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ABSTRACT

Introduction: TP53 is a strong tumor suppressor gene; its deactivation contributes
to carcinogenesis and influences clinical outcomes. However, the prognostic influ-
ence of p53 deactivation on early relapse in patients with surgically resected non–
small cell lung cancer remains unclear.

Materials and methods: A cohort of 170 patients with primary stage I through III
lung adenocarcinoma (LADC) and lung squamous cell carcinoma who underwent
complete resection at Tokyo Medical and Dental University was screened for
TP53 mutations using panel testing, and association studies between TP53 muta-
tions and clinical data, including histology and postoperative recurrence, were per-
formed. The association between TP53 mutations and postoperative recurrence
was validated using data from 604 patients with MSK-IMPACT from The Cancer
Genome Atlas. Additional immunohistochemistry for p53 was performed on
some subsets of the Tokyo Medical and Dental University population.

Results:Mutations in TP53 were recurrently observed (35.9%; 61 out of 170) in the
Tokyo Medical and Dental University cohort. In the histology-stratified analysis, pa-
tients with LADC histology showed TP53 mutations that were associated with poor
relapse-free survival (log-rank test; P¼ .020), whereas patients with lung squamous
cell carcinoma histology showed TP53mutations that were not (P¼ .99). The poor
prognosis of TP53 mutation-positive LADCs was validated in The Cancer Genome
Atlas-LADC cohort (log-rank test; P ¼ .0065). Additional immunohistochemistry
for p53 in patients with LADC histology in the Tokyo Medical and Dental University
cohort showed a significant correlation between TP53mutations and abnormal IHC
pattern of p53 (Cramer’s correlation coefficient V ¼ 0.67).

Conclusions: TP53 mutation is a potential marker for worse prognosis in surgically
resected LADC; immunohistochemistry for p53 could be a surrogate method to
identify patients with LADC with a worse prognosis. (JTCVS Open 2024;20:183-93)
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TP53 mutation is a potential
marker for worse prognosis in
surgically resected LADC; IHC for
p53 could be a surrogate method
to identify patients with LADC
with a worse prognosis.
PERSPECTIVE
The assessments of recurrent risk and potential
feasibility for AT in each patient are important,
but the feasibility could not be accurately pre-
dicted at present. The study suggests p53 IHC
serves as a reliable indicator of TP53 mutation sta-
tus, a predictive factor for relapse of LADC in
postoperative patients, that contributes to the
sophistication of patient selection for AT.
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Abbreviations and Acronyms
AT ¼ adjuvant therapy
DBD ¼ DNA-binding domain
IHC ¼ immunohistochemistry
LADC ¼ lung adenocarcinoma
LSQC ¼ lung squamous cell carcinoma
NSCLC ¼ non–small cell lung cancer
RFS ¼ relapse-free survival
TCGA ¼ The Cancer Genome Atlas
TMDU ¼ Tokyo Medical and Dental University
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Lung cancer is a significant cause of mortality among pa-
tients with solid tumors.1 Its high recurrence rate, even after
complete surgical resection for non–small cell lung cancer
(NSCLC), is a possible reason for its poor prognosis. There-
fore, the use of adjuvant therapy (AT) for postoperative pa-
tients with NSCLC with a high risk of recurrence should be
considered to improve survival. However, the indications
for AT in patients with postoperative NSCLC remain
controversial. The execution rate of AT has been low in clin-
ical practice2,3 because the expected survival benefit of AT
is not always uniform solely based on TNM stage but might
depend on individual tumor or patient profiles.4,5 Severe
adverse events might cause not only treatment discontinua-
tion but also may lead to harmful sequelae for patients’
daily activities.6 The assessments of recurrent risk and po-
tential feasibility for AT in each patient are important; how-
ever, the feasibility of AT could not be accurately predicted
at present. Therefore, tightening the indications for AT
through accurate identification of postoperative patients
with NSCLC at high risk of recurrence is still considered
important.

Recent genomic analysis approaches, such as panel
testing, have enabled oncologists to easily access represen-
tative genomic profiles of malignant tumors and extract
helpful genomic information for therapeutic decisions for
metastatic tumors.7,8 Although only a few studies exist,
some genomic characteristics, such as mutations in TP53,
which controls a broad intercellular pathway, including
cell cycle arrest, cell apoptosis, DNA repair, and genomic
stability,9 could be associated with worsened relapse-free
survival (RFS) after surgery in patients with lung can-
cer.10,11 These studies showed the potential utility of
genomic analysis, especially of TP53 mutations, for identi-
fying patients with NSCLC at high recurrence risk. Howev-
er, panel testing for tumors in clinical settings is currently
widely used to identify helpful genomic information
contributing to the sophistication of pharmacotherapy for
patients with metastatic status, but not to predict
recurrence.8
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In gynecologic and gastrointestinal neuroendocrine neo-
plasms, p53 immunohistochemistry (IHC) accurately re-
flects the mutational status12,13 even in small biopsied
samples,14 suggesting the potential availability of p53
IHC as a surrogate marker for TP53 mutation. In addition,
the rapidity and convenience of IHC will increase its value
in terms of clinical utility. Because panel testing is not al-
ways available during the perioperative period, the results
of p53 IHC could contribute to development of treatment
strategies by thoracic surgeons. However, with respect to
lung cancer, several previous studies have reported a low
concordance and discrepancy between TP53 mutation sta-
tus and p53 IHC.15-17 This was likely because next-
generation sequencing technology used in recent panel
testing was not adapted in these verification studies; thus,
we hypothesized that TP53 mutation detected using panel
testing could be more matched to the results of p53 IHC.
No integrated study of lung cancer showing the clinical in-
fluence of the gene mutation and the potential utility of IHC
staining exists as yet; thus, we performed an association
study between RFS after surgery and TP53 mutation and
validated it using The Cancer Genome Atlas (TCGA)
data. The correlation between TP53 mutation and p53
abnormal IHC staining was investigated.

MATERIALS AND METHODS
Patient Selection

A total of 170 of consecutive patients with lung adenocarcinoma

(LADC) (n ¼ 108) and lung squamous cell carcinoma (LSQC) (n ¼ 62)

aged 20 years or older, who underwent surgical resection without neoadju-

vant therapy between April 2014 and March 2019 at Tokyo Medical and

Dental University (TMDU) and whose specimens were preserved in the

Bioresource Research Center of TMDU, were screened for 440 cancer-

related genes, including TP53 using panel testing (the TMDU cohort).

Because LADC and LSQC are representative histologies in NSCLC and

significant cancer-associated genes of these histologies were elucidated

in previous comprehensive genomic analyses.18 All patients were staged

according to the seventh edition of the TNM classification.19 The inclusion

criteria were as follows: curative surgery with lobectomy and a definitive

histologic diagnosis of LADC or LSQC. Clinical data collected from the

medical records of each patient included age, gender, Eastern Cooperative

Group Performance Status, history of chemotherapy-based AT, patholog-

ical findings, and RFS (defined as the time from surgery to first recurrence

or death from any cause).11 The study was conducted in accordance with

the tenets of the Declaration of Helsinki (revised in 2013), was approved

by the institutional review board of TMDU (M2022-018; June 3, 2022)

and was granted a waiver of informed consent because of the anonymity

of all patients whose data were used in the study.

DNA Screening
Detection and analysis of cancer-related Genomic muta-
tions, including TP53. This study used genomic information

analyzed using ACTOncoþ (ActMed Co, Ltd) and preserved at the Bio-

resource Research Center of TMDU. The detailed sequencing and data

analysis protocols are described in the ACTOnco þ Report supplied by

ACT Genomics Co, LTD, as previously reported.20 Briefly, genomic

DNA from cancer cells was amplified using 4 pools of primer pairs target-

ing the coding exons of 440 cancer-related genes, including TP53. The



TABLE 1. Clinicopathologic characteristics of the selected patients

Characteristic TMDU cohort (N ¼ 170)

Age (y) 69 (29-87)

Gender

Male 111 (65.3)

Female 59 (34.7)

Smoking history

Never 49 (28.8)

Ever 110 (64.7)

Current 11 (6.5)

ECOG-PS

0 167 (98.2)

1 3 (1.8)

Histology

LADC 108 (63.5)

LSQC 62 (36.5)

Stage

I 105 (61.8)

II 37 (21.8)

III 28 (16.5)

TP53 mutation

No 109 (64.1)

Yes 61 (35.9)

AT

No 120 (70.6)

Yes 50 (29.4)

Recurrence

No 120 (70.6)

Yes 50 (29.4)

Values are presented as median (range) or n (%). TMDU, Tokyo Medical and Dental

University; ECOG-PS, Eastern Cooperative Oncology Group Performance Status;

LADC, lung adenocarcinoma; LSQC, lung squamous cell carcinoma; AT, adjuvant

therapy.
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amplicons were ligated to barcoded adaptors. The quality and quantity of

the amplified library were determined using a fragment analyzer (AATI)

and Qubit (Invitrogen). Subsequently, the barcoded libraries were conju-

gated to sequencing beads using emulsion polymerase chain reaction and

enriched using an Ion Chef system (Thermo Fisher Scientific) according

to the Ion PI Hi-Q Chef Kit protocol (Thermo Fisher Scientific) or the

Ion 540 Kit-Chef protocol (Thermo Fisher Scientific). Sequencing was per-

formed using an Ion Proton or Ion S5 sequencer (Thermo Fisher Scientific).

The sequencer-generated raw reads were aligned to the hg19 reference

genome employing the Ion Torrent Suite (version 5.10). Coverage depth

was determined utilizing the Torrent Coverage Analysis Plug-in. Single-

nucleotide variants and short insertions/deletions were identified through

the Torrent Variant Caller plug-in (version 5.10). The coverage underwent

downsampling to 4000. The Variant Effect Predictor (version 88) was uti-

lized to annotate each variant by referencing databases COSMIC v.92 and

dbSNP 151. Variants present in ToMMo 8.3 K or genomAD v2.1 were dis-

regarded as polymorphisms and excluded from further analysis. Retention

criteria encompassed variants with coverage � 25 and allele frequency

�5%, along with actionable variants possessing an allele frequency

�2%. Variants documented in the Genome Aggregation Database r2.0.2

with a minor allele frequency>1% were categorized as polymorphisms.

An in-house ACT Genomics database was consulted to identify technical

errors. For subsequent analyses, variants included in dbSNP or COSMIC

were considered clinically actionable and biologically significant. The out-

comes of gene mutations were visualized using the maftools package in R

version 4.1-2 (R Foundation for Statistical Computing).

External datasets from a Caucasian population ex-
tracted from TCGA. To validate the results obtained from the

TMDU cohort, clinical and genomic data from patients with NSCLC in

the MSK-IMPACT (Memorial Sloan Kettering Integrated Mutation

Profiling of Actionable Cancer Targets) study21,22 of TCGAwere obtained

from cBioportal (https://www.cbioportal.org).

IHC of p53 and pathological evaluation. Formalin-fixed

paraffin-embedded tumors were used in this study. A tissue microarray

was conducted, and for samples that could not be assessed via tissue micro-

array, separate staining was carried out followed by re-evaluation. The IHC

staining of p53 (DO-7; Leica Biosystem) was performed by an expert

pathologist (A.T.) who blindly reviewed the specimens from mutation

data. The scoring methodology involved multiplying the percentage of

positively stained nuclei (0-4), assessed on a scale (0 ¼ absent,

1 ¼<25%, 2 ¼ 25%-50%, 3 ¼ 50%-75%, and 4 ¼ 75%-100%) by

the intensity of staining (0-3), evaluated on a scale (0 ¼ absent,

1 ¼ <10%, 2 ¼ 10%-50%, and 3 ¼ 50%-100%), as previously

described.23 Abnormal staining patterns were defined as complete absence

(score ¼ 0) or overexpression (score ¼ 4 or higher).

Statistical Analysis
Categorical variables were compared using either the c2 test or Fisher

exact test. Numerical variables were compared using the Mann-Whitney

U test. Survival analysis was conducted employing the Kaplan-Meier

method. Concordance between the mutation status and IHC results was

analyzed using Cramer’s V test. All statistical analyses were carried out us-

ing R version 4.1-2). A Cramer’s V value exceeding 0.25 denoted a very

strong association.
RESULTS
Clinical and TP53 Genomic Characteristics of the
TMDU Cohort

The TMDU cohort comprised 170 patients with NSCLC
(LADC, n ¼ 108 [63.5%] and LSQC, n ¼ 62 [36.5%])
stages I through III, as summarized in Table 1. The
TMDU cohort included 111 men (65.3%) and 59 women
(34.7%) with a median age of 70 years (range, 29-87 years).
Most patients in the TMDU cohort had a history of smoking
(110 [64.7%]) and were current smokers (11 [6.5%]). In
the TMDU cohort, 50 (29.4%) patients experienced
recurrence.
The genomic profile of the TMDU cohort is shown in

Figure 1. Mutations in TP53 (n ¼ 61 [35.9%]), EGFR
(n ¼ 44 [25.9%]), and KRAS (n ¼ 18 [10.6%]) were recur-
rently detected in the TMDU cohort. These data agree with
those reported in previous studies on LADC and LSQC in
East-Asian cohorts.24,25
Association Between TP53 Mutation Status and RFS
in the TMDU Cohort and its Validation Using the
TCGA Data
In the association study conducted on the TMDU cohort

between TP53 mutations and RFS, a noteworthy negative
correlation was revealed (log-rank test; P ¼ .048)
(Figure E1). Considering the morphological and genomic
distinctions between LADC and LSQC, additional associa-
tion studies were stratified by histologic type. These
JTCVS Open c Volume 20, Number C 185
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Altered in 129 (75.88%) of 170 samples.
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FIGURE 1. Genomic profile of the Tokyo Medical and Dental University (TDMU) cohort. LADC, Lung adenocarcinoma; LSQC, lung squamous cell

carcinoma.
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analyses indicated that patients with LADC histology dis-
played TP53 mutations that were associated with poor
RFS (log-rank test; P ¼ .020), whereas patients with
LSQC histology did not exhibit TP53 mutations with such
an association (log-rank test; P ¼ .99) (Figure 2). Notably,
within the LADC subset, there were no significant differ-
ences observed between TP53 mutant and TP53 wild-type
regarding potential prognostic factors such as age and the
presence of adjuvant therapy in the TMDU cohort (Table
E1). This outcome implies that TP53 mutations could
potentially exert a stronger association with the prognosis
of patients with LADC than with the prognoses for those
with LSQC and details of TP53 mutations detected in
LADC patients are summarized in Table E2. Additionally,
another genomic feature named tumor mutation burden
showed a slightly higher trend in TP53 mutant samples
than in TP53 wild-type samples (Figure E2). Data from
MSK-IMPACT within TCGA, comprising 604 patients
who underwent surgical resection for LADC, were ex-
tracted and employed as a validation cohort, specifically
representing a Caucasian population. The statistical
186 JTCVS Open c August 2024
significance observed in the TMDU cohort regarding RFS
in relation to the presence of TP53mutations was also noted
in the TCGA cohort (log-rank test; P ¼ .0065) (Figure E3).

Concordance Between TP53Mutation and Abnormal
Staining of p53 IHC

Because our association studies between TP53 mutation
and RFS in patients with LADC showed that TP53mutation
was a prognostic marker for surgically resected LADC, IHC
of p53 for patients with LADC histology in the TMDU
cohort was performed to investigate a potential utility for sur-
rogating TP53 mutation, and representative cases are shown
in Figure E4. A recent study showed not only complete
absence but also overexpression patterns of p53 IHC strongly
predictive of an underlying TP53 mutations reflecting26 that
the majority of TP53 mutations are missense mutations pro-
ducing mutant proteins that accumulate in the nucleus of tu-
mor cells and can be detected through positive IHC.27 Our
scoring system was based on a previous study23 in which
abnormal staining patterns were defined as complete absence
or overexpression using lung cancer tissue samples.
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FIGURE 2. Relapse-free survival of patients with primary stage I through III lung adenocarcinoma (LADC) (A) and lung squamous cell carcinoma (LSQC)

(B) who underwent lung resection.
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Cramer’s V test showed high concordance between TP53
mutation and p53 abnormal IHC staining (Table 2). This
result suggested that abnormal p53 IHC staining could be a
surrogate marker for predicting early relapse in surgically re-
sectedLADC. PatientswithLADC in theTMDUcohort were
re-sorted according to the results of p53 staining. Patients
with LADC showing abnormal p53 staining exhibited worse
RFS than did those showing normal p53 staining (Figure E5).
To adjust potential confounding factors for RFS, additional
Cox-regression multivariable analysis was performed to
demonstrate that not only tumor stage (hazard ratio, 7.3;
95% CI, 3.35-15.8; P < .001) but also abnormal p53
IHC (hazard ratio, 2.2; 95% CI, 1.08-4.22; P ¼ .030) was
significantly and independently associated with poor RFS
(Table 3).
TABLE 2. Association of TP53 mutation and p53 immunohisto-

chemistry (IHC) pattern in lung adenocarcinoma

TP53

p53 IHC

TotalNormal Abnormal

Wild-type 63 17 80

Mutation 1 27 28

Total 64 44 108

Cramer’s V 0.67
DISCUSSION
In this study, we validated TP53 mutation was associated

with early relapse in patients with surgically resected LADC,
and IHC of p53 showed high concordance with the mutation
status, suggesting that IHC of p53 could be a surrogate
marker of early relapse in patients with resected LADC. Af-
ter adjusting for potential confounding factors, abnormal p53
IHCwas still found to be independently associated with poor
RFS. This study may contribute in providing a convenient
and reproducible methods to identify poor RFS, thereby aid-
ing thoracic surgeons in the development of accurate treat-
ment strategies during the perioperative period.

The transcription factor p53 is encoded by a tumor sup-
pressor gene involved in the response toDNAdamage, oxida-
tive stress, and oncogenic hyperproliferation.28 Its geneTP53
is the most frequently mutated gene in human cancers,
including lung cancer. The 2 primary histological categories
of NSCLC consist of LADC and LSQC, with TP53 identified
as the most prominently mutated gene in both classes.18 Pre-
vious reports have indicated the potential malignancy associ-
ated with TP53 mutations, which suggests their contribution
to a poorer prognosis. Moreover, these mutations have been
linked to strong carcinogenic effects. Translational studies
of TP53mutations in lung cancer reported that the mutations
could have a clinical influence on the drug resistance of
NSCLC29 and early relapse in surgically resected
NSCLC.10,11 In our study, we also validated the negative
prognostic influence of TP53 mutations in LADC, showing
an association between these mutations and early relapse af-
ter surgery both in our Japanese and TCGA cohorts, which
mainly consisted of Caucasian populations. Contrary to
LADC, TP53mutations could not serve as a prognostic indi-
cator for LSQC. Several reasons may explain this phenome-
non. Patients with LSQC are up to 94%more likely to harbor
TP53 mutations but this mutation is not always associated
with prognosis in certain cancers such as LSQC in TCGA
cohort.30 Carcinogens from smoking form DNA adducts re-
sulting in aberrant function of various cancer-associated
JTCVS Open c Volume 20, Number C 187



TABLE 3. Univariable and multivariable Cox regression analysis for relapse-free survival in the patients with lung adenocarcinoma of the Tokyo

Medical and Dental University cohort

Parameter

Univariable Multivariable

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age �70 vs<70 y 1.1 0.53-2.13 .87

Gender, male vs female 0.92 0.46-1.85 .81

Smoking history, ever or

current vs never

0.69 0.34-1.38 .29

Histologic subtype, solid or

with micropapillary pattern

vs others

1.2 0.56-2.35 .71

Stage, II and III vs I 7.3 3.38-15.9 <.001 7.3 3.35-15.8 <.001

AT, yes vs no 1.2 0.56-2.39 .70

p53 IHC, abnormal vs normal 2.2 1.11-4.49 .025 2.2 1.08-4.42 .030

The variables with P-value<.05 in univariable analysis were included in multivariable analysis. Those with P-value<.05 in multivariable analysis were shown in bold. AT, Adju-

vant therapy; IHC, immunohistochemistry.
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genes. Chromosomal aberrations in LSQC could be grouped
into a broad category, compromising not only loss of cell cy-
cle regulation (TP53, RB1, CDKN2A, MYC) but also expres-
sion of squamous cell differentiation pathways (NOTCH,
SOX2, TP63), upregulation of oncogenic signaling through
the RAS and PI3K pathways, and abnormalities in epigenetic
regulators (KMT2D, NSD1, KDM6A). LSQC could be influ-
enced by a wide variety of biological pathways and thus may
not be determined only by loss of p53 function due to TP53
mutations.

Previous studies of gynecologic and gastrointestinal
neuroendocrine neoplasms, except lung cancer, reported
high accuracy when using p53 IHC to predict TP53 muta-
tions.12,13 However, our study also showed high concordance
between abnormal IHC and these mutations, in contrast to
previous studies of lung cancer.15-17 Additionally, the
prognostic influence of TP53 mutations and/or abnormal
p53 IHC had not been integrated, varying from previous
reports,15-17 but our study integrated the clinical importance
of both TP53 mutations and p53 IHC, although subgroup
analysis according to tumor stage could not stratify RFS of
stage I LADC, for which stage the indications for adjuvant
therapy are still not straightforward (data not shown).
Several factors could explain the difference between the
previous results and our findings. The evaluation of p53 by
IHC differed according to the study. In previous reports,15-17

TP53 mutation detection was mainly performed using the
Sanger sequencing-based assay and preferentially screened
at least exons 5 to 8, which comprise the DNA-binding
domain (DBD) categorized as a classical hotspots.31 The
unbiased screening using next-generation sequencing showed
approximately 20% of point mutations and insertions/dele-
tions occurring outside the DBD hotspot,32 in fact, 17.9%
of gene aberrations outside the DBD hotspot were also
observed in the TMDU cohort (data not shown). These gene
aberrations outside the DBD hotspot of TP53 could also
188 JTCVS Open c August 2024
interfere with p53 activities32 supporting our results of worse
prognosis of LADC patients with TP53 mutations than of
those with TP53 wild type.

Recent evidence of AT shows that not only platinum-
based chemotherapy but also molecular-targeted or
immune-oncology drugs have a significant benefit for the
survival of patients after NSCLC surgery,33-35 suggesting
the importance of seamless screening of biomarkers for
molecular-targeted or immune-oncology drugs after sur-
gery. However, not all of the patients with LADC carry drug-
gable driver mutations or high programmed death-ligand 1
(PD-L1) expression, and nonnegligible frequencies of
adverse events would develop during therapies.34,35 p53
IHC data could help oncologists select LADC patients for
AT while considering the risks and benefits of AT. In fact,
in the TMDU cohort, LADC patients with TP53 mutations
showed a higher tumor mutation burden than did those
with TP53 wild-type. These data would further contribute
to the increase in sophistication of patient selection for AT
using immuno-oncology drugs.

A few limitations were identified in our study. Primarily, it
was a retrospective analysis encompassing a restricted num-
ber of patients. Secondly, our study lacked assessment of
the interplay between driver oncogene and PD-L1 status.
Our results on p53 IHC could not simply be applied when
LADC shows positive of driver mutation such as EGFR of
high PD-L1 status expression. Our results should be carefully
interpreted. Additionally, we did not validate the association
between p53 IHC results and AT efficacy. Acknowledging
these constraints, there is a need for further prospective
studies to thoroughly investigate and ascertain the utility of
p53 IHC.

CONCLUSIONS
Our study revealed that individuals diagnosed with

LADC and possessing TP53 mutations experienced a
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shorter recurrence-free survival than did those lacking these
mutations. We noted a significant correlation between TP53
mutation and abnormal p53 IHC results, suggesting that p53
IHC might serve as a convenient surrogate marker to iden-
tify the mutation status.
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FIGURE E1. Relapse-free survival of patients with primary stage I

through III lung carcinoma in the Tokyo Medical and Dental University

cohort is displayed using Kaplan-Meier curve. P values are derived from

log-rank test and the number at risk tables of each group are also displayed.
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FIGURE E2. Tumor mutation burdens between lung adenocarcinoma

with mutant and wild-type TP53. P values was calculated using Mann-

WhitneyU test. Boxplot shows the 50th, 25th, and 75th percentiles (middle,

bottom, and top lines of the boxes, respectively) and values outside the 95th

percentile (shown as dots).

190 JTCVS Open c August 2024



+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++ +

+

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+ +

++++++

P = .00650%

25%

50%

75%

100%

0 1 2 3 4 5
Time (years)

S
u

rv
iv

al
 P

ro
b

ab
ili

ty
 (

%
)

95% CI TP53 wild TP53 mut

385 291 168 50 9 3
219 156 81 27 3 0

0 1 2 3 4 5
Time (years)

95
%

 C
I

Number at risk

TP53 mut
TP53 wild

5−y RFS (wild): 42.5%

FIGURE E3. Relapse-free survival of patients with primary stage I

through III lung adenocarcinoma in the The Cancer Genome Atlas cohort

is displayed using Kaplan-Meier curve. P values are derived from log-rank

test and the number at risk tables of each group are also displayed.

FIGURE E4. Representative cases of immunohistochemistry staining for lung adenocarcinoma (LADC) in the Tokyo Medical and Dental University

cohort. Pathological images of hematoxylin-eosin (HE) (A) and p53 (B) stain for LADC with wild-type TP53 and HE (C) and p53 (D) for LADC with

TP53 mutation.
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FIGURE E5. Relapse-free survival of patients with primary stage I

through III lung adenocarcinoma stratified according to p53 IHC staining

is displayed using Kaplan-Meier curve. P values are derived from log-

rank test and the number at risk tables of each group are also displayed.

IHC, Immunohistochemistry.

TABLE E1. Clinicopathological characteristics of the patients with lung adenocarcinoma (LADC) in the Tokyo Medical and Dental University

(TMDU) cohort

Characteristics

LADC in TMDU cohort (n ¼ 108)

P valueTP53 Mutant (n ¼ 28) TP53 Wild-type (n ¼ 80)

Age (y) 69.5 (49-84) 70 (29-87) .62

Gender (%) 1

Male 17 47

Female 11 330

Smoking history .87

Never 10 (35.7) 33 (41.3)

Ever 17 (60.7) 44 (55.0)

Current 1 (3.6) 3 (3.8)

ECOG-PS 1

0 27 (96.4) 79 (98.8)

1 1 (3.6) 1 (1.3)

Histology subtype .13

Solid or with micropapillary pattern 20 (71.4) 42 (52.5)

Others 8 (28.6) 38 (47.5)

Stage .27

I 16 (57.1) 56 (70.0)

II 6 (21.4) 16 (20.0)

III 6 (21.4) 8 (10.0)

AT .33

No 15 (53.6) 61 (76.3)

Yes 13 (46.4) 19 (23.8)

Values are presented as median (range) or n (%). ECOG-PS, Eastern Cooperative Oncology Group Performance Status; AT, adjuvant therapy.
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TABLE E2. Detailed descriptions of TP53 mutations observed in the patients with lung adenocarcinoma of the Tokyo Medical and Dental

University cohort

Case HGVSc HGVSp Consequences Pathogenicity p53 IHC

1 c.902delC p.Pro301GlnfsTer44 frameshift_variant LOF Overexpression

2 c.817C>A p.Arg273Ser missense_variant LOF Complete absence

3 c.818G>T p.Arg273Leu missense_variant GOF Overexpression

4 c.451C>T p.Pro151Ser missense_variant GOF Overexpression

5 c.517G>T p.Val173Leu missense_variant GOF Overexpression

6 c.517G>T p.Val173Leu missense_variant GOF Overexpression

7 c.818G>T p.Arg273Leu missense_variant GOF Overexpression

8 c.818G>T p.Arg273Leu missense_variant GOF Overexpression

9 c.746G>C p.Arg249Thr missense_variant GOF Overexpression

10 c.329G>T p.Arg110Leu missense_variant LOF Overexpression

11 c.380C>T p.Ser127Phe missense_variant LOF Overexpression

12 c.578A>T p.His193Leu missense_variant LOF Overexpression

13 c.569C>G p.Pro190Arg missense_variant LOF Overexpression

14 c.422G>A p.Cys141Tyr missense_variant LOF Overexpression

15 c.853G>A p.Glu285Lys missense_variant LOF Overexpression

16 c.329G>T p.Arg110Leu missense_variant LOF Overexpression

17 c.427G>A p.Val143Met missense_variant LOF Overexpression

18 c.713G>C p.Cys238Ser missense_variant LOF Overexpression

19 c.832C>T p.Pro278Ser missense_variant LOF Overexpression

20 c.1009C>T p.Arg337Cys missense_variant LOF Overexpression

21 c.730G>A p.Gly244Ser missense_variant LOF Overexpression

22 c.821T>C p.Val274Ala missense_variant LOF Overexpression

23 c.722C>G p.Ser241Cys missense_variant LOF Overexpression

24 c.743G>T p.Arg248Leu missense_variant LOF Overexpression

25 c.96þ1G>C - splice_donor_variant LOF Complete absence

26 c.574C>T p.Gln192Ter stop_gained LOF Complete absence

27 c.202G>T p.Glu68Ter stop_gained LOF Complete absence

28 c.892G>T p.Glu298Ter stop_gained LOF Normal

HGVS, Human Genome Variation Society; IHC, immunohistochemistry; LOF, loss of function; GOF, gain of function.
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