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Influence of Darolutamide on Cabazitaxel Systemic Exposure
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Patients with metastatic prostate cancer currently receive
taxane chemotherapy or androgen receptor signalling
inhibitors (ARSIs) already in the hormone-sensitive stage.
Because of this extensive treatment history, patients with
metastatic castration-resistant prostate cancer (mMCRPC) are
further prone to drug resistance as a result of cross-resist-
ance and clonal evolution of therapy-resistant clones [1].
The taxane cabazitaxel, reserved for patients with mCRPC
after progression on docetaxel, is often perceived as an
option of last resort in this population. Therefore, strate-
gies to overcome drug resistance to cabazitaxel are highly
desired.

It has been reported that resistance to cabazitaxel in pros-
tate cancer models can be alleviated by concomitant treat-
ment with the ARSI enzalutamide, even in tumours that also
harbour enzalutamide resistance [2]. Unfortunately, clini-
cal testing of this combination revealed that the potentially
synergistic action was hampered by a negative pharma-
cokinetic effect. Enzalutamide is a strong cytochrome P450
3A4 inducer that caused a clinically relevant reduction in
cabazitaxel systemic exposure of 22% after 6 weeks [3]. A
combination of a taxane and an ARSI without a pharma-
cokinetic interaction is therefore essential. Darolutamide
is an ARSI with low drug—drug interaction potential that
is currently approved for the treatment of non-metastatic
castration-resistant prostate cancer [4]. Clinical data showed
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only a 29% decrease of midazolam concentrations, a sen-
sitive cytochrome P450 3A4 substrate, by darolutamide,
compared with a 86% decrease by enzalutamide [5]. The
magnitude of this effect on cabazitaxel concentrations is
currently unknown. Here, we report the outcomes of the
influence of darolutamide on cabazitaxel plasma exposure
in patients with mCRPC.

Patients with mCRPC with prior docetaxel treatment,
without ARSI treatment in the prior 6 weeks, were eligible.
Patients receiving cabazitaxel monotherapy (up to 20 mg/
m? every 3 weeks) were enrolled on day 1 and received con-
comitant darolutamide (600 mg twice daily with food) from
day 2 onwards for a maximal 12 weeks. During cabazitaxel
infusion on day 1 and after 6 and 12 weeks of darolutamide
co-treatment, patients underwent 24-h pharmacokinetic sam-
pling. Samples were obtained before drug administration and
0.5,0.92,1.08, 1.25, 1.5, 2,3, 5, 7, 12 and 24 h after drug
administration. Cabazitaxel and darolutamide plasma con-
centrations were measured using validated liquid chroma-
tography/tandem mass spectrometry methods [6]. The lower
limit of quantification was 1.00 ng/mL for both drugs. The
primary endpoint was the difference between the area under
the curve from 0 to 24 h (AUC,,_,,,,) of cabazitaxel without
and after 6 weeks of concomitant darolutamide. Individual
pharmacokinetic parameters were estimated using a linear/
log trapezoidal non-compartmental analysis using Phoenix
WinNonLin 8.3 (Pharsight, Mountain View, CA, USA). The
maximum concentration was based on observed concentra-
tions. Eighteen evaluable patients were required to detect a
clinically relevant difference in AUC,_,,;, of at least 20%,
based on a within-patient standard deviation of 30%, 80%
power and a two-sided a of 5%, using a paired t-test on log
transformed data. Secondary endpoints were other pharma-
cokinetic parameters of cabazitaxel, pharmacokinetics of
darolutamide and darolutamide treatment-emergent adverse
events, which were scored according to Common Terminol-
ogy Criteria for Adverse Events version 5.0. This trial was
registered at the Netherlands Trial Register under NL8611.
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Between September 2020 and November 2021, 20
patients with mCRPC with an indication for cabazitaxel
were enrolled. Fifteen patients had already started treatment
with cabazitaxel, having received a median of two cycles.
Two patients did not reach the primary endpoint because of
disease progression. Baseline characteristics are provided in
Table S1 of the Electronic Supplementary Material (ESM).
In 18 patients, cabazitaxel plasma concentrations after 6
weeks of darolutamide were not significantly different from
cabazitaxel monotherapy (AUC,_,4,: —4%; 95% confidence
interval — 19 to + 13; p = 0.58; Fig. 1A). In addition, after
12 weeks of darolutamide, cabazitaxel systemic exposure
was not significantly different in 12 patients (AUC_,4:
+ 4%; 95% confidence interval — 10 to + 20; p = 0.54;
Fig. 1B). Darolutamide plasma concentrations (geometric
mean AUC,_,,, [coefficient of variation %]) in 18 patients
after 6 weeks of treatment with darolutamide were 39,175
ng*h/mL (41%) and in 12 patients were 40,517 ng*h/mL
(28%) after 12 weeks of treatment, respectively (Fig. 2).
These were comparable to phase I studies on darolutamide,
indicating that cabazitaxel has no influence on darolutamide
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Fig. 1 Plasma concentrations of cabazitaxel with and without daro-
lutamide treatment for 6 weeks in 18 patients (A) and for 12 weeks
in 12 patients (B). Dose-corrected (to 20 mg/m?) geometric mean
plasma concentration versus time profiles from 0 to 24 hours (h) after
the start of the infusion are shown. Confidence bands indicate the
95% confidence interval
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Fig.2 Plasma concentrations of darolutamide depicted as area under
the curve from O to 24 hours (h) after darolutamide treatment for
6 weeks (n = 18) and 12 weeks (n = 12). Geometric mean plasma
concentration versus time profiles from O to 12 h after oral intake of
darolutamide (simultaneously with the start of cabazitaxel infusion)
are shown. No dose correction was performed, as all patients received
similar doses of darolutamide throughout the study period. Confi-
dence bands indicate the 95% confidence interval

exposure [5]. Additional pharmacokinetic parameters of
cabazitaxel and darolutamide are listed in Table S2 and S3
of the ESM, respectively. Darolutamide treatment-emer-
gent adverse events after 6 weeks of combination treat-
ment (defined as the sum of adverse events after 6 weeks
of combination treatment minus the sum of adverse events
during treatment with cabazitaxel alone) included anaemia,
anorexia, constipation, diarrhoea, nausea, oedema, pain in
extremities and vomiting and were grade 1 or 2 (Table S4
of the ESM).

Ever since dosing cabazitaxel at 20 mg/m? was proven
to be non-inferior to 25 mg/m?, 20 mg/m? has become the
standard of care [7]. The consequences of further reduc-
tions in plasma exposure are unknown. Therefore, caution is
required when combining drugs with cabazitaxel. Here, we
show that from a pharmacokinetic perspective, cabazitaxel
and darolutamide can be safely combined in patients with
mCRPC, even with the 20 mg/m2 dose.

Our findings pave the way for testing the efficacy of this
promising combination in an era of combination regimes for
prostate cancer. The ENZAMET trial did not show a benefit
of enzalutamide in patients receiving docetaxel in the set-
ting of metastatic castration-naive prostate cancer, which
may have been caused by reduced docetaxel exposure, as
docetaxel metabolism highly resembles that of cabazitaxel
[8]. In contrast, PEACE-1 showed a robust benefit of the
addition of abiraterone to docetaxel in metastatic castra-
tion-naive prostate cancer, fuelling the rationale for studies
investigating the combination of taxanes with ARSIs [9].
The ARASENS phase III trial, investigating the addition of
darolutamide to docetaxel, has already proven the enhanced
effectiveness of this combination, which as reported here
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should be devoid of a detrimental cytochrome P450 3A4
drug interaction. Patients with metastatic castration-naive
prostate cancer treated with the combination regimen were
found to have a significantly improved overall survival com-
pared with patients treated with docetaxel [10]. Further stud-
ies of the combined use of darolutamide and cabazitaxel are
equally warranted.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40262-022-01159-6.

Acknowlegdements The authors would like to thank Stichting DUOS
for their support.

Declarations

Funding Bayer provided funding for the preparation of this article.

Conflicts of Interest/Competing Interests HW: honoraria; Astellas and
Roche and travel expenses; Astellas and Ipsen. PH: consulting fees;
Astellas, MSD, Pfizer, AstraZeneca, BMS and Ipsen. MPL: advisory
role/speaker fees; Incyte, Amgen, Janssen Cilag B.V., Bayer, Ser-
vier, Roche, Pfizer Sanofi Aventis Netherlands BV and Astellas and
has received research funding (institutional) from Sanofi, JnJ, Merck
and Astellas. RDW: advisory role/speaker fees; Sanofi, Merck, Lilly,
Roche, Bayer, Janssen Cilag B.V. and Clovis and research funding (in-
stitutional); Sanofi and Bayer. RHIM: has received research funding
(institutional) from Bayer, Sanofi and Astellas.

Ethics Approval Not applicable.

Consent to Participate Not applicable.

Consent for Publication Not applicable.

Availability of Data and Material Not applicable.

Code Availability Not applicable.

Authors’ Contributions Conceptualisation: SB, RAW, RM; methodol-
ogy: SB, RM, SK, PdB; formal analysis: SB, EOdH; investigation: SB,

NG; resources: PdB, SB; data curation: SB, NG, writing, original draft:
SB; writing, review and editing: all authors.

References

1. Buck SAJ, Koolen SLW, Mathijssen RHJ, de Wit R, van Soest
RJ. Cross-resistance and drug sequence in prostate cancer. Drug

Resist Updat. 2021;56: 100761. https://doi.org/10.1016/j.drup.
2021.100761.

Mout L, van Royen ME, de Ridder C, Stuurman D, van de Geer
WS, Marques R, et al. Continued androgen signalling inhibition
improves cabazitaxel efficacy in prostate cancer. EBioMedi-
cine. 2021;5(73): 103681. https://doi.org/10.1016/j.ebiom.2021.
103681.

Belderbos BPS, Bins S, van Leeuwen RWF, Oomen-de Hoop E,
van der Meer N, de Bruijn P, et al. Influence of enzalutamide on
cabazitaxel pharmacokinetics: a drug-drug interaction study in
metastatic castration-resistant prostate cancer (nCRPC) patients.
Clin Cancer Res. 2018;24(3):541-6. https://doi.org/10.1158/1078-
0432.CCR-17-2336.

Fizazi K, Shore N, Tammela TL, Ulys A, Vjaters E, Polyakov
S, et al. Nonmetastatic, castration-resistant prostate cancer and
survival with darolutamide. N Engl J Med. 2020;383(11):1040-9.
https://doi.org/10.1056/NEJMo0a2001342.

Zurth C, Koskinen M, Fricke R, Prien O, Korjamo T, Graudenz
K, et al. Drug-drug interaction potential of darolutamide:
in vitro and clinical studies. Eur J Drug Metab Pharmacokinet.
2019;44(6):747-59. https://doi.org/10.1007/s13318-019-00577-5.
de Bruijn P, de Graan AJ, Nieuweboer A, Mathijssen RH, Lam
MH, de Wit R, et al. Quantification of cabazitaxel in human
plasma by liquid chromatography/triple-quadrupole mass spec-
trometry: a practical solution for non-specific binding. J Pharm
Biomed Anal. 2012;5(59):11-22. https://doi.org/10.1016/j.jpba.
2011.10.010.

Eisenberger M, Hardy-Bessard AC, Kim CS, Geczi L, Ford D,
Mourey L, et al. Phase III study comparing a reduced dose of
cabazitaxel (20 mg/m?) and the currently approved dose (25 mg/
m?) in postdocetaxel patients with metastatic castration-resistant
prostate cancer: PROSELICA. J Clin Oncol. 2017;35(28):3198—
206. https://doi.org/10.1200/JC0O.2016.72.1076.

Davis ID, Martin AJ, Stockler MR, Begbie S, Chi KN, Chowdhury
S, et al. Enzalutamide with standard first-line therapy in metastatic
prostate cancer. N Engl J Med. 2019;381(2):121-31. https://doi.
org/10.1056/NEJMoa1903835.

Fizazi K, Foulon S, Carles J, Roubaud G, McDermott R, Flechon
A, et al. Abiraterone plus prednisone added to androgen depri-
vation therapy and docetaxel in de novo metastatic castration-
sensitive prostate cancer (PEACE-1): a multicentre, open-label,
randomised, phase 3 study with a 2 X 2 factorial design. Lancet.
2022;399(10336):1695-707. https://doi.org/10.1016/S0140-
6736(22)00367-1.

. Smith MR, Hussain M, Saad F, Fizazi K, Sternberg CN, Craw-

ford ED, et al. Darolutamide and survival in metastatic, hormone-
sensitive prostate cancer. N Engl J Med. 2022. https://doi.org/10.
1056/NEJMoa2119115.

A\ Adis


https://doi.org/10.1007/s40262-022-01159-6
https://doi.org/10.1016/j.drup.2021.100761
https://doi.org/10.1016/j.drup.2021.100761
https://doi.org/10.1016/j.ebiom.2021.103681
https://doi.org/10.1016/j.ebiom.2021.103681
https://doi.org/10.1158/1078-0432.CCR-17-2336
https://doi.org/10.1158/1078-0432.CCR-17-2336
https://doi.org/10.1056/NEJMoa2001342
https://doi.org/10.1007/s13318-019-00577-5
https://doi.org/10.1016/j.jpba.2011.10.010
https://doi.org/10.1016/j.jpba.2011.10.010
https://doi.org/10.1200/JCO.2016.72.1076
https://doi.org/10.1056/NEJMoa1903835
https://doi.org/10.1056/NEJMoa1903835
https://doi.org/10.1016/S0140-6736(22)00367-1
https://doi.org/10.1016/S0140-6736(22)00367-1
https://doi.org/10.1056/NEJMoa2119115
https://doi.org/10.1056/NEJMoa2119115

	Influence of Darolutamide on Cabazitaxel Systemic Exposure
	Acknowlegdements 
	References




