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Abstract
Background Benign liver tumors are common. They do not
spread to other areas of the body, and they usually do not pose
a serious health risk. In fact, in most cases, benign liver tumors
are not diagnosed because patients are asymptomatic. When
they are detected, it’s usually because the person has had
medical imaging tests, such as an ultrasound (US), computed
tomography (CT) scan, or magnetic resonance imaging
(MRI), for another condition.
Materials and methods A search of the literature was made
using cancer literature and the PubMed, Scopus, and Web of
Science (WOS) database for the following keywords: “hepatic
benign tumors”, “hepatic cystic tumors”, “polycystic liver
disease”, “liver macroregenerative nodules”, “hepatic mesen-
chymal hamartoma”, “hepatic angiomyolipoma”, “biliary
cystadenoma”, and “nodular regenerative hyperplasia”.
Discussion and conclusion Hepatocellular carcinoma (HCC)
is one of the most commonmalignant tumors in some areas of
the world; there is an increasing incidence worldwide. Ap-
proximately 750,000 new cases are reported per year. More

than 75 % of cases occur in the Asia-Pacific region, largely in
association with chronic hepatitis B virus (HBV) infection.
The incidence of HCC is increasing in the USA and Europe
because of the increased incidence of hepatitis C virus (HCV)
infection. Unlike the liver HCC, benign tumors are less fre-
quent. However, they represent a chapter always more inter-
esting of liver disease. In fact, a careful differential diagnosis
with the forms of malignant tumor is often required in such a
way so as to direct the patient to the correct therapy. In
conclusion, many of these tumors present with typical features
in various imaging studies. On occasions, biopsies are re-
quired, and/or surgical removal is needed. In the majority of
cases of benign hepatic tumors, no treatment is indicated. The
main indication for treatment is the presence of significant
clinical symptoms or suspicion of malignancy or fear of
malignant transformation.
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Cystic Tumors

Simple Cyst

Hepatic cyst lesions are relatively common and usually found
as a mere coincidence due to the improvement in radiographic
technology and increased use of abdominal imaging tech-
niques such as ultrasonography (USG), computed tomogra-
phy (CT), and magnetic resonance imaging (MRI) [1, 2]. In
most cases, simple hepatic cysts follow a benign course so
they are usually incidental findings. It’s more often to find
these lesions in women that in men, among which they can
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also be more frequently symptomatic [3]. Presentations occur
most frequently in the fifth decade [4]. Usually, they are
congenital due to an abnormal and excessive intrahepatic bile
ducts developed during embryogenesis. These ducts can be
obstructed or have no connection with extrahepatic ducts. The
cysts are lined by simple cuboidal epithelium and thin under-
lying rim of fibrous stroma. They contain clear fluid with
water and electrolyte content similar to the serum [5]. Simple
cysts are often single, but multiple cysts are also known to
occur. Every cyst is nonloculated. Early estimates of the
incidence were generated from autopsy studies (0.14–
0.53 %) [6–8], but with the modern techniques, simple cysts
are now detected in 2.5–5 % of the population [9–11]. Only
15–16 % of these lesions are symptomatic [10, 12].

Clinical Features

Simple cysts are usually asymptomatic, but in a small fraction
of patients, symptoms such as abdominal pain, early satiety,
nausea, and vomiting can be present as a result of a mass effect
[13] and related to the size of the cyst. Complications are rare.
The compression of the biliary system can result in jaundice,
and the rupture in the abdominal cavity can result in infec-
tions, hemorrhage, and biliary communications [14]. Physical
examination can reveal hepatomegaly or a palpable abdominal
mass.

Diagnostic Evaluation

The aim of the diagnostic evaluation is to diagnose simple
cysts, excluding cystadenomas, cystadenocarcinoma, hydatid
cysts, and polycystic liver disease. Moreover, it’s necessary to
exclude hemorrhage, biliary communication, and secondary
carcinoma in the cyst. Laboratory findings are usually normal,
but in a minority of patients, it can be found a raised serum
gamma-glutamyl transferase (gGT). Also, cancer antigen 19.9
(CA 19.9) may be elevated for its expression in the simple cyst
inner epithelial lining so it is not helpful in the differential
diagnosis of intracystic hemorrhage [15–20]. The diagnosis of
a simple cyst is based on the following ultrasonographic
criteria: it has to be anechoic, unseptate, with a sharp smooth
border, with a strong posterior wall echo, and spherical or oval
shaped with a relative accentuation of echoes beyond the cyst
[21]. USG has a reported sensitivity and specificity of 90 %
[22], and it’s not accompanied with a radiation load, and it’s
non-invasive and cost-effective. At the CT, it appears as a
defined homogeneous hypodense lesion, while at the MRI, it
has a low signal intensity in the T1-weighted sequences and a
high signal intensity, that does not enhance after contrast
injection, in the T2 weighted sequences [23, 24]. CT can be
useful to localize the cyst, identify the amount of liver tissue
around the cyst and its position in relation to other nearby
structures if it is essential to decide an appropriate treatment

when necessary [25]. In the presence of intracystic bleeding,
MRI is considered instead to be more specific compared to
USG and CT [26]. Because of the radiation load of the CTand
of the significantly higher cost of both the techniques, ultra-
sound remains to be the better imaging modality for
diagnosing simple cysts that does not need an
intervention.

Management

It is important to establish if cysts are causing the symptoms.
If cysts are asymptomatic, conservative management is appro-
priate. This expectant approach is based on the observation.
Conventional management used to be either aspiration or open
surgery but while aspiration is followed by a high recurrence
rate [27], surgical intervention can be associated with signif-
icant morbidity and mortality. The aims of therapy are to
excise or obliterate the cyst completely or partially and to
prevent recurrence. In case of doubt, a trial aspiration in order
to assess the relief of symptoms can be attempted [25]. Sclero-
therapy with alcohol after aspiration has been employed with
success, and, more recently, minocycline hydrochloride
has been effectively used. Prior to alcohol sclerosis, it’s nec-
essary to rule out biliary communication and malignancy. The
cyst is completely emptied by a pigtail catheter, and a pre
procedure injection of a contrast agent is used to
exclude communications. ERCP (endoscopic retrograde
cholangiopancreatography) is useful in cases where the aspi-
rate is bile stained. Then, a volume of alcohol equal to 25% of
the drained fluid is instilled into the cyst and left for at least
10 min [26, 27]. Alcohol strength is still not standardized. It’s
recommended to not exceed more than 100 ml of alcohol at
one time, and it may be necessary to repeat the procedure two
or more times. Minor complications consist of mild pain,
nausea, vomiting, and transient increase in temperature. If
severe pain occurs, it can be the result of leakage of alcohol
around the catheter [25, 28, 29]. Pain can be avoided by the
use of lignocaine into the cyst before instilling alcohol.
Minocycline HCl is a cytotoxic agent with an acid PH that is
effective in destroying the epithelium at a dose of 100–500mg
diluted in 10 ml of normal saline solution. Mild pain can be
experienced as a minor side-effect of this procedure. The
solution is left in situ for about 10–15 min [30]. The complete
surgical excision of the cysts, segmental hepatic resections,
and lobectomies lead to a high incidence of complications and
death [29, 31]. Laparoscopic fenestration of hepatic cysts has
been attempted with satisfactory results. The principle is to
deroof the cysts and allow them to drain freely into the
peritoneal cavity. The fluid is subsequently reabsorbed be-
cause of its composition similar to serum [32]. If a biliary
communication is present, cystoenterostomy should be pre-
ferred but it’s associated with the risk of ascending infections
[33–35]. Because of the excellent overall results obtained with
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laparoscopic unroofing of the simple cysts, this should be
considered the procedure of choice for treatment of these
lesions [36].

Polycystic Liver Disease

Polycystic liver diseases (PCLDs) are genetic disorders char-
acterized by the progressive development of multiple cysts in
the liver parenchyma which originate from biliary epithelium.
They are caused by genetic defects in proteins present
in the cellular cilium that damage the normal
cholangiocyte signaling [37]. PCLDs include various
entities, different for their pathology, inheritance pattern,
and clinical features.

There are Different Clinical Presentations

Polycystic liver associated with autosomal-dominant polycys-
tic kidney disease (ADPKD) is the most frequent: it occurs in
1:500–1000 individuals; it presents multiple cysts in kidneys,
liver, and pancreas, and it may be associated with vascular
abnormalities. In this case, liver function is well preserved,
portal hypertension is rare, and the patient is asymptomatic
[38] until adulthood, when it often leads to dialysis and renal
transplantation.

The “isolated” polycystic liver disease (PCLD) is a com-
mon disease that, for a long time, was considered a phenotypic
variant of ADPKD. The presence of some cysts in the
kidney may render difficult the differentiation between
ADPKD and PCLD, so the identification of specific
gene mutation is necessary to reveal PCLD as a distinct
disease [39].

Rare polycystic pathologies are: fibropolycystic diseases,
as congenital hepatic fibrosis (CHF), Caroli disease (CD), and
autosomal-recessive polycystic kidney disease (ARPKD). CD
and CHF are characterized by excessive peribiliary fibrosis
which leads to recurrent acute cholangitis (CD) and severe
portal hypertension (CHF) [2]. In particular, Caroli’s disease
has two variants: Caroli disease, characterized only by ectasias
of intrahepatic bile ducts and Caroli syndrome, in which
congenital ductal dilatation is associated with hepatic fibrosis,
portal hypertension, choledochal cysts, and renal disease [40,
41].

Finally, ARPKD is a rare condition that occurs in 1:20,000
live births [42] with a high mortality rate. In contrast with
ADPKD, the majority of patients are infants. It causes cystic
kidneys in the developing fetus in utero and half of the patients
have, in the neonatal period, enlarged, cystic kidneys
and pulmonary hypoplasia [43]. Moreover, affected pa-
tients also have dilated bile ductules and peribiliary
fibrosis.

Genetic and Physiopathology

Cystogenesis is the result of alteration of ciliary structure
and of its functions [44]. In particular, the primary cilium
is involved: a solitary, non-motile, long, tubular organelle
extending from the apical plasma membrane of the cell
[45, 46] particularly abundant in cholangiocytes.

ADPKD is associated with mutations in 2 genes: PKD1 or
PKD2, encoding polycystin-1 (PC1) and polycystin-2 (PC2),
respectively. These proteins are normally localized in primary
cilia [47]. PC1 is a mechanoreceptor that, sensing changes in
apical flow, stimulates PC2 [48] and cleaves fragments of the
PC1 cytoplasmic tail, translocates to the nucleus, and prevents
β-catenin transcriptional activity, bending it [48, 49]. PC2 is a
transmembrane protein that functions as a non-selective
Ca2+ channel. PC2 responds to bending of the cilium,
biliary osmolarity, or other mechanical and chemical
stimuli, participates in receptor-operated Ca2-signaling,
depending on its interactions with PC1, and regulates
cytoplasmic and endoplasmic reticulum (ER)–Ca2-ho-
meostasis [50, 51].

Moreover, it has been demonstrated that PC1 and PC2 have
a central role in the modulation of cholangiocyte growth. It
suggests that primary cilia may act as a sensor of cell injury,
activating a proliferative response to trigger the reparative
processes [52]. In fact, PKD1 cystic epithelial cells are more
sensitive to the mitogenic effect of growth factors and cAMP
in vitro, thanks to Ras and Raf activity [53]. In addition, in
patients with ADPKD, the tubular epithelium appears to
switch from an absorptive to a secretory phenotype [54]. It
is important to subline that the severe form of the disease is
only evident in mice in which both PKD alleles are disrupted,
while heterozygous PKD mice develop only a few cysts by
adulthood. This shows that “two hits” are required for devel-
opment of the cystic phenotype. So, even if ADPKD is phe-
notypically autosomal dominant, at the cellular level, it is
likely to be a “molecular recessive” disease [55].

The genes responsible for PCLD are PRKCSH and SEC63,
encoding for proteins expressed in the ER that are associated
with the processing of glycoproteins in the ER. PRKCSH
encodes for hepatocystin that regulates the correct localization
in the ER of enzymes involved in the quality control of newly
synthesized glycoproteins. The SEC63 gene encodes for a
component of the regulating system of translocation and fold-
ing of newly synthesized membrane glycoproteins [56, 57].
ARPKD, CD, and CHF are consequences of mutations in the
PKHD1 gene which encodes for fibrocystin, a large transmem-
brane protein, with several functions such as proliferation,
secretion, terminal differentiation, and tubulogenesis [58].

Summarizing, the principal mechanism of cystogenesis
are: increased cell proliferation and apoptosis; enhanced fluid
secretion; abnormal cell–matrix interaction; and alterations in
cell polarity [47].
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Regarding the pathological anatomy in ADPKD and
PCLD, liver cysts are into the liver parenchyma, without
connection to the biliary tree, which appears anatomically
intact, while in fibropolycystic diseases, liver cysts are con-
nected to the biliary tree, which appear distorted by the abun-
dant fibrotic tissue [38].

Clinical Presentation

Most of the patients with polycystic liver are clinically asymp-
tomatic. PCLDs are usually diagnosed incidentally during a
routine (usually radiological) examination. Symptoms are
typically caused bymechanical compression of adjacent struc-
tures as a result of the massive enlargement of the liver and
include abdominal pain, abdominal distension, dyspepsia,
gastro-esophageal reflux, early satiety, dyspnea, and mechan-
ical back pain.

The majority of symptomatic patients with PCLDs are
female [59] and are aged approximately 50 years (range 23–
84 years) at the time of presentation, which suggests a hor-
monal component to the development of PLD [60]. Indeed,
risk factors for development of severe PCLDs are prior use of
exogenous estrogens and multiple pregnancies [61]. This
observation suggests that women with this disease should
avoid estrogen replacement therapy [62].

The most common complications are cyst infection and
hemorrhage that typically only occur in patients with severe
PCLDs. A cyst infection is usually characterized by acute pain
or tenderness in the right upper quadrant, malaise, fever with
chills, and leukocytosis. This acute presentation should be
diagnosed and treated early to prevent progression to bacter-
emia, sepsis, and death. In patients with cyst, infection has
been reported to have a morbidity and mortality rate of 2 %
and 3 %, respectively [63]. Thus, there should be early insti-
tution of antibiotics and a drainage procedure. A bleeding cyst
results in a sudden, severe pain that is self-limiting and can be
managed with analgesics. In rare cases, cysts at certain

locations can cause hepatic venous outflow obstruction, infe-
rior vena cava syndrome, and portal hypertension. Rarely,
jaundice occurs as a result of cystic compression of the biliary
system. This manifests as a result of the normal progression of
cyst growth and compression of the common hepatic duct or
common bile duct [64].

Extrahepatic abnormalities in PCLDs have been described.
Increased frequencies of vascular complications were ob-
served in patients with ADPKD, including valvular disease,
especially mitral valve prolapse and mitral valve incompe-
tence [65]. Although the occurrence of intracranial aneurysm
has also been described previously, it has been recently ob-
served in PCLD patients [60, 66]. However, patients with
isolated PCLD tend to have lower rates of extrahepatic
manifestations.

Diagnosis

In general, there are no abnormalities in levels of liver en-
zymes in the majority of patients because parenchymal liver
volume and liver synthesis capacity are preserved during all
stages of PCLDs. However, an increase in serum levels of γ-
glutamyltransferase, alkaline phosphatase, and to a less extent
of aspartate aminotransferase (AST) can be found in patients
with advanced disease. Renal function remains intact in
PCLD, whereas ADPKD patients show a rise in serum creat-
inine due to impaired renal function [25]. Total bilirubin level
is usually normal but can increase in the case of compression
of the common bile duct by a cyst. Levels of carbohydrate
antigen 19.9 (CA 19.9) are raised in patients with PLD, and
recently, Wanders and coauthors show that serum concentra-
tion of CA19-9 positively correlates with the liver volume
[67]. These findings suggest that CA 19.9 might be useful as a
diagnostic or follow-up biomarker [15–18]. Mutation analysis
for PCLD (PRKCSH and SEC63) has limited utility and is
rarely performed in routine clinical practice, as it is not needed
for clinical decision-making for these patients.

J Gastrointest Canc (2014) 45:202–217 205



PCLDs are diagnosed by imaging studies, including ab-
dominal ultrasound, CT-scan, and magnetic resonance imag-
ing (MRI). Ultrasound is generally preferred because of its
low cost, easy accessibility, and absence of radiation expo-
sure. However, CTandMRI are more sensitive and specific in
detecting the presence and size of liver cysts.

ADPKD diagnosis is usually relatively straightforward
when enlarged bilateral cystic kidneys are present in combi-
nation with a positive family history for ADPKD. In 2009, Pei
et al. developed USG criteria for diagnosing ADPKD when
the causative gene is unknown, because the original Ravine
USG criteria for diagnosing ADPKD appeared to be insuffi-
cient [68].

Unlike ADPKD, currently there aren’t unified radiological
diagnostic criteria for isolated PCLD. Diagnosis is usually
made during the fourth to fifth decade of life and is arbitrarily
defined as the presence of >20 liver cysts as measured by
ultrasonography, CT [69], or MRI. The differential diagnosis
of PCLD includes simple liver cysts and liver cysts resulting
from other systemic diseases such as ADPKD. Qian and his
group have proposed recently ultrasonographic diagnostic
criteria that can be used to differentiate simple liver cysts from
PCLD. In those who have families with autosomal dominant
isolated polycystic livers and <40 years of age, the presence of
any liver cysts is considered to be diagnostic of PCLD. In-
stead, if they are >40 years of age, four or more liver cysts are
requested for the diagnosis of PCLD. These criteria, however,
need to be further vetted in a larger cohort of PCLD patients
[70].

To classify the severity and distribution of cysts in patients
with PCLDs, Gigot’s classification can be used [32]. It cate-
gorizes patients according to the number and size of liver cysts
and the amount of remaining liver parenchyma. Patients with
<10 large (>10 cm) cysts with remaining large areas of non-
cystic parenchyma are classified as Gigot type I. Gigot type II
includes patients with diffuse involvement of liver parenchy-
ma by multiple medium-sized cysts with large areas of non-
cystic liver parenchyma remaining. Patients with type III
presents large numbers of small and medium-sized liver cysts
spread diffusely through the liver parenchyma with only a few
area of normal liver parenchyma. The Gigot criteria are useful
for crude determination of the severity of PLD, and this
classification can help us in planning appropriate therapy.

Treatment

a. Aspiration–sclerotherapy
Aspiration–sclerotherapy is indicated in patients with

one or few dominant cyst that are clearly responsible for
the complaints. Cysts with a diameter >5 cm are usually
good candidates for treatment. The procedure requires
radiological aspiration and subsequent injection of a scle-
rosing agent to destruct the cyst wall and prevent

recurrence. Puncture of the cyst is performed with a 5 or
7 French catheter with an aspiration needle. Ethanol is the
most commonly used agent, but minocycline and tetracy-
cline are alternatives. These latter agents destroy the cyst
wall by creating a low pH within the cyst. The most
common complication was abdominal pain caused by
peritoneal irritation due to ethanol instillation. The rate
of total and partial regression was of 22 % and 19 %,
respectively [71]. In the majority of patients, symptoms
totally disappeared, or a reduction of symptoms occurred.

b. Fenestration
Fenestration involves surgical deroofing and excision

of superficial large cysts to achieve a reduction in the
volume of the liver and has the advantage that multiple
cysts can be treated in one session. The best candidates for
this treatment are patients having Gigot type I–II livers
repeatedly unresponsive to aspiration–sclerotherapy tech-
nique. Two types of approaches have been used: open
laparotomy and, more recently, laparoscopy. Laparoscopy
has the advantage of less morbidity and reduced hospital-
ization, but this technique is not the best choice in patients
with cysts in cranially located segments, as the VII and the
VIII and deep-seated cysts. In this situation, conversion to
laparotomy is more likely to be successful.

Common complications of fenestration are ascites,
pleural effusion, arterial or venous bleeding, and biliary
leakage [72]. Morbidity rate in these patients was in the
range of 23 %.Mortality was 2 %, and the causes of death
were irreversible shock, hepatic abscesses, and acute renal
failure [71].

c. Segmental hepatic resection
Segmental hepatic resection is indicated in patients

with severe Gigot type livers with at least one segment
with unaffected liver parenchyma. The procedure is often
combined with fenestration of cysts in the remnant seg-
ment. Although relief of symptoms is achieved in 86 % of
patients, this procedure is associated with considerable
morbidity (51 %) and mortality (3 %) [71]. The distortion
of the intrahepatic vasculature and biliary tree is a poten-
tial source of complications, and the risk of subsequent
adhesions might complicate any future liver transplanta-
tion. Therefore, we consider this invasive option difficult
to pursue in most patients. Resection is considered when
fenestration alone is unlikely to significantly reduce liver
volume, and when liver transplantation is unwarranted. It
is suitable for patients who are significantly incapacitated
by their disease and suffer from severe and disabling
symptoms due to the massive volume of the polycystic
liver.

d. Liver transplantation
Liver transplantation is the only curative option and is

indicated in patients with type II/III PCLDs refractory to
other treatments, with extremely disabling symptoms,
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seriously reduced quality of life, untreatable complica-
tions (for example, portal hypertension), and nutritional
compromise [73]. This therapeutic option should be
weighed carefully in view of the shortage of available
donors, the need for life-long immunosuppression, the
fact that PCLDs are not associated with excess liver-
related mortality, and that patients typically present with
preserved hepatocellular function even in advanced cases.
A combined liver–kidney transplantation should be con-
sidered in patients with severe polycystic liver and kidney
disease who have end-stage renal disease [74].

e. Transcatheter arterial embolization
Transcatheter arterial embolization (TAE) aims to se-

lectively embolize the hepatic artery branches that supply
the major liver cysts, leading to shrinkage of the cyst and
diminishing the total liver size. Possible embolizing ma-
terials for embolization of the hepatic artery branches are
coils, polyvinyl alcohol (PVA) particles, gelatin sponge,
and glue. Recently, two small case series of patients
treated with TAE showed a reduction of total liver volume
and intrahepatic cyst volume by 23.4–26.0 % and 30.7–
36.4 %, respectively [75, 76]. However, these studies
have limitations due to the small number of patients
recruited and the short duration of the follow-up
period.

f. Somatostatin analogs
The somatostatin analogs lanreotide and octreotide bind

to somatostatin receptors 2, 3, and 5, which are widely
expressed not only in many tissues but also in the epithelia
that line cysts. These agents reduce intracellular levels of
cAMP by activating signaling cascades through the Gi α
subunit, thereby preventing accumulation of fluid in liver
cysts. Several studies have reported the substantial positive
effects of somatostatin analogs in decreasing liver and
kidney growth in ADPKD and PCLD [77–79]. The most
common adverse events attributable to somatostatin analog
therapy were abdominal cramps and severe steatorrhea.
These adverse events disappeared after repeated injections,
after administration of pancreatic enzymes, or after reduc-
tion of the dose in cases of severe adverse events. Injection
granulomas were only reported in patients receiving a so-
matostatin analog and not in patients on placebo.

Pasireotide is a novel multireceptor synthetic somatostat-
in analog. In contrast to lanreotide and octreotide, it binds
with high affinity to all somatostatin receptors except for
somatostatin receptor 4. This feature suggest that
pasireotide is a promising treatment option for reduction
of polycystic liver volumes in patients with PCLDs, espe-
cially for those who do not respond to octreotide or
lanreotide [80].

g. mTOR inhibitors
Another medical option that has gained popularity is

the use of mammalian target of rapamycin (mTOR)

inhibitors, sirolimus and everolimus. This class of drugs
has strong antiproliferative effects [81], and in a retro-
spective study in ADPKD patients treated with this im-
munosuppressive regimen after renal transplantation, a
significant reduction in polycystic liver volume was ob-
served [82]. Prospective clinical trials of sirolimus and
everolimus in ADPKD are currently in progress.

Liver’s Macroregenerative Nodules

Recent research has drawn attention to putative precancerous
nodules observed in chronically diseased livers, especially in
cirrhosis. These grossly detectable lesions are variably termed
“macroregenerative nodule” (MRN), “adenomatoid,” or “ad-
enomatous hyperplasia,” “dysplastic nodule”, and “hepatocel-
lular pseudotumor” and are currently classified into two types,
depending on the presence or absence of cytological or archi-
tectural atypia. Macroregenerative nodules (MRNs), probably
representing a pathway for human hepatocarcinogenesis, are
generally classified into type I MRNs (or ordinary adenoma-
tous hyperplasia: nodules without atypia) and type II MRNs
(or atypical adenomatous hyperplasia: with atypia) on the
basis of imprecise definitions of cytological and architectural
atypia. It is currently believed that type II MRNs are probably
true precursors of hepatocellular carcinoma, whereas type I
lesions may represent large regenerative nodules.

However, many reports have demonstrated that histologi-
cal examination of type I MRNs is insufficient in many cases
to distinguish large regenerative nodules from neoplastic ones;
liver cell dysplasia (LCD) of large cell type should not be used
as a criterion for terming an MRN; and atypical and expansile
“nodule-in-nodule” formation in MRNs should be considered
to represent evidence of architectural atypia.

Epidemiology

It’s estimated that the 90 % of HCC start as a micro (<3–
4 mm), and then macro (>3–4 mm), regeneration nodule.
Macro-nodule’s dysplasia is responsible for the malignant
change of the nodule until the onset of HCC. So it’s very
important to detect as soon as possible this type of lesion to
stop the course toward HCC [83, 84].

In this course, a lot of changes (histology, neoangiogenesis)
follow the dysplasia, and all these alterations are responsible
of particular signs in US and RNM (or CT) images.

Histology

The first thing to investigate is the distinction between early
HCC and dysplastic nodule [85–92].
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We can distinguish micronodule, macronodule with a low
grade or high grade of dysplasia, and early HCC.

& Micronodule: it is the basic lesion of cirrhosis, it’s capsu-
lated, and it has modest size (4 mm) with the tendency to
confluence giving rise to macronodules. The basic struc-
ture of hepatocyte is maintained, portal tracts are present,
and the system of bile duct is preserved and is represented
in its context as the Kupffer cells. The formation of such
nodules in cirrhotic liver, however, determines the alter-
ation of lobular architecture due the compression of the
surrounding parenchyma and the continuous stimulus
proliferative given by the pathogenic agent.

& Macronodules: low-grade (LGDN) is a nodule well dis-
tinguished with respect to the surrounding parenchyma,
show low cellular atypia, their vascularization is mainly
from portal, even if the portion coming from the hepatic
artery is increased slightly.

& Macronodules: high-grade (HGDN) is considered the real
preneoplastic lesion. Microscopically, they are character-
ized by small size with more cellular atypia, reduced ratio
nucleus/cytoplasm, increased nuclear size, prominent nu-
cleolus, increased mitosis, increased cell density, and fatty
degeneration. The unique element of the high grade dys-
plastic forms is the increase in arterial vascularization due
to the presence of so-called unpaired arteries or arterioles
not accompanied by bile duct and portal vein resulting in
the loss of the structure of the liver lobule. The distinction
between high-grade dysplastic nodules and early HCC is
based on the occurrence in the latter, on the septal and
vascular invasion by neoplastic cells nodular.

& Early HCC: It’s a cancerous lesion <2 cm with all typical
cellular atypia [92, 93].

& In cases inwhich the differential diagnosis is not possible, the
lesions should be considered HCCs and treated as such [94].

Many researchers have studied macronodules in explanted
cirrhotic livers, performing a detailed description of gross
aspects and histological features according to each functional
type. In addition, they have been studied the proliferation,
apoptosis, and regulatory proteins P53, Bcl-2, Bcl-x, and
Bax in these nodules.

The steady increase in size, as well as in proliferation and
apoptotic rates from cirrhosis to HCC, suggests a progression
from each diagnostic class to the next. Although most HCCs
develop in macronodules harboring livers, some of
them do not, suggesting an alternative pathway for
hepatocarcinogenesis. The following gross aspects were found
useful in selecting the most suspicious nodules: green color,
marked color variation inside the nodule, and extracapsular
extension were found as indicators of HCC. Steatosis, clear
cells, Mallory bodies, and intra-nodular fibrosis could be useful
histological criteria to HCC. The deficit of apoptotic rate as

compared to proliferation rate from cirrhosis to LGDN could
reflect some dysregulation in the cell population control. Dif-
ferent patterns of expression of Bcl-2, Bcl-x, and Bax could
play a role in this process. P53 anomalous expression was
present only in late stage of cancer development [94].

Diagnostic Algorithm

Once a lesion is individuated in the liver with US, it’s neces-
sary to reach a right diagnosis, especially in patients with
cirrhosis.

Usually, this type of lesion measures 3–10 mm. The oper-
ator can see a hypoechoic lesion with hyperechoic outline
(capsule). These features are not only specific for dysplastic
macronodule, but also belong to regenerative nodules. So,
CEUS can help the traditional imaging with contrast. Usually,
these type of lesion are isoechoic in all vascular phases (portal,
artery, vein), but sometimes they could be hypovascular in the
arterial phase, or hypervascular, without “washout” during the
portal/late phases of CEUS.

The 2nd step of differential diagnosis is represented by CT
scan. Today, CT scan is reserved for all lesions visible in US.
The evaluation includes scans without contrast medium, with
contrast medium, and a dynamic study after the injection of
the contrast bolus.

The regenerative nodules are visible on CT in about 25 % of
patients and appear as hyperdense nodules. On contrast, in CT
scans, these nodules are typically isodense and therefore indis-
tinguishable from remaining liver parenchyma. The dysplastic
nodules, instead, generally are slightly hyperdense (compared to
the surrounding parenchyma) in basal CTscan, and they have no
dye uptake after intravenous contrast resulting hypodense or
isodense, especially during late phase. The different vasculariza-
tion of the lesions, in fact, is the most important feature that can
help in differentiating small nodules from HCC.

The 3rd step is magnetic resonance (MR) that is considered
the best technique to do differential diagnosis. In the last years,
MR had a fast evolution with quick scans that can delete all
breath’s artifacts. The use of contrast increases the diagnostic
power of MR. Today, we have three types of contrast that can
be used according to their distribution in liver’s parenchyma:
(1) extracellular contrast to view lesion’s vascularization; (2)
hepatospecific contrast captured inside normal hepatocytes, in
this way tumoral lesion can be distinguished as not-capturing
contrast because of the lack of working hepatocytes in its
contest; (3) reticuloendothelial contrast formed by particles of
iron oxide and captured inside Kupffer cells that can distinguish
a lesion from a normal parenchyma because tumoral lesion do
not contain Kupffer cell, and so, they cannot capture this type of
contrast. Anyway,MR is also very important in the sequence of
impulses used to do the scanning because in this way, it can
hide or not a signal from one tissue to another [95–99].
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Further research, most likely focusing on molecular char-
acteristics of these nodules, may elucidate the true biological
nature of MRNs. Such research can identify reliable markers
of neoplasia and malignant progression, which will allow a
definitive terminology for precancerous hepatocellular lesions
to be established. In the meantime, the radiographically deter-
mined presence of one or several large nodules in a cirrhotic
liver would indicate an increased risk for HCC in that patient,
with the malignancy arising either within these nodules or
elsewhere. Evidence of MRN found in a biopsy specimen,
with or without atypia, should not result in clinical compla-
cency but rather in continued, careful observation [87, 94].

Macroregenerative nodules and dysplastic nodules must
alarm the physician during the follow-up of patient with
cirrhosis or during an echography made for another reason.
It’s very important to follow the diagnostic algorithm and to
do a biopsy when possible to differentiate early-HCC from
benign lesions [87, 94].

Mesenchymal Hamartoma of the Liver

Epidemiology

Mesenchymal hamartoma of the liver (MHL) is an uncommon
hamartomatous growth of mesenchymal tissue, bile ducts,
hepatic cords, and blood vessels in the liver. It was described
in detail in 1956 by Edmoston. MHL represents 8 % of
pediatric hepatic tumors, it’s the second most common benign
hepatic tumor in childhood [100–102], and it’s slightly more
frequent in male than female. Most of the cases are diagnosed
before the second year of life, with a peak of incident between
15 and 20 months of life. Only 15 cases of hamartomas in
adults have been reported in the English language literature
worldwide [103–106].

Clinical Presentation

Symptoms of MHL depend on the patient’s age, tumor size,
and growth rate.

MHL may be observed prenatally in ultrasonography as a
hypoechogenic mass in the liver, and it’s often misdiagnosed
clinically as a hepatic cyst or as a malignant tumor because of
its cystic appearance.

In prenatal period, rapidly growing cystic tumors may
lead to decreased fetal albumin production and high
risk of hydrops, intestinal obstruction and consequent
polyhydramnion, or elevation of the diaphragm and risk of
pulmonary hypoplasia. By the displacement of internal organs
and compression of the inferior vena cava and umbilical vein,
fetus is at risk of premature birth, poor start or congestive heart
failure, and intrauterine death. Frequently, placental abnormal-
ities such as thickening, multicystic enlargement of the

placenta, or mesenchymal stem villous hyperplasia are asso-
ciated with MH l [107–109].

In older children and adults, the only symptom might be a
palpable, asymptomatic, and slow-growth abdominal mass,
causing a progressive abdominal distension. Other symptoms,
such as nausea and vomiting, respiratory dysfunction, intesti-
nal occlusion, ascites, jaundice, or congestive heart failure, are
due to the compression of the tumor mass on surrounding
structures and are less common. Sometimes, patients may
experiment fever, anorexia and weight loss. Laboratory stud-
ies reveal normal or elevated liver enzyme levels as well as
AFP and β-HCG [110, 111].

Paradoxically, a few undergo incomplete spontaneous re-
gression and, on rare occasions, others have shown malignant
transformation to undifferentiated (embryonal) sarcoma [105].

Pathology

Most tumors arise in the right lobe of the liver and rarely
involved both lobes. It is usually a solid or multicystic solitary
nodule, sometimes pedunculated, well demarcated from the
adjacent liver tissue but not encapsulated, with variable size
from a few centimeters up to 30 cm. These tumors may be
often greater than 1 kg in mass, until to represent over 15 % of
child’s body mass. Solid areas are gray or pink in color, and
cystic spaces might be filled with clear to yellow fluid or
gelatinous material [111, 112].

Microscopically, MH consists of branching bile ducts and
hepatocytes in single cords or in large groups [113, 114], lying
in a myxoid stroma with myofibroblast-like cells, dilated
blood vessels and lymphatics, and without atypia or invasion
of adjacent liver parenchyma.

Recently, the same cases ofMHL in older children or adults
have been reported in literature [115], resembling a malignant
lesion from a clinical point of view, characterized by unusual
histologic features: a prominent myxoid stroma, with a mini-
mal ductular component, and absent cystic spaces. It may be
hypothesized that variation in morphology might be related to
different evolutive stages of the cell of origin. To support this
hypothesis, it has been studied the presence of components of
the Notch pathway inside and outside the lesion. Their ab-
sence inside the tumor and, in contrast, the expression of
Notch2 and HES1 with overrepresented bile ducts might not
only explain the lack of bile ducts, but also indicate a more
adult phenotype compared with classic pediatric MHL, which
show more bile ducts and liver trabeculae embedded in the
mesenchymal matrix [105].

Pathogenesis and Molecular Characteristics

The pathogenesis of MH is not fully explained, and there are
some theories that point to developmental abnormalities,
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regional ischemia, or biliary obstruction as a possible cause
[116, 117].

Cytogenetic analyses describe aberrations involving the
chromosomal region 19q13.4, such as translocations t(11;19)
(q13;q13.4), t(11;19) (q13;q13.3), and t(15;19) (q15;q13.4),
as well as interstitial deletion del [18] (q13.1q13,4) and com-
plex rearrangements involving 11q2, 17p11, and 19q13.3
[118, 119].

Despite the benign character of this tumor, it has been
supposed that MH might be a precursor lesion to undifferen-
tiated embryonal sarcoma described in the literature arising
within MH with similar genetic aberrations [116, 118].

Diagnosis

Diagnosis of MH is generally based on clinical and imaging
studies, followed by bioptic confirmation.

Conventional ultrasound is a well-known, relatively low
cost, and noninvasive imaging method which is widely avail-
able and easy to perform in consideration of young age of
patients. Abdomen computer tomography and magnetic reso-
nance imaging are usually second line examinations used to
clarify vascular and surrounding structures in preoperative
assessment.

US scan shows a voluminous, well delimited, rounded or
oval hepatic mass, with heterogeneous structure due to solid
and cystic components. It is composed of variable sizes an-
echoic cysts, with thin septa inside and thin walls, mixed with
solid parts, that appear not much or not at all vascularized in
color and power Doppler analysis.

More precise preoperative diagnosis can be based on
fine needle aspiration (FNA) cytology to distinguish
between hepatoblastoma, hepatocellular carcinoma infan-
tile, hemangioendothelioma, undifferentiated sarcoma,
smooth muscle tumors, and inflammatory pseudotumor
[120, 121].

Hepatoblastoma and infantile hemangioendothelioma con-
cern the same age patients but they are usually solid tumors.
Simple cysts are unusual in children and appear as unilocular
cysts. It may be hard to differentiate mesenchymal hamartoma
from biliary cystadenoma and parasitic cysts, but these hepatic
lesions rarely affect pediatric patients.

Treatment and Clinical Outcomes

MH is a benign tumor and most of authors recommend
complete resection of the tumor as sufficient therapy. After
incomplete resection, recurrent benign lesions are possible
[2–6]. However, complications after resection such as hemor-
rhage, cardiac arrest, and pulmonary problems including acute
respiratory distress syndrome (ARDS) have been described in
the literature with the mortality rate up to 17 % [122].

The mortality rate is 35 % when the tumor is diagnosed in
the perinatal period. Cesarean section is preferred when the
tumor is large, to avoid the dystocia or traumatic cyst rupture
with fatal outcome.

In conclusion, mesenchymal hamartoma is a childhood
benign tumor that may reach great dimension, but it has a
good prognosis after surgical resection. However, occur-
rence in the perinatal period is associated with higher
mortality due to its rapidly increasing size and fetal
growth abnormalities. Diagnosis is based on clinical and
imaging studies as well as fine-needle aspiration cytology.
MH must be suspected in any infant who presents with a
multicystic liver mass. The treatment of choice is surgical
resection.

Hepatic Angiomyolipoma

Hepatic Angiomyolipoma (AML) is a benign mesenchymal
neoplasia composed of smooth muscle cells, adipose tissue,
and proliferating blood vessels.

AML is a rare tumor discovered occasionally in asymp-
tomatic patients.

It occurs most commonly in the kidney, in which this type
of tumor is often associated with tuberous sclerosis.

The liver is the second most common site of AML, though
it has been rarely described in other locations such as uterus,
retroperitoneum, mediastinum, colon, skin, spleen, and so on
[123, 124].

AML of the liver was first described in 1976 by Ishak
[125].

Since its first description, few hundred of cases have been
described in literature.

AML is found in both males and females, but it is most
common in adult females (M:F=5:1).

Hepatic AML was once considered a very infrequent le-
sion, but recently, thanks to early HCC screening programs,
it’s diagnosed often.

This tumor is composed of varying mixtures of adi-
pose tissue, smooth muscle cells, and thick-walled blood
vessels. According to the predominant cell type, this
tumor can have a variable histopathology, so, we can
describe several types of AML: mixed (the most frequent
type, which is composed of all cell types), lipomatous
(>70 % of fat), myomatous (10 % of fat), and angioma-
tous [126, 127].

According to the fat composition, it’s possible to di-
agnose AML with ultrasounds or computer tomography,
but in differential diagnosis must be considered other
tumor fat-containing such as hepatic adenomas or hepa-
tocellular carcinomas with fatty metamorphosis and so
on.
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Etiology

The etiology of hepatic AML is yet unknown. There are some
hypothesis, one of these regards fat cells and smooth muscle
cells (SMC),they are both derived from the perivascular epi-
thelioid cells (PECs), for this reasonAMLs are allocated to the
family of PEC tumors (perivascular epithelioid cell tumor,
called also PEComa) [128–130].

The smooth muscle cell component is the most specific for
the diagnosis. Indeed, SMC are positive for homatropine
methylbromide-45 (HMB45), an antibody that has been dis-
covered on cells of neural crest derivation, like melanocytes
and AML’s smooth cells [131].

HMB-45 is one of the melanoma markers, expressed only
by neoplastic melanocytes.

HMB-45 is becoming a promising marker in the diagnosis
of hepatic AML, especially in tumors with a low composition
of fat, these types are already not easy diagnosticable only
with ultrasounds or tomography [131].

However, for all types of AML, it is impossible to diagnose
the type without the histological examination after surgical
resection.

Clinic

Hepatic angiomyolipoma is usually asymptomatic. Tumors
are generally discovered incidentally on imaging during a
health check-up.

Only a small share of patient complains non-specific to
symptoms such as abdominal pain and abdominal fullness
discomfort had malaise and mild fever [127, 132].

Acute tumor rupture, although uncommon, has been
reported.

Diagnosis

Generally, the pre-operative diagnosis is very difficult, but
ultrasounds, computed tomography (CT), magnetic resonance
(MR) imaging, and angiography can identify the fatty com-
ponent, helping in the differential diagnosis from the hepato-
cellular carcinoma (HCC).

In general, AML shows the different enhancement pattern
from HCC on portal and delayed phases. However, the pro-
portion of fatty tissue in these tumors is variable, and these
tumors are known types of AML with minimal fat, these are
the most difficult to diagnose because they can mimic HCC
[133–136].

AML appears as various patterns in imaging studies, ac-
cording to the histological composition. Generally, hepatic
angiomyolipoma on ultrasound examination appears as a
heterogeneously hyperechoic mass, but on ultrasound alone,
this lesion may by indistinguishable from hemangioma
[137].

Tomography shows a heterogeneously low density mass,
while in MRI this tumor has high intensity on T1 and T2
weighted, and lastly on angiography AML appears as a
hypervascularity mass.

Generally, magnetic resonance imaging is the most specific
study for the detection of fat-components; however, the
amount of adipose tissue is variable, often there are tumors
with low fat-composition [137].

When it is difficult tomake a differential diagnosis between
hepatic angiomyolipoma and other fat-containing tumors (fat-
ty metamorphosis of HCC, hepatocellular adenoma with a fat
content, lipoma, and liposarcoma), fine needle aspiration
(FNAB) may be useful [138].

Thus, the definitive diagnostic study remains the histolog-
ical examination, by identification of the three different com-
ponents (smooth muscle cells, adipose tissue, and blood ves-
sels), and particularly throw immunohistochemical analysis,
in which SMC are characteristically strongly positive for
HMB-45 and Melan-A [127].

HMB-45 is probably the most sensitive immunohisto-
chemical marker for AML, followed by Melan-A [127].

Once the diagnosis is certain, generally, it’s recommended
a conservative treatment with imaging (watch and wait).

Surgical treatment is suggested in symptomatic patients, or
if there are complications, such as a rupture, and finally when
a malignant lesion cannot be ruled out with imaging tech-
niques or FNAB [127, 132, 139].

Biliary Cystadenoma

Epidemiology

Biliary cystadenoma is a rare, benign cystic neoplasm of
unknown etiology with slow-growing but with a malignant
potential and arising from the biliary ducts; it origin from a
primitive hepatobiliary stem cell and it occurs for less than
5 % of hepatobiliary cystic masses; women are predominantly
affected in middle-age.

The first description of this neoplasy was in 1943.
The majority of biliary cystadenoma arise from the

intrahepatic ducts, predominantly within the left lobe [140];
rarely these lesions are found in the extrahepatic biliary sys-
tem or gallbladder. The size of tumors varies from 1.5 to
35 cm.

Biliary cystadenoma is often an incidental finding during
radiological exam because it’s an asymptomatic lesion; the
most common symptoms are the presence of palpable mass,
non-specific upper abdominal pain, and discomfort, some-
times like biliary calculous pain, gastroduodenal symp-
toms, or nausea. Other clinical characteristics are recurrent
jaundice, weight loss, intolerance to fatty food, and
cholangitis.
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The main differential diagnoses are the following: simple
hepatic cyst, hydatid cyst, Caroli disease, undifferentiated
sarcoma, intraductal papillary mucinous tumor, hepatocellular
carcinoma, and biliary cystadenocarcinoma; the hematologi-
cal tests may help for the correct diagnosis.

Blood test can be abnormal with elevated liver function
tests, and occasionally, CA 19.9 and CEA can be elevated too.

Histology

Biliary cystadenoma is characterized by the presence of cysts
with a simple layer of cuboidal or columnar epithelium. There
is cellular mesenchymal tissue that looks like ovarian stroma.
A marsupial pseudocapsule separates the cystadenoma from
the biliary epithelium [141]. There are two types of biliary
cystadenoma, mucinous and serous. The more common mu-
cinous type is subdivided by the presence or absence of a
mesenchymal stroma between the inner epithelial lining and
the outer basement membrane.

Although, both types can undergo malignant transforma-
tion to biliary cystadenoma and the absence of a mesenchymal
stroma is known to be more aggressive [141].

The epithelium may show varying degrees of dysplasia.
High grade dysplasia or invasive carcinoma suggests transfor-
mation to cystadenocarcinoma [142].

Diagnosis

Tumor markers are not helpful but some patient had elevated
CA19.9 or CEA.

On radiologic imaging, biliary cystadenoma is multi-
loculated, multiseptated intrabiliary neoplasm; ultrasound
shows cystic nature of the lesion; CT and MRI help to differ-
entiate the nature of fluid within the cyst and show a difference
between cystadenocarcinoma.

Preoperative diagnosis may be very difficult; a treatment
algorithm involving CEA, CA 19.9, and cyst wall biopsy has
been proposed for patient with suspected biliary cystadenoma
[143].

Therapy

Radical excision of the mass is the treatment of choice (hep-
atectomy or enucleation). Where resection is subtotal, it is
recommended a follow-up for the first 2 years [144] instead
the prognosis after a fully resection is excellent because re-
currence is uncommon.

In conclusion, biliary cystadenoma is an uncommon cystic
benign tumor. Its diagnosis should be considered in cystic
lesion of the liver in middle-age woman. The best treatment
is total resection to avoid malignant transformation.

Nodular Regenerative Hyperplasia

Nodular regenerative hyperplasia (NRH) is a benign prolifer-
ative process in which normal hepatic parenchyma is replaced
by diffuse regenerative nodules of hepatocytes with minimal
associated fibrosis. A classification system proposed by
Wanless in 1990 [145] provided histological criteria for the
diagnosis of NRH. These included the presence of hepatocel-
lular nodules less than 3 mm in diameter that were not
surrounded by fibrosis (nodules graded 0–3 based on the
extent of nodularity noted through all fields of the biopsy),
and the presence of fibrous septa (graded 0–3). Biopsy spec-
imens that met the criteria of 3 nodularity and 0–1 fibrous
septa were classified as nodular regenerative hyperplasia.

The prevalence of NRH per autopsy studies is approximate-
ly 2 % [146]. There is no gender predilection, and although
NRH mainly affects patients older than 60, cases have been
reported in children as well. The nodules vary in size from
1 mm to 1 cm. NRH is associated with lymphoproliferative
disorders (through thrombophilia secondary to malignancy,
direct invasion of tumor, or chemotherapy), rheumatoid arthri-
tis, primary biliary cirrhosis, bone marrow transplantation,
hereditary hemorrhagic telangiectasia, polyarteritis nodosa,
Budd–Chiari syndrome, liver transplantation (possibly second-
ary to postoperative hepatic vascular alterations or the use of
azathioprine), amyloidosis, Felty syndrome, and HCC.

Most patients with NRH are asymptomatic; however, pa-
tients may present with stigmata of portal hypertension. Most
patients with NRH have normal hepatic biochemical tests,
although 10 % to 25 % of patients may have mild elevations,
particularly in alkaline phosphatise [147]. Hepatic synthetic
function is usually preserved, and fulminant liver failure is rare.

On gross examination of the liver, the normally homoge-
nous hepatic parenchyma shows a diffuse transformation into
nodules of 1–3 mm in size. Unlike cirrhosis, there is no
fibrosis separating nodules—each nodule presses directly
against its neighbor. Although nodules greater than 15 mm
have been described, these are frequently revealed to be
composed of smaller nodules when examinedmicroscopically
[145, 148]. The hepatocytes within the nodule are arranged in
plates that are more than 1 cell thick. These cells may be
enlarged and have hypertrophic nuclei. Between individual
nodules, the hepatocytes are small and atrophic and are
pressed together into thin, parallel plates.

It has been suggested that the nodular transformation in
NRH of the liver is a consequence of alterations in blood flow.
Morphologically, abnormalities of portal and/or central veins
are frequently observed, and many drugs that are associated
with NRH also cause other types of vascular injury.

Drugs have also been associated with the development of
NRH. Azathioprine, a purine analog, is the most commonly
associated drug, as noted in case reports of patients receiving
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this drug for immunosuppression after liver transplantation
[149].

The association of NRH with systemic diseases has been
previously discussed. Many of these diseases involve a vas-
culitic process including polyarteritis nodosa and rheumatoid
arthritis. Morphometric studies of these cases suggest that
acute and chronic inflammation of intrahepatic arteries leads
to secondary portal venous obliteration and thrombosis of the
adjacent portal veins, which may result in NRH [148, 150,
151].

A few studies have also described an association between the
early (stage I or II) histological stages of primary biliary cirrhosis
and nodular regenerative hyperplasia [152, 153]. The largest of
these studies evaluated the liver biopsies of 64 patients with early
primary biliary cirrhosis and found that 43 % of these biopsies
had some degree of nodular transformation without fibrosis.
Approximately 54 % of the liver biopsies with NRH had evi-
dence for a vascular lesion (decreased portal vein luminal diam-
eter due to intimal fibrosis or thrombotic occlusion [152]). The
authors also reported an increased incidence of portal hyperten-
sion with splenomegaly and one patient with esophageal varices
in this subset of patients with NRH and early primary biliary
cirrhosis. In this situation, it was possible that the nodular trans-
formation was contributing to portal hypertension. NRH pro-
gresses slowly, and the prognosis reflects the development and
progression of portal hypertension. Patients with portal hyperten-
sion associatedwithNRHhave a 5-year survival of 90% and 30-
year survival of 55 % [154]. NRH is not thought to be a
premalignant condition, and the association between HCC and
NRH is unclear.

The diagnosis of nodular regenerative hyperplasia is made
by liver biopsy—either needle biopsy or open wedge biopsy.
This must be performed in the appropriate clinical setting,
usually, as an evaluation of unexplained portal hypertension,
not associated with cirrhosis.

Sensitive imaging modalities such as contrast-enhanced
computed tomography and magnetic resonance imaging can
help characterize various nodular liver lesions; however, his-
tological evaluation is the only way to make a definitive
diagnosis of NRH and rule out conditions such as

hepatocellular carcinoma and cirrhosis. In the case of needle
biopsy, the gauge of the needle is an important consideration.
Regenerative nodules may be missed if the needle is too
narrow, as is often the case with transjugular liver biopsy, thus
making the diagnosis of NRH difficult.

It is important to note that more than one type of nodular
lesion can coexist in the same liver; for example, NRH and
hepatic adenomamay both be present in the same patient. This
is an important distinction clinically, because portal hyperten-
sion may result from NRH, whereas disabling pain or hemor-
rhage may be due to hepatic adenoma, and different treatment
options would be offered for each situation. Histologically,
patients with portal hypertension not associated with cirrhosis
may present with NRH, hepatoportal sclerosis (portal
venopathy), central venous obliteration, sinusoidal dilation,
or some combination of these lesions [155].

Treatment of NRH is directed at treating the underlying
medical condition and preventing complications of portal
hypertension.

Nodular regenerative hyperplasia is believed to be a
hyperproliferative response to an obstructive portal venopathy
and the resulting uneven perfusion of the hepatic parenchyma.
NRH should be included in the differential diagnosis of pa-
tients who present with unexplained portal hypertension. The
hepatologist should have a high index of suspicion in patients
with systemic diseases known to be associatedwith NRH or in
patients who have had an exposure to drugs that have been
associated with NRH. Liver biopsy is essential for diagnosis,
and at present, the mainstay of treatment is management of the
underlying disorder and control of portal hypertension. Un-
derstanding the pathophysiology of NRH might elucidate
understanding of regenerative nodules in cirrhosis. As under-
standing of NRH and the mechanisms underlying it are de-
veloped, novel treatment strategies are likely to emerge for
NRH and possibly other liver diseases as well (Table 1) [156].

Conclusions

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors in some areas of the world; there is
an increasing incidence worldwide. Approximately
750,000 new cases are reported per year [157–159]. More
than 75 % of cases occur in the Asia-Pacific region, largely
in association with chronic hepatitis B virus (HBV) infec-
tion [160–162]. The incidence of HCC is increasing in the
United States and Europe because of the increased inci-
dence of hepatitis C virus (HCV) infection [163, 164].
Unlike the liver HCC, benign tumors are less frequent.
However, they represent a chapter always more interesting
of liver disease; in fact a careful differential diagnosis with
the forms of malignant tumor is often required in such a
way so as to direct the patient to the correct therapy [156].

Table 1 Classification of hepatic tumors [156]

Benign Malignant

Hepatic adenoma Hepatocellular carcinoma

Regenerative nodules Fibrolamellar carcinoma

Nodular regenerative hyperplasia Hepatoblastoma

Focal nodular hyperplasia Cholangiocarcinoma

Bile duct adenoma Cystadenocarcinoma

Biliary cystadenoma Angiosarcoma

Hemangioma Primary lymphoma

Angiolipoma Metastases
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