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Introduction

Prostate cancer is the most common cancer 
in men [1]. Locally limited disease usually receives 
local treatment such as surgery or radiotherapy. 
Currently, the hypofractionated schedule is pre-

ferred to conventional fractionation schedule of 
radiation treatment [2]. The standard of advanced 
prostate cancer therapy is androgen deprivation 
therapy (ADT). However, after varying lengths of 
time, many patients develop resistence to ADT. 
Such patients  are  categorized as castration-re-
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sistant prostate cancer (CRPC). In 1996, a clini-
cal study was published that established the effect 
of mitoxantrone on the symptomatology of meta-
static CRPC (mCRPC), however, no extension of 
overall survival (OS) has been demonstrated [3]. 
Eight years later, in 2004, the results of two clin-
ical studies, TAX 327 and SWOG 9916, demon-
strated a significant prolongation of OS in patients 
with mCRPC treated by docetaxel [4, 5]. Further 
changes in therapy standards came after 2010, 
when cabazitaxel and radium 223 were introduced 
into therapeutic practice [6, 7]. 

Other published works, however, confirmed that 
despite castrate levels of testosterone, the activa-
tion of the androgen receptor (AR) significantly 
affects the progression of the disease [8–10]. Sever-
al studies proved a persisting concentration of di-
hydrotestosterone (DHT) in prostate cancer cells, 
even though ADT was given [11–13]. Some studies 
even demonstrated a higher concentration of DHT 
in tumor tissue than DHT concentration detected 
in healthy men [14]. It led to further broadening of 
therapy options aiming to affect the AR activation 
pathway. We are talking about the androgen recep-
tor targeted agents (ARTA) treatment. Two sub-
stances are currently used in patients with mCRPC 
— enzalutamide and abiraterone.

Abiraterone is an active metabolite that ori-
gins from abiraterone acetate by conversion in 
the liver. Abiraterone belongs to the group of se-
lective inhibitors of 17α-hydroxylase/C17,20-lyase 
(CYP17) enzyme. This enzyme is necessary for 
the synthesis of testosterone in the testicular tis-
sue  and adrenal glands, but also in the prostate 
cancer cells. Inhibiting CYP17 leads to reduction 
of corticoid production. On the basis of feedback 
reaction, there is an overproduction of adrenocor-
ticotropic hormone (ACTH) with a subsequent 
increase of mineralocorticoid concentration. This 
results in hypokalemia, arterial hypertension, flu-
id retention and edema. Administration of pred-
nisone aiming to suppress the overproduction of 
ACTH is, therefore, a necessary part of the abi-
raterone treatment. Phase 3 of the COU-AA-302 
clinical study assessed abiraterone in 1088 chemo-
therapy-naive patients with mCRPC. The patients 
were treated by a combination of abiraterone in 
a daily dose of 1000 mg (4 × 250 mg in one dai-
ly dose) and prednisone in a daily dose of 10 mg 
(5 mg in 2 daily doses) or placebo with predni-

sone. The randomization was 1:1. Patients with 
performance status (PS) 0–1 according to Eastern 
Cooperative Oncology Group (ECOG were in-
cluded into the trial. According to BPI–SF (Brief 
Pain Inventory-Short Form) asymptomatic (score 
0–1) or mildly symptomatic (score 2–3) patients 
were included. Patients with visceral metastases 
were not included in the clinical trial. The prima-
ry objective was to determine radiographic pro-
gression-free survival (rPFS) and OS. The prima-
ry analysis was published in 2013 and confirmed 
a statistically significant extension of median rPFS 
[16.5 vs. 8.3 months, hazadr ratio (HR): 0.53; 95% 
confidence interval (CI): 0.45–0.62, p < 0.0001] 
and also median OS (median not reached vs. 
27.2 months, HR: 0.75; 95% CI: 0.61–0.93, 
p = 0.01). Compared to placebo-treated patients, 
the patients treated with abiraterone showed ef-
ficacy in the secondary objectives of the clinical 
trial: time to prostate specific antigen (PSA) pro-
gression, time to administration of opiates due to 
cancer pain, time to initiation of cytotoxic ther-
apy and time to worsening of the overall condi-
tion of a patient according to Eastern Cooperative 
Oncology Group (ECOG) by at least 1 point [15]. 
The final analysis was published in 2015 at me-
dian follow-up of 49.2 months. A significant in-
crease of OS was proved in patients treated with 
abiraterone (34.7 vs. 30.3 months, HR: 0.81, 95% 
CI: 0.70–0.93, p = 0.003) [16]. 

Enzalutamide belongs to a group of nonste-
roidal antiandrogens. Contrary to the previous 
antiandrogens (e.g. bicalutamide), enzalutamide 
affects  the AR on three levels. Phase 3 clinical tri-
al PREVAIL, published in 2014, assessed patients 
with mCRPC treated with enzalutamide without 
previous chemotherapy. A total of 1717 patients 
were studied and randomized in 1:1 allocation 
ratio for enzalutamide (160 mg/day) or place-
bo. The primary objective was to determine OS 
and rPFS. The clinical study demonstrated a sig-
nificant prolongation of OS (HR: 0.71; 95% CI: 
0.60–0.84, p < 0.001). Similarly, the one-year sur-
vival rate was significantly higher in patients treat-
ed with enzalutamide (65% vs. 14%, HR: 0.19; 95% 
CI: 0.15–0.23, p < 0.001) [17]. Another analysis of 
this trial was published in 2017 confirming a sig-
nificant increase of median OS in patients treated 
with enzalutamide (35.3 vs. 31.3 months, HR: 0.77; 
95% CI: 0.67–0.88, p = 0.0002) [18].
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Based on the results mentioned in clinical trials, 
abiraterone and enzalutamide were introduced into 
clinical practice in the Czech Republic. The aim 
was to assess therapeutic outcomes and tolerance 
in patients treated with ARTA treatment at one on-
cological center in the Czech Republic.

Materials and methods

The presented work is a retrospective analysis of 
64 patients with mCRPC treated with abiraterone 
(50 patients) and enzalutamide (14 patients) in 
the first line of this disease. The median follow-up  
was 28.4 months.

Abiraterone was administered to patients in one 
daily oral dose of 1000 mg (2 tablets of 500 mg). 
and prednisone in  total daily dose 10 mg. 

Enzalutamide was administered to patients in 
one daily oral dose of 160 mg (4 tablets of 40 mg). 
We did not indicate prednisone in patients treated 
with enzalutamide.

Patients were treated at outpatient care regularly 
every 28 days. The clinical examination consisted 
of assessment of clinical condition and tolerance 
to therapy. Patients were indicated for regular 
blood tests (blood count, biochemistry panel, PSA 
and testosterone levels). Patients who did not un-
dergo orchiectomy continued the pharmacological 
ADT. Patients with bone metastases were indicated 
for denosumab or bisphosphonates administration. 
The abiraterone or enzalutamide treatment was ad-
ministered until disease progression or unaccept-
able toxicity according to Common Terminology 
Criteria for Adverse Events (CTCAE) version 4. 

Progression was defined as elevation of PSA 
combined with deterioration of the clinical condi-
tion of the patient or progression in imaging [com-
puted tomography (CT) examination according 
to Response Evaluation Criteria In Solid Tumours 
(RECIST) 1.1. and bone scintigraphy using tech-
netium 99m according to Prostate Cancer Clini-
cal Trials Working Group (PCWG2) criteria] [19, 
20]. Progression-free survival (PFS) was defined as 
the period from the date of the initiation of ARTA 
treatment until the day of disease progression or 
the date of the last follow-up visit in patients with-
out progression (censored data). OS was defined as 
time from date of the initiation of ARTA treatment 
until date of all-cause death or the date of the last 
follow-up visit in living patients. (censored data). 

PFS and OS estimation were calculated according 
to the Kaplan-Meier analysis. Using the Cox re-
gression analysis, we evaluated the effect of selected 
factors on overall survival. HR was calculated with 
95% CI. Values HR smaller than 1 represent a risk 
reduction (favorable prognostic effect), where-
as values above 1 represent a negative prognostic 
factor. All tests were assessed in a standard way at 
a significance level of α = 0.05. SPSS statistical soft-
ware was used for calculation.

Results

Patients characteristic
The average age of patients was 73.3 (61 to 92) 

years, 29 (45.3%) of the patients were ≥ 75 years 
old. All the cases, histologically, were acinar ade-
nocarcinoma. Histologically, GS 6–7 was found 
in 33 (51.6%) patients; GS 8–10 was found in 31 
patients (48.4%). Primarily metastatic disease was 
diagnosed in 26 (40.6%) patients. In 38 (59.4%) 
patients, the disease was diagnosed in a localized 
clinical stage. The most common metastatic site  
was the bone  (53 patients, 82.8%). Twenty-eight 
(43.8%) patients had metastases in the lymph nodes 
and in 2 patients (3.1%) we detected visceral metas-
tases (liver and lungs). Primary local treatment (ra-
diotherapy or radical prostatectomy) was indicated 
in a total of 37 (57.8%) patients with a primarily 
localized disease. Eleven patients (17.2%) under-
went radical prostatectomy, of whom 10 patients 
also underwent a subsequent adjuvant or salvage 
radiotherapy. A total of 26 (40.6%) patients were 
treated by primary radiotherapy. Primary ADT 
(orchiectomy, administration of LHRH analogs or 
LHRH antagonists) was indicated in all patients 
before the initiation of ARTA. The median time of 
administration of primary ADT was 23.0 (6 to 120) 
months. Median PSA before the start of ARTA was 
20.7 (0.3–1588) ng/ml. PS was assessed according 
to the ECOG classification. PS 0 was found in 31 
(48.4%) and PS 1 in 33 (51.6%) patients. The cohort 
of patients is shown in Table 1. 

Results
Median of nadir PSA during ARTA was 2.6 

(0–848) ng/ml. Reduction in PSA ≥ 50% was ob-
served in 53 (82.8%) patients; an early 3-month 
reduction was shown in 44 (68.8%) patients. Pro-
gression was found in 34 patients (53%); median 
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PFS was 15.4 months (95% CI 12.3–18.5) (Fig. 1). 
A total of 21 patients died (33%); the median OS 
was 38.2 months (95% CI 19.9–56.5) (Fig. 2). We 

proved, in regression analysis, a statistically signif-
icant favorable prognostic effect on PFS in patients 
with reduction of PSA ≥ 50%, in patients with 

Table 1. Patients characteristics

All patients (64) 
N (%)

Abiraterone group (50) 
N (%)

Enzalutamide group (14) 
N (%) 

Age 

Median (range), years

≥ 75 years

71 (61–92)

29 (45.3)

73(61–87)

24 (48.0)

69(62–92)

5 (35.7)

Disease at the time of diagnosis

Metastatic

Localized

26 (40.6)

38 (59.4)

18 (36.0)

32 (64.0)

8 (57.1)

6 (42.9)

Gleason score (GS)

GS 6–7

GS 8–10

33 (51.6)

31 (48.4)

27 (54.0)

23 (46.0)

6 (42.9)

8 (57.1)

Primary local treatment

Radical prostatektomy

Radical radiotherapy

11 (17.2)

36 (56.3)

9 (18.0)

30 (60.0)

2 (14.3)

6 (42.9)

Metastases localization

Bone

Lymphatic 

Visceral

53 (82.8)

28 (43.8)

2 (3.1)

39 (78.0)

24 (48.0)

1 (2.0)

14 (100.0)

4 (28.6)

1 (7.1)

Duration of primary ADT

Median (range), months 23.0 (6–120) 20.5 (6–120) 26.5(8–120)

Performance status (PS ECOG)

PS 0

PS 1

31 (48.4)

33 (51.6)

24 (48.0)

26 (52.0)

7 (50.0)

7 (50.0)

Pretreatment PSA

Median (range) [ng/ml] 20.7 (0.3–1588) 20.1 (0.3–1588) 21.6 (0.9–1153)

ADT — androgen deprivation therapy; ECOG — Eastern Cooperative Oncology Group; PSA — prostate-specific antigen

Figure 1. Progression free survival (PFS)
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Figure 2. Overall survival (OS)
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early reduction of PSA ≥ 50% within 3 months 
from the initiation of ARTA treatment, in patients 
younger than 74 years and in overall PS 0. We did 
not establish the effect of GS values or length of 
previous ADT on PFS. Similarly, patients with pri-
marily a metastatic disease did not have worse PFS 
(Tab. 2). In regression analysis we proved a statis-
tically significant favorable prognostic effect on OS 
in patients with reduction of PSA ≥ 50%, in patients 
with early reduction of PSA ≥ 50% within 3 months 
from the initiation of ARTA treatment and in pa-
tients with overall PS 0. We did not establish the ef-
fect of GS values, age or length of previous ADT on 
PFS. Similarly, patients with primarily a metastatic 
disease did not have a worse OS (Tab. 3).

Some of the patients were subsequently treat-
ed by another line of therapy after progression on 

ARTA treatment. Symptomatic therapy was indi-
cated for the remaining patients. The reason was 
deterioration of the overall condition in the case of 
disease progression or declination of further thera-
py by the patient. We indicated follow-up treatment 
in a total of 19 patients (55.9%). The most common 
type of follow-up treatment was application of che-
motherapy — docetaxel. The overview of follow-up 
treatments is shown in Table 4.

Tolerance
Abiraterone treatment was tolerated well. Ad-

verse effects of abiraterone were reported in a to-
tal of 53 (86.9%) patients. Grade 3–4 toxicity was 
described in 17 (27.9%) patients. The abiraterone 
treatment was terminated due to toxicity in one 
patient who suffered a grade 4 skin reaction. 

Table 2. Factor impact on progression free survival

Factors HR 95% CI p-value

PSA decrease ≥ 50 %

Early PSA decrease ≥ 50 % (≤ 3 vs. > 3 months)

Primary ADT duration (> 12 vs. ≤ 12 months)

Age (< 74 vs. ≥ 74 years)

Gleason score (6–7 vs. 8–10)

PS (0 vs. 1)

Primary localized vs. metastatic disease

0.416

0.402

0.622

0.409

0.946

0.149

0.588

0.187–0.927

0.157–0.865

0.232–1.607

0.201–0.835

0.479–1.865

0.061–0.366

0.280–1.234

0.032

0.012

0.630

0.014

0.872

0.001

0.160

PSA — prostate-specific antigen; ADT — androgen deprivation therapy; PS — performance status; HR — hazard ratio; CI — confidence interval

Table 3. Factor impact on overal survival

Factors HR 95% CI p-value

PSA decrease ≥ 50 %

Early PSA decrease ≥ 50 % (≤ 3 vs. > 3 months)

Primary ADT duration (> 12 vs. ≤ 12 months)

Age (< 74 vs. ≥ 74 years)

Gleason score (6–7 vs. 8–10)

PS (0 vs. 1)

Primary localized vs. metastatic disease

0.388

0.330

0.735

0.431

0.932

0.115

0.691

0.122–0.930

0.120–0.910

0.281–1.588

0.168–1.101

0.391–2.227

0.026–0.498

0.264–1.807

0.038

0.032

0.845

0.079

0.876

0.004

0.451

PSA — prostate-specific antigen; ADT — androgen deprivation therapy; PS — performance status; HR — hazard ratio; CI — confidence interval

Table 4. Subsequent therapy after first-line androgen receptor targeted agents (ARTA)

Subsequent treatment
Patients with ARTA discontinuation (N, %)

All patients (n = 34) Patients with abiraterone 
progression (n = 31)

Patients with enzalutamide 
progression (n = 3)

All (N, %)

Chemotherapy

Second-line ARTA

Radium 223

19 (55.9)

9 (26.5)

5 (14.7)

5 (14.7)

17 (54.8)

9 (29.0)

3 (9.7)

5 (16.1)

2 (66.7)

0

2 (66.7)

0
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The most common adverse effect was fatigue, di-
arrhea and elevation of ALT or AST. In 23 (37.7%) 
patients, we reduced the simultaneous administra-
tion of prednisone to a dose of 5 mg/day. The most 
common cause was worsened compensation of 
diabetes (10 patients), increased food intake with 
weight gain (8 patients) and occurrence of small 
subcutaneous hematomas (8 patients). After re-
ducing the dose of prednisone, we did not observe 
any worsening of abiraterone toxicity. Similarly, en-
zalutamide therapy was well tolerated, too. Adverse 
effects of enzalutamide were reported in a total of 
10 (78.5%) patients. Grade 3–4 toxicity was found 
in 1 (7.1%) patient. The most common symptoms 
included fatigue, diarrhea and nausea.  

Discussion

In our patients treated with ARTA before 
the docetaxel chemotherapy, we have prov-
en median of PFS 15.4 months and  median of OS 
38.2 months. Registration study COU-AA-302 
assessing abiraterone showed median rPFS 
16.5 months and median OS 34.7 months [16]. 
The clinical study PREVAIL assessing enzalutamide 
showed median rPFS 20.8 months and median OS 
35.3 months [18]. The median PFS could have been 
lower in our group because a portion of the patients 
who had elevation of PSA and concurrent clinical 
deterioration of their condition were assessed for 
progression earlier than in the cases indicated by 
radiographic examination. On the other hand, 
the length of OS in our group was slightly longer 
than in registration studies COU-AA-302 and PRE-
VAIL. The reason could have been a larger portion 
of patients subsequently treated with another anti-
neoplastic treatment. It was 55% of the patients in 
our group versus 44% in the COU-AA-302 study 
and 43.8% in the PREVAIL trial. In our group, 
we had a larger percentage of patients older than 75 
years compared to registration studies. The cause 
could have also been age preference of ARTA ther-
apy in older patients before administering more 
toxic chemotherapy. In 2021, a retrospective work 
was published evaluating therapy results of ARTA 
in patients with mCRPC. The work demonstrat-
ed lower median OS for abiraterone (24 months) 
and enzalutamide (29 months) compared to our 
group and registration studies. The cause could have 
been a higher proportion of patients with worse 

prognostic factors such as higher GS, as more than 
third of the patients had PS 2–3 [21]. The results 
of a prospective clinical trial evaluating abiraterone 
in 454 patients treated in clinical practice demon-
strated the median PFS 17.3 (95% CI: 14.1–19.4) 
months and median OS 37.3 (95% CI: 36.5 — not 
reached) months. There was a higher percentage of 
patients above 75 years old in the study and higher 
proportion of patients with visceral disease than in 
our group [22].

The determination for an optimum treatment 
sequence for mCRPC has been widely discussed, 
both in conferences and in professional literature. 
Currently, there is no available unambiguous mo-
lecular predictive factor for selection of an opti-
mum treatment for mCRPC that we could use in 
a common clinical practice. The most studied pre-
dictive factor for the administration of ARTA in 
patients with mCRPC is the splice variant of AR 
called AR-V7. The AR-V7 variant is most com-
monly determined from the circulating tumor cells 
[23]. A clinical study published in 2014 showed 
that the detection of AR-V7 in circulating tumor 
cells of mCRPC patients is associated with resis-
tance to enzalutamide or abiraterone. A total of 31 
patients treated with enzalutamide and 31 patients 
treated with abiraterone were evaluated. Patients 
with AR-V7 showed a significantly shorter median 
OS in both groups, shorter survival without PSA 
progression or radiographic progression, com-
pared to patients without  AR-V7 detection [24]. 
A larger study evaluating 202 patients treated with 
ARTA similarly showed shorter PFS and OS in pa-
tients with the presence of AR-V7[25]. Another 
clinical trial, on the other hand, did not confirm 
these findings [26]. It appears that the incidence of 
AR-V7 increases after a ARTA treatment, reaching 
the incidence of 19–34%, compared to 3% before 
initiating mCRPC therapy [23]. Testing for this 
biomarker is not standard procedure and admin-
istration of ARTA in clinical practice is not cur-
rently dependent on its analysis. Currently, we have 
in Czech Republic five lines available for patients 
with mCRPC It is a proven fact that patients who 
undergo more lines of therapy of mCRPC have 
longer overall survival rates [27]. In our clinical 
practice choosing the type of treatment depends 
on the clinical characteristics of patients which 
include: performance status, comorbidities, pres-
ence of symptoms, localization of metastases (bone 
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vs. visceral). Furthermore, it is important to take 
into consideration potential toxicity that differs in 
the individual types of planned therapy.

In our group, within the regression analysis we 
showed a favorable prognostic effect of PSA ≥ 50% 
reduction on the extension of PFS and OS. Partic-
ularly, those patients who experienced a rapid de-
cline of PSA ≥ 50% within three months from start-
ing ARTA benefited significantly. The favorable 
effect of PSA reduction has been repeatedly docu-
mented in clinical practices both in chemotherapy 
and ARTA [28–31]. With regard to the simplicity 
of testing, evaluation of PSA dynamics may serve 
for the prediction of treatment results even in clin-
ical practice. We also proved a significant effect on 
prolongation of OS and PFS in patients with PS 0. 
This fact can be associated with a low volume of 
the disease which does not manifest when in per-
formance status PS 0, however, in PS 1 patients, 
the restrictions may be caused by clinical mani-
festation of more advanced disease. Furthermore, 
the PS 0 patient group, too, has fewer comorbid-
ities which can also affect therapy outcomes, es-
pecially in long-term treatment. Possible proof of 
overall better condition may also be our observa-
tion, where patients < 75 years showed a favorable 
prognostic effect on the extension of PFS. We did 
not see any effect of GS on therapy results in our 
patients. GS values proved a significant prognos-
tic effect on OS and formation of metastases in 
patients after local treatment [32–34]. Predictive 
significance of GS on ARTA effect is not clear. Fi-
zazi in his analysis of clinical trials COU-AA-301 
and COU-AA-302 did not prove an impact of GS 
value on the effect of abiraterone [35]. Howev-
er, another smaller analysis proved that high GS 
is an independent factor for worse therapy re-
sults of abiraterone [36]. At the EUA conference, 
more practical results were brought in 2016 by 
a published post hoc analysis of registration study 
COU-AA-302. The analysis demonstrated that 
the greatest benefit was noticed in patients who 
were asymptomatic, had entry concentration of 
PSA ≤ 80 ng/ml and whose Gleason score was ≤ 7 
[37]. In clinical practice, GS 8–10 is currently not 
a contraindication for administering ARTA to our 
patients. A more important reality, however, is 
timely initiation of therapy, if greater disease pro-
gression and onset of symptoms or significant PSA 
elevation have not occurred yet. Within the re-

gression analysis, we did not demonstrate any sig-
nificant effect of previous ADT on PFS or OS in 
our group. Some data suggest that a shorter time 
of primary ADT may be a negative predictive fac-
tor to subsequent ARTA in patients with mCRPC 
[38]. A work was published in 2021 that evaluated 
the prognostic effect of duration of primary ADT 
on subsequent treatment with abiraterone or en-
zalutamide in patients with mCRPC. The duration 
of ADT was assessed in 3 groups (< 12 months, 
12–36 months, > 36 months). Patients with longer 
duration of ADT showed a significant effect on ex-
tension of median OS (17.3; 19.9 and 31.6 months, 
p = 0.001). The significance of longer duration of 
ADT was seen both in chemotherapy-naive pa-
tients and in patients after chemotherapy [39].

The presented analysis shows a higher number 
of patients treated with abiraterone than enzalut-
amide. This is related to the fact that abiraterone 
was approved as a covered treatment at an ear-
lier date than was enzalutamide. We do not have 
an efficacy comparison of these medicines on 
the basis of data from prospective studies. A me-
ta-analysis of 24 cohorts reciprocally compared en-
zalutamide with abiraterone. The study compared 
ARTA before and after giving docetaxel. Before 
administering docetaxel to patients treated with 
enzalutamide the median OS was 31.1 months 
(95% CI: 29.3–32.9). In patients treated with abi-
raterone the median OS was 25.2 months (95% 
CI: 23.7–26.6). The difference was 5.9 months in 
favor of enzalutamide (HR: 0.81, p < 0.001). An in-
teresting thing was a higher ratio of patients with 
GS 8–10 treated with enzalutamide (52% vs. 42%), 
which, however, did not correlate with median 
pre-treatment PSA concentration, which was high-
er in patients treated with abiraterone (32.7 vs. 184 
ng/ml). The authors also made an adjustment to GS, 
where the difference in median OS was even more 
distinct in favor of enzalutamide. Similarly, median 
PFS was also significantly longer in patients treated 
with enzalutamide (15.8 vs. 7.4 months, HR: 0.47, 
p < 0.0001) [40]. 

In our clinical practice, we indicate the type of 
ARTA based on comorbidities of the patients. In 
patients with cardiovascular disease or diabetes we 
prefer to give enzalutamide, while in patients with 
a history of brain disease we prefer abiraterone. 
However, it is always important to consider possi-
ble drug interactions of the planned ARTA therapy.
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Conclusion 

The our analysis of patients with mCRPC treat-
ed with abiraterone or enzalutamide in the first 
line showed that ARTA represents an effective 
and safe therapy and contributes to longer survival 
of our mCRPC patients.
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