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Purpose: The study investigated the impact of TP53 mutations on the clinical efficacy of
first-generation EGFR-tyrosine kinase inhibitors (TKIs) in Chinese patients with advanced or
recurrent non-small-cell lung cancer (NSCLC).

Patients and methods: Tissues from 163 NSCLC patients at the Affiliated Hospital of
Qingdao University were analyzed by next-generation sequencing (NGS) to determine the
mutational status of EGFR and concurrent genetic alterations. TP53 mutations were eval-
uated in relation to baseline patient characteristics and treatment outcomes (progression-free
survival [PFS], overall survival [OS], objective response rate [ORR] and disease control rate
[DCRY)).

Results: Among 163 patients with advanced NSCLC, 77 were identified as EGFR-mutant
(47.2%). Six patients who did not receive TKI treatment were excluded. Among the
remaining 71 patients with EGFR genetic alterations, the frequency of pathogenic TP53
mutations was 60.6% (43/71), while other concurrent mutations were rare events. Markedly
shorter median PFS (mPFES) (6.5 versus 14.0 months, P=0.025) and median OS (mOS) (28.0
versus 52.0 months, P=0.023) were observed in TP53-mut patients than in TP53-wt controls.
The overall DCR and ORR of TP53-mutant patients were both lower than those of the TP53-
wt cases (DCR: 76.7% versus 89.3%, P=0.160; ORR: 25% versus 28%, P=0.374).
Differences in prognosis were significant, especially in the subgroup of patients with TP53
non-missense mutations, non-disruptive mutations, mutations in exon 6, mutations in exon 7
and mutations in the non-DBD region among all TP53 mutations.

Conclusion: TP53 mutations reduce responsiveness to TKIs and worsen the prognosis of
EGFR-mutant NSCLC patients, especially for those with non-missense mutations and non-
disruptive mutations, as well as mutations in exon 6, exon 7 and non-DBD region, thus
acting as an independent predictor of poor outcome in advanced NSCLC patients treated
with first-generation TKI therapy. Our study also suggests that TP53 mutation might be
involved in primary resistance to EGFR-TKIs in Chinese NSCLC patients.

Keywords: TP53, epidermal growth factor receptor, tyrosine kinase inhibitors, non-small-
cell lung cancer, mutation, exon

Introduction

Tumor suppressor gene TP53 is the most frequently mutated gene (>50%) in human
cancers. It is located on the short arm of chromosome 17 (17p13.1) in humans and
has been regarded as the “guardian of the genome” because of its role in conserving
stability and preventing genome mutations." It consists of 11 exons and encodes
tumor protein p53, which is a 393-aa protein with three distinct domains: the
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transactivation domain, the DNA-binding domain (DBD)
and the C-terminal domain. The DBD is encoded by exons
5-8, which comprises residues 102-292 and recognizes
a consensus sequence in the promoter region of several
genes that are associated with DNA repair, cell cycle
The
specific transcriptional activity mediated by DBD accounts

arrest, senescence and/or apoptosis. sequence-
for the principal mechanism of the tumor-suppressing
function of protein p53.> About 70-80% of TP53 gene
mutations are missense mutations confining the DBD
region of gene TP53, and over 90% of the TP53 point
mutations are in the highly conservative 175, 245, 248,
249, 273, 282 sites.*> Disruption of p53’s normal function
possibly leads to malignant cell transformation and cancer
formation. '~

Non-small-cell Tung cancer (NSCLC) is the most com-
mon type of lung cancer (80-85%). NSCLC patients with
activating EGFR mutations, mainly exon 19 deletions and
exon 21 L8585R point mutation, usually show great respon-
siveness to first-generation EGFR tyrosine kinase inhibitors
(TKIs) and are preferred over platinum-based first-line
chemotherapy.”® However, almost all patients will undergo
relapse and disease progression within 12-24 months after
treatment initiation.'”'" Approximately 50% of secondary
resistance to TKIs results from EGFR exon 20 T790M
mutation.'? In addition, 20-30% of NSCLC patients show
primary resistance to EGFR-TKIs and demonstrate early
disease progression (PD) during treatment, many at the
first disease assessment time-point. The underlying mechan-
isms of this primary resistance are not fully understood."* It
was hypothesized that MET amplification, BIM polymorph-
isms, PIK3CA mutations, and alterations of the PIK3CA/
AKT/mTOR pathway are involved in primary resistance
and early disease progression in NSCLC patients under-
going TKI treatment.'* '

TP53 gene mutations can be found in 35-60% of NSCLC
patients, more frequently in squamous cell carcinomas and
patients with a smoking history (especially the G>T
transversions)."!'®* Multiple studies have suggested that
TP53 mutation is a potential negative prognostic factor for
the outcome of NSCLC patients with TKI therapy'® >
may confer resistance to EGFR-TKIs.'®**° However, the

and

prognostic and predictive values of EGFR/TP53 concurrent
mutations on the efficacy of EGFR-TKIs in Chinese patients
with advanced NSCLC remain largely unknown. In this
study, we investigate the association between TP53 muta-
tions, especially different mutation subtypes and sites, and
outcome of treatment with EGFR-TKIs in Chinese patients

with advanced EGFR mutation-positive NSCLC in order to
determine whether TP53 mutations indicate poor prognosis
and are involved in primary resistance to TKIs.

Materials and methods

Patient characteristics and data collection
We retrospectively identified 163 patients diagnosed with
stage III-IV NSCLC at the Affiliated Hospital of Qingdao
University between January 2014 to August 2018, whose
tissue samples were routinely assessed for targeted genetic
alterations by next-generation sequencing (NGS) before
treatment of the first generation of TKIs. Patients had
both baseline imaging and at least one repeated radiologi-
cal examination. Baseline characteristics of the patients
(age, gender, smoking history, family history, histology,
Eastern Cooperative Oncology Group(ECOG) perfor-
mance status, TKI options, line of treatment, current sur-
vival status, etc.) and outcomes after continuous and
regular TKI medication were obtained using medical and
radiographic records as well as patient follow-up informa-
tion. All patients are Chinese. Response to TKI treatment
and outcomes of the patients (progression-free survival
[PFS], overall survival [OS], objective response rate
[ORR] and disease control rate [DCR]) were analyzed
based on EGFR and TP53 mutation status.

EGFR and TP53 mutation screening by
NGS

The samples collected were either biopsies or surgical
specimens, either fresh-frozen or paraffin-embedded.
Targeted NGS was used for screening of EGFR and
TP53 mutation status. The NGS-based assay has been
described in detail in our previous publication.”’

Response evaluation

Patients treated with EGFR-TKIs were re-examined regu-
larly by means of CT (computed tomography) scanning, lab
tests for tumor markers and, if clinically indicated, other
examinations. The baseline imaging and at least one
sequential evaluation after initiation of TKI treatment were
performed for the radiographic response. Clinical response

RECIST (Response
128

was determined according to

Evaluation Criteria in Solid Tumors) criteria version 1.

TP53 classification
The structures of the TP53 gene have been studied exten-
sively, and a variety of criteria have been used to
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categorize TP53 mutations according to their position,
nature, and suspected effect on structure and activity of
protein p53. For instance, TP53 genetic mutations could be
classified into missense and non-missense mutations.
Missense mutation refers to a mutation that results in
a single amino acid change, and any genetic alterations
other than missense mutations including nonsense muta-
tions (introducing a stop codon), deletions, insertions (in-
frame or producing a frame shift) and substitutions at
splice sites were defined as non-missense mutations.”’ In
addition, according to a study by Poeta et al, TP53 gene
mutation can be classified into disruptive mutations and
non-disruptive mutations based on the degree to which the
function of p53 protein was changed. Disruptive mutations
result in a complete, or almost complete loss of function of
p53 protein, whereas non-disruptive mutations refer to
conservative mutations or non-conservative mutations
(excluding stop codons) outside the L2-L3 region that
can retain some of the functional properties of p53

protein.*°

Statistical analysis

Descriptive statistics such as median and range, frequen-
cies and percentages were used for the baseline character-
istics of the patients. PFS was defined as the time from the
start of first-generation TKIs (gefitinib/erlotinib/icotinib)
treatment until disease progression or death (whichever
occurred first): OS was defined as the time from the
commencement of TKIs until death of any cause. The
last follow-up date of our study was 31 August 2018.
Comparisons of the characteristics between the two groups
as well as the associations between mutational status and
response were assessed by Pearson’s and Spearman’s chi-
squared test or Fisher exact test, as appropriate. The
Kaplan—Meier method was used for estimation of PFS
and OS, and distribution curves between subgroups were
compared with a two-sided log-rank test. Cox proportional
hazards regression models were used to evaluate the asso-
ciations between TP53 mutational status and PFS/OS,
hazard ratios and 95% confidence intervals (CI) were
obtained. Logistic regression models were used to assess
the associations between DCR/ORR and TP53 mutational
status, and results from logistic regression are reported as
RR and 95% CI. The two-tailed level of significance was
set at 0.05. All statistical analyses were performed with
SPSS version 24.0 (IBM Corporation, Armonk, NY, USA)
and plots generated with GraphPad Prism version 7.0
(GraphPad Software, La Jolla, CA, USA).

Results

Patient characteristics

Among a total of 163 patients with advanced NSCLC,
EGFR mutations were identified in 77 (47.2%) cases. Six
patients who did not receive TKI treatment were excluded.
A total of 157 baseline concurrent mutations were identified
with NGS profiling, among which TP53 mutation showed
the highest mutation frequency (60.6%, 43/71). Other con-
current mutations were rare events: concurrent genetic
alterations in RB1, NOTCH2 were observed in 7 patients
(7/71, 9.9%), concurrent genetic alterations in MYC,
MTOR, BRCA2, SMAD4 were observed in 5 patients (5/
71, 7.0%); concurrent KMT2D, CDK4, CTNBBI, NFI,
ARIDIA mutations were observed in 4 patients (4/71,
5.6%); the remaining 145 concurrent mutations were iden-
tified in no more than 3 patients. Only 54.9% (39/71) of all
received first-generation TKIs (gefitinib, erlotinib, icotinib)
as first-line therapy, the remaining 32 patients accepted
TKIs as either second line therapy or postoperative adjuvant
treatment. In this study, only 3 patients had squamous cell
carcinomas, all 68 other patients had adenocarcinomas
(ADC). EGFR and TP53 genetic alterations identified in
71 NSCLC patients by NGS-based assay are shown in
Table S1 in detail. The baseline characteristics of the 71
EGFR-mutant NSCLC patients based on TP53 mutational
status are summarized in Table 1. A significantly higher
proportion of patients with shorter median progression-free
survival (mPFS <3 m, 32.6% versus 10.7%, P=0.035) and
shorter median overall survival (mOS <6 m, 20.9% versus
10.7%, P=0.26) were observed in the EGFR/TP53 concur-
rent mutation subgroup than in the TP53 wildtype cases. No
statistically significant differences in other baseline charac-
teristics were observed among these two groups.

Univariate and multivariate analyses of
clinical characteristics in relationship to
outcome of EGFR-mutant NSCLC patients

In the univariate analysis, TP53 concurrent mutations were
a significant predictor of shorter mPFS (HR 1.86, 95% CI
1.06-3.28, P=0.029) and mOS (HR 2.45, 95% CI
1.10-5.43, P=0.024). In addition, uncommon EGFR muta-
tions as well as non-first line TKI treatments were predic-
tive factors for shorter OS (HR 3.24, 95% CI 1.51-6.94,
P=0.001) and PFS (HR 1.85, 95% CI 1.05-3.25, P=0.032)
respectively (Table 2).

Then, we performed multivariate analysis with the factors
showing a P-value less than 0.05 in univariate analysis. It
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Table | Characteristics between TP53-mut and TP53-wt groups of patients with TKI treatments (n=71)

Total (n=71) (%) TP53-mut (n=43) (%) TP53-wt (n=28) (%) P-value

Age (year) 0.657
Median (range) 61(31-78) 62(31-78) 61(47-77)

Gender 0.386
Female 49(69.0) 28(65.1) 21(75.0)
Male 22(30.1) 15(34.9) 7(25.0)

Smoking status 0.242
Smoker 12(16.9) 9(20.9) 3(10.7)
Never smoker 59(83.1) 34(79.1) 25(89.3)

ECOG PS 0.524
0-I 64(90.1) 38(88.4) 26(92.9)
2- 7(9.9) 5(11.6) 2(7.1)

Line of therapy 0.856
First line 39(54.9) 24(55.8) 15(53.6)
Non-first line 32(45.1) 19(44.2) 13(46.4)

PFS (month) 0.035%
0-3 17(23.9) 14(32.6) 3(10.7)
3- 54(76.1) 29(67.4) 25(89.3)

OS (month) 0.26
0-6 12(16.9) 9(20.9) 3(10.7)
6— 59(83.1) 34(79.1) 25(89.3)

Note: *P<0.05.

Abbreviations: TKI, tyrosine kinase inhibitor; PFS, progression-free survival; OS, overall survival; ECOG-PS, Eastern Cooperative Oncology Group performance status.

was confirmed that genetic alterations in TP53 were inde-
pendently associated with shorter PFS (HR 1.87, 95% CI
1.06-3.29, P=0.03) and OS (HR 2.73, 95% CI 1.20-6.21,
P=0.017). Uncommon EGFR mutations (P=0.032 for PFS,
P=0.002 for OS) and non-first line treatment (P=0.017 for
PFS, P=0.825 for OS) were also independent predictors of
poor prognosis and reduced PFS and OS (Table 3).

TP53 mutational status and response to

TKIs

Compared with 28 TP53-wt patients, mPFS and mOS of
43 TP53-mut patients were significantly shorter (mPFS:
6.5 versus 14 months, P=0.025, HR 1.86, 95% CI
1.06-3.28, P=0.029; mOS: 28 versus 52 months,
P=0.023, HR 245, 95% CI 1.10-5.43, P=0.024)
(Figure 1A and B). Additionally, in patients with a PFS
shorter than 3 months, 82.4% (14/17) carried TP53 muta-
tions compared to 53.7% (29/54) in patients whose PFS
was longer than 3 months (P=0.002). In patients showing
an OS shorter than 6 months, 75% (9/12) carried EGFR
mutations compared to 57.6% in patients whose OS was
longer than 6 months (P=0.05), indicating a high

prevalence of TP53 mutations in patients presenting early
resistance to TKIs (Table 1).

Since both univariate and multivariate analysis demon-
strated that uncommon EGFR mutations and non-first line
EGFR-TKI treatment were also predictors for worse outcomes,
we further stratified patients according to type of EGFR muta-
tions (classic EGFR Del19/L858R mutations or uncommon
EGFR mutations) and treatment line (first line or non-first
line), and compared the survival times of patients. Markedly
shorter PFS (5.0 versus 12.0 months, P=0.067) and OS (14.0
versus 52.5 months, P=0.001) were observed in patients with
uncommon EGFR mutations than in patients with EGFR exon
19 deletion or L858R point mutations. In the subgroup of
patients with first-line EGFR-TKI therapy, the mPFS was 6.1
months longer than that of patients who received EGFR-TKIs
in the non-first line setting (8.4 versus 14.5 months, P=0.055);
however, no significant difference was identified in OS
between these two groups of patients (39.0 versus 40.0 months,
P=0.567) (Table 4).

We further investigated the prognostic effect of TP53
mutations on outcome of patients in each subgroup men-
tioned above. It was shown that concurrent TP53 mutation
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Table 2 Univariate analyses of selected factors for PFS and OS of EGFR-mut NSCLC patients (N=71)
Characteristics N PFS os
HR (95% CI) P-value HR (95% CI) P-value
Age 71 0.99(0.97-1.02) 0.529 1.00(0.97-1.05) 0.705
Gender 0.979 0912
Male 22(31.0) [ [
Female 49(69.0) 0.99(0.56-1.77) 1.05(0.48-2.30)
Smoking status 0.128 0.298
Smoker 12(16.9) | |
Non-smoker 59(83.1) 0.56(0.27-1.19) 0.62(0.25-1.54)
ECOG PS 0.838 0.538
0 64(90.1) | [
22 7(9.9) 1.10(0.44-2.77) 1.40(0.48—4.05)
TP53 mutation 0.029* 0.024*
Wt 28(39.4) | [
Mut 43(60.7) 1.86(1.06-3.28) 2.45(1.10-5.43)
EGFR mutation 0.838 0.001*
Del 19/L858R 51(71.8) | |
Uncommon mutations 20(28.2) 1.66(0.91-3.02) 3.24(1.51-6.94)
Line of therapy 0.032* 0.076
First line 39(54.9) [ I
Non-first line 32(45.1) |.85(1.05-3.25) 1.11(0.53-2.33)

Note: *P<0.05.

Abbreviations: NSCLC, non-small-cell lung cancer; PFS, progression-free survival; OS, overall survival; ECOG-PS, Eastern Cooperative Oncology Group performance status.

was associated with shorter mPFS in all four subgroups of

patients compared to that of TP53 wild type cases
(Table 4, Figure 1C and D). In terms of OS, it was
shown that in the subgroup of patients with uncommon
EGFR mutation, the mOS of patients with TP53 concur-
rent mutations was 29.5 months shorter than that of TP53

wild type cases (10.5 versus 40.0 months, P=0.137). In the
subgroup of patients with first-line EGFR-TKI therapy, the

mOS of patients with TP53 concurrent mutations was 18.8
months shorter than that of TP53 wild type cases (10.5
versus 40.0 months, P=0.398) (Table 4). But data regard-
ing OS of patients with EGFR Del19/L858R mutation and

Table 3 Multivariate analyses of selected factors for PFS and OS of EGFR-mut NSCLC patients (N=71)

PFS oS
HR (95% CI) P-value HR (95% CI) P-value
TP53 mutation 0.03* 0.017*
Wt | |
Mut 1.87(1.06-3.29) 2.73(1.20-6.21)
EGFR mutation 0.032* 0.002*
Del 19/L858R | |
Other mutation 1.98(1.06-3.70) 3.58(1.61-7.94)
Line of therapy 0.017* 0.825
First line | |
Non-first line 2.02(1.14-3.58) 1.09(0.51-2.32)
Note: *P<0.05.
Abbreviations: NSCLC, non-small-cell lung cancer; PFS, progression-free survival; OS, overall survival
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Figure | Kaplan—Meier curves of survival. (A) Comparison of PFS between TP53-mut and TP53-wt patients (N=71). (B) Comparison of OS between TP53-mut and TP53-
wt subgroups (N=71). (C) Comparison of PFS between TP53-mut and TP53-wt patients in the subgroup of patients with Dell9/L8585R EGFR mutations (N=51). (D)
Comparison of PFS between TP53-mut and TP53-wt patients in the subgroup of patients with first-line TKls therapy (N=39).

Abbreviations: PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; ECOG, Eastern Cooperative Oncology Group; PS, performance

status; mut, mutant; wt, wild type.

in the subgroup of patients with non-first line EGFR-TKI
treatment were not acquired.

Given that different types of TP53 genetic mutations
tend to have different effects on the functionality of the
protein, we classified TP53 mutations into disruptive/non-
disruptive, missense/non-missense mutations as well as
mutations in different sites based on previous studies
(Table 5).°2°! In contrast to TP53 disruptive mutations,
TP53 non-disruptive mutations demonstrate greater
potency in shortening mPFS and OS of the patients
(PFS: 6.3 versus 14.0 months, P=0.028; HR 2.38, 95%
CI 1.06-5.32, P<0.030; OS: 35.0 versus 52.5 months,
P=0.008; HR 5.00, 95%CI 1.38-18.18, P=0.008) when
compared with TP53-wt controls (Figure 2A and B,
Tables S2 and S3). Similar conclusions could be made
on TP53 non-missense mutations: patients with non-
missense mutations showed shorter PFS and OS (mPFS:
6.3 versus 14 months, P=0.041; HR 2.01, 95% CI
1.00-4.05, P=0.046; mOS: 21.2 versus 52.5 months,
P=0.001; HR 5.53, 95% CI 1.79-16.95 P=0.001) than
that of TP53-wt cases (Figure 2C and D, Tables S2
and S3).

Then, we further investigated the effects of TP53 muta-
tions on different sites on patients’ prognosis. Among

TP53 exons 5-8 which encode the DBD region of protein
p53, mutation on exon 7 shortens patients’ prognosis in the
highest degree compared with TP53-wt controls (mPFS:
5.0 versus 14.0 months, P=0.002, HR 3.98, 95% CI
1.53-10.31, P=0.002; mOS: 14.0 versus 52.5 months,
P=0.008; HR 5.29, 95% CI 1.32-20.83, P=0.009)
(Figure 2G and H; Tables S4 and S5). In addition, muta-
tions on exon 6 also lead to poor OS and marginally
shortened PFS than patients in control group (mPFS: 6.5
versus 14.0 months, P=0.211, HR 1.85, 95% CI 0.68-5.03,
P=0.225; mOS: 39.0 versus 52.5 months, P=0.036; HR
4.03, 95% CI 0.98-16.67, P=0.037) (Figure 2E and F;
Tables S4 and S5). It is worth noting that TP53 mutations
on exons other than exons 5-8, which was in relatively
less relation with the principal mechanism of the tumor-
suppressing function of protein p53, also significantly
reduced patients’ survival by 10 months in mPFS and
37.9 months in mOS than the TP53-wt controls (mPFS:
4.0 versus 14.0 months, P=0.007; HR 3.13, 95% CI
1.30-7.52, P=0.008; mOS: 14.6 versus 52.5 months,
P=0.002; HR 8.93, 95% CI 1.70-47.62, P=0.002)
(Figure 21 and J; Tables S4 and SS5).

Among 51 patients with EGFR sensitive mutations receiv-
ing EGFR-TKI treatment, 25 had exon 19 deletions and 26 had
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Table 4 Comparison of PFS and OS of patients stratified based on different characteristics
N (%) PFS (month) OS (month)
Median | 95%CI Log- Median | 95%CI Log-
rank rank
P-value P-value
Overall
TP53-mut 43(60.7) 6.5 3.44-9.56 0.025* 28.0 8.74-47.26 | 0.023*
TP53-wt 28(39.4) 14.0 9.43-18.60 52.0 35.63-69.37
Del 9/L858R or uncommon mutations
Del 9/L858R 51(71.8) 12.0 8.76—15.24 0.067 525 37.12-67.88 | 0.001*
Uncommon mutations 20(28.2) 5.0 2.84-7.06 14.0 0.00-38.31
Treatment line
First line 39(54.9) 14.5 6.95-22.05 | 0.055 40.0 26.0-51.95 | 0.567
Non-first line 32(45.1) 84 5.29-11.52 39.0 20.11-59.89
Subgroup of classic Del|9/L858R mutations
TP53-mut 30(58.8) 9.0 4.70-1330 | 0.181 NA NA 0.057
TP53-wt 21(41.2) 14.0 10.05-17.95 39.0 15.29-62.71
Subgroup of uncommon mutations
TP53-mut 13(65.0) 4.0 0.54-7.46 0.124 10.5 9.16-11.84 | 0.137
TP53-wt 7(35.0) 85 NA 40.0 1.98-78.02
Subgroup of first line treatment
TP53-mut 24(61.5) 6.0 2.42-9.58 0.160 21.2 NA 0.398
TP53-wt 15(38.5) 12.0 6.70-12.30 40.0 0-46.00
Subgroup of non-first line treatment
TP53-mut 19(59.4) 9.0 0-18.66 0.072 NA NA 0.095
TP53-wt 13(41.6) 21.0 4.60-37.44 28.0 2.02-53.98
Comparison of PFS and OS between patients with
exon|9 deletion and L858R point mutations
Dell9 25(49.02) 14.0 844-19.56 | 0.730 59.0 NA 0.286
L858R 26(50.98) 9.5 5.77-13.23 39.0 11.25-66.75
Comparison of PFS and OS between patients with
Del 19/TP53-mut and L858R/TP53-mut genotypes
Del19/TP53-mut 12(40.00) 11.0 1.54-20.46 | 0.640 59.0 NA 0.561
L858R/TP53-mut 18(60.00) 9.0 6.47-11.53 39.0 12.5-65.50

Note: *P<0.05.
Abbreviations: PFS, progression-free survival; OS, overall survival

L858R mutations. Compared to patients with EGFR L858R
mutations, patients with exon 19 deletions showed longer
survival (mPFS: 14.0 versus 9.5 months, P=0.730; mOS:
59.0 versus 39.0 months, P=0.286). On further investigation,
we found that 12 patients with Del19/TP53 concurrent muta-
tions (N=12) also demonstrated longer mPFS (11.0 versus 9.0
months, P=0.640) and mOS (59.0 versus 39.0 months,
P=0.561) compared with that of 18 patients with L858R/
TP53 concurrent mutations (N=18). However, no significant
difference of characteristics (mutation subtype or mutated

exons or mutation frequency) of TP53 mutations was identified
between these two subgroups of patients (Table S6).

In our study, only 54.9% (39/71) of all NSCLC patients
received first-generation TKIs as first-line therapy. The over-
all DCR and ORR of the 71 patients were lower than that of
the TP53-wt controls (DCR: 76.7% versus 89.3%, P=0.160;
ORR: 25% versus 28%, P=0.374). We compared DCR in
different TP53 mutational sites with TP53-wt controls in
detail (Table S7). However, no difference with statistical
significance was observed.
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Table 5 TP53 mutational status based on sites and subtypes

Exon Number of patients (N=43) (%)
Mutations on DNA binding domain (N=32, 74.42%) Exon 5 10(23.25)
Exon 6 6(13.95)
Exon 7 9(20.93)
Exon 8 7(16.28)
Mutations on other sites (N=11, 25.58%) Exon 4 6(13.95)
Intron 9 1(2.33)
Exon 10 3(6.98)
Exons |+3 1(2.33)
Missense/non-missense mutation Missense 27(62.79)
Non-missense mutation 16(37.21)
Disruptive/non-disruptive Disruptive 32(74.42)
Non-disruptive 11(25.58)

Discussion

In the present study, TP53 mutations were the most com-
mon concurrent mutation in Chinese patients with EGFR
mutant NSCLC. The frequency of EGFR/TP53 concurrent
mutation was 60.6%, which was consistent with previous
of  30-65%
adenocarcinoma.'*'® Several reports have suggested

reports  showing  percentages in
that concurrent TP53 alterations are associated with
a lower likelihood of response to EGFR-TKIs, and
a shorter 0S.'"*? However, conclusions remain contro-
versial either due to the small size of studies or
a lackOS of statistically significant differences in survival
between TP53-mutated and TP53-wild type NSCLC
patients. In our study, TP53 concurrent mutations were
associated with a markedly shorter time to progression
and OS on initial EGFR-TKIs, as well as reduced DCR
and ORR to TKI therapy. In addition, we found that non-
disruptive mutations of the p53 gene are an independent
factor of shorter survival in advanced NSCLC with
a possible predictive negative value of response to TKIs;
the same conclusions could be seen in two previously
published studies.’®*' However, the molecular pathogen-
esis is still unclear. It was hypothesized by one study that
the GOF (gain of functionality) activities of p53 protein,
which most likely resulted from TP53 non-disruptive
mutations, could promote an aggressive behavior of the
tumor after progression.?” Moreover, we found that TP53
missense mutations were associated with a poorer
response to TKI therapy than non-missense mutations.
study by Labbé

thatNSCL Cpatients with TP53 missense mutations, instead

However, a et al showed

of non-missense mutations, had significantly shorter PFS

with first-line EGFR-TKI therapy,”’ which was contradic-
tive to our finding. In fact, as far as we know, only the
study by Labbé et al*'
potential value of TP53 missense or non-missense muta-
tions on the prognosis of NSCLC patients with EGFR-TKI
treatment up to now. However, in Labbé’s study, only 17

and ours have investigated the

patients had TP53 missense mutations.?' In our study, 27
patients were identified as TP53 missense-mutated. The
numbers of patients with a TP53 missense mutation in
both studies were relatively small. Therefore, larger cohort
analyses are necessary for further investigation on this
point.

It has been suggested by several studies that in
advanced NSCLC, patients with exon 19 deletions showed
better prognosis and longer survival than those with exon
21 L858R point mutations when treated with EGFR-TKIs
(gefitinib, erlotinib or afatinib).**>* For example, in
a study by Kuiper et al,*> mOS of patients with exon 19
deletions with first-line EGFR-TKI therapy was 7.2
months longer than that of patients with exon 21 L858R
point mutations. In our study, longer survival and better
responsiveness to EGFR-TKI treatment were observed in
both the subgroup of patients with EGFR exon 19 dele-
tions and the subgroup of patients with Del19/TP53 con-
current mutations than those with exon 21 L858R point
mutations and L858R/TP53 concurrent mutations, respec-
tively. However, no significant difference of TP53 muta-
tions was identified between these two subgroups of
patients, indicating that TP53 concurrent mutations might
not be the underlying reason for different responsiveness
to EGFR-TKI therapy between patients with EGFR exon
19 deletions and exon 21 L858R point mutations.
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Figure 2 Kaplan—Meier curves of survival. (A and B) Comparison of PFS/OS
between patients with TP53 non-disruptive mutations (N=11) and TP53 wild type
cases (N=28). (C and D) Comparison of PFS/OS between patients with TP53 non-
missense mutations (N=16) and TP53 wild type cases (N=28). (E and F)
Comparison of PFS/OS between patients with TP53 mutations in exon 6 (N=6)
and TP53 wild type cases (N=28). (G and H) Comparison of PFS/OS between
patients with TP53 mutations in exon 7 (N=9) and TP53 wild type cases (N=28).
(I and J) Comparison of PFS/OS between patients with TP53 mutations in exons
other than 5-8 (N=I1) and TP53 wild type cases (N=28).

Abbreviations: PFS, progression-free survival; OS, overall survival.

In terms of the specific impact of TP53 mutations in
various sites on patients’ response to TKIs, we found
that patients with TP53 mutations in exon 6, exon 7 and
exons in the non-DBD region showed obviously poor
outcomes with TKI therapy. However, a study by Canale
et al suggested that TP53 exon 8 mutations were asso-
ciated with a significantly lower DCR and shorter survi-
vals, but data were only significant for patients with

EGFR exon 19 deletion."” In our study, 7/43 (16.28%)
patients were TP53 exon 8 mutated, although no differ-
ence was observed in PFS between patients with TP53
exon 8 mutations and TP53 wild type cases, whereas
a slightly shorter mOS was identified in the former
subgroup of patients (mPFS: 52.5 versus 59.0 months,
P=0.908). However, in our study, only 3 patients were
EGFR-Del19/TP53-exon 8 mutated and 3 patients were
EGFR-L858R/TP53-exon 8 mutated;
were too small to evaluate the effect of TP53 concurrent
mutations in relation to different EGFR mutations. In
addition, Jiao et al reported that patients with exon 4,

these numbers

exon 6, mutation of an unknown site of TP53 demon-
strated worse prognosis than exon 5, exon 7, exon 8 and
exon 9 mutated patients.”> However, different from our
study, Jiao et al generally investigated the prognostic
value of TP53 and its correlation with EGFR mutation
in patients with advanced NSCLC, while the specific
impact of TP53 concurrent mutation on patients’
response to EGFR-TKI treatment was not discussed.
Limited by the small number of patients in our study,
more dedicated efforts are needed to clarify the biologic
effects of mutations in different TP53 exons on disease
course and drug responsiveness to TKIs.

In particular, patients with TP53 concurrent mutations
showed a much higher proportion of short-term responders
(PFS <3 months, P=0.035; OS <6 months, P=0.26) than
the TP53 wild type controls, indicating that TP53 muta-
tions might be involved in primary resistance to TKIs.
Several studies also indicated that TP53 mutations were
commonly found in non-responders or short-term respon-
ders to TKIs.'6242¢

However, the underlying mechanism of why EGFR/
TP53 concurrent mutations resulted in reduced sensitiv-
ities to TKIs in patients with advanced NSCLC it is still
unclear. A preclinical study reported that TP53 gene muta-
tions can reduce gefitinib-induced cell apoptosis and that
wild type TP53 could enhance gefitinib-induced growth
inhibition and apoptosis by regulation of Fas (factor-
associated suicide) signal pathway in NSCLC cell line.>
Another study suggested that TP53 and PTEN knockdown
may promote epithelial-to-mesenchymal transition by acti-
vating pro-inflammatory interleukin-6/STAT3/nuclear fac-
tor-kB signaling pathway in highly metastatic cancer stem
cells, which indicated a potential relationship between
resistance to TKIs and inflammatory activities.*® In addi-
tion, the histologic transformation of EGFR mutant lung
adenocarcinoma into small-cell lung cancer has been
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described as one of the major resistant mechanisms for
TKIs. It was reported that TP53 inactivation and RB1 loss
might be early events of small cell transformation which
would generate resistance to TKIs.?”*®

To date, there are no approved agents that specifically
target TP53 mutations in NSCLC. It is suggested that
AZD1775 (a Wee-1 inhibitor) is potential anticancer ther-
apy against the TP53-mut NSCLC.?” In recent years, co-
existing alterations like amplification of ERBB2 or MET,
mutations in TP53, primary EGFR T790M mutations, and
BRATF fusions were claimed to portend poorer outcomes in
patients with EGFR-mutant NSCLC by an increasing num-
ber of studies. Therefore, concurrent mutations should be
taken into consideration to guide the selection of combina-
tion treatment strategies implemented at treatment onset for
targeted therapy of patients.

In summary, our study indicated that TP53 mutations
might function as an independent predictor of poor out-
come in Chinese patients with advanced EGFR mutation-
positive NSCLC and treated with EGFR-TKIs, and might
also be involved in the primary resistance to EGFR-TKIs,
especially those with non-missense mutations and non-
disruptive mutations, and mutations on exon 6, exon 7
and non-DBD region. To the best of our knowledge, this
is the first study to have analyzed the association between
TP53 mutations and response to TKIs in advanced EGFR-
mutant Chinese NSCLC patients with EGFR mutations.
These findings have to be confirmed on larger patient
populations in the future.
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