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High level of C-reactive protein as a predictive factor for immune-
related adverse events of immune checkpoint inhibitors in non-
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Background: Several risk factors for the immune-related adverse events (irAEs) during treatment with 
immune checkpoint inhibitors (ICIs) have been reported, of which include high levels of C-reactive protein 
(CRP). In this study, we aim to evaluate CRP levels before ICIs treatments as potential predictive biomarkers 
of irAEs incidence rate and overall survival (OS) in patients with advanced non-small cell lung cancer 
(NSCLC).
Methods: Between December 1, 2015 to December 31, 2019, we retrospectively collected all adult patients 
with NSCLC who received at least one dose of an ICI targeting the PD-1/PD-L1 axis at the Iwate Medical 
University Hospital in Japan. In this study the patients were categorized into low and high groups with a 
cut-off value of 10 mg/L as the baseline level of CRP before the ICI treatment. The primary endpoint was 
relationship between CRP levels at baseline and incidence of irAEs. The secondary endpoints were the 
relationship of progression-free survival (PFS) and OS.
Results: A total of 101 irAEs, and 25 severe irAEs were observed. The incidence of the most irAEs was 
higher in the high CRP group compared to the low CRP group (54.4% vs. 34.5%, respectively, P=0.003). 
The most frequent irAEs were skin rush (28.8%), followed by pneumonitis (19.2%), hypothyroidism (15.4%), 
and hepatotoxicity (9.6%). The most common grade 3 or 4 irAEs was pneumonitis (7.9%), which tended 
to be more frequent in the high CRP group. In multivariate analysis, patients with high CRP levels had an 
adjusted OR of 2.41 and were associated with an increased risk of developing irAEs (95% CI: 1.16–4.43, 
P=0.020). The high CRP group was related with shorter PFS compared to the low CRP group (2.2 vs.  
3.3 months, respectively, P=0.006). The high CRP group were also related with shorter OS compared to the 
low CRP group (8.9 vs. 39.1 months, respectively, P<0.001). 
Conclusions: The results suggest that higher level of pretreatment CRP is involved in the development 
of irAE and poor prognosis. Identification of patients at high risk of irAEs would be of great help. Future 
multicenter prospective studies are needed to expand on this study.
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Introduction

Immune checkpoint inhibitors (ICIs) are effective for a wide 
variety of cancers including lung cancer (1-3). However, 
a major proportion of patients with non-small cell lung 
cancer (NSCLC) treated by ICIs are non-responders, and 
more than two thirds of patients develop acquired resistance 
during ICIs treatments (4). Therefore, reproducible 
predictive biomarkers need to be developed in order to 
improve patient selection, to maximize treatment benefit 
and to decrease serious toxicities of ICIs treatment. To date, 
validated predictive markers of ICIs responsiveness include 
Eastern Cooperative Oncology Group performance status 
(ECOG PS) and programmed cell death ligand 1 (PD-L1) 
tumor proportion score (TPS) (5).

ICIs treatments might cause immune-related adverse 
events (irAEs), when an immune response is extended 
to normal tissue (6). These irAEs can occur in any organ 
system and induce variety of symptoms. Some patients 
might experience higher grades of irAEs that require 
hospitalization or termination of treatments and irAEs 
often are life-threatening (7). Therefore, development of 
biomarkers capable of early detection and monitoring of 

irAEs is also needed.
Several risk factors for the irAEs before treatment with 

ICIs have been reported, of which high levels of pro-
inflammatory markers and pro-inflammatory cytokines 
are candidates (8). C-reactive protein (CRP), a popular 
biomarker of the inflammatory response, as an acute phase 
protein of hepatic origin, has been strongly associated with 
poor prognosis for NSCLC patients (9,10). Therefore, 
we considered that CRP could be promising predictors of 
irAEs. Although previous reports have investigated changes 
in CRP levels from the baseline of ICIs treatment to the 
occurrence of irAEs (11,12), it has been still unknown that 
the frequency and severity of irAEs in patients with high 
CRP levels at baseline.

We aim to evaluate CRP levels before ICIs treatments as 
potential predictive biomarkers of irAEs incidence rate and 
overall survival (OS) in patients with advanced NSCLC. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-85/rc).

Methods

Patient population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Ethics Committee of Iwate Medical 
University Graduate School and Faculty of Medicine 
(https://www.iwate-med.ac.jp) (approval No. MH2021-144), 
and informed consent from each patient was waived due to 
the retrospective nature of this study. Potentially eligible 
patients were identified from the database of the Iwate 
Medical University Hospital. The following main inclusion 
criteria were applied: (Ⅰ) a diagnosis of NSCLC by histology 
or cytology; (Ⅱ) monotherapy with an anti-PD-1 antibody 
(nivolumab, pembrolizumab), anti-PD-L1 antibody 
(atezolizumab, durvalumab); (Ⅲ) immunoserological tests 
including CRP have been measured before ICI treatments. 
The exclusion criteria included: (Ⅰ) patients experiencing 
active autoimmune disease or history of autoimmune 
disease; (Ⅱ) chemotherapy such as ICIs and platinum-based 
preparations is used in combination; (Ⅲ) have an infection 
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that requires systemic administration of antibacterial, 
antifungal or antiviral drugs; (Ⅳ) history of severe 
interstitial pneumonia, including radiation pneumonia; (Ⅴ) 
patients treated with dual immunotherapy.

Study design

Between December 1, 2015 to December 31, 2019, we 
retrospectively included adult patients (≥20 years old) with 
NSCLC patients met all those meeting inclusion criteria 
during the defined study period were included. The patients 
were categorized into low and high groups with a cut-off 
value of 10 mg/L as the baseline level of CRP before the 
ICI treatment (13). The primary endpoint was relationship 
between CRP levels at baseline and incidence of irAEs. The 
secondary endpoints were the relationship of progression-
free survival (PFS) and OS. Patients characteristics 
including age, gender, body mass index (BMI), histological 
type, epidermal growth factor receptor (EGFR) mutation, 
PD-L1 expression, smoking status, clinical stage, ECOG 
performance status, incidence of irAEs were collected from 
medical records. Data of according to baseline CRP levels 
PFS and OS were evaluated with computed tomography 
(CT) scans and MRI and medical records. The date of the 
follow-up cutoff was December 31, 2021.

Clinical assessment

The CRP levels of within 14 days before the start of ICIs 
treatment was considered as the baseline CRP levels. 
Adverse events were graded according to the Common 
Terminology Criteria for Adverse Events (CTCAE) v4.0 
published by the National Institute of Health in 2010. PFS 
was evaluated for the period from the date of start of ICI 
treatment to the date when progression of disease or death 
occurred. OS was evaluated for the period from the date of 
start of ICI treatment to the date of death. 

Statistical analysis

The irAEs incidence rate among CRP levels was compared 
between the two groups with chi-square test. We performed 
a stepwise backwards (Wald) method univariate and 
multivariate logistic regression analyses to identify variables 
associated with irAEs incidence. Kaplan-Meier survival 
curves were drawn for PFS and for OS, difference between 
high CRP group and the low CRP group were analyzed 
by means of a log-rank test. Hazard ratios (and 95% 

confidence intervals) were calculated with the use of a Cox 
proportional-hazards analysis. Each analysis was performed 
with the use of a two-sided, 5% significance level and a 
95% confidence interval by means of SPSS 28.0 (SPSS Inc., 
Chicago, IL, USA).

Results

Basic information on patients with different CRP levels

Between December 1, 2015 to December 31, 2019, 
274 patients with NSCLC treated with chemotherapy 
or immunotherapy were collected for the trial. ICI 
monotherapies were administered to 178 patients and  
15 patients were excluded according to criteria as shown 
in Figure 1. Eighty-four patients were assigned to the 
low CRP group and 79 patients to the high CRP group 
(Figure 1). There were no missing values for all the relevant 
variables. The baseline characteristics of these patients are 
listed in Table 1. In eligible patients, a mean age was 67.6 
years (range, 38–89), male was 79.1%, and 59.5% patients 
had adenocarcinomas. PD-L1 expression was categorized 
into four groups (<1%, 1–49%, ≥50% and unknown). 
Distribution was not difference among PD-L1 expression. 
Of the analysed sample, 132 (81.0%) were current and 
former smokers and 31 (19.0%) were never smokers. In 
comparison between high and low CRP groups, squamous 
cell carcinoma, smoker, and poor PS were more in the high 
CRP group, and more EGFR mutated tumor in the low 
CRP group. These factors were managed by multivariate 
analyses.

The correlation between CRP level and irAEs

We first analyzed the incidence rates for each irAEs. 
The median duration of ICI administration for patients 
included in the study was 2.6 months (2.0 months for the 
high CRP and 3.0 months low CRP groups; P=0.017). 
All incidence of irAEs was significantly higher in the high 
CRP group compared to the low CRP group (54.4% 
vs. 34.5%, respectively, P=0.003) (Figure 2). A total of  
101 irAEs, and 25 severe irAEs were observed (Figure 3). 
The most frequent irAEs were skin rush (28.8%), followed 
by pneumonitis (19.2%), hypothyroidism (15.4%), and 
hepatotoxicity (9.6%). The most common grade 3 or  
4 irAEs was pneumonitis (7.9%), which tended to be more 
frequent in the high CRP group. Multivariate regression 
analysis was performed to assess the risk factors for 
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irAEs (Table 2). The variables uterized in the multivariate 
regression model were selected according to the univariate 
analysis results. Of the 163 patients, 72 developed irAEs 
of any grade during ICI treatment. In univariate analysis, 
high CRP and non-adenocarcinoma were associated with a 
high risk of incidence irAEs, with an adjusted odds ratio of 
2.35 in the high CRP group (95% CI: 1.24–4.43, P=0.004) 
and 1.89 in non-adenocarcinoma (95% CI: 1.00–3.58, 
P=0.056). In multivariate analysis, patients with high CRP 
levels had an adjusted OR of 2.41 and were associated with 
an increased risk of developing irAEs (95% CI: 1.16–4.43, 
P=0.020).

The correlation between CRP level and survival time

The results of Kaplan-Meier survival analysis of PFS and 
OS were shown in Figures 4,5, respectively. As for reasons 
for discontinuation of ICIs, 45 patients (53.6%) in the low 
CRP group and 43 patients (54.4%) in the high CRP group 
discontinued due to disease progression. Discontinuations 
due to irAEs were 15 patients (17.9%) in the low CRP 
group and 18 patients (22.8%) in the high CRP group. 
The median follow-up duration was 8.9 months. The high 
CRP group was related with shorter PFS compared to the 
low CRP group (2.2 vs. 3.3 months, respectively, P=0.006). 
The high CRP group were also related with shorter OS 
compared to the low CRP group (8.9 vs. 39.1 months, 
respectively, P<0.001).

In different subgroups, we used Cox’s proportional 
hazard model to analyze the relationship between various 
factors and OS (Table 3). The higher level of CRP was 
associated with the worse prognosis and the hazard ratio 
was 2.45 (95% CI: 1.53–6.39, P<0.001). Compared between 
ECOG PS =0–1, ECOG PS ≥2, PS >2 was more likely to 
reflect the patient’s survival (hazard ratio =3.12; 95% CI: 
1.52–6.39, P=0.002).

Discussion

In this study, we showed that high CRP levels were 
associated with a high incidence of irAEs and poor prognosis 
by assessing CRP levels prior to ICI monotherapy. These 
data contribute to the prediction of the development of 
irAEs and the survival of patients treated with ICIs, and 
CRP may be one of the candidate biomarkers for predicting 
the development of irAEs and treatment response to ICIs 
treatment.

First, the cutoff point for CRP elevation was determined 
to be 10 mg/L, based on a systematic review of the 
relationship between CRP levels and prognosis in solid 
tumors (13). Although there have been several reports of the 
association between CRP levels and irAEs, those reports 
analyzed CRP levels after the development of irAEs during 
ICI treatment (11,12). One report focused on distinguishing 
methods to distinguish between irAEs and infection and 
irAEs (12). Previous studies have investigated CRP before 

December 1, 2015–December 31, 2019
NSCLC patients treated with chemotherapy or immunotherapy (n=274)

NSCLC patients treated with ICI (n=178)

Low baseline CRP group treated with ICI
<10 mg/L (n=84)

High baseline CRP group treated with ICI
≥10 mg/L (n=79)

Excluded:
•	Combination with chemotherapies (n=11)
•	History of autoimmune disease and taking 

immunosuppressive drugs (n=2)
•	Use of antibiotic agents before the start of 

treatment (n=2)

Figure 1 Flowchart of patient inclusion and exclusion. NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor; CRP, 
C-reactive protein.
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Table 1 Baseline characteristics of patients

Variables Total (n=163) Low CRP group (n=84) High CRP group (n=79)

Age (years), mean ± SD 67.6±9.0 68.1±9.1 67.1±10.0

Male, n (%) 129 (79.1) 60 (71.4) 69 (87.3)

BMI (kg/m2), mean ± SD 21.4±3.6 21.8±3.3 20.9±3.9

Histological type, n (%)

Squamous cell carcinoma 50 (30.7) 17 (20.2) 33 (41.8)

Adenocarcinoma 97 (59.5) 63 (75.0) 34 (43.0)

Other 16 (9.8) 4 (4.8) 12 (15.2)

EGFR mutation 12 (7.4) 11 (13.1) 1 (1.3)

PD-L1 expression, n (%)

Negative 24 (14.7) 12 (14.3) 12 (15.2)

1–49% 26 (16.0) 10 (11.9) 16 (20.2)

≥50% 30 (18.4) 17 (20.2) 13 (16.5)

Unknown 83 (50.9) 45 (53.6) 38 (48.1)

Smoking status, n (%)

Current/former 132 (81.0) 58 (69.0) 74 (93.7)

Never 31 (19.0) 26 (31.0) 5 (6.3)

Clinical stage, n (%)

III 15 (9.2) 10 (11.9) 5 (6.3)

IV 148 (90.8) 74 (88.1) 74 (93.7)

Treatment lines, n (%)

1 23 (14.1) 7 (0.83) 16 (20.3)

2 95 (58.3) 50 (59.5) 45 (56.9)

≥3 45 (27.6) 27 (32.2) 18 (22.8)

ECOG PS, n (%)

0/1 150 (92.0) 82 (97.6) 68 (86.1)

≥2 13 (8.0) 2 (2.4) 11 (13.9)

Immunotherapeutic agent, n (%)

Nivolumab 95 (58.3) 45 (53.6) 50 (63.3)

Pembrolizumab 33 (20.2) 12 (14.3) 21 (26.6)

Atezolizumab 20 (12.3) 15 (17.8) 5 (6.3)

Durvalumab 15 (9.2) 12 (14.3) 3 (3.8)

CRP, C-reactive protein; SD, standard deviation; BMI, body mass index; EGFR, epidermal growth factor receptor; PD-L1, programmed cell 
death ligand 1; ECOG PS, Eastern Cooperative Oncology Group performance status.



Onodera et al. High CRP inducing irAE of ICI monotherapy4242

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(8):4237-4247 | https://dx.doi.org/10.21037/jtd-23-85

and after the onset of irAEs. The novelty of this study is 
that we focused on baseline CRP before ICI administration 
and examined its correlation with the onset of irAEs, 
duration of ICI treatment, and OS. The pathogenesis of 
irAEs is not fully understood. It is hypothesized that irAEs 
development is induced by promoting the production of 
inflammatory cytokines IL-1, IL-6, IL-12, and TNF-α 
and inhibiting regulatory T cells that act negatively against  
inflammation (14). The correlation between CRP and 

IL-6 has already been demonstrated (15). Tocilizumab, an 
IL-6 receptor antagonist, has been shown to be involved in 
the control of irAEs by activating regulatory T cells (12).  
Patients with melanoma had elevated CRP when irAEs 
occurred, with patients with CRP >2 times the ULN 
being more likely to have irAEs than those with CRP 
below the ULN (11). Therefore, we speculate that ICIs 
treatment in patients with an already high inflammatory 
state may increase the incidence of irAEs by stimulating the 
production of proinflammatory cytokines.

In addition, reports on the survival of patients treated 
with CRP and ICIs have shown that CRP is a poor 
prognostic factor in various carcinomas (16-18). Suzuki 
et al. showed a strong association between elevated pre-
treatment CRP levels and worse OS in patients with 
metastatic renal cell carcinoma treated with nivolumab. 
They further showed that a reduction in CRP ≥25% during 
ICI treatment predicted improved treatment response (19). 
In the present study, shorter PFS and OS were observed in 
patients with higher CRP levels prior to ICIs treatment, 
similar to previous reports (20). PFS was very limited, with 
3.3 months in the low CRP group and 2.2 months in the 
high CRP group. Previous studies have shown a PFS of  
3.5 months (95% CI: 2.1–4.9 months) in the nivolumab-
treated group in the Checkmate-017 study in non-
squamous cell carcinoma, which was similar to the results 
of this study (21). A meta-analysis reported that the 
development of irAEs during ICIs correlated with a better  
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Figure 2 The patients were categorized into low and high groups 
with a cut-off value of 10 mg/L as the baseline level of CRP 
before the ICI treatment. The irAE incident rates were compared 
between high and low groups of CRP level. irAE, immune-related 
adverse event; CRP, C-reactive protein; ICI, immune checkpoint 
inhibitor.

Figure 3 The incidence and severity of irAEs by low CRP group (L) and high CRP group (H) are shown for each irAE by organ. The black 
square represents grade 1–2 irAE. The white square represents grade 3–4 irAEs. CRP, C-reactive protein; irAE, immune-related adverse 
event. 
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Table 2 Univariate and multivariate analysis for incidence of irAEs

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age (years) 0.075

<65 1.00 (reference)

≥65 1.89 (0.95–3.78)

Gender 0.976

Female 1.00 (reference)

Male 1.02 (0.47–2.18)

BMI (kg/m2) 0.234

<22.0 1.00 (reference)

≥22.0 0.67 (0.35–1.29)

Baseline CRP (mg/L) 0.004 0.020

<10 1.00 (reference) 1.00 (reference)

≥10 2.35 (1.24–4.43) 2.41 (1.16–4.43)

Histology 0.056 0.423

Adenocarcinoma 1.00 (reference) 1.00 (reference)

Non-adenocarcinoma 1.89 (1.00–3.58) 1.36 (0.65–2.85)

PD-L1 expression 0.152

<50% 1.00 (reference)

≥50% 0.54 (0.23–1.26)

Smoking status 0.135

Never 1.00 (reference)

Current/former 1.89 (0.82–4.32)

Immunotherapeutic agent

Anti-PD-1 therapy 1.00 (reference) 0.092

Anti-PD-L1 therapy 0.50 (0.23–1.11)

ECOG PS 0.129

0–1 1.00 (reference)

>2 0.35 (0.09–1.31)

Clinical stage 0.243

III 1.00 (reference)

IV 1.59 (0.73–3.49)

EGFR 0.179

Wild type 1.00 (reference)

Mutant 0.39 (0.10–1.50)

irAEs, immune-related adverse events; OR, odds ratio; CI, confidence interval; BMI, body mass index; CRP, C-reactive protein; PD-L1, 
programmed cell death ligand 1; PD-1, programmed cell death protein-1; ECOG PS, Eastern Cooperative Oncology Group performance 
status; EGFR, epidermal growth factor receptor.



Onodera et al. High CRP inducing irAE of ICI monotherapy4244

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(8):4237-4247 | https://dx.doi.org/10.21037/jtd-23-85

prognosis (22). Although the precise mechanisms by which 
irAEs occur have not been fully uncovered, they are thought 
to represent effects from activated T-cells and are consistent 
with the mechanism of action of ICIs (23,24). One set of 
studies suggests that perhaps irAEs are triggered by antigens 
that are common to both tumor and inflamed organ (25). 
No significant difference was found in the correlation 
between the development of irAEs and survival in this study  
(Figure S1).

When OS was compared between high and low CRP 
levels in patients with irAEs only, a significantly shorter 
survival was suggested in the group with higher CRP levels 
(Figure S2). A reason for marked difference in OS than 
PFS in this study may be the influence of CRP on OS as a 
prognostic factor (26,27). These results suggest that patients 
in an inflammatory state may be less likely to benefit 
positively from the occurrence of irAEs in ICIs.

This study has several limitations. First, this study 
was based on retrospective data collection from a single 
institution. Data bias was inevitable and it was difficult to 

accumulate a sufficient number of cases. Second, CRP may 
be elevated not only by inflammation but also by infection. 
In this study, patients who received antimicrobials were 
excluded to avoid enrolling patients with infections, but not 
all patients with infections could be completely excluded.

The CRP has potential predictive biomarkers for irAEs, 
measurement of CRP prior to ICIs treatment can screen out 
and exclude those who are not suitable for immunotherapy. 
In future, the relevance of inflammatory markers such as 
CRP and IL-6, as well as routine blood parameters and 
other unidentified biomarkers, should be clarified in large 
prospective clinical trials. The best treatment option can 
then be offered within the ICIs treatment strategy.

Conclusions

This study has shown that CRP should be measured prior 
to ICI treatment and that patients with high CRP can’t 
benefit enough from ICI treatment. CRP is a key factor in 
the choice of treatment for NSCLC patients.
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Figure 4 Kaplan-Meier curves for PFS for patients classified 
according to CRP level. PFS, progression-free survival; CI, 
confidence interval; CRP, C-reactive protein; ICI, immune 
checkpoint inhibitor.

Figure 5 Kaplan-Meier curves for OS for patients classified 
according to CRP level. OS, overall survival; CI, confidence interval; 
CRP, C-reactive protein; ICI, immune checkpoint inhibitor.
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Table 3 Univariate and multivariate analysis of survival stratified by pathologic type

Variables
Univariate analysis Multivariate analysis

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

Age (years) 0.251

<65 1.00 (reference)

≥65 0.76 (0.48–1.20)

Gender 0.922

Male 1.00 (reference)

Female 1.02 (0.60–1.75)

BMI (kg/m2) 0.858

<22.0 1.00 (reference)

≥22.0 0.95 (0.61–1.51)

Baseline CRP (mg/L) <0.001 <0.001

<10 1.00 (reference) 1.00 (reference)

≥10 2.71 (1.71–4.30) 2.45 (1.53–6.39)

Histology 0.137

Adenocarcinoma 1.00 (reference)

Non-adenocarcinoma 1.40 (0.90–2.18)

PD-L1 expression 0.157

<50% 1.00 (reference)

≥50% 0.54 (0.23–1.26)

ECOG PS 0.004 0.002

0–1 1.00 (reference) 1.00 (reference)

≥2 4.34 (2.17–8.70) 3.12 (1.52–6.39)

irAEs incidence 0.236

No 1.00 (reference)

Yes 0.94 (0.60–1.48)

Clinical stage 0.181

III 1.00 (reference)

IV 1.96 (1.01–3.80)

EGFR 0.823

Wild type 1.00 (reference)

Mutant 0.52 (0.19–1.46)

HR, hazard ratio; CI, confidence interval; BMI, body mass index; CRP, C-reactive protein; PD-L1, programmed cell death ligand 1; ECOG 
PS, Eastern Cooperative Oncology Group performance status; irAEs, immune-related adverse events; EGFR, epidermal growth factor 
receptor.
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Supplementary

Figure S1 Kaplan-Meier curve for OS for patients with or 
without irAEs. OS, overall survival; CI, confidence interval; irAEs, 
immune-related adverse events; ICI, immune checkpoint inhibitor.

Figure S2 Kaplan-Meier curve of OS in patients experiencing 
irAEs classified by CRP level, showing that OS is poor when CRP 
is high, even when restricted to patients with irAEs. OS, overall 
survival; CI, confidence interval; CRP, C-reactive protein; ICI, 
immune checkpoint inhibitor; irAEs, immune-related adverse 
events.


