
combined c-reactive protein and neutrophil to lymphocyte ratio use predict
survival in non-small-cell lung cancer
combinaison de la c-réactive protéine et du neutrophil to lymphocyte ratio
dans la prédiction de survie dans le cancer broncho-pulmonaire non à
petites cellules

r é s u m é

Introduction: L’inflammation a été impliquée dans la progression et la dissémination du cancer broncho-pulmonaire et parmi ces marqueurs de

l’inflammation la c réactive protéine (CRP) et le neutrophil to lymphocyte ratio (NLR) sont des marqueurs pronostiques dans le cancer broncho-

pulmonaire non à petites cellules (CBPNPC). Le but de notre travail est d’étudier l’apport de ces deux marqueurs combinés dans l’optimisation

de la prédiction pronostique dans le CBPNPC aux stades avancés.

Méthodes : Nous avons mené une étude rétrospective qui a inclus tous les patients hospitalisés dans notre service entre janvier 2005 et janvier

2013 et ayant un cancer broncho-pulmonaire non à petites cellules (CBPNPC) stade IIIb et IV.

Résultats : Cent quarante-deux patients de sexe masculin sont inclus. La plupart (80,3%) ont un PS évalué à 0-1. La médiane de survie sans

progression et de survie globale sont respectivement de 4,6 mois (Intervalle de confiance IC à 95% 3,9-5,3) et 8,9 mois (IC à 95% 7,7-10,1).

L’analyse multivariée montre qu’une CRP< 10 mg/l et un NLR<3,87 sont des facteurs de meilleur pronostic (p=0,015 et 0,049) en plus de

l’administration de la chimiothérapie (p<0,0001), du PS <2 (p=0,009) et de l’âge<65 ans (p=0,013). De plus, l’utilisation combinée de la CRP et

du NLR  est significativement associée à la survie (p=0,0009). La médiane de survie des patients ayant la CRP et le NLR élevés est de 6,7 mois,

et est significativement inférieure en cas d’élévation d’un seul marqueur (CPR ou NLR) (8,8 mois; p=0,025).

Conclusions: Une CRP et un NLR élevés (respectivement ≥10mg/l et ≥3,87) sont associés à une mauvaise survie dans le CBPNPC aux stades

avancés. Leur utilisation combinée optimise leur valeur pronostique.
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s u m m a r y
Background: Inflammation markers have been shown to predict prognosis during cancer including non-small cell lung cancer (NSCLC). In

particular, C-reactive protein (CRP) and Neutrophil to Lymphocyte Ratio (NLR) have been investigated. The aim of our work is to study the

combination of these two markers in optimizing prognostication in advanced NSCLC.

Methods:  We conducted a retrospective study that included all patients diagnosed with primary NSCLC stage IIIB or IV in our respiratory

department from January 2005 to January 2013. 

Results: A total of 142 male patients were included. Most of them (80.3%) had a Performance Status (PS) 0-1. Median progression-free survival

(PFS) was 4.6 months (95% confidence interval (CI) 3.9-5.3) and median overall survival (OS) was 8.9 months (95%CI 7.7-10.1). Survival

analysis showed that CRP<10 mg/l and NLR<3.87 were predictive of better prognostic (respectively p= 0.015 and 0.049), along with

chemotherapy use (p<0.0001), PS <2 (p=0.009) and age<65 (p=0.013). In addition, combined use of NLR and CRP was significantly associated

with OS (p=0.0009). Median OS for patients having both high NLR (≥3.87) and CRP (≥10 mg/l) was 6.7 months. It was significantly shorter than

patients having only one elevated inflammatory marker (8.8 months; p=0.025).

Conclusions: High CRP and NLR (≥10 mg/l and ≥ 3.87 respectively) were associated with poorer survival in advanced NSCLC. Their combined

use maximizes their prognostic value.
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Lung cancer is the most common cancer in the male

population worldwide (1). It is also the deadliest, with a

five-year survival rate estimated to 18.4% in the United

States in 2011 (2). Non-small-cell lung cancer (NSCLC) is

the most common histological type (3). Although it can

benefit from a radical surgical treatment, most of the

cases are diagnosed in locally advanced or metastatic

stages and are consequently inoperable (2). Improving

the poor prognosis of NSCLC involves the development

of new drugs and the enhancement of therapeutic

strategies. Advances in tumor profiling have led to the

conception of biologically targeted therapies. Therefore,

an accurate assessment of patients’ survival chances and

their response to personalized therapies is essential.

Several studies are now attempting to refine NSCLC

prognostication by integrating clinical or biomolecular

criteria into predictive models of survival. Blood

biomarkers are interesting candidates because of their

good availability and reasonable cost. Inflammation has

been implicated in the pathogenesis of neoplastic disease

including lung cancer (4, 5). It has also been incriminated

in cancer progression and dissemination (6, 7). The

magnitude of the systemic inflammatory response

appears to correlate reliably with the decline of functional

and nutritional status, response to treatment and survival.

In particular, inflammation markers such as C-reactive

protein (CRP) and Neutrophil to Lymphocyte Ratio (NLR)

have been investigated. However, little studies have

assessed the combined use of these two markers in

optimizing prognostication. The aim of our study was to

determine the role of NLR and CRP, as well as their

combined use in predicting the prognosis of advanced

NSCLC.

m etho ds

We conducted a retrospective study that included all

patients with advanced NSCLC (inoperable stage IIIB and

IV) admitted to the respiratory department II of

Abdurrahman Mami Hospital between January 2005 and

January 2013.

Exclusion criteria were all conditions that may affect the

blood count or the CRP level such as autoimmune or

hematological disease, immunosuppressive therapy or

antibiotics upon baseline laboratory measurements and

malignant tumor during the five years prior to NSCLC

diagnosis. Data were collected from medical records.

TNM stage classification was done according to the 7th

TNM edition. Age, medical history, Performance Status

(PS) according to the Eastern Cooperative Oncology

Group scores, Body Mass Index (BMI), tumor size,

histology type, and chemotherapy regimens were

recorded. Baseline CRP and NLR were taken from the

first laboratory tests performed. The NLR was calculated

from the blood count as the ratio neutrophile/lymphocyte.

Data were analyzed using R software Version 3.2.2. Non-

parametric Mann-Whitney-u test and Kruskal-Wallis test

were used when appropriate to compare medians of two

or more groups. Spearman’s rho correlation was used to

correlate two continuous variables. Kaplan-Meier method

was used to estimate the probability functions of PFS and

OS. Log-rank test was used to compare the survival

curves within various prognostic factors. The cut-off value

of CRP was set as 10mg/l which was the most frequently

used in the literature. Otherwise, a receiver operating

characteristic (ROC) curve using six-month survival

events was constructed to set the optimal cut-off value of

the NLR. Factors having a p value ≤ 0.15 were included

in a multivariate Cox regression model in order to

estimate the adjusted hazard ratios (HR) for each

prognostic factor. Significance level of p value was set to

0.05 for all statistical tests.

results

A total of 142 patients were included in the study. All

patients were male due to the recruitment system of our

department. Patients’ characteristics are summarized in

Table 1. Mean age of our patients was 60 ±10,017 years

with elderly patients (≥ 65 years) representing 35.2%.

Smoking history was found in 95% of the cases, with a

median consumption of 43 pack-years (P-Y) (ranging

from 2 to 150 P-Y). Most patients (80.3%) had a good PS

(0 or 1) upon admission. Patients with stage IV NSCLC

represented 76% of our sample. Adenocarcinoma was the

most common histological type (50.7%) followed by

squamous-cell carcinoma (25.4%), while other

histological types (large-cell carcinoma, sarcomatoid

carcinoma etc.) accounted for only 4.2% of the cases.

High baseline CRP (≥ 10 mg/L) was found in most

patients (80.1%) with a median value of 47.9 mg/L

(ranging from 0.58 to 387.98mg/L). The optimal NLR

value for predicting six-month survival was 3.87 with

53.8% sensitivity and 72.4% specificity on the ROC curve.

High baseline NLR values (≥ 3.87) were noted in 39.4%

of the cases (Table 1). Sixty-six patients (46.5%) had at

least one elevated prognostic marker while 55 patients

(38.7%) presented with both high CRP and NLR. Median

PFS was 4.6 months (95% CI = 3.9 - 5.3) with extremes

ranging from 0.6 months to 20.7 months. The likelihood of

PFS at 3 months and at 6 months was respectively 77%

and 36%. Median OS was 8.9 months (95% CI = 7.7 -

10.1) and ranged from 0.5 months to 37.2 months. The

probability of a six-month OS and a one-year OS was

estimated respectively to 67% and 37%. Compared to

patients with low NLR, patients with high NLR (≥ 3.87)

had significantly more metastasis sites (p=0.028) and

were less likely to receive chemotherapy (p=0.012) (Table

2). Similarly, patients with high CRP had less chance of

receiving chemotherapy (p=0.001) but had also a history

of higher tobacco consumption in P-Y (p=0.04), a lower

BMI (p<0.0001) and a larger tumor size (p=0.039).



CRP: C-reactive protein; NLR: Neutrophil to Lymphocyte Ratio; PFS:

Progression-free survival; OS: overall survival CI: Confiance interval

Note: (a) Mann-Whitney U test; (b) Spearman's rho correlation; (c)

Kruskal-Wallis test

CRP: C-reactive protein; NLR: Neutrophil to Lymphocyte Ratio; P-Y: Pack-

years; PS: Performance Status; BMI: Body Mass Index

Univariate analysis of survival showed that NLR and CRP

were both significantly associated with OS (p value

respectively at 0.009 and 0.002). Only NLR was

significantly associated with PFS (p=0.013) (Table 3). In

addition, combined use of NLR and CRP was significantly

associated with OS (p=0.0009) (Figure 1). 
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Figure 1: Kaplan-Meier curves of overall survival according to the combined

use of CRP and NLR
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4.6 (3.9 - 5.3)
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Table 1: Patients' characteristics and survival

Age    

<65

≥65

Comorbidity

Yes

No

Tobacco    

consumption (P-Y)

Tumor size

BMI

PS

<2

≥2

Number of metastatic

sites

≤2

>2

Histology

Adenocarcinoma

Squamous-cell

Others

Chemotherapy

No

Yes

N = 142

92

50

65

77

-

-

-

114

17

131

11

72

36

6

44

98

CRP(mg/L)

Median 

45.3

49.36

40

49.8

-

-

-

41.4

57.9

49.7

26

32.7

60.75

97.72

85.9

50.5

p 

0.51 (a)

0.91 (a)

p=0.04(b)

(rho =0.17)

p=0.039(b) 

(rho= 0.25)

p<0.0001(b)

(rho= -0.34)

0.34 (a)

0.54 (a)

0.003 (c)

0.001(a)

NLR

Median

3.46

3.53

3.58

3.38

-

-

-

4.1

4.55

3.97

5.1

3.97

4.22

6.19

4.61

3.81

p

0.58 (a)

0.34(a)

p=0.36 (b)

p=0.87 (b)

p=0.09 (b) 

(rho = -0.14)

0.19 (a)

0.028 (a)

0.25(c)

0.012 (a)

Table 2: Patients' characteristics according to CRP and NLR levels



It was also more informative than their separate use. In

fact, median OS for patients having both high NLR and

CRP was 6.7 months. It was significantly shorter than

patients having only one elevated inflammatory marker

(CRP or NLR) (8.8 months; p=0.025). However, the

combined use of NLR and CRP did not show any further

contribution in terms of PFS (Figure 2). 

Other prognostic factors found significant for OS were

PS≥2 (p=0.04), age≥65 (p=0.02), histology subtypes

other than adenocarcinoma (p=0.008) and the non-use of

chemotherapy (p<0.0001). In addition to high NLR, other

factors associated significantly with PFS were tobacco

consumption history ≥ 43 PY (p=0.041) and the presence

of more than two metastatic sites (p=0.007). Multivariate

analysis found that independent prognostic factors for OS

were absence of chemotherapy use (HR= 9.17; p

<0.0001), PS ≥ 2 (HR= 2.83; p=0.009) and age ≥ 65 (HR=

2.03; p = 0.013) as well both of CRP ≥ 10mg/L (HR= 2.44;

p=0.015) and NLR ≥ 3.87 (HR= 1.67; p=0.049) (Table 3).

However, only a number of metastatic sites greater than

two was an independent predictor of PFS (HR=2.89;

p=0.011).

di scussi o n

Our study showed that both pre-therapeutic CRP and

NLR were useful biomarkers for predicting prognosis in

advanced NSCLC and their combined use holds greater

value in prognostication in advanced NSCLC. In recent

years, numerous studies have examined the prognostic

value of the systemic inflammatory response during

cancer, particularly through investigating CRP and NLR.

CRP has been established as a prognostic indicator in a

variety of cancers, including NSCLC (8). The cut-off value

of 10 mg/l that we choose in our study has been used by
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P–Y ≥ 43

No tobacco cessation

PS ≥ 2

Age ≥ 65 

BMI ≤ 18.5

Non–ADK: squamous

NonADK: others

Stage IV

Metastatic sites >2

CRP ≥ 10 mg/L

NLR ≥ 3.87

No chemotherapy

Note: * only factors with p value ≤ 0.15 in univariate analysis were included in the multivariate model; † Log-rank test; ‡ Cox proportional hazard model

PFS: Progression –free survival OS: overall survival; HR: Hazard Ratio; CI: Confidence Interval; P-Y: Pack-years; PS: Performance Status; Non–ADK: non–adenocarcinoma; CRP: C-

reactive protein; NLR: Neutrophil to Lymphocyte Ratio

OS

Univariate Multivariate *

p† HR 

(95% CI) p‡

0.22 – –

0.18 – –

0.04 2.83 (1.29 -6.23) 0.009

0.02 2.03 (1.16 - 3.56) 0.013

0.41 – –

0.08 1.24 (0.73 - 2.19) 0.41

2.67 (0.96-7.42) 0.059

0.37 – –

0.46 – –

0.002 2.44 (1.19-5.00) 0.015

0.008 1.67 (1.01- 2.73) 0.049

<0.0001 9.17 (4.25-19.88) <0.0001

PFS

Univariate Multivariate *

p† HR 

(95% CI) p‡

0.041 1.62 (1.00-2.61) 0.051

0.62 – –

0.65 – –

0.08 1.32 (0.79- 2.21) 0.29

0.68 – –

0.47 – –

– –

0.66 – –

0.007 2.89 (1.28- 6.55) 0.011

0.59 – –

0.013 1.62 (1.00- 2.63) 0.053

– – –

Table 3: Univariate and multivariate analysis of progression-free-survival and overall survival according to patients' characteristics

Figure 2: Kaplan-Meier curves of progression-free survival according to the

combined use of CRP and NLR



many other authors and adopted in scores such as the

Glasgow Prognostic Score (GPS) (9-12). Jing et al.

reviewed eight studies examining the prognostic value of

CRP in NSCLC and found that elevated plasma CRP

levels might predict poor 5-year OS rates (HR=2.15; 95%

CI: 1.78-2.59) (13). The mechanisms underpinning the

prognostic implication of CRP during cancer seem to be

diverse and not completely elucidated. CRP is exclusively

produced by hepatocytes upon stimulation by circulating

pro-inflammatory cytokines, in particular interleukin-1 (IL-

1), Tumor Necrosis Factor, and particularly IL-6 (14). As

supported by experimental studies, high CRP levels

during NSCLC could be explained by an increased

production of inflammatory cytokines prompted by

neoplastic cells (15). Indeed, in a meta-analysis

conducted by Liao et al., the authors assessed the

prognostic impact of several circulating inflammatory

mediators in patients with NSCLC and found that CRP

and IL-6 were both associated with a shortened OS (16).

In a work comprising 2910 patients with invasive breast

cancer, high CRP levels at diagnosis were associated

with a larger tumor size, a less differentiated histological

grade and a poor prognosis (17). Similar findings were

reported for unresectable NSCLC (18). Indeed, our

results found that high CRP levels correlated significantly

with a larger tumor size and a lower BMI as well as a poor

OS. Previous studies undertaken on lung cancer showed

that the presence of a systemic inflammatory response

was associated with increased resting energy

expenditure, low BMI and a shortened survival (19). The

plasma half-life of CRP is constant in all situations and is

not influenced by any other physiological or pathological

condition. Thus, blood levels of CRP reflect solely the

magnitude of tissue inflammation (20). However, CRP is

not a specific marker of cancer. Despite the fact that

infectious etiologies of elevated CRP during cancer could

be easily ascertained and taken into consideration, high

CRP levels could also result from other factors that might

be less obvious to adjust for. For instance, chronic

obstructive pulmonary disease and cardiovascular

diseases have all been reported to impact on circulating

CRP levels (21, 22). Therefore, several studies took

interest in other inflammation markers (23). Some authors

were initially interested in NLR (23). In a meta-analysis,

Gu et al. combined the results of 3656 NSCLC patients

from 14 individual studies and demonstrated that a high

pretreatment NLR was significantly associated with a poor

OS (HR: 1.70; 95% CI: 1.39-2.09) and a short PFS (HR:

1.63; 95% CI: 1.27-2.9) (23). These combined HRs

reported respectively for OS and PFS are very

comparable with the HRs found in our study. Gu et al.

concluded that despite the heterogeneity of the studies,

the prognostic significance of NLR was similar across

different countries of studies, sample sizes, tumor stages,

treatment strategies, and cut-off values chosen by each

study. They also stated that a dichotomous value of 5 for

NLR could provide the best cut-off value to guide clinical

decision and predict treatment outcomes in western

patients with NSCLC. For our North-African patients, we

opted instead for 3.87 as a cut-off value because it had

the best sensitivity to specificity ratio on the ROC curve. A

high NLR implies an increased number of neutrophils

and/or a decreased lymphocyte count with a relative

lymphopenia. During neoplastic diseases, leucocytes play

the role of a double-edged sword in tumor progression

(24). It was argued that a specific cytokine secretion

profile supported by cancerous cells might be responsible

for directing neutrophils towards an aberrant way of tumor

stimulation (25). Indeed, although Tumor Associated

Neutrophils (TAN) are normally agents of anti-tumor

defense, neoplastic cells can induce a TAN phenotype

that promotes angiogenesis in the tumor

microenvironment (26, 27). In addition to these in-situ

neutrophils, circulating neutrophils could also promote

metastasis by tumor cells trapped within neutrophil

extracellular traps (NETs) (28). These observations might

explain the significant association that we found in our

study between NLR and the number of metastatic sites.

On the other hand, lymphocytes have a major role in anti-

tumor immunity by inhibiting the proliferation and

migration of tumor cells (7, 29, 30). Excess neutrophils

have been implicated in the suppression of the cytolytic

activity of lymphocytes and Natural Killer cells, and

inhibition of T cell proliferation (31). This may partly

explain the association of a high NLR with a shortened

survival. NLR might reflect the imbalance of the host’s

inflammatory response between pro-tumor activity and

anti-tumor agents. In our study, it was of interest to note

that NLR and CRP were independent factors of OS in the

multivariate model. We might theorize that even though

NLR and CRP are both inflammation markers, the

mechanisms underlying their prognostic significance are

different. Therefore, the combined use of these two

markers could be of a great interest. Many scores have

combined inflammation markers to maximize their

prognostic value. For example, the GPS is a score which

combined a positive inflammation marker (CRP) to a

negative inflammation marker (serum albumin) (32).

Other scores have incorporated inflammation markers

with other clinical or biological parameters (33). The

prognostic index (PI) is a score that combines white blood

cell count (WBC) with CRP (34). In a study comprising

134 patients, Kasymjanova et al. showed that the PI was

significantly associated with PFS and was an independent

indicator of OS (34). A normal WBC could nonetheless

mask an elevated NLR. We might therefore suggest that

NLR could be more reliable than WBC in reflecting the

maladjusted inflammatory response we discussed earlier.

In a study including 301 patients with resected NSCLC,

Tomita et al. examined the combined use of preoperative

CRP and NLR and concluded that it was an independent

prognostic factor (35). Our present work revealed similar

findings for advanced NSCLC. This study has some limits

due to its retrospective nature. Data regarding therapy
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received prior to admission (corticosteroids and

antibiotics) were missing in some cases. Another limit lies

in the variety of cut-off values found in the literature for

both CRP and NLR. This might be unpractical when

making treatment decisions and raises the question about

the optimal dichotomous value to choose. Besides, these

cut-off values can only divide patients into two groups

whereas, in reality, patients presenting slight elevation of

inflammation markers should not be regarded as having

the same prognosis as those with patently high levels.

Therefore, the main advantage of combining CRP with

NLR lies in the dichotomization of patients into three

groups rather than two, which makes patients with only

one elevated inflammation marker fall into an

intermediate-risk group.

co nclusi o n

We found that both baseline NLR and CRP were a

prognostic factors for OS in advanced NSCLC. Their

combination offered an additional input for refining

prognostication in patients with advanced NSCLC. Since

these two markers have a low cost and a good availability,

their combined use should be taken into consideration to

guide treatment decisions.
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