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Introduction

Lung cancer is the leading cause of cancer death and the 
non-small cell lung cancer (NSCLC) represents 80% of 
all cases (1). When diagnosed, in most cases the cancer is 

in locally advanced or metastatic stage of the disease (stage 
IIIB and IV). Although targeted therapeutics for lung cancer 
harboring activating mutations emerged during past years, 
for a large proportion of patients, platinum-based doublet 
chemotherapy is still the established first line therapeutic 
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option (2).
Since the chemotherapy carries the burden of wide 

spectrum of considerable side effects the treatment decision 
should balance the benefits and undesirable effects of the 
treatment. One of the essential factors in deciding on 
treatment strategy is the expected prognosis.  

In standard clinical practice, different clinical or pathological 
factors are used as prognostic tools helping to predict the 
outcome of the treatment such as pathohistological subtypes 
of the cancer, presence of different mutations, performance 
status (PS), weight loss, age or comorbidities (3-5). The 
most recognized prognostic factor, which is advised in 
guidelines for lung cancer treatment is PS (6). Still, the 
adequate predictive factor to sift the patients who will 
benefit the most from the chemotherapy, due to the 
heterogeneity of the disease, is yet to be found. 

Systemic inflammation correlated with the carcinogenesis, 
tumor proliferation and dissemination, brings significant 
contribution in prognostic assessment of solid tumors. 
It has been shown that systemic symptoms related to the 
presence of cancer such as weight loss, anorexia, cachexia 
and anemia are inflammatory driven (7). The mechanism of 
the systemic inflammation in cancer is a result of systemic 
cytokine excess either triggered by the tumor itself or 
as part of the host’s innate response against cancer (8). 
Activation of the coagulation system is observed in patients 
with various malignancies and in lung cancer as well, and 
is also related to cancer derived humoral factors such as 
interleukin-6 (IL-6), interleukin-1 (IL-1), and macrophage 
colony-stimulating factor (9-13).

Aim of this study was to explore predictive value of 
the pre-treatment C-reactive protein (CRP), fibrinogen 
levels and their interaction for the response to frontline 
chemotherapy. 

Methods 

Trial design

This retrospective cohort study was done at University 
Hospital Centre Zagreb (UHC Zagreb), University 
Department for Lung Disease Jordanovac, Zagreb, Croatia. 
The study protocol was approved by UHC Zagreb Ethics 
committee and University of Zagreb Medical School 
Faculty Board, reference number 380-59-10106-13-51/13. 
All participants gave their written informed consent for 
participating in the study. The study was designed and 
executed in accordance with World Medical Association 
Declaration of Helsinki 2013 (14).

Participants

Patients of both gender, older than 40 years, diagnosed with 
locally advanced and metastatic NSCLC in stage IIIB and 
IV were eligible for the study. Exclusion criterion was brain 
metastasis at diagnosis. We chose a systematic, consecutive 
sample of patients by the order of their admission to the 
hospital. Patients with proven coexisting bacterial infection 
taking antibiotics at the time of diagnosis were excluded 
from the analysis. 

Outcome

Disease control versus progression of the disease at re-
evaluation after frontline chemotherapy. Response to 
chemotherapy was measured by comparison of the 
radiographic images of the chest before the treatment and 
at the completion of the treatment. Radiographic imaging 
used in this study comprised chest radiography in the 
anterior-posterior and lateral view and multi-slice computer 
tomography (MSCT) of thorax and upper abdomen. 
Chest radiography was used in regular check-ups after two 
cycles, as per standard clinical practice, while MSCT using 
RECIST criteria was used for the response assessment after 
completed first line therapy. Patients were divided in two 
groups regarding the radiological response to the treatment: 
in one were the patients who achieved disease control and 
in the other ones with disease progression. Disease control 
comprised complete response, partial response or stable 
disease achieved after first line chemotherapy confirmed 
by radiological assessment at re-evaluation. The laboratory 
test results registered and analyzed comprised: hemoglobin, 
leukocytes, fibrinogen, and CRP level pre-treatment and 
at the reevaluation. All patients had Eastern Cooperative 
Oncology Group (ECOG) PS 0 and 1. 

Statistical methods

The level of statistical significance was set to P<0.05 and 
all confidence intervals (CIs) were given at 95% level. In 
all instances a two-tailed tests were used. The distributions 
were described by medians and interquartile ranges or 
counts and percentages. To access independent association 
of CRP, fibrinogen and their interaction with disease control 
at re-evaluation we did the multivariate (adjusted) binary 
logistic regression analysis. Odds ratios (OR) with their 
95% CIs were given as measures of standardized effect sizes 
for disease control at re-evaluation. The moderating effect 
of fibrinogen on the association of CRP and chemotherapy 
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outcome was analyzed by “Process”, release 2.12, Andrew F. 
Hayes, The Ohio State University, 2014. Fibrinogen value 
defining the region of statistically significant association of 
CRP and chemotherapy outcome was assessed by Johnson-
Neyman technique as implemented in the “Process” (15). 
The probabilities of disease control at re-evaluation were 
calculated from odds as: probability = odds ratio/(1 + odds 
ratio). Statistical data analysis was done by R, version 3.0.1 
(R Development Core Team).

Results 

Total of 170 patients were eligible for the study, 127 (74.7%) 
were male and 43(25.3%) were female. Ages ranged between 
40 and 82 years, with a median (interquartile range) age 
of 64 [57–70] years. Female patients were older than male 

patients to a moderate extent with median [interquartile 
range (IQR)] of 69 [57–73] years compared to 63 [57–69] 
years. Total of 70 (41.9%) of patients had adenocarcinoma, 
65 (38.9%) had squamous cell carcinoma and 32 (19.2%) 
had NSCLC, not otherwise specified (NOS). 

Data on histological type was missing for 3 (1.8%), on 
CRP for 12 (7.1%), fibrinogen for 68 (40%), neutrophils 
for 15 (8.8%), hemoglobin for 9 (5.3%), leukocytes for 9 
(5.3%), antibiotic for 25 (14.7%) patients (Tables 1-4).

CRP and fibrinogen values were statistically significantly 
correlated at the beginning of chemotherapy (n=100; 
Spearmen’s rank correlation, ρ=0.67; P<0.001). 

At re-evaluation after frontline chemotherapy disease 
control was achieved in 84/141 (59.6%) patients. After 
the adjustment for age, gender, cytological/histological 
type, chemotherapy protocol and antibiotic; CRP and the 
interaction of CRP and fibrinogen were independently 
significantly associated with disease control at re-evaluation. 

There was a statistically significant difference in the 
median CRP level between the patients with disease 
control or progression at re-evaluation 13.8 vs. 30.0 mg/L  
respectively, P=0.026 (Table 5). In patients with disease 
control at re-evaluation, median (IQR) CRP changed from 
13.8 (5.1–51.6) at baseline to 5.9 (1.7–15.6) at re-evaluation. 
In patients with disease progression at re-evaluation, median 
(IQR) CRP changed from 30.0 (11.6–60.7) at baseline to 
29.1 (6.7–66.6) at re-evaluation. Change of CRP from base-
line to re-evaluation was statistically significantly different 
in patients with disease control and progression of disease 
at reevaluation (P=0.003). In patients with disease control 
at re-evaluation, median (IQR) fibrinogen changed from 
5.3 (4.0–7.0) at baseline to 4.1 (3.5–6.0) at re-evaluation. 
In patients with disease progression at re-evaluation, 

Table 1 Demographic characteristics at baseline (n=170)

Demographic characteristics Outcome

Age at diagnosis in years (median, IQR) 64 [57–70]

Gender (n, %)

Male 127 (74.7)

Female 43 (25.3)

IQR, interquartile range.

Table 2 Tumor characteristics

Histological type n %

Squamous cell carcinoma 65 38.9

Adenocarcinoma 70 41.9

NSCLS-NOS 32 19.2

Table 3 Laboratory parameters at baseline

Laboratory parameters Median IQR

C-reactive protein 25.7 8.2–64.3

Fibrinogen 5.5 4.4–6.8

Neutrophils 70.0 65.0–77.3

Hemoglobin 131.0 120.5–140.5

Leukocytes 9.2 7.8–11.8

IQR, interquartile range.

Table 4 Chemotherapy protocol and outcome at re-evaluation

Chemotherapy protocol and outcome n %

GP 40 23.5

PE 39 22.9

PC 58 34.1

Other 33 19.4

Antibiotic 12 8.3

Disease control at re-evaluation 84 59.6

IQR, interquartile range; GP, gemcitabine-cisplatin; PE, cisplatin-
etoposide; PC, paclitaxel-carboplatin.
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median (IQR) fibrinogen level changed from 5.6 (4.9–6.7) 
at baseline to 6.0 (4.4–7.2) at re-evaluation. Change 
of fibrinogen level from base-line to re-evaluation was 
statistically significantly different in patients with disease 
control or progression of disease at reevaluation (P=0.021).

Levels of neutrophils and hemoglobin were not 
significantly associated with disease control at re-evaluation 
(P=0.673, P=0.833 respectively) while levels of leukocytes 
were significantly associated with disease control (OR =0.92; 
95% CI, 0.84–1.00; P=0.046).

Planned post-hoc analysis revealed that below the 
10th percentile of fibrinogen values (≤3.3 g/L), higher 
CRP values were statistically significantly associated 
with progression of disease (Figure 1). At higher levels of 
fibrinogen, CRP level was not statistically significantly 
associated with disease control. 

By Johnson-Neyman technique we found that bellow 
fibrinogen value of 3.5 g/L, CRP level is significantly 
associated with disease control and progression of the 
disease. Above this fibrinogen value the association of CRP 
and disease control is lost. 

Discussion 

In this study we explored the predictive value of CRP in 
interaction with fibrinogen on the chemotherapy response 
and found a relationship between levels of inflammatory 
and coagulation markers and the response to the given first 
line chemotherapy. 

Locally advanced and metastatic NSCLC is one of the 
most aggressive types of malignant disease and the leading 
cause of cancer deaths for both men and women. 

Table 5 Independent association of CRP, fibrinogen and their interaction with disease control or progression at re-evaluation

Variables
Re-evaluation Univariate Multivariate, adjusted

Disease control Progression OR 95% CI OR 95% CI P

CRP 13.8 (5.1–51.6) 30.0 (11.6–60) 1.00 0.99–1.01 0.92 0.85–0.99 0.026

Fibrinogen 5.3 (4.0–7.0) 5.6 (4.9–6.7) 0.91 0.71–1.16 0.60 0.36–1.00 0.051

Interaction CRP fibrinogen 1.00 1.00–1.00 1.01 1.00–1.02 0.019

Age 64 [57–70] 62 [54–69] 1.03 0.99–1.08 1.04 0.98–1.10 0.242

Sex, n (%)

Male 61 (58.1) 44 (41.9) 1 1

Female 23 (63.9) 13 (36.1) 1.28 0.58–2.79 3.56 0.74–17.28 0.115

Histological type

Squamous cell carcinoma 33 (61.1) 21 (38.9) 1 1

Adenocarcinoma 36 (60.0) 24 (40.0) 0.96 0.45–2.03 0.69 0.21–2.34 0.554

NSCLS-NOS 13 (52.0) 12 (48.0) 0.69 0.27–1.79 0.71 0.14–3.69 0.680

Chemotherapy protocol

GP 21 (58.3) 15 (41.7) 1 1

PE 20 (58.8) 14 (41.2) 1.02 0.39–2.64 1.43 0.25–8.35 0.688

PC 31 (60.8) 20 (39.2) 1.11 0.46–2.64 1.11 0.21–5.83 0.898

Other 12 (60.0) 8 (40.0) 1.07 0.35–3.26 0.97 0.16–6.02 0.974

Antibiotic

No 75 (60.5) 49 (39.5) 1 1

Yes 6 (54.5) 5 (45.5) 0.78 0.23–2.71 0.61 0.11–3.39 0.568

Data are presented as median (interquartile range). CRP, C reactive protein; OR, odds ratio; 95% CI, 95% confidence interval.
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Emerging targeted therapy for cancers harboring 
different mutations is appropriate for small proportion of 
the patients and for majority of the patients chemotherapy 
is still the primary therapeutic strategy with the main goals 
of palliation and prolonging life. There is an ongoing 
quest for firm prognostic and predictive factors that can 
help select the patients who will benefit the most from the 
chosen chemotherapy. 

A solid evidence of intersections between inflammation 
and cancer pathogenesis exists, demonstrating important 
tumor-promoting effects that immune cells have on 
neoplastic progression (16-19).  Inflammation can 
contribute to cancer progression by producing different 
bioactive molecules to the tumor microenvironment that 
can stimulate growth, survival of cancer cells, angiogenesis, 
invasion and dissemination; it is considered as an emerging 
hallmark of cancer progression (16-18,20,21). Cancer 
related inflammation has specific cytokine signature of 
simultaneous immunostimulation and immunosuppression 
with increased concentrations of the cytokines macrophage 
migration inhibitory factor (MIF), tumor necrosis factor 
alpha (TNFα), IL-6, IL-8, IL-10, IL-18, and transforming 

growth factor β (TGFβ) (22).
This specific cytokine pattern seems to have a prognostic 

effect, since high IL-6 or IL-10 serum concentrations 
are associated with negative prognoses in independent 
cancer types whereas TNFα and IL-6 are recognized as 
master regulators of tumor-associated inflammation and 
tumourigenesis (23-25). Since there is a strong connection 
between IL-6 level and hepatic production of CRP, CRP 
level could be used as indirect measure of the tumor  
activity (26,27). 

Elevated CRP level is already recognized as ominous 
prognostic factor in different malignancies including 
lung cancer (28-36). Among the tumor derived humoral 
factors, IL-6, IL-1 and macrophage colony stimulating 
factors are also related to pathophysiological mechanism 
of thrombocytosis and elevated fibrinogen level in cancer 
patients, which implies more complex relationship between 
cancer-related cytokine secretion and inflammation and 
coagulation process as well (11-13).

Different inflammation markers or their combinations 
prior treatment were assessed for their predictive value 
in lung cancer. Inflammation as predictive factor, was 
analyzed in resectable NSCLC by Alifano et al., who found 
that inflammation with nutrition, and tumoral immune 
contexture may predict the outcome (37). Cedrés et al. 
found a direct association between a high neutrophil 
to lymphocyte ratio NLR value as marker of systemic 
inflammation and poor prognosis in NSCLC patients, 
and this was similarly observed by Botta et al. in NSCLC 
patients treated with bevacizumab (38,39). Kasymjanova 
et al. combined CRP and white blood cells (WBCs) in 
prognostic index and found that it can be a prediction tool 
for treatment and survival in metastatic NSCLC (40).

In this study predictive value of non-infectious 
inflammation marker CRP in interaction with fibrinogen 
on the chemotherapy response was analyzed. We found 
the relationship between lung cancer on the one side 
and fibrinogen and the CRP level as inflammatory and 
coagulation indirect markers on the other. The significant 
correlation of elevated pretreatment CRP level with poorer 
outcome after given chemotherapy was registered. There 
was a statistically significant difference in the pretreatment 
CRP level between the patients with disease control or 
progression at re-evaluation. The group of patients who had 
high CRP levels and the low fibrinogen level had poorer 
response to the chemotherapy with higher probability of 
disease progression at re-evaluation. The patients, who had 
low CRP levels before the start of the treatment, responded 

Figure 1 Probability of disease control at re-evaluation by different 
levels of C-reactive protein and fibrinogen; after adjustment 
for age, gender, histological type, chemotherapy protocol and 
antibiotic.
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better to the frontline chemotherapy. Additionally, we 
found the statistically significant difference in dynamics in 
CRP and fibrinogen level pre- and post-treatment in these 
two groups of patients. 

These findings are suggestive for complex interaction 
between cancer, non-infectious inflammation and 
coagulation cascade. Our study has several limitations: it 
was designed as retrospective study; patients in the study 
were with good PS only, neutrophil to leukocyte count were 
not included in analysis, treatment response was assessed 
by two radiological methods. Still, the results from our 
study support the value of elevated pre-treatment CRP 
value in prediction of the first line treatment outcome. 
Findings from this study contribute the growing evidence 
of inflammation and cancer relationship, with negative 
predictive impact of existing pre-treatment non-infectious 
inflammation on the NSCLC frontline chemotherapy 
response. Therefore, CRP and fibrinogen levels could be 
used as adjacent predictive tool in deciding on therapeutic 
strategy for patients with locally advanced and metastatic 
disease. 
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