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Objective: To explore the prognostic value of preoperative fibrinogen to albumin ratio
(FAR) in patients with glioblastoma (GBM) and its association with clinical characteristics.
Patients and Methods: A retrospective analysis was carried out on patients with newly
diagnosed GBM who had undergone operation at the Department of Neurosurgery at West
China Hospital between June 1st 2015 to June 31st 2018. Receiver operating characteristic
(ROC) curves were performed to determine the optimal cut-off values for fibrinogen,
albumin, neutrophil to lymphocyte ratio (NLR), and FAR by calculating the maximum
Youden index. Kaplan—Meier curves and Cox regression analyses were applied to evaluate
the prognostic value of FAR in GBM. Harrell concordance index (C-index) and Akaike
information criterion (AIC) were calculated to compare different prognostic models.
Results: A total of 206 GBM patients were included in this research. The optimal cut-off
value for fibrinogen, albumin, NLR, and FAR were 2.57, 42.4, 2.28, and 0.068 respectively.
High FAR was significantly related to older age, KPS<80, IDH-1 wildtype, presence of
preoperative seizures, higher NLR, and tumor location. In Cox regression analyses, high
FAR was significantly associated with poor prognosis. Prognostic models including FAR had
the largest C-index and lowest AIC.

Conclusion: FAR was determined to be an independent risk factor of prognosis in patients
with newly-diagnosed GBM. And the prognostic predictive ability of FAR is stronger than
fibrinogen and albumin.
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Introduction

Glioblastoma (GBM), which is the most common and lethal primary malignancy in
central nervous system, is characterized by tumor necrosis, microvascular prolif-
eration, and elevated tumor cell proliferation.' Median overall survival is 15-23
months and 5-year survival rate is less than 6% even though those receiving
standard treatments including surgery, radiotherapy, and chemotherapy.’
Approximately 90% GBMs primarily occur in elderly patients, whereas in younger
patients, it usually progresses from lower grade astrocytomas.® Based on the newly
2016 World Health Organization Classification of Tumors, isocitrate dehydrogen-
ase-1 (IDH-1) was formally introduced into the differentiation and diagnosis of
GBM, which initiated new era of molecular diagnosis of GBM.*’ It remains
unknown about the molecular mechanisms how GBM develops so that specific
therapeutic targets cannot be easily determined. In recent years, it has been an
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eternal topic in the field of cancer to find effective bio-
markers to predict and treat GBM.

Previous laboratory tests have found that the process of
fibrin formation and fibrinolysis parallels the progress of
malignancy. Hemostatic system including thrombin, tissue
factor and fibrinogen has been verified playing an impor-
tant role in neoangiogenesis and metastasis of different
tumors.® Fibrinogen, also known as coagulation factor I,
is a 340 kDa glycoprotein synthesized in the liver. As
a pro-inflammatory protein, it has been reported in con-
nection with progression and prognosis of tumors, such as
upper urinary tract urothelial carcinoma, gastrointestinal
stromal tumors, pancreatic cancer, and epithelial ovarian
cancer.”'* Similarly, produced by the liver, plasma albu-
min plays a regulatory role in plasma oncotic pressure,
solubilization, antioxidantion, immunomodulation, and
capillary permeability, etc.'"'? It is also widely used as
an indicator of nutritional status. Recent studies have
indicated an association between plasma albumin concen-
tration, inflammation and tumorigenesis.'*'*

Systemic inflammation response markers are repre-
sented by neutrophil to lymphocyte ratio (NLR), platelet—
lymphocyte ratio (PLR), albumin to globulin ratio (AGR)
and immune—inflammation index, and as one member of
which, fibrinogen to albumin ratio (FAR) is a novel indi-
cator of prognosis in various tumors.">'” To our knowl-
edge, there are no relevant researches related to the clinical
significance of FAR in patients with GBM. Therefore, this
study is conducted to explore the potential relationship

between FAR and GBM.

Patients and Methods

Patient Population

A retrospective chart review was carried out on patients
with newly diagnosed GBM who had undergone an opera-
tion at the Department of Neurosurgery at West China
Hospital between June 1st 2015 to June 31st 2018. All
patients underwent a craniotomy on GBM with total resec-
tion or subtotal resection. These patients were followed up
until June 31st 2020. The pathological diagnoses were
based on 2016 WHO classification of CNS tumors. The
exclusion criteria were: 1) biopsy only; 2) younger than
18-year-old; 3) absence of definite pathological diagno-
sis; 4) incomplete baseline clinical data; 5) absence of
preoperative MRI imaging data; 6) receiving adjuvant
therapy like chemotherapy or radiotherapy before opera-
tion; 7) presence of history of liver diseases, infectious

diseases, blood system diseases or in a low nutrition con-
dition shortly before surgery.

Parameters Assessment

Medical records were surveyed and the following clinical
data were retrieved: gender, age at operation, preoperative
Karnofsky performance status, presence of preoperative
seizures, locations and hemisphere of tumors, pathological
diagnoses and some biomarkers. Ki-67 index was tested
by immunohistochemistry (IHC), while IDH-1 mutations
were determined by both IHC and molecular testing.
Routine blood tests were performed within 3 days prior
to surgery and relevant data was recorded. The FAR was
defined as the ratio between the serum fibrinogen concen-
tration (g/L) and the albumin (g/L), while the NLR was
defined by dividing the neutrophil (x10%/L) count by the
lymphocyte count (x10°/L).

Postoperative adjuvant therapies and survival condi-
tions were collected mainly through periodical telephone
interview and outpatient follow-up. Patients were routinely
followed up every 3 months for the first year, and every 6
months thereafter. Overall survival was defined as the
duration from the date of surgery to death or the last
follow up. All clinical assessments were performed by
two independent qualified neurosurgeons.

Statistical Analysis

SPSS 22.0 (IBM Co., Armonk, NY, USA) was used for all
statistical analyses. Receiver operating characteristic
(ROC) curves were performed to determine the optimal
cut-off values by calculating the maximum Youden index.
The associations between APPR and clinical variables
were tested by chi-square test, Mann—Whitney test, or one-
way ANOVA (one-factor analysis of variance). The
Kaplan—Meier (K-M) curves and Cox regression analyses
were used to determine the influence of risk factors for
overall survival in GBM patients. In terms of Cox regres-
sion analyses, a univariate Cox regression was firstly con-
ducted to evaluate clinical variables, then variables with
p value<0.1 were included into a backward stepwise multi-
variate Cox regression for further assessment. R software
(version 3.6.3, http://www.r-project.org/) was applied to
calculate and compare Harrell concordance index
(C-index) and Akaike information criterion (AIC) of dif-
ferent prognostic models. A smaller AIC value and/or

a larger C-index represented a greater predictive accuracy.
A two-sided p-value <0.05 referred as statistically signifi-
cant difference.
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Ethics

This study was approved by the Ethical Committee of
Sichuan University and conducted according to the prin-
ciples expressed in the Declaration of Helsinki, and all
patients were informed and signed their informed consent
to use their data for research purposes.

Results

Baseline Characteristics

The research group was constituted by a total of 206
consecutive patients with craniotomy for histologically-
proven glioblastoma (Table 1). There were 133 (65.56%)
males and 73 (35.44%) females, with a mean age of 54.25
+0.90 years (median 55, range 20-81 years). The mean
follow-up period was 467.08 +24.60 days (median 353,
range 31-1611 days). In terms of tumor-related seizures,
37 (17.96%) patients were diagnosed with preoperative
seizures. A preoperative KPS score >80 was recorded in
74 (35.92%) patients and vice versa. For location of
GBMs, 99 GBMs (48.06%) were located at left hemi-
sphere, 94 (45.63%) at right hemisphere, and 13 (6.31%)
at midline regions or invading bilateral brain tissues.
These tumors were distributed in frontal lobe (25.24%),
temporal lobe (19.42%), parietal lobe (6.80%), occipital
lobe (4.37%), and insular lobe (7.77%), and the rest were
involved in multiple regions (36.40%).

As for postoperative adjuvant therapy, 71 (34.47%)
patients received both chemotherapy and radiotherapy, 62
(30.10%) patients received one of the two treatments,
while other 73 (35.43%) patients did not receive any
kind of adjuvant therapy due to various reasons. Two
glioma-related biomarkers were recorded; a total of 111
(53.88%) patients had ki-67 index<30%, while 29
(14.08%) patients were tested as IDH-1 mutation.

According to ROC curves (Figure 1), the optimal cut-
off value for serum fibrinogen and albumin were 2.57 g/L
and 42.4 g/L, with the area under the curve (AUC) of
0.609 (0.517-0.701, p=0.022) and 0.618 (0.525-0.712,
p=0.013), respectively. The optimal cut-off value for
FAR and NLR were 0.068 and 2.28, with the AUC of
0.626 (0.533-0.720, p=0.008) and 0.586 (0.508-0.664,
p=0.033), respectively.

Relationships Between FAR and Clinical

Variables
The relationships between FAR and other clinical variables
were shown in Table 2. High FAR was significantly related

Table | Baseline Clinical Characteristics of 206 Patients with

Glioblastoma

Clinical Characteristics

Value (%)

Temporal lobe
Parietal lobe
Occipital lobe
Insular lobe
Other locations

Sample Size 206 (100%)
Follow-up period Meanz SD (day) 467.08+24.60
Median(range) 353 31-1611)
Age at operation Meant SD (year) 54.25 +0.90
Median(range) 55 (20-81)
Gender Male 133 (64.56%)
Female 73 (35.44%)
Preoperative seizures | Yes 169 (82.04%)
No 37 (17.96%)
Karnofsky >80 74 (35.92%)
performance status <80 132 (64.08%)
Hemisphere Left 99 (48.06%)
Right 94 (45.63%)
Midline or bilateral 13 (6.31%)
Location Frontal lobe 52 (25.24%)

40 (19.42%)
14 (6.80%)
9 (4.37%)
16 (7.77%)

75 (36.40%)

Adjuvant therapy

Chemotherapy and
radiotherapy
Chemotherapy or
radiotherapy

71 (34.47%)

62 (30.10%)

None 73 (35.43%)
Ki-67 230% 95 (46.12%)
<30% 111 (53.88%)
IDH-1 Mutation 29 (14.08%)
Wildtype 177 (85.92%)
Fibrinogen (g/L) 2257 120 (58.25%)
<257 86 (41.75%)
Albumin (g/L) 2424 105 (50.97%)
<424 101 (49.03%)
FAR 20.068 87 (42.23%)
<0.068 119 (57.77%)
NLR 2228 127 (61.65%)
<228 79 (38.35%)

Abbreviations: IDH-I, isocitrate dehydrogenase-|I; NLR, neutrophil to lympho-
cyte ratio; FAR, fibrinogen to albumin ratio.

to variables including older age (p<0.001), KPS<80
(p<0.001), IDH-1 wildtype (p=0.041), and presence of
preoperative seizures (p=0.021). Similarly, patients with
NLR>2.28 had a higher FAR (p<0.001). As regards to
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Figure | Receiver operating characteristic (ROC) analyses were performed to evaluate the optimal cut-off values of fibrinogen (A), albumin (B), NLR (C), and FAR (D), and

cut-off values were determined using the Youden index.

Abbreviations: NLR, neutrophil to lymphocyte ratio; FAR, fibrinogen to albumin ratio.

tumor location, tumor located at temporal lobe and occi-
pital lobe seemed to have high FAR (p=0.043).

There was no significant association between FAR and
other clinical variables including gender, hemisphere and
Ki-67 index.

Prognostic Value of FAR

As shown in Figure 2, K-M curves indicated that patients
with lower FAR had longer OS, compared to those with
higher FAR (Log rank test, p<0.001). Patients with lower
fibrinogen and NLR had a better OS (Log rank test,
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Table 2 Relationship Between FAR and Clinical Characteristics
Clinical Characteristics FAR<0.068 FAR>0.068 FAR P value
(n=119) (n=87) (Mean £SD)

Age at operation 255 46 58 0.062 +0.002 <0.001
<55 73 29 0.079 +0.003

Gender Male 69 64 0.073 +0.003 0.098
Female 50 23 0.065 +0.002

Preoperative seizures Yes 26 I 0.063 +0.004 0.021
No 93 76 0.072 £0.002

KPS >80 57 17 0.060 +0.002 <0.001
<80 62 70 0.076 +£0.003

Hemisphere Left 66 33 0.067 +0.003 0.129
Right 46 48 0.074 £0.003
Midline or bilateral 7 6 0.066 +0.005

Location Frontal lobe 33 19 0.068 +0.004 0.043
Temporal lobe 16 24 0.081 +0.006
Parietal lobe 9 0.064 +£0.003
Occipital lobe 4 0.082 +0.008
Insular lobe 10 0.065 +0.005
Other regions 47 28 0.067 +0.003

Ki-67 230% 54 41 0.073 £0.004 0.653
<30% 65 46 0.068 +0.002

IDH-1 Mutation 20 9 0.061 +£0.003 0.041
Wildtype 99 78 0.072 +0.002

NLR 22.28 6l 66 0.077 £0.003 <0.001
<2.28 58 21 0.060 +0.002

Abbreviations: IDH-I, isocitrate dehydrogenase-|; NLR, neutrophil to lymphocyte ratio; FAR, fibrinogen to albumin ratio.

p=0.005 and p=0.036, respectively). Rather, high albumin
concentration predicted good prognosis (p=0.003).

Univariate and multivariate Cox regressions were per-
formed to further determine the prognostic significance of
FAR and other variables (Table 3). Univariate Cox regression
suggested a significant association between high FAR (HR
1.778, 95% CI 1.321-2.392, p<0.001) short OS. And more
over, other significant variables were age, gender, hemisphere,
adjuvant therapy, IDH-1 status, NLR, albumin and fibrinogen.

Variables with a p value<0.1 were included in multi-
variate Cox regression. FAR was proved to be an indepen-
dent risk factor of OS (HR=1.793, 95% CI 1.312-2.451,
p<0.001). Concentration of fibrinogen and albumin were
also determined to be independent predictors of OS
(HR=1.738, 95% CI 1.266-2.385, p=0.001 and
HR=0.651, 95% CI 0.477-0.888, p=0.007 respectively).
Other independent risk factors included gender, adjuvant
therapy, ki-67 index, and IDH-1 mutation status.

Comparison of Prognostic Ability
Between FAR, Fibrinogen and Albumin

To further compare the prognostic predictive accuracy of
the three chosen markers, prognostic models were estab-
lished by using the three markers combined with other
independent variables including gender, adjuvant therapy,
ki-67 index, and IDH-1 mutation status. (Table 4) C-index
and AIC were calculated by R and the results indicated
that model FAR (C-index/AIC, 0.714/1576.170) had the
optimal prognostic ability among the three candidates,
which was superior to model albumin (C-index/AIC,
0.711/1583.814) and model fibrinogen (C-index/AIC,
0.712/1576.516).

Discussions

In the current study, FAR is found not only significantly
associated with some clinical characteristics, but also ser-
ving as an independent prognostic indicator in patients
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Figure 2 Kaplan—Meier curves showing overall survival of GBM patients stratified by value of fibrinogen (A), albumin (B), NLR (C), and FAR (D).
Abbreviations: NLR, neutrophil to lymphocyte ratio; FAR, fibrinogen to albumin ratio.

with GBM. Although fibrinogen and albumin are also
determined to be independent risk factors for OS, the
prognostic ability is weaker than FAR.

FAR is a novel hematological marker, which is
mainly used to predict prognosis in various tumors. In
some researches, albumin to fibrinogen ratio (AFR) is
preferred to FAR. Higher FAR predicts poor prognosis in
most researches, but several studies indicated valid prog-
nostic ability of FAR or AFR. In the retrospective
research of Sun et al, stage II-III colorectal cancer

patients are concerned and AFR is determined to be an
independent prognostic indicator with an adjusted HR
0.709 (0.455-1.107).'® Similarly, Du et al study indi-
cates that AFR is not an independent indicator for OS
in patients with metastatic gallbladder cancer.'® The
results are relatively suspectable in consideration of the
fact that patients in specific stage or condition are
included in these study. In previous study concerning
glioma and FAR or AFR, we only find a research
grade III and FAR through

between gliomas
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Table 3 (Continued).

p value

0.998

<0.001

UL

1.392

2451

95% CI

LL

0.718

1.312

Multivariate Analysis (FAR)

HR

1.000

1.793

p value

0.949

0.001

UL

1.404

2.385

95% CI

LL

0.728

1.266

Multivariate Analysis
(Fibrinogen)

HR

1.011

1.738

p value

0.764

0.007

UL

1.461

(Albumin)
95% ClI

LL

0.757

0.477 | 0.888

Multivariate Analysis

HR

1.052

0.651

p value

0.037

0.003

0.005

<0.001

UL

1.870

0.861

2.072

2.392

95% ClI

Univariate Analysis
LL

1.020

1.135

1.321

HR

1.381

0.642 | 0.479

1.534

1.778

Clinical Variables

Low

High

Low

High

Low

High

Low

High

NLR

Albumin

Fibrinogen

FAR

Abbreviations: HR, hazard ratio; Cl, confidence interval; LL, lower limit; UL, upper limit; KPS, Karnofsky performance status; IDH-1, isocitrate dehydrogenase-1; NLR, neutrophil to lymphocyte ratio; FAR, fibrinogen to albumin ratio.

comprehensive search. In the research, He et al find
higher FAR is related to shorter OS (Log rank test,
p<0.001), but the result is not further verified in multi-
variate analysis.?’

Fibrinogen and albumin are separately used to be prog-
nostic indicators in various cancers. In general, low fibri-
nogen and high albumin concentration predict better
prognosis.>' ?* Usually, fibrinogen predicts prognosis of
glioma patients combined with other hematological mar-
kers, such as fibrinogen-NLR score, fibrinogen-NLR-AGR
score, fibrinogen-albumin score and Sanbo Scoring
System.?>*® The above-mentioned prognostic models are
relatively steady and effective based on analytic results.

At the same time, we have compared the prognostic
predictive ability among albumin, fibrinogen, and FAR.
For this purpose, three prognostic models are established
based on significant prognostic variables from multivariate
Cox regression. The result indicates that FAR is superior
to fibrinogen and albumin in predicting prognosis.

The theory was firstly presented in 1865 that cancer
favored the activation of blood coagulation with the
appearance of hypercoagulable state or chronic dissemi-
nated intravascular coagulation (DIC) in these patients.°
Abnormalities in hemostatic parameters are present in
50% of patients with tumor and 95% of those with metas-
tases. Coagulation activation and tumor progression were
closely related.”® Different components of hemostatic sys-
tem, including thrombin, tissue factor, FVIla, FXa, fibri-
nogen, and vascular cells, are reported involving in
process of neoangiogenesis and metastasis by both
in vitro and in vivo tumor models.®*%*' The synergistic
effect between coagulation and inflammation further
changes the tumor microenvironment and promotes pro-
gression and dissemination of tumors.>?> This might
explain why fibrinogen could serve as a prognostic indi-
cator in malignancies. Similarly, coagulation indicators
including d-dimer, prothrombin time (PT), and activated
partial thromboplastin time (APTT) are also determined to
have ability in predicting prognosis in various tumors.**°

Serum albumin concentration, whose synthesis rate is
affected by both nutrition and inflammation, can easily
reflect status of diseases®’ and it is usually reduced in
tumors, as kind of wasting disease in company with micro-
environmental inflammation. Therefore, it is not difficult
to understand why albumin can serve as a predictor for
tumor prognosis and progression. In the meta-analysis of
Liu and Wang, subgroup analysis indicate that albumin is
a significant prognostic indicator for GBM patients
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Table 4 Prognostic Model of Fibrinogen, Albumin, and FAR for GBM Patients

Clinical Variables Prognostic Model (Albumin) Prognostic Model Prognostic Model (FAR)
(Fibrinogen)
HR 95% CI p value | HR 95% ClI p value | HR 95% ClI p value
LL UL LL UL LL UL

Gender Male | | |

Female 0.593 | 0.430 | 0.818 0.001 0.560 | 0.405 | 0.776 | <0.001 | 0.615 | 0.445 | 0.850 0.003
Adjuvant Chemotherapy and | | |
therapy radiotherapy

Chemotherapy or 2717 | 1.845 | 4001 | <0.001 | 2.716 | 1.843 | 4004 | <0.001 | 2.699 | 1.832 | 3.977 | <0.00I

radiotherapy

None 4.017 | 2.743 | 5881 | <0.001 | 4.845 | 3.243 | 7.238 | <0.00l | 4.577 | 3.090 | 6.778 | <0.001
Ki67 230% | [ |

<30% 0.653 | 0.480 | 0.889 0.007 0.638 | 0.468 | 0.869 0.004 0.623 | 0.457 | 0.850 0.003
IDH-1 Mutant | [ |

Wildtype 2.569 | 1.520 | 4.342 | <0.001 | 2.575 | 1.527 | 4.345 | <0.001 | 2.380 | 1.415 | 4.002 0.001
Albumin Low |

High 0.599 | 0.441 | 0.813 0.001
Fibrinogen | Low |

High 1.890 | 1.382 | 2.587 | <0.001
FAR Low |

High 1.925 | 1.416 | 2.618 | <0.001
C-index 0.711 0.712 0.714
AIC 1583.814 1576.516 1576.170

Abbreviations: HR, hazard ratio; Cl, confidence interval; LL, lower limit; UL, upper limit; IDH-1, isocitrate dehydrogenase-|; NLR, neutrophil to lymphocyte ratio; FAR,

fibrinogen to albumin ratio.

(HR=0.95, 95% CI: 0.91-0.99, p=0.018), especially in
multivariate analysis.*®

Unlike pathological biomarkers including IDH-1, ki-
67, methylation of O6-methylguanine-DNA methyltrans-
ferase (MGMT), detection of hematological markers is
convenient, affordable, and relatively innocuous. And in
general, most of these markers are contained in regular
preoperative examinations. Combined with other hemato-
logical prognostic markers such as NLR, PLR, and AGR,
even the constructed prognostic models based on these
markers, we can evaluate prognosis of GBM in more
accurate ways. And the potential mechanism is needed to
be elucidated.

There are still some limitations in our study. At first, FAR
is absent in the postoperative follow-up plan, so we cannot
know its changes and its relationship with prognosis which
could help us to further evaluate its clinical significance

throughout the whole course of disease. Secondly, the sample
size is relatively small so that we did not build a validation
group to further verified the result. Thirdly, it is difficult to
accurately and timely assess the progression of GBM after
operation considering its early recurrence and rapid progres-
sion, so we did not include clinical data on disease progres-
sion like progression-free survival (PFS). Last but not least,
patients with recurrent GBM who receive operation in the
same time period should be included to enrich the research.

Conclusion

To our knowledge, this is the first study focusing on
validating the clinical significance of preoperative FAR
in GBM. In the current study, FAR is not only significantly
associated with clinical characteristics such as age, preo-
perative KPS, IDH-1 mutation status, condition of preo-
perative seizures, but also determined to be an independent
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risk factor of prognosis in patients with newly-diagnosed
GBM. And the prognostic predictive ability of FAR is
stronger than fibrinogen and albumin.
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