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Abstract 

Background: EGFR mutation has not been extensively studied in thyroid cancer. This study was conducted to study 
spectrum of EGFR mutation in thyroid cancer in Kashmiri population for possible therapeutic purpose.

Methods: It was 2 years prospective cross-sectional study conducted at a tertiary care center in which histologically 
confirmed, untreated thyroid cancers were included. These specimens were subjected to EGFR mutation analysis by 
AS-PCR method.

Results: There were a total 60 patients with preponderance of females [44(73%) vs 16(27%)]. Most were in the age 
group of less than 45 years (75%). Most of these patients were non-smokers [50(83.3%) vs 10 (17.3%)]. Papillary thyroid 
carcinoma (PTC) was the commonest type 48(80%), rest was follicular type (FTC) 12(20%). Well-differentiated carci-
noma (WDC) was common than poorly differentiated (PDC) [41(68.4%) vs 19 (31.6%)]. Lymph node metastasis and 
vascular invasion were present in 32 (53.4%) and 17 (28.4%) respectively. Thirty-two (53.3%) patients were having 
15 bp deletion in exon 19 of EGFR. These deletions were common in PTC than FTC, 29(60.5%) vs 3(25%) which was 
statistically significant (p = 0.04, CI = 0.2). The total mutational rate of T790M in EGFR tyrosine kinase domain (exon 
20) was found to be only 8.4% (5 of 60). Only 4 (8.3%) of these mutations were detected in PTC and rest in FTC (1 of 
12). Twenty-six (43.3%) of exon 21 were positive for L858R mutation in EGFR tyrosine kinase domain. Married persons 
and PDC were significant predictors of L858R mutation in EGFR tyrosine kinase domain in thyroid cancer as this was 
statistically significant in them with p = 0.04, 0.03 respectively.

Conclusion: In our population, PTC is common in females with half of population harboring EGFR mutation and it is 
statistically significant in poorly differentiated carcinoma and in married individuals.

It implies that EGFR may be used in thyroid cancer as a possible therapeutic agent in our set of population.
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Background
Thyroid cancer is one of the most common endocrine 
tumors worldwide [1, 2]. Papillary and follicular con-
stitute about 90% among all types of thyroid malig-
nancies [3, 4]. Prevalence of thyroid cancer is about 
1–5% and 2% in females and males respectively. With 
the advent of new diagnostic modalities, the incidence 
of thyroid cancer is increasing [5]. There are various 
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clinicopathologic criteria on which prognosis of thyroid 
cancer depends: age, gender, histologic subtype, tumor 
size, extrathyroidal extension (ETE), and the presence 
of lymph node (LNM) or distant metastases [6]. After 
a 20-year period of a relatively flat mortality rate, there 
has been a recent increase in thyroid carcinoma related 
mortality especially in men [7]. This has led to a greater 
interest in understanding tumor-specific markers in 
thyroid cancer to identify specific patients who can 
have adverse outcome.

Epidermal growth factor receptor (EGFR) refers to a 
mutation to the portion of DNA in a cancer cell (particu-
larly lung cancer which carries the stimulus for making 
EGFR protein), allowing cancer cells to grow and spread. 
EGFR is one of the novel tumor markers, which has been 
studied extensively in lung cancer. EGFR is a transmem-
brane tyrosine kinase (TK) receptor. It is expressed in a 
variety of neoplastic and non-neoplastic tissues. Both 
mitogen activated protein kinase (MAPK) and phospho-
inositide 3-kinase (PI3K) pathways are important for thy-
roid tumor progression. EGFR plays an important role 
in activating these pathways [8]. Papillary thyroid can-
cers (PTCs) expressing EGFR was demonstrated by Lan-
driscina et  al. and it is overexpressed by PTCs during 
dedifferentiation and anaplastic transformation [9]. EGFR 
overexpression is described in various thyroid malignan-
cies: anaplastic thyroid cancers (ATCs), [10] follicular thy-
roid cancers (FTCs) [11, 12] and even medullary thyroid 
cancers (MTCs). However, some studies describe absence 
of somatic mutations in thyroid cancers [13, 14].

EGFR mutation is best characterized in lung adeno-
carcinoma, a specific activating mutation that affect 
the EGFR TK domain. The commonest mutations are 
deletions in exon 19 (del 2235-2249/2236-2250; del 
E746-A750), followed by a point mutation in exon 21 
(T>G 2573) which results in substitution of leucine by 
arginine at codon 858 (L858R) [15]. Although similar 
somatic mutations are described in thyroid cancers [16] 
they are not well characterized [17]. However, there are 
some studies that fail to identify them [14, 18].

This study was carried to find out type of specific muta-
tion that is incriminated in progression of thyroid cancer 
and their relationship with clinical parameters. Probably, 
it is first such kind of study in North India.

Methods
A total of 60 (n = 60) histologically confirmed, pre-
viously untreated thyroid cancer patients attending 
Department of General and Minimal Access Surgery at 
a tertiary care center were included in this study. Tumor 
tissue along with corresponding normal tissue was 
available for all 60 patients. This was prospective cross-
sectional study spanned for 2 years from January 2017 

to January 2019. A written pre-informed consent was 
obtained from all cases. Demographic and clinicopatho-
logical characteristics of each patient were recorded in 
a questionnaire. In preoperative assessment of thyroid 
swelling, all those patients who had significant neck 
lymph node on Ultra sonography, were subjected to 
FNAC if it showed metastasis, neck dissection was car-
ried out and on histopathology staging was done. Vari-
ous clinical features were taken to find out relationship 
between thyroid cancer and EGFR mutation. Age is 
one of the prognostic factors in thyroid cancer, so we 
divided our patients into two groups: one with age > 
45 years and other with age < 45 years and use of oral 
contraceptives is one of the risk factors associated with 
thyroid cancer. Somatic mutation screening was done 
on surgically resected and histopathological confirmed 
tumor and the corresponding normal tissues of thyroid 
cancer patients. EGFR mutational analysis was seen on 
exon 19, 20, 21. This study was approved by the Institu-
tional Ethical committee.

Sample collection/storage
The surgically resected tissue samples either by total thy-
roidectomy/hemi-thyroidectomy or lobectomy, were col-
lected directly into sterile vials containing chilled PBS 
(Phosphate buffered saline) (pH = 7.2) and frozen at – 80 
°C for molecular investigations. Adjacent normal tissues 
were resected from outside the margins of resection. His-
topathologically, confirmed thyroid cancer tissues and 
corresponding normal tissues were used for mutational 
analysis of EGFR gene.

Method used for extraction of DNA
DNA was extracted from the tissues by phenol-chloro-
form method and by Qiagen DNA extraction kit while 
salting out method was used for the extraction of DNA 
from blood samples.

The concentration of the DNA obtained was measured 
in a spectrophotometer at 260 nm wavelength by using 
the formula:

The purity of DNA was checked by using A260/A280 
ratio. The quality of the DNA obtained from the tissue 
specimens and blood samples was analyzed on 1% aga-
rose gel. The high-molecular-weight DNA was used for 
further molecular investigation.

Allele‑specific PCR (AS‑PCR)
Given the high frequency of EGFR mutations and the pos-
sible implication of this receptor in the development of 
thyroid cancer, it was important to develop a simple, fast, 
and reliable method to identify these mutations in greater 

DNA µg/ml = A260 × 50× dilution factor



Page 3 of 13Mir et al. Journal of the Egyptian National Cancer Institute           (2022) 34:43  

detail as a potential tool for the diagnosis and follow-up 
of these patients. The mutations in exon 19, 20, and 21 
of EGFR gene account for more than 95% of total muta-
tions in the gene. These mutations therefore represent an 
excellent target for assays, such as AS-PCR that depends 
on the specific detection of point mutations. The general 
principle underlying the AS-PCR technique is to design 
a mutation-specific primer that produces the preferential 
amplification of a specific mutant allele. The schematic 
representation of this AS-PCR is shown in Fig. 1.

1) Four primers were used in a single tube to setup an 
ARMS PCR for exon 19 (15 bp deletion; codons 746–
750) of EGFR gene (Fig. 2)

2) Four primers were used in a two-tube reaction for 
setting up of AS-PCR for the detection of mutation 
in exon 20 (T790M) (Fig. 3)

3) Two allele specific primers and a single common 
primer were used in two tubes to determine the exon 
21 mutations (L858R) in EGFR gene of thyroid cancer 
patients (Fig. 4, Table 1)

 For primers 14–25 nucleotides in length:

Tm = 2
◦

C × (number of A and T bases) + 4
◦

C × (number of G and C bases)

Fig. 1 Schematic representation of AS-PCR

Fig. 2 Representative picture of ARMS-PCR products for detection of 15 bp deletion in exon 19 of EGFR gene. A single tube reaction in which “M” 
contains molecular marker (100 bp); L1, L2, L3, and L4 contain 444 bp and 325 bp bands representing absence of deletion; L6 contains 444 bp and 
134 bp bands representing the presence of 15 bp deletion; L4 and L6 contain 444 bp, 325 bp, and 134 bp bands representing the heterozygosity; 
L7 represents negative control
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Statistical analysis
Statistical analysis was performed by using SPSS soft-
ware (V. 20.0). Chi-square test or Fisher’s test whichever 
appropriate for homogeneity of proportions was used to 
determine significance of mutation pattern and odds ratio 
was used to determine association of presence of muta-
tions with various clinico-epidemiological characteristics 
such as age, site of tumor, clinical tumor stage, and histo-
pathological grade of tumor. Statistical significance was 
considered when p < 0.05.

Results
As shown in Table  2 most of our patients were females 
44 (73%). Forty-five (75%) of our population were in 
age group of < 45 years. Most of our patients were non-
smokers 50 (83.3%). Neck swelling was the commonest 

Fig. 3 Representative picture of AS-PCR products for detection of T790M mutation in exon 20 of EGFR gene. Two tube reaction in which lanes 
marked as “W” contain bands pertaining to wild allele and “V” contains bands pertaining to variant allele of same sample. “M” contains molecular 
marker (100 bp); “W1” contains 139 bp band pertaining to wild type allele, “V1” contains 146 bp band pertaining to mutant/variant allele; “NC” 
represents negative control

Fig. 4 Representative picture of AS-PCR products for detection 
of L858R mutation in exon 21 of EGFR gene. Two tube reaction in 
which lanes marked as “W” contain bands pertaining to wild allele 
and “V” contains bands pertaining to variant allele of same sample. 
“M” contains molecular marker (100 bp); “W1” contains 137 bp band 
pertaining to wild type allele, “V1” contains 134 bp band pertaining to 
mutant/variant allele; “NC” represents negative control

Table 1 Primers, product size and annealing temperatures used to detect mutations, if any, in various exons of EGFR gene by ARMS-
PCR and AS-PCR

Amplicon Change Primer sequence Annealing
Temp. (°C)

Product size (bp)

Exon 19 15 bp deletion; codons 
746–750

P-5′-GTA ACA TCC ACC CAG ATC ACTG-3′
Q-5′-GTG TCA AGA AAC TAG TGC TGGG-3′
A-5′-CCC GTC GCT ATC AAG GAA TTAA-3′
B-5′-GTT GGC TTT CGG AGA TGT TTT GAT AG-3′

60 (Single tube reaction)
PQ = 444 bp (control)
AQ = 325 bp (deletion absent)
PB = 134 bp (deletion present)

Exon 20 T790M E-5′-GAA GCC ACA CTG ACG TGC CT-3′
F-5′-GCC GAA GGG CAT GAG CTG TG-3′
G-5′-ACC ATG CGA AGC CAC ACT GACG-3′
H-5′-GCC GAA GGG CAT GAG CTG GA-3′

56 (Two tube reaction)
EF = 139 bp (for wild allele)
GH = 146 bp (for variant allele)

Exon 21 L858R (T2573G) P-5′-GGG TCT TCT CTG TTT CAG GGCAT-3′
A-5′-TTC CGC ACC CAG CAG TTT GGCTA-3′
B-5′-CGC ACC CAG CAG TTT GGT TC-3′

60 (Two tube reaction)
PA = 137 bp (wild allele)
PB = 134 bp (variant allele)
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presentation 55(91.6%). PTC 48(80%) was the common-
est type of thyroid cancer. Lymph node metastasis was 
present in 32(53.4%) of patients.

EGFR 15 bp deletion (exon 19) was present in 
32(53.3%) of patients, out of which 22 (68.75%) were 

females. There was more frequent involvement of this 
mutation in patients with high TSH level (> 5.5 IU/ml) 
which was statistically significant (p < 0.001). There was 
preponderance of PTC (29 vs 3) in patients bearing these 
mutations which was significant (p = 0.04) (Table 3).

EGFR T790M (exon 20) was found in 5 (8.4%) patients. 
It was exclusively present in those tumors in which there 
was vascular/capsular invasion and it was statistically sig-
nificant (p = 0.01) (Table 4).

Prevalence of EGFR L858R mutation in our study pop-
ulation was 43.3% (26). 54.3% (19) married individuals 
were positive for this mutation and it was significant (p = 
0.04). Twelve (63.25%) patients with poorly differentiated 
thyroid cancer bore this mutation and was statistically 
significant (p = 0.03) (Table 5).

Discussion
Previous studies have failed to identify EGFR activating 
mutation in thyroid cancer [9, 19] in contradiction to our 
study. Possible reason could be that our study was focused 
on a specific population, i.e., Asian patients who were 
mostly non-smokers. As for NSCLC (non-small cell lung 
carcinoma) the EGFR-activating mutations are observed 
in a particular subset of patients; specifically, mutations 
are more common in never-smokers, women, Asians, and 
patients with adenocarcinoma. Lack of smoking history, 
the most common carcinogen of NSCLC, implies the pos-
sibility that other genetic and environmental factors con-
tribute to the development of EGFR mutations.

Our study constituted predominantly females (73%) as 
compared to males (27%) is almost consistent with previ-
ous study [20] in which females are 2.9 times higher. Female 
preponderance could be due to polymorphism role of 
estrogen receptor [9, 19, 21]. There is a significant cell pro-
liferation in thyroid cancer tissue in females due to estrogen 
[21]. PTC was the commonest histologic type in our study 
population, which is consistent with other study [22].

High TSH (> 5.5 IU/ml) was predominately found in 
patients with EGFR 15 bp deletion and it was significant. 
Although there are no such studies in literature that have 
found such relationship, but hypothyroid status has been 
found to be linked to thyroid malignancy [23, 24].

The overall 15 bp deletion rate in EGFR exon 19 among 
60 patients was found to be 53.3% (32/60). Out of them, 
60.5% (29/48) deletions were detected in PTC and only 
25.0% (03/12) in FTC. Exon 19 mutational study was also 
done in relation to lung cancers and it was found that the 
EGFR exon 19 insertions are a newly appreciated family 
of EGFR-TKI–sensitizing mutations, and patients with 
tumors harboring these mutations should be treated 
with EGFR-TKI. While these mutations may be missed 
through the use of some mutation-specific assays, the 
addition of PCR product size analysis to multi-gene 

Table 2 Demographic and clinico-pathological variables in our 
study population

a Oral contraceptive
b Thyroid stimulating hormone
c PPX presentation
d Benign thyroid disease
e Well differentiated
f Poorly differentiated
a Lymph node
b Vascular capsular

Variable Parameter Cases (n = 60)

n %

Gender Female 44 73.0

Male 16 27.0

Age in years < 45 45 75.0

≥ 45 15 25.0

Habitation Rural 51 85.0

Urban 09 15.0

Marital status Unmarried 25 41.6

Married 35 53.4

Use of OCPa Yes 05 8.4

No 55 91.6

Smoking 
status

Non-smoker 50 83.3

Smoker 10 16.7

TSH levels b Elevated 27 45.0

Normal 33 55.0

Serum Calcium Normal 40 66.6

Decreased 20 33.4

Initial PPX c Swelling 55 91.6

Incidental 
detection

05 8.4

BTD d Yes 05 8.4

No 55 91.6

Histological 
types

Papillary 48 80.0

Follicular 12 20.0

Grade WD e 41 68.4

PD f 19 31.6

Stage, < 45 
years

Stage I 28 46.6

Stage II 17 28.4

Stage, ≥ 45 
years

Stages I and II 09 15.0

Stage III/above 06 10.0

LNa metastasis Present 32 53.4

Absent 28 46.6

V/C b Invasion Present 17 28.4

Absent 43 71.6
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assays allows sensitive detection of both exon 19 inser-
tion and deletion mutations [25]. Nevertheless, detailed 
studies were not done in case of thyroid malignancy. 
In the future, we can predict the use of tyrosine kinase 
inhibitors [TKIs] as a treatment modality for advanced/
undifferentiated thyroid malignancy in this part of world.

Many studies showed the presence of T790M gene 
mutations with EGFR domain of exon 20, these stud-
ies were conducted in lung carcinoma and the effect 
of targeted based TKIs was studied in detail [26, 27]. 
The total mutational rate of T790M in EGFR tyrosine 
kinase domain (exon 20) among 60 patients was found 
to be only 8.4% (05 of 60). Only 8.3% of mutations were 
detected in PTC (04 of 48) as well as in FTC (01 of 12) 
patients (P > 0.05). Importance of T790M gene muta-
tions with thyroid malignancy needs a detailed study.

The total of 43.3% (26 of 60) of thyroid cancer patients 
were positive for L858R mutation in EGFR tyrosine kinase 
domain of exon-21. Though probably such mutation has 
not been studied in thyroid cancer, there are studies in 
which similar type has been studied in lung cancer [28, 29]. 
There was preponderance of L858R mutation in our mar-
ried cohort, which was statistically significant. SEER study 
[30] which was conducted between 2002 and 2007 to find 
out effect of marital status and various other factors on the 
prognosis of cancer. It showed married people had better 
cancer specific survival than unmarried (p < 0.05) ones. 
The presence of these mutations in married individuals 
with thyroid cancer needs elaborative study.

Conclusion
In our study, we extensively studied the role of EGFR 
mutations with thyroid cancers, and various mutations 
in exon 19, 20, and 21.Significant relations of multiple 
variables were seen in associations with above described 
EGFR domain. This study will provide a nidus for future 
scope of further elaborating the clinical aspect of EGFR 
in the management of differentiated as well as aggres-
sively behaving anaplastic thyroid malignancy in our 
part of world and at the same time will encourage many 
to take this study further in assuming a vital background 
for more elaborate work on thyroid malignancy.
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