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Chapter 1 )
Hepatocellular Carcinoma b

Eric C. Ehman, Michael S. Torbenson, Christopher L. Hallemeier,
Julie K. Heimbach, and Lewis R. Roberts

Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver cell cancer.
HCC is one of the most common causes of death from cancer worldwide, variably
ranking between second and fourth in annual number of deaths and years of life lost
from cancer, after lung cancer and essentially tied with gastric cancer and colorectal
cancer for the number 2 position [1, 2]. The majority of liver cancers occurring
worldwide develop in the context of chronic injury and inflammation of the liver,
which results in exhausted liver regeneration and an aberrant healing response with
fibrosis leading to cirrhosis. The major etiologies of HCC are chronic hepatitis B
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and C virus infections, alcoholic liver disease, and nonalcoholic fatty liver disease.
Other less common causes of liver inflammation and cirrhosis, including hereditary
hemochromatosis, primary biliary cirrhosis, and autoimmune hepatitis, are also
associated with increased risk of HCC.

The inflammatory microenvironment induced by the different causes of liver
injury is characterized by a high concentration of reactive oxygen species that react
with hepatocyte genomic DNA to induce DNA mutations and chromosomal aberra-
tions that lead to induction of tumor oncogenes and loss of tumor suppressor func-
tion, thus enhancing liver cell growth and inhibiting apoptosis. The inflammatory
and fibrotic microenvironment also mediates other tumorigenic processes, includ-
ing angiogenesis and inhibition of natural antitumor immune responses. In many
parts of the world, dietary exposure to mutagenic compounds such as fungal afla-
toxins or plant-derived aristolochic acid significantly enhances the risk of HCC,
acting synergistically with other etiologic factors such as chronic viral hepatitis [3].
Chronic hepatitis B virus infection and adeno-associated virus 2 infection uniquely
cause HCC by viral integration into the host genomic DNA, leading to increased
expression of oncogenic proteins.

Imaging techniques have played a central role in improvements in the diagnosis
and care of patients with HCC over the past several decades. The use of ultrasound
and multiphasic contrast CT to identify new masses developing in patients with
liver cirrhosis followed by advancements in angiographic technique and the use of
embolization, either bland or with chemotherapy drugs (transarterial chemoemboli-
zation, TACE), led to rapid change in the diagnostic and treatment paradigm for
HCC. In 2002, two randomized trials showed that chemoembolization was superior
to best supportive care in the management of patients with unresectable intermedi-
ate stage HCC [4, 5]. TACE is now complemented by transarterial radioemboliza-
tion (TARE), which uses Yttrium-90 (Y-90) impregnated glass or resin beads to
deliver high-activity p-particle radiation to the arterial distribution of HCCs. TARE
has been shown to achieve better tumor control and equivalent survival in compari-
son to TACE for patients with Barcelona Clinic Liver Cancer (BCLC) stages A or B
HCC and Child Pugh Class A or B cirrhosis [6].

The next major advances in the use of imaging in HCC were the recognition
that multiphasic CT and MRI of the liver could be used for noninvasive diagnosis
of newly developing HCC in the cirrhotic liver. At a time when there was concern
about the risk of tumor seeding driving recurrence after biopsy, percutaneous
ablation, or liver transplantation with posttransplant immunosuppression, the
ability to make a noninvasive diagnosis of HCC with high specificity was a sub-
stantial advance, as it provided assurance of a lower risk of recurrence for those
patients who were eligible for potentially curative ablation or surgical treatment.
Further, the arterial vascular enhancement, portal and late venous washout, and
other ancillary features characteristic of viable tumor could also be applied to the
assessment of treatment response and tumor recurrence, becoming codified as
the modified-Response Evaluation Criteria in Solid Tumors (m-RECIST) criteria
for HCC [7]. Most recently, expanded evaluation of the diagnostic criteria for
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liver masses has resulted in the development of the Liver Imaging Reporting and
Data System (LI-RADS), which provides a more systematic classification of
liver lesions by imaging [8].

In this chapter, we discuss the current role of liver imaging in the diagnosis and
treatment of HCC, including the imaging-intensive treatment modalities of ablation,
transarterial chemoembolization (TACE), transarterial radioembolization (TARE),
stereotactic body radiation therapy (SBRT), and proton beam therapy. There is a
large variability in phenotypic presentation of HCC, ranging from single nodules
between 1 and >20 cm in size, to oligonodular tumors with only two or three nod-
ules that may be located in the same segment of the liver, in different segments of
the same, right or left, lobe of the liver, or in a bilateral, multilobar distribution, to
multinodular tumors presenting with three to ten or more nodules, and then to the
extreme end of the spectrum, where there is diffuse involvement of the liver with
small, almost miliary nodules or alternatively with a diffusely infiltrative nearly
confluent mass of tumor. Consequently, although general principles of care can be
produced in guidelines, the optimal treatment of each patient with HCC must be
personalized based on the specific presentation.

Knowledge of the spatial geography of tumor nodules within the liver as deter-
mined by cross-sectional imaging is critical for making optimal treatment decisions.
For example, whether a 2 cm HCC is best treated by liver transplantation, surgical
resection, microwave ablation, or transarterial radioembolization depends on its
peripheral or central location within the liver and the proximity of large blood ves-
sels or bile ducts, complemented by an assessment of the severity of the underlying
liver cirrhosis, loss of liver synthetic function, and associated portal hypertension,
and also of the patient’s age and comorbidities that may preclude surgical treatment.

Optimal integration of these different factors in treatment selection requires a
multidisciplinary team approach including specialists in diagnostic and interven-
tional radiology, pathology, hepatology, medical oncology, radiation oncology,
hepatobiliary surgery and liver transplant surgery, and palliative care. Further, since
the varying phenotypic presentations almost certainly reflect the underlying biology
of the tumors, it is imperative to develop a deeper understanding of the specific
biologic determinants of HCC tumor phenotype and outcomes, as these may be
directly linked to the response of specific tumors to local, locoregional, targeted, or
immune modulatory treatments.

An additional consideration in the care of patients with HCC is the concept of
tumor heterogeneity. During the development and progression of liver cancer, once
the key molecular alterations needed for the cancer phenotype are established, the
malignant clone continues to acquire additional alterations and potentially addi-
tional phenotypic characteristics. This may result in HCCs developing a more
aggressive, invasive, and metastatic phenotype over time. From an imaging per-
spective, phenotypic changes acquired by tumors during their growth can often be
discerned by differences in their imaging appearances. Perhaps the most well-
known imaging proof of tumor progression is the nodule-in-nodule appearance
seen when well-differentiated tumors transition into a less well-differentiated
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histology, with the more aggressive clone pushing the earlier, less aggressive tumor
to the edges of the nodule. Tumor heterogeneity is important in part because the
additional changes in tumor biology that occur during tumor progression may be
associated with increased resistance to physical, chemical, or systemic anticancer
therapies.

Pathologic Features of Hepatocellular Carcinoma

HCC are composed of malignant epithelial cells with hepatocellular differentia-
tion. A tissue proven diagnosis of HCC is based on H&E findings supplemented
with immunohistochemical stains. HCC show a number of important architec-
tural changes that help distinguish them from benign liver lesions. They show
abnormal arterialization of the hepatic lobules, loss of portal tracts, and abnormal
growth patterns (Fig. 1.1), which can include thickened hepatic cords (normally
1-2 cells thick), pseudoglandular structures, and loss of the normal reticulin
framework. These architectural changes can be accompanied by cytological
abnormalities such as increased nuclear to cytoplasmic ratios, nuclear atypia
including hyperchromasia, and prominent nucleoli. Some HCC also develop dis-
tinctive cytoplasmic inclusions, including hyaline bodies, Mallory-Denk bodies,
or pale bodies.

After a diagnosis is made, HCC are graded from well differentiated to poorly
differentiated, based on how closely the tumor cells resemble normal hepatocytes
(Fig. 1.2). Tumor grade predicts both patient survival and disease-free survival in all
major clinical settings including resections in cirrhotic [9, 10] and non-cirrhotic liv-
ers [11], and after liver transplantation [12].
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Fig. 1.2 Hepatocellular
carcinoma, moderately
differentiated. This
hepatocellular carcinoma
shows enough atypia to
indicate that it is
malignant, but at the same
time shows evidence for
hepatic differentiation,
with moderately abundant
eosinophilic cytoplasm

Histological Subtypes

Up to 35% of HCC can be further classified into histological subtypes or variants,
which often have clinical and/or molecular correlates (Table 1.1). The subtypes also
have their own potential diagnostic pitfalls, which depend on their morphology
(Fig. 1.3). A subtype of HCC is defined by possessing these four key features [13],
though all of the features will not be equally well developed when a subtype is first
defined and may take many years to fully develop. The key features are the follow-
ing: (1) unique H&E findings that are reproducibly identifiable and (2) can be con-
firmed by immunostains or other special studies. These findings in turn have (3)
unique clinical correlates and (4) associated molecular findings.

Differential Diagnosis

The histological differential for HCC depends on the degree of differentiation
within the tumor and on the presence or absence of cirrhosis in the background liver
(Table 1.2). Immunohistochemical stains are used to distinguish between possibili-
ties within the differential and are used in two distinct settings. First, they are used
to separate benign hepatic lesions from hepatocellular carcinoma. Stains in this
group are predominantly the reticulin stain (Fig. 1.4) and immunostains for glypi-
can 3, glutamine synthetase, and Ki-67. Second, immunostains are used to show
hepatocellular differentiation in cases where the differential includes non-hepatic
lesions. The most common of these stains in current use are HepParl (Fig. 1.5),
arginase, and glypican 3.



Table 1.1 Subtypes of hepatocellular carcinoma
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Frequency
Subtype (%) Prognosis® Notes on subtype status
Steatohepatitic 5-20 Similar Accepted subtype; may be
genetically heterogeneous, with
morphology reflecting underlying
metabolic syndrome or alcohol use
Clear cell 7 Better Accepted subtype; the percent of
clear cell change required has not
been well defined
Scirrhous 4 Variable, no Accepted subtype
strong consensus
in literature
Chromophobe 3 Similar Accepted subtype
Cirrhotomimetic 1 Worse Probable subtype; currently only
subtype defined by gross findings
Fibrolamellar carcinoma | 1 Similar to HCC | Accepted subtype
in noncirrhotic
livers
Combined 1-3 Worse Accepted subtype
hepatocellular-
cholangiocarcinoma
Combined hepatocellular | <1 Worse Accepted subtype
and neuroendocrine
carcinoma
Carcinosarcoma <1 Worse Accepted subtype
Granulocyte-colony- <1 ‘Worse Accepted subtype
stimulating-factor
producing
Sarcomatoid <1 Worse Accepted subtype
Lymphocyte rich <1 Better Accepted subtype
Lipid rich <1 Unclear Probable subtype, only a few cases

reported

2As compared to conventional hepatocellular carcinoma

Pathology Staging and Other Tissue Prognostic Markers

Pathology staging is based on these findings: tumor size (maximum diameter), num-
bers of tumors, angiolymphatic invasion, and metastatic disease. Angiolymphatic
invasion is divided into microscopic type and macrovascular type, where macrovas-
cular invasion involves vessels (portal veins or hepatic veins) that are large enough
to be recognized on gross examination or by imaging. The frequency of macrovas-
cular invasion is generally low in resection specimens, because its presence on
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Fig. 1.3 Hepatocellular
carcinoma, steatohepatitic
subtype. This
hepatocellular carcinoma
shows fat, inflammation,
and fibrosis, which are the
key findings in
steatohepatitis. This pattern
of HCC can sometimes
mimic benign liver tissue
with steatohepatitis

Table 1.2 Differential for lesions in adult livers

Well-differentiated Moderately or poorly differentiated
hepatocytic lesion hepatocytic tumor
Cirrhotic background | Focal nodular hyperplasia- Hepatocellular carcinoma
liver like lesions*
Macroregenerative nodule Cholangiocarcinoma
Dysplastic nodule Metastatic carcinoma
Hepatocellular carcinoma
Non-cirrhotic Focal nodular hyperplasia Hepatocellular carcinoma
background liver Hepatic adenoma Fibrolamellar carcinoma
Hepatocellular carcinoma Cholangiocarcinoma

Metastatic carcinoma

*Vascular shunting in cirrhotic livers can sometimes lead to lesions that share many similarities
with a focal nodular hyperplasia in the non-cirrhotic liver

imaging is a deterrent to surgical resection. Microvascular invasion is defined as
vascular involvement detected only microscopically and is present in about 30% of
resected specimens (range from 15% to 60%) [14]. Overall, portal veins are about
ten times more likely to be involved than central veins [15], and arterial invasion is
even more rare.

A number of other biomarkers of tissue prognosis have been proposed, but to
date, expression of CK19 in >5% of tumor cells, which is a negative prognostic
indicator, is the most common tissue biomarker in clinical use, largely in Europe
and Asia. The lack of underlying liver disease with advanced fibrosis imparts a bet-
ter prognosis [16]. Targeted molecular-based therapies are also likely to depend on
tissue biomarkers.



Fig. 1.4 Hepatocellular
carcinoma, reticulin loss.
The reticulin stain shows
thin black lines that
represent reticulin. In the
normal liver, each
hepatocyte is touching
reticulin on at least one of
its borders (panel a), but in
hepatocellular carcinoma,
many tumor cells are not
touching reticulin fibers
(panel b)

Fig. 1.5 Hepatocellular
carcinoma, Arginase 1
stain. The arginase
immunostain recognizes a
key mitochondrial protein
in hepatocytes. Like all
immunostains, specificity
requires correlation with
the H&E findings, as rarely
other tumors can also be
arginase 1 positive

E. C. Ehman et al.
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Imaging Features of Hepatocellular Carcinoma

HCC may be discovered incidentally during imaging for other indications or may be
found on surveillance testing in at-risk patients. Historically, ultrasound has been
used for surveillance, sometimes performed in an alternating fashion with other
cross-sectional imaging including CT and MRI. Various nuclear medicine studies
have been investigated, but in general are not being routinely used in the clinical
setting. Most current consensus guidelines (American Association for the Study of
Liver Diseases (AASLD), European Association for the Study of the Liver (EASL),
Japan Society of Hepatology (JSH), Asia Pacific Association for the Study of the
Liver (APASL), Korean Liver Cancer Society-National Cancer Center (KLCSG-
NCC)) allow a diagnosis of HCC to be made by imaging alone, without the require-
ment for biopsy confirmation [17-21]. For this reason, it is important that imaging
studies intended to diagnose HCC are both sensitive and specific for disease. The
Liver Imaging and Reporting Data System (LI-RADS) provides a framework of
nomenclature, imaging features, and guidelines to support this goal [8].

Ultrasound (US)

Ultrasound-based surveillance of high-risk patients is recommended by hepatology
societies worldwide [17-21], typically every 6 months. Reported sensitivities for
HCC in a surveillance population using US range between 47% and 89%, with
specificities >90% [22-25]. HCCs have a variable appearance at unenhanced ultra-
sound, primarily due to the relative background appearance of the liver. In patients
with normal liver parenchymal echogenicity, small lesions typically appear
hypoechoic to background liver. Larger lesions may appear heterogeneous and have
areas of increased or decreased echogenicity secondary to fibrosis, necrosis, internal
fat/hemorrhage, or calcification (Fig. 1.6). Because of the variability in echogenicity
of HCC, any lesion that is visible by US and cannot be definitely described as
benign (cyst, hemangioma, etc.) should be deemed suspicious and follow-up con-
sidered. If the lesion is less than 1 cm in maximal diameter, short-term follow-up
US is appropriate, but for larger lesions (>1 cm), further evaluation with contrast-
enhanced CT or MRI should be recommended [26].

The ability of US to visualize changes in blood flow using Doppler technique is
particularly useful in the evaluation of HCC. Evidence of portal vein thrombus adja-
cent to a lesion is highly suspicious for HCC and warrants further evaluation with
CT or MRL

Contrast-enhanced ultrasound (CEUS) is an emerging technique in which US
imaging is performed following the injection of an IV contrast agent consisting of
small bubbles. Because images are obtained in real time as contrast is administered,
it is nearly impossible to miss the arterial phase. CEUS is most useful for
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Fig. 1.6 A 72-year-old woman with cirrhosis secondary to primary biliary cirrhosis and auto-
immune hepatitis. Gray scale ultrasound images demonstrate a predominantly hypoechoic
lesion in the left hepatic lobe, with internal foci of increased echogenicity potentially reflecting
internal blood products. No other lesions or venous involvement was seen. Finding is suspicious
for hepatocellular carcinoma, and further evaluation with multiphase CT or MRI was
recommended

problem-solving or interrogation of lesions seen on prior imaging such as gray scale
ultrasound or lesions that are incompletely evaluated at multiphase CT or MRI. A
maximum per study dose of IV microbubble contrast agent and a requirement to
continuously observe each lesion during the imaging period limit the use of CEUS
for whole liver staging. On CEUS, HCC will have non-rim arterial phase hyperen-
hancement with late (>60 seconds after injection) and mild washout. Care must be
taken not to confuse rim-like arterial phase hyperenhancement or early (<60 sec-
onds after injection) and marked washout, as these are features that indicate other
types of malignancy such as cholangiocarcinoma or metastases [27]. Reported sen-
sitivity and specificity for HCC using CEUS ranges are 72-94% and 62-69%,
respectively [28].

Computed Tomography (CT) and Magnetic Resonance
Imaging (MRI)

Noncontrast or single-phase CT or MRI is not sufficient for diagnosis of HCC. If a
suspicious observation is made by noncontrast or single-phase imaging, dedicated
multiphase imaging of the liver should be recommended.

HCC has a well-recognized temporal pattern of contrast enhancement at CT and
MRI using extracellular contrast agents. Because of neovascularization and
increased reliance on hepatic arterial supply to feed tumor cells, HCC enhances in
an earlier phase of the contrast bolus compared to background liver and contrast
washes out more quickly. Imaging diagnosis based on contrast enhancement pattern
has been shown to have per lesion sensitivity of 44—-78% while maintaining near
100% specificity even for small nodules measuring between 1 and 2 cm [29-32],
with even higher sensitivity for larger lesions [33]. Other morphologic and
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histologic features provide imaging features that are less frequently seen but may
increase specificity for HCC when present.

A multiphase CT examination for HCC must include adequate late arterial phase
images (35—40 seconds post injection) for maximum accuracy. Images can quickly
be assessed for proper arterial timing by checking for contrast in both the hepatic
arteries and the portal vein, without the presence of hepatic vein opacification. Lack
of contrast within the portal vein indicates that the timing is too early, and there may
be arterial contrast that has not yet reached hepatocytes, while the presence of
hepatic veins indicates that the timing is too late, which decreases tumor enhance-
ment to background contrast. A feature strongly associated with HCC is non-rim
arterial hyperenhancement. This enhancement should be unequivocally more dense
or intense than background liver and, for maximum specificity, should appear mass
like or be associated with other imaging features such as visibility on other contrast-
enhanced phases, mild T2 hyperintensity, or diffusion restriction [8].

CT and MRI exams should also include portal venous phase (70—80 seconds post
injection) and delayed phase (3—5 minutes post injection) images. Adequacy of por-
tal venous phase images can be confirmed by the presence of contrast in portal
veins, hepatic veins, and hepatic parenchymal enhancement. Non-rim washout is a
feature of HCC that is defined as the visual decrease in density or intensity between
an earlier and a later phase of contrast using extracellular agents. This decreased
signal may involve the entire observation or part of the observation and can be seen
on either portal venous or delayed phase images. Another imaging feature that is
strongly associated with HCC but is seen less frequently than are non-rim arterial
phase hyperenhancement or non-rim washout is an enhancing “capsule.” This fea-
ture must be seen on a more delayed phase of contrast (portal venous or true delayed
phase) and must be unequivocally more dense/intense or thicker than fibrotic cap-
sules surrounding other nodules. Figure 1.7 shows an example of a lesion demon-
strating arterial phase hyperenhancement, washout, and capsule appearance.

Size and specifically an increase in size on consecutive exams is also a character-
istic of HCC. Size should be measured as the maximal diameter on the imaging
phase in which the observation is most visible, and if possible not on arterial phase
images because perilesional enhancement may result in an artifactual increase or
decrease in size. A change in size of greater than 50% in less than 6 months is highly
suspicious for HCC (Fig. 1.8).

Minor Features and Special Circumstances

In addition to enhancement pattern and lesion growth, there are several additional
imaging features that may either suggest HCC, malignancy in general, or a benign
alternative. Features favoring HCC include a non-enhancing “capsule,” a nodule-in-
nodule appearance, mosaic architecture, intralesional hemorrhage, or intralesional
fat. Features suggesting malignancy but not specific for HCC include US visibility
as a discrete nodule, slow interval growth, restricted diffusion, mild—-moderate T2
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Fig. 1.7 A 69-year-old man with history of cirrhosis secondary to alcohol and steatohepatitis. MR of
the liver using an extracellular contrast agent reveals a 5.1 cm lesion in the right hepatic lobe, which has
arterial phase hyperenhancement (a), washout on both portal venous (b), and 5 minute delayed (c) phase
images, as well as capsule appearance seen on portal venous and delayed phase images. Finding is
compatible with a LI-RADS 5/OPTN class 5 lesion and therefore diagnostic of hepatocellular carcinoma

Fig. 1.8 A 53-year-old man with history of HCC status post resection. Multiphase MR images
demonstrate an arterially hyperenhancing (a) lesion adjacent to the left portal vein, which persists
in the portal venous (b) and 5 minute delayed phases (¢). This lesion has restricted diffusion (e) and
intermediate T2 signal (f). MR obtained 4 months prior shows that the lesion has nearly doubled
in diameter (from 6 to 11 mm) in the interval (d). Given arterial hyperenhancement and threshold
growth, this lesion is considered a LI-RADS 5 lesion
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Fig. 1.9 A 68-year-old man with chronic hepatitis C and multiple hepatocellular carcinomas. MRI
of the liver performed with a hepatobiliary contrast agent demonstrates two lesions in the right liver.
Both lesions show arterial hyperenhancement (a), washout, and capsule appearance (b). The more
lateral lesion shows moderate hepatobiliary contrast agent on 20-minute hepatobiliary phase images
(c) while the more medial lesion shows no uptake. Both lesions also show a hepatobiliary phase
hypointense rim (¢). Based on imaging appearance, both lesions are LI-RADS 5/OPTN class 5 lesions

hyperintensity at MRI, corona enhancement, focal fatty sparing within a solid mass,
focal iron sparing within a solid mass and transitional or hepatobiliary phase hypoin-
tensity when using hepatobiliary contrast agents. Features favoring benignity
include size stability or reduction, contrast enhancement following blood pool, lack
of vessel distortion, iron in mass greater than in liver, marked T2 hyperintensity, and
isointensity on the hepatobiliary phase.

There is increased evidence that MRI hepatobiliary contrast agents such as
gadoxetate disodium and gadobenate dimeglumine may be useful in the detection
and characterization of HCC, providing an increase in per-lesion sensitivity over
extracellular contrast-enhanced MRI of 6-15% [34-36]. In general, more poorly
differentiated tumors will have decreased expression of the OATP transporter,
which normally facilitates hepatobiliary contrast uptake, resulting in hypointensity
of these lesions on hepatobiliary phase images. There is the potential for false nega-
tives in lesions which remain well differentiated enough to have adequate OATP
expression, and thereby remain hyperintense or isointense to background liver on
hepatobiliary phase images (Fig. 1.9). Use of hepatobiliary agents is also limited in
patients with severe hepatic dysfunction (total bilirubin >3 mg/dL) due to decreased
hepatic uptake of contrast. Further work will be required to identify the most appro-
priate role for these agents in the evaluation of HCC.

Nuclear Medicine (PET, Scintigraphy)

Currently, the role of positron emission tomography (PET) and single photon emis-
sion computed tomography (SPECT) in the evaluation of HCC is limited.
18F-fludeoxyglucose (FDG) is the most commonly used tracer for whole-body
PET/CT and is a marker of cellular metabolism. Prior studies have shown that sen-
sitivity using FDG PET/CT is limited with only 50-70% of HCC having FDG
uptake beyond background liver [37]. In general, more poorly differentiated HCCs
have a greater degree of FDG uptake and are more likely to metastasize; therefore,
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Fig. 1.10 A 66-year-old man with history of hepatitis C found to have a hepatic mass on ultra-
sound. Biopsy proved hepatocellular carcinoma. Fused FDG PET/CT images (a—c) show an FDG
avid mass in the dome of the liver with extension of abnormal FDG uptake into the portal vein.
Coronal PET image (d) shows metastatic left supraclavicular and axillary lymphadenopathy,
which is also FDG avid

there may be a role for PET/CT in the detection of metastatic disease [38] or in the
prognostication of patients at risk for advanced disease [39]. An example of FDG
avid metastatic disease is shown in Fig. 1.10.

No reliable SPECT tracer for the detection of HCC exists, but Tc-99 m mac-
roaggregated albumin (MAA) scans are used prior to treatment with Y-90
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radioembolization to determine lung shunt fraction and to confirm tumor arterial
supply. Bremsstrahlung scanning can be performed immediately after treatment
with Y-90 to confirm in-tumor deposition of radioactive particles and absence of
nontarget embolization.

Catheter Angiography

Infrequently used for the de novo diagnosis of HCC, catheter angiography typically
takes place as a part of catheter-directed therapies including bland embolization,
chemoembolization, and radioembolization. Angiographic evaluation of HCC is
useful to determine the presence of arterial blood supply to the tumor, the location
of the lesion, and whether applied treatment has successfully altered the arterial
blood supply to the tumor. Cone-beam CT, which can be performed during catheter-
based procedures and allows for 3D reconstruction and display of angiographic
images (Fig. 1.11), has been shown to further improve diagnosis and treatment in
many HCC lesions [40, 41].

Posttreatment Follow-Up

Imaging following therapy for HCC has an evolving base of knowledge. Given
that the range of available treatments includes transarterial embolic, percutaneous
chemical and thermal ablation, external beam radiation, and surgical resection,
the scope of appearances of treated lesions is broad. In general, treated lesions
should no longer demonstrate the suspicious features of HCC, including arterial

=T

Fig. 1.11 A 63-year-old woman with cirrhosis secondary to nonalcoholic fatty liver disease.
Hepatic angiogram (a) and cone-beam CT performed during a transarterial chemoembolization
procedure (b) show an avidly enhancing tumor in the caudate lobe
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Fig. 1.12 A 61-year-old man with cirrhosis due to nonalcoholic fatty liver disease complicated by
multifocal hepatocellular carcinoma. The patient underwent bland embolization to a tumor in the
hepatic dome, but follow-up multiphase CT approximately 9 weeks later shows a nodule of resid-
ual arterial hyperenhancement (a) with washout on delayed phase images (b), suggesting residual
viable disease

hyperenhancement, washout, or capsule appearance, nor should they enlarge sig-
nificantly over time. Other features such as low-level progressive enhancement or
slow enlargement may represent benign scar tissue or resolving necrosis at the site
of treatment. Unfortunately, current imaging techniques are limited in the detection
of small areas of viable tumor [42], and therefore any suspicious feature should be
examined and followed very carefully (Fig. 1.12).

Imaging Scoring Systems (LI-RADS, OPTN)

The Liver Imaging Reporting and Data System (LI-RADS) is a system created by a
multidisciplinary group of diagnostic and interventional radiologists, surgeons,
hepatologists, and hepatopathologists and is intended to provide a comprehensive
system for standardizing technique, interpretation, and reporting of liver imaging in
order to improve communication, research, and ultimately patient care [8].
LI-RADS is a dynamic document that offers guidance for the evaluation of the liver
at ultrasound surveillance, contrast-enhanced ultrasound and CT/MRI, as well as for
the evaluation of treatment effects. Details of observation categorization and specifics
of scoring are beyond the scope of this chapter, but up-to-date instructions may be
found at the cited website. LI-RADS major and ancillary imaging features of HCC are
listed in Table 1.3. LI-RADS categories range from 1 to 5 with increasing score increas-
ing confidence in HCC and a LI-RADS 5 lesion having very high specificity for HCC.
Another important system for the evaluation of HCC are the Organ Procurement
and Transplantation Network (OPTN)/United Network for Organ Sharing (UNOS)
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Table 1.3 LI-RADS v2018 major and ancillary imaging features of HCC

Major features Ancillary features

Determine primary categorization Allow adjustment of category after determining major
features

Used with lesion size to diagnose Favoring malignancy

HCC

Arterial phase hyperenhancement US visibility as discrete nodule

Non-peripheral washout Subthreshold growth

Enhancing capsule Restricted diffusion

Threshold growth Mild—moderate T2 hyperintensity

Corona enhancement

Fat sparing in solid mass

Iron sparing in solid mass

Transitional phase hypointensity

Hepatobiliary phase hypointensity
Favoring HCC in particular

Non-enhancing capsule

Nodule-in-nodule

Mosaic architecture

Blood products in mass

Fat in mass, greater than adjacent liver

guidelines. The goal of this classification system is to recognize patients who would
benefit from liver transplantation as a treatment for HCC in the absence of severe
liver dysfunction, and thus grant them priority for allocation of deceased donor liver
allografts. Because of the scarcity of donor livers, and lack of histologic confirma-
tion in many cases, a high specificity for HCC is required in order to grant a patient
MELD exception points. There is general agreement between the LI-RADS and the
OPTN systems for the characteristics which are diagnostic of HCC (LI-RADS 5/
OPTN class 5). The precise definitions of the UNOS/OPTN policy are again beyond
the scope of this chapter, but are available for review in their most recently revised
and published form [43]. In brief, for a nodule that is between 2 and 5 cm to be class
5, it must be hyperenhancing on arterial phase imaging and have washout or a pseu-
docapsule on delayed phase. Class 5 lesions between 1 and 2 cm are more strin-
gently defined and require hyperenhancement on arterial phase imaging plus
washout and a pseudocapsule. Hypervascular lesions which do not have washout or
pseudocapsule must then meet specific interval growth criteria to be considered
class 5. Biopsy may be considered for lesions that are highly suspicious but do not
meet the OPTN class 5 requirements. For patients for whom transplantation may be
an option, it is essential to establish the diagnosis of HCC before treating with liver-
directed therapy.
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Imaging for Liver Fibrosis, Cirrhosis, and Portal Hypertension

An important subclassification that needs to be made early in the evaluation of
patients with suspected HCC is the distinction between those with and those with-
out significant liver fibrosis or cirrhosis. Depending on the region of the world and
the underlying etiology of liver disease, between 50% and 90% of patients with
HCC will have underlying cirrhosis. These patients have two liver diseases, first the
underlying etiologic cause of cirrhosis, which is most commonly chronic hepatitis
B or C, alcoholic liver disease, or nonalcoholic fatty liver disease, and second, the
growing hepatocellular carcinoma, which, if left unchecked, will replace the benign
liver tissue and lead to liver failure.

Ultrasound, CT, and MRI Features of Cirrhosis

Liver cirrhosis is associated with the development of a number of characteristic
imaging features, including nodularity of the liver, which may be micronodular or
macronodular. Liver nodularity may be appreciated on ultrasound or cross-sectional
CT or MRI studies as an irregular nodular outline of the liver, coarse echogenicity
on ultrasound, or nodular heterogeneity on CT or MRI. Cirrhosis also leads to fea-
tures of portal hypertension that are visible on imaging, including splenomegaly,
patency of the umbilical vein, or the presence of paraumbilical varices, also termed
the caput medusa, and upper abdominal or paraesophageal varices. Cirrhosis is also
associated with a prothrombotic tendency that may lead to the development of por-
tal vein thrombosis and with decreased liver synthetic function leading to hypoalbu-
minemia, and in conjunction with increased portal pressure due to increased fibrosis
and stiffness of the liver, to the development of ascites.

Noninvasive Assessment of Liver Fibrosis

A number of radiologic techniques have been developed for the assessment of the
degree of liver stiffness; these include transient elastography (Fibroscan), ultrasound-
based real-time tissue elastography or shear wave elastography, acoustic radiation
force impulse imaging, and MR elastography. In those patients found to have under-
lying liver cirrhosis, the initial step in the treatment plan should be the evaluation
and management of any of the sequelae of cirrhosis with portal hypertension,
including ascites, esophageal or gastric varices, and hepatic encephalopathy. If not
addressed, these sequelae will usually have a detrimental effect on the patient’s
performance status, often leading to the patient being considered ineligible for ther-
apies that might otherwise be considered optimal.



1 Hepatocellular Carcinoma 19

Radiologic Assessment of Clinically Significant
Portal Hypertension

Once the presence or absence of significant fibrosis or cirrhosis has been elucidated
and any complications addressed, the next step in the determination of optimal ther-
apy for HCC patients is making the distinction between those who have no cirrhosis
and therefore have satisfactory liver synthetic function and the absence of clinically
significant portal hypertension—typically defined clinically as patients with normal
bilirubin, a platelet count above 120,000, and no varices - versus those with clini-
cally significant portal hypertension, who are at risk for complications after surgical
resection or interventions that result in significant decline in already tenuous liver
function.

The hepatic venous pressure gradient (HVPG), which is the difference between
the wedged (WHVP) and the free hepatic venous pressures, represents the gradient
between pressures in the portal vein and the intra-abdominal portion of the inferior
vena cava. The HVPG is measured angiographically, usually via a transjugular
approach. Where the HVPG is routinely measured, patients with significant portal
hypertension have gradients of 10 mmHg or greater. In centers where the Model for
End-stage Liver Disease (MELD) score is routinely used, a MELD score of 9 or
more has been shown to be associated with a higher risk of hepatic decompensation
after surgical resection [44].

Surgical Treatments for Hepatocellular Carcinoma

Patients with a single HCC and a normal serum bilirubin and without clinically
significant portal hypertension are usually candidates for consideration of surgical
resection with curative intent regardless of the size of the primary tumor. In some
patients for whom the remnant liver that would remain after surgical resection is felt
to be marginal, portal vein embolization of the affected segment or lobe of the liver
can be performed by angiographic techniques. This usually leads to compensatory
hypertrophy of the unaffected liver over a 4- to 6-week period and can allow suc-
cessful resection with a reduced risk of liver failure.

For patients with early stage HCC who have clinically significant portal hyper-
tension and an elevated bilirubin, the most effective treatment currently available is
liver transplantation, which has the advantage of removing the malignant tumor and
also replacing the cirrhotic liver. The primary barrier to transplantation is the
extreme shortage of available liver allografts. In addition, following transplant,
patients need to be maintained on lifelong immunosuppression, which is associated
with important side effects such as renal insufficiency and an increased risk of infec-
tion. While initially patients transplanted with HCC had dismal outcomes because
of the high risk of recurrent disease, it was later established that patients with lim-
ited HCC disease or with relatively unaggressive, less invasive, and metastatic
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features have excellent posttransplant survival and are appropriate candidates for
liver transplantation. These were initially codified as the Milan criteria, including
patients with a single lesion no more than 5 cm in size or with two or three lesions,
each no more than 3 cm in size [45]. Typically, these are patients with a serum alpha
fetoprotein (AFP) less than 500 ng/mL. Limited expansion of these criteria is
allowed in patients who have favorable biology as demonstrated by response to
locoregional or other treatments resulting in downstaging of the tumor to a size and
number within the Milan criteria. The most popular extension of the Milan criteria
are the University of California San Francisco (UCSF) criteria, which allow trans-
plantation of patients with a solitary tumor smaller than 6.5 cm, or patients having
three or fewer nodules, with the largest lesion being smaller than 4.5 cm or having
a total tumor diameter less than 8.5 cm without vascular invasion [46].

Nonsurgical Treatment Algorithm for Hepatocellular
Carcinoma, Including Radiological Methods

Patients with HCC who are not candidates for surgery and have 1-3 tumors, with
the largest being no more than 3 cm in size, have been shown to have excellent
results from treatment with local ablation techniques such as radiofrequency abla-
tion or microwave ablation. Local ablation techniques that are less commonly used
include irreversible electroporation, laser ablation, and percutaneous ethanol injec-
tion. Cryotherapy can be used in specific circumstances when there is a need for
high-definition delineation of the extent of therapy such as in the treatment of pelvic
metastases where the ability of CT/MRI to visualize the extent of the ice ball facili-
tates avoidance of injury to the pudendal nerves and other nerve roots.

Patients who are not candidates for treatment with curative intent using surgical
resection, ablation, or liver transplantation are currently considered next for loco-
regional treatment with TACE.

Local Ablation

Local ablation methods typically use heat, cold, or chemical methods to induce
necrosis or apoptosis of HCC nodules. The most commonly used methods are radio-
frequency ablation and microwave ablation [47, 48]. Both techniques heat the tissue
surrounding probes that are placed into the tumor nodule, resulting in coagulative
necrosis of the tissue [49]. Microwave ablation is generally more popular than
radiofrequency ablation where both are available, due to its similar effectiveness
with shorter treatment times [50]. Both techniques rely on US- or CT-guided imag-
ing for placement of the treatment probes, which can be performed percutaneously
or surgically. The main contraindication for the use of heat-based ablation methods
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is proximity of the tumor nodules to large blood vessels, which act as heat sinks and
prevent the achievement of sufficiently high temperatures to effectively destroy the
tumor tissue. Microwave ablation may be less susceptible to the heat sink effect than
radiofrequency ablation [51]. When necessary, percutaneous ethanol injection can
be used close to large vessels to supplement the effects of the heat-based ablative
methods. Additional, less commonly used ablation methods include laser ablation,
which can be applied with MR imaging, and irreversible electroporation.

Locoregional Transarterial Chemoembolization
and Radioembolization

Locoregional treatment of HCC using catheter-based approaches has been in use
since the late 1970s and early 1980s. The rationale for the technique is based on the
observation that 95% or more of the vascular supply to HCCs is derived from the
hepatic arterial branches. Consequently, delivery of absorbable gelatin sponge
(Gelfoam) or nonabsorbable polyvinyl alcohol (Ivalon) beads was used to occlude
the tumor vasculature, with initial positive results encouraging further development
of the technique. The results of transarterial bland embolization (TAE) for HCC
were first reported from Japan in 1983, followed by results of transarterial chemo-
embolization (TACE) using the anticancer agents mitomycin C or adriamycin sus-
pended in Lipiodol in 1985. After a number of equivocal studies, two clinical trials
completed in 2002 established the superiority of TACE over best supportive care in
patients with intermediate stage HCC, and it subsequently became regarded as the
standard of care [4, 5]. The use of TACE has been plagued by a lack of standardiza-
tion of the techniques and chemotherapy agents used, leading to difficulty in deter-
mining the underlying reasons for variable results seen in different studies. More
recently, attempts to standardize the administration of TACE have included the use
of drug-eluting beads loaded with chemotherapy agents, typically doxorubicin/
Adriamycin for HCC or irinotecan for colorectal cancer liver metastases. Increasing
evidence suggests that TAE may achieve the same outcomes as TACE in patients
with HCC [52, 53].

Transarterial radioembolization (TARE) is a modification of TACE in which
glass (TheraSphere) or resin (SIR-Sphere) microspheres bearing Y-90 are infused
into the hepatic artery branches supplying HCC nodules in a segment or segments
of the liver. Y-90 microspheres are pure beta particle emitters, producing radiation
with a mean human tissue penetrance of 2.4 mm and a half-life of 64.2 hours.
Because of the limited depth of penetration and short half-life, Y-90 microspheres
can be administered on an outpatient basis, and patients do not require special radia-
tion shielding precautions after treatment [54].

TARE has been applied in a number of different circumstances for treatment of
HCC. It can be used for “radiation segmentectomy,” in which relatively small
regions of the liver are selectively catheterized and treated with very high radiation



22 E. C. Ehman et al.

doses per unit volume, resulting in complete radiation necrosis of the treated area.
This approach can be used in patients with early stage disease, who are not candi-
dates for surgical resection or for whom ablation is contraindicated or not consid-
ered an optimal treatment modality. TARE can also be used in place of portal vein
embolization. Finally, TARE can be used in place of TACE for patients with inter-
mediate stage disease, or instead of sorafenib or lenvatinib in patients with advanced
stage HCC. For these latter indications, TARE has been shown to be capable of
downstaging intermediate stage tumors to within criteria for liver transplantation
and, in general, appears to be more effective than TACE in inducing tumor regres-
sion; however, the higher effectiveness in inducing tissue injury can also put patients
at risk for either early or delayed radiation-induced liver injury [55-57]. It is there-
fore important to carefully assess liver remnant size and function when all but very
limited regions of the liver will be treated with TARE.

External Beam Radiotherapy

External beam radiotherapy (EBRT) has been used for several decades for the treat-
ment of HCC. It has long been recognized that the liver is a relatively radiosensitive
organ, with whole liver doses of 30 Gy or higher associated with a high risk of
radiation-induced liver disease (RILD), a syndrome characterized by anicteric hep-
atomegaly and ascites, followed by progressive liver failure and death [58]. In the
1970-1980s, the Radiation Therapy Oncology Group (RTOG) conducted several
prospective clinical trials (RTOG trials 79-28, 83-01, 83-19, and 88-23) in the
United States assessing the safety and efficacy of moderate dose (21-24 Gray)
whole liver EBRT with concurrent radiosensitizing systemic chemotherapy for
unresectable HCC. Results were not very promising; partial tumor response (>30%
reduction) was seen in 22% of patients, and median survival was approximately
6 months [59]. Further attempts to intensify therapy using accelerated hyperfrac-
tionated radiotherapy, intra-arterial chemotherapy, and radioimmunotherapy were
also unsuccessful. Therefore, EBRT was largely abandoned as a primary treatment
for HCC in the United States, with use confined to palliation of local symptoms
from metastatic disease.

Significant advances in diagnostic imaging and radiotherapy planning and deliv-
ery techniques have sparked renewed interest in the use of EBRT for HCC. Proton
beam radiotherapy (PBT) and stereotactic body radiotherapy (SBRT) are advanced
EBRT techniques, which allow delivery of high doses of focal radiation with rela-
tive sparing of surrounding normal tissues (Fig. 1.13). Furthermore, there is now
better recognition of factors associated with increased risk of hepatotoxicity after
partial liver radiotherapy, including severity of baseline liver dysfunction and radio-
therapy dose-volume parameters for uninvolved liver [58]. Several retrospective and
single-arm prospective studies have demonstrated promising safety and efficacy of
PBT and SBRT for select patients with nonmetastatic HCC. A recent systematic
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Fig. 1.13 (a) A patient with a 3 cm solitary hepatocellular carcinoma (blue outline) treated with
stereotactic body radiotherapy (50 Gy in 5 fractions over 1 week) as “bridge to transplantation”
therapy, following progression after previous hepatic arterial embolization. The blue indicates the
volume receiving 20 Gy or higher, and the red indicates the volume receiving 50 Gy or higher. (b)
A patient with a 7 cm hepatocellular carcinoma (pink outline) with contiguous left portal vein
tumor thrombus treated with proton beam radiotherapy (58.05 Gy in 15 fractions over 3 weeks) as
definitive therapy. The blue indicates the volume receiving 20 Gy or higher, and the red indicates
the volume receiving 50 Gy or higher

review and meta-analysis found that PBT and SBRT were associated with greater
efficacy and reduced toxicity compared to conventional radiotherapy techniques
[60]. Ongoing studies will further define the role of EBRT for patients with local-
ized HCC.

Systemic Therapy

For much of the early experience with systemic therapy for cancer, HCC was
found not to be effectively treatable with chemotherapy. In particular, patients
with cirrhosis often had cytopenias due to portal hypertension and splenomegaly
that were exacerbated by treatment with cytotoxic chemotherapy, making them
prone to chemotherapy-induced toxicity. In 2007, the first positive clinical trials
of targeted therapy using the multikinase inhibitor sorafenib for patients with
advanced HCC were reported. Sorafenib was shown to improve the median sur-
vival of patients with advanced HCC by 2-3 months [61, 62]. After an approxi-
mately 10-year period in which there was no progress in identifying new systemic
treatments that significantly improve survival of patients with advanced HCC,
several new therapies were approved in 2017 and 2018. Regorafenib was approved
for HCC in the second line after progression or intolerance of sorafenib, followed
by approval of the anti-PD-1 immune checkpoint inhibitor nivolumab following
evidence from Phase I/II studies that nivolumab achieves a 15-20% response rate
in advanced HCC. Subsequently, the multikinase inhibitor lenvatinib, an inhibitor
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of VEGF receptors 1-3, FGF receptors 1-4, PDGF receptor a, RET, and KIT, was
approved for use in the first line after a Phase III study showed non-inferiority to
sorafenib in the first line [63-65]. Finally, the anti-PD-1 immune checkpoint
inhibitor pembrolizumab was also approved for second-line treatment of HCC in
late 2018 [66]. In 2018, two additional Phase III studies of cabozantinib, an inhib-
itor of MET, vascular endothelial growth factor receptor (VEGFR), and AXL for
patients with advanced HCC progressing on sorafenib, and ramucirumab, an anti-
VEGF antibody for HCC patients with high AFP levels >400 ng/mL, were
reported as positive [67, 68]. On the basis of these results, the European
Commission approved cabozantinib for treatment of advanced HCC in the second
line after sorafenib in late 2018, and it was approved by the US FDA in January
2019. Ramucirumab was also approved for second-line treatment of patients with
AFP >400 ng/mL, who have been previously treated with sorafenib in May 2019.
Early results of combination treatment with immune checkpoint inhibitors and
antiangiogenic agents were promising. In late 2018, combination therapy with the
PD-L1 inhibitor atezolizumab and the VEGF inhibitor bevacizumab showed
promising and durable antitumor activity in a phase Ib study of patients with
advanced HCC, with an objective response rate of greater than 30% [69]. The
results of the phase III trial comparing combination atezolizumab and bevaci-
zumab to sorafenib in first-line treatment of HCC were reported in November
2019, showing clear superiority of the combination over sorafenib. The combina-
tion was approved by the US FDA for treatment of patients with unresectable or
metastatic HCC who have not received prior systemic therapy in May 2020 [70].
After years of relative inaction, we are therefore now in a very exciting phase of
development of effective systemic therapy for HCC.

Once patients are started on systemic therapy for HCC, close follow-up by cross-
sectional imaging is warranted, typically every 3—4 months, in order to assess
response to treatment and to identify progressive disease at the earliest possible
stage, given the increased number of treatments now available in the first and sec-
ond line, which can also potentially be administered in subsequent lines of treat-
ment. The availability of additional therapeutic options is also stimulating the need
for molecular and genetic analysis of biopsy tissue obtained from patients with
intermediate and advanced stage HCC, with the goal of identifying the molecular
characteristics that determine response of specific subgroups of HCCs to particular
therapies. This trend toward routine biopsy of HCCs is further supported by evi-
dence from large molecular and genetic profiling studies such as the Cancer Genome
Atlas Project (TCGA) for HCC that showed that approximately 8% of HCCs that
were phenotypically HCC by H&E staining had gene expression patterns typical of
cholangiocarcinomas [71]. About 25% of these cholangiocarcinoma-like tumors
also carried mutations in the isocitrate dehydrogenase 1 and 2 genes that are char-
acteristic of intrahepatic cholangiocarcinomas.

To complement and potentially extend these predictive strategies, novel efforts
are underway in the new field of imaging radiogenomics, using machine learning
and artificial intelligence techniques to identify genomic subclasses of HCCs. These
efforts represent an exciting new frontier in the use of imaging for determining the
optimal systemic treatment for HCC.
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Epidemiology of BTC

Cholangiocarcinoma (CCA) is a malignancy that arises from the epithelium lining
the bile ducts. CCAs are subdivided based on anatomic criteria into intrahepatic
(AICCA), perihilar (pCCA), and distal cholangiocarcinoma (dCCA). The most recent
estimates from the Global Burden of Disease Study are of 184,000 incident cases
of biliary tract cancer (BTC) worldwide in 2016, with 108,000 (59%) occurring in
women and 76,000 (41%) in men [1]. Particularly concerning is the evidence for
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increasing incidence of CCA in younger birth cohorts. The risk factors most
strongly associated with CCA are those characterized by chronic inflammatory
states. However, most CCAs are sporadic, with no identifiable risk factors. In
Western countries, primary sclerosing cholangitis (PSC) is the most recognized risk
factor for CCA. Even though PSC is a well-established risk factor for CCA, the
incidence of CCA in patients with PSC is relatively low at 0.5-1.5% per year,
reflecting the fact that most of the CCA cases diagnosed in Western countries arise
de novo [2-7].

At present, there are no effective screening protocols for early detection of spo-
radic CCA, nor explicit recommendations for screening of PSC patients for
CCA. The most effective strategy for detecting early CCA in PSC involves annual
magnetic resonance imaging (MRI) and magnetic resonance cholangiopancreatog-
raphy (MRCP) or ultrasound and CA 19-9, followed by endoscopic retrograde
cholangiopancreatography (ERCP) and brush cytology or forceps biopsy for evalu-
ation of suspicious strictures [8]. This strategy, however, is invasive and costly [9].
The only curative modality for CCA is surgical resection or liver transplantation for
early-stage disease [10]. The vast majority of patients with CCA have late-stage
disease not amenable to surgical resection with curative intent [11]. The standard of
care for intermediate to advanced stage CCA, which is chemotherapy, is typically
accompanied by significant toxicity and a high rate of recurrence. In this chapter,
we provide a detailed review of the current practices employed to evaluate and
manage patients diagnosed with CCA, with a particular emphasis on the imaging
features.

Imaging of Cholangiocarcinoma (CCA)

Imaging Classification Overview: Anatomic Location
and Morphology

Cholangiocarcinoma (CCA) can be classified at imaging by anatomic location
and morphologic growth pattern [12]. CCA classified by location includes (i)
intrahepatic CCA (iCCA) occurring proximal to the second-order bile ducts, (ii)
perihilar CCA (pCCA) occurring from the second-order bile ducts to the level of
the cystic duct origin, and (iii) distal CCA (dCCA) occurring from the cystic duct
origin to the ampulla of Vater [13, 14]. CCA classified by morphologic growth
pattern includes (i) mass-forming exophytic subtype which appears as a focal
hepatic mass, (ii) periductal infiltrating subtype which appears as longitudinal
tumor with growth along the bile ducts, (iii) intraductal polypoid type which
appears as a focal intraluminal mass, and (iv) mixed pattern [15]. The initial
imaging modality for detection of CCA may vary from incidental detection such
as in a patient with new onset jaundice versus screening detection in high-risk
populations such as those with known cirrhosis or primary sclerosing cholangitis
[16] (Figs. 2.1, 2.2, 2.3,2.4,2.5, and 2.6).
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Imaging Features

Intrahepatic CCA (iCCA)

iCCA or peripheral cholangiocarcinoma occurs proximal to the second-order bile
ducts. The mass-forming exophytic type is the most common subtype of iCCA
(80%) followed by periductal infiltrating, intraductal growth with or without papil-
lary features, and mixed subtypes [15, 17]. Imaging features of iCCA are dependent
on size, morphologic growth pattern, and degree of intratumoral fibrosis, necrosis,
or mucin content (Figs. 2.1, 2.2, 2.3, and 2.4).

Ultrasound (US)

On US, mass-forming iCCA may appear as a nonspecific focal mass with variable
echogenicity ranging from a hypoechoic (<3 cm) to hyperechoic (>3 cm) mass with het-
erogeneous echotexture depending on degree of fibrosis, necrosis, mucin content, or
calcification and occasional peripheral echogenic rim [18, 19]. The periductal infiltrat-
ing subtype may appear as a small mass or with diffuse bile duct thickening with or
without a bile duct stricture and peripheral dilated ducts [18, 20]. The intraductal sub-
type may demonstrate focal or diffuse biliary ductal dilatation with or without an echo-
genic intraluminal mass with papillary features [18]. A few studies have examined
contrast-enhanced US (CEUS) in iCCA and hepatocellular carcinoma (HCC), with

Fig. 2.1 Small mass-forming intrahepatic cholangiocarcinoma (iCCA) evaluated with extravascu-
lar contrast on MRI. The mass shows (a) peripheral DWI hyperintensity (white arrow), (b)
T2-weighted hyperintensity, (¢) T1-weighted hypointensity, (d) peripheral arterial phase hyperen-
hancement (white arrow), and (e, f) progressive centripetal enhancement on (e) portal venous and
(f) delayed phase MRI (white arrow). DWI diffusion-weighted imaging, MRI magnetic reso-
nance imaging
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Fig. 2.2 Small mass-forming intrahepatic cholangiocarcinoma (iCCA) evaluated with hepatobili-
ary contrast on MRI. The mass shows (a) T1-weighted hypointensity (white arrow), (b) peripheral
arterial phase hyperenhancement (white arrow), (¢, d) progressive centripetal enhancement on (c¢)
portal venous and (d) delayed phases (white arrow), and (e, f) a rim of peripheral hypointensity
with a central hypointense focus on the hepatobiliary phase imaging. DWI diffusion-weighted
imaging, MRI magnetic resonance imaging

conflicting results. Although studies have identified similar arterial phase enhancement
between iCCA and HCC, both overlapping and nonoverlapping portal venous and
delayed phase washout kinetics have been reported with dynamic CEUS [21, 22].

Computed Tomography (CT)

On CT, mass-forming iCCA may appear as a well-defined focal mass or a poorly
defined infiltrative mass that is typically homogeneously hypo- to iso-attenuating to
the normal hepatic parenchyma on unenhanced CT [19, 21, 23-25]. Typical
enhancement characteristics include peripheral or rim arterial phase enhancement
followed by gradual centripetal enhancement in the portal venous and delayed
phases relative to the normal background liver [18, 26-30]. The viable tumor at the
periphery of iCCA may show arterial phase enhancement with subsequent iso- to
hypoenhancement during the portal venous phase [28]. This appearance, which is
sometimes referred to as the “target pattern,” is not specific to iCCA and may also
be seen in colon carcinoma metastases. Conversely, the central portion of the iCCA
may show central hypoenhancement with centrally necrotic tumors and/or those
with higher mucin content [28, 30]. Associated findings include satellite lesions,
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Fig. 2.3 Large mass-forming intrahepatic cholangiocarcinoma (iCCA) CT, 18F-FDG PET, and
MRI. The mass is (a) isodense with areas of central hypodensity on noncontrast CT (white arrow).
(b) Axial "F-FDG-PET/CT show heterogeneous hypermetabolism in the periphery of the hepatic
mass (white arrow). The mass shows (¢) DWI hyperintensity (white arrow), (d) heterogenous
T2-weighted hyperintensity, (e) T1-weighted hypointensity, (f) peripheral arterial phase hyperen-
hancement (white arrow), and (g-i) progressive centripetal enhancement on portal venous and
delayed phases (white arrow). '*F-FDG 8F-fluorodeoxyglucose, PET positron emission tomogra-
phy, CT computed tomography, MRI magnetic resonance imaging, DWIdiffusion-weighted imaging

hepatic capsular retraction which may be seen in up to 20% of patients, and vascular
invasion [20]. Some small mass-forming iCCA may demonstrate arterial phase
hyperenhancement (APHE), similar to HCC; as such, portal venous and delayed
phase enhancement characteristics become important for differentiating these two.
The periductal infiltrating subtype may show diffuse biliary ductal mural thickening
and enhancement as well as dilated or narrowed ducts [18]. The CT appearance of
the intraductal subtype is the most variable and depends on the presence of an intra-
luminal mass and the degree of biliary ductal obstruction. Different patterns include
(i) an intraluminal mass that is hypo- to isoattenuating to liver on unenhanced CT
and enhances with contrast associated with concomitant diffuse severe upstream
biliary ductal dilatation, (ii) severe intrahepatic biliary ductal dilatation without an
intraductal mass, (iii) an intraductal mass with only localized or mild biliary ductal
dilatation, or (iv) a focal biliary stricture with mild proximal biliary ductal dilatation
[18]. Primary hepatic tumors with biphenotypic characteristics of both CCA and
HCC may demonstrate overlapping imaging features and may ultimately require
biopsy for diagnosis and treatment planning [31].
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Fig. 2.4 Intraductal intrahepatic cholangiocarcinoma (iCCA) in a patient with ulcerative colitis
and primary sclerosing cholangitis evaluated with CT and MRI/MRCP. The ill-defined mass in the
left hepatic lobe is (a) hypodense with minimal enhancement on portal venous phase CT (white
arrows) and shows (b) T2-weighted hyperintensity (white arrow) and (¢) DWI-weighted hyperin-
tensity (white arrow) on MRI. (d) Coronal MIP MRCP shows marked intraductal/periductal irreg-
ularity of the intrahepatic bile ducts in the left hepatic lobe (white arrows). CT computed
tomography, MRI magnetic resonance imaging, MRCP magnetic resonance cholangiopancreatog-
raphy, DWI diffusion-weighted imaging, MIP maximum intensity projection

Magnetic Resonance Imaging/Magnetic Resonance Cholangiopancreatography
(MRI/MRCP)

The morphologic, signal, and enhancement features of iCCA at MRI depend on
the morphologic growth pattern and degree of intratumoral fibrosis, necrosis, mucin
content, and/or hemorrhage [18, 26]. Mass-forming iCCA is typically iso- to hypoin-
tense on T1-weighted (T1W) imaging relative to background liver with possible foci
of T1 hyperintensity when intratumoral hemorrhage is present. Additionally, mass-
forming iCCA typically shows variable hypo- to hyperintensity on T2-weighted
(T2W) imaging depending on the degree of fibrosis (more T2 hypointense) versus
necrosis or mucin content (more T2 hyperintense) [18, 25, 27]. On diffusion-
weighted imaging (DWI), 50-75% of iCCA may demonstrate target-like central
hypointensity with peripheral high signal intensity at high b-values [25, 32, 33].



2 Cholangiocarcinoma 37

Additionally, MRCP may show bile duct invasion [20]. Similar to CT, gadolinium-
enhanced MRI with extracellular-based agents shows peripheral or rim arterial
phase enhancement with patchy central enhancement on portal venous phase and
progressive central enhancement on delayed phase imaging [18, 20, 25, 34] with
peripheral washout in the portal venous and/or delayed phases. Areas of early
enhancement correlate with viable tumor, whereas areas of delayed enhancement
correlate with the relatively hypovascular fibrosis. Conversely, gadolinium-enhanced
MRI with hepatobiliary-specific contrast agents shows relative hypoenhancement of
iCCA relative to the background liver [18, 35]. A target sign has been described in
intrahepatic cholangiocarcinoma in the hepatobiliary phase with hepatocyte-specific
agents. This is due to circulating contrast agents that tend to remain in the extracel-
lular space associated with fibrosis. This appearance is not specific to iCCA but can
also be seen in fibrous tumors such as fibrolamellar hepatocellular carcinoma or
treated colorectal metastases. CT and MRI have similar diagnostic performance in
the detection of primary and satellite iCCA lesions, but the spatial resolution of CT
is superior for the detection of vascular involvement [36]. The morphologic appear-
ance and enhancement characteristics of the periductal infiltrating and intraductal
subtypes of iCCA are similar between CT and MRI [18].

Positron Emission Tomography (PET)

18F-florodeoxyglucose (18F-FDG) PET/CT can provide metabolic information
related to tumoral glucose uptake and is the most common radiotracer investigated
in iCCA. Viable tumor shows FDG uptake, while centrally necrotic or fibrotic por-
tions of the tumor will appear as a photopenic defect. 18F-FDG PET/CT has been
shown to be accurate for the evaluation and detection of primary tumors as well as
both lymph node and distant metastases in patients with iCCA [37]. Moreover,
quantitative tumor standardized uptake value max (SUV-max) has been shown to be
an independent prognostic factor for oncological outcomes in patients with resect-
able iCCA, with tumor SUV-max >8 associated with worse disease-free and overall
survival after surgical resection [38, 39]. Moreover, iCCA has been shown to have
greater SUV-max compared to extrahepatic CCA [40].

Perihilar CCA (pCCA)

pCCA develops from the second-order bile ducts to the common bile duct at and
above the cystic duct origin and may be nodular, sclerosing (periductal infiltrating),
or papillary morphologic subtypes [12, 27] (Fig. 2.5). Nodular pCCA tends to grow
intraluminally with bile duct invasion resulting in significant fibrotic reaction [41].
Conversely, papillary pCCA grows intraluminally without invasion of the bile duct
wall [42]. Sclerosing pCCA produces concentric thickening of the bile duct and
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Fig. 2.5 Perihilar cholangiocarcinoma—*Klatskin” tumor—evaluated with 18F-FDG PET/CT
and MRI/MRCP. (a) Coronal F-FDG-PET/CT shows a hypermetabolic mass in the central liver
(white arrow). (b) Coronal MIP MRCP shows dilatation of intrahepatic bile ducts beginning at the
confluence of the left and right hepatic ducts secondary to an hilar obstructing mass and no filling
of the extrahepatic bile duct (white arrow). (c—e) MRI shows an ill-defined mass in the porta hepa-
tis that shows (c) peripheral arterial phase hyperenhancement (white arrow) and (d, e) slight pro-
gressive centripetal enhancement on (d) portal venous and (e) delayed phases (white arrow).
BE-FDG 18F-fluorodeoxyglucose, PET positron emission tomography, CT computed tomography,
MRI magnetic resonance imaging, MRCP magnetic resonance cholangiopancreatography, MIP
maximum intensity projection

eventual duct obliteration without a discrete mass [43]. Early pCCA is very difficult
to detect due to their small tissue volume that causes only focal thickening of the
bile duct wall and relatively less stricturing or complete biliary obstruction.

Ultrasound (US)

Because patients with pCCA often present with obstructive jaundice, US is often
the initial imaging modality for evaluation of biliary duct obstruction and is helpful
for identifying the level of obstruction [27]. US has a reported sensitivity and speci-
ficity of 89% and 80-95% for detection of pCCA [27, 44, 45]. An intraluminal
mass with variable echogenicity ranging from hypo- to hyperechoic with upstream
ductal dilatation may been seen. Nonetheless, while a mass or stricture may not be
directly visualized, US is useful for detecting invasion of the liver parenchyma or
portal veins and can help guide next steps for invasive or noninvasive imaging
evaluation.
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Computed Tomography (CT)

Unenhanced CT may show a variably defined hypodense mass centered near the
porta hepatis, which demonstrates variable progressive enhancement of contrast-
enhanced imaging. The overall diagnostic accuracy of CT has been reported at
79-92%, and it may be particularly useful for demonstrating the level of biliary
obstruction, extent of local invasion into adjacent tissue, and metastatic disease in
the abdomen and pelvis [27, 28]. Moreover, CT with angiogram (CTA) and veno-
gram (CTV) protocols are accurate for detection of hepatic arterial and portal vein
involvement by pCCA in up to 87-93% of cases [26, 27, 46, 47]. Nevertheless, CT
may underestimate the longitudinal extension of tumor along the bile duct for peri-
ductal infiltrating subtypes as well as regional lymphadenopathy and peritoneal
metastases in up to 50% of cases [36, 46]. Streak artifact from metallic biliary stents
may further limit evaluation of locoregional disease extent [46]. As such, CT chol-
angiography may provide further detail on the biliary anatomy and is an option
when MRCP is not available [47]. Nonetheless, CT cholangiography is dependent
on a functioning secretory system of the biliary tree, which may be limited in
patients with severe biliary obstruction or hyperbilirubinemia.

Magnetic Resonance Imaging/Magnetic Resonance Cholangiopancreatography
(MRI/MRCP)

Periductal infiltrating pCCA may be difficult to directly visualize at MRI in the
absence of a mass-like lesion. Consequently, tumor extent may be inferred by
secondary signs, including proximal biliary ductal dilatation, periductal thicken-
ing, and enhancement. Intraductal mass is rare but when present often appears as
hyperintense on T2-weighted imaging, hypointense on T1-weighted imaging,
and with mild hypoenhancement relative to the liver with the use of extracellular
gadolinium-based contrast agents [12, 16, 18, 27]. In addition, hepatobiliary-
specific contrast agents may provide the dual benefit of dynamic contrast-
enhanced imaging followed by delayed hepatobiliary phase imaging for better
delineation of the biliary tree [48]. The utility of hepatobiliary contrast alone for
evaluation of pCCA still needs further evaluation as dynamic contrast-enhanced
phases are often limited or of inferior quality compared to standard extracellular
contrast agents.

MRCP is a particularly accurate method for imaging the biliary tree and is the
imaging modality of choice in patients with suspected CCA in conjunction with
MRI, particularly for periductal infiltrating tumors [12, 16, 25, 27, 49]. MRCP is
ideally performed prior to decompression of the biliary tree by percutaneous or
endoscopic techniques. MRCP and ERCP serve complementary roles with MRCP
being better able to evaluate the peripheral hepatic ducts. Overall, MRI/MRCP
has an overall diagnostic accuracy of 66% for detection of locoregional lymph
node metastases, 78% sensitivity and 91% specificity for portal vein invasion,
and 58-73% sensitivity and 93% specificity for hepatic arterial invasion, slight
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less than CT [50-52]. As such, CT and MRI/MRCP serve complementary roles
in the diagnosis and staging of pCCA with CT better at demonstrating vascular
involvement while MRI/MRCP better demonstrates extent of biliary neoplastic
invasion [51, 53].

Invasive Cholangiography: Endoscopic Retrograde Cholangiopancreatography
(ERCP) or Percutaneous Transhepatic Cholangiography (PTC)

Both ERCP and PTC are invasive techniques that can be both diagnostic and thera-
peutic [54, 55]. Both techniques are useful diagnostically for delineating the biliary
tree, location of biliary pathology and/or strictures, and obtaining tissue for histo-
logic, cytologic, or molecular testing. Moreover, ERCP and PTC can be therapeutic
with the ability to place internal biliary stents or internal-external biliary drains to
decompress an obstructed biliary system [54]. Overall sensitivity and specificity of
invasive cholangiography is ~75% with an accuracy of 95% for diagnosis of pCCA
[56]. Percutaneous transhepatic biliary drainage (PTBD) has been shown to have a
lower complication rate compared to endoscopic biliary drainage (EBD) in the pre-
operative setting prior to CCA resection [57].

Endoscopic Ultrasound (EUS)
EUS has emerged as an important modality for assessment of pCCA with advan-

tages for evaluating extent of local periductal tumor invasion and regional lymph
nodes [58].

Positron Emission Tomography (PET)

Experience with 18F-FDG PET/CT or PET/MRI in pCCA is much more limited than
for iCCA, but it may be helpful in detection of distant metastatic disease (Fig. 2.5).

Distal CCA (dCCA)

dCCA develops in the common bile duct between the cystic duct origin and the
ampulla of Vater. In general, imaging findings of dCCA and pCCA are similar, with
the two subclasses often referred to together as extrahepatic cholangiocarcinoma
[12, 18, 27] (Fig. 2.6).

Ultrasound (US)

Similar to pCCA, US may be the first imaging modality in the setting of new
obstructive jaundice and is helpful for identifying the level of obstruction, upstream
biliary ductal dilatation, and guiding subsequent invasive and noninvasive imaging.
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Fig. 2.6 Periductal infiltrating cholangiocarcinoma of the distal common bile duct evaluated with
ERC/EUS and MRI. (a) Endoscopic retrograde cholangiography (ERC) shows irregular narrowing of
the distal common bile duct (CBD) (white arrow). (b) Endoscopic ultrasound shows marked mural
thickening of the distal common bile duct (white arrow) and a large porta hepatis lymph node (white
asterisk). (c—e) MRI shows (c) the periductal infiltrating soft tissue with T2-weighted iso- to hypoin-
tensity and (d) diffuse enhancement as well as (e) multiple enlarged porta hepatis lymph nodes that
demonstrate DWT hyperintensity. MRI magnetic resonance imaging, DW1 diffusion-weighted imaging

Computed Tomography (CT) and Magnetic Resonance Imaging/Magnetic
Resonance Cholangiopancreatography (MRI/MRCP)

CT and MRI/MRCP may demonstrate thickening, enhancement, or stricturing of
the common bile duct, with or without an enhancing intraluminal mass. Contrast-
enhanced CT or MRI provides important information about tumor involvement of
the duodenum and pancreas as well as vascular involvement of the portal vein (PV)
or hepatic artery (HA) and locoregional lymph node metastases.

Endoscopic Retrograde Cholangiopancreatography (ERCP) and Endoscopic
Ultrasound (EUS)

ERCP has a high diagnostic accuracy for detection of dCCA and evaluating the
extent of tumor involvement of the biliary tree. Moreover, EUS is helpful for
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evaluating invasion of the biliary wall, hepatic vasculature, and pancreas, as well as
detecting porta hepatis lymph node metastases. EUS with fine-needle aspiration
(FNA) can be used for sampling the primary tumor as well as locoregional lymph
nodes and is often diagnostic. Importantly, individuals who are potential candidates
for liver transplantation for their pCCA or dCCA should not have FNA sampling of
the primary tumor through the bile duct wall, as that increases the risk of tumor dis-
semination and is a contraindication to liver transplantation.

Pathology

Grossly, intrahepatic cholangiocarcinoma is typically firm and not encapsu-
lated (Fig. 2.7). It is usually mass forming but can sometimes grow in a diffusely
infiltrating periductal distribution or display an intraductal growth pattern [13, 18,
59, 60]. Histologically, cholangiocarcinomas are primarily adenocarcinomas, but
other rare histologic variants also exist [61-84]. Extrahepatic cholangiocarcinoma,
particularly perihilar cholangiocarcinoma, is typically rich in fibrous stroma, and
often has a dense desmoplastic response; this results from extracellular matrix pro-
duction by activated myofibroblasts present in the stroma [85] (Fig. 2.8). In most

Fig. 2.7 Peripheral
intrahepatic cholangiocarci-
noma: this cholangiocarci-
noma forms a distinct fibrotic
mass occupying the
peripheral liver parenchyma

Fig. 2.8 Perihilar cholangio-
carcinoma: a fibrotic irregular
mass is present in the hilum,
compressing adjacent ducts
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cholangiocarcinomas, the tumor forms glands or tubules which are lined by epithe-
lial cells (Fig. 2.9). Generally, the more centrally located hepatic cholangiocarcino-
mas are more likely to have well-formed glands lined by columnar epithelial cells
with mucin production, whereas cholangiocarcinomas located at the liver periphery
are more likely to grow as irregular, anastomosing tubular structures lined by low
cuboidal cells that do not produce mucin [65]. Cholangiocarcinoma can also have a
variety of growth patterns, often present in the same tumor, including irregular
tubules, infiltrating glands, solid nests, trabeculae, and micropapillary structures
(Fig. 2.10). Cholangiocarcinoma can grow along sinusoids and spread extensively
throughout the liver through the portal venous or lymphatic system (Fig. 2.11).
Perineural invasion is usually seen only where the larger nerves of the liver are
located, in the large portal areas close to the liver hilum, and is more frequently seen
in perihilar cholangiocarcinoma.

Fig. 2.9

Cholangiocarcinoma

with glandular histol-

ogy. Cholangiocarcinoma is
typically an adenocarcinoma,
consisting of abnormal glands
lined by highly atypical
epithelial cells

Fig. 2.10
Cholangiocarcinoma with
histologic phenotype of solid
sheets. Cholangiocarcinoma
can also grow in solid sheets
and nests of malignant
epithelial cells
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Fig. 2.11 Lymphovascular
invasion in a cholangiocarci-
noma with dense

stroma. Lymphovascular
invasion features groups of
cholangiocarcinoma cells
occupying lymphatic spaces

Although there is not a universally adopted grading system for cholangiocarci-
noma, many pathologists in the United States utilize a four-tier grading system
adapted by the College of American Pathologists (CAP) and American Joint
Committee on Cancer (AJCC), based on the percentage of the glandular component
in the tumor [86]. According to this schema, adenocarcinomas are graded as fol-
lows: well-differentiated (grade 1), moderately differentiated (grade 2), poorly dif-
ferentiated (grade 3), and undifferentiated (grade 4). Tumor grade is an independent
predictor of patient survival and cancer recurrence [87, 88]. Of note, rare variants of
cholangiocarcinoma cannot be graded according to this scheme and are usually not
assigned a specific grade.

Immunohistochemical stains are frequently performed on cholangiocarcinoma
to exclude metastatic disease to the liver or hepatocellular carcinoma.
Cholangiocarcinoma shows positive cytoplasmic staining with polyclonal carcino-
embryonic antigen (CEA). CK19 is also positive in 70-80% of cases, and MOC31,
a monoclonal antibody that recognizes an epithelial-associated glycoprotein also
known as Epithelial Specific Antigen/Ep-CAM, is positive in 90% of cases [89].
Intrahepatic cholangiocarcinoma is virtually always positive for CK7, but varies in
CK20 expression. Interestingly, the immunoprofile of cholangiocarcinoma can
depend on its location. For example, 50% of peripheral cholangiocarcinomas are
CK20 negative, while central and extrahepatic cholangiocarcinomas tend to be
CK20 positive [90]. Likewise, peripheral cholangiocarcinomas, especially those
with a “bile ductular” pattern, tend to express CD56 [91]. Finally, focal positive
staining for HepPar-1, though rare, is more commonly seen in peripherally
located tumors.

The histologic differential diagnosis for cholangiocarcinoma includes metastatic
adenocarcinoma to the liver, hepatocellular carcinoma, epithelioid hemangioendo-
thelioma, bile duct adenoma, bile duct hamartoma, and biliary adenofibroma.
Immunohistochemical stains, when necessary, are used in conjunction with
tumor morphology to distinguish cholangiocarcinoma from these tumors.
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Cholangiocarcinoma has an immunoprofile that is similar to that of other pancreati-
cobiliary and upper gastrointestinal adenocarcinomas. In recent times, however, in
situ hybridization for albumin has shown high sensitivity and specificity in distin-
guishing hepatic cholangiocarcinoma from metastatic adenocarcinoma to the liver
or carcinoma of unknown origin [92]. Hence, the pathologic diagnosis is based on
exclusion of other tumors using morphology, immunostains, in situ hybridization,
imaging studies, and clinical findings; once other carcinomas have been excluded, a
diagnosis of cholangiocarcinoma can be made.

Diagnosis Using Fluorescence In Situ Hybridization (FISH)

Infiltrating extrahepatic cholangiocarcinoma and pancreatic ductal cancers are often
sampled by endoscopic brushing cytology. Although routine cytology has been the
primary tool for detecting pancreatobiliary tract malignancy and has near perfect clini-
cal specificity, the diagnostic sensitivity of routine cytology is limited and varies con-
siderably based on stage at diagnosis, cytology collection type, and patient cohort (PSC
vs. non-PSC, mass presenting lesions, etc.). More specifically, a review demonstrated
a wide range of performance characteristics based on cytology preparation, including
pancreatobiliary brushings (sensitivity range, 26-89%; specificity range, 80—100%;
accuracy range, 48-96%), bile duct brushings (sensitivity range, 33-54%; specificity
range, 100%; accuracy range, 43—67%), pancreatic duct brushings (sensitivity range,
47-66%; specificity range, 100%; accuracy range, 67-79%), and bile cytology (sensi-
tivity range, 6-50%; specificity range, 100%; accuracy range, 31-57%) [93].

The main limitation of cytology is false-negative results in patients with pancrea-
tobiliary tract cancer. As a result, ancillary molecular markers can be utilized to
increase diagnostic sensitivity. Cancer genomes contain a wide assortment of
genetic alterations that activate oncogenes or that inactivate tumor suppressor genes,
including single-nucleotide substitutions, structural rearrangements, small inser-
tions, small deletions, and copy number variation. Fluorescence in situ hybridiza-
tion (FISH) is a technique that uses fluorescently labeled DNA probes to detect
chromosomal copy number variation. For pancreatobiliary testing, FISH probes are
specifically designed to assess for neoplastic cells with chromosomal abnormalities
(i.e., aneuploidy) in neoplastic cells among a background of diploid nonneoplastic
cells. Nonneoplastic cells generally show disomy, with two copies for each of the
FISH probes, because each probe targets the two alleles in an individual cell
(Fig. 2.12). Specimens are interpreted as abnormal when the number of cells dem-
onstrating losses or gains of probes exceeds the thresholds established in normal
value studies for the FISH probes used.

The majority of publications have focused on one of two FISH probe sets. The
UroVysion probe set (Abbott Molecular, Inc., Des Plaines, IL) contains a probe
directed to the CDKN2A gene located at 9p21 and chromosome enumeration probes
directed to chromosomes 3, 7, and 17. In 2009, Fritcher et al. published the most
comprehensive report of FISH testing with UroVysion and indicated that the
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Fig. 2.12 These representative examples of cells demonstrate (a) disomic (normal), (b) 9p21 loss,
(c) single locus gain, and (d) polysomy FISH signal patterns

sensitivity of FISH was significantly higher than cytology for detecting malignancy
(43% vs 20%; P < 0.001) [94]. Many other institutions have also reported the
improved performance characteristics of FISH using the UroVysion probe set for
detecting pancreatobiliary tract malignancy [3]. More recently, a newly tailored
pancreatobiliary FISH probe set targeting chromosomal regions 1q21 (MCLI),
Tp12 (EGFR), 8q24 (MYC), and 9p21 (CDKN2A) has gained acceptance clinically.
In a comparison study, the newer tailored pancreatobiliary FISH probe set had a
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significantly higher sensitivity (64.7%) than the UroVysion FISH probe set (45.9%)
for detecting malignancy and is now the preferred probe set for these specimens
[95]. Representative examples of the pancreatobiliary probe set are shown in
Fig. 2.12. Future molecular markers and newer technologies for assessing cytology
specimens for malignancy will likely continue to improve detection and direct ther-
apeutic decisions.

Treatments with Curative Intent

Surgical resection is the standard treatment for CCA. The goal is complete removal
of the tumor with a negative margin and an adequate functional liver remnant (FLR).
The use of strategies such as portal vein embolization, preoperative biliary drainage,
and complex vascular reconstructive techniques has improved outcomes following
surgical resection [96-101]. Staging laparoscopy prior to laparotomy is recom-
mended, especially in patients with high CA 19-9 to assess for evidence of perito-
neal metastasis, given that resection is not beneficial in this setting [102].

For iCCA, surgical therapy usually consists of hemi-hepatectomy with excision
of regional nodes to ensure adequate staging [103]. Most guidelines recommend
resection only for single iCCA tumors, though recent reports have also noted benefit
in patients with two or three lesions [104, 105]. Outcomes following resection in
patients with iCCA are related to the extent of disease and the ability to obtain a
complete resection. In a recent large multicenter series of 1013 patients, those with
a single completely resected tumor had a 43% 5-year survival, compared to 28%
5-year survival for those with two tumors [105]. The use of liver transplantation
(LT) has been recently described in a multicenter retrospective series of 15 patients
with small unresectable (<2 cm) iCCA occurring in the setting of decompensated
cirrhosis, achieving a 65% 5-year survival [106, 107]. On the opposite end of the
spectrum, favorable outcomes following LT for patients with large, indolent unre-
sectable iCCA occurring in the setting of normal background liver with no evidence
of metastasis and a prolonged period of disease stability following chemotherapy
have also recently been reported [108]. Prospective data collection from larger
series will be needed to confirm these preliminary findings.

Resection is also the standard therapy for patients with pCCA though unfortu-
nately many patients present with unresectable disease either due to metastatic dis-
ease, extensive bi-lobar involvement precluding resection, or advanced underlying
liver disease such a primary sclerosing cholangitis (PSC). For those who are eligible,
resection typically involves an (extended) hemi-hepatectomy including the caudate
lobe with en bloc resection of the extrahepatic bile duct as well as regional lymph
nodes [109]. Even in those thought to be resectable, a complete resection is only
achieved in approximately 70% of cases [109-111]. Outcomes following resection
of pCCA depend on the ability to obtain a complete resection as well as the presence
of nodal disease, and typically range from 25% to 45% 5-year survival [109-111].
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Liver transplantation was initially considered an ideal strategy to improve the
likelihood of complete resection for patients with pCCA, but outcomes for LT
alone were poor due to a high rate of disease recurrence [112, 113]. Because of
this unacceptable rate of disease recurrence for LT alone, a protocol combining
neoadjuvant chemoradiotherapy followed by LT for patients with early-stage
unresectable pCCA was developed [114, 115]. The use of this combined proto-
col has achieved 5-year survival rates of 65-70%, leading to the adoption of
neoadjuvant chemoradiotherapy followed by liver transplantation as a part of
standard organ transplant allocation policy for patients with early-stage pCCA
[116-119].

The benefit of combined neoadjuvant therapy and LT for patients with unresect-
able pCCA has led to the question of whether the same therapy should be offered to
patients with resectable pCCA. The severe shortage of available liver allografts and
the need for lifelong immunosuppression are key obstacles to this strategy. Recently,
a multicenter retrospective analysis found that those with unresectable pCCA under-
going combined neoadjuvant therapy + LT protocol had superior 5-year survival
(64% vs 18%; P < 0.001), compared to patients undergoing resection who otherwise
met LT criteria, and this remained even after accounting for tumor size, nodal status,
and PSC (P =0.049) [120].

Surgical resection is often feasible for patients with early-stage distal cholangio-
carcinoma with no evidence of local invasion, lymph node, peritoneal, or distant
metastases. The most common operation is pancreatoduodenectomy with hepatico-
jejunostomy (the Whipple procedure). In selected patients in whom the tumor is
located above the upper pancreatic border, an extrahepatic bile duct resection may
be performed as an alternative [121].

Locoregional Interventional Radiologic Therapies
for Treatment of iCCA

Local and locoregional interventional radiologic therapies include image-guided
percutaneous thermal and nonthermal ablative therapies using energy-based devices
and transarterial chemoembolization (TACE) or radioembolization (TARE).

Percutaneous Ablation

Image-guided percutaneous radiofrequency (RFA) and microwave (MWA) abla-
tion have been shown to be safe and effective for treatment of iCCA in the pallia-
tive setting in patients with unresectable tumors or in those patients whose tumors
have recurred after surgical resection (Fig. 2.13). Local tumor recurrence has
been reported in up to 22% of patients following RFA and MWA with a greater
risk of local tumor progression with primary tumors and superficially located
tumors [122].
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Fig. 2.13 Small mass-forming intrahepatic cholangiocarcinoma (iCCA) evaluated with ultra-
sound and CT and treated with percutaneous microwave ablation (MWA). (a) Grayscale and color
Doppler ultrasound shows a small, well-circumscribed hypoechoic mass with mild vascularity
(white arrow). (b) The mass shows peripheral enhancement on contrast-enhanced CT (white
arrow). (¢) The mass was treated with percutaneous microwave ablation using two microwave
antennae (white arrow). (d, e) Immediate postablation contrast-enhanced CT shows the hypoechoic
ablation zone encompassing the tumor without any residual enhancing tumor on (d) arterial or (e)
portal venous phase (white arrow). CT computed tomography

Irreversible Electroporation (IRE)

Percutaneous irreversible electroporation (IRE) is a nonthermal-based ablation
treatment option that induces pores in cell membranes, leading to cell death by
complex mechanisms. Few reports have demonstrated the safety, feasibility, and
early local tumor control of image-guided percutaneous IRE in patients with iCCA
and pCCA [123, 124]. Currently, there is an ongoing phase I/II multicenter trial of
ablation with IRE in patients with advanced pCCA [125].

Transarterial Chemoembolization (TACE)
and Radioembolization (TARE)

Transarterial chemoembolization (TACE) may be performed with drug-eluting
beads (DEB-TACE) or with conventional embolic agents mixed with chemothera-
peutics (cTACE). Transarterial radioembolization (TARE) is performed with
yttrium-90 (Y90) beta-emitting radioactive glass or resin microspheres (Fig. 2.14).
DEB-TACE, cTACE, and Y90-TARE have all been shown to be safe and effective
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Fig. 2.14 Large mass-forming intrahepatic CCA with hepatic vein invasion evaluated with CT
and catheter angiography and treated with transarterial radioembolization (TARE). The mass in the
central superior right hepatic lobe shows (a) minimal central enhancement on contrast-enhanced
CT (white arrow) and (b) mild enhancement on selective right hepatic arteriogram (white arrow).
The mass was treated with yttrium-90 (Y90) transarterial radioembolization (TARE). (¢) Post-Y90
SPECT/CT bremsstrahlung scan shows intense uptake within the tumor corresponding with the
region of treated tumor. SPECT single-photon emission computed tomography, CT computed
tomography

for treatment of unresectable CCA in the palliative setting. Median overall survival
for TACE ranges from 12 to 15 months with an improved toxicity profile of DEB-
TACE compared to cTACE [126-131]. Similarly, median overall survival for TARE
ranges from 11 to 22 months [130, 132-135].

Radiation Therapy

External Beam Radiotherapy

External beam radiotherapy (EBRT) plays a role in the treatment of localized intra-
hepatic (iCCA) and extrahepatic (eCCA) cholangiocarcinoma. Advances in diag-
nostic imaging and EBRT planning and delivery allow for potential radiotherapy
dose escalation and/or improved protection of normal tissues, which may improve
the therapeutic ratio for treatment of CCA.
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For patients with resected iCCA or eCCA and features suggestive of a high risk
for local/regional recurrence, such as positive surgical margins and/or regional
lymph node involvement, postoperative EBRT with concurrent chemotherapy has
been utilized, with suggestion of benefit in reducing risk of recurrence and possible
improvement in survival [136]. A recent multi-institutional phase II trial evaluated
the safety and efficacy of an adjuvant therapy regimen for resected eCCA consist-
ing of initial gemcitabine and capecitabine for 3 months, followed by EBRT
(52.5-59.4 Gray in 25-33 fractions) with concurrent capecitabine [137]. The regi-
men was reasonably well tolerated and associated with promising efficacy, with
2-year overall and disease-free survival of 68% and 54%, respectively. Local/
regional recurrence was uncommon, and the most common pattern of recurrence
was distant metastasis.

For patients with early stage but unresectable perihilar CCA, a novel treatment
approach has been utilized in select patients, consisting of preoperative EBRT
(45 Gy in 30 fractions delivered twice per day over 3 weeks) with concurrent
S5-flurouracil chemotherapy, followed by intracavitary bile duct brachytherapy,
maintenance chemotherapy, and orthotopic liver transplantation. Favorable out-
comes have been reported from Mayo Clinic and other institutions [116].

For patients with localized, unresectable iCCA, focal high-dose EBRT, using
conformal, hypofractionated photon, or proton techniques, has emerged as a safe
and efficacious treatment approach (Fig. 2.15). In a multi-institution phase II trial
conducted in the United States, 37 patients with localized, unresectable iCCA were
treated with high-dose focal proton beam radiotherapy (median dose 58.05 Gy in 15
fractions). The median overall survival was 22.5 months, and the 2-year local con-
trol rate was 94% [138].

For patients with localized eCCA not amenable to resection or liver transplanta-
tion, EBRT with concurrent chemotherapy may provide modest benefit in overall
survival [139].

Fig. 2.15 Patient with an unresectable 8-cm central intrahepatic cholangiocarcinoma (red outline)
treated with proton beam radiotherapy (67.5 Gy in 15 fractions over 3 weeks). The blue indicates
the volume receiving 20 Gy or higher, and the red indicates the volume receiving 67.5 Gy or higher
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Chemotherapy and Other Targeted Therapies

Most patients with biliary tract cancers (BTCs) present with advanced stage disease
and are only candidates for systemic therapy. Gemcitabine combined with cisplatin
has emerged as a standard-of-care regimen for patients with advanced BTCs [140].
Here, we summarize recent advances in systemic and targeted therapies for the
treatment of BTCs.

Taxanes have emerged as a class of cytotoxic therapies with promising efficacy in
BTCs. In a single-arm Phase 2 clinical study, gemcitabine in combination with nab-
paclitaxel yielded a response rate of 30%, progression-free survival (PES) of 7.7 months,
and overall survival (OS) of 12.4 months [141]. A parallel, single-arm Phase 2 trial
using a triplet combination of gemcitabine, cisplatin, and nab-paclitaxel (GAP) dem-
onstrated a response rate of 45%, PFS of 11.8 months, and OS of 19.2 months [142].
These promising data have formed the basis for a prospective, multicenter Phase 3
study comparing the GAP triplet to standard-of-care gemcitabine/cisplatin (S1815,
NCT03768414) [143]. Similarly, gemcitabine has been tested in combination with
fluoropyrimidines using agents such as S-1 (response rate: 15.8%, PFS: 5.8 months,
OS: 15.9 months) [144] or capecitabine (PFS: 8 months, OS: 13 months) [145].
Definitive Phase 3 studies comparing these regimens have not been conducted.
Nevertheless, these preliminary data are encouraging and provide alternatives for
patients who are not suitable for or are found to be intolerant of platinum-based regi-
mens. For patients who progress or have intolerance while on first-line therapies, a
Phase 3 trial of modified FOLFOX (5-FU, leucovorin, oxaliplatin) versus best support-
ive care (ABC-06, NCT01926236) showed a benefit for the combination over best
supportive care, and is currently considered the standard of care in the second-line [146].

While therapies that are currently in use in advanced BTCs largely comprise
empirical use of cytotoxic therapies, precision medicine has been an area of increas-
ing investigation. Genomic profiling of cancers has become feasible on a large
scale, and initial application has been in the context of therapy selection for patients
with advanced disease. Tractable targets include receptor tyrosine kinases such as
fibroblast growth factor 2 (FGFR2) fusions, HER2/neu amplifications/mutations,
epidermal growth factor receptor amplifications/mutations, and MET amplifica-
tions. Mutations in the metabolic enzymes isocitrate dehydrogenase 1 and 2 (IDH1/
IDH2), RAS/RAF pathway (KRAS/NRAS mutations, BRAF mutations), PI3K-
mTOR signaling pathway, and chromatin modifiers have also been observed.

Oncogenic fusions of FGFR2 with other proteins have been found predominantly
in patients with iCCA at a frequency of ~10-15%. In this group of patients, promis-
ing clinical efficacy has been observed with a number of FGFR small molecule
kinase inhibitors. These include infigratinib (BGJ398), derazantinib, and pemiga-
tinib, which have exhibited response rates of 14—48% in single-arm Phase 2 studies
[147-149]. Class effects have included hyperphosphatemia, rash, and eye toxicities.
Resistance mechanisms are a subject of intense investigation. Emergence of gate-
keeper, polyclonal mutations has been observed [150]. In April 2020 pemigatinib
was approved by the US FDA for previously treated unresectable locally advanced
or metastatic CCA with an FGFR2 fusion or other rearrangement.
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Drugs targeting IDH1 (ivosidenib) and IDH2 (enasidenib) are approved for clini-
cal use in patients with acute myeloid leukemia bearing these alterations. IDH1
mutations occur at a frequency of approximately 10-15% in patients with iCCA,
predominantly in codon 132 [151]. IDH2 mutations are less common (~5%) and are
typically seen in codon 172. In an early-phase clinical trial with ivosidenib (AG-120),
a response rate of 6% and 6-month PFS of 40% were observed [152]. This led to a
pivotal Phase 3 trial (ClarIDHy, NCT02989857) which demonstrated a significant
improvement in progression free survival in patients with advanced IDH1 mutant
CCA who had progressed on previous treatment (median 2.7 months [95% CI
1.6-4.2] vs 1.4 months [1.4-1.6]; hazard ratio 0.37; 95% CI 0.25-0.54; one-sided
p <0.0001) [153].

While not separately approved for use in advanced BTCs, tumor-agnostic drug
approvals have provided a mechanism for rapid availability of promising therapies
with genetic alterations amenable to therapeutic intervention. Currently, this
includes pembrolizumab in patients with microsatellite instability (MSI-high) or
mismatch repair deficiency (MMR). Patients with MSI-high or MMR exhibited
deep and durable responses to pembrolizumab, irrespective of the organ of origin of
the tumor [154]. Similarly, patients with fusions involving NTRK1, NTRK2, or
NTRK3 who received larotrectinib experienced durable tumor-agnostic responses
[155]. Both of these trials included patients with advanced BTCs. The prevalence of
both sets of markers is only 2—3% in advanced BTC patients, but due the durability
of the responses seen, the data are felt to be meaningful in nature.

As highlighted, advances in novel cytotoxic combinations, precision medicine,
and immunotherapies are transforming the care of patients with advanced BTCs.
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Chapter 3
Biphenotypic Tumors

Vishal Chandan, Michael L. Wells, and Kabir Mody

Epidemiology of Combined HCC-CCA

Primary liver cancer is broadly recognized as a spectrum marked by hepatocellular
carcinoma (HCC) at one end, intrahepatic cholangiocarcinoma (iCCA) at the other
end, and biphenotypic or combined hepatocellular-cholangiocarcinoma (cHCC-
CCA) in the middle [1]. Classical HCC demonstrates hepatocytic differentiation
while the CCA shows cholangiocytic differentiation. Primary liver cancers with
features of both hepatocytic and cholangiocytic differentiation that do not com-
pletely fit cytologically or architecturally into either the HCC or CCA category have
been broadly categorized as “mixed” or “combined” HCC-CCA. They have also
been called “biphenotypic” primary liver cancers, combined liver and bile duct car-
cinoma, or hepato-cholangiocarcinoma [2, 3]. The term “collision tumor” is
discouraged.

The most recent edition of the World Health Organization (WHO) classification
of tumors of the digestive system defines cHCC-CCA as a tumor composed of an
unequivocal mixture of both HCC and CCA [4]. They should have two distinct
morphologies evident on the Hematoxylin and Eosin (H&E) stain, one of HCC and
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one of CCA. The two components can be found as adjacent nodules or areas within
the same tumor, sometimes even with a transition zone.

The first case of a biphenotypic hepatic tumor was reported in 1903 [5]. The
frequency of cHCC-CCA is about 1-6% of all primary liver cancers [6—10]. Patients
with cHCC-CCA have a similar median age (of 62 years) compared with HCC
(median age of 61 years) but are younger than those with CCA (median age 67 years)
[11]. cHCC-CCA is seen more frequently in males than females [11]. The overall
risk factors for cHCC-CCA are similar to those of conventional HCC such as viral
hepatitis B and C as well as cirrhosis of any cause.

Pathology of Combined HCC-CCA

cHCC-CCA tumors can develop in both cirrhotic and non-cirrhotic livers [7, 10,
12]. Approximately 80% are unifocal while 20% are multifocal [8, 13—15]. Most
cHCC-CCA tumors measure between 5 and 10 cm in greatest dimension at the time
of diagnosis [11]. A diagnosis of cHCC-CCA requires that both the HCC and CCA
components are present in one nodule or in immediately adjacent nodules. Cases in
which the liver shows HCC and CCA but in clearly separate nodules with interven-
ing normal liver should be classified as double primaries and not as cHCC-CCA.

cHCC-CCA tumors must show the two distinct HCC and CCA morphologies on
the H&E stained sections. Morphological features of HCC include the presence of
trabecular or pseudo-acinar architecture with neoplastic cells showing similarity to
normal liver cells up to a variable extent (hepatocytic differentiation) (Fig. 3.1a).
Bile production may also be seen within this component. Features of CCA include
acinar or glandular architecture similar to an adenocarcinoma, often with a desmo-
plastic stromal reaction (Fig. 3.1b). The two components may be intermixed or may
be seen in separate regions of the same tumor. There are no published consensus
guidelines for the minimum proportions of HCC or CCA to make the diagnosis of
cHCC-CCA on either biopsy or resection specimens [16]. A recent study has shown
that recurrent and/or metastatic cHCC-CCA can show a wide range of histomorpho-
logical patterns, replicating the heterogeneity of the primary tumor [17]. The origi-
nally minute foci of divergent differentiation in the primary tumor can become
predominant later on. Hence, histological comparison between the primary liver
tumor and their metastatic deposits can be informative and should be included in the
management of patients with metastatic cHCC-CCA.

Special stains should be used only to confirm the H&E impression. The HCC
component is positive for typical markers of hepatocellular differentiation such as
HepParl, arginase-1, and glypican 3 (Fig. 3.1c, d). The CCA is positive for biliary
type keratins such as CK7 and CK19 and negative for markers of hepatocellular
differentiation (Fig. 3.1e, f). Mucin production may also be seen in the CCA but is
not a requirement. A diagnosis of cHCC-CCA should not be based on immunohis-
tochemical findings only, without morphological correlation. The diagnosis of
cHCC-CCA can be challenging on a needle core biopsy as it depends on the area of
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Fig. 3.1 Histology of biphenotypic tumor. Hepatocellular carcinoma component showing trabec-
ular arrangement of the tumor cells with typical hepatocellular carcinoma morphology (a).
Cholangiocarcinoma component within the same tumor showing a glandular architecture (b).
Arginase-1 immunostain showing positivity within the hepatocellular carcinoma component of the
tumor (c). Glypican-3 immunostain is also positive within the hepatocellular carcinoma compo-
nent of the tumor (d). Arginase-1 immunostain is negative within the cholangiocarcinoma compo-
nent (e). Cytokeratin 7 immunostain is positive within the cholangiocarcinoma component (f)

the tumor sampled [18]. The true histopathology may only be confirmed after the
evaluation of a resected surgical specimen. This clearly may create difficulties in the
evaluation of unresectable cHCC-CCAs.

The current WHO classification divides cHCC-CCA into two subcategories:
classic cHCC-CCA and cHCC-CCA with stem cell features when morphological
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and/or immunophenotypical features of stem/progenitor cells predominate within
the tumor [4]. The stem cell type is further subdivided into three subtypes, namely,
typical subtype, intermediate—cell subtype, and cholangiolocellular subtype. The
first two subtypes are associated with areas of hepatic differentiation, whereas the
cholangiolocellular subtype shows CCA differentiation. Dense intratumoral fibrosis
is a common finding in all subtypes. However, recent work has shown that stem cell
phenotypes can be seen in other forms of primary liver cancers and hence these dif-
ferent WHO categories are not clearly separable [19, 20]. It is also now recom-
mended that there should no longer be formal diagnostic subtypes of cHCC-CCA
based on the identification of stem/progenitor cells [16].

Molecular studies, although limited in number, have highlighted significant het-
erogeneity within these tumors [21-23]. A stem cell that differentiates into both
hepatocytes and bile duct epithelial cells is suspected to be the cell of origin for
these tumors [24-28]. Molecular studies have shown that cHCC-CCA shares some
traits with HCC and others with CCA, supporting its status as a distinct entity
[21,29-31].

The reported 3-year and 5-year overall survival rates range between 11-47% and
10—-40% for cHCC-CCA [3]. Its prognosis falls in between that of CCA and HCC
and is reportedly worse than that of conventional HCC [9]. A recent retrospective
review of the National Cancer Data Base (NCDB) showed the unadjusted median
overall survival for cHCC-CCA to be 7.9 months [11]. Some studies have shown the
overall prognosis of cHCC-CCA to be similar to that of CCA, but this is debatable
as other studies have shown variable outcomes [9, 13, 32]. cHCC-CCA has a higher
rate of recurrence after resection and liver transplantation [33, 34]. In the recent 8th
edition AJCC staging system, cHCC-CCA is staged using the CCA protocol [35].
This is not unreasonable as the CCA component appears to drive the worse progno-
sis of these tumors.

Imaging of Combined HCC-CCA

Combined HCC-CCA liver tumors contain cellular and architectural elements of
both HCC and CCA. These lesions consequently have a spectrum of imaging
appearances including lesions with typical imaging findings of HCC, some with an
appearance typical of CCA, and others with a mixture of features. The dominant
histologic component tends to determine the appearance of the mass at imaging
[36—40].

Combined HCC-CCA tumors most commonly resemble intrahepatic mass-
forming CCA or a metastasis at imaging [41]. These masses characteristically have
the greatest cellularity at the periphery of the lesion and a fibrous component cen-
trally, which may result in a targetoid appearance at cross-sectional imaging. The
masses are hypoattenuating to background liver at computed tomography (CT) and
T2 hyperintense and T1 hypointense at magnetic resonance imaging (MRI) [41]. At
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Fig. 3.2 cHCC-CCA with imaging appearance resembling cholangiocarcinoma. (a) T1-weighted
fat saturated MRI image demonstrates a mass with continuous peripheral late arterial hyperen-
hancement (arrow) and heterogenous hypointensity centrally (arrowhead). (b) Portal venous and
(c) delayed phase images show the fade of the peripheral enhancement to near iso-intensity with
the adjacent liver (b, ¢, arrows) and progressively increasing central enhancement (b, c,
arrowheads)

dynamic contrast-enhanced CT or MRI, the peripheral portion of the tumor enhances
in the late arterial or portal venous phase of imaging (Fig. 3.2). On subsequent
phases the peripheral enhancement may fade to a degree similar to the surrounding
parenchyma or may demonstrate a washout appearance and become hypoattenuat-
ing (CT) or hypointense (MRI). The central component initially enhances poorly in
the late arterial phase, but as injected contrast material equilibrates to the extravas-
cular, extracellular space, there is progressively greater enhancement in the delayed
phases. Combined HCC-CCA cannot be reliably differentiated from CCA by imag-
ing alone; however, imaging features reported to be suggestive of cHCC-CCA
tumor in a mass which otherwise resembles CCA include: strong arterial phase
enhancement, washout, lipid content, hemorrhage, and venous tumor thrombus
[41, 42].

The cHCC-CCA tumors most likely to demonstrate an imaging pattern similar to
HCC have a predominance of the HCC histologic subtype [36, 37, 39, 40, 43]. The
tumors may demonstrate characteristic imaging findings of HCC, including late
arterial phase hyperenhancement, portal venous and/or delayed phase washout, and
capsule appearance (Fig. 3.3) [41]. These tumors may also have additional findings
associated with HCC including mosaic architecture, lipid content, or venous inva-
sion [44]. It has been reported that up to 30-40% of biphenotypic tumors may have
an imaging appearance mimicking HCC, and prior studies have confirmed the dif-
ficulty in differentiating the two based on imaging [42, 45, 46]. This is particularly
problematic for patients at risk for HCC in whom imaging criteria may be used to
make a definitive diagnosis before instituting therapy. Tumors demonstrating
enhancement features potentially representative of HCC by traditional OPTN crite-
ria can be referred for inappropriate therapy, including transplant [41, 45].
Fortunately, many cHCC-CCA with enhancement characteristics similar to HCC
will also demonstrate American College of Radiology, Liver Imaging and Reporting
Data System (LIRADS) ancillary findings favoring non-HCC malignancy. These
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Fig. 3.3 cHCC-CCA with imaging appearance resembling HCC. (a) Late arterial phase CT image
demonstrates a homogenously hyperenhancing mass (arrow). (b) Portal venous phase image
shows the lesion becoming hypoattenuating when compared with the adjacent liver (arrow) consis-
tent with a washout appearance. A subtle hyperattenuating capsule appearance is also seen at the
periphery of the lesion (arrowhead)

ancillary findings are important for maintaining specificity for the diagnosis of
HCC, and they include: peripheral pattern of enhancement/washout, biliary obstruc-
tion out of proportion to size of the mass, progressive central enhancement, liver
capsular retraction, or marked restricted diffusion [41, 45, 46].

Combined HCC-CCA may demonstrate imaging findings typical of CCA and
HCC in separate regions within a single mass (Fig. 3.4). This imaging pattern is
uncommon but is highly suggestive of a cHCC-CCA tumor. The imaging pattern
must also be carefully scrutinized for evidence of a collision tumor, as HCC and
CCA which originate separately within the same liver but grow into one another are
not considered a cHCC-CCA by WHO criteria [47].

Ultrasound and positron emission tomography (PET) may also be used to evalu-
ate cHCC-CCA tumors. A tumor may be initially discovered at ultrasound.
Unfortunately, routine grayscale and Doppler ultrasound findings are not specific
and are unable to diagnose a cHCC-CCA tumor [41]. Ultrasound may be helpful for
identifying important secondary findings such as biliary ductal obstruction or vas-
cular tumor thrombus. Limited information is available regarding the PET-CT fea-
tures of cHCC-CCA [41, 48, 49]. PET-CT has a limited role in diagnosis of HCC
and CCA due to variable lesion tracer activity and relatively high background liver
activity [50, 51]. When imaged with F-18 labeled fluorodeoxyglucose, cHCC-CCA
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Fig. 3.4 cHCC-CCA with mixed imaging features of both HCC and CCA. (a) Precontrast
T1-weighted fat saturated MRI image shows a hypoattenuating hepatic lesion (arrow). (b) Late
arterial phase image demonstrates a nodular region of hyperenhancement (arrow), while the larger
portion of the tumor has become iso-attenuating when compared with the adjacent liver (arrow-
head). (¢) Delayed phase image shows subtle washout of the previously hyperenhancing compo-
nent of the tumor (arrow). The remainder of the tumor has become progressively more intense
(arrowhead)

tumors have been reported to demonstrate marked hypermetabolism with high stan-
dard uptake values. This suggests a possible role for PET-CT for initial diagnosis,
staging, or follow-up after treatment.

A comparison of cross-sectional imaging findings with laboratory values may be
helpful for diagnosis. Serum markers including C19-9, which is associated with
cholangiocarcinoma and alpha fetoprotein (AFP), which is associated with HCC,
can be a helpful adjunct to image interpretation when they are elevated. Combined
HCC-CCA tumor should be included in the differential diagnosis when the cross-
sectional imaging findings are consistent with hepatocellular carcinoma, but there is
elevation of the serum CA 19-9. Conversely, imaging findings consistent with CCA
or metastasis in the setting of an elevated AFP are also suggestive of a cHCC-
CCA tumor.

Management of Combined HCC-CCA

There are no clear guidelines with regard to the management of cHCC-CCA. As
is the case with other malignancies of the liver, surgical resection is the only
treatment offering the possibility of a cure. However, many patients present with
disease too advanced for surgical management, and their disease is, given the
paucity of any trials dedicated to the management specifically of cHCC-CCA,
managed via therapeutic strategies utilized in the management of either HCC or
ICC alone.
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Surgery

Surgical management strategies remain the sole modality associated with a possibil-
ity of cure for patients with cHCC-CCA. Eligibility for surgery in this unique popu-
lation of patients hinges on a number of factors including underlying cirrhosis, the
patient’s general medical condition, tumor extent, and local anatomic conditions.
Complete surgical excision with negative margins and limited impingement upon
liver function is the ultimate goal of therapy. Severe liver dysfunction, of course,
predicts a poor prognosis, regardless of the success of the actual procedure, and usu-
ally precludes resection.

In one series from a Western academic medical center, 78% of patients seen
with cHCC-CCA were eligible for surgical resection [10]. This high proportion
may have been due in part to referral bias, but nevertheless, it showed that many
cHCC-CCAs may be eligible for resection with curative intent. cHCC-CCA tends
to behave like HCC with respect to portal and hepatic venous infiltration and like
CCA with regard to lymph node metastasis [52]. In autopsy studies, lymph node
metastases have been observed in 76% of patients with cHCC-CCA [53].
Comparatively, lymph node metastases were present in only 30% of HCC patients
and 69% of CCA patients [53]. Hence, hilar lymph node dissection is recom-
mended as part of the surgical management of cHCC-CCA. However, the prog-
nostic benefit of lymphadenectomy for cHCC-CCA remains controversial
[54-57]. Also of significance and an open question for investigation is whether the
addition of neoadjuvant or adjuvant systemic chemotherapy overall and, also
more specifically, in patients undergoing lymph node dissection improves
prognosis.

A unique consideration in the management of patients with liver cancers in gen-
eral is that of the underlying liver disease. For cirrhotic patients, given their reduced
functional reserve, hepatic resection has the potential for debilitating complications,
so the adoption of strict selection criteria is imperative to avoid significant periop-
erative and overall morbidity and mortality due to post-operative liver decompensa-
tion [58].

Data regarding survival outcomes with non-transplant surgical management of
cHCC-CCA has come mostly in the form of retrospective case series. Generally,
5-year overall survival has ranged between 24% and 31% while disease-free sur-
vival at 3 years ranges between 26% and 41% [59-62]. One study also carefully
evaluated whether a difference in survival outcomes existed based on the predomi-
nance of the CCA component and found no such difference [59]. Differences in
outcomes have also been evaluated among the three liver malignancies (HCC,
cHCC-CCA, and CCA), and it has been noted that post-resection tumor recurrence
rates do not differ significantly, whereas differences in survival rates have been sig-
nificant, with a median survival after tumor recurrence of 51, 8, and 6 months,
respectively, reflecting the general propensity of cHCC-CCA to behave in a similar
manner to CCA [60].
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Liver Transplantation

The role of liver transplantation in the treatment of HCC is well established as an
effective option for patients with HCC, generally guided by the Milan criteria [63].
Contrary to this, the role of transplantation for cHCC-CCA is undefined and contro-
versial at this time, primarily because of the high rate of tumor recurrence and vari-
able survival outcomes [64, 65].

Data regarding survival outcomes of cHCC-CCA patients treated with liver
transplantation is limited and has come mostly in the form of retrospective studies.
Overall, 3- and 5-year overall survival rates reported in the existing literature have
ranged between 39-78% and 16-78%, respectively [8, 61, 66-70]. Disease free
survival at 3 and 5 years in the existing literature has ranged between 30-47% and
28-45%, respectively [61, 69-71]. Recurrence rates within 5 years of transplant
have ranged between 32% and 60% [71-73].

To come to a consensus on the role of transplant for cHCC-CCA, comparing out-
comes to those of transplant for HCC has been done in a number of studies, though
most have been small single institution studies. Lunsford et al. sought to compare
post-transplant oncologic outcomes for cHCC-CCA to a matched cohort of HCC
liver transplant recipients in a retrospective, single-center analysis of 12 patients with
cHCC-CCA diagnosed on explant pathology. When matched to an HCC cohort with
similar explant pathology, cHCC-CCA had similar 5-year disease-free survival (42%
vs 44%, P = 0.45) but trended toward higher post-transplant recurrence (50% vs
27%, P =0.13) [71]. Another study evaluated 42 patients undergoing a transplant for
HCC but with a diagnosis of cHCC-CCA or iCCA on pathologic evaluation.
Compared to a control group of 84 patients with HCC, no differences in 1-, 3-, and
5-year actuarial survival rates were observed between the cHCC-CCA subgroup and
the HCC controls [67]. Another group reported their experience with living donor
liver transplantation for cHCC-CCA from a cohort of 710 patients at a single institu-
tion. Of this group, 377 of them received transplantation for HCC and 11 patients
were diagnosed with cHCC-CCA pathologically in the explant livers. Outcomes for
patients with cHCC-CCA undergoing transplant were worse than outcomes for those
with HCC [69]. The Mayo Clinic group also retrospectively reviewed their experi-
ence in 12 patients with a finding of cHCC-CCA post-transplant. They noted that
5-year survival was comparable to or better than liver transplantation for iCCA, but
poorer than for HCC patients who met the Milan criteria [66]. In a departure from
other studies, Vilchez and colleagues utilized data from a much bigger sample size,
4049 patients in the United Network for Organ Sharing (UNOS) database, to com-
pare outcomes in patients undergoing liver transplantation for cHCC-CCA versus
patients with HCC or iCCA in a retrospective analysis. Of this group 94 had cHCC-
CCA, 3515 HCC, and 440 iCCA. Overall survival rates at 1, 3 and 5 years for cHCC-
CCA were similar to the rates for iCCA, but significantly worse than for HCC [74].

Comparisons of outcomes with resection versus liver transplantation for
cHCC-CCA have also been carried out, but again, the data is sparse and
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conflicting. Jung et al. evaluated the long-term outcomes following liver trans-
plantation and hepatic resection for cHCC-CCA in 32 patients. Tumor recurrence
and survival rates did not differ significantly between the transplant and resection
groups [73]. Groeschl et al. questioned the benefit of transplantation, compared
with resection, for patients with cHCC-CCA and evaluated a much larger sample
size, 3378 patients, with localized HCC or cHCC-CCA treated with surgical
resection or transplant identified using the Surveillance, Epidemiology, and End
Results (SEER) database. Of this group, 43% received liver transplants and 57%
resection, including 54 patients with cHCC-CCA, of whom 35% were trans-
planted and 65% resected. Transplantation for localized cHCC-CCA conferred a
survival benefit similar to liver resection for cHCC-CCA. Patients undergoing
resection of HCC and cHCC-CCA had similar 3-year overall survival; however
3-year overall survival for patients undergoing transplant was significantly greater
for HCC (78%) than for cHCC-CCA (48%) [8]. These results suggest that cHCC-
CCA generally have more aggressive biology and worse outcomes than HCC,
with outcomes that are more similar to the outcomes for iCCA. However, the
generation of additional robust data evaluating liver transplantation in the man-
agement of cHCC-CCA is an area of unmet clinical need.

Locoregional Therapies

Locoregional treatments, such as transarterial chemoembolization and radioem-
bolization, are some of the most widely used treatments for HCC [75, 76]. Data
for the outcomes of these embolic therapies in the management of cHCC-CCA is
lacking, however. cHCC-CCA tumors with a substantial CCA component may be
less vascular and more fibrotic than HCC and thus may be less responsive to
embolic therapies. Chan et al. demonstrated radioembolization to be a safe and
promising treatment option, albeit in a small cohort of patients. Patients with his-
topathologically confirmed cHCC-CCA treated with radioembolization were ret-
rospectively evaluated. Ten patients with unresectable cHCC-CCA underwent 14
radioembolization treatments with resin (n = 6) or glass (n = 4 patients) micro-
spheres. Clinical toxicities were limited to grade 1-2 fatigue, anorexia, nausea, or
abdominal pain. Median overall survival from the first radioembolization treat-
ment and from initial diagnosis was 10.2 and 17.7 months, respectively. Best
radiological response was 60% partial response and 40% stable disease by mRE-
CIST criteria [77].

Ablation-based treatments are also a possible option for the treatment of dis-
ease recurrence in select patients [78]. Patients who are unresectable due to locally
advanced disease or those with local recurrence may also be candidates for pallia-
tive stereotactic body radiation therapy with or without concomitant chemother-
apy. Symptomatic and local tumor control has been reported with such treatment
[52, 79].
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Systemic Therapy

For those patients with advanced disease, systemic chemotherapy may be an option.
However, there is no clear standard therapeutic strategy or regimen for the manage-
ment of this cohort of patients with cHCC-CCA. Additionally, response rates
reported thus far have been low [80-82]. Recently, data reporting experiences with
systemic therapy have provided more updated outcomes data with newer therapeu-
tics. One group reported on 39 cases of recurrent unresectable or metastatic cHCC-
CCA. In 28 patients, first-line systemic therapy included: gemcitabine or
5-fluorouracil monotherapy (18%), chemotherapy (43%), sorafenib (29%), or clini-
cal trials (11%). Six patients who received chemotherapy also received sorafenib.
The median progression free survival (PFS) and overall survival (OS) from the time
of first systemic treatment were 2.4 and 10 months, respectively. The median PFS
for monotherapy, sorafenib, chemotherapy, and chemotherapy + sorafenib were 1.8,
3.1, 4.5, and 8.2 months, respectively. Overall survival favored chemother-
apy + sorafenib with median OS of 1.8, 7.6, 8.4, and 14.7 months (Log rank
p =0.01), respectively [81]. Rogers et al. reported on 7 patients who received first-
line sorafenib (3 patients), gemcitabine plus bevacizumab (2 patients), gemcitabine
alone (1 patient), and gemcitabine plus cisplatin (1 patient). Progressive disease at
first reimaging was seen in 71% of patients. Front-line treatment showed a median
PFS of just 3.4 months. Of the 3 patients who received second-line therapy, a median
PFS of 6.5 months was noted with regimens such as gemcitabine plus oxaliplatin (1
patient), gemcitabine plus oxaliplatin plus bevacizumab (1 patient), and fluorouracil
plus leucovorin plus irinotecan (FOLFIRI) (1 patient). The group concluded, albeit
in this small cohort, that all patients who received a platinum (cisplatin or oxalipla-
tin) in combination with gemcitabine during their disease course showed disease
control and an impressive median OS of 11.7 months, compared with a median OS
for the entire cohort of 8.3 months, regardless of the timing of the therapy [83].

In the era of genomics and precision medicine, with novel therapies being
approved for HCC and with significant strides made in therapeutically important
genomic subtyping of cholangiocarcinoma in recent years, an understanding of the
unique molecular profile underpinning the pathogenesis of cHCC-CCA is critical.
Such information is generally lacking thus far. One study sought to identify genetic
and gene expression alterations in cHCC-CCA versus iCCA in a Chinese popula-
tion. Analyses were performed on 10 iCCA and 10 cHCC-CCA samples, each con-
trolled by matched adjacent non-tumor liver tissue, and the results compared with
datasets from The Cancer Genome Atlas (TCGA) project. Differences in mutational
and transcriptional landscapes of cHCC-CCA and iCCA were clearly delineated
[23]. Sasaki et al. specifically examined the mutational statuses of KRAS, IDHI or
IDH2 (IDH1/2), ARID1A, the TERT promoter, and TP53 and their relationships
with clinicopathological features in 53 patients with cHCC-CCA. Mutations in
TP53, the TERT promoter, ARID1A, IDH1/2, and KRAS were detected in 45.3%,
31.3%, 13.2%, 11.8%, and 7.5% of patients, respectively. TP53 mutations corre-
lated with a-fetoprotein (AFP) positivity. TERT promoter mutations correlated with
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hepatitis B etiology, female-predominance, an intermediate subtype-predominant
histology, higher clinical stage, the presence of lymph node metastases, and previ-
ous therapy. ARID1A mutations correlated with alcoholic liver disease, smaller
tumor size, a lower grade of coexistent HCC, and AFP positivity and were also
associated with cholangiolocellular carcinoma subtype predominance. KRAS muta-
tions correlated with high histological diversity scores and the presence of distant
metastasis [84]. These initial observations suggest that there may be an opportunity
to molecularly subclassify cHCC-CCA in a manner that allows better prediction of
response to specific therapies and clinical outcomes.

Overall, with significant advances being made in the management of both HCC
and iCCA and with advances in our ability to investigate the genomic changes
underlying these diseases, our understanding of cHCC-CCA as a distinct entity is
sure to grow and this should expand the repertoire of therapeutic options for patients
with cHCC-CCA.
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Chapter 4
Hepatocellular Adenoma

Jason R. Young, Taofic Mounajjed, Rory L. Smoot, Denise M. Harnois,
Kaitlyn R. Musto, and Sudhakar K. Venkatesh

Introduction

Hepatocelluar adenoma (HCA) is the third most common benign hepatic mass
following cavernous hemangiomas and focal nodular hyperplasia (FNH). Most
cases of HCA occur in women who have increased levels of estrogen, particularly
those taking estrogen-based oral contraception. The overall annual incidence of
HCA for women between 16 and 44 years of age is slightly over 1 per million
while the incidence is 3.4 per 100,000 in those on long-term estrogen-based oral
estrogen contraception [1]. Increased risk of HCA development has been associ-
ated with longer duration of oral contraceptives use, higher estrogen content, and
age over 30 years [1, 2]. More recently, obesity and metabolic syndrome have also
been associated with the development of HCA and hepatic adenomatosis [3].
HCAs are rare in males; however, those taking anabolic steroids and men with
metabolic syndrome are at increased risk [4]. Other conditions associated with the
increased risk of developing HCA include aplastic anemia and inherited disorders
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such as glycogen storage disease and maturity onset diabetes of the young, type 3
(MODY3) [5, 6].

HCAs are often discovered incidentally when patients undergo imaging for unre-
lated clinical symptoms or staging of a synchronous carcinoma. Most patients are
asymptomatic at the time of HCA diagnosis [7]. Right upper quadrant discomfort is
the most common presenting symptom (up to 43%) and is usually associated with
hemorrhage in or around the lesion [7, 8]. Patients can present with abnormal liver
function tests including elevated levels of serum transaminases, alkaline phospha-
tase, and gamma-glutamyl-transferase levels [2].

Multiple synchronous HCA lesions are common, occurring in nearly half of
patients. Hepatic adenomatosis (defined as >10 HCA lesions) can occur in up to
10% of patients and, while previously thought to be a distinct entity, is now known
to occur in all subtypes of HCAs including men, women, and those with glycogen
storage disorders [1]. The risk of hemorrhage (27-29%) combined with a risk of
malignant transformation (4-5%) results in HCAs being treated differently than
most benign hepatic tumors [9-11]. A common challenge is distinguishing HCAs
from focal nodular hyperplasia (FNH), hepatocellular carcinoma (HCC), and
metastases. While major complications from percutaneous biopsy of HCA are
relatively low (2%), there is a 10% discordance between histological diagnosis
obtained by biopsy and final pathological diagnosis of surgical resection speci-
mens [12].

Pathologic Features

Histologically, HCAs consist of benign hepatocytes; they differ from the back-
ground liver by their lack of portal tracts. Instead of portal tracts, aberrant naked
arteries are typically scattered throughout the lesion. The hepatocytes within the
tumor are indistinguishable from normal hepatocytes at high power magnification.
They typically have no cytological atypia and essentially no mitotic activity. One
exception is androgen-related HCAs, which can demonstrate mild cytological
atypia. Fatty change can occur in HCAs, but this tends to be characterized by steato-
sis only, without Mallory hyaline, ballooning, or perisinusoidal fibrosis. A true ste-
atohepatitic pattern is atypical for HCA and should raise consideration for a
steatohepatitic variant of hepatocellular carcinoma. HCAs can also demonstrate
focal areas of prominent congestion, hemorrhage, and necrosis.

HCAs are usually non-encapsulated; they can be either sharply delimited from
adjacent non-tumor liver or can blend into the background liver. The background
liver usually shows no significant pathology or fibrosis. Exceptions include indi-
viduals with glycogen storage disease, in whom some fibrosis can be seen. In
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addition, inflammatory-type HCAs commonly arise in individuals with obesity and
background fatty liver changes.

By special stains, HCAs show an intact reticulin meshwork, similar to that of
normal liver. They are strongly and diffusely positive for HepParl and Arginase-1
and are negative for Glypican 3. CD34 typically shows patchy sinusoidal staining, in
contrast to the diffuse sinusoidal staining typical of hepatocellular carcinoma. In iso-
lation, however, this marker does not reliably distinguish HCAs from hepatocellular
carcinoma [13]. Ki-67 of HCA typically shows a very low proliferative index
(<1-2%).

The main histologic differential diagnoses for HCA are focal nodular hyperpla-
sia (FNH) and hepatocellular carcinoma (HCC). In contrast to HCA, FNH has a
nodular configuration with fibrous septa and some cases have a central scar. Bile
ductular proliferation tends to be a more prominent feature in FNH. Further, FNH
often has a “map-like” staining pattern with glutamine synthetase (GS) staining. In
contrast, HCAs do not demonstrate this “map-like” pattern on GS staining, rather
being frankly negative or positive for GS stain, depending on the beta-catenin acti-
vation status of the HCA [14].

Well-differentiated HCC can be difficult to differentiate from HCA ; features that
favor malignancy include cytologic atypia, mitotic activity, and steatohepatitic fea-
tures. Special stains can also help in differentiating HCC from HCA; reticulin stain
usually shows loss or reduction of the reticulin meshwork in HCC compared to
reticulin preservation in HCA. Glypican-3 immunostain can be positive in HCC but
is usually negative in HCA [15, 16]. Ki-67 can show an increased proliferative
index in HCC but is usually low in HCA.

Four common subtypes of HCA have been described based on histologic
appearance, immunohistochemical staining, genetic mutations, and associated
clinical features [17] (Table 4.2): B-catenin-activating mutated HCA (f-HCA)
accounting for 10-15% of HCAs have a male predilection and higher risk of trans-
formation into HCC (Fig. 4.1). Inflammatory (I-HCA) accounting for 40-50% of
HCAs have an association with alcohol abuse, obesity, background hepatic steatosis
and increased risk of hemorrhage when large. 10% of I-HCA have a p-catenin-
activating mutation (Fig. 4.2). HNFla inactivated (H-HCA) are the second most
common type accounting for 35-40% of HCAs, have higher rates of tumor steato-
sis, hepatic adenomatosis, and maturity-onset diabetes of the young (Fig. 4.3). The
fourth unclassified type (U-HCA), accounting for 5-10% of HCAs, characteristi-
cally are lacking mutations or the inflammatory phenotype (Fig. 4.4). More recently,
Nault et al. described an additional subtype of hepatic adenoma characterized by
the fusion of the promoter of INHBE1 with GLI1, leading to activation of the
hedgehog pathway. This hedgehog-activated HCA subtype has an increased risk
of hemorrhage [18]. Other uncommon types include myxoid HCA [19, 20] and
pigmented HCA [21].
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Fig. 4.1 p-Catenin-activating mutated HCA. (a) This hepatic adenoma shows an area of hemor-
rhagic necrosis (arrow) in its center. (b) The adenoma shows strong diffuse immunohistochemical
expression of Serum Amyloid A, supporting an inflammatory phenotype. (¢) An immunostain for
glutamine synthetase also shows diffuse positive staining in the tumor (right) and only perivenular
staining in the background liver (left, arrow). This immunoprofile supports beta-catenin activation
(inflammatory adenoma with beta catenin activation)

Fig. 4.2 Inflammatory HCA. (a) This hepatic adenoma shows typical histologic features of
inflammatory phenotype, including sinusoidal dilatation (short arrow) and multiple faux portal
tracts (long arrows). (b) A higher power view of a faux portal tract (arrow); these structures resem-
ble portal tracts but lack the structures found in normal portal tracts (normal bile ducts, portal vein
branches). (¢) The adenoma shows strong diffuse immunohistochemical expression of C-reactive
protein, supporting the inflammatory phenotype
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Fig. 4.3 HNF-1A inactivated HCA. (a) This hepatic adenoma consists of benign-appearing hepa-
tocytes with fatty change. Scattered aberrant or naked arteries are observed (arrows). (b) The
tumor consists of bland uniform sheets of hepatocytes with steatosis. (¢) The tumor shows aberrant
loss of liver fatty acid-binding protein (L-FABP) (left) by immunostain, but L-FABP is preserved
in the background liver (right). This phenotype is typical of HNF-1 alpha inactivation

Fig. 4.4 Unclassified HCA. (a) This hepatic adenoma consists of normal-appearing hepatocytes
and lacks specific features to suggest a certain phenotype. (b) A high power view shows non-
descript uniform and bland hepatocytes without specific features. By immunohistochemistry (not
shown), the tumor showed normal retained expression of liver fatty acid—binding protein (L-FABP)
and was negative for C-reactive protein, serum Amyloid A, f-catenin, and glutamine synthetase
(not shown). This immunoprofile supports an “unclassified” type

Radiologic Features

Understanding the histopathologic changes of hepatocellular adenomas (HCA) is
fundamental to their imaging appearance. HCAs have radial growth of essentially
normal, albeit crowded hepatocytes. Lacking the portal vein and bile duct of the
portal triad, HCAs have a predominantly arterial blood supply. Hence, HCAs are
often best visualized during the arterial phase of contrast-enhanced imaging.
Uncomplicated HCA may otherwise be difficult to detect, only evident by subtle
architectural distortion. Hepatocytes in HCAs can also show fatty change which can
be seen on imaging, a feature useful to differentiate from other lesions. The altered
blood supply and lack of a true capsule predispose HCA to necrosis and
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uncontained hemorrhage [11]. The risk of hemorrhage (27-29%) and malignant
transformation (4-5%) result in HCAs being treated with greater scrutiny and cau-
tion, often imaged with greater frequency and with various modalities [9-11].

When imaging with computed tomography (CT) and magnetic resonance imaging
(MRI), HCAs are often undetectable on non-contrast-enhanced CT or T1-weighted
MR images. HCAs tend to have similar signal characteristics to surrounding liver
parenchyma on T2-weighted images but may be hyperintense on diffusion-weighted
imaging (DWI). The presence of fat within HCAs renders them hypodense to the
normal liver on CT and hypointense on fat-suppressed MRI sequences. However,
HCA with fat occurring in a diffuse fatty liver may be obscured on both non-contrast-
enhanced CT and MRI [22]. On contrast-enhanced CT and MRI, uncomplicated
HCAs typically show homogeneous arterial phase hyperenhancement, becoming
isodense/isointense on portal venous and delayed phases. Therefore, arterial phase
imaging is the key to detecting HCA. Intra-tumoral fat will be evident by hypoat-
tenuation on CT and fat signal on MRI, a finding that can be obscured by hepatic
steatosis [22]. Necrosis of HCA will often result in a heterogeneous appearance and
cystic changes. Hemorrhage within a HCA will produce a variety of appearances
with blood products of various ages, cystic changes, and rarely calcifications.

Compared to CT, HCAs are often better detected with MRI given the inherent
strengths of various sequences and greater contrast resolution. On DWI, HCAs are
seen well with high signal at low b-values. Several lesions including FNH and HCCs
appear hyperintense on DWI. Hepatobiliary MRI contrast agents such as gadoxetic
acid have been reported to help distinguish HCA from FNH, HCA tending to lack
enhancement in the delayed hepatobiliary phase compared to FNH [23]. However,
there is significant overlap in the imaging appearance of HCA and FNH in the hepa-
tobiliary phase, particularly the inflammatory type of FNH [24-26]. Useful differen-
tiating features are the presence of fat, hemorrhage, and necrosis in HCAs along
with the multiplicity of HCAs versus FNHs, which are usually solitary or few.

The imaging features of HCA and HCC overlap, with both typically being arteri-
ally enhancing with diffusion restriction. While loss of signal on opposed phase
imaging may point toward HCA, the same imaging feature can occur in 20% of
HCC with an even higher rate (36%) for lesions between 1.0 and 1.5 cm in size [27].
Washout in the portal venous and/or delayed phases is a typical feature for HCC but
may also be rarely seen in HCAs. An enhancing capsule is a useful distinguishing
feature for HCC from other lesions but is only present in less than 50% of HCCs.
Invasive features such as tumor in the portal or hepatic vein or biliary obstruction
favor HCC. Historically, the clinical setting has played a strong role in distinguish-
ing HCA from HCC. The prototypical presentation is of a young healthy female on
estrogen-based contraceptives for HCA versus a person with chronic liver disease
such as alcoholic cirrhosis or chronic viral hepatitis B or C for HCC. However,
times have changed in middle-to-high-income countries worldwide with an epi-
demic of obesity and metabolic syndrome. Non-alcoholic fatty liver disease
(NAFLD), particularly non-alcoholic steatohepatitis (NASH), increases the risk of
HCC [28-31]. In tandem, higher body fat results in a state of elevated systemic
estrogen which not only predisposes to HCA but has been proposed as a major risk
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factor for malignant transformation of HCA, warranting close monitoring and tissue
biopsy diagnosis when appropriate [32].

Both HCA and metastases may present with multiple hepatic lesions.
Hypovascular metastases are differentiated from HCA by decreased enhancement
throughout all phases and their irregular outline. However, the imaging features of
HCA and metastases overlap. In the setting of a primary malignancy with potential
for hepatic metastases, the diagnosis of HCA by imaging features on a single exam
should be made with caution. Ideally, even patients with typical imaging features of
HCA on first evaluation should have follow-up imaging in 4-6 months to confirm
lack of substantial nodule growth. This provides a failsafe against misdiagnosis of
malignancy and also allows assessment of growth, hemorrhage, and/or malignant
transformation of HCA.

The ultrasound features of HCA are generally non-specific. Ultrasound is useful
for the detection of HCA, often being the means by which asymptomatic HCAs are
initially found, as well as for monitoring the size of HCAs and development of
necrosis or hemorrhage within the lesions. The sonographic appearance of HCA is
varied, depending on the echogenicity of surrounding hepatic parenchyma and the
tumor itself. Most HCAs present as hypoechoic lesions which are more pronounced
in a background fatty liver [33]. However, intracellular lipid within HCA can pro-
duce an isoechoic to hyperechoic appearance, typically more isoechoic in a back-
ground fatty liver. Necrosis, hemorrhage, and subsequent calcification of HCA will
result in a mixed sonographic appearance with cystic changes, regional heterogene-
ity, and acoustic shadowing of calcified portions of the lesion [34]. Large HCAs
tend to have prominent disorganized peripheral vascularity.

The most common Doppler finding within HCA is a low-resistance venous
waveform (either within or at the tumor periphery) and lack of intra-tumoral arterial
waveform, in contrast to FNH [35, 36]. Ultrasound microbubble contrast agents can
help characterize HCA. Most commonly, HCAs have homogenous early arterial
enhancement. However, large HCA will tend to have more peripheral and heteroge-
neous arterial enhancement [37]. The most common dynamic fill-in pattern of HCA
is centripetal (peripheral to central). Some HCAs may have a mixed fill-in pattern.
However, HCAs almost never display centrifugal (central to peripheral) enhance-
ment, distinguishing them from FNH [38]. The sonographic portal venous and
delayed enhancement features of HCA are overall inconsistent.

While there is a limited role for scintigraphic evaluation of suspected HCA, it can
be helpful with atypical conventional imaging findings, inability to obtain an MRI or
history of serious CT/MRI contrast allergy. There is no role for scintigraphic evalua-
tion of small hepatic lesions due to limitations of scintigraphic resolution. However, a
handful of radionuclides can be used to answer specific questions. When trying to
distinguish HCA from FNH, Tc-99m sulfur colloid is helpful. HCAs more commonly
have diminished Tc-99m sulfur colloid uptake compared to focal nodular hyperplasia
which usually have normal-to-increased uptake [39, 40]. However, malignant hepatic
tumors will also lack sulfur colloid uptake. When trying to distinguish HCA and FNH
from malignant lesions, hepatobiliary agents such as Tc-99m mebrofenin can be help-
ful. Although not specific, scintigraphic hepatobiliary agents will tend to have uptake
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in both FNH and HCA (often more intense in HCA due to absent bile ducts). This is in
contrast to HCC and hepatic metastases which generally lack hepatobiliary agent
uptake (less so for well-differentiated HCC). The best hepatobiliary technique is a
three-phase approach with multiple planar images at 5, 10, and 60-90 minutes, with
adjustments in acquisition timing for poor hepatic function [41].

There is little data regarding FDG PET-CT imaging of HCA. However, almost
every case in the literature has reported HCA to be FDG avid (4—10 SUVmax) and
often mimic metastatic disease [42-52]. The mechanism of increased FDG uptake
within HCAs is somewhat speculative, possibly from increased blood supply,
inflammation, fatty change, activated Kupffer cells, and altered protein expression.

Efforts to distinguish HCA subtypes have been focused on MRI characteristics.
There does not seem to be a difference in DWI signal between the different HCA
subtypes [53]. Both H-HCA and U-HCA tend to have relatively lower signal inten-
sity on intracellular hepatobiliary MRI contrast enhancement compared to I-HCA
and B-HCA [54, 55].

B-Catenin-Activating Mutated HCA (f-HCA)

This HCA subtype has the highest risk for malignant transformation but unfortu-
nately also has the least distinguishing imaging features (Fig. 4.5). A smudgy
irregular T2 hyperintense central scar that may enhance in the portal venous phase
has been reported as a characteristic feature [56]. Aggressive features over time
include an increase in size, invasion of normal surrounding structures, and a shift
to hypoenhancement (washout) on portal venous and delayed phases of MRI
enhancement [57]. A definite diagnosis of f-HCA cannot be made based on imag-
ing features alone.

Inflammatory HCA (I-HCA)

The MRI feature most characteristic of I-HCA is slightly elevated T2-weighted sig-
nal intensity. This is the only subtype to have a more intense peripheral rim of T2
signal as an “atoll” sign, occurring in about half the cases [56]. These lesions may
show persistent delayed enhancement on CT and MRI (Fig. 4.6). The combination
of increased T2 signal and persistent delayed enhancement has a sensitivity of 85%
and specificity of 88% for diagnosing I-HCA [58]. This subtype may uptake hepa-
tobiliary contrast agents similar to FNH. The uptake is usually heterogeneous or
peripheral rim-like as compared to homogeneous and diffuse uptake (except for the
central scar) in cases of FNH.
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Fig. 4.5 p-Catenin-activating mutated HCA in a 42-year-old male presenting with abdominal
pain. Non-contrast-enhanced CT showed a mixed density mass. Post-contrast-enhanced axial CT
(a) showing a hypodense mass (black arrow) in caudate lobe of liver with enhancing rind
(arrowhead). A day after admission the patient complained of worsening pain and a contrast-
enhanced CT (b) showed an increased size of the lesion with perilesional fluid (white arrow) and
mass effect consistent with rupture and hemorrhage. Ultrasound (¢) shows a heterogeneous but
predominantly echogenic mass, a finding most consistent with hemorrhage within the mass. A
follow-up MRI shows a heterogeneous mass on axial T2W (d), DWI (e) and T1 (f)-weighted
images, again consistent with internal hemorrhage and organizing hematoma around the tumor.
Post contrast, there is nodular enhancement of the periphery of the mass on arterial (g), portal
venous (h), and delayed phases (i) consistent with viable tumor. The mass was surgically resected
and histologically found to be a B-catenin-activating mutated HCA

HNFla Inactivated HCA (H-HCA)

The finding most characteristic of H-HCA is intracellular fat, which will drop signal
on opposed-phase MRI imaging and on fat-suppressed MRI sequences (Fig. 4.7).
The presence of homogeneous intracellular fat is 87% sensitive and 100% specific
for the H-HCA subtype [58, 59]. This type of HCA tend to show washout of con-
trast in the portal venous and delayed phases which overlaps with HCC. However,
the clinical presentation and history of chronic liver disease in case of HCC may be
helpful to distinguish the two lesions.
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Fig. 4.6 Inflammatory HCA in a 35-year-old female. Ultrasound images in transverse (a) and
longitudinal (b) views show heterogeneous, slightly echogenic mass in the right lobe subcapsular
location (arrows). Color Doppler (¢) shows internal and peripheral vascularity. Contrast-enhanced
CT in arterial (d), portal venous (e), and delayed (f) phases shows a heterogeneous hyperenhancing
lesion (arrow) with persistent enhancement in portal venous phase, becoming nearly isodense in
the delayed phase. MRI study shows similar arterial phase enhancing (g) and persistent enhance-
ment in portal venous phase (h). This particular lesion does not uptake hepatobiliary contrast,
shown in the 20-minute hepatobiliary phase with Gd-EOB-DTPA (i). The lesion is nearly isoin-
tense on T1W (j) but hyperintense on DWI (k) and T2W (1) images

Unclassified HCA (U-HCA)

Distinct MRI features of U-HCA have been difficult to identify (Fig. 4.8). While
U-HCAs have the morphologic features of HCA, they lack immunohistochemical
and genetic abnormalities, resulting in an essentially bland subtype with expected
generic HCA imaging findings.



4 Hepatocellular Adenoma 89

Fig. 4.7 HNF-1A inactivated HCA in a 49-year-old female. Ultrasound image (a) showing mixed
echogenicity lesion in inferior right lobe (arrow). The lesion appears hyperintense on coronal T2W
(b) and axial DWI (¢) images and hypointense on TIW images (d). In-phase (e) and opposed phase
(f) images showing signal loss in the lesion consistent with intralesional fat. Post—contrast-
enhanced arterial phase (g) and portal venous phase (h) images showing enhancing lesion without
any washout. Delayed 20-minute hepatobiliary phase image (i) shows no significant uptake of
contrast by the lesion

Myxoid Hepatocellular Neoplasm HCA (MHN-HCA)

More recently a unique myxoid hepatocellular neoplasm (MHN) has been described.
When these features occur in HCA, there is an elevated risk for HCC [20]. Given
their high mucin content, these MHNs have a marked hyperintense signal on
T2-weighted imaging with thin T2 hypointense septations. The enhancement pat-
tern of MHN is somewhat unique with moderate peripheral arterial enhancement
and progressive centripetal fill-in on portal venous and delayed phases, similar to
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Fig. 4.8 Unclassified HCA in a 34-year-old female. Ultrasound (a) shows an echogenic mass in
the right hepatic lobe. MRI shows a corresponding nearly isointense mass (arrow) in the right lobe
on T2W image (b) with mild hyperintense signal on the DWI (¢), and isointense signal on TIW (d)
sequences. No evidence of intralesional fat on the opposed-phase sequence (e). Post contrast, there
is arterial phase hyperenhancement (f), isointensity on portal venous (g), and delayed (h) phases.
Gd-EOB-DTPA shows uptake of the contrast similar to liver parenchyma in the hepatobiliary
phase (i). Overall the imaging features mimic focal nodular hyperplasia. However, percutaneous
biopsy and surgical excision were both consistent with HCA unclassified type

hepatic hemangiomas yet more heterogeneous, lacking the well-defined interrupted
nodular appearance of a hemangioma [19].

Atypical HCA

Adenomas that show some concerning features for malignancy but are not charac-
teristic of an HCC are classified as atypical HCAs. These are different from the
unclassified HCA subtype. The features that should raise the possibility of this
uncommon variant include adenoma occurring in an older male, cytoarchitectural
atypia and histological features mimicking HCC, and adenomas occurring in the
background of chronic liver disease. Close follow-up or resection is the preferred
management of these lesions [60].
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Diagnosis of the subtype of HCA is important in the management as B-HCA and
MXN-HCA subtypes carry higher risk of malignancy. Table 4.2 highlights the key
features of the four most common HCA subtypes. With percutaneous biopsy, a well-
differentiated HCC can be difficult to differentiate from HCA, prompting complete
excision of the lesion for definitive diagnosis. Larger lesions and atypical imaging
features would also validate surgical removal.

Medical Management

Medical management of HCA is often determined by tumor size, the number of
lesions, symptoms, gender, and history of OC use [61]. Table 4.1 highlights the
primary HCA risk factors. The HCA subtype must now also be considered [7].
Obesity and metabolic syndrome are risk factors for HCA development. With rising
obesity in the United States, management guidelines may need to be updated to
include these risk factors [3].

The risk of hemorrhage has been associated with tumor size >5 cm, I-HCA
subtype, increasing size over time, OC use within 6 months, and pregnancy [7].
Tumor rupture may present with acute abdominal pain and free intraperitoneal
or intratumoral hemorrhage on imaging; hemodynamic instability is uncom-
mon and conservative management is indicated in most cases [8]. Transarterial
embolization (TAE) is recommended in the setting of hemodynamic instability
and/or to reduce tumor size [7]. Emergent surgical resection is generally not
recommended in the acute phase and has been associated with greater mortality
(5-10%), increased morbidity, and longer length of hospital admissions [7, 62].

Malignant transformation has been seen in up to 46% of f-HCA, and approxi-
mately 10% of I-HCAs have p-catenin gene mutations [7]. Risk of malignant trans-
formation is highest in male patients, f-HCA, large tumor size (>8 cm), and those
with glycogen storage disease (particularly type 1 and type 3) [8, 57, 63]. Germline
mutations of HNFla also result in maturity onset diabetes of the young-type 3
(MODY3), and this is also the only subtype associated with familial adenomatosis

Table 4.1 Risk factors for Hemorrhage Malignant transformation
HCA complications

Size >5 cm Size >8 cm

Increasing size of lesion | Male
I-HCA subtype B-HCA
OC use within 6 months | Glycogen storage disease

Pregnancy Androgen use

OC oral contraceptive
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Table 4.2 Features of four common HCA subtypes

—
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Subtype | Frequency | Clinical Risk factors Pathologic features MRI features
B-HCA | 10-15% | Highest HCC | OC Cytologic atypia, Smudgy T2
risk Male > female | positive for gluthamine | hyperintense
Androgen use | synthetase central scar
Glycogen (immunohistochemistry) | that enhances
Storage Aberrant nuclear in the portal
Disease expression of beta- venous phase
catenin by may be seen
immunohistochemical
stain
I-HCA |40-50% | Higherrisk | OC “Faux-portal tracts” + Slightly
of Female > male | ductular proliferation elevated T2
hemorrhage | Obesity Sinusoidal dilatation signal with
ETOH abuse | Congestion atoll sign and
Metabolic Inflammation persistent
syndrome Positive for CRP and delayed
SAA by enhancement.
immunohistochemistry | Rim-like
uptake with
gadoxetate
H-HCA |35-40% | Higher ocC Fatty change in HCA Homogeneous
hepatic Women Aberrant loss of L-FABP | intracellular fat
adenomatosis | Maturity-onset | by content; and
diabetes of the | immunohistochemistry | washout on
young type 3 portal venous
(MODY3) and delayed
phases
U-HCA | 5-10% | None oC None Bland with no
distinctive
features

OC oral contraceptives, CRP C-reactive protein, SAA serum amyloid-A, L-FABP liver fatty acid—
binding protein

[8, 63]. Genetic counseling is recommended for diabetes and HCA screening in
those found to have HNF1a HCA subtypes (Table 4.2) [63].

In all cases, discontinuation of OC or androgens is recommended as regression of
HCA has been observed after hormone withdrawal [61, 63]. Follow-up imaging to mon-
itor for regression should be performed in 3—6 months [57]. If there is lesion growth
after discontinuation of hormones or anabolic steroids, diagnostic doubt, or atypical
appearance of suspected HCA, biopsy and/or surgical resection may be indicated [8,
57]. The use of percutaneous liver biopsy is somewhat controversial due to sampling
error and lack of expertise in histopathologic and cytologic experience in some hospitals
[8]. However, as recommended by S. Agrawal et al., selective liver biopsy is indicated
for tumors approaching 5 cm that are not being considered for resection [7].

Conservative management is recommended with radiologic follow-up for single
or multiple lesions <5 cm in women or larger steatotic lesions that are not p-catenin
activated on liver biopsy [7]. Due to the lower risk of malignant transformation,
smaller H-HCAs with typical features on MRI do not need biopsy and can be fol-
lowed with imaging [63]. In these circumstances, the optimal duration and
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frequency of imaging surveillance is unclear [8]. Some recommend annual imaging
with CT or MRI until menopause [8].

Surgical resection is recommended for HCA that does not regress with OC or
androgen cessation, lesions >5 cm, the B-catenin-activated HCA subtype, or HCAs
in male patients regardless of tumor size [7, 63]. There is no consensus on the
resumption of OC after the resection of HCA, but radiologic surveillance is recom-
mended if OCs are restarted [7].

There is limited data about pregnancy and HCA. A study by Dokmak et al. indi-
cated that pregnancy should not be contraindicated in patients with HCA [1].
However, in patients with small HCA (<5 cm), close observation and serial liver
imaging are recommended with liver ultrasound every 6 weeks during pregnancy
[64, 65]. Treatment of large HCA (>5 cm) should be completed prior to planned
pregnancy, but in cases when intervention is required during pregnancy, it seems to
be safest in the 2nd trimester [63, 65].

Liver-Directed Therapy

The recommendations regarding treatment for HCAs are based on the risk of com-
plications. As noted previously, the most common complication is hemorrhage,
which will occur in approximately 25% of known adenomas [1, 66]. The true inci-
dence is lower as the denominator is unknown. The more feared complication is
malignant transformation with a historical risk of approximately 4%, although the
true incidence is likely much lower [67]. The improved understanding of molecular
mechanisms that drive adenoma growth, and delineation of the specific subtypes,
have allowed more accurate prognostication regarding risk, leading to more
informed recommendations regarding treatment [17, 68, 69]. Ongoing studies seek
to further identify HCAs with a higher risk of complications such as hemorrhage,
and additional molecular-based subtypes have been proposed [18, 70].
Historically, recommendations for adenoma removal included: (i) size over
5 cm, (ii) any adenoma in a male, (iii) any symptomatic adenoma, and (iv) diagnos-
tic uncertainty with concern for hepatocellular carcinoma [1, 68, 71]. The recom-
mendation regarding size was based on longitudinal data suggesting that essentially
no adenoma under 5 cm in a woman had been described to harbor malignancy.
These recommendations can now be further refined based on malignancy risk essen-
tially being limited to the f-HCA and I-HCA subtypes of adenoma with the inflam-
matory subtype requiring a concomitant beta-catenin mutation to elevate malignant
risk [18]. The more likely complication in an adenoma over 5 cm is hemorrhage,
and this may be more associated with beta-catenin mutated and sonic hedgehog-
associated adenomas, yet not all hemorrhage is symptomatic and a portion go unde-
tected [18]. In the largest current pathologic-molecular-clinical correlation study,
symptomatic hemorrhage was more common in the sonic hedgehog adenomas [18].
Adenomas in men bear special mention, and the recommendation is still removal
regardless of size. The underlying pathology of adenoma suggests a role for
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Fig. 4.9 A 34-year-old female with an unclassified type HCA. She initially presented with right
upper quadrant pain and a CT (a) showed an 11 cm enhancing mass (arrow) in the anterior liver
involving both right and left lobes. The patient underwent two embolization procedures to reduce
the size for surgical excision via central hepatectomy. An angiogram through the celiac artery (b)
shows a vascular mass (arrow). After two bland embolizations, there was significant reduction in
the size of the lesion as shown on follow-up CT (c). The patient underwent a central hepatectomy
without complication. Post-surgery CT (d) shows central hepatectomy changes without resid-
ual tumor

estrogen, and the risk of malignant transformation in men is higher in retrospective
series, especially in those suffering from metabolic syndrome [71].

Standard operative approaches are utilized for resection with a negative margin.
Whether this is approached in an open or laparoscopic fashion is dependent on the
surgical expertise of the institution. Expected mortality rates for liver resection,
even major resections, should be less than 2% with low morbidity typically ranging
from 10% to 30% depending on the extent of resection required. Other approaches
are possible and have been described such as transarterial embolization (TAE),
(Fig. 4.9). TAE is the only appropriate approach for an acutely bleeding adenoma at
an institution where this modality is available. The role of TAE in the elective set-
ting is more controversial. A recent systematic review of the outcomes demonstrated
low complication rates, with the ability to “avoid surgery” in up to 45% of patients.
The indications across the 20 studies in this review varied widely; however, what is
clear is that TAE can be done safely in the majority of patients [72]. Ablation, both
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radiofrequency and microwave, has also been described in small case series [73,
74]. Treated adenomas typically are in the standard size range for HCC ablations
~3 cm or less, with at least one 8§ cm adenoma being treated in a staged approach via
ablation [74]. However, there are currently no standardized recommendations
regarding percutaneous treatment (either ablation or TAE) of adenomas.

Special Circumstances
Adenomatosis

The role of liver-directed therapy becomes less clear in patients with adenomatosis
[75-78]. Generally, the approach is to target symptomatic (hemorrhagic) adenomas
or those that are growing rapidly with concern for possible malignant transforma-
tion [75]. Liver transplant is very rarely considered for patients with adenomatosis
and typically only in the setting of confirmed or suspected malignant transformation
or rapidly progressive adenomatosis that is unresectable [79].

Timing of Intervention After Acute Hemorrhage

There is no data to guide recommendations regarding the timing of definitive inter-
vention following TAE for acute hemorrhage of adenomas. We generally wait
3-6 months with serial imaging at 3-month intervals to monitor the continued invo-
lution of the hemorrhagic mass. The underlying adenoma typically is much smaller
than the acute hemorrhagic mass, and a less radical resection is often possible with
continued observation. Repeat bleeding episodes or ongoing symptoms may argue
for earlier intervention.
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Chapter 5
Infectious and Inflammatory Lesions
of the Liver

Patrick J. Navin, Christine O. Menias, Rondell P. Graham,
Maria Baladron Zanetti, Sudhakar K. Venkatesh,
and Wendaline M. VanBuren

Introduction

Imaging plays an important role in the diagnosis and treatment of infectious and
inflammatory diseases of the liver. Infectious pathogens may be bacterial, viral,
parasitic, or fungal whereas other inflammatory lesions have an unknown etiology.
Early diagnosis and management is crucial as many infections can be fatal if not
treated early. Ultrasonography (US), computed tomography (CT), and magnetic
resonance (MR) imaging allow for accurate detection of most hepatic infections and
may provide features which may help identify the underlying pathogen.

However, imaging often lacks specificity in the diagnosis of the causative patho-
gen. As a result, more invasive methods such as serology, fluid analysis, and tissue
sampling are typically required to allow for a definitive diagnosis and to guide pos-
sible curative management.
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This chapter will provide a background of the more common infectious and inflam-
matory hepatic diseases with a focus on their associated imaging characteristics.

Bacterial

Pyogenic Abscess

Pyogenic (bacterial) abscesses of the liver were first described at the time of
Hippocrates in 400 BC. They account for approximately 48% of all visceral
abscesses [1]. The incidence of liver abscesses varies per country with a rate of 1.1
per 100,000 population per year in Canada, 2.3 per 100,000 in Denmark, and up to
17.6 per 100,000 in Taiwan. The rate in the US is reported as 3.6—4.1 cases per
100,000 population [2, 3]. The incidence of liver abscesses has increased two-fold
over the past 35 years [3]. This increase is multifactorial, with increasing hepatobili-
ary disease and interventional procedures as possible causes [2].

The portal vein is an important source of spread from a gastrointestinal source
with portal pyemia implicated in 20% of cases [4]. Biliary obstruction and resultant
ascending cholangitis is also a significant source of hepatic abscesses [4]. Direct
inoculation and hematogenous seeding from the systemic circulation are less com-
mon causes [5-7].

The bacterium implicated depends on the mode of spread and the population
affected. Traditionally, Escherichia coli has been reported as the most common bac-
terium; however, Asian studies report that Klebsiella pneumoniae is the most com-
mon pathogen in pyogenic liver abscesses [2, 8, 9]. E. coli is implicated in abscesses
from a biliary source whereas Klebsiella pneumoniae is associated with cryptogenic
abscesses [10]. E. coli, Enterobacter cloacae, and Enterococcus faecalis have been
implicated in abscesses developing post-transarterial embolization of hepatic malig-
nancy [10, 11].

Treatment is centered on antibiotic coverage with percutaneous drainage depend-
ing on locularity and size. Access into the abscess is always beneficial in order to
allow microbiological analysis of the contents and guide antibiotic coverage. In
unilocular abscesses, percutaneous needle aspiration or catheter placement may be
possible, with catheter placement preferred in abscesses greater than 5 cm [12]. In
multiloculated abscesses, the decision to aspirate is on a case-by-case basis, depend-
ing on patient status, radiologist’s skill or comfort with the procedure, and position/
locularity of the abscess. Surgical management is often warranted in more
severe cases.

The clinical presentation and initial laboratory studies may raise the initial sus-
picion of a pyogenic abscess; however, imaging studies are required to establish the
diagnosis.
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When assessed in the emergency department, US demonstrates a sensitivity of
86% for pyogenic abscess [13]. Microabscesses (<2 cm) are typically seen as small
hypoechoic structures or ill-defined areas of architectural distortion [14]. Larger
abscesses are classically identified as an ill-defined hypoechoic structure with pos-
terior acoustic enhancement and absence of internal vascularity on color Doppler
imaging. Fluid-debris levels may be present [14—16]. The presence of internal echo-
genicity is variable and the lesion may mimic a solid mass (Fig. 5.1). These charac-
teristics are most commonly observed early in the disease process when gas bubbles
are also often present. Klebsiella or Clostridium species are the most common caus-
ative agents of gas-containing abscesses [15, 17-19]. US is operator dependent and
often limited by patient factors such as subcutaneous adiposity and hepatic steatosis
which may decrease visualization.

The imaging of pyogenic abscesses on CT is variable with a sensitivity of 97%
[20]. The typical CT appearance is of a low attenuation lesion with peripheral rim
enhancement (Figs. 5.1 and 5.2) [16]. The presence of air is best appreciated on CT
[21]. Certain specific features are also appreciated on contrast-enhanced CT, such as
the “double target sign,” defined as a central area of fluid attenuation surrounded by
an inner ring of high attenuation and outer ring of low attenuation (Figs. 5.1 andd
5.2), which is seen in 30% of hepatic abscesses. The inner ring demonstrates early
and persistent contrast enhancement whereas the outer ring demonstrates enhance-
ment on delayed phase only [22]. The “cluster sign” describes a coalescence of
small low attenuation lesions that forms a larger abscess, seen in early infection [15,
23]. In a retrospective study of 92 patients with a monomicrobial Klebsiella hepatic
abscess, 58% were described as solid on CT and 95% multilocular (Fig. 5.3). This
compares to a 36% solid and 72% multilocular appearance in a comparison group
caused by other bacteria [24]. Multiple internal enhancing septations have also been
described in a “turquoise pattern” (Fig. 5.4).

Pyogenic abscesses typically demonstrate internal low T1 signal and high T2 sig-
nal (Fig. 5.3), which can be seen in 91% of abscesses [25]. The presence of protein-
aceous material or gas may alter the internal signal intensity [25, 26]. Perilesional
edema is identified as surrounding high T2 signal and is present in 35% of cases [26].
Appearances post administration of extracellular contrast agent are similar to appear-
ances on contrast-enhanced CT imaging with capsular enhancement seen in up to
100% of cases and a recognized “double target sign” [25, 27]. The absence of capsu-
lar enhancement has however been noted in immunocompromised patients [28].
Pyogenic abscesses universally demonstrate abnormal diffusion restriction [27].

Pyogenic abscesses may mimic a necrotic tumor on all imaging modalities, and
definitive diagnosis often requires tissue sampling. Certain features such as a lay-
ered wall appearance with early inner rim enhancement and delayed enhancement
of the outer layer are characteristic of an abscess [22]. Other features such as tran-
sient segmental enhancement and abnormal restricted diffusion may allow for
greater differentiation [27, 29].
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Fig. 5.1 Ultrasound of a 74-year-old patient with abnormal liver function tests, abdominal pain,
and fever. Subsequent biopsy and aspiration grew streptococcal species, consistent with a pyogenic
abscess. There is a well-defined mass in the right liver, slightly hypoechoic compared to the sur-
rounding liver with minimal posterior acoustic enhancement (a). CT of the same patient demon-
strates a multiloculated mass, hypoattenuating centrally on noncontrast CT (b). Arterial phase
contrast-enhanced CT demonstrates peripheral rim enhancement and an outer ring of low attenua-
tion (double target sign) (c). There is persistent peripheral enhancement on portal venous phase
without fill-in (d). MRI of the same patient. Multiloculated fluid collection again noted. There is
central high signal on T2-weighted sequences with ill-defined zone of high signal intensity corre-
lating to perilesional edema (e). The lesion is of low signal intensity on T'1-weighted sequences (f)
with rim enhancement post-administration of gadolinium (g). There are areas of abnormal
restricted diffusion on apparent diffusion coefficient map and diffusion-weighted images (h, i).
Subsequent biopsy and aspiration grew streptococcal species



5 Infectious and Inflammatory Lesions of the Liver 105

Fig. 5.1 (continued)

Fig. 5.2 Contrast-enhanced CT in a 50-year-old female patient with pyogenic abscess. Portal
venous phase (a, b) and delayed phase images (c¢) demonstrate a loculated collection separated by
septae. Note the double target sign on portal venous phase imaging consisting of a hypodense,
avascular central area, surrounded by an enhancing rim, and a hypoenhancing, ill-defined area.
This external area demonstrates late phase contrast enhancement (c)
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Fig. 5.3 Contrast-
enhanced CT of a
63-year-old man who
presented with fever and
abdominal pain. There is a
solid appearing mass in the
right liver with hypodense
areas consistent with
liquefaction. Pus and blood
cultures were positive for
Klebsiella pneumoniae.
(Images courtesy of: Alsaif
et al. [24])

P. J. Navin et al.

Fig. 5.4 MR abdomen of a 45-year-old male presenting with fever, abdominal pain, and bactere-
mia. Aspiration and culture demonstrated streptococcal species. Abdominal MR axial T2 WI (a),
T1 FS post-contrast (b), and Diffusion with ADC map (¢, d). Note the numerous septal bands
resembling a turquoise pattern

Hepatobiliary Tuberculosis

Tuberculosis (TB) caused by the bacillus Mycobacterium tuberculosis is predomi-
nantly a disease of the developing world with 95% of deaths due to TB occurring in
developing countries [30]. In the United States, incidence rates are on the decline
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with anationwide incidence rate of 2.9 cases per 100,000 per year [31]. Hepatobiliary
TB accounts for approximately 1.2% of all cases of TB. Primary hepatic TB is
exceedingly rare [32, 33].

The transmission of hepatobiliary TB may be via the hepatic artery, portal vein,
or lymphatic vessels. The hepatic artery is the most common route with the dissemi-
nation of miliary TB from a pulmonary source [32, 34]. Portal or lymphatic spread
is via the GI tract or lymphatics [35]. Irrespective of the mode of transmission, a
granulomatous reaction occurs within the liver [36].

The classification of hepatobiliary TB is confusing with multiple systems offered.
Based on imaging and histopathological patterns, involvement may be divided into
the parenchymal type, serohepatic type, and tuberculous cholangitis.

Two types of parenchymal hepatobiliary TB are generally recognized in the radi-
ology literature: a micronodular and macronodular form [16, 37]; however imaging
is nonspecific. Tuberculous abscesses can also develop but are very rare [38]. The
diagnosis is usually via a combination of clinical findings, imaging, biopsy, and
mycobacterial culture. Biopsy is deemed the most specific diagnostic tool [33, 39].

The micronodular form is more common, accounting for 79% of cases, and is
due to miliary dissemination with the formation of tuberculomas ranging from 0.6
to 2 mm [39]. Tuberculomas generally seed close to the portal tracts [38]. Autopsy
studies demonstrate hepatobiliary TB in 50-80% of patients with pulmonary TB
[40, 41]. The micronodular form, however, is often not visualized. Hepatomegaly
and a diffusely echogenic liver are the most common imaging features on ultra-
sound [42]. On CT, diffuse low-density foci are occasionally seen (Figs. 5.5 and
5.6) [42, 43]. Healing micronodular tuberculomas can calcify, which make them
more readily identifiable on CT imaging [44, 45]. MRI may demonstrate supe-
rior performance in identifying micronodular foci, yet the sensitivity remains
low [46]. The micronodular lesions are seen as foci with low signal intensity on
T1-weighted sequences and high signal on T2-weighted sequences [43]. The use of

Fig. 5.5 Contrast-enhanced CT of a 28-year-old male patient with HIV and disseminated,
micronodular TB. Multiple hypodense lesions are visualized in the liver and spleen consistent with
micronodular disease. Note the confluent mass in right hepatic lobe consistent with a tuberculoma
(a arrow). Extensive mesenteric and retroperitoneal cavitary lymphadenopathy is also seen (b bro-
ken arrows)
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Fig. 5.6 Contrast-enhanced CT at different liver levels (a & b) demonstrates small round
hypodense hepatic lesions consistent with disseminated micronodular TB. A subcutaneous abscess
with underlying rib involvement is present (arrow)

18F-fluorodeoxyglucose Positron Emission Tomography adds minimal diagnostic
information. The micronodular form may at times present as significantly increased
radiotracer uptake in the liver or a “hepatic superscan” [47, 48].

The macronodular form predominantly arises via the gastrointestinal tract and
forms a tubercle greater than 2 mm [32]. This presentation, also described as local
or pseudotumoral TB, is rarer, being seen in 21% of hepatobiliary TB cases [39].
The process is often focal and tends to occur at the portal triads [32, 49]. Lesions are
predominantly hypoechoic on ultrasound but may be hyperechoic early in the dis-
ease process before the onset of necrosis [35, 37]. Macronodular tubercles on
contrast-enhanced CT are of low attenuation centrally with a variable hyperenhanc-
ing rim representing granulation tissue (Fig. 5.7) [38, 50]. On T1-weighted MR
images, tuberculomas appear as an area of hypointensity with a hypointense rim. On
T2-weighted sequences, they predominantly appear as hyperintense or isointense,
again depending on the presence of necrosis, with peripheral rim or internal septal
enhancement after the administration of extracellular contrast [43, 51]. Serohepatic
tuberculosis is the rarest form of hepatobiliary TB. It describes the involvement of
the subserosal plane of the liver. Imaging findings typically demonstrate focal areas
of capsule thickening with a classical “frosted” appearance [43].

Tuberculous involvement of the biliary system is rare, and transmission is via
portal spread from the GI tract or by direct extension from hepatic parenchyma or
lymphatics [51]. The intrahepatic ducts are more commonly affected [52, 53].
Obstruction of the extrahepatic ducts in the presence of TB is generally secondary
to mass effect from periportal lymph nodes [53-55]. Extrahepatic biliary TB is very
rare [56-58]. Imaging features are nonspecific. US, CT, endoscopic retrograde chol-
angiopancreatography (ERCP), and MR cholangiopancreatography (MRCP) may
be utilized. Imaging generally demonstrates ductal wall thickening with stricturing
and resultant proximal dilatation [59, 60]. Focal calcifications along the biliary sys-
tem have also been described in the presence of military TB and are best appreciated
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Fig. 5.7 A 45-year-old woman who presented with fever of unknown origin and was ultimately
diagnosed with disseminated macronodular TB. Contrast-enhanced CT demonstrates a hypoen-
hancing area in the left liver on late arterial phase imaging (a) which demonstrates subtle enhance-
ment on delayed images (b). MRI abdomen demonstrates a correlating mass isointense on T2- (c)
and hypointense on T1-weighted sequences (d). This lesion demonstrates patchy enhancement on
late arterial phase contrast-enhanced images (e) and more homogenous enhancement on portal
venous phase images (f)

on US and CT imaging [60]. The presence of TB features elsewhere such as nodal
or pulmonary involvement may suggest the diagnosis; however, tissue sampling
through ERCP is typically required for a definitive diagnosis. Differentials to con-
sider include benign inflammatory strictures secondary to sclerosing cholangitis,
Mirizzi’s syndrome, pancreatitis, or malignant strictures secondary to cholangiocar-
cinoma, particularly the diffuse sclerosing type [61].
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Bartonellosis

Bartonellosis describes an infectious disease caused by bacteria from the Bartonella
genus. These are gram-negative facultative intracellular parasites that can cause an
array of infectious syndromes. Bartonella henselae is a particular strain which may
affect immunocompetent and immunosuppressed hosts.

Cat-scratch disease is an infection in immunocompetent individuals caused by B
henselae. Rare cases have been described caused by B clarridgeiae and Afipia felis
[62, 63]. It affects children or young adults; however 6% of cases occur in adults
over 60 years [64]. A large retrospective study identified 12,000 cases of CSD per
year in the United States from 2005 to 2013. Those most affected were children
aged 5-9 and individuals in the south-eastern states [65]. Cats act as a natural reser-
voir for B. henselae, and transmission is typically via a scratch or bite from an
infected cat, especially those with fleas [66].

The initial presentation is typically with a local papular or pustular lesion at the
site of inoculation with fever and painful lymphadenopathy. These findings gener-
ally appear approximately 1-3 weeks post exposure [67]. Disseminated infection
can involve the liver, spleen, eye, or nervous system and occurs in 5-10% [68].

The involvement of the liver and spleen is rare but important to recognize [69,
70]. Disseminated cat-scratch disease to the liver is identified on imaging as multi-
ple granulomatous lesions measuring 3—-30 mm. Hepatomegaly may or may not be
present. On ultrasound these lesions appear hypoechoic with either ill-defined or
well-defined borders (Fig. 5.8) [14, 67]. CT demonstrates hypoattenuating lesions
on noncontrast images (Figs. 5.8 and 5.9) [14, 71]. Variable enhancement character-
istics have been described. The lesions may demonstrate hypoenhancement in rela-
tion to background liver, may be isoenhancing to background liver, or may
demonstrate peripheral hyperenhancement [71, 72]. Findings on MRI are nonspe-
cific with the granulomatous lesions having low T1 and high T2 signal with rim
enhancement [16, 73].

The differential diagnosis based on imaging alone is wide, with sarcoidosis,
infective causes such as disseminated fungal infections and malignancies such as
lymphoma and metastasis as possibilities. The presentation becomes more specific
when the presence of these nodules is in an immunocompetent young patient with
splenic nodules. Tissue sampling or blood serological analysis is required for defini-
tive diagnosis [16].

The infection of an immunocompromised host with Bartonella henselae, almost
exclusively secondary to HIV, may be associated with peliosis hepatis. The mode of
transmission is unclear, but animal or insect vectors are likely involved [74, 75].
Peliosis is the formation of blood-filled, dilated sinusoids, typically measuring
2—-10 mm. The pathophysiology is not completely understood, but the proliferation
of hepatic endothelial cells secondary to vascular endothelial growth factor is
believed to play a central role [76].

The sonographic appearance reveals hypoechoic lesions with CT imaging typi-
cally demonstrating multiple small hypoattenuating areas [77, 78]. On MRI the



5 Infectious and Inflammatory Lesions of the Liver 111

Fig. 5.8 A 9-year-old female with a 9-day history of fever, headache, and stiff neck. LP was nega-
tive on the Ist day of symptoms with normal CT and MRI brain on repeat visit. History of exposure
to kittens. Serology demonstrated high Bartonella henselae 1gG titers, consistent with cat-scratch
disease. Ultrasound abdomen demonstrates multiple tiny hypoechoic lesions within the liver and
spleen, suspicious for abscesses (a, b). There is mild hepatomegaly. Contrast-enhanced CT dem-
onstrates multiple small hypoattenuating areas in the liver and spleen. These demonstrate mild
peripheral enhancement most consistent with hepatic and splenic microabscesses (c, d)

lesions are of low signal intensity on T1-weighted imaging and high signal intensity
on T2-weighted sequences with internal foci of high T1 signal related to hemor-
rhagic material [79]. There is typically no significant mass effect on the surrounding
vasculature [80]. The enhancement pattern is similar on CT and MRI. Peliosis hepa-
tis can demonstrate multiple enhancement patterns which vary depending on the
presence of hemorrhage, presence of thrombus, or the size of the lesion. Smaller
lesions may demonstrate arterial phase hyperenhancement which persists on portal
venous phase imaging [79]. For larger lesions, a globular enhancement pattern pre-
dominates on early phases. Fill-in is predominantly centrifugal but may be centrip-
etal [79, 81]. In delayed phases, a persistent peripheral ring like enhancement has
been described; however, blood pooling is typical with a persistent homogenous
enhancement [79, 82].
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Fig. 5.9 A 6-year-old boy with cat-scratch disease. After multiple presentations to emergency
room with fever of unknown origin, serology demonstrated high Bartonella henselae henselae IgG
titers. Contrast-enhanced CT demonstrated multiple ill-defined, hypoattenuating lesions through-
out the liver (a, b, ¢) with portal adenopathy (d). Given the clinical presentation the primary dif-
ferential was multiple abscesses secondary to bacterial or fungal infection. Metastatic disease or
lymphoma was considered less likely

Viral
Viral Hepatitis

Viral hepatitis can arise secondary to infection from various pathogens. In the
United States, most causes are secondary to hepatitis A, hepatitis B, and hepatitis C
which account for more than 90% of cases [83]. Other possible causes include hepa-
titis D, hepatitis E, HIV, Coxsackie virus, rubella virus, varicella, and herpes sim-
plex virus.

The clinical presentation varies and is dependent on the individual and the caus-
ative agent. Classically, there are four phases described: the asymptomatic viral
replication phase; the prodromal phase with nonspecific symptoms such as nausea,
vomiting, and malaise; the icteric phase with jaundice, dark urine, and pale stools;
and finally the convalescent phase during which symptoms resolve. Progression to
chronic liver disease and cirrhosis is more commonly seen in hepatitis B and
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hepatitis C infections. Hepatitis D can be transmitted as a co-infection at the same
time as hepatitis B virus infection or as a superinfection of patients with existing
chronic hepatitis B [84].

The clinical presentation, hematological, histopathological, and imaging tests
are often utilized to form the diagnosis of viral hepatitis. Imaging is nonspecific but
may allow other hepatitis mimics to be excluded [14]. The imaging presentation is
usually one of a diffuse hepatitis; however, occasionally focal lesions are identified,
particularly in varicella and herpes simplex involvement [§5-87].

In acute hepatitis, ultrasound appearances vary and may range from normal to
hepatomegaly with a diffusely hypoechoic parenchymal appearance. The portal
venous walls may appear hyperechoic in comparison, giving the classical “starry
sky” pattern [14, 88]. Geographical heterogeneity is appreciated on CT with well-
defined areas of low attenuation [89]. Nonspecific findings such as hepatomegaly
and periportal edema are visualized on CT and MR imaging [14].

Fulminant hepatic failure is a severe acute liver injury characterized by coag-
ulopathy and encephalopathy in patients without chronic liver disease. It is char-
acterized on CT by focal or diffuse areas of necrosis (hypoattenuation) and
portal vein dilatation. It can be distinguished from acute hepatitis without
encephalopathy by the absence of hepatomegaly and progressive decrease in
size on serial CT.

When focal nodules are visualized, they are multiple, small, ill-defined nodules,
hypoechoic on ultrasound and hypodense on CT imaging (Fig. 5.10) [85-87]. This
appearance is nonspecific with pathologies such as pyogenic abscess, fungal
abscess, metastatic disease, and lymphoma in the differential diagnosis [85].

The imaging appearances of chronic hepatitis may range from normal to cirrho-
sis. Ultrasound may demonstrate coarsened hepatic echotexture with diffusely
increased echogenicity [14]. On CT and MRI periportal lymphadenopathy may be
the only abnormality [88].

Fig. 5.10 Contrast-enhanced CT of the liver in a 42-year-old male with hepatosplenic varicella.
The patient presented with a 5-day history of a vesicular rash, fever, abdominal pain, cough, and
excessive tearing. Multiple, well-defined, small hypodense nodules (white arrows) are seen in both
lobes of the liver and also in the spleen (a & b). Symptoms and imaging appearance resolved fol-
lowing acyclovir therapy. (Courtesy of: Venkatesh and Lo [85])
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Fungal Infections

Candidiasis

Hepatosplenic candidiasis almost exclusively presents in immunocompromised
patients. Its prevalence has decreased since the 1980s with the introduction of pro-
phylaxis in at-risk individuals [90]. It typically develops in individuals undergoing
chemotherapy for a hematological infection with absolute neutrophil counts below
500/pL for more than 10 days [91].

The presentation is of a recently neutropenic patient whose neutrophils have nor-
malized with a fever that does not respond to standard antibiotic therapy. Blood
cultures are unreliable with a definitive diagnosis only possible by biopsy [92]. The
mainstay of treatment is an antifungal regimen. Despite treatment, mortality rates
remain high [93].

US typically demonstrates multiple hypoechoic lesions measuring up to 2 cm;
this appearance is most common yet least specific. Various other appearances have
been described depending on the stage of the disease and the degree of immuno-
suppression. A “bulls-eye” appearance is seen with a central hyperechoic area
encircled by a hypoechoic area. These lesions correspond to histopathological
appearances of central inflammatory cells surrounded by an area of fibrosis.
Lesions with a similar layered appearance, except with a central hypoechoic nidus,
are also described. These are typically termed the “wheel within a wheel” appear-
ance. The central hypoechoic nidus corresponds to an area of necrosis. A homog-
enous, hyperechoic pattern is also seen and typically represents resolution with
variable degrees of posterior acoustic shadowing indicating resolution and calcifi-
cation [14, 16, 94]. Contrast-enhanced ultrasound may be beneficial. Lesions may
be hypoechoic in all phases; however, there may also be evidence of rim hyper- or
iso-enhancement [95].

CT and MR imaging are valuable imaging tools as these modalities can iden-
tify hepatosplenic candidiasis in these immunocompromised patients before the
recovery of absolute neutrophil count. Lesions in the acute phase are best appreci-
ated in early arterial phase imaging with a “bulls-eye” appearance, similar to US,
or a nonspecific hypoattenuating microabscess on CT (Fig. 5.11) [96]. As the
lesion progresses into the subacute or chronic stages of the disease, the lesions
may become hyperattenuating secondary to hemorrhagic products or calcifica-
tion [97].

Fungal lesions on MRI are often hypointense on T1-weighted sequences and
hyperintense on T2-weighted sequences, demonstrate intense peripheral ring
enhancement on arterial phase contrast enhanced imaging, and restrict diffusion
[44, 98]. MRI in the clinical setting of known or suspected hepatosplenic candidia-
sis has a sensitivity of 100% and a specitivity of 97% [98].

Histopathological analysis typically describes microabscesses with central fun-
gus and a surrounding necrotic area. Granulomas may also form with branching
hyphae visualized depending on the particular stain (Fig. 5.11) [14].
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Fig. 5.11 A 35-year-old male patient on chemotherapy with hepatic candidiasis. Axial (a) and
coronal (b) images of a portal venous phase contrast-enhanced CT. Multiple hypoattenuating areas
in the left and right liver. Evidence of typhlitis on coronal image (arrow). A hepatic lesion was
biopsied with findings consistent with candidiasis (¢). This silver stain shows branching hyphae of
Candida species

Histoplasmosis

Histoplasmosis is caused by Histoplasma capsulatum and is endemic in North and
South America, particularly in the Mississippi river valleys [99]. The mode of trans-
mission is typically through the lungs via inhalation of spores in individuals exposed
to bird and bat droppings [100]. Only 1% of individuals exposed develop symptoms
[14]. During the 1980s, histoplasmosis was diagnosed in 5-27% of patients with
AIDS living in endemic areas for histoplasmosis [101]. This figure has decreased
with improved antiretroviral therapy.

Disseminated histoplasmosis occurs in 1 in 2000 patients with acute infection
[102]. It predominantly arises in the immunosuppressed and is an AIDS-defining
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Fig. 5.12 A 56-year-old male with disseminated histoplasmosis to the liver. Photomicrograph of
a non-necrotizing granuloma within the liver parenchyma (a). A Grocott methanamine silver stain
highlights the Histoplasma organisms within the granuloma characterized by small black oval-
shaped structures (b)

illness. Patients with hepatic involvement may present with pyrexia of unknown
origin, abnormal liver function tests, nausea and vomiting, and fatigue [103].

The value of imaging in the diagnosis of hepatic histoplasmosis is limited. In a
study of 16 patients, the only liver abnormality on CT imaging was hepatomegaly
[104]. The presence of small diffuse granulomas has also been described.
Appearances are nonspecific and similar to other granulomatous conditions with the
formation of small punctate calcifications on healing [14].

Pathological analysis demonstrates portal lymphohistiocytic inflammation with
small granulomas [14]. Grocott methanamine silver stain may identify the
Histoplasma organisms within the granuloma to help differentiate histoplasmosis
from other granulomatous diseases (Fig. 5.12).

Parasitic Infections

Amebic Abscess

Hepatic amebic abscess is caused by the protozoan parasite, Entamoeba histolytica.
It is transmitted to the human host through contamination of water or food by human
feces [105]. Entamoeba infects approximately 500 million people worldwide with
rates highest in India, Africa, and Central and South America. Many Entamoeba
infections are due to Entamoeba disbar, which is largely asymptomatic [106, 107].
The presentation of a hepatic amebic abscess is usually of right upper quadrant pain
and fever with one third of patients complaining of diarrhea and approximately 10%
presenting with jaundice [108].

The diagnosis of a hepatic amebic abscess typically requires multiple diagnostic
modalities. The imaging appearance of an amebic abscess is not easily differenti-
ated from other forms of abscess, and when aspirated, the contents are usually acel-
lular brown fluid with a typical “anchovy paste” appearance. Trophozoites are



5 Infectious and Inflammatory Lesions of the Liver 117

present in approximately 20% of samples and typically observed when the cyst wall
is biopsied [106]. Amebic serology is often required and is present in 92-97% of
patients with amebic liver abscesses [109].

On imaging, amebic liver abscess is classically unilocular, although septa may be
present, and often solitary and located in the right hepatic lobe, typically near the
liver capsule. It may thus be indistinguishable from unilocular pyogenic abscess
from another source. US typically demonstrates a unilocular cystic lesion in the
right liver with low-level internal echoes and minimal wall echoes (Fig. 5.13) [110].
Improvements in imaging techniques, however, have demonstrated an increased fre-
quency of multiple abscesses [106]. CT demonstrates a well-defined cystic fluid
collection with an enhancing wall measuring 3—15 mm and a peripheral edematous
area (Fig. 5.13) [14, 104, 110]. Extrahepatic extension through the diaphragm into
the gastrointestinal tract or into the retroperitoneum has been described [104].
T1-weighted sequences on MRI demonstrate a well-circumscribed, heterogeneous
mass. This area is hyperintense on T2-weighted sequences with a surrounding less
marked hyperintensity corresponding to edema on CT [111].

Histological analysis demonstrates mild marginal inflammatory reaction with a fibrin
lining [14]. Amebic organisms may be visualized on high magnification (Fig. 5.13).

Echinococcal Disease

Echinococcal disease describes infection by the Echinococcus tapeworm. Two spe-
cies of Echinococcus have been identified to cause infection in humans. Echinococcus
granulosus causes cystic echinococcus (CE) and Echinococcus multilocularis
causes alveolar echinococcus.

Echinococcus Granulosus

Humans serve only as an incidental host for echinococcus granulosus with the typical
life cycle requiring an intermediate host in the form of sheep, cattle, and goats and a
definitive host, typically a dog. Transmission to humans is through contact with feces
from an infected dog. Highly resistant eggs produced by the adult tapeworm in the
definitive host are ingested. Ultimately, oncospheres invade into the blood stream and
migrate to the liver or other organ [112]. The prevalence is highest in South America,
the eastern Mediterranean region, sub-Saharan Africa, Russia, and China [113].
Cystic echinococcus may not present for several years due to the slow develop-
ment of the cyst. Symptoms, when they arise, are typically due to mass effect, and
patients may present with upper abdominal pain and obstructive jaundice [114, 115].
Occasionally a cyst may rupture, leading to a potentially life-threatening anaphylac-
tic reaction. If biopsy of a potential echinococcal cyst is warranted, consideration for
anesthesiology support should be considered for the management of severe reactions.
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Fig. 5.13 A 25-year old male with an amebic abscess. The patient presented with abdominal pain
and fever. There is a unilocular right hepatic liver lesion near the liver capsule with significant
internal echoes (a). There is no internal flow on color Doppler imaging (b). Axial, non-contrast (c),
arterial phase (d) and portal venous phase (e) images of the same individual demonstrate complex
fluid attenuation (c) with well-defined, rim-enhancement (d), and surrounding edema (e). Hepatic
amebiasis forming a focal hepatic abscess (panel f). On high magnification, rare round Amoeba
organisms can be noted just right of center in the necrotic debris (g)
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Table 5.1 WHO-Informal Working Group for Classification of Echinococcus classification
system for cystic echinococcus

WHO

classification | Features Stage

CL Unilocular cystic lesion with anechoic contents Active

CEl Unilocular cystic lesion with fine echoes (Hydatid sand/“snow Active
flake sign™)

CE2 Multivesicular, multiseptated cyst. Daughter cysts may partly or | Active
completely fill cyst structure. Structure described as “wheel-like,”
“rosette-like,” or “honeycomb-like”

CE3 Anechoic cyst with detachment of laminated inner membrane or | Transitional
endocyst (“water-lily sign”)

CE4 Cysts with heterogeneous matrix, no daughter cysts Inactive

CE5 Thick calcified wall Inactive

Diagnosis is achieved from clinical history of potential exposure, imaging, and
serological tests. Appearances on imaging are dependent on the stage of the cyst. A
classification system by the WHO-Informal Working Group Classification on
Echinococcus is the most commonly referred-to system (Table 5.1) [116].

Cystic echinococcus on plain radiograph may be identified by the presence of a
calcified rim which is present in up to 30% of cases (Fig. 5.14) [117]. Ultrasound is
useful as a screening tool for diagnosis and for follow-up imaging. Sensitivities of
93-98% and a specificity of 93% have been quoted for the diagnosis of CE [118].
Sonographic features depend on the stage and are outlined in Table 5.1 (Figs. 5.15 and
5.16). CT and MRI findings again vary through the cycle of the cyst and are similar to
the sonographic appearance as outlined in the WHO classification system (Figs. 5.15,
5.16, and 5.17). Early in the process, the cyst may be simple with the possible devel-
opment of daughter cysts in 75% [88]. The cyst wall is typically hyperattenuating on
noncontrast studies with coarse calcification present in 50% (Fig. 5.16) [88, 119].

The outer layer or pericyst of the lesion is identified as a hypointense structure on
T1- and T2-weighted sequences. Depending on the contents the matrix may demon-
strate intermediate to high signal on T2-weighted sequences and intermediate to low
signal on T1-weighted sequences. Daughter cysts have higher signal intensity than
the mother cyst (Fig. 5.14) and resemble CSF intensity (Fig. 5.17). The “water lily
sign” can be appreciated if present (Fig. 5.15). There is occasional delayed enhance-
ment of the pericyst (Fig. 5.17); however the cyst contents and septations are usu-
ally nonenhancing [16, 119].

Three outer layers are identified on pathological analysis: the endocyst, ectocyst,
and pericyst (Fig. 5.19). The endocyst can invaginate and create daughter cysts.
Silver stain may highlight the microorganism (Fig. 5.19d).

Echinococcus Multilocularis
The definitive host of the Echinococcus multilocularis, where the adult form exists,

is the red fox, with rodents as the intermediate host. Humans, like in the E. granulo-
sus life cycle, are accidental hosts of the parasite. Alveolar echinococcus is most
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Fig. 5.14 Chest x-ray in a 64-year-old female with echinococcus granulosus infection who pre-
sented with cough. Curvilinear calcifications were noted incidentally in the liver (a). Noncontrast
CT on the same patient demonstrates two separate peripherally calcified masses in the liver (b).
MRI abdomen of the same patient shows a mildly T'1 hypointense mass in the right liver (¢) which
is predominantly hyperintense on T2-weighted sequences (d) and with no appreciable enhance-
ment (e, f). Note the water lily sign on T2-weighted sequence (d), consistent with a type CE3
lesion in the WHO classification system



5 Infectious and Inflammatory Lesions of the Liver 121

Fig. 5.15 A 60-year-old male with echinococcus granulosus infection. Abdominal ultrasound
demonstrates a large cystic mass occupying much of the right lobe of the liver with a maximum
diameter of 17 cm. There are membranes or linear densities within this cystic mass along with
some dependent calcifications and mildly echogenic debris on sonographic imaging (a, b).
Findings consistent with a type CE3 lesion. CT of the abdomen without (¢) and with IV contrast
(d) in the portal venous phase on the same patient. Findings correlate with the US appearance of
the mass, with several irregular, partially calcified septations within the cystic liver lesion, repre-
senting a delaminated endocyst (water lily sign). There is no septal contrast enhancement
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Fig. 5.16 A 54-year-old female with echinococcus granulosus infection. Abdominal US demon-
strates peripheral calcifications in a complex predominantly isoechoic lesion (a). No flow was
demonstrated inside the lesion on color Doppler imaging (b). Abdominal CT without contrast (c)
and with contrast (d) in arterial phase demonstrates cystic lesion with thick coarsened calcifica-
tions in the right hepatic lobe. Findings consistent with a type CE 5 lesion

prevalent in the northern hemisphere, most common in countries such as Turkey,
Russia, Iran, Iraq, China, and Japan [120]. The liver is the most common site of
infection, involved in 90% of cases [14].

Diagnosis is achieved using multiple modalities including clinical history and
examination, imaging, histopathology, and serological analysis [121].

The US appearances can vary. In 70% of cases, a large, ill-defined mass in the
right liver is observed containing adjacent areas of hyper- and hypoechogenicity.
Foci of calcification may be present with a central cystic area correlating to necro-
sis. Multiple hyperechoic nodules are often visualized giving a “hailstorm appear-
ance” [122].



5 Infectious and Inflammatory Lesions of the Liver 123

Fig. 5.17 A 42-year-old female with echinococcus granulosus infection. Abdominal MRI with
axial T2 fat saturation (a), T1 pre-Gadolinium (b), arterial phase (c¢), portal venous phase, (d) and
MRCP (e). There are multiple daughter cysts within a large cystic mass. The daughter cysts are
markedly hyperintense on T2-weighted imaging (a broken arrow) and hypointense on T1-weighted
imaging relative to the matrix (solid arrow). Daughter cysts are pathognomonic of a viable cyst
Type CE2
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Fig. 5.18 A 54-year-old
male patient with mantle
cell lymphoma and
synchronous echinococcus
multilocularis infection.
Non-contrast CT
demonstrates an ill-
defined, heterogeneous
mass noted in the left liver.
Subsequent biopsy and
resection demonstrated a
necrotizing granulomatous
process consistent with
echinococcus
multilocularis

CT demonstrates a large, ill-defined, infiltrating mass in the liver (Fig. 5.18). The
mass is usually heterogeneous with areas of calcification and necrosis. There is typi-
cally no internal enhancement following the administration of contrast with mild,
delayed enhancement of the peripheral fibroinflammatory component [123].

MRI is often used preoperatively to assess vascular, biliary, or extrahepatic
involvement [122]. Similar to CT, MRI demonstrates an ill-defined, heterogeneous,
infiltrating mass with a necrotic center. The lesion is heterogeneous in signal inten-
sity on both T1- and T2-weighted sequences with cystic or necrotic areas demon-
strating typical high T2 and low T1 signal intensity. There is no associated restricted
diffusion with minimal to no enhancement post contrast administration, which may
help differentiate the lesion from malignancy [123].

Histopathological analysis demonstrates infiltrative masses with areas of central
necrosis and peripheral palisades of histiocytes. The organism membranes are seen
as discrete well-formed multilocular structures in the areas of necrosis (Fig. 5.19).

Fascioliasis

Fasciola hepatica is a trematode which resides in two hosts during its life cycle. The
definitive host includes herbivorous mammals with the intermediate host a freshwa-
ter snail. The metacercaria are ingested by the definitive host through aquatic plants,
which the parasite attaches itself onto after leaving the dead snail [124]. There are
two separate phases once the metacercaria are inside the definitive (human) host.
The parenchymal phase describes the passage of the larvae through the intestinal
wall and into the liver parenchyma. Here, they form tracts with inflammatory
change, abscess formation, granulation, and fibrosis. The biliary or ductal phase
begins when the immature fluke enters the hepatic bile duct, matures into an adult
fluke, and begins laying eggs. Endemic regions of fascioliasis include Bolivia, Peru,
Chile, Cuba, Egypt, Iran, and parts of Southern Europe and East Asia [125].
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Fig. 5.19 Echinococcus multilocularis forms infiltrative masses (alveolar echinococcosis) with
extensive areas of central necrosis and a peripheral palisade of histiocytes (a). The organism mem-
branes are seen as discrete well-formed multilocular structures in the areas of necrosis. This
Grocott methanamine silver stain highlights the infiltrative quality of echinococcus multilocularis
infection (b). Echinococcus granulosus causes hydatid cyst disease or cystic echinococcosis (c).
This cystic structure shows a discrete multilayered membrane with a micro-organism just above
center. High magnification photomicrograph of a silver stain highlighting the microorganism and
its retractile hooklets (d)

Patients typically present with right upper quadrant pain and hepatomegaly with
possible fever and weight loss. Diagnosis is based on direct visualization of eggs in
stool, duodenal fluid, and bile samples or by visualization of the adult fluke in endo-
scopic or surgical specimens. Imaging may provide an indirect, noninvasive adjunct
to diagnosis.

US in the parenchymal phase is nonspecific with multiple hypoechoic lesions in
90% of patients. Rarely these lesions may be hyperechoic [126]. Diffuse, increased
hepatic echogenicity has also been described [127]. In the biliary or ductal phase,
the fluke is frequently seen in the gallbladder lumen or common bile duct. Other
nonspecific findings such as gallbladder wall thickening, common bile duct dilata-
tion, and gallbladder dilatation are less frequently seen [126].

Similar to US, CT in the parenchymal phase demonstrates multiple, clustered,
hypoattenuating lesions (Fig. 5.20). These lesions may be ill-defined with peripheral
contrast enhancement and arise in the subcapsular liver early in the disease. Focal
thickening of the hepatic capsule may be present with subcapsular fluid and peripor-
tal lymph nodes [126, 127]. Changes in the biliary phase are best appreciated on
ultrasound; however, biliary dilatation and wall enhancement are infrequent find-
ings [126].
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Fig. 5.20 A 58-year-old female patient with fascioliasis. The patient presented with nonspecific
symptoms of abdominal pain and intermittent fever. Contrast-enhanced CT demonstrates multiple
clustered hypoattenuating lesions in the right liver (a, b). Serology was positive for fascioliasis.
Pathology specimen demonstrates Fasciola hepatica invading the liver parenchyma from the bile
duct leading to marked parenchymal inflammation (¢). The adult organism has a single highly
branched digestive tube (ceca) in a coarse integument (d)

MRI in the parenchymal phase demonstrates the subcapsular lesions as hypoin-
tense on T1-weighted, and hyperintense on T2-weighted which peripherally enhance
after the administration of an extracellular contrast agent. Focal areas of capsular T2
hyperintensity and thickening can also be best appreciated on MRI and correlate
with the invasive tract of the immature fluke [127]. Based on imaging findings in 29
patients, five separate presentations on MRI are described. These include type-1
lesion described as hyperintensity of the liver capsule on T2-weighted sequences
with post-contrast enhancement; type-2 lesion, described as ill-defined T2 hyperin-
tense linear areas correlating to the immature fluke tract; type-3 and 4 lesions,
described as T1 signal hypointense and T2 signal hyperintense lesions without
(type-3) and with (type-4) peripheral contrast enhancement, and finally type-5
lesions described as a hypointense focus on T1- and T2-weighted sequences with
homogenous enhancement [128].
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Marked parenchymal inflammation is noted on pathological analysis. Adult
flukes may be visualized in the hepatic parenchyma or dilated biliary ducts
(Fig. 5.20). Eosinophilic granulomas may also be seen.

Schistosomiasis

There are five schistosome species known to cause infections in humans: Schistosoma
mansoni, S. japonicum, S. haematobium, S. mekongi, and S. intercalatum. Of these,
S. mansoni, S. japonicum, and rarely S mekongi can cause hepatic schistosomiasis.

These trematodes require two hosts to complete their life cycle. Fresh water
snails act as intermediate hosts and are specific to the schistosome. When infective
schistosome cercaria are released from the snail, they reside in fresh water until they
come in contact with human skin. After penetrating the skin, they migrate through
the blood stream to the liver where they mature into adult worms [129].

The diagnosis of schistosomiasis is based on clinical history, presence of eosino-
philia, and imaging. Serological analysis for circulating antibodies and antigens
specific to schistosomiasis can be performed with antibody-based assays and
labelled monoclonal antibodies. Examination of stool and urine for eggs, however,
remains the gold standard. Hepatic schistosomiasis describes two separate syn-
dromes: an inflammatory, acute response to ova and a chronic, fibrotic condition
seen many years following the initial infection [130].

Most imaging changes do not arise for some years following infection. In the
inflammatory stage, hepatomegaly may be the only abnormality on ultrasound
[131]. Multiple hypoenhancing nodules in the liver have been described in one case
report on contrast-enhanced CT [132].

In the fibrotic stage, imaging varies depending on the schistosome species. It centers
on deposition of collagen in the periportal space with progressive occlusion and resul-
tant portal hypertension [133]. With S japonicum, the US features consist of hyper-
echoic polygonal septa, which demarcate essentially normal hepatic parenchyma in the
periphery of the liver consistent with a “fish scale”” appearance [134]. Due to the larger
size of the S mansoni eggs, changes in imaging are often noted centrally, in and adjacent
to larger vessels. The “bulls-eye” appearance is often described, consisting of an
anechoic portal vein surrounded by echogenic fibrous tissue [14].

CT and MR imaging in the fibrotic stage demonstrate calcified septae, per-
pendicular to the capsule in infection with S japonicum. This has been described
as a “tortoiseshell” or “turtle back™ appearance [14]. In S mansoni, CT fea-
tures include low attenuation areas in the periportal regions consistent with
fibrotic tissue.

On MR imaging in the fibrotic stage, infection by S japonicum manifests as
low T1 signal and high T2 signal septae that demonstrate enhancement post
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Fig. 5.21 MR abdomen of a patient with serology positive for schistosomiasis. Enhancing peri-
portal fibrosis in the liver on portal venous phase scanning (a) which was high signal on T2-weighted
sequences (b). Schistosoma organisms involve the liver and give rise to granuloma formation and

’ G

fibrosis after years of infection. This is the histologic correlate of Symmers’ “pipestem” fibrosis
shown here (¢). On high magnification, the Schistosoma eggs with central dark pigment and sur-
rounding starburst like Splendore-Hoeppli phenomenon can be seen within the inflammatory back-
ground. Tissue and peripheral eosinophilia are common (d)

administration of extracellular contrast [134]. Periportal fibrosis with S mansoni
infection demonstrates low T1 signal and high T2 signal intensity with enhance-
ment post administration of contrast (Fig. 5.21) [135, 136].

Multiple small granulomas are noted on pathological analysis composed of mac-
rophages, lymphocytes, neutrophils, and eosinophils [14]. A schistosome egg can
be seen within the inflammatory background (Fig. 5.21).

Clonorchiasis

Clonorchiasis is caused by the trematode Clonorchiasis sinensis. The life cycle is
complex and involves two intermediate hosts (snails and fresh water fish) and a
definitive host (fish eating mammals). Humans serve as an incidental host. C sinen-
sis is endemic in far-east Asia [137]. There are approximately 35 million people
infected worldwide [138].

Transmission to humans is via ingestion of raw or undercooked fish. Once in the
duodenum the immature fluke ascends the biliary tree where it matures. The



5 Infectious and Inflammatory Lesions of the Liver 129

development of symptoms depends on worm burden [139]. Patients may be asymp-
tomatic in low burden disease to presenting with nonspecific symptoms such as
nausea, diarrhea, abdominal pain, and headache. Tender hepatomegaly and jaundice
may be present on physical examination [140]. As the disease progresses, choleli-
thiasis, cholangitis, and cholecystitis may develop [141, 142]. There is also a link
between clonorchiasis and cholangiocarcinoma with an odds ratio ranging from 4.5
to 6.1 [143-145].

The gold standard for diagnosis is the visualization of eggs in stool via the Kato-
Katz method. Eggs may also be visualized in bile, allowing diagnosis in cases of
biliary obstruction. The use of PCR is increasing, which allows easier differentia-
tion of C sinensis from other trematode species. ELISA is also utilized but lacks
specificity [140].

Imaging features are nonspecific. On US, clonorchiasis can present with diffuse
dilatation of the intrahepatic bile ducts with intraductal stones with minimal dilata-
tion of larger bile ducts without an obstructing lesion. The flukes or aggregates of
eggs may be seen as nonshadowing echogenic foci or casts within the bile ducts.
Echogenic bile duct walls, consistent with cholangitis and periductal fibrosis, may
be visualized. Echogenic, non-shadowing, mobile structures may also be seen in the
gallbladder which reflects adult flukes [146]. Similar appearances are appreciated
on CT. Mild, diffuse intrahepatic duct dilatation without evidence of extrahepatic
biliary dilatation is most commonly appreciated. Gallstones and pyogenic liver
abscesses may also be present [147]. On MR imaging, in addition to diffuse intra-
hepatic duct dilatation, other findings such as periductal enhancement and direct
visualization of flukes on MRCP allow greater specificity and assessment of disease
activity [148].

Clonorchiasis flukes are visualized in the biliary tree. Adenomatous proliferation
and goblet cell metaplasia are appreciated with fibrotic replacement of adenomatous
tissue in chronic infection [149]. Two digestive tubes are commonly visualized in
contrast to the single tract in fasciola (Fig. 5.22).

Fig. 5.22 Clonorchis sinensis remains within the intrahepatic bile duct in contrasts to Fasciola
hepatica (a). Clonorchis sinensis has two digestive tubes and the surrounding integument is smooth
rather than coarse (b). The eggs of Clonorchis stain black and are located within the highly
branched uterus of the organism
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Other Inflammatory Conditions

Sarcoidosis

Sarcoidosis is an idiopathic condition characterized by diffuse non-caseating granu-
lomas in multiple organs. Incidence rates vary depending on geographical location,
ranging from 1/100,000 in Japan to 39/100,000 in African-American females in the
United States [150-152].

The liver is commonly involved with granulomas found in 50-65% of patients
with sarcoidosis [153]. Symptomatic disease is less prevalent, however, quoted at
5-15%. Symptoms include abdominal pain, fever, weight loss, and jaundice.
Hepatomegaly may be present on physical examination. Histopathological assess-
ment is required for definitive diagnosis [154—157].

Hepatomegaly is the most common finding on imaging [158]. On ultrasound, the
hepatic parenchyma is often of increased echogenicity with a coarsened echotex-
ture. Diffuse nodularity may also be present, representing multiple small granulo-
mas. These nodules are predominantly hypoechoic and measure 1-2 mm (Fig. 5.23).
They may coalesce to form larger conglomerates [159].

Multiple nodules are also appreciated on contrast-enhanced CT imaging
(Figs. 5.23 and 5.24). These are predominantly hypodense and hypoenhancing to
surrounding hepatic parenchyma without peripheral enhancement [160]. Multiple
low-density septae have also been described [161].

MRI again demonstrates multiple nodules measuring 5-20 mm [162]. The nod-
ules are of low signal on all standard sequences and hypoenhance compared to

Fig. 5.23 A 60-year-old patient with sarcoidosis. The patient presented with cough and an abnor-
mal chest x-ray. Ultrasound demonstrates coarsened hepatic parenchyma with multiple small
hypoechoic nodules. On initial imaging, due to the nodularity and coarsened echotexture, this was
reported as cirrhotic change (a). Contrast-enhanced CT on the same patient however demonstrated
innumerable nonenhancing lesions throughout the liver (b). Biopsy confirmed sarcoidosis
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Fig. 5.24 A 57-year-old female with hepatic sarcoidosis. MRI of the abdomen confirmed the dif-
fuse nodularity which was hypointense and nonenhancing on gadolinium enhanced T1-weighted
sequences (a) and isointense on T2-weighted sequences (b). Subsequent biopsy confirmed
sarcoidosis

background hepatic parenchyma (Fig. 5.24) [159, 162]. Increased periportal signal
on T2-weighted sequences, contour irregularity, and focal calcifications can also be
appreciated [159].

Inflammatory Myofibroblastic Tumor (IMT) of the Liver

Inflammatory myofibroblastic tumor (Inflammatory pseudotumor, plasma cell gran-
uloma, xanthomatous pseudotumor) is a rare and much-debated process which can
develop in multiple locations throughout the body. The exact cause is not defini-
tively known. Associations include previous surgery or trauma, autoimmune condi-
tions, and IgG4-related conditions [163—166]. Originally described in the lung, IMT
was previously considered a benign post-inflammatory condition [167, 168]. More
recent case series, however, have demonstrated evidence of local recurrence and
metastasis [169, 170]. IMTs are now considered along the same spectrum and indis-
tinguishable from inflammatory fibrosarcoma [171].

IMTs of the liver are rare, accounting for approximately 8% of IMT outside of
the lung [172, 173]. They are predominantly seen in men and young adults [172].
Patients most commonly present with abdominal pain, fever, or symptoms associ-
ated with biliary obstruction [172]. Clinical assessment, laboratory studies, and
imaging findings are not specific. As a result, biopsy or surgical excision is often
required for definitive diagnosis.

Sonographic appearances demonstrate predominantly hypoechoic lesions
although hyperechoic lesions have been described, possibly due to alterations in the
degree of fibrosis. Posterior acoustic enhancement and septations may be present
(Fig. 5.25) [174-176].
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Fig. 5.25 A 59-year-old male with inflammatory myofibroblastic tumor of the liver. The patient
presented with abnormal liver function tests and biopsy proven carcinoma in cervical lymph nodes.
Ultrasound of the liver demonstrates a hypoechoic mass in the right liver centrally with posterior
acoustic enhancement (a). Contrast-enhanced CT demonstrated a hypoattenuating lesion adjacent
to the inferior vena cava with subtle peripheral and internal septal enhancement. Multiple smaller
nonenhancing lesions were also noted throughout the liver (b). The mass demonstrated F18
Fluorodeoxyglucose avidity on PET imaging (¢). MRI of the abdomen demonstrated a central area
of high T2 (d) and low T1 (e) signal intensity with an ill-defined high 72 low T1 ring. This periph-
eral area demonstrated enhancement on arterial phase imaging (f) which persisted on portal venous
phase (g). Abnormal restricted diffusion was noted (h). This was thought to be consistent with
metastatic disease. Subsequent biopsy demonstrated dense fibrosis with mixed lymphocytes and
plasma cells, consistent with an inflammatory myofibroblastic tumor
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CT demonstrates a low attenuation lesion on unenhanced images. The enhance-

ment pattern is variable with peripheral enhancement only, peripheral enhancement
with fill-in, complete homogenous enhancement, and complete heterogeneous
enhancement all described (Fig. 5.25) [163, 177, 178]. FDG avidity is often appre-
ciated on PET CT.

IMTs of the liver on MRI are typically of low signal intensity on T1-weighted

sequences, high signal on T2-weighted sequences with, similar to CT, various
enhancement patterns on portal venous phase such as peripheral enhancement, cen-
tral nodular enhancement, septal enhancement, or a mixture of all (Fig. 5.25) [179].
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Chapter 6
Focal Nodular Hyperplasia

Michael L. Wells, Rondell P. Graham, and Douglas A. Simonetto

Introduction, Epidemiology, and Manifestations

Focal nodular hyperplasia (FNH) is a reactive nodular proliferation of hepatocytes,
often associated with central fibrosis and believed to be etiologically related to arte-
riovenous shunts [1-4]. It is useful to note that these blood flow abnormalities may
be developmental or acquired, for example, after cancer therapy [5, 6]. While vas-
cular changes are accepted as the underlying cause of FNH, the diagnosis of hepa-
tocellular nodules in the context of vascular abnormalities of the liver can be a
clinical and pathologic challenge leading to multiple clinical tests [7].

There is a scarcity of epidemiologic data on FNH, and population-based fre-
quency data are lacking. The available data indicate that FNH is the second most
common hepatic lesion with a frequency 3- to 10-fold that of hepatocellular ade-
noma and a prevalence of approximately 0.2-3% [4, 8—11]. FNH is often solitary,
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but in approximately 20-30% of patients, multiple nodules of FNH are identified
[10, 12]. There is a female predominance noted in multiple studies from the Western
hemisphere [12-14].

FNH arises in noncirrhotic livers and should be distinguished from FNH-like
lesions, which occur in patients with abnormal parenchyma including fibrosis and
cirrhosis. The underlying biology of the two lesions appears to differ [15]. The vast
majority of FNH cases are asymptomatic and incidentally discovered during
abdominal imaging or autopsy. Right upper quadrant abdominal pain and a palpable
mass have been reported in symptomatic cases. Tumor rupture, bleeding, or necro-
sis is exceedingly rare in FNH.

Radiologic Evaluation

FNH is most commonly detected on imaging as an incidental solitary mass within
an otherwise normal appearing liver [12, 16]. In this setting, FNH is often incom-
pletely characterized and raises concern for a potential malignancy. Fortunately,
with properly protocoled exams, a combination of characteristic imaging findings
can be identified in most cases, allowing a confident diagnosis of this benign entity.

FNH may be identified initially on an ultrasound exam. As with other hepatic
masses, routine grayscale and Doppler ultrasound imaging often does not provide
sufficient characterization for confident diagnosis of FNH; further imaging is
required with computed tomography (CT) or magnetic resonance imaging (MRI).
At grayscale ultrasound, FNH appears as a solid well-circumscribed, lobulated
mass with echogenicity similar or slightly less than that of the adjacent liver [17].
Color Doppler imaging may demonstrate a feeding artery coursing toward the cen-
ter of the mass with radial branching outward to the periphery of the lesion, in a
characteristic spoke-wheel pattern (Fig. 6.1). Recent developments in the use of
microbubble-based intravenous contrast agents for ultrasound may improve charac-
terization of FNH. Specifically, if prior imaging has not been able to clearly differ-
entiate FNH from adenoma, contrast-enhanced ultrasound has been shown to be
helpful for evaluating small lesions (<3 cm) by demonstrating a centrifugal pattern
of enhancement which is specific to FNH [18]. In a study of patients with FNH and
adenoma, contrast-enhanced ultrasound showed a sensitivity and specificity of 95%
and 86% for correctly diagnosing FNH [19].

With CT and MRI exams performed without IV contrast, FNH characteristically
appears homogenous and very similar to the background normal hepatic paren-
chyma. On CT, a typical FNH is nearly isoattenuating to the background liver, and
at MRIthe signal isisointense or demonstrates only a slight variation on T 1-weighted,
T2-weighted and diffusion-weighted imaging (Fig. 6.2). The tendency of FNH to
resemble background normal liver has led to the nickname term “stealth lesion.” If
the background liver contains abnormally high lipid or iron content, it may change
the appearance of FNH on routine sequences (Fig. 6.3). Abnormally high liver lipid
content may make FNH appear hyperintense on fat-suppressed T1- and T2-weighted
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Fig. 6.1 Spoke-wheel
ultrasound appearance of
focal nodular hyperplasia.
(a) Grayscale ultrasound
image with Doppler flow
overlay demonstrates a
hypoechoic mass
(arrowheads). A feeding
artery (arrow) is seen
coursing into the center of
the mass, and smaller
arteries are seen radiating
from the center to the
periphery of the mass
(dashed arrows)

images [20]. Abnormally high liver iron content may result in FNH appearing
hyperintense on all imaging sequences [21]. CT and MRI imaging may identify a
central scar within an FNH, which is a characteristic finding [22]. The presence of
a central scar increases in frequency as the lesion enlarges, being present in 35% of
lesions less than 3 cm, and 65% of lesions larger in size [23]. The scar is usually
small and demonstrates high T2 signal intensity [24, 25]. Fibrolamellar hepatocel-
lular carcinoma (FL-HCC) is another hepatic lesion which may have a central scar.
In contrast to FNH, the scar of fibrolamellar HCC is low in signal on T2-weighted
sequences and is often large and calcified [24].

The enhancement pattern of FNH is an important feature allowing confident
diagnosis [23, 26, 27]. With both CT and MRI, the lesions enhance avidly and
homogeneously in the late arterial phase (25-40 seconds from the start of intrave-
nous contrast injection) (Fig. 6.4). With increasing time delay, the mass fades to
isoattenuation (CT) or isointensity (MRI) on the portal venous or delayed phase
images. A washout appearance, with the lesion becoming hypoattenuating or
hypointense to the background parenchyma on portal venous or delayed phase
imaging, should not occur in the setting of a normal liver. A central scar will show
poor arterial phase enhancement. As intravascular contrast redistributes to the extra-
vascular, extracellular space, it progressively accumulates within the central scar,
leading to a hyperattenuating or hyperintense appearance in the delayed phase. The
delayed phase enhancement of the scar is not specific and may also be seen in
fibrolamellar HCC [24]

Imaging with hepatobiliary contrast agents (HBCA) increases both the detection
and specificity of diagnosis of FNH made by MRI imaging. The sinusoidal
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Fig. 6.2 Typical MRI findings of focal nodular hyperplasia. (a) Axial fat-suppressed T2-weighted
MRI image shows a slightly T2 hyperintense mass with a markedly T2 hyperintense central scar
(arrowhead). (b) Axial diffusion-weighted image shows slight hyperintensity of the mass (arrow).
(c) Axial apparent diffusion coefficient map shows the lesion to be isointense to slightly hyperin-
tense (arrow), with the T2 “shine through effect” and absence of restricted diffusion. (d) Axial
T1-sweighted image shows the mass to be isointense (arrow) with a hypointense central scar
(arrowhead). (e, f) Axial fat-suppressed T1-weighted images enhanced with hepatobiliary agent in
the late arterial (e) and 20-minute delayed phases (f). The late arterial phase image shows diffuse
avid contrast enhancement (e, arrow) with a T1 hypointense central scar (e, arrowhead). The
20-minute delayed phase shows retention of contrast agent (f, arrow) to a degree greater than that
of the surrounding liver, which is typical of an FNH. The central scar does not retain the hepatobili-
ary contrast agent (f, arrowhead)

transporter OATP1B3 which delivers HBCA into the hepatocytes is upregulated in
FNH. This transporter and the enzyme glutamine synthetase are downstream targets
of the Wnt/beta-catenin signaling pathway, and both are expressed in a characteris-
tic, map-like pattern when FNH is examined immunohistochemically [28] (Fig. 6.5).
Thus, there is a correlation between uptake of HBCA detected at MRI and the
pathologic diagnosis of FNH based on glutamine synthetase expression. FNH
retains HBCA to a degree similar or greater than background liver in 90% of lesions
[29, 30] (Figs. 6.2, 6.3, and 6.6). This enhancement pattern is uncommonly seen in
other entities within the differential of a hyperenhancing hepatic mass such as
hepatic adenoma, hepatocellular carcinoma, or hypervascular metastases. The ele-
vated HBCA retention in FNH is most commonly found in a diffuse pattern but may
be seen in a peripheral ring-like distribution in up to 41% [31].

FNH characteristically does not demonstrate imaging evidence of lipid, iron, or
hemorrhagic contents. Rarely, FNH may contain detectable lipid content which may
raise suspicion of hepatocellular adenoma or well-differentiated HCC [32]. Steatotic
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Fig. 6.3 FNH in a patient previously treated with chemotherapy for Wilms tumor. In-phase (a)
and opposed-phase (b) images show low signal of the liver on the in-phase (a, arrows) due to the
presence of iron. The low signal of the background liver results in the FNH (a, b arrowheads)
appearing hyperintense. (¢) T2-weighted image shows abnormally low signal of the liver due to
iron and a mildly T2 hyperintense FNH (arrowhead). (d) Late arterial phase image shows hyper-
enhancement of the FNH (arrowhead). (e) 20-minute delayed phase image with HBCA shows
marked retention of the contrast agent in the FNH (arrowhead). (f) The patient had numerous FNH,
several of which demonstrated a peripheral pattern of HBCA retention (dashed arrows) on 20-min-
ute delayed phase imaging

FNH (fat-containing FNH) most commonly occurs in the background of hepatic
steatosis. Despite the presence of steatosis, it is still possible to make a reliable
imaging diagnosis of FNH, so long as the lesion demonstrates classic findings on
the remaining sequences. If the remaining imaging findings are not typical, then
biopsy may be needed for diagnosis of steatotic FNH.

Radionucleotide imaging of FNH with technetium sulfur colloid (Tc-SC) or
technetium iminodiacetic acid (Tc-IDA) analogs has been performed in the past but
is rarely used today. FNH contain Kupffer cells which accumulate Tc-SC particles
sized 0.3—1.0 pm. FNH imaged with Tc-SC demonstrates activity greater than the
background liver in 40%, similar in 30% and less than in 30% [33]. In contrast, most
adenomas and HCC appear as a photopenic defect when imaged with Tc-SC due to
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Fig. 6.4 Typical enhancement pattern of FNH. Late arterial phase CT image (a) shows homoge-
nous hyperenhancement of a lobulated mass within segment 6 of the liver. Portal venous phase
image (b) shows the lesion to slightly fade but remain slightly hyperintense. (¢) On the delayed
phase image, the mass is isoattenuating to the background liver

Fig. 6.5 (a) A representative photomicrograph of focal nodular hyperplasia (FNH) characterized
by a multinodular proliferation of hepatocytes with a central scar. (b) The central scar displays
dystrophic thick-walled arterioles, which are often identified at diagnosis. (¢) An accompanying
bile ductular reaction is often noted. (d) Glutamine synthetase immunohistochemistry reveals a
map-like pattern of expression indicative of the Wnt signaling pathway activation that underlies FNH
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Fig. 6.6 FNH in a patient with hereditary hemorrhagic telangiectasia. (a) T2-weighted image
shows a large FNH (arrows) in the liver which is abnormally T2 hypointense to the adjacent liver
and contains a markedly T2 hyperintense central scar (arrowhead). Note the reticular high T2 sig-
nal intensity of the background liver which is likely responsible for the abnormally hypointense
appearance of the FNH. (b) T1-weighted image shows the mass to be isointense to the surrounding
liver with a hypointense central scar. (¢) Imaging obtained at typical arterial phase timing shows
extensive shunting through the liver with very early opacification of the hepatic veins (arrow-
heads). The FNH (arrows) is abnormally hypointense at this time due to the extensive shunting and
early enhancement of the background liver. (d) 20-minute delayed phase image obtained with
HBCA shows avid retention of contrast agent in the large FNH (arrows) and also within several
smaller lesions (dashed arrows) scattered throughout the liver

a paucity of Kupffer cells. Tc-IDA analogs are taken up into normal hepatocytes and
excreted into the bile ducts. Ninety percent of FNH demonstrate rapid uptake and
delayed clearance of these agents [34]. Adenomas do not demonstrate uptake, and
HCC may show only delayed retention.

Several conditions predispose to development of FNH, such as biliary atresia,
hepatic vascular abnormalities, passive congestion, and prior chemotherapy. In the
setting of one of these predisposing conditions, FNH are frequently multiple, and
their appearance may be altered by imaging abnormalities of the background liver
(Fig. 6.6). For example, increased delayed phase contrast retention within a con-
gested or fibrotic liver may create the appearance of washout in an FNH nodule,
raising concern for HCC [28, 35]. When FNH demonstrates a washout appearance
in a background of hepatic congestion, the additional findings of a homogenous
appearance, retention of HBCA, and stability over time help to support the benign
nature of the nodule. Several years after exposure to chemotherapy, FNH nodules
may develop and raise concern for potential metastases [5, 21] (Fig. 6.2). Benign
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regenerative nodules may also develop after chemotherapy and can have an appear-
ance identical to FNH, with the exception that they tend not to develop central scars
[21]. MRI evaluation of these hepatic lesions developing after chemotherapy expo-
sure is helpful, as the typical findings of FNH, including HBCA retention, remain
specific to a benign lesion.

Pathologic Evaluation

For pathologists, most cases of FNH can be confidently diagnosed due to the recog-
nition of the hallmark features, a multinodular mass of bland-appearing hepatocytes
inclusive of a central scar with radiating fibrous septa, a bile ductular reaction, and
thick-walled arterioles [36]. Cholestasis, which can be confirmed by a copper stain,
is a common finding but in an individual case is not of much use in distinguishing
FNH from their morphologic mimic inflammatory-type hepatocellular adenoma
[37]. Morphologically, classic cases of FNH often show the typical expected immu-
nohistochemical pattern with glutamine synthetase. Challenging cases do occur
however. For example, a well-developed central scar is not seen in all cases of
FNH. In small biopsies, the limited sample may not include all of the classic find-
ings and may even sample only the periphery of the lesion. Further, the expression
of glutamine synthetase can be challenging on small biopsies and, in some cases, it
may simply not show the expected pattern of expression [38]. Also a potential his-
tologic pitfall, steatohepatitis-like change has also been reported in FNH [39]. A
detailed discussion of the pathologic approach to challenging cases is beyond the
scope of this chapter. Nevertheless, the salient point for clinicians is that, while a
definite diagnosis of FNH is often provided by the pathologist after a review of the
morphology with the occasional aid of immunohistochemistry, there are infrequent
cases where a descriptive diagnosis is rendered, and additional investigation or sam-
pling may be needed.

Natural History and Management

FNH carries a low rate of complications and does not typically change in size or
character over time. Additionally, FNH is not at risk of malignant transformation.
Therefore, patients with confirmed asymptomatic FNH do not require treatment or
follow-up imaging. In those with severe symptoms suspected to be related to FNH,
surgical resection may be an option after extensive evaluation has ruled out other
possible causes [40]. Moreover, resection may also be performed whenever there is
diagnostic uncertainty in the setting of significant tumor growth. Percutaneous
radiofrequency ablation has also been used in the management of symptomatic
FNH, and offers a safe and effective alternative to surgery [41].
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Chapter 7
Hemangiomas and Other Vascular Tumors

Eric C. Ehman, Douglas A. Simonetto, and Michael S. Torbenson

Introduction

The liver consists primarily of hepatocytes and cholangiocytes, while endothelial
cells, Kupffer cells, stellate cells, and immune cells all serve ancillary roles. There
are several types of hepatic masses or mass-like lesions which may arise from the
endothelial cells that line the hepatic arteries, sinusoids, portal veins, and hepatic
venous system. These entities span the spectrum from rare and aggressive lesions
such as angiosarcoma to common benign masses such as hemangiomas. Knowledge
of the various vascular tumors of the liver may allow accurate differentiation based
on a combination of clinical and imaging features. Tables 7.1 and 7.2 summarize the
clinical, histologic, and imaging features of these entities.

E. C. Ehman (<)
Department of Radiology, Mayo Clinic, Rochester, MN, USA
e-mail: ehman.eric@mayo.edu

D. A. Simonetto
Department of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN, USA
e-mail: simonetto.douglas@mayo.edu

M. S. Torbenson
Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN, USA
e-mail: torbenson.michael @mayo.edu

© Springer Nature Switzerland AG 2020 153
L. R. Roberts et al. (eds.), Evaluation and Management of Liver Masses,
https://doi.org/10.1007/978-3-030-46699-2_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-46699-2_7&domain=pdf
https://doi.org/10.1007/978-3-030-46699-2_7#ESM
mailto:ehman.eric@mayo.edu
mailto:simonetto.douglas@mayo.edu
mailto:torbenson.michael@mayo.edu

E. C. Ehman et al.

154

[€6] "Te 30 uewyg :uorsstuwad yim ‘PAYIPOIN

BUWOI[AY)OPUROITUBWIAY

prorjayidyg
BUWOOILSOISUY

Surireoss
pue snquioJy}
JO SeaIe Urejuod

ua9s 2q Aewr
suonesyIofe)) -o3e uo
Surpuadop uonnjoaur
JO seaTe PIm

SUOIS9[
Jso3Ie] Ay uI

AJuo uQds pue drel
are Ayjedorn3eod
aandunsuod

sneday sisorjeg KeJq "s[[90 | ‘onssn onsAd ASuodg | 10 ‘Furpadlq ‘ured 1:9-¥
BWOISUBWIAY [1IULJU] [BI[QYI0pUd “IOAT] U3 Jnoy3noayy | se yons swoydwAS | Jo oner N (wserdoau
BISBIOAISUR]Q) pueiq Aq UQ9s oI8 pue wd ()7 ‘A[rejuoprout ‘uonjerndod ' A[[earuyoo)
o1SeyrIoway AIe)IpaIoH | poul[ S[oUURYD ueyp 1o1eals o) dn PaIJUNOJUD ay) Jo | J0U) UOHBWLIOJ[BW
SOSE]ISLIOJA | JB[NOSBA PAJB[I(] | WW ¢ WOIJ AINSBIN AreotdAL, | 91— 1991V SNOUJA | BWOISUBWAY SNOUIIARD)
punoi3yoeq
ewordueway [eo1dA)y | [ewons proxAuw swoydwks
BUWOUIOIBOOISUR[OYD juepunqe ue SI9p10q Je[nJaLI [euonmNsuod 1:7 Jo onelx (AHAH)
onedoyenuy | ur s[[ed Jown) jo M Jowny ue) 10 ‘sseul [eurmIopqe Wi "08—01 BWOI[OYJOpUL0ISUBWOY
BUWOOILSOISUY | SISOU U SPI0)) | PAI ‘QYM-ABIT WLIL] orqeded ‘ureq | o3y -orer A19A | S[[99 [eI[oylOpUY proroyyide onedoy
BUIONS a3eyuioway
[ewIIurw s Jowny 0) A1epuodds
S[eo prorjoyida juasaid Aewr saseo
BUWIOUIOIR)) 0) o[purds UQ9s UAJO Ik K[orey -on3ney
ewoores 1sodey] | pue orydiowoard | sIsoquioly) [ENUD pue pue sso[ JySrom [:€ Jo onel
BUWOI[QYIOPUOITUBWAY | SUNIQIYXd Jown) | 9FeYLIOWSH ‘so[npou |  se yons swoldwAs AN "09-0S
proroydyg Ien[eordAH | paugep-[[I Shoowny OTWISAS ‘ured A3y arey | S[[90 [BI[oyIOpUH BWOIIBSOISUY
SISOUSEIP [eNUAIRI Qouereadde Qouereadde ssoin sarne9y [eorur)) | soydeiSowap uILo Jo [[2) uoIso|
o1d0oSOISTA puE 90USpIOU]

JOAT] Y} JO SIOWN) JE[NOSEA JO MIIAIOAQ 'L dqeL



155

7 Hemangiomas and Other Vascular Tumors

1D ISeNUOdUON IIIN
[€6] 'Te 10 uewyy :uorssrurad YIIm ‘pIYIPOIA

(od £y pesora[os)
Surdewr pake[op

uo ul-[[y 2)e[dwoour
10 (SuT[[y yse)
JUWAOUBYUD A[IBd
ISNYIIP 19YIIS MOYS
Kew sjuerrea [eordAyy
‘soSewr aseyd poke[op
uo ul-[[y 2Arssaigoxd
£q pamorroy
JUQWIROUBYUD [BLId)IE

y3noxy)
aurys 71, £q
pajeoridwos 2q

piae SNONUNUOJSIP Je[Npou | AeW ‘UOTOLISAI JIOAI[ 0] |IOAI] PUNOISYORq | DUWOISUDWDY
and 1oN oyeidn oN Jo woned [eorsse[) | uoisnyIp piAl | dsuduLdAH asuauiodAH | asuapost 0y odAH | 01 droydaradAH SNOUI2AD))
IsBASIp
uQ9s AJuojrun JUANPUOd
jou s1Inq Aqreroydirad | orssero st ugis 10 ‘sa[npou
‘PaqLIOSAP U [eudis g J, mo[ | Sull yIep-1y3uq ordnnu
sey soewl 23S Jou SI /U1y projogie) -YIep,, ofey oroyoaradAy 10 9[3uIg
POAB[Op UO INOYSEAN “JUSWIOUBYUD Jo s1oke] asuayurodAy 9q AB]A (AHAH)
Jsenuod [enuad | [eroydiiad sarssaisord y3noiy) Suneurde pue wi ‘ewkyouared DULO1] Y]
paurejal Jo J[qQISSOJ "BWOons auys ¢ I, £4q oaey | osuauudAy SUOIIBOYIO[ED IOAT] | -0pu2013uniudy
oyeydn | uouswoudyd JO JUQWIOOURYUD | PIduRNPUI oq | ABJAl "A[[RIUD 9109 urejuod ABj | 03 o1royd90dAy pronaynda
JIqeLIBA urddery,, [eNUQD PNl | UeD) 9[qeleA | dsudunedAH asuouiodAY | ‘JunenuaneodAH | A[snosuadorjoy oundapy
suroned
BUWOISUBWIAY ISIQAI
JO BWOISUBWOH a3eyrIoway 0} ‘sossewr
‘suzaned snotrea [eusts [eusis anp asuap 2q Aew ordnnu
piae DA ur JUSWdURYUD paseaout pasealoul |[euSIS paseaIdu] QWoOg "sassew Kroruagoyod 10 Q[3uIg
A[osuoiuy oyeidn oN aseyd [BLIOMY | SNOQUASOINAH | SNOAUAF0IRH | "SN0QUAS0IRH | SunenuopeodAH | SNOQUASOIANOY | PUIO2UDSOISUY
14d Oad JSEIUOD | ISBIUOD Je[N[[2oenXH ma L 1L 1DODON SN A3ojoydiow
Kreriqoyedoy uorsa|

JOAT[ 9]} JO SIOWN) Je[NOseA JO saInjed) SurSewr jo Arewrwng  7°/ d[qel,



156 E. C. Ehman et al.
Hemangioma

Epidemiology and Manifestations

Hemangiomas are the most common benign hepatic tumors with a reported preva-
lence of 1.4-3% based on surgical or ultrasonographic series [1, 2]. Hemangiomas
are more common in women between 30 and 50 years of age with a 2:1 female-to-
male ratio although a hormonal effect has not been proven. The majority of cases
are asymptomatic and the tumors are often incidentally found on abdominal imag-
ing obtained for other indications. A small proportion of patients with giant heman-
giomas greater than 8 cm in size may present with vague symptoms, including
abdominal distention, right upper quadrant abdominal pain, and early satiety due to
extrinsic gastric compression. Subcapsular hemangiomas may also present with
acute severe abdominal pain resulting from thrombosis or bleeding within the tumor
and consequent irritation of the hepatic capsule; however, given the high prevalence
of hepatic hemangiomas and the rarity of reports of bleeding from pathologically
confirmed hemangiomas, this complication appears to be exceedingly rare [3].
Chronic, recurrent fevers have also been reported in the setting of large hemangio-
mas, likely related to intratumoral necrosis [4].

Giant hemangiomas, particularly in children, have been associated with high-
output heart failure [5], hypothyroidism, and Kasabach—Merritt syndrome, a con-
sumptive coagulopathy presenting with thrombocytopenia and hemolytic
anemia [6, 7].

Pathology

Hemangiomas are benign vascular tumors. They have no malignant potential and
are not precursor lesions for angiosarcoma. Based on the size and morphology of
the blood vessels, hemangiomas are subdivided into cavernous hemangiomas, capil-
lary hemangiomas, and anastomosing hemangiomas.

The most common type of hemangioma is the cavernous hemangioma (>95% of
all cases), which consists of a generally well-circumscribed and unencapsulated
cluster of large caliber and thin-walled vessels (Fig. 7.1). The vessels are closely
approximated, with little intervening stroma. The vessels are lined by bland endo-
thelial cells. Over time, hemangiomas can become sclerosed and sometimes par-
tially calcified.

Cavernous hemangiomas in rare cases grow large enough to be called giant cav-
ernous hemangiomas—there is no universally applied size criterion for using this
term, but a common criterion is greater than 8 cm. Giant cavernous hemangiomas
overall look similar to smaller hemangiomas histologically, but often have some-
what infiltrative borders at the interface with the background liver, a finding called
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Fig. 7.1 Hemangioma,
cavernous. The tumor is
composed of large dilated
blood vessels. Normal liver
is seen in the lower left of
the image

Fig. 7.2 Hemangioma,
anastomosing. Small-sized
and interconnecting vessels
are seen, lined by plump
endothelial cells

“hemangiomatosis” or “hemangioma-like vessels” [8]. They are also more likely to
have areas of fibrosis.

The rare capillary hemangioma is composed of small thin-walled vessels with a
lobular arrangement. The lumens are lined by plump but cytologically bland endo-
thelial cells. In some cases, the vascular lumens can be compressed and inconspicu-
ous, obscuring the vascular nature of the lesion. Rare cases with capsules have been
reported [9].

The anastomosing hemangioma is composed of interconnecting small- to
medium-sized vascular spaces (Fig. 7.2). The lining endothelial cells can be plump
or “hobnailed,” often with mild cytological atypia, sometimes causing confusion
with angiosarcoma [10]. About 70% of anastomosing hemangiomas have GNAQ
mutations [11]. Similar histological and molecular findings have been reported
under the term “hepatic small vessel neoplasm” [12].
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Imaging Features

Hemangiomas most often occur with a set of classic imaging features which typi-
cally results in an unequivocal diagnosis; however, atypical variants may lack clas-
sic features and therefore present a more difficult diagnosis.

Classically, hepatic hemangiomas appear hyperechoic at ultrasound, isodense or
hypodense to liver parenchyma at noncontrast CT, hypointense to liver at T1 pre-
contrast MRI and moderately T2 hyperintense, with variable diffusion restriction.
With the administration of contrast at either US, CT, or MRI, there should be initial
nodular, discontinuous, peripheral contrast enhancement with progressive central
fill-in over time [13, 14, 15].

Atypical hemangioma variants based on imaging appearance have been described
as giant, flash filling, calcified, hyalinized, cystic, and pedunculated. Giant hem-
angiomas are described as those measuring greater than 8 cm and usually show
peripheral nodular enhancement, but delayed phase fill-in may be incomplete, pos-
sibly owing to their very large size [16, 17]. The so-called flash-filling hemangio-
mas are often small and follow the aorta on each vascular phase of imaging [18,
19]. Based on their enhancement pattern, these lesions may serve as mimics for
other small hypervascular lesions such as metastases. Because they are slow-flow
vascular lesions, hemangiomas sometimes contain calcifications or phleboliths.
Hyalinized or sclerotic hemangiomas may mimic hypoenhancing metastases due
to their low density/signal intensity and mild peripheral enhancement. At MRI,
these sclerotic hemangiomas may have mild T2 signal and will not take up hepa-
tobiliary contrast agents. Stability in size or biopsy may be the only ways to tell
these from more sinister lesions. Cystic hemangiomas can contain cystic spaces
with fluid—fluid levels visible at CT and MRI but not at US [20, 21, 22]. Examples
of classic cavernous hemangiomas (Fig. 7.3) as well as several atypical variants are
shown (Fig. 7.4).

Natural History and Management

Hemangiomas are associated with a low risk of complications or significant pro-
gression and do not carry malignant potential. Therefore, treatment or follow-up of
small asymptomatic hemangiomas is not recommended. Tumor growth may be
observed in giant hemangiomas, which in turn may lead to symptoms and possible
complications, such as rupture and bleeding [23]. Fortunately, spontaneous tumor
rupture resulting in intraperitoneal hemorrhage is exceedingly rare and mostly
observed in large, peripheral, and exophytic tumors [24]. Percutaneous ultrasound-
guided radiofrequency ablation [25], transcatheter arterial embolization [26], or sur-
gical enucleation [27] has been performed for severely symptomatic or complicated
giant hemangiomas. Symptomatic improvement postablative therapy or surgery has
been reported in 75-96% of patients; however, extensive evaluation to rule out other
possible causes of symptoms is imperative [28, 29].
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Fig. 7.3 Hemangiomas, classic appearance. Grayscale sonographic images of the left lobe (a)
show a homogeneously hyperechoic mass with no increased blood on color Doppler (b). While the
sonographic appearance alone is nonspecific, this mass was later imaged with multiphase CT con-
firming the diagnosis of a cavernous hemangioma. Axial CT images in the arterial (c), portal
venous (d), and 3-minute delayed (e) phases show two adjacent hypodense foci with discontinuous
nodular enhancement and progressive fill-in over time, classic features of a cavernous hemangioma

Fig. 7.4 Hemangiomas, atypical appearance. MRI of the liver in a patient with multiple vertebral
body and splenic hemangiomas shows an avidly arterially enhancing focus (a) which is isointense
to liver parenchyma on other phases (b, ¢). Several other lesions with similar enhancement pattern
were seen throughout the liver, compatible with flash filling hemangiomas. MR images from a
patient being followed up after renal mass ablation demonstrate a lesion in the posterior right
hepatic lobe with a rim of T2 hyperintensity and a hypointense core (d) as well as rim-like arterial
enhancement (e) with progressive central fill-in on delayed (f, g) phase images. This finding was
stable for greater than 4 years and therefore compatible with a partially sclerosed hemangioma
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Hepatic Epithelioid Hemangioendothelioma

Epidemiology and Manifestations

Hepatic epithelioid hemangioendothelioma (HEHE) is a locally aggressive vascular
tumor with metastatic potential and shared features between hemangioma and
angiosarcoma. The estimated prevalence of HEHE is less than one in 1 million,
affecting predominantly females (1:3—4 male-to-female ratio) with a usual age at
diagnosis between 20 and 60 years [30]. Patients are often asymptomatic at early
stages but are at risk of liver failure with disease progression and extensive organ
involvement. Initial symptoms are nonspecific and include upper abdominal pain or
fullness, weight loss, fever, jaundice, and fatigue [31].

Pathology

HEHE are vascular malignancies that are clinically lower grade than angiosarco-
mas. The tumor cells can be epithelioid and dendritic, without well-formed blood
vessels, potentially leading to diagnostic challenges. The tumor cells often have
intracytoplasmic lumens, leading to a signet ring cell-type morphology. The tumor
cells are embedded in a distinctive myxoid or hyalinized matrix (Fig. 7.5). HEHE
form mass lesions, but tumor cells can also extend outside the main mass along the
sinusoids, portal veins, and central veins, leading to fibro-obliteration of the veins
and subsequent parenchymal atrophy with hepatocyte dropout.

Because the tumor has signet ring-type cells and abundant extracellular matrix,
the histological findings can mimic cholangiocarcinoma or other adenocarcinomas
[32]. In challenging cases, immunostains are used to prove vascular differentiation.
At the molecular level, many HEHE have a t(1;3)(p36.3;q25) translocation that
leads to a CAMTA1-WWTRI1 fusion product.

Fig. 7.5 Epithelioid
hemangioendothelioma.
The tumor cells have small
lumens, resembling signet
ring cells, and are
embedded in a dense
myxoid matrix
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Imaging Features

The imaging appearance of HEHE is described to follow three subtypes: solitary
nodular type, multiple nodular type, and diffuse confluent nodular type. It is theo-
rized that a solitary lesion progresses to multiple nodules which then coalesce over
time to form confluent disease. Solitary lesions are classically found in the subcap-
sular right hepatic lobe, measuring between 1 and 5 cm [33]. Less frequently, soli-
tary lesions can be found in the central liver [34]. Multiple masses tend to be larger,
measuring between 1 and 12 cm and may be found either peripherally or in the
central liver [35]. Multinodular lesions will most frequently exhibit the classic find-
ing of capsular retraction [34]. This finding should be differentiated from the capsu-
lar bulge seen in cholangiocarcinoma. Solitary nodular type (Fig. 7.6) and
multinodular type (Fig. 7.7) are shown.

Fig. 7.6 Epithelioid hemangioendothelioma. MRI images from a 76-year-old woman show a soli-
tary lesion in the hepatic dome which was thought to represent cholangiocarcinoma and went on
to be resected. Histology confirmed a hepatic epithelioid hemangioendothelioma (HEHE). Note
the T2 hyperintense center with intermediate T2 signal rim (a), T1 hypointensity (b), early periph-
eral enhancement (c¢), and laminated delayed central fill-in (d)
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Fig. 7.7 Epithelioid hemangioendothelioma. Single-phase CT images from a 31-year-old woman
with biopsy-proven hepatic epithelioid hemangioendothelioma. Multiple hypoenhancing hepatic
lesions are seen in the anterior left lobe (a) and the inferior right lobe (b). Note the presence of
capsular retraction adjacent to both lesions. Alternative etiologies with similar single-phase imag-
ing features would be expected to result in capsular bulge

Sonographically, HEHE should show hypoechoic nodules, though a minority of
nodules may appear hyperechoic to surrounding liver. As with other modalities, cap-
sular retraction can be seen. At CT, lesions should be hypointense to hepatic paren-
chyma and at MRI, lesions should be T1 hypointense. T2 appearance is variable, but
many lesions are T2 hyperintense centrally due to a core of fibrous stroma. Others
may demonstrate alternating rings of T2 signal in the so-called “dark-bright-dark
ring” sign [36]. When performed, diffusion-weighted imaging will also show a mul-
ticentric pattern of high and low signals. After contrast administration, some lesions
show a rim of enhancement followed by fill-in on delayed phase, in a pattern similar
to that of cholangiocarcinoma or metastases. In contrast to hemangiomas, globular
peripheral enhancement is not seen. There have been reports of HEHE lesions “trap-
ping” hepatobiliary contrast agents and resulting in a hypointense rim with a hyper-
intense core, though this is not frequently observed [34]. Extrahepatic HEHE has
been described in the lung, lymphatic system, peritoneum, bone marrow, and spleen.

Natural History and Management

HEHE is associated with a high risk of metastasis, particularly to the lungs, bone,
peritoneum, and lymph nodes. Untreated patients carry a 5-year mortality risk greater
than 50% and, therefore, expectant management is not recommended. Surgical resec-
tion and liver transplantation are the treatments of choice, while the role of chemo-
therapy and radiation has not been well established. Unfortunately, surgical resection
is an option in only about 10% of cases, as the majority of patients present with
multifocal bilobar disease and about a third have extrahepatic involvement at diagno-
sis. In those with limited disease, surgical resection carries a good prognosis with
75% survival at 5 years [37]. Liver transplantation is the preferred treatment modality
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for unresectable HEHE and is associated with 1-year and 5-year survival rates of
96% and 80%, respectively [37, 38, 39]. Extrahepatic metastases do not significantly
affect long-term outcomes posttransplant and, therefore, are not a contraindication to
transplant. Currently, patients with HEHE do not qualify for automatic MELD excep-
tion points, as do patients with hepatocellular carcinoma listed for liver transplanta-
tion. However, given the acceptable outcomes with transplant, selected patients with
HEHE may be granted exception MELD points upon request to the Regional Review
Board of the United Network for Organ Sharing (UNOS).

Angiosarcoma

Epidemiology and Manifestations

Hepatic angiosarcoma (HAS) is a rare and aggressive vascular tumor, which
accounts for <1% of all primary liver tumors [40, 41]. HAS is associated with expo-
sure to known carcinogens in 25% of cases, including vinyl chloride monomer,
radiocontrast material thorotrast, androgenic steroid use, chronic arsenic ingestion,
and exposure to radium [42]. The other 75% of tumors have no known etiology.
HAS is more common in men (3:1 male-to-female ratio) in their sixth to seventh
decade of life [43]. Patients often present with vague, nonspecific symptoms includ-
ing fatigue, weight loss, and upper abdominal pain [40]. About half of the patients
present with symptoms of liver failure or portal hypertension, such as jaundice,
hepatosplenomegaly, ascites, and possibly hepatic encephalopathy [42].
Angiosarcoma has also been associated with Kasabach—Merritt syndrome [44] and
spontaneous tumor rupture resulting in hemoperitoneum [45]. In contrast to heman-
giomas, the diagnosis of HAS often relies on histopathologic assessment, which in
turn depends on adequate tumor sampling. Due to the increased risk of bleeding,
percutaneous needle biopsy is not recommended, and rather fine-needle aspiration
cytology is preferred [46].

Pathology

Angiosarcomas are high-grade malignant vascular tumors that can be primary to the
liver or metastatic. They are composed of malignant cells that have evidence for
vascular differentiation by morphology or by immunostains such as CD34, FLi-1,
or ERG. In most cases, angiosarcomas form distinct mass lesions, but rarely they
grow as a subtle diffuse sinusoidal infiltrate, leading to hepatomegaly without a
mass lesion (Fig. 7.8). When forming mass lesions, the tumor cells can be epitheli-
oid (Fig. 7.9), spindle cell, or show irregular poorly formed vascular structures
(Fig. 7.10), often with slit-like spaces that contain red blood cells. The tumor cells
show cytological atypia and numerous mitotic figures.
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Fig. 7.8 Angiosarcoma,
sinusoidal pattern. There
was no mass lesion, but a
biopsy showed diffuse
infiltration of the sinusoids
by malignant endothelial
cells (arrows). Most of the
remaining cells in the
image are benign
hepatocytes

Fig. 7.9 Angiosarcoma,
solid pattern. This
mass-forming
angiosarcoma shows no
evident blood vessels, and
the diagnosis required
immunostains

Fig. 7.10 Angiosarcoma,
vessel-forming pattern.
This mass-forming
angiosarcoma had
vascular-like spaces lined
by highly atypical cells

E. C. Ehman et al.
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Imaging Features

Due to their rarity, knowledge of the appearance of angiosarcomas is largely limited
to observations published in case series ranging from 7 to 35 patients [47, 48, 49].
At imaging, tumors are found to be multifocal in nearly all patients, and the domi-
nant tumor may range in size from 3 to 20 cm. While most lesions are found to
involve both hepatic lobes, a subgroup has been described to involve only the left
hepatic lobe. Metastases, most commonly to spleen, peritoneum, lungs, or bone
marrow, are seen in 45-60% of patients at presentation.

At multiphase CT, hepatic angiosarcomas should follow the blood pool attenua-
tion. Prior to the administration of contrast, lesions will be hypodense to liver paren-
chyma, though areas of hemorrhage or blood products may be denser. Several
patterns of contrast enhancement have been described, including nodular, rim,
branching, and diffuse enhancement. At least one type of arterial phase enhance-
ment is seen in over 90% of tumors [49]. On portal venous and delayed phase
images, lesions will enhance progressively in one of two patterns, either
hemangioma-like peripheral to central or a reverse hemangioma pattern with central
early enhancement with delayed peripheral fill-in [48, 49].

At MRI, angiosarcoma has an overall low T1 signal except for areas of hemorrhage
which may have a high intrinsic T1 signal. Angiosarcomas usually have central het-
erogeneous T2 hyperintensity, and larger lesions may demonstrate serpiginous DWI
hyperintensity. Enhancement patterns using extracellular contrast agents mirror those
seen at CT. An example of a well-differentiated angiosarcoma is shown in Fig. 7.11.

Fig. 7.11 Angiosarcoma. Biopsy-proven angiosarcoma spanning both hepatic lobes (a) in a
74-year-old man. The T1 signal is somewhat heterogeneous suggesting internal hemorrhage (b).
Following administration of contrast there is peripheral arterial enhancement (c) followed by pro-
gressive fill-in on delayed phase images (d, e). Although based on enhancement pattern alone, this
lesion could be mistaken for a giant hemangioma; rapid growth in 5 weeks seen on a follow-up
scan (f) is more indicative of an aggressive process such as angiosarcoma
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Imaging differentiation of angiosarcoma from other etiologies is difficult, as
hemangiomas, epithelioid hemangioendotheliomas, and hypervascular metastases
as well as primary hepatic neoplasms such as HCC and intrahepatic cholangiocarci-
noma may all have overlapping features. Rapid progression over serial exams is the
most reliable differentiator; however, prospective diagnosis is challenging and ulti-
mately may require histologic sampling.

Natural History and Management

Hepatic angiosarcoma carries an extremely poor prognosis with a median survival
of only 1 month [50]. Surgical resection of localized tumors may prolong survival,
and is the therapy of choice for early solitary tumors. Systemic therapy or transarte-
rial chemoembolization with palliative intent has shown potential benefits in patients
with dominant HAS [51]. Additionally, transarterial embolization can be used to
achieve hemostasis in ruptured HAS with hemoperitoneum. Liver transplantation is
contraindicated in HAS due to aggressive early recurrence posttransplant, observed
in up to 80% of patients [52].

Summary

Vascular tumors of the liver span the spectrum from exceedingly rare to very com-
mon and from malignant with a dismal prognosis to benign and incidental. While
the clinical and imaging features may possess a large amount of overlap, classic
findings may allow for noninvasive diagnosis in some cases. Histologic sampling
may be required for others.
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Chapter 8
Rare Liver Tumors

Patrick J. Navin, Ju Dong Yang, Michael S. Torbenson,
and Sudhakar K. Venkatesh

Introduction

Various neoplastic entities can arise in the liver originating from a hepatocytic, bili-
ary, or mesenchymal cell type. While differentiating benign from malignant tumors
is crucial, imaging features are often nonspecific and thus differentiation of these
lesions is difficult. Hepatic tumors occur less commonly in the pediatric population
than in adults. Up to 70% of pediatric liver tumors are malignant and associated
with a poor prognosis [1]. The aim of this chapter is to provide a brief overview of
some of the more uncommon hepatic tumors affecting the adult and pediatric
populations.

Hepatic Angiomyolipoma

Angiomyolipomas (AMLs) are mesenchymal tumors characterized by the presence
of variable mixtures of adipose tissue, smooth muscle cells, and thick-walled blood
vessels. AMLs are thought to belong to a group of type of tumor known as a
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“PEComa.” This entity is defined by the World Health Organization as a “mesen-
chymal tumor composed of histologically and immunohistochemically distinctive
perivascular epithelioid cells” [2]. The PEComa group includes tumors such as pul-
monary lymphangioleiomyomatosis, clear cell “sugar” tumor (CCST), clear-cell
myomelanocytic tumor of the falciform ligament, and AMLs [3].

Hepatic AMLs are a very rare entity. They were first described in 1976. Only
approximately 200 cases were reported up until 2005 [4, 5]. The incidence of hepatic
AMLs is higher in females, with a large age range from 26 to 86 years [6—12]. There
are limited data to suggest any viral or genetic association; however, hepatic AMLs
have been associated with certain genetic variants of tuberous sclerosis [13, 14].
Hepatic AMLs are only seen in 6% of patients with tuberous sclerosis, whereas
renal AMLs are more commonly present in 20% of tuberous sclerosis patients [15].

The clinical presentation is predominantly of an asymptomatic hepatic lesion
found incidentally on imaging. When symptoms arise, they are generally secondary
to mass effect and take the form of abdominal pain [6, 11]. Liver tests, viral serol-
ogy, and tumor markers are generally normal [10, 11].

Imaging

The appearance of hepatic AMLs on imaging is inconsistent given the variation in
the proportions of tumor components [16]. Although imaging is an essential compo-
nent of the diagnostic evaluation, a definitive conclusion is only achieved in approx-
imately 5% of cases, with lesions often misdiagnosed as hepatocellular carcinoma
(HCC) or focal nodular hyperplasia (FNH) [16]. Intralesional fat is seen in only
50% of hepatic AMLs in comparison to renal AMLs where it is more commonly
seen [6].

The sonographic appearance is generally of a solitary, echogenic lesion, ranging
from 5 to 6 cm in size (Fig. 8.1d) [14, 17]. Unless features such as speed propaga-
tion artifact and refraction artifact are present, hepatic AMLs are virtually identical
to hemangiomas [12, 18]. On CT, lesions demonstrate varying amounts of intrale-
sional fat from obvious fat attenuation (Fig. 8.1) to a more heterogenous mixed
attenuation appearance. When fat is present, the lesion can be described as two
specific components: a peripheral angiomyomatous component and a central fatty
component with CT number less than — 20 Hounsfield units (HU) [19]. On MRI,
hepatic AML demonstrate high signal on T1 and T2 weighted images with signal
decrease on opposed phase imaging when fat is present. Features on CT or MRI
such as intense arterial enhancement later than that of HCC (Fig. 8.2), a peripheral
rim of contrast washout on equilibrium and delayed phases, and the presence of an
early draining vein are more specific to hepatic AML [16]. The fatty areas are also
generally hypervascular in AMLs and relatively hypovascular in HCCs [20]. AML
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Fig. 8.1 Angiomyolipoma of the liver in a 64-year-old lady with tuberous sclerosis. Noncontrast
CT (a) demonstrates a mass of predominantly fat attenuation in segment 5 of the liver with mini-
mal progressive internal enhancement on arterial (b) and portal venous phases (c¢). Ultrasound (d)
demonstrates a large echogenic mass in the right liver with poor penetration of the ultrasound
beam. Biopsy (e) of the tumor demonstrates fat, myoid cells, and large vessels confirming the
diagnosis of angiomyolipoma

occurring in a patient with chronic liver disease may be diagnosed and treated as
HCC, as biopsy confirmation is often not required for making the diagnosis of HCC.

Pathology

AMLs are composed of neoplastic cells that show a mixture of steatosis, smooth
muscle (myoid) differentiation, and large thick-walled vessels (Figs. 8.1e and 8.2f).
The myoid cells can be either spindled or epithelioid. The proportion of each com-
ponent varies considerably between tumors, leading to difficulties in diagnosis. For
example, a subset of angiomyolipomas are composed mostly of spindled myoid
cells and can mimic smooth muscle tumors [21], while others are composed mostly
of epithelioid cells that can closely mimic hepatic tumors (Fig. 8.2f), such as hepatic
adenomas or HCC [6].

Extramedullary hematopoiesis is commonly found in tumors that have signifi-
cant fatty differentiation. A small number of AMLs can have marked lymphoplas-
macytic rich inflammation, mimicking inflammatory pseudotumors [6]. Other rare
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Fig. 8.2 Angiomyolipoma of liver. A 63-year-old lady with rectal cancer and a liver mass. MRI of
the abdomen demonstrates a heterogeneously hyperintense mass on T2 weighted sequences (a),
hypointense on T1 weighted sequences (b) with no loss of signal on out-of-phase images (c) indi-
cating no intralesional fat. The lesion demonstrates avid enhancement on arterial phase imaging
(d) with residual less marked enhancement in the portal venous phase (e). Histopathology demon-
strates sheets and trabeculae of epithelioid and spindle cells separated by vascular spaces, consis-
tent with AML. The myoid cells in this case resemble epithelial cells, which can mimic the tumor
cells of hepatic adenomas or hepatocellular carcinoma (f)

histological findings include striking peliotic changes, hemorrhage, and necrosis.
Finally, in a small percent of cases, the myoid cells can be large, pleomorphic, and
multinucleated with hyperchromatic nuclei, a finding that is not necessarily associ-
ated with a more malignant phenotype.

Very rarely, AMLs can be clinically aggressive. Findings that raise concern for a
more malignant phenotype include vascular invasion [22], coagulative necrosis
[23], and marked cytological atypia associated with increased mitotic activity [24].

Because of the diagnostic challenges in recognizing AML on H&E, in most
cases, the diagnosis is confirmed by immunohistochemistry. AMLs are negative for
both cytokeratins and markers of hepatic differentiation, but are positive for
B-Hydroxy p-Methylbutyrate (HMB) 45 and Melan A, with the strongest staining in
the myoid components. It is important to distinguish AML from gastrointestinal
stromal tumors, as most AMLs are c-Kit positive by immunostain [25].
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Surgical resection is warranted if there is diagnostic uncertainty, if the lesion is
symptomatic, or if the size is greater than 5 cm or enlarging over a short period of
observation [8, 26].

Primary Hepatic Lymphoma

Primary hepatic lymphoma is a rare entity, first described in 1965 [27]. It is defined
as lymphoma confined to the liver with perihepatic nodal sites, without disease
involvement elsewhere [28, 29]. Typically, distal disease should not be present for
approximately 6 months after the onset of hepatic lesions [30]. The distinction
between primary and secondary hepatic lymphoma is important as the treatment
and prognosis vary considerably.

The factors leading to primary lymphoma in the liver are not completely under-
stood. Various etiological factors such as chronic hepatitis, cirrhosis, treatment with
immunosuppressive therapy, systemic lupus erythematosus, continuous B-cell pro-
liferation posttransplant, and acquired immune deficiency syndrome have been sug-
gested [31-44]. However, most associations are based on case reports and no
unifying etiological factors have been identified.

Patients typically present with abdominal pain, jaundice, and other nonspecific
symptoms such as weight loss, nausea and vomiting, and night sweats [29, 45]. On
clinical exam, hepatomegaly is the most common finding, seen in approximately
50% [29, 45-47]. Liver tests are inconsistently elevated, predominantly alkaline
phosphatase and lactate dehydrogenase [48]. Serum calcium and tumor markers
such as alpha-fetoprotein and carcinoembryonic antigen may also be raised [48, 49].

Imaging

Imaging presentation may be with a solitary mass, multiple well-defined masses, or
as an infiltrating lesion [50, 51]. A single solitary mass is reported as most common,
occurring in 55-60% of presentations [29]. The mass may grow into the hepatic
veins, inferior vena cava, and the right atrium, mimicking an HCC. Approximately
35—40% of patients have multiple lesions [52]. Diffuse infiltration is rare [53].

On ultrasound, lesions are typically solid and hypoechoic or anechoic, often
resembling cysts (Fig. 8.3a) [30, 53]. A target lesion has also been described [28].
In the infiltrating form of the disease, the only imaging feature is often hepatomeg-
aly [54].

Focal hepatic lymphoma lesions are hypoattenuating on noncontrast CT with rim
enhancement often seen with contrast administration (Fig. 8.3b). A target type
lesion can also occur on CT with lesions consisting of central necrosis, rim enhance-
ment, and a peripheral ill-defined hypoattenuating area [28].
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Fig. 8.3 Large B-cell lymphoma of liver. A 62-year-old male with rectal cancer detected on colo-
noscopy. Work up demonstrated a mass in the liver. Ultrasound (a) demonstrates a predominantly
hypoechoic mass in the central liver adjacent to the IVC. Contrast-enhanced CT (b) demonstrates
a hypoattenuating mass with minimal peripheral enhancement. The lesion was FDG avid on PET
CT (c) with no evidence of disease elsewhere. Biopsy demonstrated diffuse large B-cell lymphoma
(d). The tumor formed a large destructive mass and is composed of sheets of atypical B cells

On MR, focal lesions are hypointense on T1 weighted images and hyperintense
on T2 weighted images. Diffusion weighted imaging (DWI) and apparent diffusion
coefficient (ADC) are measures of Brownian motion of water molecules in a par-
ticular tissue voxel. Increased signal on DWI and decreased signal on ADC would
indicate decreased diffusion of water or “restricted diffusion” within that volume of
tissue. Primary hepatic lymphoma typically demonstrates marked diffusion restric-
tion with signal on ADC mapping typically lower than most other benign and malig-
nant hepatic lesions. In the arterial and portal venous phases, the lesions typically
demonstrate heterogenous, but predominantly decreased enhancement compared to
the surrounding hepatic parenchyma. In the hepatobiliary phase, however, hepatic
lymphoma is markedly and homogenously hypointense [55].

Positron emission tomography with flourine-18-fluoro-2-deoxyglucose is often
used to assess distant disease. Increased disease activity often correlates with
increased radiotracer uptake (Fig. 8.3¢) [56].
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Fig. 8.4 Hepatosplenic
T-cell lymphoma. Biopsy
specimen showing
sinusoids with a subtle
infiltrate of atypical T cells

Pathology

Lymphomas that originate from any site in the body can eventually spread to the
liver, and most lymphomas involving the liver are not primary to the liver. The
majority of primary hepatic lymphomas are non-Hodgkin lymphoma, with about
two-thirds being first diagnosed at liver biopsy [57]. The most common primary
lymphomas of the liver are diffuse large B-cell lymphoma, which comprise approxi-
mately 75% of cases, and marginal zone lymphoma, which accounts for approxi-
mately 20% of cases [36, 58].

The major known risk factors for diffuse large B cell lymphoma of the liver are
chronic hepatitis C and immunosuppression [59]. Diffuse large B-cell lymphomas
are composed of sheets of atypical B cells that are more than twice the size of nor-
mal lymphocytes. Most diffuse large B cell lymphomas are mass-forming lesions
associated with destruction of the normal liver architecture (Fig. 8.3d). They are
diagnosed and further subtyped using immunostains and fluorescence in situ hybrid-
ization (FISH). The major known risk factors for primary marginal zone lympho-
mas of the liver are primary biliary cirrhosis, autoimmune hepatitis, and chronic
hepatitis B and C [36]. Lymphoepithelial lesions involving the bile ducts are com-
mon but are neither sensitive nor specific for the diagnosis of lymphoma.

Most patients with hepatosplenic T-cell lymphoma are men, with a median age
at diagnosis of about 35 years. This lymphoma predominately involves the hepatic
sinusoids (Fig. 8.4), without forming a mass lesion. The tumor cells show subtle
enlargement and atypia in comparison to normal lymphocytes.

Treatment modalities include chemotherapy, radiation therapy, and perhaps sur-
gery. Surgical resection may be attempted if disease is localized or for debulking
prior to chemotherapy [47, 60]. Chemotherapy or chemotherapy with radiotherapy
is often utilized with varying degrees of success [29, 47, 61, 62]. The overall prog-
nosis is poor with reported median survival rates of 3—124 months [47].
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Primary Hepatic Neuroendocrine Neoplasm

Neuroendocrine neoplasms arise from neuroendocrine cells in the endocrine tis-
sues, which demonstrate various characteristics depending on the hormonal profile
of the cell [63-66]. The classification is based on tumor grade using a system devel-
oped by the World Health Organization, which was most recently updated in 2010.
The system differentiates neuroendocrine neoplasms into well-differentiated, con-
sisting of low grade and intermediate grade neoplasms, and poorly differentiated,
consisting of high-grade neoplasms. Grading is based on mitotic count and Ki-67
Index [67].

Most neuroendocrine tumors develop in the gastroenteropancreatic system fol-
lowed by the bronchopulmonary system. These areas account for 84% of neuroen-
docrine tumors. Primary hepatic neuroendocrine neoplasms (PHNEN) are rare;
however, their incidence is increasing [68—72]. PHNEN are more common in male
patients and in the fifth or sixth decade [73]. There is no documented relationship to
underlying liver disease [74].

Presenting symptoms include right upper quadrant pain, fatigue, and weight loss.
Carcinoid syndrome can occur but is rare [69]. Laboratory tests such as a 24-hour
urine collection demonstrate high 5-hydroxyindoleacetic acid [75]. Serum chromo-
granin A levels may be elevated with good sensitivity and specificity levels [76].
Tumor markers such as carcinoembryonic antigen, CA19-9, and alpha-fetoprotein
may also be elevated; however, their specificity is poor.

Imaging

Imaging demonstrates a focal mass or masses typically in the right liver which vary
in appearance depending on histologic grade [74]. Lesions on ultrasound can be
variable ranging from solid hypoechoic masses to heterogeneous (Fig. 8.5a) or
hyperechoic masses [74]. Low-grade PHNENS typically demonstrate a single mass
on CT and MR imaging. On CT, the lesions are homogenously hypoattenuating
with enhancement in the arterial phase post administration of contrast. Necrosis,
hemorrhage, or calcification are infrequently present [74, 77]. Low-grade PHNENs
on MRI are low signal intensity on T1 weighted sequences and high signal on T2
weighted sequences, with homogeneous arterial phase hyperenhancement on post-
contrast images. On delayed postcontrast sequences, an enhancing capsule is com-
monly seen [77].

Intermediate grade PHNENs on CT are more heterogeneous with necrotic
change and peripheral nodular enhancement on postcontrast images (Fig. 8.5b, c).
MRI also demonstrates heterogeneity on T1 and T2 weighted sequences with
peripheral nodular enhancement (Fig. 8.5d-1).

High-grade PHNEN lesions demonstrate further progression in heterogeneity on
CT and MR imaging with peripheral nodular enhancement [74, 77]. MRI
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Fig. 8.5 Primary hepatic neuroendocrine neoplasm in a 44-year-old male presenting with abdomi-
nal pain and jaundice. Ultrasound (a) demonstrates a well-defined mass, predominantly isoechoic
to surrounding hepatic parenchyma with multiple internal cystic areas. Contrast-enhanced CT
demonstrates arterial phase hyperenhancement of the solid regions (b) which become isoattenuat-
ing on portal venous phase imaging (c¢). MRI demonstrates a heterogeneous mass in the left liver
on T2 weighted sequences with a multiloculated cystic component (d). This was predominantly of
low signal on T1 weighted sequences (e) with evidence of restricted diffusion (f). Postcontrast
images with a hepatocyte specific contrast agent demonstrates early contrast enhancement of the
solid areas on arterial phase (g), which persists on portal venous phase (h). There is no residual
uptake on hepatobiliary phase images (i). 111 In-pentetreotide SPECT CT (j) demonstrates radio-
tracer uptake correlating to the mass on other imaging. There was no evidence of disseminated
disease. Surgical resection (k) demonstrated a single 10.5 x 9.4 x 4.4 cm tan-red mass growing
within the intrahepatic ducts. Pathology demonstrated a well-differentiated neuroendocrine tumor,
WHO grade 2, involving the liver and bile ducts
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Fig. 8.5 (continued)

demonstrates increased necrosis and hemorrhagic change with progressive restricted
diffusion and decreasing mean ADC values (Fig. 8.5f) [77].

Multiple radiopharmaceuticals have been employed in the detection of neuroen-
docrine neoplasms. Scintigraphy using '''In-pentetreotide or octreotide scanning
has demonstrated a sensitivity of 90% and specificity of 83% (Fig. 8.5j) [78, 79].
Positron emission tomography (PET)/CT with gallium-68 labeled somatostatin ana-
logs has improved diagnostic performance with 68 Ga-DOTATATE and
68Ga-DOTATOC demonstrating sensitivities of 96% and 93%, respectively, and



8 Rare Liver Tumors 181

specificities of 100% and 85%, respectively [80]. PET/CT is now the preferred
functional imaging study for neuroendocrine neoplasms.

Pathology

It is very difficult to use pathological techniques to prove that a neuroendocrine
tumor is primary to the liver, as there are no morphological, immunostain, or molec-
ular findings that indicate a neuroendocrine tumor is likely to be primary to the liver.
Thus, the final diagnosis requires (1) establishing that the tumor in the liver is a
neuroendocrine tumor by morphology and immunostain findings and (2) ruling out
another primary site by imaging findings, which tends to be challenging.
Treatment depends on presentation. The role of chemotherapy is limited [71].
Curative resection is possible for a single mass. Liver transplant is also possible for
liver-confined disease [71, 81, 82]. Transcatheter arterial embolization can provide
excellent outcomes for unresectable tumors, given the sensitivity of neuroendocrine
neoplasms to alteration in blood flow [83]. Percutaneous ablation and somatostatin
analogs may also be utilized [84-86]. The theranostic application of Lutetium-177
has recently been employed with promising results in advanced disease [87-89].

Desmoplastic Small Round Cell Tumor

Desmoplastic small round cell tumors (DSRCT) are rare tumors of young adults
first described in 1989 [90]. They belong to a family of small round blue cell tumors
with other malignancies such as non-Hodgkin’s lymphoma, rhabdomyosarcoma,
Ewing sarcoma, Wilms’ tumor, poorly differentiated synovial cell sarcoma, small
cell osteosarcoma, and neuroectodermal tumor. They are most commonly present in
males with a ratio to females of approximately 5 to 1. The mean age at presentation
is 22 years with a mean survival time of less than 3 years [91-93].

DSRCT most commonly originates in the mesothelium of the abdomen, involv-
ing the omentum and peritoneum. Organ involvement including the liver and lungs
is infrequent and likely represents metastatic disease [94]. Patients present with
abdominal mass, abdominal pain, and weight loss most commonly, with symptoms
such as diaphoresis, back pain, and lethargy [95].

Imaging

Imaging commonly demonstrates a large intra-abdominal mass involving the peri-
toneum. Hepatic involvement is often associated with a retrovesical or rectouterine
space mass in approximately 85% of patients [96]. Hepatic masses are
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Fig. 8.6 Desmoplastic round cell tumor in a 24-year-old male presenting with abdominal pain,
clay colored stools, dark urine, abdominal distension, and weight loss. Ultrasound demonstrates a
subtle, slightly hyperechoic mass in the right liver (a). On contrast-enhanced CT (b), this mass was
hypoattenuating compared to the surrounding liver and was compressing the common bile duct,
with the requirement of stent placement. Biopsy demonstrated small, round, and blue tumor cells
growing in trabeculae, with a background desmoplastic response (c)

heterogeneously hypoattenuating on contrast-enhanced CT (Figs. 8.6 and 8.7) [95,
97]. MRI demonstrates lesions of high signal intensity on T2 weighted sequences
and low signal intensity on T1 weighted images. Heterogenous enhancement is seen
post administration of gadolinium. Areas of internal hemorrhage or necrosis may be
present [95, 98].

Pathology

DSRCT are histologically primitive tumors composed of small round blue cells that
elicit a desmoplastic response (Fig. 8.6¢). The tumor cells are uniform in appear-
ance and grow in cords and nests surrounded by fibrotic stroma. Other cytological
changes can include spindled areas, signet ring-like cells, pseudorosette formation,
and cystic degeneration [99]. The tumors are positive for keratin, a marker of epi-
thelial differentiation, and desmin, a marker of rhabdoid differentiation [91]. Greater
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Fig. 8.7 A 39-year-old patient with biopsy-proven intra-abdominal desmoplastic small round cell
tumor. Contrast-enhanced CT demonstrates heterogeneous but largely hypoattenuating masses in
the left and right liver (a—c). Note peritoneal disease in the recto vesical space (black arrow). The
disease continued to progress despite six cycles of chemotherapy and surgical debulking

than 95% of tumors have a translocation (t(11;22) (p13;ql12)) resulting in a
EWS-WTI gene fusion [100], which can be detected by molecular methods.

Treatment involves surgical debulking, combination cytotoxic chemotherapy,
and radiation therapy in varying proportions. Improved survival is demonstrated
with radiotherapy and surgical resection for localized disease [96, 101].

Hepatoblastoma

Hepatoblastoma is the most common primary hepatic malignancy in children. It is
still rare, however, with a prevalence of 10.5 cases per million in children less than
1 year old in the United States [102]. The rate is increasing in the US with a 4%
increase reported between 1992 and 2004 [103]. There is a slight male preponder-
ance and hepatoblastoma is associated with a number of genetic syndromes such as
familial adenomatous polyposis, Beckwith—Wiedemann syndrome, and Trisomy 18
[104—107]. The prognosis is generally poor compared to other pediatric cancers,
with an overall 5-year survival in the US of 74% [102].
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Patients generally present with an enlarging abdominal mass with weight loss
and decreased appetite. Rarely, excess f-human chorionic gonadotropin may lead to
precocious puberty [108]. The serum alpha-fetoprotein (AFP) is generally elevated
and is an important clinical marker. Hepatoblastoma without a raised AFP carries a
worse prognosis and is often associated with small cell undifferentiated morphol-
ogy [109].

Imaging

Imaging typically demonstrates a large well-defined mass most commonly in the
right lobe of the liver [110]. Ultrasound demonstrates an echogenic mass which
increases in heterogeneity as tumor size increases. Increased vascularity may be
appreciated on color Doppler imaging [111, 112]. On contrast-enhanced CT, the
mass is heterogeneous and largely hypoattenuating with areas of necrosis visual-
ized. Calcifications are visualized in up to 50% (Fig. 8.8a) [110, 113].
Hepatoblastomas are predominantly of low signal on T1 weighted images and high
signal on T2 weighted sequences with heterogeneity depending on the extent of
hemorrhage and necrosis. Heterogenous enhancement post administration of gado-
linium is also most commonly seen (Fig. 8.8d, e) and a variable degree of washout
may be seen in the delayed phases. MRI may also allow for better appreciation of
hepatic segmental involvement leading to improved staging [110]. A large heteroge-
neous liver mass with heterogeneous enhancement occurring in a child along with a
raised serum AFP is characteristic of hepatoblastoma.

Pathology

Hepatoblastomas are epithelial malignancies of infants and children. An epithelial
component is required, but the tumors can be composed entirely of epithelial cells
or can have both epithelial and mesenchymal components. Hepatoblastomas are
further classified into seven subtypes based on the extent of hepatic differentiation
and, for cases with fetal growth patterns, the amount of cytological atypia and
mitotic count: small cell undifferentiated, embryonal, pure fetal with low mitotic
activity, fetal with mitotic activity, pleomorphic fetal, macrotrabecular, and cholan-
gioblastic [114]. Currently, the most clinically important patterns are the small cell
undifferentiated pattern, because it requires more aggressive chemotherapy and the
pure fetal pattern with low mitotic activity (Fig. 8.8f), because it is cured with com-
plete excision and does not require chemotherapy.

There can be diagnostic challenges at both ends of the tumor differentiation
spectrum. Small cell undifferentiated hepatoblastoma can mimic other small round
blue cell tumors on small biopsies and additional stains are usually needed to con-
firm the diagnosis and exclude other entities in the differential. On the other hand,
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Fig. 8.8 Hepatoblastoma in a 28-month-old child presenting with precocious puberty. Abdominal
distension with enlarged liver noted on clinical examination. Contrast-enhanced CT demonstrates
an ill-defined, heterogeneous mass in the right liver with coarse calcification (a). MRI demonstrates
an ill-defined mass in the right liver, isointense to surrounding liver on T2 weighted images (b), and
hypointense on T1 weighted sequences (c). Note areas of high T1 signal consistent with hemor-
rhagic change (black arrows). Heterogeneous enhancement noted on arterial and portal venous
phase postcontrast-enhanced images (d, e). The mass was biopsied with mixed epithelial and mes-
enchymal hepatoblastoma diagnosed. In the fetal morphology, the tumor cells resemble hepatocytes
found in the fetal liver (f). In the mesenchymal component osteoid material is present (g)
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tumors with a pure fetal growth pattern can closely resemble conventional hepato-
cellular carcinoma. There are no molecular or immunostain findings that have high
value for distinguishing these two possibilities, so the diagnosis is made on morpho-
logical and clinical findings. Underlying liver disease and/or advanced fibrosis
strongly favor conventional hepatocellular carcinoma. Embryonal or mesenchymal
components strongly favor hepatoblastoma. Mesenchymal components are found in
up to 40% of cases. The mesenchymal component usually consists of nondescript
spindled cells, but osteoid material (Fig. 8.8g), skeletal muscle, or cartilage can also
be found.

Staging by imaging is based on the PRETEXT system and is described with
reference to involvement of the mass with hepatic segments. There is close correla-
tion to prognosis [115]. Surgical resection is the cornerstone of treatment.
Approximately 30% of tumors are resectable on presentation which increases sig-
nificantly with neoadjuvant chemotherapy [116, 117].

Mesenchymal Hamartoma

Mesenchymal hamartoma is an uncommon tumor of the liver and is composed of
loosely organized mesenchymal tissue, bile ducts, and hepatic parenchyma.
Unencapsulated fluid accumulates giving the characteristic cystic appearance [118].

The lesion is most commonly seen in patients less than 2 years old, with a male
preponderance [118]. Patients commonly present with an asymptomatic enlarging
mass. Other symptoms such as vomiting, fever, diarrhea, respiratory distress, and
weight loss are less common [118]. The prognosis is generally good with rare fatal
complications reported secondary to fetal hydrops, respiratory distress, compres-
sion of vital vessels, and congestive cardiac failure secondary to arteriovenous
shunting within the mass.

Laboratory tests may demonstrate an elevated serum AFP; however, liver func-
tion tests are usually normal.

Imaging

Imaging typically demonstrates a cystic lesion in the right liver with both solid and
solid/cystic lesions rarely identified [119]. Sonography demonstrates a cystic mass
with thick septations [120]. Rarely, a solid mass has been described (Fig. 8.9a)
[121]. The mass is well defined and heterogeneous on noncontrast CT with hetero-
geneous enhancement of the solid components post administration of iodinated con-
trast (Fig. 8.9b, c) [120-122]. MRI demonstrates a multiloculated cystic mass with
internal low signal on T1 weighted sequences and high signal on T2 weighted
sequences (Fig. 8.9d—f). The signal may vary depending on the protein content of
the fluid [123, 124].
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Fig. 8.9 Mesenchymal hamartoma of the liver in a 3-year-old child presenting with abdominal
distension. Echogenic mass with cystic areas noted on US (a). Axial (b) and coronal (c) contrast-
enhanced CT demonstrates heterogeneously enhancing mass, centered in the left liver with cystic
areas. MRI demonstrates a slightly hyperintense, well-defined mass on T2 weighted sequences
interspersed with cystic areas (d). Mass was slightly hypointense on T1 weighted sequences (e)
with homogenous enhancement of the solid components (f). Extended left hepatectomy demon-
strated mesenchymal hamartoma (g). The tumor is composed of loose, edematous spindle cells
with rare small clusters of hepatocytes (h)
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Pathology

Mesenchymal hamartomas are composed of loose, edematous mesenchymal tissue,
often with cystic degeneration (Fig. 8.9g, h). The mesenchymal tissue contains
cytologically bland spindled cells as well as occasional clusters of benign hepato-
cytes. Hyalinized portal tract-like areas can also be found, more commonly at the
periphery of the tumor. In some cases, the bile ducts in the portal tract-like areas can
show a ductal plate malformation pattern. Rarely, the bile ducts in these portal tract-
like areas become dilated, forming a small biliary cyst.

Surgical resection is the predominant mode of therapy with improved survival in
those where surgical resection is possible [119]. Marsupialization or even aspiration
has been reported in unresectable cases [125].

Undifferentiated Embryonal Sarcoma of the Liver

Undifferentiated embryonal sarcoma of the liver describes a rare, highly malignant,
undifferentiated mesenchymal neoplasm. It is the third most common hepatic
malignancy in children with peak incidence between 6 and 10 years [126, 127]. The
tumor is rare in adults with a female preponderance [128, 129].

Patients present with an enlarging abdominal mass. Abdominal pain may or may
not be present. Features such as fever, decreased appetite, weight loss, vomiting,
and diarrhea are less frequent [126, 130, 131]. Laboratory tests are not useful with
liver function tests, tumor markers, and inflammatory markers typically within nor-
mal ranges. Cases have been reported of elevated aminotransferases, leukocytosis,
increased erythrocyte sedimentation rate, and increased alpha-fetoprotein or
CA-125[126, 132, 133].

Imaging

Imaging typically presents a large, well-circumscribed mass in the liver. The sono-
graphic appearance is variable. A complex cystic mass with multiple septations and
mural nodularity is most commonly described with a solid echogenic lesion also
possible [134]. CT and MRI demonstrate a well-defined mass with necrotic and
hemorrhagic change to varying degrees. The lesion is hypoattenuating on noncon-
trast CT (Fig. 8.10a, b) with MRI demonstrating low signal on T1 weighted
sequences and high signal on T2 weighted sequences. At times, the mass may
resemble a cystic lesion due to the high water content of the myxoid stroma [134,
135]. Minimal enhancement is noted on early postcontrast phase imaging with sub-
tle enhancement on delayed phases (Fig. 8.10c—f) [136].
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Fig. 8.10 Embryonal cell sarcoma of the liver. A 4-year-old boy with nonspecific abdominal pain
progressing to fevers over 1 year. Non-contrast CT demonstrates a heterogeneous area in the right
liver with ill-defined hypoattenuating areas (a). Contrast-enhanced CT demonstrates the mass to be
well-defined and largely hypoattenuating (b), resembling a complex cyst. MRI demonstrates a
well-defined mass, hypointense on T1 weighted sequences (c¢), and mildly hyperintense on T2
weighted sequences (d). The mass demonstrates minimal linear enhancement on arterial phase
postcontrast sequences (e) which fills in on delayed sequences consistent with a solid mass (f).
Resection demonstrates embryonal sarcoma (g). The tumor is composed of anaplastic spindled and
epithelioid cells (h)
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Embryonal sarcomas are high-grade sarcomas with high cellularity and numerous
anaplastic cells, frequently with giant cell transformation (Fig. 8.10h). Tumor cells
often contain cytoplasmic hyaline globules, but this finding is neither highly sensi-
tive nor specific. The stroma can vary from loose and myxoid to dense and collage-
nized. Embryonal sarcomas can arise from mesenchymal hamartomas, so some
cases will have residual mesenchymal hamartomas at their edges.

Surgical resection is the treatment of choice in undifferentiated embryonal sar-
coma. Survival is poor with a reported 37% 3-year survival in 1990 [137]. With
improved multimodal treatment in the form of neoadjuvant chemotherapy and radi-
ation therapy, more recent survival rates have improved to 70—100% over a follow-
up period of 21-68 months [130, 138-140].

Hepatic Lymphangioma

Hepatic lymphangioma is a rare tumor characterized by cystic dilatation of lym-
phatic vessels in the hepatic parenchyma [141]. The mass is believed to develop
secondary to congenital obstruction of the lymphatic system in the liver with resul-
tant dilatation [141, 142]. Intra-abdominal lesions account for only 5% of all lymph-
angiomas [143]. Solitary hepatic lymphangiomas are rare with lesions usually
occurring with other masses in multiple organs and occur predominantly in children
or adolescents [144—-146].

Patients are typically asymptomatic, with symptoms when present, usually non-
specific, such as abdominal pain, fever, nausea, and vomiting [147-149]. Laboratory
tests such as liver function tests and tumor markers are typically negative [149-151].

Imaging

On ultrasound, masses are multiloculated cystic masses with echogenic debris.
Hyperechoic lesions have also been described [152]. MRI demonstrates a heteroge-
neous mass, low signal intensity on T1 weighted images, and high signal on T2
weighted images. Septal enhancement can occur and may mimic a solid lesion in
the microcystic variant [151, 153].
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Hepatic lymphangiomas consist of variably sized cyst-like spaces lined by benign
endothelial cells. The cysts-like spaces often contain a thin proteinaceous fluid. In
most cases, lymphangiomas are not isolated to the liver and there is systemic
involvement, with similar lesions in the spleen, skeleton, and other organs.

Surgical resection is the treatment of choice with a complete cure possible [147].
Recurrence has been described post resection of lymphangiomas elsewhere at a rate
of 0-27% for complete resection and 10-100% for incomplete resection [154].
Where complete resection is not possible, percutaneous ablation using alcohol and
OK-432 has been described in lesions outside of the liver [155-157].

Lipoma

Lipomas are focal areas of mature fat cells surrounded by a thin fibrous capsule.
They can occur anywhere throughout the body, most frequently in the subcutaneous
tissues. Lipomas of the liver are very uncommon with only a small number of cases
reported. The first description was an incidental finding on an autopsy study in
1970 [158].

Patients are typically asymptomatic at presentation [159-161]. Rarely, vague
abdominal pain has been reported and is likely secondary to mass effect and stretch-
ing of the hepatic capsule [162].

Imaging

Ultrasound demonstrates a homogeneous, hyperechoic mass. It is typically solitary
with a well-demarcated border and posterior acoustic enhancement. A phenomenon
of apparent discontinuity of the diaphragm, secondary to refractive effects at the
interface between the lipoma and normal hepatic tissue has been described [162].
Hepatic lipomas on CT are well-demarcated, homogenous, hypoattenuating masses
with attenuation values less than —20 HU. The lesions do not enhance. If enhance-
ment is present, it indicates the presence of an adenomatous or angiomatous com-
ponent [123, 159, 163]. MRI demonstrates a hyperintense mass on T1 weighted
sequences with signal reduction on out-of-phase imaging [159]. Imaging should
follow retroperitoneal fat on all sequences [164].
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Lipomas are composed of mature adipose tissue. The adipocytes are uniform in size
and without nuclear atypia. Rarely, they can be admixed with other benign soft tis-
sue elements, such as fibrous tissue in fibroliopomas.

Lipomas are S100 positive and are negative for MDM2 amplification (MDM2
amplification is found in many well-differentiated liposarcomas). Before a diagno-
sis of lipoma is made, other tumors such as AML should also be excluded.

Malignant degeneration of lipoma to liposarcoma is exceedingly rare in lesions
found elsewhere in the body and is never described in hepatic lipomas [165].
Imaging appearances should allow a diagnosis with no biopsy or surgery typically
warranted [123].
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Chapter 9
Liver Lesions in Congestive Hepatopathy

Moira B. Hilscher, Michael L. Wells, and Patrick S. Kamath

Introduction

The liver is a highly vascular organ, which receives approximately 30% of cardiac
output, and is prone to a spectrum of circulatory disturbances and vascular insults
[1]. Congestive hepatopathy (CH) describes the manifestations of chronic, passive
congestion of the liver in the setting of impaired hepatic venous outflow [2]. CH
most commonly occurs secondary to cardiac disease although obstruction of the
hepatic venous outflow at the level of the supra-hepatic inferior vena cava (IVC) or
hepatic veins can also induce hepatic congestion. Any etiology of right ventricular
heart failure may precipitate hepatic congestion, including constrictive pericarditis,
tricuspid regurgitation, cardiomyopathy, and cor pulmonale. The prevalence of CH
is increasing in the setting of an aging population with expanding therapeutic
options which prolong survival [3]. In addition, patients who have undergone surgi-
cal palliation for congenital heart disease with the Fontan procedure are at risk for
chronic congestion. The Fontan procedure, which is considered the definitive pallia-
tion for patients with single-ventricle physiology, returns systemic venous blood to
the pulmonary circulation via an anastomosis between the vena cava or right atrium
and the pulmonary arteries. As survival of patients who have undergone the Fontan
procedure and other corrective procedures improves [4, 5], hepatic manifestations
of congestion are increasingly evident [6]. Chronic congestion may culminate in
hepatic fibrosis, cirrhosis, and portal hypertension with associated complications.
Indeed, recent studies reveal an increasing incidence of hepatocellular carcinoma
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(HCC) in patients with CH and Fontan physiology [7]. However, benign liver
masses such as focal nodular hyperplasia (FNH) also occur in this setting. This
emphasizes the need for precise diagnostic studies, which are able to accurately dif-
ferentiate benign lesions from HCC in this patient population.

Hepatic Circulation: Normal Physiology

The liver receives dual blood supply from the portal vein and the hepatic artery.
Well-oxygenated arterial blood from the celiac trunk of the aorta comprises only
approximately 25% of total hepatic blood flow. The remaining 75% of hepatic blood
flow consists of blood supplied by the portal vein at venous pressure (approximately
6 mm Hg) [8]. Blood from the portal vein converges with hepatic arterial blood
within hepatic sinusoids. The hepatic artery autoregulates blood flow via the hepatic
arterial buffer response (HABR), whereby decreased portal flow instigates compen-
satory upregulation of hepatic arterial flow and vice versa [9]. This regulatory
response maintains hepatic oxygenation and preserves a constant level of total
hepatic blood flow [10, 11]. It is estimated that the HABR can compensate for a
25-60% decrease in portal blood flow [9, 12]. On the other hand, portal venous flow
is not autoregulated and is therefore dependent on mesenteric circulation and the
gradient between portal and hepatic venous pressures to maintain venous circula-
tion to the liver.

Pathophysiology of Congestive Hepatopathy

Among the key factors in the pathophysiology of CH is the presence of elevated
central venous pressure which transmits to the hepatic veins and sinusoids and
thereby decreases portal venous inflow [13, 14]. Increased hepatic venous pressure
also causes sinusoidal congestion, dilation of sinusoidal fenestrae, and exudation of
protein and fluid into the Space of Disse. Accumulation of exudate into the Space of
Disse impairs diffusion of oxygen and nutrients to hepatocytes [13, 15]. Decreased
hepatic blood flow further increases susceptibility to injury in settings which com-
promise arterial flow, such as hypotension, arrhythmias, or left-sided heart failure,
which can precipitate ischemic hepatopathy [14] . Patients with CH and the Fontan
physiology may have lower baseline arterial oxygen saturations which further pre-
dispose to hepatocyte ischemia [16]. Sinusoidal congestion, impaired portal venous
inflow, depressed cardiac output, and compromised arterial oxygenation culminate
in hepatocyte ischemia in a process described as “parenchymal extinction” [17].
Chronic vascular shear stress and injury also instigate fibrogenic pathways that can
culminate in cirrhosis. A murine model of CH was recently developed which entails
partial ligation of the suprahepatic inferior vena cava. This model revealed that



9 Liver Lesions in Congestive Hepatopathy 203

Fig. 9.1 (a) This depicts a bidirectional cavopulmonary shunt, which entails ligation of the supe-
rior vena cava to the right pulmonary artery. The inferior vena cava is anastomosed to the pulmo-
nary artery to supply blood to the lungs. (b) Fontan with an intra-atrial conduit which channels
blood from the inferior vena cava to the pulmonary artery through the right atrium. Blood from the
superior vena cava is channeled to the pulmonary artery. (¢) An extracardiac Fontan utilizes a
conduit from the inferior vena cava to the right pulmonary artery with anastomosis of the superior
vena cava to the pulmonary artery. IVC inferior vena cava, PA pulmonary artery, RA right atrium,
SVC superior vena cava

mechanical forces imposed by congestion and microvascular thrombosis are key
mediators of fibrosis in CH [18].

In the Fontan circulation, systemic venous blood returns to the lungs without
utilizing a pumping chamber [19, 20] (Fig. 9.1). The Fontan operation maintains
near-normal systemic oxygenation while inducing systemic venous hypertension
and relatively decreased cardiac output [20]. Hepatic dysfunction after the Fontan
procedure is multifactorial and is due to hypoxemia in the setting of chronic low
cardiac output state, chronic elevation of central venous pressure, and increased
mesenteric vascular resistance. Continuous systemic venous back-pressure on the
liver results in hepatic changes secondary to passive venous congestion. This pas-
sive venous congestion is continuous, in contrast to the more intermittent or pulsa-
tile back-pressure experienced with other cardiac defects, such as tricuspid
regurgitation.

Histologically, passive congestion of the liver is reflected by sinusoidal dilation,
congestion, and hepatocyte atrophy most prominent in zone 3 which comprises the
centrilobular parenchyma surrounding the central hepatic veins [21, 22] (Fig. 9.2).
In CH due to heart disease, the extent of sinusoidal dilation correlates with the
degree of right atrial and hepatic venous pressure elevation [16]. Elevated hepatic
venous pressures may precipitate extravasation of red blood cells into the space of
Disse. The extent of necrosis, inflammation, and dilation has been correlated with
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Fig. 9.2 Characteristic
histologic changes of
congestive hepatopathy,
including sinusoidal
dilatation,

congestion, hepatic cord
atrophy, and extravasation
of red blood cells into the
hepatocytes

Fig. 9.3 “Nutmeg liver”
characteristic of congestive
hepatopathy. Dark
centrilobular zones
reflecting sinusoidal
congestion alternate with
pale periportal zones

right atrial and hepatic pressures [16]. Chronic congestion leads to perivenular and
perisinusoidal fibrosis [21]. Fibrosis initially forms in zone 3 of the hepatic acinus,
but over time may progress to bridging fibrosis between hepatic veins [21]. This is
in contrast to noncardiac fibrosis which is characterized instead by fibrosis which
extends between portal triads. Grossly, the congested liver has been characterized as
a “nutmeg liver,” [23] (Fig. 9.3) with dark centrilobular zones reflecting sinusoidal
congestion alternating with pale periportal zones with normal or fatty liver tissue
[23, 24]. Regenerative nodules or focal nodular hyperplasia (FNH) are commonly
described in livers with chronic congestion [25-27]. Such regenerative nodules
typically contain arteries and have been attributed to compromise in venous flow,
which increases reliance on hepatic arterial flow to maintain parenchymal perfusion
[25]. However, chronic congestion can culminate in fibrosis and cirrhosis, and
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therefore also predisposes to HCC, which is important to distinguish from benign
nodules.

Clinical Manifestations of Congestive Hepatopathy

Patients with congestive hepatopathy may remain asymptomatic from their liver
disease. When symptomatic, patients may note jaundice or dull right upper quadrant
discomfort secondary to pressure imposed on the liver capsule. Clinical stigmata of
portal hypertension including ascites, hepatic encephalopathy, and varices, may be
apparent with progression to cirrhosis.

Congestive hepatopathy is frequently identified through abnormalities noted on
routine laboratory assessment. Characteristic laboratory findings include elevations
in serum aminotransferases to 2-3 times the upper limit of normal and unconju-
gated hyperbilirubinemia which rarely exceeds 3 mg/dL. Acute cardiac ischemia
resulting from hypotension in patients with passive venous congestion of the liver
may precipitate a more abrupt onset of jaundice with marked elevation of amino-
transferases to greater than 50 times the upper limit of normal.

Morbidity and mortality in congestive hepatopathy are frequently predicated by
the gravity of cardiac disease. Management of congestive hepatopathy relies on
treatment of the underlying cardiac condition and optimization of cardiac output.
Patients with cirrhosis require screening for esophageal varices and hepatocellular
carcinoma.

Liver Masses in Congestive Hepatopathy

Chronic congestive hepatopathy predisposes the liver to development of both benign
and malignant focal hepatic lesions which may be detected either incidentally or as
part of surveillance imaging. Lesions within the congested liver detected inciden-
tally are often incompletely evaluated and raise concern for malignancy. In most
cases, assessment with properly designed imaging protocols is able to differentiate
benign lesions from those that require biopsy or additional evaluation and treat-
ment. The congested liver itself also demonstrates several characteristic imaging
abnormalities which are important to review, as they can both alter the normal
appearance of hepatic lesions and may simulate focal lesions.

Several characteristic parenchymal abnormalities are seen within the congested
liver at computed tomography (CT) and magnetic resonance imaging (MRI)
(Figs. 9.4 and 9.5) [28]. Congestion causing parenchymal edema results in unusu-
ally low attenuation at CT and unusually high T2 signal and low T1 signal at
MRI. These imaging abnormalities are greatest at the periphery of the liver. If con-
gestion leads to liver injury and steatosis, the liver parenchyma will also be lower
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Fig. 9.4 MRI findings of hepatic congestion in a 20-year-old female who had undergone the
Fontan procedure for palliation of complex congenital heart disease. (a) T2-weighted fast spin
echo (FSE) MRI demonstrates high signal in the periphery of the liver (arrows), representative of
edema or fibrosis. (b, ¢) Corresponding DWI (b) and ADC (c¢) images show high signal on DWI
without low signal on the ADC map. The findings represent T2 shine through and correspond to
high signal found on the T2 FSE image. (d, e) Portal venous and delayed phase images enhanced
with extracellular contrast show reticular regions of poor enhancement in the portal venous phase
(d, arrows) which correspond with high T2 signal images on the T2 FSE image. The abnormal
regions of enhancement become indistinct on the delayed phase (e). (f) Hepatobiliary phase image
from MRI examination performed with hepatocyte-specific contrast agent clearly shows reticular
regions of poor contrast uptake in the periphery of the liver (arrows). These findings correspond to
abnormalities demonstrated on the remaining sequences and may represent bands of fibrosis

than normal in attenuation at CT and will demonstrate low signal at MRI on both
T1-weighted opposed phase images and fat-saturated sequences.

Reticular bands of low attenuation related to edema and fibrosis are seen on CT
[28]. These irregular bands are found most commonly at the periphery of the liver,
and progress centrally as the congestion worsens. At MRI, they appear as high sig-
nal on T2-weighted images and low on T1-weighted images. On both CT and MRI,
the reticular regions demonstrate poor early phase enhancement, and are most con-
spicuous at the portal venous phase, when the adjacent parenchyma is maximally
enhanced. On delayed phase imaging, conventional contrast media redistributes to
the extravascular, extracellular space, and the reticular regions become less con-
spicuous. If liver injury leads to parenchymal fibrosis, a nodular cirrhotic liver with
bands of fibrosis may be seen at imaging. Differentiating fibrosis from congestion
may be difficult at imaging, as both bands of fibrosis and edema appear low-
attenuation at CT and high in T2 signal, low in T1 signal at MRI. The presence of
portosystemic shunts may help identify cirrhosis, as these are characteristically
absent in passive congestion with elevated central venous pressures.

Periportal edema related to the engorgement of perivascular lymphatics is also
seen at CT and MRI. In the delayed phase, contrast media may diffuse into the peri-
vascular space, creating a ring appearance which may be mistaken as an enhancing
vessel wall surrounding a luminal thrombus [29].

Hepatobiliary-specific agents used for MRI imaging are actively transported into
the hepatocytes [30]. There may be a heterogenous pattern of uptake in the liver
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Fig. 9.5 Acute hepatic congestion. (a, b) A 30-year-old female being evaluated for routine follow-
up of Crohn’s disease. New periportal edema (arrows) and peripheral hepatic perfusion irregularity
(arrowheads) was new from prior examination. The patient had received an IV infusion of 2 liters
normal saline shortly prior to the CT examination for clinically suspected dehydration. (c—e) A
47-year-old male presenting to the emergency room after his motor vehicle collided with a tree.
Trauma CT scan shows poor perfusion in the periphery of the liver (¢, arrows) and reflux of injected
contrast bolus into the hepatic veins (d, arrow). Patient was found to have an inferior ST elevated
myocardial infarction and subsequently underwent right coronary artery thrombectomy with stent
placement. Follow-up CT scan (e) shows resolution of the hepatic perfusion abnormalities

parenchyma as a result of hepatocyte dysfunction [28]. Focal regions of parenchyma
which poorly accumulate hepatobiliary contrast agent can be mistaken for focal
malignant masses [31, 32]. The reticular regions of poor enhancement seen with
conventional contrast media also do not retain hepatobiliary contrast and are promi-
nently seen in the hepatobiliary phase (Fig. 9.4).

The congested liver is predisposed to development of benign regenerative nod-
ules or focal nodular hyperplasia (FNH) and malignant hepatocellular carcinoma
(HCC). Despite atypical imaging findings of the background congested liver paren-
chyma, most benign regnerative nodules and FNH demonstrate typical imaging,
allowing a confident diagnosis of the benign lesion [27]. These nodules should have
a well-circumscribed, round, or slightly lobulated margin. The nodules enhance
avidly in the late arterial phase and fade into isoattenuation or isointensity on sub-
sequent imaging phases when using an extracellular contrast agent [33-35]. When
using a hepatobiliary-specific contrast agent, 90-91% of FNH nodules retain
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contrast to a degree similar to or greater than the background liver [36, 37]. The
pattern of hepatobiliary contrast agent retention is most commonly diffuse but may
be found in a peripheral ring-like distribution in up to 41% [38]. A central scar may
be present in FNH, the frequency of which increases as the mass enlarges [33]. The
central scar of FNH is low attenuation at CT, high in signal on T2-weighted images,
and low on T1-weighted images on the MRI. A central scar enhances poorly in the
early phase and progressively accumulates extracellular contrastin the delayed phase.

Abnormalities of the background liver may result in an atypical appearance of
benign regenerative nodules or FNH. Hepatic steatosis may result in FNH appear-
ing hyperattenuating at CT or hyperintense on the MRI T1-weighted opposed phase,
or fat-saturated sequences. Excess iron accumulation within the background liver
results in MRI signal loss and a relative increase in signal intensity of nodules which
do not accumulate iron. It is important to recognize that edematous or fibrous
hepatic parenchyma in the setting of hepatic congestion causes relative hypoattenu-
ating or hypointense appearance of the benign nodules in delayed phase simulating
washout [27, 39].

A nodule with the combination of arterial hyperenhancment followed by wash-
out in the portal venous or delayed phase may result in an imaging diagnosis of
HCC when using traditional organ procurement and transplant network criteria. The
Liver Imaging Reporting and Data System (LIRADS) criteria no longer consider
traditional enhancement characteristics applicable in patients with cardiac conges-
tion and hepatic vascular disease, including hereditary hemorrhagic telangiectasia,
Budd—Chiari syndrome, and chronic portal vein occlusion [40]. A washout appear-
ance of a benign nodule may be related to abnormally increased redistribution of
extracellular contrast into the expanded extracellular space of the edematous or
fibrotic background liver (Fig. 9.6) [27]. Benign nodules which show an abnormal
washout appearance also tend to have relatively low T2 signal; this is likely due to
abnormally high T2 signal of the edematous and fibrotic background parenchyma
(Fig. 9.7). A nodule which resembles FNH at imaging but has delayed phase wash-
out and low T2 signal intensity should be assessed with hepatobiliary contrast
agent-enhanced MRI. Hepatobiliary agent contrast-enhanced MRI may be helpful
as a homogeneous pattern of retention greatly increases the likelihood of a benign
lesion [41-43]. If the nodule does not retain hepatobiliary contrast agent in a pattern
consistent with FNH, then either follow-up imaging in 3 months or a biopsy is
recommended.

Patients with passive hepatic congestion are also at increased risk for develop-
ment of HCC [7, 27]. Previous reports of HCC developing within a congested liver
have uniformly reported concerning imaging findings in addition to washout [7, 27,
44-51]. Imaging findings concerning for HCC include a heterogeneous or mosaic
appearance of a mass, necrosis, internal lipid content, rapid growth, and venous
tumor thrombus (Fig. 9.8). The serum alpha-fetoprotein level is helpful for image
interpretation as it raises suspicion for HCC when elevated. When a hyperenhancing
nodule in a congested liver shows delayed phase washout, the presence of a cirrhotic
background liver also significantly increases the likelihood of HCC being pres-
ent [27].
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Fig. 9.6 Hypervascular lesion (arrow, a) fades into isointensity on portal venous phase (arrow, b)
and shows washout (arrow, ¢) on delayed images. Imaging with Eovist in the hepatobiliary phase
however shows retention of contrast (arrow, d). This patient had numerous hyper-enhancing
lesions with washout which were all stable on 25 months of imaging follow-up

Post-Fontan patients with cirrhosis should have regular surveillance for HCC
with twice annual ultrasonography and measurement of AFP (Fig. 9.9) [51]. If a
hepatic nodule is detected on ultrasound imaging, either a contrast enhanced CT
or MRI scan should be carried out. The presence of a cardiac pacemaker or
implantable defibrillator may make MR imaging more challenging. MRI is still
possible if the patient is not pacemaker dependent and the test is performed
under MRI physicist supervision. Patients who have hepatic nodules with
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Fig. 9.7 Patient with multiple T2 hypointense masses, one of which is shown (arrow, a). Nodules
in this patient showed arterial phase hyperintensity (arrow, b) and delayed phase washout (arrow,
¢) on CT scan obtained near the time of the initial MRI (MRI was enhanced with gadoxetate diso-
dium making assessment of delayed phase washout unreliable). This patient had numerous follow-
up examinations over 25 months of imaging follow-up which demonstrated resolution of both the
T2 hypointensity (arrow, d) and delayed phase washout (not shown), possibly reflecting a change
in the composition of the background liver parenchyma. The nodule remained present when
imaged in the arterial phase and with extracellular contrast agent or in the hepatobiliary phase with
intracellular contrast agent (arrow, e). A precontrast image (f) from the study performed in image
(e) is provided for reference

Kt
oy

Fig. 9.8 Biopsy-proven hepatocellular carcinoma (arrow, a) in a patient with numerous hypervas-
cular nodules, two of which are shown (arrowheads, a, b). The HCC was unique due to its size and
heterogenous washout on portal venous and delayed phase images (arrows, b, ¢) while the remain-
ing hepatic nodules fade to iso-attenuation on delayed phase images (arrowheads, ¢)
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Fig. 9.9 Algorithm for evaluation and management of liver lesions detected in patients with con-

gestive hepatopathy

characteristic features on either CT or MR imaging (arterial hyperenhancement
and portal venous washout, heterogeneous appearance, necrosis), or hepatic
masses with concomitant AFP levels >200 ng/mL should be considered to have
HCC and treated appropriately. A mass which shows more than 50% growth over
a 6-month period is also concerning for HCC. A mass with characteristics of
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FNH requires reimaging with CT or MRI after 3 months. If imaging characteris-
tics remain convincing for FNH, then routine surveillance every 6 months can be
resumed.

References

1. Ford RM, Book W, Spivey JR. Liver disease related to the heart. Transplant Rev (Orlando).
2015;29(1):33-7.

2. Weisberg IS, Jacobson IM. Cardiovascular diseases and the liver. Clin Liver Dis.
2011;15(1):1-20.

3. Ahmed A. American College of Cardiology/American Heart Association Chronic Heart Failure
Evaluation and Management guidelines: relevance to the geriatric practice. ] Am Geriatr Soc.
2003;51(1):123-6.

4. Atz AM, et al. Survival data and predictors of functional outcome an average of 15 years
after the Fontan procedure: the pediatric heart network Fontan cohort. Congenit Heart Dis.
2015;10(1):E30-42.

5. Gersony WM. Fontan operation after 3 decades: what we have learned. Circulation.
2008;117(1):13-5.

6. Pundi K, et al. Liver disease in patients after the Fontan operation. Am J Cardiol.
2016;117(3):456-60.

7. Asrani SK, Warnes CA, Kamath PS. Hepatocellular carcinoma after the Fontan procedure. N
Engl J Med. 2013;368(18):1756-7.

8. Lautt WW. Hepatic circulation: physiology and pathophysiology. California, USA: San
Rafael; 2009.

9. Lautt WW. Mechanism and role of intrinsic regulation of hepatic arterial blood flow: hepatic
arterial buffer response. Am J Phys. 1985;249(5 Pt 1):G549-56.

10. Lautt WW. The hepatic artery: subservient to hepatic metabolism or guardian of normal
hepatic clearance rates of humoral substances. Gen Pharmacol. 1977;8(2):73-8.

11. Eipel C, Abshagen K, Vollmar B. Regulation of hepatic blood flow: the hepatic arterial buffer
response revisited. World J Gastroenterol. 2010;16(48):6046-57.

12. Lautt WW. Relationship between hepatic blood flow and overall metabolism: the hepatic arte-
rial buffer response. Fed Proc. 1983;42(6):1662—6.

13. Giallourakis CC, Rosenberg PM, Friedman LS. The liver in heart failure. Clin Liver Dis.
2002;6(4):947-67, viii-ix.

14. Asrani SK, et al. Congenital heart disease and the liver. Hepatology. 2012;56(3):1160-9.

15. Safran AP, Schaffner F. Chronic passive congestion of the liver in man. Electron microscopic
study of cell atrophy and intralobular fibrosis. Am J Pathol. 1967;50(3):447-63.

16. Myers RP, et al. Cardiac hepatopathy: clinical, hemodynamic, and histologic characteristics
and correlations. Hepatology. 2003;37(2):393—400.

17. Wanless IR, Liu JJ, Butany J. Role of thrombosis in the pathogenesis of congestive hepatic
fibrosis (cardiac cirrhosis). Hepatology. 1995;21(5):1232-7.

18. Simonetto DA, et al. Chronic passive venous congestion drives hepatic fibrogenesis via sinu-
soidal thrombosis and mechanical forces. Hepatology. 2015;61(2):648-59.

19. Driscoll DJ. Long-term results of the Fontan operation. Pediatr Cardiol. 2007;28(6):438-42.

20. Gewillig M, Goldberg DJ. Failure of the fontan circulation. Heart Fail Clin. 2014;10(1):105-16.

21. Dai DF, et al. Congestive hepatic fibrosis score: a novel histologic assessment of clinical sever-
ity. Mod Pathol. 2014;27(12):1552-8.

22. Arcidi JM Jr, Moore GW, Hutchins GM. Hepatic morphology in cardiac dysfunction: a clini-
copathologic study of 1000 subjects at autopsy. Am J Pathol. 1981;104(2):159-66.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Liver Lesions in Congestive Hepatopathy 213

Sherlock S. The liver in heart failure; relation of anatomical, functional, and circulatory
changes. Br Heart J. 1951;13(3):273-93.

Lefkowitch JH, Mendez L. Morphologic features of hepatic injury in cardiac disease and
shock. J Hepatol. 1986;2(3):313-27.

Tanaka M, Wanless IR. Pathology of the liver in Budd-Chiari syndrome: portal vein thrombo-
sis and the histogenesis of veno-centric cirrhosis, veno-portal cirrhosis, and large regenerative
nodules. Hepatology. 1998;27(2):488-96.

Koehne de Gonzalez AK, Lefkowitch JH. Heart disease and the liver: pathologic evaluation.
Gastroenterol Clin N Am. 2017;46(2):421-35.

Wells ML, et al. Benign nodules in post-Fontan livers can show imaging features considered
diagnostic for hepatocellular carcinoma. Abdom Radiol (NY). 2017;42(11):2623-31.

Wells ML, et al. Imaging findings of congestive hepatopathy. Radiographics : a review publi-
cation of the Radiological Society of North America, Inc. 2016;36(4):1024-37.

Gore RM, et al. Passive hepatic congestion: cross-sectional imaging features. AJR Am J
Roentgenol. 1994;162(1):71-5.

Yoneda N, et al. Benign hepatocellular nodules: hepatobiliary phase of gadoxetic acid-
enhanced MR imaging based on molecular background. Radiographics. 2016;36(7):2010-27.
Uchino K, et al. Oxaliplatin-induced liver injury mimicking metastatic tumor on images: a
case report. Jpn J Clin Oncol. 2013;43(10):1034-8.

Choi JH, et al. Oxaliplatin-induced sinusoidal obstruction syndrome mimicking metastatic
colon cancer in the liver. Oncol Lett. 2016;11(4):2861-4.

Brancatelli G, et al. Focal nodular hyperplasia: CT findings with emphasis on multiphasic heli-
cal CT in 78 patients. Radiology. 2001;219(1):61-8.

Choi BY, Nguyen MH. The diagnosis and management of benign hepatic tumors. J Clin
Gastroenterol. 2005;39(5):401-12.

Choi CS, Freeny PC. Triphasic helical CT of hepatic focal nodular hyperplasia: incidence of
atypical findings. AJR Am J Roentgenol. 1998;170(2):391-5.

Zech CJ, et al. Diagnostic performance and description of morphological features of focal
nodular hyperplasia in Gd-EOB-DTPA-enhanced liver magnetic resonance imaging: results of
a multicenter trial. Investig Radiol. 2008;43(7):504—11.

Grazioli L, et al. Hepatocellular adenoma and focal nodular hyperplasia: value of gadoxetic
acid-enhanced MR imaging in differential diagnosis. Radiology. 2012;262(2):520-9.
Mohajer K, et al. Characterization of hepatic adenoma and focal nodular hyperplasia with
gadoxetic acid. J Magn Reson Imaging. 2012;36(3):686-96.

Choi JY, et al. Focal nodular hyperplasia or focal nodular hyperplasia-like lesions of the liver:
a special emphasis on diagnosis. J Gastroenterol Hepatol. 2011;26(6):1004-9.

Radiology, A.C.o0., American College of Radiology. Liver imaging reporting and data system
in Version 2017.

Choi JY, Lee JM, Sirlin CB. CT and MR imaging diagnosis and staging of hepatocellular
carcinoma: part II. Extracellular agents, hepatobiliary agents, and ancillary imaging features.
Radiology. 2014;273(1):30-50.

Hope TA, et al. Hepatobiliary agents and their role in LI-RADS. Abdom Imaging.
2015:40(3):613-25.

Suh YJ, et al. Differentiation of hepatic hyperintense lesions seen on gadoxetic acid-enhanced
hepatobiliary phase MRI. AJR Am J Roentgenol. 2011;197(1):W44-52.

Elder RW, Parekh S, Book WM. More on hepatocellular carcinoma after the Fontan procedure.
N Engl J Med. 2013;369(5):490.

Ewe SHT, Ju L. Hepatotocellular carcinoma—a rare complication post Fontan operation.
Congenit Heart Dis. 2009;4(2):103-6.

Ghaferi AA, Hutchins GM. Progression of liver pathology in patients undergoing the Fontan
procedure: chronic passive congestion, cardiac cirrhosis, hepatic adenoma, and hepatocellular
carcinoma. J Thorac Cardiovasc Surg. 2005;129(6):1348-52.



214 M. B. Hilscher et al.

47. Josephus Jitta D, et al. Three cases of hepatocellular carcinoma in Fontan patients: review of
the literature and suggestions for hepatic screening. Int J Cardiol. 2016;206:21-6.

48. Rajoriya N, et al. A liver mass post-Fontan operation. QIM. 2014;107(7):571-2.

49. Rosenbaum J, et al. Cardiac cirrhosis and hepatocellular carcinoma in a 13-year-old treated
with doxorubicin microbead transarterial chemoembolization. J Paediatr Child Health.
2012;48(3):E140-3.

50. Saliba T, et al. Hepatocellular carcinoma in two patients with cardiac cirrhosis. Eur J
Gastroenterol Hepatol. 2010;22(7):889-91.

51. Yamada K, et al. Transarterial embolization for pediatric hepatocellular carcinoma with car-
diac cirrhosis. Pediatr Int. 2015;57(4):766-70.



Chapter 10 )
Fibrolamellar Carcinoma

Check for
updates

Scott M. Thompson, Michael S. Torbenson, Lewis R. Roberts,
and Sudhakar K. Venkatesh

Introduction

Fibrolamellar carcinoma (FLC) is a rare primary liver cancer that characteristi-
cally presents in teenagers or young adults without any prior history of chronic
liver disease. In part because of the absence of known liver disease and the young
age of the patients, the tumor is typically not diagnosed until patients become
symptomatic, usually with vague or increasing abdominal pain or a palpable mass.
The symptoms are frequently initially attributed to causes other than a malignant
tumor. Consequently, the tumors are commonly large and sometimes metastatic to
other sites by the time of diagnosis. Epidemiologically, FLC is rare, representing
about 1-5% of all primary liver malignancies, with an age-adjusted incidence of
0.02 per 100,000 persons per year in the United States [1]. US population-based
studies using cancer registries of the Surveillance, Epidemiology, and End Results
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(SEER) Program have described two age-specific incidence peaks from 10-30 years
and 70-79 years of age. FLC occurs with equal frequency in males and females
[2]. The incidence rates of FLC remained relatively stable between 2000 and 2010.
In terms of prognosis, recent studies suggest that the outcomes of patients with
FLC up to 39 years in age were better than those of patients with primary hepato-
cellular carcinoma (HCC), but this difference in outcome was not seen in older
patients [2].

Genetically, almost all FLCs are characterized by a single 400 kb deletion in
chromosome 19 that results in a distinctive fusion between the heat-shock protein
DNAIJBI and protein kinase A (PRKACA) genes, which leads to formation of
J-PKAcaq, a kinase fusion chimera of the J domain of DnalB1 with PKAca, which
exhibits constitutive activation of protein kinase A [3].

Comparison of the crystal structure of the chimeric fusion Rlo,:J-PKAca, holo-
enzyme formed by J-PKAca and the PKA regulatory (R) subunit Rlx to the struc-
ture of the wild-type (WT) Rla,:PKAca, holoenzyme suggests substantial
differences that may potentially be exploited in the development of novel therapeu-
tics against the fusion enzyme [4]. A small percentage of FLCs occur in patients
with the Carney complex. In these patients, the tumors show mutations of the
PRKARIA gene instead of the classic DNAJB1-PRKACA fusion.

Pathologic Features of Fibrolamellar Carcinoma

FLCs occur in noncirrhotic livers and are not associated with underlying liver dis-
ease. The tumors have a median age of presentation of about 25 years, with 85% of
all cases presenting before the age of 35 [5]. There is no strong gender predilection.

Histologically, FLCs are composed of eosinophilic tumor cells with abundant
cytoplasm and prominent nucleoli (Fig. 10.1). The abundant cytoplasm is filled

Fig. 10.1 Fibrolamellar
carcinoma, morphology.
The tumor cells have
abundant eosinophilic
cytoplasm and prominent
nucleoli
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Fig. 10.2 Fibrolamellar
carcinoma, intratumoral
fibrosis. The fibrosis in this
image is dense and runs in
parallel bands

Fig. 10.3 Fibrolamellar
carcinoma, intratumoral
fibrosis. Pseudoglands are
prominent in this image

with mitochondria and lysosomes. FLCs commonly have striking intratumoral
fibrosis (Fig. 10.2). The fibrosis can be organized into somewhat parallel, or lamel-
lar, bands, or can be more haphazard in organization. In some areas of the tumor,
the fibrosis can be sparse or absent. The three findings of large eosinophilic cells,
prominent nucleoli, and intratumoral fibrosis are considered key diagnostic
findings.

There are a number of other common histological features of FLC. The tumor
can form pseudoglandular structures composed of tumor cells surrounding a central
area containing tumor secretions (Fig. 10.3). Individual tumor cells often have pale
bodies or hyaline bodies, can show bile production, and occasionally have macrove-
sicular steatosis. Small calcifications can be found either as single calcified tumor
cells or as small calcified foci in the fibrous bands.

The clinical and histological findings can strongly suggest the diagnosis of FLC,
but they are not perfectly specific, nor are immunostains that are used to
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demonstrate hepatic differentiation, as FLCs are positive for hepatocyte markers
such as HepPar1 and arginase. In the context of comparable morphology, coexpres-
sion of CD68 (a marker of lysosomes) and CK7 can help confirm the diagnosis of
FLC [6]. Essentially all sporadic FLCs have a somatic microdeletion that leads to a
DNAJBI1-PRKACA fusion [3], which is a major driver of tumorigenesis. FISH-
based molecular tests can detect this molecular event and have been validated for
clinical care on cytology, biopsy, and resection specimens [7]. Generation of the
Dnajbl-Prkaca fusion gene in the liver of wild-type mice using Crispr-Cas technol-
ogy and hydrodynamic tail vein injection has been shown to be sufficient to initiate
development of tumors bearing many features of human FLC [8]. In keeping with
the unique molecular etiology of FLC, comprehensive analysis of FLC specimens
included in the Cancer Genome Atlas project revealed a distinctive gene and non-
coding RNA signature of FLC [9].

A small subset of FLC occurs in individuals with the Carney complex, a rare
multiple endocrine and nonendocrine neoplastic syndrome first described in 1985
by J Aidan Carney as a “complex of myxomas, spotty pigmentation and endocrine
overactivity” [10, 11]. The Carney complex can be familial or occur sporadically.
Individuals with the Carney complex may have spotty skin pigmentation, cardiac
and other myxomas, endocrine tumors, and psammomatous melanotic schwanno-
mas. Carney complex is characterized by germline or somatic mutations in the
PRKARIA gene, which encodes the regulatory unit of protein kinase A (RIa). The
mutations lead to loss of function of the regulatory unit, resulting in decreased basal
PKA activity, but an increase in cAMP-stimulated activity which appears to induce
tumor formation [12, 13].

FLCs developing in the setting of the DNAJB1-PRKACA fusion as well as the
Carney complex PRKARIA gene mutations are histologically identical [11].

FLC can be associated with the clinical syndrome of noncirrhotic hyperam-
monemic encephalopathy [14]. The diagnosis requires a high index of suspicion,
as the clinical features can be subtle [15]. A number of potential mechanisms can
contribute to this syndrome, which can be exacerbated by the use of catabolic
steroids. It has been proposed that pathophysiologic overexpression of the chime-
ric J-PKAca fusion kinase results in downstream overexpression of Aurora Kinase
A, driving expression of the c-Myc oncogene. This results in ornithine decarbox-
ylase dysfunction and leads to depletion of amino acids crucial to urea cycle func-
tion [16]. Dysfunction of the urea cycle leads to accumulation of ammonia in the
bloodstream and encephalopathy. The appreciation that urea cycle dysfunction
due to metabolite consumption is responsible for the hyperammonemia has led to
the development of a rational treatment paradigm based on the use of the ammo-
nia scavenging drugs sodium benzoate and phenylbutyrate in combination with
supplementation of the relevant amino acids citrulline, ornithine and arginine.
This approach has achieved complete recovery from hyperammonemic encepha-
lopathy in affected patients, resulting in substantial reductions in the mortality of
FLC-related hyperammonemic encephalopathy [17]. However, not all FLC
patients with hyperammonemic encephalopathy show evidence of urea cycle
abnormalities [18].
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Imaging Features of Fibrolamellar Carcinoma

FLC usually presents with a large mass associated with lymphadenopathy at the
time of diagnosis. Due to their higher prevalence in children and young adults, ultra-
sound is often the first imaging modality performed. Further evaluation is then per-
formed with computed tomography (CT) or magnetic resonance imaging (MRI)

(Table 10.1).

Table 10.1 Imaging features of fibrolamellar hepatocellular carcinoma (FL-HCC)

Modality ‘ Description Comments

Grayscale US

Size Large, solitary

Margins ‘Well-defined, lobulated

Echogenicity Variable

Central scar Hypoechoic

Calcifications Common Calcifications are better seen on CT

Color Doppler US Increased vascularity

Contrast-enhanced | AP: Heterogeneous enhancement | Enhancement features are similar to

US (CEUS) PV/DP: Variable washout other primary liver tumors

CT Rare intratumoral cystic change/
necrosis or hemorrhage. No
macroscopic fat

Size Large, solitary

Margins Well-circumscribed, lobulated

Non-contrast Hypodense

attenuation

Enhancement Art: Heterogeneously Features may simulate a

hyperenhancing
PV: Variable
DP: Variable

hepatocellular carcinoma (HCC).

Central scar

Hypodense. May show delayed
enhancement

Calcifications

Common (best seen)

Vascular/biliary Uncommon

invasion

Biliary ductal Uncommon

dilatation

Lymphadenopathy Common (>50%) A differentiating feature from HCC
MRI

Size Large, solitary

Margins ‘Well-circumscribed, lobulated

Signal T1W: Hypointense > isointense | Rare intratumoral cystic change/

T2W: Mildly hyperintense
DWI: Hyperintense

necrosis or hemorrhage. No
macroscopic fat.

Presence of fat should raise
suspicion of HCC

(continued)
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Table 10.1 (continued)
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Modality

Description

Comments

Enhancement (ECM)

Art: Heterogeneously
hyperenhancing

PV: Variable, iso to
hypoenhancing

DP: Variable, iso to
hypoenhancing

Enhancement (HBCA)

Homogenously hypoenhancing

Central scar

T1W: Hypointense
T2W: Hypointense
May show delayed enhancement

Rarely T2W hyperintense scar may
simulate scar in focal nodular
hyperplasia

Calcifications Not well seen

Vascular/biliary Uncommon

invasion

Biliary ductal More common than at CT

dilatation

FDG-PET/CT FDG avid (few cases) May be useful for initial staging,

re-staging and/or detection of occult
lymph node metastasis

Nuclear scintigraphy No longer used

Tc-99 m sulfur colloid

Photopenic defect Previously useful for differentiating

FNH from FLC
Tc-99 m RBCs Arterial: Increased activity
Delayed: Decreased activity
Catheter Hypervascular mass with a No longer used for diagnosis; may
angiography hypovascular central scar (if be used during locoregional therapy

present) (TAE, TACE, TARE).
Arteriovenous, arterioportal
shunting and portal vein tumor

thrombus rare

US ultrasound, CT computed tomography, MRI magnetic resonance imaging, FDG fluorodeoxy-
glucose, PET positron emission tomography, 7c-99 m technetium 99 m, RBCs red blood cells, Art
arterial phase, PV portal venous phase, DP delayed phase, 7/W T1-weighted, 72W T2-weighted,
DWI diffusion weighted imaging, HCC hepatocellular carcinoma; ECM extracellular contrast
medium, HBCA hepatobiliary contrast agent, TAE transarterial embolization, TACE transarterial
chemoembolization, TARE transarterial radioembolization

Ultrasound (US) (Fig. 10.4)

Ultrasound features of FLC are nonspecific. Grayscale ultrasound typically shows a
large, well-defined, lobulated mass of variable echogenicity ranging from hyperechoic
to hypoechoic to mixed [19-23]. A hypoechoic central scar and small, focal calcifica-
tions may be seen. Color-Doppler and spectral US may show increased tumor vascu-
larity with a low-resistance arterial waveform in the setting of arteriovenous shunting
[24]. Contrast-enhanced ultrasound (CEUS) may be useful to show similar enhance-
ment characteristics to dynamic contrast-enhanced CT (CE-CT) or MRI(CE-MRI) [25].
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Fig.10.4 A 16-year-old male with a 12.5 cm fibrolamellar carcinoma in hepatic segment IVb. The
mass is (a) mildly hypodense with several central calcifications on noncontrast CT (white arrow)
and shows (b) heterogeneous arterial phase enhancement with a hypoenhancing central scar (white
arrow) that shows (c—d) progressive enhancement on (c¢) portal venous and (d) delayed phase
imaging (white arrow). (b—d) Numerous enlarged gastrohepatic and perihepatic lymph nodes
(short white arrow). (e—f) Coronal MIP 18F-FDG-PET and (f) PET/CT show heterogeneous
hypermetabolism in the periphery of the hepatic mass (white arrow) as well as FDG avid right
cardiophrenic angle, gastrohepatic ligament, and perihepatic lymph node metastases (short white
arrow). (g) Grayscale and (h) color Doppler ultrasound show a large, lobulated mass with mixed
echogenicity, central posterior acoustic shadowing, and mild vascularity. (/8F-FDG
18F-fluorodeoxyglucose, PET positron emission tomography, CT computed tomography)

Computed Tomography (CT) (Fig. 10.4)

Computed tomography often shows a large (>10 cm), solitary, well-circumscribed,
lobulated mass that is heterogeneously hypoattenuating (75%—-100%) on
noncontrast-enhanced imaging [19-23, 26-28]. Less commonly, satellite nodules
within the liver may be seen [20]. Intratumoral areas of cystic change, necrosis, and
hemorrhage are often present but no gross macroscopic fat [27, 28]. Most FLCs are
heterogeneously hyperenhancing at arterial phase contrast-enhanced imaging
(80%—100%) [19, 22, 26-28]. However, FLCs show more heterogeneous enhance-
ment during portal venous imaging (hypoenhancing 36%; isoenhancing 48%;
hyperenhancing 16%) and delayed phase imaging (hypoenhancing 56%; isoenhanc-
ing 22%; hyperenhancing 22%) [26, 28]. A central, stellate, hypodense scar with or
without radiating septa/fibrosis is present in 33%—71% of FLCs [19, 22, 23, 26-28].
The central scar is frequently hypoenhancing during arterial and portal venous
phase imaging but may rarely show mild delayed phase enhancement [26-28].
Small, predominantly central focal calcifications have been reported in 40% to 95%
of FLCs [19, 20, 22, 23, 26-28]. Macroscopic vascular invasion (10%-22%),
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intrahepatic biliary ductal dilatation (40%), and ascites (35%) are less commonly
seen (40%) [22, 27]. Lymphadenopathy (>1 cm short-axis), particularly hilar as
well as upper abdominal and retroperitoneal, may be seen in up to two-thirds of
patients at the time of diagnosis [22, 26, 28]. The combination of young age at pre-
sentation, absence of chronic liver disease, large heterogeneous mass, hypoenhanc-
ing scar, presence of calcification and lymphadenopathy is highly suggestive of FLC.

Magnetic Resonance Imaging (MRI) (Fig. 10.5)

Magnetic resonance imaging often shows a large (>10 cm), solitary, well-
circumscribed and lobulated mass that is homogenously hypointense on T1-weighted
imaging (T1W; 62%-100%) and heterogeneously hyperintense on T2-weighted
imaging (T2W; 54%—-100%) [21, 23, 27-30]. A TIW and T2W hypointense capsule
(36%) and intratumoral areas of cystic change/necrosis (36%) and hemorrhage (22%)
have been reported less commonly. There is no macroscopic intratumoral fat on
T1-weighted or in-phase and opposed-phase imaging [27-29]. At contrast-enhanced
MRI using extracellular gadolinium agents, most FLCs are heterogeneously hyper-
enhancing at arterial phase imaging (81%—100%) [27-30]. Similar to CT, FLCs show
more heterogeneous enhancement during portal venous phase imaging (hypoenhanc-
ing 67%, isoenhancing 33%) and more homogenous enhancement during delayed
phase imaging [29, 30]. Palm et al. noted arterial phase hyperenhancement (APHE)
and portal venous phase washout (PYWO) in 3 of 6 patients, findings more commonly
seen in classical HCC [30]. In three small series, 100% of FLCs showed homogenous
hypoenhancement at delayed phase imaging with hepatobiliary contrast agents [27,

Fig. 10.5 A 33-year-old female with a 6.5 cm fibrolamellar carcinoma within hepatic segment
IVb/V. (a) On MRI, the mass shows mild heterogeneous DWI hyperintensity (white arrow). (b)
There are numerous DWI hyperintense periportal lymph nodes (white arrow) which show (h)
washout on portal venous phase imaging. The mass shows (¢) mild T2-weighted hyperintensity,
(d) T1-weighted hypointensity, (e) arterial phase hyperenhancement (white arrow) and (f—g) portal
venous, and delayed phase isointensity (white arrow). There is a (a) DWI hypointense and (¢) T2
hypointense irregularly shaped central scar with (e—g) heterogeneous delayed enhancement
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28, 30]. Diffusion-weighted imaging (DWI) has infrequently been reported in FLCs,
but in a few studies, the majority of FLCs are hyperintense at DWI (83%—100%)
[27, 30]. A central, stellate, TIW and T2W hypointense scar with or without radiat-
ing septa/fibrosis is present in 46%—-86% % of FLCs [27-29]. Rarely the central scar
may be T2W hyperintense (8%), which may mimic focal nodular hyperplasia (FNH)
[29]. The central scar is typically homogenously hypoenhancing during arterial phase
imaging but mildly hyperenhancing during portal venous and delayed phase imag-
ing [29, 31]. Small calcifications are not well seen at MRI. Macroscopic vascular
invasion (17%—18%) and bile duct invasion (17%) are less commonly seen while
intrahepatic biliary ductal dilatation (50%—72%) and ascites (64%) are reported in
a higher proportion of cases [27, 30]. MR elastography (MRE) has been studied in
HCC, but not FLC [32].

Positron Emission Tomography (PET) (Fig. 10.4)

The role of 18-fluorodeoxyglucose (18F-FDG)-positron emission tomography/
computed tomography (PET/CT) in FLC has not been systemically evaluated.
However, case reports and small series suggest that FLCs may be FDG avid and
FDG PET/CT may be useful for initial staging and restaging of intrahepatic and
extrahepatic FLC in conjunction with dedicated CT or MRI, particularly for detec-
tion of occult lymph node metastases [21, 33-35].

Nuclear Medicine Scintigraphy

Nuclear medicine scintigraphy techniques have been replaced by CE-CT and
CE-MRI. Historically, technetium-99 m (Tc-99 m)-sulfur colloid scintigraphy was
useful for differentiating FLC from FNH. Sulfur colloid is taken up by the reticulo-
endothelial system, particularly the Kupffer cells within the liver. Given the pres-
ence of Kupffer cells within FNH, FNH shows focal sulfur colloid uptake while
FLC appears as a photopenic defect [20, 23, 29]. In the AFIP series, 100% of FLCs
were photopenic at Tc-99 m-sulfur colloid scintigraphy [29]. Tc99m-red blood cell
(RBC) scintigraphy would show increased activity during arterial phase imaging
and washout resulting in photopenia during delayed phase imaging [29].

Catheter Angiography

Catheter angiography is no longer routinely used in the diagnosis of FLC but rather
in the setting of hepatic locoregional therapies, including transarterial embolization
(TAE) or radioembolization (TARE). At angiography, FLC typically appears as a
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hypervascular mass with enlarged feeding arteries, a hypovascular central scar and
mildly enhancing fibrous septa. Arteriovenous and arterioportal shunting and portal
vein tumor thrombus are rare, unlike with classic HCC [19, 20, 22, 23, 29].

Posttreatment Follow-Up

Intrahepatic FLC recurrence following resection has similar US, CT, and MRI
imaging characteristics to the primary tumor, but calcifications are not usually pres-
ent [31, 36].

Surgical Treatment of Fibrolamellar Carcinoma

Patients with a single large FLC and normal liver function are candidates for surgi-
cal resection with curative intent usually performed with concomitant lymph node
dissection. Unfortunately, up to 40% of patients have positive surgical margins
after resection and a similar proportion have evidence of vascular invasion. This
results in high rates of recurrent disease, most typically in the liver, regional or
adjacent lymph nodes, or the lungs. Even in the presence of lymph node or other
metastatic disease, aggressive surgical resection in conjunction with other treat-
ment modalities has proven to be the most effective treatment for FLC. Consequently,
patients will often receive multiple surgical treatments during the course of the
disease [37]. Due to the high propensity for metastases, except in exceptional cir-
cumstances, liver transplantation is usually not considered a viable option for treat-
ment. In patients with FLC treated by surgical resection, the presence of multiple
tumor nodules [hazard ratio (HR) 3.15, 95% confidence interval (CI) 1.2-8.6],
elevated serum alpha fetoprotein (AFP) >15 ng/mL (HR 2.81, 95% CI 1.08-7.33),
and positive regional lymph nodes (HR 2.83, 95% CI 1.15-6.96) were indepen-
dently associated with worse survival [38]. Overall, there was no difference in a
5-year survival between patients with FLC and those with HCC who received treat-
ment with curative intent, including surgical resection, local ablation, or liver trans-
plantation [2].

Nonsurgical Treatment of Fibrolamellar Carcinoma

Local Ablation and Locoregional Treatment

In the rare instance when a single FLC tumor is <3 cm at the time of diagnosis,
local ablation with microwave or radiofrequency ablation can be used with curative
intent. Patients who are not candidates for surgical resection are considered for
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loco-regional treatment with transarterial hepatic artery embolization (HAE), che-
moembolization (TACE), or radioembolization using Y90 impregnated glass
microspheres or resin beads (TARE). These local and locoregional therapies are
discussed in more detail in Chapter 1. In patients who respond to locoregional
therapy, combined treatment with subsequent surgical resection is encouraged if
feasible [39].

Systemic Therapy

Thus far, there have been no approved agents shown to effectively target
FLC. Standard antineoplastic systemic chemotherapies are usually used for treat-
ment of FLC, including gemcitabine, cisplatin, oxaliplatin, 5-fluorouracil, cyclo-
phosphamide, and interferon. Anti-angiogenic agents such as thalidomide have also
been used [40]. Immune checkpoint inhibitors such as nivolumab have not proven
to be effective.

The identification of the fusion protein of DNAJB1 with PRKACA as the driv-
ing oncogene in FLC has prompted an active investigative effort to identify effec-
tive systemic therapeutic options against FLC. The recent observation of
mammalian target of rapamycin 1 (mTORCI) activity in FLC, based on the
increased expression of phospho-S6 (pS6) in FLC, has stimulated interest in the
potential efficacy of the mTOR inhibitor everolimus in FLC. Indeed, in a case
report, a patient with end-stage FLC that was found to stain positive for pS6 by
immunohistochemistry showed a substantial response to everolimus lasting about
10 months, before developing resistance and eventually fatal progression [41].
Unfortunately, a Phase II study comparing everolimus versus estrogen deprivation
therapy using the combination of letrozole and leuprolide versus everolimus plus
combination letrozole and leuprolide (NCT01642186) failed to show a benefit of
everolimus.

Although there is no difference in survival outcomes of FLC patients receiving
curative treatment compared to patients with HCC, there is a substantial difference
in overall outcomes of FLC patients compared to HCC patients, with FLC patients
achieving better 5-year survival of 34% overall, compared to 16% 5-year survival of
patients with HCC [2].
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Gallbladder Cancer
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Introduction

Gallbladder cancer (GBC), although considered an uncommon cancer of the gastro-
intestinal tract, constitutes about two thirds of the malignancies arising from the
extrahepatic biliary tract in the United States. Other malignancies associated with
the biliary tract including intrahepatic, perihilar and distal cholangiocarcinoma, and
ampullary cancers are distinct from gallbladder cancers in their presentation and
natural history and are less common. The prognosis of GBC is highly dependent on
tumor stage at presentation. Many cases of GBC are identified incidentally during
surgery, cholecystectomy, or pathological examination of resected gallbladders.
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Given the vague, nonspecific presentation, symptomatic GBC tends to present at an
advanced stage, and survival is generally poor, except for the minority of cases that
are identified at early stages. Unlike other extrahepatic biliary tract cancers, the
presence of jaundice is associated with unresectability, often due to hilar involve-
ment, and the prognosis is poor. Overall, 5-year survival for patients with T1 tumors
approaches 50% and is lower for more advanced tumors. In this chapter, we detail
the current literature on the pathophysiology, diagnosis, and management of GBC
with a special focus on recent advances in the field.

Epidemiology

The incidence of GBC cancer varies widely worldwide depending upon the geo-
graphical location and ethnicity. High incidence rates of GBC (>15 per 100,000
women) are seen in Chile, Northern India, and Southern Pakistan followed by Japan
and Thailand, while Northern America, parts of western Europe, and Mediterranean
Europe have the lowest incidences (<10 per 100,000 women) [1]. Even within the
US, the incidence varies depending on ethnic background with a higher incidence in
American Indian, Hispanic, and Alaskan native populations, and a lower incidence
in African Americans and Caucasians. In addition, the incidence of GBC increases
with age, being usually seen in elderly persons (>65 years) with a female predilec-
tion [2]. In general, the incidence of GBC varies with the prevalance of two major
risk factors, gallstones and typhoid infection, as well as other factors such as envi-
ronmental exposure to carcinogens, liver fluke infections and patient-related factors
such as intrinsic predisposition to tumorigenesis [3].

Etiology

The etiology of GBC is complex, but chronic gallbladder injury and inflammation
are the most commonly associated etiological factors for GBC. Proposed risk fac-
tors for GBC are summarized in Table 11.1.

Gallstones

Gallstones are present in most (70-90%) patients with gallbladder cancer. The risk
is further correlated with the size of the gallstones — the presence of gallstones
>3 cm increases the risk of GBC by ten-fold compared to gallstones of size <1 cm
[4]. Autopsy data also suggest that gallstones are associated with an almost
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Table 11.1 Proposed risk/
etiological factors for
gallbladder cancer

Gallstones

Chronic inflammation and infection

Congenital anomalies (anomalous pancreatobiliary duct)

Drugs (isoniazid, methyldopa)

Environmental risk factors (exposure to cadmium, nickel, radon)

Porcelain gallbladder

Typhoid carrier

Adenomatous polyp (size of the polyp is strongest predictor of
malignant transformation)

Multiparity

Syndromic association (Van-Hippel Lindau syndrome,
neurofibromatosis-1)

seven-fold increase in the risk of GBC. Though substantial evidence favors the asso-
ciation between the two diseases, it is not yet clear if the association represents a
direct causal link [5, 6]. The presence of gallstones is thought to induce chronic
irritation and inflammation of the gallbladder mucosa, thereby leading to dysplasia
of mucosal cells. These chronic inflammatory insults may act as inciting agents for
oncogenic transformation by causing deoxyribonucleic acid (DNA) damage and
DNA methylation defects, as well as by releasing inflammatory cytokines and
growth factors leading to angiogenesis [7, 8]. Another possible explanation for the
metaplasia-dysplasia transformation of gallbladder epithelium is alteration of the
chemical composition of bile leading to the formation of free radical oxidation
products and secondary bile acids [9]. However, environmental and genetic factors
may also play key roles in the development of GBC, as about 10-25% of patients
GBC do not have associated cholelithiasis [5]. The first-line imaging test for evalu-
ation of gallstones is a right upper quadrant abdominal ultrasound (USG). On ultra-
sound, gallstones are typically mobile, echogenic foci with posterior acoustic
shadowing as shown in Fig. 11.1.

Chronic Inflammation

Chronic bacterial infection has been linked to GBC. Bacterial colonization may
alter the bile acid milieu. The most common organisms implicated with this associa-
tion are Salmonella (S. typhi and S. paratyphi) and Helicobacter (H. bilis) species
[10]. Ecologically, there is a geographical correlation between the endemicity of
typhoid infection and GBC, especially in Chile and North India [11, 12]. Moreover,
a registry-based cohort study concluded that chronic typhoid and paratyphoid carri-
ers showed a large excess risk (observed/expected cases) for GBC (167-0; 95%
confidence interval 54-1-389) [13]. Similarly, a 12-fold increase in risk of GBC in
patients with a history of typhoid infection (OR = 12.7 [CI, 1.5-598]) was reported
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Fig. 11.1 A 79-year-old male patient being evaluated for epigastric pain demonstrates multiple
echogenic foci (white arrow) layering within the gallbladder with posterior acoustic shadowing
(white arrowhead) within the gallbladder (a). The same patient subsequently underwent a CT
examination of the abdomen showing radiopaque gallstones (white arrow)

in a case control study [14]. Retrospective case control studies from Japan and
Thailand also showed an association of Helicobactor bilis with GBC (almost six-
fold increase) [10].

About 10-20% of patients with primary sclerosing cholangitis (PSC) will
develop hepatobiliary malignancy [15]. PSC is known to cause high frequencies of
pyloric metaplasia, intestinal metaplasia/dysplasia, and invasive adenocarcinoma at
rates significantly higher than the general population [15]. Retrospective studies
found that GB adenocarcinomas arose out of a background of flat mucosal dyspla-
sia, supporting the concept of a metaplasia-dysplasia-carcinoma sequence [16].
Given this strong association, it is recommended that patients with PSC should have
annual gallbladder cancer surveillance (abdominal ultrasound screening) to identify
gallbladder masses, and cholecystectomy should be performed if any suspicious
lesions, polyps, or masses are identified [17].

Calcified/Porcelain Gallbladder

Chronic irritation and inflammation may lead to calcium deposition in the gallblad-
der wall. The gallbladder calcification can be of distinct types — diffuse intramural
calcification (porcelain gallbladder) or isolated mucosal calcification. Calcification
within the gallbladder wall is best seen on CT examination, but can also be seen on
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Fig. 11.2 A 72-year-old male with porcelain gallbladder (white arrow) shown on plain frontal
supine radiograph of the abdomen (a) and CT (b). Notice a small radiopaque gallstone in the
dependent gallbladder (white arrowhead)

ultrasound or plain X-ray as seen in Fig. 11.2. Based on previous reports, gallblad-
der calcification is associated with increased risk of GBC (range 2-61%), and the
risk is much higher in gallbladders with isolated mucosal calcifications leading to
stippled, multiple punctate calcifications (compared to diffuse intramural calcifica-
tions) [18, 19]. Hence, gallbladders with partial calcification, stippled, or multiple
punctate calcifications warrant extensive evaluation, and prophylactic cholecystec-
tomy may be needed.

Gallbladder Polyps

Gallbladder polyps are present in 5% of the adult population and are usually asymp-
tomatic [16]. Gallbladder polyps can be differentiated from gallstones by their typi-
cal sonographic appearance. Polyps are intraluminal, nonmobile, echogenic foci
which lack posterior acoustic shadowing (Fig. 11.3). Features of polyps that predict
malignancy are: size >1 cm, solitary and/or sessile masses, associated gallstones,
a vascular stalk, concomitant PSC or PBC, and most importantly, rapid polyp
growth [20]. Cholecystectomy is recommended in polyps with such features. By
consensus guidelines, incidentally found gallbladder polyps <6 mm in size are con-
sidered benign and no further evaluation or follow-up is recommended. Gallbladder
polyps measuring 7-9 mm are considered indeterminate and should be followed by
serial ultrasonography at 12-month intervals [21]. Whether gallbladder polyps in
BRCA 1/2 mutation carriers merit cholecystectomy is not conclusively proven, but
given the increased risk of biliary cancers, a lower threshold for cholecystectomy is
often applied to these patients.
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Fig. 11.3 Gallbladder
polyp. A 45-year-old
female with small 3 mm
gallbladder polyp that
underwent surveillance and
was unchanged compared
to the earliest exam, 5
years earlier

Environmental Risk Factors/Exposure to Carcinogens

Various environmental factors such as nickel, cadmium, radon, cigarette smoking,
and drugs (methyldopa and isoniazid) have been implicated in the development
of GBC. Despite the fact that some studies have hypothesized an etiological role for
oral contraceptive pills in GBC, the association remains unclear [16].

Congenital Abnormalities and Association
with Hereditary Syndromes

About 10% of GBC patients were have an anomalous junction of the pancreatico-
biliary duct leading to regurgitation of pancreatic secretions into the gallbladder.
Interestingly, these anomalies are more common in patients of Asian descent, in
whom the incidence of GBC is high [16]. It is hypothesized that reflux of pancreatic
secretions through the common channel into the biliary tree gives rise to metaplastic
and dysplastic changes in the gallbladder mucosa.

Rare cases of GBC are reported in hereditary syndromes such as Gardner
Syndrome, NF-1, MEN-1, and Von-Hippel Lindau syndrome (neuroendocrine
tumors of gallbladder) [22], as well as in persons with BRCA2 mutations.
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Pathology of GBC

GBC usually leads to asymmetric thickening of the gallbladder wall with infiltration
of surrounding structures. Most cancers originate in the gallbladder fundus (60%),
followed by the body (30%) and neck (10%) [23]. Macroscopically, GBCs can be
divided into papillary, tubular, and nodular forms. Tubular and nodular forms of the
disease are aggressive, whereas papillary tumors are less likely to invade the liver
directly and have a lower incidence of lymph-node metastasis [5].

Histologically, the majority of carcinomas of the gallbladder are adenocarcino-
mas (80-95%) and can be papillary, tubular, mucinous (colloid) adenocarcinoma,
signet ring adenocarcinoma, cribriform carcinoma, clear cell adenocarcinoma, and
hepatoid adenocarcinoma variants. Less common types of GBC include adeno-
squamous carcinoma, squamous cell carcinoma, and undifferentiated or anaplastic
carcinoma (2—-7%) [5]. Other rare variants include small-cell carcinoma and neuro-
endocrine tumors. Involvement of the gallbladder by malignant melanoma, lym-
phoma, and sarcomas is particularly rare [24].

Two distinct types of precursor lesions are associated with GBC, flat lesions with
either low- or high-grade dysplasia and adenomas [25]. Most GBCs arise from flat
dysplastic lesions (metaplasia-dysplasia-carcinoma sequence) while mass-forming
precursor lesions (adenoma-carcinoma pathway) are identified only in a minority of
cases. It is estimated that it takes about 15 years for dysplasia to progress to carci-
noma in situ and finally to GBC.

Oncogenes that were shown to be associated with GBC are KRAS (10-67%),
HER?2 (ERBB2), epidermal growth factor receptor (EGFR)/HER-1, and cyclins-D1
and E [26]. KRAS mutations were seen with high frequency (50-80%) in anomalous
pancreatic biliary malformation patients from Japan [27]. HER2 (transmembrane
receptor tyrosine kinase) amplification was reported in 33—70% of GBC cases [28].
EGFR (a member of the erbB protein family that also encodes a receptor tyrosine
kinase) mutations were identified more often in GBC (70.7%) and dysplastic pre-
cancerous lesions (85.7%) than in cases with simple hyperplasia (27%) and normal
gallbladder (0%) [29]. Cell cycle progression promoter cyclin D1 overexpression
was seen in about 40% of cases of GBC and seemed to be associated with early
venous and lymphatic invasion [26]. Tumor suppressor genes that were associated
with GBC include TP53, CDKN2A, p21/CDKN1A (associated with better survival),
and Fragile Histidine Triad (FHIT) (frameshift mutations, loss of function). Other
studies have identified higher levels of microsatellite instability, angiogenic-
inflammatory pathway gene mutations (cyclooxygenase—2 [COX-2], nitric oxide
synthase [iNOS], and vascular endothelial growth factor (VEGF)), MUC-1 overex-
pression (associated with lymphatic spread and poor prognosis), and telomerase
(hTERT) re-expression in the pathogenesis of GBC [26].

It is important to understand the mechanism of GBC metastasis for the optimal
management approach. As with any other cancer, the common routes of spread of
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GBC are direct, lymphatic, vascular, intraperitoneal, intraductal, and neural.
Locoregional spread of the disease to adjacent liver segments IV and V or surround-
ing organs such as the duodenum, colon, peritoneum, or anterior abdominal wall is
the most common mode of spread. Peritoneal spread is more common than distant
spread. Lymph node metastases typically follow the lymphatic drainage of the gall-
bladder — gallbladder-retro-pancreatic pathway: involvement of cystic duct and
peri-choledochal nodes occurs first, followed by posterior nodes to the head of the
pancreas and then to inter-aortocaval lymph nodes; gallbladder-celiac pathway:
spreads through the retro-portal and right celiac lymph nodes via gastro-hepatic
ligament; gallbladder-mesenteric pathway: spreads to the aortocaval lymph nodes
via pancreas [30]. However, involvement of aortocaval nodes can be positive even
when cystic nodes are negative [31]. Segment IV of the liver is most commonly
involved in cases of vascular metastases due to the direct communicating veins [5].
Distant metastases occur in cases of retroperitoneal vein invasion and are associated
with very dismal prognosis and median survival of less than 4 months. Intraductal
spread is seen in about 19% of papillary carcinomas. Intraductal growth leads to
obstruction of the biliary tree, resulting in early clinical presentation and an overall
better prognosis [30].

Clinical Presentation

Most cases of GBC are detected incidentally during surgery for cholecystectomy,
or on histologic examination of a resected polyp or may be missed only to present
with recurrence during follow-up. Due to the vague or delayed symptomatic pre-
sentation of GBC, especially occurring in the background of acute cholecystitis,
the disease is usually diagnosed in late stages with dismal prognosis. GBC should
be considered in the differential diagnosis if an elderly patient (>65 years) pres-
ents with right hypochondrial pain, weight loss, anorexia, and jaundice. Mirizzi
syndrome (right upper quadrant pain due to common hepatic duct obstruction
caused by extrinsic compression from an impacted stone in the cystic duct or gall-
bladder), a complication of long-standing cholelithiasis, was shown to be associ-
ated with GBC in 5-28% of cases [32, 33]. Patients with advanced GBC may
present with a palpable gallbladder mass, hard nodular liver, malignant ascites
from carcinomatosis, and jaundice. The presence of jaundice in GBC usually por-
tends a poor prognosis [34]. Only about 20% of the patients have disease confined
to the gallbladder at the time of diagnosis. The majority (about 80%) have locore-
gionally advanced disease with invasion of adjacent structures or distant metasta-
ses leading to varied symptoms such as acute abdominal pain due to intestinal
perforation, ascites, paraneoplastic syndromes, neuropathy, and venous thrombo-
embolism [5]. GBC should be suspected in patients with a long-standing history
of chronic cholecystitis with gallstones who have sudden weight loss and have
developed new symptoms of pain.
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Diagnostic Evaluation
Imaging Studies

As in any other cancer management, preoperative imaging for tumor recognition
and staging play a key role in the appropriate management of
GBC. Roentgenographic studies have a relatively high sensitivity for the detection
of GBC in advanced stages, but imaging findings of early GBC lesions appear simi-
lar to more common benign entities. For example, it is difficult to differentiate
between cholecystitis and early carcinoma because thickening of the gallbladder
wall is a feature of both diseases [5]. Tumefactive sludge and adenomyomatosis are
also benign entities which in some cases can mimic early GBC. Nonetheless, an US
can identify findings that are suggestive of GBC such as intramural wall thickening
or calcification, polyps, irregular mass, loss of the interface between the liver and
gallbladder, or direct liver infiltration. The diagnostic accuracy of polyps or intra-
mural mass in the gallbladder by US is over 80% [20]. A gallbladder mass is shown
in Fig. 11.4 with corresponding CT images.

Although US may be a good initial test, it is not very helpful in evaluating extent
of locally advanced disease, involved lymph nodes or staging of disease [20]. To
better characterize potentially malignant gallbladder lesions, contrast-enhanced
magnetic resonance imaging (MRI) is the preferred imaging modality. GBC typi-
cally is heterogeneously hyperintense on T2-weighted images and relatively iso- or
hypo-intense on T1-weighted images (Fig. 11.5). All GBC show enhancement on
contrast-enhanced imaging, but note that imaging appearance can overlap with
chronic cholecystitis in early GBC. Focal or diffuse mural thickening of more than
1 cm is highly suggestive of GBC [35]. Early irregular enhancement along the mar-
gin and invasion into surrounding structures are also features of GBC. MRI of the

Fig. 11.4 Gallbladder carcinoma with metastatic spread. An 87-year-old male with prior history
of cholelithiasis and biliary colic presented with an upper abdominal mass on physical examina-
tion and obstructive jaundice. On ultrasound examination, there is a heterogeneous gallbladder
mass with internal vascularity (a). Subsequent staging CT axial and coronal images (b and c,
respectively) demonstrate an infiltrative gallbladder mass disrupting the enhancing gallbladder
wall mucosa and invading the liver (white arrow). Innumerable liver metastases are also seen
(white asterisks)
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Fig. 11.5 Gallbladder carcinoma with direct invasion into the adjacent liver. A 62-year-old male
with gallbladder cancer. Axial arterial phase postcontrast T1-weighted image (a), portal venous
phase postcontrast T1-weighted image (b), high b-value diffusion weighted image (c), and
T2-weighted image (d) all show thickened gallbladder wall infiltrating into the adjacent liver
(white arrow)

abdomen is preferred over CT as the former has a better diagnostic accuracy for
assessing metastatic spread to the hepatoduodenal ligament, portal vein encase-
ment, regional lymph nodes, and liver [20]. Multiphase MRI with arterial phase
images should be obtained to determine the degree of vascular involvement and
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anatomic course of the hepatic arteries relative to the tumor mass, which helps the
surgeon in determining resectability [20].

For a detailed metastatic survey for the presence of distant metastases, cross-
sectional imaging of the chest, abdomen, and pelvis should be obtained using mul-
tidetector contrast-enhanced CT [36]. Endoscopic ultrasound is useful for the
evaluation and biopsy of regional lymph nodes and should be considered when local
expertise is available. Unlike for other cancers, positron emission tomography
(PET) scan is not routinely used in GBC management, but it may be selectively
utilized when questionable or concerning features for regional or distant metastases
are apparent on CT, MRI, or endoscopic retrograde cholangiopancreatogra-
phy (ERCP).

Laboratory Evaluation

Laboratory studies are neither specific nor sensitive for the diagnosis of GBC. In
stage I and II disease, the liver enzymes may not be elevated unless the biliary tract
is obstructed. Elevated serum carcinoembryonic antigen (CEA) and serum carbohy-
drate antigen 19-9 (CA 19-9) in the setting of elevated alkaline phosphatase (ALP)
should raise the suspicion of biliary tract or pancreatic malignancy, and GBC should
be in the differential. However, it is important to note that serum CA 19-9 can also
be raised in the setting of benign biliary obstruction or inflammation, and hence,
the serum CA 19-9 should be interpreted cautiously.

Diagnostic Staging Laparoscopy

Metastases of GBC may not always be seen on diagnostic imaging studies.
Moreover, the presence of lymph node (LN) disease is often difficult to determine
preoperatively as abdominal CT and MRI have a detection rate of only about 24%
[37]. Hence, staging laparoscopy is usually performed for better staging of the
disease before proceeding to surgery. There is considerable debate about the util-
ity of diagnostic laparoscopy. Based on the analysis of a retrospective study, stag-
ing laparoscopy is high yield if T3 disease is suspected on imaging studies or the
patient had a poorly differentiated tumor or positive margins on the previously
excised mass [38]. To increase sensitivity, laparoscopy can be combined with
laparoscopic ultrasound to identify satellite lesions in the liver and other adjacent
structures in order to determine the anatomical extension of the tumor and to
evaluate for vascular invasion. Inter-aortocaval LN frozen-section evaluation dur-
ing staging laparoscopy further increases the sensitivity of detection of LN
metastases [39].



240

A. Mabhipal et al.

Table 11.2 AJCC/IUCC 8th edition TNM staging of gallbladder cancer

Primary tumor (T)

T
category | T criteria
X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ
Tl Tumor invades the lamina propria or muscular layer
Tla Tumor invades the lamina propria
T1b Tumor invades the muscular layer
T2 Tumor invades the perimuscular connective tissue on the peritoneal side, without
involvement of the serosa (visceral peritoneum)
Or tumor invades the perimuscular connective tissue on the hepatic side, with no
extension into the liver
T2a Tumor invades the perimuscular connective tissue on the peritoneal side, without
involvement of the serosa (visceral peritoneum)
T2b Tumor invades the perimuscular connective tissue on the hepatic side, with no
extension into the liver
T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver
and/or one other adjacent organ or structure, such as the stomach, duodenum, colon,
pancreas, omentum, or extrahepatic bile ducts
T4 Tumor invades the main portal vein or hepatic artery or invades two or more

extrahepatic organs or structures

Regional lymph nodes (N)

N N criteria

category

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

NI Metastases to one or three regional lymph nodes
N2 Metastases to four or more regional lymph nodes
Distant metastasis (M)

M M criteria

category

MO No distant metastasis

M1 Distant metastasis

Staging of GBC

GBC is staged using the American Joint Committee on Cancer-Tumor Node
Metastasis (AJCC TNM) staging system (Table 11.2). According to the eighth edi-
tion of the American Joint Committee on Cancer staging manual for gallbladder
carcinoma (effective January 1, 2018), primary gallbladder carcinoma can be clas-
sified as T1, confined to the lamina propria (T1a) and the muscle layer (T1b) of the
gallbladder; T2, extending to the serosa, further classified into T2a (peritoneal side
extension) and T2b (hepatic side extension) [40]; T3, perforating the serosa or
directly invading one adjacent structure such as liver, stomach, duodenum, colon,
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pancreas, omentum, or extrahepatic bile ducts; or T4, invading the main portal vein,
the hepatic artery, or multiple extrahepatic organs. GBC disseminates via lymphatic,
hematogenous, intraductal (cystic duct) and neural pathways, and intraperitoneal
“drop” metastases [41]. Lymphatic spread is present in more than half of the patients
at initial diagnosis and common sites of nodal metastases are nodes along the cystic
duct, common bile duct, hilar, hepatic artery and/or portal vein, periaortic, portaca-
val, superior mesenteric and celiac arteries. The disease is classified as N1 if one to
three positive nodes are involved, whereas N2 disease is four or more positive
nodes. T1 or T2 primary lesions without lymph node metastasis are classified as
stage IA or IB disease, respectively. Stage IIA represents T3 lesions without nodal
spread. T1, T2, or T3 lesions with N1 Ilymph node involvement are defined as stage
IIB. A T4 lesion without distant metastasis is considered stage III, and distant
metastases represents stage I'V. The most common sites of metastases are the liver,
peritoneum, lung, and brain.

Management of GBC

GBC is an aggressive malignancy often diagnosed at late stages, and surgery is the
only potentially curative option. Unfortunately, only one fourth of the patients will
undergo curative surgery. Surgical options are dependent on the staging of the dis-
ease and may involve the resection of one or more adjacent organs. Given the dismal
prognosis of metastatic GBC, attempts of curative surgery are limited to localized
resectable disease.

Surgical Management of GBC

Achieving a tumor-free surgical margin (RO resection) should be the primary goal
of the surgery as it forms one of the important prognostic indicators.

Management of Resectable GBC When Identified as an Incidental Mass
on Imaging Studies or Incidental Finding at Surgery

GBC patients should always be referred to a cancer center with available exper-
tise in its management. As per National Comprehensive Cancer Care network
(NCCN) guidelines version 1. 2017, any suspicious GBC mass need not undergo
preoperative biopsy as it may lead to peritoneal spread. If the diagnosis of GBC
is not conclusive, it is always prudent to have an intraoperative frozen section
evaluation followed by a definitive resection in case the pathology confirms can-
cer. As discussed above in the section “Diagnostic Staging Laparoscopy”, stag-
ing laparoscopy is recommended and is often combined with the surgical
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procedure. This staging laparoscopy gives a detailed picture to the surgeon, and
a stage-based surgical resection can be performed. In the event of incidental dis-
covery of GBC during a laparoscopic surgical procedure, it should be referred
promptly for definitive oncologic resection once the pathologic analysis is
finalized.

For stage 0-1 disease (T1aNOMO) (early GBC), simple cholecystectomy should
suffice as the risk of lymph node dissemination and residual cancer is low.
Retrospective studies demonstrate a >95% five-year survival in T1aNx disease
treated by cholecystectomy alone. No benefit has been demonstrated for re-
resection or more aggressive resection in Tla disease. However, utmost care must
be taken by the surgeon to avoid any biliary spillage as it may be contaminated
with malignant cells and may increase the chances of intraoperative spread of
cancer cells [42]. As the primary goal of the surgery is to achieve RO resection, in
Tla disease, if simple cholecystectomy did not achieve RO resection, the surgical
resection should be extended to involve lymphadenectomy, hepatic resection (seg-
ments IVB and V), and hepatic/biliary duct resection (performed in case of posi-
tive margins in the cystic duct). In contrast, in T1b disease, lymphadenectomy and
hepatic segmental resection (IVB and V) along with cholecystectomy have shown
reduced recurrence rates compared to simple cholecystectomy alone (2% vs.
12.5%) [43].

Due to the involvement of deeper layers of the gallbladder and the high probabil-
ity of lymphatic, perineural, and vascular metastases in stage II and III (T1b, T2,
and T3; NO-1) disease, surgical resection involving extended cholecystectomy,
extended lymphadenectomy (including celiac/superior mesenteric artery lymph
nodes), and hepatectomy (segments IVA, V) is indicated in patients deemed to be
appropriate surgical candidates [2]. It is important to note that the extent of surgery
is determined by the resection required to achieve a RO margin. Early series advo-
cated increasingly aggressive “standard” resections for GBC with improvements in
long-term outcome. However, it is likely that these aggressive resections improved
outcomes by improving the RO resection rates. Routine major hepatectomy involv-
ing the caudate lobe of the liver and extensive hepatic resection beyond the IVA and
V segments are associated with higher postoperative morbidity and not associated
with survival benefit [44, 45]. Hence, the surgeon should aim to achieve the RO
resection with as limited a resection as possible [43]. Having said that, major hepa-
tectomies are indicated in case of nonachievability of RO resection with limited
resection or if the tumor invades the main vasculature of the liver [2]. Similarly,
routine resection of the common bile duct does not improve outcomes but is indi-
cated in patients with preoperative jaundice, a positive cystic duct margin, or evi-
dence of bile duct invasion on preoperative imaging [2, 46].

Though surgery is the only potentially curative therapy for GBC, outcomes may
be poor even after complete resection, particularly in stage III (T3 and/or node-
positive) disease. Adjuvant chemotherapy and radiotherapy are commonly adminis-
tered in margin positive resections and node positive disease. Postsurgical adjuvant
therapy is discussed in detail in the section “Role of Adjuvant Therapy in the
Management of GBC”.
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Management of Resectable GBC When Identified on Postsurgical
Pathology Review

In case of Tla disease, if the prior surgery achieved negative margins, close moni-
toring and periodic surveillance are recommended. In case of disease recurrence, if
the patient is a surgical candidate (based on the medical comorbidities and stage of
the disease), extended surgical resection to achieve RO resection can be considered.
Based on previous studies, patients who had incidental diagnosis of T1b or greater
GBC based on the postsurgical pathology review required a second procedure.
Despite the increased surgical risk of a second procedure, reoperation with success-
ful RO resections has shown significant improvements in overall survival (OS) [47—
50]. Laparoscopic port site disease is often seen in patients with T2 and T3 disease
and correlates with peritoneal spread. Given the correlation with peritoneal spread
and the lack of benefit in OS, port site resection is not recommended during reopera-
tion [43]. A recent multi-institutional retrospective analysis that evaluated the opti-
mal time to reoperation concluded that surgeries performed between 4 and 8 weeks
from the initial surgery are associated with better outcomes. One possible explana-
tion for the better results for surgeries performed between 4 and 8 weeks is that the
4 weeks time frame allows the initial surgical inflammation to resolve, leading to a
better appreciation of cancer spread. Moreover, waiting >8 weeks may allow dis-
ease dissemination yielding poor results.

Criteria for Unresectability of GBC

Contraindications to curative surgery include the presence of stage IV disease with
liver metastasis, distant/extrahepatic metastases, peritoneal disease, malignant asci-
tes, evidence of extensive hepatoduodenal ligament involvement, distant nodal dis-
ease (para-aortic lymph nodes), and major vessel involvement that is not amenable
to vascular resection and reconstruction. It is important to note that T3 disease with
direct involvement of the duodenum, colon, or liver may be amenable to surgery if
an RO en bloc resection can be achieved without significant morbidity. Although
curative surgery is contraindicated in extensive stage IV disease, palliative chole-
cystectomy may be performed in select cases with recurrent episodes of cholecysti-
tis, especially when other options like endoscopic stenting have failed.

Role of Surgery in Unresectable or Stage IV GBC

For patients with regional nodal involvement, radical resection yields a 5-year over-
all survival (OS) of 10-28% [51, 52]. In contrast, surgery may not be beneficial in
prolonging survival for patients with distant metastatic nodal disease (involvement
beyond the hepatoduodenal ligament, pancreaticoduodenal area, and along the com-
mon hepatic artery area) [51]. Simple cholecystectomy may be performed in GBC
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with extensive nodal involvement, unresectable disease, or stage I'V disease for pal-
liative purposes when other maneuvers like endoscopic stent placement or biliary
bypass have failed or if the patient suffers from recurrent episodes of cholecys-
titis [2].

Only 20-30% of patients with GBC can undergo surgical resection as the disease
is most often diagnosed at late stages when surgery may not prolong survival. For
patients who are not good surgical candidates, palliative therapy with external beam
radiotherapy (EBRT), systemic chemotherapy, and/or enrollment into clinical trials
are available options.

Role of Adjuvant Therapy in the Management of GBC

Despite achieving RO resection of the primary tumor, outcomes in GBC are gener-
ally poor, especially when the disease has spread to adjacent organs at the time of
presentation. The risk of recurrence and metastatic spread of GBC is directly related
to the T stage at the time of diagnosis. Though radical excision of the cancerous
lesion followed by adjuvant therapy is the mainstay of treatment, the data support-
ing the adjuvant approach are conflicting.

Role of Adjuvant Radiotherapy and Chemoradiotherapy

The current literature on the role of adjuvant radiotherapy or chemoradiotherapy in
the management of GBC is primarily derived from retrospective institutional and
national database analyses. The lack of data from randomized trials makes it hard to
determine whether there is an overall survival benefit. Nonetheless, many, but not
all, retrospective analyses have shown favorable outcomes in prolonging survival,
with the greatest benefits in the high stage tumors, node positive disease, and R1
resections [53, 54].

Analysis of the SEER database (1992-2002) showed that patients who received
postsurgical radiotherapy had a significantly longer median survival than their
counterparts who did not receive radiotherapy (14 months versus 8 months;
p < 0.0001). Patients who had lymph node metastases (16 months vs. 5 months;
p <0.0001) and higher stage (T3 stage) (14 months vs. 11 months; p =0.01) benefit-
ted the most. In comparison, patients with stage 1 disease did not appear to benefit
from radiotherapy. A recent multi-institutional retrospective analysis found survival
benefits in GBC patients who received postoperative adjuvant chemotherapy (haz-
ard ratio [HR] 0.38, 95% CI: 0.23-0.65) and chemoradiotherapy (HR 0.26, 95% CI:
0.15-0.43) [55]. The survival benefit of adjuvant therapy was specifically seen in
the patients with T3/T4 disease, lymph node metastases at presentation, and who
had R1 resection. Benefit for radiotherapy alone, chemotherapy alone, and chemo-
radiotherapy is further supported by a National Cancer Database (NCDB) analysis
that showed improved 3-year overall survival (chemotherapy, HR: 0.77 [95% CI:
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0.61-0.97]; radiotherapy, HR: 0.63 [95% CI 0.44-0.92]; and chemoradiotherapy,
HR: 0.47 [95% CI: 0.39-0.58]). However, neither of the therapies showed a survival
advantage in TINO stage disease [56]. Selected radiotherapy and chemoradiother-
apy studies in GBC are summarized in Table 11.3. The results of these retrospective
analyses are to be interpreted with caution as there might be a component of selec-
tion bias as fitter and relatively younger patients received adjuvant therapy. In con-
trast, an NCDB analysis showed that patients who had larger primary tumors,
advanced stage, and lymph node metastases had a higher likelihood of receiving
adjuvant therapy.

A recent multicenter phase II trial (Southwest Oncology Group S0809) evaluated
the safety and efficacy of postoperative combined modality therapy in patients with
resected EHCC or GBC [57]. Therapy consisted of four cycles of gemcitabine and
capecitabine, followed by conformal radiotherapy (45 Gy to regional lymphatics
and 54-59.4 Gy to the tumor bed) and concurrent capecitabine. Twenty-five patients
enrolled had GBC, with most having stage III-IV disease and/or positive surgical
margins. Two-year overall survival, disease-free survival, and local recurrence rates
were 56%, 48%, and 8%, respectively. These data provide evidence in support of
this regimen in patients with resected GBC at high risk for recurrence.

Improving Safety of Radiotherapy: Despite the potential benefits of radiotherapy
in the management of GBC, the dose of radiotherapy is limited by the proximity of
the disease to vital structures including the bowel, liver, and kidneys. The risk of
acute and late treatment-related adverse effects may be minimized by the use of
advanced radiotherapy techniques such as three-dimensional conformal radiother-
apy (3D-CRT), intensity-modulated radiotherapy (IMRT), and proton beam radio-
therapy. Specifically, IMRT may reduce radiation exposure to the liver and right
kidney [58]. A preliminary study evaluated the feasibility of IMRT with image guid-
ance for target localization in ten patients with GBC [59]. The median prescription
dose was 59 Gy. Treatment was well tolerated with only one patient experiencing
grade 3 toxicity. Recently, a retrospective study evaluated the use of neoadjuvant
chemoradiotherapy using IMRT for 28 patients with locally advanced GBC [60].
Patients received a median dose of 57 Gy in 25 fractions to the primary tumor and
involved lymph nodes and 45 Gy in 25 fractions to the at-risk regional lymph nodes.
Three patients (11%) experienced grade 3 acute treatment-related adverse events
during chemoradiotherapy. Two patients experienced grade 3 late treatment-related
adverse events after RT. An example of an IMRT treatment plan for gallbladder
cancer is shown in Fig. 11.6.

Role of Adjuvant Chemotherapy in the Management of GBC

Chemotherapy, given either alone or in combination with radiotherapy is used as adju-
vant therapy following surgical resection of the primary tumor. Chemotherapy is also
used in GBC patients with locally advanced unresectable disease or in patients with
metastatic disease. As discussed in the section “Role of Adjuvant Radiotherapy and
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Table 11.3 Selected studies that evaluated adjuvant radiotherapy and chemoradiotherapy in
gallbladder cancer

Study Regimen Significance/outcome Comments
Mitin T National Cancer Data | Adjuvant chemoradiotherapy | Apparent benefit of
et al. [56] Base (NCDB) (HR 0.47) and chemotherapy | adjuvant therapy was
(n=5029) | retrospective analysis (HR 0.77) were associated | seen in all subgroups
(2005-2013) with better survival except TINO patients.
The magnitude of benefit
was greatest in patients
with N+ disease or
positive margins
Mojica P SEER retrospective Median survival of Adjuvant radiotherapy
etal. [108] |analysis (1992-2002) 14 months with adjuvant was used in 17% of
(n=31w87) radiotherapy vs. 8 months cases. Radiotherapy was
with no adjuvant associated with survival
radiotherapy (p < 0.0001) benefit in patients with
regional spread
(p =0.0001) and tumors
infiltrating the liver
(»p=0.011)
Gold etal. | Adjuvant therapy with | Overall, no significant Retrospective study of 48
[105] 5-fluorouracil difference in median OS was | patients who received no
(n="173) chemotherapy noted between the adjuvant therapy and 25
concurrently with chemoradiation (4.8 years) | patients who received
radiotherapy (median vs. no therapy (4.2 years) adjuvant
dosage, 50.4 Gy in 28 | groups. After adjusting for T, | chemoradiotherapy
fractions) N category and histologic
features, chemoradiotherapy
was associated with
improved survival (hazard
ratio for death, 0.3; 95%
confidence interval,
0.13-0.69; p = 0.004)
Cho SY Adjuvant chemotherapy | Disease-free survival in Adjuvant
etal. [109] | with 5-fluorouracil or | adjuvant therapy group was | chemoradiotherapy was
(n=100) cisplatin + capecitabine | higher compared to no associated with improved
or gemcitabine adjuvant therapy group in survival in lymph node
concurrently with lymph node positive disease | positive disease only
radiotherapy (dosage, | only (p = 0.0006)
45 Gy in 25 fractions
for 25 days)
Gonzalez Abdominal irradiation | Five-year OS was higher in | Evaluation of the role of
ME et al. (20 Gy at 100 cGy adjuvant chemoradiotherapy | adjuvant
[110] daily) plus a boost to cohort as compared to no chemoradiotherapy in
(n=67) the tumor bed for a total | adjuvant therapy cohort T1b-3 NO-1MO disease

of 45-59.4 Gy +
fluoropyrimidines

(57% vs. 27%) (p = 0.005)
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Table 11.3 (continued)
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Study Regimen Significance/outcome Comments
Kimetal. |Gemcitabine, Receipt of Only patients with T3/T4
[55] gemcitabine + cisplatin | chemoradiotherapy was disease, R1 disease,
(n=291) in 67% of the patients + | associated with better OS as | lymph node metastasis
radiotherapy (no compared to surgery-only had benefit with
specific mention on the | group (HR: 0.26, p <0.001) | chemotherapy or
type of chemotherapy chemoradiotherapy
received in about 33%
of patients)
Gu B etal. | Adjuvant radiotherapy | Propensity score matched Disease-free survival was
[111] with concurrent mono | analysis of patients with also high in adjuvant
(n=94) chemotherapy surgery + chemoradiotherapy | chemoradiotherapy group
(capecitabine or S-1) or | and surgery only. Median as compared to
2-drug chemotherapy survival was higher in surgery-only group (23
(oxaliplatin combined | patients who received vs. 7 months; p = 0.004)
with 5-fluorouracil adjuvant chemoradiotherapy | in stage II-IVA GBC
(5-FU) / capecitabine/ | as compared to surgery alone | patients
gemcitabine) (27 vs. 13 months;
p =0.004)

Fig. 11.6 Intensity-modulated radiotherapy (IMRT) plan for a patient with locally advanced,
unresectable gallbladder adenocarcinoma. Treatment was delivered in 25 fractions over 5 weeks
with concurrent capecitabine. The gallbladder primary tumor and involved portocaval lymph node
(red volume) received a dose of 56.25 Gy, and the regional lymph nodes (cyan volume) received
45 Gy. Volumes receiving 56.25 Gy (white), 45 Gy (blue), 30 Gy (magenta), and 20 Gy (yellow)
are shown

Chemoradiotherapy”, given the rarity of GBC, most of the data are obtained from ret-
rospective analyses, and most studies grouped all patients with biliary tract cancer,
including cholangiocarcinoma and GBC. Though the two cancer types are often ana-
lyzed in combination, subgroup analyses showed discordant responses to the therapy
[61, 62]. Moreover, compared to advanced cholangiocarcinoma (median OS:
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Table11.4 Prospective randomized trials of chemotherapy in the management of gallbladder cancer

Study Regimen Significance/outcome Comments
Takada Mitomycin C (6 mg/m? IV) at | GBC patients who received Multivariate
etal. [112] | the time of surgery and 5-FU | adjuvant chemotherapy had a | analysis
(n=112 | (310 mg/m?IV) in 2 courses | better 5-year survival showed a tendency
GBC) of treatment for 5 consecutive | compared to the surgery-only | to lower recurrence
days during postoperative group (26 vs. 14.4%, p = 0.03). | rate and lower risk
weeks 1 & 3, followed by A similar trend in DFS was of mortality
5-FU (100 mg/m? orally) noted (20% vs. 13%, p =0.02) | (p > 0.05)
daily from postoperative week
5 until disease recurrence
Primrose | Adjuvant capecitabine Per protocol analysis, median | The study included
et al. [65] | (1250 mg/m? D1-14 every OS was better in all biliary tract
n=179 21 days, for 8 cycles) vs. no | the capecitabine group cancers, and
GBC) adjuvant therapy compared to no adjuvant survival analysis
therapy (53 months vs. included all biliary
36 months, p =0.02) tract cancers
Edeline Postsurgical adjuvant No significant difference in French multicenter
etal. [113]  gemcitabine + oxaliplatin relapse-free survival between | study. No GBC
(n=196 | (GEMOX) 85 for 12 cycles the cohorts. Though quality of | specific analysis
biliary vs. no adjuvant therapy life did not change with was performed
tract GEMOX, it was associated
cancers) with high rates of peripheral
neuropathy (50 vs. 1%) and
neutropenia (22 vs. 0%)
compared to no adjuvant
therapy

24-44 weeks), GBC is a more aggressive disease (median OS: 12 weeks) [63]. Genomic
analyses of resection specimens of the two types of cancers show varying rates of driver
genomic mutations, including KRAS, isocitrate dehydrogenase (IDH1/2), and fibroblast
growth factor receptor 2 (FGFR?2) and differences in gene expression [64]. Despite the
differences in the aggressiveness and molecular pathogenesis of GBC and biliary tract
cancers, randomized controlled trials usually combine the two cancers in the survival
analyses, and GBC comprise a relatively small number of the patients analyzed (36%
in the Advanced Biliary Cancer [ABC]-02 trial and 18% in the BILCAP trial) [65, 66].

Previous retrospective studies suggested some degree of benefit from adjuvant
chemotherapy [67—69]. Few prospective randomized trials have been conducted,
and the small number of patients with GBC enrolled in these trials compromises
interpretation of the results (Table 11.4).

Encouraging results of improved median survival (53 vs. 36 months, HR 0.75,
95% CI: 0.58-0.97) were seen in the phase III BILCAP trial that evaluated
capecitabine as adjuvant therapy (1250 mg/m2 DI1-14 every 21 days, for
8 cycles/6 months) in biliary tract cancers including GBC (n =79, 18% of total bili-
ary tract patients enrolled) [65]. Patients with Tla GBC were excluded from this
clinical trial. In the subgroup analysis of GBC patients, survival was numerically
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better in the capecitabine arm (HR of 0.84, [95% CI: 0.43-1.63]; p = 0.097). In the
intention to treat analysis, median relapse-free survival (RFS) of the capecitabine
group was 25 months (95% CI: 19-37 months), whereas the observational group
had an RFS of 18 months (95% CI: 13-28 months). Common grade 3—4 adverse
events included plantar palmar erythema (21%), fatigue (8%), diarrhea (8%), neu-
tropenia (2%), nausea (1%), stomatitis (1%), and hyperbilirubinemia (1%).
Interestingly, high rates of R1 resections (38%) were reported in this trial. The ben-
efit of adjuvant chemotherapy was more pronounced in patients with RO resection
compared to those with R1 resection (HR: 0.73 vs. 0.90).

It is important to note that these randomized trials had only limited numbers of
cases of GBC. Nonetheless, given the modest survival advantage, tolerable toxicity
profile, and extrapolation from clinical trials in the metastatic setting, platinum-
based compounds were often combined with gemcitabine [66]. However, the
BILCAP study has established capecitabine as a new standard of care option for
resected GBC.

Role of Neoadjuvant Therapy in the Management of GBC

Neoadjuvant therapy is currently being employed in locally advanced gastrointesti-
nal malignancies with the primary aim of downstaging the disease and achieving RO
resection. There are limited data in the treatment of GBC in the neoadjuvant setting.
An Indian prospective case series that evaluated the role of neoadjuvant chemo-
therapy with gemcitabine and cisplatin in locally advanced disease concluded that
83.3% (15/18) of patients had a good radiological response and 56.3% (9/16
patients) achieved RO resection [70]. The study concluded that neoadjuvant chemo-
therapy may downsize the tumor in approximately half of patients, allowing RO
resection. Similarly, encouraging results were seen in a retrospective analysis that
evaluated gemcitabine and cisplatin neoadjuvant chemotherapy in locally advanced
GBC. A total of 17/37 patients (46%) could undergo RO resection, and the patients
who underwent surgery had a significantly better progression-free survival and OS
[71]. A retrospective case series from India demonstrated the feasibility of adminis-
trating neoadjuvant concurrent chemoradiotherapy for locally advanced (stage III)
gallbladder cancer [60, 72]. Of the 28 patients treated, 71% experienced partial or
complete radiologic response, and 56% underwent RO resection. Overall survival at
5 years was 24% for all patients and 47% for patients with an RO resection. A
single-arm prospective phase II study in Chile evaluated the feasibility of neoadju-
vant chemoradiotherapy for potentially resectable gallbladder cancer [73]. Eighteen
patients with stage II-IV disease received preoperative RT (45 Gy in 25 fractions)
with concurrent 5-FU. Thirteen patients (72%) underwent potentially curative
resection, and of these seven (54%) were alive and free of disease recurrence at a
median follow-up of 2 years. To better characterize the benefit of neoadjuvant ther-
apy in GBC, large prospective studies are needed to assess the rates of downsizing
and resectability.
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Management of Advanced GBC
Palliation of Obstructive Jaundice

Due to infiltration of the common hepatic duct, jaundice is a presenting complaint
in 30-60% of patients with advanced GBC. In GBC patients presenting with jaun-
dice, baseline CA 19-9 should be drawn after biliary drainage as it might be falsely
elevated in patients with biliary obstruction. The CA-19-9 level can be followed
every 3—4 months to determine the progression of the disease. Biliary drainage can
be achieved by either percutaneous or endoscopic stenting. A randomized controlled
trial evaluated percutaneous transhepatic biliary drainage vs. endoscopic stenting
methods of biliary drainage in 54 patients with advanced GBC [74]. Though sur-
vival was same in both arms, the percutaneous procedure was associated with better
success rates (89% vs. 41%) and lower rates of cholangitis (48 vs. 11%). Despite the
lower rates of cholangitis and high success rates with percutaneous procedure, in
practical settings, the percutaneous procedure is associated with higher patient dis-
comfort due to open external drainage and comparatively higher rates of bile leak
and bleeding [75].

Role of Radiotherapy and/or Chemoradiotherapy in Advanced GBC

Limited data exist on the role of radiotherapy in advanced unresectable GBC, and
the available data are mainly obtained from the small number of GBC cases included
in studies that evaluated all biliary tact cancers [68, 76]. Given this limited data,
patients with unresectable GBC should be encouraged to participate in clinical trials.

Despite uncertainty in survival benefit, chemoradiotherapy is an acceptable
choice for locoregional therapy of a locally advanced unresectable GBC in selected
cases. Chemotherapy, especially fluoropyrimidine based, is frequently administered
in addition to radiotherapy [68]. Systemic chemotherapy should be used as a first
choice in advanced disease; and radiotherapy may be considered in patients with
localized unresectable disease without metastases after initiation of first-line che-
motherapy [77].

Role of Systemic Chemotherapy in Advanced GBC

Gemcitabine and fluorouracil-based therapies are commonly evaluated systemic
therapies for treatment of GBC in the palliative setting. The oral fluoropyrimidine
derivative, capecitabine, alone or in combination with cisplatin or oxaliplatin
showed encouraging results of marginal survival benefit in unresectable GBC [78-
80]. Similar encouraging results were reported in another study that evaluated
capecitabine in combination with oxaliplatin [79]. The therapy was well tolerated,
and the study concluded that of 27 unresectable GBC patients, one had complete
response, 7 had partial response, and 9 had a stable disease, with a total disease
control rate of 63% and median survival of 11.3 months.
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Gemcitabine, either alone or in combination, has been extensively studied in
patients with GBC (Table 11.5). Three phase II trials that evaluated gemcitabine
alone in unresectable GBC concluded that the drug was well tolerated with response
rates ranging from O to 30% [81-83]. Gemcitabine was also evaluated in combina-
tion with capecitabine in three phase II trials of metastatic, unresectable GBC [84—
86]. Results of the three trials showed a response rate of about 30% with a median
OS of 13—-14 months. This combination regimen was well tolerated, with neutrope-
nia and thrombocytopenia as the most significant toxicities.

In addition, gemcitabine was also evaluated in combination with cisplatin or
oxaliplatin in phase II and III trials, and the results (response rates and median OS)
were encouraging. In gemcitabine plus cisplatin combination phase II trials,
response rates of 21-34.5% and median OS of 9.3—11 months were noted [87-90].
The combination was also evaluated in a phase III randomized trial (ABC-02 trial),
which also demonstrated similar encouraging results making it the current standard
of care therapy in unresectable GBC [91]. In this clinical trial of 410 patients with
biliary tract cancers, 149 subjects had GBC. Compared to gemcitabine monother-
apy, the combination therapy resulted in a better progression-free survival (8.4 vs.
6.5 months; HR: 0.72; 95% CI: 0.57-0.90; p = 0.003) and OS (11.7 vs. 8.3 months;
HR:0.70; 95% CI: 0.54-0.89; p = 0.002). The combination therapy was tolerated
well without significant added toxicity. In addition, the rate of tumor control was
significantly increased among patients in the combination therapy group (81.4% vs.
71.8%, P = 0.049). In the GBC subgroup, 37.7% of the patients receiving combina-
tion therapy had a partial response compared to 21.4% with single agent gem-
citabine. Adverse events were similar in both the cohorts. Though neutropenia was
more frequent in the cisplatin—gemcitabine group, the number of neutropenia-
associated infections was similar in the two groups.

The gemcitabine—oxaliplatin combination was evaluated in phase II trials [92—
94]. The regimen was well tolerated even among patients with higher ECOG scores
reflecting poor functional status. A phase III trial of 260 patients compared the com-
bination of gemcitabine—cisplatin with gemcitabine—oxaliplatin in unresectable and
metastatic GBC patients [95]. The objective response rates (23% vs. 24%) and
median OS (8 vs. 9 months) were similar in both treatment cohorts; however, the
combination of gemcitabine and oxaliplatin had more grade 1 or 2 peripheral neu-
ropathy and grade 3 or 4 diarrhea.

Gemcitabine has also been evaluated in combination with fluorouracil-leucovorin
and carboplatin. Patients who received the combination with fluorouracil-leucovorin
had modest improvements in progression-free survival but it was not superior to
gemcitabine alone [96, 97]. In a phase II trial that evaluated the combination of
gemcitabine and carboplatin in a group of 20 patients with advanced GBC, 4 patients
(21%) achieved a complete response and 3 (15.7%) had a partial response with an
overall response rate of 36.7% [98]. Grade III and IV side effects of anemia, neutro-
penia, and thrombocytopenia were observed in a few patients.

Based on the above data, the combination of gemcitabine and cisplatin is the
standard of care for first-line treatment of advanced GBC. The combination of gem-
citabine and oxaliplatin is also a reasonable choice. Other alternative regimens
include single-agent gemcitabine, gemcitabine and carboplatin, or 5-FU-based
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Table 11.5 Gemcitabine-based systemic chemotherapy trials of unresectable gallbladder cancer

Study

Regimen

Significance/outcome

Comments

Kubicka et al.[81]
(n=23
cholangiocellular
carcinoma)

Gemcitabine weekly
(3 times/month)

Seven/23 patients had
clinical benefit (overall
response rate of 30%)

Nausea and neutropenia
were most commonly
noted side effects

No GBC specific analysis
was performed

Mezger et al. [82]
(n =13 biliary
tract cancers)

Gemcitabine

1000 mg/m? weekly
for 7 weeks, then
cycles of 3 weeks
with 1 week pause

Only 1 patient had partial
remission lasting more
than 5 months. No
survival advantage
demonstrated

No GBC specific analysis
was performed

Penz et al. [83]
(n =32 biliary
tract cancers)

Gemcitabine

2200 mg/m? every

2 weeks for a
duration of 6 months

Seven / 32 (22%) patients
had a partial response.
14/32 (44%) had stable
disease

3/32 patients developed
grade 3 hematologic
toxicities

Knox et al. [84]
(n=20)

Capecitabine at
650 mg/

m? + Gemcitabine
1000 mg/m?

Median OS was

14 months. Median
progression-free survival
was 7 months (95% CI:
4.6—-11.8 months)

Most common side
effects observed were
transient neutropenia,
thrombocytopenia,
fatigue, and hand-foot
syndrome. No GBC
specific analysis was
performed

Cho et al. [85]
(n=17)

Capecitabine at
650 mg/

m? + Gemcitabine
1000 mg/m?

Median time to disease
progression and OS were
6.0 and 14 months,
respectively. The 1-year
survival rate was 58%

No grade 4 adverse
events were seen. No
GBC specific analysis
was performed

Riechelmann
et al. [86]

(n =175 biliary
tract cancers)

Capecitabine at
650 mg/

m? + Gemcitabine
1000 mg/m?

Overall response rate was
29% (95% CI: 19.4—
41%), with a median
duration of 9.7 months. 3
patients achieved
complete responses, with
a median duration of

17 months. The median
progression-free survival
and OS were 6.2 and
12.7 months, respectively

No GBC specific analysis
was performed

Meyerhardt et al.
[87]

(n =33 biliary
tact cancers)

Gemcitabine at
1000 mg/m? and
cisplatin at 30 mg/m?

Seven/33 (21%)
experienced a partial
response; 12/33 (36%)
had stable disease for

3 months. The median
progression-free survival
and OS were 6.3 and

9.7 months, respectively.
After 1 year, 39% of
patients were alive

Most common grade 3—4
hematologic toxicities
were neutropenia,
thrombocytopenia and
anemia
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Table 11.5 (continued)

Study Regimen Significance/outcome Comments
Thongprasert Gemcitabine at Partial response was seen | Anemia and leukopenia
et al. [88] 1000 mg/m? and in 11/40 (27.5%), 13/40 | were common grade 3
(n =40 biliary cisplatin at 30 mg/m?* | (32.5%) had stable hematologic toxicities
tract cancers, 1 disease and/or minor
GBC) response. Median
survival time was
36 weeks
Kim et al. [89] Gemcitabine at Ten/29 had partial Grade 3 and 4
(n =29 biliary 1000 mg/m? days 1 | response. None had hematologic toxicities
tact cancers) and 8; cisplatin at complete response. seen were neutropenia
60 mg/m? every Overall response rate was | (14%) and anemia (3%)
3 weeks 34.5%. 4129 (13.8%) had
stable disease. Positive
correlation of CA 19-9
increase with disease
progression

regimens. Figure 11.7 shows a flow diagram summarizing the overall management
of gallbladder carcinoma.

Role of Molecular-Targeted Therapy

The molecular pathology of GBC is discussed in detail in section “Pathology of
GBC”. The characteristic molecular features include mutation of KRAS, TP53, and
pl6/CDKN2/INK4A, as well as human epidermal growth factor receptor (HER)-2/
Neu amplification. Angiogenic-inflammatory pathway gene mutations in cyclooxy-
genase-2 [COX-2], nitric oxide synthase [iINOS], and vascular endothelial growth
factor [VEGF] are also implicated in the pathogenesis of GBC.

Tyrosine kinase inhibitors, erlotinib and lapatinib, that act by blocking the EGFR
pathway (lapatinib also blocks the HER2/EGFR2 pathway) were evaluated in
advanced biliary tract cancers (erlotinib) and GBC (lapatinib). These tyrosine kinase
inhibitors resulted in modest benefit (~17% progression-free survival) at their best,
and all responding patients had mild skin toxicity (grades 1 and 2). A multicenter,
randomized phase II trial evaluated the combination of cetuximab (an EGFR inhibi-
tor) with gemcitabine—oxaliplatin in unresectable biliary tract cancers (24% patients
had GBC) [99]. The addition of cetuximab resulted in improved 4-month
progression-free survival compared to the gemcitabine—oxaliplatin group (61% vs.
44%). Toxicity was comparable in both groups with slightly higher rash/hypersen-
sitivity reactions in the cetuximab group.

Sorafenib, a tyrosine kinase inhibitor that targets VEGFR-2, 3 and platelet-
derived growth factor and less potently BRAF kinases was evaluated in a phase 11
clinical trial involving unresectable or metastatic GBC or cholangiocarcinoma
(n = 31) [100]. Twenty-nine % of the patients had stable disease and median
progression-free survival was 2 months. Grade 3 or 4 toxicities were significant,
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affecting about two-thirds of the patients. One patient died of supraventricular
tachycardia and thromboembolism.

Bevacizumab, a humanized monoclonal antibody against VEGF, was evaluated
in a phase II trial in combination with gemcitabine and oxaliplatin in unresectable
biliary tract cancers (28% [n = 10] of enrolled patients had GBC) [101]. In the
subset of GBC patients, the median progression-free survival and OS were 6.1 and
8.5 months, respectively. Most common side effects noted were grade 3 or 4 hyper-
tension (n = 5), proteinuria (n = 1), thrombosis (n = 2), and cardiac ischemia
(n =1). Bevacizumab was also evaluated in combination with erlotinib in a phase
II trial in biliary tract cancers (n = 53; 10 patients with GBC and 43 with non-
GBC) [102]. This biologic combination regimen resulted in stable disease in 51%
of patients; the median OS of the entire group was 9.9 months. It is important to
note that the results of the study were not stratified based on the tumor location and
so cannot be extrapolated to GBC. Another study evaluated the addition of bevaci-
zumab to gemcitabine and oxaliplatin (GEMOX) [103]. The combination was
associated with a better progression-free survival compared to GEMOX therapy
(6.5 vs. 3.7 months, p = 0.049). No significant difference in adverse events was
noted between the groups.

Although these biologic agents are promising, more definitive randomized stud-
ies are required to define the role of antiangiogenic agents in advanced GBC, par-
ticularly among those harboring KRAS and BRAF mutations.

Role of Immunotherapy

Given the background of chronic inflammation in the pathogenesis of GBC, immu-
notherapy may be a potentially attractive targeted therapy [104]. A couple of tumor-
related antigens have also been identified in gallbladder carcinoma — Wilms tumor
1 (WT1) and mucin-1 (MUC-1) in 68-80% and 90% of gallbladder cancers, respec-
tively [105]. Trials of both a dendritic-based cell vaccine against WT-1 and MUC-1
antigens, as well as a randomized trial of chemotherapy and a WT1 vaccine in
patients with advanced GBC have been described [106]. In addition, in the interim
analysis of a phase II trial (KEYNOTE-028, NCT02054806) that evaluated the role
of pembrolizumab in advanced biliary tract cancer (including GBC), 34% (n = 8) of
patients with positive PD-L1 expression had a partial response or stable disease
[107]. Half of the patients (52%, n = 12) had progressive disease.

The role of pembrolizumab alone (NCT03260712) in advanced GBC is being
evaluated in a phase II clinical trial. This trial will hopefully provide us with
more details about the role of immune-targeted therapy in advanced, inoperable
GBC. A phase II clinical trial of nivolumab (NCT02829918) in patients with
advanced biliary tract cancers including GBC is also currently underway. These
and other clinical trials will help in defining the role of checkpoint inhibitors in
patients with GBC.
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Conclusion

GBC continues to represent a major challenge in gastrointestinal oncology and
often has a dismal prognosis. Surgical resection remains the mainstay of treatment
if diagnosed at an early stage. The roles of chemotherapy and chemoradiotherapy in
the neoadjuvant and adjuvant settings remain to be defined in randomized, prospec-
tive clinical trials. Recent clinical trials have suggested a survival benefit for
capecitabine as adjuvant therapy. Molecularly targeted agents that inhibit angiogen-
esis and EGFR and BRAF pathways are currently being evaluated in clinical trials,
and patients with unresectable GBC should be highly encouraged to enroll in these
trials. Despite being a distinct entity compared to other biliary tract cancers, GBCs
have been frequently combined with other biliary tract cancers in therapeutic stud-
ies. This has prevented a true understanding of the most effective treatment options.
Given the relative rarity of GBC, collaboration across academic and community
centers with experience in the management of these cancers will be necessary to
achieve continued progress in the field and to obtain better outcomes for our patients.
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Chapter 12
Cystic Lesions of the Liver

Newton B. Neidert and Sudhakar K. Venkatesh

Introduction

Cystic lesions of the liver are frequently encountered on abdominal imaging studies
and represent a spectrum of fluid-filled lesions within the liver parenchyma. Hepatic
cystic lesions have an estimated prevalence of up to 15-18% in the United States
[1]. While the majority of these lesions are benign simple cysts, some can be prema-
lignant or malignant cystic lesions. There are key imaging features of these cystic
lesions that prompt further diagnostic evaluation to differentiate benign simple cysts
from premalignant and malignant cystic lesions. Additionally, although many of
these cystic lesions are asymptomatic, hepatic cystic lesions can become symptom-
atic and need intervention for relief of symptoms. The focus of this chapter is to
describe the different types of common hepatic cystic lesions, highlight multimo-
dality imaging characteristics, and review the different management strategies.
Parasitic cysts and abscesses are discussed in the chapter on infections within this
book (Chap. 5).

Simple Cysts

Simple cysts account for the majority of hepatic cystic lesions and have a prevalence
of 3-18% [2—4]. Simple cysts are often multiple and less than 10 in number. When
more than 10 cysts are present, the possibility of polycystic liver disease should be
considered. Simple cysts are characterized by a thin, smooth wall and are lined with
cuboidal biliary epithelium that secretes a serous fluid [5]. While believed to be a
result of an aberration in biliary development, simple hepatic cysts have no
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Fig.12.1 Examples of simple cysts of the liver on ultrasound. Small cyst in the dome of right lobe
of the liver (a), large cyst in the right lobe (b), small septate cyst (c), and large lobulated cyst (d).
All cysts are anechoic. Note posterior acoustic enhancement (arrow)

communication with the biliary tree [6]. Imaging features are typical of cysts found
in other organs. On ultrasound (US), simple cysts have distinct margins, an imper-
ceptible wall, an anechoic fluid-filled cavity, and increased posterior through trans-
mission (Fig. 12.1). The presence of wall thickening, multiple internal septations, or
calcifications on ultrasound should prompt further evaluation with computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). Simple cysts are characterized by
their water-like properties on CT with low attenuation (Hounsfield units of 0-15), an
imperceptible wall, and no wall enhancement (Fig. 12.2). On MRI, simple cysts
show high T2 signal intensity and low T1 signal intensity and no wall. The cyst con-
tents do not show any restricted diffusion on diffusion—weighted images (Fig. 12.3).
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Fig. 12.2 CT appearance of a simple cyst. A small cyst (arrow) in the left lobe appears hypodense
compared to normal liver parenchyma on non-contrast-enhanced CT (a) and post—contrast-
enhanced CT (b). Note there is no wall or enhancement of the cyst

Fig. 12.3 MRI appearance of a simple cyst in the right lobe of the liver (arrow). The cyst appears
hyperintense on coronal (a) and axial (b) T2-weighted images, shows no restricted diffusion (no
high signal) on diffusion-weighted image (c), and appears hypointense on T1-weighted image (d).
On post-contrast image (e), there is no enhancement of cyst and note there is no presence of wall.
A contrast-enhanced CT (f) at the same level for comparison

The vast majority of simple hepatic cysts are asymptomatic. However, symp-
toms can develop with increasing number and size of cysts. Symptoms are often
non-specific but relate to mass effect. Such symptoms include abdominal pain,
bloating, early satiety, nausea, emesis, and shortness of breath [7]. Rarely, mass
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effect from a cyst can cause biliary obstruction with jaundice or inferior vena caval
obstruction with leg edema. Infrequently, simple cysts can be complicated by
internal hemorrhage or infection [8]. Hemorrhage into a simple cyst can occur as
aresult of trauma. Hemorrhage or infection of the cyst can change the appearance
of the simple cyst with the development of internal debris, septations, a reactive,
thickened, and often enhancing wall (Fig. 12.4), and uncommonly calcifications
within the wall. The development of an enhancing nodule should raise the possi-
bility of a neoplasm. Treatment of symptomatic hepatic cysts is well described.
Cyst aspiration alone will invariably result in recurrence. However, cyst aspiration
and sclerotherapy (Fig. 12.5) using sclerosing agents such as polidocanol and
dehydrated alcohol has been demonstrated to be safe and effective in reducing the
size of hepatic cysts and improving symptoms [9—11]. Surgical treatment is also
an effective treatment, albeit with higher morbidity, and includes open or laparo-
scopic cyst fenestration or deroofing [12-15].

Fig. 12.4 An infected cyst in a patient with polycystic liver disease. Axial T2W image (a) shows
a septate cyst in the inferior right lobe, demonstrating a thick hypointense (dark) wall (arrow). The
cyst contents show restricted diffusion (arrow head) on DWI (b), hyperintensity on TIW (c¢) and a
thick enhancing rim (black arrow) on post-contrast imaging (d)
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Fig. 12.5 Cyst aspiration and sclerotherapy. Axial CT (a) of the abdomen with IV contrast dem-
onstrates polycystic liver disease, including two large cysts (asterisks) in the left hepatic lobe that
compress the stomach (arrow). Fluoroscopic image (b) during cyst aspiration and sclerotherapy of
the two largest cysts in the left hepatic lobe. MRI axial T2W image (c) of the abdomen four months
after sclerotherapy demonstrates significant volume reduction of the treated left hepatic lobe cysts
(asterisks) and decreased compression of the stomach (arrow). The patient’s symptoms of abdomi-
nal pain, nausea, and vomiting were dramatically improved after sclerotherapy

Polycystic Liver Disease

Polycystic liver disease (PLD) is a rare fibrocystic condition that most commonly
occurs in the setting of autosomal dominant polycystic kidney disease (ADPKD).
The liver is the most frequent extrarenal site of involvement in ADPKD, occurring
in about 40% of patients [16, 17]. Tuberous sclerosis is also associated with poly-
cystic liver disease. The disease typically manifests as numerous cysts that progres-
sively increase in size and number. The imaging features are similar to those of
simple cysts except that numerous cysts may be seen throughout the liver and often
nearly completely replace the liver parenchyma (Fig. 12.6). PLD can rarely give rise
to portal hypertension due to compression of the intrahepatic portal venous system.
The large cysts often show evidence of hemorrhage or debris within them. The cysts
can grow to large sizes, resulting in hepatomegaly with stretching of the liver cap-
sule or mass impression on adjacent organs. As with symptomatic hepatic cysts,
aspiration and sclerotherapy is an effective therapy that can be directed toward large
cysts to decrease cyst volume and improve symptoms. In patients with advanced
PLD with severely symptomatic and massive hepatomegaly, partial hepatectomy
with cyst fenestration can provide long-term reductions in hepatic volume [18].
Liver transplantation is the only curative treatment and is reserved for patients with
end-stage PLD [19].

Biliary Hamartoma

Biliary hamartomas have a reported prevalence of 5-6% [20] and represent benign,
congenitally dilated small bile ducts enclosed by fibrous stroma [21]. Biliary ham-
artomas are also referred to as von Meyenberg complex. They are characterized on
imaging by multiple small (<15 mm) round or irregular cysts scattered throughout



268 N. B. Neidert and S. K. Venkatesh

Fig. 12.6 CT and MRI of a patient with polycystic liver disease. Note multiple cysts in both lobes
of liver on CT (a) and coronal T2-weighted image from MRI (b). Patient also had autosomal domi-
nant polycystic kidney disease and underwent bilateral nephrectomies and a transplant. The renal
transplant (arrow) is seen in the right lower abdomen

Fig. 12.7 Biliary hamartomas. Ultrasound (a), CT (b), and T2W MRI image (c) of different
patients showing multiple hamartomas throughout the liver. On ultrasound, multiple echogenic
foci are seen throughout the liver. On CT, tiny non-enhancing hypodensities represent the hamar-
tomas. On T2W images, the hamartomas are seen as tiny hyperintensities with more in the right
lobe of liver in this example

the liver and do not communicate with the biliary tree (Fig. 12.7). The small size of
biliary hamartomas results in a varied appearance on US that can be anywhere
between anechoic to hyperechoic and can also have reverberation artifact from the
compressed interfaces [22]. Biliary hamartomas have typical cystic imaging charac-
teristics on CT (i.e., low attention) and MRI (i.e., high T2 signal). The differentia-
tion is from common simple cysts, polycystic liver disease, and Caroli’s disease.
The presence of fibrous stroma (solid and sometimes enhancing) may render their
appearance different from cystic lesions, and rarely, they may be mistaken for
necrotic metastases that have solid and cystic areas with variable enhancement. No
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treatment is necessary, as biliary hamartomas are usually asymptomatic and discov-
ered incidentally.

Biliary Cystic Neoplasms

Biliary cystic neoplasms include biliary cystadenomas (BCA), biliary cystadeno-
carcinomas (BCAC), and intraductal papillary mucinous neoplasms of biliary ori-
gin (IPMN-B). The recent WHO classification proposed that BCA and BCAC
should be classified as mucinous cystic neoplasms (MCN) when ovarian stroma
(OS) is present or as IPMN-B when biliary communication is present [23]. Biliary
cystic neoplasms represent up to 5% of hepatic cystic lesions and have a female
predilection, particularly BCA, which have a 9:1 female—male ratio [24, 25]. While
most are asymptomatic, BCA and BCAC can present with symptoms related to
mass effect when the lesions are large in size [26]. BCAC are believed to represent
malignant transformation of BCA, but predicting this transformation has proven
difficult. Biliary cystic tumors are thought to be slow-growing neoplasms of aber-
rant biliary ductal tissue. Histologically BCAs are composed of three layers — a
mucin-secreting epithelial layer composed of columnar cells, a stromal layer (usu-
ally ovarian stroma type), and an outer collagenous layer which is thought to be
reactive from surrounding liver parenchyma [27]. The stroma consists of bland
spindle-shaped cells with round-to-oval nuclei and resembles ovarian stroma (OS),
but this also resembles primitive embryonic mesoderm of the gallbladder and bile
ducts and therefore has been suggested to be derived from ectopic rests of primitive
foregut sequestered in the liver [28]. The exact origin of these neoplasms still
remains to be determined.

The imaging characteristics of BCA and BCAC overlap, and imaging studies
have yet to reliably distinguish between the two [27, 29, 30]. Both BCA and BCAC
are most commonly multilocular with irregular internal septations, cyst wall thick-
ening and enhancement (Fig. 12.8), and occasional calcifications [31, 32]. The
internal septations of these lesions are best demonstrated with US or MRI. Cyst
contents are typically hyperintense on T2-weighted imaging on MRI but can be
heterogenous depending on the amount of mucinous content. The presence of
enhancing mural nodules, particularly those greater than 10 mm, is suggestive of
BCAC [33]. BCA and BCAC are managed with surgical excision and biopsy and/or
aspiration are not advised to avoid malignant dissemination if there is an underlying
biliary cystadenocarcinoma [34]. Aspiration, if done, shows bile-tinged mucin and
may be useful for differentiating infected cysts. Determination of cystic fluid carbo-
hydrate antigen 19-9 (CA 19-9) and carcinoembryonic antigen (CEA) are not
thought to be useful for differentiating BCA from BCAC and remain controversial
as there is a risk of seeding the tumor into the peritoneal and/or pleural cavities
[32, 34-37].

IPMN-Bs are characterized by intraluminal papillary growth within the bile
ducts and produce mucin [38]. They are similar to IPMNs occurring in pancreas



270 N. B. Neidert and S. K. Venkatesh

Fig. 12.8 Mucinous cystadenocarcinoma of liver. Coronal (a) and axial (b) contrast-enhanced CT
of the liver showing a heterogeneous attenuation cystic mass in the right lobe of the liver. There is
some heterogeneous enhancement of the cystic mass and focal areas of calcification (arrows)

(IPMN-P). IPMN-Bs do not have ovarian stroma and have been previously referred
to as papilloma, mucin-producing cholangiocarcinoma, and intraductal variant of
cholangiocarcinoma. [IPMN-B can produce a lot of mucin and lead to biliary dilata-
tion or a cystic mass that has both solid and cystic components similar to [PMN-P. The
cystic type can be mistaken for a BCA [39]. Patients with IPMN-B are mostly
asymptomatic, but communication with the biliary tree is characteristic, which may
be difficult to show on CT and MRI and may require cholangiography [40]. IPMN-B
carries a higher risk of malignant transformation compared to IPMN-P and there-
fore requires resection. The prognosis of IPMN-B is better than that of cholangio-
carcinomas [41, 42].

Choledochal Cyst and Caroli’s Disease

Choledochal cyst represents a spectrum of disease characterized by congenital seg-
mental aneurysmal dilatation of the bile ducts and most commonly involves the
extrahepatic common bile duct. The most characteristic feature is the communica-
tion with bile ducts that can be demonstrated on imaging (Fig. 12.9). Patients are
usually asymptomatic, and although congenital, choledochal cysts are usually diag-
nosed in adult life. Choledochal cysts are classified into five major types (types I
through V) with type I'V and type V (Caroli’s disease) manifesting with intrahepatic
cystic dilatation of the biliary ducts [43]. On imaging, the key feature to demon-
strate is the communication with the bile ducts on US, CT, or MRI. ERCP may be
required if all of the non-invasive methods fail. These segmental dilatations may
often contain debris, hemorrhage, and stones. Rarely they may have malignant
degeneration into cholangiocarcinoma. Surgical excision of symptomatic cysts
offers the best treatment.
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Fig. 12.9 Intrahepatic choledochal cyst. Coronal and axial T2W images (a, b) showing a central
cyst (white arrow). Coronal (c¢) and axial (d) TIW images in the delayed hepatobiliary phase
(20 minutes) performed with a hepatobiliary contrast agent (gadoxetate sodium) showing contrast
in the biliary tree and in the cyst (black arrows) confirming the biliary communication

Caroli’s disease is an autosomal recessive disease characterized by multiple
small intrahepatic biliary cystic dilatations (Fig. 12.10) and is thought to arise from
a ductal plate malformation. The disease represents a fibropolycystic disease similar
to ADPKD. A second type — designated the periportal fibrosis type — is autosomal
recessive and frequently associated with renal tubular ectasia and polycystic dis-
ease. According to the Todani classification, this disease represents type V chole-
dochal cyst. In contrast to other choledochal cysts, Caroli’s disease can be
symptomatic and often presents with pain and hepatosplenomegaly with elevated
liver function tests. When numerous cysts are present, these can be mistaken for
biliary hamartomas or peribiliary cysts. A characteristic central dot sign on contrast-
enhanced CT has been described which is due to cystic dilatations of the hepatic
ducts surround the accompanying portal vein branch which represents the dot. The
most common complications are recurrent cholangitis, stone formation, and infected
cysts leading to abscess formation. Uncommonly cirrhosis and portal hypertension
can result and cholangiocarcinoma can develop. Treatment is by resection of symp-
tomatic cysts and may require liver transplantation if associated with cirrhosis and
portal hypertension.
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Fig. 12.10 Caroli’s disease. Contrast-enhanced CT (a) showing central dot sign (black arrow).
Magnetic resonance cholangiopancreatography (MRCP) (b) showing saccular dilatations of the
multiple intrahepatic ducts. MRI in a different patient showing dilated ducts on T2W (¢) image and
central dot sign on post—contrast-enhanced T1W image (d) (white arrows)

Peribiliary Cysts

Peribiliary cysts result from cystic dilatation of the obstructed periductal glands in
the bile duct wall. These variable-sized cysts are usually found in the liver hilum and
can be seen intrahepatically up to about fourth-order biliary ductal branches
(Fig. 12.11). When extensive, peribiliary cysts can mimic biliary dilatation and can
lead to compression of portal vein branches resulting in portal hypertension. Up to
50% of peribiliary cysts are found in patients with cirrhosis, and they are often
symptomatic to the associated disease [44, 45]. Peribiliary cysts are underdiagnosed
as they are asymptomatic and demonstrated on imaging in only 9% of patients with
cirrhosis. The size and number of cysts increase with the progression of cirrhosis.
Obstructive jaundice can occur [46]. Peribiliary cysts are diagnosed on CT or MRI
by their characteristic presence along the portal vein branches and the absence of
communication with the biliary tree; however, when they cause compression of the
biliary tree it may be difficult to rule out a communication. Due to their rarity,
peribiliary cysts can be misdiagnosed and this may lead to therapeutic misadven-
tures. A correct diagnosis with MRI/MRCP may avoid such complications.
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Fig. 12.11 Peribiliary
cyst. MRCP image
showing multiple cysts
along the biliary tree
(asterisks). These were not
communicating with the
biliary system. Note the
patient also has cystic
lesions in the tail of
pancreas (arrows)

Cystic Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is typically a solid, hypervascular mass on imag-
ing, but can rarely present as a cystic mass with enhancing septa. The cystic
appearance is attributed to areas of necrosis and internal hemorrhage [29, 47, 48].
This cystic appearance is most commonly attributed to percutaneous treatments,
such as transarterial embolization or thermal ablation, leading to liquefactive
necrosis [8].

Cystic Metastases

The necrosis and internal hemorrhage that can account for the cystic appearance of
HCC can also be seen with tumors that have metastasized to the liver. This is espe-
cially true of malignancies with rapid growth, such as neuroendocrine tumors, mel-
anoma, sarcoma, and gastrointestinal stromal tumors [8]. In addition, metastases
with mucinous secretion, such as mucinous ovarian and colorectal carcinomas, can
have a cystic appearance (Figs. 12.12 and 12.13). Lastly, chemotherapy treatment
effect can result in cystic degeneration and necrosis of liver metastases.
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Fig. 12.12 Mucinous carcinoma colon metastases mimicking cystic lesion. Axial T2W (a), TIW
(b), post-contrast TIW (¢) and positron emission tomography (PET) (d) images showing cystic
appearing metastatic lesion in the right lobe (white arrow) that shows some peripheral enhance-
ment and uptake on PET similar to the hilar lymph nodes (arrow heads)

Fig. 12.13 Cystic
metastases from ovarian
carcinoma. Note similar
appearance to polycystic
liver disease

Traumatic Lesions

Trauma and iatrogenic injury to the liver can lead to the development of lesions
within the liver that appear cystic. Bilomas and seromas typically appear as a simple
collection of fluid and can be difficult to distinguish on imaging, unless a biliary
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leak can be established which indicates the former [49]. Hematomas have a varied
imaging appearance depending on the age of the blood products. On CT, hemato-
mas are typically intermediate attenuation. The most sensitive method for detecting
blood products is with a gradient-echo T2-weighted MRI sequence. Arterial pseu-
doaneurysms can appear cystic on grayscale US and non-contrast imaging studies.
Doppler US and post-contrast imaging demonstrating enhancement similar to blood
pool can readily establish the diagnosis of a pseudoaneurysm. Hepatic pseudoaneu-
rysms should be treated due to the risk of rupture [50].

Conclusion

Imaging has a valuable role in the diagnosis and management of cystic liver disease.
Although the majority of hepatic cystic lesions are benign and do not require any
further workup, it is important to recognize imaging characteristics that could indi-
cate a cystic primary malignancy or cystic metastasis. Surgical and non-surgical
interventions for cystic hepatic lesions continue to evolve with progress in technol-
ogy and procedural techniques.
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