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Abstract
Background: There	are	no	established	biomarkers	for	predicting	the	efficacy	of	
first-	line	pembrolizumab	monotherapy	in	patients	with	high	programmed	death-	
ligand	1	(PD-	L1)	expression.	In	this	study,	we	investigated	whether	the	Glasgow	
prognostic	 score	 (GPS),	 neutrophil-	to-	lymphocyte	 ratio	 (NLR),	 and	 body	 mass	
index	(BMI)	can	be	used	to	evaluate	the	effect	of	first-	line	pembrolizumab	mono-
therapy	in	patients	with	advanced	non-	small	cell	lung	cancer	(NSCLC)	who	ex-
press	high	levels	of	PD-	L1.
Methods: We	reviewed	data	from	142	patients	with	high	PD-	L1	expression	who	
underwent	 first-	line	 pembrolizumab	 monotherapy	 for	 NSCLC	 at	 six	 Japanese	
institutions	between	February	2017	and	June	2019	and	assessed	the	prognostic	
value	of	 the	GPS,	NLR,	and	BMI.	The	Kaplan–	Meier	method	and	Cox	propor-
tional	hazard	models	were	used	to	examine	differences	in	progression-	free	sur-
vival	(PFS)	and	overall	survival	(OS).	The	GPS,	NLR,	and	BMI	were	calculated	
using	C-	reactive	protein	and	albumin	concentrations,	neutrophil	and	lymphocyte	
counts,	and	body	weight	and	height,	respectively.
Results: The	GPS	 independently	predicted	 the	 first-	line	pembrolizumab	mon-
otherapy	efficacy,	as	a	good	GPS	(GPS	0–	1)	was	associated	with	a	significantly	
better	PFS	and	OS	compared	to	a	poor	GPS	(GPS	2)	(PFS:	11.8	vs.	2.9 months,	
p < 0.0001;	OS:	not	reached	vs.	8.3 months,	p < 0.0001).	Furthermore,	BMI	in-
dependently	predicted	efficacy,	as	patients	with	high	BMI	(BMI	≥21.4)	exhibited	
significantly	better	OS	compared	 to	 those	with	 low	BMI	 (BMI	<21.4)	 (OS:	not	
reached	vs.	14.1 months,	p = 0.006).
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1 	 | 	 INTRODUCTION

Lung	cancer	is	the	leading	cause	of	cancer-	related	deaths	
globally,	 and	 non-	small	 cell	 lung	 cancer	 (NSCLC)	 ac-
counts	 for	 approximately	 85%	 of	 all	 lung	 cancers.1	 A	
previous	open-	label	phase	III	trial	revealed	that	pembroli-
zumab	monotherapy	is	an	effective	first-	line	treatment	for	
patients	with	NSCLC	with	high	programmed	death-	ligand	
1	(PD-	L1)	expression	(≥50%	of	tumor	cells).2	Thus,	pem-
brolizumab	 monotherapy	 is	 now	 considered	 a	 standard	
first-	line	 treatment	 for	patients	with	high	PD-	L1	expres-
sion	and	with	no	contraindications	to	immune	checkpoint	
inhibitors	(ICIs).

Most	 patients	 with	 NSCLC	 are	 diagnosed	 at	 an	 ad-
vanced	 stage,	 and	 these	 patients	 frequently	 experience	
weight	loss	and	a	systemic	inflammatory	response	(SIR),	
which	influences	cancer	cachexia.3,4	Thus,	cancer-	related	
prognosis	 is	 examined	 using	 various	 SIR-	based	 scoring	
systems,	such	as	the	Glasgow	prognostic	score	(GPS)	and	
neutrophil-	to-	lymphocyte	ratio	(NLR).	The	GPS	is	a	SIR-	
based	scoring	system	that	comprises	serum	C-	reactive	pro-
tein	 (CRP)	 and	 albumin	 concentrations.3	The	 GPS	 is	 an	
independent	prognostic	marker	for	advanced	NSCLC.5-	14	
Although	several	studies	have	reported	on	the	relationship	
between	the	GPS	and	ICI	treatment	efficacy	in	NSCLC	for	
different	lines	of	treatment,	various	ICIs,	and	various	lev-
els	of	PD-	L1	expression,14,15	no	studies	have	evaluated	the	
relationship	between	the	GPS	and	the	efficacy	of	first-	line	
pembrolizumab	monotherapy	for	NSCLC	in	patients	with	
high	PD-	L1	expression.	SIR-	based	markers	can	predict	the	
response	to	ICIs,	with	NLR	predicting	the	response	to	ICIs	
in	melanoma,16-	18	renal	cell	carcinoma,19	and	NSCLC.20-	22	
Additionally,	body	mass	index	(BMI)	has	been	reported	as	a	
prognostic	marker	for	various	malignancies.	The	presence	
of	sarcopenia	was	negatively	associated	with	outcomes	in	
patients	with	NSCLC	receiving	ICI.23	Additionally,	BMI	is	
associated	with	ICI	treatment	outcomes	in	solid	tumors,	
including	 melanoma,	 renal	 cell	 cancer,	 and	 NSCLC.24	
However,	there	is	limited	data	regarding	the	relationship	

between	 the	 GPS,	 NLR,	 and	 BMI	 and	 response	 to	 first-	
line	pembrolizumab	monotherapy	 for	NSCLC	with	high	
PD-	L1	expression.	A	recent	study	reported	a	relationship	
between	 BMI	 and	 the	 effect	 of	 ICIs	 in	 NSCLC.25	 When	
a	BMI	cutoff	value	of	22 kg/m2	was	used,	no	significant	
difference	 was	 observed	 in	 the	 progression-	free	 survival	
(PFS)	or	overall	survival	(OS)	between	high-		and	low-	BMI	
groups	among	patients	with	NSCLC	with	high	PD-	L1	ex-
pression	 (≥50%)	 who	 were	 treated	 with	 pembrolizumab	
as	a	first-	line	therapy.	However,	 in	patients	with	NSCLC	
treated	 with	 nivolumab/pembrolizumab/atezolizumab	
as	a	second-		or	 later-	line	 treatment,	survival	was	signifi-
cantly	 longer	 in	 patients	 with	 a	 high	 BMI	 versus	 those	
with	 a	 low	 BMI.	 Thus,	 the	 relationship	 between	 BMI	
and	the	efficacy	of	 ICIs	 in	NSCLC	is	unclear.	Therefore,	
in	the	current	study,	we	assessed	whether	the	GPS,	NLR,	
and	BMI	could	predict	the	response	to	first-	line	pembroli-
zumab	 monotherapy	 in	 patients	 with	 NSCLC	 and	 high	
PD-	L1	expression.

2 	 | 	 METHODS

2.1	 |	 Patients

This	 retrospective	 study	 assessed	 the	 clinical	 effects	 of	
first-	line	 pembrolizumab	 monotherapy	 in	 144	 patients	
with	NSCLC	and	high	PD-	L1	expression	at	 six	 Japanese	
institutions	 between	 February	 2017	 and	 June	 2019.	
Among	them,	pretreatment	albumin	and	CRP	values	were	
missing	in	two	patients.	Thus,	142	patients	were	included	
in	 the	 analysis.	 The	 NSCLC	 was	 histologically	 classified	
using	 the	 2015	 World	 Health	 Organization	 system	 and	
staged	 using	 version	 8	 of	 the	 Tumor–	Node–	Metastasis	
staging	system.	The	eligibility	criteria	were	as	follows:	(1)	
histologically	or	cytologically	confirmed	NSCLC,	(2)	unre-
sectable	stage	III/IV	disease	or	postoperative	recurrence,	
and	(3)	high	PD-	L1	expression	(≥50%	of	tumor	cells).	The	
patients	received	first-	line	treatment	with	pembrolizumab	

Conclusions: Among	patients	with	high	PD-	L1	expression	undergoing	first-	line	
pembrolizumab	monotherapy	for	NSCLC,	the	GPS	is	significantly	correlated	with	
both	PFS	and	OS,	and	BMI	with	OS,	indicating	that	they	could	be	used	to	predict	
treatment	outcome	 in	 these	patients.	To	 the	best	of	our	knowledge,	 this	 is	 the	
first	study	to	assess	the	relationship	among	the	GPS,	NLR,	and	BMI	and	survival	
among	patients	with	high	PD-	L1	expression	undergoing	first-	line	pembrolizumab	
monotherapy	for	NSCLC.
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monotherapy	(200 mg),	and	a	confirmation	of	a	censored	
event	or	death	was	made	 for	each	patient.	Pretreatment	
Tumor–	Node–	Metastasis	 staging	 was	 based	 on	 physical	
examination,	chest	radiography,	thoracic	and	abdominal	
computed	 tomography,	 brain	 computed	 tomography	 or	
magnetic	 resonance	 imaging,	 and	 bone	 scintigraphy	 or	
18F-	fluorodeoxyglucose	 positron	 emission	 tomography.	
We	reviewed	the	patient	charts	 to	collect	data	regarding	
baseline	 characteristics	 and	 response	 to	 first-	line	 pem-
brolizumab	monotherapy.	The	study	design	was	approved	
by	 the	 Institutional	 Review	 Board	 of	 each	 participating	
institution.	 The	 requirement	 for	 informed	 consent	 was	
waived	owing	to	the	retrospective	nature	of	the	study.

2.2	 |	 Assessment of PD- L1 expression

PD-	L1	expression	in	formalin-	fixed	tumor	specimens	was	
evaluated	 using	 a	 commercially	 available	 immunohisto-
chemistry	kit	for	detecting	PD-	L1	(22C3	pharmDx	assay;	
Dako	North	America).26	Biopsy	specimens	from	the	time	
of	lung	cancer	diagnosis	or	from	the	time	of	initiation	of	
pembrolizumab	 monotherapy	 were	 collected	 from	 the	
institutional	 archives.	 PD-	L1	 expression	 (membranous	
staining)	was	quantified	as	the	proportion	of	positive	cells	
among	 the	 tumor	 cells	 and	 tumor-	infiltrating	 immune	
cells.

2.3	 |	 Treatment

The	patients	included	in	the	study	had	not	previously	re-
ceived	ICI	therapy;	they	received	first-	line	treatment	with	
pembrolizumab	monotherapy	(200 mg	intravenously	once	
every	 3  weeks),	 which	 was	 continued	 until	 disease	 pro-
gression,	unacceptable	toxicity,	or	withdrawal	of	consent.

2.4	 |	 Assessment of treatment efficacy

Serum	CRP	and	albumin	levels	as	well	as	neutrophil	and	
lymphocyte	counts	were	measured	at	treatment	initiation.	
Blood	 samples	 were	 usually	 collected	 on	 the	 day	 before	
pembrolizumab	administration	or	on	the	day	of	adminis-
tration.	The	GPS	values	were	defined	as:	a	GPS	of	0	(CRP	
<1.0  mg/dl	 and	 albumin	 >3.5  mg/dl),	 a	 GPS	 of	 1	 (CRP	
≥1.0 mg/dl	or	albumin	<3.5 mg/dl),	or	a	GPS	of	2	(CRP	
≥1.0 mg/dl	and	albumin	<3.5 mg/dl).	NLR	was	defined	as	
the	ratio	of	absolute	neutrophil	and	absolute	lymphocyte	
counts;	the	NLR	cut-	off	value	was	set	at	5.20,27	BMI,	which	
was	 determined	 at	 treatment	 initiation,	 was	 defined	 as	
the	 weight	 (kg)	 divided	 by	 the	 height	 (m)	 squared.	 The	
patients	were	stratified	into	BMI	groups,	as	defined	by	the	

receiver	operating	characteristic	(ROC)	curve:	low-	weight	
group	 (BMI	 <21.4  kg/m2)	 and	 high-	weight	 group	 (BMI	
≥21.4 kg/m2).	The	optimal	cut-	off	value	that	differentiated	
high	BMI	from	low	BMI,	as	determined	by	the	ROC	curve	
analysis	for	PFS,	was	21.4	(AUC:	0.578;	sensitivity:	68.2%;	
specificity:	48.5%).

Tumor	 response	 was	 quantified	 as	 the	 best	 overall	
response	 and	 maximum	 tumor	 shrinkage.	 Radiological	
tumor	responses	were	assessed	according	to	the	Response	
Evaluation	Criteria	 in	Solid	Tumors	 (version	1.1):	disap-
pearance	of	all	target	lesions	(complete	response	[CR]);	a	
≥30%	decrease	 in	 the	sum	of	 the	 target	 lesion	diameters	
relative	to	the	baseline	(partial	response	[PR]),	a	≥20%	in-
crease	 in	 the	 sum	of	 the	 target	 lesion	diameters	 relative	
to	the	smallest	value	during	the	study	period	(progressive	
disease	[PD]),	and	insufficient	shrinkage	for	being	quali-
fied	as	PR	and	insufficient	growth	for	being	qualified	as	
PD	 (stable	 disease	 [SD]).28	 The	 PFS	 interval	 was	 calcu-
lated	from	the	start	of	pembrolizumab	monotherapy	until	
the	first	instance	of	PD	or	death	from	any	cause.	The	OS	
interval	was	calculated	from	the	start	of	pembrolizumab	
monotherapy	until	the	first	instance	of	death	or	censoring	
at	the	last	follow-	up.

2.5	 |	 Statistical analyses

Categorical	and	continuous	variables	were	analyzed	using	
Fisher's	exact	test	and	Welch's	t-	test,	respectively.	A	Cox	
proportional	hazards	model	with	stepwise	regression	was	
used	 to	 identify	 factors	 that	 predicted	 PFS	 and	 OS,	 and	
the	results	were	described	as	hazard	ratios	(HRs)	and	95%	
confidence	 intervals	 (CIs).	 PFS	 and	 OS	 were	 compared	
using	the	 log-	rank	test.	Differences	were	considered	sta-
tistically	significant	at	a	two-	tailed	p ≤ 0.05.	All	analyses	
were	conducted	using	the	JMP	software	for	Windows,	ver-
sion	11.0	(SAS	Institute).

3 	 | 	 RESULTS

3.1	 |	 Patient characteristics and 
treatment efficacy

Table 1	presents	the	characteristics	of	the	142	patients	who	
received	pembrolizumab	monotherapy;	they	included	117	
men	 (82.4%)	and	25	women	 (17.6%),	with	a	median	age	
of	70 years	(range,	47–	86 years).	The	Eastern	Cooperative	
Oncology	Group	(ECOG)-	performance	status	(PS)	scores	
were	0–	1	for	110	patients	(77.4%)	and	2–	3	for	32	patients	
(22.6%).	Adenocarcinoma	was	observed	 in	75	of	 the	142	
patients	(52.8%).	A	total	of	123	patients	(86.6%)	had	stage	
III–	IV	 disease.	 Nineteen	 patients	 (13.4%)	 experienced	
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postoperative	 recurrence.	 All	 patients	 presented	 high	
PD-	L1	 expression	 (≥50%	 of	 the	 tumor	 cells).	 The	 driver	
gene	 mutation/translocation	 status	 of	 the	 patients	 was	

wild	type,	negative,	or	unknown.	The	median	number	of	
pembrolizumab	cycles	was	five	(range,	1–	55),	and	the	re-
sponses	to	treatment	among	all	patients	were	classified	as	
CR	(n = 1),	PR	(n = 60),	SD	(n = 44),	and	PD	(n = 25).	
The	overall	response	rate	was	42.9%	(95%	CI:	34.8–	51.0),	
and	the	disease	control	rate	was	73.9%	(95%	CI:	66.7–	81.1).

3.2	 |	 Comparison of the GPS, 
NLR, and BMI

Table  2	 presents	 the	 patient	 characteristics	 according	 to	
the	GPS,	NLR,	and	BMI.	The	GPS	values	at	the	initiation	
of	 pembrolizumab	 monotherapy	 were	 0–	1	 (85	 patients)	
and	2	(57	patients).	The	ECOG-	PS,	clinical	stage	at	diag-
nosis,	liver	metastases,	bone	metastases,	and	response	rate	
showed	statistically	significant	differences	(p < 0.05)	with	
the	GPS	values.	The	NLR	values	at	the	initiation	of	pem-
brolizumab	monotherapy	were	low	(86	patients)	and	high	
(56	patients).	The	ECOG-	PS,	liver	metastases,	bone	metas-
tases,	prior	radiotherapy,	and	disease	control	rate	showed	
statistically	significant	differences	(p < 0.05)	with	the	NLR	
values.	The	BMI	at	the	initiation	of	pembrolizumab	mon-
otherapy	was	low	(90	patients)	and	high	(52	patients).	The	
administration	 cycles	 of	 pembrolizumab,	 response	 rate,	
and	number	of	lymphocytes	exhibited	statistically	signifi-
cantly	differences	(p < 0.05)	with	the	BMI.

3.3	 |	 Survival analysis

Over	a	median	follow-	up	period	of	15.7	(range,	0.1–	39.6)	
months,	 the	 median	 PFS	 interval	 was	 7.1  months	 (95%	
CI	5.6–	10.6)	(Figure 1A)	and	the	median	OS	interval	was	
17.4 months	(95%	CI	12.4–	31.3)	(Figure 1B).	Among	the	
142	patients,	78	died	and	64	were	alive	at	the	data	cut-	off	
date	of	June	30,	2020.	Table 3 shows	the	results	of	univari-
ate	and	multivariate	analyses	of	PFS	and	OS.	Univariate	
analyses	 of	 PFS	 showed	 significant	 correlations	 with	
the	 ECOG-	PS,	 prior	 radiotherapy,	 the	 GPS,	 and	 NLR.	
Multivariate	 analyses	 showed	 that	 PFS	 was	 correlated	
with	 prior	 radiotherapy	 (HR:	 1.57,	 p  =  0.03)	 and	 a	 GPS	
of	 0–	1	 (HR:	 0.40,	 p  =  0.0002).	 Furthermore,	 univariate	
analyses	of	OS	demonstrated	significant	correlations	with	
the	 ECOG-	PS,	 GPS,	 NLR,	 and	 BMI.	 Multivariate	 analy-
ses	revealed	that	OS	was	associated	with	a	GPS	of	0–	1/2	
(HR:	0.42,	p = 0.001)	and	 low	BMI/high	BMI	 (HR	1.99,	
p = 0.005).	Figure 2	presents	the	Kaplan–	Meier	curves	for	
PFS	and	OS,	according	to	the	GPS,	NLR,	and	BMI;	a	GPS	
of	0–	1	was	correlated	with	significantly	longer	PFS	and	OS	
than	a	GPS	of	2	(both,	p < 0.05;	Figure 2A,B).	Low	NLR	
was	correlated	with	significantly	longer	PFS	and	OS	than	
high	 NLR	 (both	 p  <  0.05,	 Figure  2C,D).	 Although	 high	

T A B L E  1 	 Patient	characteristics

Variables All patients
Patients	(n) 142
Characteristics

Gender
Male/female 117/25

Median	age	at	treatment	(years)	[range] 70	(47–	86)
PS

0/1/2/3/4 48/62/23/9/0
Smoking	history

Yes/No 130/12
Histology

Adenocarcinoma/Squamous	cell	
carcinoma/others

75/40/27

Clinical	stage	at	diagnosis
III/IV/postoperative	recurrence 18/105/19

PD-	L1	TPS	(%)
50–	89/90–	100 85/57

Driver	mutation/translocation
EGFR/ALK/WT,	negative,	unknown 0/0/142

Intracranial	metastases	at	initial	treatment
Yes/No 34/108

Liver	metastases	at	initial	treatment
Yes/No 11/131

Bone	metastases	at	initial	treatment
Yes/No 44/98

BMI	(kg/m2)
Median	(range) 20.3	(14.1–	

31.7)
Prior	radiotherapy

Yes/No 45/97
Administration	cycles	of	pembrolizumab

Median	(range) 5	(1–	55)
Tumor	response

Complete	response 1
Partial	response 60
Stable	disease 44
Progressive	disease 25
Not	evaluated 12

Response	rate	(%)	(95%	CI) 42.9	(34.8–	
51.0)

Disease	control	rate	(%)	(95%	CI) 73.9	(66.7–	
81.1)

Laboratory	data	(median)
CRP	(mg/dl) 1.23
Albumin	(g/dl) 3.5
Neutrophil	(cells/μl) 5395
Lymphocyte	(cells/μl) 1285

Abbreviations:	ALK,	anaplastic	lymphoma	kinase;	BMI,	body	mass	index;	
CI,	confidence	interval;	CRP,	C-	reactive	protein;	EGFR,	epidermal	growth	
factor	receptor;	PD-	L1,	programmed	death-	ligand	1;	PS,	performance	status;	
TPS,	tumor	proportion	score;	WT,	wild	type.
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BMI	 was	 not	 associated	 with	 longer	 PFS	 than	 low	 BMI	
(p = 0.06,	Figure 2E),	high	BMI	was	associated	with	sig-
nificantly	longer	OS	than	low	BMI	(p < 0.05,	Figure 2F).

To	 further	 explore	 factors	 affecting	 PFS	 and	 OS	 be-
tween	patients	with	a	GPS	of	0–	1	and	those	with	a	GPS	
of	2,	we	performed	a	subgroup	analysis	of	the	ECOG-	PS	
by	 the	 groups	 0–	1	 and	 2–	3;	 histology	 by	 adenocarci-
noma	 and	 non-	adenocarcinoma;	 PD-	L1	 expression	 by	
the	 groups	 with	 50%–	89%	 and	 90%–	100%	 expression;	
NLR	by	the	high-		(≥5)	and	low-		(<5)	value	groups,	BMI	
by	 the	high-		 (≥21.4)	and	 low-		 (<21.4)	BMI	groups,	and	
tumor	response	by	PR	(CR + PR)	and	non-	PR	(SD + PD)	
(Table  S1).	 The	 subgroup	 analysis	 showed	 statistically	
significant	 differences	 in	 both	 PFS	 and	 OS	 between	 a	
GPS	of	0–	1	and	a	GPS	of	2	 in	all	groups,	except	 in	 the	
ECOG-	PS	2–	3	cohort,	high	NLR	cohort,	low	BMI	cohort,	
and	tumor	response	PR	cohort.

4 	 | 	 DISCUSSION

The	current	study	evaluated	the	relationship	of	the	GPS,	
NLR,	 and	 BMI	 with	 treatment	 efficacy	 among	 patients	
with	 high	 PD-	L1	 expression	 undergoing	 first-	line	 pem-
brolizumab	monotherapy	for	NSCLC.	Multivariate	analy-
ses	 revealed	 that	 the	 GPS	 and	 BMI	 were	 independently	
associated	with	OS,	suggesting	that	the	GPS	and	BMI	may	
be	used	to	predict	the	OS	among	patients	with	high	PD-	L1	
expression	 undergoing	 first-	line	 pembrolizumab	 mono-
therapy	for	NSCLC.	To	the	best	of	our	knowledge,	this	is	
the	first	study	to	assess	the	relationship	among	the	GPS,	
NLR,	 and	 BMI	 and	 survival	 among	 patients	 with	 high	
PD-	L1	 expression	 undergoing	 first-	line	 pembrolizumab	
monotherapy	for	NSCLC.

Although	ICIs	are	key	drugs	for	patients	with	NSCLC	
with	 high	 PD-	L1	 expression,	 a	 subset	 of	 patients	 does	
not	respond	to	ICIs.	In	the	present	study,	the	group	with	
a	GPS	of	0–	1	presented	a	significantly	higher	response	
rate	and	disease	control	rate	than	the	group	with	a	GPS	
of	2.	In	addition,	the	GPS	was	significantly	predictive	of	
both	PFS	and	OS.	The	GPS	has	prognostic	importance	in	
lung	 cancer	 independent	 of	 disease	 stage	 and	 conven-
tionally	used	prognostic	markers5-	14;	additionally,	it	has	
been	reported	to	correlate	with	elevated	cytokine	levels,	
adipokine	 levels,	drug	metabolism,	weight	and	muscle	
loss,	and	poor	PS.4,29-	35	These	factors	may	be	related	to	
the	immune	status	of	the	host,	and	they	may	affect	the	
efficacy	of	anti-	programmed	cell	death	protein	1	(PD-	1)	
therapy.	 In	 our	 analysis,	 the	 relationship	 between	 pa-
tient	background	and	the	GPS	was	significantly	related	
to	the	ECOG-	PS	(0–	1/≥2),	clinical	stage	(III–	IV/postop-
erative	recurrence),	and	the	presence	of	metastases	such	
as	liver	and	bone	metastases,	suggesting	that	the	GPS	is	
affected	by	these	clinical	factors.	Table 4 summarizes	the	
studies	till	date	that	have	evaluated	the	GPS	in	patients	
administered	 anticancer	 drug	 therapy	 for	 advanced	
NSCLC.	All	reports	on	studies	using	cytotoxic	antican-
cer	drugs,	molecularly	targeted	drugs,	and	ICIs	have	in-
dicated	 the	usefulness	of	 the	GPS.5,6,13,14,36-	40	However,	
although	 certain	 reports	 have	 incorporated	 first-	line	
pembrolizumab	 monotherapy,	 no	 reports	 have	 focused	
on	 first-	line	 pembrolizumab	 monotherapy	 in	 patients	
with	 high	 PD-	L1	 expression.	 Furthermore,	 the	 GPS	 is	
calculated	from	serum	CRP	and	albumin	levels,	which	
indicates	that	these	tests	are	easily	used	in	clinical	prac-
tice	in	most	institutions.	Multivariate	analysis	revealed	
that	the	GPS,	but	not	the	ECOG-	PS,	was	independently	
correlated	 with	 PFS	 and	 OS	 (Table  3).	There	 are	 opin-
ions	in	favor	of	the	GPS	being	superior	to	the	ECOG-	PS	
in	predicting	the	prognosis	of	patients	with	NSCLC	and	
high	PD-	L1	expression	who	receive	first-	line	pembroli-
zumab	 monotherapy;	 however,	 the	 GPS	 and	 ECOG-	PS	

F I G U R E  1  Kaplan–	Meier	curves	for	progression-	free	
survival	(PFS)	and	overall	survival	(OS).	(A)	The	median	PFS	was	
7.1 months	among	all	142	patients	who	received	pembrolizumab	
monotherapy	as	a	first-	line	treatment.	(B)	The	median	OS	was	
17.4 months	among	all	142	patients	who	received	pembrolizumab	
monotherapy	as	a	first-	line	treatment
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rather	 than	 by	 using	 them	 alone.	 In	 addition,	 the	 as-
sessment	of	the	GPS	is	more	objective	than	the	conven-
tional	prognostic	factor	of	the	ECOG-	PS.41	In	this	study,	
we	analyzed	various	patient	subgroups	according	to	the	
ECOG-	PS,	histology,	PD-	L1	expression,	NLR,	BMI,	and	
tumor	 response.	 We	 found	 significant	 prognostic	 dif-
ferences	 among	 patients	 with	 a	 GPS	 of	 0–	1	 and	 those	
with	a	GPS	of	2	in	most	patient	subgroups.	Therefore,	it	
is	reasonable	to	consider	the	use	of	the	GPS	in	clinical	
practice.

Furthermore,	the	GPS	is	associated	with	survival	in	pa-
tients	receiving	not	only	ICIs,	but	also	in	those	receiving	
cytotoxic	 agents.	Thus,	 GPS	 has	 an	 aspect	 of	 prognostic	
factor	 similar	 to	 PS.	 If	 GPS	 is	 solely	 a	 prognostic	 factor	
and	 does	 not	 affect	 the	 survival	 as	 a	 predictive	 factor,	 it	T
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F I G U R E  2  Kaplan–	Meier	curves	for	progression-	free	survival	(PFS)	and	overall	survival	(OS)	according	to	Glasgow	prognostic	
score	(GPS),	neutrophil-	to-	lymphocyte	ratio	(NLR),	and	body	mass	index	(BMI).	(A)	PFS	according	to	GPS	at	the	start	of	pembrolizumab	
monotherapy	(GPS	0–	1,	median	PFS = 11.8 months;	GPS	2,	median	PFS = 2.9 months).	(B)	OS	according	to	GPS	at	the	start	of	
pembrolizumab	monotherapy	(GPS	0–	1,	median	OS = not	reached;	GPS	2,	median	OS = 8.3 months).	(C)	PFS	according	to	NLR	at	the	start	
of	pembrolizumab	monotherapy	(NLR	high,	median	PFS = 5.3 months;	NLR	low,	median	PFS = 8.6 months).	(D)	OS	according	to	NLR	at	
the	start	of	pembrolizumab	monotherapy	(NLR	high,	median	OS = 10.5 months;	NLR	low,	median	OS = 28.0 months).	(E)	PFS	according	
to	BMI	at	the	start	of	pembrolizumab	monotherapy	(BMI	high,	median	PFS = 11.5 months;	BMI	low,	median	PFS = 6.2 months).	(F)	OS	
according	to	BMI	at	the	start	of	pembrolizumab	monotherapy	(BMI	high,	median	OS = not	reached;	BMI	low,	median	OS = 14.1 months)

alone	 are	 significantly	 associated.	 The	 ECOG-	PS	 is	 a	
subjective	index	scoring	system	that	is	used	to	assess	the	
general	well-	being	of	patients	with	cancer.	Conversely,	
the	GPS	is	an	objective	and	highly	reproducible	param-
eter	that	can	be	used	to	classify	patients	more	precisely	
according	 to	 a	 three-	index-	grading	 system.	 Thus,	 the	
GPS	may	be	more	appropriate	for	clinical	pretreatment	
assessments.15	 Most	 clinical	 oncologists	 do	 not	 deter-
mine	the	introduction	of	pembrolizumab	monotherapy	
only	on	the	basis	of	serum	albumin	and	CRP	levels,	but	
they	are	hesitant	to	start	it	for	patients	with	poorer	PS.	
Thus,	these	two	markers	have	different	dimensions	and	
should	complement	each	other.	Besides,	GPS	consisting	
of	a	combination	of	albumin	and	CRP	should	be	used	in	
a	complementary	manner	by	combining	the	two	factors	
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may	not	contribute	to	the	selection	of	treatment	options.	
For	 example,	 if	 a	 prognosis	 would	 be	 poor	 in	 patients	
with	poor	GPS	for	any	treatment,	such	as	ICI	monother-
apy,	combination	therapy	with	ICIs	plus	cytotoxic	agents,	
or	cytotoxic	agents,	GPS	 itself	may	not	be	useful	 for	 the	
selection	 of	 treatment	 options.	 In	 the	 present	 study,	 we	
cannot	 draw	 a	 conclusion	 whether	 GPS	 is	 a	 predictive	
or	prognostic	 factor	because	we	did	not	 include	patients	
who	received	other	treatments,	including	cytotoxic	agent	
or	 combination	 therapy	 with	 ICIs	 and	 cytotoxic	 agents.	
However,	 we	 cannot	 exclude	 the	 possibility	 that	 GPS	
might	be	a	predictive	factor	for	survival	of	patients	receiv-
ing	 pembrolizumab	 monotherapy.	 Furthermore,	 even	 if	
GPS	is	a	prognostic	factor	rather	than	a	predictive	factor,	
it	can	contribute	to	the	selection	of	treatment	in	clinical	
practice	settings.

Several	 studies	 have	 demonstrated	 the	 relationship	 of	
NLR	with	clinical	 response	and	outcomes	 in	patients	with	
NSCLC	treated	with	anti-	PD-	1	 inhibitors.42,43	For	example,	
NLR	may	be	able	 to	predict	 the	prognosis	of	patients	with	
NSCLC	 treated	 with	 nivolumab.20	 In	 our	 analysis,	 the	 re-
lationship	 between	 patient	 background	 and	 NLR	 was	 sig-
nificantly	related	to	the	ECOG-	PS	(0–	1/≥2),	the	presence	of	
metastases	such	as	liver	and	bone	metastases,	and	prior	ra-
diotherapy,	suggesting	that	NLR	is	affected	by	these	clinical	
factors.	Although	there	was	no	significant	difference	in	the	re-
sponse	rate	between	the	low-	NLR	and	high-	NLR	groups,	the	
disease	control	rate	was	significantly	higher	in	the	low-	NLR	
group.	Furthermore,	although	log-	rank	tests	showed	that	low	
NLR	 was	 associated	 with	 significantly	 longer	 PFS	 and	 OS	
than	high	NLR,	according	 to	 the	multivariate	analysis,	 the	
NLR	did	not	correlate	with	either	PFS	or	OS	in	patients	with	
high	PD-	L1	expression	treated	with	first-	line	pembrolizumab	
monotherapy.	These	results	indicate	that	NLR	did	not	signifi-
cantly	affect	PFS	and	OS	in	our	patient	cohort.

Regarding	 BMI,	 a	 large	 cohort	 retrospective	 study	
demonstrated	that	a	high	BMI	is	correlated	with	longer	
PFS	and	OS	beyond	ICI	administration	in	patients	with	
metastatic	 melanoma.44	 Another	 retrospective	 study	
demonstrated	 that	BMI	 is	correlated	with	ICI	efficacy	
in	solid	malignant	tumors,	including	melanoma,	renal	
cell	carcinoma,	and	NSCLC.24	In	addition,	a	study	has	
shown	a	 relationship	between	BMI	and	 ICI	outcomes	
in	patients	with	NSCLC.25	The	study	demonstrated	that	
BMI	 was	 significantly	 associated	 with	 the	 efficacy	 of	
ICIs	 in	 patients	 with	 NSCLC	 treated	 with	 second-		 or	
later-	line	 PD-	1/PD-	L1	 inhibitors.	 However,	 according	
to	 that	 report,	 PFS	 and	 OS	 were	 not	 significantly	 dif-
ferent	 between	 high-		 and	 low-	BMI	 groups	 of	 patients	
with	 NSCLC	 and	 high	 PD-	L1	 expression	 (≥50%)	 who	
were	 treated	 with	 pembrolizumab	 as	 first-	line	 ther-
apy.	The	reason	for	this	result	may	be	that	their	study	
consisted	 of	 84	 patients	 with	 high	 PD-	L1	 expression	R
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(≥50%),	which	may	have	been	an	 insufficient	number	
for	 detecting	 a	 statistically	 significant	 difference.	 In	
the	 current	 analysis,	 the	 patient	 background	 was	 not	
significantly	different	between	the	high-		and	low-	BMI	
groups,	 except	 for	 administration	 cycles	 of	 pembroli-
zumab	and	lymphocyte	count.	Although	there	was	no	
significant	 difference	 in	 the	 disease	 control	 rate	 be-
tween	the	low-	BMI	and	high-	BMI	groups,	the	response	
rate	 was	 significantly	 higher	 in	 the	 high-	BMI	 group.	
Furthermore,	 the	 BMI	 was	 significantly	 predictive	 of	
OS	 but	 not	 of	 PFS.	 This	 may	 indicate	 that	 a	 higher	
BMI	not	only	increases	the	efficacy	of	pembrolizumab	
monotherapy	in	these	patients,	but	it	may	also	provide	
an	opportunity	for	patients	to	receive	additional	treat-
ment	cycles	of	pembrolizumab.

The	current	study	has	several	limitations.	First,	the	ret-
rospective	study	design	relied	on	subjective	physician	eval-
uations	of	treatment	response,	which	may	have	introduced	
variability	in	the	data	regarding	response	and	PFS.	Second,	
the	sample	size	was	relatively	small;	however,	this	would	
be	an	inherent	limitation	at	most	centers	that	generally	do	
not	have	many	patients	with	high	PD-	L1	expression	who	
are	 undergoing	 first-	line	 pembrolizumab	 monotherapy	
for	NSCLC.	Thus,	it	is	important	to	consider	the	potential	
significance	of	these	sources	of	bias	when	interpreting	our	
data.	Third,	 the	cut-	off	values	for	 laboratory	data	or	BMI	
have	 not	 been	 established,	 as	 there	 were	 various	 cut-	off	
values	in	previous	studies.	In	our	analysis,	for	the	GPS	and	
NLR,	 we	 used	 the	 cut-	off	 values	 reported	 previously;	 for	
BMI,	we	determined	the	cut-	off	values	using	ROC	curves.	
Therefore,	it	is	necessary	to	examine	whether	these	values	
are	clinically	valid	for	a	larger	population	in	the	future.

In	conclusion,	the	results	of	this	investigation	suggest	
that	 the	 GPS	 is	 independently	 associated	 with	 PFS	 and	
OS.	In	addition,	BMI	was	independently	associated	with	
OS.	Therefore,	 our	 results	 should	 be	 evaluated	 in	 larger	
studies	 to	 determine	 whether	 they	 are	 generalizable	 to	
other	 patient	 populations.	 Although	 further	 studies	 are	
warranted	 to	 validate	 these	 findings,	 our	 results	 suggest	
that	determination	of	 the	GPS	and	BMI	may	aid	 in	pre-
dicting	treatment	outcome	for	patients	with	NSCLC	and	
high	 PD-	L1	 expression	 who	 are	 administered	 first-	line	
treatment	with	pembrolizumab	monotherapy.
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