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ABSTRACT - Background — Hepatocellular carcinoma (HCC) is the most frequent primary cancer of the liver and cirrhosis is considered a pre-malignant

disease. In this context, the evolutionary sequence from low grade dysplastic nodule and high grade dysplastic nodule (HGDN) to early HCC and
advanced HCC has been studied. The differential diagnosis between HGDN and early HCC is still a challenge, especially in needle biopsies Objective
— To evaluate an immunohistochemistry panel to differentiate dysplastic nodules and HCC. Methods — Patients with cirrhosis who underwent surgical
resection or liver transplantation were included. The sensitivity, specificity and accuracy for the diagnosis of neoplasia were analyzed by evaluating
five markers: heat shock protein 70, glypican 3, glutamine synthetase, clathrin heavy chain and beta-catenin. P<0.05 was considered statistically
significant. Results — One hundred and fifty-six nodules were included; of these, 57 were HCC, 14 HGDN, 18 low grade dysplastic nodules and 67
regenerative macronodules. Sensitivity of HCC diagnosis was 64.9% for glypican 3 and 77.2% for glutamine syntetase, while specificity was 96.0%
and 96.0% respectively. When the panel of four markers was considered (excluding beta catenin), the specificity ranged from 87.9% for one positive
marker to 100% for at least three markers. The best accuracy for HCC diagnosis was obtained with at least two positive markers, which was associated
with a sensitivity of 82.5% and specificity of 99%. Conclusion — Differential diagnosis of dysplastic nodules and HCC by morphological criteria can

be challenging. Immunomarkers are useful and should be used for the differential diagnosis between HCC and HGDN.

HEADINGS - Hepatocellular carcinoma. Glutamate synthase. Glypicans.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most frequent primary
liver cancer and the second major cause of death among malignant
neoplasms. Moreover, there is a projection of increased prevalence
of this neoplasia in the next 10 years worldwide. Liver cirrhosis
is considered a pre-malignant disease, with a risk of developing
HCC®, In this regard, the following evolutionary sequences have
been demonstrated: low grade dysplastic nodule (LGDN), high
grade dysplastic nodule (HGDN), early HCC and advanced HCC*™
9. The differential diagnosis between HGDN and early HCC has
been the subject of several studies. Histological differentiation
by morphological analysis alone is not possible most of the time,
especially in needle biopsies™!*!1,

Di Tommaso et al.?, demonstrated the validity of heat shock
protein 70 (HSP70), glypican 3 (GPC3) and glutamine synthetase
(GS) as immunohistochemical markers in this setting. Using the

three markers’ panel the positivity for at least two of the three
markers, regardless of which one resulted in a sensitivity of 72%
and a specificity of 100% for the diagnosis of early HCC. When a
fourth immunohistochemical marker, clathrin heavy chain (CHC),
was added to the panel, there was an increase in sensitivity and
diagnostic accuracy of this neoplasm¥. A prospective study car-
ried out subsequently validated the role of the immunomarker
panel, however, the panel only slightly increases the diagnostic ac-
curacy in an expert setting!¥. More recently, Uthamalingam et al.
evaluating a population in a non-western country, failed to confirm
these results, mainly in patients without cirrhosis, and showed low
sensitivity for routine diagnosis of HCC.

Another promising immunohistochemical marker in the
identification of HCC is the anti-beta catenin antibody. The
mutation in beta catenin exon three has been detected in this
neoplasm and in the adenoma with a risk of malignant transfor-
mation'®!”, Furthermore, current data suggest that mutations
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predicted to activate the beta catenin pathway were associated
with maintenance of tumor initiating cells, tumor progression,
metastasis and drug resistance, especially innate resistance to
immune checkpoint blockade$19).

Therefore, the aim of the present study was to evaluate the
sensitivity, specificity and accuracy of the GS, GPC3, HSP70 and
CHC markers and to study the influence of beta catenin, added to
the panel of four markers, in the diagnosis of HCC.

METHODS

Consecutive patients with hepatic cirrhosis who underwent
surgical resection or liver transplantation were studied at the
Hospital Irmandade Santa Casa de Misericordia de Porto Alegre
(ISCMPA), a tertiary hospital in Southern Brazil. The diagnosis
of HCC, prior to the procedure, was performed through imaging
according to established criteria or by a liver biopsy®“?.

Surgical specimens and explanted livers were fixed in a 10%
formalin solution and subjected first to macroscopic analysis.
Macro-nodule was defined when the size or texture of the nodule
differs from the background cirrhotic nodules, when reaching 5
mm or more®). Subsequently, the macro-nodules were designated,
embedded in paraffin, sectioned and stained with hematoxylin
and eosin and classified into regenerative macro-nodules (RMN),
LGDN, HGDN, early HCC and advanced HCC®». HCCs were
identified according to the Japanese classifications of histologically
as well, moderately or poorly differentiated®. The gold standard
to define HCC, was histopathology, mainly presence of stromal
invasion and the loss of reticulin framework. Other findings are
the grade of nuclear atypia, high nuclear to cytoplasmic ratio and
architectural atypia®. Patients with HCC beyond Milan criteria
that were awaiting liver transplantation undergoing transarterial
chemoembolization (TACE) as a bridge to transplant. Nodules
with 100% necrosis were excluded.

To perform the immunohistochemistry, the blocks were sec-
tioned in thicknesses of three microns, dewaxed and rehydrated.
The Reveal HPR System, SPRING® Kit was used to detect proteins:
anti-beta catenin (E247) at a dilution of 1/200 (ABCAM®), anti-
GS at a dilution of 1/400 (ABCAM®), anti-HSP70 at a dilution
of 17300 (ABCAM?®), anti-CHC at a 1/1000 dilution (ABCAM®)
and anti-GPC3 (1G12) at a 1/400 dilution (ABCAM®). Antigenic
recovery was performed with sodium citrate (pH 6.0) for 40 minutes.
Endogenous peroxidase activity was blocked using two baths of
10-minute hydrogen peroxide (H,0,) 30 volumes, at 5% volumes
in methanol. Blocking of nonspecific activities was performed
with a 1% bovine albumin serum for one hour. Incubation with
the primary antibodies was performed overnight at 4°C. Incuba-
tion with secondary antibodies was performed for 30 minutes
at room temperature. For negative control of the technique, the
same tissues were used incubated with the same antibodies, except
the primary one which was replaced by a 1% BSA (bovine serum
albumin). The antigen-antibody binding was visualized with the
chromogen DAB (diaminobenzidine). Counter staining was done
with Harris hematoxylin; The slides were dehydrated and mounted
with a synthetic resin. Cases were considered positive when at least
5% of cells showed staining and were classified according to the
intensity (weak, moderate or accentuated) and its classification as
focal or diffuse.

For statistical analysis SPSS software (StatisticalPackage for
Social Sciences) version 17.0 was used. Quantitative variables

were described using mean and standard deviation (symmetric
distribution) or median (asymmetric distribution). The sensitivity,
specificity and accuracy for the diagnosis of HCC were analyzed
by first evaluating the five markers (GS, GPC3, HSP70, CHC and
beta-catenin) and then the four markers (excluding beta catenin).
The value of P<0.05 was considered statistically significant.

Informed consent was obtained from each patient included
in the study and the study protocol is in accordance of ethical
guidelines from the National Health Council of the Ministry of
Health (Brazil- Resolution 466/2012) and the 1975 Declaration
of Helsinki. The study was approved by the ISCMPA Research
Committee.

RESULTS

Fifty-one patients were included. Seventeen of these underwent
liver resection and 34 were submitted to orthotopic liver trans-
plantation. Thirty-six patients (70.6%) were male. The mean age
of the patients was 59.7 and the median was 64.0 (ranging from
42 to 75 years).

One hundred and fifty-six nodules were evaluated after the
exclusion of two nodules due to complete necrosis. Patients submit-
ted to surgical resection had a single nodule, all classified as HCC,
with a diameter varying from 1.0 cm to 3.2 cm with a median of
1.9 cm. Patients submitted to liver transplantation had a mean
number of nodules per patient of 3.18 and median 2.0 (ranging
from 1 to 6 nodules) with a diameter varying from 0.7 cm to 4.0
cm with a median of 2.0 cm. Of these, 40 were HCC, 14 HDGN,
18 LGDN and 67 RMN.

Regarding HCC, histological classification identified 22
nodules with well differentiated HCC and 35 with moderately
differentiated / poorly differentiated HCC.

Individual sensitivity in cases of HCC diagnosis was 18.5% for
beta catenin, 45.6% for HSP70, 61.4% for CHC, 64.9% for GPC3
and 77.2% for GS. Positive cases of HCC with the most important
markers are shown in FIGURE 1.
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FIGURE 1. Hepatocellular carcinoma. Positive markers: (A) glutamine
synthetase {GS}; (B) glipican 3 {GPC3}; (C) heat shock protein 70
[HSP70}; (D) clathrin heavy chain {CHC}.
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When the panel of four markers was considered (excluding beta
catenin in view of its low sensitivity when performed in isolation;
in fact, just in one case, beta catenin was the only positive marker,
but the diagnosis was HGDN)), the sensitivity ranged from 10.5%
for positivity of all markers to 96.5% for the positivity of only one
marker. Specificity ranged from 87.9% for one marker to 100% for
at least three markers. The diagnostic accuracy ranged from 67.3%
when all four markers were considered to 92.9% when considering
at least two positive markers. The best accuracy was obtained when
considering at least two positive markers, which was associated with
a sensitivity of 82.5% and specificity of 99% (TABLE 1).

TABLE 1. Sensitivity, specificity and accuracy for the diagnosis of HCC
with four markers.

N HCC
Positive oo HCC
HCC s o, 9

markers (1=99) (n=57) Sensitivity Specificity Accuracy
(%) (%) (%)

4M Panel

All four 0 6 10.5 100 67.3

At least 3 0 26 45.6 100 80.1

At least 2 1 47 82.5 99.0 92.9

At least 1 12 55 96.5 87.9 91.0

GS 4 44 77.2 96.0 89.1

GPC3 4 37 64.9 96.0 84.6

HSP70 3 26 45.6 97.0 78.2

CHC 2 27 61.4 97.9 86.3

HCC: hepatocellular carcinoma; GS: Glutamine Synthetase; GPC3: glypican 3; HSP70: Heat
Shock Protein 70; CHC: Clathrin heavy chain; 4M Panel: panel with 4 immunomarkers.

DISCUSSION

The development of HCC is more frequent in patients with
HDGN as compared to LGDN®, A clinical follow-up study
demonstrated that HGDN shows a malignant transformation
risk of approximately 30% to 40% in 24 months®. Evidence of
malignant transformation of HGDN is the fact that some of these
nodules exhibit a well differentiated HCC microscopic focus®®.
In the study by Borzio et al., 31% of HGDNs exhibit malignant
transformation at a mean follow-up of 33 months®. Similarly,
the study by Kobayashi et al. demonstrated that the relative risk
of developing HCC from HGDN was 46.2%, 61.5% and 80.8% at
1, 3 and 5 years respectively®®. More recently, these findings have
been confirmed, with dysplastic nodules being considered high-risk
pre-malignant lesions®.

Regarding HCC in a patient with hepatic cirrhosis, it is
recommended that the patient be submitted to screening and
surveillance every 6 months. When nodules larger than 1 cm are
found, dynamic imaging study for diagnosis should be performed.
If necessary for a better diagnostic clarification a liver biopsy is
recommended®3?.

Some studies have shown that the non-invasive diagnosis
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of HCC may present false positive results®!-®. Hayashi et al.®!
demonstrated that in 8 of 30 (27%) patients transplanted by HCC,
neoplasia was not confirmed in the explant, which resulted in
an incorrect organ allocation in these patients. Wiesner et al.®?
showed that 31% of patients who underwent liver transplanta-
tion for nodules smaller than or equal to 1.9 cm and 9% of
patients with nodules between 2 and 5 cm had no evidence of
neoplasia in the explanted liver. Similar results were also found
in a French study, where the false-positive diagnosis of HCC in
pre-transplants occurred in 20% of the patients®®. On the other
hand, a false-positive rate <3% was detected in a cohort of Asian
patients after liver resection®,

We want to emphasize here that the danger of invasive treat-
ments in lesions misdiagnosed is greater than the minimal risks of
liver biopsy®¥. Therefore, especially in non-typical cases, a biopsy
is critical for diagnostic elucidation.

Furthermore, biopsy can also assess prognostic parameters
like tumor differentiation and is crucial for differential diagnosis
with intra-hepatic cholangiocarcinoma. On the other hand, from
the morphological point of view, the differentiation of HGDN
and early HCC by needle biopsy presents a diagnostic challenge
and is sometimes impossible to establish. Both HGDN and HCC
may present cell population enlargement, cytoplasmic basophilia,
hyperchromasia and nuclear atypia, altered nucleus cytoplasm ratio,
reduced number of portal spaces, macrotrabecula and pseudoaci-
nar transformation®??. The only characteristic that differentiates
HCC from HGDN is stromal invasion, which is difficult to detect
in needle biopsy©?.

The recent identification of immunomarkers in this differentia-
tion has been extremely useful for a more accurate diagnosis®*®.
GPC3 has been the most studied marker; literature shows a sensitiv-
ity between 75.7% and 94.8% and specificity of 96% to 97%*4,
On the other hand, the negativity for GPC3 does not exclude the
diagnosis of HCC, especially in cases of needle biopsy, since im-
muno staining can be heterogeneous. With respect to dysplastic
lesions, Wang et al.®” demonstrated that 10.6% of these nodules
exhibited GPC3. In the study by Coston et al.“Y, the GPC3 was
present in 7% of LGDN and in 23% of HGDN. In the present
study, the sensitivity of GPC3 for the diagnosis of HCC was ap-
proximately 65% and the specificity was 96%.

Di Tommaso et al.!® showed that CHC was the most sensi-
tive isolated marker for the diagnosis of well differentiated HCC,
demonstrating sensitivity of 58.8%, versus GS (41.2%), HSP70
(17.6%) and GPC3 (11.8%). In the present study, the isolated
marker with the highest sensitivity and specificity was GS with
77.2% sensitivity, 96% specificity and 89.1% accuracy. The speci-
ficity for each marker alone was above 95%, with the exception of
the beta-catenin marker, which also had a very low sensitivity. The
mutation of beta catenin may be present in HCC, but some authors
have demonstrated its presence in the minority of patients, which
confirms our findings"’#9. On the other hand, some researches
have shown the presence of changes in the beta-catenin pathway in
about 50% of the analyzed tumors, with prognostic and therapeutic
importance“*), Thus, the use of beta-catenin in the histological
diagnosis of HCC does not play a prominent role, which differs
from the perspectives of HCC treatment.

In the study by Di Tommaso et al."?, performed on surgical
biopsies, analyzing 52 non-malignant nodules and 53 HCC, the
negativity for all the markers (HSP70, GPC3 and GS) was found
in 100% of the cases of regenerative nodules. In contrast, positiv-
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ity for all markers was present in less than half of the early HCCs.
The positivity for 2 out of 3 markers had a sensitivity of 70% and
a specificity of 100%. Similarly, a study using this panel of needle
biopsies demonstrated an accuracy for the diagnosis of HCC of
78.4% (2 positive markers) with 100% specificity®. Including the
CHC, the panel of 4 markers demonstrated that positivity for at
least 2 markers obtained an accuracy of 97% for HCCUY. In the
present study, analyzing 99 non-malignant nodules and 57 HCC, the
best diagnostic accuracy for HCC was also related to the positivity
of at least two markers (92.9%) with a specificity of 99%.

It is noteworthy that Sherman®?, in an editorial, questions
the real importance of these immunomarkers in the differential
diagnosis of HCC and HGDN, especially because the diagnosis
of neoplasm is performed according to morphological criteria. In
fact, the most important apply of the immunomarkers are nodules
less than 2 cm, but can be of value in greater nodules, mainly if
they are well-differentiated.

The possible limitations of this study were the retrospective
designed and inclusion of moderate and poor differentiated neo-
plasia in the differential diagnosis of hepatic nodules.

CONCLUSION

The fact that most pathologists do not have expertise in the
differential diagnosis of dysplastic nodules and HCC by morpho-
logical criteria, makes the immunohistochemical markers of great
value. Thus, we conclude that the HSP70, GPC3, GS and CHC
markers are useful and should be used mainly for the differential
diagnosis between HCC and HGDN.
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Coral GP, Branco F, Meurer R, Marcon PS, Fontes PRO, Mattos AA. Papel da imunohistoquimica no diagnéstico diferencial do carcinoma hepatocelular

precoce e dos ndédulos com displasia de alto grau em pacientes com cirrose. Arq Gastroenterol. 2021;58(1):82-6.

RESUMO - Contexto — O carcinoma hepatocelular (CHC) é o cancer primario do figado mais frequente e a cirrose ¢ considerada uma doenga pré-ma-
ligna. Nesse contexto, a sequéncia evolutiva do nodulo displasico de baixo grau e nodulo displasico de alto grau (NDAG) para CHC precoce e CHC
avangado tem sido estudada. O diagnostico diferencial entre NDAG e CHC precoce ainda ¢ um desafio, principalmente em bidpsias por agulha.
Objetivo — Avaliar um painel de imunohistoquimica para diferenciar nddulos displasicos de CHC. Métodos — Foram incluidos pacientes com cirrose
submetidos a ressecgao cirurgica ou transplante de figado. A sensibilidade, especificidade e acuracia para o diagnostico da neoplasia foram analisadas
avaliando cinco marcadores: proteina de choque térmico 70kDa, glipican 3, glutamina sintetase, clatrina de cadeia pesada e beta-catenina. P<0,05
foi considerado estatisticamente significativo. Resultados — Cento e cinquenta e seis nodulos foram incluidos; destes, 57 eram CHC, 14 NDAG, 18
nodulos displasicos de baixo grau e 67 macronoédulos regenerativos. A sensibilidade do diagnostico de CHC foi de 64,9% para glipican 3 e 77,2%
para glutamina sintetase, enquanto a especificidade foi de 96,0% e 96,0%, respectivamente. Quando o painel de quatro marcadores foi considerado
(excluindo beta catenina), a especificidade variou de 87,9% para um marcador positivo a 100% para pelo menos trés marcadores. A melhor acuracia
para o diagnostico de CHC foi obtida com pelo menos dois marcadores positivos, o que foi associado a uma sensibilidade de 82,5% e especificidade
de 99%. Conclusao — O diagnostico diferencial de ndédulos displasicos e CHC por critérios morfologicos pode ser desafiador. Imunomarcadores sao
uteis e devem ser usados para o diagnostico diferencial entre CHC e NDAG.

DESCRITORES - Carcinoma hepatocelular. Glutamato sintase. Glipicanas.
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