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Role of the EGFR-KDD mutation as a possible mechanism
of acquired resistance of non-small cell lung cancer to
EGFR tyrosine kinase inhibitors: A case report
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Abstract. Epidermal growth factor receptor-tyrosine kinase
inhibitors (EGFR-TKIs) are currently considered as the
standard therapy for patients with advanced non-small cell
lung cancer (NSCLC) who have EGFR-activating mutations.
However, despite an initially profound response to these
drugs, these patients ultimately develop drug resistance. The
most common resistance mechanism is the development of a
secondary mutation in EGFR (T790M), although activation
of the MNNG/HOS transforming gene (MET), amplification
of the Erb-B2 receptor tyrosine kinase 2 gene and histological
transformation to small cell lung cancer may also lead to resis-
tance. In addition, there may be additional, rare mechanisms
leading to resistance that remain unidentified. Mutations in
the EGFR kinase domain duplication (EGFR-KDD) are rare,
although they act as oncogenic drivers in NSCLC. To the best
of our knowledge, all studies to date have reported EGFR-KDD
as the primary mutation in NSCLC. The aim of the present
study was to report the case of an EGFR-KDD mutation in a
patient with NSCLC who developed acquired resistance to gefi-
tinib, but responded well to afatinib. Therefore, EGFR-KDD
mutation is an additional potential mechanism underlying the
development of acquired resistance to EGFR-TKIs.

Introduction
Several oncogenic alterations, such as mutations in the

epidermal growth factor receptor (EGFR) gene, occur in
non-small cell lung cancer (NSCLC) (1). The results from
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several large phase III trials demonstrated that, relative to
chemotherapy, EGFR tyrosine kinase inhibitors (EGFR-TKIs)
significantly improved the survival rates of patients
with NSCLC who had EGFR-activating mutations (2-4).
Consequently, EGFR-TKIs, such as gefitinib (first-generation)
and afatinib (second-generation), are now approved worldwide,
and are currently used as first-line treatments for patients with
NSCLC harboring EGFR mutations.

Although EGFR-TKISs initially achieve a notable response,
almost all patients eventually acquire drug resistance. Previous
studies have reported that the EGFR T790M mutation
accounted for 50-60% of all cases of acquired resistance to
EGFR-TKIs. Amplification of the MNNG/HOS transforming
gene (MET), histological transformation to small cell lung
cancer and mutation of the Kirsten rat sarcoma viral oncogene
homolog may also lead to resistance (1,5,6). The development
and application of next-generation sequencing (NGS) tech-
nologies have enabled the identification of rare mutations. For
example, Gallant et al (7) identified a mutation in the kinase
domain duplication (KDD) of the EGFR gene (EGFR-KDD)
acting as an oncogene in NSCLC.

We herein report a rare case of an EGFR-KDD mutation
that conferred resistance to gefitinib in a patient with NSCLC,
who subsequently responded well to afatinib treatment.

Case report

In September 2015, a 56-year-old male smoker who presented
with complaints of mild hemoptysis for 2 months was admitted
to The First Affiliated Hospital of the University of Science
and Technology of China (Hefei, China). A chest CT scan
revealed a lesion in the lower lobe of the right lung, and a posi-
tron emission tomography/CT scan showed a marked increase
of fluorodeoxyglucose (FDG) uptake in this lesion. No FDG
accumulation was identified in other parts of the body and,
therefore, a right-lower lobectomy was performed. The post-
operative histopathological examination indicated an invasive
non-mucinous adenocarcinoma. According to the 8th edition
of the American Joint Committee on Cancer TNM staging
system for NSCLC (8), the cancer was classified as stage IIb
(T1bN1MO). The patient subsequently received four cycles
of gemcitabine (1,000 mg/m? i.v. on d1 and d8) plus cisplatin
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Figure 1. (A) Chest CT scan performed in March 2018, showing a right-sided pleural effusion and multiple pleural nodules. (B) CT scan performed in in
May 2018, showing a massive right-sided pleural effusion. (C) Chest CT scan performed in in June 2018 (after afatinib treatment), showing no pleural effusion

and a reduction in the size of the pleural nodules.

(75 mg/m? i.v. on d1) as postoperative adjuvant chemotherapy,
and was followed up every 3 months thereafter.

In August 2016, a contrast-enhanced chest CT scan revealed
mediastinal lymphadenopathy and multiple pleural nodules
with heterogeneous enhancement, indicating recurrence of the
lung cancer. A mutation in EGFR exon 21 (L858R) was detected
in the patient's surgically resected tissue using the amplifica-
tion-refractory mutation system (ARMS; Amoy Diagnostics
Co., Ltd.). The patient was treated with gefitinib (250 mg p.o. qd)
and achieved stable disease over the following 21 months.

In March 2018, the patient visited our hospital again for
routine examination. A chest CT scan revealed right-sided
pleural effusion and multiple pleural nodules scattered within
the entire right pleura, which ranged in size from 5 to 15 mm
(Fig. 1A). However, as the patient felt well, he refused to
change the treatment regimen at that time.

After 2 months, the patient revisited our hospital
complaining of dyspnea. Another CT scan revealed a massive
right-sided pleural effusion (Fig. 1B), which necessitated
thoracentesis using a central intrathoracic venous catheter
to drain the malignant pleural fluid. Pleural fluid cytological
examination revealed the presence of adenocarcinoma cells.
Only a few adenocarcinoma cells were detected; therefore,
genetic testing could not be performed. We therefore used NGS
(HiSeq/MiSeqDx, Illumina, Inc.; performed by Geneseeq
Technology Inc.) of a blood sample to detect the possible mech-
anism of resistance. The sequencing depth of the target area
was 5,000x and the coverage of the target area was 99.8%. The
results revealed that the mutation in EGFR exon 21 (L858R)
had disappeared, and a new EGFR-KDD mutation was iden-
tified (Fig. 2). Amplification of the cyclin-dependent kinase
(CDK)4 gene and a mutation in the SMARCA4 gene, which
encodes a protein in the SWitch/Sucrose Non-Fermentable
family and functions in DNA remodeling, were also identified.

Therefore, afatinib treatment (40 mg p.o. qd) was initiated.
One month later, a chest CT scan indicated no pleural effusion
and a reduction in the size of the pleural nodules (Fig. 1C).
At the 9-month follow-up, there was no evidence of recur-
rence. In March 2019, the patient returned to our hospital and
reported experiencing a feeling of tiredness. A chest CT scan
revealed a ~2-fold increase in the size of the pleural nodules,

and NGS-based liquid biopsy of blood samples revealed
that the EGFR-KDD mutation was still present. There was
also a decreased abundance of EGFR-KDD and increased
amplification of CDK4 (Table I). Therefore, treatment with
palbociclib (125 mg once daily taken with food for 21 days
followed by 7 days off treatment) was attempted; palbociclib
is an oral pyridopyrimidine-derived CDK inhibitor that was
previously proposed as a therapy for overcoming afatinib
resistance in patients with NSCLC (9). However, 1 month later,
another chest CT scan revealed a marked increase in the size
of multiple tumor nodules. Two more cycles of pemetrexed
(500 mg/m?i.v. on d1) plus bevacizumab (7.5 mg/kg iv. on dI)
were administered; however, the patient succumbed to the
disease in September 2019.

Discussion

A mutation in EGFR-KDD, which was first described as an
oncogenic driver of NSCLC in 2015, consists of an in-tandem
duplication of exons 18-25 (7). Functionally, the tandem
connection of tyrosine kinase domains may form an intramo-
lecular dimer that confers constitutive activation of EGFR (10).
To date, there are only few case reports of this rare mutation
in patients with NSCLC (11,12). A recent multicenter study
of 10,579 patients with NSCLC reported that only 0.12% of
the cases harbored the EGFR-KDD mutation (13). Notably,
all those studies described this as the primary mutation in
NSCLC. To the best of our knowledge, there are no previous
reports on the role of the EGFR-KDD mutation in acquired
resistance to EGFR-TKIs.

In the present study, ARMS was used to detect the L858R
point mutation in EGFR exon 21 in a patient with lung adeno-
carcinoma who developed postoperative recurrence. Gefitinib
was initially administered; however, after disease progression,
an NGS-based liquid biopsy was used to examine the possible
mechanism underlying resistance development. Despite the
disappearance of the EGFR exon 21 L858R mutation, a new
EGFR-KDD mutation and CDK4 gene amplification were
identified.

Previous studies have reported evidence that afatinib
treatment achieved promising effects in patients with NSCLC
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Table I. Dynamic alteration of CNV or mutation during this case of adenocarcinoma.

CNV or Date

mutation August 2016 May 2018 March 2019
Abundance of EGFR p.L858R mutation 19.9% - -
Abundance of TP53 mutation 20.4% - -
Abundance of EGFR-KDD mutation - 5.1% 1.3%
Abundance of SMARCA4 mutation - 11.8% 9.8%
Copy number of EGFR amplification - - 4
Copy number of CDK4 amplification - - 5

CNYV, copy number variation; EGFR, epidermal growth factor receptor; EGFR-KDD, EGFR kinase domain duplication;, SMARCA4,
SWitch/Sucrose Non-Fermentable family-related, matrix associated, actin-dependent regulator of chromatin, subfamily a, member 4; CDK4,
cyclin-dependent kinase 4; -, undetected.
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Figure 2. Integrative Genomics Viewer on the EGFR kinase domain duplication site of the blood cell negative control, plasma and tumor tissue samples
indicating an in-tandem duplication of the complete kinase domain (EGFR exon 18 to exon 25). The dashed lines in blue indicate genomic breakpoints located
on exon 17 and intron 25. The colored letters indicate the mismatched bases around the breakpoint.

who harbored uncommon EGFR mutations, such as those To ascertain whether the EGFR-KDD mutation identified
with EGFR-KDD (11,13,14). In addition, the results from our  was a primary mutation, NGS on surgically resected tissue
previous clinical practice indicated that several patients with ~ was performed. There was no evidence of other mutations,
NSCLC who had the EGFR G719X mutation and acquired  except those in EGFR exon 21 (L858R) and TP53.

resistance to gefitinib, nonetheless responded well to afatinib. SMARCAA4 alterations are the most common recurrent
Therefore, the patient in the present case was treated with  genomic alterations in NSCLC, and they have been found
afatinib. After 1 month, the patient reported no chest tightness,  to be associated with poor patient outcome (15). However,
and the pleural effusion had disappeared. This was accompa-  the present case exhibited a decreased abundance of the
nied by prolonged stable disease for 10 months. SMARCA4 mutation following EGFR-TKI treatment. This
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result suggested that a SMARCA4 mutation did not play a
central role in the progression of NSCLC in our patient.

When the patient's condition worsened again, a decreased
abundance of the EGFR-KDD mutation and an increase
in CDK4 amplification were identified. Consequently, it
was hypothesized that the EGFR-KDD mutation may have
conferred resistance to gefitinib, subsequently becoming
the new driver mutation, instead of the initial EGFR L858R
mutation.

Various mechanisms of acquired resistance to
first-generation EGFR-TKIs in patients with NSCLC who
had EGFR mutations have been previously described, and
the T790M mutation is the most common known mechanism
underlying resistance (16). Chemotherapy remains the stan-
dard therapy for patients with T790M-negative NSCLC who
have acquired resistance to EGFR-TKIs. However, the patient
described herein had an acquired EGFR-KDD mutation, and
yet responded well to afatinib following failure of gefitinib.
This rare mutation was detected by liquid biopsy using an NGS
assay, which is a non-invasive technology that can provide
dynamic monitoring of gene mutations for targeted therapy
of patients with NSCLC (17). NGS is not widely available
in China due to the high cost. However, the PIONEER study
showed that over half of Asian patients with NSCLC harbor
EGFR mutations (18). Therefore, more widespread use of NGS
should enable the detection of more rare acquired mutations,
thereby identifying new targets for the development of novel
therapies.

In conclusion, the EGFR-KDD mutation in NSCLC may
be a secondary EGFR mutation that confers resistance to
treatment with first-generation EGFR-TKIs, such as gefi-
tinib, but appears to be sensitive to the second-generation
EGFR-TKI, afatanib. Identification of this mutation in addi-
tional patients with NSCLC will confirm its role in acquired
resistance.
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