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1. Introduction 

 

Prostate cancer is the second most common malignant disease among men. Disease course 

shows great heterogeneity in terms of outcomes. During the past decade, significant advances 

have been made in the field of available treatment options. In the case of localised disease, 

modern radiotherapy and more and more effective surgical approaches have led to a further 

increase in survival rates. However, a significant proportion of patients progress despite the 

successful management of localised disease, and the presence of metastases is also common at 

the time of prostate cancer diagnosis. 

 

The treatment of metastatic prostate cancer can be divided into hormone-sensitive and 

castration-resistant pathophysiological phases. Until recently, androgen deprivation therapy 

(ADT) alone by surgical or medical castration was the standard-of-care for metastatic 

hormone-sensitive prostate cancer (mHSPC) [1]. Once the disease progresses to castration-

resistant prostate cancer (CRPC), currently approved therapeutic options include sipuleucel-T, 

enzalutamide, abiraterone, docetaxel, cabazitaxel, and Radium-223 [2,3].  

 

Recently, there was a paradigm shift as a result of new data from clinical studies which 

opened new perspectives and changed the standard-of-care in mHSPC. In the pivotal 

CHAARTEED [4] and STAMPEDE-Docetaxel [5] studies, the combination of docetaxel and 

ADT demonstrated a survival benefit over ADT alone among patients with mHSPC. The 

randomized, phase III CHAARTED study was the first pivotal study to convincingly 

demonstrate the efficacy of early docetaxel among patients with mHSPC, particularly in the 

case of high-volume disease. Subsequently, STAMPEDE-Docetaxel, an ongoing, multi-arm 

trial investigating various therapeutic approaches in different stages of prostate cancer, 

confirmed the survival benefits of early docetaxel therapy seen in the CHAARTED study. As 

a result, early docetaxel is now recommended by all international guidelines as a part of 

standard therapy, and it is gradually being incorporated into Hungarian clinical practice, as 

well. Similarly, early abiraterone therapy was also integrated into the standard-of-care in 

combination with ADT among patients with newly-diagnosed, high-risk mHSPC due to the 

favorable results of the multinational, randomized, placebo-controlled phase III LATITUDE 

clinical trial [6], and the STAMPEDE-Abiraterone study [7]. Based on the available evidence, 

the decision-making process during the management of patients with mHSPC should involve 

the determination of disease volume as well as the assessment of individual risk, 



8 

 

comorbidities, toxicity, and patient preference. In the case of high-volume disease, ADT and 

docetaxel or (if Gleason score ≥8) abiraterone, or ADT alone is recommended, while for 

patients with low-volume disease, ADT monotherapy or – in high-risk patients – ADT in 

combination with abiraterone should be administered [8]. Therefore, in many cases, clinicals 

are faced with the dilemma of choosing between docetaxel (D) and abiraterone (AA), 

especially among patients with a high burden of mHSPC.  

 

The identification of biomarkers which are potentially associated with response to therapy and 

clinical outcomes remains to be a major unmet need both in the hormone-sensitive and 

castration-resistant phases. During the previous years, several retrospective studies focused on 

the identification of factors with potential predictive value in prostate cancer with a view to 

help identify baseline resistance to D or AA and optimize treatment decisions [9–11]. One of 

the genetic alterations which have been implicated in the development of taxane-resistance is 

the overexpression of ERG (ETS-related gene), a member of the ETS transcription factor 

family, which results from recurrent gene fusions with an androgen-regulated 5’ gene partner, 

TMPRSS2 [12–14]. The TMPRSS2: ERG fusion gene is the most common ETS gene 

rearrangement in prostate cancer which can be detected in about 50% of patients [12]. 

Interestingly, Galletti et al. demonstrated that ERG overexpression was associated with 

decreased sensitivity to taxanes in in vitro and in vivo models of CRPC [15].  

Therefore, the identification of ERG status may allow for a tailored approach and may help 

predict response to docetaxel chemotherapy (ChT) as well as clinical outcomes. While these 

studies provide valuable information, which may aid treatment decisions and patient selection 

for appropriate therapies, most of them focused on the predictive value of the examined 

factors in the castration-resistant phase. Consequently, it is not yet understood whether the 

biomarkers implicated in mCRPC might have a predictive value in the hormone-sensitive 

phase regarding response to early D therapy added to ADT.  

 

CRPC is defined by disease progression despite ADT, and may manifest as either a 

continuous rise in serum prostate-specific antigen (PSA) levels, the progression of preexisting 

disease, and/or the appearance of new metastases [16].  Metastatic CRPC (mCRPC) 

frequently metastasizes to the bone, often resulting in painful skeletal events, reduced quality 

of life, and reduced survival [17,18]. Previous studies have shown that as prostate cancer 

transitions from castration sensitive to castration resistant, the incidence of bone metastasis 

increases, and eventually more than 90% of patients with mCRPC develop bone metastases 
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[19]. Patients with mCRPC and bone metastases often experience skeletal-related events 

(SREs) such as pathologic fractures and spinal cord compression, which are major causes of 

morbidity and can lead to other comorbidities [20]. Skeletal complications due to bone 

metastases are strong determinants of quality of life and survival in these patients [21]. 

Traditionally, the treatment strategies of bone metastases in patients with mCRPC were aimed 

at managing pain and reducing skeletal complications [22]. However, ongoing research led to 

the development of targeted therapeutics, such as the radiopharmaceutical Radium-223 

dichloride (Radium-223, Xofigo®). Radium-223 is a calcium-mimetic alpha-emitting 

radiopharmaceutical, which selectively targets bone, specifically the areas of bone metastases, 

while sparing normal tissue [23,24]. Alpha particles travel much shorter distances than beta 

particles, and are therefore less damaging to normal tissue, which explains the fewer side-

effects observed with Radium-223 therapy compared to beta-emitting radiopharmaceuticals 

[25-32]. Unlike previous radiopharmaceuticals, Radium-223 was found to prolong survival in 

patients with mCRPC in the pivotal phase III ALSYMPCA trial [33].  Based on the results of 

this study, Radium-223 was approved by the FDA (Food and Drug Administration) in May 

2013 for the treatment of patients with CRPC, symptomatic bone metastases and no known 

visceral metastatic disease, which was followed by the granting of marketing authorization in 

Europe by the European Commission in November, 2013. The approved dosing of Radium-

223 is 50 kBq/kg given intravenously over 1 minute every 28 days for 6 doses [34]. Radium-

223 has been reimbursed in Hungary since July 2014 on an individual basis. The National 

Healthcare System covers the medicine for patients with progressive mCRPC and bone pain, 

at least two bone metastases detected on skeletal scintigraphy, lymph nodes with a maximum 

size of 3 cm, and no known visceral metastasis.  

 

Apart from Radium-223, currently available agents for mCRPC in the post-docetaxel setting 

include cabazitaxel, enzalutamide and abiraterone, while the options for prechemotherapy 

treatment are enzalutamide and abiraterone. As mentioned before, the indication for 

abiraterone was recently expanded. Since 2017, abiraterone is also approved for the treatment 

of newly diagnosed, high-risk mHSPC patients, which led to significant changes in the 

recommended therapeutic sequences in mCRPC. Consequently, clinicians are faced with the 

growing challenge of providing a tailored approach. Ideally, patients should be provided with 

the benefits of all treatment lines while achieving the best possible quality of life, which 

requires the appropriate assessment of progression in all disease stages and during all 

treatment regimens. 
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In the TAX 327 clinical study with docetaxel, radiographic progression was assessed using 

WHO (World Health Organization) criteria, while the cabazitaxel registration trial already 

applied the RECIST (Response Evaluation Criteria in Solid Tumors) 1.1 criteria. In studies 

testing abiraterone/enzalutamide in the prechemotherapy setting, progression was evaluated 

according to Prostate Cancer Clinical Trials Working Group 2 (PCWG2) [35] 

recommendations. The most important learning point from the PCWG2 consensus is that PSA 

progression in itself without radiographic or clinical progression should not be regarded as an 

indication for treatment discontinuation. Since 2016, newly designed clinical studies routinely 

apply the PCWG3[36] criteria. The PCW3G consensus underlines the importance of 

documenting progression as distinct from the decision to terminate treatment, keeping in mind 

the biological heterogeneity of individual metastatic lesions. PCWG3 introduced the concept 

of „no longer clinically benefitting” (NLCB) in order to avoid the premature or undue 

discontinuation of treatment. The new guidelines highlight the need for documenting the exact 

time and reason for treatment discontinuation, and allow for individual decisions on treatment 

continuation in the case of radiographic or biochemical progression if there are perceived 

additional benefits to slowing progression in patients without clinical progression. 

                                                                    

2. Aims 

The primary objective of this thesis was to identify management strategies that may improve 

quality of life and overall survival and facilitate individualized treatment approaches for 

patients with metastatic prostate cancer. In details: 

2.1. Our study aimed to analyze the potential association between clinical parameters and 

ERG expression and the outcome of docetaxel chemotherapy among patients with mHSPC. 

2.2. Our specific aim was to investigate the efficacy and safety of Radium-223, and to assess 

the changes in pain intensity as a result of Radium-223 therapy. 

2.3. To investigate the overall survival (OS) of chemotherapy refractory mCRPC patients who 

were treated with abiraterone acetate + prednisolone (AA+P) beyond PSA and radiographic 

progression (PRP) until clinical progression in comparison to patients treated only until PRP.    
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3. Patients and methods 

 

3.1.  ERG Expression Can Predict the Outcome of Docetaxel Combined with Androgen 

Deprivation Therapy in Metastatic Hormone-Sensitive Prostate Cancer 

 

3.1.1. Patients 

 

Potentially eligible cases were identified from a patient database with mHSPC receiving 

docetaxel ChT for mHSPC between 1 August 2014 and 31 October 2017 at one of the two 

centers, the National Institute of Oncology, Budapest and the Department of Oncotherapy, 

University of Szeged. Patients were included in the study if they had paraffin tissue blocks 

from diagnostic samples or metastatic sites. All tumors were objectively confirmed by 

histological verification, and staging procedures as well as ADT were carried out according to 

the conventional protocol. For each patient, treatment plan was designed by a 

multidisciplinary tumor board. 

 

3.1.2. Methods 

 

Systemic treatment. All patients received intravenous docetaxel ChT (docetaxel every 3 weeks 

at a dose of 75 mg/m2 in 6 cycles depending on toxicity, without prednisone), starting within 

120 days after the initiation of ADT. All patients signed a written informed consent prior to 

the initiation of chemotherapy. The use of prophylactic granulocyte colony stimulating factor 

(GCSF) was allowed. Dose reduction or delay was performed at the oncologist’s discretion. 

Physical examination and laboratory tests were carried out every 3 weeks. The severity of 

AEs (Adverse Events) was evaluated based on the National Cancer Institute Common 

Terminology Criteria for Adverse Events, Version 4.0 [37]. Patients’ general condition was 

assessed using the ECOG (Eastern Cooperative Oncology Group) scale [38]. Data were 

collected prospectively starting in August 2014.  

 

Response analysis. The assessment of outcomes was carried out before and 8–12 weeks after 

the completion of chemotherapy and involved clinical examinations, PSA measurements, 

bone scan, and diagnostic chest-abdomino-pelvic CT examinations. Response to therapy and 

follow-up were assessed according to the PCWG2 criteria system [35]. Good response was 
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defined as a 50% decrease in baseline PSA levels. Relapse-free survival (RFS) and overall 

survival (OS) were defined as the period from the initiation of ChT to the detection of 

castration-resistant prostate cancer or death [39]. Early progression was defined as the 

development of CRPC within 12 months after the initiation of ChT.  

 

ERG Immunohistochemistry. Prostate cancer tissue samples were obtained from needle 

biopsies, transurethral resections of the prostate, prostatectomies, or prostate cancer 

metastases (one pulmonary and one lymph node metastasis). Before ChT, 

immunhistochemical (IHC) staining was performed to quantify ERG expression in the biopsy 

samples. Histological samples were obtained from different pathological departments where 

primary diagnoses were made. Prostate biopsy tissue samples were examined in a 

retrospective way with regards to ERG expression at the Department of Pathology, University 

of Szeged.  

 

The following primary mouse monoclonal antibody was used for IHC: ERG (clone EP 111, 

Cell Marque # 434R-14) was diluted at 1:500. Deparaffinization and rehydration at room 

temperature were followed by antigen retrieval with the PT Link system (10 mM sodium 

citrate buffer, pH 6.0, for 30 min at 94°C; Dako, Glostrup, Denmark). After rinsing with Tris-

buffered saline (EnVision FLEX Wash), the sections were placed in a Dako Autostainer Link 

48 for endogenous peroxidase blockage and staining. Diaminobenzidine was used as 

chromogen. The sections were then counterstained with Mayer's hematoxylin, dehydrated, 

cleared in xylene and mounted. Negative controls were obtained by the omission of the 

primary antibody. The positive controls for ERG were endothelial cells. Only subjects with 

nuclear ERG immunoreactivity were classified as ERG positive [40] (Figure 1).  For the main 

analysis of ERG expression in relation to prostate cancer mortality, we used a dichotomous 

marker cut point (positive or negative for nuclear ERG immunoreactivity).  
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Fig 1. Immunohistochemistry: prostate cancer stained with ERG antibody. Brown 

tumor cell nuclei represent ERG positivity. a) ERG negative prostate cancer. The 

endothelial cells serve as internal positive controls. b) ERG positive prostate cancer. 

The glandular cells of adenocarcinoma are strongly ERG positive. 

 

Statistical analysis. The association between patient characteristics and RFS or OS were 

analyzed by Kaplan-Meier analysis for categorical variables and by Cox regression for 

continuous variables. To detect the joint effect of the decrease in PSA level and ERG 

expression on RFS, multivariate Cox regression analysis (forward likelihood ratio method) 

was applied. All statistical analyses were performed using the IBM SPSS v22.0 software 

(IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: 

IBM Corp). 

 

a b 
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3.2. A Retrospective Analysis of the First 41 mCRPC Patients with Bone Pain Treated with      

Radium-223 at the National Institute of Oncology in Hungary. 

 

3.2.1. Patients 

 

This was a single-center retrospective study carried out at the National Institute of Oncology, 

Budapest, Hungary. All mCRPC patients receiving Radium-223 for the treatment of bone 

metastases between 23rd July 2014 and 23rd February 2016 were included in the analysis.  

 

3.2.2. Methods 

 

Informed consent was obtained from all individual participants included in the study. Patients 

were administered intravenous Radium-223 at a dose of 50 kBq/kg over one minute every 28 

days for up to 6 cycles. Medical records were reviewed for patient demographics and baseline 

characteristics, laboratory PSA and alkaline phosphatase (ALP) values, treatment outcomes, 

treatment-emergent adverse events, and changes in pain intensity. The patients’ level of 

functioning was assessed by the ECOG Scale of Performance Status before Radium-223 

treatment. Pain intensity was subjectively assessed, and changes in bone pain were classified 

as ‘increase’, ‘no change’, ‘decrease’, or ‘complete cessation’.  

 

Statictical analysis. Data were assessed using descriptive statistics in SPSS 17.0. In 

accordance with the ALSYMPCA trial, imaging tests were not routinely performed during 

Radium-223 therapy, unless there was a clinical indication. 

 

3.3. Abiraterone+prednisolone treatment beyond prostate specific antigen (PSA) and 

radiographic progression in metastatic castration-resistant prostate cancer patients 

(mCRPC): a retrospective observational one-centre study  

 

3.3.1. Patients  

 

Unselected cohorts of mCRPC patients treated at the National Institute of Oncology were 

investigated. The first AA+P treatment started on April 21, 2011 in an early-access protocol 

trial (NCT01217697). After October 8, 2012 AA became generally available in Hungary. It 

has been reimbursed based on special request on an individual basis.  

https://www.ncbi.nlm.nih.gov/pubmed/28074331
https://www.ncbi.nlm.nih.gov/pubmed/28074331
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From April 21, 2011 to November 05, 2014 116 patient received AA+P. All patients 

progressed during or after docetaxel treatment. AA+P was administered according to the 

treatment protocol including 1,000 mg AA and 10 mg P daily. All patients had ECOG 0 or 1 

performance status. The clinical trial patients (T) (n=56) were treated beyond PRP until 

clinical progression.  

 

3.3.2. Methods 

 

Definition of clinical progression at the early access protocol (EAP)12 program was either pain 

progression (e.g. an opiate was needed for >2 weeks), development of a skeletal-related event 

(e.g. pathological fracture, spinal-cord compression, or surgery to bone); any increase in dose 

of prednisolone or a change to a more potent glucocorticoid for prostate cancer-related signs 

and symptoms; or initiation of new systemic anticancer treatment. In the nonclinical trial 

group (N) (n=57) the treatment was covered only until PRP. During the follow-up 3 patients 

remained PRP-free, thus were excluded from further analyses. Laboratory parameters and side 

effects were assessed every 4 weeks, efficacy (CT, bone scan, PSA) at three-month intervals. 

Treatment outcomes and adverse events were retrospectively evaluated from patient’s charts. 

The study was approved by the Medical Research Council and the Ethical Committee of the 

Institute. 

 

Statistical analysis. OS, as primary objective of this study, was evaluated by Kaplan Meier 

method and log rank test was performed. The secondary objective was PRP-free survival. The 

median or mean levels were compared by t-test or Mann-Whitney nonparametric test as 

required. The difference in distribution of parameters was tested by chi2 or exact test. 

Multivariate logistic regression was also performed. In order to find independent markers of 

survival the multivariate Cox regression analysis was used. P<0.05 was considered as 

statistically significant. The NCSS software (Kaysville, UT, USA) was used for all statistical 

analyses.  
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3. Results 

 

4.1. ERG Expression Can Predict the Outcome of Docetaxel Combined with Androgen 

Deprivation Therapy in Metastatic Hormone-Sensitive Prostate Cancer 

 

Patient characteristics. Altogether 55 patients were included in the study, with a mean age of 

65.6±1.1 years (range: 43–79). Most patients (94.5%) had high-volume disease, defined as the 

presence of visceral metastases and/or 4 bone metastases with at least one outside the 

vertebral column and pelvis (CHAARTED study definition) [4]. Most of the patients also had 

a Gleason score of 8, with a mean value of 8.67±0.14. Performance status was generally 

good (ECOG 0: 67.3%; ECOG 1: 27.3%), ECOG 2 status was detected in only 3 cases 

(5.5%). At the time of diagnosis, the mean PSA level of patients was 629.6161.7 ng/ml. The 

histological type of prostate cancer was adenocarcinoma in all cases; 2 patients had previously 

undergone radical prostatectomy [Table 1]. 

N=55 Patients  

Mean age, years ± SE 65.6±1.1 

Age range, years 43–79 

Gleason score, mean ± SE 8.670.14 

Initial PSA, mean ± SE 629.6161.7 

 n % 

ECOG performance status 0 37 67.3 

1 15 27.3 

2 3 5.5 

Volume of disease high 52 94.5 

low 3 5.5 

Location of Metastases 

Bone 50 90.9 

Distant lymph node 32 58.2 

Visceral 13 23.6 

Number of involved organs One 21 38.2 

More 34 61.8 

Table 1: Patient characteristics. ECOG: Eastern Cooperative Oncology Group; n: number of 

patients included; N: number of patients analyzed; SE: standard error; PSA: prostate-specific 

antigen. 
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Response and survival. The mean time between the initiation of ADT and docetaxel ChT was 

73.93.9 days. The mean number of docetaxel cycles received by patients was 5.69±0.17.  

Overall, RFS and OS were 10.53.2 months and 40.48.9 months, respectively. By the time 

of study completion, 17 patients had died (30.9%), 14 of which due to prostate cancer, 2 due 

to the development of pneumonia or ileus after ChT, and 1 due to subsequently detected 

advanced colorectal cancer. Disease progression was mostly detected with increasing PSA 

levels in 31 patients (56.4%), out of which 19 (34.5%) were bone, 8 (14.5%) were visceral, 

and 4 (7.3%) were distant lymph node metastases. Castration-resistant prostate cancer 

developed in 32 patients (58.2%), out of which 23 cases (41.8% of all patients) were detected 

within 12 months from the initiation of docetaxel ChT. The mean OS after the development of 

castration-resistant status was 17.25.4 months. PSA decrease was detected in 51 cases 

(92.7%), the mean rate of decrease was 84.74.1 ng/ml. The nadir PSA level was 34.019.8 

ng/ml, a reduction of at least 50% was detected in 44 patients (80%) [Table 2]. 

 

 

 

N=55 

Mean time from ADT to ChT, days ± SE 73.93.9 

Number of ChT cycles, mean ± SE 5.690.17 

PSA response 

Nadir PSA level, mean ng/ml ± SE  34.019.8 

Number of pts with PSA decrease 51 (92.7%) 

PSA decrease rate, mean % ± SE  84.74.1 

Number of pts with ≥50% PSA decrease 44 (80%) 

CRPC after ChT 

Number of pts with CRPC after ChT 32 (58.2%) 

Median RFS to CRPC, months  15.6 (95%CI 10.6-20.6)  

Location of progression n % 

PSA 31 56.4 

Bone 19 34.5 

Distant lymph node 4 7.3 

Visceral 8 14.5 
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Site of progression Only PSA 23 41.8 

One organ 5 9.1 

More organs 27 49.1 

Subsequent therapies Abiraterone 19 34.5 

 Enzalutamide 4 7.3 

 Alfaradine 4 7.3 

 Cabazitaxel 3 5.5 

 Docetaxel 1 1.8 

OS from ChT, median, months  40.4 (95%CI 22.9–57.9) 

OS from date of CRPC, median, months 17.2 (95%CI 6.7–27.8) 

 

Table 2: Parameters of chemotherapy and clinical outcomes. ADT: androgen deprivation 

therapy; ChT: chemotherapy; CRPC: castration-resistant prostate cancer, N: number of 

patients analyzed; OS: overall survival; SE: standard error; PSA: prostate-specific antigen; 

pts: patients; RFS: relapse-free survival. 

 

Clinical factors and outcomes. There was no significant association between RFS/OS and 

age, Gleason score, initial PSA level, the type of involved organs, or the number of docetaxel 

cycles. Performance status was significantly associated with clinical outcomes: patients with 

an ECOG status of 0 had a mean RFS of 17.94.6 and a mean OS of 40.439.4; those with an 

ECOG status of 1 had a mean RFS of 8.92.1 and a mean OS of 25.73.7, while an ECOG 

status of 2 was associated with a mean RFS of 9.16.6 and a mean OS of 10.27.5. 

There were significant differences in RFS and OS between patients with a good PSA response 

(defined as a 50% decrease in PSA level) and those without (RFS: 16.82.3vs. 5.90.1 

months, p0.001; OS: 40.412.2 vs. 11.60.8 months, p0.001) [Figure 2, Figure 3]. Merely 

biochemical or oligoprogression were associated with better RFS and OS compared to 

progression to multiple organs (RFS: 40.22.8 vs. 10.80.9 months, p<0.001; OS: 40.48.9 

vs. 23.62.9 months, p=0.011). Progression within 12 months from the initiation of docetaxel 

ChT was associated with poorer OS compared to progression after 12 months (17.977.6 

months vs 40.48.9 months, p<0.001) [Table 3]. 
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Figure 2: RFS as a function of PSA decrease. CI: confidence interval; PSA: prostate-specific 

antigen.  

 

 

 

Figure 3: OS as a function of PSA decrease. CI: confidence interval; PSA: prostate-specific 

antigen.  
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Specifications of analyzed 

patients N=55 
RFS-HR (95% CI) p OS-HR (95% CI) p 

Age  0.988 (0.947–1.031) 0.592 
1.018 (0.960–

1.079) 
0.553 

Gleason score 1.405 (0.908–2.174) 0.127 
1.425 (0.773–

2.627) 
0.256 

Initial PSA level (ng/ml) 1.000 (0.999–1.000) 0.264 
0.999 (0.997–

1.000) 
0.093 

Level of PSA nadir (ng/ml) 1.010 (0.999–1.021) 0.085 
0.999 (0.995–

1.004) 
0.728 

Rate of PSA decrease (%) 0.964 (0.950–0.978) <0.001 
0.979 (0.966–

0.992) 
0.001 

Number of ChT cycles 1.231 (0.809–1.873) 0.332 
0.910 (0.646–

1.281) 
0.589 

 mRFS±SE (months) p mOS±SE (months) p 

Pts with ≥50% PSA 

decrease 
No / Yes 5.90.13 / 16.82.3 <0.001 

11.60.8 / 

40.412.2 
<0.001 

ECOG status 0 / 1 / 2 
17.94.6 / 8.92.1 / 

9.16.6 
0.002 

40.49.4 / 25.73.7 

/ 10.27.5 
0.002 

Extension of volume 
High / 

Low 
12.81.2 / 16.82.4 0.944 30.58.7 / 40.88.9 0.475 

Locatio

n of 

metas-

tases 

 

Bone No / Yes 18.92.3 / 25.62.4 0.711 22.56.3 / 33.52.7 0.368 

Lymph 

node 
No / Yes 26.73.1 / 23.92.9 0.354 38.53.7 / 29.22.5 0.307 

Visceral No / Yes 27.32.7 / 17.22.5 0.188 32.62.8 / 34.35.3 0.932 

Number of involved 

organs 
1 / More 28.53.2 / 22.82.7 0.111 42.13.0 / 29.02.9 0.066 

Locatio PSA No / Yes 45.31.7 / 11.40.8 <0.001 30.5±3.2 / 0.323 



21 

 

n of 

prog-

ression 

 

40.4±11.6 

Bone No / Yes 33.23.1 / 11.21.2 <0.001 37.4±3.2 / 26.6±3.1 0.043 

Lymph 

node 
No / Yes 17.92.8 / 5.92.8 0.002 40.4±7.5 / 10.9±3.2 0.158 

Visceral No / Yes 20.54.8 / 7.40.4 <0.001 
40.4±8.9 / 11.6 

±1.8 
<0.001 

Number of organs in 

progression 
1 / More 40.22.8 / 10.80.9 <0.001 40.48.9 / 23.62.9 0.011 

Progression  
12m/12

m 
NA NA 

17.977.59 / 

40.438.9 
<0.001 

 

Table 3: Clinical factors influencing the outcome of docetaxel ChT in addition to ADT; bold 

p-values are significant (p<0.05). ADT: androgen deprivation therapy; ChT: chemotherapy; 

CI: confidence interval; HR: hazard ratio; MSKCC: Memorial Sloan Kettering Cancer Center; 

mOS: median overall survival; mRFS: median relapse-free survival; NA: not applicable; OS: 

overall survival; PSA: prostate specific antigen; RFS: relapse-free survival; SE: standard 

error. 

 

 

ERG status and outcomes. Prostate biopsy tissue samples of 50 patients were examined. 

Histological samples from the remaining 5 patients were used for primary diagnostic analysis 

and the remaining samples were too small for further IHC analysis to be performed.  

RFS was 16.83.6 months; ERG expression was detected in 21 patients (42%). ERG 

positivity was significantly associated with better RFS compared to ERG negativity (median 

RFS: 26.0 vs. 11.4 months, p=0.030) [Figure 4].  
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Figure 4: RFS as a function of ERG status. CI: confidence interval; RSF: relapse-free 

survival. 

 

 

ERG positivity was also significantly associated with a lower frequency of early progression: 

progression within 12 months was detected in 5 ERG positive patients vs. in 16 ERG negative 

patients (23.8% vs. 55.2%, p=0.026). Late progression was detected in 16 cases in the ERG 

positive, and in 13 cases in the ERG negative groups (76.2% vs. 44.8%). There was no 

statistically significant association between ERG status and OS (p=0.107). 

Toxicity. Adverse events were detected in 28 patients (50.9%), mostly after the first cycle of 

docetaxel ChT (23 cases, 41.8%). The most common adverse events were alopecia, anemia 

and diarrhea. Most adverse events were grade 0–1 and could be managed conservatively. 

None of the observed adverse events led to the discontinuation of docetaxel ChT [Table 4]. 
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 Grade n  % 

All 0 28 50.9 

1 23 41.8 

2 2 3.6 

3 2 3.6 

Anemia 0 48 87.3 

1 5 9.1 

2 2 3.6 

Diarrhea 0 46 83.6 

1 9 16.4 

Leukopenia 0 36 65.5 

1 5 9.1 

2 0 0 

3 5 9.1 

4 9 16.4 

 

Table 4: Side effects of docetaxel ChT. 

 

 

4.2. A Retrospective Analysis of the First 41 mCRPC Patients with Bone Pain Treated with      

Radium-223 at the National Institute of Oncology in Hungary. 

 

4.2.1. 

Patient characteristics. Between 23rd July 2014 and 23rd February 2016, 41 patients received 

Radium-223 treatment at our institute. The mean age of the patients was 72.2 years (SD: 7.1, 

range: 63–85 years). At the beginning of therapy, 23 patients had an ECOG status of 0, and 18 

of them had an ECOG status of 1. Ten patients had less than 6 bone metastases, of which only 

one patient was diagnosed with lymph node metastasis. Of the 31 patients who had at least 6 

bone metastases, lymph node metastases were detected in 4 patients [Figure 5]. The mean 

time from the diagnosis of castration resistant prostate cancer to the beginning of Radium-223 

treatment was 20.9 months (SD: 16.3).  

https://www.ncbi.nlm.nih.gov/pubmed/28074331
https://www.ncbi.nlm.nih.gov/pubmed/28074331
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Figure 5 Distribution of patients based on the presence and number of bone and lymph node 

metastases 

 

Prior treatments and number of cycles 

24 patients received Radium-223 as first-line treatment (58.5%), 7 patients as second-line 

treatment (17.1%), 3 as third-line therapy (7.3%), 6 as fourth-line treatment (14.6%), and one 

patient as fifth-line therapy (2.4%). Prior treatments included docetaxel (16 patients), 

abiraterone (10 patients), mitoxantrone (5 patients), cabazitaxel (3 patients), and enzalutamide 

(1patient) [Table 5]. 

 

Positioning of Radium-

223 

Number of 

patients 
Previous agents 

First-line 24 - 

Second-line 7 
1 abiraterone 

6 docetaxel 

Third-line 3 
1 docetaxel, enzalutamide 

2 docetaxel, abiraterone 

Fourth-line 6 
2 docetaxel, abiraterone, cabazitaxel 

4 docetaxel, abiraterone, mitoxantrone 

Fifth-line 1 
1 docetaxel, abiraterone, mitoxantrone, 

cabazitaxel 

Table 5 Distribution of patients based on the positioning of Radium-223 in the treatment 

sequence, and previous agents 
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The median number of cycles administered was 5.5 (SD: 1.1). Altogether 32 patients received 

the preplanned 6 cycles without delay. 9 patients received a reduced number of cycles due to 

sudden cardiac death (1 patient), stroke (1 patient), brain metastasis (3 patients), and 

progression (4 patients, 2 of which due to bone marrow failure). Figure 6 shows the brain 

MRI of a patient with a large brain metastasis invading the frontal lobe who received Radium-

223 as fifth-line therapy after docetaxel, abiraterone, mitoxantrone, and cabazitaxel treatment. 

Radium-223 resulted in the complete cessation of bone pain, as a result of which the patient 

no longer required potent opioid analgesic treatment. 

 

 

 

Figure 6 Frontal lobe brain metastasis detected in a mCRPC patient showing behavioral 

changes 

 

 

PSA and ALP levels. The mean PSA level at the beginning of treatment was 307.2 ng/ml (SD: 

525.7), which increased to a mean value of 728.5 ng/ml (SD: 1277) by the end of treatment. 

The mean ALP level before treatment initiation was 521.1 U/L (SD: 728), while at the end of 

treatment the last measured mean ALP value was 245.1 U/L (SD: 283.5). 13 patients had 

elevated baseline ALP levels, of which a 30% decrease in ALP levels was detected in 3 

patients, a 50% decrease in 6 patients, and altogether 9 patients showed a complete 

normalization of ALP levels.   

 

Side effects The most common side effects of Radium-223 treatment were also examined. 

Adverse events were graded according to the Common Terminology Criteria for Adverse 

Events, version 3.0 (grade 1–4)21. The most common adverse event was anemia observed in 

11 cases (26.8%), 3 of which were classified as grade 1, 2 as grade 2, and 6 as grade 3. 
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Nausea occurred in 9 patients (21.9%), all cases were rated as grade 1. Four patients reported 

treatment-emergent diarrhea (9.8%), 3 of which were classified as grade 1, and one as grade 2 

in severity. Thrombocytopenia developed in 2 patients (4.9%), the severity was grade 2 in 

both cases [Figure 7]. 

 

 

 

Figure 7 Number and severity of treatment-emergent adverse events 

 

 

Pain-related outcomes. Before the initiation of Radium-223 therapy, 40 patients were 

receiving non-steroidal anti-inflammatory drugs (NSAIDs) for pain relief. Nearly two thirds 

of patients were only receiving one type of analgesics (63.4%), most of which were NSAIDS 

(97.6%). In addition to NSAID treatment, 3 patients were managed with palliative 

radiotherapy, 5 patients were receiving NSAID + weak opioid, 2 patients were treated with 

NSAID + weak opioid + radiotherapy, 4 patients were treated with NSAID + major 

analgesics, one patient with NSAID + major analgesics + radiotherapy, and one patient was 

only receiving a weak opioid analgesic [Table 6]. 
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Pain management strategy 
Number of 

patients 

NSAID 40 

• NSAID + palliative radiotherapy 3 

• NSAID + weak opioid 5 

• NSAID + weak opioid + 

radiotherapy 
2 

• NSAID + major analgesics 4 

• NSAID + major analgesics + 

radiotherapy 
1 

Weak opioid 1 

 

Table 6 Number of patients according to the analgesic treatments received before Radium-

223 therapy initiation 

 

 

Two patients reported an increase in pain intensity (4.8%), 6 patients reported no change 

(14.6%), 15 patients experienced decreased pain intensity (36.6%), and 18 patients reported a 

complete cessation of pain by the end of Radium-223 therapy (44%) [Figure 8]. 

 

 

 

Figure 8 Distribution of patients based on the change in bone pain intensity 
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4.3. Abiraterone+prednisolone treatment beyond prostate specific antigen (PSA) and 

radiographic progression in metastatic castration-resistant prostate cancer patients 

(mCRPC): a retrospective observational one-centre study  

 

4.3.1. Patient characteristics. Clinicopathological parameters of patients in the N and T 

groups are presented in [Table 7]. None of the parameters, but the length of AA+P treatment 

showed statistical significant difference. In multivariate analysis (logistic regression) none of 

the parameters was statistically significant for the cohort type (N or T).  After a median 

follow-up of 39.7 (95% CI 37.4-59.8) months the median OS was significantly longer 

(p=8x10-7) in the T group compared to the N group: 21.9 (95% CI 16.9-25) vs. 12.5 (9.3-14.1) 

months, respectively [Figure 9]. The difference in case of PRP-free survival curves did not 

reach the level of significance [Figure 10]. Median PSA progression-free survivals (PFS) 

were 4.1 (2.8-7.6) and 4.6 (2.7-5.7) months (p=0.90) in group N and T, respectively. The 

median radiographic PFS were 5.1 (3-7) and 5.7 (4.9-7.8) months (p=0.29) in group N and T, 

respectively. The OS in univariate analysis was significantly influenced by the presence of 

systemic therapy besides of docetaxel, count of white blood cells, neutrophils and 

lymphocytes, neutrophil to lymphocyte ratio, starting level of AP and LDH, systemic therapy 

after AA+P and cohort type (N or T) (data not shown). These (significant) variables were 

included in the multivariate Cox regression analysis of OS. Besides of cohort type the AP 

level at the start of therapy and systemic therapy after AA+P proved to be independent 

predictors of OS [Table 8]. The PSA PFS in univariate analysis was significantly influenced 

by 11 parameters, but out of them only 3 was significant in COX multivariate regression: 

≥25% increase in PSA level after 3 month compared to the start or to the first month and LDH 

level after 1 month compared to the first month (data not shown). The radiographic PFS in 

univariate survival analysis was significantly influenced by 14 variables and out of them only 

the ≥25% increase in AP level after 3 month and that of PSA level after 1 months compared 

to the start proved to be independent factors in Cox multivariate analysis (data not shown).  

The treatment was well tolerated. In contrast to other studies [41,42] no drug related adverse 

events of grade 3-4 were detected among our patient. 
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Table 7 Clinicopathologic characteristics of patients with castration-resistant prostate cancer 

treated with abiraterone acetate + prednisolone (AA+P) 

 

 

Parameters All patients Group N Group T  

   N  N (%)  N (%) 

N   113  57  56 

Age [years] median (range) 70 (49-90) 70 (49-88)  70.6 (49-90) 

Metastasis at diagnosis  54  25 (44)  29 (52) 

Multiple metastases at the start of AA+P  81  39 (68)  42 (75)  

Metastasis  

 Bone   103  49 (86)  54 (96) 

 Lymph node   44  20 (35)  24 (43) 

 Visceral   64  33 (58)  31 (55) 

 Liver  14  8 (14)  6 (11) 

 Lung  15  9 (16)  6 (11) 

Gleason score median (range) 7.8 (3-10) 8 (4-10) 7.7 (3-10) 

 ≥7  81  42 (84)  39 (80) 

 <7  18  8  10  

 n.a.  14  6  8 

Surgery   18  12 (21)   6 (11) 

Irradiation   0  15 (26)  15 (27) 

Only docetaxel  72  34 (60)  38 (68) 

Docetaxel+other systemic therapy  41  23 (40)  18 (32) 

Systemic therapy after AA+P  59  28 (49)  31 (55) 

 Taxoid (docetaxel, cabazitaxel)   27 (12, 15)  12 (6, 6)  15 (9, 6) 

 Mitoxantron  27  14  13 

 Other (223Ra, custirsen)  5 (3, 2)  2 (1, 1)  3 (2, 1) 

Hemoglobin [g/dl] median (range) 11.8 (8.4-15.1) 11.7 (8.8-13.7) 12 (8.4-15.1) 

 ≥14*  2  0  2 (4) 

 <14  107  56  51 

 n.a.  4  1  3 

Neutrophil count [G/l] median (range) 5.0 (1-16.9) 4.9 (1-10.8)  5.3 (2.4-16.9) 

 >7**  22  14 (27)  8 (16) 

 ≤7  80  37  43  

 n.a.  11  6  5 

Lymphocyte count [G/l] median (range) 1.5 (0.5-3.4) 1.4 (0.6-3.4) 1.6 (0.5-3.3) 

 ≥1**  58  36 (75)  35 (78) 

 <1  35  12  10 

 n.a.  20  9  11 
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NLR median (range) 3.6 (0.5-12.6) 3.7 (0.5-12.3) 3.0 (1.3-12.6) 

 ≥3.6   45  25 (52)  20 (44) 

 <3.6  48  23  25 

 n.a.  20  9  11 

Alkaline phosphatase [U/l] median (range)  

 At the start of therapy 347 (138-7181) 399 (146-7181) 304 (138-4562) 

 >290*  66  37 (66)  29 (56) 

 ≤290  42  19  23 

 n.a.  5  1  4 

 After 1 month 473 (113-4534) 579 (150-4534) 450 (113-4157)  

 ≥290   78  41 (75)  37 (66) 

 <290  33  14  19 

 n.a.  2  2  0 

 ≥25% decrease vs. start  3/106  2/54 (4)  1/52 (2) 

 ≥25% increase vs. start  55/106  27/54 (50)  28/52 (54) 

 After 3 months 427 (99-4352) 427 (153-4352) 455 (99-2827) 

 ≥290  63  29 (63)  34 (64) 

 <290  36  17  19  

 n.a.  14  11  3 

 ≥25% decrease vs. start  14/95 (15)  8/45 (18)  6/50 (12) 

 ≥25% increase vs. start  38/95 (40)  16/45 (36)  22/50 (44) 

 ≥25% decrease vs. 1 month  28/98 (29)  14/45 (31)  14/53 (26) 

 ≥25% increase vs. 1 month  20/98 (20)  12/45 (27)  8/53 (15) 

 

Lactate dehydrogenase [U/l] median (range)  

 At the start of therapy 482 (236-2487) 526 (247-2363) 459 (236-2487)  

 >451*  67  37 (66)  30 (59) 

 ≤451  40  19  21 

 n.a.  6  1  5  

 After 1 month 470 (226-1960) 509 (290-1960) 445 (226-1068)  

 >451  65  37 (67)  27 (49) 

 ≤451  46  18  28 

 n.a.  2  2  1 

 After 3 months 469 (262-3603) 493 (283-3603) 458 (262-976) 

 >451  59  30 (65)  29 (56) 

 ≤451  39  16  23 

 n.a.  15  11  4 
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PSA [ng/ml] median (range) 

 At the start of therapy  161 (1.2-1990) 191 (7.7-1990)  131 (1.2-1335)  

 >161  53  29 (57)  24 (44) 

 ≤161  53  22  31  

 n.a.  7  6  1 

 After 1 month 104 (0.8-5804) 114 (2.6-5804) 101 (0.8-1735) 

 >161  35  19 (46)  16 (36) 

 ≤161  51  22  29 

 n.a.  27  16  11 

 ≥25% decrease vs. start  35/81 (43)  20/37 (54)  15/44 (34) 

 ≥25% increase vs. start  27/81 (33)  9/37 (24)  18/44 (41) 

 After 3 months 111 (0.8-6303) 126 (1.4-6303) 105 (0.8-1467)  

 >161  38  17 (38)  21 (40) 

 ≤161  60  28  32 

 n.a.  15  12  3 

 ≥25% decrease vs. start  38/89 (43)  16/37 (43)  22/52 (42) 

 ≥25% increase vs. start  36/89 (40)  15/37 (41)  21/52 (40)  

 ≥25% decrease vs. 1 month  23/74 (31)  9/31 (29)  14/43 (33)

 ≥25% increase vs. 1 month  30/74 (41)  14/31 (45)  16/43 (37) 

From diagnose to HT [months] mean (range)  0.5 (0-8.8) 0.7 (0-8.8) 0.4 (0-8.4)  

 >0.5  13  8 (14)  5 (9) 

 ≤0.5  100  49  51 

HT duration [months] median (range) 19.1 (1-130) 19 (1-107) 21 (3-130) 

 >19.1  54  27 (47)  27 (45) 

 ≤19.1  59  30  29 

From HT to AA+P [months] median (range) 2.4 (0.7-10.7) 2.2 (0.7-7.8) 2.7 (0.7-10.7) 

 >2.4  51  25 (37)  26 (46) 

 ≤2.4  62  32   30 

From CT to AA+P [months] median (range) 0.5 (0-3.8) 0.5 (0.1-3.8) 0.6 (0-2.8) 

 >0.5   54  29 (51)  26 (46)  

 ≤0.5  58  28  30 

AA+P duration [months] median (range) 6.4 (1-32.2) 4.1 (1-32.2) 8.7 (2-31)# 

 >6.4  57  21 (37)  35 (63)# 

 ≤6.4  56  36  21 

 

CT - chemotherapy; Group N - patients at AA+P treatment until PSA and radiographic progression 

(PRP); Group T - patients at AA+P treatment beyond PRP until clinical progression; HT - hormone 

therapy; NLR - neutrophil to lymphocyte ratio; PSA - prostate specific antigen  

* lower normal limit, ** upper normal limit, # p<0.01 
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Table 8 Independent predictors of overall survival in patients with castration-resistant 

prostate cancer treated with AA+P 

 

Parameter HR 95% CI P 

Alkaline phosphatase (U/l) at the start of therapy  

 ≥ 290 1 reference  

 < 290 0.6 0.3-0.9 0.020 

Systemic therapy after AA+P 

 Yes 1  

 No 1.7 1.1-2.8 0.029 

Study cohort 

 Group N 1 reference 

 Group T 0.3 0.2-0.5 <0.001 

 

HR - hazard ratio of multivariate Cox regression analysis; CI – confidence interval; other 

abbreviations as in Table 8. 

 

Figure 9. Overall survival (OS) of metastatic castration-resistant prostate cancer patients 

treated with abiraterone acetate + prednisolone until PSA and radiographic progression (PRP) 

(group N, solid line) or beyond PRP until clinical progression (group T, dashed line). 
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Figure 10. Progression-free survival (PFS) according to PSA and radiographic progression of 

metastatic castration-resistant prostate cancer patients treated with abiraterone acetate + 

prednisolone until PSA and radiographic progression (PRP) (group N, solid line) or beyond 

PRP until clinical progression (group T, dashed line). 

 

 

 

 

 

 

 

 

 5. Discussion 

 

5.1. ERG Expression Can Predict the Outcome of Docetaxel Combined with Androgen 

Deprivation Therapy in Metastatic Hormone-Sensitive Prostate Cancer 

 

In our cohort of mHSPC patients treated with early docetaxel and ADT, we examined the 

potential relationship between clinical factors as well as ERG expression and response to 

docetaxel therapy. ERG positivity and good PSA response were strongly associated with 

better relapse-free survival, and ERG expression was also associated with a lower frequency 

of early progression. The combined docetaxel + ADT regimen was well-tolerated; no new 

adverse events were recorded during a mean cycle number of 5.69. 
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Recently, there was a paradigm shift in the management of mHSPC. Until 2014, the only 

available therapy for these patients was ADT, and most of the research focused on patients 

with castration-resistant disease. The introduction of early docetaxel or abiraterone in addition 

to ADT in the hormone-sensitive phase opened new perspectives in the management of 

mHSPC by providing similar benefits in terms of OS compared to ADT alone. However, 

there are certain aspects that need to be taken into consideration when choosing between 

docetaxel and abiraterone in eligible patients, such as the expected duration of therapy, and 

treatment costs. Although early docetaxel chemotherapy may be associated with well-known 

side-effects, it is cost-effective compared to abiraterone, and the fix number of 6 cycles allow 

for the planning of therapy. However, biomarkers predicting response to docetaxel are needed 

to identify patients who would benefit from early docetaxel.  

The role of the TMPRSS2: ERG fusion gene as a potential biomarker of response to docetaxel 

chemotherapy among patients with mHSPC receiving ADT has been suggested by several 

authors [15, 43, 44]. Rajpar et al. analyzed data from the phase III GETUG-12 and GETUG-

15 studies, which assessed the role of docetaxel chemotherapy in combination with ADT in 

the setting of high-risk localized or metastatic HSPC, respectively. In both datasets, 

docetaxel-based chemotherapy was associated with improved RFS in ERG positive patients, 

but not in ERG negative patients, suggesting a potential role for ERG as an important 

biomarker of the effectiveness of docetaxel chemotherapy [45]. In the present study, ERG 

positivity was also significantly associated with better RFS and a lower frequency of early 

progression, than ERG negative status among mHSPC patients treated with early docetaxel 

and ADT. Furthermore, the finding that good PSA response was associated with better RFS is 

in line with previous observations suggesting a predictive value for PSA progression in terms 

of survival in metastatic prostate cancer [46] and complements the existing knowledge base 

with new data from mHSPC patients receiving the early docetaxel + ADT regimen. 

Limitations of our study include the small sample size and the retrospective nature of our 

research. 

 

5.2. A Retrospective Analysis of the First 41 mCRPC Patients with Bone Pain Treated with      

Radium-223 at the National Institute of Oncology in Hungary. 

 

This was a single-center retrospective study of patients with mCRPC receiving Radium-223 

for the treatment of bone metastases at the National Institute of Oncology, Hungary. To the 

best of our knowledge, this is the first study in Hungary to analyze the experience with 

https://www.ncbi.nlm.nih.gov/pubmed/28074331
https://www.ncbi.nlm.nih.gov/pubmed/28074331
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Radium-223 in a real-world setting since its introduction into clinical practice in 2014. In our 

cohort of patients with symptomatic mCRPC, Radium-223 proved to be effective in terms of 

pain relief, with moderate side effects. No PSA response was detected, while total ALP levels 

significantly decreased by the end of treatment. Our findings should be interpreted in view of 

the clinical evidence supporting the use of Radium-223 for the treatment of bone metastases 

in mCRPC patients.  

The phase III, double-blind, randomized Alpharadin in Symptomatic Prostate Cancer Patients 

(ALSYMPCA) trial investigated the efficacy and safety of Radium-223 compared to placebo, 

in addition to the best standard of care, in men with castration-resistant prostate cancer and 

bone metastases [33]. Radium-223 significantly prolonged overall survival, the time to first 

symptomatic skeletal event, and reduced the risks of external beam radiation therapy for bone 

pain, and spinal cord compression [21]. The most common adverse reactions associated with 

Radium-223 treatment in the ALSYMPCA trial were nausea, diarrhea, vomiting, and 

peripheral edema. The most common hematologic laboratory abnormalities in the Radium-

223 arm were anemia, lymphocytopenia, leukopenia, thrombocytopenia, and neutropenia 

[22].  

Our clinical experience is in line with the results of the ALSYMPCA trial in terms of the 

efficacy and safety of Radium-223 treatment. The most common side effects observed in our 

patient cohort were anemia and nausea, other adverse events included thrombocytopenia and 

diarrhea. The reported adverse events were not severe, and none of them required the 

treatment discontinuation. The majority of patients receiving Radium-223 at our institute 

experienced a significant reduction of bone pain by the end of treatment. 

Radium-223, as compared with placebo, significantly prolonged the time to an increase in the 

total ALP levels, and the time to an increase in PSA levels in the ALSYMPCA trial [33]. In 

our cohort, Radium-223 treatment resulted in a significant reduction of baseline total ALP 

levels. The majority of patients (70%) having elevated ALP levels at baseline achieved a 

complete normalization by the end of treatment, and a decrease of at least 50% was observed 

in 46% of these patients. On the other hand, we found an increase in mean PSA levels by the 

end of treatment. However, it has to be noted that nearly half of our patients were not 

receiving Radium-223 as first-line therapy. In a recent retrospective study [47], Radium-223 

treatment in mCRPC was associated with an increase in PSA in the majority of heavily 

pretreated patients, the significance of which is still uncertain. Despite the fact that we did not 

observe a PSA response, 3 of our patients showed a gradual increase in PSA levels after 

treatment initiation, which started to decrease after 2 months. This phenomenon is in line with 
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a previous case report revealing a temporary pain and PSA ‘flare’ after the first dose of 

Radium-223[48], which may indicate massive tumor cell lysis, and may be associated with a 

more complete and more persistent response to Radium-223. Nevertheless, it has to be noted 

that Radium-223 is not supposed to treat prostate cancer itself or slow down disease 

progression. The primary purpose is to treat bone metastases and reduce bone pain, thus 

improving quality of life and prolonging survival. Therefore, changes in ALP levels should be 

preferred over PSA when it comes to monitoring the efficacy of Radium-223 therapy in terms 

of bone metastases and the reduction of bone pain. 

One of the important remaining questions is the appropriate sequencing of agents for mCRPC 

in the larger context of response/survival benefit and risk/safety profile of various approved 

agents in the CRPC spectrum. In a prespecified subgroup analysis of the ALSYMPCA trial 

[49], Radium-223 was effective and well-tolerated, irrespective of previous docetaxel use. In 

our cohort, more than half of the patients received Radium-223 as first-line therapy, but the 

most common previous agent used was docetaxel. The fact that in the majority of patients 

bone pain intensity significantly improved by the end of treatment supports the positioning of 

Radium-223 as a first-line option for a large number of patients with symptomatic mCRPC 

and bone metastases. Another frequently discussed concern is optimal patient selection, i.e. 

the identification of patients who would benefit the most from Radium-223 therapy. Patients 

with mCRPC and bone metastases are often fragile with a poor general condition, therefore 

the development of treatment-emergent side effects, particularly bone marrow failure, might 

often require therapy discontinuation. In our cohort, the incidence of bone marrow failure was 

low, and none of the reported adverse events required the cessation of treatment, although a 

significant proportion of patients were heavily pretreated before the initiation of Radium-223 

therapy.  

Our observations regarding the baseline characteristics of patients with mCRPC and bone 

metastases highlights significant unmet needs in the field of pain management. Despite the 

commonly known World Health Organization cancer pain treatment step ladder and the 

generally poor health status of patients receiving Radium-223 as second-, third-, fourth-, or 

fifth-line therapy, a significant proportion of our patients were only receiving one type of 

analgesics at treatment initiation, most of which were NSAIDs. Furthermore, only a small 

proportion of patients were treated with major analgesics, and in many cases, combination 

analgesic therapy was not in line with current recommendations. These findings are in 

accordance with previous observations. A recent study examining the prevalence and severity 

of pain in unselected outpatients with mCRPC found that pain is commonly present, 
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commonly undertreated, and often severe in these patients. Moreover, the study revealed an 

apparent underuse of analgesics, including narcotic analgesics, among patients with pain [50].  

Suboptimal pain management in the mCRPC patient population might be due to the lack of 

clinical trials assessing pain palliation in a manner that could support a label for this purpose, 

and the resulting uncertainties of treating physicians. Our observations suggest that there is 

still room for improvement regarding pain management in patients with mCRPC, and 

highlight the importance of a comprehensive approach.  

Interestingly, 3 of our patients were diagnosed with brain metastasis during Radium-223 

treatment (7.3%), the suspicion of which was raised by epileptic seizures in all cases. Brain 

metastasis in men with mCRPC is not common, and appears to occur in less than 3 percent of 

all men with hormonally treated prostate cancer based on three large reviews on the incidence 

of brain metastasis from prostate cancer [51-53].However, emerging evidence suggests that 

the incidence of brain metastasis may have been rising over recent years may be due to the 

fact that the range of effective treatment options has been increasing and patients live longer 

with metastatic disease[54] Therefore, the improved survival associated with the introduction 

of new agents including Radium-223 is likely to ‘unmask’ brain metastases that would 

otherwise remain clinically silent. Our experience supports this hypothesis, and suggests that 

physicians should suspect the possibility of brain metastasis in mCRPC patients developing 

central symptoms. Furthermore, in heavily pretreated patients, performing head CT before the 

initiation of Radium-223 therapy may be recommended, allowing for the early detection and 

management of asymptomatic brain metastasis.  

Our clinical experience suggests that Radium-223 is a safe and effective treatment option for 

patients with mCRPC and bone metastases. In our study, Radium-223 therapy was associated 

with a significant reduction in bone pain intensity, which was accompanied by a decrease in 

total ALP levels. The majority of reported adverse events were mild or moderate. Further 

research is required to optimize patient selection and determine the positioning of Radium-

223 in the treatment sequence of patients with symptomatic mCRPC and bone metastases.  
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5.3. Abiraterone+prednisolone treatment beyond prostate specific antigen (PSA) and 

radiographic progression in metastatic castration-resistant prostate cancer patients 

(mCRPC): a retrospective observational one-centre study  

 

In this retrospective study the treatment with AA+P beyond PSA and radiographic 

progression significantly improves survival. To our knowledge this phenomenon connected to 

AA+P treatment is new in the literature. The dissimilarity between the two subgroups was 

only the definition of progression, otherwise they were homogeneous. In this analysis 

predictive factors of OS were also investigated, therefore, all variables, which significantly 

influenced OS in the univariate analysis, were included in the multivariate Cox regression 

analysis. Besides of cohort type (T or N) the ALP level at the start of therapy and systemic 

treatment after AA+P proved to be independent predictors of OS. The ALP level were already 

proved to be independent prognostic factor in an earlier study [55] and another study provided 

evidence of clinical benefit for subsequent chemotherapy in men with advanced prostate 

cancer whose disease progressed after treatment with AA [56]. 

During the chemotherapy era the treatment of patients just until progression was a 

fundamental postulate. It seems that with novel treatment options the situation is changing. 

Some evidence suggests that, in certain circumstances, continuing a therapy beyond disease 

progression can be successful, and several papers address this topic. Treatment of renal cell 

cancer beyond progression with nivolumab [57], breast cancer with bevacizumab [58] or with 

trastuzumab [59], colorectal cancer with bevacuzimab [60] or with irinotecan [61] resulted in 

unexpected beneficial results. In mCRPC androgen deprivation therapy is a life-long 

treatment irrespectively of disease progression. This is based on the hypothesis that cessation 

of androgen suppression, with the recovery of androgen production, might allow accelerated 

tumor growth [62,63]. 

Progression during AA+P treatment or resistance may be explained by the generation of 

constitutively active androgen receptor (AR) splice variants [64]. It was indicated that 

DDX39B (also known as UAP56, a member of RNA-helicases) may be associated with 

malignant progression of prostate cancer through promoting splice variant AR generation 

[65]. It was also shown, that UAP56 can be down regulated by inhibition of the PI3K pathway 

[66]. An inhibitor of PI3K, PX-866, a derivative of wortmannin, was investigated in a trial of 

mCRPC patients receiving AA+prednisone, but the addition of PX-866 to AA+prednisone in 

unselected patients progressing on AA+prednisone showed no evidence of antitumor effects. 

The authors conclude that strategies to combine PI3K inhibition with AR targeted therapies 
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should consider initiation earlier in the disease course and/or recruiting a selected population 

[67]. We can agree with their conclusion as the glucocorticoids increases the PTEN 

expression, which acts as the catalytic antagonist of PI3K [68], thus during the prednisone 

treatment further decrease in expression of AR splice variants by using PX-866 is unlikely (it 

would be interesting to use PX-866 along AA in glucocorticoid-naïve mCRPC patients). The 

above data indicate that only by the presence of AR splice variants the antitumor effect of AA 

beyond progression can not be explained. It can be rather supposed that besides of AA-

sensitive cancer cells during AA treatment enhanced proliferation of AA-resistant subclones 

is favored and subsequently progression is manifested. At this stage withdrawal of AA may 

lead to uncontrolled proliferation of both clones (AA-resistant and AA-sensitive), while the 

continuous AA treatment let only the AA-resistant subclone to proliferate. 

The growing number of malignancies and drugs that challenge the custom of terminating 

treatment at progression warrants an in-depth examination of the definitions of disease 

progression. Measuring the change in tumor burden is crucial in the clinical evaluation of 

cancer therapeutics. The definition of regression or progression is based on anatomical 

bidimensional measurement of tumor size and clinical trial endpoints and therapy decisions 

depend on these results. However endpoints like objective response and time to disease 

progression are useful only if these criteria are based on widely accepted and readily applied 

standard criteria. The first tumor response criteria were published by the WHO in 1981[69]. 

In 2000 RECIST (Response Evaluation Criteria in Solid Tumors) [70], in 2009 RECIST 1.1 

was published [71]. All these criteria were not appropriate for prostate cancer patients, since 

70-80% of mCRPC patients do not have bidimensionally measurable disease. To address this 

problem the first prostate specific eligibility and response guideline for androgen independent 

prostate cancer was published in 1999 [72], which was followed in 2008 (in the docetaxel era) 

by the PCWG2 recommendation [35]. The changing therapeutic landscape called for new trial 

endpoints. Both in the COU-AA-3015[41], and in the AA EAP trials [42], patients were 

treated until PSA, radiographic and clinical progression. In 2016 PCWG3 introduced the 

concept of no longer clinically benefiting to emphasize the distinction between first evidence 

of progression and the clinical need to terminate or change treatment. Our result, which 

showed that treating mCRPC patients with AA+P beyond PRP significantly improves 

survival, underscores the importance of this distinction. Based on our result we can 

hypothesize that longer treatment with AA+P - at least until clinical progression - results in 

better survival. It is important to note that the whole clinical picture – and not just response 
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criteria – should be taken into account when deciding which patients to treat beyond first 

progression.  

There are some limitations of this analysis, which should be taken into consideration. The 

current retrospective analysis comprised a relatively small number of patients treated beyond 

RECIST-defined first progression. The ideal starting point and length of AA+P treatment can 

only be defined with prospective randomized trials.                                          

 

6. Summary, Conclusions 

 

6.1.: ERG expression may have a potential predictive value with respect to the effectiveness 

of docetaxel chemotherapy combined with ADT.  

 

6.2. Radium-223 proved to be efficient in terms of pain relief, with moderate side effects. No 

PSA response was detected, while alkaline phosphatase levels significantly decreased 

 

6.3. Low levels of AP at the start of treatment, systemic therapy applied after AA+P and 

treatment beyond PRP proved to be independent factors of longer OS. 
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