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ABSTRACT

Purpose: The epidermal growth factor receptor (EGFR) family plays a crucial role in the growth
of malignant tumors. EGFR and human EGFR 2 (HER2) protein overexpression are associated
with an unfavorable prognosis and are important therapeutic targets in breast cancer. The

aim of this study was to evaluate the relationship between EGFR and HER2 expression and
clinicopathological factors in papillary thyroid carcinoma (PTC) at a single institution.
Methods: A total of 129 consecutive patients with PTC were enrolled in this study and
underwent thyroid surgery between October 2013 and February 2015. EGFR and HER2
protein expression was evaluated in the 129 primary tumors by immunohistochemistry, and
the results were compared with the clinicopathological features.

Results: Of the 129 PTC tumors, 20 (15.5%) were HER2 positive, and 109 (84.5%) were HER2
negative. Moreover, EGFR positivity were observed in 111 (86%) tumors. The mean age of the
patients was 46.3+11.9 years (range, 2074 years), and the mean tumor size was 1.08+0.75 cm
(range, 0.2-3.5 cm). Tumor size, extrathyroidal extension, histological subtype, and TNM
stage were not significantly associated with EGFR or HER2 expression. Meanwhile, high Ki-67
labeling index was significantly associated with EGFR expression (P=0.002), HER2 expression
was significantly associated with younger age (<45 years) and cervical lymph node metastasis.
Conclusion: Based on our data, it is not clear whether EGFR and HER2 expression is
associated with tumor aggressiveness in PTC.

Keywords: Papillary thyroid cancer; ErbB-2 receptor; Epidermal growth factor receptor

INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common thyroid malignancy, accounting for
>90% of all endocrine cancers (1). With the development of new diagnostic techniques, the
worldwide incidence of thyroid carcinoma has progressively increased in recent decades (2).
Although PTC has a favorable prognosis overall, with an average 10-year survival rate of over
90%, it is frequently recurrent and metastasizes to regional lymph nodes (LNs) (3). Indeed,
up to 35% of patients suffer from disease recurrence during long-term follow-up, and over
35,000 patients worldwide die due to thyroid cancer each year (4).
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In general, PTC prognosis depends on several clinicopathological factors, including age, sex,
histological subtype, tumor size, LN metastasis, extrathyroidal extension (ETE) and distant
metastasis (5). Recent studies have demonstrated that certain genetic events may also carry
diagnostic, prognostic and therapeutic value in the management of PTC. Furthermore, the
precise identification of these genetic events may help to decrease the recurrence of thyroid
carcinoma. BRAF mutation is the one of the most representative genetic alterations, and
several studies have shown that BRAF mutation indicates a poor prognosis and is associated
with advanced PTC (6,7). In fact, an ongoing phase I study is currently investigating
inhibition of BRAF mutation in an effort to identify its therapeutic potential (8).

Receptor tyrosine kinases are transmembrane proteins that are involved in various cellular
functions, such as cell growth, differentiation, and survival. Among these receptors, epidermal
growth factor receptor (EGFR) and human EGFR 2 (HER2) are monomeric cell-surface receptors
that are part of the ErbB family of receptor tyrosine kinases. Mutations leading to EGFR
overexpression have been shown to be associated with a variety of malignancies, including head
and neck, esophageal, ovarian, cervical, lung and bladder cancers (9). EGFR expression has also
been found to be a significant independent prognostic factor for thyroid cancer (10).

HER2 overexpression has been shown to be a potential marker of aggressive biological
behavior in a variety of tumors, such as breast cancer and gastric cancer. However, the role
of HER2 in PTC remains unclear. Several groups have reported HER2 expression in thyroid
cancer, but the results of their studies were inconclusive (11-14).

The present retrospective study compared the expression of EGFR and HER2 in PTC using
immunohistochemistry and analyzed the association between the expression of these
proteins and the clinicopathological features of PTC at a single institution.

METHODS

1. Patient selection

This retrospective study analyzed surgical specimens from consecutive patients with PTC
who were treated at Uijeongbu St. Mary's Hospital from October 2013 to February 2015.
Majority of patients performed underwent thyroid surgery plus prophylactic central LN
dissection. We selectively performed modified radical neck dissection if the preoperative
imaging studies (ultrasound and computed tomography) raised suspicious of malignancy
and if the fine needle aspiration cytology were found to contain atypical cells or metastatic
papillary carcinomas. In total, 129 patients with sufficient tissue for immunohistochemical
and molecular marker evaluation were included in this study. Written informed consent was
obtained from all patients and their families. This study was reviewed and approved by the
institutional review board of Uijeongbu St. Mary's Hospital (UC15RISIO101).

Clinical information was retrieved retrospectively from the patients' medical records and
pathology reports. The histological diagnosis was confirmed by experienced pathologists
after hematoxylin and eosin staining of tissue sections.

Distant metastasis, patient age, completeness of resection, local invasion, and tumor

size (MACIS) scores were considered to predict mortality for PTC (15). These scores were
calculated using following formula:
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MACIS score=3.1 (if aged <39 years) or 0.08x(if aged 240 years)+0.3xtumor size (cm), +1 (if
not completely resected), +1 (if locally invasive), +3 (if distant metastases were found)

2. Immunohistochemistry

All specimens were sliced into consecutive 4-pum sections, stained with hematoxylin and
eosin and examined blindly by two independent pathologists with experience in thyroid
pathology. All specimens were classified according to previously published diagnostic criteria
for thyroid tumors (16).

The 4-pm sections of paraffin blocks were immunohistochemically stained. Briefly, the
paraffin sections were deparaffinized in xylene and rehydrated in serial-graded ethanol,
and endogenous peroxidase activity was blocked with 3% hydrogen peroxide in methanol.
Antigens were retrieved by boiling the slide-mounted sections in citrate buffer (0.01 mol/L,
pH 6.0) in a pressure cooker at 125°C for 15 minutes. The sections were then incubated with
the primary antibodies mouse monoclonal anti-EGFR (DAKO Corporation, Carpinteria,
CA, USA) (diluted 1:100) and prediluted rabbit monoclonal anti-HER2/neu (rocheDAKO
Corporation, Glostrup, Denmark) for 32 minutes at room temperature, after which the
sections were counterstained with Mayer's hematoxylin, dehydrated, cleared and mounted.

A modified version of a semi-quantitative scoring system that had been described in previous
studies was applied. The percentage of positive tumor cells (PP) was scored as follows: O,
no tumor cells stained; 1, 1%-5% of cells stained; 2, 6%—-20% of cells stained; 3, 21%-50%
of cells stained; and 4, >50% of cells stained. In addition, the intensity was scored as
follows: 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. The
immunoreactive score (IRS) was calculated by multiplying the percentage of positive cells
by the staining intensity, and tumors with an IRS >1 were considered as positive for EGFR
expression (17). The degree of HER2 staining was scored as 0, 1, 2 or 3 by two pathologists
according to breast cancer criteria because no criteria for PTC have been established. The
staining of the samples was interpreted on a standard scale (O to 3+): O, no staining in
tumor cells; 1+, weak and incomplete membrane staining or complete but weak staining
in <10% of tumor cells; 2+, weak complete membrane staining in at least 10% of cells or
intense complete membrane staining in <30% of tumor cells; and 3+, uniform intense
circumferential staining in >30% of tumor cells (18).

3. Statistical analysis

Data analyses were performed using MedCalc for Windows, version 13.3 (MedCalc Software,
Ostend, Belgium). The ¥* test and Fisher's exact test were used to analyze categorical
variables, and independent-sample Student's t-test was used to analyze continuous variables.
Continuous variables are presented as the mean+standard deviation. Differences were
considered statistically significant when P<0.05.

RESULTS

The clinicopathological characteristics of the 129 patients (104 females [80.6%] and 25 males
[19.4%], mean age of 46.26+11.89 years at the time of surgery) are summarized in Table 1.

ETE and LN metastases were present in 49 (38%) and 48 (37.2%) patients, respectively. Total
thyroidectomy (or near-total thyroidectomy) was performed in 91 (70.5%) patients. Additionally,
the mean number of retrieved LNs was 7.03+5.99, and the mean tumor size was 1.08+0.75 cm.
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Table 1. Clinicopathological characteristics of the study population (n=129)

Variables Values
Age (yr)

Mean+SD 46.26+11.89

<45 54 (41.9)

245 75 (58.1)
Sex

Male 925 (19.4)

Female 104 (80.6)
Thyroidectomy

Total or near total 91 (70.5)

Hemithyroidectomy 36 (27.9)

Completion 2 (1.6)
LN dissection

None 1(0.8)

Central LN dissection 122 (94.6)

Modified radical neck dissection 6 (4.7)
LN metastasis

No 82 (63.6)

Yes 47 (36.4)
ETE

No 80 (62.0)

Yes 49 (38.0)
Retrieved LNs

Mean+SD 7.03+£5.99
MACIS score

<6 118 (91.5)

>6 11(8.5)
Ki-67 LI 4.17+6.04
BRAF mutation

No 31(24)

Yes 98 (76)
Concurrent thyroiditis 31(24)

Values are presented as mean+SD or number (%).
SD = standard deviation; LN = lymph node; ETE = extrathyroidal extension; MACIS = distant metastasis, patient
age, completeness of resection, local invasion, and tumor size; LI = labeling index.

Table 2 shows the association between EGFR expression and the clinicopathological
characteristics of the patients. EGFR expression was observed in 111 of the 129 (86.0%) patients
with PTC. Although positive expression of EGFR was not significantly associated with age, size,
ETE, or LN metastasis, the Ki-67 labeling index (LI) was significantly higher in the presence of
EGEFR expression than in the absence of expression (4.49+6.36 vs. 2.00+2.13, P=0.002).

HER?2 expression was significantly associated with younger age and cervical LN metastasis.
The Ki-67 LI tended to be higher in the presence of HER2 expression, although this

association was not statistically significant (Table 3).

Also, positive expression of EGFR and HER2 were not significantly associated with higher
MACIS scores.

DISCUSSION

EGFR is a receptor tyrosine kinase that is important for the transduction of extracellular
signals from the surface to the interior of a cell to mediate cell proliferation and apoptosis
(19). EGFR is frequently overexpressed in malignant tumors, including breast and bladder
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Table 2. Univariate analysis of the associations between clinicopathological characteristics and EGFR expression

Variables EGFR P value
Positive Negative

Total 111 (86.0) 18 (14.0)

Age (yr) 45.59+13.11 50.39+11.60 0112
<45 49 (44.1) 5(27.8) 0.192
245 62 (55.9) 13 (72.2)

Size (cm) 1.03+0.71 1.36+0.88 0.087
<1 59 (53.2) 8 (44.4) 0.493
>1 52 (46.8) 10 (55.6)

ETE 0.336
Negative 67 (60.4) 13 (72.2)
Positive 44 (39.6) 5(27.8)

LN metastases 0.714
No 69 (62.2) 12 (66.7)
Yes 42 (37.8) 6 (33.3)

MACIS score 0.651
<6 102 (91.9) 16 (88.9)
26 9 (8.1) 2 (1.1)

Ki-67 LI 4.49+6.36 2.00+2.03 0.002

BRAF mutation 0.112
No 24 (21.6) 7(38.9)
Yes 87 (78.4) 1 (61.1)

Concurrent thyroiditis 0.431
No 83 (74.8) 15 (83.3)
Yes 28 (25.2) 3(16.7)

Values are presented as meanzstandard deviation or number (%).
EGFR = epidermal growth factor receptor; LN = lymph node; ETE = extrathyroidal extension; MACIS = distant
metastasis, patient age, completeness of resection, local invasion, and tumor size; LI = labeling index.

Table 3. Univariate analysis of the associations between HER2 expression and clinicopathological characteristics
in 129 patients with PTC

Variables HER2 P value
Positive Negative
Total 20 (15.5) 109 (84.5)
Age (yr) 40.55+13.77 47.30+11.26 0.019
45 13 (65.0) 41(37.6) 0.022
45 7 (35.0) 68 (62.4)
Size (cm) 1.13+0.83 1.07+0.73 0.753
<1 10 (50.0) 57 (52.3) 0.850
>1 10 (50.0) 52 (47.7)
ETE 0.765
Negative 13 (65.0) 67 (61.5)
Positive 7 (35.0) 42 (38.5)
LN metastases 0.022
No 8 (40.0) 73 (67.0)
Yes 12 (60.0) 36 (33.0)
MACIS score 0.539
6 19 (95.0) 99 (90.8)
26 1(5.0) 10 (9.9)
Ki-67 LI 5.30+4.58 3.96+6.27 0.270
BRAF mutation 0.912
No 5 (25) 26 (23.9)
Yes 15 (75) 83 (76.1)
EGFR 0.212
No 13 (65.0) 85 (78.0)
Yes 7 (35.0) 24 (22.0)

Values are presented as meansstandard deviation or number (%).

HER2 = human epidermal growth factor receptor 2; PTC = papillary thyroid carcinoma; LN = lymph node; ETE =
extrathyroidal extension; MACIS = distant metastasis, patient age, completeness of resection, local invasion, and
tumor size; LI = labeling index.
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cancers (20). Little is known about the value of EGFR expression for the prediction of PTC
prognosis. In recent years, several studies have reported the relationship between EGFR
expression and prognosis of PTC. These studies suggested that increased expression of
EGEFR is associated with poor prognosis of PTC. Fisher et al. (10) demonstrated that EGFR
is correlated with advanced stage, ETE, LN metastasis, and BRAF(V600E) mutations in
univariate analysis. The authors concluded that EGFR could be an important biomarker for
aggressive PTC. Tang et al. (21) investigated EGFR expression in PTC, nodular hyperplasia,
and normal thyroid tissue specimen using immunohistochemistry. They found that EGFR
expression levels were up-regulated in PTC and were associated with LN metastasis. On the
contrary, our data did not show the positive results associated with aggressive features of
PTC. These differences may be caused by small sample size. Interestingly, the mean Ki-67
LI was higher than the EGFR expression. The expression of Ki-67 is generally evaluated
immunohistochemically as an LI, and a high Ki-67 LI has been shown to be associated with
a poor outcome in patients with breast or prostate cancer (22). Although many published
studies have indicated the value of the Ki-67 LI in PTC, no studies in the literature have
investigated the association of Ki-67 and EGFR expression in PTC. The Ki-67 LI was found
to be higher in EGFR expression cases in some studies investigating the correlation of Ki-67
and EGFR in other carcinomas (23,24). However, certain studies have shown that Ki-67 LI is
correlated with ETE, tumor size, and prognosis (25-27).

HER?2 is a proto-oncogene that has an important role in the development and progression

of human cancers, and especially breast cancer. Overexpression of the HER2 protein and
amplification of the HER2 gene have been recognized as prognostic factors in breast

cancer in particular (28). Additionally, HER2 overexpression in gastric cancer is associated
with a poor prognosis and more advanced disease (29). Therefore, anti-HER?2 therapy,

such as trastuzumab, has been applied in breast and gastric cancer patients with HER2
overexpression. However, no study has thoroughly investigated HER2 expression in thyroid
carcinoma. In the present study, HER2 was highly expressed in younger patients (40.55+13.77
vs. 47.30+11.26) and in patients with cervical LN metastases (60% vs. 33.0%), and these
associations were statistically significant. There are some considerations in analysis of these
results. Age is the most important prognostic factor for patients with well-differentiated
thyroid cancer. Younger age (<45 years) is associated with good prognosis. Thus, these results
contradict an existing theory. Although, HER2 expression is associated with LN metastases
in this study, it is difficult to decide that HER2 is an important marker for PTC as mentioned
earlier. The Ki-67 LI was higher in the presence of HER2 expression, but this association was
not statistically significant.

Our study has certain limitations. First, a small sample size was used to identify the value of
EGFR/HER2 expression in PTC because of the short study period. Second, we described the
degree of HER2 staining according to criteria for breast cancer, as there are no established
criteria for this parameter in thyroid cancer. Enrollment of additional patients and
establishment of criteria for determining the degree of HER2 staining in thyroid carcinoma
are therefore necessary. Third, there is no follow-up of the patients. Patients with papillary
thyroid cancer rarely die of their disease, and this study is designed and performed recently.

In conclusion, our study showed that HER2 expression was associated with younger age and
cervical LN metastasis. Additionally, the Ki-67 LI was higher in the presence of EGFR expression.
The immunohistochemistry of EGFR and HER2 has limited value in PTC. A long-term follow-up
study will be necessary to identify the clinical value of EGFR/HER2 expression in PTC.

https://doi.org/10.16956/jes.2018.18.4.228 233


https://jes-online.org

HER2 Expression in Thyroid Carcinoma

jes*

Journal of Endocrine Surgery

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Davies L, Welch HG. Increasing incidence of thyroid cancer in the United States, 1973-2002. JAMA
20006;295:2164-7.
PUBMED | CROSSREF

Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R. Worldwide increasing incidence of thyroid
cancer: update on epidemiology and risk factors. ] Cancer Epidemiol 2013;2013:965212.

PUBMED | CROSSREF

Kim YS, Park WC. Clinical predictors of right upper paraesophageal lymph node metastasis from
papillary thyroid carcinoma. World J Surg Oncol 2012;10:164.

PUBMED | CROSSREF

Tang KT, Lee CH. BRAF mutation in papillary thyroid carcinoma: pathogenic role and clinical
implications. ] Chin Med Assoc 2010;73:113-28.

PUBMED | CROSSREF

Sipos JA, Mazzaferri EL. Thyroid cancer epidemiology and prognostic variables. Clin Oncol (R Coll
Radiol) 2010;22:395-404.

PUBMED | CROSSREF

Kim KH, Kang DW, Kim SH, Seong IO, Kang DY. Mutations of the BRAF gene in papillary thyroid
carcinoma in a Korean population. Yonsei Med J 2004;45:818-21.

PUBMED | CROSSREF

Kebebew E, Weng J, Bauer J, Ranvier G, Clark OH, Duh QY, et al. The prevalence and prognostic value of
BRAF mutation in thyroid cancer. Ann Surg 2007;246:466-70.

PUBMED | CROSSREF

Kim KB, Cabanillas ME, Lazar AJ, Williams MD, Sanders DL, Ilagan JL, et al. Clinical responses to
vemurafenib in patients with metastatic papillary thyroid cancer harboring BRAF'*°*® mutation. Thyroid
2013;23:1277-83.

PUBMED | CROSSREF

Nicholson RI, Gee JM, Harper ME. EGFR and cancer prognosis. Eur J Cancer 2001;37 Suppl 4:59-15.
PUBMED | CROSSREF

Fisher KE, Jani JC, Fisher SB, Foulks C, Hill CE, Weber CJ, et al. Epidermal growth factor receptor
overexpression is a marker for adverse pathologic features in papillary thyroid carcinoma. J Surg Res
2013;185:217-24.

PUBMED | CROSSREF

Ensinger C, Prommegger R, Kendler D, Gabriel M, Spizzo G, Mikuz G, et al. Her2/neu expression in
poorly-differentiated and anaplastic thyroid carcinomas. Anticancer Res 2003;23:2349-53.

PUBMED

Sugishita Y, Kammori M, Yamada O, Poon SS, Kobayashi M, Onoda N, et al. Amplification of the human
epidermal growth factor receptor 2 gene in differentiated thyroid cancer correlates with telomere
shortening. Int ] Oncol 2013;42:1589-96.

PUBMED | CROSSREF

Rebai M, Kallel I, Hamza F, Charfeddine S, Kaffel R, Guermazi F, et al. Association of EGFR and
HER2 polymorphisms with risk and clinical features of thyroid cancer. Genet Test Mol Biomarkers
2009;13:779-84.

PUBMED | CROSSREF

Freudenberg LS, Sheu S, Gorges R, Mann K, Bokler S, Frilling A, et al. Prognostic value of c-erbB-2
expression in papillary thyroid carcinoma. Nuklearmedizin 2005;44:179-82, 184.

PUBMED | CROSSREF

Hay ID, Bergstralh EJ, Goellner JR, Ebersold JR, Grant CS. Predicting outcome in papillary thyroid
carcinoma: development of a reliable prognostic scoring system in a cohort of 1779 patients surgically
treated at one institution during 1940 through 1989. Surgery 1993;114:1050-7.

PUBMED

Verkooijen HM, Fioretta G, Pache JC, Franceschi S, Raymond L, Schubert H, et al. Diagnostic changes
as a reason for the increase in papillary thyroid cancer incidence in Geneva, Switzerland. Cancer Causes
Control 2003;14:13-7.

PUBMED | CROSSREF

Gori S, Sidoni A, Colozza M, Ferri I, Mameli MG, Fenocchio D, et al. EGFR, pMAPK, pAkt and PTEN
status by immunohistochemistry: correlation with clinical outcome in HER2-positive metastatic breast
cancer patients treated with trastuzumab. Ann Oncol 2009;20:648-54.

PUBMED | CROSSREF

https://jes-online.org https://doi.org/10.16956/jes.2018.18.4.228 234


http://www.ncbi.nlm.nih.gov/pubmed/16684987
https://doi.org/10.1001/jama.295.18.2164
http://www.ncbi.nlm.nih.gov/pubmed/23737785
https://doi.org/10.1155/2013/965212
http://www.ncbi.nlm.nih.gov/pubmed/22897890
https://doi.org/10.1186/1477-7819-10-164
http://www.ncbi.nlm.nih.gov/pubmed/20230995
https://doi.org/10.1016/S1726-4901(10)70025-3
http://www.ncbi.nlm.nih.gov/pubmed/20627675
https://doi.org/10.1016/j.clon.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/15515191
https://doi.org/10.3349/ymj.2004.45.5.818
http://www.ncbi.nlm.nih.gov/pubmed/15515191
https://doi.org/10.3349/ymj.2004.45.5.818
http://www.ncbi.nlm.nih.gov/pubmed/23489023
https://doi.org/10.1089/thy.2013.0057
http://www.ncbi.nlm.nih.gov/pubmed/11597399
https://doi.org/10.1016/S0959-8049(01)00231-3
http://www.ncbi.nlm.nih.gov/pubmed/23746767
https://doi.org/10.1016/j.jss.2013.05.003
http://www.ncbi.nlm.nih.gov/pubmed/12894514
http://www.ncbi.nlm.nih.gov/pubmed/23467725
https://doi.org/10.3892/ijo.2013.1848
http://www.ncbi.nlm.nih.gov/pubmed/19860576
https://doi.org/10.1089/gtmb.2009.0068
http://www.ncbi.nlm.nih.gov/pubmed/16395492
https://doi.org/10.1055/s-0038-1625202
http://www.ncbi.nlm.nih.gov/pubmed/8256208
http://www.ncbi.nlm.nih.gov/pubmed/12708720
https://doi.org/10.1023/A:1022593923603
http://www.ncbi.nlm.nih.gov/pubmed/19188134
https://doi.org/10.1093/annonc/mdn681
https://jes-online.org

HER2 Expression in Thyroid Carcinoma

jes*

Journal of Endocrine Surgery

https://jes-online.org

18. Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred DC, Cote RJ, et al. American Society of Clinical
Oncology/College of American Pathologists guideline recommendations for human epidermal growth
factor receptor 2 testing in breast cancer. J Clin Oncol 2007;25:118-45.

PUBMED | CROSSREF

19. Mitrasinovic PM. Epidermal growth factor receptors: a functional perspective. Curr Radiopharm
2012;5:29-33.
PUBMED | CROSSREF

20. Arteaga CL. Epidermal growth factor receptor dependence in human tumors: more than just expression?
Oncologist 2002;7 Suppl 4:31-9.

PUBMED | CROSSREF

21. TangC, Yang L, Wang N, Li L, Xu M, Chen GG, et al. High expression of GPER1, EGFR and CXCR1 is
associated with lymph node metastasis in papillary thyroid carcinoma. IntJ Clin Exp Pathol 2014;7:3213-23.
PUBMED

22. Luporsi E, André F, Spyratos F, Martin PM, Jacquemier J, Penault-Llorca F, et al. Ki-67: level of evidence
and methodological considerations for its role in the clinical management of breast cancer: analytical and
critical review. Breast Cancer Res Treat 2012;132:895-915.

PUBMED | CROSSREF

23. Yan]J, Liu XL, Han LZ, Xiao G, Li NL, Deng YN, et al. Relation between Ki-67, ER, PR, Her2/neu, p21,
EGFR, and TOP II-a expression in invasive ductal breast cancer patients and correlations with prognosis.
Asian Pac ] Cancer Prev 2015;16:823-9.

PUBMED | CROSSREF

24. SahaR, Chatterjee U, Mandal S, Saha K, Chatterjee S, Ghosh SN. Expression of phosphatase and tensin
homolog, epidermal growth factor receptor, and Ki-67 in astrocytoma: a prospective study in a tertiary
care hospital. Indian ] Med Paediatr Oncol 2014;35:149-55.

PUBMED | CROSSREF

25. Tang W, Nakamura Y, Zuo H, Yasuoka H, Yang Q, Wang X, et al. Differentiation, proliferation and retinoid
receptor status of papillary carcinoma of the thyroid. Pathol Int 2003;53:204-13.
PUBMED | CROSSREF

26. ItoY, Miyauchi A, Kakudo K, Hirokawa M, Kobayashi K, Miya A. Prognostic significance of Ki-67 labeling
index in papillary thyroid carcinoma. World J Surg 2010;34:3015-21.
PUBMED | CROSSREF

27. Kjellman P, Wallin G, H66g A, Auer G, Larsson C, Zedenius J. MIB-1 index in thyroid tumors: a predictor
of the clinical course in papillary thyroid carcinoma. Thyroid 2003;13:371-80.
PUBMED | CROSSREF

28. Ross]S, Fletcher JA. The HER-2/neu oncogene in breast cancer: prognostic factor, predictive factor, and
target for therapy. Oncologist 1998;3:237-52.
PUBMED

29. ZhangXL, Yang YS, Xu DP, QuJH, Guo MZ, Gong Y, et al. Comparative study on overexpression of HER2/
neu and HER3 in gastric cancer. World J Surg 2009;33:2112-8.

PUBMED | CROSSREF
https://doi.org/10.16956/jes.2018.18.4.228 235


http://www.ncbi.nlm.nih.gov/pubmed/17159189
https://doi.org/10.1200/JCO.2006.09.2775
http://www.ncbi.nlm.nih.gov/pubmed/22074479
https://doi.org/10.2174/1874471011205010029
http://www.ncbi.nlm.nih.gov/pubmed/12202786
https://doi.org/10.1634/theoncologist.7-suppl_4-31
http://www.ncbi.nlm.nih.gov/pubmed/25031742
http://www.ncbi.nlm.nih.gov/pubmed/22048814
https://doi.org/10.1007/s10549-011-1837-z
http://www.ncbi.nlm.nih.gov/pubmed/25684532
https://doi.org/10.7314/APJCP.2015.16.2.823
http://www.ncbi.nlm.nih.gov/pubmed/25197177
https://doi.org/10.4103/0971-5851.138983
http://www.ncbi.nlm.nih.gov/pubmed/12675763
https://doi.org/10.1046/j.1320-5463.2003.01456.x
http://www.ncbi.nlm.nih.gov/pubmed/20703465
https://doi.org/10.1007/s00268-010-0746-3
http://www.ncbi.nlm.nih.gov/pubmed/12812214
https://doi.org/10.1089/105072503321669866
http://www.ncbi.nlm.nih.gov/pubmed/10388110
http://www.ncbi.nlm.nih.gov/pubmed/19636613
https://doi.org/10.1007/s00268-009-0142-z
https://jes-online.org

	EGFR and HER2 Expression in Papillary Thyroid Carcinoma
	INTRODUCTION
	METHODS
	2. Immunohistochemistry
	3. Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


