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Abstract

Background The second most common malignancy after breast cancer is lung cancer (LC). Small cell lung cancer
accounts for 15%, while non-small lung cancer (NSCLC) accounts for 85% of cases. Immunotherapy has improved
treatment outcomes in NSCLC. However, the role of systemic inflammation-based prognostic scores in predicting
response to treatment is not clear. The meta-analyses aims to evaluate the prognostic/ predictive value of inflamma-
tory biomarkers, including NLR, ALI, PLR, CRP, and mGPS, and their potential associated with overall survival in NSCLC
patients receiving immunotherapy as first-line or second-line treatment.

Methods A systematic review and meta-analysis was conducted following the Cochrane Handbook and PRISMA
guidelines. Searches were performed in PubMed, Cochrane Library, and Web of Science for studies published

until January 1, 2022, using specific keywords related to NSCLC, immunotherapy, inflammatory biomarkers and sur-
vival. Meta-analysis was performed using RevMan software, analyzing the hazard ratio (HRs) with a 95% confidence
interval (Cls) primarily in relation to overall survival.

Results Six thirty three records were identified, and 17 articles were included in the meta-analysis. The pooled
analysis of NLR, ALI, PLR, CRP, and mGPS was significantly associated with OS without significant heterogeneity (NLR:
HR=2.15; 95% Cl 1.60 - 2.87; P-Value < 0.00001); (ALI: HR=2.03; 95% Cl 1.43 — 2.88; P-Value <0.0001); (PLR: HR=4.06;
95% Cl 2.14 - 7.67; P-Value <0.0001); (CRP: HR=5.37; 95% Cl 3.90 - 7.39; P-Value < 0.00001); and (mGPS: HR=3.27; 95%
Cl1.26 - 8.28; P-Value=0.01), respectively.

Conclusions Systemic inflammatory biomarkers demonstrate independent prognostic/ predictive value in patients
with advanced non-small cell lung cancer who receive immunotherapy as either the first-line or second-line therapy.
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Background

With 2.21 million diagnoses and 1.80 million deaths
from cancer-related causes in 2020 worldwide, lung
cancer (LC) is the second-most frequent malignancy
after breast cancer [1]. LC can present as non-small
cell lung cancer NSCLC (85% of cases) and small cell
lung cancer SCL (15%). Adenocarcinoma (ADC) and
squamous cell carcinoma (LSQCC) are the two types
of NSCLC identified histologically [2]. The type and
stage of the disease greatly impact the treatment and
prognosis. NSCLC early-stage can be treated by sur-
gical excision [3]. Although there have been substan-
tial improvements in the oncological care of late-stage
NSCLC in recent years, survival rates for most patients
are still low because they have an advanced illness at
the time of diagnosis (stage III or IV) [3].

Nevertheless, the development of anti-programmed
cell death-1 (anti-PD-1) and anti-programmed cell
death ligand-1 (anti-PD-1) has significantly changed
the treatment landscape for various solid cancers,
including NSCLC [4]. This change has a significant
beneficial impact on overall survival (OS) and progres-
sion-free survival (PFS) [4]. Tumour PD-L1 expression
is the most studied biomarker for selecting patients
for immunotherapy. PD-L1 expression may determine
the efficacy of first-line immunotherapy in patients
with advanced NSCLC [4]. Such immune checkpoint
inhibitors (ICIs) may be used as a monotherapy or
in combination with other traditional therapies like
chemotherapy as a first- or second-line treatment for
advanced NSCLC [5, 6].

Therefore, it is of interest that meta-analyses have
shown that systemic inflammatory response markers
are associated with poor prognosis in patients with
NSCLC. For example, in more than 7,000 patients, it
was shown that a high Glasgow Prognostic Score (GPS)
was associated with poor clinical outcomes [7]. Simi-
larly, in more than 1500 patients, the neutrophil-lym-
phocyte ratio (NLR) was associated with poor clinical
outcomes [8]. Although these meta-analyses primarily
reflect the prognostic value of markers of the systemic
inflammatory response in patients with NSCLC across
all disease stages and treatment modalities, they sug-
gest a role for such markers in patients receiving immu-
notherapy for NSCLC. Indeed, there is some evidence
that this may be the case [9, 10].

The meta-analyses aims to evaluate the prognostic/
predictive value of inflammatory biomarkers, includ-
ing NLR, ALI, PLR, CRP, and mGPS, and their poten-
tial associated with overall survival in NSCLC patients
receiving immunotherapy as first-line or second-line
treatment.
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Methods

A meta-analysis was conducted using the Cochrane
Handbook for Systematic Reviews of Interventions
[11]. The report was based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [12].

Data Sources & Search Strategy

A search was carried out on the following electronic
databases: PubMed, Cochrane Library, and Web of
Science (WOS) for relevant studies published in the
literature and retrieved articles published till 1st Janu-
ary 2022. The complete research strategies and search
terms included ((Non-Small-Cell Lung OR NSLC OR
lung cancer* OR lung carcinoma* OR lung tumor* OR
lung tumor* OR non-small cell*) AND (Immunotherapy
and inflammation (CRP + Neutrophils+ WCC))). The
search included studies reported in English and did
not use further search limits. The reference lists of the
retrieved articles, including paper citations for poten-
tially relevant papers, were also reviewed.

Eligibility criteria
All studies with the following criteria were included:
(1) retrospective observational studies written in Eng-
lish “if written in another language English translation
was present”; (2) patients had advanced non-small lung
cancer; (3) patients were treated with immunotherapy;
and (4) the study should evaluate the overall survival of
at least one of systematic inflammatory biomarkers.
Moreover, the exclusion criteria were animal studies,
in-vivo & in-vitro studies, clinical trials, case reports,
case series, systematic reviews, meta-analyses, clinical
study protocols, letters, comments, correspondence, or
editorials.

Study selection

The search results were transferred to the EndNote
software to screen and remove duplicate studies.
The titles and abstracts of the included studies were
reviewed according to the inclusion and exclusion cri-
teria. Another reviewer was consulted when there
was doubt whether or not to include the study. These
reviewers independently screened the full-text articles
to resolve any conflict between reviewers.

Data extraction

The data were independently extracted through two
excel sheets: 1. Summary (first author name: year
of publication, country, study design, total partici-
pants, systematic treatment, aim/objectives, and
conclusions). 2. Systemic Inflammatory Biomarkers
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(Neutrophil-to-lymphocyte ratio (NLR), Advanced
lung cancer inflammation index (ALI), Platelet-to-lym-
phocyte ratio (PLR), C-reactive protein (CRP), Modi-
fied Glasgow Prognostic Score (mGPS)).

NLR was calculated by dividing the number of neutro-
phils by the number of lymphocytes, often from periph-
eral blood samples and cells that infiltrate tissue, such
as tumour cells. At the same time, PLR is computed by
dividing the platelet count by the lymphocytes [10, 13].
ALI was calculated as follows: body mass index (kg/
m?) x serum albumin (g/dL) + NLR. Serum CRP and albu-
min levels were used to calculate the modified Glasgow
prognostic score (mGPS), the modified GPS (mGPS)
emphasizes the significance of CRP; if CRP is increased,
even patients with abnormal normal albumin levels are
given a score of 1 [10, 13].

Data synthesis

Meta-analysis was performed using the Review Man-
ager (RevMan 5.4.1). The hazard ratio (HRs) with a 95%
confidence interval (CIs) presented the meta-analy-
sis result for overall survival outcomes. Results with a
P-value<0.05 were considered significant in the Z-test.
The Chi-square test was used to measure the significance
of heterogeneity, a potentially substantial heterogene-
ity (chi-square test P<0.1). The degree of heterogeneity
in a meta-analysis was examined using the I? test, which
quantifies the percentage of variation across studies that
is due to heterogeneity rather than chance. The I* value
ranged from 0 to 100%: [0% to 25%: Low heterogeneity,
25% to 50%: Moderate heterogeneity, 50% to 75%: Sub-
stantial heterogeneity, and 75% to 100%: High hetero-
geneity]. Publication bias was identified by performing
Egger’s test and funnel plot (Supplementary Fig. 1). The
HRs and 95% of Cls were directly retrieved from the
article. If Several estimates were reported for the same
marker, the multivariate estimation was used in prefer-
ence to the univariate analysis.

Results

After searching the databases, 633 records were identi-
fied. Forty-three duplicates were removed, leaving 590
records for the screening process. After the title and
abstract screening, five hundred fifty-five records were
not considered relevant, leaving 35 full-text articles to be
reviewed. Finally, 17 articles were included in the system-
atic review and the meta-analysis. A PRISMA flow chart
illustrates the study selection process (Fig. 1).

The neutrophil-to-lymphocyte ratio (NLR)

Meta-analysis of thirteen studies showed a significant
association between NLR and overall survival (HR =2.87;
95% CI 1.91 — 4.30; P-Value<0.00001) with a moderate
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degree of heterogeneity (P-Value=0.002; 1*=61%)
(Fig. 2-A). The heterogeneity was reduced by omitting
five studies (P-Value=0.21; I>=28%), and the associa-
tion was still significant (HR=2.15; 95% CI 1.60 — 2.87;
P-Value <0.00001) (Fig. 2-B). The possibility of publica-
tion bias was related to the method and the high inten-
sity of retrospective studies (Supplementary Fig. 1).
Meta-analysis of thirteen studies showed that NLR with
a threshold of >5 in five studies [14—19], NLR >5 in four
studies [20-23], NLR>4 in two studies [23, 24], and
identified as high vs low in one study [25].

Advanced lung cancer inflammation index (ALI)
The forest plot of four studies showed a significant asso-
ciation between ALI and overall survival (HR=1.72;
95% CI 1.22 — 2.43; P-Value=0.002) with a moder-
ate degree of heterogeneity (P-Value=0.15; I*=44%)
(Fig. 3-A). The heterogeneity was reduced by omitting
one study (P-Value=0.27; 12=23%), and the association
became more significant (HR=2.03; 95% CI 1.43 — 2.88;
P-Value <0.0001) (Fig. 3-B).

The forest plot of four studies showed that ALI with a
threshold of > 18 in two studies [17, 20], ALI> 18 in one
study [26], and ALI<18 in one study [15].

Platelet-to-lymphocyte ratio (PLR)

The pooled analysis of six studies showed a significant
association between PLR and overall survival (HR =4.06;
95% CI 2.14 — 7.67; P-Value<0.0001) without hetero-
geneity (P-Value=0.23; 1*=28%) (Fig. 4). The pooled
analysis of six studies showed that PLR with a threshold
of >262 in three studies [18, 21, 22] and identified as high
vs low in three studies [14, 17, 23].

C-reactive protein (CRP)

The forest plot of seven studies showed a significant asso-
ciation between CRP and overall survival (HR=4.22;
95% CI 2.14 - 8.31; P-Value<0.0001) with a high
degree of heterogeneity (P-Value<0.00001; I*=82%)
(Fig. 5-A). The heterogeneity was solved by omitting
one study (P-Value=0.80; I*=0%), and the association
became more significant (HR=5.37; 95% CI 3.90 — 7.39;
P-Value <0.00001) (Fig. 5-B). The forest plot of seven
studies showed that CRP with a threshold of > 10 mg/l in
three studies [26-28], CRP >8.9 mg/l in one study [22],
CRP>26 mg/l in one study [18], CRP>50 mg/l in one
study [29], and identified as high vs normal in one study
[17].

Modified Glasgow Prognostic Score (mGPS)

The pooled analysis of four studies showed a signifi-
cant association between mGPS and overall survival
(HR=3.27; 95% CI 1.26 — 8.28; P-Value=0.01) without
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Fig. 1 PRISMA Flow Chart

heterogeneity (P-Value=0.28; 1>=23%) (Fig. 6). The
pooled analysis of four studies showed that mGPS with a
threshold of > 1 in three studies [15, 29, 30] and identified
as high vs low in one study [14].

Discussion

The present meta-analyses showed that inflammatory
biomarkers, including NLR, ALI, PLR, CRP, and mGPS,
were significantly independently associated with over-
all survival in NSCLC patients, highlighting their role
as prognostic factors and potential predictive factors
for efficacy in patients with NSCLC receiving immu-
notherapy. Specifically, an elevated systemic inflamma-
tory response, however, measured, was associated with
poorer treatment efficacy and overall survival, either as
second-line or first-line therapy. Furthermore, the pre-
dictive efficacy of ALI [20] and mGPS [31] specifically
examined treatment efficacy confirming the relationship
between immunotherapy efficacy and overall survival in
patients with NSCLC. Therefore, the systemic inflam-
matory response has considerable potential to select
patients likely to benefit from immunotherapy. However,

it remains to be determined which systemic inflamma-
tion-based prognostic score should be used, their optimal
threshold, and the implications in clinical practice. Nev-
ertheless, markers of the systemic inflammatory response
should be routinely measured alongside established prog-
nostic factors in these patients.

The present meta-analysis of thirteen studies showed a
significant association between NLR and overall survival
(HR=2.87; 95% CI 1.91 — 4.30; P-Value <0.00001) with
a moderate degree of heterogeneity (P-Value=0.002;
[12=61%). NLR pooled analysis of immunotherapy in
Wang et al. [32] study also showed a significant asso-
ciation between NLR and overall survival (HR=2.50;
95% CI 1.60 — 3.89; P-Value <0.0001) with a high degree
of heterogeneity (I>=79.9%). NLR pooled analysis of
Chemotherapy and Epidermal Growth Factor Recep-
tor Tyrosine Kinase Inhibitor treatment in Chan et al.
[33] study showed a significant association between
NLR and overall survival (HR=1.97; 95% CI 1.56 — 2.49;
P-Value<0.00001) without heterogeneity (I*=12%).
NLR pooled analysis of immunotherapy in Platini. et al.
[34] study showed a significant association between



Saeed et al. BMC Cancer (2025) 25:994

Page 5 of 9

A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio)] SE Weight IV, Random, 95% CI IV, Random, 95% CI
C. Baldessari etal. 2021 187 075 57% 4.81[1.11, 20.80]
Dusselier M etal. 2019 041 018 19.9% 1.51[1.06, 2.14] =
G.L. Bannaetal. 2021 288 102 35% 17.81[2.41,131.52] —_—
G. Mountzios et al. 2021 092 023 182% 2.51 [1.60, 3.94] -
Kasaharaetal 2018 294 177 1.3% 18.92 [0.59, 607.37]
Katayama Y et al. 2020 378 128 23% 43.82 [3.57,5358.48]
L. Pengetal 2020 2491 09 43% 12.07 [2.07,70.45] e —
M. P. Petrova etal. 2020 A 447 175  1.3% 87.36 [2.83, 2697.11] e —
S. Bagleyetal 2017 04584 013 21.5% 1.72[1.33, 2.21] *
5. Diemetal 2019 501 264 0.6% 149.90([0.85 26484.23] >
T. Matsubara etal. 2020 3453 268 06% 34.12[0.18, 6520.48] >
Y. Adachietal. 2019 069 018 199% 1.99[1.40, 2.84] -
Y. Ogura etal. 2021 24 232 08% 11.02[0.12,1040.15] >
Total (95% CI) 100.0% 2.87[1.91,4.30] &
Heterogeneity: Tau®=0.18; Chi*= 3116, df=12 {(P=0.002); F=61% f t t |
Test for overall effect: Z=5.11 (P < 0.00001) 0.001 ExpeUri:nentaI Contrglo 1000
B
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
C. Baldessarietal. 2021 1687 075 37% 4.81[1.11, 20.80]
G. Mountzios et al. 2021 092 023 241% 2.51 [1.60, 3.94] -+
Kasaharaetal. 2019 294 177 07% 18.92 [0.59, 607.37]
S.Bagleyetal 2017 054 013 395% 1.72[1.33, 2.21] &
5. Diemetal. 2019 501 264  0.3% 14990085, 26484.23] >
T. Matsubara et al. 2020 353 268 03% 34.12[0.18, 6520.48] >
Y. Adachietal. 2019 069 018 31.0% 1.99[1.40, 2.84] -
Y. Ogura etal. 2021 242 232 04% 11.25[0.12, 1061.16] >
Total (95% CI) 100.0% 2.15[1.60, 2.87] L
Heterogeneity: Tau®= 0.04; Chi*= 9.67, df=7 (P = 0.21); F= 28% I t i {
Test for overall effect: Z= 513 (P = 0.00001) 0.001 Expeuri:nental Contrglu 1000
Fig. 2 The neutrophil-to-lymphocyte ratio (NLR)
A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
C. Baldessarietal. 2021 2584 13 1.8% 12.68[0.99, 162.06]
G. Mountzios etal. 2021 038 009 576% 1.461[1.23,1.74]
Y. Adachietal. 2018 066 018 396% 1.93[1.36, 2.75] L
Y. Ogura et al. 2021 2 177 1.0% 7.39([0.23, 237.26]
Total (95% CI) 100.0% 1.72[1.22, 2.43] &
Heterogeneity: Tau®= 0.05; Chi*=5.32, df= 3 (P = 0.15); IF= 44% iﬂ 001 U=1 1=U 1UUU=
Test for overall effect. Z= 310 (P =0.002) Experimental Control
B Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
C. Baldessarietal. 2021 254 13 1.9% 12.68[0.99, 162.06] 1
Y. Adachietal. 2019 066 018 971% 1.93[1.36, 2.75] .
Y. Ogura etal. 2021 2177 1.0% 7.39[0.23, 237.26]
Total (95% CI) 100.0% 2.03[1.43, 2.88] L 2
Heterogeneity: Chi®= 2,59, df=2 (P=0.27); F= 23% f t t |
Test for overall effect: Z= 3.99 (P = 0.0001) 0.001 Expeori:nental Contrglu 1000

Fig. 3 Advanced lung cancer inflammation index (ALI)



Saeed et al. BMC Cancer (2025) 25:994

Hazard Ratio

Page 6 of 9

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
T. Matsubara etal. 2020 216 24 1.8% 8.67[0.08, 957.11]
S. Diemetal 2019 332 1.27 5.9% 27.66[2.30,333.34]
M. P. Petrova etal. 2020 A 1.08 037 3449% 2.86[1.38, 5.90] —
Katayama Y et al. 2020 282 0893 103% 16.78[2.71,103.83) e
DusselierM etal. 2019 087 041 316% 2.39[1.07,5.33 —
C. Baldessarietal. 2021 181 072 155% 4.53[1.10,18.56] T
Total (95% CI) 100.0% 4,06 [2.14,7.67] e
HY 2 — . H- - —_ —_ LR - I 1 1 ]
Heterogeneity: Tau = 017, Chi*=6.93,df=8{FP=0.23), F=28% '0.001 051 1'E| 1UDD'
Test for overall effect: 2= 4.31 (P = 0.0001) Experimental Control
Fig. 4 Platelet-to-lymphocyte ratio (PLR)
A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Yuko Oya etal. 2017 048 014 226% 1.62[1.23,213] -
Y. Adachietal. 2018 152 025 209% 457 [2.80, 7.46] ==
S. Diemetal. 2019 147 043 17.2% 4.35[1.87,10.10] —
Katayama Y etal. 2020 163 06 138% 58.10[1.57,16.54] e
C. Baldessarietal 2021 236 1585 41% 10.59[0.51, 220.95] N e —
A R.MNagashetal. 2017 428 31N 1.0% 72.24[011,47452.332) >
B K Qjlertetal 2020 1.94 028 203% 6.96 [4.02,12.05] —-—
Total (95% Cl) 100.0% 4.22[2.14,8.31] <
e . F . L 1 1 ]
Heterogeneity: Tauzf 0.81, Chi*=33.43, df=6 (P = 0.00001); F=82% 0 om 01 10 1000
Test for averall effect: Z=4.17 (P = 0.0001) Experimental Control
B _ _
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
B K Qjlertetal. 2020 1494 028 341% 6.96 [4.02,12.05] —
A R.Magashetal 2017 428 331 0.2% 7224[0.11,47452.32) *
C. Baldessari etal. 2021 236 155 1.1% 10.59[0.51, 220.95] ]
Katayama Y etal. 2020 163 06 TA4% 5.10[1.57,16.54] -
S. Diemetal 2019 147 043 14.4% 4.35[1.87,10.10] -
Y. Adachietal 2019 152 025 427% 457 [2.80, 7.46] -
Total (95% ClI) 100.0% 5.37 [3.90,7.39] ¢
Heterogeneity: Tau®= 0.00; Chi*= 2.33, df=5 (P = 0.80); F= 0% 011 110 1000’
Test for averall effect: Z=10.28 (P = 0.00001) Experimental Control
Fig. 5 C-reactive protein (CRP)
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
A R.Magashetal 2017 1.8 05 50.2% 6.05[2.27,16.12] ——
T. Araki et al. 2021 047 052 481% 1.60[0.58, 4.43] —Til—
T. Matsubara et al. 2020 232 4879  0.0% 1.190E10[0.00, 4.034E51] * >
Y. Ogura etal. 2021 308 367 1.7% 21.76[0.02, 28942.54] >
Total (95% Cl) 100.0% 3.27 [1.26, 8.48] <
Heterogeneity: Tau®= 0.22; Chi*= 3.87, df= 3 (P = 0.28); F= 23% 0?1 150 1DDD=

Test for overall effect. 2= 2.44 (P =0.01)
Fig. 6 Modified Glasgow Prognostic Score (mGPS)

Experimental Control



Saeed et al. BMC Cancer (2025) 25:994

NLR and overall survival (HR=2.68; 95% CI 2.24 — 3.21;
P-Value<0.00001) without heterogeneity (I*=17%).
Therefore, there would appear to be consistent evidence
that NLR has prognostic value.

The present meta-analysis of six studies showed a sig-
nificant association between PLR and overall survival
(HR=4.06; 95% CI 2.14 — 7.67; P-Value <0.0001) without
heterogeneity (P-Value =0.23; I?=28%). PLR pooled anal-
ysis of immunotherapy in Platini et al. [34] study showed
a significant association between PLR and overall survival
(HR=2.14; 95% CI 1.72 — 2.67; P-Value <0.00001) with
mild heterogeneity (I>=37%). PLR pooled analysis of
immune checkpoint inhibitors in NSCLC Patients in Xu
et al. [35] study showed a significant association between
PLR and overall survival (HR=1.52; 95% CI 1.27 — 1.82;
P-Value <0.00001) without heterogeneity (I>=0%). While
PLR pooled analysis of Chemotherapy and Epidermal
Growth Factor Receptor Tyrosine Kinase Inhibitor treat-
ment in Chan et al. study [33] showed a non-significant
association between PLR and overall survival (HR =0.87;
95% CI 0.62 — 1.22; P-Value=0.41) without heterogeneity
(I2=0%). Therefore, there would appear to be inconsist-
ent evidence that PLR has consistent prognostic value.

Furthermore, across a variety of common solid tumours
treated with immunotherapy, an increase in NLR at six
weeks from baseline was significantly associated with
shorter OS (HR, 4.11; 95% CI, 1.86 — 9.11; P<0.001)
in patients with melanoma, gastrointestinal, lung, or
head and neck cancers (20.0%) [36, 37]. Similarly, GPS
has been shown to have prognostic value in such solid
tumours [38, 39]. These observations align with those
made more generally in patients with advanced cancer
[40]. Indeed, the combination of ECOG-PS and mGPS
is a powerful prognostic framework and has been used
extensively in patients with advanced cancer, including
NSCLC [41, 42]. ECOG-PS is the most widely validated
prognostic indicator in patients with advanced cancer.
However, it is a subjective measure, prone to interindi-
vidual variation and overestimation compared with the
patient assessment. Therefore, combining the subjective
ECOG-PS with the objective systemic inflammation-
based prognostic score (NLR, mGPS) is an important
step forward in the treatment allocation and should form
the basis of future stratification of patients receiving
immunotherapy. Although greater tumour cell molecular
characterization leads to greater stratification of NSCLC
and different treatment pathways and outcomes (e.g.,
EGFR, ALK-driven NSCLC), the present work high-
lights the importance of the host systemic inflammatory
response in this tumour type and immunotherapy treat-
ment. Therefore, it will be important that future rand-
omized trials of immunotherapy, in particular in NSCLC,
include measures of the systemic inflammatory response

Page 7 of 9

so that the prognostic importance of the tumour and host
is better understood.

The present systematic review and meta-analysis have
limitations inherent to the methodology. In particular,
there were few prospective studies in the present study,
the majority being retrospective analyses of datasets. In
the present meta-analysis, the thresholds of each index
were not completely consistent and therefore this may
have introduced error into the pooled analysis. In particu-
lar, with the NLR studies, there were different thresholds
were applied across the studies, and it would be impor-
tant that there is threshold standardization in future pro-
spective studies. However, this is a feature of the evolving
literature to date, except for the mGPS, and has not been
addressed in previous meta-analysis. Indeed, the problem
may be compounded with composite scores such as the
systemic inflammatory response index (SIRI) that uses
the combination of neutrophils, lymphocytes and mono-
cytes such that an abnormal threshold be generated by
values of neutrophils, lymphocytes or monocytes in the
normal range [43, 44]. Also, with threshold standardiza-
tion, the degree of heterogeneity may decrease in future
systematic reviews and meta-analyses.

The date of the present comprehensive literature search
was 1st January 2022 and this is an area of considerable
ongoing interest. Nevertheless, the present study iden-
tified that of all the systemic inflammation based prog-
nostic scores NLR and mGPS were the most consistent
prognostic/ predictive factors. Therefore, future work
should focus on these markers. Recently, a meta-analysis
of the relationship Glasgow Prognostic Score and out-
come in NSLC patients treated with immunotherapy was
carried out confirming the present results [45]. Specifi-
cally, the pooled results indicated that a higher baseline
mGPS was associated with poorer OS and PFS in non-
small cell lung cancer patients treated with immune
checkpoint inhibitors and these findings were robust
after subgroup and sensitivity analyses. However, with
only 7 studies and 833 patients were identified and fur-
ther work is required.

Conclusions

The present systematic review and meta-analysis showed
that markers of the systemic inflammatory response,
particularly the Neutrophil-to-Lymphocyte Ratio (NLR)
and the modified Glasgow Prognostic Score (mGPS),
possess significant clinical prognostic/ predictive value
in patients with NSCLC undergoing immunotherapy.
Given their ability to be measured easily in routine clini-
cal practice, these markers can serve as effective tools
for risk stratification and personalized treatment plan-
ning. By incorporating NLR and mGPS into clinical deci-
sion-making, healthcare providers may better allocate
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treatment resources, potentially improving patient out-
comes and optimizing therapeutic strategies in this chal-
lenging patient population.
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