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Simple Summary: Neutrophil-to-lymphocyte ratio (NLR) as a prognostic indicator of patients treated
with immunotherapy has been fully reported. However, the dynamics of NLR after immunotherapy
and its association with efficacy of immunotherapy have been less frequently reported. This meta-
analysis and systematic review study aimed to (a) summarize the early change in NLR after immune
checkpoint inhibitor (ICI) treatment, (b) evaluate the association between the trend in NLR and
efficacy of ICI treatment, and (c) analyze the prognostic value of baseline and post-treatment NLR.

Abstract: Background: A number of studies have reported an association between the dynamics of
neutrophil-to-lymphocyte ratio (NLR) and clinical efficacy in patients treated with immune check-
point inhibitors (ICIs), but there is still a lack of a meta-analysis or systematic review. Methods:
PubMed, Embase, Web of Science, and the Cochrane Library were searched until September 2022
for studies reporting on the association between the change in NLR after ICI treatment and clinical
outcomes. Outcome measures of interest included: change in NLR before and after treatment, overall
survival (OS), progression-free survival (PFS), and objective response rate (ORR). Results: A total of
4154 patients in 38 studies were included. The pooled percentage of patients with increased NLR
was 49.7% (95CI%: 43.7-55.8%). Six studies discussing the change in NLR in patients with different
tumor responses all showed that the NLR level in patients without response to immunotherapy may
increase after ICI treatment. The upward trend in NLR was associated with shorter OS (pooled HR:
2.05, 95%CI: 1.79-2.35, p < 0.001) and PFS (pooled HR: 1.89, 95%CI: 1.66-2.14, p < 0.001) and higher
ORR (pooled OR: 0.27, 95%ClI: 0.19-0.39, p < 0.001), and downward trend in NLR was associated with
longer OS (pooled HR: 0.49, 95%CI: 0.42-0.58, p < 0.001) and PFS (pooled HR: 0.55, 95%CI: 0.48-0.63,
p <0.001) and lower ORR (pooled OR: 3.26, 95%CI: 1.92-5.53, p < 0.001). In addition, post-treatment
high NLR was associated with more impaired survival than baseline high NLR (pooled HR of baseline
high NLR: 1.82, 95%CI: 1.52-2.18; pooled HR of post-treatment high NLR: 2.93, 95%CI: 2.26-3.81), but
the NLR at different time points may have a similar predictive effect on PFS (pooled HR of baseline
high NLR: 1.68, 95%CI: 1.44-1.97; pooled HR of post-treatment high NLR: 2.00, 95%CI: 1.54-2.59).
Conclusions: The NLR level of tumor patients after ICI treatment is stable overall, but the NLR level
in patients without response to immunotherapy may increase after ICI treatment. Patients with an
upward trend in NLR after ICI treatment were associated with worse clinical outcomes; meanwhile,
the downward trend in NLR was associated with better clinical outcomes. Post-treatment high NLR
was associated with more impaired survival than baseline high NLR.
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1. Introduction

For many decades, surgery, radiotherapy, and chemotherapy were the main therapy for
cancer [1]. Recent rapid developments in immunotherapy have attracted increased attention
and have transformed practice in the treatment of many types of cancers; of special interest
are immune checkpoint inhibitors (ICls) targeting programmed cell death-1/programmed
death ligand-1 (PD-1/PD-L1) and T-lymphocyte-associated protein 4 (CTLA-4) [2]. Despite
the progress that has been achieved, the efficacy of ICI treatment is not totally satisfactory
because only a part of patients responded to ICI treatment [3], and various immune-related
adverse events (irAEs) during the course of therapy were not uncommon [4]. Therefore, it
is essential to select appropriate biomarkers to identify the patients who may not benefit
from ICI treatment to avoid useless, expensive, and possibly toxic treatments.

However, only PD-L1 expression, tumor mutational burden (TMB), and microsatellite
instability (MSI) entered routine clinical practice in patients with non-small-cell lung cancer
(NSCLC) [5-7]. Next-generation sequencing (NGS) and immunohistochemical analysis
were needed to confirm these biomarkers [8]. These tissue-based biomarkers are unsuitable
for serial monitoring; meanwhile, biopsy site and specimen status may be bias factors
affecting the results. Hence, it is necessary to find more readily available biomarkers
suitable for diverse clinical settings (including low-resource settings) to predict the effect
of ICI treatment in more types of tumors. The neutrophil-to-lymphocyte ratio (NLR), a
blood-based biomarker defined by the absolute counts of neutrophils and lymphocytes, has
received more and more attention because of its relatively easy and inexpensive accessibility.

Inflammation is an important characteristic of cancer [9], and neutrophils have various
important biological functions in innate and adaptive immunities, thus playing a key role in
inflammation [10]. Activated neutrophils also were able to suppress T-lymphocyte function
by secreting myeloperoxidase and arginase-1 and upregulating PD-L1, thus resulting in
the delivery of a negative signal to T cells [11]. Therefore, neutrophils may help create an
immunosuppressive tumor microenvironment which reduces the efficacy of immunother-
apy [12]. NLR could serve as a measure of the balance of adaptive immune surveillance
and inflammation status; consequently, it was natural to explore the association between
NLR and the efficacy of ICI treatment. There have been numerous systematic reviews and
meta-analyses demonstrating that a high level of NLR at baseline was associated with
poor prognosis in many types of cancers [13-15]. However, significant changes in serum
cytokine concentrations were observed after the initial ICI treatment, and these changes
were likely to be associated with treatment response [16,17].

Therefore, we hypothesized that systemic inflammatory status related to immune
responses against tumors may be dynamic rather than static [18], and the early changes in
NLR detected from peripheral blood could be the potential biomarkers of tumor burden
and predict the very early efficacy of cancer immunotherapy in the initial weeks of ICI
treatment before imaging evaluation or when it is not conclusive [16].

In fact, recently published studies about immunotherapy and the dynamics of NLR
suggested the special role of early change in NLR in predicting the efficacy of immunother-
apy and final survival outcomes [8,18-54]. Specifically, they observed the following three
points: (1) The trend in NLR (upward or downward) may be associated with the outcome
of tumor response after ICI treatment. (2) The different trends in NLR appear to be able to
stratify the survival times of patients who received immunotherapy. (3) Compared with
the baseline NLR, post-treatment high NLR was seemly associated with more impaired
survival. Although a considerable number of studies discuss the early change in NLR
after immunotherapy and its association with prognosis, there is still a lack of relevant
review. Hence, we focused on the novel topic of dynamics of NLR in cancer patients who
received ICI treatment, and we conducted this meta-analysis and systematic review study
in an effort to comprehensively summarize the change in NLR after ICI treatment and its
association with prognosis.
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2. Methods
2.1. Search Strategy

Literature review and data extraction followed established PRISMA guidelines [55],
and we prospectively registered the protocol in the PROSPERO International Register of
Systematic Reviews (CRD42022313394). We conducted comprehensive literature searches
in PubMed, Embase, Web of Science, and the Cochrane Library until 10 September 2022.
The search terms were structured by combining the keywords including “neutrophil-to-
lymphocyte ratio”, “NLR”, “immune checkpoint inhibitor”, “ICI”, “immunotherapy”,
“cancer”, “tumor”, and “solid tumor”. An example of a search strategy used for PubMed is
as follows: (NLR or (neutrophil-to-lymphocyte ratio)) and ((immune checkpoint inhibitor)
or immunotherapy or ICI) and ((solid tumor) or cancer). After obtaining all results from
four databases, we firstly deleted the duplicate results and then completed a manual search
of potentially missing studies by screening the references of the studies.

2.2. Inclusion and Exclusion Criteria

Two authors (Yusheng Guo and Jiayu Wan) independently conducted the literature
search and preliminary screening of the literature from the databases by reading titles and
abstracts. Studies meeting the inclusion criteria were included in this study: (1) studies
written in English; (2) studies investigating the association between the dynamics of NLR
and the prognosis of patients who received ICI treatment; (3) studies reporting overall
survival (OS), progression-free survival (PFS), objective response rate (ORR), or the change
in NLR before and after treatment. The exclusion criteria were as follows: (1) review
studies, meta-analyses, conference or poster abstracts, case reports, comments, letters, and
editorials; (2) studies on non-solid tumors; (3) duplicate reports and ongoing studies.

2.3. Data Extraction

Two authors independently assessed the quality and the risk of bias in each included
study using the Newcastle-Ottawa Scale. Any disagreements were resolved by a third
author (Donggiao Xiang or Lian Yang). The following data were extracted independently
by two authors: year of publication, first author, region, treatment, type of tumor, number
of patients, the time point for rechecking NLR after immunotherapy, outcome, gender,
Newcastle-Ottawa Scale, study design (Table 1). In the case where multiple publications
reported overlapping data, the study with the largest sample size was considered.

2.4. Statistical Analyses

All statistical analysis was conducted using R software (version 4.1.0). We assessed
heterogeneity by using a chi-square test and the I?> metric before performing a meta-analysis.
The 12 value indicates the percentage of variability across the pooled estimates attributable
to statistical heterogeneity, and studies with I> > 40% were considered as having high
heterogeneity. We used a random effects model if high heterogeneity was present and used
a fixed effects model in case of low heterogeneity. Next, forest plots were made to show
the HR/OR and 95% CI of each study and the pooled HR/OR and 95% CI. We explored
possible sources of heterogeneity by using Baujat plots and sensitivity analyses conducted
by excluding the studies one by one. Finally, publication bias was assessed by funnel plot,
Egger test, and Begg test. Wherever publication bias was detected, the trim-and-fill method
was implemented to produce a model after accounting for any publication bias. Two-sided
p < 0.05 was considered statistically significant for all statistical procedures.
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Table 1. Characteristics of included studies.
Number of Time Point Gender Newcastle- Study Reference
Year Author Region Treatment Tumor Patients After Im- Outcome (Male/Female) Ottawa Scale Design Number
munotherapy
2017~ MichaelR USA Ipilimumab  Melanoma 197 3 weeks and 6 OS; PFS 125/72 9 Retrospective [35]
Cassidy weeks
Aly-Khan A Anti-PD-1 and OS; PFS; .
2018 Lalani USA anti-PD-L1 mRCC 192 6 weeks ORR 101/41 9 Retrospective [21]
Katsutoshi Nivolumab OS; PFS; .
2018 Sekine Japan (Cohort 1) NSCLC 87 4 weeks ORR 54/33 8 Retrospective [22]
Katsutoshi Nivolumab OS; PFS; .
2018 Sekine Japan (Cohort 2) NSCLC 75 4 weeks ORR 50/25 8 Retrospective [22]
. Two weeks after
2018 Takatsugu Japan Nivolumab Gastric 26 the first ©OS; PES; 19/7 6 Retrospective [38]
Ogata cancer . . ORR
administration
Change in
. NLR before .
2018 Alona Zer Canada Anti-PD-L1 NSCLC 88 8 weeks and after 43/45 7 Retrospective [27]
treatment
The United Change in
Malaka Kingdom, Anti-PD-1 and Advanced Each cycle of NLR before .
2018 Ameratunga Spain, and anti-PD-L1 solid tumors 165 therapy and after o1/74 ? Retrospective 371
Australia treatment
Before the
2018 Wungki Park USA Nivolumab NSCLC 159 vsecond OS; PFS 82/77 7 Retrospective [29]
nivolumab
infusion
Change in
2018 Monica USA Nivolumab NSCLC 109 After2 cycles of - NLR before 56/53 7 Retrospective [42]
Khunger treatment and after

treatment
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Table 1. Cont.
Number of Time Point Gender Newcastle- Study Reference
Year Author Region Treatment Tumor Patients After Im- Outcome (Male/Female)  Ottawa Scale Design Number
munotherapy
Melanoma,
4 NLR before
2019~ MehmetA USA / lung/head 90 6 weeks and after 53/37 8 Retrospective  [44]
Bilen and neck
breast treatment;
cancer, 0S; PFS
cancer, and
others
2019 Fran§esF0 Italy Nivolumab NSCLC 45 6 weeks oS 32/13 7 Retrospective [34]
Passiglia
Change in
. The 4th
2019 Matth1feu France Nivolumab NSCLC 59 nivolumab NLR before 44/15 7 Retrospective [39]
Dusselier . . and after
infusions
treatment
Nivolumab The second cycle
2020 Arsela Prelaj Italy and pem- NSCLC 154 . 4 OS; PFS 126/28 7 Retrospective [31]
brolizumab and third cycle
Kotaro . OS; PFS; .
2020 Suzuki Japan Nivolumab mRCC 65 4 weeks ORR 47/18 7 Retrospective [28]
Change in
NLR before
2020 . A . France Nivolumab mNSCLC 161 6 weeks and after 114/47 9 Retrospective [54]
Simonaggio and mRCC )
treatment;
OS; PFS
Takuto Metastatic
2020 Shimizu Japan Pembrolizumab urothelial 27 4 weeks OS; PFS 23/4 6 Retrospective [26]
carcinoma
Gastric 4 weeks (PFS)
2020 Yumiko Ota Japan Nivolumab 98 and 8 weeks OS; PFS 68/30 7 Retrospective [23]
cancer
(05)
2020 Naotaka Japan Nivolumab mRCC 52 4 weeks OS; PFS 36/16 7 Retrospective [36]

Nishiyama
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Table 1. Cont.

Time Point
. Number of Gender Newcastle- Study Reference
Year Author Region Treatment Tumor Patients After Im- Outcome (Male/Female)  Ottawa Scale Design Number
munotherapy
Nivolumab,
pem-
2020  Lan Huang China brolizumab, NSCLC 61 The fourth cycle g ppg 38/23 7 Retrospective [25]
atezolizumab of treatment
and
ipilimumab
Tsutomu Gastric 2 weeks, 4
2020 . Japan Nivolumab 29 weeks, 6 weeks, OS; PFS 19/10 6 Retrospective [53]
Namikawa cancer
and 8 weeks
2020 Daichi Japan Pembrolizumab Uro’Fhellal 41 6 weeks PFS 29/12 6 Retrospective [46]
Tamura carcinoma
Change in
Daiki . NLR before .
2020 Ikarashi Japan Nivolumab mRCC 45 6 weeks and after 30/15 6 Retrospective [32]
treatment
. . Anti-PD-1 and OS; PES; .
2021 Yin Tang China anti-PD-L1 NSCLC 124 6 weeks ORR 89/35 8 Retrospective [30]
Change in
ESSOJ;}EEEZI NLR before
2021 Xianbin Wu China Anti-PD-1 q cell 119 6 weeks and after 102/17 7 Retrospective [41]
carcinoma treatment;
ORR
Nivolumab,
Jeong Uk pem-
2021 Li%n Korea brolizumab, NSCLC 89 2 weeks PFS 62/27 7 Retrospective [18]
and
atezolizumab
Change in
. NLR before
Yuzhon Pembrolizumab, 6 weeks and 12 and after
2021 & China Sintilimab and NSCLC 151 115/36 8 Retrospective [20]
Chen L weeks treatment;
Toripalimab 0S: PFS:

ORR




Cancers 2022, 14, 5297 7 of 20
Table 1. Cont.
Number of Time Point Gender Newcastle- Study Reference
Year Author Region Treatment Tumor Patients After Im- Outcome (Male/Female)  Ottawa Scale Design Number
munotherapy
Change in
Won-Mook 2 weeks, 4 NLR before
2021 Choi Korea Nivolumab HCC 194 weeks, and 6 and after 159/35 8 Retrospective [33]
weeks treatment;
OS; PFS
Change in
Nivolumab, NLR before
2021  Shixue Chen China pem- NSCLC 101 6 weeks and after 72/29 8 Retrospective [47]
brolizumab, treatment;
and others OS; PFS;
ORR
Lung cancer,
Nivolumab colorectal
pebrolizumab, nascc?n}i? o
atezolimumab, P 1 y
2021 Pei Yi Lee Singapore avelumab, car(l(:;iili)ma 147 6 weeks OS; PFS 99/48 7 Retrospective [40]
durvalumab, 7
and gastric
tremelimumab cancer, hepa-
tocellular
carcinoma
Nivolumab,
pem-
2021 Jin Shang China brohzgmab, Pancreatic 122 After 2 doses OS; PFS 87/35 7 Retrospective [52]
atezolimab, Cancer
ipilimumab,
and sintilimab
Nivolumab, Change in
pem- NLR before
v . brolizumab, and after .
2021 Qi Xiong China atezolizumab, SCLC 41 6 weeks treatment; 36/5 7 Retrospective [43]
and OS; PFS;
toripalimab ORR
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Table 1. Cont.

Time Point
. Number of Gender Newcastle- Study Reference
Year Author Region Treatment Tumor Patients After Im- Outcome (Male/Female)  Ottawa Scale Design Number
munotherapy
Lung cancer,
melanoma, Change in
kidney A treatment NLR before
2021 D Vinal Spain / cancer, 211 and after 136/75 7 Retrospective [48]
cycle .
bladder treatment;
cancer, OS; PFS
others
Change in
2021 Yoshiaki Japan Pembrolizumab Uro’_chehal 121 6 weeks NLR before 87/34 7 Retrospective [49]
Yamamoto carcinoma and after
treatment
Jwa Hoon Nivolumab ZSE}EEEZI A treatment
2021 . Korea and pem- 4 60 OS; PFS 56/4 7 Retrospective [50]
Kim . cell cycle
brolizumab .
carcinoma
Change in
Pembrolizumab, 6 weeks and 12 NLR before
2022 Shaodi Wen China sintilimab, NSCLC 90 weeks and after 69/21 7 Retrospective [19]
toripalimab treatment;
ORR
Change in
Yusuke NLR before
2022 . Japan Nivolumab NSCLC 162 4 weeks and after 111/51 8 Retrospective [51]
Murakami
treatment;
OS
Esophageal
. . . squamous OS; PFS; .
2022 Lin Wang China Camrelizumab cell 69 8 weeks ORR 64/5 8 Retrospective [45]

carcinoma
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Table 1. Cont.
Number of Time Point Gender Newcastle- Study Reference
Year Author Region Treatment Tumor Patients After Im- Outcome (Male/Female) Ottawa Scale Design Number
munotherapy
Esophageal
2022 Jianming Xu China Sintilimab Sq“sgllous 97 6 weeks 0S; PFS 88/7 8 Prospective [24]
carcinoma
Nivolumab,
atezolizumab, RCC,
Deniz Can pem- melanoma, ) .
2022 Guven Turkey brolizumab, NSCLC and 231 4 weeks OS; PFS 155/76 7 Retrospective [8]
ipilimumab, others

and avelumab

Note. USA: United States of America; NSCLC: non-small-cell lung cancer; SCLC: small cell lung cancer; mNSCLC: metastatic non-small-cell lung cancer; RCC: renal cell carcinoma;
mRCC: metastatic renal cell carcinoma; HCC: hepatocellular carcinoma; NLR: neutrophil-to-lymphocyte ratio; OS: overall survival; PFS: progression-free survival; ORR: objective
response rate; PD-1: programmed cell death-1; PD-L1: programmed death ligand-1.
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3. Results

We identified 2663 studies in the database searches, and we excluded 2084 duplicated
articles. After analysis of the title, abstract, and topic, 541 other articles were excluded
(Figure 1). Finally, 38 studies were included (34 studies were included in the meta-analysis
for quantitative analyses and 6 studies were included in the systematic review to analyze
the dynamics of NLR level in patients without or with response to immunotherapy).

Records identified through Additional records identified

é database searching through other sources

g (n=2639) (n=24)

=

; l l
— Records after duplicates removed
N (n=579)

£

£ ¥ Records screened (n=541)

§ Records screened 1.Review (n=65)

(n=579) *| 2.0nly baseline information (n=118)
3.0ther study designs (n=340)
— 4.Lacking necessary information (n=18)
— Y
Full text articles
assessed for eligibility

£ -38)

z (n=

e

=
- Studies included in final
— analysis (n=38)

3 l

ol

2

£ Studies included in meta-analysis (n=34)

Studies included in systematic review (n=6)

«

Figure 1. Flow diagram of study selection for inclusion in this meta-analysis and systematic review.

3.1. Characteristics of Included Studies

In total, 38 studies involving 4154 patients were included in this meta-analysis and
systematic review [8,18-54]. Thirty-seven studies had a retrospective study design, and
only one study was prospective [24]. All the included studies received moderately high
scores from the Newcastle-Ottawa Scale quality assessments. Of the 38 studies included,
6 studies [8,37,40,44,48,54] considered two or more types of tumors, and 32 studies dealt
with specific types of cancer (non-small-cell lung cancer was the most frequently studied
tumor). Seven studies [21,27,30,37,41,44,48] did not mention the specific drugs used, and
the most widely used ICI is nivolumab, which was used in 24 studies [8,18,22,23,25,28,29,31—
34,36,38-40,42,43,47,50-54]. Time points for rechecking NLR included 2 weeks to 8 weeks,
after one to four cycles of treatment, after one to four infusions, and the most common time
points were 4 weeks and 6 weeks.

3.2. Change in NLR before and after ICI Treatment

First, we investigated the studies that reported the proportion of patients with increased
or decreased NLR after ICI treatment. A total of 12 studies [19,20,33,39,41,43,44,47-49,51,54]
involving 1449 patients reported 726 patients (50.1%) with upward trend in NLR and 723
patients (49.9%) with downward trend in NLR. The proportion of patients with increased
NLR ranged from 24.6% to 60.8% in 12 studies, and the pooled percentage of patients with
increased NLR was 49.7% (95CI%: 43.7-55.8%) (Figure S1). Although ICI treatment did
not influence the trend in NLR overall, six studies [27,32,37,42,45,53] reported that the NLR
level in patients without response to immunotherapy tended to significantly increase after
ICI treatment, and in contrast, patients who responded to ICI treatment have similar or
lower NLR level before and after immunotherapy (Table S1). Notably, a retrospective study
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A

Study TE  soTE  Time point
2018-Lalani 045 03269  Gwesks
2018-Park 004 0872 2ndinfusion
2019-Bilen 141 04053 Gweeks
2010-Passigia 064 05035 6wasks
2020-Simonaggie 074 02857  Gwesks
2020-Shimizy 085 04938 4 wooks
2020018 002 02021 Bweeks
2021-Chan-S 079 02488 Gwesks
2021-Tang 054 03715  Bwesks
2021-Kim H 116 03988 Acycle
2021-Chai 058 02071 4 wasks
2021-Lee 097 02891  Gweeks
2021-Vinal 060 02324 Acyde
2022-Murskami 087 0ABID 4 weeks
2022-Guven 050 01708 4wesks
Fixed offacts modol

Heterogeneity: F = %, = 0.0055, p =0.36

B

Study TE  seTE  Time point
2018-Lalani S 05083 6wecks
2018-Parx -004 02895  2nd infusion
2018-Sokina-1  -051 02852  dwecks
2018-Sekine-2  -051 04221 4weeks
2019-Bilen “143 04059 §weoks
2020-Simonaggie ~073 02633 G weeks
2021-Chen-S  -080 02479  Gwecks
2021-Tang 012 03280  Gwesks
2021-Les 087 02006 0 wooks
2021-Shang 080 03004  afier 2 doses
2021-Vinal -060 02323 acycle
2022-Murskami  -097  DAB15 6 wecks
2022-Wang 062 02994  Sweeks
Fixed effects made!

Heterogeneily: /* = 27%, =0.0284,p =017

C

Study TE  seTE  Time point
2015-Lalani 096 02689  6weeks
2015-Park 044 02084 Indintusion
2019-8ilen 095 03180  Bweeks
2020-Tamura 298 19971 Gweeks
2020-Simonaggio 0.78 02080 6 weeks
2020-Shimizu 102 13144 4 wesks
2020-Ota 096 02307 4weeks
2021-Tang 054 03729 Bwesks
2021-Kim H 099 04187  acyle
2021-Lim 113 03185 2wosks
2021-Chen-Y 049 02022  Bweeks
2021-Chen-5 082 02453  Bwesks
2021-Chol 045 01829 4weexs
2021-Lee 058 02704 Gweeks
2022-Guven 043 0499 dweeks

Fixed effocts model
Heteroganeity:  =37%, f = 00385, p =0.07

with data from a multicenter prospective trial using a mixed effects regression analysis
with per-patient random intercept reported that patients with CR/PR/SD had a lower log-
transformed NLR at study entry (p = 0.03) and the NLR level was stable during follow-up
overall [37], which corresponded to our results.

3.3. Different Trends in NLR after ICI Treatment Were Associated with Different Prognoses

Eighteen studies (Sekine et al. reported two independent cohorts) [8,21-23,26,29,30,
33,34,40,44,45,47,48,50-52,54] including 2324 patients looked at the association between
OS and the different trends in NLR after ICI treatment. Fifteen studies [8,21,23,26,29,30,33,
34,40,44,47,48,50,51,54] reported the relationship between the upward trend in NLR and
OS, and the subsequent time points for rechecking NLR included 4-8 weeks, a treatment
cycle after ICI treatment, or before the second infusion. Considering the low heterogeneity
(= 9%), a fixed effects model was used for analysis. Results indicated the pooled HR
was 2.05 (95%CI: 1.79-2.35, p < 0.001), suggesting the negative prognostic role of the
upward trend in NLR in patients who received immunotherapy (Figure 2A). Twelve studies
(13 cohorts) [21,22,29,30,40,44,45,47,48,51,52,54] investigated the association between the
downward trend in NLR and OS. The time points for rechecking included 4-8 weeks, after
the first treatment cycle, before the second infusion, or after two doses. Given the low
heterogeneity (I> = 27%), a fixed effects model showed that the pooled HR was 0.49 (95%CI:
0.42-0.58, p < 0.001, Figure 2B).

D
Degree Hazard Ratio HR  95%-Cl  Weight Study TE seTE  Timepoint Degree Hazard Ratio HR  85%-Cl  Weight
increase>26% e 157 063 298] 45% 2018-Lalani 060 03850  Gweeks  deoreases25i e 055 (028117 29%
increase —_ 104 (060183 68% 2018-Park 014 02098 2ndinfusion decrease — 087 (058131 0.8%
increase T 411 [186:9.10] 28% 2018-Sekine—1 063 02414 4weeks decrease10% —— 0535 [0.33,085] 74%
increase>20% —_— 190 [071E0]  19% 2018-Sekine-2  -0.20 02851 4 woeks decroase>10% —— 075 (043131 53%
inorease — 210 (125,553 BE% 2019-Bilen 094 03143 Gweeks  decrease e 039 (021,072 44%
incroase>15% . 250 [095;678) 20% 2020-Suzuki 105 0638 4weeks  deoreaser2S% = 035 [010;121] 1.4%
increases2 units. —— 250 [141,443] 56% 2020-Simonaggic  -0.80 02136 §weeks decrease —_— 045 [0.30;068] 9.5%
Increase —— 220 (135358 77% 2021-Tang 016 03252 Gwesks  decroasa>20% — 085 (045,161 41%
increase>20% T 171 [083:354] 35% 2021-Chen-Y -049 02034  6weeks decrease —— 061 [041;,081] 10.4%
increase=40% . 319 (146,697 30% 2021-Cren-S  -082 02388 Gwesks  decreasa — 040 [025:064] T.5%
increase i 178 (116268 111% 2021-Chol 045 01882 4weeks  deciease —— 084 [044,088] 122%
increase i 263 [149:463] 5% 2021-Lee -058 02607 Gweeks  decrease —_— 056 (033095 58%
increase —— 182 [1.15,287) 88% 2021-Shang -0B4 03212 afler 2 doses decrease=10% —_— 043 (023081] 42%
ncrease T 263 [184;375] 148% 2021-Vinal -067 02181 Acycle docrease —_— 051 (033078 9.3%
incraase> 10% —=- 181 (19025 183% 2022-Wang 033 02681  Suwseks decroasa»20% — 07z a1 So%
; !
— . - 205 (ma3s teoon Fixed sfects modsl — .‘ . . osT Dsvoss 0w
o1 02 06 1 2 5 10 Heteroganaity: = 2%, ¥ =0.0068.0 = 0.43 e s 1 [
E
Degree Hazard Ratic HR  95%-Cl  Weight Study TE  seTE  Timepoint  Degree OR  95%-Cl  Weight
desioaserdEl et 033 [012,088] 25% 2018-Lalani  -080 0ATS3  Guooks increase>25% 045 (098 1.34] 139%
decrease —e— 096 (054189 TE% 2019-Dusseller  -241 07843 the 4th infusions increase 008 [002:043] 50%
dacroase>10% —— 080 [034105] T8% 2020-Xiong -117 06992 Guesks increase 031 (008122 64%
decrease>10% e 060 (026,137 38% 2021-Chen-S =009 05328 6 weeks increase 037 [043105] 111%
dooroase T 024 [011,083 38% 2021-Tang 089 04542 Guosks increase>20% 037 [015:090] 153%
aeciease —— 048 [D28081] 88% 2021-Wu -204 04019 Guweks increase 013 (006020 195%
decisase —a— 045 [0280.73] 10.3% 2021-Chen-Y =108 03765 Gweeks increase 034 [DAE 0T 222%
docreases20% T 089 [047 189 55% 2021-Wan -135 06884 6weeks increase 026 [0.07:100] 6.6%
desiuase -~ 038 (022,087 78%
s — ] e e
feease { e et e Heterogenelty. (*= 8%, = 00489, p = 037 o o T e
decrease=20% — 054 (030,097 7.9%
- 049 (042,058 100.0%
— T T ™
01 0z o5 1 2 5 1w
F
Degree Hazard Ratio HR  95%-CI  Weight Study TE  seTE  Timepoint  Degree 0dds Ratio HR  95%-Cl  Weight
increase~25% e 260 [183; 440 5% 2016-Lalani 042 05757 Bwesks decrease=25% -t 152 (049 470] 96%
incraase —— 115 (078 173) 98% 2018-Sekin=1 147 05485 4 weeks decrease>10% — 435 [148;1277) 9.9%
increase —_ 258 (138 481 4% 2018-Sekine-2 030 04964 4 weeks decrease=10%, —J— 135 (051 357 108%
Increases6.12% b 1974 (189;,20622) 0.3% 2019-Dusselier 241 07845  the &th infusions  decrease B A1 [234,5272) 6.9%
Increase —t— 220 (146, 331) 95% 2020-Suzuki 226 0B0BY 4 weeks decrease=25t —_— 954 (1054857 67%
278 (021 36.55 0.3% 2020-Xiang 117 0591 Bweeks decrease [ - — 323 (0821268 7.9%
increase>2 nils —— 280 (165 409 T8% 2021-Chen-S 099 05278 Gwesks decrease —— 268 (095 754 10.3%
Increase>20% o R 172 (083 357) 30% 2021-Tang 247 10421 Bweeks decrease>20% : 1186 [154:9143) 4.8%
increases40% — 268 [118; 609] 24% 2021-Chen-Y 108 03763  §weeks decrease —_— 294 [141; 615 127%
incraase>1 unit T 300 [L68; B7g) 4% 2021-Wen 212 04651 Gweeks dacrease — 83 3352073 11.3%
ncrease —— 184 [1.10; 244) 10.1% 2022-Wang -0.48  0B0BS B weeks decrease=20% _— 062 019 204 81%
increase L 252 [156; 408] B
Inorease —- a7 r0s 226] 121% Random effects model - 326 (192 553 100.0%
Increase —— 179 (105 304 57 Heterogeneily. 1= 56%, £ = 04318, p = 0.01 r T T T T |
increase>10% — 154 (115 207) 18.4% 001 01 0512 10 100
- 189 [168 214] 100.0%
— T T —
01 ez a5 1 2 5 10

Figure 2. (A) Forest plot for the association between upward trend in NLR after ICI treatment
and OS. (B) Forest plot for the association between downward trend in NLR after ICI treatment
and OS. (C) Forest plot for the association between upward trend in NLR after ICI treatment and
PFS. (D) Forest plot for the association between downward trend in NLR after ICI treatment and
PFS. (E) Forest plot for the association between upward trend in NLR after ICI treatment and ORR.
(F) Forest plot for the association between downward trend in NLR after ICI treatment and ORR.

Twenty studies (Sekine et al. reported two independent cohorts) [8,18,20-23,26,28—
30,33,40,44-48,50,52,54] including 2494 patients reported the association between PFS and
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the change in NLR after immunotherapy. Fifteen studies [8,18,20,21,23,26,29,30,33,40,44,
46,47,50,54] reported the association between the increase in NLR after ICI treatment and
PFES. The pooled HR from a fixed effects model was 1.89 (95%CI: 1.66-2.14, p < 0.001,
I? = 37%, Figure 2C). Fourteen studies (15 cohorts) [20-22,28-30,33,40,44,45,47,48,52,54]
reported the association between the increase in NLR after ICI treatment and PFS. There
was low heterogeneity (I? = 2%) in these studies, and a fixed effects model indicated that
the decrease in NLR was associated with longer PFS (pooled HR: 0.57, 95%CTI: 0.50-0.65,
p < 0.001, Figure 2D).

In addition, we investigated the association between the trends in NLR after ICI
treatment and ORR, and 10 studies [19-21,28,30,39,41,43,45,47] provided data for ORR.
Data from eight studies [19-21,30,39,41,43,47] on the increase in NLR after ICI treat-
ment and ORR indicated that the upward trend in NLR after immunotherapy was sig-
nificantly associated with worse tumor response (pooled OR: 0.27, 95%CI: 0.19-0.39,
p < 0.001, I? = 8%, Figure 2E). Meanwhile, a random effects model pooling OR from
10 studies [19-21,28,30,39,41,43,45,47] showed that the downward trend in NLR after im-
munotherapy was associated with better tumor response (pooled OR: 3.26, 95%CI: 1.92-5.53,
p < 0.001, I? = 56%, Figure 2F). The Baujat plot showed that the study by Wang et al. con-
tributed the maximum heterogeneity and influence to the overall result (Figure S2). The
results of the sensitivity analysis did not change after excluding the studies one by one
(Figure S3). Table S2 in the Supplementary Materials lists more details about these studies.

3.4. Post-Treatment High NLR Was Associated with More Impaired Survival Than Baseline
High NLR

Among the previous studies, a considerable number of studies have demonstrated
the negative impact of the elevation of the baseline (pre-treatment) NLR on the prognosis.
Next, we compared the impact of NLR at baseline and after treatment on prognosis, based
on those studies that gave both time points at the same time (Table 53).

Twelve studies [24,25,29-31,35,36,38—40,45,53] reported the association between OS
and NLR at two different time points with the same cut-off values of NLR. Given the low
heterogeneity (I? = 19%), a fixed effects model was used for analysis, and the results showed
that a high level of NLR at baseline was associated with poor overall survival (pooled HR:
1.82, 95%Cl: 1.52-2.18, p < 0.001, Figure 3A). Meanwhile, a random effects model indicated
that post-treatment high NLR level was associated with poor survival outcomes (pooled
HR: 2.93, 95%CI: 2.26-3.81, p < 0.001, I? = 45%, Figure 3A). The Baujat plot indicated that the
biggest source was from the study by Wang et al. (Figure S4), and the sensitivity analysis
found similar results (Figure S5). It was worth noting that post-treatment high NLR was
associated with more impaired survival than baseline high NLR.

Eleven studies [24,29-31,35,36,38,40,43,45,53] investigated the association between
PFS and NLR at two different time points with the same cut-off values of NLR. A fixed
effects model indicated that baseline high NLR level was associated with shorter PFS
(pooled HR: 1.68, 95%CI: 1.44-1.97, p < 0.001, 2 = 0%, Figure 3B). Moreover, a random
effects model showed that post-treatment high NLR level was associated with shorter PFS
(pooled HR: 2.00, 95%CI: 1.54-2.59, p < 0.001, I? = 48%, Figure 3B). Sensitivity analysis
demonstrated the stability of these results (Figure S6). However, the NLR at different time
points may have a similar predictive effect on PFS.

3.5. Publication Bias

Potential publication bias was assessed using funnel plots, the Egger test, and the
Begg test. All funnel plots were approximately symmetrical (Figure 4A-J), and the results
of the Egger test demonstrated that there was a publication bias in the studies reporting
the association between the upward trend in NLR and PFS (Table 2). The trim-and-fill
method showed that it was necessary to fill four potential unpublished studies in the funnel
plot (Figure S7); the result was not relevantly changed with a pooled HR of 1.86 (95%CI:
1.58-2.19, p < 0.001).
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Study TE seTE  Time point Cut-off values Hazard Ratio HR  95%-CI Weight
2017-Cassidy 0.71  0.1582 Baseline NLR>5 vs NLR<5 - 203 [149; 277] 33.6%
1.21 0.2046 6 weeks NLR>5 vs NLR<5 1 -.- 337 [2.26; 5.03] 15.3%
2018-Park 1:44 0.2993 Baseline NLR>5 vs NLR<5 — 3.03 [1.69; 545] 9.4%
124 03011 before 2nd infusionNLR>5 vs NLR<5 - 345 [191; 622] 10.7%
2018-Ogata 168 07092 Baseline NLR>5 vs NLR<5 o o 538 [1.34;21.60] 26%
2.67 0.7804 after 1stinfusion NLR>5 vs NLR<5 ' —— 14.40 [3.12;66.47] 4.0%
2019-Dusselier 0.37  0.4579 Baseline NLR>5 vs NLR<5 -1 145 [0.59; 3.56] 4.6%
0.89  0.3969 after 4thinfusion NLR>5vs NLR<5 —il— 244 [1.12; 531] 7.6%
2020-Nishiyama 0.01 0.4027 Baseline NLR>3 vs NLR<3 — 1.01 [046; 2.22] 5.2%
1.00 04738 4 weeks NLR>3 vs NLR<3 —i— 273 [1.08; 6.91] 59%
2020-Namikawa 0.13 0.5099 Baseline NLR>2.5 vs NLR<2.5 | W 1.14 [0.42; 3.10] 3.2%
043  0.4381 6 weeks NLR>2.5 vs NLR<2.5 ‘—il—" 1.54 [0.65; 3.63] 6.6%
2020-Prelaj 0.49 0.4876 Baseline NLR>4 vs NLR<4 __’_ 164 [0.63; 4.26) 3.5%
0.73 0.3235 three cycles NLR>4 vs NLR<4 —.— 2.08 [1.10; 3.92] 9.9%
2021-Tang 0.22 04879 Baseline NLR>5 vs NLR<5 ——— 124 [048; 3.23] 3.5%
210  0.5424 6 weeks NLR>5 vs NLR<5 | —a— 820 [2.83;23.74] 4.8%
2021-Lee 0.38  0.2620 Baseline NLR>5 vs NLR<5 45— 146 [0.87; 2.44] 122%
1.27 0.3353 6 weeks NLR>5 vs NLR<5 |+ 3.55 [1.84; 6.85] 9.5%
2021-Huang -0.39 0.6027 Baseline NLR>5 vs NLR<5 —_—t 0.68 [0.21; 2.22] 2.3%
0.55 0.4317 four cycles NLR>5 vs NLR<5 *—*— 1.74 [0.75; 4.06] 6.8%
2022-Xu 0.62 0.2585 Baseline NLR>3 vs NLR<3 —— 185 [1.11; 3.07] 12.6%
1.66 0.3805 6 weeks NLR>3 vs NLR<3 ' + 526 [2.50;11.09] 8.1%
2022-Wang 0.82 0.3094 Baseline NLR>4 vs NLR<4 —H-— 228 [1.24; 418] 8.8%
0.55 0.2667 8 weeks NLR>4 vs NLR<4 —.—- 174 [1.03; 293] 122%
i .
Fixed effects model Heterogeneity: I = 19%, ¢ < 0.0001, p = 0.26 1.82 [1.52; 2.18] 100.0%
Random effects model Heterogeneity: /> = 45%, ¢ = 0.0735, p = 0.05 < 293 [2.26; 3.81] 100.0%
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0.87 0.3247 8 weeks NLR>4 vs NLR<4 —~— 238 [1.26; 4.50] 9.6%
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Figure 3. (A) Forest plot for the association between high level of baseline NLR and OS (blue);
the association between high level of post-treatment NLR and OS (red). (B) Forest plot for the
association between high level of baseline NLR and PFS (blue); the association between high level of
post-treatment NLR and PFS (red).
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Figure 4. (A) Funnel plot for the association between upward trend in NLR after ICI treatment
and OS. (B) Funnel plot for the association between downward trend in NLR after ICI treatment
and OS. (C) Funnel plot for the association between upward trend in NLR after ICI treatment and
PFS. (D) Funnel plot for the association between downward trend in NLR after ICI treatment and
PFS. (E) Funnel plot for the association between upward trend in NLR after ICI treatment and ORR.
(F) Funnel plot for the association between downward trend in NLR after ICI treatment and ORR.
(G) Funnel plot for the association between high level of baseline NLR and OS. (H) Funnel plot for
the association between high level of post-treatment NLR and OS. (I) Funnel plot for the association
between high level of baseline NLR and PFS. (J) Funnel plot for the association between high level of
post-treatment NLR and PFS.

Table 2. Publication bias.

Description p-Value of  p-Valueof  Corresponding Corresponding

Egger Test  Begg Test Funnel Plot Forest Plot
The association between the upward trend in NLR and OS 0.5542 0.2550 Figure 4A Figure 2A
The association between the downward trend in NLR and OS 0.8197 1.0000 Figure 4B Figure 2B
The association between the upward trend in NLR and PFS 0.0184 0.0536 Figure 4C Figure 2C
The association between the downward trend in NLR and PFS 0.4286 0.7290 Figure 4D Figure 2D
The association between the upward trend in NLR and ORR 0.6975 0.3223 Figure 4E Figure 2E
The association between the downward trend in NLR and ORR 0.4106 0.4835 Figure 4F Figure 2F
The association between the baseline NLR and OS 0.2993 0.1702 Figure 4G Figure 3A
The association between the post-treatment NLR and OS 0.3730 0.3370 Figure 4H Figure 3A
The association between the baseline NLR and PFS 0.3288 0.3115 Figure 41 Figure 3B
The association between the post-treatment NLR and PFS 0.4003 0.3115 Figure 4] Figure 3B

Note. NLR: neutrophil-to-lymphocyte ratio; OS: overall survival; PFS: progression-free survival; ORR: objective
response rate.
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4. Discussion

People have been looking for inexpensive and reproducible biomarkers that can
accurately predict responses to immune checkpoint inhibition. Compared with biomarkers
such as PD-L1, TMB, and MSI, routine blood samples are more readily available and do
not require any other additional costs; thus, they have been easily applied in the real-world
setting. [56]. More importantly, the prognostic role of NLR seems to be applicable to most
patients with various tumors receiving ICI treatment [57-59]; therefore, it is necessary to
conduct a further meta-analysis on NLR.

All previous meta-analyses about immunotherapy and NLR focused on the impact of
baseline NLR on prognosis [60-65]. Although a small part of the meta-analyses included a
few studies addressing the dynamics of NLR, they did not conduct quantitative analysis
and did not arrive at a specific conclusion [60,61]. At present, this study is the first meta-
analysis and systematic review focusing on the dynamics of NLR in cancer patients after
ICI treatment and the relationship between the dynamics of NLR and prognosis. Our study
yielded three key findings. First, we observed that ICI treatment was not associated with
a significantly increased or decreased NLR level in the overall cohort; however, it seems
that among patients who did not respond to immunotherapy, NLR may have a significant
upward trend. Second, different trends in NLR after ICI treatment were associated with
different prognoses. Results indicated that the upward trend in NLR was associated with
worse clinical outcomes and that the downward trend in NLR was associated with better
clinical outcomes. Finally, post-treatment high NLR associated was with more impaired
survival than baseline high NLR.

Whether in daily clinical practice or clinical trials, imaging is often the standard to
judge whether the tumor progression exists or not. However, patients often have their
first imaging evaluation 6-12 weeks after treatment [66—69]. Imaging evaluation could be
considered earlier when the NLR is relatively increased after ICI treatment, especially in
patients with high levels of baseline or post-treatment NLR. Moreover, recently published
studies indicated NLR (including baseline NLR and early change in NLR) is an important
factor for hyperprogressive disease and pseudo-progression, suggesting the combination
of NLR and imaging evaluation may help in reaching more accurate conclusions when
imaging evaluation alone is not conclusive [33,70,71].

It is recognized that many components, including stromal cells, immune cells, and
vasculature, together constitute a complex tumor microenvironment [72]. It has been widely
reported that in the immune cells, tumor-infiltrating lymphocytes play an important role
in cancer immune surveillance and cytotoxic cell death and therefore inhibit the growth
of tumors [73]. Checkpoint inhibitor therapies cannot come into play in patients with
immunologically cold tumors which contain scarce tumor-infiltrating lymphocytes [74].
Previous studies indicated tumor cells secrete chemokines and growth factors such as
IL-8 and granulocyte-colony stimulating factor recruiting neutrophils into tumors, aiding
vascular invasion, and orchestrating the metastatic potential of tumor cells [42,75]. More
importantly, neutrophils contribute to forming the immunosuppressive microenvironment
by secreting myeloperoxidase and arginase-1 and upregulating PD-L1 and MDSC, a dif-
ferentiation status of suppressive myeloid cells, preventing T-cell activation in the tumor
and resulting in a decrease in the efficacy of immunotherapy [11]. The correlation between
peripheral blood NLR and clinical outcomes may be attributed to the correlation between
circulating neutrophils and neutrophils in the tumor microenvironment [76,77], and low
levels of circulating lymphocytes may be associated with low levels of tumor-infiltrating
lymphocytes and reduced anti-tumor T-cell responses [12,78,79]. A high level of NLR at
baseline treatment implies an increase in neutrophil count and/or a decrease in lymphocyte
count, probably indicating the repertoires of anti-tumor immunity are relatively absent;
meanwhile, the occurrence of increased NLR after ICI treatment is more likely to imply the
absence of response to ICI treatment, finally impairing survival benefit of patients.

This analysis has some limitations. First, most of the included studies are retrospective
studies leading to inevitable selection bias. Second, there is no unified definition of critical
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value for the increase or decrease in NLR; this is also a potential source of heterogeneity. In
addition, our study included a limited category of malignancies, mainly including NSCLC,
renal cell carcinoma, and melanoma. Therefore, further large-scale prospective studies
including more types of malignancies are needed. Despite these limitations, the results of
the meta-analysis are reliable because among most of the results, low heterogeneity was
detected and publication bias was not observed.

5. Conclusions

The NLR level of tumor patients after ICI treatment is stable overall, but the NLR
level in patients without response to immunotherapy may increase after ICI treatment.
Patients with an upward trend in NLR after ICI treatment were associated with worse
clinical outcomes; meanwhile, the downward trend in NLR was associated with better
clinical outcomes. Post-treatment high NLR was associated with more impaired survival
than baseline high NLR. Monitoring the dynamics of NLR in patients treated with im-
munotherapy may contribute to the evaluation of tumor response, risk stratification, and
patient management.
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with increased NLR after immunotherapy; Figure S2: Baujat plot for studies reporting the association
between the trends in NLR after ICI treatment and ORR; Figure S3: Sensitivity analysis for studies
reporting the association between the trends in NLR after ICI treatment and ORR; Figure S4: Baujat
plot for studies reporting the association between OS and NLR at two different time points with
the same cut-off values of NLR; Figure S5: Sensitivity analysis for studies reporting the association
between OS and NLR at two different time points with the same cut-off values of NLR; Figure Sé:
Sensitivity analysis for studies reporting the association between PFS and NLR at two different time
points with the same cut-off values of NLR; Figure S7: Funnel plot plotted after application of the
trim-and-fill method; Table S1: Studies reporting the association between the changes in NLR and the
response to immunotherapy; Table S2: Studies reporting the association between trends in NLR and
prognosis; Table S3: Studies that gave the values of baseline and post-treatment NLR with the same
cut-off values.
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