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PD-L1 is correlated with p53 expression
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Abstract: PD-L1 plays a key role in immune evasion of tumor cells, and individual study found that PD-L1 status was
regulated by p53 gene. Whether PD-L1 expression is related to p53 status or prognosis in Chinese patients with
lung adenocarcinoma has not been clearly clarified. In our study, immunohistochemical analysis of PD-L1 and p53
expression was performed in 229 surgically resected lung adenocarcinomas by using tissue microarray technology.
PD-L1 positivity in tumor cells was found in 20.5% of the samples and was associated with female (P=0.007), nodal
metastasis (P=0.005), solid predominant type (P<0.001), poor differentiation (P<0.001). PD-L1 positivity in tumor-
infiltrating immune cells was found in 23.6% of the samples and was more frequent in male patients (P=0.049),
solid predominant tumors (P<0.001) and poor differentiation (P<0.001), and there was a significant correlation
between PD-L1 expression in tumor cells and immune cells (P<0.001). p53 aberrant expression was significantly
associated with PD-L1 positivity in tumor cells (P<0.001) and tumor-infiltrating immune cells (P=0.001). PD-L1
positive patients with lung adenocarcinoma showed poor recurrence-free survival (P<0.001) and overall survival
(P<0.001) on univariate analysis but it was not independent prognostic factor. In conclusion, PD-L1 expression in
tumor cells was significantly associated with PD-L1 expression in tumor-infiltrating immune cells and P53 status.
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Introduction

Lung cancer accounts for more than 1.8 mill-
ion newly diagnosed cancer cases and 1.6 mil-
lion cancer-related deaths (19.4% of the total)
worldwide every year, while non-small cell lung
cancer (NSCLC) accounts for about 85% of all
lung cancer cases [1]. In the past few years, tar-
geted therapy has achieved some therapeutic
effects against driver mutation (such as EGFR,
ALK), but the five-year survival rate was still
less than 15% of all patients due to the incre-
asing drug resistance [2]. Emerging immuno-
therapy has become the new direction for the
treatment of NSCLC, of which programmed de-
ath-1 (PD-1) and its ligand PD-L1 play a signifi-
cant role in tumor immune evasion and have
become effective therapeutic targets.

PD-1 is a member of the extended CD28/CTLA-
4 immunoglobulin family. It is encoded by the
PDCD1 gene located in chromosome 2 and its
main ligand PD-L1 (also named B7-H1, a num-
ber of B7 family) is encoded by Cd274 located
in chromosome 9 [3]. PD-L1 is expressed on
resting T cells, B cells, dendritic cells, macro-
phage, vascular endothelial cells and pancre-

atic islet cells [3]. It is expressed in various
types of cancers, especially in NSCLC, melano-
ma, renal cell carcinoma, gastric cancer, and so
on [2]. PD-1/PD-L1 pathway regulates immune
suppression by multiple mechanisms, such as
inducing apoptosis of activated T cells, facilitat-
ing T cell anergy and exhaustion, enhancing
the function of regulatory T cells, inhibiting the
proliferation of T cells [2]. In brief, the binding
of PD-L1 to PD-1 will transfer inhibitory signals
to suppress T cell functions so that the tu-
mor cells will protect themselves from immune
destruction [4]. However, the study on PD-L1 in
lung adenocarcinoma was restricted in tumor
cells, while individual study [5] including ours
found that PD-L1 also expressed in immune
cells and it was also worth studying.

TP53 is the most frequently studied molecular
mutation in human cancer and p53 protein
expression has been found in more than 50%
of human tumors. It is a tumor suppressor gene
which plays an important role in cell cycle, DNA
repair, cellular senescence [6, 7]. We hypothe-
sized that PD-L1 may be correlated with P53
aberrant expression and predict a poor prog-
nosis. To test this hypothesis, we undertook
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the current study to use immunohistochemi-
cal staining for PD-L1 and p53 protein to eva-
luate its prognostic significance by tissue mi-
croarrays in a large cohort of patients with
lung adenocarcinoma.

Materials and methods
Patients and samples

A total of 229 samples from patients with lung
adenocarcinoma who had undergone initial
surgery at the First Affiliated Hospital of Nan-
jing Medical University between 2012 and
2013 were included in this study. None had
received chemotherapy before surgery or had
distant metastasis at the time of diagnosis.
Clinical data and follow-up information was
updated through June 2016 by reviewing me-
dical records and telephone survey. This rese-
arch protocol was approved by the local Ethi-
cal Committee. All patients provided a written
informed consent statement, and our study
follows the principles of the Declaration of
Helsinki.

Histologic review and tissue microarrays

Samples were classified as lepidic, acinar, pap-
illary, micropapillary, solid, or invasive muci-
nous adenocarcinoma according to the 2015
World Health Organization classification [8]. T
staging was performed in accordance with the
standards of the American Joint Committee
on Cancer, 7th Edition.

Sections were reviewed by a pathologist who
selected representative areas of the tumors
from which to acquire cores for microarray ana-
lysis. Tissue microarray blocks were constru-
cted by taking core samples from morpholo-
gically representative areas of formalin-fixed
paraffin-embedded (FFPE) tumor tissues and
assembling them on a recipient paraffin block
by Manual Tissue Arrayer (Beecher Instruments,
America). For each sample, two or three cores
of 1.5 mm were selected in consideration of
the heterogeneity of the tumors. Sample track-
ing was based on coordinate positions for each
tissue spot in the tissue microarray block. The
spots were transferred onto tissue microarray
slides for staining. This sample tracking system
was linked to a data base that contained clini-
copathologic and survival data on the patients
who provided the samples, thereby allowing
rapid links between histologic data and clinical
features. The array was read according to the
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given tissue microarray map; each core was
scored individually, and the results were pre-
sented as the mean of all cores. Samples in
which no tumor was found or no cores were
available were excluded from the final data
analysis [9].

Immunohistochemistry for PD-L1 and p53

Rabbit anti-PD-L1 monoclonal antibody (Clone
SP142, ZSGB-BIO, Beijng, China) and mouse
anti-p53 monoclonal antibody (Clone DO-7,
MXB, Fuzhou, China) showed the appropriate
sensitivity based on the previous study [5, 10]
and were used as the primary antibody in this
study. Briefly, TMA blocks were sectioned at a
thickness of 4 uym before deparaffinized and
rehydrated, and antigen retrieval was done by
high pressure method. After incubation with
the primary antibody at 4°C for one night, the
slides were then washed by phosphate-buff-
ered saline (PBS) and incubated with second-
ary antibodies at room temperature for 17 min
followed by incubation with 3, 3’-diaminobenzi-
dine (DAB). Sections were counterstained with
hematoxylin.

Two authors who were blinded to the clinical
data assessed the immunostaining indepen-
dently, and discrepancies were resolved by re-
viewing the corresponding sections and by dis-
cussion. PD-L1 expression in tumor cells was
considered ‘positive’ if greater than or equal to
5% of tumor cells showed membranous stain-
ing, otherwise negative [5, 11-13]. PD-L1 ex-
pression in tumor-infiltrating immune cells was
considered positive if greater than or equal to
1% of immune cells showed membranous or
cytoplasm staining, as references described
[14]. p53 expression was defined as ‘aberrant
expression’ if tumor cells showed either nucle-
ar expression in greater than 50% or complete
absence of staining and as ‘wild type expre-
ssion’ if tumor cells showed no aberrant ex-
pression (1-50% staining), as references de-
scribed [5, 15, 16].

EGFR mutation analysis

Hematoxylin and eosin (H&E)-stained slides
were reviewed and tumor regions were manu-
ally microdissected from consecutive forma-
lin-fixed, paraffin-embedded tissue sections.
After deparaffinization, specimens were sub-
jected to mutation analysis of exons 18, 19,
20 and 21 of the epidermal growth factor re-
ceptor (EGFR) gene. ADx-ARMS kit (Amoy Diag-
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Table 1. Correlation between clinicopathological features and expression of PD-L1 in tumor cells and
tumor-infiltrating immune cells

PD-L1 expression in PD-L1 expression in
tumor cells tumor-infiltrating immune cells
Positive, n (%) Negative, n (%) Pvalue Positive, n (%) Negative, n (%) P value
Gender
Male 13 (12.6) 90 (87.4) 0.007 36 (28.6) 90 (71.4) 0.049
Female 34 (27.0) 92 (73.0) 18 (17.5) 85 (82.5)
Age
<60 23(20.7) 88(79.3) 0.943 25 (22.5) 86 (77.5) 0.757
>60 24 (20.3) 94 (79.7) 29 (24.6) 89 (75.4)
Smoking status
Never smokers 30 (17.6) 140 (82.4) 0.067 36 (21.2) 134 (78.8) 0.146
Former or current smokers 17 (28.8) 42 (71.2) 18 (30.5) 41 (69.5)
Size
<3cm 23(15.2) 128 (84.8) 0.006 33(21.9) 118 (78.1) 0.392
>3 cm 24 (30.8) 54 (69.2) 21 (26.9) 57 (73.1)
Nodal metastasis
No 24 (15.4) 132 (84.6) 0.005 35 (22.4) 121 (77.6) 0.551
Yes 23 (31.5) 50 (68.5) 19 (26.0) 54 (74.0)
Vascular invasion
No 41 (19.2) 173 (80.8) 0.053 49 (22.9) 165 (77.1) 0.357
Yes 6 (40.0) 9 (60.0) 5 (33.3) 10 (66.7)
T status
| 15 (15.8) 80 (84.2) 0.460 24 (25.3) 71 (74.7) 0.283
Il 28 (24.1) 88 (75.9) 26 (22.4) 90 (77.6)
1l 4 (23.5) 13 (76.5) 3(17.6) 14 (82.3)
v 0 (0) 1 (100) 1 (100) 0(0)
Histologic subtype
Lepidic 2(7.4) 25 (92.6) <0.001 9 (33.3) 18 (66.7) <0.001
Acinar 10 (9.9) 91 (91.0) 14 (13.9) 87 (86.1)
Mucinous 0 (0) 15 (100) 0 (0) 15 (100)
Papillary 1(5) 19 (95.0) 0 (0) 20 (100)
Micropapillary 3(27.3) 8(72.7) 2(18.2) 9 (81.8)
Solid 31 (56.4) 24 (43.6) 29 (52.7) 26 (47.3)
Solid predominant type
Negative 16 (9.2) 158 (90.8) <0.001 25(14.4) 149 (85.6) <0.001
Positive 31 (56.4) 24 (43.6) 29 (52.7) 26 (47.3)
Pathologic differentiation
Well/moderate 8 (5.8) 131(94.2) <0.001 19 (15.8) 120 (86.3) <0.001
Poor 39 (43.3) 51 (56.7) 35(38.9) 55 (61.1)
EGFR
Wild type 19 (25.3) 56 (74.7) 0.100 21 (28.0) 54 (72.0) 0.109
Mutant 12 (14.8) 69 (85.2) 14 (17.3) 67 (82.7)
p53 status
Aberrant expression 39 (36.1) 69 (63.9) <0.001 18(14.9) 103 (85.1) 0.001
Wild type expression 8 (6.6) 113 (93.4) 36 (33.3) 72 (66.7)
PD-L1 expression in tumor-infiltrating immune cells
Negative 21 (12.0) 154 (88.1) <0.001
Positive 26 (48.1) 28 (51.9)
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Figure 1. Images for PD-L1 and p53 immunohistochemistry in tumor cells. A. Microscopic examination manifests
the histology are solid predominant, which consists of solid nests of large epithelial cells with abundant cytoplasm
and prominent nucleoli (H&E stain, Original magnification x200). B. The tumor cells show markedly diffuse membra-
nous staining of PD-L1. (Original magnification x200). C. The tumor cells show nucleus staining of p53 in more than
50% of tumor cells which means p53 aberrant expression. (Original magnification x200). D. Microscopic examina-
tion manifests the histology are papillary predominant, which consists of malignant cuboidal to columnar tumor
cells growing on the surface of fibrovascular cores. (H&E stain, Original magnification x200). E. Immunohistochemi-
cal staining is negative for PD-L1 in membrane. (Original magnification x200). F. Inmunohistochemical staining is

occasionally positive for p53 in nucleus which means p53 wild type. (Original magnification x200).

Figure 2. Images for PD-L1 immunohistochemistry in tumor-infiltrating im-
mune cells. A, B. Tumor-infiltrating immune cells show membranous or cyto-
plasm staining of PD-L1 (Original magnification x200).

nostics, Xiamen, China) method were used for
the EGFR mutation testing as described previ-
ously [17], following the kit manual.

Statistical analyses

All statistical analyses were conducted by IBM
SPSS 22. Relationships between clinicopatho-
logic parameters were evaluated by the Pear-
son’s Chi-square or Fisher’'s exact test. Inde-
pendent predictive factors were examined by
multivariate logistic regression analysis. Re-
currence-free survival and overall survival were
evaluated by the Kaplan-Meier method using
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the log-rank test. The Cox pro-
portional hazards model was
applied for multivariate sur-
vival analysis. All statistical
significance was set as P<
0.05.

Result

Patient characteristics, histo-
logical and genetic subtype

A total of 229 lung adenocar-

cinoma samples were collect-

ed from 126 females and 103
males aged 36-83 years (median =60 years).
This population included 170 non-smokers
(74.2%) and 59 former or current smokers
(25.8%). Tumor size ranged from 1.1 to 9 cm
(median =2.8 cm). Histologically, 27 cases
(11.8%) were classified as lepidic predomin-
ant type, 101 (44.1%) as acinar predominant,
15 (6.6%) as mucinous subtype, 20 (8.7%) as
papillary predominant, 11 (4.8%) as micropa-
pillary predominant, 55 (24.2%) as solid pre-
dominant subtype (Table 1). 156 patients un-
derwent EGFR mutation testing, including 75
wild type (48.1%), 81 mutant types (51.9%, in-
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positive

0.007), larger tumors (15.2%
in <3 cm tumors vs 30.8% in
>3 cm tumors, P=0.006),
node metastasis (15.4% in No
vs 31.5% in N1/N2, P=0.005),
solid predominant tumors
(9.2% in other types vs 56.4%
in solid predominant type,
P<0.001), poor differentiation
(5.8% in well/moderate differ-
entiation vs 43.3% in poor dif-
ferentiation, P<0.001). There
were no significant correla-
tions between PD-L1 positivi-
ty and age, smoking history, T
status, vascular invasion or
EGFR mutation status. De-
tailed clinicopathologic char-
acteristics are shown in Table

Case numbers

negative
PD-L1 expression in tumor cells

Figure 3. The relationships between PD-L1 positivity tumor cells and other
parameters. A. PD-L1 positivity in tumor cells were significantly correlated
with PD-L1 positivity in tumor-infiltrating immune cells (P<0.001). B. PD-L1
positivity in tumor cells were significantly correlated with aberrant p53 ex-
pression (P<0.001) (TIIC, tumor-infiltrating immune cells).

cluding 36 exon 19 mutations, 45 exon 21 mu-
tation (Table 1).

Cliniopathologic and genetic features of PD-
L1-positive adenocarcinoma

PD-L1 positivity was found in 47 of 229 cases
of tumor cells (20.5%) (Figure 1). PD-L1 positiv-
ity of tumor cells was more frequent in female
patients (12.6% in male vs 27% in female, P=
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1.

PD-L1 positivity in tumor-in-
filtrating immune cells was
found in 54 of 229 cases
(23.6%) (Figure 2). PD-L1 po-
sitivity was more frequent
in male patients (28.6% in
male vs 17.5% in female, P=
0.049), solid predominant tu-
mors (14.4% in other types vs
52.7% in solid predominant
type, P<0.001), poor differen-
tiation (15.8% in well/moder-
ate differentiation vs 38.9%
in poor differentiation, P<

positive 0.001) (Table 1). 11.4% (26/

229) of samples were posi-
tive both in tumor cells and
immune cells, and there was
a significant correlation be-
tween PD-L1 expression in
tumor cells and immune cells
(P<0.001) (Figure 3A).

p53 aberrant expression was observed in 108
cases (47.2%), diffuse positive (=50%) in 82
cases and complete absence of staining in 26
cases (Figure 1). p53 aberrant expression was
associated with PD-L1 positivity in tumor cells
(P<0.001) (Figure 3B) and PD-L1 positivity in
immune cells (P=0.001), node metastasis
(P=0.003), solid predominant tumors (P<
0.001), poor differentiation (P<0.001) (Supple-
mentary Table 1).
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Table 2. Logistic regression analysis of the association of clinicopathological variables with PD-L1

expression in tumor cells

Risk factor Odds ratio 95% confidence interval P value
P53 4.173 1.593-10.932 0.004
PD-L1 expression in tumor-infiltrating immune cells 3.178 1.271-7.948 0.013
Pathologic differentiation 3.440 1.180-10.024 0.024
Gender 0.367 0.147-0.920 0.033
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Figure 4. Survival curves among lung adenocarcinoma patients according
to PD-L1 expression in tumor cells. A. Kaplan-Meier plots with the log-rank
test for disease-free survival according to PD-L1 expression in tumor cells.
B. Kaplan-Meier plots with the log-rank test for overall survival according to
PD-L1 expression in tumor cells.

entiation, solid predominant
type, p53 status and PD-L1
expression in tumor-infiltrat-
ing immune cells revealed that
p53 status (P=0.004), PD-L1
expression in tumor-infiltrat-
ing immune cells (P=0.013),
poor differentiation (P=0.024)
and female (P=0.033) we-
re independently parameters
affecting PD-L1 expression in
lung adenocarcinomas (Table
2). Logistic regression analy-
sis including gender, patho-
logic differentiation, solid pre-
dominant type, p53 status
and PD-L1 expression in tu-
mor cells revealed that PD-L1
expression in tumor cells (P=
0.005) and solid predominant
type (P=0.006) were indepen-
dently parameters affecting
PD-L1 expression in lung ade-
nocarcinomas (Table 2).

Prognostic significance of PD-
L1 expression

The median follow-up time of
this cohort was 35.6 months
(95% Cl: 34.1-37.0 months).
In univariate analysis, PD-L1
positivity in tumor cells was
significantly correlated with
poorer relapse free survival
(RFS) (P<0.001) and overall
survival (0S) (P=0.002) (Fig-
ure 4), while PD-L1 positi-
vity in immune cells did not
show prognostic significan-
ce (Supplementary Figure 1).
P53 aberrant expression (P=
0.003 for RFS; P=0.004 for
0S) (Figure 5A, 5B), EGFR

Logistic regression analysis including gender, wild type (P=0.032 for RFS; P=0.044 for 0S)
tumor size, node metastasis, pathologic differ- (Figure 5C, 5D), node metastasis (P<0.001 for
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Figure 5. Survival curves among lung adenocarcinoma patients according to p53 status and EGFR mutation status.
Kaplan-Meier plots with the log-rank test for disease-free survival (A) and overall survival (B) according to p53 sta-
tus. Kaplan-Meier plots with the log-rank test for disease-free survival (C) and overall survival (D) according to EGFR

mutation status.

RFS; P<0.001 for 0S), tumor size (>3 cm)
(P<0.005 for RFS; P=0.034 for 0S), solid pre-
dominant tumors (P<0.001 for RFS; P<0.001
for 0OS) and poor pathologic differentiation
(P<0.001 for RFS; P<0.001 for OS) were also
significantly associated with poorer survival.
Multivariate analysis including PD-L1 expres-
sion in tumor cells, p53 status, EGFR mutation
status, node metastasis, tumor size, solid pre-
dominant tumors and pathologic differentiation
revealed that solid predominant tumors (P=
0.041) were independent prognostic factors of
RFS, but PD-L1 expression and p53 status
were not (Supplementary Table 2).

Discussion

We examined the expression of PD-L1 and
P53 in lung adenocarcinoma in this paper
and found that PD-L1 expression in tumor
cells was significantly associated with PD-L1
expression in tumor-infiltrating immune cells
and P53 status. Some studies demonstrated
that PD-L1 was expressed in 18.6%-59% of
tumor cells in lung adenocarcinoma [5, 11,
13, 18-20], while that was 20.5% in our study.
The discrepancy between the present and pre-
vious studies might be attributed to several
reasons, which were shown as follows: first-
ly, the baseline characteristics of lung cancer
among these studies were heterogeneous; se-
condly, the standardized antibody or diagnos-
tic kit for immunotherapy has not been estab-
lished. we chose SP142 on the base of a study
which compared the performance of 6 mono-
clonal antibodies (SP142, E1L3N, et al.) and all
6 antibodies had high levels of concordance
[21].

There were controversial results concerning the
relationship between PD-L1 positivity in tumor
cells and clinicopathological features. It was
found in our study that PD-L1 positive was
markedly associated with larger tumors, node
metastasis, solid predominant tumors, and
poor differentiation, all of which would admit-
tedly predict poor development of tumors, as
previously described [11, 13, 18]. Most studies
demonstrated that PD-L1 expression signified
shorter relapse-free survival and overall sur-
vival [13, 18], which was consistent with our
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results with large sample size and reliable re-
sults. However, it was not shown in our study
that PD-L1 positive was an independent prog-
nostic factor. Individual study showed that
PD-L1 expression had no relationship with the
survival, thus, more studies with larger sample
size in different people were still necessary.

The relationship between PD-L1 expression
and genetic mutation is worthy discussed. K.
Azuma et al. found that the presence of EGFR
mutations were significantly associated with
increased PD-L1 expression [22], while some
studies including ours’ demonstrated that
there were no statistical correlation between
them [11]. Further studies are necessary for
the drug combination of PD-1 inhibitors and
EGFR-tyrosine kinase inhibitor (EGFR-TKI).

Few studies have been performed in PD-L1
expression in tumor-infiltrating immune cells.
We demonstrated that PD-L1 positivity in
tumor-infiltrating immune cells was more fre-
quent in male patients, solid predominant tu-
mors and poor differentiation, and showed a
significant correlation with that in tumor cells
but it had no relationship with RFS or OS, which
was consistent with Cha YJ's results [5]. How-
ever, Akihito K et al. found that Neither PD-L1
expression on tumor cells nor that on tumor-
infiltrating immune cells was an independent
prognostic factor in gastric cancer patients
[23]. Thus the study on PD-L1 in lung adenocar-
cinoma could be extended to immune cells,
such as tumor-infiltrating lymphocytes, rather
than being restricted in tumor cells.

The published data about p53 expression in
lung carcinoma were limited. As was found in
some studies, the expression of p53 in lung
carcinoma was only associated with women,
which was of no prognostic significance [24,
25], while our study found that patients with
aberrant expression of p53 showed poor prog-
nosis and were significantly associated with
node metastasis, solid predominant tumors,
and poor differentiation. Our study demonstrat-
ed that aberrant p53 expression was signifi-
cantly independent factor affecting PD-L1 po-
sitivity in tumor cells. Some studies had sh-
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own that p53 interacted with the immune re-
sponse by regulating the inflammatory cyto-
kines, toll-like receptors, and IFN signaling [26-
28]. However, whether p53 was involved in
tumor immune evasion was poorly understood.
It was discovered in a comprehensive study
that p53 regulated PD-L1 status via miR-34,
which directly bound to the PD-L1 3’ untrans-
lated region in models of NSCLC, and further
research showed that PD-L1 was lost or ex-
pressed at reduced levels in cells that expre-
ssed wild-type p53, suggesting that induction
of p53 promoted the downregulation of PD-
L1 relative to the controls [29]. It provided mo-
lecular support for our results. Previous study
also showed that PD-L1 expression was rela-
ted to p53 status in hepatocellular carcinoma
and acute myeloid leukemia [30, 31]. All these
studies including ours’ linked tumor immune
evasion to other tumor suppressor pathways
previously described for p53 [32, 33].

The current understanding is that PD-L1 ex-
pression could be induced mainly by adoptive
immune resistance (secondary to development
of multiple passenger mutations) and innate
immune resistance (secondary to oncogenic
signaling). Since p53 were independently pa-
rameters affecting PD-L1 expression in lung
adenocarcinomas, it is thought that TP53 is
mutated as part of passenger mutations, and
p53 status could be a new biomarker for im-
mune resistance.

PD-1 inhibitors, such as Pembrolizumab and
Nivolumab, had been verified to be effective in
some types of advanced lung carcinoma [34,
35], but the effective rate was less than 50%
and 20% in patients with adenocarcinoma [35]
and squamous carcinoma [34], respectively.
However, the therapy was very expensive, so it
was necessary to search for the best marker
for predicting responses to immune checkpoint
inhibitors in the further study. Interestingly,
there is some evidence that tumor expression
of PD-L1 is associated with tumor response
to PD-1/PD-L1 pathway inhibition suggesting
PD-L1 expression may be a predictive marker
of response to treatment [36]. More studies
about PD-L1 are needed before they could be
used in the clinic.

A final note about our study was that we only
demonstrated the correlation between PD-L1
and p53 protein, but whether we could use p53
as a surrogate marker of TP53 gene remain-
ed a question? We could speculate the poten-
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tial correlation between PD-L1 expression and
TP53 gene mutation by virtue of the previous
studies on the ovarian and lung cancers which
indicated the veracity and the feasibility of the
method [10, 15, 24, 37]. However, an immuno-
histochemical study demonstrated only 70%
concordance between over-expression of p53
protein and mutation of p53 gene in lung carci-
noma [37]. Consequently, further studies about
the relationship between PD-L1 and TP53 gene
mutation were necessary. In addition, we evalu-
ated PD-L1 expression by tissue microarray,
the cores of which might not be representative
of the entire tissue because of the heteroge-
neity of the tumor cells, so we chose two or
three cores which showed different histologi-
cal subtypes or pathological differentiation to
make up for the deficiency.

Conclusion

We demonstrate that PD-L1 expression in tu-
mor cells is significantly associated with aber-
rant p53 expression, PD-L1 expression in tu-
mor-infiltrating immune cells, poor pathologi-
cal differentiation and female, PD-L1 expres-
sion in lung adenocarcinoma patients predict-
ed poor prognosis but it was not independent
prognostic factor. All these closely related fac-
tors should be considered when analyzing the
clinical outcomes of patients treated with anti-
PD1/PD-L1 immune checkpoint inhibitors.
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Supplementary Table 1. Correlation between clinicopathological

features and expression of p53 in lung adenocarcinomas

P53 aberrant P53 wild type P
expression, n (%) expression, n (%) value

Gender
Male 62 (49.2) 64 (50.8) 0.493
Female 46 (44.7) 57 (55.3)

Age
<60 53 (47.7) 58 (52.3) 0.863
>60 55 (46.6 63 (53.4)

Smoking status
Never smokers 79 (46.5) 91 (53.5) 0.722
Former or current smokers 29 (49.2) 30 (50.8)

Size
<3cm 68 (45.0) 83 (55.0) 0.369
>3 cm 40 (51.3) 38 (48.7)

Nodal metastasis
No 63 (40.4) 93 (59.6) 0.003
Yes 45 (61.6) 28 (38.4)

Vascular invasion
No 101 (47.2) 113 (52.8) 0.968
Yes 7 (46.7) 8 (53.3)

T status
| 42 (44.2) 53 (55.8) 0.551
Il 59 (50.9) 57 (49.1)
1 7 (41.2) 10 (58.8)
% 0(0) 1 (100)

Histologic subtype
Lepidic 9 (33.3) 18 (66.7) <0.001
Acinar 48 (47.5) 53 (52.5)
Mucinous 3(20.0) 12 (80.0)
Papillary 3(15.0) 17 (85.0)
Micropapillary 3(27.3) 8(72.7)
Solid 42 (76.4) 13 (23.6)

Solid predominant type
Negative 66 (37.9) 108 (62.1) <0.001
Positive 42 (76.4) 13 (23.6)

Pathologic differentiation
Well/moderate 49 (35.3) 90 (64.7) <0.001
Poor 59 (65.6) 31 (34.4)

EGFR
Wild type 42 (56.0) 33(44.0) 0.149
Mutant 36 (44.4) 45 (55.6)

PD-L1 positivity in tumor cells
Negative 69 (37.9) 113 (62.1) <0.001
Positive 39 (83.0) 8 (17.0)

PD-L1 positivity in tumor-infiltrating immune cells
Negative 72 (41.1) 103 (58.9) 0.001
Positive 36 (66.7) 18 (33.3)
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Supplementary Figure 1. Survival curves among lung adenocarcinoma patients according to PD-L1 expression in
tumor-infiltrating immune cells. Kaplan-Meier plots with the log-rank test for disease-free survival (A) and overall
survival (B) according to PD-L1 expression in tumor-infiltrating immune cells.

Supplementary Table 2. Multivariate analysis of prognostic factors

of survival

Relapse-free survival Overall survival
Parameters

HR (95% Cl) Pvalue HR (95%Cl) P value
Node metastasis 0.687-2.564 0.400 0.737-2.872 0.279

Pathologic differentiation 0.827-4.338 0.131  0.861-4.644 0.107
Solid predominant type 1.037-5.405 0.041 0.673-3.711 0.293
EGFR mutation status 0.371-1.333 0.281 0.366-1.372 0.307

PD-L1 positive 0.379-1.875 0.675 0.493-2.589 0.772
Tumor size 0.802-2.829 0.203 0.717-2.652 0.336
P53 status 0.507-1.936 0.979 0.546-2.220 0.789

Abbreviations: HR, Hazard ratio; Cl, Confidence interval.



