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Characterization of genomic alterations and the
significance of PI3K/mTOR pathway mutations and tumor
mutational burden in non-small cell lung cancer
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Abstract. Lung cancer is the most prevalent cancer
worldwide and non-small cell lung cancer (NSCLC) is the
most common subtype and accounts for 75% of all lung
cancer cases. Although programmed death-1/programmed
death-ligand-1 (PD-1/PD-L1) blockade has shown good
results in the clinic, numerous NSCLC patients still fail to
respond to this therapy. In the current study, formalin-fixed,
paraffin-embedded tumor and matched blood samples from
1,984 Chinese NSCLS patients were collected for detection
of genomic alterations including single nucleotide variations,
short and long insertions/deletions, copy number variations
and gene rearrangements. The most common mutated genes
were tumor protein p53 (55.70%; 1,105/1,984), epidermal
growth factor receptor (52.47%; 1,041/1,184), KRAS
proto-oncogene GTPase (13.36%, 265/1084), cyclin dependent
kinase inhibitor 2A (12.30%; 244/1,984), LDL receptor
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related protein 1B (11.09%; 220/1,984) and telomerase reverse
transcriptase (10.58%; 210/1,984). Tumor mutational burden
was calculated and results revealed that it was associated with
PI3K/mTOR pathway gene mutations, and patient's gender,
age, smoking status, and tumor stage. In addition, mutations
of phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit o or F-box and WD repeat domain containing 7
were detected in 3 patients with NSCLC who were resistant
to PD-1 inhibitors nivolumab and pembrolizumab. Disease
stabilization and tumor shrinkage were observed in these
patients after mTOR inhibitor everolimus treatment. The
current data showed that NSCLC with PI3K/mTOR mutations
are sensitive to mTOR inhibitors.

Introduction

Lung cancer is the most commonly diagnosed cancer and
the leading cause of cancer-associated mortality worldwide,
and non-small cell lung cancer (NSCLC) comprises 75%
of all lung cancer cases (1). Immunotherapy is one of the
most important treatments for NSCLC (2,3). The treatment
involving programmed death-1/programmed death-ligand-1
(PD-1/PD-L1) blockade has produced remarkable clinical
results in numerous patients with cancer and PD-1 mono-
clonal antibody plays an important role in the treatment of
NSCLC (4-7). However, a number of cancer patients who
receive PD-1/PD-L1 blockade develop resistance. The factors
that contribute to immunotherapy resistance include the
expression or repression of certain genes and pathways in
tumor cells that prevent immune cell infiltration or function
within the tumor microenvironment (8). Therefore, the devel-
opment of predictive biomarkers and the identification of more
effective combination therapies are still urgently needed in
clinical practice for cancer management.

The PI3K/mTOR signaling pathway is associated with cell
proliferation, differentiation, motility, survival and chemo-
therapy resistance (9-11). Alterations in the PI3K/mTOR
pathway could be caused by genetic aberrations of various
factors, such as phosphatidylinositol-4,5-bisphosphate
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3-kinase catalytic subunit a (PIK3CA) mutation and ampli-
fication, PTEN loss, and mutations of F-box and WD
repeat domain containing 7 (FBXW?7) and serine/threo-
nine kinase 11, which can lead to the deregulation of the
PI3K/mTOR pathway, abnormal growth, and cell prolifera-
tion (12-14). Mutations of the PI3K/mTOR pathway-related
genes are frequently detected in cancer cells, and some of
these genetic alterations are more prevalent in certain histo-
logical subtypes of NSCLCs (15-17).

Tumor mutational burden (TMB) is defined as the number
of somatic mutations per megabase (Mb) of the tumor coding
genome (18). TMB is studied as a predictive biomarker for
efficacy of immune checkpoint inhibitors treatment in solid
tumors including NSCLC, melanoma and bladder cancer (8).
TMB-high (TMB-H), tumors harboring a high number of
gene mutations, have been reported to correlate with the
generation of neoantigens and potential clinical responses
to immunotherapies (19). Previous studies have found that
NSCLC patients with TMB-H had higher numbers of KRAS
proto-oncogene GTPase (KRAS) and tumor protein p53
(TP53) mutations than patients with low TMB (TMB-L) (20).
It has previously been reported that the TMB status is corre-
lated with the mutation of PIK3CA and FBXW7, which is
involved in the PI3K/mTOR pathway in nasopharyngeal
carcinoma (21). However, the relationship between the TMB
status and PI3K/mTOR pathway gene mutations remains
unclear in NSCLC.

The current study identified the genomic alternations (GAs)
in 1,984 NSCLC patients and found that mTOR pathway muta-
tions were associated with the TMB status. These results, in
combination with patients' clinical treatment data, suggested
the potential of mTOR inhibitors treatment in NSCLC patients
with PI3K/mTOR-related mutations.

Patients and methods

Patient enrollment and sample collection. A total of 1,984
Chinese patients with NSCLC, including 1,060 males and 924
females, were enrolled in the current study. Informed consent
was obtained from all patients and this study was approved by
Ethics Committees of The First People's Hospital of Yunnan
Province, Affiliated Hospital of Hebei University, Fujian
Provincial Hospital and The Affiliated Hospital of Qingdao
University. Formalin-fixed, paraffin-embedded (FFPE) tumor
tissues and matched blood samples were collected from
patients and sent to OrigiMed Inc. for genetic variation detec-
tion as described below. Genomic DNA was prepared using
QIAamp DNA FFPE Tissue kit and QIAamp DNA Blood
Midi kit (Qiagen GmbH) according to the manufacturer's
instructions. The concentration of DNA was measured by a
Qubit fluorometer and normalized to 20-50 ng/ul.

Detection of serum tumor markers. Serum CA19-9, CEA,
SCC, CYFRAZ2I-1 and CA 242 levels were detected by Cobas®
analyser (Roche Diagnostics) in a patient with lung squamous
carcinoma who was subjected to pembrolizumab treatment.
The following regimen was used: 150 mg for two cycles,
200 mg for the third cycle, 100 mg for the fourth and fifth
cycle, and 150 mg for the sixth and seventh cycle. The patient
was followed up for 6 months.
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Detection of GAs. The genomic alterations profile was
produced using the YuanSu450™ gene panel (OrigiMed Inc.).
This panel covers all the coding exons of 450 cancer-related
genes and 64 selected introns in 39 genes that are frequently
rearranged in solid tumors. The genes were captured and
sequenced with a mean depth of 800X using an Illumina
NextSeq 500 (Illumina, Inc.). Single nucleotide variants
(SN'Vs) were identified by MuTect (version 1.7) method (22).
Insertion-deletion polymorphisms (Indels) were identified
using PINDEL (version 0.2.5) method (23). Indels <50 bp were
considered ShortIndels, while those >50 bp were considered
LongIndel. The functional impact of each GA was annotated
by SnpEff 3.0 (24). Copy number variation (CNV) regions
were identified by Control-FREEC tool (version 9.7) with the
following parameters: Window=50,000 and step=10,000 (25).
Gene fusions were detected through an in-house developed
pipeline, as previously described (26). Gene rearrangements
were assessed by Integrative Genomics Viewer (27).

TMB. TMB was calculated by counting the somatic mutations,
including SN'Vs and Indels, per Mb of the sequence exam-
ined in each patient. Driver mutations and known germline
alterations were excluded. The TMB value was further divided
into two groups: TMB-H, defined as =10 mutations/Mb, and
TMB-L, defined as <10 mutations/Mb.

Statistical analysis. The categorical variables were analyzed by
Fisher's exact test. The comparisons between normally distrib-
uted data and non-normally distributed data were performed
using Student's t-test and Wilcoxon rank test, respectively.
Associations between multiple groups of non-parametric data
were analyzed by using Kruskal-Wallis test. All statistical
analyses were performed with SPSS software (version 22.0;
IBM Corp.). Data are presented as the median and interquar-
tile range.

Results

Clinical characteristics of patients with NSCLC. A total of
1,984 Chinese NSCLC patients were enrolled in the current
study, including 1,060 males and 924 females, with a median
age of 59 year (range, 25-92 years). Tumor samples included
1,748 (88.10%) adenocarcinoma and 236 (11.90%) squa-
mous cell carcinoma, of which 692 (34.88%) patients with
detailed pathological examination records were divided into
T1-T4 stages based on the 8th edition Classification for lung
cancer (28). A total of 127 patients had tumor stage I, 82 tumor
stage II, 128 tumor stage 111, and 355 tumor stage I'V. Among
1,511 patients with smoking information, 494 had a history of
smoking >10 years, 5 had a history of smoking >1 year, and
1,012 never smoked. Clinical or pathological information for
each patient was obtained and is shown in Table I.

GAs in NSCLC. A total of 13,672 clinically relevant GAs
were identified using next-generation sequencing targeting
450 cancer genes, with a mean of 6.89 alterations/sample
(range 1-46) in 462 genes (Fig. 1; Table SI). Of the 13,672
GAs, 9,402 (68.77%) were SNV/ShortIndel, 3,546 (25.94%)
were CNV, 420 (3.07%) were fusion, and 304 (2.22%) were
LonglIndel (Fig. 1, Table SI). The most frequent GAs were
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Table I. Clinicopathological features of the Chinese non-small
cell lung cancer cohort enrolled in the current study.

2055

Table II. Number and proportion of TMB-H/TMB-L patients
in different age groups.

Characteristic Value
Gender
Male 1,060 (53.43%)
Female 924 (46.57%)
Age, median (range) 59 (25-92)
TMB, median (range) 7.6 (0-94.4)
Smoking status, n (%)
Smoking 499 (25.15)
Nonsmoking 1,012 (51.01)
Unknown 473 (23.84)

Histology, n (%)

Adenocarcinoma 1,748 (88.10)

Squamous cell carcinoma 236 (11.90)
Tumor stage, n

Stage | 127

Stage 11 82

Stage III 128

Stage IV 355

Unknown 1,293

TMB, tumor mutational burden.

found in TP53 (55.70%; 1,105/1,984), epidermal growth factor
receptor (EGFR; 52.47%; 1,041/1,184), KRAS (13.36%;
265/1,084), cyclin dependent kinase inhibitor 2A (CDKN2A;
12.30%; 244/1,984), LDL receptor related protein 1B (LRP1B;
11.09%; 220/1,984), and telomerase reverse transcriptase
(TERT; 10.58%; 210/1,984). All other gene mutations were
detected at <10% (Table SI). Most of the genes were mutated
once, while a few genes, including TP53, succinate dehydro-
genase complex flavoprotein subunit A (SDHA), SET domain
containing 2 histone lysine methyltransferase (SETD2), RB
transcriptional corepressor 1, RELA proto-oncogene, NF-kB
subunit, ROS proto-oncogene 1 receptor tyrosine kinase
(ROS1), SRY-box transcription factor 2, spectrin a erythro-
cytic 1, serine/threonine kinase 11 (STK11), TEK receptor
tyrosine kinase, tyrosine kinase non receptor 2 and zinc finger
protein 217, had 2 or 3 mutations in a case. Among them, TP53,
SDHA and SETD2 with multiple mutation sites were detected
in 2 cases of NSCLC.

Smoking history is associated with lung squamous cell
carcinoma. The proportion of male patients who had smoking
history was significantly higher than that of female patients
(60.63 vs. 2.37%; P<2.2x107'%). Furthermore, the occurrence
of lung squamous cell carcinoma was significantly associated
with male gender (P<2.2x107'°). A significantly association
between smoking history and lung squamous cell carcinoma
was also detected (P<2.2x107'%) (Data not shown).

Association between TMB and gender, age, tumor stage and
smoking history in NSCLC. TMB is an emerging genomic

Number of patients

Agerange TMB-high TMB-low Total TMB-H/Total (%)

25-40 2 99 101 1.98
41-50 61 220 281 21.71*
51-60 123 494 617 19.94*
61-70 189 541 730 25.89*0
71-80 65 162 227 28.63*°
81-92 11 17 28 39.29%0

TMB, tumor mutational burden; TMB-H, TMB =10 muts/Mb;
TMB-L, TMB <10 muts/Mb. “P<0.05 vs. 25-40 age range; "P<0.05
vs. 51-60 age range.

biomarker that measures the number of gene mutations in the
tumor genome (8). To explore the relationship between TMB
and clinically relevant GAs, the current study measured the
TMB in all samples. The median TMB of 1,984 samples was
7.6 mutations/Mb (range, 0-94.4 mutations/Mb; Table I). The
current study further analyses the relationship between TMB
and gender, age, and tumor stage in NSCLC. Among males,
376 patients were identified with TMB-H and 684 patients
with TMB-L. Among females, 94 patients were identified with
TMB-H and 830 patients with TMB-L. The TMB-H rate of
females was significantly lower compared with males (10.17
vs. 35.47%, respectively; P<2.2x107'%; Fig. 2A). All patients
were divided into six groups based on age: 25-40 years old
(101 patients), 41-50 years old (281 patients), 51-60 years
old (617 patients), 61-70 years old (730 patients), 71-80 years
old (227 patients), and 81-92 years old (28 patients). The highest
TMB-H rate was 39.29% in 81-92 years-old patients, while the
lowest TMB-H rate was 1.98% in 25-40 years-old patients
(Table IT). Compared with patients aged 61-92 years, a signifi-
cantly lower TMB-H rate was detected in both 25-40 years old
patients and 51-60 years old patients (Fig. 2B; Table II). An
association was also identified between TMB and tumor stage
in 692 NSCLC patients. The stage I tumors had a lower TMB
compared with other tumor stages (Fig. 2C). The current study
further investigated the relationship between smoking history
and TMB. The results showed significant higher TMB values
in smoking patients than that in nonsmoking patients (62.61 vs.
24.01%; P<2.2x10'%; Fig. 2D).

Association between gene mutations in the PI3SK/mTOR
pathway and TMB values in NSCLC. Among the most
frequently mutated genes in the current study, patients with
TP53, KRAS, CDKN2A and LRP1B mutations had a higher
TMB value than patients without those gene mutations,
whereas patients with EGFR mutations had a lower TMB
value than patients without EGFR mutations (Fig. 3). The
mutations of 17 genes in the PI3K/mTOR pathway, including
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit f (PIK3CB), inositol polyphosphate-4-phosphatase
type II B (INPP4B), PIK3R2, regulatory associated protein of
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Table III. Mutational frequency of the PI3K/mTOR pathway genes and the corresponding TMB distribution.

Mutation frequency TMB-H rate

Gene Mutation number (%) TMB-H number TMB-L number (%)

AKTI 15 0.76 2 13 13.33
AKT2 47 2.37 18 29 38.30
AKT3 6 0.30 3 3 50.00
FBXW7 30 1.51 11 19 36.67
INPP4B 25 1.26 18 7 72.00
MTOR 21 1.06 12 9 57.14
PIK3CA 198 9.98 87 111 43.94
PIK3CB 16 0.81 12 4 75.00
PIK3R1 26 1.31 11 15 4231
PIK3R2 10 0.50 6 4 60.00
PPP2R1A 18 091 8 10 44 44
PTEN 91 4.59 26 65 28.57
RICTOR 41 2.07 14 27 34.15
RPTOR 19 0.96 11 8 57.89
STK11 92 4.64 44 48 47.83
TSC1 19 091 4 15 21.05
TSC2 33 1.66 14 19 42.42

TMB, tumor mutational burden; TMB-H, TMB >10 muts/Mb; TMB-L, TMB <10 muts/Mb.
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Figure 1. Most common genomic alterations in the Chinese NSCLC patients enrolled in the current study. (A) TMB (muts/Mb) in adenocarcinoma was indi-
cated in blue and squamous cell carcinoma in yellow. The TMB values were divided into two groups: TMB-H with =10 muts/Mb, denoted in red, and TMB-L
<10 muts/Mb, denoted in brown. (B) Mutational landscape of Chinese NSCLC patients. The X-axis represents each case sample and the Y-axis represents each
mutated gene. The bar graph on the right shows the mutation frequency of each mutated gene in 1,984 samples. Red represents substitution/Indel mutations,
yellow represents gene amplification mutations, green represents gene homozygous deletion mutations, blue represents fusion/rearrangement mutations, and
purple represents truncation mutations. Indel, insertion-deletion; NSCLC, non-small cell lung cancer; TMB, tumor mutational burden.

MTOR complex 1 (RPTOR), MTOR, AKT3,STK11,PIK3CA, regulatory subunit 1 (PIK3R1), AKT2, RPTOR independent
TSC complex subunit 2 (TSC2), phosphoinositide-3-kinase =~ companion of MTOR complex 2 (RICTOR), PTEN, protein
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subunit Aa; FBXW?7, F-box and WD repeat domain containing 7.

phosphatase 2 scaffold subunit Ao (PPP2R1A), FBXW7,
TSC1, and AKT]1, were also detected in this study. Except for
the mutations of AKT1, TSC1 and PTEN, the mutations of
most PI3K/mTOR pathway genes occurred at a high TMB-H
rate (>50%; Table III). The mutations of PIK3CB, INPP4B,
RPTOR, MTOR, STK11, PIK3CA, TSC2, PIK3R1, AKT2,
RICTOR, PPP2R1A, FBXW7, and PTEN were associated
with the TMB value (Fig. 4).

Mutations of the PI3K/mTOR pathway in NSCLC patients
with anti-PD-1 immune therapies. Among the patients
included in the current study, 3 NSCLC patients, including 1
with lung adenocarcinoma and 2 with lung squamous carci-
noma, had progressed after receiving =6 cycles of anti-PD-1
immunotherapies with pembrolizumab or nivolumab. All
3 patients failed to respond of anti-PD-1 immunotherapies. GA
analysis revealed that eight clinical mutations of four genes

were detected in the patient with lung adenocarcinoma, five
of which occurred in the PIK3CA gene (Fig. 5A). A clinical
mutation in PIK3CA and eight clinical mutations, including
a mutation in FBXW7, were also detected in 2 patients with
lung squamous cell carcinoma (Fig. 5A). Antigen tracking was
performed on lung squamous carcinoma patient 2 who was
treated with pembrolizumab. The results showed that detected
antigens were downregulated with 3 cycles of treatment, but
began to rebound in the following cycles, indicating PD-1
blockade resistance had occurred (Fig. 5B). Together, these
results revealed that all 3 patients harbored clinically relevant
gene alterations in the PI3K/mTOR pathway. Of the 3 patients,
1 maintained stable clinical benefit from mTOR inhibitor
everolimus for 6 months, while the other 2 patients received
mTOR inhibitor everolimus monotherapy after developing
resistance to nivolumab and pembrolizumab, and both cases
showed stable disease or minor shrinkage of tumors.
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Figure 5. Characterization of genomic alterations and tumor-specific antigen levels. (A) Clinically relevant genomic alterations observed in 3 patients resistant
to anti-PD-1 therapies. Red represents substitution/Indel mutations, yellow represents gene amplification mutations, green represents fusion/rearrangement
mutations, blue represents long insertion/deletion mutations, and purple represents truncation mutations. (B) Tumor specific antigens of patient 3 had been
monitored during the treatment with pembrolizumab. PD-1, programmed death-1; CEA, carcinoembryonic antigen; SCC, squamous cell carcinoma.

Discussion

Rapid advances in NGS technology have made it feasible to
profile an increasing number of cancer-associated gene altera-
tions using small quantities of FFPE-derived DNA. Numerous
studies have been devoted to genomic variations in NSCLC.
Tsoulos et al (29) collected 512 tumors from Greece for NGS
analysis and identified mutations in TP53, KRAS, and EGFR
to be the most common, which was consistent with other data
from western population patients (30,31). For Chinese NSCLC
patients, it was reported that there was a higher frequency of
EGFR, KRAS, and ALK mutations compared with western
patients (32). The current study included an increased number
of samples from Chinese NSCLC patients. Consistent with
the previous study, the most frequent GAs were confirmed to
be the mutations of TP53, EGFR, KRAS, CDKN2A, LRP1B
and TERT (30-32). Furthermore, according to a previous
study, in Chinese NSCLC patients, the mutation frequencies
of EGFR (52.47 vs. 20.0%, respectively) and ALK (8.32 vs.
4.1%, respectively) were higher, and the mutation frequency of
KRAS (13.36 vs. 32.0%, respectively) was significantly lower
compared with western NSCLC patients (33).

TMB was calculated by measuring the number of gene
mutations in the tumor genome. TMB-H has been reported to
be positively correlated with response to PD-1 inhibitors, and
patients with TMB-H may benefit from immunotherapy (34).
A previous study showed that there was an association between
TMB and the efficacy of immunotherapy, and a significant
TMB difference was found between patients who experienced
partial response, stable disease and progressive disease (35).
In the current study, TMB-H was associated with gender, and
the TMB-H value was significantly higher in males than in
females, indicating that male patients may possibly benefit
from immunotherapy.

The incidence of NSCLC is higher in older patients than in
younger patients (36). A study by Goodman et al (37) exam-
ined the relationship between TMB and outcome in diverse
cancer treated with immunotherapy, and found that patients

aged =60 were associated with high TMB while those aged
<60 were associated with low to intermediate TMB. The
current study also detected an association between the TMB
value and the age of NSCLC patients. Among the 28 patients
aged 81-92 years, 11 (39.29%) had TMB-H, while among the
101 patients aged 25-40 years, only 2 (1.98%) patients had
TMB-H. The rate of TMB-H was significantly lower in both
25-40 years-old patients and 51-60 years-old patients than
that in 61-92 years old patients. These results indicated that in
younger patients, although the incidence of NSCLC is lower,
patients may benefit less from immunotherapy.

NSCLC is usually diagnosed at an advanced stage and
surgical excision of the tumor is challenging. Wang et al (38)
showed that increased TMB was significantly associated with
advanced tumor stage in gynecological cancers. In the current
study, a similar association between the TMB value and tumor
stage was identified. A previous report showed that NSCLC
patients with KRAS mutations had significantly higher rate
of TMB-H (>10 mut/Mb) than patients with EGFR, ALK,
ROS1 or MET mutations (39). In the current study, the most
frequently mutated genes, TP53, EGFR, KRAS, CDKN2A
and LRP1B, were more common among TMB-H patients than
TMB-L patients, suggesting that numerous Chinese NSCLC
patients, especially those with TP53, EGFR, KRAS, CDKN2A
and LRP1B mutations, may benefit from immunotherapy.

Previous studies have shown that the incidence of lung
cancer is at least 20-fold higher among smokers than in
non-smokers (40,41). It had been reported that smoking
was more significantly associated with lung squamous cell
carcinoma than with adenocarcinoma (42). Based on the
1,511 patients with smoking status information included in
the current study, the results also showed that smoking was
more prevalent among males than in females. The incidence of
lung squamous cell carcinoma was high in male patients who
were continuously smoking more than 10 years, indicating that
the smoking status may be associated with the incidence of
lung squamous cell carcinoma. Association analysis between
smoking and lung squamous cell carcinoma also supported
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this conclusion. The present study found the TMB-H to be
associated with the smoking status of patients, implying the
potential benefit from immunotherapy on smoking patients,
which is consistent with the results of a previous study (43).

PD-1 and PD-L1 can be targeted to maintain the function
of effector T-cells. Monoclonal antibodies are used as check-
point inhibitors in order to inhibit the interaction of PD-1
and PD-L1 (44). Certain characteristics, such as gender, type
of tumor, mutations, translocation of genes and metastasis,
determine the effectiveness of these inhibitors (45). Acquired
resistance occurs in most patients after an initial response to the
PD-1/PD-L1 blockade, which then leads to disease progression
or relapse (46). The PI3K/Akt and mTOR signaling pathways
are important to numerous physiological and pathological
conditions. PI3K has been found to be overexpressed in ovarian
and cervical cancer (47,48). PI3K mutations have been identi-
fied in breast cancer, glioblastoma and gastric cancer (49).
Zhao et al (50) reported that an anti-PD-L1 antibody influenced
the expression of PTEN, PI3K and Akt, and the PD-L1 blockade
inhibited the tumor growth and metastasis by modulating the
PI3K/Akt/mTOR signaling pathway. A study by Deken et al (51)
analyzed the effect of dual MAPK pathway inhibition in combi-
nation with PI3K/mTOR pathway inhibition and its potential
synergy with PD-1 blockade in a melanoma mouse model. The
current study found 3 NSCLC patients harboring the mutation
of PI3K/mTOR pathway-related genes who developed resis-
tance after at least 6 cycles of anti-PD-1 immunotherapies with
pembrolizumab or nivolumab, suggesting that these mutations
may be related to PD-1 blockade resistance. Following treatment
with mTOR inhibitors, stable disease or shrinkage of the tumor
was achieved in these patients. These data showed that NSCLC
with PI3K/mTOR mutations was sensitive to mTOR inhibitors
in these 3 patients. However, the limited number of cases is a
limitation, and more cases in a larger patient population need to
be studied for further validation.

In conclusion, the current findings suggested that TMB
could be a potential predictive biomarker for Chinese NSCLC
patients. PI3K/mTOR pathway alterations occurred more
frequently in NSCLC patients with higher TMB values, and
therefore, mTOR inhibitors might be a potential strategy for
those who harbor mutations in the PI3K/mTOR pathway after
resistance to PD-1/PD-L1 blockade therapies.
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