]ournal of

Breast
Cancer

ORIGINAL ARTICLE

] Breast Cancer 2017 September; 20(3): 254-263

https://doi.org/10.4048/jbc.2017.20.3.254

'.) Check for updates

Prognostic Influence of Preoperative Fibrinogen to Albumin Ratio for Breast

Cancer

Ki-Tae Hwang?*, Jung Kee Chung*, Eun Youn Roh', Jongjin Kim, Sohee Oh?, Young A Kim’, Jiyoung Rhu, Suzy Kim*

Departments of Surgery, 'Laboratory Medicine, *Biostatistics, *Pathology, and ‘Radiation Oncology, Seoul National University Boramae Medical Center,

Seoul, Korea

Purpose: Elevated serum concentration of fibrinogen and de-
creased serum concentration of albumin have been reported to
be markers of elevated systemic inflammation. We attempted to
investigate the prognostic influence of preoperative fibrinogen to
albumin ratio (FAR) for breast cancer. Methods: Data from 793
consecutive primary breast cancer patients were retrospectively
analyzed. Serum levels of fibrinogen and albumin were tested
before curative surgery. Subjects were grouped into two groups
according to the cutoff value determined by performing the re-
ceiver operating characteristic curve analysis: the high FAR
group (FAR>7.1) and the low FAR group (FAR<7.1). Overall sur-
vival was assessed using the Kaplan-Meier estimator. Indepen-
dent prognostic significance was analyzed using the Cox pro-
portional hazards model. Results: The high FAR group had a
worse prognosis compared to the low FAR group (log-rank test,
p<0.001). The prognostic effect of FAR was more significant
than that of single markers such as fibrinogen (log-rank test,

p=0.001) or albumin (log-rank test, p=0.001). The prognostic
effect of FAR was prominent in the stage II/lll subgroup (log-rank
test, p<0.001) and luminal A-like subtype (log-rank test,
p<0.001). FAR was identified as a significant independent factor
on both univariate (hazard ratio [HRY], 2.722; 95% confidence in-
terval [Cl], 1.659-4.468; p<0.001) and multivariate analysis (HR,
2.622; 95% Cl, 1.455-4.724; p=0.001). Conclusion: Preoperative
FAR was a strong independent prognostic factor in breast can-
cer. Its prognostic effect was more prominent in the stage II/Ill
subgroup and in the luminal A-like subtype. Therefore, preoper-
ative FAR can be utilized as a useful prognosticator for breast
cancer patients. Further studies are needed to validate its appli-
cations in clinical settings.

Key Words: Breast neoplasms, Fibrinogen, Prognosis, Serum albumin, Survival
analysis

INTRODUCTION

Inflammation plays a crucial role in carcinogenesis, tumor
progression, and metastasis of various cancers [1-3]; therefore,
many researchers have investigated the prognostic roles of
systemic inflammatory markers on various cancers. The sys-
temic inflammatory markers investigated include single
markers such as C-reactive protein [4], albumin [5], neutro-
phils [6], platelets [7], lymphocytes [8], and fibrinogen [9],
and also combinations of several single markers in the forms
of ratios or scoring systems such as the Glasgow prognostic
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score [10], neutrophil to lymphocyte ratio [11], platelet to
lymphocyte ratio [12], and lymphocyte to monocyte ratio
[13]. The prognostic influence of systemic inflammatory
markers have been reported for various cancers such as
colorectal cancer, gastric cancer, ovarian cancer, prostate can-
cer, renal cell carcinoma, esophageal cancer, pancreas cancer,
hepatocellular carcinoma, gall bladder cancer, bladder cancer,
thymic cancer, and squamous cell carcinoma [14,15].

Recently, systemic inflammatory markers have also been
reported to have a prognostic association with breast cancer.
Most of these studies reported the prognostic roles of the neu-
trophil to lymphocyte ratio [16], platelet to lymphocyte ratio
[17], or the Glasgow prognostic score [18] in breast cancer.
Little information has been unveiled about the prognostic
roles of fibrinogen [19] or albumin [20] as single markers or
in combination for breast cancer.

Our hypothesis is that if the single markers fibrinogen and
albumin have significant prognostic value for breast cancer,
the fibrinogen to albumin ratio (FAR) could be a more signifi-
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cant prognostic marker than each single marker itself. Since
elevated serum concentrations of fibrinogen and decreased
serum concentrations of albumin have been reported to be
markers of elevated systemic inflammation [5,9], elevated
FAR might be associated with a worse prognosis. In our insti-
tution, laboratory tests are routinely performed for fibrinogen
and albumin before curative surgery for all primary breast
cancer patients. If fibrinogen and albumin have prognostic
roles, especially FAR, they could be easily utilized to predict
the outcomes of breast cancer patients in the clinical setting.
To our best knowledge, this is the first study that proposes
FAR as a prognosticator in breast cancer.

In this study, we investigated the prognostic roles of preop-
erative systemic inflammatory markers, fibrinogen and albu-
min, especially FAR, in breast cancer in terms of overall sur-
vival. We further analyzed the effect of FAR on each molecu-
lar subgroup of breast cancer using a breast cancer database
from Seoul National University Boramae Medical Center.

METHODS

Patients

Consecutive primary invasive breast cancer patients who
underwent curative surgery at Seoul National University
Boramae Medical Center were enrolled for this study. Patients
who received neoadjuvant therapy were excluded. The total
number of patients who were registered in our database at the
time of this study was 1,300. We excluded 40 patients who
were diagnosed as stage IV and 152 patients who were diag-
nosed as carcinoma i situ at initial diagnosis. We further ex-
cluded 34 patients with stages unknown. After further exclud-
ing 270 patients without data for necessary laboratory values
and 11 patients who received neoadjuvant chemotherapy, fi-
nally data for 793 patients were analyzed. The Institutional
Review Boards of Seoul National University Boramae Medical
Center approved this study (26-2016-116).

Clinicopathologic parameters

Patients’ ages were defined as age at the time of diagnosis of
primary breast cancer. TNM staging was determined accord-
ing to the seventh edition of the American Joint Committee
on Cancer. Hormonal receptor status was defined as positive
when immunohistochemistry tests for either estrogen or pro-
gesterone receptors were positive. It was defined as negative
when both tests were negative. Human epidermal growth fac-
tor receptor 2 (HER2) was defined as negative when immu-
nohistochemistry results were negative or 1+. It was defined
as positive when the results were 3+. When the results were
2+, we defined the positivity of HER2 according to the results
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of fluorescence in situ hybridization. Histologic grade was de-
fined according to the modified Scarff-Bloom-Richardson
grading system. Lymphovascular invasion was defined as pos-
itive when either lymphatic invasion or vascular invasion was
present. It was defined as negative when both were absent.
Body mass index (BMI) was defined as the ratio of body
weight in kilograms to the square of height in meters. All op-
erations with curative intent for breast cancer patients were
classified into lumpectomy or mastectomy according to the
extent of surgery. Molecular subtypes were classified into the
following four categories: luminal A-like (hormone receptor
positive and HER2 negative), luminal B-like (hormone recep-
tor positive and HER2 positive), HER2 (hormone receptor
negative and HER?2 positive), and triple negative (hormone
receptor negative and HER2 negative).

Definitions of fibrinogen to albumin ratio

After the diagnosis of primary breast cancer, peripheral
blood samples were obtained and tested for each patient dur-
ing the 2 weeks before surgery. FAR was defined as the con-
centration ratio of fibrinogen (mg/dL) to albumin (mg/dL)
multiplied by 100: (fibrinogen in mg/dL/albumin in mg/
dL) x 100. Receiver operating characteristic (ROC) curve
analysis was used to determine the optimal cutoff values for
fibrinogen, albumin, and FAR in terms of overall survival. The
optimal cutoff value was selected as the maximal point of the
sum of sensitivity and specificity. In this study, the optimal
cutoff value for FAR was 7.1. Accordingly, subjects were clas-
sified into two groups: the high FAR group (FAR>7.1) and
the low FAR group (FAR<7.1). The optimal cutoff values for
fibrinogen and albumin were 299.0 and 4.1 mg/dL, respec-
tively.

Statistical analyses

Two sample t-test and Pearson chi-square test were used for
determining the differences in clinicopathologic characteris-
tics between groups. All survival analyses were carried out in
terms of overall survival. Time duration of overall survival was
defined as the time from operation to death from any cause.
The Kaplan-Meier estimator was used to analyze survival rates
and the log-rank test was used to determine the significance
of differences between the two survival curves. The Cox pro-
portional hazards model was used for univariate and multi-
variate analyses. The hazard ratio (HR) was estimated with
95% confidence interval (CI). A biological model, treatment
model, and combined model were designed for multivariate
analyses. In the biological model, nine factors including age,
tumor size, node positivity, hormone receptor, HER2, histo-
logic grade, lymphovascular invasion, Ki-67, and BMI were
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used to adjust for FAR. In the treatment model, four factors
including operation, radiation therapy, chemotherapy, and
hormonal therapy were used. In the combined model, all thir-
teen factors described above were used. All statistical analyses
except forest plots were carried out using IBM SPSS version
20.0 (IBM Corp., Armonk, USA) and R program (version 3.3.2).
The forest plot was drawn using Microsoft Excel, Microsoft
Office Professional Plus 2010 (Microsoft Corp., Redmond,
USA). All tests were two-sided. Statistical significance was de-
fined as when the p-value was less than 0.05.

RESULTS

Clinicopathologic characteristics

The total number of subjects was 793. Their mean age was
54.1+12.3 years. Surgery dates were between January 2000
and June 2016. The mean follow-up period was 57.2 +44.5
months (median, 44.0 months; range, 0-197 months). The to-
tal number of deaths during this period was 64 (8.1%). The
number of subjects classified into the high FAR group and the
low FAR group were 255 (32.2%) and 538 (67.8%), respective-
ly. Clinicopathologic characteristics according to FAR are
summarized in Table 1. Those in the high FAR group had a
higher mean age with higher proportions of age >50 years,
tumor size >2 cm, positive lymph nodes, stage II/III, and
BMI > 25 compared to those in the low FAR group. There was
no statistically significant difference in other parameters in-
cluding hormonal receptor, HER?2, histologic grade, lympho-
vascular invasion, Ki-67, operation, radiation therapy, chemo-
therapy, or hormonal therapy between the two groups.

Results for fibrinogen, albumin, and fibrinogen to albumin
ratio

Means, standard deviations, and ranges of laboratory results
for fibrinogen, albumin, and FAR were 284.6+61.9 mg/dL
(range, 149.8-686.6 mg/dL), 4.2+0.2 mg/dL (range, 3.0-5.0
mg/dL), and 6.8 + 1.6 (range, 3.3-17.6), respectively. Box plots
for fibrinogen, albumin, and FAR are depicted in Supplemen-
tary Figure 1 (available online). The optimal cutoft values for
fibrinogen, albumin, and FAR were 299.0 mg/dL, 4.1 mg/dL,
and 7.1, respectively.

Survival analyses and ROC curve analysis

Subjects were divided into two groups according to the op-
timal cutoft values of fibrinogen (299.0 mg/dL), albumin (4.1
mg/dL), and FAR (7.1). The log-rank test revealed better over-
all survival rates in the low fibrinogen group (log-rank test,
p=0.001) (Figure 1A), high albumin group (log-rank test,
p=0.001) (Figure 1B), and low FAR group (log-rank test,
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Table 1. Clinicopathologic characteristics according to fibrinogen to al-
bumin ratio

Al LowFAR  High FAR

*

Characteristic No. (%) No. (%) No. (%) p-value

Total 793 (100) 538 (67.8) 255(32.2)

Mean age (yn 541123 521+£11.8 582+12.4 <0.001

Age (yr) <0.001
<50 341(43.00 263(48.9  78(30.6)
>50 452 (57.0) 275(51.1) 177 (69.4)

Tumor size (cm) 0.048
<2 384 (48.4) 274(50.9) 110(43.1)
>2 409 (561.6) 264 (49.1) 145(56.9)

Nodal positivity 0.032
Negative 510(64.3) 360 (66.9) 150 (58.8)

Positive 283(35.7) 178(33.1) 105(41.2)

Stage 0.043
| 308(38.8) 222(41.3) 86(33.7)

I, 485(61.2) 316(58.7) 169 (66.3)

Hormone receptor 0.563
Negative 238(30.0) 158(29.4) 80(31.4)

Positive 555(70.0) 380(70.6) 175(68.6)

Estrogen receptor 0.521
Negative 270(34.00 179(33.3) 91(35.7)

Positive 523(66.0) 359 (66.7) 164 (64.3)

Progesterone receptor 0.144
Negative 336 (42.4) 218(40.5) 118(46.3)

Positive 457 (57.6) 320(59.5) 137 (63.7)

HER2 0.621
Negative 554 (79.1) 376 (79.7) 178(78.1)

Positive 146(20.9) 96(20.3) 50(21.9

Histologic grade 0.784
1,2 504 (63.6) 341(63.4) 163(63.9)

3 288(36.3) 196(36.4) 92(36.1)

Lymphovascular invasion 0.248
Negative 551(69.5) 381(70.8) 170(66.7)

Positive 242 (30.5) 157 (29.2) 85(33.3

Ki-67 (%) 0.879
<14 442 (55.7) 301(55.9) 141 (55.3)
>14 351 (44.3) 237 (44.1) 114(44.7)

Body mass index (kg/m?) <0.001
<25 471(61.0) 342 (65.4) 129(561.8)
>25 301(39.0) 181(34.6) 120(48.2)

Operation 0.279
Lumpectomy 346 (43.6) 244 (45.4) 102 (40.0)
Mastectomy 446 (56.2) 293 (54.5) 153(60.0)

Radiation therapy 0.933
Yes 566 (71.4) 383(71.2) 183(71.8)

No 227 (28.6) 155(28.8) 72(28.2)

Chemotherapy 0.236
Yes 287 (36.2) 187 (34.8) 100 (39.2)

No 506 (63.8) 351 (65.2) 155(60.8)

Hormonal therapy 0.590
Yes 608 (76.7) 409 (76.0) 199(78.0)

No 185(23.3) 129(24.00 56 (22.0)

FAR=fibrinogen to albumin ratio; HER2 =human epidermal growth factor re-
ceptor 2.

*p-values for mean age were calculated by t-test and all the other p-values
were calculated by chi-square test; "Mean+SD.
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Figure 1. Overall survival curves according to fibrinogen (A), albumin (B), the fibrinogen to albumin ratio (FAR) (C), and a receiver operating character-

istic (ROC) curve for the FAR (D).

p<0.001) (Figure 1C). Among these groups, the p-value was
the lowest (the most significant) in the survival curve accord-
ing to FAR. ROC curve analysis for FAR showed that the area
under the curve was 0.629 (p=0.001) (Figure 1D). With a
cutoff value of 7.1 for FAR, its sensitivity and specificity were
0.574 and 0.691, respectively.

Subgroup analyses

The Cox proportional hazards model showed a worse prog-
nosis for the high FAR group compared to the low FAR group
(HR, 2.722; 95% CI, 1.659-4.468; p<0.001) (Figure 2). Al-
though the high FAR group showed worse prognoses in most
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subgroups, there was no significant survival difference among
subgroups with tumor size <2 cm, negative lymph nodes,
stage I, negative hormonal receptor, histologic grade 3, or
lumpectomy.

Univariate and multivariate analyses

Univariate analyses revealed that the following 11 variables
were statistically significant prognostic factors: age, tumor
size, node positivity, stage, hormone receptor, histologic grade,
lymphovascular invasion, operation, radiation therapy, and
chemotherapy (Table 2). Multivariate analyses showed that
FAR was a statistically significant independent factor in the
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Characteristic HR 95% Cl p-value Forest plot*
Total 2.722 1.659-4.468 <0.001 —o—
Age () <50 3.757 1.590-8.880 0.003 —.—
>50 1.952 1.067-3.572 0.030 —
Tumor size (cm) <2 1.843 0.699-4.860 0.216 e
>2 2.824 1.571-5.078 0.001 —
Node positivity No 2111 0.964-4.623 0.062 —a—
Yes 2.769 1.422-5.390 0.003 —
Stage | 1.544 0.383-6.221 0.541 e
I, 1 2.665 1.554-4.571 <0.001 [ —
Hormonal receptor Negative 1.845 0.867-3.930 0.112 L
Positive 3.835 1.956-7.521 <0.001 I
HER2 Negative 2.906 1.593-5.298 0.001 [ —
Positive 4.340 1.122-16.789 0.033 f =
Histologic grade 12 7.668 3.204-18.352 <0.001 f =
3 1.355 0.692-2.651 0.375 i
Lymphovascular invasion  No 2.145 1.075-4.278 0.030 e —
Yes 3.129 1.495-6.550 0.002 — e
Ki-67 (%) <14 3218 1.604-6.457 0.001 e
>14 2288 1.129-4.636 0022 e
Body mass index (kg/m?) <25 2485 1.226-5.035 0.012 e
>25 2543 1.244-5.197 0010 e
Operation Lumpectomy 3.066 0.684-13.736 0.143 8
Mastectomy 2.578 1.523-4.363 <0.001 e
Radiation therapy No 2.340 1.328-4.121 0.003 a
Yes 3977 1.410-11.218 0.009 8
Chemotherapy No 3.705 1.569-8.806 0003 e
Yes 2191 1.175-4.086 0.014 e
Hormonal therapy No 2.507 1.439-4.365 0.001 e
Yes 3.349 1.114-10067 0.031 =
T T T T )
0 5 10 15 20

Figure 2. Subgroup analyses with a forest plot for the effect of the fibrinogen to albumin ratio with respect to overall survival according to clinicopath-

ologic characteristics.

HR =hazard ratio; Cl=confidence interval; HER2 =human epidermal growth factor receptor 2.
*In the forest plot, a HR value more than 1 favors low fibrinogen to albumin ratio against high fibrinogen to albumin ratio. Red color means a statistical
significance and blue color means no statistical significance.

following models: the biological model (HR, 2.614; 95% CI,
1.468-4.653; p=0.001), the treatment model (HR, 2.566; 95%
CI, 1.557-4.230; p<0.001), and the combined model (HR,
2.622; 95% CI, 1.455-4.724; p=0.001). Although age, node
positivity, histologic grade, lymphovascular invasion, and ra-
diation therapy were significant factors in univariate analyses,
they lost their significance in multivariate analyses.

Survival analyses according to stages and molecular subtypes

of breast cancer
The prognostic influence of FAR for breast cancer was dif-
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ferent according to stage and molecular subtype. Although
FAR was not a prognosticator in stage I (log-rank test,
p=0.538) (Figure 3A), it became a significant prognosticator
in stage II (log-rank test, p=0.022) (Figure 3B). FAR was also
a strong prognosticator in stage III (log-rank test, p=0.001)
(Figure 3C) and stage II/III (log-rank test, p <0.001) (Figure
3D). Regarding molecular subtypes, the prognostic influence
of FAR was most significant in the luminal A-like subtype
(log-rank test, p<0.001) (Figure 4A). Although FAR showed
marginal significance in the HER2 subtype (log-rank test,
p=0.024), it did not show any significance in the luminal B-
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Figure 3. Overall survival curves for the FAR according to the stages; stage | (A), stage Il (B), stage Il (C), and stage II/Ill (D).

FAR=fibrinogen to albumin ratio.

like or triple negative subtypes (Figure 4).

DISCUSSION

This study showed that FAR was a significant and powerful
independent prognostic factor in breast cancer. This study is
the first to report the prognostic usefulness of FAR in the field
of cancer research. Although both serum fibrinogen and se-
rum albumin were significant prognostic factors in this study,
FAR was a more powerful prognosticator compared to single
marker fibrinogen or albumin. In this study, the log-rank test
showed that the p-value of FAR was lower (more significant)
than the p-value of fibrinogen or albumin alone. Because both

http://ejbc.kr

serum fibrinogen and serum albumin are measured as a unit
of concentration, we could use their ratio as a new marker.
Since fibrinogen is directly correlated with systemic inflam-
mation while albumin is inversely correlated with systemic in-
flammation, the correlation of FAR with inflammation could
be predicted. As a result, FAR could improve the prognostic
effect of each single marker. Furthermore, clinical application
of FAR could be more useful because using a single marker
(FAR) is often more convenient than using two markers (fi-
brinogen, albumin) in a clinical setting,

A few papers have reported the prognostic significance of
preoperative serum fibrinogen concentration for breast can-
cer. One paper reported that elevated preoperative plasma fi-
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Figure 4. Overall survival curves for the fibrinogen to albumin ratio (FAR) according to the molecular subtypes; luminal A-like (A), luminal B-like (B), hu-

man epidermal growth factor receptor 2 (HER2) (C), and triple negative (D).

brinogen was independently associated with poor prognosis
in breast cancer patients (HR, 1.475; 95% CI, 1.177-1.848;
p=0.001) [21]. Another paper reported that elevated preop-
erative plasma fibrinogen levels were independently associat-
ed with poor prognosis in patients with operable breast cancer
(HR, 10.1;95% CI, 2.3-44.6; p=0.002) [19], and one reported
that elevated preoperative plasma fibrinogen level had a mar-
ginal prognostic correlation with disease specific survival (HR,
1.71; 95% CI, 1.02-2.85; p=0.042) and overall survival (HR,
1.62; 95% CI, 1.01-2.61; p=0.048) [22]. Several studies have
reported that preoperative serum albumin levels were associ-
ated with the prognosis of breast cancer. One paper reported
that low levels of serum albumin were adversely associated

https://doi.org/10.4048/jbc.2017.20.3.254

with survival of all stages of breast cancer (HR, 3.53; p=
0.0033) [20]. Another paper reported that patients with higher
albumin level had a 45% reduced risk of death (HR, 0.55; 95%
CI, 0.40-0.75; p<0.001) compared to those with lower albu-
min levels [23]. Other papers have reported the prognostic
usefulness of a combination of serum albumin with other
markers such as nutritional index (serum albumin with lym-
phocyte count) [24], Glasgow prognostic score (serum albu-
min with C-reactive protein) [18], and albumin to globulin
ratio (serum albumin with globulin) [25] in breast cancer.

To the best of our knowledge, there has been only one pub-
lished paper regarding FAR and it reported that FAR was sig-
nificantly related to the SYNTAX score in predicting the se-
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verity of coronary artery disease in patients with ST-elevation
myocardial infarction [26]. The use of FAR has never previ-
ously been reported in the field of cancers including breast
cancer. This study is the first to report FAR as a prognosticator
in cancer.

Univariate and multivariate analyses showed that FAR was
a strong significant independent prognostic factor in breast
cancer. FAR was not only a significant factor in univariate
analyses, but also a significant factor in multivariate analyses.
FAR remained a significant factor in all three models (biologi-
cal model, treatment model, and combined model). Clinico-
pathologic features according to FAR showed that the higher
FAR group showed higher proportions of age > 50 years, tu-
mor size >2 cm, positive lymph node, and stage II/III com-
pared to the lower FAR group. In the biological model, FAR
remained significant after being adjusted for other factors.
The results of the combined model showed that FAR was a
powerful prognosticator even after being adjusted for 13 im-
portant clinicopathologic parameters of breast cancer.

In this study, the prognostic effect of FAR was more promi-
nent as the stage of cancer advanced. In earlier stages, as the
prognostic effect of stage itself might be stronger, the prognos-
tic influence of FAR might be less prominent. With the same
hypothesis, the prognostic role of FAR could be more promi-
nent in advanced stages of breast cancer. Subgroup analyses
revealed similar findings. FAR was a significant prognostica-
tor in subgroups with tumor size >2 cm, positive lymph
nodes, and stage II/III. However, it was not a significant factor
in subgroups with tumor size <2 cm, negative lymph nodes,
and stage I. There was a paper reporting that preoperative
plasma fibrinogen levels were significantly higher in more ad-
vanced stages [19]. Another paper reported that the HRs of
groups with elevated fibrinogen levels were significantly high-
er in more advanced stages [21].

In this study, the prognostic association of FAR was the
most prominent in the luminal A-like subtype. Although FAR
had a marginal association in the HER2 subtype, it had no as-
sociation in the luminal B-like or triple negative subtype. Sub-
group analyses showed that the prognostic association of FAR
was only significant in subgroups positive for hormone recep-
tors. FAR was also more significant in subgroups with nega-
tive HER2 status. These findings could partly explain the dif-
ferent prognostic associations of FAR across the various mo-
lecular subtypes of breast cancer.

Because this study is the first to explore the use of FAR in
cancer research, the prognostic effect of FAR across molecular
subtypes of breast cancer remains unclear. However, several
papers have reported the prognostic influence of serum fi-
brinogen on molecular subtypes of breast cancer. They might
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provide indirect information on the relationship between FAR
and molecular subtypes. Although some papers have reported
that elevated fibrinogen level is an unfavorable prognostic pa-
rameter in lJuminal subtypes and triple-negative subtypes [21],
other papers have reported that preoperative plasma fibrino-
gen level is not a significant prognostic factor in all molecular
subtypes in terms of disease-free survival and overall survival
[19]. There was also a paper reporting that while elevated pre-
operative plasma fibrinogen level is a significant prognostic
factor in luminal A-like subtype in terms of disease specific
survival (HR, 3.63; 95% CI, 1.37-9.64; p=0.010), it was not a
significant prognostic factor in terms of overall survival [22].

Although this study showed that FAR was a powerful prog-
nosticator in breast cancer for the first time in the field of can-
cer research, it had several limitations. First, because the num-
ber of the subjects was relatively small, the statistical power
might be limited, especially in subgroup analyses. Second, be-
cause the results of this study were not validated externally,
further study is needed, including external validation. Third,
because the serum concentration level for fibrinogen was only
tested preoperatively, we could not analyze the prognostic role
of postoperative FAR. Based the main results of this study,
more active treatments may be effective to improve the out-
comes of the high FAR group, especially in the subgroups
with stage II/III and/or luminal A-like subtypes. Although
more active treatment modalities such as chemotherapy and
hormonal therapy might be utilized in clinical settings, fur-
ther studies need to performed to validate these findings.

In conclusion, preoperative FAR was a strong and signifi-
cant independent unfavorable prognosticator of breast cancer,
especially in stage II/IIl and luminal A-like subgroups. FAR
can easily be utilized in a clinic setting with routine preoper-
ative laboratory tests for fibrinogen and albumin to predict
the outcomes of breast cancer patients. Further studies are
needed to validate the clinical application of FAR in breast
cancer.
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