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High serum C-reactive protein levels predict survival in patients
with treated advanced lung adenocarcinoma
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Background: The prognosis of non-small cell lung cancer (NSCLC) varies greatly depending on whether
or not it can receive molecular-targeted drug treatment including epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKIs). We investigated the clinical utility of C-reactive protein (CRP) levels
measured at the time of diagnosis in EGFR-mutant and wild-type NSCLC patients who had undergone
first-line therapy.

Methods: Serum CRP levels were analyzed in 213 patients, of whom 89 patients had advanced EGFR-
mutated NSCLC who underwent first-line EGFR-TKI treatment. We used Cox proportional hazards
models to study the relationship between CRP and overall survival (OS). CRP cutoff values were obtained
from the receiver operating characteristic curve.

Results: Mean serum CRP level in treated NSCLC patients were not significantly different in patients with
or without EGFR mutations. The optimal CRP cutoff values were 8.1 mg/L for EGFR-mutated NSCLC
and 16.7 mg/L for EGFR-wild NSCLC. Based on multivariate analysis, high CRP level (EGFR-mutated,
HR: 2.479, 95% CI: 1.331-4.619, P=0.004; EGFR-wild, HR: 3.625, 95% CI: 2.149-6.116, P<0.001) was a
significant and independent negative prognostic factor for OS in patients with or without EGFR mutations.
Conclusions: High CRP levels predicted a lack of response to treatment in patients with advanced lung
adenocarcinoma with or without EGFR mutations. Thus, the CRP level is a good and easy to use prognostic

factor and objective indicator for clinical practice.

Keywords: Biomarker; advanced non-small cell lung cancer (advanced NSCLC); C-reactive protein concentration

(CRP concentration); epidermal growth factor receptor tyrosine kinase inhibitor (EGFR TKI)

Submitted Oct 23, 2020. Accepted for publication Dec 24, 2020.
doi: 10.21037/jtd-20-3123
View this article at: http://dx.doi.org/10.21037/jtd-20-3123

Introduction of susceptibility to gefitinib (3). Compared with cytotoxic

chemotherapy, first-line treatment with gefitinib extended

Epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor (TKIs) have been developed as new therapeutic
agents for lung cancers. Since gefitinib became available
for general clinical use in 2002 (1,2), much information has
been collected on molecularly-targeted therapeutic agents.

It has been reported that EGFR mutations are predictors
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progression-free survival (PFS) with tolerable toxicity in
patients with EGFR mutations (4,5). EGFR mutated non-
small cell lung cancer (NSCLC) has also been treated with
other EGFR-TKIs including erlotinib (6,7), afatinib (8,9),
osimertinib (10), and dacomitinib (11,12) as a first-line
chemotherapy. The presence or absence of EGFR gene
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mutations is an important prognostic factor in advanced
NSCLC.

The evidence implies a strong relationship between
cancer and inflammation (13). C-reactive protein (CRP) level
is a marker for systemic inflammation, and high serum CRP
levels (CRP >10 mg/L) were reported to predict resistance
to gefitinib (14) and erlotinib therapy (15). However, in these
studies, EGFR-TKI treatment was performed, regardless of
the EGFR mutation status and included many patients who
had previously undergone cytotoxic chemotherapy. These
factors do not match the current clinical practice. To reflect
modern practices, we investigated the clinical utility of
serum CRP levels measured before the start of EGFR-TKI
as a first-line chemotherapy in EGFR mutated NSCLC.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3123).

Methods
Patients and clinical characteristics

We retrospectively investigated patients referred for lung
cancer treatment at Shimane University Hospital between
March 2010 and December 2018. All included patients had
lung cancer at an advanced stage for which radical treatment
was not possible. The following variables were collected
for the purpose of analysis: age, sex, smoking status, tumor
histology (adenocarcinoma), Charlson Comorbidity
Index (CCI), stage (according to the seventh edition of
the TNM Classification), Eastern Cooperative Oncology
Group performance status (ECOG PS), chemotherapy
regiment, EGFR mutation status and serum CRP levels.
Blood sampling was performed as part of routine diagnostic
procedures. Serum CRP levels were recorded from the
date closest to the date of diagnosis. Most data points were
from the day of biopsy. If there were no data within two
weeks from the date of diagnosis, it was set as missing data.
Patients who had missing data, gene mutation except EGFR
were excluded.

We analyzed patient and tumor characteristics to identify
factors associated with PFS and overall survival (OS). If the
exact date of death was unavailable, OS was calculated from
the date of diagnosis until either death due to any cause
or final follow-up. PFS was defined as the period from
diagnosis to the radiological progression of disease or death.
Data on radiological responses and dates of progression
were obtained from the medical records as they were
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documented at the time by the treating physician according
to his/her assessment. Date of death was also obtained from
the medical records. Patients who were selected for best
supportive care were excluded from OS and PES analysis.
Patients who had EGFR mutated adenocarcinoma not
treated with EGFR-TKI monotherapy were excluded from
OS and PFS analysis.

Our research complies with the ethics guidelines by
the local ethics committee of Shimane University. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This retrospective study
approved by the Institutional Review Board (2019-1218-1)
and the informed consents were waived due to the
retrospective nature of the study.

Detection of EGFR mutation

Tumor specimens were collected by bronchoscopy,
computed tomography guided biopsy, pleural effusion
cytology or surgical procedures. EGFR mutational analysis
was performed using peptide nucleic acid-locked nucleic
acid polymerase chain reaction (PCR) clamp or real time
PCR (cobas® EGFR Mutation Test v2).

Statistical analyses

Statistical analyses were performed in the GraphPad Prism
7 software program (GraphPad Software, La Jolla, CA,
USA) and the R (version 3.6.2, R Foundation for Statistical
Computing, Vienna, Austria). Qualitative variables are
reported as frequency and percentage and quantitative
variables as mean and range. For comparisons between two
groups, non-normally distributed data were assessed using
the Mann-Whitney test. Categorical data were analyzed
using Fisher’s exact test. Receiver operating characteristic
(ROC) curves or Youden’s index was used to determine
the best cutoff values for CRP levels as a prognostic factor.
PFS and OS were estimated using Kaplan-Meier analysis.
Hazard ratio (HR)s and their confidence interval (CI)s
were calculated using univariable and multivariable Cox
proportional hazard model. All statistical tests used in this
study were two-sided. Statistical significance was defined as
a P value <0.05.

Results

The study flowchart is shown in Figure 1. Of the 286 total
cases of advanced lung adenocarcinoma, 213 [EGFR+
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Patients treated for advanced lung adenocarcinoma (Ad)
from March 2010 to December 2018 (N=368)

« Excluded due to missing data (N=63)
Untested Epidermal growth factor receptor (EGFR) mutation status (N=15)
> Untested CRP within 2 weeks from the date of diagnosis (N=48)

« Excluded due to gene mutation positive except EGFR (N=19)

Y

Advanced lung adenocarcinoma (N=286)

EGFR wild (N=168)

EGFR (+) (N=118)

* Excluded due to BSC (N=42)

* Excluded due to BSC (N=11)
+ Excluded due to loss to follow up (N=2) || *Excluded due to loss to follow up (N=1)
* Excluded due to combination of EGFR-tyrosine kinase inhibitors (TKI) with
chemotherapy (N=12)
* Excluded due to not using EGFR-TKI (N=5)

1% Line Chemotherapy (N=124)

1° Line EGFR-TKI (N=89)

Patients available for 1** Line PFS and OS analysis

Figure 1 A flow diagram of the present study. Ad, adenocarcinoma; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase

inhibitor; PFS, progression free survival; OS, overall survival; BSC, best supportive care.

(n=168), EGFR wild (n=118)] were included to analyze PFS
and OS. Nineteen cases with known positive mutations
other than EGFR were excluded. Demographic data of all
included patients are shown in 7able 1. Patients with wild-
type EGFR tended to have poor ECOG PS and high CCI,
but there was no difference in mean serum CRP levels
relative to the patients with mutant EGFR.

The best cutoff points of CRP levels as determined by
ROC curve or Youden’s index were 8.1 mg/L (EGFR+)
and 16.7 mg/L (EGFR wild), respectively. Kaplan-Meier
analyses compared patients with high CRP levels with
those with normal CRP levels (Figure 2). Patients with high
CRP levels had significantly shorter PFS than those with
normal CRP levels [Figure 24: EGFR (+), median 7.3 versus
12.6 months, HR 1.813, 95% CI: 1.041-3.159, P=0.011;
Figure 2B: EGFR (=), median 2.0 versus 5.4 months, HR
2.568, 95% CI: 1.330-4.958, P<0.0001]. Similar to PFS, OS
was shorter in the adenocarcinoma subtype in patients with
high CRP levels [Figure 2C: EGFR (+), median 10.1 versus
37.4 months, HR 2.686, 95% CI: 1.383-5.214, P<0.0001;
Figure 2D: EGFR (-), median 8.6 versus 19.2 months, HR
3.052,95% CI: 1.507-6.183, P<0.0001).

Characteristics of patients in the EGFR mutated
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adenocarcinoma group are shown in 7uble 2 for each serum
CRP level. At high CRP levels, gefitinib was the most
frequent first-line chemotherapy. The ECOG PS 2-3 case
ratio was high. We performed Cox regression analysis
of the available data of 89 patients to determine the
correlation between therapeutic efficacy of EGFR-TKIs
and clinical factors such as age (<75 vs. 275 years), first-
line EGFR-TKI (gefitinib vs. others), use of osimertinib
for T790M mutations, brain metastases status (no vs. yes),
ECOG PS (0-1 vs. 2-3), CCI (<8 vs. >8) and serum CRP
level (<8.1 vs. >8.1 mg/L) (1able 3). Among these factors,
having brain metastases (HR 2.065; 95% CI: 1.249-3.415;
P=0.005), ECOG PS 2-3 (HR 4.201; 95% CI: 2.338-7.547;
P<0.001) and high serum CRP level (HR: 2.844; 95% CI:
1.674-4.831; P<0.001) had significant negative prognostic
factors for survival in univariate analysis. Brain metastases
(HR: 2.438; 95% CI: 1.314-4.522; P=0.005), ECOG PS
2-3 (HR: 2.744; 95% CI: 1.453-5.180; P=0.002), and high
CRP levels (HR: 2.479; 95% CI: 1.331-4.619; P=0.004)
were significant and independent negative prognostic
factors for OS according to the multivariate analysis. The
use of osimertinib for the EGFR T790M mutation (HR:
0.318; 95% CI: 0.140-0.720; P=0.006) was a significant
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Table 1 Patients demographics summary

Ad (1* line TKI or chemotherapy)

Variable P value
EGFR (+) [n=89] EGFR wild [n=124]

Age, years 0.015°
Mean [range] 72.9 [42-92] 69.7 [29-86]

Sex, n [%] <0.0001°
Male 29 [33] 97 [78]
Female 60 [67] 27 [22]

Smoking, n [%] <0.0001°
Never 61 [69] 22 [18]
Former/current 28 [31] 102 [82]

Stage, n [%] 0.1635°
=YY% 77 [87] 115 [93]
Postoperative recurrence 12 [13] 91[7]

ECOG PS, n [%] 0.0444°
0-1 71 [80] 112 [90]
>2 18 [20] 12[10]

CCl, points 0.0259°
Mean [range] 6.76 [2-12] 6.94 [2-10]

CRP, mg/L 0.2314°
Mean [range] 1.5[0.1-148.5] 2.5[0.1-129]

? statistically significant with Mann-Whitney test, P<0.05; °, statistically significant with Fisher’s exact test, P<0.05. EGFR, epidermal growth
factor receptor; Ad, adenocarcinoma; SCLC, small cell lung cancer; SCC, squamous cell carcinoma; ECOG PS, Eastern cooperative
oncology group performance status; CCl, Charlson comorbidity index; CRP, C-reactive protein.

A BE
L4004 - EGFR (+)CRP =8.1 mg/L (N=25) S1004 -~ EGFR Wild CRP >16.7 mgL (N=22)
g - EGFR (+)CRP <8.1mg/L (N=64) & | .+. EGFR Wild CRP <16.7 mgL (N=102)
”n 7]
3 Log-rank *P=0.011 o ***P<‘0.0001
< 504 median PFS 7.3 vs. 12.6 months = 504 median PFS 2.0 vs. 5.4 months
S HR 1.813, 95% Cl: 1.041-3.159 S HR 2.568, 95% Cl: 1.330-4.958
2 g
% 0 22 SOOI % 0 T SETE [T R |
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a 24 36 48 60 72 & 24 36 48 60 72
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Months Months

Figure 2 Progression free survival and overall survival curves of patients with low CRP and high CRP levels. (A) Progression free survival curves;
EGFR(+) with CRP >8.1 mg/L vs. CRP <8.1 mg/L. (B) Progression free survival curves; EGFR(-) with CRP >16.7 mg/L vs. CRP <16.7 mg/L. (C)
Overall survival curves; EGFR(+) with CRP >8.1 mg/L vs. CRP <8.1 mg/L. (D) Overall survival curves; EGFR(-) with CRP >16.7 mg/L vs. CRP
<16.7 mg/L. EGFR, epidermal growth factor receptor; PSE, progression free survival; HR, hazard ratio; CI, confidence interval.
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Table 2 Patients demographics summary for cases with EGFR-TKI as a first-line therapy

1° line EGFR-TKI; EGFR (+)

Variable P value
CRP <8.1 mg/L (n=64) CRP =8.1 mg/L (n=25)

Age, years 0.294°
Mean [range] 73.6 [42-92] 71.0 [44-91]

Sex, n [%] 0.2082"
Male 18 [28] 11 [44]
Female 46 [72] 14 [56]

Brain metastases 01381°
Yes 19 [30] 12 [48]
No 45 [70] 13 [52]

ECOG PS, n [%] 0.007°
0-1 56 [88] 15 [60]
2-3 8[12] 10 [40]

First line chemotherapy 0.0021°
Gefitinib 25 [39] 19 [76]
Elrotinib/afatinib/osimertinib 21/12/6 [61] 1/3/2 [24]

Second line later chemotherapy
Osimertinib (T790M positive) 0.3696°
Yes 10 [16] 6 [24]
No 54 [84] 19 [76]

CClI 0.5044°
<8 56 [88] 20 [80]
>8 8[12] 5[20]

? statistically significant with Mann-Whitney test, P<0.05; °, statistically significant with Fisher’s exact test, P<0.05. EGFR, epidermal
growth factor receptor; TKI, tyrosine kinase inhibitors; Ad, adenocarcinoma; ECOG PS, Eastern cooperative oncology group performance

status; CRP, C-reactive protein; CCl, Charlson comorbidity index.

positive prognostic factor for OS in the multivariate
analysis.

Characteristics of patients in the EGFR wild-type
adenocarcinoma group are shown in 7able 4 for each serum
CRP level. The EGFR wild-type adenocarcinoma group
were investigated for history of platinum and immune
checkpoint inhibitor (ICI) use. Only high CRP levels
contributed to prognosis with significant differences in both
univariate and multivariate analysis (Table 5).

Discussion

Our present study suggested that serum CRP is clinically

© Journal of Thoracic Disease. All rights reserved.

relevant in patients with advanced lung adenocarcinoma.
Especially for high serum CRP levels can be expected
shorter PFS and OS. This tendency was present even if
EGFR mutation was positive.

Similar findings have been reported by others (14,15).
The strength of the present research is that it only
examined EGFR mutation-positive cases and cases in which
EGFR-TKI was used as a first-line treatment in compliance
with current clinical practices. CRP level is a prognostic
factor for survival in patients with inoperable NSCLC
(16-18). These studies were performed in the context of
non-small cell carcinoma and include SCC. The results
of the present study indicated that CRP level was a useful
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Table 3 Estimates of hazard ratios for overall survival in EGFR mutated adenocarcinoma patients using EGFR-TKI as first-line therapy.

Univariate and multivariate analyses of variables correlated to overall survival

Univariate analysis

Multivariate analyses

Variable
HR 95% ClI P value HR 95% ClI P value

Age

<75 1 1

=75 1.044 0.642-1.699 0.862 1.297 0.745-2.259 0.358
1% line TKI; gefitinib

No 1 1

Yes 1.276 0.7803-2.086 0.332 0.862 0.499-1.491 0.595
Osimertinib for EGFR T790M mutation

No 1 1

Yes 0.718 0.3647-1.414 0.338 0.318 0.140-0.720 0.006
Brain metastases

No 1 1

Yes 2.065 1.249-3.415 0.005 2.438 1.314-4.522 0.005
ECOG PS

0-1 1 1

2-3 4.201 2.338-7.547 <0.001 2.744 1.453-5.180 0.002
CClI

<8 1

>8 1.63 0.848-3.133 0.1432 1.695 0.855-3.361 0.131
CRP

<8.1 mg/L 1 1

=8.1 mg/L 2.844 1.674-4.831 <0.001 2.479 1.331-4.619 0.004

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitors; ECOG PS, Eastern cooperative oncology group performance

status; CCl, Charlson comorbidity index; CRP, C-reactive protein.

indicator in adenocarcinoma. Since a different treatment
method is selected for squamous cell lung carcinoma than
for adenocarcinoma, showing data only for adenocarcinoma
is a strength of this study.

The modified Glasgow Prognostic Score (mGPS), which
uses CRP, represents not only host systemic inflammatory
response status but also nutritional status (19). mGPS is
categorized into three classes based on CRP and serum
albumin concentrations. Patients with high CRP level
(>10 mg/L) and hypoalbuminemia (<3.5 g/dL), those with
only high CRP levels (10 mg/L), and those with normal
CRP levels (<10 mg/L) with or without hypoalbuminemia
were categorized as 2, 1, and 0 mGPS, respectively.

© Journal of Thoracic Disease. All rights reserved.

mGPS =2 is a prognosis predictor of lung adenocarcinoma
without driver mutation (20). In the present study, the
CRP cutoff was also set to 16.7 mg/L, and the prognosis
in adenocarcinoma without EGFR mutation could be
predicted.

Our study was limited by the small sample size. Grouping
patients by histologic subtype and EGFR mutation status
reduces the sample size, but at the same time, it has the
advantage of reflecting the actual clinical situation. Further
studies with a bigger sample size are needed to ensure
statistical reliability. Although the biomarkers were derived,
the present study is limited by being a single-center
retrospective study.
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Table 4 Summary of patient demographics for cases with wild-type EGFR-TKI as a first-line chemotherapy

1 line chemotherapy; EGFR wild

Variable P value
CRP <16.7 mg/L (n=102) CRP =16.7 mg/L (n=22)

Age, years 0.294°
Median [range] 70.5 [29-86] 69.5 [58-83]

Sex, n [%] 0.156°
Male 77 [75] 20 [91]
Female 25 [25] 2[9]

Brain metastases >0.9999"
Yes 17 [17] 3[14]
No 85 [83] 19 [86]

ECOG PS, n [%] 0.4449°
0-1 93 [91] 19 [86]
2-3 919 3[14]

First line chemotherapy: platinum combined 0.3627°
Yes 81 [79] 20 [91]
No 21 [21] 21[9]

First line chemotherapy: ICI or ICl combined 0.3594°
Yes 91[9] 0[0]
No 93 [91] 22 [100]

cal 0.6220°
<8 68 [67] 13 [59]
>8 34 [33] 9 [41]

2 statistically significant with Mann-Whitney test, P<0.05; ®, statistically significant with Fisher’s exact test, P<0.05. EGFR,
epidermal growth factor receptor; TKI, tyrosine kinase inhibitors; ECOG PS, Eastern cooperative oncology group performance
status; CCI, Charlson comorbidity index; CRP, C-reactive protein.

Table 5 Estimates of hazard ratios for overall survival in patients with wild-type EGFR adenocarcinoma undergoing chemotherapy. Univariate

and multivariate analyses of variables correlated to overall survival

Univariate analysis Multivariate analyses
Variable
HR 95% ClI P value HR 95% ClI P value

Age

<75 1 1

>75 1.047 0.701-1.564 0.823 0.937 0.592-1.479 0.777
1! line chemotherapy: platinum combined

No 1 1

Yes 1.222 0.749-1.994 0.422 0.910 0.511-1.619 0.747
1% line chemotherapy: ICI or ICl combined

No 1 1

Yes 0.354 0.112-1.118 0.077 0.350 0.101-1.208 0.097

Table 5 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 5 (continued)
Univariate analysis Multivariate analyses
Variable
HR 95% ClI P value HR 95% ClI P value

Brain metastases

No 1 1

Yes 0.836 0.502-1.392 0.491 0.5972 0.344-1.037 0.067
ECOG PS

0-1 1 1

2-3 1.009 0.525-1.940 0.978 1.119 0.592-2.400 0.624
CCl

<8 1

>8 1.055 0.708-1.574 0.792 0.853 0.556-1.309 0.468
CRP

<16.7 mg/L 1 1

>16.7 mg/L 3.22 1.981-5.233 <0.001 3.625 2.149-6.116 <0.001

EGFR, epidermal growth factor receptor; ICI, immune checkpoint inhibitor; ECOG PS, Eastern cooperative oncology group performance

status; CCl, Charlson comorbidity index; CRP, C-reactive protein.

Conclusions

CRP level is used as a regular prognosis test, but it is a good
prognostic factor only under the following conditions: (I)
the cancer subtype is adenocarcinoma and (II) the treatment
approach used is chemotherapy. Even if EGFR-TKI, which
has a very strong therapeutic effect, is used, CRP alone
can predict the therapeutic effect and prognosis. In EGFR
wild-type adenocarcinoma, CRP level may reflect the
therapeutic effect and prognosis better than the ECOG PS
or chemotherapy regimen.
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