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ABSTRACT

Objectives: Parathyroid carcinoma (PC) is a rare parathyroid tumor compared to parathyroid
adenoma (PA) and atypical parathyroid adenoma (APA). Recent studies have suggested
parafibromin has a role in the differential diagnosis of parathyroid tumors. We sought to
determine the role of parafibromin as well as galectin-3, Ki-67, and HBME-1 as diagnostic
markers in the differential diagnosis of parathyroid tumors. Methods: A total of 92 cases
diagnosed with PA, APA, or PC at Sifa University and Private Ege Pathology Laboratory
between 2006-2012 were included in the study. Parafibromin (microarray), galectin-3,
Ki-67, and HBME-1 were evaluated using immunohistochemistry in all parathyroid
tumors. Results: Eighty-four cases were diagnosed with PA, six with APA, and two with
PC. The study group consisted of 82 females and 10 males. Their mean age was 50.9 years,
and the mean tumor diameter was 1.97 cm. Parafibromin was negative in the two PC cases
but positive in all APA and PA cases. Positivity was observed with galectin-3 in 17 adenoma
cases, three atypical adenomas, and two carcinoma cases. Positivity with HBME-1 was found
in 26 PA cases and one PC case. Parafibromin and galectin-3 expression was significant
between the three tumor groups but not for HBME-1 expression. Parafibromin expression
increased in PA whereas galectin-3 expression decreased. A statistical significance was found
between the three tumor groups according to the Ki-67 score (p=0.010). Additionally, the
Ki-67 proliferation index was under 1% in PAs. Conclusion: The number of PCs in our
series was small so our data mostly reflects the immunohistochemical characteristics of PAs.
Parafibromin expression, galectin-3 negativity, and a Ki-67 proliferation index under 1%
were estimated as beneficial in the differential diagnosis of difficult parathyroid tumors.

arathyroid tumors can be investigated in

three groups; parathyroid adenoma (PA),

atypical parathyroid adenoma (APA), and

parathyroid carcinoma (PC). PC is the
least common of these tumors and makes up less
than 1% of all parathyroid tumors.'” The incidence is
higher in Japan and Italy.*¢ This regional difference
is not fully understood, but it is thought to be due
to geographic differences or the use of different
diagnostic criteria."*® PC cases clinically present
with symptoms related to increased calcium levels
in the blood due to invasive/metastatic carcinoma
and palpable masses at the anterior region of the
neck.>** Definite diagnostic criteria have been
identified for the diagnosis of PC (e.g., metastasis,
perineural invasion, capsular/vascular invasion).

However, some cases present diagnostic difficulties
and auxiliary diagnostic criteria have been identified.
These include nuclear atypia, thick fibrous bands in
the parenchyma, trabecular growth pattern, and
increased mitotic activity. These are commonly found
in PCs but can also be seen in benign parathyroid
tumors.®1?

The term APA can be used for intermediate cases
that did not demonstrate the essential criterias of
malignancy, but those auxiliary diagnostic criterias
were conspicuous. The search for more objective
markers instead of subjective diagnostic criterias
continues for the differential diagnosis of these
lesions and immunohistochemistry (IHC) markers
as well as molecular techniques are used in this

regard.
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The Ki-67 proliferation index is used for
the diagnosis and differential diagnosis of many
tumors. Although it is known to be higher in
PCs than adenomas, no cut-off value providing a
definite benign-malignant differentiation has been
identified in parathyroid tumors.'"'* The World
Health Organization (WHO) guide indicates that
the malignancy risk is increased in cases with a Ki-67
proliferation index over 5%, and these cases should
be followed-up closely.”*?

Galectin-3 is an animal lectin associated with
tumor adhesion, angiogenesis, progression, and
metastasis and binds to (-galactoside. Galectin-3
has been reported to play a role in tumorigenesis
in thyroid carcinomas, colorectal carcinomas,
breast carcinomas, brain tumors, melanomas,
hepatocellular carcinomas, stomach carcinomas,
esophagus carcinomas, and large cell lymphomas.'*!¢
Galectin-3 positivity indicates the resistance of the
tumor or its ability to evade apoptosis. Galectin-3
is thought to contribute to the differential diagnosis
of benign and malignant parathyroid tumors.'"'%!

Parafibromin is a protein coded by the CDC73/
HRPT2 gene and consists of 531 amino acids.
It serves in the regulation of cell proliferation,
transcription, and histone modification and helps the
human polymerase related factor 1 (PAF-1) complex
related RNA polymerase [1.>*'8 CDC73/HRPT2
tumor suppressor gene inactivity is associated with
the hereditary hyperparathyroidism-jaw tumor
syndrome (HPT-JT) and sporadic parathyroid

carcinomas.>*"?

HBME-1 is a frequently used and valuable
immunohistochemical marker. Recently it was used
for the differential diagnosis of thyroid malignancies
and had a reported sensitivity of 77% and specificity
of 83% in malign thyroid tumors.* In our study,
HBME-1 was applied to all parathyroid tumors
to assess the diagnostic utility in the differential
diagnosis of parathyroid and thyroid neoplasms that
sometimes could be confusing because of the very
close adjacency of thyroid and parathyroid tissues.

We aimed to improve the differential diagnostic
markers in parathyroid tumors by evaluating the use
of parafibromin, Ki-67, galectin-3, and HBME-1.

METHODS
Around 150 parathyroid lesions diagnosed at
two different centers (Sifa University Pathology

Department and Private Ege Pathology Laboratory)
between 2006 and 2012 were re-evaluated. The
study included 92 cases of which 84 were diagnosed
with PA, six with APA, and two with PC according
to their morphological, clinical, and radiological
characteristics. Morphological characteristics
included the presence of normal parathyroid
tissue, capsule/vascular invasion, thick capsule,
broad fibrous bands, trabecular growth pattern,
macronucleoli, mitosis, and necrosis. Clinical
characteristics considered the parathyroid hormone
(PTH) level measured after tumor excision during
frozen section. Capsule invasion was present in
one case diagnosed with PC and in another case
capsule/vascular invasion was present. The most
significant characteristic feature of APA cases was
the thick capsule, which seemed to limit the tumor,
broad fibrous bands, and trabecular growth pattern.
In spite of these striking features, no capsule and/
or vascular invasion was observed in these tumors.
There were no definite malignancy criteria or other
auxiliary morpholological criteria in the PA cases.

The first patient with PC had been operated
previously for breast carcinoma and received
medical treatment. During routine follow-up,
elevated calcium was reported, and a mass lesion
was found in the parathyroid region. The patient was
diagnosed with PC postoperatively and followed-
up. Widespread multiorgan metastasis was found
two years after the PC was diagnosed. The case was
lost due to widespread metastases four years after the
PC diagnosis. Another patient was diagnosed with
PC and lung metastasis was found six months later.
The serum calcium level was measured to be very
high and could not be controlled. The patient was
hospitalized and treated for a long time. The patient
is still alive and is stable. There was no family history
of parathyroid carcinoma in either case.

No sign of recurrence and/or metastasis was
found in the patients diagnosed with PA or APA that
we could contact.

We prepared 4 um sections of all formalin-fixed
and paraffin-embedded tissues of the 92 cases on
positively charged slides for galectin-3 (NCL-GAL3,
clone 9C4, dilution 1:100; NovoCastra, Germany),
Ki-67 (clone MIB-1,dilution 1:100; Dako, Denmark)
and HBME-1 (monoclonal anti-mesothelial cell,
clone HBME-1, dilution 1:50; Dako. Denmark)
immunostaining. For parafibromin (HRPT2,
dilution 1/100, Santa Cruz Biotechnology, USA)
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Table 1: Clinico pathological and immunohistochemical features of patients with parathyroid tumors.

Clinicopathological and Tumor type Total number Percentage
immunohistochemical features of cases (n)
PC APA PA
Gender
Male 1 2 7 10 10.8
Female 1 4 77 82 89.2
Parafibromin
Positive 0 6 84 90 97.8
Negative 2 0 0 2 22
Galectin-3
3+ 1 0 4 5 5.4
2+ 0 0 4 4 44
1+ 1 3 9 13 14.1
Negative 0 3 67 70 76.1
Ki-67
<1% 0 5 72 75 81.5
1-5% 2 0 12 15 16.3
>5% 0 1 1 2 22
HMBE-1
>30% 0 10 10 10.8
<30% 1 0 16 17 185
Negative 1 6 58 65 70.7
Latest health status
Alive (84 PA, 6 APA, 1 PC) 1 6 84 91 98.9
Deceased (1 PC) 1 0 0 1 1.1

PC: pﬂm[/})from’ carcinoma; PA: /)ﬂrﬂ/}g)/roid adenoma; APA: ﬂl)//)im/ /mez//g yroid adenoma.

staining, 1 mm microarray tissues were obtained from
all cases and 4 pm sections were similarly placed on
positively charged slides. All immunohistochemical
staining procedures including deparaffinization and
antigen retrieval were performed on the Dako LV-1
automated immunostainer. The assessment criteria
and cut-off values of former studies were taken into
consideration in the evaluation of staining features
and percentages of parafibromin, galectin-3, and
Ki-67.1112141617 Nuclear parafibromin positivity in
tumor cells was accepted as positive staining. While
assessing nuclear positivity, we ignored staining
intensity and the percentage of positive tumor cells
because of the small amount of tumor tissue by the
microarray method. Cytoplasmic and membranous
staining was considered positivity for galectin-3
staining. The galectin-3 staining pattern was
accepted as 3+ (>60% of the tumor cell positive), 2+
(31-60% of the tumor cell positive), 1+ (<30% of
the tumor cell positive), and negative (no reaction)."”
Nuclear Ki-67 staining was considered to be positive.
The most intense Ki-67-stained area in the tissue
was evaluated and scored as under 1%, 1-5%, and
over 5%.'"!* Positive cytoplasmic and membranous
staining with HBME-1 was accepted as positive,
and a 30% or less extent of positive staining was

considered focally positive whereas staining of more
than 30% was considered diffuse.

SPSS Statistics (SPSS Inc., Chicago, US) version
16 was used for statistical analyzes. In addition
to descriptive statistical methods, the chi-square
test and Fisher’s exact test were used to compare
the categorical variables. A p-value <0.050 was
considered statistically significant.

RESULTS

Of the 92 cases included in the study, 84 were
diagnosed with PA, six with APA, and two with PC.
There were 82 females and 10 males. Parathyroid
tumors were 8.2 times more common in females
[Table 1]. The mean age of patients was 50.9 years
(min: 23 years, max: 83 years), and the mean tumor
diameter was 1.97 cm (min: 1.0 cm, max: 4.5 cm).
No statistical relation was found between tumor type
and gender, age distribution, and tumor diameter.

In typical tumors that had PA features
morphologically, positivity was demonstrated with
parafibromin and diffuse positivity with galectin-3
and HBME-1 immunohistochemically [Figure
1]. In PCs that exceeded the capsule and invaded
the adjacent tissues parafibromin was found to be

OMAN MED J, VOL 30, NO 6, NOVEMBER 2015
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Figure 1: (a) Arcas morphologically compatible with parathyroid adenoma (PA) (hematoxylin and cosin,
magnification = 200 x). (b) Nuclear parafibromin positivity in tissues prepared with the microarray method,
magnification = 20 x. (c) Diffuse galectin-3 positivity in PA, magnification = 10 x. (d) Diffuse HBME-1
positivity was seen in some PA cases, magnification = 20 x.

negative whereas galectin-3 and HBME-1 were
focally positive immunohistochemically [Figure
2]. The main IHC features of all tumor groups are
summarized in Table 1. Parafibromin was negative in
two PC cases, but positive in all APA and PA cases.
Positivity was observed with galectin-3 in 17 PA cases,
three APA cases, and two PC cases. HBME-1 was
positive in 26 PA cases and one PC case. A statistically
significant difference was present between the PA,
APA and PC groups in parafibromin and galectin-3
expression (p=0.000 and p=0.000, respectively), but
not for HBME-1 expression (p=0.480) [ Table 2]. A
statistically significant difference was found between
the three tumor groups according to the Ki-67 score
(p=0.010) [ Table 2].

Higher parafibromin expression, less galectin-3
positivity, and alow Ki-67 proliferation index (under
1%) was found in the PA cases compared to PC and
APA cases.

DISCUSSION

Our data indicate that parafibromin expression loss
and galectin-3 expression could help the differential
diagnosis of parathyroid tumors. The parafibromin
expression loss observed only in PC cases is consistent
with the literature. In a study conducted by Tan et
al,* the sensitivity and specificity of parafibromin
nuclear immunoreactivity in PCs was reported as
96% and 99%, respectively. Parafibromin nuclear
positivity was reported to potentially disappear in
adenomas associated with the HPT-JT syndrome.
This is rare in sporadic PA.%!121-24

Although only two carcinoma cases were present
in our study, parafibromin was negative in both and
positive in all PA and APA cases. The presence of
parafibromin expression loss only in PC cases could
contribute to the differential diagnosis in light
of the literature data and our results. Moreover,
parafibromin use as a potential indicator of tumor
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Figure 2: (a) Hematoxylin and cosin staining. Infiltration of thyroid and other adjacent tissues with
tumor together with tumor cells in vascular spaces in parathuroid carcinoma (PC), magnification = 5 x.
(b) Parafibromin was negative in PC, magnification = 40 x. (c) Galectin-3 was focally positive in PC,
magnification = 40 x. (d) HBME-1 was focally positive in PC, magnification = 40 x.

aggressiveness has been studied in colon, lung, and  tumors have been proven with many studies.!**7

gastric malignancies.”>*” The role and importance of ~ Bergero et al," reported 92.3% galectin-3 positivity
galectin-3 in the differential diagnosis of parathyroid  in 26 PCs. In the same study, positivity was seen in

Table 2: The relationship between tumor type immunohistochemical parameters.

Immunohistochemical Tumor type p-value
parameters
PA APA PC
Parafibromin 0.000
Positive 84 6 0
Negative 0 0 2
Galectin-3 0.000
3+ 4 0 1
2+ 4 0 0
1+ 9 3 1
Negative 67 3 0
Ki-67 0.010
>1% 72 5 0
1-5% 12 2
>5% 1 1 0

PC: parathyroid carcinoma; PA: parathyroid adenoma; APA: atypical parathyroid adenoma.

OMAN MED J, VOL 30, NO 6, NOVEMBER 2015
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only one PA case, but no information was given on
whether it was focal or diffuse. Focal (1+) galectin-3
positivity was found in 13 of 84 PAs in our study.
Although there was a significant difference between
the three groups in terms of galectin-3 expression,
it should be kept in mind that focal galectin-3
positivity may be present in PC cases as well as PA
and APA cases.

No information about HBME-1 expression in
parathyroid tumors was found in the literature. We
found HBME-1 positivity in 30.9% of PA cases and
one PC case. The presence of positivity in adenomas
is thought to be useful for the differential diagnosis,
but we believe that studies on larger series would be
appropriate.

A high Ki-67 proliferation index could aid
the differential diagnosis of malign and benign
tumors. The sensitivity and specificity of the Ki-67
proliferation index in parathyroid tumors has been
reported as 60% and 93.3-100%, respectively.'™*
The Ki-67 cut-off value was accepted as 5% in certain
studies.!! Ki-67 was found to be under 5% in most
of our cases (including PC and APA), but over 5%
only in three cases (two PA and one APA). Although
no clear Ki-67 cut-off value that would ensure the
differentiation was found in our study, the fact that
it was mostly less than 1% in PAs is striking.

CONCLUSION
The number of PCs in our series was small so our
data mostly reflects the immunohistochemical
characteristics of PAs. The results have shown that
continued parafibromin expression is suggestive
of PA diagnosis. Galectin-3 expression can also be
helpful in the differential diagnosis of PA and PC.
Additionally, a Ki-67 proliferation index under 1%
can contribute to the diagnosis of PA.

Pathologists and surgeons know the examination
of parathyroid tumors with frozen section can
be troublesome and unfeasible. During surgery,
the clinical data given by the surgeon such as
the cohesiveness of tumor to peripheral tissues
can be helpful in assessment. But, after surgery
the pathological diagnosis is mostly based on
the morphological and immunohistochemistry
examination.

Although the PC diagnosis is a rare, situation
examining parafibromin, galectin-3, and the
Ki-67 proliferation index in the parathyroid

immunohistochemically can contribute to the
differential diagnosis.
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