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Abstract: Concurrent mutations of epidermal growth factor receptor (EGFR) and phospha-
tidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) in non-small cell
lung cancer (NSCLC) are rare, and the presence of concurrent mutations may complicate
treatment. Herein, we report a case of primary lung adenosquamous carcinoma with con-
current EGFR 21 (L858R) and PIK3CA (H1047R/E545K) mutations, and the results of
a literature review to help management and treatment. A 49-year-old female was admitted
our department for coughing and excessive sputum production for more than 1 month.
Computed tomography (CT) of the chest identified a lesion, and a CT-guided needle biopsy
was performed. Pathological examination and immunohistochemistry (IHC) staining con-
firmed a diagnosis of primary lung adenosquamous carcinoma. Amplification refractory
mutation system-polymerase chain reaction (ARMS-PCR) gene sequencing demonstrated
mutations in both EGFR 21 (L858R) and PIK3CA (H1047R/E545K) mutations in adeno-
carcinoma (AC) component. She was treated with pemetrexed plus platinum-based che-
motherapy and an EGFR-tyrosine kinase inhibitor (TKI). Disease progression occurred with
gefitinib or osimertinib as maintenance therapy. A repeat CT-guided needle biopsy was
performed, and generation sequencing (NGS) revealed EGFR 21 (L858R) and PIK3CA
(H1047R/E545K) mutations. Anlotinib monotherapy was then administered as the third-
line treatment, and there was a PR. The patient is currently still receiving treatment and
follow-up. To our knowledge, there is little evidence that anlotinib is beneficial when there
are concurrent EGFR and PIK3CA mutations. PIK3CA mutations are associated with poor
therapeutic effects and short survival time. Concurrent EGFR and PIK3CA mutations do not
respond to EGFR-TKI treatment. Chemotherapy should be given in combination with a TKI
and can prolong the progression-free survival (PFS) and overall survival (OS) of patients
with lung cancer.

Keywords: EGFR mutation, PIK3CA mutation, resistant mutation, adenosquamous
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Introduction

Lung cancer is the leading cause of cancer death in China, and around the world.
Patients with advanced non-small cell lung cancer (NSCLC) patients are not
surgical candidates, and while chemotherapy is the major treatment the results are
disappointing. Over the last decade, targeted therapy has become an important
treatment for patients with EGFR mutations, ALK mutations, and other sensitive
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mutations." Exon 19 del and 21 (L858R) mutations in
EGFR are the most common sensitive mutations, and
T790M and 20 exon insertion are the common resistant
mutations.” There are also other mutations that can occur
concurrently such as those in KRAS, PIK3CA, and PTEN
which can benefit or hinder treatment.

The PI3K family is involved in a number of normal
cellular processes. PI3K can activate phosphorylation of
AKT and downstream signal transduction pathways, such
as the PI3K-AKT-mTOR pathway, which plays a central
role in regulating tumor cell growth, reproduction, migra-
tion, and apoptosis. However, the role of PIK3C4 muta-
tions in NSCLC is still being debated. Some studies
indicate that PIK3CA mutations are an independent risk
factor for overall survival (OS) and progression-free sur-
vival (PFS) in patients with NSCLC. On the other hand,
Song et al and Zhang et al showed that PIK3CA mutations
do not significantly affect the survival time of patients with
NSscLc.*

PIK3CA mutations often occur concurrently with
EGFR mutations. However, few studies have examined
the effect of PIK3CA mutations on outcomes in patients
with lung cancer. Herein, we report a case of primary lung
adenosquamous carcinoma with concurrent EGFR 2]
(L858R) and PIK3CA (H1047R/E545K) mutations, and
the results of a literature review to help management and
treatment.

Case Report

A 49-year-old female was admitted to our department with
a chief complaint of coughing and excessive sputum pro-
duction for more than 1 month. Chest computed tomogra-
phy (CT) demonstrated a lesion located in the upper lobe
of right lung, and multiple nodules scattered in the bilat-
eral lungs, consistent with a diagnosis of primary lung
cancer and metastases (Figure 1A1-A3).

She was previously healthy, had no significant medical
history, and there was no history of cancer history or any
other disease in her family. She was a non-smoker and not
exposed to second-hand smoke. Neck and supraclavicular
lymph nodes were not enlarged and not palpable on phy-
sical examination.

Laboratory examinations showed that blood carci-
noembryonic antigen (CEA), neuron-specific enolase
(NSE), and cytokeratin 19 fragment (CTFRA21-1) levels
were normal. Positron emission tomography-CT (PET-CT)
and brain magnetic resonance imaging (MRI) scans
in the and no

showed metastases bilateral lungs,

metastases in the liver, brain, adrenal glands, bone, or
other organs. A CT-guided needle biopsy was performed
of the right upper lobe lesion. Histopathological examina-
tion and immunohistochemical (IHC) staining were con-
sistent with a diagnosis of primary lung adenosquamous
carcinoma. Staining for cytokeratin 5/6 (CKS5/6), P40,
thyroid transcription factor-1 (TTF-1), and Napsin-A was
positive. The Ki-67 index was about 70% in the squamous
cell carcinoma (SCC) component, and about 30% in the
adenocarcinoma (AC) component (Figure 2A—F). ARMS-
PCR sequencing demonstrated concurrent EGFR exon 21
(L858R) and PIK3CA (H1047R/E545K) mutations in the
AC component (Figure 3A-E) She was diagnosed with
primary lung adenosquamous carcinoma and bilateral lung
metastases, disease stage [VA.

She was treated with pemetrexed (500 mg/m?) plus
platinum-based chemotherapy every 3—4 weeks, and gefi-
tinib 250 mg, orally, once daily. After 2 cycles, efficacy
evaluation indicated a partial response (PR) (Figure 1B).
After another 2 cycles of the same therapy evaluation
indicated steady disease (SD) (Figure 1C). She was then
begun on gefitinib alone as maintenance therapy. After 2
months, she developed an intermittent cough and hemop-
tysis, chest CT illustrated that the tumor and metastases
had increased in size (Figure 1D).

The patient declined a repeat biopsy for next-
generation sequencing (NGS), and she was begun on the
same chemotherapy regime and osimertinib 80 mg, orally,
once daily. After 4 cycles, evaluation indicated a PR
(Figure 1E). Adverse events included a grade 1/2 rash
and anemia, and grade 1/2 hematological toxicity
(decreased white blood cells and platelets). After osimer-
tinib only for maintenance therapy for 2 months, she
developed an intermittent cough again and evaluation
indicated progressive disease (PD) (Figure 1F).

The time from diagnosis to the second occurrence of
PD was about 10 months. A repeat CT-guided needle
biopsy was performed, and pathological examination was
consistent with adenosquamous carcinoma. The frequency
of SCC and AC components in the tumor, and IHC stain-
ing results and the Ki-67 index were almost the same as
the first evaluations. NGS demonstrated concurrent EGFR
21 (L858R) and PIK3CA (H1047R/E545K) mutations. No
T790M, C7978S, or other mutations were identified.

The patient declined further chemotherapy and was
treated with anlotinib as the third-line regime (a dose of
12 mg/day for 2 weeks, stop for 1 week, and then repeat).
After 2 cycles, evaluation indicated a PR (Figure 1G), and
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Figure | The chest CT outcomes during the whole treatment. (A) (A1-A3) Chest CT reveals primary lung cancer and metastases (red arrow); (B) tumor was PR after 2
cycles chemotherapy and gefitinib; (C) tumor was SD after 2 cycles chemotherapy and gefitinib again; (D) tumor was PD for taking gefitinib only; (E) tumor was PR again
after 4 cycles the same chemotherapy and osimertinib; (F) tumor was PD again for taking osimertinib only. (G) Tumor was PR again after 2 cycles anlotinib.

SD after 4 cycles. The only adverse effect was grade 1
hand-foot syndrome. She continues to receive treatment
and follow-up.

Discussion

Surgery, chemotherapy, and radiotherapy are the tradi-
tional treatments for NSCLC; however, the development
of molecular targeted therapies and immune therapies have
improved outcomes and are currently important methods
of treatment. EGFR mutations and ALK fusion are sensi-
tive to molecular targeted inhibitors, which can prolong
the PFS and OS of patients.” Patients harboring EGFR
mutations benefit from treatment with EGFR-TKIs, and
the median PFS (mPFS) with this treatment is 10-14
months. In order to improve EGFR-TKI efficacy and over-
come acquired resistance, an EGFR-TKI plus chemother-
apy are widely used in patients with advanced NSCLC
harboring mutations.® Han et al’ showed that the PFS of
patients treated with an EGFR-TKI and chemotherapy was

17.5 months, which was longer than that of chemotherapy
alone (5.7 months) and gefitinib alone (11.9 months). The
objective response rates (ORR) in the combination group,
chemotherapy group, and gefitinib group were 82.5%,
32.5%, and 65.9%, respectively. The OS of the combined
group was significantly prolonged without a significant
increase in adverse events.

The occurrence and development of lung cancer is
a complicated process involving many signaling mole-
cules and pathways. EGFR, ALK, Met, Her-2, KRAS,
Ros-1, et al, which involve in the sensitive mutations and
resistant mutations. Mutations causing resistance to
treatment have brought many obstacles for therapy.®
The PI3K-AKT-mTOR signaling pathway has received
a large amount of attention in NSCLC. PI3K plays an
important role in regulating cell proliferation, inhibiting
apoptosis, and promoting tumor angiogenesis and tumor
invasion.” PIK3CA4 mutations are the only tumor-specific
mutations in the PI3K family, which mainly occur in
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Figure 2 (A) H-E staining shows that SCC (blue arrow) presents a solid sheet-like arrangement. The cell cytoplasm is red stained, the nucleus is large, nucleoli and mitosis,
no intracellular keratinizing and keratinizing beads are seen, but AC (red arrow) is adenoid, cord-like or solid arrangement. The cell cytoplasm is reddish or translucent, the
nucleus is large and irregular, and nucleoli and mitosis can be seen. (x200). SCC accounts for about 10% and AC accounts for about 90% of the tumor. IHC staining shows:
(B) CK5/6 and (C) P40 are positive in SCC components. (x200) (D) TTF-1 and (E) Napsin-A are positive in AC components. (x200) (F) Ki-67 index is about 70% in SCC

(blue arrow) and about 30% in AC (red arrow). (x200).

Exon 9 and Exon 20. Mutations have been regarded as
a co-occurring mutations rather than the main mutations,
but concurrent mutations affect clinical outcomes in
patients with lung cancer.'’

The PIK3CA mutation rate in NSCLC is 2-5%, 8—-10% in
lung squamous cell carcinoma, and 2.8% in adenocarcinoma. !
PIK3CA inhibitors have been studied and used for treatment of
patients with lung cancer. Corey et al treated 21 patients who
failed first-line platinum combined chemotherapy with taseli-
sib, and the mPFS and OS were 2.9 months and 5.3 months,
respectively.'? Van et al treated patients with NSCLC and
PIK3CA mutations with buparlisib, and the lung cancer
group compared with non-squamous lung cancer group, the
patient’s 12-week PFS rate was 23.3% versus 20.1%,

respectively. The anti-tumor activity of a single PIK3CA inhi-
bitor may be limit, and combined therapy may be more effec-
tive than treatment with a single inhibitor.'*> Zhou Xin et al
demonstrated that LY294002, an inhibitor of PI3K, was able to
increase the sensitivity of erlotinib in NSCLC cells in vitro."*

Immunotherapy has also been used to treat patients
with PIK3CA mutations, but the PIK3/AKT pathway has
been reported to be associated with immunotherapy
resistance.'” Diego et al'® treated patients with PIK3CA
mutations with nivolumab; however, all patients did not
respond. It was speculated that PIK3CA mutations predict
a poor response to immunotherapy.

Concurrent EGFR and PIK3CA mutations are rare in
lung cancer,'” which has been found in approximately
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Figure 3 ARMS-PCR gene sequencing illustrated EGFR 18 (A), EGFR 19 (B), EGFR 20 (C) are negative, EGFR 21 (L858R) (D) and PIK3CA (H1047R/E545K) (E) concurrent

mutations in AC component.

3.5% of EGFR mutation patients.'” The presence of coex-
isting mutations is considered to be associated with a poor
response to treatment and short survival time.'® Wang et al
showed that PIK3CA mutations are related to OS and
PFS,? affect EGFR-TKI sensitivity, and have a poor prog-
nosis. Chang et al'® reported that patients treated with
a EGFG-TKI without RAS/PIK3CA/PTEN mutations had
a mPFS of 15.1 months and OS of 53.8 months, but for
patients with RAS/PIK3CA/PTEN mutations the mPFS
was only 19.9 months and OS was only 27.4 months.
There are limited data on the use of vascular endothelial
growth factor-TKIs (VEGF-TKIs) to overcome treatment
resistance due to EGFR and PIK3CA mutations. Yang et al
reported that treatment with a combination of apatinib and
osimertinib can overcome resistance due to PIK3CA
mutation.”’ Yu et al reported the case of a patient with
a pulmonary artery sarcoma with PIK3CA mutations; the
patient was treated with chemotherapy followed by anlotinib
and the survival time was 8 months.?' Jonasch E et al
reported that VEGF inhibitor showed a similar efficacy to

the mTOR inhibitor everolimus.** Anlotinib is a new oral
TKI that targets the VEGF receptor, fibroblast growth factor
receptor (FGFR), platelet-derived growth factor receptor
(PDGFR), and c-kit.? It is recommended as a third-line
treatment in patients with lung cancer. However, there is
currently no literature regarding using anlotinib to treat
lung cancer patients with EGFR and PIK3CA mutations.

In our case, there was tumor and metastasis progres-
sion when the patient was on gefitinib maintenance or
osimertinib maintenance treatment. Shen et al demon-
strated that chemotherapy plays an important role in
prolonging OS of patients with EGFR mutations combined
with  KRAS, PIK3CA, or HER-2 mutations.”
Chemotherapy TKI should be
combination.”> But for the patient who cannot tolerate

and a used in
chemotherapy, anlotinib may be an alternative that can
control the primary tumor and metastases.

The primary limitation of this report is that long-term
follow-up is needed to evaluate the long-term effects of
anlotinib.
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Conclusion

Concurrent EGFR and PIK3CA mutations are rare in
NSCLC. PIK3CA is mostly a co-occurring mutation and
is inherently resistant to EGFR-TKIs and predicts a poor
prognosis. The effects of EGFR-TKI or PIK3CA inhibitor
alone are not beneficial for patients, and perhaps even
immunotherapy is not effective for PIK3CA mutation.
An EGFR-TKI combined with chemotherapy can prolong
PFS and OS in patients with lung cancer. Anlotinib may be
an alternative that can control the primary tumor and
metastases.
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