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Value of cytokeratin-19, Hector
Battifora mesothelial-1 and galectin-3
immunostaining in the diagnosis of
thyroid neoplasms

Rajasekhar Sanuvada, Rukmangadha Nandyala, Amit Kumar Chowhan,
Phaneendra Bobbidi, Mutheeswariah Yootla', Narendra Hulikal?, Alok Sachan?

Abstract:

BACKGROUND: Diagnosis of types and aggressiveness of thyroid cancers is difficult. The “gold
standard” in diagnosis is using routine hematoxylin and eosin staining. Several markers have been
investigated for differentiating them among which cytokeratin-19 (CK-19), Hector Battifora mesothelial
cell (HBME-1), and galectin-3 are found to be most commonly used. Most studies have evaluated
the single expression of markers in various thyroid lesions.

AIMS AND OBJECTIVES: To know the value of immunohistochemical expression of CK-19, HBME-1,
and galectin-3 in diagnosing thyroid neoplasms. To study the expression and compare the results
of HBME-1, CK-19, and galectin-3 immunohistochemical markers in histopathologically diagnosed
malignant lesions and nonmalignant lesions and demonstrate their usefulness in differentiating them.
MATERIALS AND METHODS: A prospective study was carried out on thyroidectomy specimens sentin
10% bufferedformalinto Departmentof Pathology, SVIMS, Tirupati, fromMay2013to August2014. Sensitivity
and specificity for each marker and their combination in diagnosis were calculated.

RESULTS: Among 120 cases, nonmalignant lesions were 70 (58.33%) and malignant lesions 50 (41.67%).
Among nonmalignant lesions, 65 (93%) were adenomatous goiter and 5 (7%) were follicular adenomas. In
malignantlesions, 48 (96%) were papillary carcinoma and 1 (2%) each of follicular carcinoma and anaplastic
carcinoma. Amongpapillary carcinomas, classical were 26 (54.16%) followedby 17 follicularvariant (35.41%).
Galectin-3 had highest sensitivity of 90% and HBME-1 had highest specificity of 97.14%.
CONCLUSIONS: Panel of HBME-1+ galectin-3 or CK-19, HBME-1, and galectin-3 increase the
accuracy of diagnosis in histopathologically difficult cases.
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from a nodule of adenomatous goiter. The
“gold standard” in diagnosis of thyroid

Introduction

Despite great advances in the
understanding of thyroid tumors, there
are problems and unanswered questions.
The great variety of types and the wide
range of aggressiveness of thyroid cancers
continue to complicate both diagnosis
and management. It should be stressed
that it is difficult clinically, and at times
pathologically, to distinguish true neoplasm
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nodules is pathologic evaluation using
routine hematoxylin and eosin (H and E)
staining. However, the morphologic
overlap between follicular lesions,
especially the follicular variant of papillary
carcinoma (FVPC) is common which is
characterized by an almost exclusive
follicular growth pattern and a set of nuclear
features identical to those of the classic type
of papillary carcinoma of thyroid (PCT).!
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Diagnostic dilemma may arise when an encapsulated
nodule with a follicular pattern of growth exhibits clear
nuclei with grooves and so distinguishing follicular
adenoma (FA) from encapsulated FVPCT becomes
difficult. There are several other thyroid lesions that may
contain papillary processes with nuclear features, which
pose diagnostic difficulties with PCT. Multinodular
goiter with delicate papillary budding and focal nuclear
clearing may be confused with PCT.

Several markers have been investigated for differentiating
them. Among the markers tested cytokeratin-19 (CK-19),
Hector Battifora Mesothelial (HBME-1) cell, and
galectin-3 are found to be most commonly used.™! Most
studies have evaluated the single expression of markers
invarious thyroid lesions, and a few reports have studied
the combined expression of markers. The present study
is to know the value of these three markers when used
as panel for precise diagnosis of thyroid neoplasms.

In our study, we attempt to know the value of
immunohistochemical expression of CK-19, HBME-1,
and galectin-3 in the diagnosis of thyroid neoplasms,
by demonstrating the expression of HBME-1, CK-19,
and galectin-3 immunohistochemical markers
in histopathologically diagnosed malignant and
nonmalignant lesions. The expression of these three
markers in malignant and nonmalignant lesions and
their usefulness in differentiating them will be assessed.

Materials and Methods

After obtaining Ethical Committee approval, this
prospective study on thyroid lesions was carried out in
the Department of Pathology, over 1 year and 4 months
from May 2013 to August 2014. All the thyroidectomy
specimens (total, subtotal, and hemithyroidectomy)
sent in 10% buffered formalin were included in the
study. Thyroidectomy specimens from patients with
inflammatory thyroid conditions such as granulomatous
thyroiditis and Hashimoto thyroiditis and with
metastatic cancers in thyroid were excluded. In the
present study, out of a total of 129 thyroidectomy
specimens received, 9 were excluded from the study (8
Hashimoto’s thyroiditis and 1 case of metastasis).
Specimens included in the study were 120 thyroidectomy
specimens which were subjected to histopathological
examination under the light microscope using routine
hematoxylin and eosin (H and E) stain which is taken
as the gold standard.

The diagnosis of FA was made based on the presence
of encapsulated mass with homogenous follicular
proliferation, lack of PCT nuclear features, and
absence of vascular and/or capsular invasion. The
diagnosis of classic PCT was based on the presence

of papillary structures with fibrovascular cores and
specific nuclear features widely known as typical of
papillary carcinoma. The FVPC was diagnosed based
on the presence of follicular growth pattern with classic
PCT-type nuclear features in at least several areas of the
tumor. Papillary microcarcinoma is defined as a papillary
carcinoma measuring 1 cm or less in diameter. Hurthle
cell/oncocytic (oxyphilic) variant, the nuclear features
remain those of papillary carcinoma but the cytoplasm
is abundant and has a granular oxyphilic quality. The
pattern of growth may be papillary or follicular, and
the tumor may be encapsulated or invasive. Poorly
differentiated (insular) carcinoma shows evidence of
follicular differentiation. Microscopically, the tumor
consists of sheets, trabeculae, or nests (insula) of cells
with central rounded nuclei. Follicular carcinoma was
diagnosed based on the presence of follicular proliferation
with complete thick capsule and full capsular penetration
and/or vascular invasion, and atypical hyperchromatic
nuclei that lacked features of PCT nuclei.

Immunohistochemistry

All the 120 samples (70 nonmalignant lesions
and 50 malignant lesions) were subjected to
immunohistochemical staining with CK-19, HBME-1, and
galectin-3 antibodies. The sections were deparaffinized
in xylene and rehydrated through absolute alcohol.
Antigen retrieval in citrate buffer (pH9 Lab vision
cat#AP9003) was used after the sections were treated
in a microwave at 8 W for 5-6 min, then at 3 W for
10 min, and the sections were then left to cool for 20 min.
Peroxidase and protein blocks were done. After that
the slides were incubated overnight with the primary
antibodies at room temperature using CK-19 — Prediluted
mouse monoclonal antibody, Biogenix company.
HBMETI - Prediluted mouse monoantibody, Cell Marque
company. Galectin-3 — mouse monoclonal antibody, Cell
Marque company followed by rinsing in PBS (phosphate
buffered saline, pH 7.6). This was followed by the
secondary biotin-conjugated antibody for 1 h and finally
the peroxidase-conjugated streptavidin for another hour.
Diaminobenzidine tetrachloride was added for 25 min,
and then counterstained in hematoxylin, followed by
dehydration, clearing, and mounting. Positive control
sections were prepared from prostatic adenocarcinoma
for CK19 and papillary thyroid carcinoma for HBME-1
and galectin-3 (as per manufacturer instructions). For
galectin-3, macrophages and blood vessels also served
as internal control. Negative controls were done by
excluding primary antibody and its replacement with
PBS.

Immunohistochemical evaluation

HBME-1 was positive predominantly in the cell
membrane and cytoplasm. CK-19 showed cytoplasmic
positivity. Galectin-3 showed cytoplasmic and nuclear
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positivity. Staining of the follicular colloid in the absence
of staining of the follicular epithelium and/or cytoplasm
was considered nonspecific and negative. The intensity of
staining of immunoreactive cells and their % distribution
pattern was evaluated [Table 1].1%!

Statistical analysis

Data were entered in Microsoft Excel 2007
Spreadsheet (Microsoft Corp, Redmond, WA, USA).
The categorical variables were expressed as proportions,
and continuous proportions were expressed as
mean + standard deviation. Associations were assessed
between intensity of staining of immunoreactive cells
and percentage distribution pattern for all the cases
studied using 2 x 2 contingency table analysis and
Chi-square test was used where appropriate.

Total score was made by addition of individual scores
of percentage distribution of cells and intensity and
was divided into two groups, that is, 0-3 and 4-7. By
comparing the values in these two groups for malignant
and nonmalignant lesions, sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) were calculated.

Results

Of the 120 cases, 70 cases were nonmalignant
lesions (58.33%) with 65 cases (93%) being adenomatous
goiter and 5 (7%) being FA. The remaining 50 cases
were malignant lesions (41.67%), with 48 cases (96%)
being papillary carcinoma and 1 (2%) each of follicular
carcinoma and anaplastic carcinoma. Among the
papillary carcinomas, classical PCT (26 cases, 54.16%)
was the most common type followed by FVPCT (17 cases,
35.41%).

Immunohistochemical findings

The positivity, negativity, percentage distribution of
cells, and intensity of CK19, HBME-1, and galectin-3 in
all thyroid lesions were recorded [Table 2].

Immunohistochemical CK19 expression in thyroid
lesions

Malignant lesions had higher CK19 expression when
compared to nonmalignant lesions [Table 3].

Table 1: Scoring for percentage of cells stained and
for intensity of staining

Percentage of cells Reaction Intensity of Intensity
stained staining score
0 No visible reaction No staining 0

1-5 1+ Weak 1
>5-25 2+ Moderate 2
>25-75 3+ Strong 3
>75 4+ - -

Whenmalignantand nonmalignantlesions were compared
in terms of percentage of staining, 3+ or 4+ staining was
found in 80% of malignant lesions [Figures 1b and 2b]
and negative or 1+ or 2+ in 98.57% of nonmalignant
lesions [Figures 3b and 4b]. Malignant and nonmalignant
lesions were compared in terms of intensity of staining.
2+ or 3+ staining was found in 84% of malignant
lesions [Figures 1b and 2b] and negative or 1+ in 87.14%
of nonmalignant lesions [Figures 3b and 4b].

Immunohistochemical Hector Battifora
mesothelial-1 expression in thyroid lesions
Malignant lesions had higher HBME-1 expression when
compared to nonmalignant lesions [Table 4].

Whenmalignantand nonmalignantlesions were compared
in terms of percentage of staining, 3+ or 4+ staining
was found in 80% of malignant lesions [Figures 1c
and Figures 2d] and negative or 1+ or 2+ in 97.14% of
nonmalignant lesions [Figures 3¢ and 4c]. Malignant
and nonmalignant lesions were compared in terms of
intensity of staining, 2+ or 3+ staining was found in 80%
of malignant lesions [Figures 1c and 2d] and negative or
1+in 92.85% of nonmalignant lesions [Figures 3c and 4c].

Immunohistochemical galectin-3 expression in
thyroid lesions

Malignant lesions had higher galectin-3 expression when
compared to nonmalignant lesions [Table 5].

Whenmalignantand nonmalignantlesions were compared
in terms of percentage of staining, 3+ or 4+ staining was
found in 86% of malignant lesions [Figures 1d and 2c]
and negative or 1+ or 2+ in 91.42%of nonmalignant
lesions [Figures 3d and 4d]. Malignant and nonmalignant
lesions were compared in terms of intensity of staining,
2+ or 3+ staining was found in 88% of malignant lesions
[Figures 1d and 2c] and negative or 1+ in 84.28% of
nonmalignant lesions [Figures 3d and 4d].

Sensitivity and specificity of immunohistochemical
markers in thyroid lesions

Galectin-3 was found to have highest sensitivity and
HBME-1 was found to have the highest specificity.
Either independently or a combination of markers, the
sensitivity and specificity were similar [Table 6].

Comparative studies

The sensitivity, specificity, PPV, and NPV of the
immunohistochemistry markers individually and in
combination found in our study were compared with
findings of other studies [Table 7].

Discussion

A common dilemma is encountered with tumors showing
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Table 2: Positivity of cytokeratin-19, Hector battifora mesothelial cell-1 and galectin-3 in malignant and

nonmalignant thyroid lesions

Lesions Total number of cases (n) CK-19 positive cases, n (%) HBME-1 positive cases, n (%) Galectin-3 positive cases, n (%)
Malignant 50 45 (90) 44 (88) 48 (96)

PCT 48 45 (93.75) 44 (91.66) 47 (97.91)

FC 1 0 0 0

AC 1 0 0 1 (100)
Nonmalignant 70 44 (62.85) 24 (34.28) 45 (64.28)

AG 65 41 (63.07) 20 (30.76) 43 (66.15)

FA 5 3 (60) 4 (80) 2 (40)

PCT = Papillary carcinoma of thyroid, FC = Follicular carcinoma, AC = Anaplastic carcinoma, AG = Adenomatous goiter, FA = Follicular adenoma,

CK-19 = Cytokeratin-19, HBME-1 = Hector Battifora mesothelial cell-1

Table 3: Scores of different thyroid lesions in terms of percentage distribution and intensity for cytokeratin-19

Lesions Total cases (n) Negative/score 0 (n) Percentage distribution Intensity

1+ 2+ 3+ 4+ 1+ 2+ 3+
AG 65 24 31 9 1 0 33 8 0
FA 5 2 2 1 0 0 2 1 0
Conventional PCT 26 0 0 3 8 15 1 9 16
FVPCT 17 2 0 1 11 3 1 7 7
HCPCT 8 1 1 0 1 0 1 1 0
Microcarcinoma 2 0 0 0 1 1 0 1 1
PCT
FC 1 1 0 0 0 0 0 0 0
AC 1 1 0 0 0 0 0 0 0

AG = Adenomatous goiter, FA = Follicular adenoma, PCT = Papillary carcinoma of thyroid, FVPCT = Follicular variant of PCT, HCPCT = Hurthle cell variant of

PCT, FC = Follicular carcinoma, AC = Anaplastic carcinoma

follicular growth pattern. The presence or absence of
capsular and/or vascular invasion distinguishes benign
from malignant follicular tumors, but identification
of this finding can be challenging due to incomplete
capsular invasion. Another situation encountered is
when some of the nuclear features of PCT are present. In
the absence of papillary architecture, distinguishing the
FVPCs from cellular adenomatous goiter [Figure 4a] may
be difficult.®”! To overcome these diagnostic difficulties,
investigators have done several studies over the past
few years in finding immunohistochemical markers that
help in establishing the diagnosis in such situations.®*!

In the present study of 120 cases, majority of the patients
were in the third decade followed by fourth and second
decades. Age of the patients ranged from 15 to 80 years,
mean age being 41.3 years. This is in concordance with
the study of Anidi et al.? and Gitau” Thyroid neoplasms
are more common in females. In our study, 23 were male
and 97 were female. Male:female ratio is 1:4.2 which
is in accordance with literature.®! Of the 120 cases in
the present study, 70 (58.33%) were nonmalignant and
50 (41.67%) were malignant, which is in accordance
with majority of the studies which showed predominant
benign lesions.”? Among nonmalignant lesions,
adenomatous goiter is the most common (92.85%) similar
to the study of Gole."”! The other nonmalignant lesion
was FA [Figure 3a], which constituted 7.15%. In our
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study, papillary carcinoma [Figure 1a] is predominant
among malignant thyroid neoplasms accounting to 96%
similar to studies done by Gole et al.'% (92%) and Anne
Petal (90%). Unlike our study, Thomas and Ogunbiyi!l
1995 showed low predominance, that is, 45.3% including
Khan et al. (Rawalpindi)™ 1991-60%, whereas Ahmad
et al. (Saudi Arabia)® 1992 reported a predominance of
80%. In our series, the highest prevalence of papillary
carcinomas is observed in the third decade and is
more common in females. Similar observations are
seen in the studies of Ahmad et al.®! and Gole!" et al.
In the present study, classical papillary carcinoma is
diagnosed in 26 cases (54.16%). Among variants, FVPC
thyroid [Figure 2a] is the most common (17 cases), other
two variants were Hurthle cell variant (3 cases) and
micropapillary carcinomas (2 cases). Only one case of
follicular carcinoma is reported in our study and the
incidence being 2% when compared to all malignant
lesions. This is in contrast to majority of other studies
such as Khan et al.'? (24%) and Woolner et al.®1 (17.7%),
in which a significantly higher percentage is reported.
Incidence of anaplastic carcinoma in the present study
is 2% (1 case), while Thomas and Ogunbiyi"! reported
an incidence of 4.4%.

CK-19: In 50 malignant cases, CK-19 have shown
positivity in 45 cases (90%) which is similar to the study
done by Scognamiglio et al.1l 47 cases (82.45%). In 70
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Figure 1: (a) Papillae with central fibrovascular core and nuclear features
of papillary carcinoma (H and E, x10). (b) cytokeratin-19 showing diffuse
intense cytoplasmic positivity (x20). (c) Hector Battifora mesothelial-1 showing
membranous and cytoplasmic positivity (x20). (d) Galectin-3 showing cytoplasmic
positivity (x20)

Figure 3: (a) Follicular adenoma with intact capsule (H and E, x4). (b)
cytokeratin-19 showing negativity for follicular neoplastic cells (x10). (c) Hector
Battifora mesothelial-1 showing negativity for follicular neoplastic cells (x10). (d)
Galectin-3 showing negativity for follicular neoplastic cells but mild nonspecific

positivity for colloid (x4)

nonmalignant cases, CK-19is positive in 44 cases (62.85%),
which is less when compared to Scognamiglio et al.'¥
study (79.16%). CK-19 showed positivity in 45 (93.75%)
of 48 papillary carcinoma cases, higher than that of de
Matos et al.? (72.6). It was negative for both follicular
and anaplastic carcinoma cases. While de Matos et al.
I study showed positivity in 8 (21%) of 38 follicular
carcinoma cases. In nonmalignant lesions, the present
study showed higher positivity for FA 3 cases (60%) and
adenomatous goiter 41 cases (63.07%) when compared to
de Matos et al.” study, which showed 33.3% and 16.7%,
respectively. In terms of intensity for malignant lesions,

carcinoma in follicular variant of papillary carcinoma of thyroid (H and E, x10).
(b) cytokeratin-19 showing diffuse intense cytoplasmic positivity for lesional
cells but negative in adjacent adenomatous goiter (x20). (c) Galectin-3 showing
diffuse intense cytoplasmic positivity for lesional cells but negative in adjacent
adenomatous goiter (x20). (d) Hector Battifora mesothelial-1 showing diffuse
intense membranous and cytoplasmic positivity for lesional cells but negative in
adjacent adenomatous goiter (x20)

T At

Figure 4: (a) Normo to colloid filled macrofollicles in adenomatous goiter (H and
E, x4). (b) cytokeratin-19 showing negativity for follicular epithelial cells (x4). (c)
Hector Battifora mesothelial-1 showing negativity for follicular epithelial cells (x4).
(d) Galectin-3 showing negativity for follicular epithelial cells but mild nonspecific
positivity for colloid (x4)

moderate or strong positivity is seen in 42 cases (84%)
and negative or weak positivity in 8 cases (16%), which
is nearly similar to that of Scognamiglio et al."! study
43 cases (75.3%) and 14 cases (24.7%), respectively. For
70 nonmalignant lesions, negative or weak staining
was seen in 61 cases (87.1%), which is much higher
than Scognamiglio ef al.'"! study (27.9%).

In the majority of PCT, we found strong and diffuse
expression of CK-19. Our results are in concordance
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with the previous studies related to CK-19 expression
in PCT.['>1 Beesley and McLaren!"”! point out
(moderate/strong) positive CK-19 immunoreactivity in
all PCT cases (1 = 26) and weak/absent immunostaining
in the majority of benign lesions and follicular carcinoma.
Moon," in his study, showed that CK-19 is expressed
only in PCT, being useful in differentiating FC from the

Table 4: Scores of different thyroid lesions in terms
of percentage distribution and intensity for Hector
Battifora mesothelial cell-1

Lesions Total Negative/ = Percentage Intensity
cases (n) score 0 (n) distribution

1+ 2+ 3+ 4+ 1+ 2+ 3+
AG 65 45 182 0 0 18 2 0
FA 5 1 2 01 1 1 2 1
Conventional 26 0 0O 3 8 15 3 11 12
PCT
FVPCT 17 2 0 06 9 0 7 8
HCPCT 3 2 0 01 0 1 0 O
Microcarcinoma 2 0 0 00 2 0 O0 2
PCT
FC 1 1 0 00 0 00 O
AC 1 1 0 00 0 00O O

AG = Adenomatous goiter, FA = Follicular adenoma, PCT = Papillary
carcinoma of thyroid, FVPCT = Follicular variant of PCT, HCPCT = Hurthle
cell variant of PCT, FC = Follicular carcinoma, AC = Anaplastic carcinoma

Table 5: Scores of different thyroid lesions in terms
of percentage distribution and intensity for galectin-3

Lesions Total Negative/ = Percentage Intensity
cases (n) score 0 (n) distribution

1+ 2+ 3+ 4+ 1+ 2+ 3+
AG 65 27 1121 6 0 29 9 O
FA 5 3 0 2 0 0 0 2 O
Conventional 26 0 1 1 5 19 0 8 18
PCT
FVPCT 17 0 0 2 4 11 3 7 7
HCPCT 8 1 i 0 1 0 1 1 O
Microcarcinoma 2 0 0O 0 0 2 0 1 1
PCT
FC 1 1 0 0 0O 0O OO O
AC 1 0 0O 0 01 0 O 1

AG = Adenomatous goitre, FA = Follicular adenoma, PCT = Papillary
carcinoma of thyroid, FVPCT = Follicular variant of PCT, HCPCT = Hurthle
cell variant of PCT, FC = Follicular carcinoma, AC = Anaplastic carcinoma

follicular variant of PCT and PCT from the papillary
areas in adenomatous goiter.

Kragsterman et al." identified positive CK-19 expression
in all (35 cases) examined PCT (occult, intra- and
extrathyroid) and in 8 of 11 metastases, with variable
immunoreactivity. Beesley and McLaren,!'”! in their
study, observed that CK-19 appears to be useful in
differentiating the follicular variant of PCT from FC
and PCT from the papillary aspects in adenomatous
Goitere. Stan V et al.*" stated that CK-19 was very useful
not only for the differentiation of benign and malignant
papillary structure but also for the differential diagnosis
of follicular PCT and Follicular carcinoma.

HBME-1: In 50 malignant cases, HBME-1 have shown
positivity in 44 cases (88%) which was similar to that of
a study done by Scognamiglio et al."* 51 cases (89.47%).
In the 70 nonmalignant cases, HBME-1 was positive in
24 cases (34.28%), which was much lesser when compared
to Scognamiglio et al.' study (66.66%). HBME-1 showed
positivity in 44 (91.66%) of 48 papillary carcinoma
cases, similar to that of de Matos et al.? (94%). It did
not show positivity for both follicular and anaplastic
carcinoma cases, while de Matos et al.”! study showed
positivity in 24 (63%) of 38 follicular carcinoma cases. In
nonmalignant lesions, the present study showed higher
positivity for FA (80%) when compared to de Matos et al.”!
study (55.6%), while in adenomatous goiter (30.76%),
positivity was almost similar (33.3%). In terms of intensity
for malignant lesions, moderate or strong positivity was
seen in 40 cases (80%) and negative or weak positivity in
10 cases (20%), which was similar to that of Scognamiglio
et al." study 49 cases (86%) and 8 cases (14%), respectively.
For 70 nonmalignant lesions, negative or weak staining
was seen in 65 cases (92.85%), which was much higher
than Scognamiglio et al." study (60.4%). HBME-1 has
been reported to be one of the most promising markers
according to de Matos et al.’! and Prasad et al.?!l In
Park et al.”! study, HBME1 was expressed in 88% of
follicular carcinomas, compared with the 64% positivity
for galectin-3. However, HBME-1 was also expressed in
48.6% of FAs and 20.4% of nodular hyperplasias; these
frequencies were similar to the present study.

Table 6: Sensitivity, specificity, positive predictive value, negative predictive value of individual and various
combinations of immunohistochemistry markers in distinguishing malignant and nonmalignant lesions

IHC markers Sensitivity (%) Specificity (%) PPV (%) NPV (%)
CK-19 84 95.71 93.33 89.33
HBME-1 82 97.14 95.35 88.31
Galectin-3 90 82.86 78.95 92.06
CK-19 + HBME-1 84 97 95.45 89.47
HBME-1 + galectin-3 82 97.14 95.74 93.15
CK-19 + galectin-3 84 95.71 93.75 93.06
CK-19 + HBME-1 + galectin-3 82 97.14 95.74 93.15

PPV = Positive predictive value, NPV = Negative predictive value, IHC = Immunohistochemistry, CK-19 = Cytokeratin-19, HBME-1 = Hector Battifora mesothelial cell-1
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Table 7: Comparison of all three immunohistochemistry markers in terms of sensitivity, specificity, positive
predictive value, and negative predictive value found in our study with other studies

IHC markers Studies Sensitivity (%) Specificity (%) PPV (%) NPV (%)
CK-19 Park et al.? 90.3 83.1 92,5 78.7
Present study 84 95.71 93.33 89.33
HBME-1 Park et al. 91.3 68.5 87.0 77.2
Present study 82 97.14 95.35 88.31
Galectin-3 Park et al. 94.7 95.5 98.0 88.5
Present study 90 82.86 78.95 92.06
HBME-1 + galectin-3 Park et al. 85.9 100 100 75.4
Present study 82 97.14 95.74 93.15
CK-19 + galectin-3 Park et al. 86.4 100 100 76.1
Present study 84 95.71 93.15 93.06
CK-19 + HBME-1 + galectin-3 Park et al. 93.2 100 100 86.4
Present study 82 97.14 95.74 93.15

PPV = Positive predictive value, NPV = Negative predictive value, IHC = Immunohistochemistry, CK = Cytokeratin, HBME-1 = Hector Battifora mesothelial cell-1

Galectin-3: In 50 malignant cases, galectin-3 have
shown positivity in 48 cases (96%) which was nearly
similar to that of study done by Scognamiglio et al."!
50 cases (87.71%). In the 70 nonmalignant cases, galectin-3
was positive in 45 cases (64.28%), which was also similar
to that of Scognamiglio et al. study™*! (58.33%). Galectin-3
showed positivity in 47 (97.91%) of 48 papillary
carcinoma cases, little higher than that of de Matos et al.
(72.6%). It showed positivity for the anaplastic carcinoma
case but not for follicular carcinoma case, while de Matos
et al. ! study showed positivity in 8 (21%) of 38 follicular
carcinoma cases. In nonmalignant lesions, the present
study showed (40%) positivity for FA when compared
to de Matos et al.? study (55.6%). While in adenomatous
goiter (66.15%), positivity was higher to the study done
by de Matos et al.*! (33.3%).

In terms of intensity for malignant, moderate or strong
positivity was seen in 44 cases (88%) and negative
or weak positivity in 6 cases (12%), which was
nearly similar to that of Scognamiglio et al.'"! study
44 cases (77.2%) and 13 cases (22.8%), respectively. For
70 nonmalignant lesions, negative or weak staining was
seen in 64 cases (91.42%), which was higher than that
of Scognamiglio et al.™ study (70.9%). In the Segkin
et al.» study, the extent of staining by galectin-3 in PCT
was significantly higher than in micro PCT and strong
immunoreactivity was obtained in 12 PCT (52.2%), while
only 3 micro PCT (15.0%) showed strong positivity.

Among the three markers [Table 7], galectin-3 has the
highest sensitivity of 90% and NPV of 92.06% similar
to that of Park ef al.”?! (94.7% and 88.5%, respectively).
HBME-1 has the highest specificity of 97.14% and PPV of
95.35%, while galectin-3 had highest specificity (95.5%)
and PPV (98.0%) in Park ef al.” study.

In combination of two different markers, sensitivity,
specificity, PPV, and NPV are highest for
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HBME-1 + galectin-3, that is, 82%, 97.14%, 95.74%,
and 93.15%, respectively, but in Park et al.”? study,
combination of any 2 markers showed 100% specificity
and 100% PPV but sensitivity and NPV was highest for
CK-19 + galectin-3, that is, 86.4% and 76.1%, respectively.

With combination of all three
markers (CK-19 + HBME-1 + galectin-3), NPV (93.15%)
was higher than that of Park ef al.”? study (86.4%) but
sensitivity (82%), specificity (97.14%), and PPV (95.74%)
are lower in the present study which are 93.2%, 100%,
and 100%, respectively, in Park ef al.? study.

Conclusions

Total score of percentage distribution and intensity
(4-7) for CK-19, HBME-1, and galectin-3 markers is
higher in malignant lesions than in nonmalignant
lesions

Among the three markers, galectin-3 has the highest
sensitivity of 90% and HBME-1 has the highest
specificity of 97.14%

In combination of any two different markers,
sensitivity, specificity, PPV, and NPV are highest for
HBME-1 + galectin-3, that is, 82%, 97.14%, 95.74%,
and 93.15%, respectively

With combination of all three
markers (CK-19 + HBME-1 + galectin-3) sensitivity,
specificity, PPV, and NPV are same as that of
HBME-1 + galectin-3

A panel of combined CK-19, HBME-1, and galectin-3
or HBME-1 + galectin-3 can increase the reliability
of making a correct diagnosis in histopathologically
difficult cases by differentiating them into malignant
or nonmalignant lesions.
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