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Epidermal growth factor receptor (EGFR) mutations are common in non-small cell lung
cancers, but rare in small cell lung cancers (SCLCs). In previous reports, some SCLC
patients with EGFR mutations could benefit from EGFR tyrosine kinase inhibitors (TKIs).
In this study, we reported a case in which an SCLC patient with EGFR exon 19 deletion
(19-Del) mutation did not benefit from EGFR-TKIs. Interestingly, the standard treatment
strategies for SCLC also failed to control tumor progression. Moreover, we screened 43
SCLC patients in China and found that the frequency of EGFR mutations in Chinese
SCLC patients was about 4.65% by next-generation sequencing (NGS). Collectively,
this case illustrated a rare subtype of SCLCs which harbored EGFR mutations and was
intrinsically resistant to standard treatments and EGFR-TKIs. We also tried to explore the
mechanisms underlying drug resistance. The literature concerning SCLCs with EGFR
mutations is reviewed.
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INTRODUCTION

Epidermal growth factor receptor (EGFR) mutations are found in 25-45.6% of Asian non-small
cell lung cancer (NSCLC) patients and about 24% of white patients (1-3). It is a biomarker for the
use of EGFR tyrosine kinase inhibitors (TKIs). However, EGFR mutations were rarely detected in
small cell lung cancers (SCLCs) (4, 5). According to previous studies, 1.8% of 113 Italian SCLC
patients and 4% of 122 Japanese SCLC patients had EGFR mutations (4, 6). In China, the patients
with EGFR mutations accounted for 2.6-7.1% of SCLC patients (7-10).

SCLCs with EGFR mutations were reported to be sensitive to EGFR-TKIs (4, 11-13). EGFR-
mutated SCLC patients tended to be female, non-smoker, and had limited disease (6, 14, 15).
EGFR mutations may indicate a possible positive prognostic effect (6, 14, 15). Here, the patient we
reported was also female and non-smoker, but her cancer was aggressive. The tumor metastasized
rapidly to distant organs including brain, liver, adrenal gland, spinal cord, and vertebrae. Our case
may suggest that EGFR mutations are not the only significant predictors for a positive outcome in
SCLCs. More importantly, we also explored the possible mechanisms underlying tumor resistance
to both chemotherapy and EGFR-TKIs in EGFR-mutated SCLCs.
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GENOMIC ANALYSIS OF PURE SCLC
TUMORS

We excluded SCLC cases with adenocarcinoma components
and collected 43 pure SCLC cases from hospitals in Zhejiang
Province, China. The cases were identified as SCLC by
pathological diagnosis according to the standard criteria of WHO
classification. The median age of the study group was 62 years
(range, 36-85). Seventy-seven percent of the cohort were male,
and 63% of them had extended disease (Supplemental Table 1).
The samples in these cases were subjected to next-generation
sequencing (NGS) utilizing the Illumina HiSeq 4000 platform.
The sequencing time ranged from July 2016 to September 2019.
We found that the frequency of EGFR mutations in Chinese
SCLC patients was 4.65% (Figure 1). Also, we demonstrated the
genomic profiling of the 43 Chinese SCLC patients (Figure 1).

CASE PRESENTATION

A 59-year-old woman without smoking history presented with
intermittent cough and dizziness. Computed tomography (CT)
of the chest and brain revealed a right middle lobe lung mass
and a left occipital lobe brain metastasis. Magnetic resonance
imaging (MRI) of the brain demonstrated an enhancing mass in
the left occipital lobe (1.7 x 1.4 cm). Bronchoscopic examination
revealed a lesion occluding the right lateral middle lobe bronchus.
Transbronchial biopsy of the right middle lobe mass was positive
for small cell carcinoma. The histological H&E examination
of biopsy specimens showed small and poorly differentiated
cells with round or oval nuclei. The biopsies were devoid
of any evidence of non-small-cell components. Histopathology
reported a TTF-1-positive, Syn-positive, Ki-67 (60-70%), small
cell carcinoma of the lung. Whole-body positron emission
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FIGURE 1 | Genomic profiling of the 43 Chinese SCLC patients. The abscissa was tumor specimens, and the ordinate was gene names. Genetic alterations
annotated according to the color panel on the right side of the image.
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therapy (B). New masses in the brain after EP therapy (C).

FIGURE 2 | Tumor lesions detected at various times. PET-CT showing a mass in the middle lobe of the right lung (A). Tumor lesions in the brain before and after EP

Before the treatment of irinotecan+osimertinib
ver

left adrenal gland

case. Typical for SCLC, IHC was strongly positive for TTF1, Syn, CD56, and CgA.

FIGURE 3 | The imageological and cytological examinations of tumor metastases. Tumor metastases in the liver (A), left adrenal (A), and spinal cord (B) before
irinotecan plus osimertinib, and enlarged metastatic lesions in the liver (A) and left adrenal (A) after treatment. (C) The HE and IHC staining of biopsy specimens in the

tomography computed tomography (PET-CT) identified areas
of abnormal metabolism in the right lung, right hilum, and
subcarinal lymph nodes (Figure 2A), as well as the left occipital
lobe of the brain. The bone scan was negative for evidence
of metastatic lesions. Two months after diagnosis, she was
referred to our department. Brain MRI showed the metastatic
tumor in the left occipital lobe dramatically increasing to 4.8
x 3.8 cm (Figure 2B). Meanwhile, four new masses were found
in brain. As standard therapy for extensive-stage small cell
carcinoma, the patient received etoposide and cisplatin (EP)

chemotherapy with a poor clinical response. After four cycles
of EP treatment, new metastatic lesions were detected in the
right brain (Figure 2C). To control tumor progression, she
received CyberKnife radiosurgery for the treatment of lung
neoplasm, followed by a whole-brain radiotherapy (WBRT)
for brain metastases. After WBRT, the patient displayed
symptomatic disease progression with multiple new liver, left
adrenal gland, and spinal cord metastases (Figure 3A,B). An
ultrasound-guided percutaneous liver biopsy was performed.
Re-biopsy of the metastases in the liver confirmed small cell
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TABLE 1 | Genetic alterations in the case identified by NGS.

Genes Alternations Nucleotide change

ARID1B p.S36F Missense mutation c.107C>T (p.S36F)
in exon 1

ASXL1 p.E332D Missense €.996G>C (p.E332D)
mutation in exon 11

EGFR p.E746_A750del Non-shift €.2235_2249delGGAATTAAGA
code deletion mutation in GAAGC (p.E746_A750del)
exon 19

KEAPA1 p.A392T Missense c.1174G>A (p.A392T)
mutation in exon 3

MDM2 Amplification

PDCD1 p.R231 Truncation in exon c.691C>T (p.R231%)
5

PGR p.Q78H Missense mutation ~ ¢.234G>T (p.Q78H)
in exon 1

PTEN p.K237Cfs*17 7 Frameshift ~ ¢.709_715delAAGTTCA
mutation in exon 7 (p.K237Cfs*17)

RB1 Single copy number
missing

ROS p.G1809E Missense ¢.5426G>A (p.G1809E)
mutation in exon 33

SMAD4 C.1447+2dupT Shear ¢.1447+2dupT
mutation in Intron 11

TERT Amplification

—, not applicable.

histology and revealed SCLC evident by positive expressions
of CD56, TTF-1, CgA, and synaptophysin (Figure 3C). The
tissue re-biopsy samples and blood samples were subjected to
next-generation sequencing. As shown in Table 1, genotype
disclosed an EGFR exon 19 deletion (19-Del) mutation and
PTEN frameshift mutation (p.K237Cfs*17). She subsequently
received two cycles of irinotecan in combination with 1
month of third-generation EGFR-TKI osimertinib. However,
the tumor dramatically progressed with enlargement of liver
metastases (Figure 3A). After that, her disease also failed
to respond to anlotinib plus pembrolizumab and anlotinib
plus Tiggio. Finally, with fast tumor progression, she died 1
month later.

DISCUSSION

SCLCs are often seen as aggressive cancers which are sensitive
to chemotherapy and shrink at the initial stage and then relapse
soon with chemoresistance. Currently, the exact mechanism
underlying chemoresistance is still unknown. As previous studies
have shown, the mutations in CSMD3/PCLO/RYR1/EPB41L3
may predict resistance to etoposide (16). However, none were
detected in our case. In our case, PTEN mutation was detected.
PTEN is a tumor suppressor in the PI3K/AKT pathway. The
continuous activation of the PI3K/AKT pathway is a pivotal
chemoresistance factor in SCLCs. PTEN could sensitize the
tumor to chemotherapy including etoposide and cisplatin by
inhibiting the PI3K/AKT signaling pathway (17, 18). The

efforts to combine adenoviral PTEN gene therapy with cisplatin
chemotherapy could enhance tumor suppression in SCLC (19).
Thus, PTEN mutation may account for chemoresistance in our
case by aberrant activation of the PI3K/AKT pathway.

In most previous studies, EGFR mutations in lung cancer,
even in SCLC patients, are responsive to EGFR-TKIs (4, 11,
13, 20). It is still controversial whether EGFR-mutated SCLCs
have adenocarcinoma components. Some researchers propose
that EGFR mutations do exist but are just rare in SCLCs (4,
15). In our case, the patient received biopsy twice and the
pathological examinations were almost identical. We did not find
any pathological evidence supporting adenocarcinoma. Different
from the favorable response to EGFR-TKIs in adenocarcinoma,
the tumor in our case proved to be resistant to EGFR-TKI. The
mechanisms of resistance to EGFR-TKIs are widely discussed.
Le et al. discussed that the lack of response to EGFR-TKIs in
EGFR-mutated de novo SCLC might be attributable to the lack of
EGEFR expression (21). Mutations of KRAS or BRAF might also
be correlated with resistance to EGFR-TKIs in EGFR-mutated
de novo SCLC patients (21, 22). Many researchers pointed out
that EGFR and its downstream pathway were involved with
primary resistance to EGFR-TKIs (23). Mutations in the EGFR
downstream genes including PIK3CA and PTEN might confer
resistance to EGFR-TKIs (22-27). A study using a genetic
mouse model showed that PTEN inactivation advanced SCLC,
suggesting that treatment targeting PTEN may be effective for a
subset of SCLC patients (28). PTEN loss-of-function mutation
resulted in poor PFS and OS in patients with EGFR mutations,
and it was an independent predictor for short PFS in patients with
EGFR-TKI treatment (23-25). Furthermore, in the 43 sequenced
SCLC cases, one EGFR-mutated SCLC without PTEN mutation
was responsive to EGFR-TKI gefitinib. Thus, our case suggests
that PTEN may also play a key role in the poor outcome with
EGFR-TKI treatment in EGFR-mutated SCLC patients.

Few studies have focused on the potential mechanisms of
tumor resistance to both EGFR-TKIs and chemotherapy in
EGFR-mutated de novo SCLC patients. Our case is the first
one to propose that in this rare subtype of SCLCs, PTEN
dysfunction may play a vital role in the instinct resistance to
both chemotherapy and EGFR-TKIs. Another case resistant to
both EGFR-TKIs and chemotherapy was reported by Varghese
etal. (28). EGFR 19-Del and PIK3CA mutations coexisted in their
case (28). Therefore, the aberrant activation of the PI3K/AKT
pathway may be involved in the resistance of EGFR-mutated
SCLC to both chemotherapy and EGFR-TKIs. Large sample
size and further studies in EGFR-mutated SCLCs are needed to
validate our findings.

CONCLUSION

We have reported a de novo SCLC case with EGFR 19-Del
which was innately resistant to both chemotherapy and EGFR-
TKI. The resistance to EGFR-TKIs and chemotherapy may be
attributable to PTEN mutation. Moreover, we presented the
frequencies of EGFR mutations and other genetic mutations in
Chinese SCLC patients.
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