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INTRODUCTION

Bone is the most common site of spread of metastatic prostate 
cancer 1.

The volume of bone metastases correlates with survival 2.

Bone metastases are an important cause of morbidity.
Skeletal related events (SREs): pathologic fractures, spinal cord 
compression, need for surgery or radiation therapy to bone, 
hypercalcemia 3.
Time to SREs is an important prognostic marker in metastatic 
prostate cancer 4.

1. Gralow JR, J Natl Compr Canc Netw 2009
2. Sweeney CJ, NWJM 2015
3. Saylor PJ, JCO 2011 
4. Sathiakumar N, Prostate Cancer Prostatic Dis 2011



INTRODUCTION
In 2008, the Prostate Cancer Clinical Trials Working Group 2 (PCWG2) identified the 
following key unmet needs: delaying time to SREs and delaying time to onset of 
significant pain 1.

In 2015, the PCWG3 identified the reduction in the frequency of SREs as an approvable 
end point of prostate cancer clinical trials 2.

The use of bone scintigraphy as the standard for bone imaging is retained in PCWG3 2.

It is difficult to interpret the clinical significance of changes in size or intensity of bone 
metastases on bone scan.

Positron emission tomography (PET) imaging, whole-body magnetic resonance imaging 
(WB-MRI) and other modalities that are in use to image bone should be approached as 
new biomarkers subject to independent validation 2.

1. Scher H., JCO 2008
2. Scher H., JCO 2016



ARSI

NCCN guidelines 2024

Mandel P. Eur Urol Focus 2023



ABIRATERONE - mCRPC

Lancet Oncology 2012



ABIRATERONE - mCRPC

Eur Urol 2014



ABIRATERONE - mHSPC

NEJM 2017



ABIRATERONE - mHSPC

Eur Urol 2019



ENZALUTAMIDE - mCRPC

Lancet Oncol. 2014



ENZALUTAMIDE - mCRPC

Lancet Oncol. 2015



ENZALUTAMIDE - mHSPC

JCO 2019



ENZALUTAMIDE vs ABIRATERONE - mCRPC



APALUTAMIDE - mHSPC

JCO 2021 NEJM 2019



DAROLUTAMIDE - mHSPC

NEJM 2022

Smith M., ASCO GU 2022



BONE RESPONSE ASSESSMENT

Evaluation of bone metastasis in metastatic prostate cancer remains a clinical 
challenge.

CT scan and bone scan are not suitable for the evaluation of bone tumor 
response to systemic antineoplastic treatments because of their inability to 
measure metastatic extent in bone and detect bone repair inside osteoblastic 
lesions 1.

Whole-body diffusion-weighted magnetic resonance imaging (WB-DW-MRI) offers 
significant advantages with respect to conventional imaging, as it does identify 
bone marrow infiltration, tumor necrosis induced by treatment and bone marrow 
restoration 2,3. 

1. Berruti A., Br J Cancer 1996
2. Mosavi F., AJR Am J Roentgenol. 2012
3. Padhani AR., J Magn Reson Imaging 2014



BONE RESPONSE ASSESSMENT

SE = 99%
SP = 98%
PPV = 98%
NPV = 96%
Accuracy = 98%

Parameters for bone response assessment³
DWI = diffusion weighted imaging
ADC = apparent diffusion coeffcient 
FF% = fat fraction

1. Padhani AR., Eur Urol 2017



BONE RESPONSE ASSESSMENT

ADC

Perez-Lopez R., Invest Radiol 2018

nDWI FF%



BONE RESPONSE ASSESSMENT

Example of a complete response on a bone lesion by WB-DW-MRI



BONE RESPONSE ASSESSMENT - mCRPC

Eur Urol 2024



BONE RESPONSE ASSESSMENT - mHSPC

1:1mHSPC
with bone metastases

ADT
+

Enzalutamide 160 mg die

ADT
+

Enzalutamide 160 mg die 
+ 

Zoledronic acid 4 mg iv. q28

• Metastatic hormone-sensitive prostate cancer (mHSPC) with bone metastases 
• Randomization 1:1 to enzalutamide vs enzalutamide + zoledronic acid
• Disease response assessment by WB-DW-MRI, CT scan and PSA at baseline and after 6-12 months, by bone scan at 

baseline and after 12 months 

• Primary objective  
o Bone objective response rate (ORR) assessed by WB-DW-MRI

• Secondary objectives 
o Changes of bone health and body composition parameters assessed by dual energy X-ray absorptiometry 

(DXA) scan
o Changes of bone metabolism markers
o Quality of life (QoL)
o Progression-free survival (PFS), overall survival (OS)



BONE RESPONSE ASSESSMENT - mHSPC

Dalla Volta A., ASCO GU 2023



BONE RESPONSE ASSESSMENT - mHSPC

“The corresponding response rates obtained in the 109 evaluable patients were 18.3% (CR), 62.4% (PR), 8.3% (SD), and 
11% (PD). The overall response rate was 81% (95% CI: 73.6%-88.4%).”

“The clinical relevance of bone responses at WB-DW-MRI was reinforced by a significant association with overall survival 
within the PP population: complete response at WB-DW-MRI correlated with a reduced risk of death (HR 0.16; 95%CI 
0.06-0.48; p<0.001) as well as partial response (HR 0.14; 95%CI 0.06-0.32; p<0.001), with respect to no response (CR/PR 
vs SD/PD: HR 0.15, 95% CI 0.07-0.30, p<0.001).”

Eur Urol, under submission



ARSI - BONE HEALTH

JCO 2019

NEJM 2022

Lancet Oncology 2012

NEJM 2019



ARSI - BONE HEALTH

Shahinian VB., NEJM 2005



Angela Hirbe et al. Clin Cancer Res 2006;12:6309s-6314s

ARSI - BONE HEALTH



ARSI - BONE HEALTH

Dalla Volta A,. ESMO 2023

BMD TBS



ARSI

• Androgen receptor signaling inhibitors (ARSI) improve survival outcomes 
of metastatic prostate cancer patients, both in the castration resistant 
setting (mCRPC) and in the hormone-sensitive setting (mHSPC)

• ARSI offer significant benefit in terms of bone response rates, prevention 
of skeletal-related events (SREs) and pain relief

• Caveat: ARSI have a potential impact on bone health, leading to an 
increased risk of fragility fractures 

These data support the use of ARSI in the management of advanced 
prostate cancer with bone metastases 



PARP-INHIBITORS

Fizazi K., ESMO 2023 ESMO guidelines eUpdate 2023



OLAPARIB - mCRPC

Lancet Oncol. 2022



PARP-INHIBITORS + ARSI

Castro E., ESMO 2023



TALAZOPARIB + ENZALUTAMIDE - mCRPC

Fizazi K., Nature Medicine 2024



NIRAPARIB

Molecular Cancer Therapeutics 2022



NIRAPARIB + ABIRATERONE - mCRPC

JCO 2023



PARP-INHIBITORS

• PARP-inhibitors improve survival outcomes of metastatic castration 
resistant prostate cancer patients (mCRPC) harbouring homologous 
recombination repair (HRR)/BRCA mutations

• PARP-inhibitors may offer significant benefit in terms of prevention of 
skeletal-related events (SREs) and pain relief in mCRPC patients 
harbouring HRR/BRCA mutations

These data support the use of PARP-inhibitors in the management of 
mCRPC with bone metastases harbouring HRR/BRCA mutations 
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