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Introduction
Diffusion refers to the random Brownian microscopic move-
ment of water molecules driven by thermal energy.

In a homogenous system diffusion is random and can occur
with equal probability in all directions. However, in the human
body water molecules are distributed within different heter-
ogenous environments. For example, the water molecules in
biological fluids like cerebrospinal liquid or urine experience
relatively free diffusion, on the other hand water molecules
located in the intracellular compartment of different organs
have their movements relatively restricted by several barriers
such as cell membranes or macromolecules. As so, healthy dif-
ferent tissues due to its proper architectures have distinguish-
ing diffusion properties.

It is possible to rely on these microscopic properties of bio-
logical tissues to create a method of signal contrast and im-
aging generation for magnetic resonance (MR) - the diffusion
weighted imaging (DWI). DWI provides extremely valuable
information on tissue structure, adding functional details to
the anatomical data gathered by the conventional MR se-
quences.

DWI signal differences between tissues can be quantified
and compared through the calculation of the apparent diffu-
sion coefficient (ADC), a mathematical algorithm, displayed
through a grey-scale in the so-called ADC-maps.

The high spatial and contrast resolution of MRI allied to the
fact that DWI does not use ionizing radiation and does not re-
quire injection of any tracer greatly contributed to its fast ac-
ceptance.

Oncology imaging is one of the fields that most beneficiated
from this technique.

Tumoral microenvironments are typically high cellular and
therefore, as the proportion of intracellular water increases,
the diffusion becomes relatively more restricted in this set-
ting. Typically malignant lesion have high signal on diffusion
sequences and low signal in the ADC map compared to sur-
rounding normal tissue. ?

Nevertheless, malignant tumors differ in their cellularity and
biologic aggressiveness, which is reflected and quantified in
terms of ADC values. Also, the ADC values variation might aid
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in the evaluation of early tumoral response to chemoradio-
therapy schemes, preceding tumoral size reduction.?

Whole-body magnetic resonance
imaging (WB-MRI)

WB- MRI'is an emerging technique that allows imaging of the
entire body (usually head to midthighs) to be performed in a
single imaging session.

WB-MRI implies multisequence reading: DWI (low, high b val-
ues and ADC maps) in conjunction with the anatomic T1- and
T2-weighted images and relative fat fraction images, evaluat-
ed by using image linking and scrolling in workstation facili-
ties. Considering the challenges of time acquisition limitation
and artifact suppression, core WB-MRI protocols have been
designed, mainly based in rapidly acquired sequences, to last
around 40-60 minutes.

If suspicious lesions are found, complementary dedicated
studies might be required to evaluate specific body regions.

The diffusion images are displayed as maximum intensity pro-
jections with an inverted gray scale, to make the images more
familiar to clinicians, as they look like the positron emission
tomography (PET-CT) reconstructed images. Signal from the
majority of normal tissues are suppressed with some excep-
tions such as the prostate, spleen, ovaries, testes, spinal cord
and endometrium, furthermore the highly cellular lesions are
highlighted in black in a white background.

WB-MRI is increasingly being pointed as an alternative to pos-
itron emission tomography (PET-CT) as a whole body imag-
ing technique. The relative strengths and weaknesses of both
techniques have been compared in several works. In favor of
WB-MRI is its remarkable contrast resolution, but also cost and
availability.

However, to beneficiate from the potential of this technique,
it is necessary that both radiologists and clinicians get familiar
with the findings and displayed images. There is an individual
learning curve, to precisely identify the normal range of non-
-pathological and pathological findings and to guarantee an
adequate inter-observer agreement.

WB-MRI current applications in
Oncology

1.WB-MRI evaluation of prostate cancer
metastasis

Several works have proved that WB-MRI is more sensitive
than conventional methods (bone scans and computed

tomography) in detecting bone metastases in high-risk pros-
tate cancer patients, allowing the detection of visceral and
nodal metastases.?

Although PET-CT has been proved to offer improved sensitiv-
ity and specificity, it involves ionizing radiation exposure, has
lower contrast resolution, and availability cost constraints that
might restrict generalized use. In particular prostate-specific
membrane antigen (PSMA) PET-CT has demonstrated consid-
erable good results,? but its availability is limited and incurs in
considerable costs.

Contemplating WB-MRI as a forceful alternative, an international
multidisciplinary expert panel of radiologists, nuclear medicine
physicians and medical physicists, has reviewed the advantag-
es and limitations of this technique and formulated dedicated
guidelines for the use of WB-MRI in the assessment of multi-organ
involvement in advanced prostate cancer - the METastasis Re-
porting and Data System for Prostate Cancer (MET-RADS-P).

These recommendations are designed to promote standard-
ization and diminish variations in the acquisition, interpreta-
tion, and reporting of WB-MRI exams.

2. WB-MRI for the assessment of involvement
by myeloma

In patients with multiple myeloma, bone marrow infiltration in
early disease preceding cortical bone destruction, also benefi-
ciates from the excellent soft-tissue contrast of MRI, and higher
sensitivity than x-ray or CT, allowing a prompt treatment with
survival advantages for patients. *

For this reason, WB-MRI is increasingly being considered as a
first line imaging in patients with a suspected diagnosis of mul-
tiple myeloma. In line with MET-RADS-P, experts formulated
imaging recommendations designed to promote standardiza-
tion and diminish variations in the acquisition, interpretation,
and reporting of WB-MRI in myeloma - the Myeloma Response
Assessment and Diagnosis System (MY-RADS).?

The MY-RADS system provides comprehensive characteriza-
tion of the myeloma state, both at diagnosis and the start of
treatment, as well as overtime as the disease evolves.”

3. WB-MRI for cancer screening in individuals
with cancer predisposition syndromes

The role of WB-MRI in surveillance protocols in individuals with
cancer predisposition syndromes has been growing particu-
larly in high-risk specific populations (eg. Li-Fraumeni syn-
drome, hereditary paraganglioma and pheochromocytoma
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syndromes, constitutional mismatch repair deficiency syn-
drome, hereditary retinoblastoma or neurofibromatosis).®
This screening is included in surveillance protocols as an “ad-
vanced” screening test in addition, and never in substitution,
of standard screening tests (e.g. mammography, colonoscopy).

Acknowledging this increasingly important role a multidiscipli-
nary expert panel developed the Oncologically Relevant Findings
Reporting and Data System (ONCO-RADS) recommendations to
promote standardization in WB-DWI studies obtained for cancer
screening in individuals, with cancer predisposition syndromes.

In what concerns to the use WB-MRIfor cancer screening in asymp-
tomatic individuals, considering the differences in cancer preva-
lence, it might be a possibility, however, currently it is unknow if
it could be beneficial or potentially harmful due to an increase of
additional, maybe unnecessary, workup and patient anxiety.

Limitations

The algorithms used in DWI acquisition make several assump-
tions, namely a perfect field homogeneity however this tech-
nique is still susceptible to artifacts, particularly at higher field
strengths.

Another remarkable limitation of DWI technique itself is the
questionable reproducibility of ADC values. ADC values are
known to vary between systems, and even with the use of
same MR system. Such variability has been attributed to the
inherent MRI acquisition itself that can lead to distortions re-
sulting in image degradation.?

The high negative predictive value of WB-MRI makes it a trust-
able test when negative, however it is not free from false pos-
itive and negative findings, that must be mitigated with in-
creased experience and confidence®

Future Challenges

DWI has opened a new functional paradigm to conventional
anatomical based imaging, revealing the MRI potential to also
provide information on the cellular organization of tissues.

Researchers must keep focusing on further optimization of
DWI sequences to minimize challenges in acquisitions and
find novel strategies to enhance the utility of DWI.

It is believed that WB-MRI has still not achieved to its full po-
tential, and it is expected that in future DWI might have a more
establish role, namely in staging.

For now, it is becoming established as a complementary im-
aging modality, but its use can be expected to increase in the
near future, as the accumulated evidence may provide insight
into early/subclinical disease behavior and even in the identifi-
cation of new imaging biomarkers of risk.
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