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Abstract: Epidermal growth factor receptor (EGFR) fusions are rare genomic events in non-
small-cell lung cancer (NSCLC). With advances in detection technology, some uncommon
genomic mutation events, including EGFR fusions, have been detected. There are no
standard treatment options for NSCLC patients harboring EGFR fusion. Herein, we report
a case of KIFSB-EGFR fusion in NSCLC responding to tyrosine kinase inhibitors (TKIs).
A 50-year-old male underwent left upper lobectomy followed by adjuvant chemotherapy for
pathological stage IA3 lung adenocarcinoma. The tumor tissue was subjected to next-
generation sequencing (NGS) and showed a KIFSB-EGFR fusion. When cancer recurrence
occurred thirteen months later, the patient received afatinib (40 mg qd) as second-line
treatment, and a partial response was observed, which resulted in an 11-month progression-
free survival (PFS). This case provides valuable information on the response to afatinib in an
NSCLC patient with a novel KIFSB-EGFR fusion. The NGS assay provides a powerful tool
for identifying rare or atypical EGFR gene mutations in patients with NSCLC, which should
be encouraged in clinical practice.
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Introduction
Lung cancer is the leading cause of cancer-associated death globally, and non-small-
cell lung cancer (NSCLC) accounts for 80-85% of cases.' NSCLC in nonsmokers
tends to be driven by a single somatic mutation or a gene fusion.” The identification of
driver mutations in epidermal growth factor receptor (EGFR) and subsequent success-
ful clinical development of tyrosine kinase inhibitors (TKIs) significantly improve
clinical outcomes in NSCLC.? To date, TKIs targeting EGFR mutation have become
one of the standard treatment options for patients with advanced NSCLC harboring
EGFR mutations.* However, the molecular pathogenesis of >40% of NSCLCs is still
unknown.” Gene fusions are increasingly recognized as important cancer drivers. With
advances in detection methods, such as next-generation sequencing (NGS), some rare
or atypical gene fusions involving EGFR have been found in NSCLC patients,
including EGFR-RADS51, EGFR-TNS3, EGFR-SEPTIN14, EGFR-ZCCHC6, EGFR-
SHC1 and EGFR-PURB.®!! To date, only a few reports have reported the effective-
ness of TKIs in patients with these rare mutations in the literature.

Herein, we report a case of a novel kinesin family member 5B (KIF5B)-EGFR
fusion and the efficacy of afatinib in this type of fusion in NSCLC patients. The
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current case provides important insights into the use of
TKIs in NSCLC patients with rare EGFR fusions.

Case Report

A 50-year-old male former smoker underwent left upper
lobectomy in January 2018 after an irregular nodule was
found in the left upper lobe during a screening computed
(CT) of the 1A).
Immunohistochemistry (IHC) was positive for cytokeratin
19, EGFR, Ki67 (10%) and TTF-1; and negative for ALK,
GATA3, TG and P53 (Figure 2A). The tumor tissue was
also subjected to NGS (Berry oncology, Fujian China) and
showed a novel KIF5B-EGFR fusion (Figure 3A and B).
The diagnosis of stage I A3 (pT1cNOMO) lung adenocar-
cinoma (ADC) and intraductal tumor thrombus was con-

tomography thorax  (Figure

firmed by pathological examination, and the patient

received adjuvant chemotherapy with pemetrexed
500 mg/m” and cisplatin 75 mg/m” every 21 days for 4
cycles from January 2018 to April 2018. The patient was
treated with chemotherapy again (pemetrexed and cispla-
tin) starting in February 2019 due to recurrence of the
cancer in the left supraclavicular lymph node (LN) and
left rib at 13 months after surgery (Figure 1B and C). The
patient was considered to have disease progression after 2
cycles of chemotherapy. Because of the detection of
a KIF5B-EGFR fusion from a biopsy sample of metastatic
supraclavicular LNs after disease progression, treatment
with afatinib (40 mg qd) was initiated in April 2019. In
addition, metastatic LNs showed components of both
squamous cell carcinoma (SCC) and ADC. After 2 months
of afatinib treatment, CT examinations showed that partial

response was achieved (Figure 1D). He remained on

Figure | Imaging scans show: (A) a mass in the left upper lung lobe; (B) left supraclavicular lymph node metastasis; (C) left rib metastasis before afatinib therapy; (D) partial
response after 2 months of afatinib treatment; (E) disease progression in brain; (F) obstructive pneumonia developed.
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Figure 2 Multibiomarker immunohistochemistry confirms pathological typing. (A) Pathologic examination revealed adenocarcinoma of the primary tumor. (B) The
pathological result of recurrent pulmonary lesions by repeat biopsy was squamous cell carcinoma. (400xmagnification).
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Figure 3 Next-generation sequencing analysis of KIF5B-EGFR fusion mutations in the patient’s postoperative tumor tissue. (A) Integrative Genomics Viewer snapshot of
KIF5B-EGFR fusion; (B) a schematic map of the KIF5B-EGFR fusion protein domain structure.

afatinib for 11 months, after which he experienced only
intracranial disease progression (Figure 1E). Subsequently,
the patient discontinued afatinib treatment and was treated
with whole brain radiation therapy. Due to the presence of
T790M identified by NGS on plasma cell-free DNA, the
patient received osimertinib one month after the comple-
tion of radiotherapy. Obstructive pneumonia developed
with signs of disease progression after four months of
osimertinib (Figure 1F). The patient was readmitted for
dyspnea and progressive weakness. A repeat biopsy of
pulmonary lesions was performed for NGS to explore the
mechanism(s) of acquired resistance and showed compo-
nents of only SCC with the KIF5SB-EGFR fusion. IHC was
positive for cytokeratin, P40, P60, PD-L1 (10%) and Ki67
(20%); and negative for ALK, TTF-1 and Napsin
A (Figure 2B). After occurrence of obstructive pneumonia,
his condition deteriorated resulting in antitumor treatment
discontinuation, and subsequently treatment changed to

best supportive care. Four months after stopping all anti-
tumor therapy, the patient is still alive. The timeline of the
clinical course is summarized in Figure S1.

Discussion

EGFR fusions are rare genomic events in NSCLC.
Advances in detection technology, such as NGS, have
created a new method for the detection of some rare
variants of EGFR fusions.®'" EGFR fusions were found
at a frequency of 0.13% in the MSK-IMPACT NSCLC
data.'”
cers using NGS and found five EGFR gene fusions
(0.05%), most commonly EGFR-RAD51.” In a recent
report in 2019, a novel EGFR-SHC1 fusion occurred in
0.06% (1 of 1681 cases) of Chinese patients with lung
ADC.® Using data from OrigiMed, EGFR fusion was
found at a frequency of 0.05% (5 of 989 cases) in
Chinese patients with lung ADC."?

The investigators surveyed over 10,000 lung can-

OncoTargets and Therapy 2021:14

https:

3741

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=313896.docx
https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

Kartik et al reported five patients with stage IV lung
ADC harboring EGFR fusions, four of whom were treated
with erlotinib.” They also demonstrated that the EGFR-
RADSI1 fusion confers an oncogenic phenotype and is able
to activate downstream signaling via the MAPK and PI3K/
AKT pathways in preclinical studies.” An in vitro model
showed that the growth of Ba/F3 cells expressing EGFR-
RADS1 was inhibited by both TKIs and the EGFR antibody
cetuximab.” These results supported the dependence of
EGFR-fusion tumors on EGFR-mediated downstream sig-
naling and suggested EGFR-targeted agents for patients
whose tumors harbor these novel variants. Literature reports
of the effectiveness of EGFR-TKIs in patients with EGFR
fusion are scarce. Detailed characteristics of patients with
NSCLC harboring EGFR fusions are summarized in
Table 1. In addition to this case, fourteen EGFR fusion
cases have been reported in NSCLC, most commonly
RADS1 (8 of 15 cases). Eighty-six percent of cases (13/
15) are ADCs. Among them, eleven patients received
EGFR-TKIs. One patient showed disease stabilization to
afatinib. The other ten patients achieved a partial response
to first- or second-generation TKIs, including erlotinib (6

patients), icotinib (2 patients) and afatinib (2 patients). For
advanced NSCLC patients harboring EGFR fusion, EGFR-
TKIs may hold promise as the initial treatment, where they
have demonstrated superiority over conventional chemother-
apy in patients with sensitizing EGFR mutation.

In this study, we identified a case of NSCLC with a novel
EGFR fusion who was sensitive to afatinib treatment.
Afatinib is a highly potent, irreversible dual EGFR/HER2
tyrosine kinase inhibitor potentially efficacious in the treat-
ment of cancers dependent on EGFR/HER2 signaling.'
Recent clinical data indicate that patients treated with afati-
nib have a better prognosis than first-generation TKIs in
patients with NSCLC harboring uncommon and compound
EGFR mutations.'*'” Moreover, afatinib also showed the
significant antitumor efficacy for patient with lung ADC
harboring the EGFR kinase domain duplication.'® These
results indicate that afatinib may be an appropriate choice
of treatment for this population with uncommon EGFR
mutations including rare EGFR fusions.

While multiple mechanisms can lead to TKI resistance,
the EGFR T790M mutation is a major mechanism of
acquired resistance to afatinib, being present in 56—73%

Table | Individual Clinicopathologic Data of Patients with Non-Small Cell Lung Cancer Harboring Novel EGFR Fusions

Patient No. Ethnicity | Age/Gender | Smoking Status | Diagnosis EGFR Fusion Drug Response | PFS, mo
17 South Asian 35/F Never ADC/IV EGFR-RADS| Erlotinib PR >8
2’ Caucasian 21/F Prev/Curr ADC/IV EGFR-RADS| Erlotinib PR >5
3 Caucasian 43/F Prev/Curr ADC/IV EGFR-PURB Erlotinib PR >20
47 Caucasian 38/M Prev/Curr ADC/IV EGFR-RADSI Erlotinib PR >6
57 Caucasian 60/F Never ADC/IV EGFR-RADSI Pemetrexed PR NA
6*!! American NA/F Prev/Curr ADC/NA EGFR-TNS3 NA NA NA
7! American NA/M Never SCC/INA | EGFR-ZCCHC6 NA NA NA
8¢ Chinese 48/M Prev/Curr ADC/IV EGFR-RADSI Erlotinib PR >5
9" Chinese 26/M Never ADC/IV EGFR-RADS | Icotinib PR >15
10' American 62/F Never ADC/IV EGFR-RADS | Afatinib SD >6
1° Chinese 62/F NA ADC/NA EGFR-SEPTIN 14 Icotinib PR NA
128 Chinese 61/M Prev/Curr ADC/IIA EGFR-SHCI NA NA NA
13% American 36/M NA NSCLC/IV EGFR-RADS| Erlotinib PR >24
14¥ Chinese 45/F NA ADC/NA KIF5B-EGFR Afatinib/ PR >10
Bevacizumab
15 Chinese 50/M Prev/Curr ADC/IV KIF5B-EGFR Afatinib PR I

Abbreviations: PFS, progression-free survival; mo, months; F, female; M, male; NA, not available; Prev, previous; Curr, current; PR, partial remission; SD, stable disease.
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of cases.'”?® In this study, blood-based NGS testing
revealed the acquisition of T790M. Osimertinib, a third-
generation EGFR-TKI, has demonstrated high efficacy in
patients with T790M-positive advanced NSCLC in whom
disease had progressed during prior first- or second-
generation TKI therapy.?'** However, the patient obtained
a limited PFS benefit from osimertinib in this case, the
reasons may be the low abundance of T790M (0.17%).
Previous study has shown that highly abundant EGFR
mutations in pretreatment blood samples predicted longer
PFS on EGFR-TKIs in advanced NSCLC patients.>* More
studies are needed to establish the efficacy of osimertinib
for NSCLC patients with EGFR fusions in either first-
or second-line treatment. Interestingly, histology on biop-
sies revealed the gradual development of SCC transforma-
tion. Little is known about the underlying genomic
mechanisms during the ADC to SCC transformation pro-
cess and probably relate to driver genetic alterations under
selective pressure or the heterogeneity of the tumor.** In
this case, the genotype-phenotype correlations related to
the KIF5SB-EGFR fusion are unclear.

Taken individually, these EGFR fusion events are rare.
Fluorescence in situ hybridization (FISH) and quantitative
polymerase chain reaction (qQPCR) have various limitations
for the accurate discovery and detection of uncommon but
potentially oncogenic alterations. The gene detection sen-
sitivity of targeted sequencing by NGS has been found to
exceed that of FISH and qPCR. Developments in NGS
have created a new method for the simultaneous detection
of a large number of gene events with known and
unknown genes and gene mutations, including novel
gene fusions.”®!"*® Given the ever-increasing landscape
of genomic events in NSCLC, NGS testing should be
encouraged in clinical practice in NSCLC, which could
identify uncommon gene alterations and gene fusions.

In conclusion, we detected a novel KIF5SB-EGFR fusion
in advanced NSCLC as an indicator of a good response to
afatinib therapy. This study provides a meaningful reference
for the treatment of NSCLC patients harboring EGFR
fusion mutations. NGS technologies provide a reliable diag-
nostic tool for the identification of novel fusion partner
genes for EGFR in patients with NSCLC.

Abbreviations

EGFR, epidermal growth factor receptor; NSCLC, non-
small-cell lung cancer; KIF5B, kinesin family member 5B;
TKIs, tyrosine kinase inhibitors; NGS, next-generation
sequencing; PFS, progression-free survival; CT, computed

tomography; IHC, immunohistochemistry; ADC, adeno-
carcinoma; LN, lymph node; SCC, squamous cell carci-
noma; FISH, fluorescence in situ hybridization; qPCR,
quantitative polymerase chain reaction.
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