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Abstract: Introduction: Thyroid neoplasms are the most common endocrine malignancy; thus, it is important to intro-
duce diagnostic and predictive factors for them. human epidermal growth factor receptor 2 (HER2), which is
overexpressed in some other malignancies such as breast and gastrointestinal (GI) neoplasms, has been pro-
posed as a diagnostic and prognostic factor. In this study, we investigated HER2 expression in different types of
thyroid cancer. This study aimed to investigate the expression frequency of the HER2 in thyroid neoplasms, and
its relationship with the type, stage, and prognosis of the malignancy.
Material and Methods: We studied 91 patients who were referred to Taleghani Hospital, Tehran, Iran, and un-
derwent thyroidectomy or thyroid lobectomy, in the years 2018 to 2021. Their medical records, hematoxylin and
eosin (H&E)-stained slides, and paraffin-embedded blocks were extracted from the hospital pathology archive.
The specimens underwent microtomy and were subjected to immunohistochemistry (IHC) for HER2 evalua-
tion. After the interpretation, the data were statistically analyzed.
Results: The only significant relationship was between HER2 expression (when interpreted based on the gastric
scoring system) and age (P-value= 0.036). However, there was no significant relationship between HER2 expres-
sion and any of the other variables of our study.
Conclusion: Despite HER2 being a prognostic factor in breast and GI neoplasms, our study suggests that HER2
expression has no such role in thyroid neoplasm cases, and is only positive in patients younger than 45 years old
with thyroid malignancies (when interpreted based on the gastric scoring system).
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1. Introduction

Thyroid carcinomas are the most common endocrine gland

neoplasms, with women at approximately three times more

risk of developing these cancers than men. The incidence of

thyroid carcinoma has increased in recent years (1-3).

Thyroid cancers are classified into two main groups based
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on their origin: arising from follicular, or from parafollicu-

lar cells. The first group includes papillary (PTC), follicular

(FTC), and Hurthle Cell (HCC) thyroid carcinomas and the

second one includes medullary thyroid carcinoma (MTC).

Furthermore, anaplastic thyroid carcinoma (ATC) is another

subtype of thyroid neoplasms that is undifferentiated and its

cell type is unknown, but it arises presumably from the fol-

licular cells (4, 5). More than 95% of thyroid neoplasms are

derived from follicular cells, whereas less than 3% originate

from parafollicular cells. The remaining neoplasms consist

mainly of thyroid lymphomas and, rarely, sarcomas. PTC is

the most prevalent type of thyroid tumor (more than 70%)
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and is one of the most curable carcinomas. The prevalence

of thyroid cancer increases with age (6-8).

Ionizing radiation and exposure to certain environmental en-

docrine disruptors such as heavy metals, polybrominated

diphenyl ethers, and polyaminoamide-epichlorohydrin have

been confirmed as risk factors for thyroid neoplasms. At the

same time, there are other factors that may increase the risk

of developing these malignancies such as past medical his-

tory or family history of thyroid diseases or excessive iodine

consumption, however, their role is still controversial (1).

Recent advances in molecular biology and investigation of

tumorigenic genes have helped us to better understand the

pathogenesis of thyroid neoplasms (9). HER2 is a surface cell

receptor that belongs to the epidermal growth factor recep-

tor (EGFR) family (10). In some human epithelial malignan-

cies, such as breast, gastric, ovarian, and colorectal cancers,

the HER2 gene is commonly overexpressed, which is associ-

ated with an unfavorable outcome and the development of

tumors with low differentiation phenotypes (11).

Several studies have investigated the HER2 positivity rate in

a number of cancers including breast and stomach (12, 13).

HER2 expression in thyroid cancer has also been evaluated

in some studies. In a 2003 study by Mondi et al. on HER2 ex-

pression in thyroid tumors, which was conducted on 36 pa-

tients suffering from thyroid neoplasm and 19 with benign

thyroid tissue, no significant HER2 overexpression was de-

tected in any of the studied groups. They concluded that

HER2 may not have a predictive value for thyroid cancer (9).

On the other hand, in the same year, Kremser et al. studied

103 cases of PTC and FTC and followed them up for more

than 8 years. Their study showed a significant HER2 over-

expression in both subtypes when they had distant metas-

tasis, suggesting a significant correlation between HER2 and

the prognosis in terms of predicting metastasis (14).

A study by Freudenberg et al. in 2005, on the prognostic value

of HER2 expression in 32 cases of PTC, showed HER2 overex-

pression in 34% of the cases, and also recurrence or progres-

sion of the cancer in 81% of the HER2 positive and 33% of the

HER2 negative patients. Their follow-up showed that 27%

of the HER2-positive patients had died, while none of the

HER2-negative ones were dead. Thus Freudenberg et al. sug-

gested that there is a significant relationship between HER2

expression and the recurrence and progression of the tumor

(P-value= 0.02), and also between HER2 and the patients’ sur-

vival (P-value= 0.03) based on their study results (15).

Ruggeri et al. investigated HER2 expression in 45 cases of FTC

and 45 with PTC, using IHC and fluorescent in situ hybridiza-

tion (FISH) techniques. This study showed no significant

correlation between HER2 expression with tumor size and

lymph node metastasis. However, the difference between re-

currence incidence between HER2 positive and HER2 nega-

tive patients was statistically significant (P-value=0.004) (16).

A 2017 cross-sectional study by Rabiee et al. on the expres-

sion of HER2 in PTC, which was conducted on 85 patients,

showed HER2 expression in 37.6% of the cases. The corre-

lation between HER2 expression and capsular invasion (P-

value= 0.000) and between HER2 and tumor size (P-value=

0.000) were significant. However, no significant relationship

was found between HER2 expression and lymph node in-

volvement (P-value= 0.649) (17).

In a 2018 cross-sectional study, Kim et al. investigated the

HER2 expression using the IHC method in 129 patients with

PTC who underwent thyroid surgery. A significant relation-

ship between HER2 expression and both younger age and

metastasis to cervical lymph nodes was seen. This study

showed no significant correlation between lesion histology,

tumor size, extension outside the thyroid gland, and the stage

of the tumor (18).

Accordingly, the studies on HER2 expression and its prog-

nostic value in different types of thyroid gland cancers are

relatively limited and the published reports are not concor-

dant with each other. Therefore, in this study, we investi-

gated the frequency of HER2 expression in all types of thyroid

neoplasms and its relationship with the type and stage of the

tumors, as well as the outcome of the patients who under-

went thyroidectomy or thyroid lobectomy in Taleghani Hos-

pital from 2018 to 2021.

2. Materials and Methods

2.1. Patients and Samples

From all patients referred to Taleghani Hospital (which is one

of the most important academic hospitals in Iran), who un-

derwent thyroidectomy or thyroid lobectomy from 2018 to

April 2021, 91 patients entered our study according to the in-

clusion criteria of having thyroid cancer and the exclusion

criteria of patients with any other simultaneous malignan-

cies and patients whose specimens were not available for

HER2 evaluation. The patients’ medical data including age

and sex, and the pathologic characteristics of the tumor, in-

cluding tumor size, tumor capsular invasion, neurovascular

invasion, extranodal spread, and tumor stage were extracted

from the patients’ medical records. A reevaluation of their

H&E-stained slides that were archived in our pathology de-

partment was performed in terms of the type of carcinoma

and sample characteristics, as well as the adequacy of the

specimens for IHC staining, and inappropriate samples were

removed. Patients were followed for a 3-year period after di-

agnosis. Follow-up data were obtained from medical records

and, when required, by contacting the patients or their fam-

ilies. Outcomes of interest included disease recurrence and

death.
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2.2. Staining Method

After the H&E-stained slides of all the samples were assessed

thoroughly, we extracted their paraffin-embedded blocks

from our hospital pathology archive for microtomy to un-

dergo IHC staining for HER2 marker from Rabbit anti-human

c-erbB2 monoclonal antibody (Clone SP3), which was per-

formed as follows:

- Sections with a thickness of 4 m were prepared on charged

slides, and we dried them overnight at a 60°C temperature.

- Then, we deparaffinized and rehydrated the section, and

after performing HIER (heat-induced epitope retrieval), we

boiled the tissue in 8 pH EDTA buffer for 20 minutes at 95°C.

Then we washed them 3 times with distilled water and later

cooled them for 20 minutes at room temperature.

- We performed endogenous peroxidase block using peroxi-

dase solution for 10 minutes at room temperature.

- Then we added the primary antibody and incubated them

for 10 minutes.

- We used the Master Polymer Plus Detection system (HRP).

- We finally performed counterstaining with hematoxylin and

then we fixed the slides.

2.3. Assessment

After the slides were prepared, our pathologists interpreted

them. Due to the lack of a specific scoring system for HER2

IHC in thyroid tissue, we used two different scoring systems,

and the results were recorded as variables HER2-b and HER2-

g. One of these two was the DAKO scoring guideline which

is almost always used for breast tissue samples (constituting

the data of HER2-b variable), and the other one was the sys-

tem suggested by Hofmann et al. which is specifically pro-

posed for gastric tumours and is FDA approved (which con-

stituted the HER2-g variable) (19-22).

The DAKO scoring system for the mentioned marker is as fol-

lows:

- Score 0 = No or membranous incomplete staining in <10%

of tumor cells

- Score 1+ = Faint membranous staining in >10% of tumor

cells

- Score 2+ = Weak to moderate complete, basolateral, or lat-

eral membranous staining in >10% of tumor cells

- Score 3+ = Strong complete, basolateral, or lateral membra-

nous staining in >10% of tumor cells

- The scoring system by Hofmann et al. is as follows:

- Score 0 = No membranous staining or staining only in rare

cells (less than 5 cohesive cells)

- Score 1+ = Staining is weak or detected in only one part of

the membrane of at least 5 cohesive cells

- Score 2+ = Moderate/weak complete or basolateral mem-

branous staining of at least 5 cohesive cells

- Score 3+ = Strong complete or basolateral membranous

Figure 1: Classical variant of papillary thyroid carcinoma; H&E

staining (up) and IHC with 3+ expression (down).

staining of at least 5 cohesive cells

After the interpretation was done, 2+ and 3+ scores were con-

sidered as positive.

2.4. Statistical Analysis

The data were analyzed by the software SPSS version 26.0.

We also used this software for the tables. The Chi-squared

and Fisher’s exact tests were used to analyze the difference

between qualitative variables. To investigate the relationship

between HER2 expression (HER2-b and HER2-g) and the age

and stage of the tumor, the independent samples t-test was

performed. In all the analyses, P-values less than 0.05 were

considered significant.

2.5. Ethics Approval and Consent to Participate

The ethical and humane considerations in this study are

approved by the research ethics committee of Shahid

Beheshti University of Medical Sciences (Code No.

IR.SBMU.MSP.REC.1400.140). The consent to participate in

the research was not applicable.
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Table 1: Significance of HER2 Expression (HER2-b and HER2-g) in Different Groups of the Variables

HER2-b
P-value

HER2-g
P-value

Negative Positive Negative Positive

Sex
Female 63(91.3%) 6(8.7%)

0.079
52(75.36%) 17(24.64%)

0.141
Male 17(77.27%) 5(22.73%) 13(59.09%) 9(40.91%)

Age
≤ 45 41(82%) 9(18%)

0.103
31(62%) 19(38%)

0.036≥ 45 39(95.12%) 2(4.88%) 34(82.93%) 7(17.07%)

Histopathology

ATC 4(100%) 0(0%)

0.86

4(100%) 0(0%)

0.144
FTC 3(100%) 0(0%) 3(100%) 0(0%)

HCC 5(83.33%) 1(16.67%) 5(83.33%) 1(16.67%)

MTC 7(100%) 0(0%) 7(100%) 0(0%)

PTC 61(85.92%) 10(14.08%) 46(64.79%) 25(35.21%)

Tumor size
< 2.7 cm 36(87.8%) 5(12.2%)

0.977
31(75.61%) 10(24.39%)

0.424> 2.7 cm 44(88%) 6(12%) 34(68%) 16(32%)

Focality
Multi-focal 31(83.78%) 6(16.22%)

0.317
23(62.16%) 14(37.84%)

0.105
Uni-focal 49(90.74%) 5(9.26%) 42(77.78%) 12(22.22%)

Lymph Node Involvement
Negative 13(86.67%) 2(13.33%)

1
9(60%) 6(40%)

0.54
Positive 20(86.96%) 3(13.04%) 16(69.57%) 7(30.43%)

Marginal Involvement
Negative 71(86.59%) 11(13.41%)

0.29
57(69.51%) 25(30.49%)

0.44
Positive 9(100%) 0(0%) 8(88.89%) 1(11.11%)

Capsular Invasion
Negative 58(86.57%) 9(13.43%)

0.72
48(71.64%) 19(28.36%)

0.94
Positive 22(91.67%) 2(8.33%) 17(70.83%) 7(29.17%)

Vascular Invasion
Negative 68(88.31%) 9(11.69%)

0.67
55(71.43%) 22(28.57%)

1
Positive 12(85.71%) 2(14.29%) 10(71.43%) 4(28.57%)

Lymphatic Invasion
Negative 70(87.5%) 10(12.5%)

1
58(72.5%) 22(27.5%)

0.723
Positive 10(90.91%) 1(9.09%) 7(63.64%) 4(36.36%)

Perineural Invasion
Negative 77(88.51%) 10(11.49%)

0.408
63(72.41%) 24(27.59%)

0.322
Positive 3(75%) 1(25%) 2(50%) 2(50%)

Extrathyroidal Extension
Negative 74(88.1%) 10(11.9%)

1
60(71.43%) 24(28.57%)

1
Positive 6(85.71%) 1(14.29%) 5(71.43%) 2(28.57%)

Tumor Stage (T)

1 30(88.24%) 4(11.76%)

1

27(79.41%) 7(20.59%)

0.41
2 22(88%) 3(12%) 17(68%) 8(32%)

3 26(86.67%) 4(13.33%) 19(63.33%) 11(36.67%)

4 2(100%) 0(0%) 2(100%) 0(0%)

Tumor Stage (N)
0 13(86.67%) 2(13.33%)

1
9(60%) 6(40%)

0.4971 20(86.96%) 3(13.04%) 16(69.57%) 7(30.43%)

x 47(88.68%) 6(11.32%) 40(75.47%) 13(24.53%)

Recurrence
Negative 55(88.71%) 7(11.29%)

0.66
44(70.97%) 18(29.03%)

0.749
Positive 12(85.71%) 2(14.29%) 9(64.29%) 5(35.71%)

Survival
Alive 62(88.57%) 8(11.43%)

0.223
50(71.43%) 20(28.57%)

0.195
Dead 5(71.43%) 2(28.57%) 3(42.86%) 4(57.14%)

Cause of Death
Lymphoma 1(100%) 0(0%)

0.33
0(0%) 1(100%)

0.4Thyroid 4(100%) 0(0%) 3(75%) 1(25%)

Unknown 0(0%) 1(100%) 0(0%) 1(100%)
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3. Results

In this study, we investigated 91 cases of thyroid neoplasm

who had undergone thyroidectomy or thyroid lobectomy in

Taleghani Hospital, Tehran, Iran from 2018 to April 2021. The

youngest and oldest participants were 12 and 69 years old, re-

spectively with the average age being 43.0212.29. The num-

ber of our male patients was 22 (24.2%) and 69 (75.8%) were

female. Moreover, PTC was the most prevalent histopathol-

ogy observed (71 cases, 78%) followed by MTC (7.7%), HCC

(6.6%), ATC (4.4%), and FTC (3.3%). Among our 91 cases, the

marginal involvement was positive in 9 of them (9.9%); Fur-

thermore, there were 54 (59.3%) monofocal and 37 (40.7%)

multifocal cases. Capsular, vascular, lymphatic, and per-

ineural invasion, were detected in 24 (26.4%), 14 (15.4%), 11

(12.1%), and 4 (4.4%) of our cases, respectively. Also, lymph

node involvement was confirmed in 23 cases (25.3%). The

extrathyroidal extension was also confirmed in 7 patients

(7.7%). The average size of the tumors was 2.26±3.31 cm. The

sizes of the smallest and largest tumors were 2 mm and 12

cm, respectively. Staging of the neoplasms was performed

based on the TNM staging system. The tumor stage (T) was

T1 in 35 cases (38.5%), T2 in 24 (26.4%), T3 in 30 (33%), and

T4 was seen in 2 of our patients (2.2%). In 53 cases (58.2%),

the evaluation of regional lymph node invasion was not pos-

sible (Nx), while the other ones included 15 cases with N0 (no

regional lymph node metastasis) and 23 cases with N1 stage.

During the evaluation of HER2 receptor expression, by the

DAKO scoring system, 80 cases (87.9%) were confirmed as

HER2-b negative and 11 ones (12.1%) as HER2-b positive. Of

the 11 HER2-b positive cases, 10 were 2+ and one of them was

3+. Among these 11 HER2-b positive cases, 10 were PTC and

one was HCC. From the 80 HER2-b negative cases, 58 were 0,

and 23 were 1+. Furthermore, the interpretation according to

the gastric scoring system by Hofmann et al. (21), confirmed

26 cases (28.6%) as HER2-g positive and 65 ones (71.4%) as

HER2-g negative. The HER2-g positive cases consisted of 7

cases with 3+ and 19 ones with a 2+ score, and these 26 cases

included 25 PTC and one HCC. Moreover, 10 of the HER2-g

negative cases were 1+ and the remaining 55 were scored as

0.

We were able to contact 76 of our cases (83.5%) to perform

the follow-up; 14 of which (18.4%) had undergone recurrence

in the first 3 years after the initial diagnosis. PTC was the

most common pathology in patients who had undergone re-

currence (12 cases; 15.8%). The follow-up also revealed 7

deaths (9.2%) among the 76 patients, 6 of which were due to

their thyroid cancer (4 from PTC and 2 from ATC), and one

death was due to lymphoma (onset: after thyroid cancer).

The 3-year survival of the patients was calculated as 90.8%.

The Chi-squared test and Fisher’s exact test were used to

analyze the difference between the qualitative variables of

our study, which showed no significant difference between

HER2 positive and negative cases in relation to any of these

variables. Independent samples t-test and Mann-Whitney

U test were also used to assess the relationship between

HER2 expression and the variables of age and tumor size,

which showed no significant difference between HER2 pos-

itive and negative cases, except between HER2-g and age,

which showed a significant overexpression of HER2 in pa-

tients of less than 45 years of age (P-value= 0.036), while

the relationship was not significant between HER2-b and age

(0.103). Table 1 demonstrates the difference of all of our vari-

ables in HER2 positive and negative groups and the p-values

calculated. The analysis showed no significant relationship

between HER2 (HER2-b or HER2-g) and the type of thyroid

carcinoma (P-values= 0.86 and 0.144 respectively), and also

none with the stage of cancer (P-values= 1 and 0.41 for T stage

and 1 and 0.497 for N stage, respectively). There was no sig-

nificant relationship between HER2 and any of the character-

istics related to the aggressive behavior of the tumor either.

The analysis also did not reveal any significant relationship

between HER2-b and HER2-g, and the variables of patients’

sex (P-values= 0.71 and 0.141), the recurrence (P-values= 0.66

and 0.749), the survival (P-values= 0.223 and 0.195) or the

cause of death (P-values= 0.33 and 0.4).

4. Discussion

In this study, we assessed 91 patients who underwent thy-

roidectomy or thyroid lobectomy in Taleghani Hospital,

Tehran, Iran from 2018 to April 2021, to investigate the cor-

relation between HER2 expression and the characteristics of

thyroid carcinomas among them. The only significant rela-

tionship was found between age and HER2 expression when

we interpreted the HER2 IHC-stained slides using the gas-

tric scoring system by Hofmann et al. (P-value= 0.036), while

there was not any other significant difference detected be-

tween the HER2 positive and negative groups in the investi-

gated variables.

One noteworthy aspect of our study was that we included

all subtypes of thyroid neoplasm, unlike most studies in this

area. Another novel feature of our work was that we inter-

preted the results of our HER2 IHC stained slides accord-

ing to two different scoring guidelines (DAKO and the gas-

tric scoring systems), which also led to a detailed comparison

between the results of these two guidelines and their correla-

tion with the different variables of our study.

In the 2003 study by Mondi et al., the thyroid tissue sam-

ples of 46 female and 9 male patients, of which 36 had thy-

roid neoplasm and 19 had benign thyroid tissue were stud-

ied. The results showed no significant HER2 overexpression

in any of the studied groups, leading to the conclusion that

HER2 may not have a predictive value for thyroid cancer (9).
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However, in the study by Kremser et al. on 103 cases of

PTC and FTC in the same year, they evaluated the predic-

tive value of HER2 in differentiated neoplasms of the thyroid.

They conducted a follow-up for at least 8 years, including the

incidence of metastasis in their study sample. The results

showed a significant HER2 expression in metastatic PTC and

FTC cases, suggesting a significant correlation between HER2

and the prognosis (14). The results of these two studies were

not concordant in terms of the prognostic value of HER2 ex-

pression. Furthermore, our study results were in agreement

with the study by Mondi et al. since our results indicated no

significant correlation between HER2 and any of the prog-

nostic variables; however, unlike the study by Kremser et al.,

our study did not include distant metastasis as one of its vari-

ables. Furthermore, we studied all subtypes of thyroid carci-

noma, while Kremser et al. studied only PTC and FTC cases,

and Mondi et al. studied neoplastic and also benign cases.

In 2005 Freudenberg et al. studied the prognostic value of

HER2 expression in PTC cases, of which 34% were HER2 pos-

itive. This study showed a significant relationship between

HER2 expression and the recurrence of the tumor (P-value=

0.02), and also a statistically significant relationship between

HER2 and the patients’ survival (P-value= 0.03), therefore

suggesting HER2 expression as a prognostic factor in the PTC

patients’ clinical course (15). However, our study showed

no significant relationship between HER2 expression and the

two variables of recurrence and survival. The difference in

the results of these two studies can be due to the different

sample sizes and also the fact that they focused only on PTC,

while our sample included the other subtypes as well.

In the 2016 study by Ruggeri et al. on 45 FTC and 45 PTC

cases using IHC and FISH techniques, it was demonstrated

that in the PTC group, HER2 expression was negative in 12

cases (26.7%), 2+ in 15 patients (33.3%) and in 18 ones (40%)

it was 3+. In the FTC group, HER2 expression was negative

in 30 patients (66.6%), 2+ in 7 cases (15.5%), and 3+ in 8

ones (17.7%). All 2+ cases were investigated with FISH, which

showed that HER2 was positive in 44% of FTCs and 18% of

PTCs. The observed difference in HER2 expression between

these two types of thyroid neoplasm was statistically signif-

icant (P-value = 0.046), although this significance is consid-

ered borderline. In this study, there was no significant rela-

tionship between HER2 expression and the variables of tu-

mor size and lymph node metastasis at the time of surgery

(16). The lack of accordance between the findings of Ruggeri

et al. with the results of our study can be due to the higher

number of cases of FTC among their sample and the differ-

ent applied techniques.

In the 2017 study by Rabiee et al. on 85 patients (88.2% fe-

male and 11.8% male) suffering from PTC who underwent

thyroidectomy, they studied HER2 expression in this subtype

of thyroid cancer. The evaluation showed HER2 expression in

37.6% of the cases. The correlations between HER2 expres-

sion and the variables of capsular invasion (P-value= 0.000)

and tumor size (P-value= 0.000) were significant. However,

the relationship between HER2 expression and lymph node

involvement was not statistically significant (P-value= 0.649)

(17). The incidence of HER2 overexpression in this study

was higher than ours. Also, our results were not concordant

with the results of the study by Rabiee et al., since our re-

sults showed no significant correlation between HER2 and

the variables of capsular invasion and tumor size. This lack of

accordance can be due to the different study populations in

these two studies, since they focused on PTC patients, while

our study included PTC, FTC, MTC, ATC, and HCC cases.

Kim et al. observed that HER2 expression was positive in

15.5% of 129 PTC patients and had a significant relation-

ship with age less than 45 years and metastasis to cervical

lymph nodes, with p-values of 0.019 and 0.022, respectively.

However, they did not observe a significant relationship be-

tween HER2 expression with tumor size, extrathyroidal ex-

tension, tumor histology, and tumor stage (18). The associa-

tion of HER2 and younger age is accordant with the findings

of our study; however, our study did not show any correlation

between HER2 and lymph node involvement by the cancer.

Moreover, the significant correlations between HER2 and the

two variables of age and lymph node metastasis were con-

trary to the results of the other studies mentioned above.

Therefore, we concluded that the utilization of IHC for HER2

detection in different types of thyroid neoplasms, might not

have a definitive diagnostic or predictive value for patholo-

gists to evaluate the type and severity of these carcinomas

and their histologic characteristics, hence their prognosis.

Our study also showed that the two scoring systems of HER2

interpretation that we used (DAKO and the gastric system by

Hofmann et al.) are probably not significantly different than

each other in the interpretation of HER2 staining results in

thyroid specimens. However, the patients younger than 45

years old, had an overexpression of the HER2 receptor with a

significant difference (P-value= 0.036) when HER2 was inter-

preted by the gastric scoring system, compared to the other

age group, which can be useful in future studies in this area.

5. Conclusion

In this study, there was no significant relationship found be-

tween HER2 expression and tumor type, tumor size, or any

of the other variables of our study, except between age and

HER2 expression, when it was interpreted by the gastric scor-

ing system (by Hofmann et al.). Conducting more exten-

sive studies, with larger sample sizes, and methods based on

molecular identification can help to better clarify the role of

HER2 expression as a diagnostic and predictive biomarker.

Furthermore, we suggest that new studies be designed and
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conducted to introduce new scoring guidelines to interpret

HER2 IHC staining results in thyroid samples to enable us to

better utilize this marker in the diagnosis and prognosis of

the neoplasms of this organ in future cases.

6. Limitations

One of our limitations was the failure to comply with the pro-

portionality between the frequencies of different types of thy-

roid neoplasm, which creates limitations for some statistical

analyses. It is also suggested to use molecular methods to

check the expression of HER2 in the target tissue in future

studies. On the other hand, the lack of proper distribution

between different stages of the neoplasms leads to a decrease

in the statistical efficacy of analysis especially in the more se-

vere stages.
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