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 3 
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 5 

Abstract  6 

Hepatocellular carcinoma (HCC) may have an infiltrative appearance in about 8-20% of 7 

cases. Infiltrative HCC can be a challenging diagnosis and it is associated with the worst 8 

overall survival among HCC patients. Infiltrative HCC is characterized by the spread of 9 

multiple minute nodules throughout the liver, without a dominant one, ultimately 10 

determining macrovascular invasion. On CT and MRI, infiltrative HCC appears as an ill-11 

defined, large mass, with variable degree of enhancement, and satellite neoplastic nodules 12 

in up to 52% of patients. On MRI, it may show restriction on diffusion weighted imaging, 13 

hyperintensity on T2- and hypointensity on T1-weighted images, and, if hepatobiliary agent 14 

is used, hypointensity on hepatobiliary phase. Infiltrative HCC must be differentiated from 15 

other liver diseases, such as focal confluent fibrosis, steatosis, amyloidosis, vascular 16 

disorders of the liver, cholangiocarcinoma, and diffuse metastatic disease. In cirrhotic 17 

patients, the identification of vascular tumor invasion of the portal vein and its 18 

differentiation from bland thrombosis is of utmost importance for patient management. On 19 

contrast enhanced CT and MRI portal vein tumor thrombosis appears as an enhancing 20 

thrombus within the portal vein, close to the main tumor and determines vein enlargement. 21 

The aim of this pictorial review is to show CT and MRI features that allow the diagnosis of 22 

infiltrative HCC and portal vein tumor thrombosis. A particular point of interest includes the 23 

tips and tricks for differential diagnosis with potential mimickers of infiltrative HCC. 24 
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1.0 Introduction 30 

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related death 31 

worldwide according to the World Health Organization statistics, and it commonly arises in 32 

cirrhotic livers [1, 2]. HCC growth patterns can be categorized as nodular, massive or 33 

infiltrative at pathology [3, 4]. Each pattern behaves differently in regard to imaging 34 

diagnosis, response to treatment, disease progression and prognosis [3-7]. Whilst the 35 

nodular type represents the most common subtype, infiltrative HCC is the rarest one and 36 

accounts for approximately 8-20% of all HCC cases [2-8]. 37 

Infiltrative HCC arises more commonly in the setting of HBV or HBV+HCV co-infection and 38 

does not seem to be related to age nor duration of cirrhosis [7, 9]. This infiltrative growth 39 

pattern is characterized at pathology by the spread of multiple minute nodules without a 40 

dominant one [10], which translates on cross-sectional imaging into an ill-defined 41 

permeative mass that blends into the background cirrhotic parenchyma and makes the 42 

diagnosis challenging. Infiltrative HCC has an aggressive course and overall survival of 43 

around 10 months, which is even worse in case of vascular invasion of the portal vein [5-44 

13]. Infiltrative HCC may mimic other benign and malignant entities, and, until now, there 45 

are no definitive imaging criteria to clearly differentiate between HCC with tumor in vein 46 

from other cancers with tumor invasion. Patients with infiltrative HCC tend to have worse 47 

liver function and elevated α-fetoprotein values (>10,000 ng/mL) with higher values as 48 

compared to patients with nodular HCC, although α-fetoprotein levels can be even normal 49 

or mildly elevated [6, 14]. 50 

The diagnosis of infiltrative HCC is also a therapeutic dilemma, as it narrows the 51 

therapeutic options in HCC patients [8, 11, 12, 15]. The European and American 52 

Association for the Study of Liver Diseases guidelines recommend systemic treatment with 53 

sorafenib as the treatment of choice [12, 16] and some studies also showed controversial 54 

results on the efficacy of intra-arterial therapies when non-extensive tumor thrombosis is 55 
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seen [11, 15]. Due to its aggressive nature and the high likelihood of vascular invasion and 56 

extrahepatic metastatic disease, surgical resection and liver transplantation are not 57 

recommended, due to the decreased survival expectations [8, 11-13]. Transarterial 58 

radioembolization with Yttrium-90 is also considered a therapeutic option in patients with 59 

infiltrative HCC, although survival results are still controversial [17, 18]. Finn et al [19] have 60 

recently demonstrated that treatment with the combination of atezolizumab (i.e. a 61 

programmed death ligand 1 inhibitor) and bevacizumab (i.e. a monoclonal antibody 62 

targeting the vascular endothelial growth factor) results in significantly longer overall and 63 

progression-free survival as well as strikingly better patient- reported outcomes than 64 

sorafenib. Recent evidences also suggest that selected HCC patients with radiological 65 

signs of vascular invasion could be considered for transplantation, provided that they 66 

previously underwent successful treatment of the macrovascular invasion resulting in a 67 

pretransplant α-fetoprotein < 10 ng/ml [20] and that selected patients diagnosed with HCC 68 

and macrovascular invasion without extrahepatic metastasis may have better survival if 69 

treated with resection as compared to patients treated with sorafenib [21]. 70 

Therefore, knowledge of imaging clues for diagnosis of infiltrative HCC is of utmost 71 

importance for abdominal radiologists for a proper and prompt management. The aim of 72 

this pictorial essay is to show CT and MRI features of infiltrative HCC and portal vein 73 

tumor thrombosis. A particular point of interest includes the tips and tricks for differential 74 

diagnosis with potential mimickers of infiltrative HCC. 75 

 76 

1.2 CT and MRI Diagnosis of infiltrative HCC 77 

CT and MRI have a sensitivity of 62-72% and specificity of 88-95% for the diagnosis of 78 

nodular HCC, with values depending on technique, contrast agent, and tumor size [22]. 79 

The diagnosis of nodular HCC is quite straightforward when typical imaging features (i.e. 80 

size ≥10 mm, arterial phase hyperenhancement, washout on portal venous or delayed 81 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



phase, and enhancing capsule) are detected [23]. Conversely, infiltrative HCC lacks these 82 

typical imaging features, and thus represents a diagnostic conundrum [6, 11]. In some 83 

cases, HCC is not visible and the only clue to the diagnosis may be neoplastic portal vein 84 

thrombosis [7] 85 

CT and MRI features that suggest the diagnosis of infiltrative HCC are the presence of an 86 

ill-defined mass, usually larger than nodular HCC and without fibrotic margins, with 87 

minimal or inconsistent arterial enhancement, heterogeneous washout appearance on 88 

portal venous or delayed phases, and malignant portal vein tumor thrombosis (Figure 1) 89 

[7, 10,11, 24-27]. 90 

The minimal or inconsistent arterial enhancement in infiltrative HCC may be due to both 91 

the infiltrative nature of the tumor and the presence of portal vein thrombosis, which results 92 

in perfusion changes that can conceal the tumor on dynamic phases; therefore, sometimes 93 

the tumor is not visible and malignant portal vein thrombosis is the only sign of infiltrative 94 

HCC [7, 10, 27-30]. CT and MRI diagnosis of malignant portal vein thrombosis in infiltrative 95 

HCC is based on the presence of thrombus neovascularity which corresponds to the 96 

“thread and streak sign” in angiography (i.e. a thin linear or chainlike opacification in the 97 

portal vein during early hepatic arteriography) (Figure 2) [13, 31], portal vein expansion 98 

(i.e. main portal vein diameter greater than or equal to 23 mm is highly specific) [32] and 99 

proximity to the main tumor or direct neoplastic portal invasion [25, 33, 34]. In case of 100 

extensive portal vein invasion, infiltrative HCC-associated thrombosis can fill the peripheral 101 

portal vein branches, creating a dilated tumor-filled “cast” of these vessels [7]. 102 

MRI allows to appreciate the tumor as homogeneously or heterogeneously hypointense on 103 

T1-weighted images, mild to moderately hyperintense on T2-weighted images, and 104 

hyperintense, compared with surrounding liver parenchyma, on diffusion-weighted images 105 

with high b values (b = 500–800 sec/mm2) due to the tightly packed cellular arrangement, 106 

with corresponding low signal on apparent diffusion coefficient (ADC) map [10, 11, 24-27, 107 
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30, 35, 36]. The use of hepatobiliary MRI contrast agents can provide additional clues for 108 

the diagnosis of infiltrative HCC, showing a reticular hypointense appearance on 109 

transitional and hepatobiliary phases [10, 11, 30] and has demonstrated higher sensitivity 110 

compared to contrast enhanced CT [37]. 111 

 112 

1.3 Mimickers of infiltrative HCC: tips and tricks for differential diagnosis  113 

Many benign and malignant focal lesions may mimic infiltrative HCC and tumor thrombosis 114 

on CT and MRI. The differential diagnosis is mandatory due to the different management 115 

and prognosis. Figure 3 summarize the main mimickers of infiltrative HCC and imaging 116 

findings that help in the differential diagnosis with infiltrative HCC. Considering that 117 

infiltrative HCC develops predominantly in cirrhotic liver, we differentiate the benign 118 

mimickers based on the presence or lack of cirrhosis. With regard to malignant mimickers, 119 

HCC has a higher incidence on cirrhotic liver as compared to healthy liver, whilst other 120 

malignancies usually occur in the setting of non-cirrhotic liver, but may mimic infiltrative 121 

HCC in some cases. 122 

 123 

1.4 Benign entities in cirrhotic liver 124 

 125 

1.4.1 Focal Confluent Fibrosis 126 

Focal confluent fibrosis is a benign entity that may be identified in patients with long-127 

standing cirrhosis [38]. On CT and MRI, both infiltrative HCC and focal confluent fibrosis 128 

show low attenuation or intensity compared to normal liver on noncontrast CT and T1-129 

weighted images, with minimal or inconsistent arterial enhancement, and mild-to-moderate 130 

hyperintensity on T2-weighted sequences [10, 26, 38]. However, focal confluent fibrosis 131 

has some distinctive imaging features that allow a confident diagnosis, including the 132 

location (typically in segments 8 and 4), the peripheral, focal, wedge-shaped appearance 133 
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with capsular retraction, and the progressive enhancement on delayed extracellular 134 

phases (Figure 4) [26, 38]. Conversely, the acquisition of the hepatobiliary phase usually 135 

does not provide any tips for the differential diagnosis because both conditions lack the 136 

ability to uptake contrast agent [10, 26]. 137 

 138 

1.4.2 Bland Thrombosis 139 

Cirrhotic patients may develop benign portal vein thrombosis due to portal hypertension 140 

and stasis [13, 32-34], and this bland thrombosis may be erroneously interpreted as 141 

vascular tumor invasion of the portal vein occurring in infiltrative HCC. Arterial phase plays 142 

a pivotal role for the differentiation between bland (Figure 5) and malignant (Figure 2) 143 

portal thrombosis [27]. Figure 6 summarizes the key differences between bland and 144 

malignant portal vein thrombosis. Compared to bland thrombosis, malignant tumor 145 

thrombus shows more commonly thrombus enhancement (100% versus 8.5%), venous 146 

expansion (91.7% versus 10.6%), neovascularity (58.3% versus 2.1%), and is adjacent to 147 

HCC or prior treatment site (100% versus 21.3%) [14]. MRI is also useful because 148 

malignant tumor thrombosis may show restricted diffusion on diffusion-weighted images 149 

and subtle T2 hyperintense signal [7, 27, 30]. In cirrhotic patients, the differential diagnosis 150 

between bland thrombosis and HCC infiltrating the portal vein has an important clinical 151 

impact because bland thrombosis may regress after anticoagulant therapy, while HCC with 152 

portal vein invasion requires systemic therapy in the form of sorafenib and thrombosis may 153 

occasionally regress after this therapy (Figure 7) [12, 16; 39]. 154 

 155 

1.5 Benign entities in non-cirrhotic liver 156 

 157 

1.5.1 Acute Hepatitis 158 
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Acute hepatitis is a clinical diagnosis characterized by acute inflammation or injury to 159 

hepatocytes, resulting in fever, abdominal pain, jaundice, and elevation of liver 160 

biochemical lab tests. The cause of the injury may be viral (e.g. acute viral hepatitis A) or 161 

non-viral (e.g. drug-induced, alcoholic, or autoimmune acute hepatitis) [40]. Whilst normal 162 

imaging appearance of the liver does not exclude the diagnosis, CT and MRI features of 163 

acute hepatitis may include hepatomegaly, periportal edema (e.g. decreased attenuation 164 

on CT and increased T2 signal on MRI around the portal system and at the hepatic hilum), 165 

diffusely decreased parenchymal attenuation on noncontrast CT corresponding to areas of 166 

mild generalized increase in parenchymal signal intensity on T2-weighted and decreased 167 

signal intensity on T1-weighted images, and occasionally areas of steatosis on dual-phase 168 

sequence (Figure 8) [41-43]. On post-contrast CT and MRI, heterogeneous enhancement 169 

and ill-defined regions of reduced enhancement may be present with reduced uptake of 170 

hepatobiliary contrast agents and may simulate infiltrative HCC. The acute clinical onset, 171 

the presence of periportal edema, gallbladder wall thickening, and the reversibility of the 172 

heterogenous enhancement with improvement of liver function are useful tips for 173 

differential diagnosis [41-45]. Imaging findings of acute hepatitis are nonspecific and final 174 

diagnosis is clinically made. 175 

 176 

1.5.2 Metabolic and Storage Diseases: Steatosis, Sarcoidosis and Amyloidosis 177 

Metabolic and storage diseases are characterized by accumulation of storage material 178 

within the liver. Among these, steatosis, sarcoidosis and amyloidosis are benign liver 179 

conditions characterized by deposition of fat, inflammatory cells and amyloid within hepatic 180 

parenchyma, respectively.  181 

Fat deposition with geographic distribution shows low attenuation on noncontrast CT and 182 

may have ill-defined margins, therefore potentially mimicking infiltrative HCC. However, 183 

the signal drop on opposed-phase compared to the in-phase images, the lack of mass 184 
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effect on vessels and biliary ducts, the presence of undistorted vessels traversing through 185 

the area of focal steatosis (Figure 9), and the incidental diagnosis in otherwise healthy 186 

patients are useful tips for the differential diagnosis [10, 46]. 187 

Hepatic sarcoidosis is characterized by the presence of multiple small granulomatous 188 

lesions, scattered throughout the liver with involvement mainly of portal and periportal 189 

zones of hepatic lobules, that may lead to progressive interlobular bile duct injury with 190 

cholestasis, fibrosis of portal tracks and, rarely, evolves into cirrhosis and portal 191 

hypertension [47]. The occurrence of such multiple tiny poorly defined heterogenous 192 

nodules – most of which are less than 1 cm in size – may simulate the presence of an 193 

infiltrative HCC on post-contrast images (Figure 10), particularly when the liver has a 194 

cirrhotic morphology. MRI finding of hepatic sarcoidosis include the identification of 195 

granulomatous nodules as hypointense on both T1- and T2-weighted sequences [48] with 196 

hypointense periportal areas on T2-weighted images (also known as T2 halo sign) that 197 

show poor enhancement on post-contrast images [49]. In rare cases, the granulomatous 198 

lesions may coalesce and imaging demonstrates large confluent hepatic lesions [50, 51]. 199 

Some of the tips that may help point towards a diagnosis of sarcoidosis include the 200 

patency of portal vein branches, the presence of concomitant splenic granulomas, and the 201 

identification of typical chest imaging features. 202 

Hepatic amyloidosis is a rare infiltrative disease affecting the hepatic parenchyma 203 

characterized by deposition of amyloid within the space of Disse along the sinusoids or 204 

along the blood vessel walls that may lead to compression and near disappearance of 205 

hepatocytes. The infiltrative appearance of amyloidosis may simulate infiltrative HCC. CT 206 

and MRI findings of hepatic amyloidosis include hepatomegaly, heterogeneously 207 

decreased parenchymal attenuation on noncontrast CT, and focal hypoattenuating areas 208 

on post-contrast phases (Figure 11) – probably related to impaired blood flow – that tend 209 
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to homogenize on delayed images [52]. However, imaging findings are nonspecific and 210 

final diagnosis is made at pathology. 211 

 212 

1.5.3 Vascular Diseases of the Liver 213 

Vascular diseases of the liver are rare conditions that affect the hepatic vascular system at 214 

a presinusoidal (e.g. Rendu-Osler-Weber disease, portal vein thrombosis, extrinsic 215 

compression of portal vein, aneurysmal dilatation of the portal vein, sclerosing granulomas 216 

due to schistosomiasis, sarcoidosis or tubercolosis), intrasinusoidal (i.e. chronic hepatitis, 217 

cirrhosis, peliosis hepatis, or storage of substances such as fatty liver or amyloidosis) or 218 

post-sinusoidal (e.g. Budd-Chiari syndrome, sinusoidal obstruction syndrome, right heart 219 

failure) level [53, 54]. Regardless of the location, the obstacle in the hepatic vascular 220 

system leads to changes of hepatic parenchymal enhancement that may simulate the 221 

presence of an infiltrative HCC. 222 

Portal vein thrombosis has been discussed above among the benign entities in cirrhotic 223 

liver. Among the other vascular diseases of the liver, Rendu-Osler-Weber disease and 224 

Budd-Chiari syndrome will be discussed below as examples. 225 

Rendu-Osler-Weber disease, also known as hereditary hemorrhagic telangiectasia is 226 

characterized by widespread cutaneous, mucosal and visceral arteriovenous 227 

malformations that can involve lung, brain, or liver [53]. Specifically, liver vascular 228 

malformations range from tiny telangiectases to discrete arteriovenous malformations 229 

including arteriovenous, portovenous, and arterioportal shunts. Imaging features of Rendu-230 

Osler-Weber disease include a transient mosaic type heterogeneous perfusion pattern of 231 

the liver in the arterial phase due to multiple arterovenous shunts and telangiectases that 232 

is no longer seen in the portal venous phase (Figure 12), hepatic artery, hepatic vein and 233 

portal vein dilatation, opacification of the hepatic veins in the arterial phase in case of 234 

hepatic arteriosystemic venous shunt and, occasionally, FNH lesions [53, 55, 56]. 235 
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Budd-Chiari syndrome is a vascular liver disorder related to a hepatic venous outflow 236 

obstruction at the level of the hepatic veins or at the junction of the inferior vena cava and 237 

right atrium. In the acute phase of the disease, CT and MRI findings include heterogenous 238 

liver enhancement (Figure 13) characterized by decreased enhancement on arterial 239 

phase of more congested peripheral liver and increased enhancement of central portion of 240 

the liver [57]. In subacute and chronic phases, some of the CT and MR imaging features 241 

include focal nodular hyperplasia-like lesions, peripheral hepatic atrophy with 242 

compensatory hypertrophy of the central regions, and irregular hepatic contour due to 243 

fibrosis [57]. Useful tips that should prompt towards the diagnosis of Budd-Chiari 244 

syndrome include the occurrence in young women, the “nutmeg” appearance on contrast 245 

enhanced CT and MRI, the identification of occlusion of hepatic veins or inferior vena cava 246 

but patency of portal vein, the presence of intra- or extra-hepatic collateral circulation 247 

bypassing venous obstruction (which indicates a chronic process), and the splenic 248 

involvement if the etiology is a hematological disorder [53, 54, 57]. 249 

 250 

1.6 Malignant mimickers of infiltrative HCC 251 

 252 

1.6.1 Intrahepatic Cholangiocarcinoma 253 

Intrahepatic cholangiocarcinoma can appear as ill-defined, large masses with low 254 

attenuation or intensity on noncontrast CT or T1-weighted images and hyperintensity on 255 

T2-weighted images [10, 58], and can mimic infiltrative HCC. Nonetheless, 256 

cholangiocarcinomas have some peculiar characteristics such as the presence of 257 

peripheral rim-like enhancement on arterial phase on both CT and MRI with gradual 258 

centripetal delayed enhancement due to central fibrotic stroma, and vascular encasement 259 

[10, 25, 58]. Moreover, the presence of dilatation of biliary ducts should favour the 260 

diagnosis of cholangiocarcinoma [10]. In case of larger lesions, cholangiocarcinoma 261 
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causes an encasement of the vessels without definitive tumor thrombosis, a radiological 262 

sign that is helpful for differential diagnosis with HCC. However, it is important to know 263 

that, although rarely, cholangiocarcinoma with intravascular tumor thrombosis is possible 264 

(Figure 14). 265 

 266 

1.6.2 Lymphoma 267 

Hepatic lymphoma is uncommon and broadly includes secondary hepatic involvement 268 

(most common) and primary hepatic lymphoma, which is extremely rare. Hepatic 269 

lymphoma may present with multifocal lesions or diffuse infiltration or as an ill-defined 270 

mass in the porta hepatis in up to 90% of cases of secondary hepatic involvement, and in 271 

about 35% of cases of primary hepatic lymphoma (indicating a poor prognosis). This 272 

presentation of hepatic lymphoma may potentially simulate infiltrative HCC considering 273 

that both these entities may occur in patients who have cirrhosis with viral hepatitis [59, 274 

60]. In case of multifocal lesions, lymphomatous nodules are usually multiple with variable 275 

size and show hypoattenuation on non-contrast CT, hypointense on T1- and hyperintense 276 

on T2-weighted images and commonly enhance to a lesser degree than the liver 277 

parenchyma on all post-contrast phases (Figure 16) [60-63]. Lymphomatous infiltration of 278 

tumour cells into the portal tracts as well as sinusoids may demonstrate 279 

hepatosplenomegaly and subtle T2-hyperintensity with diffusion restriction (Figure 15), 280 

findings that can be also detected in patients with infiltrative HCC [61-64]. Some tips that 281 

favour the diagnosis of hepatic lymphoma include the normal levels of α-fetoprotein, the 282 

presence of lymphadenopathies below the level of the renal veins, and the presence of 283 

vascular encasement without thrombosis [60, 61, 64, 65].  284 

 285 

1.6.3 Diffuse Metastatic Disease 286 
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Hepatic metastases usually present as discrete nodules, with ring enhancement on post-287 

contrast phases. Less commonly, liver metastases show a diffuse metastatic spread with 288 

an infiltrative appearance mimicking infiltrative HCC [66-68]. The clinical relevance of its 289 

prompt recognition is particularly related to the potential acute hepatic failure related to the 290 

diffuse intrasinusoidal spread of the hepatic metastases [66-69]. Indeed, as demonstrated 291 

at pathology, neoplastic cells diffusely infiltrate the hepatic sinusoids, invade branches of 292 

the hepatic and portal veins, and, as a consequence of pressure atrophy or vascular 293 

infarction, hepatocytes may be destroyed resulting in liver failure and a rapidly fatal course 294 

[69]. The absence of classic discrete tumor masses may lead to underestimation of the 295 

tumor burden on CT and MRI [68]. CT and MRI may reveal multiple ill-defined masses 296 

scattered throughout the liver, hypovascular on post-contrast phases and being 297 

demonstrated as diffuse small high-intensity areas on T2-weighted images and diffuse 298 

weighted images [66]. 299 

Pseudocirrhosis may occur in patients with liver metastases as a response to 300 

chemotherapy and may also lead to portal hypertension that may regress completely after 301 

chemotherapy discontinuation [70,71]. Although both pseudocirrhosis with diffuse 302 

metastases and infiltrative HCC can present with a cirrhotic-shaped liver with multiple 303 

hepatic lesions with low attenuation or intensity on noncontrast CT or T1-weighted images, 304 

hyperintense on T2-weighted images, as well as restricted diffusion on diffusion weighted 305 

imaging (Figure 16) [72], the clinical setting (e.g. presence of known primary malignancy, 306 

history of cirrhosis, elevated levels of alpha fetoprotein or other tumor markers) and the 307 

typical rim-enhancing pattern of liver metastases on post-contrast phases allow a confident 308 

diagnosis. 309 

 310 

1.7 Summary 311 
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The diagnosis of infiltrative HCC and its eventually associated neoplastic thrombosis may 312 

be challenging. Considering the poor prognosis of infiltrative HCC and the different 313 

management of infiltrative HCC and tumor thrombosis as compared to nodular HCC and 314 

bland thrombosis, abdominal radiologists are required to know CT and MRI features of 315 

infiltrative HCC and the tips and tricks for the differential diagnosis with its mimickers. 316 

  317 
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Fig. 1 – 66-year-old cirrhotic woman with infiltrative HCC. Axial CT images on (a) arterial, (b) portal venous and (c) delayed phases 

demonstrate a large ill-defined mass (arrow) with no arterial hyperenhancement, mild washout on portal venous and delayed phases 

and an hyperenhancing portal vein tumor thrombus (arrowhead) with washout on portal venous phase. The tumor itself is not clearly 

visible due to inconsistent enhancement on arterial phase and only minimal washout on later phases. 
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Fig. 2 – 67-year-old woman with infiltrative HCC and neoplastic tumor thrombus. Axial CT 

image (a) on arterial phase demonstrates an enhancing tumor thrombus (arrowhead) in 

the right anterior portal vein branch with the “thread and streak sign”; the malignant portal 

vein thrombus causes expansion of the involved portal vein branch and is adjacent to an 

ill-defined enhancing tumor mass (arrow) (a). Notably, the marked enhancement on 

arterial phase is due to both HCC and perfusion abnormalities related to portal vein 

thrombosis, thus overestimating the entity of the tumor mass. (b) On portal venous phase 

only some areas demonstrate washout within the ill-defined enhancing tumor mass.  
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Fig. 3 – Schematic representation of main imaging features of infiltrative HCC and its 

benign and malignant mimickers.  
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Fig. 4 – 52-year-old cirrhotic man with focal confluent fibrosis. Gadoterate meglumine MRI 

demonstrates on (a) T2-weighted sequence a wedge-shaped hyperintense observation 

(arrow) in segment VIII (b) with lack of diffusion restriction on apparent diffusion coefficient 

map, (c) lack of enhancement on arterial phase and (d) progressive enhancement 

(arrowhead) at 5-minute delayed phase.
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Fig. 5 – 65-year-old cirrhotic man with hepatocellular carcinoma and bland thrombus. Contrast enhanced CT on (a) arterial phase 

shows a 2.5 cm observation (arrow) with nonrim arterial phase hyperenhancement and (b) portal venous washout, consistent with 

hepatocellular carcinoma. In the same patient there is also (c) a portal vein thrombus (arrowhead) that lacks any contrast 

enhancement on arterial phase, does not show portal vein expansion, and is distant from hepatocellular carcinoma.  
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Fig. 6 – Schematic representation of main imaging features that allow the differentiation 

between bland and tumor thrombosis in patients with hepatocellular carcinoma.
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Fig. 7 – a and b: 45-year-old male-to-female transgender, in estrogenic hormone therapy with cholecystitis and bland thrombus. (a) 

Contrast enhanced CT on arterial phase shows a bland thrombus (arrow) in the portal vein that (b) completely regressed after 

anticoagulant therapy; of note, patient developed a liver abscess in segment 4 in the interval time. c and d: 56-year-old cirrhotic man 

with bland thrombus. (c) Contrast enhanced CT on portal venous phase shows a bland thrombus (arrow) in the portal vein that (d) 

completely regressed after anticoagulant therapy. e and f: 72-year-old cirrhotic man with infiltrative HCC. (e) Contrast enhanced CT on 

arterial phase shows an infiltrative HCC with portal vein tumor invasion (arrow) that (f) regressed after therapy with sorafenib.
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Fig. 8 – 36-year-old man with decompensated alcoholic hepatopathy and increase of 

cholestatic laboratory values due to acute hepatitis. Axial CT images on (a) precontrast, 

(b) arterial, and (c) portal venous phases show hepatomegaly with diffuse spontaneous 

hepatic hypoattenuation and heterogenous enhancement with ill-defined hypoattenuating 

areas; pancreatic calcifications (arrowhead) are also demonstrated. On MRI, dual phase 

sequence shows (d) signal drop (arrows) in the opposed phase compared to (e) the in-

phase image. (f) Ascites and gallbladder edematous wall thickening (arrow) are 

demonstrated on T2-weighted image. Case courtesy of blinded to reviewers. 
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Fig. 9 – 67-year-old man with diabetes in treatment with insulin and geographical 

steatosis. (a) Axial CT unenhanced image showed an ill-defined hypoattenuating area 

(arrow) in the left lobe. Gadobenate dimeglumine-enhanced MRI demonstrated (b) marked 

signal drop in the opposed phase compared to (c) in-phase image, with (d) lack of 

enhancement on arterial phase or (e) portal venous phase with presence of undisturbed 

left hepatic vein and its branches traversing through the area of steatosis; (f) this area is 

also hypoattenuating at two hours after contrast injection; of note, in this acquisition at two 

hours after contrast injection, intrahepatic vessels are isointense to liver parenchyma 

probably due to impaired liver function and, therefore, this is similar to a transitional phase 

rather than an hepatobiliary phase.  
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Fig. 10 – 48-year-old woman with sarcoidosis. (a) Axial CT image on portal venous phase 

demonstrates multiple tiny poorly defined hypoattenuating nodules scattered throughout 

liver and spleen. (b) Axial chest CT image in the same patient demonstrate small tiny 

nodules in a perilymphatic distribution along bronchovascular bundle in the medial lobe. 
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Fig. 11 – 56-year-old man with amyloidosis; the patient was admitted for abdominal pain 

with weight loss and asthenia for three months. Axial CT images on (a) arterial and (b) 

portal venous phases demonstrate hepatomegaly, heterogeneously decreased 

parenchymal attenuation on arterial phase and heterogeneous contrast enhancement with 

diffuse low density areas scattered throughout liver parenchyma on portal venous phase. 

These CT findings suggested diffuse infiltrative disease, so liver biopsy was performed. 

The histological examination showed perisinusoidal deposits of an amorphous eosinophilic 

material stained by Congo red stain. Biopsy results led to a final diagnosis of diffuse 

amyloidosis. 
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Fig. 12 – 55-year-old woman with Rendu-Osler-Weber disease; the patient was 

hospitalized several times for hematemesis. (a, b and c) Axial CT images on arterial phase 

at three different levels show a mosaic type heterogeneous perfusion pattern of the liver 

due to numerous arterio-portal and arterio-venous shunts, enlargement of hepatic artery 

(arrowhead in a), and arterio-venous shunts in the pancreatic head (arrow in b) and in the 

gastric wall (arrow in c). (d) Portal venous phase image demonstrates normal attenuation 

of the liver parenchyma and enlargement of hepatic veins (arrowheads). 
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Fig. 13 – 29-year-old man with Budd-Chiari syndrome and idiopathic myelofibrosis. Axial 

CT image on (a) arterial and (b) portal venous phases demonstrate hepatomegaly, 

splenomegaly and heterogeneous hepatic and liver enhancement, with higher density of 

caudate lobe compared to the remaining liver on portal venous phase due to a different 

venous drainage. A small focal nodular hyperplasia-like lesion (arrow) is demonstrated in 

the left lobe. 
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Fig. 14 – 47-year-old man with intrahepatic cholangiocarcinoma. Contrast enhanced CT 

image on (a) arterial phase shows a dominant mass (arrow) with peripheral enhancement, 

that (b) on portal venous phase demonstrates gradual centripetal central enhancement 

due to central fibrotic stroma. Other confluent satellite nodules are visible in the left liver. 

(c) Contrast enhanced CT images on portal venous phase at the level of the hepatic hilum 

shows the presence of tumor thrombus (arrowhead) in the portal vein, that is expanded by 

the tumor. 
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Fig. 15 – 54-year-old woman with B-cell lymphoma; symptoms at diagnosis included 

abdominal pain and unintentional weight loss (about 3 kilos in one week). Contrast 

enhanced CT images on (a, b) arterial and (c, d) portal venous phases show multiple 

hypoattenuating liver lesions (black arrows) alongside the portal branches, an enlarged 

and hypoattenuating pancreas (white arrow) as well as multiple bilateral tiny 

hypoattenuating renal lesions (arrowheads). Liver biopsy was performed and proved the 

diagnosis of B-cells lymphoma, morphologically consistent with Burkitt Lymphoma. MRI (e) 

on T2-weighted images show one of the lymphomatous lesions (arrow) slightly 

hyperintense on T2-weighted, with (f) restriction on diffusion weighted image. (f) Diffusion 

weighted image shows also diffusion restriction of the renal lesions.  
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Fig. 16 – 48-year-old woman with breast carcinoma and pseudocirrhosis. (a) Contrast 

enhanced CT on portal venous phase shows multiple confluent hypoattenuating lesions 

surrounding portal vein branches (arrow) that are still patent and lobulated liver margins; 

the presence of multiple metastases may simulate infiltrative HCC. Gadoxetate enhanced 

MRI (b) on T2-weighted sequence shows a reticular pattern of hepatic parenchyma with 

slightly hyperintense lesions; a minimal ascites indicates worsened liver function. (c) On 

portal venous phase and (d) at 20 minutes after contrast injection liver parenchyma shows 

progressive contrast enhancement with lack of hypoattenuating lesions on hepatobiliary 

phase. Note isointensity of intrahepatic vessels to liver parenchyma due hepatic 

decompensation.  

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Figure 1 Click here to access/download;Figure;Picture1.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475122&guid=9f0e68c9-e429-4bf3-889b-d27c4fd1db25&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475122&guid=9f0e68c9-e429-4bf3-889b-d27c4fd1db25&scheme=1


Figure 2 Click here to access/download;Figure;Picture2.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475123&guid=61e8ea14-2b98-42bc-b5aa-b7e483bc7d78&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475123&guid=61e8ea14-2b98-42bc-b5aa-b7e483bc7d78&scheme=1


Figure 3 Click here to access/download;Figure;Picture3.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475124&guid=788cd26d-00c7-4731-9e37-57d8c6df44de&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475124&guid=788cd26d-00c7-4731-9e37-57d8c6df44de&scheme=1


Figure 4 Click here to access/download;Figure;Picture4.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475125&guid=252b4b73-c5e3-48ee-9520-8b45b0420d77&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475125&guid=252b4b73-c5e3-48ee-9520-8b45b0420d77&scheme=1


Figure 5 Click here to access/download;Figure;Picture5.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475126&guid=abddd31f-3406-423c-ae98-345c99ca35fe&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475126&guid=abddd31f-3406-423c-ae98-345c99ca35fe&scheme=1


Figure 6 Click here to access/download;Figure;Picture6.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475127&guid=4f544d20-7182-4594-b0b6-2e19d53b607e&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475127&guid=4f544d20-7182-4594-b0b6-2e19d53b607e&scheme=1


Figure 7 Click here to access/download;Figure;Picture7.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475128&guid=2f631ec3-d895-4fee-940c-f96af967bf62&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475128&guid=2f631ec3-d895-4fee-940c-f96af967bf62&scheme=1


Figure 8 Click here to access/download;Figure;Picture8.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475129&guid=35a0ecc1-2ade-4ecb-bb90-4a10c7f240ce&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475129&guid=35a0ecc1-2ade-4ecb-bb90-4a10c7f240ce&scheme=1


Figure 9 Click here to access/download;Figure;Picture9.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475130&guid=8bba75f6-bfe1-4b1c-8acb-45d699674d79&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475130&guid=8bba75f6-bfe1-4b1c-8acb-45d699674d79&scheme=1


Figure 10 Click here to access/download;Figure;Picture10.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475131&guid=785edbc1-944a-415f-a2e6-4113ca5587cb&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475131&guid=785edbc1-944a-415f-a2e6-4113ca5587cb&scheme=1


Figure 11 Click here to access/download;Figure;Picture11.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475132&guid=99353402-375b-4a6b-a425-efbc769dd28b&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475132&guid=99353402-375b-4a6b-a425-efbc769dd28b&scheme=1


Figure 12 Click here to access/download;Figure;Picture12.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475133&guid=2d95f112-2833-4d91-8277-bf240e4943ad&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475133&guid=2d95f112-2833-4d91-8277-bf240e4943ad&scheme=1


Figure 13 Click here to access/download;Figure;Picture13.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475134&guid=bd60428f-dd4f-4dbe-a9f2-a23434285e87&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475134&guid=bd60428f-dd4f-4dbe-a9f2-a23434285e87&scheme=1


Figure 14 Click here to access/download;Figure;Picture14.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475135&guid=cf95e8e6-eb8c-4307-b106-4811aa637b0d&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475135&guid=cf95e8e6-eb8c-4307-b106-4811aa637b0d&scheme=1


Figure 15 Click here to access/download;Figure;Picture15.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475136&guid=e0c9201f-f3f5-4b2a-85ba-c777f2beec95&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475136&guid=e0c9201f-f3f5-4b2a-85ba-c777f2beec95&scheme=1


Figure 16 Click here to access/download;Figure;Picture16.jpg

https://www.editorialmanager.com/clm/download.aspx?id=475137&guid=94545f99-2150-4446-be86-6575e61a177f&scheme=1
https://www.editorialmanager.com/clm/download.aspx?id=475137&guid=94545f99-2150-4446-be86-6575e61a177f&scheme=1


Highlights 

 Infiltrative HCC appears as an ill-defined large mass with variable enhancement  

 Portal vein tumor thrombosis appears as enhancing thrombus close to the main 

tumor  

 Diagnosis of infiltrative HCC and neoplastic thrombosis may be challenging 

 Many benign and malignant lesions may mimic infiltrative HCC and tumor 

thrombosis 

 

Highlights (for review)


