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Abstract
Background: Tobacco exposure is the most important risk factor for the occurrence and death of lung
cancer. Fibrinogen beta chain (FGB), the most abundant coagulation factor in plasma, is putatively
involved in tumor progression. This study aimed to evaluate the expression pattern and prognostic value
of FGB in lung adenocarcinoma with tobacco exposure. Methods: FGB expression in lung
adenocarcinoma (LUAD) and corresponding normal lung tissues was compared in The Cancer Genome
Atlas (TCGA) database. Strati�ed analysis was conducted to investigate the expression of FGB in LUAD
patients with different tobacco exposure. Kaplan-Meier analysis and Cox-regression analysis were
performed to evaluate the prognostic signi�cance of FGB. The same survival analyses were conducted in
the KM plotter database to validate the prognostic value of FGB. Results: FGB expression was
signi�cantly increased in LUAD tissues than in normal tissues (P<0.001). The FGB expression in smoker
group was higher than those in non-smoker group (P<0.001). High FGB expression was associated with
advanced N stage (P=0.033) and TNM stage (P=0.046). The smoker group possessed higher level of FGB
both in LUAD patients without (P=0.003) or (P =0.045) with lymph node metastasis. However, in early
TNM stages, the smoker group showed elevated expression of FGB compared with non-smoker group
(P=0.0004), and in advanced TNM stages, there was no signi�cant difference between the two groups
(P=0.350). In survival analyses, patients with high FGB expression had remarkably worse overall survival
(P=0.007) and progression-free survival ((P=0.007) than those with low FGB expression. In smoker group,
high level of FGB expression predicted worse OS (P=0.003) and PFS (P=0.029). Cox-regression analysis
indicated that FGB was an independent prognostic factor for LUAD patients’ OS (HR= 1.616, P=0.017)
and PFS (HR= 1.710, P=0.028). In smoking group, FGB also served as a promising prognostic biomarker
for OS (HR= 1.806, P=0.027) and PFS (HR= 2.181, P=0.013). Similar survival curves were generated in the
KM plotter cohort. Conclusions: Our study demonstrated that elevated expression of FGB may identify an
aggressive subgroup in LUAD with tobacco exposure and serve as an independent prognostic indicator in
these patients.

Background
Lung cancer is the second most common (accounting for 12.9%) type of cancer and the leading cause
(accounting for 23.5%) of cancer-related deaths worldwide.[1] In China, lung cancer is the most incident
cancer and leading causes of cancer death, with 733,300 newly diagnosed cases and 610,200 deaths
every year.[2] Lung adenocarcinoma (LUAD), with an increasing incident, is the major type of lung cancer,
which accounts for nearly 40%. Though the screening technology and therapy strategy has been made
great advances, the early diagnosis rate and 5-year survival rate remains low.

Among the carcinogenic factors, tobacco exposure is con�rmed to be the main cause of lung cancer.
Epidemiological �ndings suggest that tobacco exposure was found in 90% of lung cancer patients, and
contributed to approximately 16% of cancer diagnoses and 30% of cancer deaths.[3] The risk of lung
cancer in tobacco exposed population is nearly 30 times higher than that in non-exposed population.[4]
Due to the smoking cessation program, the lung cancer death rate has dropped steadily by approximately
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in 1.5% per year in United States.[1] However, smoking is still popular in China, especially in rural areas,
and many people are exposed to secondhand or thirdhand smoke. Tobacco exposure causes the
accumulation of toxic substances, such as benzo(a)pyrene and nicotine, induce DNA damage and
genetic mutation in pulmonary epithelial cells, release of in�ammatory mediators, reduction of
cytochrome oxidase activity, suppression of immune system.[5-8]

Fibrinogen is a dimeric protein formed by three pairs of polypeptide chains (α β and γ), and is the most
abundant coagulation factor in plasma. Fibrinogen beta chain (FGB) limits the assembly of �brinogen.
Elevated expression of FGB was associated with thrombus event such as stroke and acute coronary
syndrome.[9-11] In recent years, more evidences showed that FGB was associated with tumor progression
and poor prognosis in varies types of cancers. Suppressed expression of FGB by SIRT1 could inhibit RCC
tumorigenesis. Higher levels of FGB were positively correlated to later TNM stages and higher tumor
biomarkers in NSCLC.[12] Shu-Qi Li et al. reported that albumin-to-�brinogen ratio could act as a
prognostic biomarker of NSCLC patients, while the lower ratio predicted worse clinical outcome.[13]

In the present study, we aimed to identify promising biomarkers for LUAD with tobacco exposure via
bioinformatics data mining. Our results showed that FGB was overexpressed in LUAD, especially those
with tobacco exposure. Elevated expression of FGB was associated with tumor progression and worse
overall survival and progression-free survival.

Methods
TCGA lung adenocarcinoma cohort

The lung adenocarcinoma cohort was downloaded from The Cancer Genome Atlas (TCGA) database
(http://tcga-data.nci.nih.gov/tcga)[14]. In total, 439 cases of LUAD patients and 59 cases of normal with
complete information were enrolled. The median age of the LUAD patients was 66 years. Among the
subjects, 68 cases were never-smoker, 111 cases were current reformed smoker more than �fteen years,
153 cases were current reformed smoker less than �fteen years and 107 cases were current smoker. The
non-smoker included that never smoker and current reformed smoker more than 15 years. The smoker
included that current reformed smoker less than15 years and current smoker.

 

KM plotter

The Kaplan-Meier Plotter database (http://kmplot.com/analysis) was queried to validate the prognostic
signi�cance of FGB mRNA expression[15]. The desired Affymetrix IDs is valid: 216238_s_at (FGB). The
survival analysis was conducted in 720 cases of LUAD. The overall survival time and progression-free
survival time were also calculated in LUAD patients strati�ed by smoking status.
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Statistical analysis

Statistical analysis was performed by using the SPSS statistical software package (standard version
22.0) and GraphPad Prism (version 8.0). All group data are presented as mean ± SD. Two-group
independent sample comparisons were preformed using Mann-Whitney U test for the Kolmogorov-
Smirnov test showed the distribution of FGB expression was abnormal. Pearson chi-square test was
applied to determine the relationship between FGB expression and the clinicopathological features. For
survival analysis, Kaplan-Meier curve was generated with log-rank test. Multivariable Cox-regression
analysis was applied to test for the independence of the prognostic value of FGB expression. P<0.05 was
considered statistically signi�cant.

Results
Expression pattern of FGB in LUAD

Comparing with the normal tissues, the LUAD tissues showed higher expression level of FGB mRNA
(P<0.001) (Fig. 1A). To further investigate the expression pattern of FGB in LUAD with tobacco exposure,
strati�ed analysis was conducted in different exposure levels. The expression level of FGB in those
reformed smoker more than �fteen years were similar to never smoker, and the FGB level in those
reformed smoker less than �fteen years were similar to current smoker. However, the FGB expression in
smoker group was much higher than those in non-smoker group (P<0.001) (Fig. 1B). These results show
that the FGB expression level was signi�cantly higher in LUAD, especially in those with tobacco exposure.

 

Correlation between FGB expression and clinicopathological features

The relationship between FGB expression and clinicopathological features was evaluated (Table 1).
Besides the positive correlation between tobacco exposure, high level of FGB expression associated with
advanced N stage (P=0.033) and TNM stage (P=0.046) in LUAD. Strati�ed analysis revealed that both in
LUAD patients without or with lymph node metastasis, the smoker group possessed higher level of FGB
(P=0.003 and P =0.045, respectively) (Fig. 2A). However, in early TNM stages, the smoker group showed
elevated expression of FGB compared with non-smoker group (P=0.0004), and in advanced TNM stages,
there was no signi�cant difference between the two groups (P=0.350) (Fig. 2B). These results indicated
that a positive correlation exists between FGB expression and LUAD progression.

 

FGB serves as a prognostic biomarker in LUAD with tobacco exposure

Kaplan-Meier analysis and Cox regression analysis were applied to evaluate the prognostic value of FGB
in LUAD. Patients with high FGB expression had remarkably worse overall survival and progression-free
survival than those with low FGB expression (P=0.007 and P=0.034, respectively) (Fig. 3). Accordingly, the
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median OS time in FGBhigh group (1081 (95% CI 733 to 1428) days) was shorter than in the FGBlow group
(1622 (95% CI 1189 to 2054) days). Constantly, the median PFS time FGBhigh group (680 (95% CI 407 to
952) days) was shorter than in the FGBlow group (1083 (95% CI 496 to 1669) days). Furtherly, strati�ed
survival analysis was applied in LUAD patients with or without tobacco exposure. In the non-smoker
group, patients’ overall survival and progression-free survival were irrelevant to the expression of FGB
(Fig. 4A and 4B). Nevertheless, in the smoker group, high level of FGB expression predicted worse OS
(HR= 1.727 (95%CI 1.043 to 2.859), P=0.003) (Fig. 4C) and PFS (HR= 3.262 (95%CI 1.805 to 5.893),
P=0.029) (Fig. 4D). Multivariable Cox-regression analysis showed that FGB was an independent
prognostic factor for LUAD patients’ OS (HR= 1.616 (95%CI 1.090 to 2.395), P=0.017) and PFS (HR=
1.710 (95%CI 1.060 to 2.759), P=0.028) (Table 2). In those LUAD patients with tobacco exposure, FGB
also served as a promising prognostic biomarker for OS (HR= 1.806 (95%CI 1.071 to 3.044), P=0.027)
and PFS (HR= 2.181 (95%CI 1.182 to 4.023), P=0.013) (Table 3).

To con�rm the prognostic value of FGB in LUAD, the KM plotter online database was queried. Consistent
with the results in TCGA cohort, high FGB expression was found to be correlated with worse OS (HR= 1.48
(95%CI 1.17 to 1.87), P=0.00093) and PFS (HR= 1.78 (95%CI 1.29 to 2.44), P=0.00032) in LUAD patients
(Fig. 5). Moreover, survival curves strati�ed by smoking status showed that upregulation of FGB was
signi�cantly associated with worse OS (HR= 1.73 (95%CI 1.08 to 2.78), P=0.021) and PFS (HR= 2.05
(95%CI 1.31 to 3.21), P=0.0013) in LUAD patients with tobacco exposure, but not correlated with outcome
in non-smokers (Fig. 6). These results suggest that FGB is a reproducible prognostic marker in LUAD
patients, especially in those with tobacco exposure.

Discussion
Tobacco exposure is considered to be the main cause of cancer, chronic bronchitis, emphysema and
cardiovascular diseases and claims the lives of more than 6 million people each year.[16] Alexandrov et
al. examined mutational signatures and DNA methylation changes in 5243 cancers from 17 different
types linked to smoking, and found the number of base substitutions was higher in smokers compared
with nonsmokers, especially in lung epithelial cells.[17] High somatic mutations increased the risk of
cancer incidence. A meta-analysis of human epidemiologic data conducted to evaluate the pro�le of
common or therapy-targetable mutations in lung cancers demonstrated the smokers exhibited increased
odds of KRAS mutation and decreased odds of EGFR and ALK-EML4 mutations, indicating that tobacco
exposure limited survival bene�ts from target therapy.[18] Thus, an insight view of the effect and
mechanism of tobacco exposure in lung cancer is urgently-needed.

Fibrinogen is a coagulation factor involved in coagulation, wound healing, in�ammation, angiogenesis
and cell adhesion. Recent studies have suggested that aberrant expression of FGB plays an important
role in tumor progression.[19, 20] Palumo et al. reported that elevated expression of FGB is associated
with metastasis and cancerous thrombosis.[5] In NSCLC patients, FGB expression predicts cancer
associated thromboembolism and worse outcome.[21]
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In this study, we investigated the expression pattern and prognostic value of FGB in LUAD patients
strati�ed by smoking status. We found that FGB expression was signi�cantly increased in LUAD tissues,
especially in those with tobacco exposure, indicating that smoking could stimulate the FGB pathway to
change the biological characteristics of cancer cells. Interestingly, higher expression was found in the
smoker group in early TNM stage patients, but not in advanced TNM stage patients. This result might due
to statistical bias for a relatively small sample number of stage IV patients was involved in the study. The
survival analyses showed that high expression of FGB was an independent prognostic indicator in LUAD
patients with tobacco exposure, but not in those non-smokers, indicating that FGB might be developed as
a therapeutic target for those patients.

The following issues would focus on: 1) the underlying molecular mechanism of FGB expression in LUAD
patients with tobacco exposure. 2) the expression pattern of FGB in lung squamous cell carcinoma and
small-cell carcinoma with tobacco exposure, for the two types of lung cancer are more relative to
smoking.

Conclusions
We demonstrate that FGB expression levels are signi�cantly elevated in LUAD patients with tobacco
exposure. High expression of FGB correlates with tumor progression, and is an independent prognostic
indicator in patients. Our results suggest that FGB could be used as a novel prognostic indicator and a
potential therapeutic target in LUAD patients with tobacco exposure.

Abbreviations
FGB: Fibrinogen beta; TCGA: The cancer genome atlas; LUAD: Lung adenocarcinoma; OS: Overall
survival; PFS: Progression-free survival; HR: Hazard ratio; CI: con�dence interval.
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Tables
Table 1 Correlation between FGB expression levels and clinicopathological characters in LUAD
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Clinical

Characters

Lung adenocarcinoma

Cases

N=439

FGB Expression P value

Low High

Age(years) a. b.       0.792

≤66 200 118 82  

>66 220 127 93  

Smoking c.       <0.001***

Non-smoker 179 124 55  

Smoker 260 132 128  

T status       0.431

pT1 136 81 55  

pT2 245 137 108  

pT3-4 57 37 20  

N status       0.033*

pN0 289 179 110  

pN1-3 150 77 73  

M Status       0.876

pM0 419 244 175  

pM1 20 12 8  
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TNM Stage       0.046*
I-II

III-IV

342

97

208

48

134

49

 

1. Median age was 66 years old.

2. Nineteen cases with unclear age features were no included.

3. Non-smoker included those never smokers and current reformed smoker > 15years; Smokers include those
current reformed smoker ≤ 15years and current smoker.

P value was evaluated by Chi-square test. *, P<0.05; **, P<0.01; ***, P<0.001.

 

Table 2 Multivariable Cox-regression analysis for OS and PFS in LUAD

Factors OS   PFS
HR (95%)CI P value   HR (95%)CI P value

Age

Smoking

1.208

0.902

0.801-1.823

0.734-1.109

0.367

0.329

  1.607

0.993

0.953-2.709

0.764-1.290

0.075

0.958
Stage

FGB

1.646

1.616

1.368-1.981

1.090-2.395

0.000

0.017

  1.239

1.710

0.969-1.585

1.060-2.759

0.088

0.028

HR hazard ratio, CI confidence interval

 

Table 3 Multivariable Cox-regression analysis for OS and PFS in LUAD with tobacco exposure

Factors OS   PFS
HR (95%)CI P value   HR (95%)CI P value

Age 1.416 0.865-2.321 0.167   2.351 1.277-4.328 0.006
Stage

FGB

1.529

1.806

1.231-1.898

1.071-3.044

0.000

0.027

  1.388

2.181

1.046-1.843

1.182-4.023

0.023

0.013

HR hazard ratio, CI confidence interval

 

Figures
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Figure 1

Expression pattern of FGB in LUAD. (A) FGB was signi�cantly overexpressed in tissues compared with in
normal tissues. (B) The expression level of FGB in those reformed smoker less than �fteen years and
current smoker was higher than in those reformed smoker more than �fteen years and never smoker.

Figure 2
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Correlation between tobacco exposure and clinical features. (A) The smoker group possessed higher level
of FGB both in LUAD patients without (P=0.003) or with (P=0.045) lymph node metastasis. (B) The
smoker group possessed higher level of FGB in stage I/II LUAD patients (P=0.0004), but not in stage III/IV
patients (P=0.350).

Figure 3

Prognostic value of FGB in LUAD patients. Kaplan-Meier survival curves generated from TCGA cohort
indicated that elevated expression of FGB predicted worse overall survival (A) and progression-free
survival (B).
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Figure 4

Prognostic value of FGB in LUAD patients strati�ed by smoking status. No signi�cant association
between FGB expression and patient OS (A) and PFS (B) were observed in non-smoker group. However,
high level of FGB expression predicted worse OS (C) and PFS (D) in the smoker group.
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Figure 5

The prognostic effect of FGB in LUAD patients in KM plotter cohort. The desired Affymetrix IDs is valid:
216238_s_at (FGB). Elevated expression of FGB predicts worse prognosis of overall survival (A and
progression-free survival (B).
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Figure 6

The prognostic effect of FGB in LUAD patients in KM plotter cohort strati�ed by smoking status. The
desired Affymetrix IDs is valid: 216238_s_at (FGB). No signi�cant association between FGB expression
and patient OS (A) and PFS (B) were observed in LUAD patients without tobacco exposure. However, in
LUAD patients with tobacco exposure, high level of FGB expression predicted worse OS (C) and PFS (D).


