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Abbreviations

AFP α-Fetoprotein
ARID1 AT-rich interactive domain-containing 

protein 1A
BCLC Barcelona clinic liver cancer

CCC Cholangiocellular carcinoma
CEUS Contract-enhanced US
CK Cytokeratin
CoCC Cholangiolocellular carcinoma
CT Computed tomography
CTA CT arteriography
CTAP CT arterial portography
EZH2 Zeste homolog 2
Gd-EOB-DTPA Gadolinium-ethoxybenzyl-diethylenetri-

amine pentaacetic acid
Gd-EOB-MRI Gd-EOB-DTPA-enhanced MRI
HAIC Hepatic arterial infusion chemotherapy
HBV Hepatitis B virus
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
MRI Magnetic resonance imaging
NEC Neuroendocrine cancer
NEN Neuroendocrine neoplasm
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NET Neuroendocrine tumor
OATP Organic anion transporting polypeptide
PEI Percutaneous ethanol injection
PIVKA-II Prothrombin induced by vitamin K 

absence-II
PS Performance status
PTC Percutaneous transhepatic cholangiography
RFA Radiofrequency ablation
SOL Space-occupying lesion
TACE Transarterial chemoembolization
TET1 Ten-eleven translocation methylcytosine 

dioxygenase 1
US Ultrasonography

17.1  Definition and Classification

Primary liver tumors originate from hepatocytes, cholangio-
cytes, and mesenchymal cells (Table  17.1). Among liver 
tumors, hepatocellular carcinoma (HCC) is the most com-
mon; the majority of HCC develops as a result of chronic 
liver diseases that cause severe hepatocyte damage and 
regeneration. Chronic inflammation results in the formation 
of regenerative nodules as well as in the development of 
HCC through induction of many genetic/epigenetic altera-
tions. Practitioners should attempt to differentiate HCC from 
benign and other malignant tumors and to treat it accord-
ingly. Antiviral treatment for chronic hepatitis B (HBV) or C 
viruses (HCV) could reduce the risk of HCC emergence 
related to hepatitis virus [1, 2].

Cholangiocellular carcinoma (CCC) originates from intrahe-
patic or extrahepatic bile ducts and is the next most commonly 
encountered type of tumor after HCC. Recent whole-genome, 
epigenome, and transcriptome analysis revealed that there could 
be a molecular subtype in CCC that might reflect a difference of 
etiology. Cystadenocarcinoma is the malignant counterpart of 
bile duct cystadenoma. Hepatoblastoma is usually detected in 
children <2 years old, but a few cases in adolescents or young 
adults had been reported. Sarcomatous tumors are infrequently 
seen in the liver but angiosarcoma carries a grave prognosis.

17.2  Hepatocellular Carcinoma

HCC is a tumor with marked geographical variability in inci-
dence, but both racial and genetic effects are of little impor-
tance in HCC. The relationship between HCC and chemicals, 
hormones, alcohol, nutrition, and the presence or absence of 
cirrhosis is complicated. Nevertheless, hepatitis B and C 
virus infection and aflatoxin exposure are significantly asso-
ciated with the development of HCC [3, 4]. Therefore, it is 
important to follow patients chronically infected by HBV 
and HCV and exposed to aflatoxin by examining liver func-
tion tests, tumor markers, and image analysis. It is known 
that successful antiviral therapy could reduce the risk of 
HCC among patients with HBV and HCV infection [1, 2]. 
On the other hand, based on recent comprehensive genome 
and transcriptome analyses, a molecular classification of 
HCC that could relate to biological behavior of HCC has 
been proposed (Table 17.2).

Table 17.1 Malignant tumor of the liver

Epithelial tumors Hepatocellular • Hepatocellular carcinoma
• Hepatocellular carcinoma, fibrolamellar variants
• Hepatoblastoma, epithelial variants

Biliary • Intrahepatic cholangiocarcinoma (cholangiocellular carcinoma)
• Intraductal papillary neoplasm with an associated invasive carcinoma
•  Mucinous cystic neoplasm with an associated invasive carcinoma  

(mucinous cystadenocarcinoma)
Mixed or uncertain origin • Calcifying nested epithelial stromal tumor

• Carcinosarcoma
• Combined hepatocellular and cholangiocarcinoma
• Hepatoblastoma, mixed epithelial-mesenchymal
• Malignant rhabdoid tumor

Mesenchymal tumor Vascular tumors • Epithelioid hemangioendothelioma
• Angiosarcoma

Hematological tumor • Malignant lymphoma
Miscellaneous tumors • Leiomyosarcoma

• Rhabdomyosarcoma
• Embryonal sarcoma (undifferentiated sarcoma)
• Malignant fibrous histiocytoma
• Malignant schwannoma
• Hepatic liposarcoma
• Kaposi sarcoma
• Synovial sarcoma

Adapted from WHO classification of tumors of the liver and intrahepatic bile ducts (2010)

N. Nishida et al.
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17.2.1  Etiology

Chronic HBV and HCV infections are the most frequent eti-
ology of HCC. Other risk factors of HCC include alcoholic 
liver disease, nonalcoholic steatohepatitis, aflatoxin-B1 
intake, diabetes, obesity, hereditary conditions, such as 
hemochromatosis, and metabolic disorders. Etiologies and 
risk factors of HCC vary by geographic locations.

17.2.2  Early HCC and Progressed HCC

It is well described that small HCC with less than 2 cm in 
diameter could be divided into two categories [5]: early and 
progressed HCCs. Early HCC is a small well-differentiated 
tumor with vaguely nodular appearance. On the other hand, 
progressed HCC is a mostly moderately differentiated tumor 
with distinct nodular appearance and microvascular invasion.

The histologic characteristics of early HCC include increased 
cell density more than two times of the surrounding liver, intra-
tumoral portal tracts, pseudoglandular pattern, diffuse fatty 
change, and varying number of unpaired arteries. However, it is 
sometimes difficult to distinguish early HCC from high-grade 
dysplastic nodule, a premalignant lesion of HCC. The recogni-
tion of stromal invasion is the most important feature in differ-
entiating early HCC from dysplastic nodule [5].

17.2.3  Diagnosis

The diagnosis of HCC is generally made by the increase of 
HCC-specific tumor markers, α-fetoprotein (AFP), AFP-L3, 
and prothrombin induced by vitamin K absence-II 
(PIVKA-II), and unique findings of diagnostic imaging [6–
8]. Combination of measurement of serum AFP with 
PIVKA-II could increase the diagnostic accuracy of HCC.

During the development of HCC, several pathological 
changes are observed, such as increase of cellular density, 
decrease of portal vein flow, increase of arterial flow, and 
decrease of Kupffer cell. These pathological changes lead to 
the appearance of unique findings in imaging of HCC. Fibrous 
capsule and necrotic tissue are also detected in advanced 
tumor.

The findings of ultrasonography (US) image of HCC 
are as follows: mosaic pattern that reflects tumor het-
erogeneity, halo and lateral shadow that are associated 
with the presence of capsule, and nodule-in-nodule pat-
tern that is attributed to multistep carcinogenesis of HCC 
[9, 10]. Portal vein and hepatic vein thromboses are also 
characteristic findings of HCC. Contract-enhanced US 
(CEUS) using perflubutane shows tumor stain at the early 
phase and defect in the Kupffer phase, because of the 
increase of arterial blood flow and decrease of Kupffer 
cell. Reperfusion defect in CEUS is one of the character-
istic findings of HCC [11]. Dynamic computed tomogra-
phy (CT) using multi-detector row CT is also used for the 
diagnosis of HCC; early vascular staining and washout 
of contrast agents at delayed phase are observed [12]. In 
advanced HCC, magnetic resonance imaging (MRI) is 
used to show low-intensity area and high-intensity area on 
T1-weighted image and T2-weighted image, respectively 
[13]. Gadolinium-ethoxybenzyl-diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA) is the most commonly 
used contrast medium for MRI diagnosis of HCC [14]. 
Gd-EOB- DTPA is incorporated into hepatocyte through 
the organic anion transporting polypeptide (OATP) 
transporter. Therefore, hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI (Gd-EOB-MRI) shows defect in 
HCC because of the lack of OATP1B3 expression in the 
majority of HCC cells [15]. It is also known that a small 
subset of HCCs overexpressed OATP1B3 and showed 
increased uptake of Gd-EOB into tumor cells on hepato-

Table 17.2 Classification of hepatocellular carcinoma based on transcriptome, genome, epigenome, and chromosomal alterations

Molecular feature G1 G2 G3 G4 G5 G6
Alteration of cellular 
signaling based on the 
transcriptome analysis

Mitotic cell cycle Wnt activation
AKT activation
Developmental and imprinting 
genes, IGF2

Cell cycle, 
nucleus pore

Stress and 
immune 
response

Amino acid 
metabolism, 
E-cadherin↓

Clinical feature Woman. Africa, young, high AFP Hemochromatosis
HBV-low copy number HBV-high copy 

number
Satellite 
nodule

Methylation CDKN2A CHD1
Mutation AXIN1 TP53, AXIN1, 

PI3CA
TP53 HIF1A CTNNB1

Chromosomal status Unstable Stable
Chromosomal alteration 4q, 16p, 16q 4q, 13q, 16p, 17p 4q, 5q, 16p, 

17p, 21q, 22q

Six HCC subgroups were determined through the unsupervised transcriptomic analysis by Boyault et al.; correspondence of the subgroups with 
their clinical characteristics as well as genetic, epigenetic, and chromosomal alterations were shown. (Boyault S et al. Transcriptome classification 
of HCC is related to gene alterations and to new therapeutic targets. Hepatology. 2007 Jan;45(1):42–52)

17 Liver Tumors II: Malignant Tumors of the Liver
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biliary phase image (Figs. 17.1 and 17.2). Angiography 
of HCC reveals hypervascular tumor.

Case 17.1 (HCC Nodule with Uptake of Gd-EOB-DTPA)
A 62-year-old male patient, who suffered from liver cirrhosis 
and hepatitis C virus infection, was referred to our hospital 
for further examination of the liver tumor. MRI examination 
revealed a 3 cm tumor in S4 with nodule-in-nodule pattern 
(Fig.  17.1). The region expressing OATP1B3  in the tumor 
corresponded to the portion with Gd-EOB-DTPA uptake in 
the hepatobiliary phase image (Figs. 17.1 and 17.2).

17.2.4  BCLC Staging System and Treatment 
of HCC

Barcelona Clinic Liver Cancer (BCLC) staging system is 
commonly applied for staging of HCC, which consists of 
five stages as follows [16]:

• Very early stage (0): tumor is less than 2 cm, performance 
status (PS) of the patient = 0, and Child-Pugh A.

• Early stage (A): a single tumor less than 5 cm or up to 3 
tumors all less than 3 cm. PS 0 and Child-Pugh A or B.

a b

c

Fig. 17.1 Uptake of Gd-EOB-DTPA in the hepatobiliary phase of 
MRI in the tumor. The MRI image in the hepatobiliary phase of 
Gd-EOB-DTPA contract-enhanced MRI revealed high-intensity por-
tion in the nodule (a). Macroscopic findings showed nodule-in-nodule 
pattern; the whitish nodule in green hepatoma with bile production abil-

ity (b). The loupe image of the tumor with OATP1B3 immunostaining 
(c). The region expressing OATP1B3 in the tumor corresponded to the 
green portion in the loupe image and the high-intensity portion with 
Gd-EOB-DTPA uptake in the hepatobiliary phase MRI image

N. Nishida et al.



239

a

c d

e f

b

Fig. 17.2 Macroscopic images of surrounding noncancerous liver (a, 
b), the peripheral portion of HCC with Gd-EOB-DTPA uptake (c, d), 
and the central nodule without Gd-EOB-DTPA uptake (e, f). The 
images with HE staining (a, c, e) and immunohistochemical staining 
for OATP1B3 (b, d, f) are shown. Well- to moderately differentiated 
HCC in the peripheral portion of the tumor showed positive for mem-

branous immunostaining of OATP1B3 on the cancer cells (c, d). Central 
tumor represents moderately differentiated HCC without expression of 
OATP8 (e, f). The surrounding noncancerous liver cells also showed 
expression of OATP1B8 (b), although the staining is weaker than that 
in the HCC cells in the peripheral region of the tumor (d)

17 Liver Tumors II: Malignant Tumors of the Liver
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• Intermediate stage (B): multinodular tumors in the liver, 
PS 0, and Child-Pugh A or B.

• Advanced stage (C): HCC with vascular invasion and 
metastasis to lymph nodes or other body organs. PS 1 or 
2. Child-Pugh A or B.

• Terminal stage (D): PS 3 or 4 or Child-Pugh C.

Based on this classification, patients with very-early- to 
early-stage HCC should be treated curatively, such as with 
resection, radiofrequency ablation (RFA), and liver trans-
plantation. Transarterial chemoembolization (TACE) is rec-
ommended for intermediate-stage HCC cases. However, 
based on the recent advancement of molecular targeted ther-
apies, intermediate stage of HCC could also be a target of 
molecular therapy if patients are refractory to TACE. 
Advanced-stage HCC is a candidate for molecular therapy, 
such as sorafenib, regorafenib, and lenvatinib [17–19]. HCC 
patients in terminal stage generally receive supportive care.

Case 17.2 (Early HCC)
An early HCC case in a patient with HCV-positive liver cir-
rhosis is presented herein. The patient underwent resection of 
a tumor emerging in the peripheral region of S6. B-mode US 
image represented a 1.5 cm highly echoic nodule (Fig. 17.3). 
Angio-CT showed a small low-density tumor before injecting 
contrast medium without significant enhancement in early 
and delayed phases, suggestive of a hypovascular tumor with 
fatty component (Fig. 17.4). The high-intensity tumor in in-
phase T1-weighted image was depicted as low-intensity in 
out-of-phase image, indicating steatosis of the tumor. The 

tumor was hypovascular in the early-phase image of contract-
enhanced MRI (Fig.  17.5). Macroscopically, tumor margin 
was unclear without fibrous capsule, and there were no find-
ings of expansive growth. Diffuse fatty change and various 
numbers of portal tracts were observed within the tumor. 
Microscopically, increase of cell density, nuclear atypia, and 
stromal invasion are also observed (Fig. 17.6).

Case 17.3 (Progressed HCC)
A 44-year-old HBsAg-positive male, who underwent sero-
logical examinations a few times each year, was found to 
have an elevated alpha-fetoprotein (AFP) level of 56 ng/mL. 
Ultrasonography (US), computed tomography (CT), and 
angiography showed HCC with 1.5  cm in diameter in S8 
(Fig. 17.7).

Case 17.4 (Hepatocellular Carcinoma)
A 64-year-old male with positive HCV RNA serum was 
referred for interferon therapy. His liver chemistry showed 
T-BIL 0.5 mg/dL, AST 49 IU/L, ALT 40 IU/L, ALP 301 IU/L, 
GGT 207 IU/L, hyarulonic acid 182 ng/mL, HCV genotype 
1b, AFP 6.5 ng/mL, PIVKA-II 443 mAU/mL, PT 86%, PLT 
17 × 104/μL, and ICGR15 12%. Abdominal US showed two 
neighboring space-occupying lesions in the S5 area. CEUS 
revealed large hypervascular and small hypovascular tumors 
in arterial phase. Defect of contrast medium was observed in 
both tumors in Kupffer phase (Fig. 17.8). CECT also showed 
large hypervascular and small hypovascular tumors in the 
early phase and defect on both tumors in the late phase; CT 
with angiography showed a hypervascular pattern in the larger 

Fig. 17.3 US image of early HCC. The small high-echoic nodule (15 mm) is observed in the peripheral region of the right lobe

N. Nishida et al.
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tumor and a hypovascular pattern with partially enhanced area 
in the small tumors in the arterial phase; both tumors showed 
defect in the venous phase (Fig. 17.9). MRI showed low-inten-
sity and high-intensity tumor in T1-weighted image and high 
intensity in both tumors in T2-weighted image; Gd-EOB-
DTPA-enhanced MRI revealed enhancement in the former 
and defect in the latter in the vascular phase (Fig. 17.10). The 
resected large tumor was necrotic in the center. Both tumors 

were surrounded by capsules. Neoplastic cells formed trabec-
ular and partially glandular structures with canalicular and 
intracytoplasmic bile (Fig. 17.11). In the small tumor, necrosis 
with viable neoplastic cells was observed within the surround-
ing fibrosis (Fig. 17.12).

The treatment for HCC is either surgical or nonsurgical. 
Surgical interventions include resection or transplantation. 
Nonsurgical procedures include TACE or hepatic arterial 

a b

c

Fig. 17.4 Angio-CT for early HCC. The small low-density nodule is observed in S6 in plain CT image (a). CT arteriography (CTA) revealed the 
hypovascular tumor (b). CT arterial portography (CTAP) showed decrease of portal flow in the tumor (c)

17 Liver Tumors II: Malignant Tumors of the Liver
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infusion chemotherapy (HAIC), RFA [14], percutaneous 
ethanol injection (PEI) [20], or systemic therapy [21]. 
Figure  17.13 shows the HCC case treated with TACE. 
Resected tumor shows necrosis after embolization, and the 
internodular nonneoplastic liver parenchyma is hemorrhagic 
(Fig. 17.14).

The use of an anticancer drug doxorubicin or cisplatin 
with Lipiodol in HAIC resulted in specific retention in the 
tumor and induced complete necrosis surrounded by fibrous 
capsule (Fig.  17.15). Figure  17.16 shows the HCC case 
treated with PEI. US reveals the HCC with a halo; the lesion 
turned hyperechoic after PEI; and the resected tumor is 
encapsulated by a fibrous tissue with complete necrosis and 
hemorrhage (Fig. 17.16). Figure 17.17 shows the histology 
of HCC tissue after RFA with massive necrosis surrounded 
by fibrosis. After TACE, TAI, PEI, and RFA therapy, viable 
cells often remain inside or outside the fibrous capsule 
(Fig. 17.18). Sarcomatous change is sometimes observed in 
HCC after TACE or TAI treatment (Fig. 17.19).

Prognosis of HCC is dependent on its size, infiltrative 
growth, and metastatic spread, as well as the functional 
capacity of the non-tumorous part of the liver [14]. HCC 
may be complicated by arterioportal fistula formation, 
esophageal varices, and pulmonary hypertension with liver 
cirrhosis. In most cases, circulatory or renal failure occurs 
after retention of massive ascites, portal thrombosis of the 
tumor, and tumor rupture.

17.3  Intrahepatic Cholangiocarcinoma 
(Cholangiocellular Carcinoma)

Carcinoma of the biliary epithelium can arise anywhere in 
the intrahepatic or extrahepatic bile ducts. Tumors originat-
ing from the bile ducts are classified into three types 
according to the site. Depending on whether they arise in 
the liver, near the hilum, or from the extrahepatic ducts, 
they are called intrahepatic or peripheral cholangiocarci-

a

d e f

b c

Fig. 17.5 MRI images of early HCC. In-phase T1-weighted image (a), 
out-of-phase T1-weighted image (b), T2-weighted image (c), arterial- 
phase image of Gd-EOB-DTPA contract-enhanced MRI (d), portal 
phase image of Gd-EOB-DTPA contract-enhanced MRI (e), and hepa-
tobiliary phase image of Gd-EOB-DTPA contract-enhanced MRI for 

the tumor in S6. The high-intensity tumor in the in-phase T1-weighted 
image was depicted as low-intensity in out-of-phase image, suggesting 
the fatty change of the tumor. The tumor was revealed hypovascular in 
the contract-enhanced MRI images

N. Nishida et al.
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noma, perihilar cholangiocarcinoma (including Klatskin 
tumor), and distal cholangiocarcinoma, respectively [22]. 
In addition, a subtype of CCC, morphologically similar to 
cholangioles, is known as cholangiolocellular carcinoma 
(CoCC), which is thought to arise in the canal of Hering 
(Fig. 17.20) [23]. It is reported that hepatic stem cells reside 
in the canal of Hering [24]. In addition, CoCC sometimes 
contains minor HCC components within the tumor, sugges-
tive of hepatic stem cell origin. On the other hand, primary 

liver carcinomas with both hepatocytic and cholangiocytic 
differentiation have been referred to as “combined (or 
mixed) hepatocellular- cholangiocarcinoma” [25].

17.3.1  Etiology

Chronic inflammation of the bile duct could cause cholan-
giocarcinoma (CCC). The common predisposing factors are 

a

c

b

Fig. 17.6 Macroscopic and microscopic images of early HCC. 
Macroscopic view (a). Tumor with unclear margin and no fibrous cap-
sule is observed (white arrow); tumor does not show an expansive 
growth pattern. Microscopic views (b, c). Diffuse fatty change and vari-
ous numbers of portal tracts are observed within tumor. There is no 

fibrous capsule; tumor is distinguishable because of the steatosis (b: 
magnification, 40×). Increase of cell density and nuclear atypia are 
observed at magnification of 200× (c). Stromal invasion is observed 
(arrow)

17 Liver Tumors II: Malignant Tumors of the Liver
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infestation with flukes [26], hepatolithiasis [27], primary 
sclerosing cholangitis, and congenital cystic diseases of the 
bile ducts [28]. Organic solvent, such as dichloromethane 
and 1,2-dichloropropane, and radioactive radiological con-
trast medium (Thorotrast) also induce CCC [29].

Interestingly, CCC is also divided into four subgroups 
based on the gene mutation and expression signature [30]. 
CCC caused by flukes infection is characterized by the 
hypermethylation on the promoter CpG, decrease of ten- 
eleven translocation methylcytosine dioxygenase 1 (TET1) 
expression, increase of histone methyltransferase enhancer 
of zeste homolog 2 (EZH2)  expression, and frequent 
somatic mutation of AT-rich interactive domain-containing 
protein 1A (ARID1) gene, suggesting that epigenetic 
mechanism should be involved in carcinogenesis for this 
type of CCC. It is also reported the difference of mutation 
profile that should drive carcinogenesis among CCCs orig-

inated from different sites of bile tree [31]. These evi-
dences suggested that difference of genetic and epigenetic 
alterations of CCC should be, at least partially, affected by 
its etiology. On the other hand, morphologically, the 
tumors are classified into mass- forming, periductal-infil-
trating, and intraductal-growth types [32].

17.3.2  Diagnosis

Mass-forming CCC is a circumscribed tumor with lobular 
configuration and no capsule, while the periductal- infiltrating 
CCC is highly invasive and sometimes undetectable by US. 
Intraductal-growth CCC causes intraductal mass, obstruc-
tion, and dilatation of the bile duct. CEUS images of CCC 
generally show slightly hypervascular pattern. Ring enhance-
ment of the tumor margin at early phase and delayed 

a

c d

b

Fig. 17.7 Progressed hepatocellular carcinoma. US shows hyper-
echoic lesion of diameter 1.5 cm in S8 (a). CT with contrast medium 
shows the presence of a low-density area in the late phase (b). Common 

hepatic arteriography shows tumor staining (arrow) in S8 (c). The 
resected tumor tissue shows moderately differentiated type of hepato-
cellular carcinoma (d)

N. Nishida et al.
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enhancement can be detected in CCC cases, but these find-
ings are also observed in metastatic tumors of the liver. MRI 
regularly shows low-intensity tumor on T1-weighted and 
high-intensity tumor on T2-weighted image [22].

17.3.3  Treatment

Surgical resection of tumor is the first line of the treatment; 
systemic chemotherapy using gemcitabine with/without cis-
platin is generally the recommended treatment for unresect-
able cases. Radiation and chemotherapy are used for 
palliative treatment [33].

Case 17.5 (Cholangiocarcinoma, Mass-Forming Type)
A 66-year-old male presented with complaint of jaundice. 
US showed a large isoechoic tumor in S4 (Fig. 17.21). CT 
showed a tumor in S4 with delayed enhancement (Fig. 17.22). 
Percutaneous transhepatic cholangiogram showed dilatation 
of the right hepatic bile duct. US-guided tumor biopsy 
revealed glandular neoplastic structures with fibrosis 
(Fig. 17.23).

Case 17.6 (Cholangiocellular Carcinoma with Infection 
of Clonorchis sinensis)
A 72-year-old female presented with anorexia, general 
malaise, and jaundice. Her laboratory data showed T-BIL 

a b

c

Fig. 17.8 Ultrasonographic findings with or without contrast medium 
in hepatocellular carcinoma. The isoechoic space-occupying lesion 
(SOL) (short arrow) with halo and a high-echoic SOL (long arrow) are 
mosaic in echo pattern (a). US image with contrast medium shows high 

echogenicity in the large SOL and low echogenicity in the small SOL in 
the vascular phase (b). A low-echoic pattern is seen in both SOLs in the 
Kupffer phase (c) (Courtesy of Dr. T. Mori)

17 Liver Tumors II: Malignant Tumors of the Liver
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6.91  mg/dL, GOT 208  IU/L, GPT 315  IU/L, ALP 
3952  IU/L, GGT 1194  IU/L, CRP 4.7  mg/dL, WBC 
6400/mm3, eosinophils 9.6%, and CA19-9 
9788 IU/L. Endoscopic nasal bile drainage and percuta-
neous transhepatic cholangiodrainage were performed 
when bilirubin reached 23.36 mg/dL. The bile juice con-
tained Clonorchis sinensis eggs. Endoscopic retrograde 
cholangiopancreatography showed obstruction at the 
junction of the left and right biliary ducts and peripheral 
ductal dilatation. CECT revealed low-density area in the 
 portal trunk, swelling of the para-aortic lymph nodes, and 

small multiple low-density areas in the liver. The patient 
died of liver failure. Autopsy showed dysplastic glands in 
the portal tract with fibrosis and infiltration of neutro-
philic leukocytes. Cholangiocarcinoma is commonly 
associated with fibrosis (Fig. 17.24).

Case 17.7 (Cholangiocarcinoma with a Component  
of Cholangiolocellular Carcinoma)
A 75-year-old female presented with liver cirrhosis type C 
and a liver nodule. Laboratory tests revealed HBsAg neg-
ative, positive for HCV Ab, AST = 58 IU/L, ALT = 33 IU/L, 

a

c d

b

Fig. 17.9 CT with or without angiography in hepatocellular carci-
noma. CECT shows high density in a large tumor and low density in a 
small tumor in the early phase (a), and iso- or low density is seen in 
both tumors in the late phase (b). Angio-CT revealed hypervascular in 

the former and in a partial area of the latter in the arterial phase (c). 
Angio-CT shows low density in both tumors in the venous phase (d) 
(Courtesy of Dr. T. Mori)

N. Nishida et al.
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ALP = 223 IU/L, AFP = 9.9 ng/mL, PIVKA-II = 25 mAU/
mL, CEA = 3.7 ng/mL, and CA19-9 = 45.1 U/mL.

The B-mode image of US showed a low-echoic nodule 
in S4/8 (Fig. 17.25). The nodule showed slightly low den-
sity on plain CT, enhancement in the arterial phase, and 
partial defect in the central area (Fig.  17.26). The tumor 

revealed as defect in the hepatobiliary phase of the 
Gd-EOB-DTPA- enhanced image (Fig. 17.27). The tumor 
showed irregular margin and no capsule. Microscopic 
examination revealed the tumor consisted of CCC, CoCC, 
and poorly differentiated CCC components (Figs.  17.28 
and 17.29).

a

c d

b

Fig. 17.10 Magnetic resonance image with Gd-EOB-DTPA in hepato-
cellular carcinoma. MRI with T1 intensification shows low density in a 
large tumor and high intensity in a small tumor (a). MRI with T2 inten-
sification shows high intensity in the former and mixed intensity in the 

latter (b). Gd-EOB-DTPA-enhanced MRI image shows high intensity 
in a large tumor and iso-intensity in a small tumor in arterial phase (c); 
MRI with EOB shows low intensity in both tumors in hepatobiliary 
phase (d) (Courtesy of Dr. T. Mori)
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a

c

b

Fig. 17.11 Macro- or microscopic findings of hepatocellular carci-
noma. Macroscopic findings of resected liver show a nodular tumor 
with a daughter nodule, and a necrotic area is seen in a main tumor (a). 

The main tumor shows trabecular type of hepatocellular carcinoma and 
a pseudoglandular structure is seen (b). Bile thrombus or cholestasis is 
seen in bile canaliculi and neoplastic cells (c) (Courtesy of Dr. T. Mori)

a b

Fig. 17.12 Histological findings of hepatocellular carcinoma. A small tumor shows central necrosis with the presence of isolated tumor cells 
(arrow) in surrounding fibrosis (a). Neoplastic cells form trabecular and pseudoglandular structures (b) (Courtesy of Dr. T. Mori)
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a b

Fig. 17.13 Transarterial chemoembolization. The right hepatic angiography shows a hypervascular area (arrow) in S8 (anterosuperior subseg-
ment of the right lobe) (a). Arteriography after TAE shows disappearance of arterial blood flow (b)

d

a b

Fig. 17.14 Macro- and microscopic findings of the liver with 
hepatocellular carcinoma after transarterial embolization. Cut surface 
of the resected liver. The necrotic nodule (arrow) is surrounded by 

nonneoplastic regenerative nodules (a). Histology reveals an encapsu-
lated tumor resulting in total necrosis. There is focal hemorrhage in the 
fibrous septa around the tumor (b)
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a b

Fig. 17.15 Hepatic arterial infusion chemotherapy. Lipiodol is stained in the tumor area after infusion (a). The microscopic appearance confirms 
the complete necrosis of the tumor cells after hepatic arterial infusion chemotherapy (b)

a b

Fig. 17.16 Percutaneous ethanol injection. Ultrasonography shows an 
isoechoic space-occupying lesion (SOL) with halo (a). Ultrasonography 
shows hyperechoic SOL after PEI (b). The tumor (upper right) is totally 

necrotic. Nonneoplastic viable hepatocytes (lower left) are separated by 
fibrous connective tissue (c). The figures of this case are courtesy of Dr. 
Maki Iwai, Kyoto Prefectural University of Medicine
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T  

NT  

Fig. 17.17 Radiofrequency ablation. Massive necrosis of the encapsu-
lated tumor (T) due to radiofrequency ablation NT, non-tumor Fig. 17.18 Viable HCC cells after TACE. A small focus of viable neo-

plastic cells is remained in the fibrous capsule after TACE

c

Fig. 17.16 (continued)
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c d

b

Fig. 17.19 Sarcomatous change in hepatocellular carcinoma. 
Multinucleated neoplastic cells are distributed with fibrous stroma cells 
(a). Expression of vimentin in neoplastic cells by immunohistochemis-

try (b). Cytokeratin (CK) 19 is stained in neoplastic cells (c). CK20 
immunoreactivity is not detected in neoplastic cells (d)

hepatocyte

bile canaliculus
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choloangiole

Intralobular bile duct

septal bile duct
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of intrahepatic bile duct
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Common bile duct

Intrahepatic
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Extrahepatic
biliary tree

Glisson's
capsule

Hepatocellular
carcinoma 

cholangiolocellular
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Intrahepatic
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hilar cholangiocarcinoma

distal bile ducts cancer

Fig. 17.20 Biliary tree and origin of cancer cell. Depending on 
whether they arise in the liver, near the hilum, or from the extrahepatic 
ducts, they are called carcinoma of the intrahepatic or peripheral bile 
duct, hilar cholangiocarcinoma (Klatskin tumor), or distal bile duct 
cancer, respectively. A subtype of CCC, morphologically similar to 

cholangioles, is known as cholangiolocellular carcinoma (CoCC), 
which is thought to be derived from Hering’s canal. It is reported that 
Hering’s canal might be composed of hepatic stem cells; CoCC some-
times contains HCC or CCC components within the tumor, suggesting 
that it could originate from hepatic stem cells
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Fig. 17.21 Cholangiocellular 
carcinoma; US images. US 
shows an isoechoic tumor 
(arrow) in S4 and peripheral 
bile ducts (arrow head) are 
dilated around the tumor. The 
figures of this case are 
courtesy of Dr. Maki Iwai, 
Kyoto Prefectural University 
of Medicine

a b

Fig. 17.22 Cholangiocellular carcinoma; CT images. CT shows a low-density area in S4 (a). A low-density area is partly enhanced by contrast 
medium (delayed enhancement); there is dilatation of the left intrahepatic bile duct and tumor invasion into the inferior vena cava (b)
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a b

Fig. 17.23 Cholangiocellular carcinoma. Percutaneous transhepatic 
cholangiography (PTC) shows dilatation of the right and left intrahe-
patic bile ducts, and interruption of contrast medium is seen between 

the common and intrahepatic bile ducts (a). Needle biopsy of the tumor 
revealing neoplastic glands with focal loss of nuclear polarity and 
fibrous stroma (b)

a b

Fig. 17.24 Cholangiocellular carcinoma in the liver with infestation of 
Clonorchis sinensis. A neoplastic duct (upper left) is seen in the fibrous 
portal area with polymorphonuclear leukocyte infiltration, simulating a 

nonneoplastic interlobular bile duct (a). Poorly formed glands and 
cord-like structures are seen in the fibrous stroma (b)

Fig. 17.25 Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; US images. The US showed a low-echoic 
nodule with heterogeneous isoechoic lesion inside

17.4  Mucinous Cystadenocarcinoma

Mucinous cystadenoma is regarded as a precursor or 
benign counterpart of mucinous cystadenocarcinoma [32]; 
the large majority occurs in middle-aged women and 
causes no symptoms or signs until the tumors are large. 
Metastasis is rare, and the tumor is considered as low-
grade malignancy or carcinoma in situ when the neoplastic 
epithelium is contained within the cystic lesion. The oper-
ative results are good [34].

Case 17.8 (Mucinous Cystadenocarcinoma)
A 66-year-old male presented with an epigastric tumor, a 
high-echoic and papillary tumor with arterial flow 
(Fig.  17.30). CECT in the arterial phase revealed a low- 
density area with rim enhancement. In the delayed-phase 
image, the tumor is heterogeneous in density with prominent 
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rim enhancement pattern (Fig.  17.31). The T1-intensified 
image of MRI showed a mixture intensity in the tumor, and 
T2 image showed high intensity (Fig. 17.32). Angiography 
showed neovascularization and compression of the left 
hepatic artery. The resected tumor showed cystic structures 
surrounded by fibrous tissue and a cystic cavity lined by 
monolayer columnar epithelium. Much of the epithelium 
was desquamated. The remaining epithelium was basophilic 
and irregular in size, with displaced nuclei in the periphery. 
CA19-9 and carcinoembryonic antigen immunoreaction 
were seen in the cytoplasm, which contained mucinous 
material (Fig. 17.33).

Diagnosis of cystadenocarcinoma is made by both image 
analysis [35] and histological findings [32]. Resection leads 
to a high 5-year survival rate and good prognosis [36].

17.5  Hepatoblastoma

Hepatoblastoma is the most common liver tumor in childhood 
and is associated with congenital anomalies. The vast majority 
of cases are seen in children <5 years old, of which two-thirds 
are <2 years old. Boys are affected twice as frequently as girls. 
However, a few cases have been reported in middle-aged or 

a b

c d

Fig. 17.26 Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; CT images of the tumor. Plain CT image 
(a), arterial-phase image (b), portal-venous-phase image (c), and 
equilibrium- phase image (d) are shown. The nodule showed slightly 

low density in the pre-contrast, high density in the arterial, and partially 
low density in the central, accompanied with delayed enhancement in 
the peripheral region, in the portal-venous and equilibrium-phase image
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Fig. 17.27 Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; abdominal MRI images. The tumor revealed 
low intensity in the T1-weighted image (a) and high intensity in the 

T2-weighted and diffusion images (b, c). It was depicted as low- 
intensity nodule with irregular shape in the hepatobiliary phase of the 
Gd-EOB-DTPA-enhanced image (d)

a b

Fig. 17.28 Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; macroscopic view and loupe images. 
Macroscopic and loupe images of the tumor with CK7 immunostaining. 
Cross sections of the resected specimen (a). The tumor was whitish 
with an irregular boundary and without a capsule. Macroscopic view of 

the whole tumor with CK7 immunohistochemical staining (b). The 
tumor consisted of cholangiocellular carcinoma (CCC) components 
(arrow), cholangiolocellular carcinoma (CoCC) components (arrow 
head), and poorly differentiated CCC portion (asterisk)
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c

e f

d

b

Fig. 17.29 Cholangiocellular carcinoma with the component of chol-
angiolocellular carcinoma; histologies and expression of CK7. 
Microscopic images of the tumor with HE and CK7 immunostaining. 
HE staining images of the CCC component (a), the CoCC component 
(d), and the poorly differentiated CCC component (e). Similarly, CK7 
immunostainings of the CCC component (b), the CoCC component (c), 
and the poorly differentiated CCC component (f) are shown. In the 
CCC components of the tumor, cancer cells showed glandular duct-like 
structures, and lymphocytic infiltration was observed in fibrotic regions 

(a). Immunohistochemistry showed positivity for CK7 (b). In the CoCC 
component, smaller cancer cells resembling bile-ductular cells were 
observed, showing antler-like proliferation pattern (c). 
Immunohistochemistry also showed positivity for CK7 (d). In the 
poorly differentiated CCC component, pleomorphic cells showed 
severe cellular atypia with HCC-like compact proliferation with less 
fibrotic region (e). Immunohistochemical examination showed positive 
for CK7 (f)
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a b

Fig. 17.30 Cystadenocarcinoma; US images. US shows a high-echoic tumor surrounded by a low-echoic area (a). Doppler US shows arterial flow 
in the tumor (b)

a b

Fig. 17.31 Cystadenocarcinoma; CT images. CT in the early phase 
shows a low-density area in S4. There are arterial vessels in the 
tumor, and it is surrounded by arteries (a). CT in the late phase 

reveals low or heterogeneous density in the tumor, and there is a low-
density area on edge (b)
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a b

Fig. 17.32 Cystadenocarcinoma; MRI images. MRI with T1 intensification shows iso-intensity in the tumor with high intensity in its rim (a). 
MRI with T2 intensification shows high intensity in the tumor with low intensity in its rim (b)

a b

c d

Fig. 17.33 Cystadenocarcinoma; microscopic views. Cystic areas 
lined by cuboidal to low columnar epithelium overlying cellular mesen-
chymal stroma (a). The tumor shows cytoplasmic and apical membra-

nous staining for CA19-9 (b). Cystadenocarcinoma with membranous 
and cytoplasmic CEA staining. (d) Mucin in the epithelium of the cyst-
adenocarcinoma is stained red with mucicarmine (c)
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even in old-aged individuals [37]. The usual presentations are 
weight loss, large upper abdominal mass, and high serum AFP. 
Plain CT shows isodensity or low- density tumor with calcifi-
cation on the periphery [38]. Histologically, there are three 
types of hepatoblastoma: epithelial, mixed epithelial-mesen-
chymal, and anaplastic [39]. Fetal hepatocytes contain more 
fat and glycogen than adult hepatocytes, and a pale appearance 
or light-and-dark pattern is seen in the fetal type of hepatoblas-
toma. Anaplastic type is characterized by high nuclear-cyto-
plasmic ratio, proliferative activity, poorly defined cellular 
margins, and squamous differentiation.

Case 17.9
A 5-month-old infant was admitted for an abdominal tumor. 
His serum AFP was as high as 61  ×  104  ng/mL, and CT 
showed a low-density area with calcification in S3 to S4 
(Fig. 17.34). MRI revealed low intensity in S4 on T1-weighted 
image and high intensity on T2-weighted image (Fig. 17.35). 

After diagnosis, the tumor was resected and showed cords of 
small hepatocytes (fetal epithelial type), tubular form in 
other areas (embryonal epithelial type), and focal keratiniza-
tion (squamous differentiation) (Fig. 17.36).

Hepatomegaly and elevation of AFP in serum led to a 
working diagnosis of hepatoblastoma. Image analysis and 
liver biopsy confirm its diagnosis. Early detection may lead 
to curative resection. Preoperative chemotherapy reduces the 
size of the tumor. Surgical resection and liver transplantation 
need to be required [40].

17.6  Liver Sarcoma

Compared to carcinomas, sarcomas of the liver are very rare 
and should be differentiated from HCC.

17.7  Epithelioid Hemangioendothelioma

Endothelial tumor in the lung may present as primary liver 
tumor, and its prognosis varies widely. Some patients survive 
for decades, while others die within months. Its causes are 
unknown. A relationship to the use of oral contraceptive is 
postulated [41], and women are more often affected than 
men.

Case 17.10
A 44-year-old female with a history of oral contraceptive 
use presented with space-occupying lesions in the liver. 
CECT showed multiple tumors in the peripheral of S2, S4, 
S5, and S6  in the early phase (Fig. 17.37). Resected liver 
showed distribution of tumor cells and stroma in the peri-
portal area, distribution of individual tumor cells in fibrous 
stroma, formation of vasculature from tumor cells, and 

Fig. 17.34 Hepatoblastoma; CT images. A low-density tumor with 
calcification (arrow) is observed in S4 (medial segment) by CT

a b

Fig. 17.35 Hepatoblastoma; MRI images. MRI shows low-intensity lesion with a calcified rim (a). MRI with T2 intensification reveals a high- 
intensity area in S4 (b)
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CD34 immunoreactivity in the tumor cells (Fig. 17.38). The 
tumor grows slowly but may metastasize [42]. Liver trans-
plantation pertains to a favorable 5-year survival rate [43].

17.8  Angiosarcoma

Although it accounts for only 1–2% of primary hepatic malig-
nancies, angiosarcoma is the most common sarcoma of the 
liver [44]. There are known predisposing factors, such as 
exposure to thorium (Thorotrast), vinyl chloride, and arsenic 
[44]. The incubation period is long from 15 to 25 years. Steroid 
hormones and urethane are also associated with the develop-
ment of angiosarcoma [45, 46]. Symptoms and signs include 
pain, anemia, fever of unknown origin, weight loss, abdominal 
mass, and hemoperitoneum. The median survival is 6 months. 
Although imaging studies are helpful, they are inconclusive. 
Hence, liver biopsy is often required under peritoneoscopy.

a b

c

Fig. 17.36 Hepatoblastoma; histological view. (a) Hepatoblastoma, 
fetal epithelial type. The tumor is composed of sheets and thin trabecu-
lae of small hepatocytes. (b) Hepatoblastoma, embryonal epithelial 

type. The tumor cells have a high nuclear-cytoplasmic ratio and are 
arranged in glandular pattern. (c) Hepatoblastoma. There is keratiniza-
tion formation in hepatoblastoma

Fig. 17.37 Epithelioid hemangioendothelioma; CT images. CECT 
shows multiple low-density areas in the early phase, and these are local-
ized mainly in the periphery of the liver. (Courtesy of Professor H 
Haga)
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Case 17.11
A 47-year-old male presented with weight loss and a history 
of diabetes mellitus for 5 years. There were no predisposing 
factors, such as Thorotrast or vinyl chloride. His laboratory 
data showed T-BIL 1.9 mg/dL, AST 83 IU/L, ALT 111 IU/L, 
ALP 777  IU/L, LAP 1340  IU/L, GGT 3490  IU/L, FBS 
191 mg/dL, AFP 2 ng/mL, ICGR15 56%, and PLT 9.6 × 104. 
US revealed many small tumors in the liver (Fig.  17.39). 
Plain CT presented heterogeneous tumor, and CECT did not 
reveal different densities (Fig.  17.40). Peritoneoscopy 
showed red nodules with prominence of the undersurface of 
the liver (Fig. 17.41). Angiography showed multiple staining 
with portal vein obstruction by a tumor thrombus (Fig. 17.42). 
He soon complained of epigastric pain and ascites and died 
of liver rupture.

Autopsy tissue revealed irregularly dilated sinusoids and 
congestion. The sinusoids were lined by atypical and 
 multinucleated endothelial cells, which are in multiple lay-
ers, as well as compressed hepatocytes. Immunohistochemistry 
showed factor VIII in atypical endothelial cells (Fig. 17.43).

The tumor progresses quickly and grows multicentrically. 
Metastases occur in the lung, hilar lymph node, spleen, and 
bone. A sudden complication is rupture with hemoperito-
neum; the course is progressive, and the prognosis is poor.

a

c d

b

Fig. 17.38 Epithelioid hemangioendothelioma; microscopic views. 
Glandular structures of tumor cells are distributed in the periportal tract 
(a). Tumor cells are mixed with fibrosis (b). Tumor cells form a capil-

lary structure (signet ringlike tumor cell) (c). CD34 immunoreactivity is 
seen in tumor cells (d). (Courtesy of Professor H Haga)

Fig. 17.39 Angiosarcoma; US images. US shows multiple high and 
small echogenic lesions in the liver. The figures of this case are courtesy 
of Dr. Maki Iwai, Kyoto Prefectural University of Medicine and (Reuse 
of Iwai M, et  al. A case report of primary hepatic angiosarcoma. J 
Kyoto Pref Univ Med 1988; 97: 859–68, with permission of its chief 
editor)
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17.9  Primary Hepatic Neuroendocrine 
Tumor

A neuroendocrine neoplasm (NEN) derives from neuroen-
docrine cells which are present throughout the body in 

various organs such as the lungs and gastrointestinal tract. 
NEN is histologically classified based on morphology, 
Ki-67 index, and mitotic count. Neuroendocrine tumor 
(NET) G1 shows Ki-67 index ≤2%, NET G2 represents 
Ki-67 index = 3–20%, and neuroendocrine cancer (NEC) 
shows Ki-67 index >20%. NET is a slow-growing tumor; 
NEC is aggressive [47]. Primary hepatic neuroendocrine 
tumor is extremely rare.

Case 17.12
A 75-year-old female was pointed out approximately 
20 mm hepatic tumor localized in S4 on CT. The results for 
blood routines, liver function, and tumor marker were 
within normal ranges. The tumor showed ring enhance-
ment in the arterial phase (Fig.  17.44) and delayed 
enhancement on the central part of tumor. Similarly, CEUS 
also revealed ring enhancement accompanied by the 
delayed enhancement and defect in the post-vascular phase 
(Fig. 17.44). Resected liver tissues showed the distribution 
of tumor cells accompanied by fibrovascular stroma and 
pseudo-ductal structures (Fig. 17.45). The central part of 
the tumor was associated with hemorrhagic necrosis and 
edematous degeneration. Immunohistochemistry findings 
included chromogranin A (+), synaptophysin (+), CD56 
(+), CDX2 (+), mucicarmine (−), CEA (−), cytokeratin7 
(−), cytokeratin20 (−), and estrogen receptor (−) 
(Fig.  17.45). Ki-67 (MIB-1) index was less than 2%. 
Because no primary organ was found in postoperative 
examination, the tumor was considered as a primary neu-
roendocrine tumor of the liver (G1).

Acknowledgment We are grateful to Prof. Alex Y. Chang for construc-
tive advice for first edition of this chapter.

a b

Fig. 17.40 Angiosarcoma; CT images. Plain CT shows heterogeneous 
density in the liver (a). CECT shows homogenous density in the liver 
(b). (Reuse of Iwai M, et al. A case report of primary hepatic angiosar-

coma. J Kyoto Pref Univ Med 1988; 97: 859–68, with permission of its 
chief editor)

Fig. 17.41 Angiosarcoma; peritoneoscopy. Peritoneoscopy shows an 
irregular surface of the liver and protrusion of the undersurface in the 
inner area of the gallbladder. There is nodular formation on the surface, 
and the nodular surface is red in color and hypervascular. (Reuse of 
Iwai M, et al. A case report of primary hepatic angiosarcoma. J Kyoto 
Pref Univ Med 1988; 97: 859–68, with permission of its chief editor)
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a b

Fig. 17.42 Angiosarcoma; angiography. Angiography shows multiple 
small tumor staining (arrow) in the right lobe (a). Portography reveals 
tumor thrombus in portal trunk (b). (Reuse of Iwai M, et  al. A case 

report of primary hepatic angiosarcoma. J Kyoto Pref Univ Med 1988; 
97: 859–68, with permission of its chief editor)

a

c

b

Fig. 17.43 Angiosarcoma; microscopic views. Irregularly dilated 
sinusoids and congestion are seen (a). The tumor shows cavernous sinu-
soids lined with pleomorphic and hyperchromatic endothelial cells. 
Hepatocytes are not seen (b). Immunostaining reveals that the tumor 

cells are focally positive for factor VIII (c). (Reuse of Iwai M, et al. A 
case report of primary hepatic angiosarcoma. J Kyoto Pref Univ Med 
1988; 97: 859–68, with permission of its chief editor)
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c d

b

Fig. 17.44 Primary hepatic neuroendocrine tumor. CECT showed ring 
enhancement in the arterial phase (a) and delayed enhancement on the 
central part of tumor in the equilibrium phase (b). CEUS showed ring 

enhancement with delayed enhancement on the central part in the vas-
cular phase (c) and complete defect in the post-vascular phase (d)
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