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Intrahepatic cholangiocarcinoma (ICC) is the second most common primary hepatic malignancy, with mass-forming

growth pattern being the most common. The typical imaging appearance of mass-forming ICC (mICC) consists of irregular

ring enhancement in the arterial phase followed by the progressive central enhancement on portal venous and delayed

phases. However, atypical imaging presentation in the form of hypervascular mICC might also be seen, which can be

attributed to distinct pathological characteristics. Ancillary imaging features such as lobular shape, capsular retraction,

segmental biliary dilatation, and vascular encasement favor the diagnosis of mICC.
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1. Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary malignant liver tumor after hepatocellular

carcinoma (HCC) . These tumors arise from the intrahepatic biliary duct epithelium, proximal to the second-order bile

ducts . Although the majority of cases occur sporadically, there are certain medical conditions that are considered to be

risk factors for ICC development, in particular primary sclerosing cholangitis (PSC), choledochal cyst, intrahepatic lithiasis,

Caroli disease, clonorchiasis, and viral hepatitis (especially type C) .

According to the growth pattern, ICC can be classified into mass-forming, periductal-infiltrating, or intraductal growth types

. Among the three different growth patterns, mass-forming cholangiocarcinoma (mICC) is the most common, accounting

for 80% of all cases . The second most common type is mixed type consisting of mass-forming and periductal infiltrating

growth pattern . Even though mixed type was initially introduced as a distinctive type, it is now grouped together with

mass-forming type according to its imaging presentation . However, recent studies have shown that gross

morphological classification is insufficient in explaining the atypical presentations of ICC . In order to provide better

understanding of varying imaging appearances of mICC and its correlation with clinicopathological features, Kim et al.

have proposed new dichotomous imaging classification introducing “parenchymal” and “ductal” types of mICC . This is

in accordance with the new histological classification that divides ICC into small duct and large duct types . With regard

to new imaging classification, parenchymal type originates from small bile ducts or canals of Hering and presents as a

mass-forming lesion without gross involvement or bile duct dilatation . On the other hand, ductal type develops from

mature cholangiocytes of the large bile ducts and presents usually as mixed mass-forming and periductal infiltrating lesion

causing biliary dilatation . In addition, it has been shown that the ductal type tends to show hypovascularity while the

parenchymal type frequently displays hypervascularity on imaging studies . Furthermore, Hayashi et al. have shown

that large bile duct type was more commonly associated with poor differentiation due to the rich fibrous stroma in contrast

to the small duct type, which had better postsurgical outcomes . Therefore, recognition of this different imaging

appearances of mICC provides additional clinical information regarding the prognosis and clinical outcome, which may

influence treatment decisions in certain cases .

2. Imaging Findings of Mass-Forming ICC

The imaging appearance of mICC depends on its pathohistological composition and is determined by the amount of

fibrous stroma, viable tumor cells, intralesional mucin, and necrosis .

2.1. Typical Imaging Features of mICC

Mass-forming ICC typically presents as a large, lobulated, irregularly shaped lesion with well-defined borders . On MRI,

the tumor is usually hypointense on T1-weighted images, while the appearance on T2-weighted images varies from

hypointensity in highly fibrotic lesions to hyperintensity in necrotic or mucin-rich tumors . Although central T2-weighted
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hypointensity is considered a characteristic MRI feature of mICC, it can also be seen in colorectal metastasis due to

intralesional coagulative necrosis . Nevertheless, in most of the cases mICC presents as a heterogeneous lesion on

T2-weighted images containing both areas of hyperintensity and areas of hypointensity . The characteristic

enhancement pattern using conventional gadolinium-based extracellular agents consists of an irregular ring enhancement

on the arterial phase followed by progressive central enhancement in the portal venous and delayed phases (Figure 1)

. This postcontrast behavior could be explained by a rim of viable cells at the periphery of the tumor and rich

edematous internal fibrous stroma .

Figure 1. Typical intrahepatic mass-forming cholangiocarcinoma in 68-year-old woman. On axial T2-weighted image a

lobular heterogeneously hyperintense tumor (arrow) is seen, located centrally in the liver segment IVB (A). The lesion

(arrow) is hypointense in a plain T1-weighted image (B) with irregular ring enhancements in the arterial phase (C) and

progressive enhancement in the portalvenous (D) and delayed phase (E). Note the perilesional biliary dilatation.

Hematoxylin and eosin (H&E) staining (F) showed cholangiocarcinoma (arrow) and normal liver parenchyma next to the

tumor (dashed arrow); original magnification ×40.

However, in highly fibrotic lesions or in lesions with internal necrosis, central parts may remain non-opacified even on

delayed images (Figure 2) .
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Figure 2. Mass-forming intrahepatic cholangiocarcinoma in 72-year-old man. Irregular heterogeneously hyperintense

lesion (arrow) on T2-weighted image (A) located in liver segments IVB and III with peripheral biliary dilatation is shown.

On a plain T1-weighted image (B) the lesion (arrow) is hypointense with only discrete ring enhancement in the arterial

phase (C) but without detectable enhancements in the portal venous (D) and delayed phases (E). Hematoxylin and eosin

(H&E) staining (F) showed poorly differentiated cholangiocarcinoma (dashed arrow); normal liver parenchyma is also

shown (arrow); original magnification ×40.

Target sign, consisting of diffusion restriction at the periphery of the lesion and low signal intensity in its central parts on

high-b-value diffusion weighted imaging (DWI), could be considered to be a pathognomonic finding in mICC . It can

be attributed to the loose central fibrotic stroma with accompanying edema that is responsible for low signal intensity in

DWI, while the periphery of the lesion is composed of densely packed viable tumor cells that cause diffusion restriction

and dark rings on the apparent diffusion coefficient (ADC) map (Figure 3) .

Figure 3. Mass-forming intrahepatic cholangiocarcinoma in the left liver lobe of a 76-year-old man. Axial T2-weighted FS

image shows lobulated hetrogeneously hyperintense hepatic tumor (arrow) with perilesional biliary dilatation (A). Axial

diffusion-weighted image (b = 800 s/mm ) shows target-like appearance (arrow) of the lesion that consists of a central

darker area and a peripheral hyperintense area (B). Corresponding ADC map is shown on (C).

If hepatocyte-selective contrast media are used, mICC presents typically as hypointense lesions on the hepatobiliary

phase due to the lack of functional hepatocytes with a sharp margin between the tumor and the background liver

parenchyma . Thus, tumor size as well as the presence of perilesional satellite nodules, could be more precisely

evaluated in the hepatobiliary phase in comparison to the MRI with conventional extracellular contrast . Additionally,

the “cloud sign”, seen as a relatively high cloud-like signal intensity in the central part of the lesion surrounded by a

hypointense peripheral rim, is considered characteristic of mICC (Figure 4) . The appearance of mICC in the
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hepatobiliary phase may be used as a prognostic factor since it correlates well with the content of intralesional fibrous

stroma . Namely, if cloud sign is seen it indicates a large amount of fibrous stroma in the central parts of the tumor,

which is frequently associated with poor prognosis . Additional imaging features, which are shown to be prognostic

factors and can be assessed in the hepatobiliary phase, include capsule penetration and hepatic vein obstruction, as was

demonstrated in the study by Kim S et al. .

Figure 4. Mass-forming intrahepatic cholangiocarcinoma in a 68-year-old woman. Axial T1-weighted image after

gadoxetic acid administration obtained in arterial phase (A) shows peripherally enhancing lesion (arrow). Portal venous

phase in the same patient (B) shows progressive centripetal enhancement of the lesion (arrow) with cloud-like

appearance in the hepatobiliary phase (C) consisting of an area of central enhancement and a thin, peripheral,

hypointense rim.

Ancillary MRI findings that are frequently seen in mICC include peripheral biliary dilatation, capsular retraction, vascular

encasement, lobar atrophy, satellite nodules, and lymphadenopathy . Nevertheless, it should be kept in mind that in

the parenchymal type of mICC, due to its origin from the small bile ducts, ancillary features such as biliary dilatation,

vascular encasement, and lobar atrophy may be absent (Figure 5). In such cases, the presence of typical postcontrast

behavior and capsular retraction indicate mICC. On the other hand, some degree of obstruction and peripheral bile duct

dilatation is always seen in the ductal type of mICC .

Figure 5. Parenchymal mass-forming cholangiocarcinoma in a 36-year-old man. The lobular slightly hyperintense lesion

(arrow) is seen in the liver segment IVA in a T2-weighted image (A) with subtle capsular retraction (dashed arrow). On a

plain T1-weighted image (B), the tumor (arrow) is hypointense with irregular discrete peripheral and central

enhancements in the arterial phase (C), mild progressive enhancement in the portal venous phase (D), and high signal

intensity in DWI (E). Hematoxylin and eosin (H&E) staining (F) showed cholangiocarcinoma (arrowhead) with poorly

differentiated components (dashed arrow). Normal liver parenchyma is also shown (arrow); original magnification ×40.

Although capsular retraction is considered to be a characteristic finding for mICC , it can also be observed in many

other lesions with abundant fibrosis and desmoplasia, such as metastatic colon carcinoma, scirrhous hepatocellular

carcinoma, and hemangioendothelioma . Therefore, this sign must be evaluated only in combination with other imaging
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findings. Due to its infiltrative growth, mICC may lead to vascular encasement, resulting in lobar or segmental

parenchymal atrophy . In contrast to HCC, mICC rarely leads to tumor thrombus formation . Satellite lesions

around the main tumor are frequent findings probably due to the invasion of adjacent small portal vein branches . The

formation of satellite nodules, and their subsequent fusion with the main tumor, results in the lobular shape of the lesion,

which is shown to be a characteristic feature of mICC . Lymphadenopathy in porta hepatis, and hepatoduodenal

ligament can be seen in up to 73% of mICC cases but is a nonspecific finding .

2.2. Atypical Imaging Features of mICC

Besides the typical imaging presentation of mICC, atypical appearance can also be observed in imaging studies .

Hypervascular mICCs are usually small lesions and this vascular behavior might be explained by less intralesional fibrosis

and abundant vascular stroma . The incidence of hypervascular mICC ranges from 12.5% up to 47% in previous

reports . Since hypervascular mICCs are frequently seen in cirrhotic livers, the differential diagnosis with HCC may

be very difficult. In this regard, the absence of washout and the presence of progressive enhancement together with the

lack of fibrous pseudocapsule favor the diagnosis of mICC over HCC . However, if hypervascular mICC shows washout

in the portal venous phase, preoperative differential diagnosis with HCC is hardly possible (Figure 6). In such cases,

additional findings, such as cloud appearance in the hepatobiliary phase, multiplicity around the main tumor, or

intrahepatic metastasis, capsule retraction and tumor markers may be helpful for differentiating between these tumors 

. Hypervascular mICC differs from typical hypovascular mICC not only in terms of vascularity but also in patient

outcome, as it has been shown that the former has much better prognosis . Therefore, the assessment of tumor

vascularity on preoperative imaging could represent an important marker for predicting malignant characteristics in mICC

.

Figure 6. Hypervascular mass-forming cholangiocarcinoma in a 63-year-old woman. The axial T2-weighted image (A)

shows a moderately hyperintense tumor (arrow) located in liver segments VI and VII with a subtle medial capsular

retraction. The lesion (arrow) is hypointense on the plain T1-weighted image (B), hypervascular in the arterial phase (C)

with washout on the portal venous phase (D). The tumor (arrow) is hyperintense on DWI (E). Hematoxylin and eosin

(H&E) staining (F) showed well-differentiated cholangiocarcinoma (arrow) surrounded by normal liver parenchyma

(dashed arrow); original magnification ×40.

Mucinous cholangiocarcinoma is a rare variant of mICC characterized by rich mucin production . According to

previous studies, mucinous mICC originate from mucin-producing cholangiocytes located in large bile ducts . Imaging

findings in mucinous mICC reflect characteristic histopathological features of the lesion with cancer cell nests suspended

in a large mucinous lake . Therefore, these lesions display strong T2-weighted hyperintensity . Moreover, as cancer

cells in the center of the lesion are scarce, these tumors show only slight progressive enhancement of intralesional septa

and cellular nests in postcontrast studies (Figure 7) . Due to its very high signal intensity on T2-weighted images and
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centripetal pattern of enhancement, mucinous mICC may be misdiagnosed as hemangiomas . Concerning similarities

in the postcontrast behavior of mucinous mICC and hemangiomas, it should be kept in mind that mICC displays

continuous ragged rim enhancements in contrast to the discontinuous, stronger peripheral and centripetal enhancement

following the blood pool seen in hemangiomas .

Figure 7. Mucin-rich mass-forming cholangiocarcinoma in a 78-year-old woman. The axial T2-weighted image (A) shows

the lobulated hyperintense lesion (arrow) located in the subcapsular region of liver segment IVB, which is associated with

capsular retraction. On the plain T1-weighted image (B) the lesion (arrow) is hypointense. In the arterial phase (C), ring

enhancement can be seen with slight “ragged” central enhancement in the portal venous (D) and delayed phase (E). On

DWI, diffusion restriction is noted on the periphery of the lesion (arrow) while no restriction is seen in the central part of

the tumor (F). Corresponding ADC map showing targetoid appearance of the lesion is shown on (G). Hematoxylin and

eosin (H&E) staining (H) showed cholangiocarcinoma (arrows) adjacent to normal liver parenchyma (dashed arrow);

original magnification ×40.
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