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Bone is often the dominant metastatic site in patients with
prostate cancer. However, conventional imaging techniques
(computed tomography [CT] and bone scans) are not suit-
able for evaluating bone tumor responses to systemic anti-
neoplastic treatments because of their inability to measure
metastatic extent in bone and detect bone repair within
osteoblastic lesions [1]. Whole-body diffusion-weighted
magnetic resonance imaging (WB-DW-MRI) offers signifi-
cant advantages over conventional imaging, as it can iden-
tify bone marrow infiltration, tumor necrosis induced by
treatment, and bone marrow restoration [2,3].

BONENZA is a phase 2 randomized clinical trial in which
the primary endpoint was the bone response rate measured
via WB-DW-MRI in patients with metastatic hormone-sen-
sitive prostate cancer (mHSPC) treated with enzalutamide
and androgen deprivation therapy, with or without zole-
dronic acid. Of the 126 patients who were randomized,
109 were fully evaluated via WB-DW-MRI after at least 6
mo of treatment. The reasons for exclusion from response
evaluation were the absence of bone target lesions at base-
line (n = 9), withdrawal of consent (n = 4), absolute con-
traindications to MRI (n = 3), and death from other causes
(n = 1). The scheme for evaluation of treatment response
was adapted from the standardized method proposed by
Padhani et al [4]. In brief, the response assessment criteria
were as follows:

- Complete response (CR): disappearance of all lesions on
DWI.

- Partial response (PR): reduction in lesion size of �30%; �15%
reduction in b800 signal intensity normalized by muscle sig-
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nal; increase in of apparent diffusion coefficient (ADC) of
>1500 lm2/s; increase in fat fraction within the lesions of
at least 10%.

- Progressive disease (PD): appearance of new lesions;
increase in lesion size; increase in b800 signal intensity
without a significant increase in ADC; decrease in fat
fraction.

- Stable disease (SD): lesions with stable size, b800 signal
intensity, and fat fraction.

Representative cases of CR, PR, and PD on WB-DW-MRI
are shown in Figure 1.

In the intention-to-treat population, 20/126 patients
(15.9%) achieved CR, 68/126 (53.9%) achieved PR, and 9/
126 (7.1%) achieved SD, while 12/126 (9.5%) experienced
PD. The overall response rate was 69.8% (95% confidence
interval [CI] 57.5–79.9%). In the per-protocol population of
109 evaluable patients, the corresponding response rates
were 18.3%, 62.4%, 8.3%, and 11%, and the overall response
rate was 81% (95% CI 73.6–88.4%). Bone and soft-tissue
responses on WB-DW-MRI were highly consistent (Cohen’s
j = 0.477).

In comparison to WB-DW-MRI, CT and bone scans
showed poor agreement for the bone metastatic response
rate (32.3% and 45.8% respectively; Cohen’s j < 0.1), while
PSA responses were more consistent (78.5%, Cohen’s
j = 0.3).

The clinical relevance of bone responses on WB-DW-MRI
was reinforced by a significant association with overall sur-
vival in the per-protocol population. CR on WB-DW-MRI
was correlated with a lower risk of death (hazard ratio
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Fig. 1 – (A) Complete response of a metastatic lesion on the left pubic bone. The image shows a left pubic bone lesion before and 6 and 12 mo after treatment.
There is complete response of the metastatic lesion, with normalization of the signal intensity on the high b-value sequence at 6- and 12-mo follow-up, fat
repopulation of the bone marrow (fat fraction [FF%] sequence), high apparent diffusion coefficient (ADC) values (>1400) at 6-mo follow-up, and a reduction to
normal bone ADC values at 12-mo follow-up and complete disappearance on the T1-weighted sequence. (B) Partial response of a metastatic lesion on the left
sacral ala. This patient had a left sacral ala lesion (white arrow) before treatment, with a slight reduction in signal on the high b-value sequence at 6- and 12-
mo follow-up without changes in ADC values and the appearance of intratumoral fat within the lesion. (C) Progression of a metastatic lesion on the right
femur. This patient had a small lesion at the neck of the right femur (white arrow) that had increased in size at 6-mo follow-up, with ADC and FF% values
indicating an active lesion. DWI = diffusion-weighted imaging.
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Fig. 2 – Prognostic role of bone response at the 6-mo MRI assessment. MRI = magnetic resonance imaging; PD = progressive disease; SD = stable disease; PR =
partial response; CR = complete response.
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[HR] 0.16, 95% CI 0.06–0.48; p < 0.001), as was PR (HR 0.14,
95% CI 0.06–0.32; p < 0.001) and CR/PR versus SD/PD (HR
0.15, 95% CI 0.07–0.30; p < 0.001; Fig. 2).To the best of our
knowledge, this is the first prospective randomized study
in which the primary aim was evaluation of objective
responses in bone metastases from prostate cancer via
WB-DW-MRI.

The high bone response rate observed is comparable to
the disease response in soft tissues in the same study and
in the pivotal phase 3 study of enzalutamide in mHSPC [5].

Despite being highly concordant with other parameters
(PSA and soft-tissue imaging), WB-DW-MRI data could
add some unique information, such as more precise spatial
resolution of disease progression in bone, which could facil-
itate metastasis-directed treatments in oligoprogressive
disease.

The ineligibility rate of 13.5% for WB-DW-MRI evalua-
tion is a potential limitation for application of this proce-
dure to a broader population. On the basis of results from
the current study and those reported by Garcia-Ruiz et al
in European Urology [6], WB-DW-MRI may become the ref-
erence imaging technique in future prospective studies
enrolling patients with metastatic prostate cancer.
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