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Prostate cancer is the second most common cancer in males in the world and the most prevalent 

cancer in Dutch men.1, 2 In 2019 almost 13.600 men in the Netherlands were diagnosed with 

prostate cancer, resulting in 79.200 prostate cancer patients in the Netherlands.3 Improvements 

in early detection and effective treatment options have contributed to the increased five-year 

survival over the last two decades in the Netherlands (figure 1). The 5-year survival increased 

from close to 80% in 1999 to almost 90% in 2012.4 With the availability of new drugs and increased 

survival, the costs of care for prostate cancer patients increased from 0.3% of the total Dutch 

healthcare costs in 2011  to 0.44% in 2017.5 

Figure 1. Relative five-years survival of patients with prostate cancer in the Netherlands from 1989 – 2012

After diagnosis of localized prostate cancer, patients may undergo surgery and/or radiotherapy, 

with a curative intention. However, metastatic disease cannot be cured. Until 2010, treatment of 

patients with metastases at presentation or after previous local therapy only consisted of lowering 

serum testosterone to castration levels. Low serum testosterone levels can be achieved by 

orchiectomy or treatment with Luteinizing hormone-releasing hormone analogues or antagonists 

(androgen deprivation therapy; ADT). However, despite serum testosterone at castration levels, 

the disease will invariably progress to metastatic castration resistant prostate cancer (mCRPC), 

which has high morbidity and mortality as hallmarks. Docetaxel was the first treatment that showed 

an overall survival benefit in mCRPC patients.6  For a decade, docetaxel was the only treatment 

option for mCRPC patients. In recent years, multiple treatment options for mCRPC showed an 

overall survival benefit and improved quality of life. These new treatment options include the 

chemotherapeutic agent Cabazitaxel, androgen-signalling-targeted inhibitors Abiraterone and 

Enzalutamide and the alpha-emitting radionuclide Radium-223. In this review we will discuss the 

currently available treatment options for metastatic castration resistant prostate cancer. 
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CHEMOTHERAPY

Microtubules are a principal component of the cytoskeleton and are involved in many essential 

tasks of the cell, including cell movement, mitosis and shape. Moreover, translocation of the 

androgen receptor to the nucleus following testosterone binding and dimerization of the receptor, 

is guided by  microtubles.7 Microtubules are continually in a form of dynamic instability, which is 

necessary for cell division. Taxanes bind to β-tubulin heterodimers, stabilizing the microtubule 

and ultimately causing cell-death.8 

Docetaxel

Docetaxel is a second generation semi-synthetic taxane, first approved for medical use in 

1995. In 2004, it was registered as a treatment for mCRPC in combination with prednisone after 

publication of the TAX327 study. This study showed that Docetaxel was the first treatment for 

mCRPC-patients which improved overall survival (OS).6 Until 2013 Docetaxel monotherapy was 

the first choice of treatment after patients became castration resistant.  

In 2015 the CHAARTED study reported a survival benefit when Docetaxel was combined with 

ADT as first systemic treatment after diagnosis of high volume metastatic prostate cancer, 

compared with patients treated with ADT only.9 In CHAARTED, 70% of patients were diagnosed 

with metastases at time of diagnosis of prostate cancer. The STAMPEDE study confirmed these 

results in 2016, however in this study, also patients with a locally advanced disease and patients 

who were previously treated for localized disease were included.10  Docetaxel in hormone 

sensitive metastatic disease, resulted in a survival benefit of 10-17 months compared to ADT 

alone. Subgroup analysis from the STAMPEDE study showed that patients with distant metastatic 

disease (M1) seemed to benefit most from the addition of docetaxel in terms of overall survival, 

however there was no distinction made between high- and low volume metastatic patients. As 

a result of differences in characteristics of patients included in CHAARTED and STAMPEDE, it 

is unclear if all patients with hormone sensitive metastatic disease should be treated with both 

Docetaxel and ADT, or only patients with high-volume disease. In the Netherlands, patients with 

high-volume disease at diagnosis are usually treated with Docetaxel and ADT, in line with the 

CHAARTED inclusion criteria.11 

Cabazitaxel (Jetvana®) 

Cabazitaxel is like Docetaxel a second generation semi-synthetic taxane. In 2010, the TROPIC 

study compared Cabazitaxel with Mitoxantrone, both combined with prednisone, in mCRPC 

patients pretreated with Docetaxel. The results favoured Cabazitaxel with a 2.4 month survival 

benefit, compared to Mitoxantrone 12. The FIRSTANA study compared Docetaxel with Cabazitaxel 

in chemotherapy-naïve mCRPC patients. The trial demonstrated no significant difference in 

overall survival (OS).13 Since, Cabazitaxel had shown activity in Docetaxel treated patients, 
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Cabazitaxel remained a second line treatment option, while Docetaxel remained a first line 

treatment option. Cabazitaxel, Enzalutamide, Abiraterone and Radium-223 were all developed 

and evaluated in parallel as a second line therapy in patients who progressed on Docetaxel. This 

resulted in uncertainty with regards to optimal sequencing of the treatment options for mCRPC 

patients previously treated with docetaxel.

In 2019 the CARD study compared Cabazitaxel with androgen-signalling-targeted inhibitors as 

a third line treatment option in patients already treated with Docetaxel and androgen-signalling-

targeted inhibitors. This study reported Cabazitaxel to be superior to third line androgen-

signalling-targeted inhibitors directly following another androgen-signalling-targeted inhibitor 

(e.g.: Abiraterone treatment following failure on Enzalutamide), with a 2.6 months overall survival 

benefit and 4.3 months imaging-based progression-free survival benefit. 14

ANDROGEN-SIGNALLING-TARGETED INHIBITORS

The vast majority of prostate cancer cells are androgen dependent for growth and proliferation. 

During ADT treatment, the prostate cancer cells adapt to very low concentrations of androgens 

through multiple mechanism, including amplification of the androgen receptors (AR) and 

changes in expression of AR co-regulatory proteins. Moreover, constitutively active AR splice 

variants arise that drive testosterone independent prostate cancer progression. The androgen 

receptor splice-variant 7 (ARV7) is the most extensively studied splice variant and holds promise 

as a drug target and a biomarker. The presence of ARV7 causes continuous AR signalling in a 

ligand independent fashion, resulting in a castration resistant state.15

Abiraterone Acetate (Zytiga®)

Cytochrome P450 c17 (CYP17) is an essential enzyme for both androgen and cortisol synthesis. 

Abiraterone Acetate is a second-generation oral androgen receptor inhibitor which inhibits 

CYP17 both intra- and extratumorally. In 2011, the COU-AA-301 study reported a survival benefit 

of 4.6 months in patients treated with Abiraterone in combination with prednisone compared 

to prednisone monotherapy in patients pretreated with Docetaxel.16  The COU-AA-302 study 

evaluated Abiraterone in Docetaxel-naïve patients. Compared to the placebo-arm, patients 

treated with Abiraterone had a 4.4 month survival benefit.17   

In 2017 the LATITUDE and the STAMPEDE showed improved survival of metastatic hormone 

sensitive prostate cancer patients when Abiraterone was added to ADT compared to ADT 

alone. While the LATITUDE study included only newly diagnosed metastatic patients with high-

risk features for  therapy failure, the STAMPEDE study included a broad population, ranging 

from locally advanced to metastatic hormone-sensitive prostate cancer patients.18, 19  No direct 
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comparison can be made with Docetaxel in this stage of the disease, because there is no 

head-to-head comparison and there are major differences between LATITUDE and STAMPEDE 

exploring efficacy of Abiraterone and the CHAARTED and STAMPEDE trials. However, the results 

appear to be comparable. 

As mentioned earlier, in the Netherlands, Docetaxel with ADT as first-line treatment in patients 

with metastatic hormone sensitive prostate cancer is preferred over Abiraterone. This is based 

on several factors, including the short duration of docetaxel treatment, the long duration of 

Abiraterone treatment and insecurity over the impact of long term effects of extreme androgen 

deprivation on bone density and mental health, but also the lower costs of Docetaxel compared 

with Abiraterone.11  

Enzalutamide (Xtandi®)

Like Abiraterone, Enzalutamide is a second-generation orally administered androgen receptor 

inhibitor. Enzalutamide inhibits nuclear translocation of the AR-receptor, DNA-binding and also 

coactivator recruitment. 20 In 2012, the AFFIRM trial reported a survival benefit of 4.8 months 

in men with mCRPC pretreated with Docetaxel compared to placebo. In the PREVAIL study, 

the efficacy of Enzalutamide was studied in a pre-docetaxel-setting. The overall survival benefit 

was 2.2 months, which was comparable to Abiraterone-reported in the same setting.21 More 

recently, efficacy of Enzalutamide as a treatment for metastatic hormone-sensitive prostate 

cancer patients was recently established in the ENZAMET trial.22 Overall survival benefit in this 

patient population treated with Enzalutamide was comparable to patients treated with Docetaxel 

or Abiraterone. This new indication for Enzalutamide treatment awaits approval by the European 

Medical Association. Moreover, Enzalutamide has shown to postpone the moment of detection 

of metastatic disease in patients with the rare entity ‘non-metastatic castration resistant prostate 

cancer’ as was established in the PROSPER trial.23  

Preference for Enzalutamide or Abiraterone

The phase-III studies into efficacy of Abiraterone and Enzalutamide in mCRPC patients were 

published shortly after one-another.16, 20 The populations of both studies were slightly different, 

making a direct comparison difficult. To date, no randomized controlled trials directly comparing 

the efficacy of both agents have been published. However, retrospective studies found no 

significant difference in efficacy between the two agents.24 A recently published meta-analysis, 

comparing Abiraterone and Enzalutamide trials, concluded that that Enzalutamide outperformed 

Abiraterone with respect to biochemical and radiological progression free survival and also PSA 

response rate. However, there was no significant difference with regard to overall survival.25 

Abiraterone might have an advantage over Enzalutamide with regards to quality of life. Two recent 

studies, evaluating patient-reported quality of life, both reported patients treated with Abiraterone 
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to have better quality of life than patients treated with Enzalutamide. One of those studies found 

this difference only in elderly patients, while the other found it in the entire population.26, 27 at 

the moment, there is no consensus in the Netherlands on which agent should have priority in 

patients with castration resistant prostate cancer.

Novel androgen-signalling-targeted inhibitors

In recent years there has been intense study activity into efficacy of Enzalutamide and Abiraterone 

for novel indications, while also two new androgen-signalling-targeted inhibitors were introduced. 

Apalutamide has a similar mechanism of action as Enzalutamide, but in vitro studies suggest 

that Apalutamides androgen receptor inhibition is more potent. In the Titan study, Apalutamide 

in combination with ADT treated metastatic hormone sensitive prostate cancer patients 

showed a significant longer overall survival then patients treated with ADT only.28 Consequently, 

Docetaxel and three androgen-signalling-targeted inhibitors are available as  treatment options 

for these patients, while there are no head to head comparisons to substantiate a preference. 

Moreover, Apalutamide has shown to postpone the moment of detection of metastatic disease 

in patients with non-metastatic castration resistant prostate cancer as was established in the 

SPARTAN trial.29 Darolutamide, is the newest androgen-signalling-targeted inhibitor with a 

unique mechanism of action. As Enzalutamide and Apalutamide, Darolutamide has shown in 

the ARAMIS trial to postpone the moment of detection of metastatic disease in patients with 

non-metastatic castration resistant prostate cancer.30

Cross-resistance and sequencing 

Because Enzalutamide and Abiraterone target the same pathway, there is a significant chance of 

clinical cross-resistance between the two agents, especially when used subsequently. There is 

also preclinical evidence of cross-resistance between Taxanes and androgen-signalling-targeted 

inhibitors.31 Efficacy of Enzalutamide after Abiraterone and Abiraterone after Enzalutamide in 

patients with mCRPC was evaluated in a recently published phase 2 trial. The authors reported 

that patients treated with Enzalutamide followed by Abiraterone had a significantly lower chance 

to have a PSA response than patients treated with Abiraterone followed by Enzalutamide. In this 

trial, response rates of both androgen-signalling-targeted inhibitors given after treatment with 

another androgen-signalling-targeted inhibitor were lower than the response rates reported in 

the respective androgen-signalling-targeted inhibitor phase-3 studies in patients only pretreated 

with Docetaxel. 32 

In this thesis we will retrospectively focus on the efficacy of Enzalutamide in mCRPC patients 

previously treated with at least Docetaxel and Abiraterone (chapter 2). 

The efficacy (defined by ≥50% PSA decline from baseline) of Enzalutamide in patients pretreated 

with Abiraterone and Docetaxel  is between 13% and 39%.33 Which means that more than half of 
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the patients receiving Enzalutamide will have no response. Being able to predict which patients 

respond to Enzalutamide in this setting would help much in deciding whichh agent to choose. In 

chapter 3 we explore the characteristics of the responders. 

While most retrospective studies explored the efficacy of Enzalutamide as a second or third-line 

therapy, data on efficacy in fourth or fifth line is scarce. In chapter 4 we retrospectively assess 

the efficacy of Enzalutamide in this setting.   

   

RADIOPHARMACEUTICALS

Up to 90% of patients with metastatic prostate cancer develop bone metastases.34 Bone 

metastases interfere with bone formation and resorption, which can lead to deterioration of the 

structural integrity of the bone. This can lead to pathological fractures, increased pain, poor 

quality of life and reduced survival.35  

Radiopharmaceuticals are radioactive isotopes (radionuclides) which are able to emit radiation. 

The range of the radiation is dependent on the type of radiation. Available radioactive isotopes for 

the treatment of bone-metastatic prostate cancer are alpha-emitters and beta-emitters. Alpha-

emitters have the shorter range and beta-emitters the longer range. To maximize the damage 

to the malignant cells and minimize damage to the healthy cells, the radioactive isotopes must 

bind as close as possible to the malignant cells. For the treatment of bone metastases this is 

achieved by either using calcium mimetics which are incorporated in the bone by osteoblasts. 

Common side effects are changes in blood counts, as a result of damage to healthy bone 

marrow caused by the radiation to the progenitor cells.35

Until 2012, the indication for the use of radiopharmaceuticals, predominantly beta emitters, 

in prostate cancer were treatment of pain and improvement of Quality of Life (QoL). 

Radiopharmaceuticals had either no effect on OS or an OS benefit was not assessed for these 

agents.36 In 2013 results were published of the ALSYMPCA study, evaluating the efficacy of the 

alpha emitter Radium-223 in mCRPC patients, which showed a survival benefit compared to 

placebo (see below).37 This added another indication to the use of radioactive isotopes.  

Radium-223 (Xofigo®)

Radium-223 (Ra-223) is an alpha-emitting calcium mimetic, which selectively binds to areas of 

increased bone-turnover, such as bone metastases. Unlike beta-emitters (like samarium and 

rhenium), alpha-emitters have a very short range. The short range causes limited damage to 

healthy cells, especially the blood progenitor cells in the bone marrow.37 Because Ra-223 only 

binds in areas of high bone-turn over, it has no effect on visceral or lymph node metastases. This 
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is the reason why Ra-223 is only indicated for patients with limited lymph node-metastases and 

no visceral metastases. 

In 2013 the ALSYMPCA study showed a survival benefit of 3.6 months as well as a longer time to 

first symptomatic skeletal event, when compared to placebo.37 Patients treated with Ra-223 also 

had improved quality of life, compared to placebo. 38 

The population of ALSYMPCA differs from the current real-world population. Patients in the 

trial were minimally symptomatic and were, or previously treated with docetaxel or had no 

previous mCRPC treatment. None of the patients in ALSYMPCA were treated with Cabazitaxel or 

androgen-signalling-targeted inhibitors, because those drugs were not available during accrual 

of ALSYMPCA. This raises the question what the efficacy and optimal positioning is of Ra-223 

in the changed landscape of treatment possibilities for mCRPC patients with predominantly 

bone metastases. In chapter 5 we prospectively assess the efficacy of RA-223 in a non-study 

population. 39

Because adverse events of Ra-223 are mild and Ra-223 only affects bone metastases, 

combination with other systemic anti-cancer agents seems a logical next step. The ERA223 

phase III study evaluating the combination of Ra-223 and Abiraterone was unblinded prematurely 

because there were more deaths and bone fractures in the combination arm than in the placebo-

arm.40 This resulted in new recommendations for the use of Ra-223, including the use of the drug 

in Docetaxel pretreated patients. A trial evaluating the combination of Ra-223 and Enzalutamide 

is currently recruiting patients. The use of bone protective agents, including bisphosphonates or 

denosumab is mandatory in this trial. A recent phase 1/2a trial evaluating the efficacy of Docetaxel 

combined with Ra-223 reported enhanced antitumor effect in patients in the combination arm 

when compared to Docetaxel monotherapy.41  This combination is currently explored in a phase 

III trial.

Although other radionuclides are primarily given to reduce pain, this was not directly assessed in 

the ALSYMPCA trial. Based on non-symptom-specific questionnaires, it was suggested that Ra-

223 had a positive effect on pain, which was only measured every 12 weeks, without considering 

the use of analgesics.42  In chapter 6 we assess the effect of Ra-223 on pain, patient-reported 

QoL, and opioid use. 
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