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Abstract
A polymorphism in the epidermal growth factor receptor (EGFR) gene (181946C>T) was evaluated as a pre-
dictor of outcome in 75 patients with EGFR mutation-positive, nonesmall cell lung cancer treated with an
EGFR-targeting tyrosine kinase inhibitor. Significantly longer progression-free survival and overall survival was
found in patients harboring the 181946CT genotype. The polymorphism could be an important predictor of
treatment response.
Background: Patients with advanced-stage nonesmall cell lung cancer with epidermal growth factor receptor (EGFR)
mutations are successfully treated with tyrosine kinase inhibitors (TKIs). However, treatment outcome varies signifi-
cantly. Previously, we found the polymorphism 181946C>T (rs2293347) located in exon 25 of the EGFR gene to be a
predictor of improved outcome. However, these data were based on a subgroup analysis. Furthermore, other minor
studies have found conflicting data. Thus, the aim of this study was to demonstrate the association of 181946C>T
with clinical outcome in an independent cohort of EGFR-mutated patients treated with erlotinib. Patients and
Methods: Seventy-five patients were prospectively enrolled. Blood samples were collected, and genotype for
181946C>T was determined by allele-specific polymerase chain reaction. Genotype was correlated with outcome.
Results: In 73 patients, 181946C>T was successfully measured. Patients harboring the 181946CT genotype had a
significantly longer median progression-free survival compared with patients harboring the 181946CC genotype (49.9
months [95% confidence interval (CI), 5.9-93.9 months] versus 11.1 months (95% CI, 7.4-14.9 months); P ¼ .020).
Moreover, a significantly longer median overall survival of 65.6 months (95% CI, 11.0-120.3 months) versus 31.2
months (95% CI, 10.9-51.6 months) was found (P ¼ .019). Both results remained significant in a multivariate analysis
adjusting for potential confounders. Conclusion: We demonstrate that the 181946C>T polymorphism is a significant
predictor of prolonged progression-free survival and overall survival in an independent cohort of EGFR mutation-
positive patients treated with erlotinib. The polymorphism could be an important predictor of treatment response in
these patients. A large multicenter cohort study involving other concurrent genetic alterations is warranted.
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Introduction
Somatic mutations in the epidermal growth factor receptor (EGFR)

have been identified as important driver mutations in a subset of
1Department of Clinical Biochemistry
2Department of Oncology, Aarhus University Hospital, Aarhus, Denmark

Submitted: Oct 4, 2018; Revised: Jan 19, 2019; Accepted: Feb 16, 2019; Epub: Feb
26, 2019

1525-7304/$ - see frontmatter ª 2019 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.cllc.2019.02.011
patients with nonesmall cell lung cancer (NSCLC).1,2 This sub-
group of EGFR mutation-positive patients can be treated with a
targeted, small tyrosine kinase inhibitor (TKI) directed against the
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EGFR, which has markedly improved their survival.3,4 However,
substantial individual variability in the response to EGFR-TKIs is
observed. Although a considerable proportion of patients initially
achieve remarkable disease control, progression inevitably occurs.
This can be caused by either intrinsic resistance5 or resistance
acquired during treatment.6 Several different resistance mechanisms
have been identified, with the most important being the resistance
mutation T790M,7,8 MET gene amplification,9 and histologic
transformation to SCLC.6 Yet, the significant individual variability
in response is still not fully understood.

It has been proposed that the variability in part could be explained
by genetic variation.10,11 Germline variations located in genes
involved in drug transport, drug metabolism, and in genes directly
affected by the drugs could affect the pharmacokinetics and phar-
macodynamics of a drug by changing protein expression, structure,
and/or function. Several pharmacogenetics studies have investigated
the association between different genetic polymorphisms and treat-
ment response in patients with NSCLC treated with an EGFR-
TKI.12,13 The synonymous single nucleotide polymorphism (SNP)
181946C>T (rs2293347) located in exon 25 of the EGFR gene has
shown promising results in several studies. However, data have been
conflicting. In two studies with Chinese patients, a better outcome on
gefitinib was found in patients with NSCLC harboring the
181946CC genotype.14,15 In contrast, we demonstrated a positive
correlation between the 181946CT/TT genotype and clinical
outcome in a cohort of erlotinib-treated patients with NSCLC.16 In
the latter study, a subgroup analysis based on EGFR mutation status
revealed that the strongest correlation was found in the subset of
EGFRmutation-positive patients. In contrast, no investigation based
on EGFRmutation status was performed in the two other studies14,15

as complete data on EGFR mutation status was lacking. Thus, in
these studies, the importance of the SNP in relation to the EGFR-TKI
treatment remains unclear in both the EGFR mutated and EGFR
wild-type patients.

In order to address the contradictory data, the aim of this study was
to reevaluate the 181946C>T in an independent validation cohort of
EGFR mutation-positive NSCLC patients treated with erlotinib.

Patients and Methods
Patients

Patients with advanced stage, EGFR mutation-positive NSCLC
starting treatment with erlotinib were enrolled between September
2014 and March 2017 at the Department of Oncology, Aarhus
University Hospital Denmark. Patients were eligible for enrollment
if they fulfilled the following criteria: age � 18 years, histologically
or cytologically proven NSCLC, EGFR mutation-positive in a tu-
mor sample, and no prior treatment with a TKI. All patients gave
informed written consent before inclusion in the study, and the
study was approved by the Central Denmark Region Committees
on Biomedical Research Ethics (no. 1-10-72-83-14).

All patients had a pretreatment computed tomography (CT) scan
of the chest and abdomen performed prior to start of erlotinib.
Follow-up was done by CT scans every 12 weeks during the
treatment period combined with clinical and biochemical evaluation
every fourth week in the first 12 weeks and subsequently every sixth
week as standard of care in our institution. Treatment response
evaluated on CT scans was defined according to Response
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Evaluation Criteria in Solid Tumors, version 1.1 criteria. Neuro-
imaging was performed on clinical indication. If side effects
appeared during the treatment, erlotinib was continued together
with symptomatic management of toxicity before any dose reduc-
tion. However, if the patient had continuous side effects of grade 2
or more according to the Common Terminology Criteria for
Adverse Events, version 4.0, dose reduction was performed. The
patients were treated until radiologic or clinical progression, unac-
ceptable toxicity, or death. At the end of treatment, the patient was
evaluated regarding subsequent treatment with a platinum-based
chemotherapy or best supportive care according to the standard of
care at our institution. From May 2017, osimertinib became
available at our institution for treatment of patients with the resis-
tance mutation T790M.

Testing for somatic EGFR mutations in exon 19-21 was per-
formed as part of the diagnostic workup in all patients and was
performed by use of the Therascreen EGFR RGQ polymerase chain
reaction (PCR) kit (QIAGEN, Manchester, UK) according to the
manufacturer’s protocol.

DNA Extraction and Genotyping
Genomic DNA was extracted from a blood sample. A 10 mL

blood sample was centrifuged (1400 g for 15 minutes), and pe-
ripheral white blood cells were isolated in the buffy coat. Genomic
DNA was isolated using the QIAamp DNA mini kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocol. DNA
was eluted in 20 ml elution buffer.

Genotyping of 181946C>T was determined using allele-specific
PCR with a blocking reagent as described by Morlan et al.17 Primers
and blocker for detection of the C-allele were: 50CCTGCT
GGCAATAGACCCCT-30 (forward), 50-GCACGGTAGAAGTT
GGAG-30 (reverse) and 50GGTAGAAGTTGGAATCTGTA
GGACTTG-30 (blocker), and for the T-allele: 50CCTGCTGGCA
ATAGACCCCT-30 (forward), 50GCACGGTAGAAGTTGGAA-30

(reverse) and 50GTAGAAGTTGGAGTCTGTAGGACTTG-30

(blocker). PCR amplification was performed in a 10 ml reaction volume
containing 5 ml Lightcycler 480 Probe Master (Roche Diagnostics,
Mannheim, Germany), 1 ml H2O, 0.6 ml forward primer (15 pmol/ml),
0.6ml reverse primer (15 pmol/ml), 1.8 ml blocker (20 pmol/ml), and 1ml
genomic DNA. Samples were initially denatured at 95�C for 10 seconds
followed by 45 cycles (each cycle at 95�C for 10 seconds, 62�C for 30
seconds, and 72�C for 1 second). As control for the C allele, the lung
cancer cell line H1568 was used, and for the T allele, a plasmid was
constructed with the variant sequence.

Statistical Analysis
The c2 goodness-of-fit test was used to compare observed fre-

quencies of alleles and genotypes against the Hardy-Weinberg
equilibrium prediction. The association between genotype and
clinical characteristics was calculated with the Fisher exact test. The
last follow-up date was December 6, 2017. Progression-free survival
(PFS) was the primary endpoint, and overall survival (OS) was the
second endpoint. PFS was defined as the time from first adminis-
tration of erlotinib to first documentation of radiologic or clinical
progression or death. OS was determined as the time from start of
erlotinib until death of any course or last follow-up date. Estimates
of median PFS and OS were calculated using the Kaplan-Meier



Table 1 Basic Characteristics for All Patients (N [ 75)

Patient Characteristics N (%)

Age, y

Median (range) 69 (44-89)

Gender

Female 56 (75)

Male 19 (25)

Smoking

Never-smoker 29 (38)

Former smokera 38 (51)

Current smoker 7 (10)

Missing data 1 (1)

ECOG performance status

0 24 (32)

1 35 (47)

2 14 (19)

3 1 (1)

Missing data 1 (1)

Histology

Adenocarcinoma 75 (100)

Stage

IV 75 (100)

EGFR mutation

Del19 41 (55)

L858R 24 (32)

L861Q 3 (4)

S768I and G719X 3 (4)

G719X 2 (3)

Exon 20 insertion 2 (3)

Erlotinib therapy

First-line 71 (95)

Second-line 4 (5)

Osimertinib treatment
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method and analyzed by the log-rank test. Univariate and multi-
variate hazard ratios (HRs) were determined using Cox proportional
hazards model. Multivariate analysis of PFS was adjusted for 4
variables: age (continuous), performance status (0-1 vs. 2-3),
smoking status (never or former vs. current), and line of erlotinib
therapy (first vs. second), and multivariate analysis of OS was
adjusted for 2 variables: performance status (0-1 vs. 2-3) and line of
erlotinib therapy (first vs. second). All tests were 2-sided, and P
values less than .05 were considered to be statistically significant.
Statistical analyses were performed using SPSS statistics version 24.0
for windows (IBM SPSS Statistics, Chicago, IL).

Results
Patients

Seventy-five patients were included. A flow diagram of inclusion is
shown in Figure 1. Patient characteristics are summarized in Table 1.
As can be seen, the majority of patients were females, never-smokers,
and received erlotinib as the first line of treatment. All patients had
adenocarcinoma. An exon 19 deletion was the most frequent EGFR
mutation (55%) followed by the point mutation L858R in exon 21
(32%). No patients were lost to follow-up. On the last follow-up day,
37 patients (49%) were still alive, and 14 patients (19%) were still on
treatment with erlotinib. The median PFS of all patients was 13.5
months (95% confidence interval [CI], 10.5-16.6 months), and the
median OS was 41.3 months (95% CI, 22.0-60.6 months).

Genotype Distribution
Genotyping succeeded in 73 (97%) patients. Sixty (82%) patients

were identified with the 181946CC genotype and 13 (18%) patients
with the 181946CT genotype. No patients were homozygous for the
SNP. The distribution of the SNPs was in concordance with the
Hardy-Weinberg expectation (P¼ .732). The minor allele frequency
was 0.089, which was as expected in Caucasians according to the
National Center for Biotechnology Information SNP database.18

Distribution of genotypes in correlation with patient characteristics
is shown in Supplemental Table 1 (in the online version).
Figure 1 Flow Diagram of Patient Inclusion

Screened for enrollment from 
September 2014 un�l March 2017 

N=82 

Enrolled
N=78 

Included
N=75 

Declined to par�cipate N=4 

No available blood sample N=3

Second-line 14 (19)

Third-line 2 (3)

Fourth-line 5 (7)

No treatment 54 (71)

Abbreviations: ECOG ¼ Eastern Cooperative Oncology Group; EGFR ¼ epidermal growth factor
receptor.
aFormer smoker was defined as having stopped smoking at time of diagnosis.
181946C>T and Clinical Outcome
Patients harboring a T allele at position 181946 had a significantly

longer median PFS of 49.9 months (95% CI, 5.9-93.9 months)
compared with patients harboring the 181946CC genotype (11.1
months [95% CI, 7.9-14.9 months] P ¼ .020) (Figure 2A). More-
over, patients with the 181946CT genotype had a significantly longer
median OS of 65.6 months (95%CI, 11.0-120.3 months) compared
with patients with the 181946CC genotype (31.2 months [95% CI,
10.9-51.6 months] P ¼ .019) (Figure 2B).

A multivariate Cox regression analysis was conducted. Harboring
the T allele at position 181946 remained an independent predictive
factor for both longer median PFS with an adjusted HR of 0.348
Clinical Lung Cancer May 2019 - 163



Figure 2 Kaplan-Meier Survival Curves for Progression-free Survival (A) and Overall Survival (B) according to 181946C>T Genotype
(N [ 73). Differences Between Groups Were Calculated Using the Log-Rank Test
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(95% CI, 0.141-0.857; P ¼ .022) and for longer median OS
(adjusted HR, 0.210; 95% CI, 0.058-0.764; P ¼ .018). All
regression data are shown in Table 2.

Discussion
This study aimed at evaluating the association between the

181946C>T SNP and outcome on erlotinib in patients with
advanced-stage, EGFR mutation-positive NSCLC. The significance
of the 181946C>T in EGFReTKI-treated patients with NSCLC is
controversial as data from former studies have been conflicting. Two
studies performed in 8314 and 12815 Chinese patients treated with
gefitinib in the second or third line found a superior outcome in pa-
tients carrying the 181946CC genotype. In contrast, we demon-
strated in 331 patients of Caucasian ethnicity a significant longer PFS
and OS on erlotinib in patients carrying the T allele.16 A subgroup
Clinical Lung Cancer May 2019
analysis in our study indicated that the strongest correlationwas found
in the 82 patients harboring an activating EGFRmutation. However,
only 44% of the EGFR mutation-positive patients in this study
received erlotinib in the first-line of treatment, whereas the rest were
treated in the second or third-line. Data on EGFRmutation status was
incomplete or lacking in the 2 other studies and therefore not eval-
uated. Overall, the conflicting data could therefore be owing to the
mixture of EGFR mutation-positive and EGFR wild-type patients in
the studies and a suboptimal treatment of the mutation-positive pa-
tients. Moreover, differences in the importance of the SNP between
ethnicities cannot be excluded. Lastly, owing to the low frequency of
the SNP, the number of patients carrying the CT/TT genotype was
limited in all studies, making survival calculations prone to statistical
uncertainty because of the low number of events in this group of
patients.



Table 2 Univariate and Multivariate Cox Regression Analysis for Progression-free Survival and Overall Survival (N [ 73)

Progression-free Survival Overall Survival

HR (95% CI) Adjusted HR (95% CI) HR (95% CI) Adjusted HR (95% CI)

Agea 0.98 (0.96-1.01) 0.97 (0.95-1.00) 1.01 (0.98-1.04)

Gender

Male versus female 1.13 (0.63-2.03) 1.11 (0.52-2.36)

Smoking

Current versus never or
formerb

2.48 (1.10-5.60) 1.61 (0.66-3.91) 1.79 (0.62-5.14)

Line of treatment

First versus second 6.28 (1.39-28.36) 6.66 (1.21-36.76) 6.90 (0.90-53.16) 4.93 (0.63-38.77)

ECOG PS

0-1 versus 2-3 0.88 (0.47-1.64) 0.76 (0.37-1.57) 0.57 (0.27-1.20) 0.36 (0.17-0.78)

181946C>T

CT versus CC 0.39 (0.17-0.88) 0.35 (0.14-0.86) 0.26 (0.08-0.87) 0.21 (0.06-0.76)

Abbreviations: CI ¼ confidence interval; ECOG PS ¼ Eastern Cooperative Oncology Group performance status; HR ¼ hazard ratio.
aAge was tested as a continues variable.
bFormer smoker was defined as having stopped smoking at time of diagnosis.
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In order to investigate some of these concerns and validate our
previous data, we evaluated the SNP in an independent cohort
solely consisting of EGFR mutation-positive patients of Caucasian
ethnicity where 95% of patients received erlotinib as first-line
treatment. We were able to confirm our previous findings, which
significantly increases the validity of our results. We genotyped the
SNP in 75 patients prospectively enrolled. A significantly longer
PFS and OS were found in patients harboring a T allele. Surpris-
ingly, the median PFS was found to be nearly 40 months longer in
patients with the T allele compared with patients who were ho-
mozygous for the C allele. Further, this resulted in a nearly 30
month longer median survival. After adjustment for potential con-
founding factors, the results still remained significant, and data
indicates an independent value of the SNP on clinical outcome. The
181946C>T could therefore be an important marker of clinical
outcome on first-line erlotinib in EGFR mutation-positive patients.

The 181946C>T SNP is located in exon 25 of the EGFR gene,
which is a region considered to control the protein kinase activity.
Thus, the SNP is located in the coding part of the gene; nonethe-
less, the SNP is synonymous as the nucleotide change does not
result in any change in the amino acid sequence. Historically,
synonymous SNPs were considered to be without any function and
consequently only received very little attention. Recently, however,
data have revealed that synonymous variants can significantly
impact the amount, structure, and/or function of the protein by
leading to alternative splicing, changing the structure, and/or sta-
bility of the mRNA.19,20 The synonymous SNP 1236C>T located
in theMultidrug Resistance 1 gene was shown to alter function of the
protein product (P-glycoprotein) owing to an effect on the timing of
the protein folding.21 Moreover, a synonymous SNP located in the
Catechol-O-methyltransferase gene was shown to lead to an increased
protein expression aiding to alterations in mRNA secondary struc-
ture.22 Yet, the functionality of the 181946C>T has not been
determined.

This study is strengthened by its prospective nature, consecutive
sampling of the cohort, and the complete clinical data on all
patients. Still, the study also has some limitations to consider.
Owing to the design of the study, no control group of untreated
patients was included, and we were therefore unable to decide
whether the observed association was truly predictive or prognostic.
Further studies are needed to discriminate between the predictive
and prognostic value of the SNP. Moreover, the number of patients
was limited. Yet, the study is still the largest to evaluate the SNP in a
cohort of exclusively EGFR mutation-positive patients of Caucasian
ethnicity.

Conclusion
This study indicates an association between the SNP 181946C>T

and clinical outcome in TKI-treated patients with advanced-stage,
EGFR mutation-positive NSCLC. The study confirms previous find-
ings, and the SNP could be an important predictor of treatment response
in this subgroup of patients with NSCLC. A well-designed large
multicenter cohort study involving other concurrent genetic alterations
is warranted.

Clinical Practice Points

� Treatment response on TKIs varies significantly in patients with
advanced stage NSCLC with EGFR mutations.

� The 181946C>T polymorphism located in exon 25 of the
EGFR gene has proven to be a potential predictor of improved
clinical outcome. Yet, data have been conflicting.

� Here, we validate the SNP as a predictor of outcome in 75 pa-
tients with EGFR mutation-positive NSCLC treated with
erlotinib.

� A significant longer PFS and OS was found in patients harboring
the 181946CT genotype.

� The polymorphism could be an important predictor of treatment
response in these patients in the future.
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Supplemental Data
Supplemental Table 1 Genotype Distribution of 181946C>T in Correlation With Patient- and Treatment-related Characteristics

Characteristics
CC

N (%)
CT

N (%) P Valuea

Age

< 69 years 26 (43) 10 (77) .035

> 69 years 34 (57) 3 (23)

Gender

Male 13 (22) 5 (39) .286

Female 47 (78) 8 (61)

Smoking

Current 7 (12) 0 (0) .339

Never or formerb 53 (88) 13 (100)

ECOG PS

0-1 48 (81) 10 (77) .708

2-3 11 (19) 3 (23)

Line of treatment

First-line 58 (97) 11 (85) .143

Second-line 2 (3) 2 (15)

EGFR mutation

Del19 29 (48) 11 (84) .042c

L858R 22 (37) 1 (8)

L861Q 3 (5) 0 (0)

S768I and G719X 3 (5) 0 (0)

G719X 1 (2) 1 (8)

Exon 20 insertion 2 (3) 0 (0)

Abbreviations: ECOG PS ¼ Eastern Cooperative Oncology Group performance status; EGFR ¼ epidermal growth factor receptor.
aP value was calculated with the Fisher exact test.
bFormer smoker was defined as having stopped smoking at time of diagnosis.
cDifference between Del19 and L858R.
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