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Abstract. The use of multiparametric prostate magnetic resonance imaging (mpMRI) is recommended, in the 
European Association of Urology (EAU) guidelines, for local staging of patients with prostate cancer (PCa). 
Systemic staging is recommended only for patients with unfavourable intermediate and high-risk disease, 
with bone and lymph node assessments usually being performed using bone scan (BS) and computed to-
mography (CT), respectively. Magnetic resonance imaging (MRI) is the imaging technique with the highest 
sensitivity for the detection of bone metastases and has shown promising results also for lymph node assess-
ments. In this report we illustrate how MRI provided a comprehensive assessment of local disease as well as 
bone and lymph node metastases in a patient with PCa. (www.actabiomedica.it)

Key words: Prostate cancer, lymph node metastases, bone metastases, magnetic resonance imaging, diffusion-
weighted imaging, multiparametric prostate magnetic resonance imaging, Prostate Imaging Reporting And 
Data System v2.1, next-generation imaging, 68Gallium prostate-specific membrane antigen positron emission 
tomography

Acta Biomed 2021; Vol. 92, N. 4: e2021214 DOI: 10.23750/abm.v92i4.11337 © Mattioli 1885

C a s e  r e p o r t

Background

The most common sites of metastases in patients 
with advanced prostate cancer (PCa) are bone and 
lymph nodes, where metastases are present in over 
80% of cases (1–4). Consequently, the detection of 
bone and lymph node metastases is fundamental for 
staging, prognosis and treatment planning in patients 
with high-risk PCa.

For the diagnosis of bone metastases, current 
European Association of Urology (EAU) guidelines 

(5) recommend at least the use of bone scan (BS), 
though it is recognized to have a low sensitivity and 
specificity in identifying lytic metastases (6).

Magnetic resonance imaging (MRI) is well estab-
lished in the clinical management of patients with 
PCa. In addition to its fundamental role in primary 
disease detection, MRI has also shown high sensitiv-
ity for the diagnosis of bone metastases and performs 
similarly to computed tomography (CT) in the assess-
ment of lymph nodes (7,8). Thus, MRI can provide a 
complete picture of disease in PCa.
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In this report we illustrate how MRI provided a 
comprehensive assessment of local disease and lymph 
node and bone metastases in a patient with PCa.

Case description

A 68-year-old male with a previous history of 
surgery, radiotherapy and chemotherapy for squamous 
carcinoma of the pyriform sinus (staging: pT2 pN3b 
grading: G2 – TNM 8 edition; 3 years prior), as well 
as surgery for pulmonary adenocarcinoma (staging: T4 
N0 M0 grading: G2 – TNM 8 edition; 1 year prior), 
underwent a neck-chest-abdomen-pelvis CT exami-
nation as part of routine follow-up.

The CT images showed the presence of patho-
logic lymph nodes in the right common and right 
external iliac region that did not appear to be related 
to tumours in patient’s known history, but suggested 
the presence of an undiagnosed PCa (Figure. 1). 
 Further clinical investigations were therefore consid-
ered  necessary.

The patient subsequently underwent urological 
evaluation, and was found to have a PSA dosage of 
4.4 ng/ml.

At one month, a multiparametric prostate mag-
netic resonance imaging (mpMRI) was performed 
using a 3 Tesla MR scanner. In accordance with the 
protocol of Prostate Imaging Reporting and Data 
System Version 2.1 (PI-RADS v2.1) guidelines, this 
included: T2-weighted images, Diffusion-Weighted 
Imaging (DWI) and Dynamic Contrast Enhanced 
Magnetic Resonance Imaging (DCE-MRI) (9).

Assessment of the mpMRI images was per-
formed following the reporting criteria of PI-RADS 
v2.1 by a radiologist with more than 12 years of expe-
rience in PCa. A 15 mm lesion was found in the right 
peripheral zone of the prostate (Figure. 2). The lesion 
was given a PI-RADS score of 5, indicating a lesion 
with a high probability of clinically significant dis-
ease. Given the size and the bulging of the glandular 
profile, the lesion was considered to have at high risk 
of extraprostatic extension.

MRI of the pelvis confirmed the presence of 
pathological lymph nodes in the right common and 
right external iliac region, and further revealed two 
secondary bone lesions: one in the left sacrum and one 
in the right ischial tuberosity (Figure. 3). The bone 
lesions were not visible at the CT evaluation.

Subsequently, the patient underwent a MRI-
targeted prostate biopsy using MR/ultrasound (US) 
fusion, which confirmed the presence of PCa (Gleason 
Score 4+4=8).

An 18F-fluorocholine positron emission tomog-
raphy (PET)/CT examination was then performed, 
revealing the presence of lesions with high phospho-
lipid metabolism in the right prostate, the ipsilateral 
seminal vesicles, pelvic lymph nodes and in the skel-
eton corresponding to the sites of disease seen in the 
mpMRI exam (Figure. 4).

After four months, the patient underwent a CT-
guided biopsy of the left sacral wing lesion (Figure. 5): 
histological examination confirmed the presence of a 
bone metastasis from PCa.

The final diagnosis was de novo oligometastatic 
hormone sensitive PCa (cT3b cN1 cM1b).

Figure 1. CT scan showed the presence of pathologic lymph nodes in the right common and right external iliac region that did not 
appear to be related to tumours in patient’s known history, but suggested the presence of an undiagnosed PCa.a
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Figure 2. mpMRI performed with 3T MR scanner according 
to PI-RADS v2.1 protocol guidelines: (a) T2-weighted image, 
(b) dynamic contrast-enhanced image, (c) diffusion-weighted 
image for b=1000 s/mm2, (d) ADC map. According to the 
PI-RADS v2.1 criteria, a 15 mm lesion was found in the right 
peripheral zone of the prostate. The lesion was assigned a PI-
RADS score of 5, indicating a lesion with a high probability of 
clinically significant disease. Given the size and the bulging of 
the glandular profile, the lesion was also considered to have at 
high risk of extraprostatic extension.

Figure 3. MRI of pelvis acquired with 3T MR scanner: (a, b) 
T1-weighted, (c, d) fat fraction (rF%), (e, f ) diffusion weighted 
image (DWI) and (g, h) apparent diffusion coefficient map 
(ADC map) compared with CT images (i, l). MRI showed the 
presence of two bone metastases: one in the left sacrum (white 
arrows and red circles in a, c, e, g) and one in the right ischial 
tuberosity (arrows and circles in b, d, f, h), neither was visible in 
the CT evaluation (i, l).

Discussion

In this patient, with a history of two previous 
tumours (squamous carcinoma of the pyriform sinus 
and lung cancer), a routine follow-up CT examination 
showed the presence of pathological pelvic lymph nodes 
that did not appear to be related to the known history, 
but rather suggested the presence of PCa, finally con-
firmed by mpMRI of the prostate and then by biopsy. 
This case highlights the importance of being open to 
the possibility of finding cancers of new onset during 
the follow-up examinations of oncologic patients.

Our observations are limited by the fact that 
the patient did not undergo a BS for excluding bone 
metastases as suggested by the currently guidelines (5), 
but underwent a second level diagnostic investigation, 
such as MRI of the pelvis and retroperitoneum, with 
standard and DWI sequences, currently recognized as 
a superior modality for the evaluation of lymph node 

and bone metastases in advanced PCa (10–13). This 
investigation confirmed the presence of locoregional 
lymph node disease and demonstrated, in addition, the 
presence of two lytic lesions of the pelvic bones.

PCa is typically associated with osteoblas-
tic metastasis, but it is now well-established that an 
osteolytic component may coexist within osteoblastic 
metastases, and even completely lytic metastases are 
not uncommon (14,15). Reflecting known limitations 
of CT in the detection of lytic bone lesions (6), the 
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Figure 4. 18F-fluorocholine PET/CT examination revealed lesions with high phospholipid metabolism in the skeleton correspond-
ing to the sites of disease seen in the MRI exam: left sacrum in (a) and right ischial tuberosity in (b).

routine follow-up CT failed to detect the two lytic 
pelvic bone metastases subsequently identified at MRI 
examination.

To appreciate the different sensitivities of BS, CT 
and MRI for lytic bone lesions, it is useful to consider 
the progression of events in the evolution of bone 
metastases. Bone remodelling requires an initial phase 
of bone destruction mediated by osteoclasts, which may 
or may not be followed by a phase of new bone forma-
tion mediated by osteoblasts: bone production does 
not occur without prior bone absorption (16). Mundy 
and Guise introduced a “vicious cycle” model (17) that 

Figure 5. The patient underwent a CT-guided biopsy of the 
left sacral wing lesion: histological examination confirmed the 
presence of a bone metastasis from PCa.

describes how PCa cells promote the activation of 
osteoblasts and of osteoclasts to elicit an osteoblastic, 
osteolytic or mixed bone response (18). In particular, 
tumour cells release growth factors, such as interleu-
kin 6 (IL-6) and parathyroid hormone-related peptide 
(PTHrP), that determine the expression of Receptor 
Activator of Nuclear Factor KB Ligand (RANKL) 
in osteoblasts, whose activity in turn triggers the dif-
ferentiation of progenitor cells into osteoclasts, and 
thus activates bone resorption. The pathological bone 
resorption determines the release of further growth fac-
tors, such as transforming growth factor-beta (TGF-b) 
and insulin-like growth factor (IGF-1), that, in turn, 
stimulate the growth of the tumour tissue, forming a 
positive feedback loop (Figure. 6).

BS has a rather poor sensitivity of 59% for detect-
ing bone metastases (4), because it only relies on the 
osteoblastic reaction of normal bone to tumour cells. 
Therefore, our patient’s lytic metastases probably 
would not have been recognized on BS as well as on 
CT. Moreover, BS reliability is affected by the presence 
of a high number of false positives (6).

CT has the ability to depict both osteoblastic and 
osteolytic lesions, but its sensitivity for detecting bone 
metastases is only 73% (20), because it cannot dis-
criminate early lytic metastases that do not involve the 
cortical bone, from normal bone marrow.

68Gallium prostate-specific membrane antigen 
positron emission tomography (68Ga-PSMA-PET) 
is a next-generation imaging (NGI) technique for 
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assessment of PCa due to its high lesion detection rate, 
even at very low serum PSA levels (21,22). Its clinical 
use might improve detection and localization of PCa 
and could have a strong impact on the management 
of PCa, with the perspective of performing targeted 
treatments in recurrences and in oligometastatic dis-
ease, deferring the use of androgen deprivation therapy 
in cases of biochemical recurrence with negative find-
ings on imaging studies (23).

Due to its high contrast resolution, MRI has the 
inherent ability to directly visualize metastases in the 
bone marrow, independent from their osteoblastic 
or osteolytic activity, that, as explained above, may 
occur in the evolution of bone disease (4). The addi-
tion of DWI to morphological MR images further 
increases the diagnostic performances of MRI for 
bone metastases detection, with a sensitivity of 96% 

Figure 6. The “vicious cycle” model describes how PCa cells 
promote the activation of osteoblasts and of osteoclasts to elicit 
an osteoblastic, osteolytic or mixed bone response. In particular, 
tumour cells release growth factors, such as interleukins 6 (IL-6) 
and parathyroid hormone-related peptide (PTHrP), that deter-
mine the expression of Receptor Activator of Nuclear Factor KB 
Ligand (RANKL) in osteoblasts, whose activity in turn triggers 
the differentiation of progenitor cells into osteoclasts, and thus 
activates bone resorption. The pathological bone resorption 
determines the release of further growth factors, such as trans-
forming growth factor-beta (TGF-b) and insulin-like growth 
factor (IGF-1), that, in turn, stimulate the growth of the tumour 
tissue, forming a positive feedback loop. Adapted from: (19).

reported in a meta-analysis including 1031 patients 
with PCa (8,24,25).

The presence of bone metastases has a strong 
impact on the quality of life of patients with PCa. It 
leads to skeletal morbidity, manifested as so-called 
skeletal-related events (SREs), that include pain 
symptoms requiring radiotherapy treatment (33%), 
pathological fractures (25%), spinal cord compression 
(8%) and hypercalcaemia (6). Early detection of bone 
metastases is, therefore, crucial for the clinical man-
agement of PCa patients and is important for tumour 
staging, evaluating the patient’s prognosis, and deter-
mining further therapeutic decisions (2,26,27). Indeed, 
patients with bone metastases may be eligible for 
endocrine therapy or other systemic therapies aimed 
at blocking the pathogenic cascade of bone resorption. 
Drugs which block the activity of osteoclasts, such as 
bisphosphonates or denosumab, are widely used in 
patients with PCa, in order to prevent the pathologi-
cal reabsorption of bone and indirectly inhibit tumour 
growth. The addition of local surgical or radiotherapy 
is then sought only in selected cases. A recent meta-
analysis shows that in patients with oligometastatic 
low volume PCa at onset, prostate irradiation prolongs 
survival without compromising quality of life (28), and 
recently published results suggest that patients with a 
limited number of metastases can achieve long-term 
disease control, or even cure, if all sites of disease 
undergo ablative treatment (29).

In light of the consequences, it is important not to 
disregard any type of bone metastases. Although CT 
and BS are the most common imaging methods cur-
rently used for the staging of patients with high-risk 
PCa, they have known limitations for the early detection 
of bone metastases. MRI is the most sensitive technique 
for the detection of bone metastases, superior to BS and 
choline-PET (5), and therefore should be used for bone 
assessments in high-risk PCa, when available (30).

Conclusion

Many patients with advanced PCa have bone 
metastases at diagnosis. Bone metastases have a strong 
negative impact on the quality of life and survival 
expectancy of these patients.
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It is well known that CT and BS are not sufficient 
for a confident early detection of osteolytic bone metas-
tases in high-risk PCa patients. NGI techniques, such 
as MRI with DWI, have higher sensitivity and speci-
ficity than conventional imaging techniques for bone 
metastasis detection and their use is encouraged for the 
staging of unfavourable intermediate- and high-risk 
PCa by the ESMO and ASCO guidelines (31,32), but 
at present their use is still limited. Large-scale adop-
tion of these techniques could lead to improved patient 
management. However, future comparative studies are 
needed to evaluate the impact of staging advanced PCa 
patients by NGI techniques on survival.
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