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Purpose: Similar to the neutrophil-to-lymphocyte ratio and lung immune prognostic index (LIPI), immune-related adverse events
(irAEs) were favorable prognostic factors in several studies, for patients with non-small cell lung cancer who received immune
checkpoint inhibitors (ICIs). However, few studies have investigated patient characteristics and markers that predict the development
of irAEs, and factors predicting the development of irAEs have not been clarified. Thus, the present study aimed to examine the
predictive factors correlated with the development of irAEs in non-small cell lung cancer (NSCLC) patients who received anti-
programmed cell death protein 1/programmed cell death ligand 1 inhibitor monotherapy.

Patients and Methods: The present study was retrospectively enrolled 113 advanced NSCLC patients who received ICIs between
February 2016 and May 2021 and was conducted at Shinshu University Hospital. All patients were divided into two groups according
to with or without of irAEs. We compared the clinical findings and laboratory data between the two groups and considered predictive
factors correlated with the development of irAEs.

Results: Forty-four (38.9%) patients developed irAEs of any grade. The most common irAEs were hypothyroidism (12.4%), followed
by skin rash (7.1%) and interstitial lung disease (7.1%). The survival time in patients with irAEs was significantly more prolonged
compared to those without irAEs (median progression-free survival: 6.8 vs 2.1 months, p < 0.001; median overall survival: 25.3 vs 9.6
months, p = 0.001). Multivariate analyses based on logistic regression revealed independent predictive factors that correlated with the
development of irAEs to be first-line ICI treatment and a score of 0 or 1 on LIPIL.

Conclusion: The present study revealed that lines of immunotherapy and LIPI were correlated with the development of irAEs in
NSCLC patients who received ICIs and can help clinicians who manage patients experiencing irAEs receiving ICIs.

Keywords: non-small cell lung cancer, programmed cell death ligand 1 inhibitor monotherapy, immune-related adverse events, lung
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Introduction

The standard treatment for advanced non-small cell lung cancer (NSCLC) has dramatically evolved with the introduction
of immune checkpoint inhibitors (ICIs). Anti-programmed cell death protein 1 (PD-1) inhibitors such as nivolumab and
pembrolizumab, anti-programmed cell death ligand 1 (PD-L1) inhibitors such as atezolizumab have been currently used
in first- or subsequent-line treatment for NSCLC."™ As the use of ICIs increases, toxicity associated with ICIs is an
important issue. Toxicities due to ICIs are recognized as immune-related adverse events (irAEs). IrAEs develop in
various organ of the body by promoting the activation and expansion of T cells. Skin rash, thyroid dysfunction, hepatitis,
colitis, and interstitial lung disease are frequent irAEs, and a meta-analysis of irAEs for NSCLC patients who received
anti-PD-1/PD-L1 inhibitors reported an incidence rate of irAEs of up to 22%. Appropriate treatment for irAEs is
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important because 4% of patients had severe irAEs and 0.34% had ICI-related deaths.® Recently, several studies have
reported that ICI treatment was more effective in patients with NSCLC who developed irAEs than in those who did not
develop irAEs.”® Many previous studies have revealed the prognostic factors correlated with the efficacy of immu-
notherapy, including the development of irAEs and the utility of markers reflected on systemic nutritional and
inflammatory statuses, such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lung
immune prognostic index (LIPI).”'® As described above, various simple markers related to prognostic factors have
been examined. IrAEs as a prognostic factor have been fully investigated, but few studies have investigated the predictive
factors correlated with the development of irAEs. Early detection of irAEs not only prevents the decrease in patients’
quality of life, resulting in a more severe condition, but also affects patients’ prognosis. Egami et al reported that
pretreatment NLR > 2.3 and PLR > 165 were significantly correlated with an increasing incidence of irAEs in NSCLC
patients who received pembrolizumab monotherapy.'' Another retrospective study reported that elevated body mass
index, higher number of pembrolizumab cycles, and derived NLR < 3 were correlated with an increased incidence of
irAEs in patients receiving pembrolizumab for various cancers, such as lung cancer, melanoma, lymphoma, gastric
cancer, and urothelial cancer.'” Although these studies have reported on predictive factors correlated with the develop-
ment of irAEs in clinical practice, patients in these studies only received pembrolizumab; other ICIs have not been
investigated. Therefore, the present study aimed to examine the factors predicting the development of irAEs in NSCLC
patients who received anti-PD-1/PD-L1 inhibitor monotherapy.

Patients and Methods

Study Design

We retrospectively enrolled and identified 113 patients with advanced or recurrent NSCLC who received ICIs as the first- or
subsequent-line treatment between February 2016 and May 2021 at the Shinshu University Hospital. The study protocol was
approved by the Institutional Ethics Review Board of the Shinshu University School of Medicine. All the clinical findings
and laboratory data were obtained from electronic medical records. The study was performed in accordance with the
principles of the Declaration of Helsinki of 1964. We used a form on our website to allow patients to opt out of the research,
use of the data but did not obtain informed consent. All the patient’s data in the present study have been anonymized.

Collection of Data

Clinical findings and laboratory data were evaluated at the beginning of the treatment with ICIs. PD-L1 expression was
evaluated using Daco 22C3 antibody. The best objective response to ICI treatment was evaluated using the Response
Evaluation Criteria in Solid Tumors (version 1.1)."* IrAEs were graded according to the Common Terminology Criteria for
Adverse Events version 5.0. Systemic immune-inflammation index (SII) was defined as follows: platelet count % neutrophil
count/lymphocyte count.'® The LIPI categorizes patients into three groups. Briefly, patients with derived NLR (dNLR)
greater than 3 and lactate dehydrogenase (LDH) greater than the upper limit of normal (ULN) were categorized as LIPI 2,
patients with dNLR lower than 3 and LDH greater than the ULN or dNLR greater than 3 and LDH lower than the ULN were
categorized as LIPI 1, and patients with dNLR lesser than 3 and LDH lesser than the ULN were categorized as LIPI 0.’

Data Analysis

The objective response rate (ORR) and the disease control rate (DCR) were defined as follows: ORR, complete response
rate plus the partial response rate; and DCR, ORR plus stable disease rate. The progression-free survival (PFS) and
overall survival (OS) were calculated from the beginning of the ICI treatment to the period of disease progression and the
period of death or last date of follow-up, respectively. Clinical findings, laboratory data, and efficacy of ICIs were
compared between the patients with and without irAEs.

Statistical Analyses
Date of the data cutoff was August 31, 2021. PFS and OS were evaluated and compared using the Kaplan—-Meier method
and Log rank test. Categorical variables and continuous variables were analyzed using the Fisher’s exact test and Mann-
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Whitney U-test, respectively. Multivariate Logistic regression analysis was used for investigating the predictive factors
correlated with the development of irAEs. The univariate analysis included age, sex, performance status (PS), body mass
index, body surface area, histologic subtype, staging, lines of immunotherapy, albumin, NLR, PLR, SII, and LIPI;
significant variables (p < 0.05) in the univariate analysis were included in the multivariate analysis. All the statistical
analyses were conducted using SPSS version 26.

Results

Patient Characteristics

Characteristics of 113 patients are summarized in Table 1. Ninety-one (80.5%) and 22 (19.5%) were men and women,
respectively. A median age of enrolled patients was 70 (range: 29—87) years. Patients with negative driver mutations were
negative for epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) genes. The numbers of
patients receiving first- and subsequent-line ICI treatments were 23 (20.4%) and 90 (79.6%) patients, respectively.
Regarding ICI treatments, 63 (55.8%), 40 (35.4%), and 10 (8.8%) patients received nivolumab, pembrolizumab, and
atezolizumab, respectively. Moreover, 44 (38.9%) and 69 (61.1%) patients were categorized as with irAEs and without
irAEs, respectively. Patient characteristics and efficacy of ICIs among patients with and without irAEs are shown in
Table 2.

Efficacy of Immune Checkpoint Inhibitors

The ORR and DCR for patients who were developed irAEs were significantly higher than those who were not developed
irAEs (ORR: 54.5% [95% confidence interval {CI}: 39.7-69.4] vs 7.7% [95% CI: 1.2-14.2], respectively, p < 0.001;
DCR: 84.1% [95% CI: 73.2-95.0] vs 38.5% [95% CI: 26.5-50.3], respectively, p < 0.001). Kaplan—-Meier curves for
survival time are shown in Figure 1. The PFS and OS in patients with irAEs were significantly longer than in those
without irAEs (PFS: 6.8 months [95% CI: 1.2-12.4] vs 2.1 months [95% CI: 1.7-2.5], respectively, p < 0.001; OS: 25.3
months [95% CI: 12.1-38.5] vs 9.6 months [95% CI: 7.0-12.1], respectively, p < 0.001).

The Kaplan—Meier curves for patients with LIPI 0 or 1 and LIPI 2 are shown in Figure 2. The PFS and OS in patients with
LIPI 0 or 1 were 4.3 months [95% CI: 3.0-5.6] and 15.8 months [95% CI: 10.8-20.7], respectively. The PFS and OS of patients
with LIPI 2 were 2.1 months [95% CI: 1.0-3.2] and 8.2 months [95% CI: 4.1-12.3], respectively. There was no statistically
significant difference in PFS (p = 0.299) and OS (p = 0.079) between patients with LIPI 0 or 1 and those with LIPI 2.

Predictive Factors Associated with the Development of Immune-Related Adverse
Events (irAEs)

The univariate analyses are shown in Table 2 and revealed that the development of irAEs was independently predicted by
older age (p = 0.047), first-line immunotherapy (p = 0.016), and LIPI 0 or 1 (p = 0.040). The multivariate logistic regression
analyses are shown in Table 3 and revealed that the development of irAEs was independently predicted by first-line ICI
treatment (ORR: 0.209, 95% CI: 0.066-0.656, p = 0.007) and LIPI 0 or 1 (ORR: 0.200, 95% CI: 0.088-0.693, p = 0.011).

Categorization of irAEs

The categorization of irAEs in all patients is shown in Table 4. The most common irAEs was hypothyroidism (12.4%),
followed by interstitial lung disease (7.1%), skin rash (7.1%), and increased aminotransferase level (4.4%). Moreover,
irAEs of grade > 3 were interstitial lung disease (5.3%), followed by increased aminotransferase level (1.8%), and skin
rash (1.8%). ICI treatment-related deaths were not observed.

Discussion

We demonstrated that the lines of immunotherapy and LIPI were correlated with the development of irAEs in NSCLC
patients who received ICIs. The survival time in NSCLC patients with irAEs were significantly longer than in those
without irAEs, as in previous studies.
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Table | Patient Characteristics

Category All Patients, N (%)
Patients, (N) 113

Age, years, (range) 70 (29-87)

Sex, male/female 91 (80.5)/22 (19.5)

ECOG performance status, 0—1/2-3 94 (83.2)/19 (16.8)

Body mass index, (range) 21.7 (14.9-34.0)

Body surface area, (range) .61 (1.26-2.09)

Smoking history, current plus former/never 88 (77.9)/25 (22.1)

Histologic subtype, non-squamous/squamous 74 (65.5)/39 (34.5)

Staging, advanced/post operative recurrence 96 (85.0)/17 (15.0)

Driver mutation, positive/negative 18 (15.9)/95 (84.1)

PD-LI TPS (%)

=50 34 (30.1)
149 28 (24.8)
<l 17 (15.0)
Unknown 34 (30.1)

Immune-checkpoint inhibitors treatment

Nivolumab 63 (55.8)
Pembrolizumab 40 (35.4)
Atezolizumab 10 (8.8)

Lines of immunotherapy

First/subsequent

23 (20.4)/90 (79.6)

Alb (g/dL), (range)

37 (1.14.9)

NLR (range)

4.08 (0.55-48.77)

PLR (range)

238.8 (69.0-965.4)

SII (range)

1021.9 (93.1-10,875.8)

LIPI, 0-1/2

89 (78.8)/124 (21.2)

irAEs, with/without

44 (38.9)/69 (61.1)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PD-LI, programmed cell death
I-ligand I; TPS, tumor proportion score; Alb, albumin; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; Sll, systemic immune-inflammation index; LIPI, lung immune prog-
nostic index; irAEs, immune-related adverse events.

In the present study, first-line ICI treatment was a predictive factor correlated with the development of irAEs. In
KEYNOTEO024 and KEYNOTEOQ10 trials, previously untreated or previously treated NSCLC patients with high PD-L1
expression who received pembrolizumab had longer PFS and OS than those who received cytotoxic anticancer agents.'~

In the KEYNOTE024, KEYNOTEO042, and IMpowerl10 trials, the incidence rates of irAEs were 29.2%, 28%, and

40.2%, respectively.'>'°
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Table 2 Characteristics and Efficacy of Immunotherapy in Patients with and without Immune-Related Adverse Events

Category With irAEs, N (%) Without irAEs, N (%) p-value
Patients, (N) 44 (38.9) 69 (61.1)
Age, years, (range) 71 (29-87) 68 (42-83) 0.047
Sex, male/female 38 (86.4)/6 (13.6) 56 (81.2)/13 (18.8) 0.211
ECOG performance status, 0—1/2-3 39 (88.6)/5 (11.4) 55 (79.7)/14 (20.3) 0.216
Body mass index, (range) 21.7 (16.4-29.8) 21.9 (14.9-34.0) 0.883
Body surface area, (range) 1.59 (1.35-1.94) 1.63 (1.23-2.09) 0.708
Smoking history, current plus former/never 37 (84.1)/7 (15.9) 51 (73.9)/18 (26.1) 0.204
Histologic subtype, non-squamous/squamous 28 (63.6)/16 (36.4) 46 (66.7)/23 (33.3) 0.888
Staging, advanced/post operative recurrence 40 (90.9)/4 (9.1) 56 (81.2)/13 (18.8) 0.157
Driver mutation, positive/negative 5 (11.4)/39 (88.6) 13 (18.8)/56 (81.2) 0.290
PD-LI TPS (%)
2 50 17 (38.6) 17 (24.6)

149 Il (25.0) 17 (24.6)

< 6 (13.6) Il (15.9)

Unknown 10 (22.7) 24 (34.8)
Immunotherapy treatment

Nivolumab 25 (56.8) 38 (55.1)

Pembrolizumab 18 (40.9) 22 (31.9)

Atezolizumab 1 (2.3) 9 (13.0)
Lines of immunotherapy, first/subsequent 14 (31.8)/30 (68.2) 9 (13.0)/60 (87.0) 0.016
Alb (g/dL), (range) 3.8 (2.34.9) 3.7 (1.1-4.6) 0.800
NLR (range) 3.84 (1.48-8.67) 4.38 (0.55-48.77) 0.240
PLR (range) 221.4 (74.6-628.8) 240.8 (69.0-965.4) 0.885
SIl (range) 1021.6 (349.5-3166.9) 1021.9 (93.1-10,875.8) 0.552
LIPI, 0-1/2 39 (88.6)/5 (11.4) 50 (72.5)/19 (27.5) 0.040
Best overall response

Complete response 2 (4.5) 1 (1.4)

Partial response 22 (50.0) 4 (5.8)

Stable disease 13 (29.5) 20 (29.0)

Progressive disease 7 (15.9) 40 (58.0)

Not evaluable 0 (0.0) 4 (5.8)
Overall response rate, % (95%, Cl) 54.5 (39.7-69.4) 7.7 (1.2-14.2) < 0.001
Disease control rate, % (95%, Cl) 84.1 (73.2-95.0) 38.5 (26.5-50.3) < 0.001

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PD-LI, programmed cell death |-ligand |; TPS, tumor proportion score; Alb, albumin; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SlI, systemic immune-inflammation index; LIPI, lung immune prognostic index; irAEs, immune-related adverse events; Cl,
confidence interval.
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Figure | Evaluation of survival for patients with and without immune-related adverse events (irAEs). Kaplan—-Meier curves for (A) progression-free survival (B) and overall

survival in patients with and without irAEs.

100 \ LIPI 0+1 group
|
80 ‘x,
9 ‘w‘ ........... LIPI 2 group g
e 60| ! °
© [
K g
T 40 H
= =1
(7] (2]
20
0
0 3 6 9 12 15 18 21 24 27 30 33 36
Number at risk Time (months) Number at risk
LIPI 0+1 group 89 50 27 22 18 13 10 8 8 6 6 5 4 LIPI0+1 group
LIPI 2 group 24 7 5 3 3 2 2 2 2 2 2 2 2 LIPI 2 group

100
LIPI 0+1 group
80
Lot e LIPI 2 group
60 [
|
40
20 N
0
0 6 12 18 24 30 36 42 48
Time (months)
89 67 44 33 23 18 10 9 5
24 10 4 2 2 2 2 2 2

Figure 2 Evaluation of survival for patients with LIPI 0 or | and LIPI 2. Kaplan—Meier curves for (A) progression-free survival (B) and overall survival in patients with LIPI 0
or | and LIPI 2.

Although these studies have already revealed that PD-L1 status > 50% is a favorable prognostic factor associated with
immunotherapy, an association between high PD-L1 expression and the development of irAEs has not been examined in

these large prospective clinical trials. However, in a retrospective study,

was a predictive factor correlated with the development of irAEs

Sugisaka et al reported that PD-L1 status > 50%
in NSCLC patients who were treated with

pembrolizumab.'” In the present study, of the 23 patients who received first-line ICI treatment, 22 had high PD-L1

Table 3 Analyses Based on Multivariate Logistic Regression of Predictive Factors Correlated with

the Development of Immune-Related Adverse Events

Variable Odds Ratio 95%, CI P-value
Age 1.010 0.969-1.053 0.637
Lines of immunotherapy 0.209 0.066—0.656 0.007
LIPI 0.200 0.088-0.693 0.011

Abbreviations: Cl, confidence interval; LIPl, lung immune prognostic index.
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Table 4 Categorization of Immune-Related Adverse Events

Immune-Related Adverse Events | Any Grade, N (%) | Grade I, N (%) | Grade 2, N (%) | Grade 3, N (%) | Grade 4, N (%)
Hypothyroidism 14 (12.4) 5 (4.4) 9 (8.0) 0 (0.0) 0 (0.0)
Interstitial lung disease 8 (7.1) 2(1.8) 0 (0.0) 6 (5.3) 0 (0.0)
Skin rash 8 (7.1) 1 09) 5 (4.4) 2(1.8) 0 (0.0)
Aminotransferase increased 5 (4.4) 2(1.8) 1 0.9) 1 09) 1 09)
Arthralgia 4 (3.5) 1 0.9) 2(1.8) 1 09) 0 (0.0)
Adrenal insufficiency 327) 0 (0.0) 1 0.9) 1 0.9) 1 0.9)
Hyperthyroidism 2 (1.8) 2 (1.8) 0 (0.0) 0 (0.0) 0 (0.0)
Uveitis 2(18) 0 (0.0) 1 0.9) 1 09) 0 (0.0)
Creatinine increased 1 09) 0 (0.0) 0 (0.0) 1 09) 0 (0.0)
Neutropenia 1 09) 0 (0.0) 0 (0.0) 0 (0.0) 1 (09)
Myalgia 1 09) 0 (0.0) 1 09) 0 (0.0) 0 (0.0)
Peripheral sensory neuropathy 1 09) 0 (0.0) 1 (09) 0 (0.0) 0 (0.0)
Malaise 1 09) 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0)
Anorexia 1 09) 0 (0.0) 1 09) 0 (0.0) 0 (0.0)
Pyrexia 1 09) 1 09) 0 (0.0) 0 (0.0) 0 (0.0)

expression (= 50%). Regarding efficacy, the PFS in patients with first-line ICI treatment was significantly longer than that
in patients with subsequent-line ICI treatment (12.7 months vs 2.7 months, p = 0.001); the median number of ICI cycles
in patients receiving first- and subsequent-line ICIs was 6 and 4 cycles, respectively. Thus, the number of ICI cycles was
higher in patients receiving first-line ICI treatment. A retrospective study by Eun et al reported an association between
the cycles of pembrolizumab and the development of irAEs, which is same as the results of the present study.'? Currently,
it remains unclear why first-line ICI treatment increased the development of irAEs, but the present study considered two
hypotheses. First, irAEs develop due to the reactivation of exhausted T cells and some influence on homeostasis by using
ICIs. In patients with high PD-L1 status in tumor cells, inhibition of PD-L1 and PD-1 binding with an antibody can
strongly inhibit T cell activity suppression, leading to T cell activation. Thus, high PD-L1 expression is correlated with
reactivation of exhausted T cells, which may lead to an increasing development of irAEs. Second, patients treated with
IClIs in the first-line treatment had better clinical outcomes than those treated with the subsequent-line treatment, and ICIs
were used for a long period of time. In other words, there is a possibility that the development of irAEs has increased
because there were not only early-onset irAEs but also late-onset irAEs. In general, irAEs are most likely to develop
within 12 weeks of commencing ICIs; however, there are cases of late onset and onset after completing ICIs.'® The
difference in patient characteristics between the early-onset group and the late-onset group is unclear; hence, it is
necessary to collect and examine more cases.

LIPI can be easily measured at all institutions in clinical practice and has been a useful prognostic factor correlated
with therapeutic response of ICIs in advanced lung cancer patients in several previous studies.'”?® LIPI is a useful
marker because it has a clear cutoff value, different from NLR, PLR, and SII. Kazandjian et al reported an exploratory
pooled analysis of NSCLC patients who were treated with ICIs and showed that the OSs of LIPI 0, LIPI 1, and LIPI 2
were 15.6, 8.9, and 4.5 months, respectively (p < 0.001).>' Thus, the correlation between LIPI and therapeutic response
of ICIs has been demonstrated in NSCLC patients. No previous studies have reported the correlation between LIPI and
the development of irAEs. The present study firstly report that LIPT 0 or 1 is a predictive factor correlated with the
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development of irAEs; it demonstrated no statistically significant difference in PFS (p = 0.299) and OS (p = 0.079)
between patients with LIPI O or 1 and those with LIPI 2. However, the survival time tended to be prolonged in the LIPI 0
or 1 group, suggesting that LIPI reflects the efficacy of ICIs. Considering the positive association between the
development of irAEs and efficacy of ICIs, the result of the low incidence rate of irAEs in patients with LIPI 2 is
valuable. In the present study, NLR, PLR, and SII values were not significant difference between patients with and
without irAEs, and the correlation between the development of irAEs and these markers was not shown. Egami et al
reported that markers, such as NLR, PLR, absolute lymphocyte count, and lymphocyte-to-monocyte ratio, were useful
predictors associated with the development of irAEs by setting an optimal cutoff value using the receiver operating
characteristic curve.'' Optimal cutoff values for these markers vary depending on the target patient population and should
be interpreted with caution.

The present study has some limitations. First, there may have been a selection bias of using ICI alone instead of
combination ICI with cytotoxic anticancer agents as first-line treatment. Second, treatment for irAEs, such as administration
of corticosteroids, has not been investigated, and the effect on survival outcomes of patients with irAEs is unknown. Third,
the present study was a retrospective and had a small sample size in a single institution. Fourth, since 30.1% of the patients
had not been measured for PD-L1 expression, the correlation between PD-L1 expression and irAE development was not
investigated. Fifth, LIPI analysis could not be performed in three groups of 0, 1, and 2 due to the small sample size.

Conclusion

The present study indicated that first-line ICI treatment and LIPI 0 or 1 were correlated with the development of irAEs in
NSCLC patients who received ICIs. These results are useful for leading to early detection of irAEs and early response to
irAEs in clinical practice. Further studies relating to the correlation between various blood markers and the development
of irAEs should be conducted using multicenter large-scale cohorts.

Abbreviations

CI, confidence interval, DCR, disease control rate; dNLR, derived NLR; ICIs, immune checkpoint inhibitors; irAEs,
Immune-related adverse events; LDH, lactate dehydrogenase; LIPI, lung immune prognostic index; NLR, neutrophil-to-
lymphocyte ratio; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival; PLR, platelet-to-lymphocyte ratio; PS, Performance Status; SII, Systemic immune-
inflammation index; ULN, upper limit of normal.
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