
Metastatic prostate cancer, which 
shows progression despite castration 
testosterone levels, was previously de-
fined as hormone-refractory. This defi-
nition has recently been changed to 
the one presently used – castrate-re-
sistant prostate cancer. Numerous 
fundamental studies have provided 
evidence that the development of 
hormone-refractory prostate cancer is 
constantly dependent on the concen-
tration of androgens. The aim of the 
metastatic castrate-resistant prostate 
cancer (mCRPC) treatment is currently 
to obtain the lowest possible andro-
gen concentration. The effectiveness 
of such management has been prov-
en by the results of clinical studies 
on the latest hormonal and chemo-
therapeutic medications. In the last 
two decades, new effective chemo- 
therapeutics have become available 
on the market: abiraterone, enzalut-
amide, docetaxel, cabazitaxel, zoldro- 
nic acid, denosumab and alpharadin 
They significantly contribute to ex-
tending patients’ survival and to im-
proving their quality of life. Therefore, 
the question arises whether using lu-
teinizing hormone-releasing hormone 
(LHRH) analogues is still a necessary 
element of the therapy. A detailed 
analysis of study regimens involving 
the above-mentioned medications and 
of available publications supports the 
view that LHRH analogues are the 
basic strategy in the treatment of pa-
tients with mCRPC. All clinical trials 
evaluating new therapies still followed 
the principle of obtaining castration 
testosterone levels as a result of using 
LHRH analogues simultaneously with 
the new medications. 
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For decades, hormone-refractory prostate cancer was defined as a neo-
plasm, the development of which no longer depended on hormonal therapy, 
and thus on the testosterone concentration. In the light of recent funda-
mental and clinical research results, the definition of hormone-refractory 
prostatic cancer, i.e. cancer which progresses after the primary hormone 
treatment, has been revised, and has been changed to castrate-resistant 
prostate cancer. 

One of the standards in the treatment of metastatic castrate-resistant 
prostate cancer (mCRPC) is hormone therapy, which aims to eliminate andro-
gens from the blood via suppression of the hypothalamic-pituitary-gonadal 
axis and/or inhibition of androgen receptors by testosterone-competitive 
and dihydrotestosterone-competitive agents [1]. Unfortunately, hormone 
therapy is usually effective for a relatively short period of time, after which 
progression occurs as a result of resistance to the treatment. 

Testosterone “fuels” cancer prostate cells, stimulating their proliferation. 
The androgen-dependent nature of prostate cancer was discovered in 1941 
by Huggins and Hodges [2]. 95% of testosterone is produced in Leydig cells 
in man’s testicles [3]. Within neoplastic cells, testosterone is transformed into 
a more active form, dihydrotestosterone. Both compounds demonstrate affin-
ity to the androgen receptor in the cytoplasm, and together create a complex 
which penetrates into the cell nucleus and binds with certain DNA sequences 
responsible for growth, proliferation and metabolism of neoplastic cells. To date, 
it has been assumed that being refractory to hormone therapy is caused by 
a certain vaguely defined “resistance” to hormonal treatment. However, numer-
ous studies in which concentrations of testosterone and its derivatives were 
measured in the hormone-refractory cancer tissue provided evidence that cas-
tration therapy does not entirely eliminate androgens from the tumour cell en-
vironment, despite castration levels of testosterone in peripheral blood [4]. This 
is due to the fact that the metabolism of adrenal androgens and intracellular 
steroidogenesis pathways in the cancer cells responsible for de novo synthesis 
of androgens is still active [5, 6]. Another important factor in the pathogenesis 
of castrate-resistant cancer is the increased sensitivity of neoplastic cells to very 
low testosterone concentrations. This is caused by over-expression of the an-
drogen receptor, and by its mutations [7]. It has been demonstrated that even 
trace amounts of androgens enable activation of the mutated and multiplied 
androgen receptor [8]. The discovery of these relationships in the cells of cancer 
resistant to hormone therapy led to the hypothesis that, although previously 
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treated as hormone-refractory, prostate cancer is still depen-
dent on androgen concentrations. As a result, the commonly 
accepted term “castrate-resistant prostate cancer” has been 
introduced. The main goal of castrate-resistant cancer treat-
ment is inhibition of the androgen-receptor axis. This effect 
may be achieved by a maximum reduction of androgen activ-
ity. Therefore, the basic treatment strategy is the maximum 
inhibition of testosterone production in the testicles as a re-
sult of using luteinizing hormone-releasing hormone (LHRH) 
analogues. Simultaneously, new medications are introduced, 
which may demonstrate a direct cytotoxic effect (docetaxel, 
cabazitaxel), or which may lead to a further reduction of the 
testosterone concentration in the external environment of 
the prostate cancer cell by blocking testosterone production 
(abiraterone). Another method of reducing the effect of an-
drogens on a cancer cell is to use chemotherapeutic agents 
more effective than bicalutamide for androgen receptor in-
hibition, then to block the androgen receptor complex inside 
the cell, and finally inhibit DNA activation (enzalutamide). 
Despite using the mentioned medications, it should be taken 
into consideration that the hypothalamic-pituitary-gonad-
al axis is active, and it is the main source of testosterone; 
therefore, regardless of the failure of the first-line hormone 
therapy, using LHRH is still crucial for effective treatment. 
The validity of this assumption has not been demonstrated 
in randomised studies. However, retrospective studies eval-
uating the effects of continued hormone therapy in patients 
with hormone-refractory prostate cancer demonstrate longer 
overall survival in patients using LHRH analogues, regardless 
of resistance to hormones [9, 10]. Moreover, there are no clin-
ical studies on the use of new medications without concur-
rent castration therapy with LHRH analogues. Therefore, the 
continuation of castration therapy is a standard treatment in 
mCRPC. The present consensus on effective hormonal treat-
ment assumes obtaining blood testosterone concentration of 
less than 50 ng/ml. However, clinical study results confirming 
the influence of this factor on disease progression gave rise 
to a discussion on the optimal cut-off value for testosterone. 
The present blood testosterone concentration of less than 50 
ng/ml is being questioned as too high, and a lower cut-off 
point of 20 ng/ml has been suggested. A retrospective anal-
ysis evaluating the effectiveness of the LHRH analogue trip-
torelin, administered to patients with mCRPC every 3 months, 
has demonstrated that this form of treatment enables a low-
er testosterone castration level (< 20 ng/ml) to be achieved 
in 95% of patients after 6 months of therapy [11]. Another 
study, conducted by Perachino et al., assessed the effect of 
testosterone concentration on cancer-specific survival (CCS) 
in patients with mCRPC. The study involved 129 patients who 
had no history of previous hormone therapy [12]. The medi-
an baseline testosterone was 410 ng/dl at the beginning of 
the study. The patients then underwent hormone therapy 
(LHRH analogue). The median testosterone nadir during the 
treatment was 21 ng/dl, and after 6 months the median tes-
tosterone was 40 ng/dl. The study demonstrated that higher 
testosterone concentration correlated with a higher risk of 
death due to prostate cancer: HR 1.333 (95% CI: 1.053–1.687) 
p < 0.050. Based on these data, it was concluded that the 
aim of hormone therapy in patients with metastatic prostate 
cancer should be a maximum reduction of the testosterone 

level. As previously mentioned, the continuation of hormonal 
therapy with an LHRH analogue in patients with hormone-re-
fractory prostate cancer is supported by phase III studies, in-
volving both new generation chemotherapeutic medications 
used after an unsuccessful first-line therapy, and the new-
est hormonal medications. All clinical trials evaluating new 
therapies still followed the principle of obtaining castration 
testosterone levels as a result of using LHRH analogues, si-
multaneously with the new medications.

One of the first medications used in cases of progression 
of the prostate cancer to the metastatic castrate-resistant 
stage is docetaxel. Effectiveness of this chemotherapeutic 
has been demonstrated in two phase III clinical trials – TAX 
327 and SWOG 9916 [13, 14]. It is worth emphasising that 
participation in these studies was conditional upon continu-
ation of the hormone treatment, whose aim was to achieve 
a testosterone concentration of less than 50 ng/ml. The first 
of the studies compared the effectiveness of docetaxel with 
mitoxantrone. It was a three-arm study – docetaxel ther-
apy was applied in two arms: 75 mg/m2 every 3 weeks or  
30 mg/m2 once a week, and the control arm involved treat-
ment with mitoxantrone 12 mg/m2. The study demonstrat-
ed that median survival in patients treated with docetaxel at 
75 mg/m2 every 3 weeks was 19.2 months, and with mitox-
antrone 16.3 months, whereas the therapy with docetaxel 
at 30 mg/m2 did not significantly affect the length of surviv-
al. The SWOG 9916 study also confirmed the effectiveness 
of docetaxel therapy in a slightly different configuration.

Cabazitaxel is another new generation chemothera-
peutic agent, whose cytostatic effect consists in the inhi-
bition of cell division by blocking the microtubules of the 
karyokinetic spindle. The TROPIC trial, assessing the effec-
tiveness of the medication, involved patients after the first-
line hormone therapy who experienced prostate cancer 
progression in the course of the docetaxel treatment [15]. 
The patients were randomised to two groups: one treated 
with cabazitaxel and prednisone, and the other treated with 
mitoxantrone and prednisone. The median overall survival 
for patients treated with cabazitaxel was 15.1 months vs. 
12.7 months for patients receiving mitoxantrone (HR 0.70;  
p < 0.0001). Also in this case, all the patients were hormonally 
treated in order to achieve castration testosterone levels.

The ability to effectively block enzymes crucial for an-
drogen synthesis has created new possibilities regarding 
hormone therapy. In a phase III randomised trial conduct-
ed in 2011, de Bono et al. compared the effectiveness 
of abiraterone combined with prednisone vs. placebo + 
prednisone in a second-line therapy, after unsuccessful 
chemotherapy with docetaxel in patients with castrate-re-
sistant prostate cancer [16]. To achieve the lowest possible 
androgen concentration, the study involved patients who 
continued castration therapy with LHRH analogues, which 
was qualified as a combined therapy. The overall survival 
in the abiraterone group was 4 months longer than in the 
group without this therapy (14.8 months vs. 10.9 months).

In 2013, the results of another study with the use of 
abiraterone were published. The study involved over 1000 
patients with castrate-resistant prostate cancer, who had 
no history of previous docetaxel therapy [17]. Also in this 
study, the therapy with LHRH analogue was continued 
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concurrently with the new medication (in the absence of 
surgical castration). The trial demonstrated that using abi-
raterone significantly prolonged the radiological progres-
sion-free survival compared to the placebo group (16.5 vs. 
8.3 months), and considerably extended the prostate-spe-
cific antigen (PSA) progression-free survival. Median over-
all survival was not achieved for the abiraterone group; 
however, a 25% reduction in the risk of death was demon-
strated compared to the placebo group, which clearly indi-
cates that using abiraterone prolongs the overall survival.

As abiraterone inhibits the conversion of androgens 
from all three sources, i.e. testicles, adrenal glands and de 
novo in the neoplastic cells, the question arises whether 
the concurrent use of an LHRH analogue (which inhibits 
testosterone synthesis only in the testicles) is necessary. 
Presently, there are no clinical studies assessing the effec-
tiveness of abiraterone in monotherapy if the testosterone 
concentration is higher than 50 ng/ml, and therefore, the 
combined treatment with abiraterone + surgical/pharma-
cological castration is the most effective form of androgen 
suppression. Another argument supporting the neces-
sity of LH suppression is the presence of LH receptors in 
prostatic neoplastic cells. Pinski et al. demonstrated that 
stimulation of these receptors leads to increased activity 
of the steroidogenesis pathways enzymes, which results 
in an increased intracellular androgen concentration [18]. 
Referring to two other phase III randomised trials, it has 
been proven that adding androgen synthesis inhibitors 
to a standard LHRH analogue based hormone therapy 
enables a more effective reduction of androgen concen-
tration. The combination of dutasteride and ketoconazole 
with total androgen blockade (TAB) in neoadjuvant thera-
py, 3 months prior to a radical prostatectomy in patients 
with locally advanced cancer, enabled the blood testoster-
one concentration to be reduced to 0.03 ng/ml compared 
with the control group (0.92 ng/ml), where the neoadju-
vant therapy was limited exclusively to TAB [19]. An anal-
ogous study assessed the effect of combining abiraterone 
with LHRH agonists in 3 to 6 months of neoadjuvant ther-
apy preceding a surgical treatment, and a reduction in 
DHT (dihydrotestosterone) from 1.3 ng/ml to 0.18 ng/ml 
was also achieved, as well as a reduction in DEHA and DHT 
concentrations in the prostate gland [20].

Enzalutamide is another new generation medication 
used in the treatment of mCRPC after unsuccessful che-
motherapy with docetaxel, and it was approved by the 
FDA in 2012. Enzalutamide blocks the intracellular andro-
gen receptor signalling pathway in three ways: through 
an irreversible androgen receptor antagonism (five times 
stronger than the effect of bicalutamide), by inhibiting 
translocation of androgen receptor to the nucleus, and 
by preventing this receptor from binding with DNA and/
or protein co-activators. In the published results of the  
AFFIRM trial, the effectiveness of enzalutamide at 160 mg/
day was compared with placebo in patients after unsuc-
cessful docetaxel treatment [21]. The study involved 1199 
patients who continued hormone therapy with an LHRH 
analogue. The patients were randomised at a 2 : 1 ratio – 
enzalutamide (800 patients)/placebo (399 patients). The 
main endpoint of the study was overall survival. The tri-

al demonstrated that enzalutamide therapy prolongs the 
patients’ overall survival (18.4 months vs. 13.6 months in 
the placebo group). Other endpoints were also assessed, 
which also confirmed the benefits of enzalutamide treat-
ment. It was demonstrated that enzalutamide therapy 
is associated with a reduction in PSA concentration by  
≥ 50% (54% vs. 2%; p < 0.001), soft tissue response (29% 
vs. 4%; p < 0.001), enhancement of the quality of life (43% 
vs. 18%; p < 0.001), PSA progression-free survival (8.3 vs. 
3.0 months; HR 0.25; p < 0.001), radiographic progres-
sion-free survival (8.3 vs. 2.9 months; HR 0.40; p < 0.001), 
and bone-metastasis-free survival (16.7 vs. 13.3 months; 
HR 0.69; p < 0.001). Enzalutamide was also studied within 
a group of patients with no history of docetaxel treatment 
– during the phase III PREVAIL trial [22]. Initial results of 
this study indicate that enzalutamide improves the overall 
survival and reduces by 81% the risk of radiological events 
compared to the placebo. 

A novel retrospective study of enzalutamide for the 
treatment of mCRPC patient who progressed after 
docetaxel and abiraterone therapy has been performed, 
enrolling a total of 61 patients [23]. Enzalutamide resulted 
in a PSA decline of more than 50% in 13 (21%) men, medi-
an progression-free survival was 12.0 weeks, the median 
time to PSA progression was 17.4 weeks and the median 
overall survival was 31.6 weeks. These data showed that 
some patients can still be sensitive to hormonal thera-
py and testosterone level even after docetaxel and abi-
raterone failed treatment, which is another argument why 
LHRH analogue therapy is still crucial for mCRPC patients. 

Use of abiraterone is associated with the reduction of 
androgen concentrations. As a result, the neoplastic cells 
activate, using a feedback process, mechanisms increas-
ing the number of androgenic receptors, thus compensat-
ing for androgenic deficiencies in the cancer cell environ-
ment, which leads to resistance. By analogy, also through 
a feedback mechanism, the neoplastic cells compensate 
the enzalutamide therapy by increasing the synthesis of 
androgens. 

Most patients (90%) with mCRPC develop bone metasta-
ses in the natural course of the disease, which significantly 
affect the quality of life and doubtlessly increase the risk of 
death [23–25]. The symptoms and complications associat-
ed with bone metastases are referred to in the literature as 
skeletal-related events (SRE), and they include pathological 
fractures, spinal cord compression, bone pain and palliative 
radiotherapy of painful bone lesions. The medications rec-
ommended in patients with bone system metastases include 
denosumab, zoledronic acid and alpharadin 223. However, 
it should be emphasised that these medications are only 
complementary to the LHRH analogue therapy, and they 
cannot be used in monotherapy. Bisphosphonates were the 
first group of drugs used to prevent SRE. They reveal high 
affinity to calcium, and, absorbed by hydroxyapatite, they 
are built into the bone structure, thus inhibiting its resorp-
tion. The only bisphosphonate authorised by the FDA to be 
used in mCRPC is zoledronic acid. Denosumab is a human 
monoclonal antibody, which binds with the RANKL ligand, 
thus inhibiting maturation of osteoclasts, and contributing to 
reduction of bone resorption. In 2011, the results of a phase III 
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randomised trial comparing denosumab with zoledronic acid 
were published [26]. The study provided evidence that deno-
sumab prolongs the time before the first SRE to 20.7 months, 
compared to 17.1 months in the patients who received zole-
dronic acid (HR 0.82, 95% CI: 0.71−0.95; p = 0.008). It was 
also demonstrated that denosumab reduced the risk of an-
other bone complication by 18%.

Alpharadin is a new generation drug approved by the FDA 
in 2013, and its mode of action consists in emitting short-
range alpha radiation (ca. a range of 2–10 cells) within the 
areas of high growth in the bones surrounding the metasta-
ses. The condition for the participation in the trial was the 
confirmation of at least two metastatic sites in the bones. 
The study demonstrated an increase in the overall survival of 
the patients with mCRPC who received alpharadin therapy, in 
comparison to the placebo (14.9 months vs. 11.3 months) [27]. 
Moreover, the study revealed a significant reduction in bone 
complications and prolonged time to their occurrence (15.6 
vs. 9.8 months). Alpharadin is the first medication from the 
group of radiation emitters to demonstrate a beneficial effect 
on overall survival, simultaneously causing fewer complica-
tions than the former generation drugs. The effectiveness of 
denosumab, zoledronic acid and alpharadin has been con-
firmed in clinical trials, and they are recommended as sup-
portive treatment in targeted therapy of bone metastases in 
patients with mCRPC who continue hormone therapy.

Angiogenesis is known to play a crucial role in the progres-
sion of prostate cancer. VEGF is an important factor respon-
sible for formation of new tumour vessels [28]. One method 
which can prevent neovascularization is inhibition of the 
VEGF signalling pathway. Two new agents – bevacizumab 
(a humanized monoclonal antibody which inhibits major iso-
forms of VEGF) and aflibercept (a VEGF fusion protein which 
inhibits the VEGF binding receptor) – were evaluated in the 
phase III randomised trials VENICE (aflibercept) and CALGB 

90401 (bevacizumab) [29, 30]. The main aim of these studies 
was to show the prolongation of overall survival. In CALGB 
90401 Kelly and colleagues compared docetaxel/prednisone 
and placebo with docetaxel/prednisone and bevacizumab in 
1,050 men with mCRPC. The median overall survival was not 
prolonged significantly (22.6 months vs. 21.5 months; HR 0.91, 
p = 0.18). Also aflibercept in combination with docetaxel/
prednisone given as first line chemotherapy for mCRPC did 
not lead to a statistically significant improvement in overall 
survival (22.1 months vs 21.2 months HR 0.94, p = 0.38). In 
both trials the eligibility criteria included concurrent castra-
tion therapy with LHRH analogues. These two studies further 
underline the importance of continuation of hormonal thera-
py for mCRPC patients.

Tasquinimod is a novel oral drug for mCRPC patients, 
which has both immunomodulatory and VEGF-indepen-
dent antiangiogenic properties. In a double blinded, ran-
domized phase II trial 201 patients were enrolled [31]. 
Tasquinimod therapy resulted in a prolonged overall sur-
vival of 33.4 months versus placebo 30.4 months (HR 0.87,  
p = 0.49). The best advantage was in a subgroup of 134 
patients with bone metastases where patients treated 
with tasquinimod experienced 34.2 months overall surviv-
al compared to 27.1 months in placebo patients (HR 0.73,  
p = 0.19). Also in this trial, patients were hormonally treated 
in order to achieve castration testosterone levels (Table 1).

Recently, many new medications have become avail-
able which contribute to prolonged survival and enhanced 
quality of life in mCRPC. They have also changed the ap-
proach to the aetiopathogenesis of the disease in advanced 
stages, which has led to a change in the definition: from 
hormone-refractory cancer to castrate-resistant cancer – 
a stage of the disease whose development is still depen-
dent on the presence of androgens. It should also be noted 
that despite the authorisation of the new medications by 

Table 1. Phase III clinical trials

Trial Medication tested Group of patients No. of patients Survival in months

TAX 327
docetaxel + prednisone 

vs. 
mitoxantrone + prednisone

mCRPC 1006 19.2 vs. 16.3

SWOG 9916
docetaxel + prednisone 

vs. 
mitoxantrone + prednisone

mCRPC 674 17.5 vs. 15.6

TROPIC
cabazitaxel + prednisone 

vs. 
mitoxantrone + prednisone

mCRPC – post docetaxel 755 15.1 vs. 12.7

COU-AA-301
abiraterone + prednisone 

vs. 
placebo + prednisone

mCRPC – post docetaxel 1195 14.8 vs. 10.9

COU-AA-302
abiraterone + prednisone 

vs. 
placebo + prednisone

mCRPC – pre docetaxel 1088 NR vs. 27.2

AFFIRM enzalutamide vs. placebo mCRPC – post docetaxel 1199 18.4 vs. 13.6

PREVAIL enzalutamide vs. placebo mCRPC – pre docetaxel 1700 32.4 vs. 30.2

ALSYMPCA alpharadin vs. placebo
mCRPC – post docetaxel/not 

qualified for docetaxel therapy
921 14.9 vs. 11.3
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the FDA, mCRPC therapy is still combined with LHRH ana-
logues. The basic argument supporting their use is a lack of 
studies which could confirm the effectiveness of the new-
est medications in monotherapy. It may be assumed that 
the recent drugs are not yet sufficiently effective to inde-
pendently slow down the course of a metastatic disease, 
yet they present significant added value to LHRH analogue 
therapy. Important aspects which require further confirma-
tion in clinical studies should also include the order of the 
mentioned therapies (sequential vs. simultaneous “cock-
tail”), and the possibilities of combining new medications. 
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