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Abstract

Purpose: Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) combined with cytotoxic chemo-
therapy are highly effective in the treatment of advanced non-small-cell lung cancer (NSCLC) with EGFR mutations.
The purpose of this study is to evaluate the efficacy and safety of this combination in advanced NSCLC patients with
an EGFR/TP53 co-mutation.

Methods: Ninety-five advanced NSCLC patients with an EGFR/TP53 co-mutation were enrolled in this study. Treat-
ments with either EGFR-TKI monotherapy (T group, n=61) or EGFR-TKI combined with chemotherapy (TC group,
n=234) were evaluated in relation to objective response rate (ORR), disease control rate (DCR), median time to pro-
gression (TTP), and median overall survival (OS).

Results: There were no statistically significant differences in DCR between the treatment groups. The ORR was
significantly improved in the TC group versus the T group (55.9% vs. 34.4%, P=0.042). A higher median TTP was
noted in TC group compared with T group (16.1 vs. 11.1 months, P=0.002). Patients without brain metastases in TC
group had a longer median OS than in T group (48.4 vs. 28.8 months, P=0.003). However, there was a non-significant
trend towards longer OS in TC group in the entire cohort (36.9 vs. 28.2 months, P=0.078). Cox multivariate regression
analysis showed that clinical stage, brain metastases, EGFR21 L858R mutation, and T790M status at first progression
were independent risk factors for OS. However, the incidence of grade 3 or higher adverse events were higher in the
TC group than in the T group (32.4% vs. 13.1%, P=0.025).

Conclusion: Our study indicates that EGFR-TKIs combined with chemotherapy could significantly improve the ORR
and TTP of advanced NSCLC patients with an EGFR/TP53 co-mutation. Combination therapy may be a promising treat-
ment for advanced NSCLC patients with an EGFR/TP53 co-mutation without brain metastases.
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Introduction

Lung cancer is the one of the leading causes of cancer-
related mortality and morbidity in the world, with more
than 2.2 million new cases and nearly 1.8 million deaths
per year [1]. Non-small cell lung cancer (NSCLC) com-
prises approximately 80—85% of all lung cancer types [2].
Despite major advances in the diagnosis and treatment
of NSCLC, the prognosis of these patients remains poor.
Indeed, more than 50% NSCLC in China presented with
an advanced stage of disease at initial diagnosis, with an
associated 5-year survival rate of less than 16% [3]. The
discovery of EGFR-TKIs has dramatically improve the
survival outcomes of advanced NSCLC patients with
EGFR-TKIs sensitive mutations, and EGFR-TKIs conse-
quently has been recommended as first-line therapy for
advanced NSCLC with sensitizing EGFR mutations. The
median PFS of the third-generation EGFR-TKI Osimerti-
nib can reach 18.9 months [4]. However, the anti-tumor
efficacy of TKIs varies greatly across individual patients,
and correspondingly the PES of patients treated with
EGFR-TKIs ranges from several months to several years
[5]. This suggests that some other factors may influence
this difference of efficacy in addition to EGFR mutations.
With the development of comprehensive genomic profil-
ing, prior studies found that concomitant genetic altera-
tions often indicate a poor prognosis compared with
single-gene mutations [6].

The TP53 gene, located in the short arm of chromo-
some 17 (17p13), is a tumor suppressor composed of 11
Exons [7]. TP53 mutations are widely present in malig-
nant tumors and are the most frequently concomitant
genetic alterations in all types of lung cancer [8, 9]. The
incidence of TP53 mutations in NSCLC ranges from 30
to 60% [10]. TP53 mutation have been shown to be nega-
tively correlated with the prognosis of advanced NSCLC
patients in numerous previous studies [11-13], and this
was also verified in EGFR -mutated NSCLC patients
[14, 15]. A series of recent studies also found that the
concurrent mutation of TP53 negatively affected the
response to EGFR-TKIs of EGFR-mutated NSCLC [6,
16-19]. However, agents specifically target TP53 have
not been approved for NSCLC currently on the market.
Improving the efficacy and survival of advanced NSCLC
patients with an EGFR/TP53 co-mutation is therefore
critically important to the survival of patients with these
dual mutations.

To improve the efficacy and survival of EGFR-TKIs,
several combination treatments with TKIs have been

evaluated in multiple retrospective studies and clinical
trials [20, 21]. Some studies have shown that the combi-
nation of EGFR-TKIs and cytotoxic chemotherapy was
superior to EGFR-TKIs monotherapy [22, 23]. As previ-
ous studies have analyzed the efficacy and safety of EGFR-
TKIs combined with chemotherapy in EGFR mutated
patients regardless of concomitant genetic alterations,
the possible heterogeneity of outcomes of patients with
an EGFR/TP53 co-mutation merits further exploration.

This retrospective study intended to analyze the effi-
cacy and safety of EGFR TKIs combined with chemo-
therapy in the treatment of advanced NSCLC with an
EGFR/TP53 co-mutation. We also attempted to explore
the efficacy of combination therapy across different
TP53 mutation sites in order to provide reference for the
clinical treatment of advanced NSCLC patients with an
EGFR/TP53 co-mutation.

Patients and methods

Patients

Ninety-five advanced NSCLC patients treated at The
First Affiliated Hospital of Nanchang University from
January 2016 to October 2020 were included. Confir-
mation of diagnosis was defined as on the pathologic
analysis of a resected/biopsy specimen by at least two
experienced pathologists at our hospital. The presence of
EGFR and TP53 mutations, along with their mutational
status, was identified using next-generation sequencing
(NGS) using tumor tissue samples or peripheral blood
cell-free tumor DNA (ctDNA) at our hospital or the
referring institution [24]. Other inclusion criteria con-
taining an Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) of 0-2 and first-line therapy
with either EGFR-TKI monotherapy (T) or EGFR-TKI
combined with pemetrexed based chemotherapy (TC).
The exclusion criteria were as follows: older than 75 years
old or less than 18 years old; primary organs failure;
accompanied with other malignancies; unable to follow-
up; and less than two cycles of chemotherapy. A review
of the mutational features of each gene was performed.
The clinical data and medical course of each patient were
collected via retrospective analysis of inpatient medical
records. Pathological classification of tumor was based
on The World Health Organization (2015 edition) pul-
monary tumor tissue type [25]. Clinical stage at the time
of EGFR-TKI treatment was classified according to the
American Joint Commission on Cancer (AJCC), 8th Edi-
tion tumor-node-metastases staging system [26].
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Treatment methods

Patients in the TC group were given EGFR-TKIs (gefi-
tinib 250 mg once daily (qd), or erlotinib 150 mg qd, or
icotinib 125 mg three times a day, or osimertinib 80 mg
qd) combined with pemetrexed (500 mg/m2) based
chemotherapy (mainly pemetrexed plus platinum).
Treatment continued until disease progression or unac-
ceptable toxicity. Given the intensity of the treatment-
associated side effects, short-term dose adjustments or
delays were allowed according to the individual response
to chemotherapy, and the specific number of chemother-
apy cycles could be adjusted according to the efficacy of
the drug and the tolerance of the patient. Some patients
also received concurrent EGFR-TKIs and pemetrexed
maintenance after 6 cycles of chemotherapy. Patients in
the T group took EGFR-TKIs monotherapy.

Response evaluation

Treatment evaluation were conducted in all patients
receiving either T or TC. Therapeutic efficacy was meas-
ured every 6-8 weeks from the beginning of EGFR-TKISs
treatment in accordance with the Response Evaluation
Criteria in Solid Tumors (RECIST, version 1.1) using
computed tomography (CT) scans [27]. Tumor response
including complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD). Tumor
response rate was expressed with objective response rate
(ORR) and disease control rate (DCR). ORR was defined
as the percentage of patients who achieved CR or PR,
while DCR was defined as the percentage of patients
who achieved CR, PR or SD. Time to progression (TPP)
was defined as the interval from the initiation of EGFR-
TKIs treatment to disease progression. Overall survival
(OS) was calculated from the date of receiving EGFR-
TKIs treatment to the date of cancer-related death, or the
last day of follow-up. Adverse events (AEs) were evalu-
ated according to the Common Terminology Criteria for
Adverse Events 5.0 (CTCAE 5.0). The follow-up time of
each patient was calculated from the beginning of treat-
ment to the time of the relevant end point or the date of
the most recent patient follow-up evaluation. The data
deadline was October 31, 2021, with a median follow-up
time of 25.2 months (8.4 months to 67.0 months).

Statistics

Statistical analyses of baseline characteristics were per-
formed using Pearson’s x2 test or Fisher’s exact test.
TTP and OS were calculated using the Kaplan—Meier
method, and log-rank test was used for comparison
between groups. Independent factors associated with
TTP and OS were calculated using univariate and
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multivariate cox regression models. All statistical anal-
yses tests were performed using SPSS 26.0 software and
R software version 4.0.3, P<0.05 was considered statis-
tically significant.

Results

Patient characteristics

A total of 301 patients were diagnosed with advanced
NSCLC with EGFR/TP53 dual mutations from Janu-
ary 2016 to October 2020 at the First Affiliated Hospital
of Nanchang University. Of these, 134 patients met our
inclusion criteria, and 95 NSCLC patients treated with T
or TC were ultimately enrolled (Fig. 1).

The baseline characteristics of the included patients
are shown in Table 1. Sixty-one NSCLC patients received
EGFR-TKI monotherapy, and the other 34 received
EGFR-TKIs combined with pemetrexed based chemo-
therapy. Most patients (28/34) in the TC group received
4-6 cycles of chemotherapy. The average number of
chemotherapy cycles was 5.6. It is worth noting that a
58-year-old patient received 17 cycles of pemetrexed
maintenance after 6 cycles of chemotherapy. T7790M
mutation status at first progression was evaluated in 68
patients treated with first generation EGFR-TKIs in both
groups using tumor tissue samples or peripheral blood
cell-free tumor DNA, forty-four (64.7%) patients were
finally confirmed to have a T790M mutation at their first
progression. The T790M mutation status of 27 patients
was unknown or untested. Post-treatments after pro-
gression were showed in Supplementary Table S1. 59%
(36/61) of the patients in the T group and 47% (16/34)
patients in the TC group received third-generation
EGFR-TKI (mainly osimertinib) treatment after the first
TKI progression, which was not statistically significant
(P=0.262).

All 95 patients carried EGFR/TP53 double muta-
tions. TP53 mutations mainly occurred at Exon5-Exon8
(78.95%), 7 mutations were in exon 4 (7.37%), 28 in exon 5
(29.47%), 6 in exon 6 (6.32%), 24 in exon 7 (25.26%), 17 in
exon 8 (17.89%), 3 in exon 9 (3.16%), 2 in exon 10 (2.11%)
and 4 (4.22%) at an unknown site. A single rare case of
an exon 3 R77L mutation was recorded. Three cases
with multiple mutations were also included in our study
(Exon6 H193Y + Exon8 G279E, Exon4 D49Vfs*4 4+ Exon7
S241F and Exon8 E294X+Exond W53X) (Fig. 2A).
EGFR mutations mainly occurred as exon 19 deletions
(50.53%) and exon 21 mutations (40%, 41/95; 38 L858R, 3
L861Q). There were 6 cases of double EGFR mutations (1
Exon21 L858R + Exonl8 E709K, 1 Exonl9 Del+ Exonl5
L619Q, 1 Exon 21 L858R+Exon8 R324H, 1 Exon 21
L858R +Exon26 G1054G, and 2 Exonl9 Del+ Exon20
T790M) (Fig. 2B).
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301 NSCLC patients with
EGFR/TP53 co-mutation from
January 2016 to October 2020

167 Excluded: Patients did not

\

134 NSCLC patients with
double mutation treated with
EGFR-TKIs as first line
therapy

use EGFR-TKIs or unable to
follow-up

Excluded: n=39

Older than 75 years old or less
than 18 years old(n=8)

Having two or more primary

\

95 advanced patients treated

with EGFR-TKI monotherapy

or EGFR-TKIs combined with
chemotherapy

v v

malignancies(n=4)

Not stage llIB-1V at the
treatment of EGFR-TKIs(n=12)
Had no evaluable targeted
lesions(n=15)

EGFR-TKI Monotherapy
(n=61)

EGFR-TKIs + Chemotherapy

(n=34)

Fig. 1 Flowchart of the patients included in the present study

Clinical efficacy

Therapeutic efficacy is summarized in Table 2. No
patients achieved CR in both arms, there are more
patients achieve PR in TC group than T group (55.9%
vs. 34.4%, P=0.042).SD was observed in 35 patients in
T group and 14 patients in TC group. The ORR of the
TC group (55.9%) was higher than that of the T group
(34.4%). The DCR of the T group was 91.8% (56/61),
and the DCR of the TC group was 97.1% (33/34). While
the 1-year OS (94.1%) and 2-year OS (64.7%) of the TC
group was higher, differences were not statistically signif-
icant. The median TTP of the T group was 11.1 months
(95% CI: 9.719-12.400), and that of the TC group was
16.1 months (95% CI:13.392-18.722, P=0.002, Fig. 3A).
While the median OS of the T group was 28.2 months
(95% CI: 24.716-31.734), and that of the TC group was
36.9 months (95% CI:29.323—-44.510), this difference was
not statistically significant (P=0.078, Fig. 3B). When
patients with brain metastases were excluded, the median
TTP of the TC group (18.2 months, 95% CI:14.628-
21.772) was longer than the T group (11.6 months, 95%
CI:10.002-13.262) (P=0.001, Fig. 3C). OS differences
between the TC group (48.4 months, 95% CI:39.492—
57.405) and the T group (28.8 months, 95% CI:24.685—
32.952) were also statistically significant (P=0.003,
Fig. 3D).

The two subgroups of EGFR/TP53 co-mutation patients
stratified according to the presence of brain metastases
showed obvious differences in TTP (P=0.004, Fig. 4A)
and OS (P=0.011, Fig. 4B). Similar subgroups stratified

according to T790M status at progression also had sig-
nificant different OS (P<0.001, Fig. 4C).Otherwise, sub-
groups divided by EGFR exon 19 deletions or exon 21
L858R mutations had statistically different OS (?=0.014,
Fig. 4D). We also tried to clarify the relationship between
TP53 mutation site with TTP and OS. However, no sig-
nificant differences were observed.

Forest plot analysis shows factors associated with TTP
and OS (Fig. 5). Patients with T790M mutation at first
progression or without brain metastases may benefit bet-
ter from TC treatment. There are no treatments differ-
ences in both groups of patients with different EGFR or
TP53 mutations.

Safety

Adverse events of all grades related to treatment
occurred in 70.6% (24/34) of the patients in the TC group
and 59.0% (36/61) of patients in the T group, with no sig-
nificant difference (P=0.262). The most common AEs of
all grades in the TC group including rash (55.6%), leu-
kopenia (52.9%), thrombocytopenia (50%), neutropenia
(47.1%), anemia (47.1%), and liver dysfunction (32.3%).
While the most common AEs in the T group were rash
(37.7%), nail changes (32.8%), diarrhea (21.3%) and
anemia (19.7%). The majority of patients experienced
grade 1-2 AEs during treatment period, but the rate of
grade >3 treatment-related AEs in the TC group was
significantly higher than that in the T group (32.4% vs.
13.1%, P=0.025). Compared with the T group, the sig-
nificantly increased AEs of grade>3 in the TC group
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Table 1 Patient baseline characteristics (n=95)

Characteristic T group (n=61) TC group P
(n=34)

Gender 0.110
Male 22(36.07) 18(52.94)

Female 39(63.93) 16(47.06)

Age 0440
<60 39 (63.93) 19 (55.88)
>60 22 (36.07) 15 (44.12)

Smoking history 0.949
No 47 (77.05) 26 (76.47)

Yes 14 (22.95) 8(23.53)

ECOGPS 0.646
0-1 58 (95.08) 33 (97.06)

2 3(4.92) 1(2.94)

Histology 0.257
Adenocarcinoma 60 (98.36) 32(94.12)
Non-adenocarcinoma 1(1.64) 2(5.88)

Clinical Stage 0.719
11B/C 9(14.75) 6(17.65)

Y 34 (55.74) 16 (47.06)
IV with BM 18 (29.51) 12 (35.29)

Types of EGFR-TKIs 0.557

Gefitinib 41 (67.20) 26 (76.47)
Icotinib 13(21.31) 50(14.71)
Erlotinib 2(3.29) 2(5.88)

Osimertinib 5(8.20) 1(2.94)

T790M status 0.686
Negative 17 (27.87) 7 (20.59)

Positive 28 (45.90) 16 (47.06)
Unknow 16 (26.23) 11 (32.35)

EGFR mutation 0471
EGFR19 Del 32(52.46) 16(47.06)

EGFR21 L858R 22(36.07) 16(47.06)
Other mutations 7(11.47) 2(5.88)

TP53 mutation 0.810

Exon4 6(9.83) 1(2.94)
Exon5 17(27.87) 11(32.35)
Exon6 4(6.57) 2(5.88)
Exon7 14(22.95) 10(29.41)
Exon8 12(19.67) 5(14.71)

Other mutations 8(13.11) 5(14.71)

BM brain metastases, T790M status T790M mutation status at first progression

were mainly related to bone marrow suppression includ-
ing leukopenia (8.9% vs. 0), neutropenia (14.7% vs. 0),
anemia (8.9% vs. 3.3%), and thrombocytopenia (8.9% vs.
0). Most patients had a good tolerance in both groups,
one patient in the T group had a short-term suspension
due to sever rash, several patients in the TC group suc-
cessfully completed 4—-6 cycles of chemotherapy after
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short-lived delays or adjusting the dose of chemotherapy
drugs. No treatment-related deaths occurred during the
whole treatment. (Table 3).

Prognostic factor analysis

Univariate and multivariate Cox regression models of
TTP and OS were performed using the clinical and
molecular parameters of patients with EGFR/TP53 co-
mutations. Both univariate and multivariate analysis
showed brain metastases and EGFR-TKI monotherapy
were statistically valuable significant predictors of a poor
TTP (P=0.006 and P=0.001, P=0.002 and P<0.001,
respectively). Clinical stage, brain metastases, bone
metastases, liver metastases, EGFR 21 L858R muta-
tion and T790M status at progression may affect OS
time. Multivariate analysis identified brain metastases,
advanced clinical stage and EGFR exon21 L858R muta-
tion were related to a worse OS, while T790M positive at
progression may herald a better one (Table 4).

Discussion

EGFR/TP53 co-mutation makes NSCLC patients resist-
ant to EGFR-TKIs and chemotherapy, thus shortening
PES and reducing OS [10, 28]. However, the mechanisms
and the mitigation of this co-mutation on the efficacy and
prognosis of NSCLC remains unclear. Here, we investi-
gated the efficacy and safety of EGFR-TKIs combined
with chemotherapy in the treatment of patients with an
EGFR/TP53 co-mutation.

The TP53 gene consists of 11 exons, and mutation hot-
spots were found to be concentrated in exons 5-8. In our
case series, we found that 78.95% of patients carried a TP53
mutation in exons 5-8, and that exon 5 and exon 7 were
the most frequent mutation sites (accounting for 29.47%
and 25.26% of mutations respectively), which was consist-
ent with prior work [29]. It is well acknowledged that dif-
ferent mutation sites may bring changes in the p53 protein,
which mainly have diverse different biological significance
[30, 31]. Mutations in the DNA-binding domain (exons
5-8) may endue p53 protein with gain-of-function prop-
erties, resulting in the pro-oncogenic features of the 7P53
[32]. A recent study found that patients with a TP53 exon
8 mutation had a worse disease control rate than wild-type
patients (41.7% vs. 87.3%, P<0.001) treated with EGFR-
TKIs in the first line setting, and that the risk of disease
progression in patients with a 7P53 exon 8 mutation was
almost 10 times over that of wild-type patients (P<0.05).
The study also found TP53 exon 8 mutation was associ-
ated with a significantly shorter progression-free survival
(PES) [16]. Few studies have reported the relationship
between TP53 mutation and the efficacy of EGFR-TKIs
plus chemotherapy. Yang found that concurrent 7P53
mutations, especially exon 4 and 6, were associated with a
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A TP53 mutation

B EGFR mutation

Fig. 2 Distribution of TP53 mutation (A) and EGFR mutation (B) sites in patients with a co-mutation

Table 2 £GFR/TP53 co-mutation patients treatment outcomes

T group TC group P
n (%) n (%)
Response
CR 0 0
PR 21(34.4) 19(55.9) 0.042
SD 35(574) 14(41.2) 0.130
PD 5(8.2) 1(2.9) 0313
ORR 21(344) 19(55.9) 0.042
DCR 56(91.8) 33(97.1) 0313
TTP
6 months progression free 52(85.2) 31(91.2) 0.404
12 months progression free 22(36.1) 23(67.6) 0.003
18 months progression free 8(13.1) 12(35.3) 0.011
oS
1-year OS 54(88.5) 32(94.1) 0372
2-year OS 32(52.5) 22(64.7) 0.248

shorter TTP on EGFR-TKI monotherapy (11.4 months vs.
16.6 months, P=0.003), while EGFR-TKIs plus chemo-
therapy would benefit those patients more (with 7TP53:
114 months vs. 19.1 months, P=0.001, HR=0.407;
without TP53: 16.6 months vs. 18.9 months, P=0.379,
HR=0.706) [33]. Unfortunately, we did not include TP53
wild-type patients in our study, whether the improved effi-
cacy of EGFR-TKIs plus chemotherapy was related to the

presence of p53 still remains unknown. In addition, a sec-
ondary analysis of phase III clinical study CTONG 0901
found that exon 4 or 7 mutation of TP53 were independent
prognostic factors for shortened PFS and OS in patients
with EGFR-mutant advanced NSCLC. The median PFS
in patients with mutations in exon 4 or 7 of TP53, other
TP53 mutations, and wild-type TP53 were 9.4, 11.0, and
14.5 months, respectively (P=0.009), and median OS were
15.8, 20.0, and 26.1 months, respectively (P=0.004) [34].
We also sought to find differences in prognosis of EGFR
mutated patients with different 7P53 mutation sites or
mutation types, no differences were observed in treatment
outcomes in both groups (Supplementary Table S2, Sup-
plementary Figure S1 and Figure S2). The reasons may be
multi-faceted. Firstly, most studies compare patients of dif-
ferent TP53 mutation sites with TP53 wild-type patients,
while all the patients in our study are with EGFP/TP53
co-mutation. Secondly, there were differences in patients’
baseline, treatment regimens, and sample size. Therefore,
the impact of TP53 mutation sites or types on the progno-
sis of patients with EGFR/TP53 co-mutation remains to be
further explored.

In order to improve the efficacy and survival of EGFR/
TP53 co-mutation patients, effective treatment options
should be identified. EGFR-TKIs have been regarded as
the gold standard for advanced NSCLC patients with
EGFR sensitive mutations. However, the efficacy of
EGFR-TKI monotherapy is not ideal, and the majority of
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patients will develop drug resistance after 12 -18 months
of treatment [5]. In order to overcome drug resistance
to EGFR-TKIs and further improve their clinical effi-
cacy, combining EGFR-TKIs with conventional chemo-
therapy has gradually attracted more attention [35-37].
Studies have shown that the combination of gefitinib or
afatinib with pemetrexed can produce synergistic anti-
proliferation and pro-apoptosis effects on NSCLC cell
lines in vitro, which subsequently inhibits TKI resistance
[38, 39]. Several clinical studies have also fully demon-
strated the great advantages of combined therapy: in
the phase II randomized controlled JMIT study, PFS
in patients treated with gefitinib combined with pem-
etrexed was significantly improved than patients treated
with gefitinib monotherapy (15.8 vs. 10.9 months,
respectively, P<0.001) [40]. Another phase-III clini-
cal study NEJOO9 found that pemetrexed + carboplatin
chemotherapy combined with gefitinib could lead to

improved PFS (20.9 vs. 11.9 months, P<0.001) and OS
(50.9 vs. 38.8 months, P<0.021) compared with gefitinib
alone. The PES of the combination group even exceeded
18.9 months when using Osimertinib as first-line treat-
ment in the FLAURA study [22]. Gefitinib or erlotinib
combined with chemotherapy has been recommended
as a first-line treatment for stage IV EGFR mutant
NSCLC (PS=0-1) in the NSCLC guidelines of Chinese
Society of Clinical Oncology in 2017. Based on these
results, we compared the efficacy and safety of EGFR-
TKIs combined with chemotherapy or EGFR-TKIs in the
setting of an EGFR/TP53 co-mutation.

This study included 95 clinical cases, and compared
real-world survival data of patients treated with either
T or TC. Its short-term efficacy results showed that the
ORR in the TC and T groups were 55.9% (19 / 34) and
34.4% (21 / 61), respectively. The addition of chemother-
apy can significantly improve the efficacy of EGFR-TKIs
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in patients with a co-mutation (P=0.042). There was no
significant difference in DCR between the two groups
(P=0.313). Long-term efficacy results showed that
compared with T, TC can prolong the median TTP to
a certain extent (16.1 vs. 11.1 months, P=0.002). The
median TTP in the combination group was lower than
the median PFS published in several similar clinical tri-
als [22, 37], which may be related to many factors includ-
ing ethnic differences, tumor load, targeted drugs, gene
mutation states and patient compliance problems. The
median TTP of the monotherapy group was basically
the same as that of these studies. We also found that the
addition of chemotherapy prolonged overall survival of
EGFR/TP53 co-mutation patients, but this was not sig-
nificant (36.9 vs. 28.2 months, P=0.078). There are sev-
eral possible reasons why the addition of chemotherapy
to EGFR-TKIs did not significantly improve the overall
survival. First, treatment after disease progression may
affect overall survival. Due to the increasing number of
treatment options available for NSCLC, the impact of
first-line treatment on overall survival may be skewed

by subsequent therapies [41, 42]. We also recognized
the existence of selection bias that may affect treatment
outcomes. However, we did find that EGFR-TKIs plus
chemotherapy could significantly improve the OS of
EGFR/TP53 co-mutation patients without brain metas-
tases (48.4 vs. 28.8 months, P=0.003). This may because
most chemotherapy drugs cannot cross the blood—brain
barrier, and therefore the effects of chemotherapy on
brain tumors are disappointing. Our results suggest that
TC may be the promising treatment for EGFR/TP53 co-
mutation advanced NSCLC patients who have no brain
metastases.

Factors affecting TTP and OS were also analyzed.
Combination therapy was an independent protec-
tive factor against disease progression (HR=0.438,95%
CI: 0.279-0.687, P<0.001), while the presence of brain
metastases was an independent risk factor for disease
progression (HR =2.065,95% CI: 1.305-3.269, P=0.002).
Our study shows that during the population of EGFR/
TP53 co-mutation NSCLC, patients without brain
metastases may benefit better from combination therapy.
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Subgroup No. of Patients(%) Progression-free Survival HR (95%Cl) Overall Survival HR (95%Cl)
All patients 95(100) - 0.465(0.297-0.728) R 0.623(0.364-1.065)
Gender
Male 40(42.1) . 0.493(0.247-0.984) re—n 0.511(0.229-1.140)
Female 55(57.9) - 0.419(0.224-0.784)  +et— 0.677(0.325-1.411)
Age
<60 58(61.1) e 0.439(0.243-0.796)  +e—H 0.581(0.272-1.238)
=60 37(38.9) R 0.524(0.255-1.074)  +e1— 0.657(0.306-1.411)
Smoking history
No 73(76.8) 0.427(0.255-0.715)  re—h 0.573(0.304-1.079)
Yes 22(232) et 0.598(0.234-1.530)  +—e+—— 0.753(0.260-2.176)
Clinical stage
ls/C 15(15.8) g S 0.742(0.245-2.246) +e—"t—i 0.454(0.085-2.415)
\ 80(84.2) * 0.441(0.271-0.718) et 0.704(0.400-1.237)
Brain metastases
No 65(68.4) e 0.421(0.242-0.733) 1~ 0.324(0.149-0.705)
Yes 30(31.6) . 0.455(0.202-1.027) H——————— 1.802(0.792-4.097)
Bone metastases
No 44(46.3) ot 0.605(0.314-1.163)  1et— 0.704(0.308-1.609)
Yes 51(53.7) - 0.334(0.174-0.640)  re—t 0.574(0.285-1.159)
Liver metastases
No 84(88.4) - 0.473(0.295-0.757)  reH 0.678(0.386-1.192)
Yes 1(11.6)  +o——o 0.513(0.105-2.497) 1o 0.606(0.072-5.064)
EGFR mutation
Exon19 Del 48(50.5) e 0.481(0.249-0.931)  re— 0.495(0.200-1.223)
Exon21 L858R 38(40.0)  re—| 0.474(0.238-0.944)  1e1—i 0.772(0.367-1.626)
other exons 9(9.5)  r—f—i 0.196(0.023-1.673)  +e—ot———t 0.392(0.046-3.324)
TP53 mutation
Exon8 17(17.9) i 0.229(0.062-0.846) re—1— 0.312(0.064-1.522)
other exons 78(82.1) ro— 0.539(0.332-0.875)  ret4 0.723(0.404-1.295)
Types of EGFR-TKIs
Gefitinib 67(70.5) Ll 0.407(0.238-0.696) 1o 0.523(0.278-0.986)
Icotinib 18(19.0) ot 0.349(0.097-1.264) +—et—--i 0.907(0.243-3.384)
other EGFR-TKIs 10(10.5) - 1.398(0.330-5.910) 0.961(0.180-5.131)
T790M status
NA 51(53.7) e m 0.741(0.414-1.329) ——— 1.136(0.577-2.237)
Positive 44(46.3) - 0.257(0.121-0.547)  we—i 0.331(0.129-0.850)
6 1 2 3 4 5 6 6 1 ; E'i ; _; ‘6
<—Favors TC Favors T— “—Favors TC Favors T™
Fig.5 Forest plot for TTP and OS of EGFR/TP53 co-mutation patients treated with T or TC

However, our conclusions need to be further validated
in large randomized clinical studies, it is necessary to
design a prospective study to figure out the best benefi-
ciaries from the combination of EGFR-TKIs and peme-
trexed based chemotherapy. Moreover, brain metastases
and EGFR21 L858R mutation were also independent risk
factors for a shorter OS of EGFR/TP53 co-mutation
patients (HR=2.136,95% CI:1.207-3.781, P=0.009;
HR=2.221,95% CI:1.314-3.752, P=0.003), while T790M
positive status at progression was an independent protec-
tive factor (HR=0.294, 95% CI: 0.169-0.510, P<0.001).
Liver metastasis has been shown to be a poor prognos-
tic factor in advanced NSCLC patients who received
cytotoxic chemotherapy or targeted therapy in a series
of previous studies. However, liver metastasis was not
found to be an independent risk factor in our study, this
may be highly correlated with the sample size, patient

baseline level or other concerning factors. To our knowl-
edge, whether the presence of p53 is correlated with the
prognosis of patients with liver metastases in non-small
cell lung cancer still remains to be furthered explored. It
is worth noting that patients with EGFR21 L858R muta-
tion had worse clinical benefit in overall survival than
those with an EGFRI9 Del mutation, which is consist-
ent with the current literature [43]. However, no effects
on PES and OS were observed in clinical trials such as
IPASS [44] and NEJ002 [45]. Whether the overall sur-
vival of EGFR/TP53 co-mutation patients is related to the
EGFR mutation status remains to be further discussed.
We also noticed that patients who were T790M positive
at first progression obviously had an improved OS. This
may mainly because those patients could be continually
treated with third generation EGFR-TKIs.
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Table 3 Common adverse events
Adverse Events All Grades Grade>3
TC group T group P TC group T group P
(n=34) (n=61) (n=34) (n=61)
Any TEAE (> 1) 24(70.6) 36(59.0) 0.262 11(32.4) 8(13.1) 0.025
Leukopenia 18(52.9) 2(3.3) P<0.001 3(8.9) 0(0.0) 0.018
Neutropenia 16(47.1) 3(4.9) P<0.001 5(14.7) 0(0.0) 0.002
Anemia 16(47.1) 12(19.7) 0.005 3(8.9) 2(3.3) P<0.001
Thrombocytopenia 17(50.0) 5(8.2) P<0.001 3(8.9) 0(0.0) 0.018
Liver dysfunction 11(323) 9(14.8) 0.044 2(5.8) 2(3.3) 0.545
Creatinine elevation 5(14.7) 4(6.6) 0.194 0(0.0) 0(0.0)
Diarrhea 9(26.5) 13(21.3) 0.568 12.9) 1(1.6) 0.672
Vomiting 7(20.6) 2(3.3) 0.006 0(0.0) 0(0.0)
Stomatitis 8(23.5) 11(18.0) 0.521 0(0.0) 0(0.0)
Rash 19(55.6) 23(37.7) 0.087 4(11.7) 5(8.2) 0.569
Nail changes 7(20.6) 20(32.8) 0.268 1(2.9) 0(0.0) 0.178
Constipation 10(29.4) 6(10.0) 0.007 0(0.0) 0(0.0)

TEAE treatment-emergent adverse event

In terms of drug safety, large randomized clinical stud-
ies such as NEJ005, JMIT, and NEJ009 have fully demon-
strated that EGFR-TKIs combined with chemotherapy is
generally safe and tolerant compared with EGFR-TKIs
monotherapy, combination therapy does not significantly
increase the frequency and severity of adverse reactions

Table 4 Univariate and multivariate cox regression analyses

at all levels. The safety findings of our study showed that
the incidence of grade 3 or above AEs in the TC group
was higher than T group (32.4% vs.13.1%, P=0.025),
but there was no statistic difference in the incidence of
all grade AEs between the two groups (70.6% vs. 59.0%,
P=0.262). Compared with the monotherapy group,

Variables TTP 0os
Univariate Multivariate Univariate Multivariate
HR (95% Cl) P HR (95% Cl) P HR(95%Cl) P HR (95% CI) P
Gender (Male vs. 0.956(0.634-1.441)  0.830 0.821(0.507-1.328) 0421
Female)
Age (<60vs.>60)  0.905(0.595-1.377) 0.642 1.583(0.979-2.559) 0.061
Smoking status 1.333(0.820-2.165)  0.246 1.472(0.846-2.560) 0.171
(No vs. Yes)
ECOGPS (0-1vs.2)  2.694(0.974-7.455)  0.056 1.429(0.445-4.590) 0.549
Clinical stage (IIB/C  1.188(0.682-2.069)  0.543 3.135(1.417-6.935) 0.005 2.640(1.061-6.564)  0.037
vs. V)
Brain metastases 1.892(1.200-2.984)  0.006  2.065(1.305-3.269)  0.002 1.950(1.162-3.270) 0011 2.136(1.207-3.781)  0.009
(No vs. Yes)
Bone metastases 1.100(0.731-1.654)  0.648 1.796(1.106-2.918) 0018 1.517(0.892-2.580) 0.124
(No vs. Yes)
Liver metastases 1.256(0.665-2.372) 0482 2.171(1.096-4.301) 0.026 1.365(0.666-2.798)  0.396
(No vs. Yes)
EGFR 21 L858R 0.903(0.734-1.111)  0.333 0.774 (0.610-0.982) 0.035 2.221(1.314-3752)  0.003
mutation
(No vs. Yes)
TP53 mutation 0.835(0.490-1.424)  0.509 0.795 (0.431-1.465) 0462
(Exon8 vs. Other
Exons)
T790M status at 0.673(0.445-1.018)  0.061 0.378(0.227-0.631) P<0.001  0.294(0.169-0.510) P <0.001
progression
(NA vs. Positive)
Treatment (T vs. TC)  0.465(0.297-0.728)  0.001  0.438(0.279-0.687)  P<0.001 0.623 (0.364-1.065) 0.084

HR hazard ratio, C/ confidence interval, NA unknown or unable to perform check calculation
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the addition of chemotherapy mainly increases the risk
of medulla regression and gastrointestinal reactions
(P<0.05). The results of this study are mainly consistent
with those of prior works [46]. As expected, the increased
incidence of AEs related to bone marrow suppression
and the digestive tract were primarily related to the toxic
reactions of pemetrexed and platinum. However, the
majority of patients have a good tolerance.

In conclusion, our study shows that the combination of
EGFR-TKIs and pemetrexed based chemotherapy could sig-
nificantly improve the ORR and TTP of advanced NSCLC
patients with an EGFR/TP53 co-mutation compared with
EGFR-TKI monotherapy. In patients without brain metas-
tases, EGFR-TKIs combined with chemotherapy has better
efficacy and controllable safety in the first line treatment.
Combination therapy may therefore be an alternative
treatment for EGFR/TP53 co-mutation advanced NSCLC
patients. Although the concomitant use of chemotherapy
can potentially increase the risk of adverse effects, most
side effects were generally manageable without an emer-
gent safety concern. However, the present work has a lim-
ited sample size, and some patients had not reached their
end point. In addition to this, the information about post-
treatments after progression of some patients in our study
is incomplete, patients’ OS may also be affected by the regi-
mens of post-treatment after disease progression. These
research results can therefore be improved by expanding the
number of samples and prolonging the follow-up time. This
study provides a certain clinical reference basis for EGFR-
TKIs combined with chemotherapy in the treatment of
advanced EGFR/TP53 co-mutation advanced NSCLC.
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