.,

Figure 8. a-d. A 73-year-old woman with nonalcoholic steatohepatitis (NASH)-related cirrhosis and
tumor thrombus. Contrast-enhanced CT shows increased diameter of the main portal vein caliber with
unequivocal enhancing soft tissue within the vein (a, arrow) and subsequent washout (arrows) during
portal venous (b) and delayed (c) phases consistent with tumor thrombus. Coronal image on portal
venous phase (d) shows the extension of the macrovascular invasion involving the main portal vein

(arrow) and portal confluence.

Diffusion-weighted images may show
restricted diffusion (Fig. 15) in case of mac-
rovascular invasion due to the increased
cellularity within the thrombus. Prior stud-
ies (32-34) have assessed the potential of
restricted diffusion with quantification of
apparent diffusion coefficient (ADC) values,
obtaining discordant results for the differ-
entiation of portal vein tumor thrombus
from bland thrombus. Catalano et al. (33)
reported lower ADC values and ADC ratios
in tumor thrombi compared to bland por-
tal vein thrombi. In contrast, Sandrasegaran
et al. (32) and Ahn et al. (34) did not find
any significant differences in ADC values
between bland and tumor thrombi. When
using the LI-RADS algorithm, restricted dif-
fusion is considered among the additional
imaging features suggesting the presence
of TIV, but cannot establish the diagnosis
without the presence of unequivocal en-
hancing tumor thrombus. However, DWI
may be useful to better delineate the tumor

extension by increasing its conspicuity in
case of hypovascular infiltrative HCC (35,
36). Indeed, HCC with macrovascular inva-
sion may be extremely subtle on MRI due
to less conspicuous arterial phase hype-
renhancement, especially in lesions with
infiltrative appearance blending into back-
ground cirrhotic parenchyma.

The administration of hepatobiliary
contrast agents may be helpful in the
identification of an infiltrative parenchy-
mal mass which typically demonstrates
hypointensity on hepatobiliary phase
(Fig. 16). Gadoxetic acid-enhanced MRI, in
particular, has shown excellent sensitivity
(81%-93%) and accuracy (92%-95%) in
differentiating portal vein tumor throm-
bus from bland thrombus in a large retro-
spective study (37).

Other MRI features associated with the
presence of macrovascular invasion are a
distance less than 2 cm from the lesion, the
presence of an HCC larger than 5 cm and por-
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tal vein caliber higher than 1.8 cm, due to the
mass effect of growing tumor thrombus (32).

PET-CT

Although positron emission tomogra-
phy-computed tomography (PET-CT) is
currently not recommended as primary
imaging modality for HCC diagnosis due to
its low sensitivity for the detection of small-
er or well-differentiated lesions, PET-CT
with "8F-fluorodeoxyglucose ("8F-FDG) may
provide prognostic information for more
aggressive and poorly differentiated HCC
(3, 38). Moreover, '8F-FDG PET-CT may be
required to stage patients with advanced
HCC, especially for the detection and evalu-
ation of extrahepatic metastasis (10).

Only a few studies have investigated the
potential of PET-CT for the differential di-
agnosis of bland from tumor thrombus in
patients with HCC demonstrating a higher
FDG uptake of the tumor thrombus com-
pared with the bland thrombus (39-42). A
recent study from Wu et al. (42) reported a
sensitivity of 62% and a specificity of 92%
for the differential diagnosis of bland from
tumor thrombus using "®F-FDG PET-CT, with
a mean SUVmax of 4.3 for the tumor throm-
bus. Moreover, FDG uptake of the tumor
thrombus has been demonstrated to be a
prognostic factor for overall survival in pa-
tients with HCC and macrovascular invasion
and may be adopted for risk stratification of
these patients (43).

Radiomics

Radiomics is the new frontier of advanced
imaging analysis, which is emerging as
a promising tool for radiologic diagnosis
in several research studies with potential
future applications in clinical practice. Ra-
diomics extracts and analyzes quantitative
imaging features that reflect the lesion's het-
erogeneity, providing additional information
otherwise undetectable by human eyes. Re-
cently published studies have explored the
potential of radiomics and texture analysis
in liver imaging for the staging of hepatic
fibrosis, differential diagnosis of focal liver
lesions, and prediction of survival or treat-
ment response of HCC (44, 45). Regarding
portal vein thrombosis, a study performed
by Canellas et al. (46) demonstrated an ex-
cellent diagnostic performance of CT-based
texture analysis for the differentiation of
bland from tumor thrombus, which correctly
classified 96% of the thrombi. Recently, ra-
diomics has also provided new insights for
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Figure 9. a-f. A 73-year-old man with cirrhosis and HCC with macrovascular invasion. Contrast-enhanced CT image (a) demonstrates a massive HCC involving the
whole right hepatic lobe. The HCC is extending into the right hepatic vein along with inferior vena cava (b, arrow) and right atrium (c, arrowhead). Portal venous
phase (d) depicts tumor thrombus involving the vast majority of the right atrium (arrowhead). Coronal images (e, f) show the massive macrovascular tumor
invasion of the inferior vena cava (arrow) and right atrium (arrowhead).

Figure 10. a-c. An 80-year-old man with HBV-related cirrhosis and HCC. Contrast-enhanced CT on hepatic arterial (a), portal venous (b) and delayed (c) phases
demonstrate a 4.5 cm HCC in the caudate lobe with macrovascular invasion on both right portal vein branch (arrows) and inferior vena cava (arrowheads).

Figure 11. a—c. A 75-year-old man with HCV-related cirrhosis, history of treated HCC and co-existence of bland and tumor thrombi. Contrast-enhanced CT on
hepatic arterial phase shows enhancing tumor thrombus (a, arrow) in the upper branch of the left portal vein and bland non-enhancing thrombus (b, arrowhead) in
the left portal vein. Coronal images (c) better demonstrate the co-existence of tumor (arrow) and bland (arrowhead) thrombus in the same patient.
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Figure 12. a-c. A 79-year-old man with HCV-related cirrhosis and history of HCC treated with transarterial chemoembolization (TACE). Contrast-enhanced CT on
hepatic arterial phase (a) shows treated HCC with TACE with adjacent residual enhancing tumor. CT images on hepatic arterial (b) and portal venous (c) phases at
the level of portal vein bifurcation demonstrate macrovascular invasion of the left portal vein (arrows), not present at prior examinations (not shown).

Figure 13. a-d. A 70-year-old man with NASH-related cirrhosis and HCC. MRI on hepatic arterial
phase (a) shows a 6.8 cm arterial phase hyperenhancing HCC (arrow). The lesion invades the right
portal vein, which demonstrates enhancing tumor thrombus (b, arrowhead) with subsequent
washout on portal venous (c) and delayed (d) phases (arrowheads).

the noninvasive diagnosis of microvascular
invasion in HCC (47, 48), which is one of the
few established prognostic factors in HCC.
Indeed, unlike macrovascular invasion, mi-
crovascular invasion cannot currently be de-
tected at imaging and it is largely diagnosed

postoperatively from pathologic assessment
of the tumor specimen.

Treatment

Macrovascular invasion represents an
absolute contraindication for locoregional
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Figure 14. a, b. A 71-year-old man with HBV-related
cirrhosis and HCC with macrovascular invasion on
the right portal vein. The tumor thrombus shows
mild-to-moderate hyperintensity on T2-weighted
(a) and SPIR images (b).

treatments and significantly limits the ther-
apeutic options. Patients with macrovascu-
lar invasion may be candidates for systemic
treatment with anti-angiogenic drugs. Par-
ticularly sorafenib, a multi-tyrosine kinase
inhibitor that suppresses tumor angiogen-
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Figure 15. a—d. An 82-year-old man with cirrhosis and history of HCC. MRl images on hepatic
arterial (a) and portal venous (b) phases show a large HCC with infiltrative imaging appearance
and macrovascular invasion (arrows) in the right portal vein. DWI image at b= 800 s/mm? (c)
demonstrates diffusion restriction of the liver mass and hypointensity on ADC map (d).

Gadoxetic acid-enhanced MRI shows a large infiltrative HCC with macrovascular invasion of the left
portal vein demonstrating mild arterial phase hyperenhancement (a), washout on portal venous phase
(b), and hypointensity on 3 minutes transitional (c) and 20 minutes (d) hepatobiliary phases.

esis, has demonstrated to increase the over-
all survival in patients with advanced stage
HCC and it is now considered the standard
treatment option in patients with HCC
complicated with tumor thrombus (3, 4).
As second line therapy, regorafenib, a sim-
ilar multi-kinase inhibitor, is recommended
in patients who progressed after first-line
treatment with sorafenib (3).

Conclusion

Macrovascular invasion may be frequent-
ly encountered in patients with advanced
HCC. Imaging plays a crucial role for the
differentiation between bland and tumor
thrombi as well as in suggesting the correct
underlying etiology. Knowledge of the im-
aging appearance on diagnostic modalities,
each one with their strengths and limita-
tions, may help to improve the diagnostic
performance in patients with advanced
HCC and guide the clinician towards the
most appropriate management.
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