
© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(7):1506-1516 | https://dx.doi.org/10.21037/tlcr-23-7

Original Article

Prognostic value of baseline and early treatment response of 
neutrophil-lymphocyte ratio, C-reactive protein, and lactate 
dehydrogenase in non-small cell lung cancer patients undergoing 
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Background: Not all non-small cell lung cancer (NSCLC) patients will benefit from immune checkpoint 
therapy and use of these medications carry serious autoimmune adverse effects. Therefore, biomarkers are 
needed to better identify patients who will benefit from its use. Here, the correlation of overall survival (OS) 
with baseline and early treatment period serum biomarker responses was evaluated in patients with NSCLC 
undergoing immunotherapy. 
Methods: Patients diagnosed with NSCLC undergoing immunotherapy (n=597) at a tertiary academic 
medical center in South Korea were identified between January 2010 and November 2021. The neutrophil-
lymphocyte ratio (NLR), C-reactive protein (CRP), and lactate dehydrogenase (LDH) levels in the survival 
and non-survival groups were examined at baseline and early treatment periods. Additionally, aberrant 
laboratory parameters at each period were used to stratify survival curves and examine their correlation with 
one-year OS.
Results: In the non-survival group, the NLR, CRP, and LDH levels at the early treatment period were 
higher than those at the baseline (P<0.001). The survival curves stratified based on aberrant laboratory 
findings in each period varied (log-rank test P<0.001). Multivariate Cox regression analysis revealed that 
having prescribed more than 3rd line of chemotherapy [hazard ratio (HR) =3.19, 95% confidence interval 
(CI): 1.04–9.82; P=0.043] and early treatment period CRP (HR =3.88; 95% CI: 1.55–9.72; P=0.004) and 
LDH (HR =4.04; 95% CI: 2.01–8.12; P<0.001) levels were significant predictors of one-year OS. 
Conclusions: Early treatment period CRP and LDH levels were significant predictors of OS in patients 
with NSCLC undergoing immunotherapy.
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Introduction

Immunotherapies can restore host immune responses 
against cancer, reverse immune escape, or evasion, and 
promote tumor cell death. Immune checkpoint inhibitors 
(ICIs), which block the programmed cell death protein 1/
programmed cell death ligand 1 (PD-1/PD-L1) axis, have 
been the most important development in cancer therapy in 
the last few decades. The blockade of PD-1 or PD-L1 alone 
or in combination with conventional chemotherapy is the 
standard first-line therapy for stage IV non-small cell lung 
cancer (NSCLC) (1).

Only 15.3–47.6% of patients with NSCLC respond 
to immunotherapy (2). Approximately 23.4% and 45% 
of patients experience immune-related adverse events 
after single immunotherapy and multiple immunotherapy 
(ipilimumab plus nivolumab) treatments, respectively (3). 
The identification of biomarkers for predicting the responder 
population is crucial. Previous studies have identified 
prognostic markers, such as PD-L1 expression (4), tumor 
mutational burden (5), tumor-infiltrating lymphocytes (6), and 

microsatellite instability-high status (7) for immunotherapy. 
However, these markers, except for PD-L1 expression, do 
not provide consistent outcomes. Additionally, none of the 
developed markers reflect tumor heterogeneity. Furthermore, 
standardized methods have not been developed to interpret 
the markers (8) and the detection of these biomarkers is 
dependent on the availability of adequate amounts of tumor 
tissue. Thus, there is a need to identify serum biomarkers as 
they enable a convenient and nearly non-invasive evaluation.

Cancer-associated inflammation is reported to be a poor 
survival predictor. In particular, neutrophil-lymphocyte 
ratio (NLR) and C-reactive protein (CRP), which are 
markers for systemic inflammation, have been negatively 
correlated with prognosis (8-12). Lactate dehydrogenase 
(LDH), a housekeeping enzyme that is released by rapidly 
growing tumors, is positively correlated with tumor 
burden (13). High pretreatment LDH level is associated 
with poor outcomes in patients with NSCLC undergoing 
immunotherapies (14). Combinations of these markers 
have been associated with poor prognosis. The lung 
immune prognostic index (LIPI), which comprises LDH 
and NLR, is divided into the following three groups: good, 
intermediate, and poor LIPI groups. The baseline LIPI 
is correlated with overall survival (OS) and progression-
free survival in patients with NSCLC undergoing 
immunotherapy (15). In addition to pretreatment markers, 
the analysis of dynamics of these markers that respond 
to immunotherapy can predict the prognosis of patients 
undergoing immunotherapy. The upregulation of CRP 
expression levels over time is a strong indicator of an 
increased progression risk. Conversely, the downregulation 
of CRP expression is associated with improved treatment 
response (12). Previous study has demonstrated that the 
CRP responders in whom the serum CRP level decreases 
by >30% after immunotherapy relative to the baseline levels 
exhibited a good prognosis (16).

This study developed a prediction model for OS using 
baseline and early treatment period responses of the 
serum biomarkers (NLR, CRP, and LDH) in patients 
with NSCLC who were prescribed immunotherapies, not 
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Highlight box

Key findings
• Patients with NSCLC who were prescribed immunotherapy, 

having more than 3rd line of chemotherapy and the early treatment 
period CRP and LDH levels were significant predictors of OS 
after the first immunotherapy.

What is known and what is new?
• Baseline number of l ine of chemotherapy before initial 

immunotherapy, CRP, and LDH are important predictors for OS 
of NSCLC patients prescribed immunotherapy.

• Early treatment period CRP and LDH are important factors for 
predicting OS of NSCLC prescribed immunotherapy.

What is the implication, and what should change now?
• For patients with NSCLC who were prescribed immunotherapy, 

clinicians should check the line of chemotherapy that the patient 
was treated, and the early treatment period CRP and LDH levels 
for predicting the OS.
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combined with conventional chemotherapy. Although these 
serum biomarkers have been previously examined, their 
dynamics have not been reported. We present this article in 
accordance with the REMARK reporting checklist (available 
at https://tlcr.amegroups.com/article/view/10.21037/tlcr-
23-7/rc).

Methods

Study design and participants 

This study retrospectively identified patients who were 
diagnosed with NSCLC and prescribed immunotherapies 
with ipi l imumab,  pembrol izumab,  nivolumab,  or 
atezolizumab between January 1, 2010, and November 25, 
2021, at the Severance Hospital, a tertiary academic medical 
center in South Korea. Patients who had no recorded 
pathological reports and were prescribed chemotherapy 
in combination with immunotherapy were excluded from 
this study to evaluate the effect of immunotherapy alone. 
Additionally, patients with a survival duration of less than 
one year were excluded.

Data collection 

Demographic, diagnosis, laboratory, pathology, treatment, 
and OS data were extracted from electronic medical 
records using a standardized data collection method. 
The demographic data included the age, sex, body mass 
index (BMI), European Cooperative Oncology Group 
(ECOG) and line of chemotherapy of the patients when 
the immunotherapy was first prescribed. Also, the initial 
cancer stage value was collected. The type of lung cancer 
was identified from the diagnosis data. From the pathology 
reports, the cell type of the NSCLC and the epidermal 
growth factor receptor (EGFR) and PD-L1 expression levels 
were retrieved. The laboratory data included the levels of 
NLR, CRP, and LDH, which were previously reported 
to be prognosis prediction markers of immunotherapy. 
The treatment data included the frequency and type of 
immunotherapy prescribed to the patients. The OS was 
defined as the time between the date of immunotherapy 
initiation and the date of death or last follow-up. 

Definitions

The total observation period comprised 14 days before the 
initiation of the first immunotherapy and the first 8 weeks 

of immunotherapy administration. For each laboratory 
parameter, the mean levels within 14 days before the first 
immunotherapy initiation were defined as the baseline 
values. The early treatment period was defined as the period 
of 8 weeks from the first immunotherapy prescription. 
The mean levels of laboratory parameters within the early 
treatment period were considered the early treatment 
values. The condition was defined as aberrant if the levels 
of at least one of the markers were above the physiological 
range (NLR >4, CRP >8 mg/dL, and LDH >247 IU/L). 
Meanwhile, the condition was defined as physiological if the 
levels of parameters were within the physiological range. 
The patients were divided into the following two groups 
based on survival for 1 year: the survival and non-survival 
groups.

Statistical analysis

The demographic variables of patients were summarized 
for the total population and individual group. Categorical 
variables are represented as frequencies and percentages, 
while continuous variables are represented as mean ± 
standard deviation (SD). The laboratory parameter values at 
the baseline and early treatment period were represented as 
median and interquartile range (IQR) and compared using 
the Wilcoxon rank test. In addition, the correlation among 
NLR, CRP, LDH, and PD-L1 levels was investigated 
using a correlation matrix. The categorical and continuous 
variables were investigated. The OS was estimated using the 
Kaplan-Meier method. The correlation between the group 
and OS was assessed using the log-rank test. The survival 
curves were prepared based on each laboratory parameter 
that was aberrant in the baseline and early treatment 
period. The correlation between markers and OS was 
assessed using the Cox proportional hazards model using 
the following covariates: age, sex (female vs. male), and 
baseline and early treatment period levels of NLR (<4 vs. 
≥4), CRP (<8 vs. ≥8 mg/dL), and LDH (<247 vs. ≥247 IU/L)  
as binary variables. The model developed using early 
treatment period laboratory parameters and that developed 
using only baseline laboratory parameters were compared 
with demographic features using the concordance index  
(C-index) (17), which evaluates the performance of the 
survival model. The sensitivity analysis was performed 
by changing the observation period to 2 and 3 years. 
Moreover, the survival was analyzed with the time-varying 
Cox regression model (18), which can reflect not only 
the baseline and the early treatment period response but 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-7/rc
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also the dynamic responses for 8 weeks. The correlation 
between NLR, CRP, LDH, and PD-L1 levels was 
investigated using a correlation matrix. The categorical 
and continuous variables were investigated. The laboratory 
parameter values were imputed using the feed-forward 
method for developing the time-varying Cox regression 
model. In case the laboratory tests were not performed, 
the laboratory values were removed. Since EGFR-mutated 
NSCLC patients are known to show low benefit of ICI 
therapy, we conducted a subgroup analysis of patients 
who were identified as having EGFR mutation. For this 
population, we checked the OS with Kaplan-Meier method 
and analyzed the correlation between markers and OS 
using the Cox proportional hazards model for variables 
that were used in the analysis above. Since there could be 
a selection bias, we also analyzed the patients who has less 
than one-year window period. For the group including 
the patients who had less than 1 year of OS, we compared 
the demographic variables between the survival and non-
survival groups. Also, we analyzed the correlation between 
the markers and OS with Cox proportional hazards models 
that were conducted above. 

All statistical analyses were two-sided tests. Differences 
were considered significant at P<0.05. All statistical analyses 
were performed using R 4.1.0.

Ethical statement

This research was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the institutional review board of Severance Hospital, 
Seoul, Korea (IRB No. 2019-2129-011). Waivers of 
consent were granted based on general impracticability and 
minimal harm.

Results

In total, 1,906 patients diagnosed with lung cancer and 
undergoing immunotherapy at the Severance Hospital 
between January 1, 2010, and November 25, 2021, were 
enrolled in the study. The following cases were excluded 
from the study: cases with non-NSCLC as determined 
from the pathological reports: 107 patients; cases without 
pathological reports: 29 patients; cases who were prescribed 
immunotherapy with conventional chemotherapy:  
798 patients; cases who underwent two immunotherapies 
in the study period: 2 patients (only patients who were 
prescribed immunotherapy once during the study period 
were included); cases for whom the observation period was 
<1 year: 373 patients (Figure 1).

The clinical characteristics of patients are summarized 
in Table 1 .  The mean age of the study cohort was  
61.2±10.2 years. Among the 597 patients included in this 
study, 437 (73.2%) were males. Adenocarcinoma and 
squamous cell carcinoma were diagnosed in 425 (71.2%) and 
160 (26.8%) patients, respectively. The diagnosis was not 
significantly different between the survival and non-survival 
groups. Atezolizumab, pembrolizumab, and nivolumab were 
prescribed for 178 (29.8%), 207 (34.7%), and 212 (35.5%) 
patients, respectively. Most of the patients were stage IV 
(n=575, 96.3%). For line of chemotherapy, patients who had 
secondary line of treatment or more, were the majority in 
the non-survival group (P<0.001). Also, for ECOG, the non-
survival group 0.8±0.9 were higher than the survival group 
0.4±0.6 (P<0.001). Also, for line of chemotherapy, for groups 
that were prescribed with more than 2nd line, most of the 
patients were in the non-survival group (P<0.001).

The NLR and CRP levels at the early treatment period 
were higher when compared with those at the baseline in 
the survival group (Table 2). However, the LDH levels were 

Participants excluded (n=1,309)
• No NSCLC (n=107)
• No pathological reports (n=29)
• Prescribed immunotherapy with conventional 

chemotherapy (n=798)
• Prescribed second immunotherapy in the 

observed window (n=2)
• Observation period less than 1 year (n=373)

Patients diagnosed with lung cancer 
who were prescribed immunotherapy 

(N=1,906)

Patients diagnosed with NSCLC who 
were prescribed only immunotherapy 

(N=597) 

Figure 1 A flow diagram of study participant selection criteria for the study. NSCLC, non-small cell lung cancer.
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Table 1 Baseline characteristics of the identified patients

Characteristics Total (N=597) Survival group (N=265) Non-survival group (N=332) P value

Age (years), mean (SD) 61.2 (10.2) 62.0 (10.0) 60.6 (10.4) 0.008

Sex, n (%) 0.162

Male 437 (73.2) 202 (76.2) 235 (70.8)

Female 160 (26.8) 63 (23.8) 97 (29.2)

BMI (kg/m2), mean (SD) 23.0 (3.3) 23.4 (3.2) 22.6 (3.3) 0.003

ECOG, mean (SD) 0.6 (0.8) 0.4 (0.6) 0.8 (0.9) <0.001

Stage, n (%) <0.574

III 2 (0.3) 0 (0.0) 2 (0.6)

IV 575 (96.3) 258 (97.4) 317 (95.5)

Line of chemotherapy (count), n (%) <0.001

1 97 (16.2) 66 (24.9) 31 (9.3)

2 255 (42.7) 120 (45.3) 135 (40.7)

≥3 201 (33.7) 71 (26.8) 130 (39.2)

Immunotherapy type, n (%) <0.001

Atezolizumab 178 (29.8) 63 (23.8) 115 (34.6)

Pembrolizumab 207 (34.7) 118 (44.5) 89 (26.8)

Nivolumab 212 (35.5) 84 (31.7) 128 (38.6)

Histological type, n (%) 0.509

Adenocarcinoma 425 (71.2) 185 (69.8) 240 (72.3)

Squamous cell carcinoma 160 (26.8) 76 (28.7) 84 (25.3)

Others 12 (2.0) 4 (1.5) 8 (2.4)

EGFR status, n (%) 0.003

Wild-type 251 (42.0) 119 (44.9) 132 (39.8)

Mutant 79 (13.2) 22 (8.3) 57 (17.2)

Unknown 267 (44.7) 124 (46.8) 143 (43.1)

PD-L1 expression (%), mean (SD) 36.5 (39.4) 47.0 (40.8) 27.6 (35.9) <0.001

Observation (days), mean (SD) 224.1 (143.7) 365 (0.0) 111.6 (92.7) <0.001

SD, standard deviation; BMI, body mass index; ECOG, European Cooperative Oncology Group; EGFR, epidermal growth factor receptor; 
PD-L1, programmed cell death ligand 1.

Table 2 Comparison of laboratory parameter values between baseline and early treatment period in the survival and non-survival groups1

Parameters 
Survival group Non-survival group

Baseline Early treatment period P value Baseline Early treatment period P value

NLR, median [IQR] 2.60 [1.82–3.86] 2.51 [1.84–3.88] 0.8 4 [3–7] 7 [4–14] <0.001

CRP (mg/dL), median [IQR] 7 [2–26] 7 [2–38] >0.9 29 [6–70] 64 [29–112] <0.001

LDH (IU/L), median [IQR] 224 [181–292] 205 [177–240] 0.042 216 [188–270] 320 [236–482] <0.001
1, P value was calculated using the Wilcoxon rank sum test. NLR, neutrophil-lymphocyte ratio; IQR, interquartile range; CRP, C-reactive 
protein; LDH, lactate dehydrogenase.
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significantly different between the early treatment period 
and baseline in the non-survival group but not in the survival 
group. Moreover, the median NLR and CRP levels in the 
non-survival group were higher than those in the survival 
group at the baseline {median (IQR); NLR, 2.60 (1.82–3.86) 
vs. 4 [3–7], P<0.001; CRP, 7 mg/dL (2–26 mg/dL) vs.  
29 mg/dL (6–70 mg/dL); P<0.001} (Table 2). In contrast, 
the median LDH levels were not significantly different 
between the survival and non-survival groups at the baseline 
[median (IQR); 224 IU/L (181–292 IU/L) vs. 216 IU/L 
(188–270 IU/L); P=0.9] (Table S1). At the early treatment 
period, the NLR, CRP, and LDH levels in the non-
survival group were higher than those in the survival group  
(Table S1). In our correlation analysis in categorized 
variables, we found that early treatment period NLR, LDH 
were positively correlated to early treatment CRP levels, 
0.468 and 0.620 respectively. Also, early treatment period 
CRP levels were positively correlated with baseline CRP 
levels with 0.781. Also, early treatment period NLR showed 
0.547 of correlation with early treatment period LDH. 
However, with the continuous variables, there were no 
variables that showed correlation over 0.5 (Figure S1A,S1B).

The survival curves stratified based on the aberrant 
levels of each laboratory parameter at the baseline and 
early treatment period were significantly different (log-
rank test, P<0.0001). Patients with aberrant baseline and 
early treatment period NLR and CRP levels exhibited the 
poorest prognosis, followed by patients with physiological 
baseline NLR and CRP levels but aberrant early treatment 
period NLR and CRP levels and patients with physiological 
early treatment period NLP and CRP levels. The prognosis 
of patients with physiological early treatment period 
LDH levels was significantly better than that of patients 
with aberrant early treatment period LDH levels when 
the patients had physiological baseline LDH (log-rank 
test, P<0.0001). Additionally, the prognosis of patients 
with aberrant baseline and early treatment period LDH 
levels was significantly poorer than that of patients with 
physiological baseline and early treatment period LDH 
levels (log-rank test, P<0.001) (Figure 2; Table S2).

The OS prediction model based on age, sex, BMI, 
ECOG, line of chemotherapy, initial stage and the baseline 
and early treatment period NLR, CRP, and LDH levels 
are shown in Table 3. Additionally, the OS prediction 

Figure 2 Kaplan-Meier curves for OS stratified based on aberrant laboratory parameters at baseline and early treatment period in patients 
with non-small cell lung cancer undergoing immunotherapy only. Strata 1, 2, 3, and 4 indicate baseline physiological and early treatment 
period physiological, baseline physiological and early treatment period aberrant, baseline aberrant and early treatment period physiological, 
and baseline aberrant laboratory parameter and early treatment period aberrant laboratory parameter respectively. (A) Kaplan-Meier 
curves of OS stratified based on aberrant NLR at baseline and early treatment period; (B) Kaplan-Meier curves of OS stratified based on 
aberrant CRP at baseline and early treatment period; (C) Kaplan-Meier curves of OS stratified based on aberrant LDH at baseline and early 
treatment period. NLR, neutrophil-lymphocyte ratio; CRP, C-reactive protein, LDH, lactate dehydrogenase; OS, overall survival.
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Table 3 Univariate and multivariate analyses of predictors of overall survival using the Cox proportional hazards regression model

Variables
Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value

Age 0.99 (0.98–1.00) 0.071 1.00 (0.96–1.03) 0.830

Sex

Female 1 1

Male 0.81 (0.64–1.03) 0.081 1.50 (0.69–3.25) 0.303

BMI 0.93 (0.90–0.97) <0.001 1.01 (0.92–1.11) 0.817

ECOG 1.68 (1.49–1.90) <0.001 1.48 (1.06–2.04) 0.019

Stage

III 1 1

IV 0.42 (0.10–1.69) 0.222 NA

Line of chemotherapy

1 1 1

2 1.93 (1.31–2.86) 0.001 2.38 (0.78–7.24) 0.127

≥3 2.71 (1.83–4.01) <0.001 3.19 (1.04–9.82) 0.043

Baseline NLR levels

Physiological 1 1

Aberrant 2.73 (2.20–3.40) <0.001 1.84 (0.92–3.68) 0.084

Early treatment period NLR levels

Physiological 1 1

Aberrant 4.69 (3.53–6.23) <0.001 1.30 (0.61–2.80) 0.498

Baseline CRP levels 

Physiological 1 1

Aberrant 2.16 (1.67–2.79) <0.001 1.58 (0.84–2.94) 0.153

Early treatment period CRP levels

Physiological 1 1

Aberrant 6.64 (4.40–10.02) <0.001 3.88 (1.55–9.72) 0.004

Baseline LDH levels

Physiological 1 1

Aberrant 0.80 (0.54–1.18) 0.257 0.74 (0.41–1.37) 0.341

Early treatment period LDH levels

Physiological 1 1

Aberrant 4.72 (3.49–6.38) <0.001 4.04 (2.01–8.12) <0.001

HR, hazard ratio; CI, confidence interval; SD, standard deviation; BMI, body mass index; ECOG, European Cooperative Oncology Group; 
NLR, neutrophil-lymphocyte ratio; CRP, C-reactive protein; LDH, lactate dehydrogenase.
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model based on only baseline NLR, CRP, and LDH levels 
was developed (Table S3). In the baseline only prediction 
model, only the NLR value [hazard ratio (HR) =3.14; 
95% confidence interval (CI): 2.07–4.76; P<0.001] was the 
significant predictor of OS. However, univariate analysis 
revealed that all laboratory parameters (except baseline 
LDH status) were significant predictors of OS when the 
early treatment period laboratory parameter values were 
included in the analysis. Multivariate analysis revealed that 
the early treatment period CRP (HR =3.88; 95% CI: 1.55–
9.72; P=0.004) and LDH (HR =4.04; 95% CI: 2.01–8.12; 
P<0.001) were significant predictors of OS. The C-index 
and the R-squared value of the multivariate model was 0.809 
[standard error (SE) =0.028] and 0.503, respectively, which 
was higher than that of the baseline only model [C-index 
=0.703 (SE =0.028); R-squared value =0.272]. The line of 
chemotherapy were also significant factors for predicting 
of OS. For 3rd line of chemotherapy, (HR =3.19; 95% CI: 
1.04–9.82; P=0.043). However, the HR for stage value. 

In the sensitivity analysis, 2- and 3-year OS prediction 
models also revealed that early treatment period CRP and 
LDH levels were significant predictors of OS (Table S4) 
Moreover, the time-varying Cox proportional hazards 
regression model revealed that NLR (HR =2.45; 95% CI: 
1.74–3.45; P<0.001), CRP (HR =3.37; 95% CI: 2.19–5.17; 
P<0.001), and LDH (HR =3.31; 95% CI: 2.32–4.72; 
P<0.001) were significant predictors of OS (Table S5).  
The analysis of the EGFR-mutated NSCLC patients 
showed similar to the previous analysis, the Kaplan-Meier 
curve was distinguished between the groups, and the 
survival rate of patients with outliers detected in the early 
treatment period was relatively lower than that of other 
groups in all lab results (log-rank test, P<0.01) (Figure S2).  
Early treatment period LDH (HR =4.26; 95% CI: 1.41–
12.81; P=0.010) was identified as a significant factor in 
the multivariable analysis (Table S6). The distribution of 
population was similar with the results that excluded the 
patients who had less than one-year observation window 
(Table S7). We also performed HR modeling for patients 
who survived one year or less. Early treatment period CRP 
and LDH remained significant factors to predict the OS, 
and there were no distinctive differences in the Kaplan-
Meier curves (Figure S3, Table S8).

Discussion

In this study, the prognostic value of NLR, CRP, and 
LDH levels at baseline (before the first immunotherapy 

prescription) and early treatment period (within 8 weeks 
after the first immunotherapy prescription) was analyzed. In 
total, 597 patients who were diagnosed with NSCLC and 
prescribed only immunotherapy were selected. The baseline 
NLR levels and the early treatment period CRP and LDH 
levels were significant predictors of OS after the first 
immunotherapy. The performance of the OS prediction 
model including early treatment response was better than 
that of the OS prediction model including only baseline 
laboratory parameters.

The study population in most previous studies (12,19-21)  
comprised less than 500 patients. However, this study 
enrolled more than 500 patients who were all Asians. 
The time at enrolment was not the same as the time of 
diagnosis, but it is the time at which immunotherapy was 
first prescribed. 

Atezolizumab was prescribed later than pembrolizumab 
and nivolumab. Therefore, atezolizumab was the least 
prescribed immunotherapeutic in the study period. 
According to the Korean drug insurance benefits for 
immunotherapy in NSCLC, pembrolizumab should be 
prescribed when PD-L1 expression is more than 50% after 
conventional cytotoxic chemotherapy treatment, while 
nivolumab can be prescribed when PD-L1 expression is 
more than 10%. Thus, nivolumab was commonly prescribed 
when compared with pembrolizumab. Including patients 
whose observation period was less than 1 year, atezolizumab 
was the most prescribed immunotherapeutic. This may be 
because atezolizumab can be prescribed irrespective of PD-
L1 expression level. 

The NLR, CRP, and LDH levels at the baseline were 
not significantly different from those at the early treatment 
period in the survival group. However, the NLR, CRP, and 
LDH levels were significantly different between the baseline 
and the early treatment period in the non-survival group. 
Patients with aberrant baseline and early treatment period 
NLR and CRP levels exhibited poorer prognosis than 
those with aberrant baseline NLR and CRP levels but early 
treatment physiological NLR and CRP levels. However, the 
LDH levels exhibited the opposite trends. This was because 
the CI values of LDH widely varied as the number of LDH 
tests was lower than that of other laboratory tests. 

This study demonstrated that in addition to the response 
of pretreatment laboratory parameters, the response 
of laboratory parameters in the early treatment period 
can predict the prognosis of patients with NSCLC who 
underwent immunotherapy. However, the critical time 
point varied for different laboratory parameters. That is, 
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the baseline NLR levels were significant predictors of OS. 
In contrast, in the early treatment period, CRP and LDH 
levels were significant predictors of OS. Moreover, both the 
C-index and R-squared values in the Cox regression model 
with early treatment laboratory parameter values were 
higher than those in the Cox regression model with baseline 
only values of laboratory parameters. This indicates that the 
prediction model with early treatment response exhibited 
enhanced performance and enabled comprehensive data 
analysis. In the time-varying model, the highest C-index 
was 0.800. However, the time-varying model comprised the 
weekly values. Thus, the practicality of the time-varying 
model was lesser than that of the multivariate model.

In a previous study, pretreatment NLR levels over the 
threshold values were predictors of short OS (HR =3.977; 
95% CI: 1.227–12.889; P=0.014) in patients with renal 
cell carcinoma who were prescribed immunotherapy (10). 
The dynamic changes in the levels of NLR—baseline NLR 
(HR =1.515; 95% CI: 1.26–1.82), NLR levels before the 
second dose (HR =1.67; 95% CI: 1.39–2.00), and NLR 
trend (HR =1.58; 95% CI: 1.11–2.27)—were independent 
prognostic factors for OS in patients with solid cancer 
who were prescribed immunotherapy (19). Tumor cells 
secrete chemokines, such as interleukin-8 (IL-8) and recruit 
neutrophils into the tumor, resulting in tumor progression 
and enhanced metastatic potential (22,23). This study did 
not find a significant association between baseline and 
early treatment period NLR and OS. The HR for baseline 
NLR was 1.84 (95% CI: 0.92–3.68; P=0.084), although 
the multivariate Cox regression for baseline NLR showed 
a P value of 0.08, which was likely due to the small sample 
size. A sensitivity analysis including patients with less than 
one-year windows found a HR of 1.64 (95% CI: 0.99–2.70; 
P=0.053), which was still not a significant result, but the 
trend remained present. 

Early treatment period CRP levels were significant 
predictors of OS. This was consistent with the results of 
a previous study, which reported that the CRP responder 
in whom the serum CRP levels decreased by 30% after 
immunotherapy relative to the baseline exhibited a good 
prognosis (HR =0.20; 95% CI: 0.10–0.42) (16). However, 
the time window for distinguishing between the responder 
and the non-responder was 12 weeks in the previous study, 
whereas it was 8 weeks in this study. The short period 
needed to distinguish between the responder and non-
responder is important because the timely identification of 
non-responders can significantly contribute to the OS of 
patients. Elevated CRP levels can be explained by persistent 

enhanced inflammatory responses in tumors that suppress 
anti-tumor immunity and promote cancer progression 
through several mechanisms (24), resulting in a poor 
prognosis of immunotherapy.

Limited studies have examined LDH kinetics in cancer 
treatment. LDH kinetic analysis has advantages over 
baseline LDH analysis in predicting the prognosis of 
patients with NSCLC treated with bevacizumab (25). The 
absolute LDH levels and LDH ratios with longitudinal 
LDH were associated with the response to chemotherapy 
in nasopharyngeal cancer (26). Elevated LDH levels can be 
explained by the increased glycolytic activity in the tumor, 
as well as by tumor necrosis owing to high tumor burden-
induced hypoxia. Glycolysis and hypoxia contribute to an 
immune suppressive microenvironment (27), resulting in a 
poor prognosis of immunotherapy.

The  base l ine  CRP and  LDH va lues  were  not 
significantly different between the survival and non-survival 
groups in this study. To examine the underlying reason, the 
HR changes were plotted against the laboratory parameter 
changes (Figure S4). In this graph, the baseline CRP and 
LDH levels exhibited nonconstant changes with the increase 
in laboratory parameter values. However, the baseline and 
early treatment NLR levels and early treatment CRP and 
LDH levels increased with only positive HR values as the 
laboratory parameter values increased. This explains the 
non-significant difference in baseline CRP and LDH levels 
between the survival and non-survival groups. 

Laboratory tests, including complete blood count, 
differential testing, and CRP and LDH analyses, are 
inexpensive and almost routinely performed in every 
cycle of PD-1/PD-L1 inhibitor treatment. Thus, these 
laboratory tests are easily available. A prediction model can 
be developed by combining these laboratory tests at both 
baseline and early treatment periods. These parameters can 
serve as universally accessible predictive and prognostic 
markers of therapy response.

Limitations

This study had some limitations. As this was a retrospective 
study, the selection and information bias of the population 
comprising patients with diverse characteristics primarily 
treated based on protocol before the prescription of 
immunotherapy as the common standard of care for 
NSCLC must be considered. Additionally, information on 
potential time-dependent confounders, such as infections 
that may have affected CRP levels was not available and 
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thus could not be included in this study. Furthermore, 
only OS was evaluated in this study. Future studies must 
include non-cancer deaths rather the progression-free 
survival. However, this is a large cohort study that provided 
useful information on the prognostic and predictive value 
of pretreatment and early treatment period NLR, CRP, 
and LDH levels, which reflect the dynamic changes in the 
laboratory parameters.

Conclusions

I n  p a t i e n t s  w i t h  N S C L C  w h o  w e r e  p r e s c r i b e d 
immunotherapy, the early treatment period CRP and 
LDH levels were significant predictors of OS after the first 
immunotherapy.
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