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PI3K-AKT-mTOR pathway alterations in advanced NSCLC patients
after progression on EGFR-TKI and clinical response to EGFR-TKI
plus everolimus combination therapy
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Background: Several mechanisms including abnormal activation of PI3K-AKT-mTOR pathway have
been proved to generate acquired resistance to epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors (TKIs) in non-small cell lung cancer (NSCLC). In this study, we investigated the genomic
characteristics of PI3K pathway activated in NSCLC patients after progression on EGFR-TKIs and whether
both targeting EGFR and PI3K pathway could overcome resistance.
Methods: A total of 605 NSCLC cases with a history of EGFR TKI treatment were reviewed, in which
324 patients harboring EGFR mutations were confirmed progression on at least one EGFR TKI and finally
enrolled. Tumor tissues or blood samples were collected at the onset of TKI progression for next generation
sequencing (NGS). Six EGFR mutant patients with co-occurring mutations in PI3K pathway were
retrospectively collected to assess the effect of EGFR TKI plus everolimus, a mTOR inhibitor.
Results: Forty-nine (14.9%) patients resistant to EGFR TKIs have at least one genetic variation in PI3K
pathway. PIK3CA, PTEN and AKT1 variations were detected in 31 (9.5%), 18 (5.5%) and 3 (0.9%) of
patients, respectively. No significant differences were observed in distribution of PI3K pathway alterations
among patients with different EGFR mutations (EGFR exon19 deletion mutations/EGFR L858R/
uncommon EGFR mutations) and among patients resistant to different EGFR TKIs. For patients treated
with everolimus and EGFR-TKI, five (5/6, 83.3%) achieved stable disease (SD) and one (1/6, 16.7%)
didn’t receive disease control. The median progression-free survival (PFS) was 2.1 months (95% confidence
interval, 1.35–4.3 months, range, 0.9–4.4 months). The most common adverse events were dental ulcer (6/6),
rash (1/6).
Conclusions: Our study revealed that PI3K pathway was activated in at least 14.9% in EGFR-TKI
resistant patients. EGFR-TKIs plus everolimus showed limited antitumor activity in EGFR mutant NSCLC
patients with PI3K pathway aberrations.
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Introduction
Lung cancer is the most frequently diagnosed cancers
and the leading cause of cancer-related deaths (1). The
identification of activating oncogenic aberrations such
as EGFR mutations has significantly revolutionized
the therapeutic routines for non-small cell lung cancer
(NSCLC) patients. Epidermal growth factor receptor
tyrosine kinase inhibitors (EGFR TKIs) are associated
with superior efficacy in NSCLC patients with activating
EGFR mutations (2-5). Despite dramatic clinical response
achieved, patients treated with EGFR TKIs still inevitably
develop acquired resistance. Several resistant mechanisms
have been reported, including secondary mutations in
EGFR, histologic transformation, as well as bypass or
alternative pathway activation (6,7).
PI3K-AKT-mTOR pathway is frequently altered
in cancers, involved in the regulation of multiple
cellular functions including cell proliferation, survival,
differentiation, adhesion, motility and invasion. PI3KAKT-mTOR pathway activation plays an important role
in EGFR-TKI resistant events (8-10). Clinical studies
have demonstrated that EGFR mutant patients with PI3K
pathway activation achieved shorter progression free
survival (PFS) and worse overall survival (OS) (11-13).
Alterations of PI3K-AKT-mTOR pathway can occur
through activation of tyrosine kinase receptors upstream of
PI3K, PIK3CA amplification as well as mutations in KRAS,
PI3K, AKT, TSC1 and TSC2, or loss of PTEN (14,15).
To date, it remains a challenge to overcome PI3K-pathway
associated resistance and improve clinical benefit from
EGFR TKIs.
Nowadays, only two mTOR inhibitors, everolimus and
temsirolimus, have been approved for cancer treatment.
Everolimus is a mTOR inhibitor targeting mTORC1 and
has been approved for clinical use in numerous cancers
including renal cell carcinoma, breast cancer and pancreatic
neuroendocrine tumors (16-19). Preclinical studies have
demonstrated that everolimus could overcome resistance
to EGFR inhibitors and produce a cooperative effect with
EGFR inhibitors in several human cancer cell lines resistant
to EGFR inhibitors (20). In vitro studies also suggested
the clinical efficacy of combining mTOR inhibitors with
EGFR-TKIs in TKIs-resistant NSCLC cell lines (21,22).
Tolerable toxicity and disease control of combination
therapy have been reported in NSCLC patients carrying
EGFR mutations (23,24). Although subsequent clinical
trials showed limited effect of combination therapy in
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unselected NSCLC patients, the potential effect in patients
with specific genetic aberrations still entails further
exploration (25,26).
There are limited studies about the prevalence of
activated PI3K pathway in EGFR-TKI resistant patients.
Herein, we analyzed comprehensive molecular profiling
in 605 patients with EGFR-TKI treatment history and
explored the co-occurrence of common mutations through
PI3K-AKT-mTOR pathway in patients with acquired
resistance to EGFR TKIs. Furthermore, six patients with
a history of everolimus plus EGFR TKIs treatment were
retrospectively collected to estimate the antitumor activity
and safety of the tragedy.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-141).
Methods
Patients
A total of 605 NSCLC patients with EGFR-TKI treatment
history who were referred to OrigiMed (Shanghai, China)
for next generation sequencing (NGS) testing between
September 2016 and October 2018 were involved.
Genetic information and clinical characteristics such as
gender, histology, treatment process was documented
at the time of referral. Based on these data, 328 patients
were further collected to analyze the co-occurrence of
common mutations along PI3K-AKT-mTOR pathway after
progression on EGFR TKIs (Figure 1). For these patients,
Formalin fixed and paraffin embedded (FFPE) tumor or
blood samples were collected at the onset of EGFR TKI
treatment progression for NGS to estimate potential
resistance mechanisms. Furthermore, six patients with
specific mutations were retrospectively included to evaluate
the antitumor activity and safety of EGFR TKI plus
everolimus therapy. Patient data were collected through
digital medical records. Written consents were provided by
all patients.
This study was conducted in accordance with the
Declaration of Helsinki Declaration (as revised in 2013) and
approved by Sun Yat-sen University Cancer Center IRB
(B2018-092-01).
Genetic analysis
NGS was performed by FFPE tissues or circulating tumor
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then once eight weeks later. Cerebral magnetic resonance
imaging (MRI) were carried out once the patients was
diagnosed with brain metastasis. Response assessments were
based on Response Evaluation Criteria in Solid Tumors
(RECIST) (27). PFS was defined as the interval from the
date of treatment commencement to the date of treatment
failure or death.

Patient flow
605 patients with a history of EGFR-TKI treatment were
screened

Statistical analysis
328 patients harboring EGFR mutations were confirmed

All the statistical analyses included in this study were
analyzed by R software. A P value <0.05 was considered
statistically significant.

progressed on EGFR-TKI
- 247 progressed on first and/or second generation TKI
- 81 progressed on both first/second and third generation TKI

Results
Clinical and general genetic data from patients
49 patients were detected with PIK3CA/PTEN/AKT1 genes
mutations

Figure 1 Patient flow of the study design.

DNA (ctDNA) in the laboratory of OrigiMed. The number
of genes tested on tumor tissue panel ranged from 37 to
450. Diluted libraries were sequenced with a mean coverage
of 900× for FFPE samples and 300× for matched blood
samples on an Illumina NextSeq-500 Platform (Illumina
Incorporated, San Diego, CA). For ctDNA assays, the
number of genes tested ranged from 18 to 329. Diluted
libraries were sequenced to a mean coverage of 3,000×.
Genomic data was then analyzed based on 18 cancerrelated genes covered by all panels. Common molecular
mechanisms of EGFR TKI resistance, including T790M
mutation, MET amplification, ERBB2 amplification and
BRAF mutations were documented. PIK3CA, AKT1
mutations and PTEN loss, the most universal mutations
leading to activation of PI3K-AKT-mTOR pathway and
covered by all the NGS examinations were recorded as well.
Response evaluation
Six EGFR mutant NSCLC patients with specific mutations
along PI3K-AKT-mTOR pathway, were treated with
EGFR TKIs and everolimus. Computed tomography (CT)
on chest and abdomen were routinely performed at the
first month after initiation of combination therapy and
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Among 605 advanced NSCLC patients reviewed, 328
patients were confirmed progressed on EGFR-TKIs,
including 298 adenocarcinoma, 22 NSCLC not otherwise
specified (NOS), 4 squamous carcinoma and 4 SCLC
transformation. The median age was 60 (range, 35–86) years
and 58.5% (192/328) were female (Table 1). According to
clinical information generated, 81 patients were progressed
on third generation EGFR-TKI, and 247 patients on earlier
generation TKIs. The resistance mechanisms of EGFRTKI treatment revealed by NGS were shown in Figure 2.
EGFR T790M, PI3K activation, MET amplification,
KRAS, ERBB2 amplification, BRAF mutations, BRAF fusion
alone and complex mutations were identified 40.5%, 8.5%,
5.3%, 1.2%, 1.2%, 0.4%, 0.4% and 10.4%, respectively
among patients with acquired resistance to first and/or
second generation TKIs. Unknown resistance mechanisms
were observed in 29.1% of these cases (Figure 2A).
As for patients resistant to osimertinib, 17.3%, 11.1%,
4.9%, 2.5%, 1.2%, 9.7%, 48.1% were conformed
emergence of C797S, PI3K activation, MET amplification,
KRAS, ERBB2 amplification, complicate mutations and
unclear mechanisms (Figure 2B). Clinical characteristics
between patients with PI3K pathway alterations and without
PI3K pathway alterations were compared and no significant
difference were observed in age, sex, histology (Table S1).
PI3K-AKT-mTOR pathway alterations
Forty-nine (14.9%) patients with EGFR-TKI resistant
were identified emergence of PIK3CA, PTEN and AKT1,
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Table 1 Clinical and pathological characteristics of 328 NSCLC
patients who progressed on EGFR TKIs in this study

S1, Table S3). Of note, PI3K pathway genetic mutations
occurred with T790M in 11 patients resistant to first and/
or second-generation EGFR TKIs, which might influence
the efficacy of osimertinib. Except for EGFR mutations,
the most common mutations co-existed with PI3K pathway
were TP53 (57.1%) and RB1 (10.2%) (Figure 3).

Characteristic
Age, year, median [range]

Patients
60 [35–86]

Sex, n (%)
Male

136 (41.5)

Female

192 (58.5)

Response to EGFR-TKI plus everolimus treatment

Histology, n (%)
Adenocarcinoma

298 (90.9)

NSCLC NOS

22 (6.7)

Squamous carcinoma

4 (1.2)

SCLC transformation

4 (1.2)

Prior chemotherapy, n (%)
Yes

146 (44.5)

No

182 (55.5)

EGFR TKI resistance, n (%)
Resistance to 1st and/or 2nd generation

247 (75.3)

Resistance to 3rd generation

81 (24.7)

Sample type for NGS, n (%)
Tumor tissue

118 (36.0)

ctDNA

210 (64.0)

NSCLC NOS, non-small cell lung cancer not otherwise
specified; SCLC, small cell lung cancer; NGS next generation
sequencing; ctDNA, circulating tumor DNA.

involving 45 adenocarcinomas and 4 NSCLC-NOS
patients. Such mutations were detected in 13.8% (34/247)
and 18.5% (15/81) patients who had developed resistance to
earlier generation EGFR TKIs or third generation EGFR
TKI, respectively (Figure 3).
PIK3CA, PTEN and AKT1 variations were detected in
33 (10.1%), 18 (5.5%) and 2 (0.6%) of EGFR TKI resistant
patients respectively. Three patients had both PIK3CA and
PTEN mutations. Hotspot of PIK3CA mutations included
E545, H1047 and E542, accounting for 60.5% of PIK3CA
mutations (Figure 4). No significant differences were found
in PI3K-AKT-mTOR pathway alterations among groups
with different EGFR mutations (EGFR exon19 deletion
mutations/EGFR L858R/uncommon EGFR mutations, see
Table S2). There was also no significant difference in PI3KAKT-mTOR pathway alterations between patients resistant
to earlier generation EGFR TKIs and osimertinib (Figure
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Six patients with EGFR-TKI and everolimus history were
retrospectively collected to assess the effect and safety
of EGFR TKI plus everolimus treatment. Clinical data
including gender, age and treatment history as well as
genetic information were shown in Table 2. All patients were
stage IV NSCLC including 5 females with adenocarcinoma
and 1 male with squamous carcinoma. The median age
is 68 years old. Except patient 3, none of them has a
smoking history. All patients have received at least one
line of standard therapy before combination treatment.
Four patients started combination therapy as fourth-line
therapy (Table 2). Five patients used to receive osimertinib
monotherapy prior to combination therapy, three of whom
were EGFR T790M positive prior to osimertinib therapy.
EGFR T790M were undetected in these patients after
progression on osimertinib (Table S4). Acquired PIK3CA
mutations, PTEN loss were detected after progression
on EGFR TKIs in all patients, with patient 4 harboring
both PIK3CA mutation and PTEN loss. Four patients
were treated with osimertinib 80 mg and the rest gefitinib
250 mg. The dose of everolimus was 5 mg daily in all
patients. According to RECISIT 1.1, six patients achieved
stable disease (SD). One patient didn’t acquire disease
control. The median PFS of 2.1 months (95% confidence
interval, 1.35–4.3 months, range, 0.9–4.4 months).
Treatment-related adverse events encompassed oral ulcer,
rash (Table 2). One patent switched to other treatment due
to intolerable grade III oral ulcer and one patient passed
away under worsening condition. Most patients experienced
progressive disease (PD) eventually.
Patient 1 received everolimus plus osimertinib and
achieved SD with a PFS of 4.2 months. The patient
transferred to chemotherapy due to lung disease
progression. For patient 2, although pulmonary stability
was observed through CT after one-month of combination
treatment, enlarged lesions in liver occurred after 3 months,
resulting in PD. On receiving osimertinib plus everolimus,
patient 3 experienced shrinkage in pulmonary mass and
pleural lesions. Unfortunately, the patient passed away
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A

T790M + MET amp, 1.6%
T790M + ERBB2 amp, 1.6%
T790M + RB1/TP53, 1.2%
T790M + BRAF mut, 0.4%
T790M + KRAS, 0.4% .

T790M, 40.5%

T790M + PI3K + ERBB2 amp, 0.8%
T790M + PI3K, 3.6%

No known mechanims of
resistance identified, 29.1 %

PI3K, 8.5%
PI3K + RB1/TP53, 0.4%
PI3K + ERBB2 amp + RB1/TP53, 0.4%
MET amp, 5.3%
RB1/TP53, 2.8%
KRAS, 1.2%
ERBB2 amp, 1.2%

BRAF fusion, 0.4%
BRAF mut, 0.4%

B

C797S + PI3K + KRAS, 1.2%
C797S, 17.3%
C797S + PI3K + RB1/TP53, 1.2%

PI3K, 11.1%

No known mechanims of
resistance identified,
48.1 %

PI3K + MET amp, 1.2%
PI3K + ERBB2 amp, 1.2%
PI3K + RB1/TP53, 2.5%
MET amp + RB1/TP53, 1.2%
MET amp, 4.9%
KRAS, 2.5%

ERBB2 mut + RB1/TP53, 1.2%

RB1/TP53, 3.7%

ERBB2 mut, 1.2%

ERBB2 amp, 1.2%

Figure 2 Resistant mechanisms detected through NGS in 328 EGFR TKI treated patients after progression with PI3K pathway alterations.
(A) Resistance mechanisms post first- and/or second-generation EGFR-TKI (N=247). (B) Resistance mechanisms post osimertinib (N=81).

after 4.4 months because of respiratory failure. Patient 4

in patient 6.

achieved SD after one month, while discontinued treatment
for intolerable oral ulcer. Although patient 5 acquired SD,
we cannot obtain detained information after she left the

Discussion

hospital last time and died. PFS was calculated until the last

PI3K-AKT-mTOR pathway activation has been implicated

date she came to hospital. No disease control was observed

as an important resistance mechanism in patients treated
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ex19 del

40.8%

L858R

4.1%

ex20 ins

8.2%

G719X

34.7%

T790M
C797S

4.1%

uncommon mutation

20.4%

amplification

10.2%
67.3%

PIK3CA

36.7%

PTEN

4.1%

AKT1

4.1%

ALK

4.1%

BRAF

2.0%

KRAS

8.2%

ERBB2

4.1%

MET

2.0%

RET

57.1%

TP53

10.2%

RB1

4.1%

CDKN2A

2.0%

MAP2K1

Alterations
Type

Substitution/Indel
Gene Amplification
Gene Homozygous Deletion
Resistance to 1st generation TKI
Resistance to 3rd generation TKI

Fusion/Rearrangement

Truncation

Figure 3 Characteristics of co-occurring EGFR mutations and other genes in 49 patients detected with PIK3CA/PTEN/AKT1 mutations.

# PIK3CA Mutations

EGFR, epidermal growth factor receptor.

p.E545K/A
12

P. H1047R/Q/Y
p.E542K

p.E726K

0
PI3K_ p85B
0

PI3K_ rbd
200

PI3K_ C2

Pl3Ka

400

600

P13_ PI4 kinase
800

10000

1068aa

Figure 4 Distribution of PI3KCA mutations in OrigiMed cohort in EGFR-TKI resistant patients. EGFR-TKI, epidermal growth factor
receptor tyrosine kinase inhibitors.

with EGFR TKIs. Co-occurrence of PI3K-related
mutations with EGFR activating mutations predicts worse
prognosis and shorter PFS with EGFR TKI treatment.
Through retrospective analysis on NGS data collected from
OrigiMed, we clarified the popularity of the most common
PI3K-related mutations in EGFR-TKI resistant patients.
Furthermore, through retrospective study of six NSCLC
patients, we found that EGFR TKIs pus everolimus, one
of the few clinical available mTOR inhibitors (everolimus
and temsirolimus), might not be enough to overcome

© Translational Lung Cancer Research. All rights reserved.

EGFR TKI resistance induced by abnormal PI3K pathway
activation.
According to OrigiMed NGS data, we found that
PI3K pathway alterations represent 14.9% in EGFR TKI
resistance events, serving as a common resistant mechanism.
PIK3CA, PTEN and AKT1 variations were detected in 33
(10.1%), 18 (5.5%) and 2 (0.6%) of patients respectively.
PI3K activation caused by three aberrations were detected
in 13.4% (34/247) and 18.5% (15/81) patients who had
developed resistance to earlier generation EGFR TKIs or
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Table 2 Depiction of clinicopathological characteristics, combination therapy, major mutations prior to combination therapy of six patients
Lines
therapy

Best
response

PFS (m) AEs

EGFR p.K745_A750del; PIK3CA E+O
p. E542K

4

SD

4.2

Grade 2 oral ulcer

LUAD

EGFR p.L858R; PIK3CA
p.H1047L

E+G

4

SD

2.2

Grade 2 oral ulcer

68

LUSC

EGFR p.L858R; EGFR p.S768I;
PIK3CA P.H1047R

E+O

4

SD

4.4

Grade 3 oral ulcer

4

Female 68

LUAD

EGFR p.L747_T751delinsG;
PTEN p. Asn262fs; PIK3CA p.
E545k

E+O

4

SD

1.8

Grade 3 oral ulcer

5

Female 41

LUAD

EGFR p. E746_A750del; EGFR
p.C797S; PIK3CA p. E545K

E+G

3

SD

2.0

Grade 2 oral ulcer;
grade 1 rash

6

Female 70

LUAD

EGFR p.E746_A750del; PIK3CA E+O
p. G106R

3

PD

0.9

Grade 2 oral ulcer

Patient Gender Age (Y) Pathology

Major mutations

1

Female 68

LUAD

2

Female 61

3

Male

Combination
therapy

EGFR, epidermal growth factor receptor; PFS, progression free survival; AEs, adverse events; LUAD, lung adenocarcinoma; LUSC, lung
squamous cell carcinoma; E, everolimus; O, osimertinib; G, gefitinib; SD, stable disease; PD, progressive disease; Y, year.

third generation EGFR TKI, respectively. No significant
differences were observed in PI3K-AKT-mTOR pathway
alterations among patients with different EGFR mutations
and among patients progressed on different EGFR TKIs.
Notably, PI3K pathway gene mutations occurred in 11
patients with EGFR T790M, which may influence the
efficacy of osimertinib. To the best of our knowledge, our
study initially revealed the distribution of common mutations
involving PI3K activation in patients resistant to EGFR
TKIs, which were difficult to overcome.
With advancements of precision medicine and fastemerging molecular sequencing technology, increasing
researches focus on co-targeting therapies (28-30). Despite
that five patients (83.3%) in our cohort achieved disease
control, the median PFS was short and most patients
experienced PD ultimately. There are several potential
reasons implicated in the failure of combination therapy.
First, everolimus was an allosteric mTOR inhibitor
specifically targets the mTORC1 complex, not mTORC2.
Inhibition of mTORC1 alone can activate the mTORC1
negative feed-back loop, resulting in activation of AKT
via S6K dependent upregulation of the IRS-1 and TGFR1 pathways (31). Therefore, the inhibition of mTORC1 is
unable to suppress the PI3K pathway completely. Agents
like dual Pan‑PI3K and mTOR inhibitors, or mTOR kinase
inhibitors, which encompass a wide range of molecular targets
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of PI3K-AKT-mTOR pathway might offer more favorable
activity (32). Second, PI3K pathway activation interacts with
other signaling pathway like MAPK pathway at many levels,
resulting in failure (33,34). Enhanced clinical response might
be achieved by application of PI3K inhibition sensitizer
such as CDK4/6 inhibition, or co-targeting other resistant
pathways which interacts with PI3K pathway (35-37). Third,
intolerable toxicity prevents the use of the combination
therapy, with grade 3 AEs reported in two patients and
treatment discontinuation in one patient. Currently,
safety and toxicity profile of PI3K pathway inhibitors
remains problematic for further clinical applying (38).
Novel PI3K inhibitors like isoform-selective-PI3K inhibitors
against specific biomarkers have fewer off-target toxicities
and require development (39). Adverse effects might be
alleviated through optimization of dosing schedules such as
intermittent dosing rather than concomitant dosing (40).
To sum up, novel selective-compounds targeting specific
aberration proteins, improving therapeutic efficacy and
safety profile with appropriate treatment schedules are
required. Corresponding genetic biomarkers predictive
of selective-agents effect entails urgent exploration. Last,
multiple mutations co-existed with PI3K-associated
aberrations. Recent studies have found that increasing
burden of co-occurrence mutations was associated with
worse prognosis against EGFR TKIs (12,41). The existence
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of TP53 and RB1 mutations also have been reported as
negative factors for clinical benefit (12,42,43). In this
retrospective cohort, most samples tested by large-panel
NGS carried several concurrent mutations besides EGFR
and PI3K pathway aberrations, and carries concomitant
TP53 mutations or RB1 mutations, which might lead to the
complexity of resistance mechanisms and worse prognosis.
Hence, co-targeting EGFR mutations and PI3K pathway
was insufficient in such patients. Precision combination
therapies targeting multiple aberrations or multi-targeted
agents demands development.
Several limitations also exist in our study. The sample
size of patients receiving EGFR TKIs plus everolimus is
small and might not represent actual efficacy in all patients.
Moreover, combination therapies were treated as late-line
treatment in most retrospective cases, causing complicated
to observe real efficacy. We only analyzed the most common
mutations, PI3KCA, PTEN and AKT1 mutations, because
these three aberrations were covered by the NGS with the
least panels. Other less common mutations involving PI3KAKT-mTOR pathway weren’t taken into consideration.
Therefore, a larger cohort with wide-range NGS are
needed to determine a more accurate distribution of PI3KAKT-mTOR mutations in EGFR mutant patients.
In conclusion, our study revealed that PIK3CA pathway
was activated in at least 14.9% of EGFR-TKI resistant
patients. Combination therapy of EGFR-TKIs and
everolimus revealed limited antitumor activity in NSCLC
patients with dysregulation of PI3K-AKT-mTOR pathway.
Further studies on better strategies are imperative to
optimize clinical outcomes.
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Supplementary

Figure S1 Distribution and comparison of PI3K-AKT-mTOR pathway alterations in patients resistant to different EGFR TKIs. EGFR TKI, epidermal growth factor receptor tyrosine kinase
inhibitors.

Table S1 Comparison of clinical and pathological characteristics of patients with and without PI3K-AKT-mTOR pathway alterations
Characteristic

Total (n=328)

Patients with PI3K pathway alterations (n=49)

Patients without PI3K pathway alterations (n=279)

P value

59.24±10.05

58.96±10.8

59.29±9.93

0.844

60 [35–86]

60 [35–82]

60 [36–86]

0.865

Age, year
Mean ± SD
Median [range]
Sex

0.230

Male

136 (41%)

16 (33%)

120 (43%)

Female

192 (59%)

33 (67%)

159 (57%)

Histology

0.935

Adenocarcinoma

298 (91%)

45 (92%)

253 (91%)

NSCLC NOS

22 (7%)

4 (8%)

18 (6%)

Squamous carcinoma

4 (1%)

0 (0%)

4 (1%)

SCLC transformation

4 (1%)

0 (0%)

4 (1%)

NSCLC NOS, non-small cell lung cancer not otherwise specified; SCLC, small cell lung cancer.

Table S2 Comparison of gene alterations in PI3K-AKT-mTOR pathway among patients with different EGFR mutation patterns
Patients with EGFR
ex19del1 (n=157)

Patients with EGFR L858R2
(n=136)

Patients with EGFR
uncommon3 (n=35)

P value, three
groups

P value, ex19del vs.
L858R

P value, ex19del vs.
uncommon

P value, L858R vs.
uncommon

PI3K pathway

20 (12.7%)

20 (14.7%)

9 (25.7%)

0.158

0.733

0.0672

0.134

PIK3CA

13 (8.3%)

13 (9.6%)

7 (20.0%)

0.132

0.837

0.0611

0.135

PTEN

8 (5.1%)

7 (5.1%)

3 (8.6%)

0.640

1

0.425

0.429

AKT1

1 (0.6%)

1 (0.7%)

0

1

1

1

1

Gene alterations

1

2

, patients with EGFR ex19del alone or accompanied with other EGFR mutations (e.g., T790M); , patients with EGFR L858R alone or accompanied with other EGFR mutations (e.g., T790M); 3,
patients with EGFR alterations except EGFR ex19del and L858R, mainly including G719X, S768I, L861Q, ex20 ins and other uncommon EGFR alterations. EGFR, epidermal growth factor receptor.

Table S3 Comparison of gene alterations in PI3K pathway between patients progressed on different EGFR-TKIs
Gene alterations

First and/or second-generation EGFR-TKI (n=247)

Third generation EGRF-TKI (n=81)

P value

PI3K pathway

34 (13.8%)

15 (18.5%)

0.389

PIK3CA

22 (8.9%)

11 (13.6%)

0.317

PTEN

13 (5.3%)

5 (6.2%)

0.975

AKT1

1 (0.4%)

1 (1.2%)

0.327

TKI, tyrosine kinase inhibitor; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitors.

Table S4 Detailed molecular sequencing and treatment course of six patients enrolled
Previous targeted
therapy

Prior
chemotherapy

Gefitinib,
osimertinib

Yes

TSC1 p.Q797*, EGFR p.D1014Y, APC 206/tissue
p.Y935*, MTOR p.D2485H, SMAD4
p.Q116E, XPO1 p. N26S

Gefitinib,
osimertinib

Yes

TP53 p.V173E, TERT p.R1086C,
NOTCH3 p.D1883H, JAK2 p.I1256K,
HER2 p.L154V, MSH6 p. K1009del

Afatinib

Yes

Patient Major mutations

Other mutations

Panel/sample

1

EGFR p.745_750del, PIK3CA p.
E542K

–

14/blood

2

EGFR p.L858R, PIK3CA p.H1047L

3

EGFR p.L858R, EGFR p.S768I,
PIK3CA p.H1047R

4

EGFR p.L747_T751delinsG, PTEN p. RB1 p. Arg775fs, ADAMTS1 p. S812L 178/blood
Asn262fs, PIK3CA p. E545K

Icotinib, osimertinib Yes

5

EGFR p. E746_A750del, EGFR
p.C797S, PIK3CA p.E545K

TP53 P.G245V, XBP1 p. Q43Rfs*20,
NAV3 p.I1959V, LRRK2 p.L2224V,
NFE2L3 p. I433M

508/blood

Osimertinib

Yes

6

EGFR p.E746_A750del, PIK3CA
p.G106R

TP53 p.R248Q, RNF43 p.R404C,
NOTCH3 p. A1934V, MET p. T263M

150/blood

Gefitinib,
osimertinib

No

206/blood

