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ABSTRACT

BACKGROUND: Abiraterone acetate is an androgen synthesis inhibitor approved for the treatment of castration-resistant prostate cancer
(CRPC). Although co-administration of either prednisone or prednisolone at 10mg/d has been recommended to reduce the risk of abirater-
one-induced hyperaldosteronism (notably hypokalemia) and to give adjunctive pain relief effects, whether these glucocorticoids can be sub-
stituted by dexamethasone remains unknown.

METHODS: We performed a retrospective review of medical records of patients who were given abiraterone for the treatment of CRPC with
either prednisolone (ABI/PSL) 10mg/d or dexamethasone (ABI/DEX) 0.5 or 1mg/d between 2014 and 2017 in Juntendo University Nerima
Hospital. Demographic and biochemical data including prostate-specific antigen (PSA) level were retrieved from the electronic medical
records.

RESULTS: Fifty-three eligible patients (27 in ABI/PSL group and 26 in ABI/DEX group) were extracted from the records. Both groups
showed no significant changes in serum potassium level before and after starting treatment. In the ABI/PSL group, 12 patients (46%) showed
elevations of PSA and 7 patients (27%) discontinued treatment within 3months. In contrast, in the ABI/DEX group, only 6 patients (25%)

showed elevations of PSA and 3 patients (13%, all were given dexamethasone 1 mg/d) discontinued treatment.

CONCLUSIONS: Dexamethasone and prednisolone may be equally effective in preventing abiraterone-induced hypokalemia.
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Introduction

Abiraterone acetate (Zytiga) is a new androgen synthesis
inhibitor that has been approved for the treatment of andro-
gen-dependent prostate cancer, particularly metastasized cas-
tration-resistant prostate cancer (CRPC).! The drug inhibits
170-hydroxylase/C17,20-lyase (CYP17) that catalyzes the
conversion of pregnenolone and progesterone to testosterone
precursors, dehydroepiandrosterone and androstenedione,
respectively, in testes, adrenal glands, and prostate cancer cells.?
Although surgical or pharmacological castration effectively
abolishes androgen production in the testes, thereby reducing
serum testosterone levels to less than 5% compared with con-
trol value, the procedure does not eliminate androgen produc-
tion in adrenal glands and prostate cancer cells.>* As a result,
combined androgen blockade with an androgen synthesis
inhibitor (such as abiraterone acetate) plus castration may

provide more extensive androgen deprivation than castration
alone, with better therapeutic response for patients with CRPC.

In early clinical trials, abiraterone acetate was administered
alone to patients with CRPC. Although the drug showed favora-
ble antitumor effects in these studies, many participants experi-
enced adverse reactions compatible with hyperaldosteronism
(hypokalemia [48%-88%], fluid retention [5%-31%], and hyper-
tension [17%-40%]).>7 These adverse drug reactions were
attributed to the augmented secretion of adrenocorticotropic
hormone that was caused by the disruption of negative feedback
by serum cortisol after the administration of abiraterone.
Abiraterone inhibits CYP17 which is responsible for the synthe-
sis of not only androgens mainly in the testes but also cortisol in
the adrenal glands.® As a result, abiraterone was recommended
to be administered with either prednisolone or prednisone
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10mg/d in later clinical trials.”'! However, it remains unclear
whether glucocorticoids other than prednisolone or prednisone
may also be co-administered with abiraterone. Theoretically,
dexamethasone may be superior to prednisolone or prednisone
for preventing abiraterone-induced hyperaldosteronism because
dexamethasone has no mineralocorticoid effects, whereas pred-
nisolone has some. Nevertheless, at present, only prednisolone or
prednisone 10 mg/d is recommended to be used with abiraterone
for preventing secondary hyperaldosteronism according to the
prescribing information of the drug.

Administration of a glucocorticoid in patients with advanced
prostate cancer may have beneficial effects by itself. Tannock et
al'? reported that the administration of low-dose prednisone
(7.5-10mg daily) gave symptomatic relief of pain in 38% of
patients with advanced prostatic cancer in their retrospective
study. In subsequent clinical trials, dexamethasone was most
extensively investigated in patients with CRPC, and some
promising outcomes have been reported.’>> Consequently,
clinical trials of nonhormonal therapies against CRPC often
included concomitant use of glucocorticoids for facilitating
comparisons with previous studies where various antineoplastic
agents were co-administered with low-dose prednisone or
prednisolone. In this context, we undertook a retrospective,
observational study to address whether the co-administration
of dexamethasone (0.5 or 1mg/d) or prednisolone (10 mg/d)
with abiraterone in patients with CRPC would have different
effects on serum potassium levels and time courses of serum

prostate-specific antigen (PSA).

Methods
Data collection

We retrieved the clinical data of all patients with CRPC
who were treated with abiraterone 500 or 1000 mg/d and
either prednisolone 10 mg daily (ABI/PSL group) or dexa-
methasone 0.5 or 1mg once daily (ABI/DEX group) at
Juntendo University Nerima Hospital between November
2014 and August 2017. We adopted no exclusion criteria for
patients as far as their clinical courses of the abiraterone
therapy were monitored from the beginning to 3 months
thereafter. However, patients who had initiated the abirater-
one therapy at other hospitals before they were referred to
our institution were excluded from the study because no
data about baseline and initial responses in laboratory tests
were available. We did not perform any statistical considera-
tions for sample size before the study had begun because
this study was retrospective in design and performed in a
single center. All clinical data were handled carefully for
protection of privacy according to the guidelines for epide-
miologic studies and clinical studies issued by the Ministry
of Health, Labour and Welfare. We collected demographic
data (age and body weight) as well as metastatic sites (bone,
lymph node, and other organs) prior chemotherapeutic
agents for prostate cancer and laboratory data (serum PSA,

potassium, sodium, and creatinine levels) from the elec-
tronic medical records. Severity of adverse reactions observed
from serum biochemistry and electrolytes was graded
according to the criteria of Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0.16 Time course of
serum PSA concentration was also monitored as a surrogate
biomarker of therapeutic response for 3 months after the
commencement of abiraterone therapy. A relative elevation
of serum PSA level of 25% or greater, or an absolute eleva-
tion of 2 ng/mL or greater from the baseline value was con-
sidered clinically significant.’” The research protocol was
approved by the institutional review board before the study
was begun (approval number: 27-13).

Statistical analysis

The primary outcome of interest was to compare the mean
changes in serum potassium levels after initiation of abirater-
one therapy with either dexamethasone or prednisolone. The
secondary outcomes of interest were to compare (1) the sever-
ity of hypokalemia induced by abiraterone acetate, (2) the time
course of PSA levels, and (3) the treatment failure assessed by
clinically significant PSA increase between the patients receiv-
ing abiraterone with dexamethasone and prednisolone.
Comparisons of mean values between 2 groups were con-
ducted by either Student # test or Mann-Whitney U test for
continuous variables. Either y2 test or Fisher exact test for cat-
egorical variables was employed where appropriate.
Comparisons of mean serum potassium levels obtained before
and after abiraterone administration were conducted either
using paired # test or Wilcoxon rank sum test where appropri-
ate. We also performed a statistical analysis on whether abira-
terone dose (500 or 1000 mg/d) was associated with changes
in serum potassium or PSA levels in the ABI/DEX group. We
used JMP Pro 11 (SAS Institute Inc., Cary, NC, USA) for all

statistical analyses. P value less than .05 was considered statis-
tically significant.

Results
Patient background

We retrieved 55 patients with CRPC who were treated with
abiraterone from our medical records. After excluding 2
patients who had initiated the abiraterone therapy at other
hospitals, we identified a total of 53 eligible patients for this
study: 27 in the ABI/PSL group and 26 in the ABI/DEX
group. Although most of the patients received abiraterone
1000 mg/d, 4 patients (3 in ABI/PSL group and 1 in ABI/
DEX group) received abiraterone at 500 mg/d. It is difficult to
identify specific reasons why the dose reduction was under-
taken in these patients. It could have been attributed to the
attending physicians’ comprehensive judgment based on body
size, ages, and performance status. In the ABI/PSL group,
prednisolone was administered concurrently with abiraterone
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Table 1. Demographic and clinical characteristics of patients with castration-resistant prostate cancer.

CHARACTERISTICS
Age,y
Total body weight, kg
Blood chemistry
PSA, ng/mL
Serum potassium, mEqg/L
Serum sodium, mEg/L
Serum creatinine, mg/dL
Metastatic sites
Bone
Lymph
Time elapsed after the initiation of first line therapy, d
Prior therapy for prostate cancer
Surgery
Radiotherapy
LH-RH agonist/antagonist®
Bicalutamide
Chlormadinone acetate
Enzalutamide
Flutamide
Ethinylestradiol
Docetaxel
Tegafur

Estramustine

ABI/PSL (N=27) ABI/DEX (N=26) P VALUE=
76.4+8.6 78.3+7.6 NS
57.7+10.6 62.4+10.1 NS
8.8 (4.4-109.1) 41.7 (13.6-89.0) NS
4.29+0.37 413+0.36 NS
139.8+2.2 139.4%2.5 NS
0.76 (0.68-0.91) 0.84 (0.70-0.99) NS
22 (81) 16 (62) NS
16 (59) 1 (42) NS
692 (449-1322) 2393 (1542-3067) <.001
2(7) 2(8) NS
8 (30) 12 (46) NS
27 (100) 26 (100) NS
26 (100)° 26 (100) NS
4 (15) 6 (23) NS
9 (33) 9 (35) NS
24 (92)° 24 (92) NS
7 (26) 4 (15) NS
4 (15) 10 (38) NS
1(4) 3(12) NS
4 (15) 7 (27) NS

Abbreviations: ABI/DEX, abiraterone plus dexamethasone group; ABI/PSL, abiraterone plus prednisolone group; LHRH, luteinizing hormone—releasing hormone; NS, not

significant; PSA, prostate-specific antigen.

Data are expressed as mean +standard deviation, median (interquartile range), or number (percentage).
aP values were obtained from Student t test for parametric variables, Mann-Whitney U test for nonparametric variables, and 2 test or Fisher exact test for categorical

variables.
bLeuprorelin acetate, goserelin acetate, or degarelix acetate.

°Data were calculated from 26 patients because no complete information on prior maximum androgen blockade therapy was obtained in 1 patient.

from treatment initiation in 23 patients, prednisolone was
switched from dexamethasone 0.5mg/d (n=1) or 1mg/d in 1
patient, or prednisolone had been administered before abirater-
one was started in 2 patients. In the ABI/DEX group, dexa-
methasone was administered concurrently with abiraterone
from treatment initiation in 4 patients or it had been adminis-
tered before abiraterone was started in 22 patients. In the ABI/
DEX group, 21 patients received 0.5mg/d and 5 received
1mg/d of dexamethasone. The standard dose of dexametha-
sone for patients with prostate cancer was 0.5 mg/d in the hos-
pital, whereas the dose was sometimes increased to 1 mg/d by
attending physicians’ judgment on subjective or objective
improvement in patients.

Table 1 shows the relevant demographic and laboratory data
obtained from patients before abiraterone therapy was initi-
ated. There were no significant differences between the ABI/
PSL and ABI/DEX groups in most clinical and biochemical
variables (Table 1). However, the median value for the time
elapsed from the patients who received ABI/DEX was signifi-
cantly (P<.05) longer than those received ABI/PSL. Although
the median serum PSA level at baseline obtained from the
ABI/DEX group appeared higher than that in the ABI/PSL
group, no significant difference was observed between 2 groups
(Table 1). There was no relationship between baseline PSA
level and the time elapsed after initiation of first chemotherapy
for prostate cancer.
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Effects of ABI/PSL and ABI/DEX therapies on

laboratory data ;
Table 2 summarizes the effects of ABI/PSL and ABI/DEX ther- o g E §
apies on laboratory data according to the doses of glucocorticoids g E ol % S 2
and abiraterone. Because there appeared no significant differ- 5 = - « g
ences in the baseline serum potassium concentrations within '<>T: 5
ABI/PSL and ABI/DEX in terms of differences in doses of abi- % S 8 5 & _ é
raterone or glucocorticoids, we combined the data together into < 5 ‘f/ = Si c\"‘\‘l g« £
the 2 groups irrespective of differences in the doses of abiraterone o = - iy
and glucocorticoids within the groups. There were no significant _ 2
differences between serum potassium concentrations at baseline % = 3 8 o g
and those after commencement of abiraterone therapy in the = 2 © =3 o
ABI/PSL group (4.29+0.37mEqg/L versus 4.27+0.43mEq/L) é g S 2‘\" ULD) ug;
and in the ABI/DEX group (4.13:x0.36mEq/L versus E o o &« © 9« S
4.12+0.38mEq/L) (Figure 1). Daily dose of dexamethasone (0.5 § 8 ¥ g ®| e g '{'3:
or 1mg) had no effect on the change in serum potassium level in 5%
the ABI/DEX group (Table 2). In addition, there were no signifi- 5 e g §
cant differences between the groups in the mean change in serum y § E E f % E
potassium concentration (-0.02+0.47mEq/L in the ABI/PSL = W © T 32 E 5
group versus -0.02x0.45mEq/L in the ABI/DEX group) (ZD T :% o % f;/ g/ g é
(Figure 1). Although 1 patient in the ABI/PSL group and 3 g g) % ¢ © i o © %g
patients in the ABI/DEX group developed grade 1 hypokalemia, ks g 2
they recovered promptly by oral potassium chloride supplemen- z 5 g %
tation. Because the data of blood pressure and body weights were g = % o
incomplete, no statistical analysis was undertaken for these - = 28
parameters. s LID:J (:3_ & s 8 . _ _ é %
Serum PSA concentrations during abiraterone therapy % &z % g’ = g’ ‘E_r’ ‘2’ E 73
were obtained from 51 of 53 patients. The time course for % £ fé)
each patient was plotted as percent change in PSA relative to % % g@ 3
baseline for 3 months after the commencement of abiraterone £ = £ g <
therapy (Figure 2). In the ABI/PSL group, 12 patients (46%) i 5 é 3 & 3 Q % 5 %
showed elevation of serum PSA defined as either >25% or _§ g E S 3 E E ?2 £
>2ng/mL increase from baseline, and 7 patients (27%) dis- g 5 o 5 s g g 2 qg"% :-Cé §
continued abiraterone therapy within 3 months from the ini- g & 8EP §
< S°%8o
tiation of the therapy due to >50% PSA increase compared - 5 u - ~ | o] o gg 8=
with baseline. In the ABI/DEX group, 6 patients (24%), com- s I < p S S8 5 AEl¢
prising 2 (10%) patients receiving dexamethasone 0.5 mg/d é % é 9+_>' o § § § T2 ug :__g-
and 4 (80%) receiving 1mg/d, showed clinically significant 2 K o ¥ o o ¥ < 5 éﬁ g
elevation of PSA, 3 of whom who received dexamethasone % § *é EE
1mg/d discontinued abiraterone therapy within 3 months due g S - o ¥ o 553 2
to treatment failure. The difference in percentages of elevation = gé g ;;
in PSA between ABI/PSL and ABI/DEX groups did not N $5i
reach a statistically significant level (P=.120). No significant g é E—% g<
dose dependency was observed for changes in serum potas- z B £35%s
sium and PSA levels between patients receiving abiraterone at é E 2 8 8 g 8 g"é g ?
either 500 or 1000 mg/d. -c?s < e e 2" § % 8 § g
3 2658
Discussion z 8 g § é é g
This study is, to our knowledge, the first to compare time é 8 E% E‘% S
courses of serum potassium and PSA between patients with E % 2 § é % é
CRPC receiving abiraterone with prednisolone and those S ' _ o 558 g 3
with dexamethasone. The results indicated that the admin- ; % x x c% g S E é £
istration of dexamethasone 0.5 or 1mg/d was largely § © e Q| a £ § :‘5’ ;5“ é
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Inter-group difference: p=0.996
Change: -0.02 = 0.45 (»=0.829)
4.13£0.36

Change: -0.02 £0.47 (p=0.841)

429+0.37 427+0.43
5.5
=)
S~
=)
5
£
g 45
=
Z
< 4
+~
o
[oB
E 3.5
5
N 3
2.5

4.12+0.38

Pre Post

ABI/PSL group (n=27)

Pre Post

ABI/DEX group (n=26)

Figure 1. Changes in serum potassium concentration from baseline (pre) to after the commencement (post) of co-administration of abiraterone and
prednisolone (ABI/PSL) or dexamethasone (ABI/DEX). Data are expressed as mean+standard deviation. Open circle denotes co-administration of
prednisolone 10mg/d, gray diamond dexamethasone 0.5mg/d, and closed circle dexamethasone 1 mg/d.

comparable in efficacy for preventing abiraterone-induced
hypokalemia compared with prednisolone 10 mg/d (Figure
1). Our data are consistent with those of Lorente et al'8 who
reported observational data on the clinical courses of
patients with CRPC receiving abiraterone combined with
prednisolone or prednisone initially and then switched to
dexamethasone due to tumor progression. They revealed
that the prevalence of abiraterone-associated hypokalemia
was higher during the preswitch period (28.6%) when abira-
terone was given with prednisolone than that during the
postswitch period (7.1%) when abiraterone was given with
dexamethasone. Our study and that of Lorente et al'® were
retrospective in design, whereas no prospective study com-
paring the potassium-retaining effects of dexamethasone
and prednisolone has been reported to date. Whether dexa-
methasone, such as prednisolone or prednisone, can be rec-
ommended to be used with abiraterone in patients with
CRPC for preventing hypokalemia remains to be confirmed
in a prospective study. According to the information posted
on ClinicalTrials.gov, a randomized phase 2 study evaluat-
ing abiraterone with different steroid regimens (prednisone
at 5 and 10 mg/d and dexamethasone at 0.5 mg/d) for CRPC
is underway (NCT01867710: https://clinicaltrials.gov/ct2/
show/NCT01867710) and the results will be available soon.

As a serendipitous observation, we found that co-
administration of dexamethasone 0.5 mg/d with abirater-
one in patients with CRPC appeared to yield lesser
elevations than those of dexamethasone 1 mg/d or predni-
solone 10 mg/d regarding the time course of serum PSA
levels (statistical comparison was not made) (Figure 2).

Our data appear to imply that the antitumor effect of abi-
raterone may be influenced by the potency of glucocorti-
coid receptor stimulation elicited by glucocorticoids
administered concomitantly. It is generally believed that
prednisolone 10 mg/d and dexamethasone 1.5 mg/d have
comparable glucocorticoid effects.’ Arora et al?® reported
that activation of glucocorticoid receptor by prednisolone-
induced resistance to enzalutamide, an androgen receptor
antagonist. They also revealed that resistance to enzaluta-
mide was reversed by switching prednisolone to dexameth-
asone at doses associated with less glucocorticoid receptor
stimulation. It remains unknown whether the mechanism
of resistance to enzalutamide is applicable to abiraterone.
Nevertheless, a previous randomized study with a small
number of patients with CRPC (n =82) demonstrated that
there was a tendency (P=.08) of greater suppressive effects
on the PSA time courses in patients receiving abiraterone
with dexamethasone 0.5mg/d (41%) than in patients
receiving abiraterone with prednisolone 10 mg/d (22%).%!
In addition, a retrospective analysis of patients with CRPC
(n=30) undergoing a switch from prednisolone to dexa-
methasone while on abiraterone due to progression of PSA
demonstrated that 39% of the patients showed a 30% or
greater decline in serum PSA level after switching com-
pared with the preswitch level.’® Collectively, previous
studies and our data were obtained from small numbers of
patients and retrospective in design. In this context, clini-
cal studies should be conducted to explore the best gluco-
corticoids and the optimal doses to be co-administered
with abiraterone to achieve favorable antitumor effect.
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Figure 2. Time courses of serum PSA (percent change from baseline) in patients receiving abiraterone with either dexamethasone (ABI/DEX) or
prednisolone (ABI/PSL). Open circle denotes co-administration of prednisolone 10mg/d, gray diamond dexamethasone 0.5mg/d, and closed circle

dexamethasone 1 mg/d.

This study has some drawbacks that are inherent to retro-
spective studies. For instance, the patients given dexametha-
sone 1mg/d had a longer disease duration (median: 2610 days,
interquartile range: 1694-2672days) than those given dexa-
methasone 0.5mg/d (median: 2181days, interquartile range:
1489-3301 days). As a result, the patients given dexamethasone
1 mg/d may have had more advanced prostate cancer compared
with those given dexamethasone 0.5 mg/d. The observed dif-
ferences in the time course of serum PSA between ABI/PSL
and ABI/DEX might have been caused by the difference in
sensitivity to abiraterone rather than the difference in dose of
dexamethasone. Because dose selection of dexamethasone was
made by physicians’ comprehensive judgment, patients given
dexamethasone at 1.0 mg/d might have had tumors being more
resistant to abiraterone. In addition, our sensitivity analysis of
the contribution of abiraterone dose (500 or 1000 mg/d) to
changes in serum potassium, and PSA levels failed to raise pos-
sibility of dose dependency because of small sample size and
uncontrollable confounding factors. Prospective, randomized
studies are required to verify the present findings obtained
from a retrospective study with a small sample size.

Conclusions

We observed that co-administration of dexamethasone 0.5 or
1mg/d and co-administration of prednisolone 10 mg/d were
equally efficacious in the prevention of abiraterone-induced

hypokalemia.
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