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Abstract

Background While PD-L1 expression and neutrophil-to-lymphocyte ratio (NLR) are prognostic biomarkers for lung
cancer, few studies have considered their interaction. We hypothesized that the product of PD-L1 expression (tumor
proportion score) and the NLR (PD-L1 xNLR) might be a postoperative prognostic marker reflecting the immune
microenvironment of lung cancer.

Methods We analyzed the association between PD-L1 X NLR and postoperative recurrence-free survival in 647
patients with NSCLC using multivariable Cox proportional hazards models.

Results In the analysis of PD-L1xNLR as a categorical variable, the group with PD-L1 xNLR> 25.8 had a significantly
higher hazard ratio (HR) than the group with <25.8 (adjusted HR 1.78, 95% confidence interval [Cl] 1.23-2.60). The
adjusted HR for PD-L1 x NLR, considered a continuous variable, was 1.004 (95% Cl, 1.002—-1.006). The risk of postopera-
tive recurrence increased by 1.004-fold for each unit increase in PD-L1xNLR, and a more than 2-fold increase in risk
was observed for values > 170.

Conclusions PD-L1xNLR may be used in real-world clinical practice as a novel factor for predicting the risk of post-
operative recurrence after lung cancer surgery.

Keywords Multivariable Cox proportional analysis, Neutrophil-to-lymphocyte ratio, Programmed death-ligand 1,
Recurrence-free survival
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Background

Primary lung cancer is the leading cause of cancer-related
deaths worldwide [1]. Although complete surgical resec-
tion is recommended as a cure, a high rate of postopera-
tive recurrence in advanced-stage lung cancer has also
been reported [2]. Since the development of immuno-
therapy in recent years, the effects of immune checkpoint
inhibitors on non-small-cell lung cancer (NSCLC) have
attracted considerable attention [3]. In the surgical field,
studies have shown that the use of immune checkpoint
inhibitors in preoperative and postoperative adjuvant
chemotherapy is associated with a favorable prognosis [4,
5]. Therefore, immunotherapy may play a central role in
the treatment of NSCLC.

Programmed death-ligand 1 (PD-L1) is widely recog-
nized as a biomarker for predicting the efficacy of PD-1
axis therapies [6]. PD-L1, which is expressed on a vari-
ety of malignant tumor cells, including NSCLC cells,
is a ligand for programmed death 1 (PD-1), a molecule
expressed on immune cells that negatively regulates the
immune system [7]. PD-L1 expressed on tumor cells
binds to PD-1 on immune cells and suppresses their acti-
vation. It is considered that expression of PD-L1 in tumor
cells is considered to be associated with a poor prognosis,
as such lesions tend to show malignant tumor growth via
immunosuppression. Several studies have demonstrated
that the expression of PD-L1 is a negative prognostic fac-
tor following lung cancer surgery [8—11], which corrobo-
rates this theory. This finding was further supported by
our previous findings [12]. However, since there are lung
cancer patients with high PD-L1 expression who have a
good postoperative course in clinical practice [13], while
other lung cancer patients with low PD-L1 expression
may show a poor postoperative course in clinical prac-
tice [14], factors related to tumor immunity other than
PD-L1 may also have a significant impact on postopera-
tive prognosis.

Accumulating evidence indicates that a systemic
inflammatory response is associated with poor prog-
nosis in a variety of solid tumors, including NSCLC
[15]. Neutrophils are attracted to the tumor stroma by
chemokines, which are inflammation-related factors
secreted by tumor cells. These attracted neutrophils are
involved in the establishment of an inflammatory tumor
microenvironment. Neutrophils are indirectly associated
with angiogenesis, metastasis and inhibition of apoptosis
through inflammatory responses in the tumor microen-
vironment, which consequently promote tumor growth
[16]. Conversely, tumor-infiltrating lymphocytes exert
anti-tumor effects and inhibit tumor growth [17]. There-
fore, the neutrophil-to-lymphocyte ratio (NLR), which
can be easily calculated by dividing the number of neu-
trophils by the number of lymphocytes, has attracted
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attention as a biomarker of tumor-related immune
responses [18, 19]. Some studies have reported that NLR
may be a predictive factor for lung cancer recurrence
after surgery [20-22].

Both the expression of PD-L1 as a marker of tumor
immunosuppression and NLR as a marker of the tumor
immune response may be predictors of the risk of post-
operative recurrence. In previous studies, the association
between the expression, PD-L1 and the NLR with lung
cancer prognosis was evaluated separately [13, 23-26].
However, no study has numerically addressed the inter-
action between PD-L1 expression and the NLR or evalu-
ated the association between this interaction and the
postoperative prognosis in NSCLC.

We hypothesized that the value of the product of the
tumor proportion score (TPS), which represents the
expression of PD-L1, and the preoperative NLR (subse-
quently “PD-L1xNLR”) may be a new factor that better
reflects the immune microenvironment of lung cancer,
while more accurately predicting postoperative recur-
rence than either of these values alone. The association
between this number and the postoperative prognosis
of lung cancer was statistically evaluated. The value of
PD-L1xNLR, considering the immune microenviron-
ment of lung cancer, may provide more accurate informa-
tion for predicting postoperative recurrence in real-world
clinical practice than either of these values alone.

Methods

Patients

A total of 647 patients with NSCLC who underwent
complete surgical resection at Kinki-Chuo Chest Medi-
cal Center between January 2017 and April 2022 were
included in our study. Complete resection was defined
as a gross or microscopically removed tumor that cor-
responded to RO in the residual tumor (R) classification.
Patients with incomplete tumor removal (R1 resection)
were excluded from the study. Our institutional patholo-
gists performed histopathological diagnoses according
to the 2015 World Health Organization classification.
Platinum-based adjuvant chemotherapy was adminis-
tered to eligible patients who provided informed con-
sent based on the guidelines of the Japanese Lung Cancer
Association.

Clinicopathological features, including age, sex, smok-
ing status, comorbidities, histological type, pathological
tumor-node-metastasis (TNM) classification (American
Joint Committee eight edition), tumor size (invasive size),
surgical procedure, adjuvant chemotherapy, and preop-
erative laboratory data (i.e., neutrophil counts and lym-
phocyte counts) were collected from the medical records.

The present study was approved by the Institutional
Review Board of Kinki-Chuo Chest Medical Center
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(KCMC) (approval number: 2022-043). The Institutional
Review Board of KCMC waived the requirement for
informed consent from opting out of the research, which
was provided on the homepage of KCMC. All methods
were in accordance with the relevant guidelines and
regulations.

Tumor PD-L1 immunohistochemistry

All viable cancer cells were assessed in the entire patho-
logical tissue section of each tissue sample. We evaluated
PD-L1 expression using the PD-L1 clone 22C3 pharmDx
kit and the Dako Automated Link 48 platform (Agilent
Technologies, Dako, Carpinteria, CA, USA) and calcu-
lated the PD-L1 tumor proportion score (TPS) as the
percentage of complete or partial membrane staining in
a sample that included at least 100 viable tumor cells,
ranging from 0 to 100%. The TPS calculation was per-
formed following the standard 22C3 assay protocol. The
tumor region was visually segmented into four areas, and
the proportion of PD-L1-positive cells in each area was
quantified, yielding an average value for the clinical TPS.

Recurrence-free survival (RFS)

The primary outcome of this study was RFS, defined
as the time from the date of curative surgical resection
to the date of lung cancer recurrence diagnosis. The
patients underwent blood examinations, chest radiog-
raphy and chest computed tomography every three—six
months. Further diagnostic procedures, such as magnetic
resonance imaging (MRI) of the head, contrast com-
puted tomography (CT), positron emission tomography
(PET), and examination of tissue biopsy specimens, were
performed when abnormal findings indicating possi-
ble disease recurrence were observed. The diagnosis of
recurrence was based on a thorough clinical evaluation
of these test results and was determined at a joint confer-
ence consisting of general thoracic surgeons, oncologists,
radiologists, and pathologists.

Statistical analyses

We used the Mann—Whitney U test to compare two
unpaired groups with non-normal continuous variables.
Pearson’s chi-squared test, which was used if the overall
number of cases was >40, was used to compare categori-
cal variables between non-recurrence and recurrence
groups. Considering the product of PD-L1 expression
(i.e., TPS) and the NLR, we were careful to treat TPS 0%.
The value of PD-L1 xXNLR will always be zero at 0% TPS
and will not reflect the NLR at all. Therefore, TPS 0% was
replaced by 0.5%, an intermediate value between 0%, and
a detection limit of 1%. The predictive performance of the
cutoff values of PD-L1xXNLR, PD-L1, and the NLR was
calculated using the area under the receiver operating
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characteristic (ROC) curve (AUC). The probability of
RES was evaluated using the Kaplan—Meier method and
the log-rank test.

We performed multivariable Cox proportional hazards
analysis to estimate the hazard ratios (HRs) with adjust-
ment for confounding factors. A multivariable Cox pro-
portional hazards analysis can analyze the covariates of
the number of cases with an outcome divided by 10 [27].
In the present study, the number of cases was 141 (num-
ber of cases with postoperative recurrence) divided by 10
(result:14). We included the value of PD-L1 X NLR as the
explanatory variable of interest and the other 13 variables
as confounding factors in the multivariable Cox propor-
tional hazards model. Age, sex, histological type, patho-
logical stage, tumor size, pathological N status, surgical
procedure, and adjuvant chemotherapy were selected as
confounding factors that have been reported to be poten-
tially associated with postoperative recurrence of NSCLC
[28-30]. In summary, we selected the following 14 fac-
tors as variables in a multivariable Cox hazards model:
PD-L1xXNLR (>25.8 [reference: <25.8]), age (continuous
variable), sex (female [reference: man]), histological type
(squamous cell carcinoma (SCC) and other types [refer-
ence: adenocarcinoma (AD)]), pathological stage (stage 11
and III [reference: stage I]), tumor size (continuous vari-
able), pathological N status (N1 and N2 [reference: NO]),
surgical procedure (segmentectomy, lobectomy, and oth-
ers [i.e., lobectomy with combined resection and pneu-
monectomy] [reference: wedge resection]), and adjuvant
chemotherapy (platinum-based regimen [reference:
none)).

We also evaluated the PD-L1XNLR as a continu-
ous variable rather than a categorical variable. In this
case, the PD-L1XNLR value as a categorical variable
was replaced by a continuous variable. The proportional
hazards assumption in the Cox models was qualitatively
determined from Martingale residual plots. The pres-
ence or absence of multicollinearity in the variables of the
multivariable Cox proportional hazards model was eval-
uated using a variance inflation factor (VIF) < 2.

All statistical analyses were conducted using Easy R
(EZR) (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).
EZR is a modified version of R commander with added
biostatistical functions [31]. Statistical significance was
set at P<0.05.

Results

Patient characteristics

The clinicopathological characteristics of the 647 patients
with completely resected NSCLC are summarized in
Table 1. The median age of the patients was 71 years
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Table 1 Baseline characteristics of patients
Characteristics Overall (n=647) Non-recurrence Recurrence (n=141) P
(n=506)
Demographics
Age: median (range, Q1-Q3) (years) 71 (65-76) 71 (65-76) 71 (65-76) 0.87¢
Male Sex: n (%) 381 (58.8) 280 (55.3) 101 (71.6) <0.0014
Current/Former Smoker: n (%) 417 (64.4) 310(61.3) 107 (75.9) 0.0019
Histological type: n (%)
AD 478 (73.9) 391 (77.3) 87 (61.7) <0.001¢
ScC 116 (17.9) 85(16.8) 31(22.0)
Others? 53(82) 30(5.9) 23(16.3)
Pathological stage: n (%)
[ 456 (70.5) 404 (79.8) 52 (36.9) <0001
Il 112(17.3) 72 (14.2) 40 (28.4)
Il 79(12.2) 30(5.9) 49 (34.8)
Pathological T status: n (%)
T 434 (67.1) 372 (73.5) 62 (44.0) <0.0019
T2 151 (23.3) 98 (194) 53(37.6)
T3 47 (7.3) 29 (5.7) 18 (12.8)
T4 15 (2.3) 7(14) 8(5.7)
Tumor size: median (range, Q1-Q3)
Invasive size (mm) 23 (15-32) 21 (14-29) 32 (23-43) <0.001¢
Pathological N status: n (%)
NO 538(83.1) 458 (90.5) 80 (56.7) <0.0019
N1 56 (8.7) 30(5.9) 26 (184)
N2 53(8.2) 18 (3.6) 35 (24.8)
Surgical procedure: n (%)
Wedge resection 31 (4.8) 25 (4.9 6 (4.3) <0.0019
Segmentectomy 62 (9.6) 58(11.5) 4(2.8)
Lobectomy 518(80.1) 407 (80.4) 111(78.7)
Others ? 36 (5.5) 16 (3.2) 20(14.2)
Adjuvant chemotherapy: n (%)
Platinum-based chemotherapy 102 (15.8) 65(12.8) 37 (26.2) <0.0019
Laboratory data before surgery: median (range, Q1-Q3)
Neutrophil count (x 10°/L) 3.1 (2.4-39) 3.0(2.4-39) 3.5(2.8-44) <0.001¢
Lymphocyte count (x 10%/L) 1.7 (1.3-2.1) 1.7 (14-2.1) 1.8(1.3-2.1) 0.71¢
Biomarker status: median (range, Q1-Q3)
PD-L1 expression: TPS (%) 5 (0-40) 2 (0-20) 15 (1-60) <0.001¢
NLR 1.8 (14-24) 1.8 (1.3-24) 2.1(1.6-2.8) 0.05°
PD-L1xNLR 7.1(1.1-613) 34(09-38.1) 39.1(3.0-1282) <0.001¢

Abbreviations: AD adenocarcinoma, SCC squamous cell carcinoma, PD-L1 programmed death-ligand 1, NLR neutrophil-to-lymphocyte ratio, PD-L1 x NLR the product of

PD-L1 (TPS %) and the NLR

2 Defined as histological types of NSCLC with the exclusion of AD and SCC. Among the 53 patients, 22 had pleomorphic carcinoma, 13 had large-cell neuroendocrine

carcinoma, 11 had adenosquamous carcinoma, and 7 had large-cell carcinoma

b Defined as lobectomy with combined resection or pneumonectomy. Among the 36 patients, 31 underwent lobectomy with combined resection and five underwent

pneumonectomy
€ Mann-Whitney U test

9 pearson’s chi-square test

(range, 65-76 years). Men (58.8%) and smokers (64.4%)
were significantly more common in the recurrence group
than in the nonrecurrence group. Adenocarcinoma was

the most common histological type (73.9%); however,
there was a trend toward significantly more histologi-
cal types other than adenocarcinoma in the recurrence
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group than in the non-recurrence group. Pathologi-
cal stages I, II, and III were observed in 52 (36.9%), 40
(28.4%), and 49 (34.8%) patients in the recurrence group,
and 404 (79.8%), 72 (14.2%), and 30 (5.9%) patients in
the non-recurrence group, respectively. Patients in the
recurrence group had a significantly higher number of
advanced stages than those in the non-recurrence group.
In the recurrence group with more advanced stages,
extended resection (20 [14.2%]) was significantly more
common than that in the non-recurrence group (16
[3.2%]). Adjuvant chemotherapy was administered to 65
(12.8%) and 37 (26.2%) patients in the non-recurrence
and recurrence groups, respectively. Neutrophil counts
(x10°/L) were 3.0 (range, 2.4—3.9) and 3.5 (range, 2.8—
4.4), and lymphocyte counts (x10°/L) were 1.7 (range,
1.4-2.1) and 1.8 (range, 1.3-2.1) in the non-recur-
rence and recurrence groups, respectively. The expres-
sion of PD-L1, NLR, and PD-L1xXNLR were 2% (range,
0%-20%), 1.8 (range, 1.3-2.4) and 3.4 (range, 0.9-38.1) in
the non-recurrence group and 15% (range, 1%—60%), 2.1
(range, 1.6-2.8) and 39.1 (range, 3.0-128.2) in the recur-
rence group, respectively.

The RFS

During a median follow-up period of 729 days (360-
1150 days) after surgery, 141 patients developed recurrent
disease (21.7%). Receiver operating curve (ROC) analysis
showed 25.8 a cutoff value of PD-L1XxNLR according
to the RES of patients with NSCLC (Supplemental Fig.
Sla). In addition, ROC analyses showed 15.0 and 1.72
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as the cutoff values of PD-L1 and the NLR, respectively,
according to the RFS of patients with NSCLC (Supple-
mental Fig. S1b, c). The Kaplan—Meier curves for the RES
according to PD-L1XNLR are shown in Fig. 1. The RFS
in patients with a PD-L1xXNLR>25.8 was significantly
shorter than in those with a value<25.8 before adjust-
ing for the patient background (log-rank P<0.001). The
Kaplan—Meier curves for the RFS according to the values
of PD-L1 and the NLR are shown in Supplemental Fig.
S2. The RFS in patients with PD-L1>15.0 and NLR>1.72
were significantly shorter than in those with values<15.0
and < 1.72, respectively, before adjusting for the patient
background (log-rank P <0.001).

Multivariable analyses of postoperative RFS according

to the PD-L1 X NLR

The results of the multivariable Cox proportional hazards
analyses for postoperative RFS according to PD-L1 X NLR
as a categorical variable (cutoff value:25.8) are shown
in Table 2. A significant difference in RFS was observed
between the >25.8 group and <25.8 group (adjusted HR,
1.84; 95% confidence interval [CI] 1.26—-2.68) after adjust-
ing for patient background factors. The proportional
hazards assumption for this Cox model was assessed
using a martingale residuals plot (Supplemental Fig.
$3). The smoothed curve was generally horizontal, con-
firming that the proportional hazards assumption was
satisfied. There was no multicollinearity in any of the
explanatory variables used in the Cox model (VIF<2)
(Supplemental Table S1). Cox proportional hazards
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Table 2 Results of a Cox proportional hazard analysis of RFS
according to the product of PD-L1 and the NLR as a categorical
variable

Unadjusted HR (95% Adjusted HR? (95%
ql), P cl), p
PD-L1xXNLRP<258  Reference Reference

PD-L1xNLR®>258  2.77(1.98-3.86),<0.001 1.84 (1.26-2.68), 0.001

Abbreviations: RFS recurrence-free survival, PD-L1 programmed death-ligand 1,
NLR neutrophil-to-lymphocyte ratio, HR hazard ratio, C/ confidence interval, PD-
L1xNLR the product of PD-L1 (TPS %) and NLR

@ Adjusted for age, sex, histological type, pathological stage, tumor size,
pathological N status, surgical procedure, and adjuvant chemotherapy

b PD-L1x NLR is a categorical variable

Table 3 Results of a Cox proportional hazard analysis of RFS
according to the product of PD-L1 and the NLR as a continuous
variable

Unadjusted HR (95% CI), P Adjusted HR? (95% CI), P

PD-L1xNLR® 1.006 (1.004-1.007),<0.001  1.004 (1.002-1.006),<0.001

Abbreviations: RFS recurrence-free survival, PD-L1 programmed death-ligand 1,
NLR neutrophil-to-lymphocyte ratio, HR hazard ratio, C/ confidence interval, PD-
L1xNLR the product of PD-L1 (TPS %) and NLR

2 Adjusted for age, sex, histological type, pathological stage, tumor size,
pathological N status, surgical procedure and adjuvant chemotherapy

b PD-L1xNLR is a continuous variable
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analysis, in which PD-L1 X NLR was considered a contin-
uous variable rather than a categorical variable, showed
that PD-L1XNLR was significantly associated with
postoperative RES, with or without adjusting for patient
background factors (unadjusted HR, 1.006; 95% CI,
1.004-1.007; adjusted HR, 1.004; 95% CI, 1.002—1.006)
(Table 3). The proportional hazards assumption regard-
ing this Cox model was also confirmed to be satisfied by
the martingale residual plot (Supplemental Fig. S4). There
was no multicollinearity in any of the variables in the Cox
model (VIF<2) (Supplemental Table S2). Based on the
adjusted HR, the results of plotting the HR against each
PD-L1xNLR in the range of 0-500 are shown in Fig. 2.
With the value of PD-L1 X NLR in the range of 0-100, the
HRs ranged from 1-1.5. At ranges of 100-170, 170-340
and 340-500, the HRs ranged from 1.5-2.0, 2.0-4.0 and
4.0-7.5, respectively.

Multivariable analyses of the postoperative RFS according
to the PD-L1 and the NLR

As a control for the results of the multivariate Cox pro-
portional hazards analyses of the postoperative RFS
according to PD-L1XNLR, we performed multivariable
analyses of PD-L1 and the NLR alone. As PD-L1xXNLR,
PD-L1, and the NLR differ greatly in the range of possi-
ble values, categorical variables rather than continuous

y:eBX

300 400 500

Range of increase in the value of PD-L1XNLR (x)
Fig. 2 Hazard ratios of postoperative recurrence-free survival for each increase in the value of PD-L1 xNLR. The hazard ratio (y) for each value
of PD-L1 xNLR to the range of increase from the value (x) was calculated based on the result of a multivariable Cox proportional hazards analysis.
The hazard ratio for the regression coefficient (8) in this multivariable analysis was given by the value of e, i.e, 1.004. The function y was given by

y=e®
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variables were used for the comparison. The results of
multivariable Cox proportional hazards analyses for the
postoperative RFS according to PD-L1 and the NLR as a
categorical variables (cutoff value: 15.0 and 1.72, respec-
tively) are shown in Supplemental Tables 3 and 4. A sig-
nificant difference in the RFS was observed between
patients with PD-L1 values of >15.0 and < 15.0 (adjusted
HR, 1.67; 95% CI, 1.15-2.43) and between those with
an NLR of>1.72 and<1.72 (adjusted HR, 1.59; 95% CI,
1.09-2.32).

Discussion

In this study, we hypothesized that the product of the
expression of PD-L1 (TPS [%]) in lung cancer and pre-
operative NLR (i.e., PD-L1XNLR) is a novel prognostic
factor that reflects the immune microenvironment in
lung cancer. The association between the PD-L1XNLR
value and postoperative recurrence of NSCLC was ana-
lyzed using multivariable Cox proportional hazards
models. The recurrence rate in our cohort was 21.7%,
which is in close agreement with previous large cohorts
reporting recurrence rates of 20-26% for lung cancer
[32-34]. When PD-L1XNLR was treated as a categori-
cal variable, the cut-off value was 25.8. The group with
PD-L1xXNLR>25.8 was associated with a significantly
higher risk of postoperative recurrence than the group
with PD-L1XNLR<25.8. When PD-L1XNLR was
treated as a continuous variable, the risk of postoperative
recurrence was 1.004 times higher per unit of change.
Based on this result, a mathematical model was devel-
oped to represent the risk of postoperative recurrence for
each value of PD-L1XNLR, and the results showed for
the first time that the higher the value of PD-L1XNLR,
the greater the stepwise risk.

To assess the accuracy of the PD-L1XNLR value as a
risk factor for postoperative recurrence in direct com-
parison to individual single values, we conducted a com-
parison of Kaplan—Meier curves and HRs. The PD-L1,
NLR, and PD-L1XNLR variables differ greatly in the
range of values that they can take. Therefore, we con-
sidered it unsuitable to use continuous variables for the
comparison. To compare these three variables under
identical conditions, we employed a binary variable, i.e.
a categorical variable in this validation. Significant group
differences were found for all variables in the Kaplan—
Meier curves. Qualitatively, the difference between the
PD-L1xNLR and PD-L1 groups was greater than that
in the NLR group. In the multivariable Cox proportional
hazards analysis, the HRs for postoperative recurrence
for the PD-L1xXNLR, PD-L1, and the NLR groups were
1.84 (95% CI, 1.26-2.68), 1.67 (95% CI, 1.15-2.43), and
1.59 (95% CI, 1.09-2.32), respectively. Quantitatively,
the HR of the PD-L1 X NLR group was significantly the
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highest. These comparisons suggest that PD-L1xNLR
may offer greater utility as a biomarker for predicting the
risk of postoperative recurrence than PD-L1 or the NLR
individually.

The novelty of this study lies in the fact that both
PD-L1 expression and the NLR were used as continuous
variables and the clarification that their product value
could predict postoperative prognosis in NSCLC. Previ-
ous studies on lung cancer prognosis have considered a
combination of PD-L1 expression and the NLR [35-37].
However, PD-L1 expression and the NLR were treated
as categorical variables and were evaluated in combina-
tion with each category in these reports. Therefore, the
cut-off values differed among the studies, and the lack
of uniformity in the combinations was considered prob-
lematic. We first performed a multivariable analysis to
understand the association between the PD-L1xXNLR
value and postoperative recurrence by setting cut-off
values using ROC curves. The results showed that the
group with PD-L1 X NLR >25.8 was at a higher risk than
the group with PD-L1xNLR<25.8. However, this cut-
off value was limited to the present study. Therefore, we
evaluated the PD-L1 X NLR value using a continuous var-
iable that was considered more reproducible. As a result,
we have shown for the first time that higher PD-L1 X NLR
values tend to increase the risk of postoperative recur-
rence. To our knowledge, this is the first study to show
that PD-L1 X NLR is significantly associated with the risk
of postoperative recurrence of NSCLC. This is a major
new finding of this study, as it clearly demonstrates that
a low NLR may reduce the risk, even with a high expres-
sion of PD-L1, whereas a high NLR may increase the risk
even with a low expression of PD-L1.

There may be a biological explanation for the results of
the present study. PD-L1 expression in tumors contrib-
utes to tumor promotion by suppressing the activity of
tumor-infiltrating lymphocytes. Neutrophils have been
reported to be associated with tumor promotion through
their ability to assist tumor growth, angiogenesis and
distant metastasis [38—40]. Furthermore, inflammation,
reflected by an elevated NLR, also contributes to tumor
promotion by stimulating the release of soluble signals
associated with tumor growth, angiogenesis and metasta-
sis [41]. Many tumor-infiltrating lymphocytes are thought
to be cytotoxic T cells that play a central role in the anti-
tumor immune response. It has been suggested that an
increase in tumor-infiltrating lymphocytes, reflected by a
decrease in the NLR, is associated with a favorable prog-
nosis [42] and favorable effect of immune checkpoint
inhibitors [43]. In addition, a decrease in the NLR may
also reflect a decrease in inflammation. Inflammation is
known to be associated with damage-associated molec-
ular patterns (DAMPs), and it has been reported that
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DAMPs released by cancer cells induce myeloid-derived
suppressor cells (MDSCs), which strongly suppress
antitumor immune responses [44]. Thus, these find-
ings suggested that high expression of PD-L1 and high
NLR represent tumor-promoting properties, while low
expression of PD-L1 and low NLR may conversely rep-
resent tumor-resistant properties. A low NLR may miti-
gate the tumor-promoting nature of the high expression
of PD-L1 due to decreased inflammation and increased
tumor-infiltrating lymphocytes. Conversely, a high NLR
may counterbalance the weak tumor-promoting proper-
ties associated with low PD-L1 expression by increasing
inflammation and decreasing the number of tumor-infil-
trating lymphocytes. In our study, lymphocyte counts
did not differ markedly between the nonrecurrence and
recurrence groups. However, the NLR showed a signifi-
cant difference between the non-recurrence and recur-
rence groups, indicating that the difference was highly
dependent on the number of neutrophils. Changes in
the NLR may better reflect the effects of inflammation
than the properties of lymphocytes. It may be clinically
relevant to consider the interaction between PD-L1 and
the NLR, which are biomarkers from different compart-
ments, from an immunological perspective. In essence,
the value of PD-L1xXNLR may be a more accurate pre-
dictor of the risk of postoperative recurrence of lung can-
cer by better reflecting the immune microenvironment
of the tumor than either of these values alone. PD-L1 is
also expressed in immune cells [45]. In particular, PD-L1
expressed on tumor-associated macrophages (TAMs)
and tumor-associated neutrophils (TANs) within the
tumor microenvironment has been reported to contrib-
ute to the suppression of tumor-infiltrating lymphocytes
[46, 47]. Interactions between TAMs and TANSs have also
been reported to contribute to tumor heterogeneity and
proliferation [48]. Based on these findings, PD-L1 X NLR
may also reflect interactions between neutrophils, lym-
phocytes, and macrophages within the tumor microenvi-
ronment that are relevant to tumor progression.

Several limitations of the present study warrant men-
tion. First, this was a single-center observational study.
A study with a larger cohort across multiple institutes is
needed to assess the reproducibility of this study and to
confirm the robustness of the results. Second, this was a
single-center study with a small sample size. With regard
to overall survival (OS), for which there were fewer out-
come cases in comparison to RFS, OS was not examined
in our study because sufficient removal of confound-
ing factors could not be performed in the multivariable
analysis. Further studies are needed to collect more cases
and to determine whether there is a similar trend in OS.
Third, theoretically, the PD-L1XNLR value, which may
reflect the immune microenvironment of the tumor,
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may be a predictor of the efficacy of immune checkpoint
inhibitors. However, to confirm this assumption, the
overall survival of immune checkpoint inhibitor-eligible
patients needs to be evaluated, which is a future chal-
lenge. Fourth, there are limitations associated with the
observational study design. Although we performed as
much confounding adjustment as possible through mul-
tivariable analyses, the confounding introduced by bias
due to differences in unmeasured factors between the
groups remains an unaddressed issue.

Conclusion

We used multivariable analyses to evaluate the associa-
tion between postoperative recurrence of NSCLC and the
PD-L1 xNLR, suggesting that the value of PD-L1XNLR
reflects the tumor immune microenvironment and may
represent the risk of postoperative recurrence depending
on its value. PD-L1 and the NLR are biomarkers that have
already been used in real-world clinical practice, and it
has been reported that each has the potential to become
a factor that can independently predict postoperative
recurrence of lung cancer. PD-LI1XNLR values may
be applied as a predictor that can easily and accurately
assess the risk of postoperative recurrence of NSCLC in
comparison to each value alone.
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