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Association between epidermal growth factor
receptor mutation status, clinicopathological
characteristics and TTF-1 expression in lung
adenocarcinoma - a single center study
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SUMMARY

Introduction/Objective The presence of epidermal growth factor receptor (EGFR) mutations is the best
predictor of response for therapy with tyrosine kinase inhibitors. In this study, we investigate association
between EGFR mutations and clinicopathological characteristics and thyroid transcription factor (TTF-1)
expression in lung adenocarcinomas (AD).

Methods We analyzed 142 surgical samples from patients with histologically confirmed lung AD from
January 2010 to December 2015. All tumor tissues were reclassified according to the World Health Orga-
nization criteria and EGFR mutations detected by real-time polymerase chain reaction. TTF-1 expression
was detected by immunohistochemistry in 83 out of 142 cases. The association between EGFR and TTF-1
expression was analyzed using the x? test or Fisher’s exact test with SPSS software version 20.0.
Results This study included 78 male and 64 women with a median age of 61.6 (range, 42-82) years. Acinar
(ACN) and solid (SOL) were the most common histological types (47.9% and 38.7%, respectively). TTF-1
expression was present in 69 of 83 (83%) ADs. The EGFR mutation was found in 7%, more frequently in
women, and patients with smoking history, and acinar type of AD, whereas it had no association with
age and pathological stage and TTF-1 expression.

Conclusion In conclusion, the results of this study demonstrate that the presence of EGFR mutations is
associated with some clinical characteristics and histologic type of ADs, but not with TTF-1 expression.
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INTRODUCTION

Epidermal growth factor receptor (EGFR) con-
sists of 486 amino acids and 170 kDa in size.
It is part of the ErbB family of structurally re-
lated receptor tyrosine kinases: EGFR (HERI,
ErbB1), HER2 (Neu, ErbB2), HER3 (ErbB3)
and HER4 (ErbB4), which are involved in sig-
nal transduction pathways and play a key role
in the regulation of cellular proliferation and
apoptosis. Molecular analysis of the mutation
status for EGFR is critical for treatment of ty-
rosine kinase inhibitors (TKIs), which show
improved progression-free survival (PFS) and
overall survival in inpatients with adenocarci-
nomas (AD), which is second most frequent
histological type of lung cancer found in sur-
gically treated lung cancer patients in Serbia
[1, 2, 3]. According to international guidelines,
conventional identification of EGFR genotype
requires tissue/cytologic samples (Ti/Cy), but
in the last five years, EGFR testing can be per-
formed by analyzing circulating-free tumor
DNA (cfDNA) in peripheral blood samples.
EGFR mutations are more frequent in tumors
with ADs histology, in never-smokers or light
smokers, in female, and in patients with East
Asian ethnicities. The most frequent EGFR

mutations are in-frame deletions of exon 19 and
the exon 21 L858R mutation [4, 5]. Previous in-
vestigations have demonstrated that EGFR gene
mutation is mainly detected in patients with
lepidic (LP), papillary (PAP), micropapillary
(MPP), and acinar (ACN) types, whereas the
mutation rate is extremely low in patients with
the solid (SOL) histological type [6-9].

Thyroid transcription factor 1 (TTF-1),is a
homeodomain nuclear protein that belongs to
the NK2 family of transcription factor. TTF1
is recommended as one of a panel of lineage-
specific immunohistochemical markers for AD
differentiation and may modulate lung cancer
biology. Clinicopathologic features such as
age, sex, smoking status, histological type, and
pathological stage were similar between TTF-
1-positive and TTF-1-negative tumors. TTF-
1-positive tumors have more commonly EGFR
mutations, as well as better response to EGFR
TKIs comparing to T'TF-1-negative tumors, but
TTF-1 negativity should not be the exclusion
criteria for EGFR testing [10, 11, 12].

In the present study, we investigated the
association between EGFR mutation status,
clinicopathological characteristics, and TTE-1
expression in lung AD.



Association between epidermal growth factor receptor mutation status, clinicopathological characteristics and TTF-1 expression

METHODS

Surgical samples of 142 patients with lung AD admitted
to the Institute for Lung Diseases of Vojvodina (Sremska
Kamenica, Serbia) between January 2010 and December
2015 were retrospectively analyzed.

Clinicopathological parameters including age, sex,
smoking history, pathological stage, and histological type
were recorded. The histological classification was done
based on 2015 WHO classification system and all sam-
ples were divided into five groups (ACN, PAP, MPP, LP,
or SOL).

One hundred forty-two surgical samples were fixed in
10% formalin, embedded in paraftin, cut on four-micron-
thick sections and stained with routine H&E staining.
Eighty-three of them were deparaffinized and incubated
in a citrate buffer (10 mM sodium-citrate monohydrate,
pH 6.5) at 120°C for 20 minutes in an autoclave. The sec-
tions were reacted for one hour with antibody of TTF-1
(monoclonal antibody, Denmark DAKO products) and
then incubated with a commercially available detection kit
(DAKO EnVision Plus-HRP, Dako, Glostrup, Denmark)
following the manufacturer’s instructions. Positive and
negative controls were used as appropriate. TTF-1 ex-
pression was rendered semiquantitatively on a score 0-2.
Tumors were scored according to TTEF-1 expression into
following scores: 0 (lack of expression), score 1 (< 50%)
and score 2 (= 50%) based on the percentage of positively
stained tumor cells of any intensity.

The EGFR mutations (in exons 18, 19, 20, and 21)
was done with the Cobas EGFR Mutation Test (Roche,
Basel, Switzerland) “Real time PCR” The Cobas Sample
Preparation Kit (Roche) was used for the sample prepara-
tion and DNA extraction. Automatic amplification and
detection were done on the Cobas z 480 Analyzer (Roche).

Statistical analysis

Pearson’s x* test and Fisher’s exact test were used to com-
pare frequencies of clinicopathological variables; p-values
< 0.05 were considered statistically significant. All analyses
were performed using IBM SPSS Statistics, Version 21.0
(IBM Corp., Armonk, NY, USA).

The study was done in accord with standards of the
institutional committee on ethics.

RESULTS

One hundred forty-two patients diagnosed with infiltrative
AD (Figure 1) which had been surgically resected were
included in this study. The median age of all patients was
61.6 years (ranging 42-82). The majority of patients were
males (78; 54.9%), and 13 of 142 (9.2%) had no-smoking
history (Table 1).

Most common histological types were ACN (68; 47.9%)
and SOL (55; 38.7%), with most frequent pathological stage
ITA according to the 7th TNM classification system (Table
2).
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Figure 1. Acinic type adenocarcinoma (H&E, 10x)

Table 1. Patient characteristics and epidermal growth factor receptor
(EFGR) mutation status

. e EGFR status, n (%)
Clinical characteristics | Frequency — . p
positive | negative
Total 142 10(7) 132(93)
Age, years
Median 61.6 65.5 61.3
Range 42-82 46-82 42-82
Sex
Male 78 (54.9) 3(2.1) 75(52.8) | 0.114
Female 64 (45.1) 7 (4.9) 57 (40.1)
Smoking history
Never 13(9.2) 321 10 (7) 0.05
Former/current 129 (90.8) 7(4.9) 122 (85.9)

Table 2. Histopathological characteristics of adenocarcinomas and
epidermal growth factor receptor (EFGR) mutation status

Histopathological Frequency EG.FB statlisin (‘y‘.’) .
characteristics positive | negative
Histological type

LP 6(4.2) 0(0) 6(4.2)

ACN 68 (47.9) 8(5.6) 60 (42.3)

PAP 9(6.3) 0(0) 9(6.3) 0.32
SOL 55(38.7) 2(1.4) 53(37.3)

MPP 4(2.8) 0.(0) 4(2.8)

Stage

1A 32(22.5) 3(2.1) 29 (20.4)

1B 24 (16.9) 1(0.7) 23(16.2)

1A 35(24.6) 2(1.4) 33(23.2) 0.46
1IB 28(19.7) 4(2.8) 24 (16.9)

1A 21(14.8) 0(0) 21(14.8)

I\ 2(1.4) 0(0) 2(1.4)

Total 142 (100) 10 (7) 132(93)

LP - lepidic; PAP - papillary; MPP — micropapillary; SOL - solid; ACN - acinar

Table 3. Association between TTF-1 expression and epidermal growth
factor receptor (EFGR) mutations

TTF-1 EGFR status, n (%)

. Frequency " .
expression positive negative
Score 0 14 (16.9) 2(2.4) 12 (14.5)
Score 1 3(7.2) 0(0) 6(7.2)
Score 2 63 (75.9) 3(3.6) 60 (72.3)
Total 83 (100) 5(6) 78 (94)

Sixty-three (75.9%) of the 83 cases of lung AD showed
TTEF-1 expression levels corresponding to score 2 (Figure
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2), 3 (7.2%) to score 1, and 14 (16.9%) cases lack of TTF-1
expression (Table 3).

EGFR mutations in exons 18, 19, 20, or 21 were exam-
ined in 142 cases of lung AD. The overall frequency of
EGFR mutation was 7% (10 of 142). Five cases had an in-
frame deletion in exon 19, three cases had exon 21 substi-
tutions (L858R, L861Q), and two cases exon 20 insertions.
Multiple mutations (> 2) and other EGFR mutations were
not observed (Figure 3).

Three male and seven female patients harbored EGFR
mutation (p = 0.114). Three patients with EGFR gene mu-
tation were non-smokers. (p = 0.05) (Table 1). The EGFR
mutations were found in eight ADs with ACN histologi-
cal type and in two with SOL histological type (p = 0.32).
Other histological types were without EGFR mutations.
Pathological stage with EGFR mutations were: IIB, IIA,
and IB (4, 3, and 1; p = 0.46) (Table 2). Association be-
tween TTF-1 protein expression and EGFR mutation status
is shown in Table 3. Three cases with TTF-1 expression
(score 2) had EGFR mutations. Also, EGFR mutations
were present in two cases lack of TTF-1 expression (score
0) (Table 3).

DISCUSSION

In recent years, significant progression has been obtained
in the molecular biological research of lung ADs with
EGFR mutation. EGFR mutation is a protein on cell sur-
face with intracellular tyrosine kinase (TK) activity due
to targetable activating mutations. These tumors are sus-
ceptible to TKIs such as gefitinib, erlotinib, or afatinib [9].

Ti/Cy samples are mostly obtained by sampling of the
primary tumor or a metastatic lymph node. The median
EGEFR test turnaround time for Ti/Cy samples was 11 days
for Europe and eight days for Japan. When tumor samples
are unavailable, cfDNA is a feasible sample for EGFR muta-
tion analysis because the overall concordance of EGFR mu-
tation status between matched Ti/Cy and plasma samples
was 89%. It is important to conduct mutation testing in

‘ DOI: https://doi.org/10.2298/SARH181214111T
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Figure 3. The proportion of epidermal growth factor receptor
mutations

specialized laboratories, using sensitive mutation testing
methods to ensure accuracy of the results. In Europe, 43
laboratories perform the Ti/Cy testing, while in five labo-
ratories both analysis of Ti/Cy and c¢fDNA in peripheral
blood samples are performed [11, 13, 14]. At our institu-
tion, both methods of EGFR mutation testing have been
implemented in clinical practice three years ago.

Since computed tomography (CT) is routinely used
in lung cancer diagnosis, as CT imaging is more readily
available than biopsies, many researchers proposed analy-
sis CT imaging for predicting EGFR mutations [15]. The
presence of emphysema or airway abnormality predicts a
wild type status of EGFR, while the presence of any ground
glass component indicates EGFR mutations [16]. Recently,
the deep learning model provides a non-invasive and easy
to use method for predicting the EGFR mutation status.
Wang et al. [17] retrospectively collected data from 844
lung AD patients with pre-operative CT images, EGFR
mutation, and clinical information from two hospitals. The
deep learning score demonstrated significant differences
in EGFR-mutant and EGFR-wild type tumors (p < 0.001).

ADs are the most common histological subtypes of lung
carcinoma, and it has been shown that this is associated
with activating mutations in the EGFR gene in 15% of
European and 47% of Japanese patients [18]. The most
common EGFR mutations include exon 19 deletion. Other
recurrent mutations, in exon 18-point mutations in posi-
tion G719, in exon 21 L861Q mutation, and in-frame exon
19 insertions are rare (3%; 2%, and < 1%) [19-22]. In our
study, EGFR mutations were detected in 10 of 142 (7%)
cases of AD, five of 10 were deletion in exon 19, similar to
results in other studies.

The association between EGFR mutations with patients’
age, sex, and smoking status has been demonstrated in
numerous studies with a variety of cases [23-26]. In this
investigation, EGFR gene mutation was mainly observed
in patients aged > 60 years, which is consistent with previ-
ous findings.

Mutations were found more frequently in women
(69.7%), in patients who had never smoked (66.6%), and
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in those with adenocarcinomas (80.9%) (p < 0.001) [22,
26]. Contrary to these results, in our study, EGFR muta-
tions were more frequently detected in smokers (seven of
10 cases). These differences are probably due to different
lifestyles.

Many authors have studied the association between
EGFR mutations and histologic type of AD and TTF-1 ex-
pression, as well as pathologic stage of the disease [27-30].
Villa et al. [31] reported that the most common histologic
type seen in the EGFR-mutant-positive ADs was LP (44%).
Contrary to these results, Zhang et al. [22] reported that
ACN type most frequently correlated with EGFR muta-
tion, which is consistent with our results. In our study;,
ACN (7/10) and SOL (3/10) type were independent predic-
tors of EGFR mutation. EGFR-mutated ADs may develop
through a distinct carcinogenetic pathway, in which the
MPP element may play an important role in promoting
progression and has prognostic value [32]. In our results,
MPP histologic type was detected in four of 142 (2.8%)
cases with wild type EGFR ADs. Pi et al. [27] showed that
EGFR mutation was significantly higher in stage IA than
in stage IIB (p = 0.002). In our study, there was no differ-
ence in EGFR mutations between stage IA and stage IIB,
probably because it was a single center study with a small
number of cases.

TTF-1 is expressed in the distal bronchial epithelium,
including type II alveolar epithelial cells and terminal
respiratory epithelial cells, as well as in lung carcinoma:
frequently in small cell carcinoma and in ADs [10]. Sixty-
six of 83 cases (79.5%) of lung ADs included in this study
showed score 2 (75.9%) of TTE-1 expression, while three
(7.2%) showed score 1. These results suggest that lung
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ADs expressed TTEF-1. In recent years, many studies have
mentioned the association between TTF-1 expression and
EGFR mutations [10, 12, 32, 33]. The TTF-1 positivity
staining was strongly correlated with the presence of EGFR
mutations (p < 0.001) and TTF-1 negativity was said to be
a good predictor of EGFR wild type mutations [32]. The
results of the Svaton et al. [29] study suggested that pa-
tients with EGRF wild type lung ADs and a lack of TTF-1
expression may have significantly lower PES and overall
survival, and TTF-1 expression may be a useful predic-
tor of TKIs efficacy in patients with EGFR wild type lung
ADs. The patients, TTF-1-positive or -negative ADs, could
benefit from the first-line chemotherapy [30]. Therefore,
a lack of TTF-1 expression should not exclude patients
from EGEFR testing.

To our knowledge, this is the first study that investi-

gates the association between EGFR mutation and TTF-1
expression in Serbia. Among tumors in which immuno-
histochemical analysis to TTF-1 antibody was performed
(n = 83), EGFR mutations were detected in five cases: in
three tumors with score 2 of TTF-1 expression and in two
tumors a lack of TTF-1 expression (Table 3).

CONCLUSION

The results of this study demonstrate that the presence
of EGFR mutations is associated with some clinical char-
acteristics and histologic type of AD, but not with TTF-1
expression.
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YapyKeHOCT MyTaLMOHOr CTaTyca peuenTopa enuaepmanHor pakropa pacra
€a KNMHWYKONATONOLWKNUM KapaKTepucTUKama u ekcnpecujom TTO-1
Yy ageHoKapuuHomy nayha - ctyamja jeaHor LeHTpa

[paraHa Terentuja'?, AnekcaHapa JloBpeHcku'?, TujaHa BacubeBuh', CHmniua MakcrmoBuh?
'YHuep3utet y HoBom Capy, MeguunHcku akyntet, Hosu Cag, Cpbuja;

2/ HcTuTyT 3a nnyhHe 6onectn BojsopuHe, Cpemcka Kamenunua, Cpbuja;

SMHcTuTyT 3a oHKonorujy BojsoaunHe, Cpemcka KameHuua, Cpbuja

CAXETAK

Yeopa/Uwm MprcyctBo myTauumja pelyentopa enugepmanHor
dakTopa pacta (PEDP) Hajbosby je MpeanKTop oaroBopa Ha
Tepanujy NHXMOUTOprMa TUPO3UHCKE KrHa3e. Y 0Boj CcTyauju
CMO MCTPaXMBanu yapyxeHocT myTauuja PEOP-a ca knuHuy-
KOMaTOJOLIKMM KapaKTepucT/iKaMa 1 eKCpecrjom TMPOUAHOT
TpaHcKpunumoHor daktopa 1 (TTO-1) y agneHoKapLrHoMyMa
nnyha.

MeTtope AHanu3unpaHa cy 142 xupypLuka y3opka 60necHvKa ca
XVCTOMNOLLIKM NOTBPheHM ageHoKapLuvHomoMm ryha y nepuogy
of jaHyapa 2010. go geuembpa 2015. roguHe. CBY TyMOPCKH
y30puu cy peknacmdurkoBaHu npema Kputepujymmma C30 un
Kop cBumx cy MyTauuje PEQP-a geTeKkToBaHe METOLOM NaHYaHe
peakuuje nonumepase y peanHom BpemeHy. Ekcnpecuja TTO-1
je oppeheHa nmyHoxmctoxemujckmn y 83 op 142 cnyyaja. Aco-
umjaumja myTaumja PEOP-a n ekcnpecuje TTO-1 je aHanv3mpaHa
ynotpebom x? Tecta unu Ouieposor TecTa.

DOI: https://doi.org/10.2298/SARH181214111T

Pesyntatu Y cTynujy je 6uno ykibyueHo 78 mylukapaua 1 64
XeHe npoceyHe ctapoctn 61,6 (og 42 fo 82) roguHa. AumHap-
HW 1 CONMIHM TUMOBU Cy GUNN Hajuell R XMCTONOLIKY TUMOBY
(47,9% 1 38,7%). Ekcnpecuja TTO-1 6una je npucyTHa 'y 69 o
83 (83%) ageHokapumHomMa. MyTauuje PEOP-a cy fetektoBaHe
y 7% cnyyajeBa, Yeluhie Kop eHa, GUBLLMX 1 aKTUBHIIX MyLLaya,
Ca aLMHAPHMM XMCTOJOLIKIM TUMOM 1 HICY G1ne noBe3aHe ca
roAvHama, naTosoWKUM CTagujyMmom 6onectu n ekcnpecujom
TTO-1.

3akspyuak Pe3yntati oBe CTyauje nokasyjy Aa je npucycTso
myTauuja PEQP-a yapy»eHo ca HEKUM KIMHWUYKUM KapaKTe-
PUCTUKama 1 XUCTOMOLLKMM TUMOM afeHOKapLMHOMa, anuv He
1 ca ekcnpecujom TTO-1.

KrbyuHe peun: afeHoKapLMHOM; MyTaLiyije peLenTopa envaep-

MasHor GaKTopa pacTa; KNMHUYKOMATONOLLKE KapaKTepUCTUKE;
ekcnpecuja TTO-1
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