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The prognosis of individuals with hepatocellular carcinoma
(HCC), the most prevalent primary liver malignancy, is

closely linked to the aggressiveness and recurrence of the
tumor. The occurrence of complications after surgery con-
tinues to be a major and persistent challenge.1

MR elastography (MRE) employs a modified phase-
contrast imaging sequence, combined with the use of an
external driver to transmit mechanical vibrations to the tis-
sues, to identify propagating shear waves within the liver.
This technique allows the assessment of a substantial portion
of the liver and provides information on multiple mechanical
properties associated with various pathophysiological states.
Due to substantial progress in MR technology, MRE has
proven to be a precise noninvasive diagnostic method for
detecting and monitoring various liver diseases.1–3 MRE
imaging could serve as a valuable tool for staging malignancy
and predict disease prognosis.1,4

In this complex prospective JMRI study,5 the authors
create nomograms that incorporate biomechanical properties
assessed through three-dimensional (3D) multifrequency
MRE to predict microvascular invasion (MVI) and
recurrence-free survival (RFS) of HCC. One hundred
and fifty patients suffering from HCC were included in the
study. Surgically resected liver specimens were used for patho-
logical evaluation. Multifrequency wavenumber recovery
maps, indicating the shear wave speed (c) and phase angle
(φ), were generated using a 1.5T equipment, in addition to
the routine mp-MRI protocol at 3.0T.

As results, the inclusion of tumor c improved the diag-
nostic performance of mp-MRI (AUC increased from 0.81 to
0.86; P = 0.04) in MVI detection. The tumor c emerged as
an independent predictor of MVI and liver c as an indepen-
dent predictor of RFS. For patients identified as MVI-positive
by the 3D multifrequency MRE model, RFS was shorter
compared to those identified as MVI-negative. This 3D mul-
tifrequency MRE study, including lower frequencies (�30–

60 Hz) beyond the more widespread 60 Hz single-frequency
approach, clearly demonstrated a decrease in stiffness when
MVI is present. A recent review performed by Liang et al
presents other studies reporting contrary results.4 This dis-
crepancy between studies can be explained by considering the
wide range of responses that soft biological tissues exhibit to
different excitation frequencies. Stiffness measured at higher
frequencies tends to be more sensitive to the accumulation of
extracellular matrix and fibrosis. While lower frequencies, in
the range of 30–40 Hz, may provide sensitivity to processes
occurring in aggressive cancer.3 Furthermore, different ROI
positioning methods significantly affect HCC tumor stiffness
measurements.6 This study benefits from using a 3D tech-
nique since had been demonstrated that 3D reconstruction
provides better spatial resolution and a higher signal-to-noise
ratio.3 3D MRE holds a precision advantage over its 2D
counterpart, mainly because it can capture shear wave propa-
gation in three directions as opposed to a single plane in 2D.
This capability allows for better visualization of shear wave
dynamics within complex organs. Stiffness values derived
from 3D MRE are typically lower than those obtained
through 2D. To enhance diagnostic accuracy, future research
efforts should concentrate on establishing robust thresholds
for the interpretation of 3D MRE.3

One important limitation is the fact that this study
focused on participants with HCC who had viral hepatitis.
Hence, modifications to the model developed for MVI pre-
diction may be necessary for individuals with HCC who also
have a history of conditions such as alcoholic liver disease or
drug-induced liver disease.3

Considering that not all patients are candidates for sur-
gery and obtaining pathology, and acknowledging the inva-
sive nature of biopsies, these results may enhance the
practical applicability of MRE for prognostic purposes. This
technique could aid clinicians in choosing appropriate active
clinical treatments by providing a non-invasive solution for
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diagnosing and predicting the prognosis of MVI and RFS of
the patients.
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