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Background: Cancer is concerning owing to its high mortality rate.

Consequently, methods of prolonging the life of patients with cancer have

become the primary focus of attention research. In recent years, immune

checkpoint inhibitors (ICIs) have achieved good clinical efficacy as antitumor

drugs; however, their severe adverse effects have made their use challenging. In

order to clarify the predictors of adverse effects, scientists have conducted a

series of studies. Blood counts can potentially monitor risk factors associated

with the occurrence of immune-related adverse events (irAEs). Herein, a meta-

analysis was performed to clarify further the guiding significance of blood counts

in the clinical setting.

Methods: Studies that satisfied the inclusion criteria were obtained by searching

the database. Included studies were those in which irAEs had been observed, and

evidence of an association between blood counts and irAEs was reported. The

included ones were evaluated for quality. In addition to sensitivity analysis and

subgroup analysis, a meta-analysis was performed using the odds ratio (OR) and

95% confidence interval (CI) for each study.

Results: A total of 18 articles were included in our study. The analyses were

performed separately according to different blood cell count indicators. The

blood cell count metrics associated with irAEs were: absolute eosinophil count,

neutrophil: lymphocyte ratio, and platelet: lymphocyte ratio.

Conclusion: Our review and meta-analysis of studies suggest that absolute

eosinophil count, neutrophil: lymphocyte ratio, and platelet: lymphocyte ratio

may serve as predictors of the emergence of irAEs. Given the small number of

studies focusing on the relationship between patient blood cell counts and the

risk of irAEs, future studies need to further explore the mechanisms of

occurrence and potential associations.
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1 Introduction

Cancer treatments deserve more attention due to the rising

incidence and high mortality rate. Unlike conventional

chemotherapeutic drugs that kill cells directly, immune

checkpoint inhibitors, including cytotoxic T-lymphocyte antigen-

4 (CTLA-4), programmed death-1 (PD-1), and programmed death-

ligand 1 (PD-L1) inhibitors, follow a different therapeutic pathway

(1). The first approved CTLA-4 inhibitors enhance T-cell activation

and induce sustained antitumor responses by blocking the CTLA-4

checkpoint that inhibits T-cell responses (2–5). Anti-PD-1/PD-L1

inhibitors activate T-cell toxicity and eliminate tumor cells by

blocking checkpoint-induced tumor escape (4, 5). These ICIs

have shown their powerful therapeutic capabilities in the

treatment of tumors, such as those in breast cancer, gastric

cancer, angiosarcoma, and prostate cancer (1, 4). However, the

antitumor effects of ICIs are accompanied by damage to normal

cells, and which may upset the homeostasis of the human immune

system, which maintains a unique steady state of normal conditions

(3, 6). Immune adverse reactions in the skin, liver, gastrointestinal

tract, lungs, and endocrine organs are common (7). Due to the

possibility of drug discontinuation and even death as a result of

adverse reactions (8), many researchers analyze the potential

predictors of the occurrence of adverse reactions in order to

prevent and control them early. These several relevant factors

have been shown to have a possible association with adverse

reactions, such as drug selection, gender, age, laboratory tests,

pre-existing autoimmune disease (pAID), PD-L1 expression, and

tumor mutation burden (TMB) (9–14). However, studying these

factors is difficult to use widely implement in clinical practice due to

low accuracy or the involvement of expensive tests. Therefore,

blood cell count levels that can be measured repeatedly and

inexpensively are gaining importance, and we focused on

determining the relationship between them.
2 Materials and methods

2.1 Literature search

We conducted a comprehensive search of PubMed, Embase,

and Web of Science databases from when the database was created

until December 1, 2022. The search keywords include “immune

checkpoint inhibitors”, “immune checkpoint inhibitor-related

adverse reaction”, “risk factor”, “blood biomarker”, “eosinophil”,

“neutrophil”, “lymphocyte”, “monocyte”, etc. The specific search

formula can be found in the appendix.
2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows (1): Patients had

malignant tumors (2); The study was a randomized clinical trial,

retrospective clinical study, or case-control study; (3) Patients

received ICI therapy; (4) The association between blood cell
Frontiers in Immunology 02
counts and the occurrence of irAEs was assessed by the authors;

and (5) Definite odds ratio (OR) and 95% CI. If no OR value is

specified, at least specific values that can be calculated should

be provided.

The exclusion criteria were as follows: (1) The study type was

animal experiments; (2) Risk factors for the occurrence of irAEs

were not assessed; (3) Blood counts were not considered to be risk

factors; and (4) Patients had hematologic tumors.
2.3 Data extraction

After an initial screening based on the title and abstract of the

publication and excluding any irrelevant literature, the remaining

literature was read in total, and those that should be included

were selected.

Two independent investigators identified the included papers,

and a third investigator resolved disagreements, if any. The

following information was extracted: title, author, publication

year, country, patient number, patient origin, research type, risk

factors, type of irAEs, optimal cutoff value, OR, and 95% CI. If

univariate and multivariate regression analyses were conducted,

ORs were calculated using the multivariate regression analysis data.

When OR values were unavailable, crude OR values and 95% CIs

were calculated based on frequency tables.
2.4 Quality assessment

The quality in prognosis studies (QUIPS) tool was used to

evaluate the risk of bias. Briefly, two independent researchers

divided the literature into low, moderate, and high risk-of-bias

categories. Any disagreement was discussed by adding a third

person until an agreement was reached.
2.5 Data analysis

The same risk factor was analyzed using the “metan” command

in Stata17. Data included crude or adjusted ORs and 95% CIs, with

ORs adjusted for confounders selected whenever possible.

Additionally, the heterogeneity test was conducted, and I2 > 50%

was considered highly heterogeneous.
3 Results

3.1 Research selection

The three databases were searched with the set search formula,

and 851 publications fit the criteria. Among them, 188 meta-

analyses and systematic reviews were excluded. After reading the

title and abstract, 584 publications were excluded. Further filtering

was done by reading the full text. Finally, 18 studies were included.

Details can be found in the flow chart. (Figure 1)
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3.2 Research characteristics

A total of 18 studies (11, 15–31) were included in the analysis.

These studies were published between 2019 to 2022. Nine studies

took place in China, six in Japan, one in Singapore, one in Italy, one

in Canada, which shows that most of these studies were involved the

Asian population. A total of 3579 patients were included in the

study. Previous treatment was described in four articles (15–18),

one of which included previous antitumor regimens as one of the

criteria when including patients (16). Six articles included only

patients who received ICI monotherapy (15, 16, 19–22). The

remaining studies were unrestricted, and they included patients

who received ICI in combination with other antitumor treatments.

With immune checkpoint inhibitor administration as the node,

blood cell counts from all studies were evaluated. Data from either

the beginning or end of immunotherapy were chosen for analysis.

The types of blood counts reported are as follows: absolute

eosinophil count (AEC), derived neutrophil: lymphocyte ratio

(dNLR), neutrophil: lymphocyte ratio (NLR), absolute neutrophil
Frontiers in Immunology 03
count (ANC), absolute lymphocyte count (ALC), absolute

monocyte count (AMC), platelet count (PLT), monocyte:

lymphocyte ratio (MLR), platelet: lymphocyte ratio (PLR), etc.

Eight studies showed substantial truncation values (11, 15–17, 20,

23, 25, 28). Eleven studies reported the use of receiver operating

characteristic (ROC) curve analysis to calculate the optimal cutoff

value (11, 15–17, 19–21, 23–26). In all included reports, skin

adverse reactions were the most common (23.34%), followed by

endocrine adverse reactions (22.81%), immune pneumonia

(13.50%), hepatic adverse reactions (10.25%), and gastrointestinal

adverse reactions (9.23%). All studies were retrospective. More

details are shown in Supplementary Table 1.
3.3 Bias risk assessment

QUIPS tool was used to assess the risk of bias; detailed entries

include study participation, study attrition, prognostic factor

measurement, outcome measurement, study confounding,

statistical analysis and reporting. After assessing the articles, seven

were classified as high risk of bias, six as medium risk, and five as

low risk. (Supplementary Figure 1)
3.4 Meta-analysis of major risk factors

The same risk factor reported in at least two publications was

included in the study, with preference given to data reporting cutoff

values. Further, the results of multifactorial analyses were

prioritized for inclusion, and if unavailable, single-factor results

were considered for inclusion. Available for analysis are AEC, NLR,

and PLR.
3.5 AEC

Six papers described AEC, three of which indicated a cut-off

value. We analyzed articles that provided a cut-off value separately

and those that did not. The meta-analysis, including only cut-off

values, yielded an OR of 2.09 (95% CI: 1.28–3.43). Studies that did

not report cut-off values had an OR of 1.01 (95% CI: 1.00–1.02).

(Figure 2) In this analysis, 1202 cases were involved, the most

frequent being lung cancer (70.97%), followed by renal and

urological tumors (10.73%), malignant melanoma (4.99%), and

head and neck tumors (4.41%).
3.6 NLR

The effect of pre-treatment NLR on the incidence of irAEs was

mainly described in studies reporting NLR; two articles reported the

effect of post-treatment values. We divided the analysis into three parts:

baseline with and without cutoff values and post-treatment data. The

most statistically significant studies were those accompanied by a

truncated value at baseline, with an OR of 2.28 (95%CI: 1.49–3.48).

(Figure 3) The studies that provided cut-off values included a total of
FIGURE 1

Flowchart of study screening.
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1116 cases, with lung cancer (87.81%), renal and urinary tumors

(5.29%), head and neck tumors (1.52%), and esophageal cancer (1.52%).
3.7 PLR

Among the articles presenting PLR, one presenting post-

treatment values was not analyzed. The study that reported a

cutoff value was statistically significant with an OR of 1.70 (95%

CI: 1.04-2.78). (Figure 4) A total of 907 cases were involved in the

studies that reported cut-off values, including lung cancer (86.44%),

renal and urological tumors (6.28%), esophageal cancer (1.87%),

and liver cancer (1.21%).
Frontiers in Immunology 04
3.8 Analysis of cut-off values

We present data from studies that reported cut-off values and

analyzed them further. (Table 1) Studies involving AEC have

concluded that higher than optimal threshold values are associated

with the occurrence of adverse reactions in patients. Of the studies that

reported NLR cutoff values, only one concluded that being above the

cutoff value caused an increased incidence of adverse reactions (20),

whereas the remaining studies concluded that being below the cutoff

value was associated with an event rate of a combined OR 2.52 (95%

CI:1.49-4.52). While in PLR-related studies, PLR above the cutoff (OR:

1.43, 95% CI: 0.75–2.75) was analyzed, but considering that one of the

articles did not show a correlation and the comparison of OR values,
FIGURE 3

Forest plot of correlation between NLR and incidence of irAEs.
FIGURE 2

Forest plot of correlation between AEC and incidence of irAEs.
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we think the below the cutoff has a higher correlation with event

occurrence. Further analysis of the specific range of values chosen can

be seen in the subgroup analysis.

3.9 Other risk factors

Fewer articles presented truncation values of ANC, ALC, AMC,

PLT, and LMR. Therefore, we did not perform further analysis.

3.10 Risk of bias

Heterogeneity was observed in the meta-analysis of all three

indicators. Funnel plots indicate possible publication bias, and
Frontiers in Immunology 05
studies with positive results are more likely to be selected. (Figure

not shown)
3.11 Sensitivity analysis

Sensitivity analyses were performed by sequentially eliminating

individual studies to clarify whether each study affected the overall

results. The analysis gave stable results for sensitivity analysis in the

NLR and PLR studies that reported cutoff values and in the AEC

studies that did not report cutoff values. In contrast, sensitivity

analysis showed that the results might be unstable and not

statistically significant in other studies. (Figure not shown)
TABLE 1 Table of cut-off values.

Study Risk Factors Cut-off value OR LCI UCI P value

Chu2020 AEC ≥0.125 3.518 1.851 6.686 <0.001

Ma2022 AEC > 0.045 4.114 1.32 12.858 0.014

Bai2021 AEC < 0.175 0.29 0.1 0.82 0.020

Fujimoto2021 NLR <2.86 2.69 1.21 6.01 0.016

Ma2022 NLR >8.58 0.501 0.066 3.816 0.505

Kobayashi2020 NLR < 3.4 3.21 0.55 18.76 0.194

Egami2021 (20) NLR > 2.3 5.81 1.77 19.03 0.004

Lee2021 NLR <3 2.27 1.07 4.82 0.034

Ma2022 PLR ≥180.68 0.537 0.2 1.44 0.216

Kobayashi2020 PLR < 156 6.15 1.67 22.56 0.006

Egami2021 (20) PLR > 165 3.05 1.28 7.23 0.011
fron
FIGURE 4

Forest plot of correlation between PLR and incidence of irAEs.
tiersin.org

https://doi.org/10.3389/fimmu.2023.1117447
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhou et al. 10.3389/fimmu.2023.1117447
3.12 Subgroup analysis

Subgroup analyses were performed for PLR and NLR based on

country, the number of cases, and cutoff values. Due to the limited

number of studies, the remaining risk factors were not included in

these additional analyses. The country-based subgroups showed that

NLR was more significant in the incidence of irAEs in Japanese

patients with an OR of 3.40 (95% CI: 1.82-6.32), significantly higher

than that in the Chinese population had an OR of 0.96 (95%CI: 0.38-

2.40). The number of studies that did not report NLR cutoff values

was insufficient for subgroup analysis. PLR contributed more

significantly to the incidence of irAEs in the Japanese population

than in the Chinese population, with an OR of 3.78 (95% CI:1.84-

7.78) vs 0.86 (95% CI:0.44-1.67), respectively. We further performed

a stratified analysis of the number of patients included in the study.

Statistical significance was most significant when the number of

people included in studies on NLR was less than 100. Effect values did

not differ significantly between patient numbers in the PLR group

where cutoff values were reported. In addition, four articles reported

NLR cutoff values between 2.5 and 3.5, and their OR was calculated to

be 2.13 (95%CI: 1.34-3.40). Due to the limited number of studies,

there may be inaccuracies in the analysis results for each subgroup.

All the above results are represented in Supplementary Table 2.
4 Discussion

This meta-analysis aimed to investigate whether blood cell

counts can predict the occurrence of adverse reactions triggered

during cancer treatment with ICIs and to determine the best

predictors. A study of the literature that met the inclusion criteria

showed that AEC, NLR, and PLR could be predictors of

adverse reactions.

In addition to the fact that blood counts appear to be a predictor

of irAEs, the underlying mechanisms are worth mentioning.

To interrupt this process of immune evasion caused by cancer

ce l l - induced suppress ion of the immune sys tem by

immunosuppressive cells and immune checkpoints (32),

researchers focused on immune checkpoints. ICIs block the

signaling of suppressed T cells and restore the anti-tumor effects

of the cells while blocking negative regulation of T cells and

promoting higher levels of pro-inflammatory factors and

activation of anti-tumor immune responses by T cells (32–35).

After immune checkpoint blockade, the balance between

autoimmunity and immune tolerance is lost, self-tolerance is

disrupted, and adverse reactions occur (36). Possible mechanisms

include enhanced activation and proliferation of effector CD8+ T

cells by CTLA and PD-1/PD-L1 inhibitors, elimination of

regulatory T (Treg) cell function, induction of inflammatory

cytokines, possible enhancement of humoral autoimmunity, and

induction of normal tissue damage (37, 38).

The indicators mentioned in our study are closely linked to

various aspects of the mechanisms of irAEs occurrence. Eosinophils

have an immunomodulatory role in defining the T-cell pool and

participating in apoptosis (39) and have anti-tumor effects
Frontiers in Immunology 06
themselves. ICIs increase the infiltration of eosinophils into

tumors, acting through direct mechanisms, such as releasing

cytotoxic proteins and expressing natural killer cell activation

receptors to induce cytotoxicity, and indirect mechanisms, such

as releasing interferon gamma to promote anti-tumor immunity

(40). However, while proven to be a good prognostic factor in solid

tumors, adverse reactions were found to be more common in

patients with high AEC at baseline (41). This finding was

confirmed in our meta-analysis, where patients above the AEC

cut-off had a greater chance of adverse reactions.

PLR and NLR are recognized inflammatory markers for the

early identification of cancer and to assist in the assessment of

efficacy and prognosis after checkpoint inhibitor therapy (42–44).

Low PLR and NLR were more predictive of adverse events in our

study. Platelets, as primary inflammatory effector cells, are involved

in innate and adaptive immune responses (45), and stimulation of

Toll-like receptor (TLR)-containing platelets by pathogens causes

activation of neutrophils and promotes recruitment and interaction.

Activated platelets are able to secrete pro-inflammatory factors

involved in pathogen killing (46). Neutrophils, which are also

involved in the immune process, affect the cytotoxic effect of

lymphocytes, thus weakening the antitumor effect due to

lymphocyte activation during ICI treatment (47). Thus, low

neutrophil values favor the antitumor effects of drug-activated

lymphocytes and increase the incidence of irAEs (15).

Lymphocyte counts have been shown to be associated with

multiple adverse effects (48), and damage to their own tissues

following their activation is a possible mechanism for the

development of adverse effects (15), with clonal expansion of

CD8+ T lymphocytes seen before symptoms are present (49).

Low PLR and NLR represent low platelet levels, low neutrophil

levels, and high lymphocyte levels, reflecting the maintenance of

antitumor effects and predicting an increased risk for

developing irAEs.

This review has several limitations. Publication bias is prevalent

and may be related to factors such as the small number of included

studies and the predominance of positive results in the reported

studies. Nevertheless, sensitivity analyses suggest that associations

observed in the PLR and NLR groups are robust. In contrast,

analyses in the AEC group have suggested that the association

between the two may have been overestimated. Heterogeneity,

mainly methodological heterogeneity, should be considered.

Specific assays were not included in any of the clinical designs in

the studies, and the effect due to differences in testing instruments

or reagents may have been underestimated. In addition, most

studies did not exclude other factors contributing to elevated

inflammatory marker levels; these should be considered in the

analysis. Due to the small number of included studies, some

limitations are seen in the data from the subgroup analysis. There

needed to be more studies on some indicators; therefore, adequate

study data could not be obtained. In addition, most of the studies

included were from the Asian region, and possible ethnic differences

were not examined.

Therefore, the relationship between blood cell counts and

immunotoxicity needs further confirmed and investigated.
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5 Conclusion

Our review and meta-analysis suggest that absolute eosinophil

count, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte

ratio are associated with a high risk of irAEs. This relationship may

help assess the therapeutic risk in patients receiving immune

checkpoint inhibitors, and patients at higher therapeutic risk

should be closely monitored. Early and adequate treatment of

irAEs may improve the prognosis of patients who have developed

immunotoxicity. Given the lack of studies focusing on the

relationship between blood tests and the risk of irAEs, future

studies need to further explore the mechanisms of occurrence and

underlying associations.
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