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Abstract

Background: The clinical impact of concurrent corticosteroid use (CCU) on enzalutamide-
treated patients with metastatic castration-resistant prostate cancer (nCRPC) is unknown. We
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investigated the association of CCU with overall survival (OS), radiographic progression-free
survival (rPFS), and time to prostate-specific antigen progression (TTPP) in post-chemotherapy,
enzalutamide-treated patients with mCRPC.

Patients and methods: Post hoc analysis of AFFIRM (NCT00974311) with patients (7=
1199) randomized 2:1 to enzalutamide 160 mg/day or placebo. Treatment group, CCU and known
prognostic factors were evaluated for impact on overall survival (OS), rPFS, and TTPP using

a multivariate Cox proportional hazards model. CCU was defined as “baseline” (use started at
baseline) or “on-study” (baseline plus use that was started during the trial).

Results: Enzalutamide significantly improved OS, rPFS, and TTPP independent of baseline
CCU but was associated with inferior clinical outcomes when compared to no baseline CCU,
including a shorter OS (10.8 months vs. not reached [NR]; hazard ratio [HR] for use vs. no use
2.13; 95% confidence interval [CI], 1.79-2.54), rPFS (5.2 vs. 8.0 months; HR 1.49 [95% ClI,
1.29-1.72]), and TTPP (4.6 vs. 5.7 months; HR 1.50 [95% CI, 1.25-1.81]). These findings held
in a multivariate analysis adjusting for baseline prognostic factors wherein baseline CCU was
independently associated with decreased OS (HR 1.71 [95% CI, 1.43-2.04]; £<0.0001) and rPFS
(HR 1.28 [95% CI, 1.11-1.48]; £=0.0007).

Conclusions: Patients with mCRPC benefited from enzalutamide treatment independent of
CCU, but CCU was associated with worse baseline prognostic factors and outcomes.

ClinicalTrials.gov identifier: NCT00974311.
Translational Relevance

Enzalutamide is a second-generation, androgen receptor signaling inhibitor that significantly
improves clinical outcomes for patients with non-metastatic and metastatic castration-resistant
and metastatic non-castrate prostate cancer. Corticosteroids are frequently used in advanced
prostate cancer to manage symptoms and mitigate therapy-related side effects. The true impact

of corticosteroid use on clinical outcomes in patients receiving androgen receptor inhibitors is
unknown. Here we present a post hoc analysis of the AFFIRM phase 111 clinical trial which shows
that enzalutamide improves overall survival, radiographic progression-free survival, and time to
prostate-specific antigen progression of patients with metastatic castration-resistant prostate cancer
independent of corticosteroid use. However, the benefit from enzalutamide was less for patients
who received concomitant corticosteroids. Further validation is required to determine the causal
relationship of the negative effect of corticosteroids on survival and the clinical setting where the
short-term benefits of corticosteroid use outweigh the potential for adverse effects and an inferior
outcome.
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prostate cancer; enzalutamide; corticosteroid; survival; radiographic progression free survival

Introduction

Prostate cancers that progress on androgen deprivation therapy are classified as castration-
resistant because most remain dependent on androgen receptor (AR) signaling for growth
(1, 2). This dependence has been demonstrated clinically in the placebo-controlled phase
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I11 registration trials of second-generation AR signaling inhibitors, such as abiraterone
and enzalutamide, both of which showed a significant survival benefit in the experimental
arm relative to the control arm for patients with progressing metastatic castration-resistant
disease (MCRPC) (3-6).

Abiraterone inhibits androgen production by targeting 17-a-hydroxylase (CYP17), a key
enzyme involved in androgen biosynthesis, and was the first androgen receptor signaling
directed agent approved for men with mCRPC in both the pre- and post-chemotherapy
settings, and more recently for those with metastatic castration-sensitive disease (MCSPC)
(3, 4, 7). Safe administration requires concurrent prednisone, which has independent
anticancer effects, to counteract the increased mineralocorticoid production induced with
abiraterone when given alone (8, 9).

The antitumor effects of corticosteroids on metastatic prostate cancer were first described in
the 1950s (10-13). Further, owing to their anti-inflammatory properties, anti-androgenic
endocrine and other pleiotropic effects, corticosteroids have also been used in CRPC

to palliate pain from osseous metastases, reduce cancer-associated weight loss, fatigue,

and chemotherapy-related adverse events (14). However, high-dose or long-term, low-dose
corticosteroid use can lead to immune suppression and increased susceptibility to infections,
osteoporosis, steroid-induced diabetes, peptic ulcer disease, myopathy, fluid retention,
metabolic syndrome, electrolyte instability, weight gain, insomnia, and others (14-16). An
analysis of patients from two, phase 11 abiraterone trials suggested that low-dose prednisone
at 5 mg twice daily was generally safe but associated with a corticosteroid-related adverse
event in 24.6% of patients, but only 4.5% were grade 3 or greater (15).

Enzalutamide is a rationally designed oral AR inhibitor targeting multiple steps in the AR
signaling pathway (17). The drug is approved for the treatment of patients with CRPC based
on the AFFIRM, PREVAIL, and PROSPER trials as well as in men with mCSPC based on
the ARCHES trial (5, 6, 18-20). In AFFIRM, enzalutamide improved the median overall
survival (OS) by 4.8 months (hazard ratio [HR] 0.631; £ <0.0001) compared with placebo.
Trial entry permitted the continuation of corticosteroids at baseline or to add corticosteroids
while on protocol therapy (5).

Research into mechanisms associated with castration resistance led to the discovery that
corticosteroids may stimulate prostate cancer cell growth in certain contexts by activating
“promiscuous” or mutated ARs, such as an AR with L702H mutation (21-25). Further
study showed that CRPC cell lines treated with potent AR signaling inhibitors such as
enzalutamide and abiraterone, can upregulate glucocorticoid receptor (GR) expression and
hijack GR signaling to activate a shared subset of AR-regulated genes to bypass AR
blockade (26-29). Clinical credentialing of these findings in correlative studies found both
the emergence of an AR L702H mutation and upregulation of GR expression at variable
frequencies in patients who developed resistance to these drugs (26, 28, 30), the significance
of which is now being studied prospectively in trials evaluating the combination of selective
GR antagonists with enzalutamide for their potential to restore sensitivity to AR inhibition in
patients with mCRPC (31, 32).
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As corticosteroids are commonly used in the management of advanced prostate cancer
and have the potential to have agonist growth stimulatory effects on the tumor in certain
contexts, we performed an exploratory, post hoc analysis to evaluate the association

of corticosteroid use on OS, radiographic progression-free survival (rPFS), and time to
prostate-specific antigen (PSA) progression (TTPP) in the AFFIRM trial.

Study design and conduct

Statistics

AFFIRM (5) was a randomized, double-blind, placebo-controlled, multinational phase 11
study. Patients were randomized 2:1 to enzalutamide 160 mg once daily or placebo. The use
of corticosteroids was allowed at study entry and during the trial. Approximately 30% of
the study participants were taking corticosteroids at study entry, in most cases first initiated
upon receipt of docetaxel, the standard first-line chemotherapy regimen for mCRPC.

For this analysis, corticosteroid use was recorded in two ways: “baseline”, defined as a
patient already on a corticosteroid at the time of trial initiation that was continued for 1

day or longer after starting the trial; and “on-study”, those who had taken any corticosteroid
concurrently for 1 day or longer at any point during the trial, which included a broader
patient population from both baseline users and patients for whom corticosteroid use was
initiated during the trial. In both contexts, enzalutamide could be continued until disease
progression or initiation of a new systemic antineoplastic therapy, unacceptable toxicity, or
withdrawal. The primary endpoint was OS. Secondary endpoints included rPFS, TTPP, and
safety.

To construct a multivariate model, we started with a total of 15 covariates: age (<65 years
vs. =65 years), region (North America vs. rest of world), prior chemotherapy regimens

(1 vs. 22), log of baseline PSA, type of progression at entry (PSA progression only vs.
radiographic progression), treatment group (enzalutamide vs. placebo), baseline Eastern
Cooperative Oncology Group performance status (ECOG PS) (0-1 vs. 2), presence of
visceral disease (no vs. yes), baseline mean pain score (<4 vs. 24), oral corticosteroid

use (yes vs. no), baseline serum albumin (g/L; continuous variable), baseline hemoglobin
(9/L; continuous variable), lactate dehydrogenase (LDH; normal vs. >upper limit of normal
[ULN]), alkaline phosphatase (ALP; normal vs. >ULN), and baseline opioid use (no vs.
yes). This more extensive list included all the prognostic factors used in a well-validated
prognostic nomogram for OS in patients with mCRPC, including ECOG PS, disease site,
LDH, opioid analgesic use, alboumin, hemoglobin, PSA, and ALP (33). As the decision

to continue or start corticosteroid use was made by the treating physician and not based

on randomized assignment, statistical analyses were run with these factors to evaluate
differences between the groups with baseline corticosteroid use and those without baseline
use. Baseline and prognostic characteristics were then evaluated for their effects on OS

and rPFS using a univariate Cox regression model. Covariates shown to be statistically
significant (P <0.05) in the univariate analysis were then considered for the multivariate Cox
proportional hazards model. Some covariates not significant in the univariate analysis at P
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<0.05 (e.g., age <65, region, PSA, and prior number of chemotherapy) were included for
completeness, but none proved significant and did not appear in the final multivariate model.

HRs for death and rPFS were calculated using a stepwise selection method including only
the variables that were independently statistically significant. First, the nonsignificant (P
=0.05) factors were eliminated at entry into the multivariate model. Next, additional factors
were eliminated after their contribution was assessed with greater stringency (£=0.001).
Variables that did not contribute independently were eliminated and the next variable
demonstrating statistical significance in the stepwise method was added. For instance,
mean baseline pain score was eliminated because it co-varied with, but was less significant
than, baseline opioid use. The stricter stay criterion of £<0.001 was intended for a more
parsimonious final model. As this was a post hoc exploratory analysis, Pvalues were not
adjusted for multiple comparisons nor were endpoints controlled for overall type 1 error.
Pvalues should be considered descriptive only. Missing data were not imputed. Missing
covariates were present in 10/1199 (0.834%) patients who were not included in the analysis.

This analysis included 1199 randomized patients in the prespecified AFFIRM intent-to-
treat analysis. The baseline characteristics and disease burden are grouped by treatment
(enzalutamide vs. placebo) and baseline corticosteroid use (with vs. without baseline
use) (Table 1). Overall, 30% of the patients were taking corticosteroids at baseline

in both study arms. Considering any on-study corticosteroid use, including baseline

use and corticosteroids newly started during the trial, the percentage was 45% and

48% in the placebo and enzalutamide arms, respectively (Supplementary Table S1).

The most commonly used corticosteroids included prednisone/prednisolone, followed by
dexamethasone (Supplementary Table S2 and S3).

Baseline patient demographics and disease characteristics differed as a function of
corticosteroid use, as those who received corticosteroids had more aggressive tumors and

a higher disease burden as characterized by higher Gleason scores, median PSA, ALP, LDH,
a higher frequency of visceral metastases, >20 osseous metastases, and opioid use (Table 1).
The finding is consistent with clinical practice in that patients with more advanced disease
were more likely to be symptomatic and to be prescribed corticosteroids.

Overall, patients taking a corticosteroid at baseline experienced an inferior outcome relative
to non-users, irrespective of study drug assignment with a median OS of 10.8 months vs.
not reached (NR; HR with vs without corticosteroid use 2.13; 95% confidence interval [CI],
1.79-2.54; P<0.0001), median rPFS of 5.2 vs. 8.0 months (HR 1.49; 95% CI, 1.29-1.72;
P<0.0001), and a more rapid median TTPP of 4.6 vs. 5.7 months (HR 1.50; 95% ClI,
1.25-1.81; P<0.0001) (Table 2).

To account for factors that might have affected the OS outcome independent of steroid
use, a univariate Cox regression model was developed for OS and rPFS (Table 3A and
3B, respectively). In the final, stepwise, multivariate model, eight variables emerged as
independently significant for OS (Table 3C) and five for rPFS (Table 3D). In both analyses,

Clin Cancer Res. Author manuscript; available in PMC 2023 March 01.
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baseline corticosteroid use was shown to be a strong and independent prognostic factor for
OS (HR 1.71; 95% Cl, 1.43-2.04; £<0.0001) (Table 3C) and rPFS (HR 1.28; 95% ClI,
1.11-1.48; P=10.0007) (Table 3D). A small but statistically significant difference in regional
OS was observed in the univariate analysis, likely due to the differences in baseline disease
characteristics, as it dropped out of the final multivariate model.

In AFFIRM (5), the difference in median OS was 4.8 months for enzalutamide (HR

0.631; £<0.0001) compared with placebo. The clinically significant and meaningful benefit
of enzalutamide in AFFIRM (5) was retained regardless of baseline corticosteroid use

(Fig. 1A-C). In patients with baseline concurrent corticosteroid use (CCU), enzalutamide
treatment extended the median OS from 9.3 to 12.3 months (HR 0.70; £=0.012) (Fig.

1A), median rPFS from 2.9 to 5.6 months (HR 0.59; £<0.001) (Fig. 1B), and the TTPP
from 3.0 to 5.5 months (HR 0.36; £<0.001), relative to the placebo (Fig. 1C). In patients
without baseline corticosteroid use, median OS was extended from 15.8 months to NR after
24 months of follow-up (HR 0.59; £<0.001) (Fig. 1A), median rPFS from 2.9 to 10.6
months (HR 0.33; £<0.001) (Fig. 1B), and median TTPP from 3.0 to 8.3 months (HR 0.22;
P<0.001) (Fig. 1C).

Even though baseline corticosteroid use was shown to be a significant and independent
prognostic factor for inferior OS in both treatment arms (Table 2 and Fig. 1A), baseline
corticosteroid use did not significantly impact rPFS (Fig. 1B) and TTPP (Fig. 1C) in

the placebo group where the median rPFS was 2.9 months (Fig. 1B) and median TTPP

3.0 months in both corticosteroid-exposed and unexposed patient groups (Fig. 1C). In
contrast, in enzalutamide-treated patients, median rPFS and TTPP were significantly shorter
in baseline corticosteroid users vs. nonusers (Fig. 1B and 1C). Consistently, a quantitative
treatment-by-baseline corticosteroid use interaction analysis showed a significant interaction
between treatment arms and status of baseline corticosteroid use for rPFS (HR 0.33 vs. 0.61;
P<0.0001) and TTPP (HR 0.21 vs. 0.35; A= 0.01) but not for OS (HR 0.58 vs. 0.69; P=
0.37) (Fig. 2A).

To further address whether baseline corticosteroid use affected clinical outcomes of patients
treated with enzalutamide independent of baseline disease risk characteristics, a clinically
validated nomogram for survival in mCRPC was used to risk-stratify patients into high- and
low-risk groups (33). Further stratification into different risk groups enabled an independent
assessment of the effect of corticosteroid use within the same risk group with similar
baseline disease characteristics. Risk stratification was based on the presence or absence of
visceral disease, measurable disease, pain, time to progression on docetaxel (<6 months or
>6 months), ECOG PS, time on hormone treatment, and pretreatment levels of hemoglobin,
ALP, and PSA. The results suggested that baseline corticosteroid use may have attenuated
the enzalutamide treatment benefit, as evidenced by the higher HRs for those with vs.
without baseline corticosteroid use in OS (0.72 vs. 0.56), rPFS (0.62 vs. 0.25), and

TTPP (0.29 vs. 0.18) in the low-risk group. In the high-risk group, HRs with vs. without
corticosteroid use were similar for OS (0.66 vs. 0.61) and rPFS (0.61 vs. 0.61) and again
trended higher for TTPP (0.70 vs. 0.46) although patient numbers were smaller in this cohort
(Fig. 2B).

Clin Cancer Res. Author manuscript; available in PMC 2023 March 01.
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Similar analyses were performed with cohorts defined more broadly by any on-study
corticosteroid use, which included both patients receiving corticosteroids at baseline and
those for whom oral corticosteroids were newly prescribed during the trial. This increased
the percent of patients receiving corticosteroids on study from 30% to 48% in the
enzalutamide treatment group and from 30% to 45% in the placebo group, for whom

the characteristics and disease burden are listed (Supplementary Table S1). The baseline
characteristics of patients receiving corticosteroids at baseline were similar compared with
those who received them after the trial started (but without baseline use), with the exception
of ECOG PS in placebo-treated patients (4.2% in patients with baseline use had an ECOG
PS of 2 vs. 15.3% in patients who received corticosteroids after the trial started; #=0.01;
Supplementary Table S4).

Similar analyses were also performed on a broader population of corticosteroid users defined
as any on-study use, which included baseline use and any use that started after the trial
onset. The results confirmed that any on-study corticosteroid use was associated with an
inferior OS, rPFS, and TTPP (Supplementary Table S5). While OS, rPFS, and TTPP were
improved in the enzalutamide group relative to placebo independent of corticosteroid use,
the magnitude of benefit from enzalutamide treatment was smaller for those who had any
on-study use as well (Supplementary Fig. SIA-C). Consistent with baseline corticosteroid
use, the same results were observed for any on-study corticosteroid use in the treatment-
by-any corticosteroid use interaction (Supplementary Fig. S2A) and risk stratification
(Supplementary Fig. S2B) analyses.

Discussion

The objective of this study was to analyze the potential association of CCU, at baseline

and on study, with clinical outcomes in patients receiving enzalutamide or placebo in

the AFFIRM trial. The results suggest that while patients with mCRPC benefited from
enzalutamide independent of corticosteroid use, those who took concurrent corticosteroids
at baseline or at any point during the study experienced shorter PFS and OS compared to
those without corticosteroid use. These findings highlight the potential clinical implications
of corticosteroid use when combined with a second-generation androgen receptor-targeted
therapy in patients with mCRPC.

As early as the 1950s, corticosteroids have been shown to clinically benefit patients with
metastatic prostate cancer who had failed androgen deprivation therapies (likely orchiectomy
or diethylstilbestrol) (10-13). These drugs are also beneficial for the palliation of symptoms
of disease such as fatigue or pain from bone metastases and other non-cancer related skeletal
morbidities, and mitigating the nausea, vomiting and allergic reactions that can occur with
chemotherapeutic agents such as docetaxel and cabazitaxel. They can also improve appetite,
mood and depressive symptoms related to prostate cancer.

The abiraterone indication includes the co-administration of prednisone with the CYP17
inhibitor abiraterone acetate, to prevent secondary mineralocorticoid excess characterized by
fluid retention, hypertension, and/or hypokalemia. On the other hand, chronic concomitant
corticosteroid use is also associated with significant adverse events and toxicities (14,

Clin Cancer Res. Author manuscript; available in PMC 2023 March 01.
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16). However, it remains unclear whether corticosteroid use affected the clinical outcomes
of patients receiving next-generation AR antagonists, such as enzalutamide, favorable or
unfavorable.

AFFIRM was a prospectively designed, randomized, phase Il1, registration trial powered

to demonstrate the efficacy of enzalutamide vs. placebo in men with mCRPC who had
progressed on docetaxel and prednisone. The results indicated a significant OS benefit in
favor of enzalutamide that led to its initial US Food and Drug Administration approval

in 2012 for treatment of MCRPC in the post-docetaxel setting (5). In the AFFIRM trial,

a substantial proportion of patients in each treatment group were taking corticosteroids

at study entry or were prescribed corticosteroids while on study. Here, in an exploratory,
post hoc analysis, baseline corticosteroid use compared with no corticosteroid use was
associated with shortened OS, rPFS, and TTPP that remained significant even after adjusting
for adverse, baseline, prognostic factors. The results held in a broader cohort of patients
defined by any on-study corticosteroid use that included those taking corticosteroids at trial
initiation and those who newly initiated use while on study. Notably, the overall benefit

of enzalutamide relative to placebo was retained in both the nonsteroid user and steroid

user groups. However, the magnitude of clinical benefits from enzalutamide treatment was
smaller in corticosteroid users relative to nonusers. One possible explanation is that the
patients requiring corticosteroids had more aggressive disease at baseline, as evidenced by a
higher Gleason score, higher median PSA, lower ECOG PS, higher ALP, higher LDH, and
higher frequency of visceral disease.

To address the imbalance in baseline patient characteristics between corticosteroid users
and nonusers, univariate and multivariate models were developed, which showed that

even after adjusting for validated prognostic factors (33—-35), baseline corticosteroid use
remained a significant independent factor associated with inferior clinical outcomes.
Further analysis applied an independent statistical model to stratify patients into low-

or high-risk groups based on a clinically validated nomogram to determine the effect of
corticosteroid on clinical outcomes within the same risk groups (34). Here again, inferior
outcomes with corticosteroid use were observed. Further evidence suggesting an agonist/
stimulatory interaction of corticosteroids was the shorter time to disease progression among
corticosteroid users in the enzalutamide-treated but not the placebo group.

In a preclinical model, Arora et al. (26) explored mechanisms of acquired resistance to

AR inhibitors and reported that among the most upregulated genes was the GR, which can
activate the transcription of a shared set of AR-regulated genes, suggesting that resistance
may be associated with a transition from AR- to GR-driven transcriptional activity.
Additionally, experimental evidence suggests that dexamethasone induces PSA expression in
human prostate cancer cell lines, consistent with the GR coopting AR transcription sites, in
effect, bypassing enzalutamide-mediated AR blockade (26).

A retrospective analysis assessed the prognostic significance of baseline corticosteroids on
survival in patients with mCRPC treated with abiraterone and prednisone in COU-AA-301
(36). COU-AA-301 and AFFIRM differed in that abiraterone-treated and placebo-treated
patients in COU-AA-301 all received prednisone during the trial. Not surprisingly, COU-

Clin Cancer Res. Author manuscript; available in PMC 2023 March 01.
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AA-301 reported that baseline corticosteroid use was associated with adverse prognostic
features and inferior OS relative to the nonsteroid use group, but in contrast to the current
results, did not emerge as an independent prognostic factor for OS in a multivariate analysis.
This observation provides indirect support that the more advanced disease status associated
with baseline corticosteroid use can be accounted for in the multivariate model that included
similar prognostic factors used in the current study.

The SWITCH trial investigated the effects of transitioning corticosteroid use from
prednisone, 5 mg twice a day, to dexamethasone, 0.5 mg daily, in patients with confirmed
biochemical progression with or without limited radiological progression of mCRPC treated
with abiraterone acetate (37). The results showed that in so doing, a 250% decline in

PSA occurred in more than 30% of patients. Several explanatory mechanisms have been
proposed, including: emergence of secondary mutations in the AR itself that could be
stimulated by prednisone but not dexamethasone; better suppression of adrenocorticotropic
hormone by dexamethasone due to its superior pharmacology; upregulation of GR, which
co-opts signaling through the AR when bound by prednisone but not dexamethasone;

and secondary activation of the mineralocorticoid receptor, which has higher affinity for
prednisone than dexamethasone. This suggests a potentially important interaction between
corticosteroids and AR-targeted therapies in the setting of drug resistance.

Model systems provide evidence that mutations in the AR gene result in amino acid
substitutions to the ligand binding domain, decreasing ligand specificity and selectivity (38).
Mutant AR proteins can bind to glucocorticoids to activate AR transcription and prostate
cancer cell growth. Additionally, GR is also upregulated in a proportion of enzalutamide-
resistant prostate cancers, allowing corticosteroids to bind to GR to activate pro-tumor
growth and survival genes shared by the GR and AR, bypassing AR blockade and leading

to tumor progression (26-28). This preclinical evidence is further supported by multiple
studies that examined the AR mutation status in clinical biopsy specimens or circulating
tumor DNAs (ctDNAs), and found that increased frequency of AR gene mutations, such as
L702H, T878A, W742C, and F877L, were detected in 10-30% of the patients with mCRPC
who progressed on enzalutamide or abiraterone (23, 25, 30, 39-42). Specifically, Carreira

et al (39) showed that AR ligand binding mutations were found in four out of 12 (33%)
patients with mCRPC, including two patients with an L702H mutation that emerged during
treatment with enzalutamide or abiraterone administered concurrently with a glucocorticoid.
Other studies by Lallous et al and Whyatt et al (30, 40) using ctDNA sequencing identified
AR ligand binding mutations in over 20% of patients with mCRPC at baseline. Furthermore,
some of these AR mutations, in particular glucocorticoid-sensitive L702H and H875Y and
promiscuous T878A mutations, further increased in frequency in ctDNAs with enzalutamide
or abiraterone treatment. Additionally, elevated GR expression was also observed in a
subset of patients with mCRPC who developed resistance to enzalutamide or abiraterone
(24, 26-29). In the study by Arora et al (26), GR expression was upregulated in 30%

of patient tumor cells after enzalutamide treatment compared to 10% before therapy, and
higher levels of GR expression was associated with poor clinical response to enzalutamide.
Taken together, corticosteroids may play a potential role in promoting resistance to a second-
generation AR inhibitor in a substantial percentage of the patients with mCRPC with certain
AR mutations and/or upregulated GR expression.
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Limitations of this post hoc analysis are that AFFIRM was not designed to prospectively
evaluate the impact of corticosteroid use on outcome, because the potential stimulatory
effect of GR upregulation or certain AR mutations was unknown at the time the trial was
designed and ultimately accrued. We also recognize that multivariate and risk-stratification
analyses suggesting that corticosteroid use was an independent predictor of worse clinical
outcome, backed by a plausible biological mechanism, may not account for the entirety

of underlying, confounding factors that contribute to suboptimal therapeutic responses.
AFFIRM trial did not include the collection of pre- or post-treatment tumor biopsies or
ctDNAs for genomic profiling or gene expression analysis, as AFFIRM trial pre-dated the
availability to conduct molecular profiling of metastatic tumor or liquid biopsies. Such
studies are needed to determine both the frequency of GR upregulation and AR alterations
that may be present pretreatment or develop on treatment with abiraterone, enzalutamide,
apalutamide, or darolutamide in the mCRPC. Definitive proof of a causal effect of long-term
corticosteroid use on the outcomes of men receiving enzalutamide for CRPC will require a
prospective, randomized, clinical trial.

Research supporting potential interactions between GR and AR signaling is important
given the widespread use of glucocorticoids in patients with prostate cancer who may be
concurrently treated with a second-generation AR inhibitor. Furthermore, understanding the
resistance mechanism and devising a treatment strategy to overcome drug resistance to

the second generation of AR inhibitors remains a significant unmet challenge. The study
reported here is also timely given several ongoing trials testing the efficacy of selective GR
antagonists combined with enzalutamide for patients with mCRPC (31, 32).

Since AFFIRM, successful clinical trials have been conducted with enzalutamide in patients
with chemotherapy-naive mCRPC (6), nonmetastatic disease with a rapid PSA doubling
time (18), and metastatic hormone-sensitive disease (20). In each of these settings there

are patients for whom a corticosteroid would be considered for symptom management.
While further prospective validation is required to establish a definitive, causal relationship,
physicians should consider carefully whether the potential benefit of corticosteroid use
outweighs the potential risk of treatment-associated adverse events and the possibility of an
inferior clinical outcome.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overall survival (A), radiographic progression-free survival (B), and PSA progression-free

survival (C), with and without baseline corticosteroid use.

Cl, confidence interval; HR, hazard ratio (enzalutamide vs. placebo); NR, not reached;
OS, overall survival; PSA, prostate-specific antigen; rPFS, radiographic progression-free
survival; TTPP, time to PSA progression.
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Figure 2.
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Assessment of treatment-by-baseline corticosteroid use interaction analysis (A) and effects
of baseline corticosteroid use on overall survival, radiographic progression-free survival, and

time to PSA progression in patients stratified into high- or low-risk groups (B).

Cl, confidence interval; CS, corticosteroid; OS, overall survival; PSA, prostate-specific
antigen; rPFS, radiographic progression-free survival; TTPP, time to PSA progression.
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