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Background and objectives: Histopathological distinction of various nodular lesions in liver with sufficient sensi-
tivity and specificity is a challenge even in an expert set up. The panel of immunohistochemical markers composed
of glutamine synthetase (GS), Glypican3 (GPC3) and heat shock protein 70 (HSP70) was recommended by the
International Consensus Group for Hepatocellular Neoplasia group for the differentiation of high grade dysplastic
nodule and early hepatocellular carcinoma (HCC). The panel has been extensively validated in the western
population. This study aims to test this panel on Indian population on resected, explanted and autopsy cirrhotic
and non-cirrhotic liver specimens of HCC. Methodology: This study was conducted on 39 such liver specimens
(12 cirrhotic, 12 pre-cirrhotic and 11 non-cirrhotic, non-fibrotic livers), including 35 cases of HCC over a period of
12 years. Immunohistochemistry was performed with antibodies against GS, GPC3 and HSP70 on the sections
containing both malignant and dysplastic nodules. Results: The diagnostic yield depended upon the nature of
background liver pathology and was found to be high for only those HCCs arising in cirrhotic background, when
positivity of any two markers was taken to be in favor of HCC (sensitivity—58.33%; specificity—100%). GS had a
sensitivity and Negative predictive value of 100% for HCCs arising in cirrhotic livers. Conclusions: Strong positivity
for GS is a highly sensitive marker for HCC in a cirrhotic background regardless of the differentiation of the
tumor in Indian population. This may be due to preferential activation of Wnt pathway in Indian patients with
cirrhosis. The sensitivity of the panel was too low for detecting HCCs arising in non-cirrhotic livers, even in the
pre-cirrhotic chronically inflamed livers, even though the specificity was high. GPC3 and HSP70 appear to be
useful as individual markers for HCCs arising in non-cirrhotic livers. ( J CLIN EXP HEPATOL 2018;8:173–180)

Pathological diagnosis of the various nodular lesions
of liver is a challenge, especially on small biopsies. A
panel of immuno-histochemical markers com-

posed of glutamine synthetase (GS), Glypican3 (GPC3)
and heat shock protein 70 (HSP70), where positivity of any
two markers was taken to be in favor of hepatocellular
carcinoma (HCC), was recommended by the International
Consensus Group for Hepatocellular Neoplasia (ICGHN)
for the differentiation of high grade dysplastic nodule
(HGDN) and early HCC.1 These antigens were selected
based on various detailed studies on the multistep

hepatocarcinogenesis in cirrhotic livers both on molecular
and protein expression levels.2–9 This panel was tested by
Di Tommasso et al. on resection and biopsy specimens of
HCC10,11 and has been validated by other studies.12 All
these studies have reported moderate sensitivity and high
specificity for the histopathological diagnosis of HCC in
cirrhotic livers.10–12 This panel has created considerable
interest in the histopathological diagnosis of HCC in
general especially in small biopsies.

HCCs arising in a background of chronic inflammation
without cirrhosis is not uncommon and is well
recognized.13–15 and so are the HCCs arising in a non-
cirrhotic and non-fibrotic livers.16 There are no studies
regarding the usefulness of this panel in HCCs arising in
non-cirrhotic livers which have a definitive difference in the
clinico-pathological characteristics when compared with
cirrhotic livers.16–18 This study aims to test the diagnostic
utility of this panel in HCCs arising in non-cirrhotic livers.

MATERIALS AND METHODS

All cases of surgically resected specimens of HCC includ-
ing two explanted cirrhotic livers received during 12-year

Keywords: hepatocellular carcinoma, dysplastic nodules, glutamine
synthetase, heat shock protein 70, Glypican3
Received: 28 July 2017; Accepted: 27 September 2017; Available online: 7
October 2017
Address for correspondence: Ashim Das, Professor, Department of Histo-
pathology, Research Block A, PGIMER, Chandigarh 160012, India.
E-mail: ashim126@gmail.com
Abbreviations: C: cirrhotic; GPC3: Glypican3; GS: glutamine synthetase;
HCC: hepatocellular carcinoma; HGDN: high grade dysplastic nodule;
HSP70: heat shock protein 70; ICGHN: International Consensus Group
for Hepatocellular Neoplasia; LGDN: low grade dysplastic nodules;
NCNF: non-cirrhotic, non-fibrotic livers; PC: pre-cirrhotic
http://dx.doi.org/10.1016/j.jceh.2017.09.005

Original Article JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

ã 2017 Journal of Clinical and Experimental Hepatology | June 2018 | Vol. 8 | No. 2 | 173–180

H
ep

a
to
ce

llu
la
r
C
a
rc
in
o
m
a

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jceh.2017.09.005&domain=pdf
mailto:ashim126@gmail.com
http://dx.doi.org/10.1016/j.jceh.2017.09.005


period in the department of histopathology along with
cases of HCC and cirrhosis from recent autopsy archives
were studied. Nodular or non-nodular lesions from the
adjoining areas of HCCs and from the explanted livers
were sampled when possible and studied in detail.
The cases with extensive tumor necrosis or non availability
of tissue in the blocks and nodular lesions like hepatocel-
lular adenoma, focal and diffuse nodular regenerative
hyperplasia and small biopsies were excluded from this
study.

After exclusions, this study was conducted on 39 liver
specimens of which 34 were surgically resected specimens
and one was an autopsy specimen of HCC. The others
were cirrhotic explanted livers and an autopsy specimen of
macronodular cirrhosis secondary to hereditary tyrosene-
mia in a four-year old child.

Morphology
The hematoxylin and eosin stained sections were studied
and the nodular lesions identified were classified according
to International Working Party (1995) classification of
nodular lesions of cirrhotic liver.19 A diagnosis of HCC
was made based on standard histopathologic criteria and
supportive evidence based on reticulin stain and IHC for
CD34 and hepatocytic markers when appropriate. The
HCCs were classified as well (WD), moderately (MD) and
poorly differentiated (PD) tumors based on morphology.

The adjacent liver parenchyma of the cases of HCC were
extensively studied and were classified as cirrhotic (C) if
there was nodule formation and fibrosis stage five or six
according to modified Ishak staging system.20 Chronically
inflamed livers with fibrosis stage two to four were con-
sidered to be pre-cirrhotic (PC) and other cases with
essentially normal adjacent liver parenchyma were classi-
fied as non-cirrhotic, non-fibrotic livers (NCNF).

Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue sections were
consecutively cut and immunostained with antibodies
against GS (0.50 mg/ml, mouse monoclonal, Abcam, Eng-
land {ab64613}) HSP70 (0.05 mg/ml, mouse monoclonal,
Abcam, England {ab2787}) and GPC3 (1.00 mg/ml, rabbit
polyclonal, Abcam, England {ab66596}). At least two sec-
tions containing the tumor and the adjacent liver were
stained in addition to the sections containing the pre-
neoplastic lesions and the adjacent liver parenchyma.
Sections were hydrated and treated with hydrogen perox-
ide/methanol for 10 min at room temperature to quench
endogenous peroxidase activity. To perform antigen
retrieval, sections were placed in citrate buffer (pH 6.0,
0.01 M) and boiled in a pressure cooker for 10 min and
allowed to cool for 20 min at room temperature. Incuba-
tion with GPC3 was carried out overnight (8 h) at 4 �C
while HSP70 and GS were incubated at room temperature

for 1 h, followed by 40 min incubation with secondary
antibody. Diamino benzidine (DAB) detection was fol-
lowed by Mayer’s hematoxylin for nuclei counterstaining.

Interpretation
Staining for GPC3 (cytoplasmic/membranous staining)
and HSP70 (nucleocytoplasmic staining) were classified
as positive in samples with more than 10% immunoreac-
tive lesional hepatocytes. Control sections were stained
and evaluated with each batch. GS was considered positive
when staining was diffuse and unrelated to perivenular
areas in more than 50% of tumor cells. Non-lesional
immunoreactive perivenular hepatocytes were used as
an internal control. The patterns of staining were also
documented (Table 3). Positivity for at least two markers
was taken to be in favor of HCC (Figures 1 and 2).

Statistical Analysis
Data were described as number and percentage. Chi-
square test was used to compare categorical data. P value
less than 0.05 was considered statistically significant.
Sensitivity was calculated as the proportion of tumors
resulting in positive tests. Specificity was calculated as
the proportion of non-HCC lesions resulting in negative
tests. The positive predictive value was calculated as the
proportion of positive tests that correctly identified HCC
lesions. The negative predictive value was calculated
as the proportion of negative tests that correctly identi-
fied non-HCC nodules. Receiver operator characteristic
analysis (ROC) were attempted when appropriate.
Calculations were done using Statistical Package for
Social Sciences (SPSS Inc, Chicago, IL Version 17.0 for
Windows).

RESULTS

Characteristics of Patients
Twelve cases of HCC had background cirrhosis and 12
cases had irregular portal tract fibrosis (stage two to four)
along with mild to moderate portal tract inflammation
indicating an ongoing chronic hepatitis and were consid-
ered to be pre-cirrhotic. A total of 11 patients (seven cases
with cirrhosis and four cases with chronic hepatitis) were
positive for Hepatitis B, five cases (two cases with cirrhosis
and three cases with chronic hepatitis) were positive for
Hepatitis C and two cases were positive for autoantibodies
(one case with cirrhosis and one case with chronic hepati-
tis). The serological status of the rest of the patients (two
patients with cirrhosis and four patients with chronic
hepatitis) were unknown. The remaining 11 cases did
not show any evidence of fibrosis, steatosis or inflamma-
tion in the non-tumorous parenchyma and were essen-
tially normal. The characteristics of these patients are
given in Table 1.
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Figure 1 (A) Strong cytoplasmic staining of glutamine synthetase (magnification 400�). (B) Differential positivity of glutamine synthetase within the
same tumor, adjacent liver parenchyma shows positivity in the perivenular hepatocytes (magnification 40�). (C) Diffuse and strong cytoplasmic of
Glypican3 staining in the tumor cells. The adjacent liver parenchyma is negative. (magnification 100�). (D) Strong membranous positivity of Glypican3
in more than 10% tumor cells (magnification 400�).

Figure 2 (A) Strong nucleocytoplasmic staining of heat shock protein 70 (HSP70) in the tumor cells (magnification 400�). (B) Cytoplasmic positivity
with no nuclear positivity, considered to be negative (magnification 100�).
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Histological Features
Eight of the tumors were WD, 20 were MD and seven were
PD. No early HCCs could be identified from the speci-
mens. A number of non-malignant lesions were identified
on studying the adjacent liver of the HCC cases and the
explant livers. The lesions are given in Table 2.

Only one HGDN was identified among all cases, in an
explanted liver of a 61 year old female with NASH related
cirrhosis. The diagnosis of HGDN was made on morpho-
logical basis by the absence of stromal invasion and pre-
served reticulin pattern as in accordance to the consensus
nomenclature. The low grade dysplastic nodules (LGDNs)
and large regenerative nodules (LRNs), identified in seven
different cases of HCC were considered together in the
same group for further comparisons. The liver specimen
of the patient with hereditary tyrosinemia showed only
macroregenerative nodules/LGDNs.

Immunohistochemistry
Overall Staining Pattern of Glutamine Synthetase,
Glypican3 and Heat Shock Protein 70
Among the non-malignant lesions, none of the cirrhotic
nodules, LRNs or LGDNs, foci of altered hepatocytes or
benign hepatocytes showed any positivity for any of the
three antibodies. However the single HGDN showed focal
strong positivity to GS in a small group of cells.

As regards to the malignant lesions, GS had the highest
sensitivity in our study being positive in 19/35 (54.28%)

cases followed by HSP70, 17/35 (48.57%) and GPC3, 10/35
(28.57%) of cases of HCC. Positivity with all three anti-
bodies was observed in only 3/35 (8.5%) cases. 12/35 cases
(34.28%) showed positivity for at least two markers and
28/35 (80%) tumors were positive for at least one marker.
Seven (20%) cases were negative for all three antibodies.

Diagnostic Yield
The overall sensitivity of at least two antibodies being
positive for the diagnosis of HCC was 34.28% and speci-
ficity was 100%. The negative predictive value was 59.5%.
Differentiation of the tumors did not appear to affect the
positivity for these markers, however tumors arising in
cirrhotic, pre-cirrhotic and normal liver background had
specific patterns of positivity with different antibodies in
the panel.

Of the 12 cases of HCC arising in a cirrhotic back-
ground, all cases (100%) showed diffuse cytoplasmic posi-
tivity unrelated to the vascular structures for GS. The
staining characters of GS in the tumor cells were strong
and diffuse when compared to the granular character of
that of the perivenular normal hepatocytes. Six cases (50%)
showed convincing nucleocytoplasmic staining with HSP
70. However two cases (one MD and one WD) showed
strong cytoplasmic staining with very occasional nuclear
positivity which was considered negative in the present
study. Only three cases (25%) showed convincing granular
cytoplasmic staining in >10% tumor cells with GPC3. Two
cases (one WD and one PD) showed positivity with all three
antibodies. None of the tumors arising in a cirrhotic back-
ground was negative with all three antibodies. The sensi-
tivity and specificity pattern of the IHC panel in tumors
arising in a cirrhotic background is depicted in Table 4.

The sensitivity of two markers being positive was
58.33% while the specificity was 100% in a cirrhotic setting.
The most useful combination appeared to be HSP and GS
(50% sensitivity). The sensitivity of GS was 100% in case of
tumors arising in a cirrhotic background while the speci-
ficity was 90.00%, if the focal strong staining of the HGDN
is also taken into account.

Among the HCCs arising in pre-cirrhotic livers, only 4
(33.33%) (1 WD, 1 MD and 2 PD) cases showed positivity
with two antibodies. Ten (83.33%) cases showed positivity
for at least one immune-histochemical marker while two
(16.67%) cases (1 WD and 1 MD) were negative for all three

Table 1 Histological Characteristics of the Cases of Hepatocellular Carcinoma.

Background liver Cirrhotic (C) Non-cirrhotic non-fibrotic (NCNF) Pre-cirrhotic (PC)

No. of HCC cases 12 (2WD+9 MD+1PD) 11 (4WD+5MD+2PD) 12 (2WD+6MD+4PD)

Tumor size 4.93 � 2.53 cm 10.98 � 5.89 cm 7.31 � 2.07 cm

Age 50.17 � 14.76 54.82 � 12.96 58.08 � 9.50

Sex ratio (M:F) 12:0 9:2 12:0

WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated.

Table 2 Non-Malignant Lesions Identified in the Adjacent
Liver Parenchyma.

Lesion Number of
nodules

Size

Low grade
dysplastic nodules
(LGDN)/large
regenerative
nodules (LRN)

7/2 0.61 � 0.17/
1.75 � 0.35 cm

High grade
dysplastic nodule
(HGDN)

1 1.6 cm

Foci of altered
hepatocytes (FAH)

2 <1 mm
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markers. GPC3 and HSP70 were the antibodies with
higher sensitivity (50%). However, GS showed a
dramatic drop in sensitivity to 25%. Similarly, HCC arising
in NCNF showed poor diagnostic yield by this panel of
antibodies. Five cases (45.45%) were negative for all three
antibodies and only one (9.09%) case showed positivity
for two antibodies. HSP70 was found more consistently
positive than the other antibodies (5/11 cases) with
lesser variability of the quality of the staining. The sensi-
tivity of HSP70 remained about the same as the other two
groups (45.45%). The sensitivity patterns are depicted in
Table 5.

Based on the above observations, it was inferred that
the likelihood of a HCC becoming positive with two or
more antibodies was the highest when the background
liver was cirrhotic (P < 0.05).

DISCUSSION

Though the specificity of the panel appeared to be 100%,
when positivity for two antibodies is taken to be in favor of
HCC, the overall sensitivity (34.28%) was too low for
routine use of this panel for the histopathological diag-
nosis of HCC in the wide sense.

However, the diagnostic yield of this panel was found
to be maximum for HCCs arising in a cirrhotic back-
ground (sensitivity—58.33%; specificity—100%). All the
twelve cases included showed convincing positivity for
at least one marker. The striking observation in the pres-
ent study is regarding GS, whose sensitivity was 100% for
HCCs arising in a cirrhotic background while the speci-
ficity was 90.00%. Moreover, the negative predictive value
for GS is 100% in the present study. This is in contrast to
the original observations by Tommaso et al. as well as in
other studies that followed.11–13 A combination of two
antibodies appear to have decreased the sensitivity (from
100% to GS alone to 58.33% for a combination of 2 anti-
bodies) without affecting the specificity much. Another
observation in this study is the sensitivity of GPC3 which
was 25% in comparison to the reported sensitivity of
around 60% in HCCs arising in cirrhotic livers.10–12 None
of the non-malignant nodules or benign hepatocytes qual-
ified to enter into differential diagnosis of early HCC by
staining positive with two antibodies indicating the strong
specificity of this panel for malignant lesions. Area under
the curve is almost one in ROC analysis when plotted for
single, two and all three antibodies being positive for
classifying a lesion as HCC, again indicating the strong

Table 3 Patterns of Staining of HSP70, Glutamine Synthetase and Glypican3 in HCC.

Antibody Pattern of staining Interpretation (positive/negative)

Glutamine synthetase (GS) Diffuse strong cytoplasmic positivity unrelated to vascular
structures/septae

Positive (19/35)

Patchy strong positivity along the septae Negative (11/35)

HSP70 Diffuse strong cytoplasmic with nuclear positivity Positive (17/35)

Isolated cytoplasmic positivity Negative (4/35)

Glypican3 (GPC3) Cytoplasmic positivity/strong membranous positivity in >10% of cells Positive (10/35)

Occasional cells positive/weak cytoplasmic staining Negative (8/35)

Table 4 Usefulness of the IHC Panel in Diagnosis of HCC Arising in Cirrhotic Liver.

NM
(n = 10)

M
(n = 12)

Sensitivity Specificity PPV NPV

All 3 positive 0 2 16.67% 100% 100% 50%

At least 2 positive 0 7 58.33% 100% 100% 66.67%

At least 1 positive 1 12 100% 90.00% 92.31% 100%

HSP70 + GS 0 6 50% 100% 100% 62.50%

GS + GPC3 0 3 25% 100% 100% 52.63%

HSP70 + GPC3 0 2 16.67% 100% 100% 50%

HSP70 0 6 50% 100% 100% 62.50%

GPC3 0 3 25% 100% 100% 52.63%

GS 1 12 100% 90.00% 92.31% 100%

NM, non-malignant lesions; M, malignant lesions; PPV, positive predictive value; NPV; negative predictive value; HSP70, heat shock protein 70; GS,
glutamine synthetase; GPC3, Glypican3.
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specificity of the panel. A comparison of reported sensi-
tivity/specificity patterns of the panel in HCCs arising in
cirrhotic livers is represented in Table 6.

GS is a well-recognised target of Wnt/b catenin path-
way and it catalyzes the synthesis of glutamine, which is
the major energy source of tumor cells.20 GS immuno-
staining is suggested to identify a subgroup of HCCs with
specific epidemiologic and genetic profiles with improved
overall survival.21 The consistent and strong reactivity
with GS suggests more prevalent activation of Wnt sig-
naling pathway in Indian patients with cirrhosis. In addi-
tion, it can be hypothesized that Wnt signaling pathway
activation could be the key transforming event in our
study population. One of the factors explaining this phe-
nomena might be the fact that most of the available
literature on HCC are from Europe, USA or Japan where
the brunt of the HCC load is due to HCV.22 This is in
contrast to the Indian scenario where HBV is the major
etiological agent in HCC development. The genotypes of
HBV (A and D) and HCV (2, 3, 5 and 6) are the most
prevalent in India which are less virulent and are less likely
to progress to HCC probably accounting for the low
incidence status of India for HCC.23,24 Unfortunately,
we do not possess the genotype information for many
of the patients in our study to support this notion. The

possible association of GS positivity, and thereby Wnt
signaling pathway and infection with these less virulent
forms of Hepatitis B virus also merits further exploration
in our population, especially in an era of targeted ther-
apy.25,26 GS immunostaining appears to have the poten-
tial of identifying candidates for such targeted therapy in
future.

Apart from the fall in sensitivity, the staining character-
istics also changed dramatically with GS in pre-cirrhotic
(25%) and non-cirrhotic livers (9.09%), with increasing
cases showing differential positivity within the tumor
area, which are more likely to be misrepresented in small
biopsies.

GPC3 appears to be expressed more often in HCCs
arising in pre-cirrhotic livers (50%) and rarely in those of
NCNF in our material. Apart from its diagnostic value,
mechanistic insight into the roles of GPC3 and of c-Myc
in the development of HCC are being investigated
recently.27 Moreover the expression of GPC3 and its
mRNA in the tumor tissue has been shown to correlate
with worse prognosis.28,29 The rise in GPC3 sensitivity in
pre-cirrhotic livers might extrapolated to the activation
of c-myc oncogene pathway, which could be serving
as an alternative pathway of hepatocarcinogenesis in
pre-cirrhotic livers.27

HSP70 is found to be one of the most abundantly
upregulated gene in early HCC.6 The sensitivity of HSP
remained constant (50%) irrespective of the background
pathology and the specificity was 100%.

Though the data for comparison for staining patterns
in HCC arising from pre-cirrhotic and normal liver back-
grounds is not available in the available literature, the
difference in the staining pattern between HCCs arising in
a cirrhotic background and non-cirrhotic background can
be explained by the possible differences in the hepatocar-
cinogenesis. As reported by Trekova et al., the genomic
profiles of HCCs arising in a non-cirrhotic background is
different from the one that develops in a cirrhotic back-
ground.17Alteration of the p53 pathway was found to be
playing a more important role in the pathogenesis of HCC
associated with cirrhosis, whereas alterations in cell cycle
regulators p21waf1/cip1 and p27Kip1 play a more impor-
tant role in the pathogenesis of non-cirrhotic HCC.17 The
results of our studies also supports a notion of an alter-
nate molecular pathway of hepatocarcinogenesis in non-

Table 5 Sensitivity of the Immunohistochemical Panel for
Hepatocellular Carcinomas Arising in Pre-Cirrhotic and Non-
Cirrhotic, Non-Fibrotic Livers.

Pre-cirrhotic
livers

Non-cirrhotic
non-fibrotic livers

N = 12 (sensitivity) N = 11 (sensitivity)

All 3 positive 1 (8.33%) 0

At least 2 positive 4 (33.33%) 1 (9.09%)

At least 1 positive 10 (83.33%) 6 (54.55%)

HSP + GS 3 (25%) 0

GS + G3 2 (16.67%) 0

HSP + G3 1 (8.33%) 1 (9.09%)

HSP 6 (50%) 5 (45.45%)

GPC3 6 (50%) 1 (9.09%)

GS 3 (25%) 1 (9.09%)

HSP70, heat shock protein 70; GS, glutamine synthetase; GPC3,
Glypican3.

Table 6 Comparison of Available Studies on the Panel in HCCs Arising in Cirrhotic Livers:.

GS
Sensitivity & specificity

HSP
Sensitivity & specificity

GPC3
Sensitivity & specificity

Most useful
combination

Present study (resection specimens) 100% & 90% 50% & 100% 25% & 100% HSP70 + GS

Di Tommaso et al. (resection specimens)11 59.38% & 86.36% 78.13% & 95.45% 68.75%& 90.91% HSP70 + GPC3

Di Tommaso et al. (small biopsies)12 57.9% & 96% 40.4% & 90% 61.4%&92% GPC3 + GS

Tremosini et al. (small biopsies)13 50.0% & 90.0% 57.5% & 85.0% 57.5% & 95.0% GPC3 + HSP70
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cirrhotic livers on the basis of differences in staining
pattern. However, it also makes this panel unsuitable
for diagnosis of HCCs arising in a non-cirrhotic back-
ground, even in pre-cirrhotic livers.

In contrast to the west, where the screening protocols
for cirrhotic patients are well established and followed and
thereby resulting in detection of early lesions, the Indian
scenario is different where patients often present in
advanced stages with large tumor sizes,23,24 which might
be one of the factors explaining non-availability of early
HCCs in the present study. This is true for many malig-
nancies in the Indian set up, where many patients present
with multiple liver metastasis. In addition, the prevalence
of HCCs among the non-cirrhotic livers also appears to be
high when compared to literature. With increasing number
of small biopsies and FNACs being done for space occu-
pying lesions diagnosed on imaging, the need of the hour is
a robust panel of antibodies which would effectively con-
firm the diagnosis of HCC and rule out benign hepatocel-
lular lesions as well as other metastatic malignancies.

Two tissue microarray based studies by Lagana et al.
have tested this panel of antibodies in the context of
hepatocellular adenomas, metastatic tumors and cholan-
giocarcinomas.30,31 They have reported that only GPC3
shows a reliable degree of specificity to HCC, i.e., it effec-
tively indicated malignancy as well as of hepatocellular
origin. While HSP-70 immunoreactivity was noted in
around 88% of intrahepatic cholangiocarcinomas and
metastatic tumors, GS was positive in around 70% of
the same.30,31 indicating that the reactivity does not con-
firm hepatocellular differentiation.

In conclusion our study suggests that a diagnosis of
HCC should largely depend on morphology. Regardless of
the tumor differentiation, a diffuse and strong reactivity
for GS strongly supports a diagnosis of HCC if the back-
ground liver is cirrhotic or shows an advanced fibrosis by
radiology in Indian scenario. Negativity for this marker
helps to rule out HCC in an expert set up. Positivity for
two of the markers is highly specific for HCC. However, in
non-cirrhotic livers, including the pre-cirrhotic ones, i.e.,
with histological fibrosis stage four or less, this panel
appears to have too low sensitivity for routine diagnosis
of HCC. However, HSP70 and GPC3 are useful as single
markers, in supporting a diagnosis of HCC. The positivity
with these antibodies should be interpreted in context as
they probably indicate a pathomechanism rather than
hepatocellular origin of the lesion thus an additional
marker of hepatocellular differentiation should be used
when appropriate.
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