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Abstract
Background: Factors predicting the response to pembrolizumab plus platinum and
pemetrexed combination therapy (Pemb-Plt-PEM) in nonsquamous non-small cell
lung cancer (non-sq NSCLC) are unclear. We investigated the Glasgow Prognostic
(GP) score, neutrophil-to-lymphocyte ratio (NLR), and body mass index (BMI) as
predictors of response to initial treatment with combination therapy in individuals
with advanced non-sq NSCLC.
Methods: We retrospectively reviewed 236 patients who received initial treatment
with combination therapy for non-sq NSCLC at 13 institutions between December
2018 and December 2020. The usefulness of the GP score, NLR, and BMI as prognos-
tic indicators was assessed. Cox proportional hazard models and the Kaplan–Meier
method were used to compare progression-free survival (PFS) and overall sur-
vival (OS).
Results: The response rate was 51.2% (95% CI: 44.9–57.5%). The median PFS and OS
after beginning Pemb-Plt-PEM were 8.8 (95% CI: 7.0–11.9) months and 23.6 (95% CI:
18.7–28.6) months, respectively. The NLR independently predicted the efficacy of
Pemb-Plt-PEM—the PFS and OS were more prolonged in individuals with NLR <5
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than in those with NLR ≥5 (PFS: 12.8 vs. 5.3 months, p = 0.0002; OS: 29.4
vs. 12.0 months, p < 0.0001). BMI predicted the treatment response—individuals with
BMI ≥22.0 kg/m2 had longer OS than did those with BMI < 22.0 kg/m2 (OS: 28.4
vs. 18.4 months, p = 0.0086).
Conclusions: The NLR significantly predicted PFS and OS, whereas BMI predicted
OS, in individuals who initially received Pemb-Plt-PEM for non-sq NSCLC. These
factors might be prognosis predictors in non-sq NSCLC.

K E YWORD S
body mass index, immune checkpoint inhibitors, neutrophil-to-lymphocyte ratio, nonsquamous non-small
cell lung cancer

INTRODUCTION

The highest number of deaths related to cancer is attributed
to lung cancer; the death rate is higher for lung cancer than
for colon, breast, or prostate cancer.1 Approximately 85%–
90% of the cases are of non-small cell lung cancer
(NSCLC).2 Disease progression can be prevented and sur-
vival can be prolonged by using immune checkpoint inhibi-
tors (ICIs) or both ICIs and cytotoxic chemotherapy drugs3

in treatment-naive individuals with metastatic NSCLC.4–8

Pembrolizumab (Pemb), a monoclonal IgG4 antibody
that targets the PD-1 receptor, has been investigated for use
in cancers, including NSCLC.4,5 A global phase III trial
(KEYNOTE-189) assessed the use of Pemb plus platinum
(Plt) and pemetrexed (PEM) combination therapy (Pemb-
Plt-PEM), in terms of effectiveness and feasibility.4 Pemb-
Plt-PEM prolonged progression-free survival (PFS) and
overall survival (OS) further than Plt plus PEM combination
therapy did.4 A real-world study of effectiveness of initial
Pemb-Plt-PEM for nonsquamous NSCLC (non-sq NSCLC)
showed comparable results to those of the KEYNOTE-189
study.9

Distant metastases are often present when NSCLC is
diagnosed. In advanced stages, weight loss and systemic
inflammatory responses (SIRs), including cancer cachexia,
may occur.10,11 Furthermore, the cancer-related survival
outcome is predicted by SIR-based scoring systems, includ-
ing the neutrophil-to-lymphocyte (NL) ratio and Glasgow
Prognostic (GP) score. The GP score comprises the serum
C-reactive protein (CRP) and albumin levels;10 it predicts
the prognosis in advanced NSCLC.12–15 However, to date,
no analyses have evaluated the potential of a relationship of
the GP score with the response to initial ICI treatment com-
bined with chemoimmunotherapy for non-sq NSCLC.

Previous studies have reported that SIR-based markers
predict the treatment efficacy of ICIs. Indeed, the NL ratio
predicted the outcome of ICI treatment in individuals with
skin,16–18 kidney,19 or lung cancer.20–23

Body mass index (BMI) might be a predictor of progno-
sis in malignancies. BMI is also used as a measure of sarco-
penia, which correlates with adverse prognosis in
individuals with NSCLC who receive ICIs.24 In addition,
BMI correlates with the response to ICIs in solid tumors,
including skin, kidney, and lung cancers.25 BMI has been

associated with ICI treatment effectiveness in NSCLC.26

However, such an association is unknown in individuals
with non-sq NSCLC who initially received combined
chemoimmunotherapy.

Currently, limited data are available regarding the rela-
tionship of the GP score, NL ratio, and BMI with the effec-
tiveness of frontline combined chemoimmunotherapy for
individuals with non-sq NSCLC. Furthermore, first-line
Pemb-Plt-PEM is frequently used in patients with non-sq
NSCLC, but none of them have been studied. We aimed to
evaluate whether these factors predicted the effectiveness of
initial Pemb-Plt-PEM in individuals with non-sq NSCLC.

METHODS

Participants

We retrospectively analyzed the efficacy of first-line Pemb-
Plt-PEM treatment for non-sq NSCLC at 13 Japanese insti-
tutions (December 2018 to December 2020). The study par-
ticipants (1) had non-sq NSCLC at inoperable disease stage
III/IV or postoperative recurrent disease, which was diag-
nosed with histological or cytological analysis and (2) had
undergone initial Pemb-Plt-PEM treatment.

There were 248 consecutive individuals who were
administered Pemb-Plt-PEM; among them, 11 with drug-
gable driver gene mutations/translocations received molecu-
lar targeted therapy as first-line treatment. One individual
had a significant amount of missing data. Overall, 236 indi-
viduals were included in the study (Figure S1).

The 2015 World Health Organization system was used
to classify NSCLC. The individuals underwent systematic
evaluation and staging prior to treatment. The clinical stage
was determined based on the tumor-node-metastasis
(TNM) system27 and assigned based on physical examina-
tions, chest radiography, computed tomography (CT) scans
of the chest/abdomen, CT or magnetic resonance imaging of
the brain, and bone scintigraphy/18F-fluorodeoxyglucose
positron-emission tomography. Formalin-fixed tumor speci-
mens were used to determine PD-L1 expression using a PD-
L1 immunohistochemistry kit (22C3 pharmDx assay;
Dako).28 Demographic characteristics, clinical factors, and
responses to Pemb-Plt-PEM were extracted from records.
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For each individual, a censored event or death was investi-
gated for survival analysis.

The design of the current study was approved by the
Institutional Ethics Committee of the International Medical
Center, Saitama Medical University (approval no.:
2022-036). The study followed the institutional and national
ethical standards and the Declaration of Helsinki (2013 revi-
sion). No animal experiments were performed. Because of
its retrospective design, patient informed consent was not
obtained. However, the opt-out method was available to
refuse participation in the study.

Treatment

Individuals with a history of receiving ICIs, including the
Pemb-Plt-PEM regimen, were not present in the current
analysis population. The basic therapeutic regimen consisted
of Pemb (standard dose of intravenous 200 mg on day 1 of
each cycle), intravenous cisplatin (75 mg/m2 body surface
area) or carboplatin (area under the concentration–time
curve, 5 mg/mL/min), according to the investigator’s discre-
tion, plus PEM (500 mg/m2) up to six cycles, all adminis-
tered intravenously every 3 weeks, followed by PEM
(500 mg/m2) and 200 mg of Pemb every 3 weeks. The pre-
medication consisting of folic acid, vitamin B12, and gluco-
corticoids was administered based on each institution’s
treatment protocol. In some individuals, Pemb or PEM was
omitted from the Pemb and PEM maintenance therapy,
dependent on the treating physician’s decision. Treatment
was discontinued if progressive disease developed, irrevers-
ible toxicity was noted, or the individual withdrew their con-
sent to receive anticancer therapy.

Treatment efficacy evaluation

Serum concentrations of CRP and albumin were assessed on
the day of, or the day before, Pemb-Plt-PEM treatment. GP
scores were categorized as: 0–CRP <1.0 mg/dL and albumin
≥3.5 mg/dL; 1–only an increase in CRP or only a decrease
in albumin concentration; and 2–CRP ≥1.0 mg/dL and albu-
min <3.5 mg/dL.

The NL ratio (i.e., absolute neutrophil count: absolute
lymphocyte count) has thresholds of ≥5 and <5.20,22,29–40 In
the current analysis, we set a cutoff NL ratio of 5.0. Based on
the NL ratio, low- (<5.0) and high- (≥5.0) risk individuals
were identified.

BMI (weight [kg]/height [m2]) was assessed before the
start of Pemb-Plt-PEM administration. We evaluated the
potential correlation between BMI and Pemb-Plt-PEM
effectiveness based on a BMI cutoff value of 22.0 kg/m2, that
is, the ideal BMI for the Japanese population41 (high and
low BMI: ≥22.0 and < 22.0 kg/m2, respectively).

The tumor treatment response was quantified based on
the best overall response and maximum amount of tumor
shrinkage. Furthermore, radiological tumor responses were

evaluated based on the Response Evaluation Criteria in Solid
Tumors (version 1.1).42 The PFS interval was determined
from day 1 of Pemb-Plt-PEM administration until the first
occurrence of disease progression or death from any cause.
The OS interval was determined from day 1 of Pemb-
Plt-PEM administration until death or censoring at the last
follow-up.

Statistical analysis

Categorical and continuous variables were analyzed using
Fisher’s exact test and Welch’s t-test, respectively, in sub-
groups defined by the GP score, NL ratio, and BMI. Cox
proportional hazard models with stepwise regression were
used to evaluate factors predicting PFS and OS. The hazard
ratios (HRs) with 95% confidence intervals (CIs) were calcu-
lated. Univariate and multivariable logistic regression ana-
lyses were undertaken for different outcomes. Kaplan–Meier
survival analysis was performed to estimate survival,
whereas survival was evaluated using the log-rank test. Two-
tailed p < 0.05 indicated statistical significance. Statistical
analyses were performed using JMP software for Windows,
version 11.0 (SAS Institute).

RESULTS

Baseline factors and tumor responses

Table 1 describes the demographic factors of the study par-
ticipants (n = 236). Table 2 presents the treatment
responses. The response and disease control rates were
51.2% (95% CI: 44.9–57.5) and 81.3% (95% CI: 75.8–85.8),
respectively.

Comparisons of predictors between groups

The characteristics of the GP score, NL ratio, and BMI sub-
groups are demonstrated in Table 3. The pretreatment GP
score was 0–1 (164 individuals) or 2 (72 individuals). The
performance status (PS), bone metastases at initial treat-
ment, BMI, serum CRP and albumin levels, neutrophil
count, and disease control rate were related to the GP score
(all p < 0.05).

The NL ratio at the start of Pemb-Plt-PEM administra-
tion was categorized as low (160 individuals) or high
(76 individuals). The median age at treatment, PS, bone
metastases at the start of treatment, BMI, prior radiotherapy,
number of Pemb-Plt-PEM administration cycles, serum
CRP and albumin levels, neutrophil and lymphocyte counts,
and disease control rate were related to the NL ratio values
(all p < 0.05).

The pretreatment BMI was low and high in 114 and
122 individuals, respectively. Sex and the number of mainte-
nance therapy administration cycles, serum CRP level,
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albumin concentration, and lymphocyte count were related
to the BMI (all p < 0.05).

Treatment efficacy for survival

The median PFS and OFS were 8.8 (95% CI: 7.0–11.9)
months (Figure 1a) and 23.6 (95% CI: 18.7–28.6) months
(Figure 1b), respectively, after a median follow-up duration
of 18.7 (range, 0.5–41.3) months. At the data cutoff date
(June 30, 2022), 129 of 236 individuals had died, and
107 had survived. Table 4 summarizes the results of the uni-
variate and multivariable analyses for PFS and
OS. Univariate analyses indicated associations of PFS with
the PD-L1 tumor proportion score (TPS), bone metastases
at initial treatment, use of prior radiotherapy, and NL ratio.
Additionally, univariate analyses indicted associations of OS
with the PS, PD-L1 TPS, bone metastases at initial treat-
ment, GP score, NL ratio, and BMI.

The multivariable analysis demonstrated that PD-L1
TPS < 50% (HR: 2.81, p < 0.0001) and bone metastases at
initial treatment (HR: 1.39, p = 0.0472) were related to
worse PFS, whereas a low (<5) NL ratio was related to

T A B L E 1 Patient characteristics.

Characteristics
Total number of
patients (n = 236)

Sex

Male/female 189/47

Median age at treatment (years) (range) 68 (24–82)

Performance status

0/1/2/3/4 82/138/15/1/0

Smoking history

Yes/no 209/27

Clinical stage at diagnosis

II/III/IV/postoperative recurrence 1/9/178/48

Histology

Adenocarcinoma/others 216/20

PD-L1 tumor proportion score (%)

<1/1–49/≥50/unknown 77/75/57/27

Driver gene mutation/translocation

EGFR/ALK/others/wild-type, negative, or
unknowna

5/0/27/204

History of postoperative adjuvant
chemotherapy

Yes/no 33/203

Intracranial metastases at initial treatment

Yes/no 58/178

Liver metastases at initial treatment

Yes/no 12/224

Bone metastases at initial treatment

Yes/no 88/148

Body mass index (kg/m2)

Median (range) 22.2 (13.3–36.5)

Prior radiotherapyb

Yes/no 58/178

Number of cycles of platinum+pemetrexed
+pembrolizumab administered

Median 4

Range 1–6

Number of cycles of maintenance therapy
administeredc

Median 3

Range 0–51

Platinum agent

Cisplatin/carboplatin 46/190

Reason for discontinuation of platinum +

pemetrexed + pembrolizumab
administrationd

Progressive disease 28

Adverse events 39

Worsening of performance status 6

Others 9

Steroid treatment for adverse eventse

Yes/no 63/173

(Continues)

TAB L E 1 (Continued)

Characteristics
Total number of
patients (n = 236)

Laboratory data, median (range)

C-reactive protein (mg/dL) 0.70 (0.01–21.0)

Albumin (g/dL) 3.7 (1.7–4.8)

Neutrophil (cells/μL) 4718.5 (1200–23 360)

Lymphocyte (cells/μL) 1361 (285–3610)

Continuing administration of maintenance
therapy at data cutoff

23

aTest results showed no known genetic abnormalities such as EGFR mutations and
ALK fusion genes, or no known genetic abnormalities had been tested for.
bCurative intent and palliative radiotherapy.
cIncluding pemetrexed + pembrolizumab, pemetrexed, or pembrolizumab
maintenance therapy.
dExcluding maintenance therapy.
eExcluding topical agents.

TAB L E 2 Treatment response.

Total (n = 236)

Treatment response

CR 11

PR 110

SD 71

PD 38

NE 6

Response rate (%) (95% CI) 51.2 (44.9–57.5)

Disease control rate (%) (95% CI) 81.3 (75.8–85.8)

Abbreviations: CR, complete response; NE, not evaluated; PD, progressive disease; PR,
partial response; SD, stable disease.
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prolonged PFS (HR: 0.57, p = 0.002). The multivariable
analyses also showed that a PS of 0–1 (HR: 0.46, p = 0.027)
and low (<5) NL ratio (HR: 0.47, p = 0.0003) correlated
with better OS, whereas PD-L1 TPS < 50% (HR: 2.89,
p < 0.0001), bone metastases at initial treatment (HR: 1.59,
p = 0.0161), and low (<22.0 kg/m2) BMI (HR: 1.46,
p = 0.0391) correlated with shorter OS.

PFS and OS survival curves were constructed using
Kaplan–Meier analysis (Figure 2). Although a PS of 0–1
indicated a trend toward better PFS (9.0 months), which
was not statistically significant, the PFS was similar to that
of individuals with a PS ≥2 (3.1 months) (p = 0.06;
Figure 2a). Nevertheless, OS was more prolonged with a PS
of 0–1 (24.3 months) than with that of ≥2 (9.7 months;
p = 0.0049; Figure 2b). Individuals with PD-L1 TPS ≥50%
had a prolonged median PFS (19.2 months) compared with
that of individuals with PD-L1 TPS < 50% or unknown
(7.7 months; log-rank test, p = 0.0004; Figure 2c). Similarly,
OS was prolonged in individuals with PD-L1 TPS ≥50%
(38.7 months) compared with that in individuals with PD-L1
TPS < 50% or unknown (19.4 months; log-rank test,
p = 0.0150; Figure 2d). Individuals without pretreatment bone
metastases had prolonged median PFS (11.2 months) com-
pared with individuals with bone metastases (6.4 months; log-
rank test, p = 0.0231; Figure 2e). Moreover, OS was longer in
individuals lacking bone metastases (28.6 months) than in
individuals with bone metastases (14.8 months; log-rank test,
p = 0.0010; Figure 2f). An NL ratio <5 was associated with a
more prolonged median PFS (12.8 months) than was an NL
ratio ≥5 (5.3 months; log-rank test, p = 0.0002; Figure 2g).
Similarly, the NL ratio <5 group had a longer OS
(29.4 months) than did the NL ratio ≥5 group (12.0 months;
log-rank test, p < 0.0001; Figure 2h). Although individuals with
BMI ≥22.0 kg/m2 tended to have better PFS (11.2 months), it
was not significantly different between them and those with
BMI < 22.0 kg/m2 (6.8 months; p = 0.0595; Figure 2i). How-
ever, OS was significantly more prolonged with BMI ≥22.0 kg/
m2 (28.4 months) than with BMI < 22.0 kg/m2 (18.4 months;
p = 0.0086; Figure 2j).

DISCUSSION

The current analysis assessed relationships among the GP
score, NL ratio, and BMI and therapeutic effectiveness of
initial Pemb-Plt-PEM treatment for individuals with
advanced non-sq NSCLC. Consequently, multivariable ana-
lyses demonstrated that the NL ratio and BMI were inde-
pendently related to OS, indicating they might predict OS
after initial Pemb-Plt-PEM treatment for advanced non-
sq NSCLC. To the best of our knowledge, no previous
study has assessed associations among the GP score, NL
ratio, and BMI and the survival of individuals with
advanced non-sq NSCLC who initially received combined
chemoimmunotherapy.

The GP score is determined using CRP and albumin
levels; these are conveniently determined in the clinic.10T
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Several studies have shown associations between the GP
score and efficacies of various ICIs, in different treatment
lines, for individuals with NSCLC and various PD-L1
expression levels.15,43,44 The univariate analysis for PFS
demonstrated an insignificant trend toward longer PFS for
individuals with GP scores 0–1 than for those with GP
scores 2. The OS did not differ between individuals with a
GP score of 0–1 or 2. The reasons for these findings are
uncertain and should be studied in the future. It remains
unknown whether these results are limited to the first-line
use of Pemb-Plt-PEM or if the combination of a cytotoxic
drug plus Pemb should be considered separately from Pemb
in individuals with NSCLC and high PD-L1 expression
levels.

The NL ratio has demonstrated prognostic applicability
across multiple tumor types.45 Previous studies of NSCLC
have determined the prognostic ability of the baseline NL
ratio.46,47 In addition, systematic reviews demonstrated that
the NL ratio predicts treatment effectiveness and outcomes
in NSCLC.48 Some reports have indicated that the NL ratio
predicts the prognosis of individuals, but the results are con-
tradictory across reports. In our analysis, patient characteris-
tics and the NL ratio had an association with previous
radiotherapy, suggesting a confounding effect of clinical fac-
tors. Hematological parameters are commonly and easily
obtained in clinical practice.49 Furthermore, the NL ratio
reflects host immune reactions and inflammation and is
related to a poor prognosis for individuals with NSCLC who
receive immunotherapy.50 The NL ratio indicates systemic
inflammation and the immune system balance under malig-
nant biological conditions.51,52 Notably, neutrophils secrete
immunosuppressive and angiogenic factors that promote a
protumor microenvironment.53 Additionally, low numbers
of circulating lymphocytes likely result in fewer tumor-
infiltrating lymphocytes (TILs) and low antitumor T cell
responses.54 Petrova et al. demonstrated that neutrophils
and platelets promote tumor development and progression
via the secretion of cytokines and chemokines, including
MMP, IL-6, IL-8, TGF-β, and VEGF,55 all of which can
affect tumor cells indirectly or directly via the tumor micro-
environment. Additionally, neutrophils participate in
inflammatory responses that inhibit antitumor immune
responses by suppressing cytotoxic CD8+ T cells. Moreover,
in recent studies, a high neutrophil count and low

lymphocyte count correlated with poor survival out-
comes.50,55 Although several studies have shown that
changes in the NL ratio before and after treatment initia-
tion could be used to assess treatment efficacy,56 we eval-
uated the NL ratio at the start of treatment but did not
examine dynamic changes in the NL ratio after treatment
initiation. Various cutoff values for the NL ratio along
with the types of immunotherapies, PFS, and OS are sum-
marized in Table S1. An NL ratio of five was the com-
monest adopted cutoff value previously22,29,30,37,38,57 and
the most appropriate value for Western countries; there-
fore, it was recommended for clinical application.58 The
current analysis suggests that PFS and OS were shorter
with an NL ratio ≥5 than with an NL ratio <5, which
agrees with the findings described by Mei et al.59

Although the threshold was not definitively established, it
appears generally acceptable to adopt five as an NL ratio
cutoff value for prognostic determination.

A large retrospective cohort study suggested that a high
BMI was related to better PFS and OS after ICI treatment
of advanced melanoma.60 Another analysis showed that
BMI was related to ICI effectiveness in solid malignancies,
including melanoma, renal cell carcinoma, and NSCLC.25

Additionally, another study demonstrated a relationship
between the BMI and ICI clinical efficacies in NSCLC,26

and BMI significantly correlated with ICI effectiveness in
individuals with NSCLC who received second- or later-line
PD-1/PD-L1 blockade therapy. Tateishi et al. treated indi-
viduals with ICI monotherapy as first-line and second- or
later-line treatments and demonstrated similar PD-1 inhibi-
tor efficacy between overweight and nonoverweight individ-
uals (BMI ≥25 and < 25 kg/m2, respectively).61 However,
those studies only included ICI monotherapy and did not
include combination therapy with cytotoxic anticancer
drugs. Moreover, in a previous report, carboplatin-based
combination chemotherapy that did not contain ICIs
improved PFS and OS of overweight individuals compared
with those of underweight individuals.62 In our study,
patient characteristics did not differ between high- and low-
BMI individuals, except for sex, the number of maintenance
therapy cycles administered, CRP and albumin levels, and
lymphocyte counts. The response and disease control rates
were similar between low- and high-BMI individuals; how-
ever, BMI predicted OS but not PFS. Thus, a higher BMI

F I G U R E 1 Kaplan–Meier
curves for progression-free survival
(PFS) and overall survival (OS).
(a) The median PFS was 8.8 months
among all 236 individuals who
received pembrolizumab plus
platinum and pemetrexed as first-
line treatment. (b) The median OS
was 23.6 months among the
236 individuals who received
pembrolizumab plus platinum and
pemetrexed as first-line treatment.
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might improve the survival benefit conferred by Pemb-
Plt-PEM in these individuals and might allow individuals to
receive subsequent treatments after progressive disease. We
previously demonstrated that the BMI independently pre-
dicted the survival outcome of individuals with NSCLC

expressing high PD-L1 (PD-L1 TPS ≥50%) who were trea-
ted with initial Pemb monotherapy; overweight individuals
had prolonged survival, but not PFS, compared with under-
weight individuals.44 Our study included individuals with
known and unknown levels of PD-L1 expression, although

F I G U R E 2 Kaplan–Meier curves for progression-free survival (PFS) and overall survival (OS) according to performance status (PS) at the start of
pembrolizumab plus platinum and pemetrexed treatment, programmed death ligand-1 tumor proportion score (PD-L1 TPS), presence of bone metastases at
initial treatment, neutrophil-to-lymphocyte (NL) ratio, and body mass index (BMI). (a) PFS according to the PS at the start of pembrolizumab plus platinum
and pemetrexed treatment (PS 0–1, median PFS: 9.0 months; PS ≥2, median PFS: 3.1 months). (b) OS according to the PS at the start of pembrolizumab plus
platinum and pemetrexed treatment (PS 0–1, median OS: 24.3 months; PS ≥2, median OS: 9.7 months). (c) PFS according to PD-L1 TPS (PD-L1 TPS ≥50%,
median PFS: 19.2 months; PD-L1 TPS < 50% or unknown, median PFS: 7.7 months). (d) OS according to PD-L1 TPS (PD-L1 TPS ≥50%, median OS:
38.7 months; PD-L1 TPS < 50% or unknown, median OS: 19.4 months). (e) PFS according to the presence of bone metastases at initial treatment (without
bone metastases at initial treatment, median PFS: 11.2 months; with bone metastases at initial treatment, median PFS: 6.4 months). (f) OS according to the
presence of bone metastases at initial treatment (without bone metastases at initial treatment, median OS: 28.6 months; with bone metastases at initial
treatment, median OS: 14.8 months). (g) PFS according to the NL ratio (NL ratio <5, median PFS: 12.8 months; NL ratio ≥5, median PFS: 5.3 months).
(h) OS according to the NL ratio (NL ratio <5, median OS: 29.4 months; NL ratio ≥5, median OS: 12.0 months). (i) PFS according to BMI (BMI ≥22.0,
median PFS: 11.2 months; BMI < 22.0, median PFS: 6.8 months). (j) OS according to BMI (BMI ≥22.0, median OS: 28.4 months; BMI < 22.0, median OS:
18.4 months).
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all individuals received first-line treatment. In this analysis,
the reason for the longer OS in individuals with higher BMI
may be the association of BMI with longer survival in indi-
viduals with NSCLC and high PD-L1 expression levels who
initially receive Pemb monotherapy, as previously
described. However, in the present analysis, pembrolizumab
was combined with a cytotoxic anticancer drug, and the
PD-L1 expression status was not high expression only;
therefore, we were unable to reach a definitive conclusion.
We set the BMI threshold at 22 kg/m2, that is, the ideal BMI
for Japanese individuals; however, whether this is an appropri-
ate cutoff value should be investigated in a future analysis,
given the presence of variance related to differences in ethnici-
ties and populations. Furthermore, BMI is influenced by vari-
ous factors, including natural body size, genetic factors, tumor
progression, the presence of cachexia, and psychological fac-
tors. We suspect that BMI contains many confounding factors.
Therefore, even with multivariable analysis, it is difficult to
identify the relationship between BMI and treatment efficacy
or OS independently.

Our study has some weaknesses. First, this retrospective
study depended on subjective assessments of tumor
responses that might have led to errors in the recorded data
related to treatment responses and PFS. Second, as there are
no absolutely established cutoff values for the GP score, NL
ratio, and BMI, we used cutoff values from previous studies.
It will be important to examine whether the findings of the
current analysis are clinically appropriate for other and
larger cohorts in the future.

In summary, our findings suggest that the NL ratio is
independently correlated with PFS and OS. Additionally,
BMI is independently correlated with OS. Large-scale stud-
ies should examine the generalizability of our findings.
Although future analyses are required to confirm these
results, our findings indicate that determining the NL ratio
and BMI may help predict the efficacy and prognosis of
individuals with advanced non-sq NSCLC treated with ini-
tial Pemb-Plt-PEM treatment.

AUTHOR CONTRIBUTIONS
All authors have approved the final manuscript. All
authors had full access to the data in the study and take
responsibility for the integrity of the data and the accuracy
of the data analysis. Conceptualization and methodology,
H.I. and K.K. (Kaira); Formal analysis and data curation,
H.I. and K.K. (Kaira); Project administration, visualiza-
tion, and writing—original draft preparation, H.I.; Supervi-
sion, K.K. (Kaira) and H.K.; Investigation and resources, S.
W., T.T., Y.N., T.K., K.M., T.O., Y.M., Y.U., A.O., H.M., Y.
Y., J.N., Y.K., H.T., H.O., and T.K.; Writing—review and
editing, all authors.

ACKNOWLEDGMENTS
We thank Ms. Saki Toita, Ms. Kyoko Nakagawa, Drs. Kenya
Kanazawa, Satoru Kakizaki, Takayuki Kaburagi, Tamotsu
Ishizuka, Koichi Minato, and Kunihiko Kobayashi for their
assistance in preparing the manuscript.

CONFLICT OF INTEREST STATEMENT
No potential conflict of interest exits.

ORCID
Hisao Imai https://orcid.org/0000-0003-3097-4255
Takayuki Kishikawa https://orcid.org/0000-0002-8957-
4814
Hiroyuki Minemura https://orcid.org/0000-0001-8710-
1960
Yutaka Yamada https://orcid.org/0000-0001-6823-4231
Takashi Kasai https://orcid.org/0000-0002-3112-4001
Kyoichi Kaira https://orcid.org/0000-0001-5548-7686

REFERENCES
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA

A Cancer J Clinicians. 2022;72:7–33.
2. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR,

Alfano CM, et al. Cancer treatment and survivorship statistics, 2019.
CA Cancer J Clin. 2019;69:363–85.

3. Remon J, Passiglia F, Ahn MJ, Barlesi F, Forde PM, Garon EB, et al.
Immune checkpoint inhibitors in thoracic malignancies: review of the
existing evidence by an IASLC expert panel and recommendations.
J Thorac Oncol. 2020;15:914–47.

4. Gandhi L, Rodríguez-Abreu D, Gadgeel S, Esteban E, Felip E, de
Angelis F, et al. Pembrolizumab plus chemotherapy in metastatic
non-small-cell lung cancer. N Engl J Med. 2018;378:2078–92.

5. Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Cs}oszi T, Fülöp
A, et al. Pembrolizumab versus chemotherapy for PD-L1-positive
non-small-cell lung cancer. N Engl J Med. 2016;375:1823–33.

6. Socinski MA, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy D,
Nogami N, et al. Atezolizumab for first-line treatment of metastatic
nonsquamous NSCLC. N Engl J Med. 2018;378:2288–301.

7. Hellmann MD, Paz-Ares L, Bernabe Caro R, Zurawski B, Kim SW,
Carcereny Costa E, et al. Nivolumab plus ipilimumab in advanced
non-small-cell lung cancer. N Engl J Med. 2019;381:2020–31.

8. Paz-Ares L, Ciuleanu TE, Cobo M, Schenker M, Zurawski B,
Menezes J, et al. First-line nivolumab plus ipilimumab combined with
two cycles of chemotherapy in patients with non-small-cell lung can-
cer (CheckMate 9LA): an international, randomised, open-label, phase
3 trial. Lancet Oncol. 2021;22:198–211.

9. Velcheti V, Hu X, Piperdi B, Burke T. Real-world outcomes of first-
line pembrolizumab plus pemetrexed-carboplatin for metastatic non-
squamous NSCLC at US oncology practices. Sci Rep. 2021;11:9222.

10. McMillan DC. An inflammation-based prognostic score and its role
in the nutrition-based management of patients with cancer. Proc Nutr
Soc. 2008;67:257–62.

11. Proctor MJ, Talwar D, Balmar SM, O’Reilly DSJ, Foulis AK,
Horgan PG, et al. The relationship between the presence and site of
cancer, an inflammation-based prognostic score and biochemical
parameters. Initial results of the Glasgow inflammation outcome
study. Br J Cancer. 2010;103:870–6.

12. Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dunlop DJ.
Comparison of an inflammation-based prognostic score (GPS) with
performance status (ECOG) in patients receiving platinum-based che-
motherapy for inoperable non-small-cell lung cancer. Br J Cancer.
2004;90:1704–6.

13. Gioulbasanis I, Pallis A, Vlachostergios PJ, Xyrafas A, Giannousi Z,
Perdikouri IE, et al. The Glasgow prognostic score (GPS) predicts tox-
icity and efficacy in platinum-based treated patients with metastatic
lung cancer. Lung Cancer. 2012;77:383–8.

14. Leung EY, Scott HR, McMillan DC. Clinical utility of the pretreatment
Glasgow prognostic score in patients with advanced inoperable non-
small cell lung cancer. J Thorac Oncol. 2012;7:655–62.

15. Takamori S, Takada K, Shimokawa M, Matsubara T, Fujishita T,
Ito K, et al. Clinical utility of pretreatment Glasgow prognostic score

2576 IMAI ET AL.

https://orcid.org/0000-0003-3097-4255
https://orcid.org/0000-0003-3097-4255
https://orcid.org/0000-0002-8957-4814
https://orcid.org/0000-0002-8957-4814
https://orcid.org/0000-0002-8957-4814
https://orcid.org/0000-0001-8710-1960
https://orcid.org/0000-0001-8710-1960
https://orcid.org/0000-0001-8710-1960
https://orcid.org/0000-0001-6823-4231
https://orcid.org/0000-0001-6823-4231
https://orcid.org/0000-0002-3112-4001
https://orcid.org/0000-0002-3112-4001
https://orcid.org/0000-0001-5548-7686
https://orcid.org/0000-0001-5548-7686


in non-small-cell lung cancer patients treated with immune check-
point inhibitors. Lung Cancer. 2021;152:27–33.

16. Ferrucci PF, Gandini S, Battaglia A, Alfieri S, di Giacomo AM,
Giannarelli D, et al. Baseline neutrophil-to-lymphocyte ratio is associ-
ated with outcome of ipilimumab-treated metastatic melanoma
patients. Br J Cancer. 2015;112:1904–10.

17. Ferrucci PF, Ascierto PA, Pigozzo J, del Vecchio M, Maio M,
Antonini Cappellini GC, et al. Baseline neutrophils and derived
neutrophil-to-lymphocyte ratio: prognostic relevance in metastatic
melanoma patients receiving ipilimumab. Ann Oncol. 2016;27:732–8.

18. Capone M, Giannarelli D, Mallardo D, Madonna G, Festino L,
Grimaldi AM, et al. Baseline neutrophil-to-lymphocyte ratio (NLR)
and derived NLR could predict overall survival in patients with
advanced melanoma treated with nivolumab. J Immunother Cancer.
2018;6:74.

19. Jeyakumar G, Kim S, Bumma N, Landry C, Silski C, Suisham S, et al.
Neutrophil lymphocyte ratio and duration of prior anti-angiogenic
therapy as biomarkers in metastatic RCC receiving immune check-
point inhibitor therapy. J Immunother Cancer. 2017;5:82.

20. Bagley SJ, Kothari S, Aggarwal C, Bauml JM, Alley EW, Evans TL,
et al. Pretreatment neutrophil-to-lymphocyte ratio as a marker of out-
comes in nivolumab-treated patients with advanced non-small-cell
lung cancer. Lung Cancer. 2017;106:1–7.

21. Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard D,
et al. Association of the lung immune prognostic index with immune
checkpoint inhibitor outcomes in patients with advanced non-small
cell lung cancer. JAMA Oncol. 2018;4:351–7.

22. Suh KJ, Kim SH, Kim YJ, Kim M, Keam B, Kim TM, et al. Post-
treatment neutrophil-to-lymphocyte ratio at week 6 is prognostic in
patients with advanced non-small cell lung cancers treated with anti-
PD-1 antibody. Cancer Immunol Immunother. 2018;67:459–70.

23. Romano FJ, Ronga R, Ambrosio F, Arundine D, Longo V, Galetta D,
et al. Neutrophil-to-lymphocyte ratio is a major prognostic factor in
non-small cell lung carcinoma patients undergoing first line immuno-
therapy with pembrolizumab. Cancer Diagn Progn. 2023;3:44–52.

24. Shiroyama T, Nagatomo I, Koyama S, Hirata H, Nishida S, Miyake K,
et al. Impact of sarcopenia in patients with advanced non-small cell
lung cancer treated with PD-1 inhibitors: a preliminary retrospective
study. Sci Rep. 2019;9:2447.

25. Cortellini A, Bersanelli M, Buti S, Cannita K, Santini D, Perrone F,
et al. A multicenter study of body mass index in cancer patients trea-
ted with anti-PD-1/PD-L1 immune checkpoint inhibitors: when over-
weight becomes favorable. J Immunother Cancer. 2019;7:57.

26. Ichihara E, Harada D, Inoue K, Sato K, Hosokawa S, Kishino D, et al.
The impact of body mass index on the efficacy of anti-PD-1/PD-L1
antibodies in patients with non-small cell lung cancer. Lung Cancer.
2020;139:140–5.

27. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H,
Eberhardt WEE, et al. The IASLC lung cancer staging project: pro-
posals for revision of the TNM stage groupings in the forthcoming
(eighth) edition of the TNM classification for lung cancer. J Thorac
Oncol. 2016;11:39–51.

28. Roach C, Zhang N, Corigliano E, Jansson M, Toland G, Ponto G,
et al. Development of a companion diagnostic PD-L1 immunohisto-
chemistry assay for Pembrolizumab therapy in non-small-cell lung
cancer. Appl Immunohistochem Mol Morphol. 2016;24:392–7.

29. Takeda T, Takeuchi M, Saitoh M, Takeda S. Neutrophil-to-
lymphocyte ratio after four weeks of nivolumab administration as a
predictive marker in patients with pretreated non-small-cell lung can-
cer. Thorac Cancer. 2018;9:1291–9.

30. Khunger M, Patil PD, Khunger A, Li M, Hu B, Rakshit S, et al. Post-
treatment changes in hematological parameters predict response to
nivolumab monotherapy in non-small cell lung cancer patients. PLOS
one. 2018;13:e0197743.

31. Zer A, Sung MR, Walia P, Khoja L, Maganti M, Labbe C, et al. Corre-
lation of neutrophil to lymphocyte ratio and absolute neutrophil count
with outcomes with PD-1 axis inhibitors in patients with advanced
non-small-cell lung cancer. Clin Lung Cancer. 2018;19:426–434.e1.

32. Svaton M, Zemanova M, Skrickova J, et al. Chronic inflammation as a
potential predictive factor of nivolumab therapy in non-small cell lung
cancer. Anticancer Res. 2018;38:6771–82.

33. Nakaya A, Kurata T, Yoshioka H, Takeyasu Y, Niki M, Kibata K, et al.
Neutrophil-to-lymphocyte ratio as an early marker of outcomes in
patients with advanced non-small-cell lung cancer treated with nivo-
lumab. Int J Clin Oncol. 2018;23:634–40.

34. Pavan A, Calvetti L, Dal Maso A, Attili I, del Bianco P, Pasello G,
et al. Peripheral blood markers identify risk of immune-related toxic-
ity in advanced non-small cell lung cancer treated with immune-
checkpoint inhibitors. Oncologist. 2019;24:1128–36.

35. Prelaj A, Ferrara R, Rebuzzi SE, Proto C, Signorelli D, Galli G, et al.
EPSILoN: a prognostic score for immunotherapy in advanced non-
small-cell lung cancer: a validation cohort. Cancer. 2019;11:1954.

36. Katayama Y, Yamada T, Chihara Y, Tanaka S, Tanimura K, Okura N,
et al. Significance of inflammatory indexes in atezolizumab monother-
apy outcomes in previously treated non-small-cell lung cancer
patients. Sci Rep. 2020;10:17495.

37. Russo A, Russano M, Franchina T, Migliorino MR, Aprile G,
Mansueto G, et al. Neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and outcomes with nivolumab in
pretreated non-small cell lung cancer (NSCLC): a large retrospective
multicenter study. Adv Ther. 2020;37:1145–55.

38. Matsubara T, Takamori S, Haratake N, Toyozawa R, Miura N,
Shimokawa M, et al. The impact of immune-inflammation-nutritional
parameters on the prognosis of non-small cell lung cancer patients
treated with atezolizumab. J Thorac Dis. 2020;12:1520–8.

39. Takada K, Takamori S, Yoneshima Y, Tanaka K, Okamoto I,
Shimokawa M, et al. Serum markers associated with treatment
response and survival in non-small cell lung cancer patients treated
with anti-PD-1 therapy. Lung Cancer. 2020;145:18–26.

40. Ksienski D, Wai ES, Alex D, Croteau NS, Freeman AT, Chan A, et al.
Prognostic significance of the neutrophil-to-lymphocyte ratio and
platelet-to-lymphocyte ratio for advanced non-small cell lung cancer
patients with high PD-L1 tumor expression receiving pembrolizumab.
Transl Lung Cancer Res. 2021;10:355–67.

41. Tokunaga K, Matsuzawa Y, Kotani K, Keno Y, Kobatake T, Fujioka S,
et al. Ideal body weight estimated from the body mass index with the
lowest morbidity. Int J Obes (Lond). 1991;15:1–5.

42. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur
J Cancer. 2009;45:228–47.

43. Kasahara N, Sunaga N, Tsukagoshi Y, et al. Post-treatment Glasgow
prognostic score predicts efficacy in advanced non-small-cell lung
cancer treated with anti-PD1. Anticancer Res. 2019;39:1455–61.

44. Imai H, Kishikawa T, Minemura H, Yamada Y, Ibe T, Yamaguchi O,
et al. Pretreatment Glasgow prognostic score predicts survival among
patients with high PD-L1 expression administered first-line pembroli-
zumab monotherapy for non-small cell lung cancer. Cancer Med.
2021;10:6971–84.
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