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CHAPTER 3

ABSTRACT

Background

Abiraterone Acetate (AA) and Enzalutamide (Enz) are effective hormonal treatments in mCRPC
patients. Retrospective studies suggested clinical cross-resistance between Enz and AA.
However, 12.8-39.1% of patients previously treated with docetaxel (Doc) and AA do respond to
Enz. These responders have not been characterized.

Methods

102 Enz treated mCRPC patients after AA and Doc treatment were included in this study.
Differences in patient characteristics and previous treatment outcomes between PSA responders
and non-responders on Enz were evaluated.

Results

Median Progression-Free Survival was 12.2 weeks (95%Cl 11.7-14.3) and Overall Survival 43.5
weeks (95%Cl 37.4-61.2). There were 26 (25%) Enz-responders and 76 (75%) non-responders.
Significant higher percentages of Gleason scores =8 and PSA doubling times (PSA-DT) <3
months were found in Enz responders than in non-responders. The interval between end of AA
and start of Enz treatment (IAE) for responders was 24.6 weeks (IQR 4.0-48.1) and 8.9 weeks
for non-responders (IQR 3.7-25.9) (p=0.08). In an IAE <40 days subgroup (34 patients), Enz
responses were related to AA non-responsiveness, while univariate and logistic regression
analysis of baseline criteria of a subgroup of patients with an IAE=40 (68 patients) revealed
significant differences in baseline PSA levels, PSA-DT <3 months, Gleason scores =8 and IAE’s
between Enz responders and non-responders.

Conclusions

PSA response to Enz after previous AA and Doc treatment was associated with a longer IAE,
a higher Gleason score and a PSA-DT <3 months. Identification of these patients might be of
value for sequencing of treatment options.
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INTRODUCTION

Metastatic castration-resistant prostate cancer (MCRPC) is a prevalent and incurable disease,
associated with high morbidity and mortality’. In recent years multiple drugs have become
available that showed an increased quality of life and overall survival (OS) of mCRPC patients.
Abiraterone acetate in combination with prednisone (AA) and Enzalutamide (Enz) both target
the androgen receptor and both have proven efficacy in patients with mCRPC?®. Enz inhibits
Androgen-Receptor (AR) signaling through inhibition of androgen binding to the AR, reducing
the efficiency of the AR complex nuclear translocation, preventing the AR complex from binding
to response elements in the DNA and recruitment of its coactivators®, while AA inhibits the
synthesis of testosterone®. Several retrospective studies evaluated the efficacy of Enz in mCRPC
patients previously treated with Docetaxel (Doc) and AA. The rate of PSA responses (=50% PSA
decline) varied between 12.8% and 39.1%’'3, OS and Progression Free Survival (PFS) varied
between 4.8 — 8.5 months” ® ' and between 2.9 — 4.0 months™® ', respectively. The reported
PSA response rates, OS and PFS of Enz after Doc and AA treatment were all lower than the 54%,
18.4 months and 8.3 months, respectively, reported in mCRPC patients previously treated with
Doc only®. These results suggest a significant clinical cross-resistance, however, a proportion
of patients treated with Enz previously treated with Doc and AA did have a PSA response. Here
we report the characteristics of these patients. This information might be of value for optimal
sequencing of treatment options for MCRPC patients.

PATIENTS AND METHODS

Patients, study procedures and data collection

Recently, we reported on the efficacy of Enz in 61 mCRPC patients previously treated with Doc
and AA in aretrospective multicenter study’. These patients were included in the Dutch Expanded
Access Program (EAP) for Enz. For the current analysis, all 36 Dutch Uro-Oncology Study group
(DUQOS) hospitals were approached for updated records of patients included in the EAP and for
new patients treated with the drug sequence of interest. Data from 9 hospitals on all 61 patients
in the EAP could be updated and 14 hospitals indicated to hold records of 41 additional patients
treated with Enz after previous Doc and AA not in the EAP

Institutional Review Board (IRB) approval for retrospective collection and analysis of patient data
was obtained from the Netherlands Cancer Institute, which covered all participating hospitals.
Personal data were encoded and no informed consent was required.

Prior to Enz treatment (160mg orally daily) baseline characteristics were documented. Patients

were assessed every 4-6 weeks during Enz treatment. Radiologic assessment was at the
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discretion of the physician. Progression Free Survival and Overall Survival were followed up until
May 2014 and assessed according to PCWG2 criteria. PSA response was defined as a PSA
decline of 250% from baseline, PSA doubling time (PSA-DT) was calculated for patients with
at least three PSA measurements within the three months prior to Enz treatment according to
PCWG2 criteria™. Duration of Enz response (DER) was defined as time from first PSA response
(=50% PSA decline) on Enz until PSA progression as defined by PCWG2'. Only patients who
had an PSA response were included into the calculation. Patients with no PSA progression were
censored at last follow-up. Radiologic responses were assessed according to RECIST'® and
PCWG2 criteria'. Interval between AA and Enz treatment (IAE), Interval between Doc and Enz
(IDE) and Interval between last treatment and Enz (ILTE) were defined as time between last dose
of AA, last dose of Doc treatment and end of last systemic therapy and start of Enz, respectively.
Duration of Enz treatment (Enzdur) was defined as start of Enz through last day of treatment.

Patients were designated Doc or AA sensitive if they had a PSA decline of at least 50%. Those
patients who did not achieve a 50% PSA decline were designated Doc or AA non-sensitive.

Statistical analysis

Follow-up time, OS , PFS and DER were evaluated using Kaplan-Meier (KM) estimates.
Univariate comparisons of patient and treatment characteristics between Enz-responders and
non-responders were assessed using a t-test or Wilcoxon-Mann-Witney test for continuous
variables and by Fisher's exact test for categorical variables. Effect of IAE on response was
evaluated graphically, as well by means of logistic regression. Effects of other patient and
treatment characteristics on Enz-response were subsequently evaluated in bivariate logistic
regressions using IAE as a covariate. The univariate comparisons above were repeated for the
subgroup of patients with IAE<40 and the IAE=40. For response to AA we tested for a statistical
interaction with IAE as a predictor of Enz-response — both in the continuous setting (logistic
regression) as in the dichotomized setting (using 40 days as cut off point). Aike’s Information
Criterion was used to decide whether or not to include a quadratic term (of the IAE) in the logistic
regressions. Based on this it was decided to do so only for the subpopulation of patients with
IAE=40. All analyses were repeated for the subpopulation of patients receiving AA for at least
12 weeks. All p-values were two-sided and considered significant if p<0.05. No correction was
made for multiple significance testing. Statistical Analysis System (SAS) statistical software and
R were used for statistical analysis'®.
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RESULTS

Patients

A total of 102 patients were included from 14 medical centers located in the Netherlands. All
patients treated with Enz after AA and Doc in the participating centers have been included.
Patient and tumor specific characteristics and previous treatments are listed in table 1 and
supplementary table 1. For 6 patients (6%) the Enz dose was reduced as a result of adverse
events (data not shown). Ninety patients (88%) had one course of Doc treatment prior to Enz
treatment, while 12% had more than one course. Sixty-four % of the patients were considered
Doc sensitive (=50% PSA decline). The median AA treatment duration was 26 weeks (IQR 14 —
38). Twenty-eight % of the patients were considered AA-sensitive (=50% PSA decline).

PSA response on Enz treatment and survival

Enz treatment was initiated a median of 60.6 weeks (IQR 40.9 — 87.9) and 9.7 weeks (IQR 3.7
— 31.4) after Doc (IDE) and AA discontinuation (IAE), respectively (Table 1). Twenty-six patients
(25%) had a PSA response on Enz treatment (Table 1). The Kaplan-Meier estimate for the median
Progression free survival (PFS) was 12.2 weeks (95% C.1.:11.7 — 14.3), the median overall survival
(OS) was 43.5 weeks (95% CI 37.4 — 61.2) (Table 1) and median DER was 26.0 weeks (95%
C.l. >10.4) (Table 2). Two patients were excluded from the OS and PFS analysis due to lack
of follow-up. Enz response, PFS and OS did not change when analysis was limited to patients
treated with AA for a minimum of 12 weeks (86 patients), as advised by the PCWG2'™.

Clinical variables associated with PSA response

In Table 2 the characteristics of 26 Enz-responders and 76 non-responders are compared. Enz-
responders had a significant longer median OS and PFS compared to non-responders (64.3 and
37.4 weeks; p=0.014 and 22.2 and 11.7 weeks; p=<0.0001, respectively). Eighty-six percent
of the responders had a Gleason score =8 compared to 46% of the non-responders (p=0.006).
Enz-responders had a significantly shorter PSA-DT (<3 months) compared to non-responders
(44% and 16%, respectively; p=0.037).

The median IAE in the Enz responders and non-responders group were 24.6 weeks (IQR 4.0
- 48.1) and 8.9 weeks (IQR 3.7 — 25.9), respectively (p=0.08). Although the IAE did not differ
significantly between responders and non-responders, the shape of the graph representing the
relation between PSA response and IAE prompted more detailed investigation of this relation
(Figure 1).

45




CHAPTER 3

Table 1. Patient characteristics and treatment outcomes

Survival Median 95% C.I.
Median PFS (weeks) 12.2 (11.7-14.3)
Median OS (weeks) 43.5 (37.4-61.2)

ECOG performance status n
0-1 61 (60%)

2 31 (30%)
3 4 (4%)
Not available 6 (6%)

Gleason score n %
<6 15 (17%)

7 24 (27%)
=8 49 (56%)
Not available 11 (18%)

Metastatic sites n
Bone metastases/ bone only 80/22 (78%) / (22%)
Lymph node involvement/ lymph node only 62/4 (61%) / (4%)
Bone and lymph nodes only 56 (55%)
Visceral 20 (20%)

PSA doubling time (n=66) n %
< 3 months 15 (23%)
= 3 months 51 (77%)

Disease progression n
PSA increase 97 (95%)
Progression on bone scan 60 (59%)
Progression: Clinical progression 90 (88%)
Progression: Measurable lesions 32 (31%)

Docetaxel treatment Median IQR
Number of cycles (all courses) 9 (6-10)

Cabazitaxel treatment n
Patients treated 36 (35%)
Number of cycles (all courses) 6 (4-8)

Abiraterone treatment Medlian IQR
Duration of treatment (weeks) 26 (14.3-38.1)
IDE (Weeks) 60.6 (40.9-87.9)
IAE (Weeks) 9.7 (8.7-31.4)

Enzdur (weeks) 14.3 (9.7 -20.6)

Follow-up (weeks) 15.0 (11.7-15.7)
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Time to maximum PSA decline (weeks) 6.5 (4.0-11.9)
Maximum PSA decline n
=30% 44 (43%)
=50% 26 (25%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; PSA, prostate-specific
antigen. C.1.: Confidence interval; IDE, time interval between discontinuation of Doc and start of Enz; IAE,
time interval between discontinuation of AA and start of Enz; Enzdur, duration of Enzalutamide treatment;
PFS, Progression free survival; OS, Overall survival

PSA response on Enz treatment as a function of time between AA and Enz treatment
Two distinct peaks in percentage of Enz-responders can be identified: a smaller group within
an IAE<40 days (IAE<40) and a larger group with a linear relation between Enz response and
IAE (IAE=40) (Figure 1). In Figure 2 Swimmer plots are constructed of patients with an IAE=40
(Upper panel) and IAE<40 (lower panel). Swimmer plots represent survival from first treatment
of castration resistant disease and response on Enzalutamide in relation to response on other
life-prolonging treatments on an individual basis.
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Figure 1. Percentage of Enz responders as a function of the interval between end of AA treatment and start
of Enz treatment (IAE). The heights of the boxes represent the percentage of Enz-responders in that interval.
Each box contains roughly 10% of all patients. The width of the box corresponds with the IAE. Two peaks of
Enz-responders can be distinguished (separated by a vertical dotted line at 40 days).
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Baseline characteristics and univariate analysis of these two groups are listed in table 2 and
supplementary table 2. Univariate analysis of all baseline characteristics of the IAE<40 days
group of 34 patients revealed significant differences in neutrophil granulocytes levels and duration
of Enz treatment between Enz responders and Enz non-responders. Baseline characteristics of
the IAE=40 group of 68 patients, showed significant differences in PSA levels, Gleason score,
bone only metastases, PSA-DT <3 months, IDE, IAE and ILTE between Enz responders and Enz
non-responders (table 2).

In the IAE=40 group PSA responses on AA for Enz responders and non-responders were 29%
and 28%, respectively, while, in the IAE<40 subgroup all but one (11%) of the Enz-responders
were AA-non-responsive. However, the difference in AA response between the IAE<40 and
IAE=40 subgroups was not significantly different.

Logistic regression analysis

Logistic regression analysis of the probability of PSA response on Enz treatment was performed
using IAE as the independent variable as well as using various disease and patient characteristics
as the independent variable with IAE as a covariate. Analysis was performed for the entire cohort
and for the IAE=40 group, the adjusted p—values are displayed in table 3.

In the entire cohort (n=102), the logistic model of the influence of IAE on the rate of Enz-
responders seemed to be more accurate than a model suggesting that IAE had no influence
on the rate of Enz-responders, however was not statistically significant better (p=0.058 in a
likelihood ratio test). In the bivariate logistic models, the predictors for Enz-response in the entire
population compensating for IAE were PSA-DT <3 months (adj. p=0.037) and duration of Enz
treatment (adj. p=0.003).

For the IAE=40 subpopulation, IAE was a predictor of Enz-response in the univariate logistic
model (p=0.007). The predictors for this subpopulation in the bivariate logistic models were
PSA-DT <3 months (adj. p=0.019), involvement of lymph nodes (adj. p=0.017) and having only
bone metastases (adj. p=0.005).
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Table 3. Multivariable analysis using IAE as independent variable

Entire cohort (n=102) IAE = 40 days sub-group
Likelihood ratio test 26/102; p= 0.058 17/68; p=0.0065
Dependent variables Adjusted p-value Adjusted p-value
Metastatic sites
Bone metastases 0.7 0.39
Lymph node involvement 0.17 0.017
Visceral 0.56 0.75
Bone only 0.06 0.0049
Lymph nodes only 0.9 0.99
Bone and lymph nodes only 0.2 0.07
Time between treatments
IDE 0.42 0.27
ILTE 0.29 0.65
PSA-DT < 3 months 0.037 0.019
Enzdur 0.0033 0.07

Abbreviations: IAE, Interval between discontinuation Abiraterone and start Enzalutamide; IDE, interval
between discontinuation of Docetaxel and start Enzalutamide; ILTE, Interval between discontinuation of last
systemic treatment and start of Enzalutamide; Enzdur, Duration of Enz treatment

DISCUSSION

In this retrospective analysis of 102 mCRPC patients treated with Enz after Doc and AA, we
describe the characteristics of patients with a 250% PSA response. The PSA response rates,
median OS and PFS on Enz treatment of mCRPC patients pretreated with Doc and AA were
comparable to our previous report and other retrospective studies™®. Enz-responders had a
significant longer OS and PFS compared to non-responders, which were in the same range as
reported by Brasso et al 2. The =50% PSA response rate on Enz in the current patient cohort is
much lower than the 54% in AA-naive patients as reported in the AFFIRM trial®.

Several retrospective cohort studies suggest a significant clinical cross-resistance between
Enz and AA™'3 17 which might be explained by the common molecular target of both drugs.
However, preclinical evidence for cross-resistance is scarce. Higher Gleason scores (=8) have
been associated with higher recurrence rates and mortality. However, in the current cohort a
relation was found between Gleason score =8 and a higher rate of PSA response. In the AFFIRM
trial, Gleason =8 patients had a non-significant favorable hazard ratio over Gleason <7 patients
with respect to OS (0.60 and 0.67, respectively)'®. PSA-DT is a valuable tool in the pre-Docetaxel
setting for predicting survival and risk for metastatic disease. However, it has not been evaluated
for prediction of response to therapy'®22. Our observation, that patients with a PSA-DT <3
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months were more likely to respond to Enz, was validated both univariately and related to IAE.
The relation was stronger in the IAE=40 group. The relation between PSA baseline level, Gleason
=8 and PSA-DT <3 months and Enz response might be related to the rate of cell cycle passage
and dependence on AR signaling.

Even though there was no statistical significant difference in IAE between PSA responders
and non-responders for the whole population, analysis of Enz-responders as a function of IAE
revealed two groups of patients responding to Enz, IAE <40 days and IAE=40 days. An interesting
difference between the groups was that only 1 (11%) Enz responder in the IAE<40 group was
AA-sensitive, while 8 (35%) Enz responders in the IAE=40 group were AA-sensitive. The low
PSA response rates on AA and high response rates on Enz in the IAE<40 group, suggests
a mechanism of AA resistance not shared with Enz resistance. This exclusive mechanism of
AA resistance could be related to differences in the mode of action between the AR targeting
drugs. However, the difference in AA response between the IAE<40 and IAE=40 Enz response
subgroups was not statistically significant, likely due to the low number of Enz responders.

In the IAE=40 subgroup, IAE showed a linear relation with Enz response. The PSA response
rates of 50% after an IAE of 390 days was comparable to AA-untreated patients as reported
in the AFFIRM trial®. This time relation and reversibility of acquired cross-resistance suggests
plasticity of the cells’ behavioral repertoire to adapt to changes in their microenvironment?.
Carver et al. reported that the androgen receptor pathway activates reciprocal negative feedback
of the PI3K-pathway. Inhibition of the androgen receptor could promote activity of PI3K signaling,
which results in androgen independent proliferation®. Possibly, these changes are energetically
unfavorable and cells might reverse to testosterone dependence upon cessation of AR targeted
therapy, which might explain the time relation between AA and Enz treatment.

Reversibility of sensitivity to AR targeted drugs might have consequences for sequencing of
treatment options. Our data suggests that, when an interval between AA and Enz treatment is
introduced, both treatment options can be deployed. Both AA and Enz have shown survival
benefit in patients not treated with Doc* °. Therefore treatment with Doc and second line options
Cabazitaxel and/or Radium-223 between AA and Enz treatment might be an optimal sequence.
However, there is no data suggesting a relation between interval between AA and previous Enz
treatment and response to AA.

In conclusion, in this retrospective study we identified 3 possible characteristics of Enz-
responders after previous Doc and AA treatment: IAE, PSA-DT <3 months and Gleason =8.
Our data suggests that PSA responses on both AA and Enz can be achieved, however with a
long interval between the treatments. This is a retrospective study and as such more prone to
bias and confounding. Therefore, recommendation on the timing and sequencing of Enz and
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AA in the post-Docetaxel setting cannot be made. We also note that our analysis is largely data
driven and exploratory: conclusions are only hypothesis generating and need to be validated
prospectively.
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SUPPLEMENTARY MATERIALS

Supplementary table 1. Patient characteristics and treatment outcomes

Age Median IQR
72 64-77
Number of metastatic sites N %
0 0 (0%)
1 1 (1%)
=2 99 (97%)
Unknown 2 (2%)
Laboratory values at start of Enz treatment (entire cohort; n=102) Median IQR
PSA (ug/L) 335 (95-723)
Haemoglobin (mmol/L) 71 (5.7-7.9)
Leucocytes (x10%L) 75 (6.3-9.3)
Neutrophil granulocytes (x10°%/L) 52 (41-7.5)
Thrombocytes (x10%L) 272 (218 — 340)
ALP (U/L) 170 (94 - 285)
Albumin (U/L) 39 (35-42)
Bilirubin (umol/L) 7 (5-8)
LDH (U/L) 244 (192 - 390)
EGFR (ml/min/1.73m?/L) 62 (60 —90)
Mitoxantrone treatment N %
Patients treated 3 (3%)
Antihormonal treatment while on Enzalutamide
LHRH antagonist/agonist 98 (96%)
Orchidectomy 4 (4%)
Dexamethasone/prednisone mono therapy 12 (12%)
Previous antihormonal treatment (other than Abiraterone) N %
Ketoconazol 0 (0%)
Diethylstilbestrol 0 (0%)
Abiraterone treatment Median IQR
Reason for discontinuation: N %
Intolerance 6 (6%)
Relapse 57 (56%)
No response 38 (37%)
Unknown 1 (1%)

ALP alkaline phosphatase; IQR, interquartile range; LDH, lactate dehydrogenase; EGFR, Estimated

glomerular filtration rate; PSA, prostate-specific antigen.
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