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Background: Prostate cancer (PCa) accounts for 20% of all cancers in subjects over 50 years 

in Italy. The majority of patients with PCa present with localized disease at the time of diagno-

sis, but many patients develop recurrent metastatic disease after treatment with curative intent. 

Androgen deprivation therapy is the standard of care for metastatic PCa patients; unfortunately, 

most of them progress to castrate-resistant prostate cancer (CRPC) within 5 years. Metastatic 

CRPC (mCRPC) heavily affects patients in terms of quality of life, side effects, and survival, 

and greatly impacts economic costs. The approval of new effective agents in recent years, 

including cabazitaxel, abiraterone acetate, enzalutamide, and radium-223, has dramatically 

changed patient management.

Materials and methods: Here, we aimed to estimate the current costs of illness of mCRPC 

in Italy. All patients affected by mCRPC and treated with a single agent in an annual time 

horizon were considered. Therefore, the analysis was not focused on the management pathway 

of single patients through different lines of treatment. Direct medical costs referred to therapy, 

adverse event management, and skeletal-related event management were analyzed. A bottom-up 

approach was used to estimate the resource consumption: through national guidelines and expert 

opinions, the mean cost per patient was estimated and then multiplied by the total number of 

patients diagnosed with mCRPC. 

Results: Direct medical costs ranged from €196.5 million to €228.0 million, representing 

~0.2% of the financing of the Italian National Health Service in 2016. The main cost driver 

was the cost of treatment, which represented more than 77% of the overall economic burden.

Conclusion: Our analysis, reflective of real clinical practice, shows for the first time the high 

economic cost of mCRPC in Italy.

Keywords: metastatic castrate-resistant prostate cancer, cost analysis, resource consumption, 

Italy, skeletal related events, oncology

Background
Prostate cancer epidemiology
Prostate cancer (PCa) is one of the most frequent cancers among the male population. 

Its incidence varies across geographical areas, depending more on different diagnostic 

strategies than on risk factors (eg, age, family history, genetics, ethnicity, androgen 

status, diet, and lifestyle).1 Approximately 900,000 PCa diagnoses per year are regis-

tered worldwide. PCa incidence varies widely among continents, being 104.2 cases 

per 100,000 person-years in Australia and New Zealand, 73.1 and 93.1 per 100,000 

person-years in Northern and Western Europe, respectively, 85.6 cases per 100,000 
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person-years in North America, and 7.2 per 100,000 person-

years in Asia, namely in India and China. Age-adjusted 

mortality for PCa is 12 per 100,000 person-years in Europe 

and 9.9 per 100,000 person-years in North America.2

In Italy, PCa is the most frequent cancer among the male 

population and accounts for 20% of all cancers diagnosed 

in subjects over 50 years.3 In 2015, 35,000 patients were 

diagnosed with PCa. A north-south gradient is observed in 

terms of incidence, with 99.8 cases per 100,000 person-years 

in northern regions, 79.8 cases in central regions, and 66.8 

cases in southern regions. The mortality registered in 2012 

was 7,282 deaths.4 However, it is difficult to differentiate 

cancer-specific mortality from the mortality caused by the 

other age-related diseases. Despite its highest incidence 

among cancer diagnosis, PCa is the third cause of cancer 

death in Italy (8% of the overall deaths for cancer) among 

males older than 70 years. However, death rates have declined 

in the past 20 years due to improved diagnostic detection 

(–2.3% per year). No consistent differences are observed 

in terms of mortality at a regional level, with ~17 cases 

per 100,000 person-years. In terms of prevalence, patients 

affected with PCa in Italy in 2015 were 398,708,4 represent-

ing 26% of males with any cancer diagnosis. 

Management of metastatic castration-
resistant prostate cancer (mCRPC)
PCa tumor growth is driven by androgen receptor (AR) that, 

when bound by androgens, acts as a transcription factor5 and 

activates non-genomic cytoplasmic signaling cascades. Most 

patients with PCa have localized disease at diagnosis and 

are managed with curative intent by radical prostatectomy 

or external beam radiation. However, many patients develop 

recurrent metastatic disease. For these patients, the standard 

treatment is based on androgen deprivation therapy (ADT) 

that reduces AR signaling through medical or surgical castra-

tion. Although this therapeutic approach is initially effective 

in almost all patients, most of them progress to castration-

resistant prostate cancer (CRPC) within 5 years, and 84% of 

them have metastatic disease at the time of CRPC diagnosis. 

The definition of CRPC status includes a conventionally 

defined testosterone level of <50 ng/dL or <1.7 nmol/L 

and a rising prostate-specific antigen (PSA) level with 50% 

increments over the nadir in two consecutive determinations 

(with a PSA >2 ng/mL), despite ADT.6 The term “castration 

resistant” replaced previously used nomenclature such as 

“androgen independent” and “hormone refractory,” because 

during the progression to the castrate status, PCa cells remain 

dependent on androgens and on the AR signaling pathway.7

The treatment options for mCRPC have increased sig-

nificantly over the past decade, and its management has 

changed dramatically.1 Before 2010, docetaxel was the 

only approved treatment to have shown a survival benefit in 

this setting. More recently, several large randomized Phase 

III trials have led to the approval of multiple new agents, 

including cabazitaxel, abiraterone acetate, enzalutamide, and 

radium-223.8 With the availability of these new drugs, the 

choice of a proper therapeutic strategy for mCRPC patients 

has become increasingly challenging. The clinical approach 

should be patient specific and aim at improving cancer control 

while minimizing side effects. Treatment characteristics (eg, 

mechanism of action, dosing, and toxicity profile) and aspects 

relating to the individual (eg, performance status, comorbid-

ity, prior therapies, symptom burden, and sites of metastases) 

should be carefully taken into account when choosing the 

right treatment at the right time for a specific patient. None-

theless, despite the numerous treatment options, there are 

limited data on appropriate sequencing of available drugs.9

Treatment options for mCRPC
Chemotherapy
Docetaxel is a chemotherapeutic agent that induces apoptosis 

through inhibition of microtubule assembly and mitotic arrest. 

It was approved for clinical use in the mCRPC setting in 2004, 

on the basis of two landmark Phase III trials: the TAX-327 and 

the SWOG 9916. In the TAX-327 study,10 patients receiving 

docetaxel every 3 weeks had a significantly longer median 

overall survival (mOS) compared with those randomized to 

receive mitoxantrone (18.9 months vs 16.5 months), with 

a hazard ratio (HR) of 0.76 (95% confidence interval [CI]: 

0.62–0.94; P=0.009). Similarly, in the SWOG 9916 trial,11 

which compared docetaxel plus estramustine with mitoxan-

trone plus prednisone, mOS was longer in the group receiving 

docetaxel and estramustine (17.5 months vs 15.6 months), 

with a HR of 0.8 (95% CI: 0.67–0.97; P=0.02). Docetaxel 

is, therefore, recommended in patients with asymptomatic/

minimally symptomatic mCRPC, as well as in those with 

symptomatic mCRPC and good performance status. 

Cabazitaxel is a next-generation taxane, approved by 

regulatory authorities as a second-line therapy for mCRPC 

based on an open-label Phase III multicenter trial (the 

TROPIC study).12 In this study, 775 men with mCRPC that 

had progressed during or after docetaxel-based chemotherapy 

were randomized to receive intravenous cabazitaxel versus 

mitoxantrone every 3 weeks for up to 10 cycles, each in 

combination with daily prednisone. mOS in the cabazitaxel 

group was 15.1 months (95% CI: 14.1–16.3), compared with 
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12.7 months (95% CI: 11.6–13.7) in the mitoxantrone group, 

with a HR of 0.70 (95% CI: 0.59–0.83; P<0.0001). 

An updated analysis of the TROPIC trial with longer 

follow-up confirmed a sustained OS benefit for treatment 

with cabazitaxel.13 The most common clinically significant 

grade 3 or higher adverse event observed with cabazitaxel 

was neutropenia, which was observed in 82% of patients. The 

standard use of prophylactic granulocyte colony-stimulating 

factors has significantly reduced this risk, as reported in 

several retrospective reports of patients treated in real-world 

setting.14 Furthermore, in the PROSELICA trial, the standard 

dose of cabazitaxel 25 mg/m2 every 3 weeks was compared 

to a lesser dose of 20 mg/m2, which demonstrated non-

inferiority for OS and an improved safety profile compared 

with the higher dosage.15 Finally, a Phase III trial compar-

ing cabazitaxel at two different dose levels (20 or 25 mg/m2 

every 3 weeks) with docetaxel at standard doses as first-line 

therapy (FIRSTANA trial) failed to demonstrate superiority 

for cabazitaxel, showing that docetaxel remains the standard 

first-line chemotherapy in patient with mCRPC.16

aR targeting agents
Abiraterone acetate is a small-molecule inhibitor of the 

CYP17A1 enzyme inhibiting the synthesis of steroid precur-

sors that can be transformed into testosterone.17 This drug was 

approved for the treatment of mCRPC following the results 

of the COU-AA-301 study, a Phase III study comparing 

abiraterone acetate versus placebo in patients progressing 

after docetaxel, in both cases in combination with predni-

sone.18,19 The mOS was 14.8 months in the abiraterone group 

compared to 10.9 months in the placebo group (HR 0.64; 

95% CI: 0.54–0.77; P<0.0001). This trial demonstrated that 

abiraterone was highly effective in bone metastases that were 

present in the great majority of patients.20 The COU-AA-302 

study evaluated the efficacy of abiraterone in a population 

of chemotherapy-naive, asymptomatic or minimally symp-

tomatic patients.21 Abiraterone and prednisone resulted in 

improved OS over prednisone alone (34.7 months vs 30 

months, HR 0.81; P<0.001). In both studies, abiraterone was 

well tolerated, with the main adverse events consisting of 

manageable hypokalemia, hypertension, and fluid overload.

Enzalutamide is a second-generation non-steroidal AR 

inhibitor with higher receptor affinity than conventional 

anti-androgens, which impairs AR nuclear localization 

and transcriptional activity even under conditions of AR 

overexpression.22 This drug was approved for clinical use 

in docetaxel-pretreated patients with mCRPC on the basis 

of the AFFIRM trial, as well as in chemo-naïve patients 

on the basis of the PREVAIL trial. The AFFIRM trial23 

demonstrated the superiority of enzalutamide compared to 

placebo in 1,199 patients, achieving an mOS of 18.4 months 

versus 13.6 months, with an HR of 0.63 (95% CI: 0.52–0.75; 

P<0.0001). In the PREVAIL study,24 82% of patients in the 

enzalutamide group and 73% of those in the placebo group 

were alive at 18 months; the estimated mOS was not reached 

in the enzalutamide group and was 31.0 months in the placebo 

group, with an HR of 0.73 (95% CI: 0.63–0.85; P<0.001). 

The more common side effects recorded in these two trials 

included fatigue, hot flashes, diarrhea, musculoskeletal pain, 

headache, and hypertension.

Radium-223 
The alpha emitter radium-223 chloride is a calciomimetic 

agent that accumulates in osteoblastic areas and deposits a 

very high energy of irradiation in a short penetration range. 

This mechanism causes irreparable DNA damage result-

ing in cell death.25 Radium-223 is the first alpha-emitting 

radiopharmaceutical agent approved for the treatment of 

mCRPC with bone metastases, based on an advantage in mOS 

reported in the ALSYMPCA trial.26,27 Radium-223 treatment 

showed a 30% reduction in the risk of death versus placebo 

and better control of skeletal related events (SREs) both in 

post-docetaxel and chemo-naïve patients;28 furthermore, bone 

pain control and quality of life were improved.29 

On the basis of these results, radium-223 was approved 

worldwide for clinical use in patients with mCRPC and at 

least two symptomatic bone metastases and no visceral 

disease. Although definitive protocols for combined therapy 

are still lacking, since the introduction of radium-223, 

there has been a clear trend toward the use of radionuclide 

metabolic therapy in the early stages of bone metastatic 

disease with curative intent, rather than in late stages only 

for pain palliation and after the failure of other therapeutic 

measures.30

Other bone-targeting agents
Bone-modifying agents are able to affect the biological 

activity of osteoclasts, osteoblasts, and osteocytes. Several 

bisphosphonates (eg, zoledronic acid) and an inhibitor of 

the RANK/RANKL pathway, denosumab, were approved 

for the treatment of bone metastases in solid tumors with the 

goal to reduce SREs.31 Clinical studies have demonstrated 

that denosumab has superior activity over zoledronic acid 

in delaying and preventing SREs in patients with skeletal 

metastases from mCRPC.32 However, none of these agents 

have demonstrated an improvement in OS.
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Response assessment to systemic 
treatments
Based on the main clinical trials,10,12,18,21,23,24 national and 

international guidelines,33–35 and a consensus conference,6 

radiographic imaging techniques, such as computed tomog-

raphy (CT) and bone scan (BS), are recommended before and 

after the start of systemic treatments in patients with mCRPC. 

CT imaging is able to detect the presence of lymph nodal, 

bone, and visceral metastasis. Moreover, by using Response 

Evaluation Criteria in Solid Tumors (RECIST), CT represents 

a useful instrument for evaluating the response to treatments, 

mainly at lymph node and visceral sites. On the other hand, 

BS, which is able to detect the presence of bone metastasis 

in a simple and economical way, is often employed for 

monitoring response or progression at the bone level. Lastly, 

new imaging modalities (eg, 18F/11C-choline or 68Ga-PSMA 

positron emission tomography/CT) have been included in the 

work-up of recurrent PCa, showing better performance than 

CT and BS. However,  few data are available on their useful-

ness in the monitoring of patients affected with mCRPC.36 

Therefore, despite their intrinsic limitations, CT and BS still 

represent standard imaging in detecting metastases, as well 

as in monitoring response to treatment. 

The cost of mCRPC
To assess the costs associated with mCRPC, a literature 

review was performed on the PubMed database. Keywords 

used in the search were as follows: prostate cancer AND 

castration resistant AND (metastasis OR metastatic) AND 

([cost OR burden] AND [illness OR disease]). Only articles 

in English and those published from January 1, 2006, to 

February 2017 were taken into consideration. Eighty articles 

were identified; 79 were excluded, as they did not consider 

costs or had a target population not affected by mCRPC. 

Dragomir et al in 2014 performed an analysis on the 

cost of drugs for the management of mCRPC in Canada.37 

The authors structured a Markov microsimulation model 

based on clinical practice derived from national guide-

lines, considering the evolution of the pathology and costs 

related to the primary drug treatment, medical castration to 

maintain castration testosterone levels, and bone-targeted 

therapies. A total per capita cost (in 2013 Canadian dol-

lars) between $41,182 and $51,106 and between $95,227 

and $114,245 was estimated in two different scenarios. 

The total cost of mCRPC in Canada was estimated to be 

$193,604,000 and $416,284,000, respectively, in the two 

scenarios considered.

Due to the high prevalence of PCa and due to the lack of 

published data with regard to the Italian context, we aimed to 

estimate the cost of illness (COI) of mCRPC in Italy.

Materials and methods
Cost of illness
From a methodological point of view, to estimate the COI of 

mCRPC, we referred to the methodological considerations 

of the cost of PCa studies published by Molinier et al.38 

Concerning the design of the analysis, referring to the 

approaches identified by Akobundu et al, we adopted the 

“Sum_Diagnosis Specific” method.39 This method considers 

only the costs directly related to the pathology of interest. 

The target population of the analysis was composed of the 

subjects affected by mCRPC in Italy. The approach adopted 

was that of prevalence with an annual time horizon, year 

2016, adopting the perspective of the Italian National Health 

Service (NHS). Therefore, we considered all patients affected 

by mCRPC in an annual time horizon, both being treated with 

first- and second-line treatments.

The Italian NHS is publicly oriented both in terms of 

financing and providers, with a universalistic approach. All 

patients have the right to be treated without any co-payment 

for oncologic drugs, hospitalizations, and outpatient activi-

ties. The costs considered were direct medical costs related 

to ADT, drugs used for mCRPC as described earlier, adverse 

events management, management of SREs, monitoring 

activities in terms of drugs, hospitalizations, and outpatient 

activities. A bottom-up approach was used to estimate the 

resource consumption: through national guidelines and 

expert opinions, the mean cost per patient was estimated and 

then multiplied by the total number of patients diagnosed 

with mCRPC. This approach is consistent with previously 

published COI studies in Italy, for the estimation of direct 

medical costs, as in Marcellusi et al.40

Due to the 1-year time horizon considered, it was not 

necessary to identify a discount rate. The characteristics of 

the analysis are summarized in Table 1.

Target population
There is currently a lack of publications concerning the 

number of patients affected by mCRPC in Italy. The estima-

tion of such a population has to take into consideration the 

difficulties related to the definition of “castrate-resistant 

pathology”, which implies a biochemical and radiologic 

progression during ADT. Carteni and Pappagallo3 estimated 

that 4,902 patients affected by mCRPC in 2012 would receive 
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a first-line treatment and 2,417 patients would be eligible for 

second-line treatment after a first-line chemotherapy with 

docetaxel, based on data from the IMS Onco3 database. 

To estimate the number of patients affected by mCRPC in 

Italy in 2016, we considered data relating to patients affected 

by mCRPC receiving first-line treatment between April 2015 

and March 2016, collected from a 2016 report from the IMS 

Oncoview database (http://www.imshealth.com/it_IT/). The 

number of patients receiving first-line treatment was 6,497. To 

estimate the number of patients affected by mCRPC receiv-

ing second-line treatment, we applied the same ratio between 

first- and second-line treatments as observed by Carteni and 

Pappagallo.3 The estimated total number of patients affected 

by mCRPC was 9,700: 6,497 receiving first-line treatment 

and 3,203 receiving second-line treatment.

Patient management and clinical inputs
To identify the activities related to the management of 

patients affected by mCRPC, partially presented in the pre-

vious sections, we considered expert opinions based on real 

clinical practice and guidelines.

In detail, for metastatic disease, we considered ADT to 

be performed in all patients, external beam radiotherapy 

for patients with symptomatic bone metastases in 10% of 

patients, denosumab in 20% of patients, and zoledronic acid 

in 80% of patients. The treatments considered in first-line 

and second-line are reported in Table 2.

Adverse events of grade 3 or higher were considered for 

each treatment. The incidence of adverse events and SREs is 

reported in Table 3, based on published data. When  incidence 

data were unavailable, different data were taken into consid-

eration: the mean incidence, the minimum incidence, and 

the maximum incidence among other treatments for which 

data were available.

Patients were also considered to have received abdominal 

CT and total body bone scintigraphy twice a year. Further-

more, the monitoring activity of patients considered was as 

follows: PSA and testosterone levels every 3 months and 

renal and liver function tests, blood tests, and diagnosis of 

lactate dehydrogenase and alkaline phosphatase each month.

Costs
The costs considered in the analysis were direct medical 

costs, related to the management of the pathology (follow-

up activities and monitoring), therapy, and management of 

treatment-related adverse events and SREs. The costs of 

mCRPC treatments were taken from published documents 

of the Technical Commission of Veneto Region, approved in 

2015 and 2016, in which details on the total cost of different 

therapies were reported, inclusive of mandatory discounts and 

cost-sharing agreements between pharmaceutical companies 

and the Italian Medicines Agency. Treatments and costs are 

reported in Table 4.

For each treatment, the costs related to adverse events 

management and management of SREs were considered. 

Management of adverse events was quantified based on actual 

clinical practice, through agreement of three clinicians (a 

director of a hospital oncology department, a director of a 

nuclear medicine department, and a nuclear medicine clini-

cian). The costs related to SREs (pathologic fracture, spinal 

cord compression, radiation to bone, surgical intervention) 

were derived from the available literature41 and inflated at 

their 2016 level, considering the Italian national annual 

average inflation as reported by the International Monetary 

Fund.42

The costs of management of AEs and SREs are reported 

in Table 5. The costs of monitoring activities, derived from 

the Italian nomenclature tariffs, are reported in Table 6.

Uncertainty of the parameters considered in the analysis 

was dealt with by considering net and gross values observed 

for treatment costs, the incidence of adverse events and 

SREs in the case of missing values, and the cost of ADT, as 

described. Furthermore, we implemented a univariate sen-

sitivity analysis varying the following variables: percentage 

of each treatment market share (±10%) (varying the market 

shares of other treatments maintaining their proportion 

among each other); number of patients treated with first- 

and second-line treatments (±10%); percentage of patients 

Table 1 Characteristics of the analysis

Target population Patients affected by mCRPC

approach Prevalence
Time horizon 1 year
Perspective italian national health service
Costs Direct health costs
Discount rate none
Costing approach Bottom-up

Abbreviation: mCRPC, metastatic castrate-resistant prostate cancer.

Table 2 Market shares per line of treatment

Treatment Patients in  
first-line, %*

Patients in  
second-line, %*

abiraterone 31.3 34.0
Cabazitaxel 0.0 11.0
Docetaxel 39.5 24.0
enzalutamide 20.2 8.0
Radium-223 9.0 24.0

Note: *estimates from Verzoni et al.46
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receiving external beam radiotherapy (+100%); percentage 

of patients receiving denosumab (+100%); percentage of 

patients receiving zoledronic acid (±10), and percentage of 

patients receiving ADT (−10%).

Results
The yearly cost to treat mCRPC patients in Italy was esti-

mated to be between €196.5 million and €228.0 million, as 

presented in Table 7. The costs related to patients receiving 

Table 3 incidence of adverse events and skeletal-related events per treatment

Events Abiraterone Cabazitaxel Docetaxel Enzalutamide Radium-223

First-line
      Second-line

First-line and 
second-line

First-line and 
second-line

First-line
      Second-line

First-line and 
second-line

anemia (%) 7.8419,* 10.5112 5.0010 n/a 12.6726

Thrombocytopenia (%) 1.3919,* 4.0412 1.0010 n/a 6.5026

neutropenia (%) 0.1319,* 81.6712 32.0010 n/a 2.1726

Febrile neutropenia (%) 0.3819,* 7.5512 n/a n/a 0.1726

Diarrhea (%) 1.1419,* 6.2012 2.0949 0.2324 

        1.1323

1.5026

nausea (%) 2.1519,* 1.8912 0.0049 n/a 1.6726

Vomiting (%) 2.6519,* 1.8912 0.0049 n/a 1.6726

Fatigue (%) 9.1019

        2.4048

4.8512 5.0010 1.8424

        6.2523

4.0026

Pathological fracture  
(vertebral and non-vertebral) (%)

6.0020,* n/a n/a n/a 3.0026

Radiation to bone (%) 24.0020,* n/a n/a 22.0050,* n/a
spinal cord compression (%) 7.3020,* n/a n/a 8.0050,* 2.1051,*
surgery to bone (%) 1.7020,* n/a n/a 1.0050,* n/a

Notes: The rate of events was taken from randomized trials that compared the efficacy of the experimental drug with that of placebo.27 incidence values considered when 
n/a: for anemia a mean value of 8.77%, a minimum value of 5.00%, a maximum value of 12.67%; for thrombocytopenia a mean value of 2.86%, a minimum value of 1.00%, a 
maximum value of 6.50%; for neutropenia a mean value of 23.22%, a minimum value of 0.13%, a maximum value of 81.67%; for febrile neutropenia a mean value of 2.12%, 
a minimum value of 0.17%, a maximum value of 7.55%; for nausea a mean value of 1.57%, a minimum value of 0.00%, a maximum value of 2.15%; for vomiting a mean value 
of 1.77%, a minimum value of 0.00%, a maximum value of 2.65%; for pathological fracture a mean value of 4.50%, a minimum value of 3.00%, a maximum value of 6.00%; for 
radiation to bone a mean value of 23.00%, a minimum value of 22.00%, a maximum value of 24.00%; for spinal cord compression a mean value of 5.80%, a minimum value of 
2.10%, a maximum value of 8.00%; for surgery to bone a mean value of 1.35%, a minimum value of 1.00%, a maximum value of 1.70%. *Due to lack of second-line evidence, 
the same value as first-line was considered.
Abbreviation: n/a, not available.

Table 4 Treatments costs considered

Treatment Total treatment cost  per patient, per treatment, €* Data source  
(references)Gross Including negotiating  

agreements

Abiraterone (first-line) 33,428 26,762 52
abiraterone (second-line) 22,290 18,995 52
Cabazitaxel 16,374 16,374 52
Docetaxel 3,600 3,600 53
Enzalutamide (first-line) 28,389 28,389 52
enzalutamide (second-line) 19,635 19,635 52
Radium-223 17,012 17,012 53
external beam radiotherapy 2,702 2,702 41
Denosumab 420.00a 420.00 54
Zoledronic acid 680.40b 680.40b 55
goserelin acetate 2,311,68c 2,311.68c 56
leuprorelin acetate 1,432.80d

1,146.24e

1,432.80d

1,146.24e

57, 58

Degarelix acetate 1,715.28f 1,715.28f 59

Notes: *Total cost inclusive of support therapies (ie, prednisone) and administration (ie, 10% of DRgs 410–409), considering a body surface of 1.8 m2. if the median 
treatment duration is above 12 months, the cost of 12 months of administration was considered. Cost considered for the following: aTwo doses of 60 ml (one every 6 
months); b12 doses of 4 mg; c12 doses of 3.6 mg; d12 doses of 3.75 mg; e12 doses of 7.5 mg; f12 doses of 80 mg. goserelin acetate, leuprorelin acetate, and degarelix acetate 
were considered within “other costs” category.
Abbreviation: DRgs, diagnosis related groups.
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first-line treatment are between €136.9 million and €160.3 

million and the costs related to patients receiving second-

line treatment are between €59.7 million and €67.8 million.

Concerning single costs components, the costs related to 

PCa treatment (drug cost plus administration cost) represent 

77.7% of the total cost (considering net treatment cost) and 

79.5% (considering gross treatment cost). Considering the 

net treatment cost, management of SREs represents 5.3% of 

the total cost, management of adverse events 1.2%, and other 

costs (external beam radiotherapy, denosumab, zoledronic 

acid, monitoring of patients, ADT) 15.7%. When considering 

the gross treatment cost, management of SREs represents 

4.9% of the total cost, management of adverse events 1.1%, 

and other costs 14.5%.

The total annual per capita cost is between €31,011 and 

€38,842 for patients treated with abiraterone as first-line 

treatment; €23,161 and €27,622 for patients treated with 

abiraterone as second-line treatment; €20,567 and €22,199 

for patients treated with cabazitaxel; €7,453 and €9,143 for 

patients treated with docetaxel; €32,388 and €34,214 for 

patients treated with enzalutamide as first-line treatment; 

€23,634 and €25,461 for patients treated with enzalutamide 

as second-line treatment; and €20,833 and €22,079 for 

patients treated with radium-223.

The sensitivity analysis results (presented as Tables S1 

and S2) showed a total costs lower value of €182,838.2 

(decreasing by 10% the number of patients treated with 

first-line treatments) and a higher value of €244,054.6 

(increasing by 10% the number of patients treated with first-

line treatments).

Discussion and conclusion
According to the literature review performed (presented 

earlier), the only published study that reported costs related 

to mCRPC was that of Dragomir et al.37 The mean per capita 

cost of medications (referenced to 2013) was estimated to be 

€35,390 (equal to Canadian $48,428, converted into euros 

using the yearly average exchange rate of 2013, as reported 

by EUROSTAT).43 The cost presented by Dragomir et al was 

calculated considering a period of 28.1 months. The same data 

related to a 12-month period would be equal to €15,113, com-

parable with the mean annual per capita costs here  estimated 

Table 5 Costs of adverse events and skeletal-related events

Events Management cost per episode, € Source Notes

anemia 1,238.76 Restelli et al47 epoetin alfa + blood transfusion (blood transfusion in 10% of 
patients)

Thrombocytopenia 20.69 Restelli et al47 specialist visit
neutropenia 413.02 Restelli et al47 antibiotics + granulocyte – colony-stimulating factor
Febrile neutropenia 782.34 Restelli et al47 granulocyte – colony stimulating factor + hospitalization in 10% of 

patients (DRg 574)
Diarrhea 20.69 Restelli et al47 specialist visit
nausea 226.23 Restelli et al47 antiemetic therapy
Vomiting 226.23 Restelli et al47 antiemetic therapy
Fatigue 1,236.18 Restelli et al47 epoetin alfa
non-vertebral fracture 2,295 hechmati et al41 –
Vertebral fracture 2,356 hechmati et al41 –
Radiation to bone 2,706 hechmati et al41 –
spinal cord compression 5,371 hechmati et al41 –
surgery to bone 3,682 hechmati et al41 –

Abbreviation: DRgs, diagnosis related groups.

Table 6 Monitoring activity costs

Monitoring activity Cost per monitoring 
activity, €

Notes

abdominal computed tomography 79.50 italian national nomenclature tariff 88.01.3; twice a year
Total body bone scintigraphy 113.10 italian national nomenclature tariff 92.18.2; twice a year
Prostate-specific antigen level 7.41 italian national nomenclature tariff 90.56.5; four times a year
Testosterone level 9.78 italian national nomenclature tariff 90.41.3; four times a year
Renal function 6.03 italian national nomenclature tariffs 90.16.3, 90.16.4, 90.44.1, 90.44.3; every month
liver function 12.10 italian national nomenclature tariffs 90.04.5, 90.09.2, 90.23.5, 90.05.1, 90.10.4, 

90.25.5, 90.29.2, 90.75.4, 90.14.4; every month
Blood test 3.17 italian national nomenclature tariff 90.62.2; every month
lactate dehydrogenase 1.13 italian national nomenclature tariff 90.29.2; every month
alkaline phosphatase 1.04 italian national nomenclature tariff 90.23.5; every month
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for the Italian context. The higher cost observed in Italy might 

be partially explained by the fact that we considered further 

costs, such as those related to monitoring activities.

Considering direct medical costs to treat PCa, in 2010, 

Fourcade et al44 estimated a mean cost for the first year after 

the diagnosis of €5,226 (referenced to 2006) in Italy. The 

difference in terms of annual cost compared to the analysis 

performed is due to the earlier stage of disease in the Four-

cade et al’s analysis (while only patients with mCRPC are 

considered in the analysis presented) and the lack of the most 

recent therapeutic options (eg, cabazitaxel, enzalutamide, 

and radium-223), which are more expensive compared with 

older treatments, such as docetaxel. The higher cost of most 

recent treatments, however, might be partly compensated by 

the decrease in hospitalizations related to SREs as shown for 

the use of radium-223 compared with docetaxel.45

To the best of our knowledge, the analysis presented 

here is the first economic analysis conducted on mCRPC in 

Italy. Two articles have been published at a national level, 

both analyzing radium-223 in terms of the financial sustain-

ability of its use in Italy and of cost utility, compared with 

abiraterone, cabazitaxel, docetaxel, and enzalutamide.46,47

The main limitation of our analysis is the lack of real-

world data collected within the Italian context. However, 

the data considered for the analysis are based on a thorough 

literature review and expert opinion of clinicians, and this 

reflects the real-life clinical practice of Italian hospitals. A 

further limitation of the analysis is related to the lack of 

costs referred to the adverse events of the drugs considered 

for ADT, leading to a possible underestimation of the cost 

of illness.

The direct medical costs related to the management 

of mCRPC, identified as between €196.5 million and 

€228.0 million, represented in 2016 ~0.2% of the financing 

of the Italian National Health Service. This is less than half 

of the one estimated by Gerace et al for urothelial bladder 

cancer.60 However, the latter results are calculated on a 

number of patients higher than 30,000 and all stages of the 

disease are considered, while in the analysis presented, only 

metastatic patients are considered.

The main cost driver is the cost of treatment (drugs and 

administration), which represents more than 77%, followed 

by the cost of ADT (considered within the “other costs” 

category in the analysis, representing more than 50% of such 

cost category in the mean scenario).

The results of the analysis presented could support deci-

sion makers, providing estimates of the total cost of the last 

stage of PCa disease, in particular considering the costs 

associated with different drugs for first- and second-line 

treatments. The results of the analysis presented, therefore, 

will allow future benchmarking activities. 
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Table S1 Per capita cost

Treatment Total cost – net treatments (€) Total cost – gross treatments (€)

Mean values Min values Max values Mean values Min values Max values

Abiraterone (first-line) 31,516 31,011 32,176 38,182 37,677 38,842
abiraterone (second-line) 23,666 23,161 24,327 26,961 26,456 27,622
Cabazitaxel (second-line) 21,346 20,567 22,199 21,346 20,567 22,199
Docetaxel (first-line) 8,248 7,453 9,143 8,248 7,453 9,143
Docetaxel (second-line) 8,248 7,453 9,143 8,248 7,453 9,143
Enzalutamide (first-line) 33,130 32,388 34,214 33,130 32,388 34,214
enzalutamide (second-line) 24,376 23,634 25,461 24,376 23,634 25,461
Radium-223 (first-line) 21,378 20,833 22,079 21,378 20,833 22,079
Radium-223 (second-line) 21,378 20,833 22,079 21,378 20,833 22,079

Abbreviations: min, minimum; max, maximum.

Table S2 sensitivity analysis results

Variables Total cost – net treatments  
(thousands of €)

Total cost – gross treatments  
(thousands of €)

Mean values Min values Max values Mean values Min values Max values

Base case 202,924.5 196,544.4 210,895.6 220,051.8 213,671.7 228,022.9
abiraterone (+10%) 206,524.9 200,215.0 214,421.9 225,361.2 219,051.3 233,258.3

abiraterone (−10%) 199,280.7 192,831.3 207,325.0 214,689.0 208,239.6 222,733.2

Cabazitaxel (+10%) 203,024.2 196,637.7 210,999.0 220,108.6 213,722.2 228,083.4

Cabazitaxel (−10%) 202,854.4 196,479.5 210,823.5 220,024.6 213,649.6 227,993.7

Docetaxel (+10%) 196,132.9 189,682.9 204,140.0 212,261.6 205,811.6 220,268.7

Docetaxel (−10%) 209,731.8 203,420.0 217,669.3 227,847.8 221,535.9 235,785.3

enzalutamide (+10%) 204,933.0 198,537.9 212,952.6 221,680.8 215,285.7 229,700.3

enzalutamide (−10%) 200,923.6 194,557.4 208,847.6 218,420.5 212,054.4 226,344.5

Radium-223 (+10%) 203,087.7 196,724.1 211,041.9 219,963.0 213,599.4 227,917.2

Radium-223 (−10%) 202,722.6 196,325.5 210,711.1 220,091.9 213,694.9 228,080.5

Patients treated in first-line (+10%) 217,054.9 210,238.7 225,574.0 235,535.4 228,719.2 244,054.6

Patients treated in first-line (−10%) 188,782.5 182,838.2 196,206.3 204,550.0 198,605.6 211,973.7

Patients treated in second-line (+10%) 209,118.2 202,534.6 217,340.4 226,601.3 220,017.8 234,823.6

Patients treated in second-line (−10%) 196,736.8 190,559.4 204,457.7 213,504.9 207,327.5 221,225.8
Patients treated with external beam radiotherapy 
(+100%)

205,549.8 199,169.7 213,520.9 222,677.1 216,297.0 230,648.2

Patients treated with denosumab (+100%) 203,739.3 197,359.2 211,710.4 220,866.6 214,486.5 228,837.7

Patients treated with zoledronic acid (+10%) 203,452.5 197,072.4 211,423.6 220,579.8 214,199.7 228,550.9

Patients treated with zoledronic acid (−10%) 202,396.5 196,016.5 210,367.6 219,523.8 213,143.8 227,494.9

Patients treated with aDT (−10%) 201,322.5 195,432.6 208,653.3 218,449.8 212,559.9 225,780.6

Abbreviations: min, minimum; max, maximum; aDT, androgen deprivation therapy.
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