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Background: The activation of inflammation and coagulation cascades plays an essential role in the
development of various malignancies, including metastatic breast cancer (MBC). This retrospective study
aimed to investigate the prognostic role of the combination of fibrinogen and the inflammation-based index
in patients with MBC.

Methods: A total of 176 patients with MBC were retrospectively reviewed. The clinical and pathological
data of included patients were followed-up and analyzed. The plasma fibrinogen concentration (FIB),
neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR) were measured. Dynamic
variations in the FIB, NLR, and PLR values were collected from 56 MBC patients before and after first-
line therapy. Receiver operating characteristic (ROC) curves were constructed to assess the optimal cut-off
values. Correlations between FIB and NLR or PLR were evaluated using Spearman correlation analysis. The
Kaplan-Meier method, two-tailed log-rank test, and Cox proportional hazard model were used for statistical
analysis.

Results: Baseline FIB was positively correlated with NLR and PLR values in MBC patients (P<0.05).
Additionally, multivariable analysis proved that the ERBB2 + subtype (P=0.023), basal-like subtype (P=0.032),
targeted therapy (P=0.033), other regimens (P=0.005), and baseline FIB level (P=0.004) were independent
prognostic variables for progression-free survival (PFS) in MBC patients. Furthermore, ERBB2+, basal-like
subtypes, and baseline hyperfibrinogenemia were independent factors for poor prognosis in MBC patients
[hazard ratio (HR): 3.717, 95% confidence interval (CI): 1.561-8.851, P=0.003; HR: 3.245, 95% CI: 1.368-
7.698, P=0.008; HR: 2.069, 95% CI: 1.352-3.167, P=0.001, respectively]. Most importantly, the FIB level
increased significantly after first-line therapy in patients with disease progression (3.73£0.63 vs. 5.32+0.52 g/L,
P=0.042) and also decreased markedly in stable disease (3.42+1.05 vs. 3.03+0.73 g/L, P=0.036). However,
PFS and overall survival (OS) were not significantly correlated with the dynamic changes of FIB and the
inflammation-based index.

Conclusions: The present study provided evidence that baseline FIB combined with NLR and PLR could
serve as prognostic predictors for MBC patients. Dynamic change of FIB before and after first-line therapy

could also be used as a potential predictor of therapeutic response in MBC patients.

Keywords: Metastatic breast cancer (MBC); fibrinogen (FIB); neutrophil lymphocyte ratio (NLR); platelet
lymphocyte ratio (PLR); prognosis
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Introduction

Breast cancer (BC) is the most common malignancy and
the leading cause of cancer mortality among women
worldwide (1). Treatment options for a woman diagnosed
with BC include multiple types of treatment (e.g., surgery,
chemotherapy and radiation). With the development of
medical oncology advances, the therapeutic approaches
have changed from a previously incurable condition into a
surgical disease. Further improvements in cancer molecular
biology allow the opportunities of systemic treatments,
including chemotherapy, hormonal therapy and targeted
therapy and immunotherapy. Although most BC patients
with localized disease are potentially curable with radical
surgery, relapse and recurrence in distant organs are
incurable and impact long-term prognosis (2). Recurrence
and metastasis are key problems affecting the overall
survival (OS) of patients with metastatic breast cancer
(MBC), which constitutes a major health burden with the
highest number of cancer-related deaths among women
globally (3). Biological characteristics, such as tumor size,
lymph node metastasis, histological grade, age, estrogen
receptors (ER), progesterone receptors (PR) and human
epidermal growth factor receptor 2 (HER2) status, are
considered as traditional prognosis predictor for clinical
routine evaluation. However, tumor histological appearance
may not be sufficient to establish the underlying complex
genetic alterations associated with tumor development
and progression. BC with similar clinical and pathological
behaviors may have different biological presentations.
Therefore, the heterogeneity of MBC needs novel
biomarkers allowing stratification of patients for treatment
despite having similar subtypes; appropriate prognostic
factors are urgently needed to predict recurrence risk and
prognosis, which will provide effective evidence for the
guidance of therapeutic strategy selection for MBC patients.

Emerging evidence suggests that tumor-associated
coagulation pathway activation promotes tumor cell
proliferation, invasion, and dissemination (4,5). The
relationship between malignancy and coagulation system
disorders has been explored for more than a century.
Fibrinogen is a fundamentally factor in the progression
of coagulation pathway activation (6). Increased plasma
fibrinogen values were observed in various carcinomas such
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as gastric cancer, colon cancer, and lung cancer. Recent
publications have reported that fibrinogen deficiency
diminishes spontaneous hematogenous and lymphatic
metastasis according to i vive and in vitro experiments (7).
Previous studies have also demonstrated that plasma
fibrinogen is a predictive biomarker for evaluating
chemotherapy response in patients with advanced non-
small-cell lung carcinoma, gastric cancer, and colorectal
cancer (8-10). However, the relationship between plasma
fibrinogen concentration and the clinical outcomes in
patients with MBC is still unknown.

Additionally, tumor development and inflammation
status are closely associated (8). In recent years, researchers
have found that immune cells (neutrophils, monocytes, and
lymphocytes) and platelets are important components of the
tumor microenvironment and influence tumor development.
The systemic alterations in neutrophil-lymphocyte ratio
(NLR) and platelet-lymphocyte ratio (PLR) has come into
use recently as an evaluation of inflammatory factors and
immune status to better predictions of prognosis (4,11,12).
These peripheral blood parameters have been shown to be
powerful prognostic factors of poor outcomes in various
types of cancers (13-16). A higher preoperative NLR value
has been shown to be correlated with poor prognosis in
patients with BC (17). Yet, the effect of dynamic change of
pre- and post-chemotherapy inflammatory index values on
clinical outcomes is still unknown in MBC patients.

Therefore, the present study has been designed
to investigate the relationship between the dynamic
variation of FIB and the general measures of the immune-
inflammation index based on NLR and PLR and to further
assess the potential predictive and prognostic role in MBC
patients.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2157).

Methods
Patient selection

One hundred and seventy-six patients with MBC who
had received first-line therapy at the Affiliated Zhongshan
Hospital of Dalian University from June 2011 to March
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2018 were enrolled in this retrospective study. The
study methodologies conformed to the provisions of
the Declaration of Helsinki (as revised in 2013). This
study was reviewed and approved by the Human Ethics
Review Committee of the Affiliated Zhongshan Hospital
of Dalian University (Protocol: 2020011; 2015032). All
enrolled patients signed the written informed consent.
Included patients were aged between 24 and 80 years old,
with a median age of 56 years. BC staging was based on
the seventh edition of the American Joint Committee on
Cancer (AJCC-7) Tumor, Node, Metastasis (TINM) staging.

The following inclusion criteria were applied to
the selection of patients: (I) invasive BC diagnosed by
pathology; (II) MBC baseline treated at the time of
enrollment; (IIT) B-ultrasound, computed tomography (CT),
magnetic resonance imaging (MRI), electroconvulsive
therapy (ECT), and other examinations were performed
prior to treatment to determine the target lesions; (IV)
blood sample was collected within one week before
treatment; (V) routine follow-up data were available; (VI)
patients receiving chemotherapy or targeted therapy should
receive at least two cycles of first-line therapy, and patients
receiving endocrine and other therapies (zoledronic acid
and/or local radiotherapy) should receive at least 2 months
of first-line therapy.

The following exclusion criteria were applied: (I) patients
with the previous history of thrombosis and long-term oral
anticoagulation therapy; (II) patients with severe bleeding
or severe infection in the past month; (III) patients with the
blood system, bone marrow, or autoimmune diseases; (IV)
patients with second malignant tumors; (V) patients with
incomplete case information or inaccessible follow-up data.

Patient follow-up

Patients were followed up via outpatient clinics and
telephone contact from the date of blood collection. The
follow-up deadline was March 31, 2019. The primary
endpoint of follow-up was progression-free survival (PFS)
and OS. Response Evaluation Criteria in Solid Tumors
(RECIST) were utilized to assess the disease status for each
patient with MBC. Patients were grouped as complete
response (CR), partial response (PR), stable disease (SD)
and disease progression (PD).

Data collection and FIB, NLR, PLR measurements

One hundred and seventy-six patients were collected
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peripheral blood samples before first-line therapy; and
56 patients were collected blood samples both baseline
and after two cycles of first-line therapy. For fibrinogen
measurement, blood samples were collected from fasting
patients at 06:00 within 7 days prior to initial treatment;
plasma fibrinogen concentrations was measured using
an STA Fibrinogen Kit by the Clauss clotting method
following the protocol. Normal reference range was
defined as between 2 and 4 g/L. The manufacturer claims
an intra assay coefficient of variability (CV) of 2.3-3.7%.
In this present study, the mean and median fibrinogen
values in total patients were both 4.0 g/L; therefore,
hyperfibrinogenemia was defined as a plasma fibrinogen
concentration of >4 g/L. For NLR and PLR measurements,
blood samples were collected and performed with routine
laboratory analysis, including total white blood cell,
neutrophil, platelet and lymphocyte counts. The above
items were tested in strict accordance with the operating
procedures, and the testing environment complies with
the relevant operating standards. NLR was defined as the
neutrophil/lymphocyte ratio; and PLR was defined as
platelet/lymphocyte ratio.

Optimal cut-off values definition

The optimal cut-off value for FIB was defined as
described above. FIB >4 g/L was defined as high FIB
group, and FIB <4 g/L was defined as low FIB group.
For inflammation-based index, NLR >2.085 was defined
as high NLR group, and NLR <2.085 was defined as low
NLR group; PLR >182 was defined as high PLR group,
and PLR <182 was defined as low PLR group. The
optimal cutoff points for NLR and PLR were assessed
by the area under the receiver operating characteristic
(ROCQ) curve (AUC), which was close to the cutoff values
proposed by previous various studies (18).

Statistical analysis

Data processing and analysis were performed using
SPSS20.0 software (SPSS, Chicago, IL, USA). Continuous
variables were presented as mean = standard deviation, and
categorical variables were presented as percentages (%).
Correlations between FIB and NLR or PLR were evaluated
using Spearman correlation analysis. Associations between
these markers and clinical parameters were evaluated using
the Chi-square test analysis. The Kaplan-Meier method,
two-tailed log-rank test, and Cox proportional hazard
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Table 1 The relationship between baseline FIB level and clinicopathological features in 176 MBC patients

FIB, N [%]
Characteristic N [%] P
Low FIB group® High FIB group'

Age (year) 0.299
<56 86 [49] 58 [47] 28 [53]
>56 90 [51] 65 [53] 25 [47]

Visceral metastasis 0.222
No 99 [56] 72 [59] 27 [51]
Yes 77 [44] 51 [41] 26 [49]

Molecular subtype 0.224
Luminal A 18 [10] 15[12] 31[6]
Luminal B 101 [58] 71 [58] 30 [56]
ERBB2+ 30[17] 22 [18] 8[15]
Basal-like 27 [15] 15[12] 12 [23]

Treatment strategies 0.069
Chemotherapy 96 [54] 60 [49] 36 [68]
Targeted therapy 37 [21] 27 [22] 10 [19]
Endocrine therapy 28 [16] 23[19] 51[9]
Others 151[9] 13[10] 2 [4]

CA153 (U/mL) 0.243
<25% 111 [63] 81 [66] 30 [57]
>25° 65 [37] 42 [34] 23 [43]

CA125 (U/mL) 0.180
<35° 124 [70] 94 [76] 30 [57]
>35¢ 52 [30] 29 [24] 23 [43]

® <25, low CA153 group; b, >25, high CA153 group; ‘. <35, low CA125 group; d, >35, high CA125 group; ° low FIB group, FIB <4.00;
f, high FIB group, FIB =4.00. CA153, carcinoembryonic antigen 153; CA125, carcinoembryonic antigen 125; FIB, fibrinogen.

model were utilized for survival analysis. P<0.05 was
considered statistically significant.

Results

The associations between the clinicopathological features
and FIB or inflammation-based index in patients
with MBC

In total, 176 MBC patients were included in this study. The
median age of study participants was 56 years. There were
53 cases in the high-FIB group (30%) and 123 cases in the
low-FIB group (70%); 77 cases with visceral metastasis
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(44%) and 99 cases without visceral metastasis (56%); 18
cases with luminal A subtype (10%), 101 cases with luminal
B subtype (58%), 30 cases with ERBB2 + subtype (17%),
and 27 cases with basal-like subtype (15%). There were
96 patients undergoing chemotherapy (54%), 37 patients
receiving targeted therapy (21%), 28 patients receiving
endocrine therapy (16%), and 15 patients being treated with
other strategies (9%).

The associations between FIB or inflammation-based
indexes (NLR and PLR) and clinicopathological features
in MBC patients are shown in Tables 1 and 2. Baseline
fibrinogen levels were not significantly correlated with age
(P=0.299), visceral metastasis (P=0.222), molecular subtypes
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Table 2 The relationship between baseline inflammation-based index and clinicopathological features in 176 MBC patients
NLR, N [%] PLR, N [%)]
Characteristic N [%]
Low NLR group® High NLR group’ P Low PLR group? High PLR group” P
Age (year)
<56 86 [49] 40 [48] 46 [49] 0.866 53 [44] 33 [58] 0.097
>56 90 [51] 43 [52] 47 [51] 66 [56] 24 [42]
Visceral metastases
No 99 [56] 53 [64] 46 [49] 0.055 72 [61] 27 [47] 0.100
Yes 77 [44] 30[36.] 47 [51] 47 [39] 30 [53]
Molecular subtype
Luminal A 18 [10] 11 [13] 78] 0.661 14[12] 417] 0.769
Luminal B 101 [58] 46 [55] 55 [59] 68 [57] 33 [57]
ERBB2+ 30 [17] 14 [17] 16 [17] 20 [17] 10[18]
Basal-like 27 [15] 12[15] 15 [16] 17 [14] 10 [18]
Treatment strategies
Chemotherapy 96 [54] 40 [48] 56 [60] 0.411 60 [51] 36 [63] 0.254
Targeted therapy 37 [21] 19 [23] 18 [20] 25 [21] 12 [21]
Endocrine therapy 28 [16] 15[18] 13 [14] 23 [19] 51[9]
Others 15[9] 9[11] 6 [6] 1119] 417]
CA153 (U/mL)
<25° 111 [63] 57 [69] 54 [58] 0.145 79 [66] 32 [56] 0.188
>25° 65 [37] 26 [31] 39 [42] 40 [34] 25 [44]
CA125 (U/mL)
<35° 124 [70] 59 [71] 65 [70] 0.863 84 [71] 40 [70] 0.955
>35° 52 [30] 24 [29] 28 [30] 35 [29] 17 [30]

® <25, low CA153 group; b, >25, high CA153 group; ° <35, low CA125 group; d, >35, high CA125 group; ° low NLR group, NLR <2.085;
f, high NLR group, NLR >2.085; g, low PLR group, PLR <182; h, high PLR group, PLR >182. CA153, carcinoembryonic antigen 153; CA125,
carcinoembryonic antigen 125; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

(P=0.244), therapeutic strategies (P=0.069), or serum tumor
markers (P>0.05). Also, the NLR and PLR values were
not significantly associated with the clinical and laboratory
parameters in these patients (P>0.05).

Survival curve analysis of FIB and inflammation-based
index for PFS and OS

The follow-up deadline was March 31, 2019. The median
follow-up time was 25.4 months; 108 of 176 (61%) MBC
patients were observed with disease progression, and 85
of 176 (48%) were followed-up with BC-associated death.
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The Kaplan-Meier analysis and log-rank test were then
performed to evaluate the survival differences stratified
for baseline FIB, NLR, and PLR. As described in
Figure 1A4,B, high baseline FIB status was statistically
associated with worse PFS and OS in MBC patients (PFS:
11£1.8 vs. 21£3.5 m, P<0.001; OS: 22+1.8 vs. 44+5.3 m,
P<0.001). Meanwhile, a higher NLR value (PFS: 15£1.2
vs. 22+5.1 m, P=0.044; OS: 30+3.1 vs. 46+4.6 m, P=0.003;
Figure 1C,D) and higher PLR value (PFS: 15+1.4 vs.
20+3.3 m, P=0.005; OS: 28+3.7 vs. 43+2.4 m, P=0.030;
Figure 1E,F) indicated a significant correlation with
shorter PFS and survival time.
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Figure 1 Kaplan-Meier curves for progression-free survival (PFS) and overall survival (OS) according to the baseline FIB level, NLR and
PLR values. (A) PFS curves based on FIB level. (B) OS curves based on FIB level. (C) PES curves based on NLR value. (D) OS curves based
on NLR value. (E) PFS curves based on PLR value (F) OS curves based on PLR value. FIB, fibrinogen; NLR, neutrophil lymphocyte ratio;
PLR, platelet lymphocyte ratio; high FIB group, FIB >4 g/L; low FIB group, FIB <4 g/L; high PLR group, PLR >182; low PLR group,
PLR <182; high NLR group, NLR >2.085; low NLR group, NLR <2.085.

Univariate and multivariate analysis for PFS and OS

Univariate and Cox multivariable proportional hazard
models were constructed to evaluate the independent
prognostic significance of baseline FIB, NLR, and PLR.
Univariate regression analysis showed that visceral
metastasis (P=0.028), basal-like subtype (P=0.017),
endocrine therapy (P=0.032), other therapy (P=0.009), FIB
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(P<0.001), and PLR (P=0.007) were significantly associated
with PFS in MBC patients (7able 3). The variables with
P<0.10 were included in the multivariate regression analysis
using a forward step-wise method.

The results showed that the ERBB2 + subtype
(P=0.023), basal-like subtype (P=0.032), targeted therapy
(P=0.033), other therapy (P=0.005), and FIB (P=0.004) were
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Table 3 Univariate and multivariate analysis of PFS in 176 patients with MBC
Univariate analysis Multivariate analysis
Characteristic
HR 95% ClI P HR 95% Cl P

Age (year)

<56 1 (Ref)

>56 1.044 0.740-1.473 0.805
Visceral metastases

No 1 (Ref) 1 (Ref)

Yes 1.471 1.043-2.073 0.028 1.321 0.915-1.906 0.137
Molecular subtype

Luminal A 1 (Ref) 1 (Ref)

Luminal B 1.506 0.817-2.776 0.189 1.640 0.883-3.046 0.117

ERBB2+ 1.898 0.941-3.827 0.073 2.378 1.125-5.026 0.023

Basal-like 2.370 1.164-4.825 0.017 2.220 1.072-4.597 0.032
Treatment strategies

Chemotherapy 1 (Ref) 1 (Ref)

Targeted therapy 0.650 0.415-1.021 0.061 0.586 0.359-0.957 0.033

Endocrine therapy 0.571 0.342-0.952 0.032 0.662 0.388-1.127 0.129

Others 0.415 0.214-0.804 0.009 0.386 0.197-0.754 0.005
CA153 (U/mL)

<25° 1 (Ref)

>25° 1.199 0.847-1.695 0.306
CA125 (U/mL)

<35° 1 (Ref)

>35° 1.158 0.801-1.675 0.434
FIB (g/L)

<4.00° 1 (Ref) 1 (Ref)

>4.00' 1.998 1.388-2.877 0.000 1.782 1.201-2.642 0.004
NLR

<2.085° 1 (Ref) 1 (Ref)

>2.085" 1.415 1.001-2.000 0.050 1.052 0.700-1.584 0.804
PLR

<182 1 (Ref) 1 (Ref)

>182 1.656 1.150-2.384 0.007 1.281 0.843-1.949 0.246

a, <25, low CA153 group; b, >25, high CA153 group; c, <35, low CA125 group; d, >35, high CA125 group; e, <4 g/L, low FIB group; f, >4 g/L,
high FIB group; ° <2.085, low NLR group; h, >2.085, high NLR group; |, <182, low PLR group; | >182 high PLR group. HR hazard ratio; ClI
confidence interval; Ref reference; CA153, carcinoembryonic antigen 153; CA125, carcinoembryonic antigen 125; FIB, fibrinogen; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
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independent factors for PFS in patients with MBC. Next,
we assessed whether these variables also had prognostic
impacts on OS in MBC. Multivariable analysis of outcomes
for the entire cohort showed that ERBB2 + subtypes, basal-
like subtypes, and baseline hyperfibrinogenemia were
independently associated with worse survival [hazard ratio
(HR): 3.717, 95% confidence interval (CI): 1.561-8.851,
P=0.003; HR: 3.245, 95% CI: 1.368-7.698, P=0.008; HR:
2.069, 95% CI: 1.352-3.167, P=0.001, respectively, Table 4].

Relationship between fibrinogen concentration and the

une-infl ation index

In order to assess the potential value of FIB for prognosis
prediction, we investigated the correlation analysis of
baseline FIB level and inflammatory-based scores (NLR
and PLR), respectively, for all enrolled MBC patients. As
presented in Figure 2A4,B, there was a significant positive
correlation between FIB and NLR value [correlation
coefficient (r)=0.234, P<0.01] and PLR value (r=0.310,
P<0.001). The NLR value was also positively correlated
with the value of PLR (r=0.585, P<0.001) (Figure 2C).
These data indicated that baseline FIB was positively
correlated with NLR and PLR values in MBC patients.

Dynamic variation of FIB and correlations with
therapeutic rvesponse and prognosis

The changes in FIB before and after treatment were
collected from 56 MBC patients to evaluate the relationship
between dynamic variation of FIB and therapeutic response
and prognosis. Clinical benefit (CB), defined as CR, PR, or
SD, was observed in 53 (95%) of the patients in this cohort.
The CR, PR, SD, and PD were two (4%), 17 (30%), 34
(61%), and three (5%), respectively. As depicted in Table 5
and Figure 3, the mean pre- and post-treatment fibrinogen
levels were 3.42+1.05 and 3.03+0.73 g/L for the SD group
(P=0.036), and 3.73+0.63 and 5.32+0.52 g/L for the PD
group (P=0.042). However, no statistically significant results
were observed in other groups (P>0.05).

Furthermore, these 56 MBC patients were divided
into two groups according to the change in pre- and post-
treatment fibrinogen levels (cut-off value FIB2-FIB1
=0 g/L). PES and OS were not significantly correlated with
the increased or decreased fibrinogen groups (P=0.685,
P=0.249, respectively, Figure 4).
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Dynamic variation of NLR/PLR and correlations with
therapeutic response and prognosis

We subsequently evaluated the relationship between
the dynamic change of NLR/PLR indexes, therapeutic
response, and prognosis. As presented in Table 6 and
Figure 5, there were no significant differences between the
dynamic variations of NLR/PLR indexes and therapeutic
response in MBC patients (P>0.05).

Fifty-six MBC patients were divided into four groups
according to the change in pre- and post-treatment NLR
and PLR values (cut-off value NLR2-NLR1 =0; PLR2-
PLR1 =0). Both PFS and OS were not significantly
associated with the change of NLR or PLR value (P>0.05,
Figure 6). These data indicated that the dynamic change
of NLR/PLR values was not correlated with therapeutic
response and prognosis in MBC patients.

Discussion

MBC is a heterogeneous disease with various biological
behaviors, natural history, therapeutic response and
prognosis (19,20). The clinical parameters that have been
reported to predict outcomes of patients with MBC include
the TNM stage, Eastern Cooperative Oncology Group
(ECOQG) score, histopathological grade, and molecular
subtypes (21). However, the progression of tumor cells
is not only determined by pathological characteristics
but is also influenced by baseline biochemical and
hematological parameters (5,22). Yet, it is still difficult to
predict and evaluate the metastatic risk for patients with
occult metastasis based on imaging examination. Hence,
a convenient and dynamic method of predicting relapse
risk and monitoring a therapeutic response is urgently
needed. In this present study, we reported, for the first time,
that baseline FIB and the inflammation-based index were
independent prognostic factors in patients with MBC.
Fibrinogen is a critical indicator in the coagulation
pathway, which functions as the final step of the coagulation
cascade (23). In addition to its well-known role in blood
coagulation, it has been increasingly recognized that
a close link exists between hyperfibrinogenemia and
various malignancies, including breast, gastric, lung, and
colorectal cancers (8-10). Hyperfibrinogenemia status
plays an essential role in the progression of tumors, such as
providing a microenvironment for tumor cell proliferation
and protecting tumors cells from a systemic immune
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Table 4 Univariate and multivariate analysis of OS in 176 patients with MBC
Univariate analysis Multivariate analysis
Characteristic
HR 95% ClI P HR 95% Cl P

Age (year)

<56 1 (Ref)

>56 1.204 0.822-1.762 0.341
Visceral metastases

No 1 (Ref) 1 (Ref)

Yes 1.509 1.032-2.208 0.034 1.449 0.959-2.190 0.078
Molecular subtype

Luminal A 1 (Ref) 1 (Ref)

Luminal B 1.646 0.782-3.464 0.189 1.690 0.799-3.571 0.170

ERBB2+ 2.982 1.321-6.730 0.009 3.717 1.561-8.851 0.003

Basal-like 3.214 1.379-7.491 0.007 3.245 1.368-7.698 0.008
Treatment strategies

Chemotherapy 1 (Ref)

Targeted therapy 0.846 0.516-1.386 0.506

Endocrine therapy 0.657 0.361-1.194 0.168

Others 0.521 0.247-1.109 0.087
CA153 (U/mL)

<25° 1 (Ref)

>25° 1.187 0.808-1.744 0.382
CA125 (U/mL)

<35° 1 (Ref)

>35° 1.362 0.910-2.038 0.133
FIB (g/L)

<4.00° 1 (Ref) 1 (Ref)

>4.00' 2.320 1.551-3.471 0.000 2.069 1.352-3.167 0.001
NLR

<2.085° 1 (Ref) 1 (Ref)

>2.085" 1.785 1.205-2.644 0.004 1.459 0.941-2.262 0.092
PLR

<182 1 (Ref) 1 (Ref)

>182 1.569 1.036-2.375 0.033 1.078 0.674-1.724 0.754

a, <25, low CA153 group; b, >25, high CA153 group; C, <35, low CA125 group; d, =35, high CA125 group; e, <4.00, low FIB group; f, >4.00,
high FIB group; % <2.085, low NLR group; h, >2.085, high NLR group; |, <182, low PLR group; | 2182 high PLR group. HR, hazard ratio; Cl,
confidence interval; Ref, reference; CA153, carcinoembryonic antigen 153; CA125, carcinoembryonic antigen 125; FIB, fibrinogen; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2020;9(11):7065-7078 | http://dx.doi.org/10.21037/tcr-20-2157


file:///E:\Dict\8.8.0.0\resultui\html\index.html#/javascript:;
file:///E:\Dict\8.8.0.0\resultui\html\index.html#/javascript:;
file:///E:\Dict\8.8.0.0\resultui\html\index.html#/javascript:;
file:///E:\Dict\8.8.0.0\resultui\html\index.html#/javascript:;
file:///E:\Dict\8.8.0.0\resultui\html\index.html#/javascript:;

7074 Liu et al. FIB and inflammation-based index predict prognosis in MBC

A
15 =
r=0.234
12 - P<0.01
]
9 7 L]
o
2 T .
6 -
3 -
O T T T 1
0 2 4 6 8
FIB (g/L)
C
800 =
r=0.585
P<0.001
600 - .
L]
—1 400 4 d
200 +
O T T T T 1
0 3 6 9 12 15
NLR

B
800 -
r=0.310
P<0.001
600 .
L]
— 400 4 °
200
O T T T 1
0 2 4 6 8

FIB (g/L)

Figure 2 Spearman correlation analysis between FIB and inflammation-based indexes. The scatter plots represent association of FIB levels
and NLR (A), relationship between FIB level and PLR (B) and correlation between NLR and PLR (C) in MBC patients. FIB, fibrinogen;

NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio.

Table 5 Variation of FIB level pre- and post-treatment and correlation with therapeutic response

Variables N [%] Pre-treatment FIB (g/L) Post-treatment FIB (g/L) P

CR 2[4 3.44+0.70 2.37+0.35 0.388
PR 17 [30] 3.04+0.96 3.00+0.77 0.855
SD 34 [61] 3.42+1.05 3.03+0.73 0.036
PD 31[5] 3.73+0.63 5.32+0.52 0.042
DCR 53 [95] 3.44+1.02 3.22+0.95 0.236
Total 56 3.32+0.99 3.12+0.89 0.156

CR complete relief; PR, partial relief; SD, stable disease; PD, progressive disease; DCR, disease control rate; FIB, fibrinogen.

response, which may potentially impact the long-term
prognosis for cancer patients (24,25). In the present study,
baseline hyperfibrinogenemia tended to be an independent
marker of poor prognosis in MBC patients, which is in line
with the previously published research for BC and other

malignancies (9,26). However, no data has been reported
on the dynamic change of fibrinogen and the prognostic
value in patients with MBC. To the best of our knowledge,
this is the first report indicating that the dynamic variation
of FIB predicts the response to first-line therapy in patients
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with MBC.

Most importantly, the prognostic inflammatory index
(NLR and PLR scores) was examined in combination with
the fibrinogen value simultaneously in this study. It is well
established that chronic environment-induced inflammation
is the main cause leading to the occurrence of cancer (5,27).
Crosstalk between circulating inflammatory immune cells
and tumor cells forms a cancer microenvironment that
promotes tumor progression (28). It has been recognized
that lymphocytes play a key role in immune-editing
and immune surveillance, which inhibits the invasion
and proliferation of tumor cells. Moreover, platelets
are associated with poor cancer prognosis due to the
induction of platelet-derived growth factor and vascular
endothelial growth factor, both of which promote tumor
cell proliferation and invasion (4,29). Therefore, indicators
of chronic inflammation, such as NLR and PLR, may be
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Figure 3 Comparison between pre- and post-treatment FIB levels
in MBC patients. CR, complete response; PR, partial response;
SD, stable disease; PD, disease progression; DCR, disease control
rate, CR+PR+SD. *, P<0.05.
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candidate biomarkers for predicting the clinical outcome of
cancer patients.

Previous studies have shown that both NLR and PLR
are valuable as predictors of BC prognosis and therapeutic
response (17). However, the role of inflammation indexes
in MBC is controversial, and dynamic changes of NLR and
PLR scores and prognostic value in patients with MBC
are still lacking. Thus, we combined the serum fibrinogen,
NLR and PLR together to assess the association with
clinicopathological characteristics, therapeutic response
and prognosis. To the best of our knowledge, this is the
first clinical study to evaluate the potential value in MBC
patients. In our study, Spearman rank correlation analysis
revealed a significant correlation between fibrinogen
concentration and NLR and PLR counts. In addition,
we assessed the relationship between the variation of
inflammatory indexes before and after treatment and
therapeutic response, but no significantly different
conclusions were surmised from this data. Therefore, as
non-invasive, convenient and easily acquired measurements
in clinical practice, detection of both baseline FIB and
inflammation indexes were novel clinical biomarkers and
had powerful prognostic values for MBC. It is important
to note that this study exhibited the inevitable limitations
of retrospective studies conducted at a single center with
a smaller sample size. Therefore, our findings require
validation with large-scale, multicenter, controlled clinical
studies.

Conclusions

In conclusion, baseline FIB is an independent predictor
of prognosis in patients with MBC. Dynamic change of
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Figure 4 Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B) according to the pre- and post-treatment
FIB levels. FIB2, post-treatment FIB level; FIB1, pre-treatment FIB level.
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Table 6 Variation of inflammation-based index pre- and post-treatment and correlation with therapeutic response

NLR PLR
Variables N
Pre-therapy Post-therapy P Pre-therapy Post-therapy P

CR 2 1.50+1.08 1.10+0.33 0.594 113.04+4.29 78.48+17.43 0.266
PR 17 2.22+1.11 1.72+0.97 0.108 135.21+49.50 122.04+40.69 0.243
SD 34 2.45+1.29 2.32+1.27 0.618 176.19+70.60 171.64+62.11 0.713
PD 3 3.22+1.73 7.41+5.20 0.210 230.98+181.31 443.11+468.77 0.331
DCR 53 2.34+1.23 2.08+1.20 0.182 160.66+66.13 152.88+60.84 0.374
Total 56 2.39+1.25 2.37+1.95 0.931 164.43+74.74 167.78+125.99 0.794

CR, complete relief; PR, partial relief; SD, stable disease; PD, progressive disease; DCR, disease control rate; NLR, neutrophil-lymphocyte
ratio; PLR, platelet-lymphocyte ratio.
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Figure 5 Comparison between pre- and post-treatment NLR value (A) and PLR value (B) in MBC patients. CR, complete response; PR,

partial response; SD, stable disease; PD, disease progression.
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Figure 6 Kaplan-Meier curves for progression-free survival (PFS) (A,C) and overall survival (OS) (B,D) according to the pre- and post-
treatment NLR value (A,B) and PLR value (C,D). NLR2, post-treatment NLR value; NLRI, pre-treatment NLR value; PLR2, post-
treatment PLR value; PLR1, pre-treatment PLR value.
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fibrinogen levels before and after therapy is associated with
the therapeutic response. Plasma fibrinogen would be a
useful biomarker of prognosis in MBC patients because it
is inexpensive and readily accessible. However, the value
of monitoring FIBs in patients with MBC requires further
evaluation.
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