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THESIS SUMMARY

Optimising TNM Staging of Patients with Prostate 
Cancer Using WB-MRI
Vassiliki Pasoglou, Nicolas Michoux, Bertrand Tombal and Frédéric Lecouvet 

Multiparametric Magnetic Resonance Imaging (mp-MRI) is the current standard of reference for the local 
staging of prostate cancer (PCa). On the other hand, despite the low sensitivity and specificity of Techne-
tium Bone Scanning (BS) for the detection of bone metastases (BM) and of Body Computed Tomography CT 
for the detection of lymph node metastases (LNM), these techniques are routinely used, in the current clini-
cal practice. Nevertheless, whole Body MRI (WB-MRI) and Positron Emission Tomography Computed Tomogra-
phy (PET-CT) are emerging as robust tools for the staging of oncologic patients, including those with (PCa).

The available techniques (BS, WB-MRI, PET, CT) for the detection of BM in oncologic patients were 
compared and showed striking center differences in terms of anatomic sequences and planes used. This 
heterogeneity and the long acquisition time of WB-MRI protocols – due to the addition of multiple ana-
tomic sequences in different planes – questioned whether a single three dimensional (3D) sequence could 
replace the multiple anatomic sequences used for node and bone staging of PCa. We demonstrated that 
WB-MRI is a credible tool for the detection of bone and node metastasis. 

The second question addressed the possibility to obtain a complete TNM staging of PCa in a single 
MRI session. A WB-MRI protocol was developed to enable complete, T (local), N (regional) and M (distant) 
staging of PCa in a single session, in less than an hour. This ‘all-in-one’ protocol proved to be as efficient 
as the sum of exams currently in use for the staging of PCa (ie: mp-MRI of the prostate for ‘T’ staging, 
Thoraco-abdominal CT for ‘N’ staging and bone scintigraphy for ‘M’ staging). 

Keywords: Prostate Cancer; Whole Body MRI; Diffusion Weighted Imaging; TNM Staging; Three  Dimensional; 
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Prostate Cancer 
Prostate cancer (PCa) is the most common non-skin cancer in 
America [1]. According to the American Cancer Society, PCa 
will affect one in five American men. In the United States 
more than two million men are living with PCa. Asian coun-
tries, especially China, have the lowest rates, while the USA, 
Scandinavia and Western Europe have the highest [2]. In addi-
tion, the relative incidence of PCa in African American men is 
higher than in Caucasians (1.6 times higher in the USA).

Men with first-degree relatives with PCa have an 
increased risk for developing the disease [3]. Furthermore, 
an X-linked or recessive model of inheritance has been sug-
gested due to the excess risk of PCa in men with affected 
brothers compared to those with affected fathers [4].

The majority of men with PCa will remain asympto-
matic. The symptoms – if they appear – are caused by the 
local extension of the disease and include dysuria, haema-
turia and erectile dysfunction. Sometimes the disease is 
detected only after a complication has occurred due to the 
metastatic spread, such as pathological fracture.

Two tests are currently widely used for the screening of 
PCa: the digital rectal examination (DRE) and the blood 
Prostate Specific Antigen (PSA) levels testing. The increase 
of PSA levels can be associated with benign conditions, 
such as prostatitis and prostate hyperplasia. The risk of PCa 
for PSA values <0.5 ng/ml is 6.6% and it increases to 26.9% 
for PSA values between 3.1 and 4.0 ng/ml [5] (Figure 1). It 
has been demonstrated that PSA-based screening reduces 
the rate of PCa-related deaths by 20%, even though it is 
associated with a high rate of over-diagnosis [6].

When the clinician suspects the presence of PCa after a 
DRE, a transrectal ultrasound (TRUS) with biopsies should 
be performed. 

The most frequent sites of metastasis in patients with 
PCa are lymph nodes, bone, lung and liver. Bubendorf et 
al., carried out 19,316 autopsies in men older than 40 years 
old and PCa was found in 8.2% of them [7]. Lymphatic or 
haematogenous metastases were observed in 39.7% of all 
patients, and in 65.8% of patients with clinically known 
cancer. From the patients with distant metastasis, 90.1% 
of patients had bone involvement, 45.7% had lung and 
25% liver metastasis (Figure 2). 

The most widely used staging system for PCa is the 
Tumor Node Metastasis (TNM) system. For PCa, T1 refers 
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to organ-confined tumors that are clinically and radiologi-
cally occult. T2 refers to organ-confined tumors that are 
clinically or radiologically apparent. T3 refers to tumors 
that extend outside the prostatic capsule in the form 
of extracapsular extension or seminal vesicle invasion. 
T4 refers to tumors that invade the adjacent structures. 
Lastly, N1 indicates the presence of locoregional LNM and 
M1 indicates the presence of distant metastases.

For the T staging of PCa, mp-MRI is a very effective diag-
nostic tool and considered the gold standard [8]. 

For the N staging, most of the teams use a thoraco-
abdominal CT, rarely MRI. The most widely used CT and 
MRI criteria to determine whether a node is benign or 
malignant are the size, the shape, the contour and the 
number of lymph nodes, though their diagnostic values 
are debatable. For instance, according to McLoud et al., 
the smaller the nodal diameter criterion used to sepa-
rate malignant from benign nodes, the higher the sen-
sitivity and the lower the specificity are [9]. It has been 

demonstrated, however, that 10–20% of normal-sized 
locoregional nodes will contain tumor deposits and 30% 
of enlarged lymph node are benign [9, 10, 11].  A meta-
analysis by Hövels et al., reported that both CT and MRI 
perform equally poorly in the detection of LNM from PCa 
[12]. Normal structures and other pathologic processes 
can mimic nodal disease. Common pitfalls include small 
bowel loops in close proximity to the retroperitoneum, 
normal ovaries, aberrant vessels (especially on non-con-
trast-enhanced CT), and normal anatomic variants such 
as a left-sided inferior vena (IVC) cava or duplicated IVC.  
Finally peritoneal nodules can mimic mesenteric or pelvic 
LNs and lymphoceles.

As the most common distant metastatic site of PCa is 
the skeleton which represents the initial metastatic site in 
more than 80% of PCa patients, most centers usually use 
bone scintigraphy with targeted X-rays when necessary for 
the M staging of the patients.  The radionuclide used is Tc 
99m bound to a bisphosphonate. BS has played a crucial 
role in tumor staging for years, but its reliability has been 
repeatedly questioned, mainly because of its lack of sensi-
tivity and specificity [13, 14]. Due to the high incidence of 
false positive results (osteoarthritis, Paget’s disease, frac-
tures, etc.), a positive BS will – most of the times – lead to 
another modality (X-Ray, CT, MRI), in order to clarify the 
diagnosis, which leads to additional costs, waiting times 
and irradiation of the patient.  

MRI plays a crucial role in the detection, characteriza-
tion and follow-up of BMs. It possesses the unique advan-
tage of directly exploring the bone marrow and as a result 
allows early detection of bone involvement.  Numerous 
studies have demonstrated that MRI of the axial skeleton 
and, later, WB-MRI are superior to the current multistep 
BS –/+ targeted X-rays staging protocol [15–20].

The usual WB-MRI protocols include:

– T1-weighted spin echo sequences for an optimal 
study of the bone marrow

– Fat suppression techniques for their sensitivity con-
cerning the detection of bone lesions

– Diffusion Weighted Imaging (DWI). The complex pro-
cess of water molecule diffusion is the basis of DWI. 
The unrestricted motion of water molecules is called 
‘free diffusion’. In biologic tissues, the movement of 
water is restricted, as its motion is limited by interac-
tion with cell membranes and macromolecules. The 
tissue cellularity is correlated to the degree of restric-
tion to water diffusion. In tissues with high cellular-
ity (such as tumors), the movement of water mol-
ecules is impeded. In contrast, in regions with low 
cellularity or where the membranes are damaged, 
the motion of the water molecules is less restricted.

  The use of DWI provides functional information 
and enables an “at-a-glance” assessment; this reduces 
interpretation times of examination by driving the 
attention of the radiologist to abnormalities, which 
can then be evaluated on anatomic [T1 or Short Tau 
inversion recovery (STIR)] whole-body MR images 
[21]. Whole-body DWI is used as a supplement to 
anatomic whole-body MR imaging, leading to im-

Figure 1: Risk of PCa in patients with low PSA levels 
according to Thompson et al. [5].

Figure 2: Distribution of haematogenous metastasis 
according to Bubendorf et al. (n = 556 patients) [7].
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proved reader performance. Most importantly it ena-
bles concomitant bone and node staging (Figure 3) 
and thus it allows a global assessment of the cancer 
spread (N and M) in one step. 

Whole body MRI 
The first studies utilizing WB-MRI were published between 
1997 and 2001 [22, 23 ,24].  WB-MRI is increasingly used 
for an ample variety of applications. MRI is a highly sensi-
tive method for early detection of BM as it allows the iden-
tification of malignant cells in the bone marrow before 
bone remodelling [25, 26, 27]. It represents a convenient 

and cost-effective method for screening patients with 
malignancies [26]. Eustace et al., compared whole body 
STIR with Tc 99m BS in 49 patients with suspected skeletal 
metastases and demonstrated that WB-MRI has a better 
sensitivity than Tc 99m BS [28].

The main disadvantages of WB-MRI are its relatively 
long scanning times, motion artefacts (requiring patient 
cooperation or general anaesthesia) and limited speci-
ficity. However, advances in hardware and imaging tech-
niques, including additional sequences, are reducing the 
impact of some of these challenges. Most importantly, 
the introduction of DWI radically improves the diagnostic 
effectiveness of WB-MRI and promotes the technique as a 
tool of choice for PCa staging.

Limitations of current staging methods 
Accurate distant and local staging of PCa patients is cru-
cial in order to adapt treatment to the actual stage of the 
disease. Patients with bone metastasis cannot receive local 
treatment (surgery or radiation therapy), hence accurate 
detection of bone disease is essential. The development 
of clinical trials evaluating novel compounds and local 
treatment in the so-called oligo-metastatic patients has 
rendered the accurate evaluation of the metastatic burden 
indispensable [29, 30, 31]. 

For N and M staging CT and/or abdominal MRI and Tc 
99m BS with targeted X-rays (if necessary) are the most 
widely proposed staging methods [32, 33, 34].  

Additionally to its poor sensitivity and specificity, 
discussed above, the aforementioned multimodal-
ity algorithm necessitates multiple hospital visits and 
appointments in different departments (radiology and 
nuclear medicine), leading to additional times and discom-
fort for this group of patients (who are mostly elderly with 
multiple comorbidities). The delays for the interpretation 
of all these examinations also have to be considered. 

Multimodality algorithms would advantageously 
be replaced by one step modalities (WB-MRI and PET) 
protocols which have suggested their superiority and 
allow the rapid assessment of total tumor and all organ 
evaluation [35].

Concerning PET-CT, the most commonly used and 
widely available radiotracer is 18F-FDG that is a non-spe-
cific tumor-seeking radiopharmaceutical. The use of 18F-
FDG is based on the heightened glycolysis in tumor cells, 
which provokes a high uptake of 18F-FDG by the tumor. 
Unfortunately PCa cells have low glycolysis levels and as a 
result they are not 18F-FDG-avid. This fact renders FDG PET 
modality poorly efficient for the detection of PCa metas-
tasis [36]. Furthermore, kidneys secrete 18F-FDG and as a 
result there is a physiological uptake by the urinary tract. 
This explains a suboptimal analysis of the urinary tract in 
general. Recently, promising Choline and Prostate-specific 
membrane antigen (PSMA) tracers have been developed 
for nuclear medicine techniques. PSMA is a cell surface 
protein overexpressed by PCa cells. Ligands of PSMA are 
labelled with 68Ga, Tc 99m and 123/124/131I for the detection 
of PCa metastases or local relapse [37, 38, 39]. Afshar-
Oromieh et al. demonstrated that suspicious PCa lesions 
present excellent contrast as early as 1 h post-injection of 

Figure 3: (a and c) Whole body DWI (b and c) Anatomic 
T1 sequence. PCa patient with nodes (arrows) and bone 
metastasis (arrowheads) detected by DWI and con-
firmed by the anatomic sequences.
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PSMA [40]. In a retrospective analysis of 319 patients who 
underwent Ga-PSMA-ligand PET-CT, the same team found 
that PSMA is highly specific for PCa and detects the dis-
ease in a high percentage of patients (82.8%) [41] .

All of the methods mentioned above are irradiating and 
require the injection of contrast material or radioactive tracers. 

Regarding WB-MRI, even though various studies dem-
onstrated its superiority compared to the current staging 
methods, there is an important heterogeneity between 
different countries, centers, or even teams, regarding the 
anatomic sequences, acquisition planes and duration of 
the examination [42]. Thus, there is an urgent need for 
precision and standardization of the protocols, depending 
on the cancer type and the patient.

Value of imaging in the detection of bone 
metastasis
We effectuated a large-scale review in order to determine 
the value of the different techniques for the detection of 
bone metastasis. We quickly observed an important het-
erogeneity regarding the MRI protocols used by different 
teams concerning WB-MRI. Our results confirmed that the 
recommendations for bone staging differ depending on 
the primary cancer. 

WB-MRI was superior to BS for BM detection, indepen-
dently of the primary cancer. 

The addition of DWI to WB-MRI protocols signifi-
cantly improves the sensitivity but the need of anatomic 
sequences is indisputable.

The diagnostic accuracy of WB-MRI and PET-CT appeared 
roughly equivalent but WB-MRI is superior in lesion-based 
analysis when PET-CT does better than WB-MRI in patient-
based analysis, especially in breast and neuroendocrine 
tumors. 

It has to be highlighted that an advantage of MR imag-
ing is the lack of radiation exposure, contrast injection 
and its sensitivity to bone marrow infiltration regardless 
of the primary cancer, as PET-CT relies on the affinity of 
the cancer for a given tracer.

We observed a lack of studies comparing WB-MRI to 
PET-CT with new radiotracers, such as 18NaF, 11C and 18F 
Choline and labelled PSMA. 

In general, cancer staging cannot be based on one tech-
nique, but it will most likely be shared between WB-MRI 
and PET according to the primary cancer. 

3D T1-weighted MRI protocol for prostate cancer 
staging
Anatomic and functional DWI sequence must be acquired 
for the N and M staging of oncologic patients. According to 
our review, there is an important heterogeneity concern-
ing the sequences and the anatomic planes that are used. 
The heterogeneity between teams concerns the ‘anatomic 
part’ of the protocol. A need for harmonisation arises, in 
order to standardize the WB-MRI protocols. This wide vari-
ability of sequences and planes led us to the development 
of a three dimensional (3D) WB-MRI sequence which can 
be reconstructed in any plane and could potentially stand 
alone as the anatomic counterpart of a WB-MRI protocol 
(Figure 4). We tried to simplify the WB-MRI protocol by 

developing a fast and reliable 3D anatomic MRI sequence 
for all organ (N+M) screening. We compared this new 
sequence with the MRI protocol routinely used in our 
center, which consists of a two dimensional (2D) coronal 
T1 WB-MRI and a sagittal proton density fat suppression 
sequence of the whole spine (PDFS), for concurrent bone 
and node staging. 

The new sequence we developed is a 3D turbo spin-
echo SPACE (sampling perfection with application opti-
mized contrast using different flip angle evolutions) pulse 
sequence in coronal plane that was implemented to get 
high spatial resolution and high contrast resolution in 
T1, while limiting both the specific absorption rate and 
the acquisition time. An elliptic k-space filter was applied. 
Then, in-plane spatial resolution was chosen so as to be 
the closest to that of the 2D pulse sequence and to be ‘as 
isotropic as possible’. The acquisition time is 18.5 minutes.

Figure 4: 3D T1 anatomic MRI sequence reconstructed in 
coronal (a), sagittal (b) and axial plane (c). 
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Technical note 
The long acquisition and post-processing times until 
recently limited the use of 3D sequences; however, the 
development of more effective imaging techniques and 
high-performance MR imaging workstations have allowed 
overcoming these problems.  The reduction of the duration 
of the sequence is crucial. Increasing the slices’ thickness 
from 1 to 1.5mm can reduce the time of the acquisition 
but with subsequent loss in isotropy and quality of image. 
Another way to reduce the duration of the sequence is to 
increase the parallel imaging (PI) acceleration factor (we 
already operate in parallel imaging with an acceleration 
factor 3). Most modern MR systems are built in a parallel 
architecture, consisting of a body transmit coil and set of 
local receiver coils that feed into parallel channels for sig-
nal amplification and processing. In PI, information about 
coil positions and sensitivities can be used to reduce the 
number of phase-encoding steps and speed up imaging. 
This is quantified by the PI acceleration factor (typically 
between 2 and 6). The temporal and spatial resolution 
requirements – the field strength at which the study is 
performed and the object of interest – all lead to the deci-
sion to use PI acceleration. 

The major advantages of PI:

– Significant reduction of image acquisition time. This 
is inversely related to the acceleration factor (R). If R 
= 2 then image acquisition time is cut in half. 

– Reduction in susceptibility artefacts. The PI acquisi-

tion and reconstruction process lessens phase-related 
distortions in the MR signal. This is especially advan-
tageous in echo-planar sequences.

Study group
Thirty consecutive patients with PCa who were considered 
as high risk for metastases (PSA > 20 ng/ml, Gleason ≥ 8, or 
T stage ≥ 3a) [34] were prospectively enrolled between Feb-
ruary and December 2012. The mean patient age (±stand-
ard deviation) was 69 ± 3.3 years. The mean prostate-spe-
cific antigen level was 31 ± 28 ng/mL. Three patients were 
not enrolled because of contraindications to MR imaging.

Results
The 3D sequence is superior to the 2D concerning the 
quality of image (signal-to-noise and contrast-to-noise 
ratios). On 3D T1 reading, significantly more (p < 0.05) 
patients with node metastasis are detected than on 2D 
T1 with or without PDFS (observer 1 : area under the 
curve (AUC) = 1.00 for 3DT1, 0.81 for 2DT1 + DPFS imag-
ing, and 0.73 for 2DT 1; observer 2: AUC = 1.00 for 3DT1, 
0.81 2DT1+PDFS, and 0.81 for 2DT1) (Figure 5). No 
 significant difference was observed between sequences 
for detecting patients with bone metastases (P ≥ 0.317 
for all) (Figure 6). Concerning the number of metastatic 
lesions detected by the observers, whole-body 3DT1 had 
a significantly higher sensitivity (p < 0.05) than 2DT 1 
and 2DT1+PDFS for detecting adenopathies (observer 
1: sensitivity = 100% for 3DT1, 44% for 2DT1+PDFS 

Figure 5: Detection of a node in a 57-year-old PCa patient. The enlarged LN was missed by both readers on 2DT1 
sequence (A) but correctly identified by both on  3D T1 sequence (B). Axial reconstruction obtained with multiplanar 
reformation at same level confirms the presence of an enlarged LN (C).
Reprinted from ‘Whole-body 3D T1-weighted MR imaging in patients with prostate cancer: feasibility and evaluation 
in screening for metastatic disease’ Pasoglou V., Michoux N., Peeters F., Larbi A., Tombal B. Omoumi P., Vande Berg B., 
Lecouvet F.E, Radiology. 2015 Apr; 275(1): 155–66. [43] With the permission of RSNA.
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, and 33% for 2DT1; observer 2: sensitivity = 92% for 
3DT 1, 39% for 2DT1+PDFS, and 39% for 2DT 1), while 
whole-body 2DT1 had a significantly lower sensitivity (p 
< 0.05) than 3DT1 and 2DT1+PDFS for detecting bone 
metastasis (observer 1: sensitivity = 98% for 3DT1, 83% 
for 2DT1+PDFS, and 63% for 2DT1; observer 2: sensitiv-
ity = 100% for 3DT1, 85% for 2DT1+PDFS, and 68% for 
2DT1). 

Inter-observer agreement with the 3DT1 sequence was 
higher than that with 2DT1 for the detection of node 
metastasis on a per-patient and a per-lesion basis. Only 
limited discrepancies were noted between observers 
with 3DT1 in the detection of LNs, which may be dif-
ficult on 2DT1. The agreement was also very good for 
detecting BM. 

The sagittal plane can potentially replace the additional 
spine sequences and the axial plane can be used for the 
detection of adenopathies and the study of ‘difficult’ regions 
as the posterior elements of the spine and the rib cage. 

MRI protocol for comprehensive prostate cancer 
staging
After demonstrating that our 3D T1 anatomic sequence 
is superior to the combination of 2D sequences for the 
detection of prostate cancer metastasis we used it to build 

a new WB-MRI protocol for the simultaneous T, N, and M 
staging of PCa (Figure 7). 

It has been demonstrated that in most PCa patients, 
the usual sites of metastases are the pelvic LNs and/or 
the hematopoietic red marrow of the axial skeleton [44, 
45, 46]. Visceral metastases are rare and usually appear in 
later stages of the disease [45].

Our goal was to assess the feasibility and value of an ‘all-
in-one’ TNM staging protocol combining mp-MRI of the 
prostate for the local  (T staging) with a WB-MRI protocol 
for the detection of node (N staging) and bone metastasis 
(M staging) (Figure 8). This new protocol could poten-
tially replace the multiparametric protocol used until 
today: a mp-MRI for the local staging, a BS +/– targeted 
X-rays for the M staging and a Thoraco-abdominal CT for 
the N staging (Figure 9).

When we compare WB-MRI and routine work-up 
(combination of BS ± TXR and CT) for assessing global 
metastatic status (N and M Staging) of a PCa patient, 
WB-MRI is significantly superior for the detection of 
bone and node metastasis of PCa. For the detection of 
bone or node metastasis, sensitivities of BS ± TXR com-
bined with CT and of WB-MRI were 85% and 100%, 
respectively, and specificities were 88% and 100%, 
respectively. 

Figure 6: Detection of a BM in a 63 year old PCa patient. The lesion was missed by both readers on 2DT1 sequence (A) 
but correctly identified by both on 3D T1 sequence (B). Axial reconstruction obtained with multiplanar reformation 
at same level confirms the presence of a BM (C).
Reprinted from ‘Whole-body 3D T1-weighted MR imaging in patients with prostate cancer: feasibility and evaluation 
in screening for metastatic disease’ Pasoglou V., Michoux N., Peeters F., Larbi A., Tombal B. Omoumi P., Vande Berg B., 
Lecouvet F.E, Radiology. 2015 Apr; 275(1): 155–66. [43] With the permission of RSNA.
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Conclusions 
WB-MRI is superior to BS for BM detection, independently 
of the primary cancer and the addition of DWI improves the 
sensitivity. Results are less clear-cut regarding the compari-
son between WB-MRI and PET-CT. WB-MRI appears to be 
superior in lesion-based analysis when PET-CT exceeds WB-
MRI in patient-based analysis. Undeniably, current cancer 
staging cannot be based on one sole technique but it will 
most likely be shared between WB-MRI and PET according 

to the primary cancer. In PCa, in patient-based analysis, WB-
MRI+DWI is more accurate than FDG PET-CT and BS.

We constructed a 3D T1 whole body sequence for the 
bone and node staging of high-risk PCa patients. We opti-
mized the quality of image in comparison to the stand-
ard two-dimensional sequence and the duration of this 
new sequence was shortened/minimized down to 18 
minutes. We introduced this sequence in clinical practice 
and compared it with current MRI anatomic protocol, 

Figure 7: An example of an ‘all-in-one’ sheet, for the clinician with the summary of local, nodal and bone status of the 
patient.
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which includes 2D T1 WB-MRI, with or without sagittal 
fat suppression sequence of the spine. Our results dem-
onstrated that 3DT1 is feasible and provides better SNR 
and CNR compared with 2D sequences, with a diagnostic 
performance that is as good or better than the sum of 2D 
sequences for the detection of bone metastases and better 
for the detection of LNM.

Finally we developed a single step ‘all-in-one’ proto-
col for the staging of high-risk PCa patients consisting 

of a WB-MRI anatomic sequence including diffusion 
weighted imaging (DWI) and prostate mp-MRI. This new 
protocol was compared to the routine bone and node 
workup [BS ± targeted XRays if necessary (BS ± TXR) and 
contrast CT]. Our results demonstrated that TNM stag-
ing of PCa is feasible in less than one hour in an MRI 
session combining mp-MRI and WB-MRI, outperforming 
the routine screening for discriminating patients with or 
without metastasis.

Figure 8: ‘All-in-one’ MRI protocol for the concurrent TNM staging of PCa (a) mp-MRI of the prostate for the T staging 
(b, c) and (d) 3D T1 sequence, DWI and PDFS of the spine for the N and M staging.

Figure 9: The multiparametric protocol (a) mp-MRI for the T staging (b) Thoraco-abdominal CT for the N staging (c) 
BS (d) Targeted X-Rays for the M-Staging.



Pasoglou et al: Optimising TNM Staging of Patients with Prostate Cancer Using WB-MRI Art. 101, pp.  9 of 11 

Funding Information
This work was supported by grants from FNRS-televie and 
Foundation Contre le Cancer.

Competing Interests
The authors have no competing interests to declare.

References
 1. PC Foundation. Understanding Prostate Cancer. 

2015
 2. Gronberg, H. Prostate cancer epidemiology. 

Lancet 2003; 361: 859–864. DOI: http://dx.doi.
org/10.1016/S0140-6736(03)12713-4

 3. Whittemore, AS, Wu, AH, Kolonel, LN, et al. Fam-
ily history and prostate cancer risk in black, white, 
and Asian men in the United States and Canada. Am 
J  Epidemiol. 1995; 141: 732–740.

 4. Monroe, KR, Yu, MC, Kolonel, LN, et al. Evidence 
of an X-linked or recessive genetic component to 
prostate cancer risk. Nat Med. 1995; 1: 827–829. 
DOI: http://dx.doi.org/10.1038/nm0895-827

 5. Thomson, V, Pialat, JB, Gay, F, et al. Whole-body 
MRI for metastases screening: a preliminary study 
using 3D VIBE sequences with automatic subtrac-
tion between noncontrast and contrast enhanced 
images. Am J Clinical Oncol. 2008; 31: 285–292. DOI: 
http://dx.doi.org/10.1097/COC.0b013e31815e3ff4

 6. Schroder, FH, Hugosson, J, Roobol, MJ, et al. 
Screening and prostate-cancer mortality in a ran-
domized European study. New Engl J Med. 2009; 
360: 1320–1328. DOI: http://dx.doi.org/10.1056/
NEJMoa0810084

 7. Bubendorf, L, Schopfer, A, Wagner, U, et al. Meta-
static patterns of prostate cancer: an autopsy study 
of 1,589 patients. Hum Pathol. 2000; 31: 578–583. 
DOI: http://dx.doi.org/10.1053/hp.2000.6698

 8. Engelbrecht, MR, Jager, GJ, Laheij, RJ, et al. Local 
staging of prostate cancer using magnetic reso-
nance imaging: a meta-analysis. Eur Radiol. 2002; 
12: 2294–2302. DOI: http://dx.doi.org/10.1007/
s00330-002-1389-z

 9. McLoud, TC, Bourgouin, PM, Greenberg, RW, 
et al. Bronchogenic carcinoma: analysis of staging 
in the mediastinum with CT by correlative lymph 
node mapping and sampling. Radiology. 1992; 
182: 319–323. DOI: http://dx.doi.org/10.1148/
radiology.182.2.1732943

 10. Kayser, K, Bach, S, Bulzebruck, H, et al. Site, 
size, and tumour involvement of resected extrapul-
monary lymph nodes in lung cancer. J Surg Oncol. 
1990; 43: 45–49. DOI: http://dx.doi.org/10.1002/
jso.2930430112

 11. Gross, BH, Glazer, GM, Orringer, MB, et al. Bron-
chogenic carcinoma metastatic to normal-sized 
lymph nodes: frequency and significance. Radiology. 
1988; 166: 71–74. DOI: http://dx.doi.org/10.1148/
radiology.166.1.3336704

 12. Hovels, AM, Heesakkers, RA, Adang, EM, et 
al. The diagnostic accuracy of CT and MRI in the 

staging of pelvic lymph nodes in patients with 
prostate cancer: a meta-analysis. Clin Radiol. 2008; 
63: 387–395. DOI: http://dx.doi.org/10.1016/j.
crad.2007.05.022

 13. Schirrmeister, H, Guhlmann, A, Kotzerke, J, et al. 
Early detection and accurate description of extent of 
metastatic bone disease in breast cancer with fluo-
ride ion and positron emission tomography. J Clini-
cal Oncol. 1999; 17: 2381–2389.

 14. Jacobson, AF and Fogelman, I. Bone scanning in 
clinical oncology: does it have a future? Eur J Nucl 
Med. 1998; 25: 1219–1223. DOI: http://dx.doi.
org/10.1007/s002590050287

 15. Lecouvet, FE, El Mouedden, J, Collette, L, et al. 
Can whole-body magnetic resonance imaging with 
diffusion-weighted imaging replace Tc 99m bone 
scanning and computed tomography for single-step 
detection of metastases in patients with high-risk 
prostate cancer? Eur Urol. 2012; 62: 68–75. DOI: 
http://dx.doi.org/10.1016/j.eururo.2012.02.020

 16. Lecouvet, FE, Simon, M, Tombal, B, et al. Whole-
body MRI (WB-MRI) versus axial skeleton MRI 
(AS-MRI) to detect and measure bone metasta-
ses in prostate cancer (PCa). Eur Radiol. 2010; 20: 
2973–2982. DOI: http://dx.doi.org/10.1007/
s00330-010-1879-3

 17. Daffner, RH, Lupetin, AR, Dash, N, et al. MRI in 
the detection of malignant infiltration of bone mar-
row. AJR Am J Roentgenol. 1986; 146: 353–358. DOI: 
http://dx.doi.org/10.2214/ajr.146.2.353

 18. Engelhard, K, Hollenbach, HP, Wohlfart, K, et al. 
Comparison of whole-body MRI with automatic mov-
ing table technique and bone scintigraphy for screen-
ing for bone metastases in patients with breast cancer. 
Eur Radiol. 2004; 14: 99–105. DOI: http://dx.doi.
org/10.1007/s00330-003-1968-7

 19. Nakanishi, K, Kobayashi, M, Takahashi, S, et 
al. Whole body MRI for detecting metastatic bone 
tumor: comparison with bone scintigrams. Mag-
netic Resonance in Medical Sciences: MRMS: An offi-
cial journal of Japan Society of Magnetic Resonance 
in Medicine. 2005; 4: 11–17. DOI: http://dx.doi.
org/10.2463/mrms.4.11

 20. Gosfield, E, 3rd, Alavi, A and Kneeland, B. Com-
parison of radionuclide bone scans and magnetic 
resonance imaging in detecting spinal metastases.  
J Nucle Med. 1993; 34: 2191–2198.

 21. Lecouvet, FE, Vande Berg, BC, Malghem, J, et 
al. Diffusion-weighted MR imaging: adjunct or 
alternative to T1-weighted MR imaging for pros-
tate carcinoma bone metastases? Radiology. 
2009; 252: 624. DOI: http://dx.doi.org/10.1148/
radiol.2522090263

 22. Barkhausen, J, Quick, HH, Lauenstein, T, et 
al. Whole-body MR imaging in 30 seconds with 
real-time true FISP and a continuously rolling 
table platform: feasibility study. Radiology. 2001; 
220: 252–256. DOI: http://dx.doi.org/10.1148/
radiology.220.1.r01jn07252

http://dx.doi.org/10.1016/S0140-6736(03)12713-4
http://dx.doi.org/10.1016/S0140-6736(03)12713-4
http://dx.doi.org/10.1038/nm0895-827
http://dx.doi.org/10.1097/COC.0b013e31815e3ff4
http://dx.doi.org/10.1056/NEJMoa0810084
http://dx.doi.org/10.1056/NEJMoa0810084
http://dx.doi.org/10.1053/hp.2000.6698
http://dx.doi.org/10.1007/s00330-002-1389-z
http://dx.doi.org/10.1007/s00330-002-1389-z
http://dx.doi.org/10.1148/radiology.182.2.1732943
http://dx.doi.org/10.1148/radiology.182.2.1732943
http://dx.doi.org/10.1002/jso.2930430112
http://dx.doi.org/10.1002/jso.2930430112
http://dx.doi.org/10.1148/radiology.166.1.3336704
http://dx.doi.org/10.1148/radiology.166.1.3336704
http://dx.doi.org/10.1016/j.crad.2007.05.022
http://dx.doi.org/10.1016/j.crad.2007.05.022
http://dx.doi.org/10.1007/s002590050287
http://dx.doi.org/10.1007/s002590050287
http://dx.doi.org/10.1016/j.eururo.2012.02.020
http://dx.doi.org/10.1007/s00330-010-1879-3
http://dx.doi.org/10.1007/s00330-010-1879-3
http://dx.doi.org/10.2214/ajr.146.2.353
http://dx.doi.org/10.1007/s00330-003-1968-7
http://dx.doi.org/10.1007/s00330-003-1968-7
http://dx.doi.org/10.2463/mrms.4.11
http://dx.doi.org/10.2463/mrms.4.11
http://dx.doi.org/10.1148/radiol.2522090263
http://dx.doi.org/10.1148/radiol.2522090263
http://dx.doi.org/10.1148/radiology.220.1.r01jn07252
http://dx.doi.org/10.1148/radiology.220.1.r01jn07252


Pasoglou et al: Optimising TNM Staging of Patients with Prostate Cancer Using WB-MRIArt. 101, pp.  10 of 11 

 23. Daldrup-Link, HE, Franzius, C, Link ,TM, et al. 
Whole-body MR imaging for detection of bone 
metastases in children and young adults: compari-
son with skeletal scintigraphy and FDG PET. AJR 
Am J Roentgenol. 2001; 177: 229–236. DOI: http://
dx.doi.org/10.2214/ajr.177.1.1770229

 24. Steinborn, MM, Heuck, AF, Tiling, R, et al. Whole-
body bone marrow MRI in patients with metastatic 
disease to the skeletal system. J Comput Assist 
Tomo. 1999; 23: 123–129. DOI: http://dx.doi.
org/10.1097/00004728-199901000-00026

 25. Flickinger, FW and Sanal, SM. Bone mar-
row MRI: techniques and accuracy for detect-
ing breast cancer metastases. Magn Reson 
Imag. 1994; 12: 829–835. DOI: http://dx.doi.
org/10.1016/0730-725X(94)92023-0

 26. Walker, R, Kessar, P, Blanchard, R, et al. Turbo 
STIR magnetic resonance imaging as a whole-
body screening tool for metastases in patients 
with breast carcinoma: preliminary clinical expe-
rience. J Magn Reson Imag. 2000; 11: 343–350. 
DOI: http://dx.doi.org/10.1002/(SICI)1522-
2586(200004)11:4<343::AID-JMRI1>3.0.CO;2-P

 27. Lecouvet, FE. Whole-Body MR Imaging: Mus-
culoskeletal Applications. Radiology. 2016; 279: 
345–365. DOI: http://dx.doi.org/10.1148/
radiol.2016142084

 28. Eustace, S, Tello, R, DeCarvalho, V, et al. A com-
parison of whole-body turboSTIR MR imaging and 
planar 99mTc-methylene diphosphonate scintigra-
phy in the examination of patients with suspected 
skeletal metastases. AJR Am J Roentgenol 1997; 
169: 1655–1661. DOI: http://dx.doi.org/10.2214/
ajr.169.6.9393186

 29. Berkovic, P, De Meerleer, G, Delrue, L, et al. Sal-
vage stereotactic body radiotherapy for patients 
with limited prostate cancer metastases: deferring 
androgen deprivation therapy. Clin Genitourin Canc. 
2013; 11: 27–32. DOI: http://dx.doi.org/10.1016/j.
clgc.2012.08.003

 30. Jilg, CA, Rischke, HC, Reske, SN, et al. Salvage 
lymph node dissection with adjuvant radiotherapy 
for nodal recurrence of prostate cancer. J Urol. 2012; 
188: 2190–2197. DOI: http://dx.doi.org/10.1016/j.
juro.2012.08.041

 31. Larbi, A, Dallaudiere, B, Pasoglou, V, et al. Whole 
body MRI (WB-MRI) assessment of metastatic spread 
in prostate cancer: Therapeutic perspectives on tar-
geted management of oligometastatic disease. The 
Prostate. 2016; 76: 1024–1033. DOI: http://dx.doi.
org/10.1002/pros.23196

 32. Heidenreich, A. Identification of high-risk pros-
tate cancer: role of prostate-specific antigen, PSA 
doubling time, and PSA velocity. Eur Urol. 2008; 54: 
976–977; discussion 978–979. DOI: http://dx.doi.
org/10.1016/j.eururo.2008.06.077

 33. Heidenreich A, Bastian, PJ, Bellmunt, J, et al. EAU 
guidelines on prostate cancer. Part II: Treatment 
of advanced, relapsing, and castration-resistant 

prostate cancer. Eur Urol 2014; 65:467–479. DOI: 
http://dx.doi.org/10.1016/j.eururo.2013.11.002

 34. Heidenreich, A, Bellmunt, J, Bolla M, et al. EAU 
guidelines on prostate cancer. Part 1: screening, 
diagnosis, and treatment of clinically localised dis-
ease. Eur Urol. 2011; 59: 61–71. DOI: http://dx.doi.
org/10.1016/j.eururo.2010.10.039

 35. Pasoglou, V, Larbi, A, Collette, L, et al. One-step 
TNM staging of high-risk prostate cancer using 
magnetic resonance imaging (MRI): toward an 
upfront simplified “all-in-one” imaging approach? 
The Prostate. 2014; 74: 469–477. DOI: http://dx.doi.
org/10.1002/pros.22764

 36. Shreve, PD, Grossman, HB, Gross, MD, et al. Met-
astatic prostate cancer: initial findings of PET with 
2-deoxy-2-[F-18]fluoro-D-glucose. Radiology. 1996; 
199: 751–756. DOI: http://dx.doi.org/10.1148/
radiology.199.3.8638000

 37. Ghosh, A and Heston, WD. Tumor target prostate 
specific membrane antigen (PSMA) and its regula-
tion in prostate cancer. J Cellular Biochem. 2004; 91: 
528–539. DOI: http://dx.doi.org/10.1002/jcb.10661

 38. Afshar-Oromieh, A, Haberkorn, U, 
Schlemmer, HP, et al. Comparison of PET/CT and 
PET/MRI hybrid systems using a 68Ga-labelled 
PSMA ligand for the diagnosis of recurrent prostate 
cancer: initial experience. Eur J Nucl Med Mol Im. 
2014; 41: 887–897. DOI: http://dx.doi.org/10.1007/
s00259-013-2660-z

 39. Afshar-Oromieh, A, Zechmann, CM, Malcher, A, 
et al. Comparison of PET imaging with a (68)Ga-
labelled PSMA ligand and (18)F-choline-based PET/
CT for the diagnosis of recurrent prostate cancer. Eur 
J Nucl Med Mol Im. 2014; 41: 11–20. DOI: http://
dx.doi.org/10.1007/s00259-013-2525-5

 40. Afshar-Oromieh, A, Malcher, A, Eder, M, et al. PET 
imaging with a [68Ga]gallium-labelled PSMA ligand 
for the diagnosis of prostate cancer: biodistribution 
in humans and first evaluation of tumour lesions. 
Eur J Nucl Med Mol Im.  2013; 40: 486–495. DOI: 
http://dx.doi.org/10.1007/s00259-012-2298-2

 41. Afshar-Oromieh, A, Avtzi, E, Giesel, FL, et al. 
The diagnostic value of PET/CT imaging with the 
(68)Ga-labelled PSMA ligand HBED-CC in the diag-
nosis of recurrent prostate cancer. Eur J Nucl Med 
Mol Im. 2015; 42: 197–209. DOI: http://dx.doi.
org/10.1007/s00259-014-2949-6

 42. Pasoglou, VMN, Tombal, B, Jamar, F and 
 Lecouvet, FE. wbMRI to detect bone metastases: 
critical review on diagnostic accuracy and compari-
son to other imaging modalities. Clin Translat Im. 
2015; 3: 141–157. DOI: http://dx.doi.org/10.1007/
s40336-015-0120-4

 43. Pasoglou, V, Michoux, N, Peeters, F, et al. Whole-
body 3D T1-weighted MR imaging in patients 
with prostate cancer: feasibility and evaluation in 
screening for metastatic disease. Radiology. 2015; 
275: 155–166. DOI: http://dx.doi.org/10.1148/
radiol.14141242

http://dx.doi.org/10.2214/ajr.177.1.1770229
http://dx.doi.org/10.2214/ajr.177.1.1770229
http://dx.doi.org/10.1097/00004728-199901000-00026
http://dx.doi.org/10.1097/00004728-199901000-00026
http://dx.doi.org/10.1016/0730-725X(94)92023-0
http://dx.doi.org/10.1016/0730-725X(94)92023-0
http://dx.doi.org/10.1002/(SICI)1522-2586(200004)11:4<343::AID-JMRI1>3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1522-2586(200004)11:4<343::AID-JMRI1>3.0.CO;2-P
http://dx.doi.org/10.1148/radiol.2016142084
http://dx.doi.org/10.1148/radiol.2016142084
http://dx.doi.org/10.2214/ajr.169.6.9393186
http://dx.doi.org/10.2214/ajr.169.6.9393186
http://dx.doi.org/10.1016/j.clgc.2012.08.003
http://dx.doi.org/10.1016/j.clgc.2012.08.003
http://dx.doi.org/10.1016/j.juro.2012.08.041
http://dx.doi.org/10.1016/j.juro.2012.08.041
http://dx.doi.org/10.1002/pros.23196
http://dx.doi.org/10.1002/pros.23196
http://dx.doi.org/10.1016/j.eururo.2008.06.077
http://dx.doi.org/10.1016/j.eururo.2008.06.077
http://dx.doi.org/10.1016/j.eururo.2013.11.002
http://dx.doi.org/10.1016/j.eururo.2010.10.039
http://dx.doi.org/10.1016/j.eururo.2010.10.039
http://dx.doi.org/10.1002/pros.22764
http://dx.doi.org/10.1002/pros.22764
http://dx.doi.org/10.1148/radiology.199.3.8638000
http://dx.doi.org/10.1148/radiology.199.3.8638000
http://dx.doi.org/10.1002/jcb.10661
http://dx.doi.org/10.1007/s00259-013-2660-z
http://dx.doi.org/10.1007/s00259-013-2660-z
http://dx.doi.org/10.1007/s00259-013-2525-5
http://dx.doi.org/10.1007/s00259-013-2525-5
http://dx.doi.org/10.1007/s00259-012-2298-2
http://dx.doi.org/10.1007/s00259-014-2949-6
http://dx.doi.org/10.1007/s00259-014-2949-6
http://dx.doi.org/10.1007/s40336-015-0120-4
http://dx.doi.org/10.1007/s40336-015-0120-4
http://dx.doi.org/10.1148/radiol.14141242
http://dx.doi.org/10.1148/radiol.14141242


Pasoglou et al: Optimising TNM Staging of Patients with Prostate Cancer Using WB-MRI Art. 101, pp.  11 of 11 

 44. Nelson, JB, Love, W, Chin, JL, et al. Phase 3, ran-
domized, controlled trial of atrasentan in patients 
with nonmetastatic, hormone-refractory prostate 
cancer. Cancer. 2008; 113: 2478–2487. DOI: http://
dx.doi.org/10.1002/cncr.23864

 45. Scher, HI, Fizazi, K, Saad, F, et al. Increased sur-
vival with enzalutamide in prostate cancer after 

chemotherapy. New Engl J Med 2012; 367: 1187–1197. 
DOI: http://dx.doi.org/10.1056/NEJMoa1207506

 46. Hansen, J, Auprich, M, Ahyai, SA, et al. Initial pros-
tate biopsy: development and internal validation of a 
biopsy-specific nomogram based on the prostate can-
cer antigen 3 assay. Eur Urol 2013; 63: 201–209. DOI: 
http://dx.doi.org/10.1016/j.eururo.2012.07.030

How to cite this article: Pasoglou, V, Michoux, N, Tombal, B and Lecouvet, F 2016 Optimising TNM Staging of Patients 
with Prostate Cancer Using WB-MRI. Journal of the Belgian Society of Radiology, 100(1): 101, pp. 1–11, DOI: http://dx.doi.
org/10.5334/jbr-btr.1209

Published: 19 November 2016

Copyright: © 2016 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.
 

                          OPEN ACCESS Journal of the Belgian Society of Radiology is a peer-reviewed open access journal 
published by Ubiquity Press.

http://dx.doi.org/10.1002/cncr.23864
http://dx.doi.org/10.1002/cncr.23864
http://dx.doi.org/10.1056/NEJMoa1207506
http://dx.doi.org/10.1016/j.eururo.2012.07.030
http://dx.doi.org/10.5334/jbr-btr.1209
http://dx.doi.org/10.5334/jbr-btr.1209
http://creativecommons.org/licenses/by/4.0/

	_GoBack
	Prostate Cancer  
	Whole body MRI  
	Limitations of current staging methods  
	Value of imaging in the detection of bone metastasis  
	3D T1-weighted MRI protocol for prostate cancer staging   
	Technical note  
	Technical note  
	Study group 
	Results  

	MRI protocol for comprehensive prostate cancer staging   
	Conclusions
	Funding Information 
	Competing Interests 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9

