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ARTICLE INFO ABSTRACT
ArtiC{e history: Objectives: Programmed death-1 (PD-1) and programmed death-ligand 1 (PD-L1) inhibitors have been
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expression serves as a predictive biomarker for the efficacy of immunotherapy, there are no estab-
lished biomarkers to predict the expression of PD-L1. The inflammatory markers C-reactive protein (CRP)
and neutrophil-lymphocyte ratio (NLR) were recently shown to predict the efficacy of nivolumab for
NSCLC patients. Therefore, here we investigated the potential association of PD-L1 expression with
Programmed death-ligand 1 systemic inﬂarpmatory markers, including CRP, NLR, lymphocyte-monocyte ratio and platelet-
C-reactive protein lymphocyte ratio. X X . . X .
Non-small cell lung cancer Methods: We retrospectively examined tumor PD-L1 expression in 508 surgically resected primary
NSCLC cases by immunohistochemical analysis (cut-off value: 1%). The association of PD-L1 expression
with preoperative systemic inflammatory markers was assessed by univariate and multivariate analyses.
We generated a PD-L1 association score (A-score) from serum CRP level (cut-off value: 0.3 mg/dl) and
smoking status to predict PD-L1 expression.
Results: Among the total 508 patients, 188 (37.0%) patients were positive for PD-L1 expression at the 1%
cut-off value and 90 (17.5%) had elevated serum CRP level. Multivariate logistic regression revealed that
PD-L1 positivity was significantly associated with advanced stage, the presence of vascular invasion and
high serum CRP level (P=.0336, .0106 and 0.0018, respectively). Though not significant, smoking history
tended to be associated with PD-L1 protein expression (P =.0717). There was no correlation with other
inflammatory markers. Smoking history with elevated CRP level (A-score: 2) was strongly associated
with PD-L1 protein expression (odds ratio: 5.18, P <.0001), while it was inversely associated with EGFR
mutation (odds ratio: 0.1, P <.0001).
Conclusions: Our results indicate that among all systemic inflammatory markers examined, serum CRP
seems to predict PD-L1 expression in patients with NSCLC however the clinical applicability is limited
given the obtained area under the receiver operating characteristic curve values.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

The therapeutic options for lung cancer, especially non-small
cell lung cancer (NSCLC), have expanded over the last two de-
cades. Patients with NSCLC harboring epidermal growth factor re-
ceptor (EGFR) mutation or anaplastic lymphoma kinase (ALK)
rearrangement can be successfully treated with specific tyrosine
kinase inhibitors (TKIs), such as gefitinib and crizotinib [1]. How-
ever, resistance to these inhibitors is a major clinical problem.
Although the mechanism of acquired resistance to these inhibitors
has been determined and second- and third-generation TKIs have
been developed, the progression-free survival (PFS) for NSCLC pa-
tients still remains poor, even in patients treated with TKIs [2].
Therefore, novel and more effective therapies are required to
improve prognosis.

Immune checkpoint inhibitors, such as nivolumab, pem-
brolizumab and atezolizumab, have attracted much attention
because of their superiority to conventional cytotoxic chemo-
therapy [3—6]. A line of reports revealed that the expression of
programmed death-ligand 1 (PD-L1) is significantly associated with
the anti-tumor efficacy of programmed death-1 (PD-1) and PD-L1
inhibitors [7,8]. In a phase II/Ill study (KEYNOTE-010), pem-
brolizumab significantly improved PFS in the group with PD-L1
positive expression in >50% of tumor cells, and pembrolizumab is
therefore now used as the first-line treatment of advanced NSCLC
with high PD-L1 expression (tumor proportion score >50%) [6,8].
Despite the predictive role of PD-L1 expression for the efficacy of
immunotherapy, there are no established biomarkers to predict its
expression in tumors prior to such therapy. Furthermore, it is
difficult to biopsy the tissue to evaluate PD-L1 expression in some
cases, such as brain metastasis. Therefore, the discovery of novel,
inexpensive, convenient and less invasive markers for PD-L1
expression would help physicians select patients who would
benefit from immune checkpoint inhibitor treatments.

Inflammatory markers, such as C-reactive protein (CRP),
neutrophil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio
(LMR) and platelet-lymphocyte ratio (PLR), serve as indexes for the
immune status of the host and the degree of tumor progression
[9—12]. Among these markers, NLR and serum CRP level were
shown to be predictive of the therapeutic efficacy of nivolumab
[13]. In a cohort of NSCLC patients treated with nivolumab, NLR >5
prior to therapy was associated with inferior outcome compared
with patients with NLR <5 [13]. In addition, patients with lower
serum CRP level showed substantially longer median time to
treatment failure than those with higher serum CRP level [14].
However, no reports have examined the potential association be-
tween these markers and PD-L1 expression.

Herein, we examined the relationships of inflammatory
markers, including NLR, CRP, PLR, and LMR, with PD-L1 expression
in NSCLC.

2. Materials and methods
2.1. Patients and samples

We retrospectively examined patients with primary NSCLC
including adenocarcinoma and squamous cell carcinoma who un-
derwent complete surgical resection between January 2003 and
December 2013 at the Department of Surgery and Science, Grad-
uate School of Medical Sciences, Kyushu University. We selected
508 patients in which PD-L1 had been previously determined
[15,16]. Patients who received neoadjuvant therapy were excluded
because a previous report showed inconsistency in the expression
of PD-L1 on tumor cells before and after neoadjuvant chemo-
therapy [17]. We also excluded patients with inflammatory diseases

such as rheumatic disease and patients who were treated for
obstructive pneumonia or cardiovascular events before surgery.
Finally, 439 patients with adenocarcinoma and 69 patients with
squamous cell carcinoma were included in this study. A total of 508
paraffin-embedded specimens were retrieved from the registry of
the Department of Anatomic Pathology, Graduate School of Medical
Sciences, Kyushu University.

The clinicopathological features, including age at surgery, sex,
smoking status, pathologic tumor-node-metastasis (TNM) stage
(7th edition of the Lung Cancer Staging System), pleural or lym-
phovascular invasion, carcinoembryonic antigen (CEA), CRP, NLR,
LMR and PLR were examined. EGFR status had been determined in
tumor tissue using the peptide nucleic acid-locked nucleic acid
(PNA-LNA) polymerase chain reaction clamp method (Mitsubishi
Chemical Medicine, Tokyo, Japan) in 265 specimens [18]. The clin-
ical information and follow-up data were obtained from the pa-
tients' medical records. This study was approved by our
institutional review board (Kyushu University, IRB No. 28—100).

2.2. Serum CRP measurement and inflammatory markers

The preoperative blood samples were obtained routinely before
surgery. Serum CRP level was measured by a Hitachi H-7600s (from
2003 to 2007) and Hitachi H-7600S transmission electron micro-
scope (from 2007 to 2013) (Hitachi, Tokyo, Japan). The cut-off value
of serum CRP level was set at 0.3 mg/dl, which is widely used as a
normal baseline and was used in a previous study [19]. The defi-
nition and cut-off values of NLR, LMR and PLR were based on pre-
vious reports [10—12].

2.3. Association score of PD-L1 expression (A-score)

The A-score is a combination score of the serum CRP level and
smoking history to predict PD-L1 expression (Table 1). Patients who
had neither an elevated CRP level (>0.3 mg/dl) nor smoking history
were allocated an A-score of 0. Patients with an elevated serum CRP
level or smoking history were allocated an A-score of 1, and pa-
tients who had both were allocated an A-score of 2.

2.4. Immunohistochemical analysis of resected primary NSCLC

Immunohistochemistry was performed in 508 surgically resec-
ted primary NSCLC cases using formalin-fixed and paraffin-
embedded tumor tissue sections according to the previously
described PD-L1 immunohistochemistry protocol [ 16]. The primary
antibody was an anti-human PD-L1 rabbit monoclonal antibody
(clone SP142, dilution 1:100; Spring Bioscience, Ventana, Tucson,
AZ). Carcinoma cells showing membranous staining for PD-L1 were
considered PD-L1-positive cells. The proportion of PD-L1-positive
cells was independently estimated as the percentage of total car-
cinoma cells in whole sections by three investigators (K.T., M.K., and
G.T.). If the independent assessments did not agree, the slides were

Table 1
Association score of PD-L1 expression.
Score Factors
0 CRP <0.3 mg/dl
and never smoker
1 CRP >0.3 mg/dl
or smoker
2 CRP >0.3 mg/dl
and smoker

PD-L1: programmed death-ligand 1, CRP: C-reactive
protein.
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reviewed by all three investigators together to achieve consensus.
The consensus judgments were adopted as the final results. Cases
with <1% tumor membrane staining were considered PD-L1-
negative. In the analysis of association between A-score and PD-
L1 expression, we used 1% and 5% cut-off values. Sections from
human placentas were used as positive controls.

2.5. Statistical analysis

The associations between PD-L1 expression and patient char-
acteristics were analyzed using Fisher's exact test, and univariate
and multivariate analyses of the relationships between PD-L1
expression and other patient characteristics were performed by
logistic regression analysis. All statistical analyses were performed
by JMP Statistical Discovery Software (v11.0; SAS Institute, Cary, NC,
USA). P values < 0.05 were considered statistically significant.

3. Results

3.1. Association between PD-L1 expression and clinicopathological
characteristics in patients with primary NSCLC

The clinicopathological characteristics of the 508 patients with
primary NSCLC (439 with adenocarcinoma and 69 with squamous
cell carcinoma) who underwent surgical resection are listed in
Supplementary Table 1. Two hundred seventy-six (54.3%) patients
were male, and 236 (46.5%) had never smoked; the median age of
all patients was 69 years (range, 29—87 years). EGFR status was
available for 265 patients, and 142 (53.5%) and 123 (46.5%) had
wild-type and mutant EGFR, respectively.

The associations between PD-L1 expression and clinicopatho-
logical characteristics of patients are listed in Table 2. One hundred
eighty-eight (27.0%) patients were positive for PD-L1 at the 1% cut-
off value. PD-L1 expression was significantly higher in men than in
women, in smokers than in never smokers, and in patients with
wild-type EGFR than in those with EGFR mutation. In addition, PD-
L1 expression was significantly associated with more advanced
stage cancer (including T and N factors), squamous cell carcinoma
histology, and pleural or vascular invasion. Elevated serum CRP
level and CEA values were more frequently observed in patients
with PD-L1-positive expression compared with those with PD-L1-
negative expression.

3.2. Univariate and multivariate analyses of the association
between PD-L1 expression and clinicopathological factors in
primary NSCLC

We examined the association between PD-L1 expression and
other patient characteristics, including serum CRP level and other
inflammatory markers. Multivariate analysis revealed that only
serum CRP level, and no other inflammatory marker examined, was
an independent predictor of PD-L1 expression in NSCLC patients
(Table 3). In the subset analysis of adenocarcinoma and squamous
cell carcinoma, serum CRP level also independently predicted PD-
L1 expression in patients with both adenocarcinoma and squa-
mous cell carcinoma (Table 4). When confined to patients with
pathological stage I, similar results were obtained (data not shown).

We also examined the potential associations between PD-L1
expression and clinical factors that were preoperatively obtained
to predict PD-L1 expression. These results also showed that only
serum CRP level was an independent predictor of PD-L1 expression
(Supplementary Table 2).

Table 2
Association between PD-L1 protein expression and clinicopathological factors in all
non-small cell lung cancer patients.

Factors N PD-L1, N (%) P value
Negative Positive

Age (years) <70 264 165 (51.6) 99 (52.7) .8542
>70 244 155(48.4) 89(47.3)

Sex Female 232 168 (52.5) 64(34.0) <.0001
Male 276 152 (47.5) 124 (66.0)

Smoking status Never-smoker 236 171 (53.4) 65 (34.6) <.0001
Smoker 272 149 (46.6) 123 (65.4)

Tumor size (cm) <3.0 325 222(69.4) 103 (54.8) .0011
>3.0 183 98 (30.6) 85 (45.2)

Pathological T1 271 189(59.1) 82(43.6) .0009

T status >T2 237 131(40.9) 106 (56.4)

Pathological NO 406 270 (84.4) 136(72.3) .0013

N status > N1 102 50(15.5) 52 (27.7)

Pathological MO 501 315(98.4) 186(98.9) 1.0000

M status M1 7 5(1.6) 2(1.1)

Pathological stage | 359 247 (77.2) 112(59.6) <.0001
> 1 149 73(22.8) 76 (40.4)

pl Absent 380 255(79.7) 125(66.5) .0014
Present 128 65(20.3) 63 (33.5)

ly Absent 433  271(84.7) 162(86.2) .6988
Present 75 49 (15.3) 26 (13.8)

v Absent 352 246(76.6) 106 (56.5) <.0001
Present 156 74 (23.4) 82 (43.5)

Histological type ~ Ad 439 289(903) 159(79.8) .0012
Sq 69 31(9.7) 38(20.2)

CEA® (ng/ml) <3.2 231 157 (56.8) 74 (44.6) .0014
>3.2 211 119(43.1) 92(55.4)

CRP (mg/dl) <03 419 282(88.4) 135(71.8) <.0001
>0.3 90 37 (11.6) 53(28.2)

NLR <2.48 324 210(65.6) 114(60.6) .2930
>2.48 184 110 (344) 74(394)

PLR <150 335 215(67.2) 120(63.8) .4401
>150 173 105(32.8) 68(36.2)

LMR <3.68 77 42 (13.1) 35(18.6) .0978
>3.68 431 278(86.9) 153 (81.4)

EGFR* Wild-type 142 87 (46.5) 55 (70.5) .0004
Mutant 123 100 (53.5) 23(29.5)

PD-L1: programmed death-ligand 1, pl: pleural invasion, ly: lymphatic invasion, v:
vascular invasion, Ad: adenocarcinoma, Sq: squamous cell carcinoma, CEA: carci-
noembryonic antigen, CRP: C-reactive protein, NLR: neutrophil-lymphocyte ratio,
PLR: platelet-lymphocyte ratio, LMR: lymphocyte-monocyte ratio, EGFR: epidermal
growth factor receptor.

@ Cases for which data were available.

3.3. Predictive score of PD-L1 expression

To preoperatively predict PD-L1 expression, we generated an A-
score from serum CRP level and smoking status, which were
associated with PD-L1 expression in clinical factors (Table 3). Pa-
tients were divided into three groups according to A-score (0, 1, and
2). The corresponding odds ratio (OR) for PD-L1 expression for the 1
and 2 score groups compared with the 0 score group was 1.90 [95%
confidence interval (CI), 1.27—2.86, P=.0018] and 5.18 (95% (I,
2.91-9.42, P<.0001), respectively (Fig. 1 and Supplementary
Table 3). We also examined associations between A-score and
PD-L1 expression at 5% cut-off value and EGFR mutation. As the A-
score increased, the OR for positive PD-L1 expression significantly
increased, while the OR for mutant EGFR mutation significantly
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Table 3

Univariate and multivariate analyses of PD-L1 protein expression and clinicopathological factors in all non-small cell lung cancer patients.

91

Factors Univariate analysis Multivariate analysis
OR (95%Cl) OR (95%Cl)
P p

Age (years) >70 .95 (.67-1.37)
<70 8111

Sex Male 2.14 (1.48-3.12) 1.20 (.73—-1.97)
Female <.0001 4754

Smoking status Smoker 2.17 (1.50-3.16) 1.56 (.96—2.54)
Never-smoker <.0001 .0717

Pathological Stage > 11 2.30 (1.55—-3.40) 1.63 (1.04—-2.55)
1 <.0001 .0336

pl Present 1.98 (1.32—-2.97) 1.03 (.62—1.70)
Absent .0012 .8961

ly Present .89 (.52—-1.47)
Absent .6480

\4 Present 2.57 (1.75—-3.80) 1.86 (1.16—2.99)
Absent <.0001 .0011

Histological subtype Sq 2.36 (1.42—3.97) 1.27 (.71-2.78)
Ad .0010 4175

CRP (mg/dl) >0.3 3.09 (1.94—4.98) 2.27 (1.35—3.84)
<03 <.0001 .0018

NLR >2.48 1.24 (.85—-1.80)
<2.48 .2599

PLR >150 1.16 (.79-1.69)
<150 4415

LMR >3.68 .66 (.40—1.08)
<3.68 .0991

PD-L1: programmed death-ligand 1, OR: odds ratio, CI: confidence interval, pl: pleural invasion, ly: lymphatic invasion, v: vascular invasion, Ad: adenocarcinoma, Sq:
squamous cell carcinoma, CRP: C-reactive protein, NLR: neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, LMR: lymphocyte-monocyte ratio.

decreased (Supplementary Table 3). Additionally, receiver oper-
ating characteristic (ROC) curve analysis was applied to detect the
efficacy of the A-score. The area under the ROC curve values (AUC)
for PD-L1 expression at 1% and 5% cut-off values were 0.633 and
0.691, respectively (Supplementary Fig. 1). In the subset analysis of
adenocarcinoma and squamous cell carcinoma, the OR for PD-L1
expression also increased as the A-score increased
(Supplementary Tables 4 and 5).

4. Discussion

In the present study, we investigated the relationship between
PD-L1 expression and inflammatory markers, such as CRP, NLR, PLR
and LMR. Among the inflammatory markers examined in this study,
only serum CRP level was significantly associated with PD-L1
expression. Additionally, multivariate analysis revealed that
elevated serum CRP level was a predictor of PD-L1 expression in
patients with adenocarcinoma and squamous cell carcinoma.

In previous reports, we evaluated the association between PD-
L1 expression with computed tomography (CT) characteristics
and '8F-fluorodeoxyglucose positron emission tomography/CT (18F-
FDG PET/CT) [20]. We showed that PD-L1-positive adenocarcinoma
cases showed convergence and cavitation on CT more frequently
than did PD-L1-negative cases. We also found that the maximum
standardized uptake value (SUVmax) in preoperative '®F-FDG PET]/
CT was a predictor of PD-L1 protein expression in NSCLC patients
[21].

Besides these imaging modalities, clinical factors, such as
smoking history, were reported to be associated with the PD-L1
expression [16]. In this study, we generated the A-score from CRP

and smoking status, and our results suggest that the A-score may
preoperatively serve as a noninvasive and convenient method of
predicting PD-L1 expression. Our findings revealed that as the A-
score increased, the OR for positive PD-L1 expression significantly
increased. Similar results were obtained in advanced NSCLC as well.
Therefore, this approach may be useful to determine whether to
perform biopsy or surgical resection aggressively to evaluate PD-L1
expression.

Based on the findings obtained in this study, we speculated that
higher serum CRP level could be a predictive biomarker for efficacy
of immunotherapy. However, two retrospective studies reported
results different from ours. According to a study conducted on 22
consecutively nivolumab-treated patients with squamous cell car-
cinoma, patients with serum CRP level below medium (6.4 mg/dl)
had substantially longer median time to treatment failure than
patients with serum CRP level above medium [14]. Moreover, in
another study examining correlations between peripheral blood
tests, including counts of lymphocytes, neutrophils, and CRP, and
the efficacy of nivolumab monotherapy, there were no correlations
in pretreatment absolute counts, but changes in the ratios pre- and
post-treatment were observed [22]. Specifically, the authors found
that elevation of CRP and neutrophils and depression of lympho-
cytes after treatment were significantly observed in patients with
progressive disease. Thus, our assumption differs from these re-
sults. The main reason for this discrepancy may be the difference in
the population enrolled in each study and the cut-off value of
serum CRP. Because nivolumab or other immunotherapies are used
for patients with advanced NSCLC, the serum CRP levels of these
patients are often higher compared to our cut-off value (0.3 mg/dL).
Another reason is that the previous studies focused on a small
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Table 4
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Univariate and multivariate subgroup analyses of PD-L1 protein expression and clinicopathological factors in patients with adenocarcinoma and squamous cell carcinoma.

Factors Adenocarcinoma Squamous cell carcinoma
N=439 N=69
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)
P P P P
Age (years) >70 .93 (.63—-1.38) .92 (.35-2.37)
<70 7274 9329
Sex Male 1.84 (1.23-2.74) 1.14 (.67—-1.93) 3.46 (.69—25.49)
Female .0027 .6347 2620
Smoking status Smoker 1.94 (1.30-2.91) 1.56 (.92—2.66) 2.29 (.68—8.45)
Never-smoker .0011 .0948 3054
Stage > 11 2.30 (1.49-3.56) 1.67 (1.02—2.74) 1.64 (.62—4.41)
I .0002 .0397 3185
pl Present 2.11 (1.34-3.32) 1.15 (.66—1.97) .92 (.39—-2.88)
Absent .0012 .6155 .8735
ly Present .96 (.54—-1.67) 52 (.14-1.82)
Absent .8797 3054
\Y Present 2.70 (1.76—-4.17) 1.93 (1.15-3.27) 1.38 (.53—-3.64)
Absent <.0001 .0138 .5036
CRP >0.3 2.32(1.32-4.12) 2.01(1.10-3.68) 4.19 (1.55—-12.06) 4.19 (1.55—-12.06)
<0.3 .0037 .0228 .0043 .0043
NLR >2.48 1.23 (.81-1.86) .98 (.38—2.57)
<2.48 .3201 9719
PLR >150 1.18 (.78—1.78) 1.32 (47-3.92)
<150 4329 .5981
LMR >3.68 72 (42—-1.25) 2.09 (.61-8.47)
<3.68 2438 .8340

PD-L1: programmed death-ligand 1, OR: odds ratio, CI: confidence interval, pl: pleural invasion, ly: lymphatic invasion, v: vascular invasion, CRP: C-reactive protein, NLR:
neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, LMR: lymphocyte-monocyte ratio.

:PD-L121%
:PD-L125%
(] : EGFR mutation
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[
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expression and EGFR mutation
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2
0
0 1 2
A-score

Fig. 1. Association score of programmed death-ligand 1 (PD-L1) expression (A-score)
and odds ratio for PD-L1 expression (1% and 5% cut-off values) and EGFR mutation.

number of the patients and also did not exclude patients with in-
fectious events, such as pneumonia. Therefore, a prospective study
should be performed to confirm whether inflammatory markers,
such as CRP, could be a predictive biomarker of PD-L1 expression
and the efficacy of immunotherapy.

Our findings demonstrated that serum CRP levels were associ-
ated with PD-L1 expression, and two speculations can be made
with regard to this association from the biological viewpoint. As
inflammation is well known to be both a cause and a consequence
of tumor development and growth, the elevation of serum CRP
levels may represent the host's chronic inflammatory status and
host immune response to tumor (Fig. 2). The elevation of serum CRP
levels may represent the host's chronic inflammatory status, which
may itself cause induced PD-L1 expression (Fig. 2A). CRP is syn-
thesized by hepatocytes mainly in response to interleukin-6 (IL-6)
or other proinflammatory cytokines, such as IL-1, tumor necrosis
factor alpha and transforming growth factor 3 [23]. Several of these
factors that induce CRP were also reported to upregulate PD-L1
expression [3,24,25]. In fact, Chen et al. reported that PD-L1
expression is associated with IL-6 activation [26], and moreover,
inhibition of IL-6 was reported to enhance the efficacy of anti-PD-
L1 in a mouse model [27]. Together this suggests that elevation of
inflammatory cytokines, such as IL-6, which is seen in chronic
inflammation, may lead to elevated serum CRP levels and increased
expression of PD-L1 (Fig. 2A). The elevation of serum CRP levels
may also reflect the result of the host immune response to tumors,
which may induce PD-L1 expression (Fig. 2B). Lee et al. reported
that preoperative serum CRP level was associated with tumor size
and lymphovascular invasion in resected NSCLC [28]. A positive
correlation between CRP level and pathologic tumor size has been
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Fig. 2. Association of C-reactive protein and programmed death-ligand 1 from the aspect of host's chronic inflammatory status (A) and host immune response to tumor (B).

proposed, because a large tumor cell burden is likely to increase
inflammatory cytokine levels, stimulating CRP production [29,30].
Concerning PD-L1 expression, our previous data also showed that
PD-L1 was associated with advanced stage cancer and lympho-
vascular invasion [15,16]. Thus, a consequence of the host immune
response to tumors, which is seen with aggressive tumors, may lead
to both elevated CRP levels and PD-L1 expression (Fig. 2B). Thus, we
speculate that tumors expressing PD-L1 correspond to those with
elevated CRP levels (Fig. 2B).

Our study has several limitations. First, serum CRP level is easily
influenced by various physiological and pathological factors like
acute and chronic infection and use of anti-inflammatory drugs.
Even though we excluded patients with inflammatory diseases or
in which infectious events occurred before surgery, we might not
have been able to exclude all patients whose serum CRP level was
elevated by these factors. Moreover, because of fluctuating serum
CRP levels, at least two measurements of serum CRP level before
surgical operation might be needed for more accurate data. Second,
the current study included patients with only operable NSCLC.
Further studies focusing on a larger cohort of advanced NSCLC
including inoperable cases should be performed to confirm the
findings obtained in the current study. Third, the PD-L1 analysis for
surgically resected NSCLC was conducted using a specific antibody
against PD-L1 (SP142). According to the report by the Blueprint
Working Group, the positive rate in detecting PD-L1 expression was
lower using SP142 in comparison to other antibodies, such as 28—8,
22C3, and SP263 [31]. Thus, the association between serum CRP
level and PD-L1 expression should be evaluated using other anti-
bodies or cut-off values in future studies.

In conclusion, this is the first report to show a statistically sig-
nificant association between serum CRP level and PD-L1 expression
in surgically resected NSCLC. These findings suggest that serum CRP
seems to predict PD-L1 expression in patients with NSCLC however
the clinical applicability is limited given the obtained AUC values.
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