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Abstract

The identification and validation of new, complementary prognostic factors represents a challenging issue in thyroid pathology, opening the
perspective of papillary thyroid carcinoma (PTC) stratification based on differences of aggressiveness at molecular level. Our study aims to
analyze the HER-2/neu expression in different subtypes of PTC and its relationship with the classical clinicopathological factors. We
investigated 120 cases of sporadic PTC. The cases were selected based on the histological criteria reported to clinical course and prognosis
and distributed in two different subgroups, namely low- and high-risk. HER-2/neu expression was assessed using an adapted semiquantitative
score proposed for thyroid carcinomas. The correlations between HER-2/neu expression and clinicopathological prognostic factors were
statistically analyzed. HER-2/neu positivity was found in 25 (20.8%) cases, from which 20 cases were classified as subtypes with low-risk
and five with high-risk; 95 (79.2%) cases were HER-2/neu negative, 53 cases being included in low- and 42 cases, respectively, in high-risk
group. HER-2/neu expression was significantly associated with histological subtypes, extrathyroidal extension, and tumor focality. Our results
highlight the potential of HER-2/neu as supplementary marker useful for the stratification of PTC in low-risk and high-risk histological groups,
along with the well-known clinicopathological prognostic factors. Our data could be considered as new evidences that indicate different
involvement of HER-2/neu in tumor development and behavior, possible due to its connection with other factors present in the molecular

environment.
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=& Introduction

Thyroid carcinomas, originating from the follicular
cells, are the most common endocrine tumors. They account
for 1-2% of all malignancies [1-3], and more than 90%
are differentiated forms, classified according to the histo-
pathological criteria in two main groups: papillary thyroid
carcinomas (PTCs) and follicular thyroid carcinomas
(FTCs). PTC is the most frequent type, representing more
than 70% of thyroid malignancies [3, 4]. The prognosis of
PTC is good. However, some cases have an unexpected,
aggressive evolution, with early lymph node and/or
distant metastasis, and poor survival [5—7]. Therefore,
the identification of new, complementary prognostic
factors can be regarded as a challenging issue in thyroid
pathology [8-11].

The differences in the PTC clinical progress, namely
the low and high, respectively, metastasis potential, could
be explained through particular events that appear in the
carcinogenic mechanism and induce the alterations of
the cellular cycle, changes in the cell adhesiveness, and
involvement of the tumor microenvironment factors —
yielding higher capacity of proliferation and dissemination
of tumor cells. From the wide panel of molecular
“candidate” prognostic factors, only two (namely cyclin
D1 and p27, which intervene in the cellular cycle) are
validated and already added to the classical clinical and
morphological prognostic factors established by the World
Health Organization (WHO) [3, 12], while the others

are still under study [8—11]. This ongoing process is
critical, because the validation of new prognostic factors
opens the perspective of PTC stratification, based on
differences of aggressiveness at molecular level.

Proto-oncogene HER-2/neu (C-erbB2), also known as
CD340, is located on the 17q chromosome and it codifies
the transmembrane tyrosine kinase receptor for the
epidermal growth factor (EGF) [13]. Its amplification or
overexpression plays an important part in tumor deve-
lopment, progression and aggressiveness, through direct
effects on the cell cycle, angiogenesis, cellular motility
and apoptosis [13].

HER-2/neu is considered a new prognostic factor in
numerous types of cancer. It is involved in tumor biology,
with a key role in the uncontrolled cell growth. HER-2/neu
overexpression, firstly demonstrated in breast and ovary
cancer [14-16] and later confirmed in gastric, colon, lung
and bladder cancer [16-24] is associated with poorly
differentiated phenotype, high metastasis capacity and poor
overall survival [16]. Moreover, HER-2/neu becomes
a therapeutic target in the breast and gastric cancer [16,
25, 26].

HER-2/neu overexpression in PTC has been identified
in the aggressive forms with an increased potential of
metastasis, allowing the supplementary Herceptin therapy
for these patients, similar to breast cancer [16]. However,
data on HER-2/neu involvement in PTC are controversial.
HER-2/neu overexpression is reported in a wide range of
values, varying from 0% to 79% [27-33]. These discre-
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pancies are due to the large differences in the assessment
methodology [27-30, 32-39]. Consequently, there is no
consensus on the prognostic and therapeutic value of
HER-2/neu [33, 39, 40].

Within this context, our study aims to analyze the
HER-2/neu expression in different subtypes of PTC and
its relationship with the classical clinicopathological
factors.

= Patients, Materials and Methods
Patients

The study group included 120 selected cases of
sporadic papillary thyroid carcinoma, diagnosed at the
“Sf. Spiridon” Emergency County Hospital, Iasi, Romania,
between 2010 and 2016. All patients were surgically
treated; from the entire study group 52 patients underwent
total thyroidectomy and 68 patients total thyroidectomy
with regional lymphadenectomy. The selection process
was based on the histological criteria, following to include
subtypes with indolent course and good prognosis and,
respectively, with aggressive behavior and poor prognosis.
The cases were distributed in two different subgroups,
namely low- and high-risk, by relying on the characte-
ristics of the histological subtypes reported to clinical
course and prognosis [9, 10, 41].

All cases were reviewed by three independent
pathologists in order to establish the histological variant
and to reassess the following characteristics: multi-
focality, lympho-vascular invasion, extrathyroidal extension
(presence of tumor cells into perithyroidal soft tissues).
Other clinicopathological data (gender, age, tumor size,
and lymph node metastasis) were extracted from medical
files. The cases were classified in accordance with the
WHO Guidelines, the Classification of Malignant Tumors
(TNM), and the College of American Pathologists Clinical
Guidelines [3, 42]. The study has been approved by the
Ethics Committee of the “Grigore T. Popa” University
of Medicine and Pharmacy, lasi, based on patients’
informed consent.

Immunohistochemistry

For each case, a representative paraffin-embedded
tissue fragment was chosen. The 3-pum thick sections
obtained from the blocks were placed on silanized slides,
dewaxed in xylene, rehydrated in consecutive descending
concentrations of ethanol (100%, 90%, 80%, and 70%),
and rinsed in distillated water. For antigen retrieval, we
used Heat Induced Epitope Retrieval (HIER) technique:
slides were placed in citrate buffer pH 6 and heated in
a water bath, at 98°C, for 30 minutes. The slides were
immersed in 3% hydrogen peroxide for 10 minutes to
block endogenous peroxidase, and incubated with the
primary antibody for HER-2/neu (rabbit monoclonal,
clone SP3, Thermo Scientific, USA), at 1:100 dilution,
overnight, at 4°C. The immunoreaction was amplified
with the suitable secondary and tertiary antibodies of the
UltraVision Quanto Detection System HRP DAB (Thermo
Scientific, USA) and developed with 3.3’-diamino-
benzidine (DAB) tetrahydrochloride chromogen (Thermo
Scientific, USA). The counterstaining of the sections was
done with Lillie’s modified Hematoxylin. Positive and

negative controls have been simultaneously run in order
to verify the accuracy of the technique.

Semi-quantitative assessment

The evaluation of HER-2/neu expression was based on
an adapted semiquantitative score proposed for thyroid
carcinomas [29, 38], that assess not only membranous,
but also cytoplasmic immunopositivity. This score was
based on the percent of positive tumor cells (P), classified
as 0 for <10%, 1 for >10% and <25%, 2 for >25% and
<50%, 3 for >50% and <75% and 4 for >75% positive
cells, respectively, and the staining intensity (I), categorized
as 1 — weak, 2 — moderate, and 3 — strong. The final score
was obtained as a product between P and I, with the
following values: 0 — negative, 1-4 — weakly positive, 58
— moderately positive, 9-12 — strongly positive. These
values were extrapolated to the scoring system usually
applied for HER-2/neu in breast and gastric cancer [43].
Consequently, taking into account both cytoplasmic and/or
membranous HER-2/neu staining, we considered the values
between 0 and 8 as negative (corresponding to HER-2
1+ and HER-2 2+) and those between 9 and 12 as positive
(corresponding to HER-2 3+).

Statistical analyses

Data were analyzed by univariate analysis, using the
chi-square test (Maximum-Likelihood, Yates, Mantel—
Haenszel) (SPSS V.19, SPSS Inc., IBM Corporation,
Chicago, IL, USA). Statistical significance was considered
for p<0.05.

& Results

Clinicopathological characteristics of the study
group

In the study group, the female gender was predominant
—93 (77.5%) cases, as compared to male one — 27 (22.5%)
cases. The mean age at the time of the diagnosis was
53.11+14.87 years. Tumor size ranged between 8 and
100 mm, with a mean of 27.06+£20.34 mm. Multifocality
was present in 50 (41.66%) cases, extrathyroidal exten-
sion in 82 (68.33%) cases, and approximately a half
of the investigated cases had lympho-vascular invasion
[62 (51.66%) cases]. From the 68 patients who underwent
total thyroidectomy with regional lymphadenectomy, lymph
node metastases were found in 32 (47.05%) patients —
Nla in 21 patients and N1b in 11 patients. Accordingly
to pT stage, the cases were distributed as follows: pT1 —
22 (18.33%) cases, pT2 — eight (6.66%) cases, pT3 — 82
(68.33%) cases and pT4 — eight (6.66%) cases.

Among the patients included in our study, we identified
10 histological variants of PTC: conventional — 16 (13.33%)
cases, follicular — eight (6.66%) cases, oncocytic — 25
(20.83%) cases, microcarcinoma — 21 (17.5%) cases, clear
cell — three (2.5%) cases, tall cell — 15 (12.5%) cases,
columnar cell — three (2.5%) cases, cribriform — six (5%)
cases, hobnail — one case (0.83%), diffuse sclerosing —
five (4.16%) cases, solid — six (5%) cases, angioinvasive
follicular — seven (5.83%) cases, conventional with
dedifferentiation to squamous cell carcinoma — three
(2.5%) cases, oncocytic with undifferentiated solid areas
—one case (0.83%).
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The low-risk group (conventional, follicular, oncocytic,
microcarcinoma, clear cell), with indolent behavior and
good prognostic, included 73 (60.83%) cases, and the
high-risk group (tall cell, columnar cell, cribriform, diffuse
sclerosing, solid, hobnail, angioinvasive follicular, conven-
tional with dedifferentiation to squamous cell carcinoma,
oncocytic with undifferentiated solid areas) with aggressive
behavior and poor outcome, 47 (39.17%) cases.

HER-2/neu expression

HER-2/neu expression assessed with score values
between 1 and 4, considered negative, was heterogeneous,
weak, with cytoplasmic location and granular pattern,
visible in the apical and lateral domains of the tumor
follicular cells (Figure 1).

In cases scored between 5 and 8, also considered
negative, HER-2/neu expression was also heterogeneous,
but moderate as staining intensity, with granular and
diffuse cytoplasmic and discontinuous membranous patterns
(Figure 2).

Cases scored between 9 and 12, considered positive,
showed strong immunostaining of tumor cells, with both
cytoplasmic and continuous, complete membranous distri-
bution (Figure 3).

N

Figure 1 — Tumor cells with weak cytoplasmic granular
pattern of HER-2/neu. IHC staining, anti-HER2, x200.
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Figure 2 — Moderate HER-2/neu staining in the tumor
cells, with predominant cytoplasmic pattern and focal,
incomplete membranous immunoreactivity. IHC staining,

anti-HER?2, x200.
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Figure 3 — Strong HER-2/neu expression: membranous

pattern, with evident, complete membrane staining in
tumor cells. IHC staining, anti-HER?2, x200.

0 Roa.

HER-2/neu positivity was noticed in 25 (20.8%) cases,
from which 20 cases were classified as subtypes with
low-risk and five with high-risk (Table 1). HER-2/neu
was negative in 95 (79.2%) cases, distributed as follows:
53 cases as low-, and 42 cases, respectively, as high-risk
subtypes (Table 1).

Table 1 — HER-2/neu expression in different subtypes
of papillary thyroid carcinoma (PTC)

HER-2/neu expression

Histological subtypes Positive  Negative
(n=25) (n=95)

Low risk group 20 53

= conventional (n=15) 5 11

= follicular (n=8) 3 5

= oncocytic (n=25) 6 19

= papillary microcarcinoma (n=21) 6 15

= clear cell (n=3) 0 3
High risk group 5 42

= tall cell (n=15) 1 14

= columnar cell (n=3) 0 3

= cribriform morular (n=6) 0 6

= diffuse sclerosing (n=5) 0 5

= solid (n=6) 1 5

= PTC with prominent hobnail 0 1

features (n=1)

= angioinvasive follicular (n=7) 1 6

= conventional with deFiiﬁerentiation 9 1

to squamous cell carcinoma (n=3)

= oncocytic with undifferentiated solid 0 1

areas (n=1)

Correlations between HER-2/neu expression
and clinicopathological prognostic factors

Univariate analysis revealed significant differences
between HER-2/neu expression (positive versus negative)
and histological subtypes, extrathyroidal extension, and
tumor focality (Table 2). No significant correlation was
found between HER-2/neu expression and age, gender,
tumor size, lympho-vascular invasion, tumor stage, as
well as lymph node metastases (Table 2).
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Table 2 — Relationship between HER-2/neu expression
and clinicopathological characteristics

HER-2/neu expression

Clinicopathological - PR Chl-square
characteristics N;ega;ls\)/e P(OSI:S\SG test
n= n=
Age at diagnosis
51 9
= <55 years old (85%) (15%) =0.088
44 16 P
= 255 years old (73.33%)  (26.66%)
Gender
= males (661 ?%) (33 23%)
7-7 1 6 p=0.064
= females (82.8%) (17.2%)
Tumor size (median)
49 13
= <22 mm (79.03%)  (20.97%) -
pr: 2 p=0.575
=222 mm (79.31%)  (20.69%)
Histological subtype
» low-risk group 260 160
(61.9%)  (38.1%) p=0.001*
= high-risk group (88.5%) (11.5%)
Lympho-vascular invasion
= absent (774559%) (22 1431 %)
-50 1 5 p=0.425
* present (80.65%)  (19.35%)
Extrathyroidal extension
= absent (92315%) (7 g%)
éO -22 p=0.013*
* present (73.17%)  (26.83%)
Focality of the tumor
= unifocal (876114%) (12 ge%)
-34 1 5 p=0.011*
= multifocal (68%) (32%)
Tumor stage
26 4
=T1+T2 (86.67%)  (13.33%) -
5 X p=0.183
= T3+ T4 (76.67%)  (23.33%)
Lymph node metastases
N 25 11
(69.44%) (30.56%) - 501
26 6 '
= N1 (81.25%) (18.75%)

*p-value <0.05 was considered to be statistically significant.

=& Discussion

HER-2/neu as an essential marker in the molecular
classification of breast cancer [44] is overexpressed in
15-30% of invasive forms [45] and its role of prognostic
and predictive factor is already accepted. Extensive
researches demonstrated that HER-2/neu overexpression
correlates with the disease stage, number of metastatic
axillary lymph nodes, histological type, absence of estrogen
and progesterone receptors and recurrence risk [16].
Consequently, the value of HER-2/neu as a therapeutic
target reformed the breast cancer treatment, improving the
clinical outcome [46, 47].

Starting with the *90s, several studies analyzed the
HER-2/neu expression in ovary [15], gastric, colonic and
esophageal [17-21], endometrial [48], lung [22, 23], and

bladder [24] tumors. These studies sustain that HER-2/neu
overexpression is associated with a more aggressive
disease, incomplete response to primary therapy and worse
overall survival — particularly in ovarian cancer [49].

The mechanism underlying the specific role of
HER-2/neu in the thyroid carcinogenesis is still unknown.
A large heterogeneity in HER-2/neu expression, varying
between 0% and 79%, is reported [27-30, 32, 33, 35,
39, 40, 43].

The most studied histological type is the PTC, followed
by FTC, medullary carcinoma, and anaplastic carcinoma,
with contradictory and confusing results. The following
three examples are relevant in support of this remark.
Ruggeri et al. show a significantly higher HER-2/neu
expression rate in the FTC compared to PTC [39], whereas
Utrilla et al. [35] and Mdah et al. [33] report HER-2/neu
positivity in 52%, respectively 6.9% of the analyzed PTC
cases, but no expression in FTC. These differences are
coming from the great variability of the size and general
characteristics of the studied groups, and from the discre-
pancies in the methods used for the HER-2/neu scoring,
including the subjectivity of evaluation [27-30, 32-39].
There is no agreement for HER-2/neu scoring in thyroid
[40]. An important aspect is the cytoplasmic staining,
frequently considered as positive immunoreaction in the
HER-2/neu assessment [28, 29, 34, 35, 38]. However, the
cytoplasmic immunoreactivity of HER-2/neu, possible due
to the presence of a distinct protein in the mitochondrial
cristae [50], is not yet explained. Therefore, other studies
use the updated ASCO-CAP (dmerican Society of Clinical
Oncology/College of American Pathologists) scoring system
applied in breast cancer [39, 43].

The controversial results lead to the lack of consensus
regarding the HER-2/neu involvement, as prognostic and
predictive factor and also as therapeutic target, in thyroid
carcinoma in general and PTC in particular [33, 39, 40].
However, recent data show a relationship between
HER-2/neu and BRAFV600E mutation in familial PTC
with aggressive behavior [51], and sustain the HER-2/neu
overexpression even in the absence of the gene ampli-
fication [40].

The present work focused on the HER-2/neu expression
in different histological subtypes of PTC and its relationship
with classical clinicopathological prognostic factors. In
our series, we obtained HER-2/neu positivity in 20.8%,
similar to the results reported in other previous papers —
namely 18% [39], 19.7% [40], and 23% [32].

To the best of our knowledge, there are no data about
the particular aspects of HER-2/neu expression in rare
variants of PTC associated with an aggressive course,
except for the tall cell subtype [40]. Therefore, it is worth
to mention that in our study HER-2/neu overexpression
was found mainly in non-aggressive histological subtypes
of PTC (20 of the total number of 25 cases) in comparison
with the aggressive ones. This observation complements
the present data on HER-2/neu expression in PTC, and
sustains the association between HER-2/neu and histo-
logical subtypes with good prognosis.

The role of HER-2/neu as prognostic factor falls in the
same framework of controversies. Several studies report
no HER-2/neu association with age, gender, tumor size
[33, 39], tumor stage [29-32, 40], lymph node metastasis
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[30-33, 39, 40], histological type [29-33], extrathyroidal
extension [30, 32], and patient survival [40]. However,
there are some positive results that sustain the association
between the HER-2/neu in PTC and FTC and the distant
metastasis [29], extrathyroidal invasion and tumor
recurrences [39, 52].

Most of our results are similar with the negative
findings of the above-mentioned studies. We found no
relationship between HER-2/neu expression and age,
gender, tumor size, lympho-vascular invasion, tumor
stage, and lymph node metastases. On the other hand, we
demonstrate that HER-2/neu overexpression correlates
with the histological subtypes with a better clinical course,
with extrathyroidal extension, and tumor focality.

Thus, our results highlight the potential of HER-2/neu
as supplementary marker useful for the stratification of
PTC in low-risk and high-risk histological groups, along
with the well-known clinicopathological prognostic factors.
Our data could be considered as new evidences that
indicate different involvement of HER-2/neu in tumor
development and behavior, possible due to its connection
with other factors present in the molecular environment
[51]. Certainly, we are aware that further, larger researches
are compulsory to validate HER-2/neu as independent
prognostic or predictive factor in PTC. Even if this
process can be difficult, it is motivated by the practical
consequences in diagnosis and therapy.

& Conclusions

Our study sustains the HER-2/neu large heterogeneity
in PTC. The correlation between HER-2/neu expression
and different histological subtypes, extrathyroidal extension,
and tumor focality supports its potential prognostic and
predictive value, with promising application in the PTC
stratification.
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