELAND post hoc analysis nii@ye been compromised by excluding the

first 6 months from the analysis.

Another notable difference was that eligible pasan PR-7 were required to have a rising PSA
level >3 ng/mL that was higher than the post-réaoiatherapy nadir, whereas eligible patients in
ICELAND were required to have a serum PSA0f4 ng/mL that had risen on three successive
occasions. At baseline, 20% of the randomized ISED patients had a PSA of <2.5 ng/mL.
Patients with lower PSA values have lower Gleasones, smaller tumors, and lower tumor-
recurrence rates. In the PR-7 trial, 99.9% ofgudsi had a baseline PSA of >3 ng/MLThus,
patients in the PR-7 trial were more likely to enpece disease recurrence. Additionally, in the
ICELAND study patients were excludédm the randomized treatment period if they didl no
demonstrate two successive serum PSA levetd afg/mL (at least 2 weeks apart) after

6 months of ADT. Prior to randomization, 95% of tvailable PSA measurements for subjects

that were subsequently not randomized vedreag/mL. In contrast, only 2.8% of the CAD and

10



2.1% of the IAD available PSA measurements atvisitwere>1 ng/mL. However, patients
not responding to hormonal treatment in the PRar were not excluded from the analysis.
Hormonally unresponsive patients would have a podigical outcome, and the ICELAND

post hoc analysis may have been further compronfigexkcluding this group.

Further differences, which may have impacted tkalte observed in this study, include the
baseline characteristics of patients and cohoet s this was a post hoc analysis, the minimum
number of patients in each of the different test@ste subgroups was not predefined and thus
the current analysis was not powered to deteatdiffces between these groups in the outcomes
presented here. In particular, the number of pttieeceiving local treatment was probably
greater in the ICELAND study, as this was an inda<riterion but was not in PR-7. Also, in

the PR-7 study, baseline PSA and Gleason scorern&lated with time to CRPC, whereas age,
Gleason score, and baseline PSA correlated with G&8vever, in the current study, this was
not investigated. As such, the impact of castraeeels of testosterone on the development of
CRPC and CSS remains controversial and furtherstigegtion is required. Additionally, CAD
consisted of either orchiectomy or chemical castnavith an LHRH in PR-7, whereas CAD

only consisted of leuprorelin treatment in Icelas the number of patients who had
orchiectomy in PR-7 is unknown, we cannot specldat® the significance of this regarding the
difference in the post hoc analyses for the twaldri Furthermore, cohort size differed in the
PR-7 and ICELAND trials. Taken together with tbevér risk of disease recurrence in the
ICELAND study discussed above, these differenceohort size may have further impacted

this post hoc analysis of the ICELAND trial.

11



Notably, while no significant difference in clinicautcomes between testosterone subgroups
was observed, which may partly have been due terf@atients in the group with the highest
testosterone levels in this study, a trend in #maesdirection as that seen in the PR-7 trial was
observed when patients were stratified by minimuoch median testosterone levels. Together
with the limitations discussed earlier, these rsssiliggest that while no significant difference
was observed in this study, a larger sample sizehakp to overcome differences in testosterone

subgroup sizes and show any relationships betvestosterone levels and clinical outcomes.

CONCLUSIONS

In conclusion, this analysis of the ICELAND studgndbnstrated no differences in CSS and time
to PSA (CRPC) progression among ##8 ng/dL €0.7 nmol/L), >20 ta<50 ng/dL (>0.7 to

<1.7 nmol/L), and >50 ng/dL (>1.7 nmol/L) testostezdevel subgroups in the CAD arm
receiving leuprorelin treatment. These resultdramh the PR-7 study post hoc analysis, and may
be explained by differences in study design angkpepopulation, as well as the effectiveness of

leuprorelin treatment. Further studies are necgssaeach more definitive conclusions.
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FIGURE LEGENDS
Figure 1. Disposition of patientsin the ICELAND study

Figure 2. Timeto CSSaccording to the minimum (a), median (b), and maximum (c) testosterone

levelsin the first year of CAD

Figure 3. Timeto PSA progression according to the minimum (a), median (b), and maximum (c)

testosterone levelsin thefirst year of CAD
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Table 1. Distribution of minimum, median, and maximum testosterone levels during first year of

CAD
Testosterone level, ng/dL
<20 >20<50 >50
Minimum 311 (90.1%) 33 (9.6%) 1 (0.3%)
Median 288 (83.5%) 54 (15.7%) 3 (0.9%)
Maximum 257 (74.5%) 78 (22.6%) 10 (2.9%)




Table2. CSSand timeto CRPC stratified by minimum, median, and maxi mum testosterone

levels
Cause-specific survival PSA (CRPC) progression
Testosterone N
level, ng/dL Median HR p Percentage p
(95% Cl)  (95% CI) value* (95% Cl) HR%CH | oex
Minimum
33 1 33
<20 311 (33-34) (NE) 1
33 0.89 33 5.06
>20—<50 33 (NE) (0.4-1.8) 0.849 (NE) (1.3-16.1) 0.062
33 33
>50 1 (NE) NE (NE) NE
Median
33 33
<20 288 (33-34) 1 (NE) 1
33 0.84 33 3.92
>20-<50 54 (NE) (0.4-1.6) 0.598 (NE) (1.2-12.3) 0.083
33 2.74 33
>50 3 NE) (0.2-127) (NE) NE
Maximum
33 33
<20 257 (33-34) 1 (NE) 1
33 1.13 33 2.79
>20—<50 78 (NE) (0.6-1.9) 0.196 (NE) (0.8-9.3) 0.165
32 3.59 32 4.57
>50 0 NE)  (09-10.0) (NE)  (0.2-26.8)

*Likelihood ratio test.



Supplementary

Inclusion and exclusion criteria

Men with locally advanced prostate cancer (T3-T4@levated or rising PSA levels§ mg/mL)
after radical prostatectomy or radiotherapy that tedapsing prostate cancer with a serum PSA
of >0.4 ng/mL following radical prostatectomy axd ng/mL following radiotherapy that had
risen on three successive occasions were screémeldsion criteria were agel8 and

<80 years, Gleason scor6, Eastern Cooperative Oncology Group performatatesof 0—2,
and>5-year life expectancy. Patients were excludedeay had any other malignancy or
metastatic disease, were receiving chemotherapther hormonal therapy, had testosterone
levels<50 ng/dL €1.7 nmol/L), or had any condition that would pretdisafe study completion.
Patients underwent a rigorous assessment at seggémiluding TNM classification and a
biopsy-based Gleason assessment. Radionuclidesbandgtechnetium 99m-methylene
diphosphonate bone scintigraphy) or a computed ¢goaphy scan of the abdomen and pelvis
was also performed to exclude the presence of tases Patients provided written informed
consent prior to study entry. The protocol wasawed by the independent ethics

committee/institutional review board at each stoegter.

Study end points

The primary end point was time to PSA progressil@fined as three consecutive increasing
PSA values4 ng/mL at least 2 weeks apart during the randadrisatment period. Secondary
efficacy end points included PSA progression-fnia®isal, defined as time from randomization
to either PSA progression or death; overall sultyidefined as time from randomization to either

the last available assessment or death, occurdrgter than 60 months after randomization;



and time to serum testosterone >50 ng/dL (>1.7 Ampfdontinuous androgen deprivation group

only].

Efficacy data were analyzed for all patients whoenandomized at visit 4 and treated. Time-

to-event data were analyzed using the Kaplan-Maggthod.
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Supplementary Table 1. Sudy visit timing

Screening Induction phase Randomized phase Long-term
visit follow-up
Baseline Month 3 Month 6 CAD IAD
Day/month -21to -7 0 3 6 9,12, 15... 42 9,12,15...42 48-60
Visit number 1 2 3 4 56,7... 16 56,7... 16 17-19
Leuprorelin Yes Yes Yes Yes* Yés
22.5mg
3-month depot
Bicalutamide Yes Yed
50 mg QD

*Leuprorelin 22.5 mg 3-month depots continuouslyhia continuous ADT group.

Patients in the intermittent ADT group, followin@R levels reaching2.5 ng/mL during the off-treatment phase, commenced

leuprorelin 22.5 mg 3-month depot + bicalutamid@ 1ftg QD) for 1 month from the time of first leupebn depot injection.

Al patients received bicalutamide (50 mg QD) fomdnth starting from the time of first leuproretiepot injection.

ADT = androgen deprivation therapy; CAD = contins@ndrogen deprivation; IAD = intermittent androgeprivation; PSA =

prostate-specific antigen; QD = once daily.



Abbreviations and Acronyms

ADT = androgen deprivation therapy

CAD = continuous androgen deprivation

Cl = confidence interval

CRPC = castration-resistant prostate cancer

CSS = cause-specific survival

HR = hazard ratio

IAD = intermittent androgen deprivation

LHRH = luteinizing hormone-rel easing hormone

NE = not estimable

PSA = prostate-specific antigen



