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The current American Association for the Study of Liver Diseases (AASLD) guideline provides strategies for
achieving the diagnosis of hepatocellular carcinoma (HCC) based on the size of liver nodules seen on surveillance
imaging. For lesions less than 1 cm in size, follow-up surveillance imaging is recommended. Lesions larger than
2 cm require typical radiological hallmark on dynamic imaging. Lesions of 1–2 cm in size require typical imaging
features including intense uptake of contrast during arterial phases followed by decreased enhancement during
portal venous phases on at least 2 imaging modalities. In cases of atypical radiological features of the suspected
lesion, tissue diagnosis either by fine needle aspiration or biopsy should be obtained. Although fine needle aspi-
ration could give a smaller risk of seeding than biopsy, biopsy has been preferred over cytology. Percutaneous
biopsy of HCC carries a potential risk of tumor seeding along the needle tract. However the risk is low and there
is no clear evidence of post transplant recurrence due to needle tract seeding. Histopathologic assessment can
differentiate between premalignant lesions such as dysplastic nodules and early HCC. Atypical variants of
HCC can be recognized morphologically which may have associated prognostic value. ( J CLIN EXP

HEPATOL 2014;4:S67–S73)
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Hepatocellular carcinoma (HCC) is the sixth most

common cancer in the world.1 Its incidence is ex-
pected to rise in the future due to anticipated in-

crease in cirrhosis secondary to viral hepatitis. Over the
past 2 decades, the incidence of HCC has tripled, and hep-
atitis C virus (HCV) related HCC is the fastest-rising cause
of cancer-related death in the United States.2–4

Hepatocellular carcinoma develops within an estab-
lished background of chronic liver disease in 70–90% of
all patients.5 The most frequent risk factor for HCC is
chronic hepatitis B virus (HBV) infection in Asia and Af-
rica. However HCV predominates as a risk factor in Europe
and Japan.2 Other well established risk factors are alco-
holism, non-alcoholic fatty liver disease and diabetes.6–8

Treatment depends on early diagnosis by screening
high-risk patients when HCC is small and remains local-
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ized to the liver. Various studies suggest surveillance of
HCC in cirrhotic patients irrespective of its etiology. Sur-
veillance of non-cirrhotic patients is also advocated, espe-
cially in HBV carriers with serum viral load >10,000
copies/ml9 or HCV infected patients with bridging fibrosis.
Patients with HCV infection and advanced fibrosis remain
at risk for HCC even after achieving sustained virological
response following antiviral treatment.

The preferred imaging method for screening is ultraso-
nography (USG) which is well tolerated and widely avail-
able. However, the sensitivity of USG for HCC detection
is low because small nodules can be missed in a cirrhotic
liver.10 Use of contrast-enhanced USG improves the diag-
nostic performance of USG for HCC.

The most used serological test in clinical setting for
screening is alpha-fetoprotein (AFP) but it is no longer
considered as a surveillance test by most recent guidelines
of American Association for the Study of Liver Diseases
(AASLD) due to the same reason of low sensitivity.11

Computed tomography (CT) and magnetic resonance im-
aging (MRI) have a high sensitivity (55%–91%) and speci-
ficity (77%–96%) in diagnosing HCC.10

According to the guidelines established by European As-
sociation for the Study of the Liver (EASL) and the AASLD,
a nodule larger than 2 cm that displays a typical vascular
pattern on contrast-enhanced CT or contrast-enhanced
MRI can be considered HCC without biopsy.12,13

For lesions measuring between 1 and 2 cm, the diag-
nosis of HCC is confirmed when typical vascular pattern
is seen on both the imagingmodalities. Otherwise, these le-
sions should not be treated as HCC without histological
d Experimental Hepatology | August 2014 | Vol. 4 | No. S3 | S67–S73
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evidence because of a rate of false positives as high as
20%.14,15

Recent prospective studies have reported that up to 67%
of new nodules smaller than 2 cm identified during surveil-
lance imaging in patients with cirrhosis are indeed HCC.16

Although the specificity of contrast enhanced MRI has
been reported as high as 96% for hepatic nodules of 1–
2 cm in size, a significant proportion of small HCC may
appear hypovascular or have atypical features, resulting
in a false-negative rate of 20%–38%.17

Finally, lesions < 1 cm in diameter may be especially
difficult to characterize, even with the best imaging tech-
niques. A lesion less than 1 cm in size should be followed
by USG examination repeated at 3 months. These recom-
mendations might be applied to patients with partially
developed and fully established cirrhosis and chronic hep-
atitis B. For all other patients without cirrhosis, the possi-
bility of HCC is much lower; therefore biopsy should be
done for definite diagnosis of HCC.12,13

In comparison with EASL and AASLD criteria, the
consensus statement from the Asian Oncology Summit
from 2009 recommends that for any nodule, regardless
of size, the characteristic features on contrast-enhanced
CT or contrast-enhanced MRI is sufficient for diagnosis
of HCC, and obviates the need for biopsy.18
IS TISSUE DIAGNOSIS REQUIRED?

Histologic diagnosis is not necessary when the diagnosis of
HCC is determined by diagnostic imaging (Level of evi-
dence 1a, grade of recommendation A). Histologic diag-
nosis by biopsy is indicated when imaging findings are
atypical (Level of evidence 3b, grade of recommendationC).

Fine needle aspiration (FNA) biopsy is not without its
complications, though rare. The role and efficacy of FNA
of small liver lesions (less than and equal to 2 cm) is actively
debated.

Percutaneous FNA biopsy performed under image guid-
ance has been adopted as a safe, effective and minimally
invasive procedure for the diagnosis of liver lesions. This
technique is especially advantageous in patients with
advanced malignancies. However controversies were raised
over the role of FNA in the detection of HCC.19 These
include 1) high accuracy, sensitivity and specificity of dy-
namic imaging modalities,20 2) the risk of needle tract
seeding21 3) intraprocedural hematogenous dissemina-
tion21 4) need of accurate cytohistological characterization
in small well-differentiated hepatocellular lesions.22 All
these reasons preclude use of pre-operative FNA diagnosis
of HCC. However false-positive results from imaging tech-
niques have also occurred.14,15 Now there is a need to
decide the strategy accordingly in an individual patient.
It has to be weighed whether the risk of futile
transplantation is more or the risk of seeding? The risk
of seeding is overall lower than that of a futile
S68
transplantation.23 There is no clear evidence of post trans-
plantation recurrence due to biopsy-induced hematoge-
nous dissemination.

The percutaneous transabdominal technique under CT
or US guidance is the most popular method for perform-
ing liver FNA. The sensitivity and specificity of FNA for
detection of liver malignancy are around 90% and 100%,
respectively. False positives are rare.24

Although liver biopsy is not used as frequently for a
definitive histopathological diagnosis of HCC, it has an
important role in lesions with atypical features on imaging
studies. The ability to discriminate between dysplastic nod-
ules and early HCC has become increasingly important, as
the efficacy of treatments for HCC, depends on recognition
at an early phase. Hence, guided liver biopsy is now mostly
used for lesions with equivocal imaging features measuring
over 1 cm. The differential diagnosis includes large regen-
erative nodule, focal nodular hyperplasia-like nodule,
dysplastic nodule, early HCC and classic HCC. The first 2
lesions lack cytologic and structural atypia in contrast to
dysplastic nodule, early HCC, and classic HCC.

With the new AASLD guidelines, approximately 52%–
56% of patients with nodules 10–20 mm in size will need
to undergo biopsy.25

Hence, biopsy has been strongly recommended before
transplantation in patients with small nodules whose na-
ture is uncertain on imaging and in patients with compen-
sated cirrhosis whose only indication for a costly
transplantation is the presence of malignancy.

Overall, the specificity and positive predictive value of
tumor biopsy is 100% based on the studies available in liter-
ature. However the sensitivity varies from 66 to 93% which
depends upon the size of the needle and nodule.23,26,27

Biopsy results obtained by 21- to 22 gage needle and of
nodules #1 cm show less sensitivity. Tumor biopsy is
excellent for ruling in the diagnosis of HCC. However,
negative predictive value of biopsy is relatively low. For
ruling out the diagnosis, tumor biopsy is less reliable,
especially if the nodule is #1 cm. Therefore, patients
with negative biopsy findings should continue to
undergo careful surveillance with repeated imaging.23,26–28

Biopsy is not indicated in following situations: A. if there
is a focal lesion in a cirrhotic liver and the patient is not a
candidate for any form of therapy B. in decompensated
cirrhosis and the patient is on thewaiting list for liver trans-
plantation C. if the patient is a candidate for resection.
FNAC OR BIOPSY?

Fine needle aspiration could give a smaller risk of seeding
than biopsy. Although the specificity and the positive pre-
dictive value of FNAC for focal liver lesions is very high, the
sensitivity ranges between 67% and 93% and thus diag-
nostic accuracy is less than for histology.29 In addition to
distinguish malignant from non-malignant lesions is
© 2014, INASL
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difficult on cytology especially when the nodule is 2 cm or
less.30 Image guided biopsy is often advocated for small
suspicious nodules and is the preferred method to FNAC
for diagnosing HCC histologically (Level of evidence 5,
grade of recommendation D). Therefore biopsy with an
18-gage needle is preferred to cytology. Tumor biopsy is
a safe procedure with excellent sensitivity and specificity
for lesions > 10 mm.
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RISK OF NEEDLE TRACT SEEDING

A level 3a systematic review showed that the risk of tumor
seeding was 2.7% (0–11%) and the median time between bi-
opsy and seeding was 17 months.28,31

In the single studies, the seeding risk varied from 0% to
5.1%, and the seeding occurred 3 months to 4 years after
biopsy. The currently available evidence is grade B.27,32 In
studies looking at the risk of seeding, a long follow-up
period (up to 4 years) is essential.28,33,34

In a large series, the incidence of needle tract seeding in
more than 1000 patients with HCC was 0.76%.34 Other
studies with more than 100 patients have reported the inci-
dence of tumor seeding following biopsy was in the range
of 1.6%–3.4%.35

Percutaneous biopsy of HCC carries a potential risk of
tumor seeding along the needle tract. Needle tract seeding
can occur in the post transplantation period. Risk factors
for needle tract seeding have not been clearly known. It
has been suggested that the risk of seeding can be reduced
by the use of a coaxial cutting needle technique.36 On the
contrary the risk is increased after radiofrequency ablation,
possibly because of the use of larger diameter needle.37 The
frequency of track seeding will also vary with the diameter
of the needle used, the number of passes, and the amount
of normal parenchyma traversed by the needle.31
PATHOLOGICAL CHARACTERISTICS OF
HEPATOCELLULAR CARCINOMA

Gross Examination
Hepatocellular carcinoma may form a large solitary mass
with or without adjacent smaller satellite nodules. It may
consist of multiple nodules scattered throughout the liver,
or it may infiltrate the liver diffusely without forming nod-
ules. Hepatocellular carcinoma is usually soft, tan to yellow
in color, sometimes bile stained and show areas of necrosis
and hemorrhage. Invasion of small and/or large portal vein
or hepatic vein branches may be seen.38,39

Microscopic Examination (Fine Needle
Aspiration and/or Biopsy)
Hepatocellular carcinoma cells resemble hepatocytes in
function, cytologic features, and growth patterns. In
routine diagnostic practice, HCC is graded as well, moder-
Journal of Clinical and Experimental Hepatology | August 2014 | Vol. 4 | No
ate, or poorly differentiated types. Both architectural and
cytologic features are helpful in establishing diagnosis of
HCC. The pattern of growth may be trabecular, pseudoaci-
nar, or diffuse. The individual tumor cells are polygonal,
have granular and eosinophilic cytoplasm with nuclear
pleomorphism and high nuclear to cytoplasmic ratio.
The cells may secrete bile and contain fat, glycogen,
Mallory-Denk bodies, hyaline globules, or fibrinogen
(Figure 1A–C).

Characteristically, there is no intercellular stroma
except for the desmoplastic stroma in rare scirrhous type
and fibrolamellar type, and the malignant cells are lined
directly by endothelial cells. Unpaired arteries are identified
amid tumor cells. Portal tracts are not present however, at
the tumor margin, entrapped portal tracts may be seen
among the invading neoplastic cells. Vascular invasion is
commonly seen.

Well Differentiated Hepatocellular Carcinoma
These include thin cell plates of 1–3 cells in thickness, pres-
ence of abundant pseudoglandular structures, cytologic
atypia and paucity of reticulin fibers. The most important
differential diagnosis is adenoma/macroregenerative
nodule/dysplastic nodule. It is difficult to diagnose
correctly in small samples. Helpful features to diagnose ad-
enoma include clinical history, absence of cirrhosis
and thick fibrous pseudocapsule, non-trabecular and
insignificant pseudoglandular growth pattern, maintained
reticulin framework and minimal atypia. Immunohisto-
chemical stains for GPC-3 or alpha-fetoprotein can be of
help in distinguishing well differentiated HCC from hepa-
tocellular adenoma (Figure 1D).

Moderately Differentiated Hepatocellular
Carcinoma
Tumors show trabecular pattern with more than 4 cells in
thickness. The cells are larger than well differentiated HCC
with more eosinophilic cytoplasm and distinct nucleoli.
This is the most common pattern seen in established HCC.

Poorly Differentiated Hepatocellular Carcinoma
Poorly differentiated HCCs display a great variety of histo-
logic features including trabecular and diffuse patterns
with or without areas of necrosis. The tumor cell nuclei
are hyperchromatic with prominent nucleoli. Occasionally,
the tumor cells are highly pleomorphic (pleomorphic cell
variant) or spindly (sarcomatoid HCC). The differential di-
agnoses include variety of metastatic poorly differentiated
adenocarcinomas, renal cell carcinoma, neuroendocrine
carcinomas, and melanomas. A battery of immunohisto-
chemical stains will be required to confirm the diagnosis
of poorly differentiated HCC and to rule out metastatic
neoplasms. These include Hep-Par1, glypican-3 (GPC-3),
. S3 | S67–S73 S69



Figure 1 A: Photomicrograph shows trabecular pattern of HCC; B: with intracytoplasmic fat and Mallory hyaline; C: pseudoglandular pattern is seen;
(A, B, C � 200 H&E). D: Glypican-3 shows intracytoplasmic positivity in tumor cells whereas nonneoplastic hepatocytes are negative.
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 polyclonal carcinoembryonic antigen (pCEA) and

CD10.40,41

Small HCCs are defined as tumors measuring up to
2 cm in diameter and these are further classified into
distinctly nodular type and vaguely nodular type.42

Distinctly nodular type or progressed HCC is a type
with gross and histologic features similar to those of larger
classic HCC. On histology these are mostly moderately
differentiated, lacks portal tracts, and show evidence of
microvascular invasion. These tumors contain well-
developed unpaired tumor arteries, which facilitate their
detection by contrast enhanced imaging methods.

Vaguely nodular type or early HCC is a well differenti-
ated type with indistinct margins. On histology it lacks
fibrous capsule, and contains portal tracts. Most of these
HCCs are clinically hypovascular due to insufficient devel-
opment of unpaired tumor arteries and incomplete sinu-
soidal capillarization.43

Dysplastic nodules (DN). These are mostly less than
2 cm in diameter. Grossly these nodules differ from the
surrounding liver parenchyma with regard to size, color,
texture and degree of bulging of the cut surface. Histolog-
ically the presence of portal tracts and ductular reaction is
diagnostic of non-malignant process (Level 3 of diagnostic
strength). Low grade DN features a nodule showing mild
increase in cell density with a monotonous pattern and/
or clonal changes. High grade DN shows cytological and
architectural atypia. Few unpaired non-triadal arteries
S70
can be seen. Stromal and vascular invasion is absent. The
most important differential diagnosis is well differentiated
HCC. In the appropriate clinico-morphological context,
unequivocal positivity for 2 immunostains out of 3
(GPC-3, heat shock protein 70, glutamine synthetase)
can detect early and well differentiated HCC (Level 3 of
diagnostic strength).
Immunohistochemistry
One established approach is to use the 4 stains of cytoker-
atin 7 (CK7), cytokeratin 20 (CK20), Hep-Par 1 and pCEA.
CK7 and CK 20 will be negative in HCCwhereas the latter 2
will be positive.40,41 The other approach will be to use the
trio of GPC-3, glutamine synthetase (GS) and heat shock
protein 70 (HSP70) immunostains (sensitivity and speci-
ficity of 72% and 100%, respectively). This combination
proves to be very good for the diagnosis of HCC, particu-
larly when any two of the three are positive.44 Recent study
by Timek et al suggest role of arginase-1, Hep-Par1 and
GPC-3 in diagnosis of HCC and distinguishing it from
metastatic tumors especially in small biopsies and FNA
material.45 Arginase-1 is considered a more sensitive
marker of hepatic differentiation than either HepPar-1 or
GPC-3.46 CD34 shows diffuse strong staining of the endo-
thelial lining of a large number of sinusoid-like tumor ves-
sels in the majority of HCC whereas it is limited to
sinusoidal endothelium confined to the vicinity of portal
© 2014, INASL
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tracts in normal liver.47 Although a germ cell marker,
SALL-4, an oncofetal gene, has also been seen in HCC
and considered as a marker of aggressiveness by virtue of
its stem cell properties.48–50
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ATYPICAL HEPATOCELLULAR CARCINOMA
VARIANTS

Variants which have no clinical significance but important
for distinguishing from other cancer mimics on either
morphology or imaging:

Pseudoglandular Hepatocellular Carcinoma
Pure pseudoglandular HCC is quite uncommon (<5%). It
has to be differentiated from metastatic adenocarcinoma
and cholangiocarcinoma.39

Clear Cell Hepatocellular Carcinoma
This variant has to be distinguished from more common
metastatic clear cell renal cell carcinoma, adrenocortical
carcinomas and angiomyolipomas.

Scirrhous Hepatocellular Carcinoma
Due to extensive fibrosis this tumor is commonly mistaken
for cholangiocarcinoma on imaging.51

Diffuse Cirrhosis like Hepatocellular Carcinoma
This is clinically and radiographically undetected variant
of HCC which mimics cirrhosis. It evades radiographic
detection even on dynamic imaging due to the small size
of tumor nodules.52

Variants which have Prognostic Importance
Giant Cell Variant
Consists of multinucleated tumor cells and it is considered
as a bad prognostic sign.38,39,51

Combined Hepatocellular and Cholangiocarcinoma
It may represent collision of 2 different tumors or may
result from malignant transformation of stem/progeni-
tor cells which are identified by Keratin 19 and epithelial
cell adhesion molecule (EpCAM). Both primary intrahe-
patic cholangiocarcinoma and HCC may arise secondary
to chronic liver disease and cirrhosis. It is important to
recognize this variant as prognosis is poorer than HCC
alone. This variant has got a tendency for multifocal dis-
ease, frequent vascular invasion and lymph nodal metas-
tasis.

The hepatocellular component is positive for hepatocel-
lular markers whereas the cholangiocellular component is
positive for cytokeratins 7 and 19, epithelial membrane an-
tigen (EMA) and monoclonal CEA. Keratin 19, a progeni-
tor cell/biliary marker, at a cut-off of 5% of positive
Journal of Clinical and Experimental Hepatology | August 2014 | Vol. 4 | No
tumor cells on immunohistochemistry, has been shown
to correlate with poor clinical outcome.53–55

Fibrolamellar Hepatocellular Carcinoma
This type usually develops in non-cirrhotic liver in older
children and adults and carries a better prognosis due to
better resectability and absence of cirrhosis.38,39

Pedunculated Hepatocellular Carcinoma
It is a rare variant and usually located on the posterior and
inferior surfaces of the right lobe. It is associated with good
prognosis due to easy resectability.56

Ablated Hepatocellular Carcinoma
Hepatocellular carcinoma subsequent to presurgical abla-
tion therapy is characterized by large areas of necrosis
with or without viable tumor cells. Pathological evalua-
tion of resected or explanted liver should include
comment on degree of ablation as feedback for therapeu-
tic success.57
RECENTLY DESCRIBED VARIANTS

Glycogenotic Hepatocellular Carcinoma
It is typified by ground-glass hepatocytes due to accumula-
tion of glycogen in neoplastic cells.58

Steatohepatitic Hepatocellular Carcinoma
This newly described morphological variant is recognized
in association with underlying metabolic syndrome-
related liver disease in which features of steatohepatitis
are seen in the tumor cells.59–62
CONCLUSION

The diagnosis of HCC is based on either a tissue specimen
or on very specific CT/MRI findings [1a, A]. Pathological
diagnosis of HCC requires a biopsy of the tumor or a resec-
tion specimen [3b, C]. Stromal invasion or tumor cell inva-
sion into the portal tracts or fibrous septa, defines HCC
and is not present in dysplastic lesions [3a, A]. Immuno-
staining for GPC-3, HSP70, and GS is recommended to
differentiate high grade dysplastic nodules from early
HCC [2d, B]. Non-invasive diagnosis is based on imaging
techniques and characterized by identification of the
typical radiological hallmark of HCC.
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