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To explore the relationship between PD-L1 expression and gene mutations and
survival. PD L1, ALK and MET protein expression were detected by immunohisto-
chemistry, and EGFR gene mutation by RT-PCR in 209 cases of NSCLC. The cor-
relations between PD-L1 expression and gene mutations, clinicopathological fea-
tures and survival was analyzed. PD-L1 was expressed in 99/209 cases (47.4%)
of NSCLC, including score 1 (= 1% to < 5%) 23 cases (11%), score 2 (> 5% to
< 50%) 36 cases (17.2%), and score 3 (> 50%) 40 cases (19.1%). There were
89 cases (42.6%) of EGFR mutation, 12 (5.7%) of ALK and 90 (43.1%) of MET
protein positive. PD-L1 positive expression occurred more frequently in men and
non-adenocarcinoma, and was negatively correlated with EGFR mutation and his-
tological differentiation of NSCLC. PD-L1 expression was concordant in primary
and metastatic cancers. There was no any effect of PD-L1 expression on overall
survival of patients with NSCLC. These results suggested that PD-L1 expression is
not an independent risk factor for survival of patients with NSCLC. Because of mu-
tual complementarities of PD-L1 expression and EGFR mutation in NSCLC, both
should be simultaneously detected for the patients to achieve eligible treatments.
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Introduction

Lung cancer is worldwide the most morbidity
and mortality cancer. According to cancer statistics,
there were 234390 new cases and 158080 deaths
of lung and bronchus cancer in Unite States, occu-
pying the second and first position of all cancer in-
cidence and mortality respectively in 2016 {1}. In
Macau, the highest incidence and mortality of this
cancer has lasted for more than a decade [2}. Most
lung cancers (90%) are non small cell lung carcinoma
(NSCLC). Advanced NSCLC, if left untreated, has

222

a poor prognosis. The median survival is about 4 to
5 months, and the 1-year survival rate is less than
10% {3}. Thus, developing effective treatments are
critical for this cancer. Excitingly, many cell signaling
pathways initiated by growth factor receptors were
found. Multiple genes involved in those pathways
underwent mutations, which enabled the tumor cell
proliferation, migration and metastasis. These mu-
tated genes in NSCLC are referred as oncogenic driv-
er genes. To date, numerous small molecular inhibi-
tors and monoclonal antibodies have been developed
to target those mutation sites and then block the



PD-L1 EXPRESSION AND TUMOR DRIVER GENE MUTATIONS IN NON SMALL CELL LUNG CARCINOMA

signaling pathway of cell growth. Another hot spot
for the treatment of NSCLC is immunotherapy,
which prevents the cancer cells from immune escape.
Both targeted and immune therapies have achieved
great success in prolonging overall survival of pa-
tients with advanced NSCLC [4]. However, the clin-
ical application of both therapies has to be based on
detection of gene mutations and immune checkpoint
protein PD-L1 in the tumor cells from the NSCLC
patients. Besides, understanding the relationship
between gene mutations and PD-L1 expression also
help in clinical option for both therapies.

To our knowledge, it still lacks information of PD-
L1 expression in NSCLC and its correlation with gene
mutations in Macau.

Material and methods

Clinical data

After approval by the hospital research ethical
committee, a total of 209 cases of NSCLC were col-
lected from the archive of Department of Pathology,
Kiang Wu Hospital in Macao from January 2007 to
December 2017. All patients were informed with
the aim of the study and expressed their consent.
There were 114 males and 95 females. The age ranged
from 33-94 year old (mean age 62 years). According
to the 2015 WHO classification, among the cases
196 were adenocarcinomas, 13 non-adenocarcino-
mas including 6 squamous cell carcinomas, 2 poorly
differentiated carcinomas, 3 lymphoepithelioma-like
carcinomas, 1 sarcomatoid carcinoma and 1 adenos-
quamous carcinoma. The tumor tissue or cells were
obtained from paraffin sections of pathological spec-
imens or cell blocks of cytological specimens includ-
ing 123 cases of biopsy or surgical resection, 73 cases
of pleural effusion, and 13 cases of fine needle aspi-
ration. Among the 209 cases, 67 were smokers and
142 non-smokers. There were 131 cases with lymph
node metastasis and 78 without metastasis. In histo-
logical grading, there were 8 well-, 116 moderately-,
and 85 poorly-differentiated carcinomas. Tumor stage
was defined by the 8th edition of American Joint
Committee on Cancer. There were 69 cases of stage I,
21 stage II, 18 stage III and 101 stage IV. All cases
were not treated with chemoradio-, immuno- or tar-
geted therapy before sampling and detection.

A total of 186 (89%) patients were followed up.
Opverall survival time, in months, was measured from
the date of pathological diagnosis to the latest fol-
low-up or the date of death. Ninety five were still
alive at the end of the follow-up, the remains died
from tumor or complications.

All the following experiments were performed
with paraffin sections including from tissue blocks

of surgical and biopsy specimens and cell blocks
of pleural effusion and fine needle aspiration.

DNA extraction

Tumor cell enriched area in the hematoxylin and
eosin stained section was labeled under microscope.
It was essential to ensure more than 5% tumor cells
in the background cells to overcome the limit of de-
tection. The corresponding paraffin-embedded tissue
or cell block was then serially cut into 3 to 10 slides.
The tumor cells in the labeled area was scraped, and
digested with proteinase K overnight. After paraffin
dissolution at 99°C for 10 minutes, the cells were
centrifuged at 10500g for 4 minutes at 4°C, ice bath
for 10 minutes to solidify the upper paraffin layer.
The cells at bottom were aspirated and the DNA was
extracted by QIAamp DNA FFPE Tissue Kit (Qia-
gen, UK).

EGFR mutation assay

EGFR mutation was detected by using EGFR
RGQ PCR Kit (Qiagen, UK) and ARMS technique.
First of all, the reaction mixture was prepared. Each
sample was configured with 8 premixes containing
different primers and probes. The PCR reaction sys-
tem was 25 ul, including 19.5 ul of the premix, 0.5 ul
of the Tap enzyme, and 5 ul of the sample DNA
(concentration of about 2 mg/L). Positive (provided
by the kit) and negative (deionized water) controls
were set for each PCR reaction. The PCR reaction
was pre-denatured at 95°C for 15 minutes, then de-
natured at 95°C for 30 seconds, and annealed and ex-
tended for 60 seconds at 60°C for a total of 40 cycles.
Fluorescent signals (including the FAM signal labeled
with the mutated gene and the HEX signal amplified
by the plasmid) were collected after the end of each
cycle extension. The PCR reaction was carried out in
a real-time fluorescence quantitative PCR machine
and a Rotor Gene Q (Qiagen, UK), and amplifica-
tion curve in the PCR reaction was analyzed accord-
ing the guide line of the test kit. The technique could
detect 29 types of EGFR mutants in exon 18 to 21.

Immunohistochemistry

Sections (3 wm thick) were cut from paraffin-em-
bedded tissue or cell blocks of the tumor or cytology
and mounted on microscope slides. Immunohisto-
chemistry was carried out by Benchmark XT auto-
matic staining machine (Ventana, Tucson, AZ) with
Ultraview detection system. PD-L1 was detected by
using PD-L1 (SP263) rabbit monoclonal antibody
(Ventana, Tucson, AZ). Positive and negative con-
trols were set for each test. The staining result was
interpreted according to Ventana’s interpretation
guidelines. Discontinuous, circumferential or bas-
al membrane staining in any intensity of the tumor

223



Kin Iong CHAN, HoNG TING VoONG, Wal Kuou CHU, ET AL.

Fig. 1. The staining intensity of PD-L1 in primary and secondary tumor. In this case, the staining intensity of PD-L1
in NSCLC cells is similar to that in the tumor cells of pleural effusion. A) NSCLC tissue, HE staining; B) Tumor cells
of pleural effusion, HE staining; C) PD-L1 immunoreaction of NSCLC tissue; D) PD-L1 immunoreaction of tumor cells
of pleural effusion (cell block section)

cells were regarded as PD-L1 positive. According to
the percentage of positive cells, the immunoreaction
was divided into score 0 (< 1%), score 1 (= 1% to
< 5%), score 2 (= 5% to < 50%), score 3 (= 50%).
Score 1 to 3 were considered as positive, and score 0
as negative.

For MET protein immunoreaction, c-MET (SP44)
rabbit monoclonal antibody (Ventana, Tucson, Ari-
zona) was used. The result was scored according to
the immunostaining intensity and ratio of the tumor
cells. Complete unstaining was defined as score 0;
more than 50% of tumor cells expressed moderate
but < 50% weak positive as score 1; < 50% of tu-
mor cells expressed strong but > 50% moderate pos-
itive as 2; > 50% of tumor cells expressed strong
positive was scored as 3. Score 0 or 1+ were regarded
as ¢-MET negative, score 2 and 3 as positive. This
scoring method was based on MetMAb criteria {5].

ALK (D5F3) rabbit monoclonal antibody (Ven-
tana, Tucson, AZ, USA) was used to detect ALK
protein in the tumor cells with a positive control for
each assay. According to the Ventana’s interpreta-
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tion guidelines, complete unstaining was defined as
negative. If there was a strong granular cytoplasmic
staining in the tumor cells regardless any percentage,
the result was regarded as positive.

Statistical analysis

All statistical analysis was performed using
SPSS21.0 software (SPSS, Chicago, Illinois) for Win-
dows. The chi-square was used for rate compari-
son. The survival curve was determined using Ka-
plan-Meier method. Multivariate Cox analysis model
was applied only when the result of univariate anal-
ysis has a statistical significance. The p values of less
than 0.05 were considered statistically significant.

Results

Gene mutation

EGFR mutation rate in NSCLC was 42.6%
(89/209). Exon 19 deletion was the most common
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Table 1. The relationship between the scores of PD-L1 and clinicopathologic features

CLINICOPATHOLOGIC PD-L1 INTENSITY (%) P
FEATURES Score 0 Score 1 SCcORE 2 Score 3
Gender
M 51 (44.7) 13 (11.4) 24 (21) 26 (22.8) 0.075
F 59 (62.1) 10 (10.5) 12 (12.6) 14 (14.7)
Age
> 62 60 (53.6) 8(7.2) 19 (17) 25 (22.3) 0.204
<62 50 (51.5) 15 (45.5) 17 (17.5) 15 (15.5)
Smoke
Yes 80 (56.3) 16 (11.3) 23 (16.2) 23(16.2) 0.326
No 30 (44.8) 7 (10.4) 13 (19.4) 17 (25.4)
Type
Ad 107 (54.6) 21(10.7) 33 (16.8) 35(17.9) 0.137
Non Ad 3(23.1) 2 (15.4) 3(23.1) 5 (38.5)
Differentiation
Well 6 (75) 0 (0) 1(12.5) 1(12.5) 0.023%
Moderately 61 (52.6) 16 (13.8) 26 (22.4) 13 (11.2)
poorly 43 (50.6) 7 (8.2) 9 (10.6) 26 (30.6)
Stage
1 39 (56.5) 9 (13) 13 (18.8) 8 (11.6) 0.664
11 12(57.1) 2(9.5) 4(19) 3 (14.3)
111 11(61.1) 1(5.6) 3(16.7) 3(16.7)
v 48 (47.5) 11 (10.9) 16 (15.8) 26 (25.7)
LN Metastasis
No 44 (56.4) 9(11.5) 15 (19.2) 10 (12.8) 0.354
Yes 66 (50.4) 14 (10.7) 21 (16) 30 (22.9)
EGFR mutation
No 51 (42.5) 12 (10) 25 (20.8) 32(26.7) 0.001
Yes 59 (66.3) 11 (12.4) 11 (12.4) 8(9)
MET protein
No 84 (70.6) 9 (7.6) 14 (11.8) 12 (10.1) 0.000
Yes 26 (28.9) 14 (15.6) 22 (24.4) 28 (31.1)
ALK protein
Negative 102 (51.8) 21 (10.7) 35 (17.8) 39 (19.8) 0.530
Positive 8 (66.7) 2 (16.7) 1(8.3) 1(8.3)

M — male; F — female; Ad — adenocarcinoma; LN — lymph node

*The P value is from comparison of score 0, combination of score 1 and 2, and score 3

mutation, accounting for 44.9% (40/89). The less
common was L858R mutation in exon 21 for 42.7%
(38/89), followed by insertion mutation in exon 20 for
6.7% (6/89), and G719S in exon 18 for 2.2% (2/89),
L861Q in exon 21 for 1.1% (1/89). There were two
cases with double mutations; one was G719X/S768I
in exon 18 and 20, another T790M/L858R in exon
20 and 21.

Immunohistochemistry

Of the 209 cases, 99 (47.4%) were positive for
PD-L1 protein, including score 1 (= 1% to < 5%)
23 cases (11%), score 2 (= 5% to < 50%) 36 cases
(17.2%), and score 3 (> 50%) 40 cases (19.1%).

In all cases, merely 12 cases were positive for ALK
protein, accounting for 5.7%, while 90 cases were
positive for MET protein, accounting for 43.1%.
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Table II. Kaplan-Meier univariate regression analysis in prediction of overall survival

VARIATE UNIVARIATE ANALYSIS P
Hazarp RaTtio 95% CI

Gender 0.751 0.499-1.132 0.171
Age 0.827 0.550-1.243 0.361
Smoke history 1.224 0.777-1.928 0.383
LN metastasis 0.994 0.638-1.549 0.979
Stage (I-1I : III-IV) 0.826 0.524-1.302 0.411
Differentiation

Well: Moderately 0.627 0.266-1.481 0.287
Well: Poorly 0.883 0.555-1.403 0.598
PD-L1 protein 0.738 0.489-1.114 0.148

LN — lymph node
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Fig. 2. Cumulative survival in NSCLC patients with PD-
L1 positive and negative expression

PD-L1 expression in primary and metastatic
NSCLC in a same patient

Ten cases of primary and metastatic cancer spec-
imens were simultaneously obtained in this group
of patients studied. Five cases of primary cancer were
positive for PD-L1, and their corresponding meta-
static tumor cells in pleural effusion were also positive.
The rest 5 cases were negative for PD-L1 in primary
and metastatic cancer in pleural effusion. The pri-
mary and secondary tumor specimens in the same
patient are taken in the same time or less than one-
month period before any tumor therapies. In terms
of PD-L1 scoring, 3 cases of primary and metastatic
cancer were the same in score 3. In the rest 2 cas-
es, one was score 1 in primary cancer, while score 2
in metastatic cancer, another was score 2 in prima-
ry cancetr, while score 3 in the metastatic cancer.
The PD-L1 protein expression was similar in prima-
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ry and metastatic cancer in a same patient (Fig. 1),
although the score was somewhat different.

Detection of PD-L1 in different specimen types

Of the 209 specimens examined, 123 were histo-
logical specimens (biopsy or resection), and 86 were
cytology (pleural effusion or fine needle aspiration).
The positive rate of PD-L1 in tissue samples was
43.1% (53/123), and 53.5% (46/86) in cytology.
There was no statistical difference in the detection
rate between both specimen types (y* = 2.1953,
p > 0.05).

The relationship between PD-L1 expression
and clinicopathologic features and gene
mutations

The scores of PD-L1 expression were negatively
correlated with the tumor differentiation, but not with
gender, age, smoking history, clinical stage, or lymph
node metastasis. In addition, the scores of PD-Llex-
pression was negatively correlated with EGFR mu-
tation, but positively correlated with MET protein
expression. There was no correlation between scores
of PD-L1 and ALK protein expression (Table I).

Survival analysis

In this study, 186 out of 209 cases had adequate
follow-up data for the final analysis. The median
follow-up time was 12 months (ranged from 1 to
135 months). At the end-point of the study, there
were 95 (51.1%) survivors, and the rest 91 (48.9%)
died of tumors or tumor-related complications. There
was no any correlation between PD-L1 expression,
clinicopathologic features and the patient’s over-
all survival, suggesting PD-L1 expression is not
a risk factor for overall survival of patients with NS-
CLC (Hazard ratio, 0.738, 95% CI: 0.489-1.114;
p > 0.05) (Table II, Fig. 2).
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Discussion

In recent years, the application of PD1/PD-L1
monoclonal antibody has achieved unexpected re-
sults in immunotherapy of lung cancer. Many
studies, including the CheckMate on nivolum-
ab [61, the KEYNOTE on pembrolizumab {7}
and the POPLAR and OAK on atezolizumab {8},
showed that PD-1/PD-L1 inhibitors had a better
effect on NSCLC compared to conventional chemo-
therapeutic drugs, and could significantly prolong
the progression-free and overall survival of the pa-
tients. It is no doubt that immunotherapy has be-
come a breakthrough in treatment of NSCLC after
targeted therapy. Therefore, understanding the re-
lationship between PD-L1 expression and driving
gene mutations is of significance for optional thera-
pies clinically. Tang ez /. {9} reported that there was
a correlation between EGFR mutation and PD-L1
expression in advanced NSCLC patients treated with
EGFR TKIs, but they were irrelevant in early stage
of the tumor {10}. Interestingly, PD-L1 expression
in tumor and peripheral blood was increased in some
patients with mutant NSCLC after TKI drug treat-
ment [11, 12}. Chen et #/. {13} deemed that PD-L1
could be regulated by EGFR through the ERK1/2/c-
Jun pathway. Phosphorylation of the mutant EGFR
gene initiates the ERK1/2/c-Jun signaling pathway,
subsequently, phosphorylation of ERK and c-Jun
up-regulated the expression of PD-L1. By using
PI3K-AKT and MEK-ERK pathway-specific block-
ers, PD-L1 expression will down-regulated signifi-
cantly {14}. Similarly, TKI-targeted drugs could
also down-regulate the expression of PD-L1 by
inhibiting NF-kB expression in the cells with mu-
tant EGFR [15}. Our results did show that PD-L1
expression was more common in non-mutated
EGFR cases of NSCLC. This result was different
from Tang et al {9} study with similar research
case number and race, but consisted with Yang et
al {10} results. In addition, PD-L1 antibodies used
in diverse studies were different. Different sensitiv-
ity of PD-L1 antibodies could result in controver-
sial results. Therefore, to obtain comparable result
accordant detective clone antibody should be used.
Nevertheless, the mechanism regulating PD-L1 ex-
pression by EGFR mutation in tumor cells remains
unclear.

In the KEYNOTE-024 study {7}, PD-1 mono-
clonal antibody (pembrolizumab) and chemothera-
py were given to patients with PD-L1 positive rate
of 50%. After comparison, immunotherapy had
more significant curative effect than chemotherapy
(progression-free survival 10.3 vs. 6.0 months and
overall survival 30 vs 14.2 months), and the bene-
fit of pembrolizumab treatment even expanded to
patients with PD-L1 positive rate of 1%. In our

study there were 47.4% of patients with PD-L1
positive rate of > 1%, thus, almost a half of pa-
tients were expected to benefit from anti-PD-L1
therapy. In general, 48.9% of patients with gene
mutations (EGFR or ALK mutation) are suitable
for targeted therapy, 47.4% of patients with PD-L1
positive suitable for immunotherapy in all patients
with NSCLC studied. Because most NSCLC carry
either targeted gene mutation or PD-L1 positive
expression, even both in our study, we suggest that
both detections should be performed in order to
obtain the most eligible treatment for the patients
with NSCLC.

In addition, we found that the clinicopathological
features in PD-L1 positive patients was significant-
ly different from the patients with mutant EGFR in
NSCLC. Mutation of EGFR genes occurred more
common in female, adenocarcinoma, non-smokers
and well/moderately histological differentiated tumor
as showed in our previous study {16}, while PD-L1
expression was more common in male, non-adeno-
carcinoma, and poorly histological differentiated tu-
mor. Cha ¢t #/. {17} deemed that such clinicopatho-
logical features could be used as pre-test predictors.
Furthermore, we found that PD-L1 expression was
positively correlated with MET, but not with ALK
protein expression. Therefore, the status of MET and
ALK protein expression can also be used as predictors
for PD-L1 expression.

The patients with NSCLC may be concerned
about what kinds of specimens are suitable for detec-
tion of driver gene mutation and PD-L1 expression.
We found in the study a close concordance of PD-L1
expression in diverse specimens from biopsy, surgical
resection, pleural cytology and fine needle aspiration,
indicating different specimens did not affect the de-
tection result of PD-L1 protein if they contained
enough number of tumor cells (at least more than
5% tumor cells in the background cells). Moreover,
we obtained consistent results of PD-L1 expression
from primary and metastatic cancer in the same pa-
tient, suggesting PD-L1 expression is not affected
by stages and sites of the tumor {18}. PD-L1 detec-
tion in the tumor cells in pleural effusion will benefit
the advanced patients with NSCLC to achieve an im-
munotherapy.

Finally, our results did not demonstrate any effect
of PD-L1 expression on overall survival of patients
with NSCLC.
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