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C-reactive protein is a sig
nificant predictor
of improved survival in patients with advanced
non-small cell lung cancer.
Xiaoguang Xiao, MD, PhD, Shujing Wang, MD, Guoxian Long, MD, PhD

∗

Abstract
This study tries to evaluate the associations between circulating C-reactive protein (CRP) and the overall survival of patients with non-
small cell lung cancer (NSCLC).
One hundred ninety-two patients with advanced NSCLC who treated with chemotherapy were enrolled in this study. The cut-off

value of CRP concentration was 5.0mg/L. The patients were divided into low, intermediate and high 3 groups respectively according
to the baseline level of CRP before the treatment. Kaplan–Meier analysis and Cox proportional-hazard models were used to evaluate
the relationship between the CRP and overall survival time of patients.
After adjusting for age, gender, smoking history, pathologic type, CRP was a significant independent impact which predicts the

survival prognosis of patients with NSCLC. For all patients, the hazard ratio with high CRP levels for NSCLC-specific survival was 1.83
[95%confidenceinterval (CI) = 0.96, 3.48] compared with low CRP levels. The level of CRP was significantly correlated with survival
time (hazard ratio = 1.77; 95% CI = 0.73, 4.26) for the patient with first-line chemotherapy. Patients with high level of circulating CRP
also responded poorly to chemotherapy.
A high level of circulating CRP was associated with a poor response and worse survival in patients with NSCLC.

Abbreviations: ALK = anaplastic lymphoma kinase, CI = confidence interval, CRP = c reactive protein, CT = computed
tomography, ECOG = eastern cooperative oncology group, EGFR = epidermal growth factor receptor, ERCC1 = excision repair
cross-complementing1, NCCN = National Comprehensive Cancer Network, NSCLC = non-small cell lung cancer, OS = overall
survival, PTEN = phosphatase and tensin homolog on chromosometen, RECIST = response evaluation criteria in solid tumors,
RRM1 = ribonucleotide reductase M1, TKI = tyrosine kinase inhibitor.
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1. Introduction

Lung cancer is one of the leading causes of cancer-related
mortality worldwide, attribute to first causes among women and
second among men.[1] For patients with advanced lung cancer,
the five year survival rate was 2%, and the median survival time
was about 6 to 12 months.[2] Non-small cell lung cancer
(NSCLC) is the most common histological type, accounting for
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more than 80% of lung cancer.[3] For treatment biomarker of
NSCLC, many studies have identified the driving genes of lung
cancer, including epidermal growth factor receptor (EGFR) gene
mutation, anaplastic lymphoma kinase (ALK) gene rearrange-
ment.[4,5]At the same time, other studies have confirmed the
potential markers such as phosphatase and tensin homolog on
chromosometen (PTEN), ribonucleotide reductase M1 (RRM1)
and excision repair cross-complementing 1 (ERCC1) as prog-
nostic markers in patients with lung cancer,especially for those
who received chemotherapy[6,7,8,9] However, these indicators are
not widely used clinically. Therefore, it is very important to find a
simple and easy marker which is not only easy to be measured,
but also can be used to identify specific types of patients. C-
reactive protein (CRP) is a representative acute-phase reactant
whose levels rapidly increase in response to inflammation and is
accepted as one of the most widely used systemic inflammation
markers in vivo.[10] But this inflammatory marker may also
increase in patients with malignant tumors without concomitant
bacterial or viral infections and the reason is not clear. The
inflammation may be secondary to tumor necrosis or local tissue
damage, thereby releasing inflammatory factors. [11]

Previous study had reported a correlation between high levels of
inflammatory markers and poor prognosis in patients with
malignant tumors, including colorectal cancer, hepatocellular
carcinoma, renal cell carcinoma, ovarian cancer.[12,13,14,15] Until
now, the underlyingmechanismbywhichCRP affects the prognosis
of patients with cancer is unclear. Elevated CRP may contribute to
tumorprogression.Furthermore, systemic inflammationmay lead to
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energy consumption andweight loss in patientswith lung cancer.[16]

Therefore, it is important to determine whether CRP can be used as
an independent prognostic factor inpatientswithNSCLC, especially
for patients who receiving chemotherapy. In this study, we compare
the different level of CRP before treatment to assess the effect on the
survival and prognosis in patients with NSCLC. Meanwhile, we
evaluate the relationship between CRP levels and treatment effect
1.1. Patients and methods
1.1.1. Design and clinical data. This retrospective study
recruited 192 NSCLC patients who were admitted to the
affiliated Tongji Hospital of Huazhong University of Science and
Technology during january 2010 to january 2014. Histopatho-
logical specimens were obtained by fiberoptic bronchoscopy,
computed tomography (CT)-guided transthoracic needle aspira-
tion, or cervical lymph node biopsy.
The inclusion criteria of study were listed below: Eastern

Cooperative Oncology Group (ECOG) score: 0 to 2; essentially
normal routine blood, liver and kidney function tests before
treatment; measurable lesion that can be evaluated by radiology
and have not received chemotherapy or radiotherapy; ethnic
Chinese; at least 18 years old; the expected survival time is 3
months or more; and informed consent.
The exclusion criteria of study were listed below: severe

infection, diarrhea, or any other serious systemic diseases;
presence of contraindications to chemotherapy; secondary
primary tumors; history of allergies to biological products;
pregnant and lactating women.
The study was approved by the medical ethics committee of

Tongji Hospital, Tongji Medical College of Huazhong University
of Science and Technology. All patients enrolled in this study
provided written informed consent.
1.2. Treatment

All the patients received platinum-based combination chemo-
therapy. Appropriate platinum drug (cisplatin, carboplatin) was
selected based on the patient’s general physical condition,
concurrent diseases and tolerance to the chemotherapy. The
optimal regimen of first-line or second-line chemotherapy was
selected according to the guideline of National Comprehensive
Cancer Network (NCCN). The combined chemotherapeutic
agents include pemetrexed, paclitaxel, docetaxel, gemcitabine.
Thoracic radiation may cause lung inflammation. The patients
who received chest radiotherapy were excluded from this study
for the influence of local inflammation on CRP.
1.3. CRP test

The value of CRP could be obtained from routine blood tests. CRP
was measured at 2 definite time points: the time before and after the
chemotherapy respectively. The measurements were performed in
the central biochemical laboratory at the Tongji Hospital, Tongji
Medical College of Huazhong University of Science and Technolo-
gy. The cut-off value of CRP is 5mg/L, which is the upper normal
value measured by the test. All patients were divided into three
groups based on the 5mg/L and 20mg/L as the critical cut-off value.
1.4. Follow-up visit

All patients needed to undergo thoracic and abdominal CT scan
before the chemotherapy, during every 2 cycles of chemotherapy
2

until the progression of tumors. Radiographic evaluation of the
tumor could be repeated in the event of clinical need or suspected
disease progression. The evaluation strategies of each patient
should be consistent, and the total tumor evaluation parameters
were recorded before and after chemotherapy. The follow-up
visit was done every 3 months after the end of treatment. The
median follow-up period was 46 months.

1.5. Study endpoints

The primary endpoint of the study was overall survival (OS). OS
is defined as the time from the start of the treatment until death
caused by any reason. The date of death is confirmed by
hospitalization records and the local police station computer
network query system. The secondary endpoint of the study was
the short-term efficacy of chemotherapy. The efficacy of
chemotherapy response was assessed according to Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 standard.

1.6. Data analysis

Three groups could be divided according to the serum level of
CRP: the low level CRP group (<5mg/L), the middle level CRP
group (5∼20mg/L) and the high level CRP group (>20mg/L)
respectively. All patients were divided into two subgroups
according to the criteria of smoking: never smokers; smokers
(regular smoking for more than 6 months). The pathologic types
of NSCLC patients were divided into adenocarcinoma and
squamous cell carcinoma. The clinical stage was classified to IIIb
and IV stage. The baseline characteristics and clinical information
of three groups with different levels of CRP were compared by
means of Poisson chi square test and 1-way ANOVA test.
Kaplan–Meiermethodwasused toassess therelationshipbetween

thesurvivaltimeofpatientandthelevelofCRP,furthertoanalysisthe
relationship of different pathologic types (adenocarcinoma vs
squamous cell carcinoma) and chemotherapy state (first-line vs
second-line chemotherapy) between the survival time andCRP. The
difference of survival curves between groups was evaluated by log-
rank test. Cox proportional hazards model was used to evaluate the
relationship between CRP level and survival time in different age,
gender, smoking history, pathological type and clinical stage. All of
the above analysis was realized by SPSS19.0 (SPSS Inc, Chicago, IL).
All statistical tests were two-sided, and the P value of less than .05 is
defined as having a statistically significant difference.

2. Results

2.1. Basic information on patients with different CRP
levels

With basis of the CRP value, the average ages of patients in the 3
groups were 62.3, 63.1, 63.0, respectively. The median survival
time between groups had significant difference (P< .001). The
higher CRP level meaned the shorter survival time. The median
survival time of the low level of the CRP group was about 3 times
higher than that of the high level group. The median survival time
of two groups was 18.5months and 5.3months respectively. Of a
total of 192 patients, we included only 16 patients with stage III
B. The 16 patients were unable to receive thoracic radiotherapy
due to different contraindications of concurrent radiotherapy and
chemotherapy. Furthermore, the patient with the characteristic of
male, smoking, adenocarcinoma, and stage IV was more likely to
have higher CRP levels (see Table 1).



Table 1

Baseline characteristics of patients.

Characteristic

Low CRP
level

(N=102)

Intermediate
CRP level
(N=50)

High CRP
level

(N=40)

Median of survival
time (month)

18.5 10.0 5.3

Age (yr) 62.3 63.1 63.0
Gender (no. in %)
Female 34 (33.3) 14 (28) 6 (15)
Male 68 (66.7) 36 (72) 34 (85)

Smoking history (no. in %)
No 40 (39.2) 22 (44) 8 (20)
Yes 62 (60.8) 28 (56) 32 (80)

pathological type (no. in %)
Adeno-carcinoma 62 (60.8) 33 (66) 24 (60)
Squamous carcinoma 40 (39.2) 17 (34) 16 (40)

Stage (no. in %)
IIIB 9 (8.8) 5 (10) 2 (5)
IV 93 (91.2) 45 (90) 38 (95)

chemotherapy state (no. in %)
first-line chemotherapy 48 (47.1) 22 (44) 26 (65)
second-line chemotherapy 54 (52.9) 28 (56) 14 (35)

CRP=C-reactive protein.

Figure 1. Kaplan–Meier survival estimates by plasma CRP concentration. (A) Kap
Survival curves for patients with adenocarcinoma;(C) Survival curves for patients
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2.2. The correlation between CRP level and survival time

The results of Kaplan–Meier survival analysis and log-rank test
were shown inFigure 1, Figure 2.Therewere significant differences
in survival time between the three groups of patients with different
CRP levels (P< .001, Fig. 1a). There were also significant
differences between patients with adenocarcinoma (N=119)
and squamous cell carcinoma (N=73) (P< .001, P< .001;
Fig. 1b, c respectively). In addition, CRP levels were significantly
associatedwith survival for the patients with chemotherapy for the
first time (P< .001, Fig. 2a). However, there was no significant
correlation between CRP level and survival time in patients
receiving second-line chemotherapy (P= .142, Fig. 2b).
In different subgroups, we usedCox’s proportional hazardmodel

to further analyze the relationship between the level of CRP in
patients with NSCLC and intervention factors. The higher level of
CRP was associated with the worse prognosis and the hazard ratio
was 1.83[95% confidence interval (CI)=0.96,3.48] (see Table 2).
Compared with stage IIIB, stage IV was more likely to reflect the
patient’s survival time (hazard ratio=1.37; 95% CI=0.63, 2.95).
The results were consistent with the analysis with different
pathologic types. For squamous cell carcinoma with high level
CRP, the hazard ratio was 2.06[95% CI=0.44, 7.56]. For
lan–Meier curves for lung cancer-specific survival are shown for all patients; (B)
with squamous carcinoma. OS=overall survival; CRP=C-reactive protein.
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Figure 2. Kaplan–Meier curves for lung cancer-specific survival by chemotherapy status. (A) Survival curves for patients with first-line chemotherapy; (B) Survival
curves for patients with second-line chemotherapy. OS=overall survival; CRP=C-reactive protein.
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adenocarcinoma with high level CRP, the hazard ratio was 1.88
[95%CI=0.91, 3.89]. For the patientswith different chemotherapy
status (seeTable3), the levelofCRPwas significantly correlatedwith
survival time (hazard ratio=1.77; 95% CI=0.73, 4.26) for the
patient with first-line chemotherapy, and there was no significant
correlation between the patients with second-line chemotherapy.

2.3. The correlation between CRP level and chemotherapy
efficacy

In addition, we analyzed the relationship between short-term
chemotherapy efficacy and CRP level in patients with NSCLC.
4

Compared with the low level CRP group, the proportion of
patients with progression disease (PD) was higher in the
intermediate and high level CRP group, which was 32% and
60% respectively. The short-term effect of chemotherapy between
high and low level of CRP group also had significant differences
(P= .015; P< .001). Therefore, the CRP level can be used as a
potential indicator to evaluate the efficacy of chemotherapy.
3. Discussion

A promising breakthrough to improve the outcome for NSCLC
patients is the application of validated biomarkers into clinical



Table 2

Multivariate analysis of survival stratified by pathologic type.

Variable All patients (n=192) Adeno-carcinoma (N=119) Squamous carcinoma (N=73)

Hazard ratio2 95%CI P value Hazard ratio2 95%CI P value Hazard ratio2 95%CI P value

Gender (male vs female) 0.88 (0.41, 1.89) .74 0.86 (0.39, 1.92) .71 0.79 (0.22, 12.98) .30
Smoking history (yes vs no) 0.86 (0.41, 1.82) .70 0.88 (0.39, 1.97) .75 0.59 (0.07, 4.95) .63
Pathologic type (squamous 1.15 (0.67, 1.98) .61 - - - - - -
vs adenocarcinoma)
Stage (IIIB vs IV) 1.37 (0.63, 2.95) .42 1.17 (0.27, 4.98) .83 1.70 (0.58,4.93) .37
CRP level
Intermediate vs low 0.35 (0.20, 0.60) <.001 0.35 (0.19, 0.65) .001 0.40 (0.10, 1.63) .046
High vs low 1.83 (0.96, 3.48) <.001 1.88 (0.91, 3.89) <.001 2.06 (0.44, 7.56) .007

CRP=C-reactive protein, CI= confidence interval.

Table 3

Multivariate analysis stratified by the chemotherapy state.

Variable Second-line chemotherapy (N=96) First-line chemotherapy (N=96)

Hazard ratio2 95%CI P value Hazard ratio2 95%CI P value

Gender (male vs female) 1.21 (0.33, 4.37) .78 0.72 (0.23, 2.27) .57
Smoking history (yes vs 0.45 (0.11, 1.86) .27 1.23 (0.46, 3.27) .68
no)
Pathologic type (squamous 0.72 (0.20, 2.56) .61 1.90 (0.62, 5.81) .26
vs adenocarcinoma)
Stage (IIIB vs IV) 1.30 (0.47, 3.55) 9.62 1.44 (0.71, 2.90) .31
CRP level
Intermediate vs low 0.44 (0.21, 0.96) .38 0.21 (0.08, 0.53) .001
High vs low 0.52 (0.16, 1.74) .29 1.77 (0.73, 4.26) <.001

CRP=C-reactive protein, CI= confidence interval.
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management. Chronic airway inflammation plays an important
role in the alternations of bronchial epithelium and lung
microenvironment, provoking a milieu conducive to pulmonary
carcinogenesis and progression of lung cancer. [17] The relation-
ships between inflammation and lung cancer are complex and not
yet fully understood. Previous studies have shown that elevated
CRP levels are associated with decreased survival time. [18] The
elevation of pretreatment serum CRP was defined as an
independent poor prognosis factor for several types of solid
tumors. Several studies found that the higher pretreatment serum
CRP level was associated with unfavorable pathological
characters. Lee reported that the preoperative CRP levels were
Table 4

Chemotherapy response for patients.

Response Low CRP level (N=102) Intermediate CRP l

Overall (no. %)
CR 2 (2.0) 0
PR 30 (29.4) 8 (16)
SD 62 (60.8) 26 (52)
PD 8 (7.8) 16 (32)

Combination 1 (no. %)
CR+PR 32 (31.4) 8 (16)
SD 62 (60.8) 26 (52)
PD 8 (7.8) 16 (32)

Combination 2 (no. %)
CR+PR+SD 94 (92.2) 34 (68)
PD 8 (7.8) 16 (32)

CR= complete response, CRP=C-reactive protein, PD=progression disease, PR=partial response, SD
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associated with tumor size and lymphovascular invasion in
resected NSCLC.[19] Hefler found that the ovarian cancer
patients with elevated preoperative CRP had worse disease
stage.[15]Hashimoto found that the patients with higher
preoperative CRP level had larger tumor size and portal vein
invasion in hepatocellular carcinoma.[20] Consistently, this result
was also confirmed by our study. In this study, the results shown
that the higher level of CRP indicated a shorter survival time,
which was not affected by age, gender, smoking history, clinical
stage and pathologic type of lung cancer. In addition, patients
with elevated CRP tended to be men with a history of smoking,
which was also consistent with previous studies.
evel (N=50) P value High CRP level (N=40) P value

.038 <.001
0

4 (10)
12 (30)
24 (60)

.027 <.001
4 (10)
12 (30)
24 (60)

.015 <.001
16 (40)
24 (60)

= stable disease.

http://www.md-journal.com


Xiao et al. Medicine (2019) 98:26 Medicine
So far, the biological mechanisms underlying the effects of
serum CRP on survival in patients with NSCLC are not clear.
Studies conducted in non-Asian countries all selected “≥10mg/
L” as the cut-off value.[16] While with the development of a high
sensitivity technique, a minor elevation of CRP reflecting chronic
low-grade inflammation shows clinically significant. In my study,
we select “≥5mg/L” as the cut-off value of CRP and try to
confirm the relationship between CRP and NSCLC in Asian
population. As an inflammatory marker, CRP may increase the
risk of inflammation related cancer. Elevated CRP plays a critical
role in the progression of cancer and high levels of CRP are
associated with poor prognosis in advanced cancers. Further-
more, CRP value may be much easier in clinical use to predict the
prognosis of patients with NSCLC than other parameter.
The underlying molecular mechanism by which circulating

CRP is associated with worse outcome ofNSCLC is still not clear.
One possible explanation is IL-6. Several studies have shown that
IL-6 was associated with cancer resistance.[21] Wang founded
that the expression of IL-6 was upregulated in human ovarian
cancer cells by the use of paclitaxel.[22] Poth also confirmed that
platinum induced IL-6 expression in brain cancer, thereby
increasing the tumorigenic potential of cancer cells.[23] IL-6 was
the only inflammatory cytokine independently associated with
CRP concentrations in patients with advanced NSCLC, suggest-
ing that CRP was a useful surrogate marker of IL-6 activity in
patients with NSCLC.[24] It has been reported that IL-6
contribute to the cancer growth and progression via IL-6R/
JAK1/STAT3 signal pathway.[25,26] STAT proteins are a family
of transcription factors which play a key role in various tyrosine
kinase signal pathways, including the EGFR pathway.[27]

Persistent STAT3 activation is associated with cell cycle
progression, tumor invasion, metastasis and angiogenesis. IL-6
could stimulate and induce the production of CRP.[28] However,
the correlation between CRP and cancer resistance needs further
study.[29,30]

The therapeutic effect of tyrosine kinase inhibitor (TKI) is
better than that of traditional chemotherapy for the sensitive
mutation of EGFR. But in this study, owing to the limitation of
this study started earlier and sensitive EGFR mutation affects the
survival of the patient. The patients who received TKI treatment
were not included in this study. This is the limitation of this study
and deserved further study. More large-scale, high-quality and
prospective studies are needed to confirm whether the level of
CRP after chemotherapy can be used as indicators of
chemotherapy efficacy and independent prognostic indicators
in patients with NSCLC.
4. Conclusion

In summary, the results of this study show that the higher CRP
level is associated with poor prognosis. CRP can be used as an
independent prognostic factor in patients with NSCLC chemo-
therapy.
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