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Lung cancer is one of the most common aggressive ma-
lignancies and a leading cause of cancer-related mortality
worldwide.! In recent years, immune checkpoint inhibitor

INTRODUCTION

Abstract

In recent years, immune checkpoint inhibitor (ICI) therapy has revolutionized the
treatment of patients with advanced-stage non-small cell lung cancer (NSCLC). The
relationship between TP53 mutation and prognosis of non-small cell lung cancer
(NSCLC) remains controversial. We aimed to identify advanced-stage NSCLC pa-
tients harboring TP53 mutation who would benefit from ICI treatment. Gene muta-
tions and tumor mutational burden (TMB) data of NSCLC patients who received at
least one dose of ICI therapy at the Memorial Sloan Kettering Cancer Center between
2013 and 2017 were extracted from the cBioPortal online platform. Gene clustering
analyses were performed for patients with short and long overall survival (OS). The
top ten significantly different mutated genes were identified. Furthermore, we ana-
lyzed the different OS of coexisting TP53 and other significantly different mutated
genes to identify NSCLC patients with TP53 mutations who would benefit from
immunotherapy. A total of 350 patients were enrolled in the study. Of these a total
of 219 (62.6%) patients were found to harbor TP53 mutations, whereas 131 (37.4%)
had wild-type TP53. There was no statistically significant difference in OS between
TP53 mutated or wild-type NSCLC patients who underwent ICI treatment. However,
coexisting TP53 and ZFHX3 mutations were independent prognostic factors. Higher
somatic TMB (highest 20% in each histology) and combination of anti-CTLA-4
and anti-PD-1/PD-L1 therapy were also associated with longer OS in multivariate
analysis. Coexisting TP53 and ZFHX3 mutations are independent prognostic fac-
tors for advanced-stage NSCLC patients undergoing ICI treatment. These findings
could help identify patients harboring TP53 mutations that would benefit from ICI
treatment.

(ICI) therapy has revolutionized the treatment of patients
with advanced-stage cancers, notably in stage III B or IV non-
small cell lung cancer (NSCLC). Programmed cell death-1
(PD-1) inhibitors, such as pembrolizaumab or nivolumab, and
programmed cell death ligand-1 (PD-L1) inhibitors, such as
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atezolizumab and durvalumab, have significantly improved
the overall survival (OS) of patients with advanced-stage
NSCLC compared to standard platinum-based chemother-
apy.2'5 However, only approximately 17% of these patients
truly benefit from these drugs as monotherapy.® Several
immune-related biomarkers, such as intratumoural PD-L1
expression,7 tumour mutational burden (TMB),8 DNA mis-
match repair (MMR) deficiency9 and intensity of CD8" T
cell infiltrates,10 are used to predict ICI efficacy. However,
to the best of our knowledge, they are still far from satisfac-
tory.!" Therefore, more accurate markers are needed to pre-
dict the efficacy of immunotherapy.

Mutations in the tumour suppressor gene, TP53, occur in
approximately 50% of patients with NSCLC."* TP53 muta-
tions play a key role in carcinogenesis by disrupting various
cellular processes including cell cycle, apoptosis, DNA repair,
cellular senescence and autophagy.13 TP53 may also influ-
ence the ability of cancer cells to escape immune detection.'*
Some TP53 mutations, such as nondisruptive mutations,
are an independent prognostic factor for shorter survival in
advanced-stage NSCLC."® TP53 mutation has been reported
to be a potential predictive marker in NSCLC patients un-
dergoing ICI therapy. In a recent study, Dong et al retrospec-
tively analysed 30 advanced-stage NSCLC patients treated
with pembrolizumab. Patients with TP53 mutation had sig-
nificantly prolonged progression-free survival (PFS) com-
pared to patients with wild-type TP53 (14.5 vs 3.5 months,
P = .042)."° In another study, Assoun et al retrospectively an-
alysed 72 advanced-stage NSCLC patients treated with PD-1
blockers and found that the median OS was significantly lon-
ger in the TP53-mutated group than in the TP53 wild-type
group (18.1 vs 8.1 months, P = .04)."" However, the sample
sizes were relatively small in these studies.

A recent meta-analysis of 19 studies involving a total
of 6,084 patients with NSCLC found that TP53 mutations
were associated with poor clinical outcomes. When the
TP53-mutated group (n = 1406) was compared to the wild-
type group (lacking TP53 mutations; n = 1965), the wild-
type group was associated with a significantly higher OS
rate (hazard ratio [HR], 1.26; 95% confidence interval [CI]
1.12-1.41, P < .001]."8 Although most patients in this meta-
analysis underwent surgical resection and only a few patients
were stage III-IV, the results were contrary to those in the
reports mentioned above. '’

In this study, original data pertaining to 350 NSCLC pa-
tients who received immunotherapy were downloaded from
cBioPortal. The cBioPortal (www.cbioportal.org) online
platform is an open-access website resource for researchers
to explore, visualize and analyse multidimensional cancer ge-
nomics data.'® The correlation between TP53 mutations and
prognosis of these patients was evaluated. Statistical analysis
suggested that there was no survival difference between TP53
wild-type and TP53 mutation groups. To identify NSCLC

patients with TP53 mutations that would benefit from im-
munotherapy, we performed cluster analysis of gene muta-
tions based on OS. The top ten significantly different mutated
genes were identified, and the correlation of these genes with
the prognosis of NSCLC patients was identified. We found
that coexisting mutations in TP53 and zinc finger homeobox
3 (ZFHX3) predicted the best OS benefit.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

This study was approved by the Institutional Review Board
of the Shandong Provincial Hospital Affiliated to Shandong
First Medical University. This study is based on published
data. In the original publication, it is stated that all included
patients gave their informed consents.?’

2.2 | Patients and data collection

In this study, cBioPortal was used to access NSCLC data.
Gene mutation and TMB data of NSCLC patients who re-
ceived at least one dose of ICI therapy at the Memorial Sloan
Kettering Cancer Center between 2013 and 2017 were ex-
tracted.?’ Tumours from the primary or metastatic sites were
profiled using next-generation sequencing. Most patients had
stage IV or metastatic disease, and few patients had locore-
gionally recurrent disease.

2.3 | Gene clustering analysis

Genetic mutations in the cBioPortal online platform were
analysed. Gene clustering analysis was performed between
patients with short and long OS, with a cut-off value of
10 months. The top ten significantly different mutated genes
were identified. Furthermore, we analysed the differences
in OS of coexisting TP53 and other significantly different
mutated genes in the long OS group to identify NSCLC pa-
tients with TP53 mutations that would benefit most from
immunotherapy.

2.4 | Statistical analysis

All statistical analyses were performed using SPSS (ver-
sion 22.0, SPSS Inc, IL, USA). We used Student's 7 test to
compare the differences between continuous variables and
chi-squared test for categorical variables. Genetic mutations
in TP53 and other genes, and their association with OS in
NSCLC patients are displayed as Kaplan-Meier plots. A
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log-rank test was performed to identify the significance of
the differences between the OS curves. A Cox proportional
hazards model was used for multivariate analysis. P value
<.05 was considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

The patient clinical characteristics are presented in Table 1.
The median age at which sequencing was reported was
67 years (range, 31-90 years). The patient group comprised
of 180 women and 170 men. Pathologic analysis included
271 adenocarcinoma, 45 squamous cell carcinoma, 13 poorly
differentiated NSCLC, 8 large cell neuroendocrine carci-
noma and 13 other pathologic types. The tumours profiled
by next-generation sequencing were from primary (171/350,
48.9%) or metastatic sites (179/350, 51.1%). In total, 329 pa-
tients (94.0%) received anti-PD-1 or PD-L1, and 21 (6.0%)
received a combination of anti-CTLA-4 and anti-PD-1/PD-
L1 therapies. To calculate TMB, the total number of somatic
nonsynonymous mutations was normalized to the total num-
ber of sequenced megabases. The median TMB score for
the 350 patients was 6.9 (range, 0-100.4). The median TMB
score for patients with adenocarcinoma, squamous cell car-
cinoma and other pathologic types was 6.9 (range, 0-100.4),
6.7 (range, 0-34.6) and 8.8 (range, 0.88-50.2) respectively
(P =.541).

TABLE 1 Patient clinical characteristics
Variable N (%)
Age
Median (range) 67 (31-90)
Gender
Male 170 (48.6)
Female 180 (51.4)
Histology
Adenocarcinoma 271 (77.4)
Squamous cell carcinoma 45 (12.9)
Others 34.(9.7)
Sample type
Primary 171 (48.9)
Metastasis 179 (51.1)
Drug class
PD-1/PD-L1 329 (94.0)
Combination 21 (6.0)
TMB score
Median (range) 6.9 (0-100.4)

3.2 | Relationship between TP53
mutation and prognosis

A total of 219 (62.6%) patients harboured TP53 mutations
and 131 (37.4%) carried wild-type TP53. TP53 mutations
were more common in squamous cell carcinomas than in
adenocarcinomas (Table 2). The median OS was 10 months
(range, 0-57 months). A total of 219 (62.6%) deaths were
reported during the follow-up period, and 131 (37.4%) pa-
tients were alive when censored at the most recent follow-up.
The cumulative 5-year OS rate was 24.6%. The median OS
of TP53 mutation and TP53 wild-type groups was 10 (95%
CI: 7.4-12.6) and 14 (95% CI: 9.4-18.7) months respectively.
There was no significant difference in OS between the two
groups (P = .258) (Figure 1).

3.3 | Cluster analysis of gene mutations
according to OS

To identify NSCLC patients with TP53 mutations that would
benefit from immunotherapy, we performed cluster analysis
of gene mutations according to OS. The cut-off OS was set at
10 months because the median OS of the 350 NSCLC patients
was 10 months. Genes with the top ten mutation frequencies
were identified. It was found that TP53, KEAP1, STK11 and
REX2 were clustered in the group with short OS, whereas
KRAS, PTPRD, EPHA3, EGFR, ZFHX3 and PTPRT were
clustered in the group with long OS (Figure 2A,B). We then
analysed the differences in OS of coexisting TP53 and the
other six genes clustered in the long OS and found that co-
existing TP53 and ZFHX3 mutations had the longest OS
(P = .040) (Figure 2C).

3.4 | Relationship between coexisting
TP53 and ZFHX3 mutations and prognosis

Next, the differences in OS between the three groups of pa-
tients identified according to TP53 and ZFHX3 mutation
status were analysed: double-mutant tumours (TP53 (+)/
ZFHX3 (+)), double wild-type tumours (TP53 (—)/ZFHX3
(=)), and TP53 mutant and ZFHX3 wild-type tumours (TP53
(+)/ZFHX3 (—)). The TP53 wild-type and ZFHX3 mutant
groups were not included in the analysis because there were
only five patients with this genotype. The median OS was
not reached in the TP53 (4)/ZFHX3 (+) group. The median
OS of TP53 (+)/ZFHX3 (—) group and TP53 (—)/ZFHX3 (—)
group was 8 (95% CI: 5.7-10.3) and 13 (95% CI: 9.4-18.6)
months respectively. Patients in the TP53 (+)/ZFHX3 (+)
group had a significantly longer OS than those in the TP53
(+)/ZFHX3 (—) group (P < .001) and TP53 (—)/ZFHX3
(=) groups (P = .003) (Figure 3). Multivariate analysis
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TABLE 2 Patient clinical characteristics according to TP53
mutation status

No. (%) of patients

TP53 mutation  TPS53 wild P
Variable (n=219) type (n =131)  value
Age, mean +SD 65.1 +10.8 66.8 + 10.5 158
Gender
Male 113 (51.6) 57 (43.5) .143
Female 106 (48.4) 74 (56.5)
Histology
Ad 157 (71.7) 114 (87.0) .004
SQC 36 (16.4) 9 (6.9)
Others 26 (11.9) 8(6.1)
Sample type
Primary 103 (47.0) 68 (51.9) 377
Metastasis 116 (53.0) 63 (48.1)
Drug class
PD-1/PD-L1 209 (95.4) 120 (91.6) 114
Combination 10 (4.6) 11 (8.4)
TMB score 123+ 11.5 57+44 <.001
Abbreviations: Ad, adenocarcinoma; SQC, squamous cell carcinoma.
100 - Number  Median
g - —— Mutation 219 10m
= —— Wild type 131 14 m
S 60+ P=0.258
?
= 401
5
3 20 1
0 T T 1
0 20 40 60
Months
FIGURE 1 Kaplan-Meier survival curve for TP53 mutation vs

TP53 wild-type group in NSCLC patients treated with ICIs. There was
no significant difference in OS (P = .258) between the two arms. IClIs,
immune checkpoint inhibitors; NSCLC, non-small cell lung cancer;
OS, overall survival

demonstrated that coexisting TP53 and ZFHX3 mutations
were independent prognostic factors for advanced-stage
NSCLC treated with ICI. Higher somatic TMB (highest 20%
in each histology) and combination of anti-CTLA-4 and anti-
PD-1/PD-L1 therapy were also associated with long OS in
multivariate analysis (Table 3). The results showed that pa-
tients with coexisting TP53 and ZFHX3 mutations had the
longest OS compared to the other groups.

4 | DISCUSSION

In the present study, the prognostic effect of TP53 mutations
in NSCLC patients treated with ICIs was analysed using pub-
licly available databases. There was no statistically signifi-
cant difference in OS between the TP53 gene mutation and
wild-type groups. However, coexisting TP53 and ZFHX3
mutations are independent prognostic factors in advanced-
stage NSCLC treated with ICIs. Higher somatic TMB (high-
est 20% in each histology) and combination of anti-CTLA-4
and anti-PD-1/PD-L1 therapy were also associated with
longer OS.

Several studies have reported that TP53 gene mutations
are an indicator of poor prognosis in patients with NSCLC.
In a meta-analysis, Gu et al analysed 19 studies that involved
a total of 6,084 patients with NSCLC and examined the as-
sociation between TP53 mutations and clinical outcomes.
When the TP53 mutation group (n = 1406) was compared to
the wild-type group (lacking TP53 mutations; n = 1965), the
wild-type group was associated with a significantly higher
OS rate (HR, 1.26; 95% CI 1.12-1.41, P < .001)."® In their
bioinformatic analysis, Wang et al extensively analysed TP53
mutations, gene expression and clinical data from 33 TCGA
cancer type-specific datasets. They identified that lung ade-
nocarcinoma patients with TP53 mutations had significantly
worse OS prognosis compared to those without TP53 mu-
tations.>! However, in our study, TP53 wild-type group was
not correlated with better OS compared to TP53 gene mu-
tation. In the meta-analysis by Gu et al, most of the patients
were stage [-IIIA and had undergone surgery. Similarly, in
the bioinformatic analysis by Wang et al, most of the patients
were stage [-III. However, in our study, all patients were at an
advanced stage and were treated with ICIs. The composition
of NSCLC patients and the treatment received may be the
reason for the differences in the results.

In a recent study, Assoun et al retrospectively analysed
72 advanced-stage NSCLC patients treated with PD-1 block-
ers and found that the median OS was significantly longer
in TP53-mutated group than that in TP53 wild-type group
(18.1 vs 8.1 months, P = .04).l7 In our study, we did not
draw the same conclusions. First, 94.0% of our patients re-
ceived PD-1 or PD-L1 blockade immunotherapy. However,
in the study by Assoun et al, 83% of the patients received
PD-1 blockade immunotherapy, and none of the patients re-
ceived PD-L1 blockade immunotherapy. Duan et al collected
19 randomized clinical trials involving 11 379 patients with
several types of cancer and reported that anti-PD-1 exhibited
superior OS (HR, 0.73; 95% CI, 0.65-0.86; P < .001) and
PFS (HR, 0.73; 95% CI, 0.56-0.96; P = .02) compared with
anti-PD-L1 blockade.” In lung cancer patients with previ-
ously untreated metastatic, squamous NSCLC, the addition
of pembrolizumab to chemotherapy with carboplatin plus pa-
clitaxel or nab-paclitaxel resulted in significantly longer OS
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FIGURE 2 Cluster analysis of gene mutations according to OS in NSCLC patients treated with ICIs. The cut-off of OS was set at 10 mo. (A)
Genes with the top 10 mutation frequency. It was found that Tp53, KEAP1, STK11 and REX2 were clustered in the groups with shorter OS, while
KRAS, PTPRD, EPHA3, EGFR, ZFHX3 and PTPRT were clustered in the groups with longer OS (The arrow in the figure means magnification
of the four genes at the beginning of the arrow. It could better label these four genes). (B) Detailed mutation frequency of the top 10 genes.

(C) Different OS of coexisting TP53 and other 6 genes clustered in the longer OS. Coexisting TP53 and ZFHX3 mutations had the longest OS

(P = .040). ICIs, immune checkpoint inhibitors; NSCLC, non-small cell lung cancer; OS, overall survival

and PFS than chemotherapy alone.” However, in the corre-
sponding PD-L1 blockade study, no OS benefit was achieved
when atezolizumab was added to platinum-based chemother-
apy.24 Therefore, different medications may affect the OS.
Second, distinct EGFR subtypes have different outcomes
with immune checkpoint blockade. EGFR-mutant lung tu-
mours generally show low response to ICIs.*> There may be
significant differences in EGFR subtypes between the two
groups. Unfortunately, the composition of EGFR subtypes
was not clear in either group. Third, the sample size used in
the study by Assoun et al was relatively small. The limited
sample size may have resulted in bias due to lack of statistical
power. Dong et al retrospectively analysed 30 advanced-stage
NSCLC patients treated with pembrolizumab. Patients with
TP53 mutations had a significantly prolonged PFS compared
with wild-type patients (14.5 vs 3.5 months, P = .042).16
However, in our study, PFS was not studied. Hence, the re-
lationship between TP53 mutations and PFS could not be
inferred.

Recently, TMB, an indirect measure of tumour-derived
neoantigens, has emerged as a promising biomarker for
the stratification of ICI patients. In our study, higher so-
matic TMB (highest 20% in each histology) was associ-
ated with longer OS. The prognostic significance of TMB
in ICI treatment of NSCLC has been supported by several
reports.zo’%’27 Alborelli et al evaluated the predictive power
of TMB in 76 NSCLC patients treated with ICIs. TMB was
significantly higher in patients with durable clinical benefits
than in patients with no durable benefit. Patients with high
TMB showed significantly longer OS and PFS (log-rank test,
P =.0197 and .0014 for OS and PFS respectively).26 Gandara
et al retrospectively analysed two large randomized trials as
test and validation studies, and found that higher TMB in
plasma (TMB > 24 and TMB > 26), which was distinct from
that in tissue-based approaches, was associated with longer
OS in NSCLC patients treated with atezolizumab.?” However,

the appropriate cut-off values of TMB vary between studies.
Even in the same study, different cut-off values lead to dif-
ferent conclusions.?® Therefore, further trials are needed to
determine the optimal cut-off value.

In our study, a combination of anti-CTLA-4 and anti-
PD-1/PD-L1 therapies was associated with longer OS. Anti-
CTLA-4 and anti-PD-1/PD-L1 agents act on different parts of
the cancer immunity cycle. Combination of these drugs is syn-
ergetic and may help overcome resistance to single-drug im-
munotherapy. Previous studies on NSCLC and other tumour
types have indicated that the combination of anti-CTLA-4 and
anti-PD-1/PD-L1 therapy is associated with higher clinical ac-
tivity than single-drug treatment.””*' Among previously un-
treated patients with metastatic melanoma, nivolumab alone
or in combination with ipilimumab resulted in significantly
longer PFS than ipilimumab alone. In patients with PD-L1
negative tumours, the combination of PD-1 and CTLA-4
blockade was more effective than either agent alone.” In
NSCLC, first-line nivolumab plus ipilimumab had a tolerable
safety profile and showed encouraging clinical activity char-
acterized including high response rate and durable response.29
Phase 3 studies to further assess this combination are ongo-
ing. However, the patients were stratified into PD-1/PD-L1
and combination groups. The PD-1/PD-L1 group could not
be further stratified as PL-1 alone or PD-L1 alone from the
cBioPortal online platform. In addition, the dose and duration
of immunotherapy for each patient were not known from the
cBioPortal online platform.

ZFHX3, a large transcription factor containing four home-
odomains, 23 zinc finger domains, and multiple other motifs,
was originally identified as ATBF1 that represses transcription
of alpha-fetoprotein (AFP) by binding to its promoter.”’33 The
ZFHX3 gene is encoded at locus 16q22.3-q23. 1**and is likely
a tumour suppressor in human cancer. ZFHX3 mutations are
frequent in prostate cancer, especially with high-grade tu-
mours, and ZFHX3 functionally suppresses cell proliferation.35
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FIGURE 3 Kaplan-Meier survival curve for NSCLC patients treated with ICIs according to different TP53 and ZFHX3 mutation status.
Patients in TP53 (+)/ZFHX3 (+) group had a significantly longer OS than those in TP53 (+)/ZFHX3 (—) group (P < .001) and TP53 (-)/ZFHX3
(=) group (P = .003). ICIs, immune checkpoint inhibitors; NSCLC, non-small cell lung cancer; OS, overall survival; 4+, mutation; —, wild-type

Variables
Age
<67
>67
Gender
Male
Female
Histology
Ad
SQC
Others
Sample type
Primary
Metastasis
Drug Class
PD-1/PD-L1
Combination
TMB score
>14
<14
Mutation group
TP53 (+)/
ZFHX3 (+)
TP53 (+)/
ZFHX3 (-)
TP53 (-)/
ZFHX3 (-)

Univariate Multivariate
HR 95% CI P HR 95% CI P
983 NS
Ref
0.997 0.761-1.306 983
426 NS
Ref
0.894 0.678-1.179 426
723 NS
Ref
1.118 0.763-1.638 569
1.176 0.722-1.916 515
.628 NS
Ref
1.069 0.817-1.398 .628
.008 .007
Ref Ref
0.398 0.201-0.788 .008 0.395 0.201-0.779  .007
.001 .001
Ref Ref
2.003 1.336-3.004 .001 1.969 1.321-2.935  .001
.004 .002
Ref Ref
4.246 1.552-11.616 .005 4.307 1.575- .004
11.773
2.982 1.066-8.340 .037 2.929 1.051-8.165  .040

Abbreviations: Ad, adenocarcinoma; HR, Hazard ratio; NS, P > .05 on univariate analysis; Ref, Reference;
SQC, squamous cell carcinoma.

ZFHX3 is also frequently mutated in endometrial carcinoma,
and defects in ZFHX3 are associated with poor outcomes.
Zhou et al used a 583 gene panel to analyse the mutational
spectrum of tumours collected from 98 lung adenocarcinoma

36

TABLE 3 Cox regression analysis for
estimating the risk factors of overall survival

patients and identified ZFHX3 mutations in 19% of patients.37
The 5-year OS rate among patients weakly expressing ZFHX3
was significantly lower than that of patients expressing higher
levels of ZFHX3 (P < .0001). Multivariate Cox proportional
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hazard analyses revealed that lower ZFHX3 expression (HR,
4.42;95% CI, 2.09-8.92; P = .0002) was an independent fac-
tor affecting 5-year OS. Suppression of ZFHX3 expression
in tumour cells decreased the survival rate of patients with
NSCLC.?® In our study, the ZFHX3 mutation predicted better
OS in NSCLC patients treated with ICIs.

5 | CONCLUSION

In conclusion, there was no statistically significant difference
in OS between TP53 mutation and TP53 wild-type groups
in advanced-stage NSCLC patients receiving ICI treatment.
The role of TP53 as a prognostic marker for immunotherapy
remains unclear. However, coexisting TP53 and ZFHX3 mu-
tations are independent prognostic factors for advanced-stage
NSCLC patients undergoing ICI treatment. The results of the
present study may help in the identification of advanced-
stage NSCLC patients harbouring TP53 mutations that would
benefit from ICI treatment. Unfortunately, we could not vali-
date this conclusion in our cohort. More comprehensive stud-
ies need to be conducted in future.
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