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Purpose: The inflammatory microenvironment and hemostatic system are involved in
several stages of tumor progression. The aim of this study was to assess the prognostic
effect of fibrinogen-to-lymphocyte ratio (FLR) in esophageal squamous cell carcinoma
(ESCC) patients who underwent radical esophagectomy.

Patients and methods: We retrospectively reviewed 673 consecutive patients with ESCC
who underwent radical esophagectomy from January 2009 to December 2012 at a major
cancer hospital in Guangzhou, southern China. The cutoff points were defined by the X-tile
software. The prognostic value of FLR for overall survival (OS), disease-free survival (DFS),
and first-year mortality after surgery were analyzed using Cox proportional hazard regression
model and logistic regression model. Survival was estimated by the Kaplan—Meier estimator
and compared using the log-rank test.

Results: The optimal cutoff point of FLR was 3.03. Compared with the FLR-low (<3.03)
group, the FLR-high (>3.03) group included older patients (x°=7.267, P=0.007), showed
higher postoperative overall morbidity (24.7% vs 14.8%, y*=5.414, P=0.020) and tended to
die within one year (23.5% vs 10.9%, ¥*=10.871, P=0.001). The FLR-high group showed
significant lower 5-year OS rates (41.2% vs 53.7%, log-rank=6.827, P=0.009) and 5-year
DFS rates (35.3% vs 48.0%, log-rank=5.954, P=0.015) than the FLR-low group.
Multivariate analyses suggested that high FLR was an independent negative predictor of
OS (HR: 1.448, 95%CI: 1.073-1.952, P=0.015), DFS (HR: 1.445, 95%CI: 1.084-1.925,
P=0.012) and first-year mortality (HR: 2.123, 95%CI: 1.157-3.898, P=0.015).
Conclusion: The preoperative FLR level could be used as a simple, noninvasive, inexpen-
sive, and potentially effective indicator to evaluate the prognosis of ESCC patients following
radical esophagectomy.

Keywords: esophageal squamous cell carcinoma, prognostic indicator, fibrinogen,
lymphocyte

Introduction

Esophageal cancer (EC) is one of the most common and fatal malignant tumors
worldwide." In China, it is the third most prevalent and the fourth leading cause of cancer-
related death, of which the dominant histopathological type is esophageal squamous cell
carcinoma (ESCC).? Although radical esophagectomy is still the cornerstone for resect-
able tumors, recent evidence has indicated that neoadjuvant chemoradiotherapy followed
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by surgery is more appropriate for locally advanced ESCC.>*
Therefore, evaluation of the risk for poor long-term outcomes
during initial diagnosis is particularly important in devising
a customized risk-adapted therapeutic strategy for individual
patients with ESCC.

It is well established that tumor progression and prognosis
are associated not only with the tumor’s innate characteristics
but also with the host’s inflammatory microenvironment.>
Studies have also reported that several malignant tumors are
associated with abnormalities of the hemostatic system.”®
Several pretreatment indexes such as prognostic nutritional
index (PNI),” Glasgow Prognostic Score (GPS),'* platelet-to-
lymphocyte ratio (PLR), and neutrophil-to-lymphocyte ratio
(NLR)'! have been reported to be of prognostic value for
overall survival (OS) in patients with ESCC. Considering
that these indexes are based mostly on inflammatory condi-
tion, and seldom take coagulation state into consideration, it
would be useful to identify a novel and convenient indicator
regarding the prognosis for patients with ESCC linking
inflammation and coagulation.

Fibrinogen, a protein synthesized by hepatocytes in the
liver, circulates in the bloodstream andplays a vital role in
blood clotting, fibrinolysis, and cellular and matrix
interactions.'” Studies have indicated that plasma fibrino-
gen level correlates with tumor progression and tumor
metastasis, with hyperfibrinogenemia independently pre-
dicting an unfavorable survival in solid tumors including
EC."*" Lymphocyte is a routinely detected plasma indi-
cator throughout the therapeutic process with regard to
patients’ immune status and was used in some prognostic
indexes such as PNI, PLR, and NLR. It was reported that
lymphopenia was associated with inferior survival out-
come in several malignant tumors.'>'® Therefore, we
hypothesized that the combination of fibrinogen and lym-
phocyte may provide a simple and objective prognostic
index for ESCC patients.

In this study, we created a novel prognostic marker,
fibrinogen-to-lymphocyte ratio (FLR), to evaluate its prog-
nostic value in patients with ESCC who underwent radical
esophagectomy. To the best of our knowledge, this is the
first study to comprehensively assess the prognostic fea-
tures of FLR in ESCC.

Materials and methods

Patients
A total of 824 consecutive patients with ESCC undergoing
radical esophagectomy from January 2009 to December 2012

in Sun Yat-sen University Cancer Center, Guangzhou, China
were retrospectively enrolled in this study. Eighty-one patients
who underwent neoadjuvant therapy were excluded, as were
27 patients who did not achieve RO resection, 16 patients who
died within 3 months after surgery and 27 patients without the
required clinical data. The final cohort included 673 patients.
Patient characteristics, clinicopathological factors, surgical
procedures, preoperative plasma fibrinogen levels, preopera-
tive lymphocyte levels, and postoperative survival were
recorded in each case. TNM classification was evaluated
using the 8th edition of AJCC cancer staging system.'” This
retrospective study was approved by the Ethics Committee of
Sun Yat-sen University Cancer Center.

Fibrinogen and lymphocyte measurement
The plasma fibrinogen and lymphocyte levels were routi-
nely collected from blood samples at the first diagnosis
within two weeks before surgery. Fibrinogen levels were
measured using a latex-enhanced immunoturbidimetric
assay and a Sysmex CA 7000 system (Sysmex
Corporation®, Kobe, Japan). Lymphocyte levels were ana-
lyzed using fluorescence flow cytometry through XN-9000
(Sysmex Corporation®). The FLR was defined as the fibri-
nogen level (g/L) divided by lymphocyte level (10°/L). The
cutoff point of preoperative fibrinogen levels is 4.00 g/L, as
recommended. The optimal cutoff points of preoperative
lymphocyte levels and FLR were measured by the X-tile
Software,'® with 1.40 for lymphocyte and 3.03 for FLR.

Follow up

All the patients were regularly followed up every 3 months
during the first two years after surgery and then every 6 months
after. The last follow-up date was November 2018 and 49 out
of 673 patients (7.3%) were lost to follow up. All the follow-up
data were collected from Official Follow-up Department of our
hospital. The primary endpoints are OS and disease-free sur-
vival (DFS), and the secondary endpoint is first-year mortality
after surgery. This study was approved by the ethics committee
of Sun Yat-sen University Cancer Center. Owing to the retro-
spective study design and analysis of clinical data, informed
consent was formally waived by the Ethics Committee of Sun
Yat-sen University Cancer Center. All research work in this
study complied with the declaration of Helsinki.

Statistical analysis

Median and interquartile range (IQR) were used to describe
non-normally distributed quantitative data. Chi-square (°) test
and Fisher’s exact test were used for categorical variables, and
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the Mann—Whitney U-test was used for continuous variables.
Survival was estimated by the Kaplan—-Meier estimator and
compared using the log-rank test. Univariate and multivariate
Cox proportional hazard regression models were used to eval-
uate independent risk factors for OS and DFS by calculating
the HR and 95% CI. Univariate and multivariate logistic
regression models were used to assess independent risks of
first-year mortality. The start time was the day of operation
while the end time was the day when endpoints occurred or the
last follow-up day for censored data. Two-tailed P-value <0.05
corresponded to a statistically significant difference. All the
data were analyzed using SPSS Statistics 24 (IBM
Corporation, Armonk, NY, USA).

Results

Patient characteristics

The clinicopathological characteristics of 673 ESCC
patients are shown in Table 1. The median age was 59
years (IQR: 54.0-65.5), and 78.0% of the patients were
males. Three hundred and eighty-four patients (57.1%)
Sweet esophagectomy and 289 (42.9%)
patients went through surgery by either the McKeown or

underwent

Ivor Lewis approach. We divided all the cases into two
groups: the FLR-low (<3.03) group (n=588) and the FLR-
high (>3.03) group (n=85). The FLR-high group included
older patients (y*=7.267, P=0.007), showed higher post-
operative overall morbidity (24.7% vs 14.8%, x*=5.414,
P=0.020) and tended to die within one year (23.5% vs
10.9%, x*=10.871, P=0.001) when compared with the
FLR-low group. There were no significant differences in
gender, surgical approach, tumor location, tumor length,
tumor differentiation, TNM stage and adjuvant therapy
between FLR-high and FLR-low groups.

FLR and survival

The median follow-up time was 95.3 months (IQR:
82.7-102.2 months). The FLR-high group showed signifi-
cant lower 5-year OS rates (41.2% vs 53.7%, log-rank
=6.827, P=0.009) and lower 5-year DFS rates (35.3% vs
48.0%, log-rank=5.954, P=0.015) than the FLR-low group
(Figure 1). Univariate Cox regression analysis (Table 2)
indicated that gender, age, tumor length, pT status, pN
status, adjuvant therapy, fibrinogen level, lymphocyte
level, and FLR level were prognostic factors for OS; gender,
surgical approach, tumor length, pT status, pN status, adju-
vant therapy, fibrinogen level, and FLR level were prognos-
tic factors for DFS. Multivariate Cox regression analysis

(Table 3) indicated that older age, deeper tumor invasion,
more lymph node metastasis, and higher FLR level were
significantly associated with poor OS (P=0.003, P=0.001, P
<<0.001 and P=0.015, respectively). Similarly, single-
incision surgical approach, deeper tumor invasion, more
lymph node metastasis, and higher FLR level were signifi-
cantly associated with poor DFS (P=0.001, P=0.012, P<<
0.001 and P=0.012, respectively). Notably, compared with
the FLR-low group, the FLR-high group independently
predicted a worse OS (HR: 1.448, 95%CI: 1.073-1.952,
P=0.015) and a worse DFS (HR: 1.445, 95%CI:
1.084-1.925, P=0.012) in patients with ESCC.

FLR and first-year mortality

Eighty-four out of 673 patients (12.5%) died within
one year after surgery. Univariate and multivariate logistic
regression analyses of risk factors for first-year mortality
are shown in Table 4. Univariate analysis revealed that
tumor length, pT status, pN status, overall morbidity, fibri-
nogen level, lymphocyte level, and FLR level were asso-
ciated with first-year mortality. In multivariate analysis,
FLR level along with tumor length, pN status and overall
morbidity presented as independent predictive factors for
first-year mortality (P=0.015, P=0.023, P<<0.001 and
P=0.009, respectively). Compared with the FLR-low
group, the FLR-high group was independently associated
with a higher risk of first-year mortality after surgery (HR:
2.123, 95%CI: 1.157-3.898, P=0.015).

Discussion

Esophageal cancer is a highly aggressive disease with poor
prognosis.” Treatment options range from surgery, neoadju-
vant/adjuvant therapy and radical chemoradiotherapy to var-
ious forms of supportive care in patients with ESCC.
Decision-making among treatment options is usually deter-
mined by patients’ tumor stage as well as general health
condition. It is now generally accepted that an inflammatory
microenvironment is an essential component of
tumorigenesis,” where increasing evidence has suggested
that markers of systemic inflammation can effectively reflect
tumor progression.” !! In this study, we proposed a novel
inflammatory prognostic marker, fibrinogen-to-lymphocyte
ratio (FLR), to evaluate its prognostic effect in ESCC
patients who underwent radical esophagectomy.

Tumor cells activate the coagulation cascade by
expressing procoagulant proteins such as tissue factor,
heparinase, cancer procoagulant, and microparticles.’
Although the complete mechanisms of the relationship
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Table | Comparison of patients’ characteristics between FLR-low and FLR-high groups

Variables All patients FLR<3.03 FLR>3.03 P
(n=673) (n=588) (n=85)
Gender 0.061
Male 525 (78.0%) 452 (76.9%) 73 (85.9%)
Female 148 (22.0%) 136 (23.1%) 12 (14.1%)
Age 0.007
<60 384 (57.1%) 347 (59.0%) 37 (43.5%)
>60 289 (42.9%) 241 (41.0%) 48 (56.5%)
Surgical approach 0.725
Sweet 384 (57.1%) 334 (56.8%) 50 (58.8%)
Ivor Lewis/McKeown 289 (42.9%) 254 (43.2%) 35 (41.2%)
Location 0.530
Upper 70 (10.4%) 59 (10.0%) 11 (12.9%)
Middle 280 (41.6%) 248 (42.2%) 32 (37.6%)
Lower 323 (48.0%) 281 (47.8%) 42 (49.4%)
Tumor length 0.059
<4 cm 472 (70.7%) 420 (71.9%) 52 (61.9%)
>4 cm 196 (29.3%) 164 (28.1%) 32 (38.1%)
Differentiation 0.603
Gl 125 (18.6%) 97 (18.0%) 28 (20.9%)
G2 344 (51.1%) 281 (52.1%) 63 (47.0%)
G3 204 (30.3%) 161 (29.9%) 43 (32.1%)
pT category 0.175
Tl 81 (12.0%) 76 (12.9%) 5 (5.9%)
T2 138 (20.5%) 119 (20.2%) 19 (22.4%)
T3 454 (67.5%) 393 (66.8%) 61 (71.8%)
pN category 0.172
NO 358 (53.2%) 319 (54.3%) 39 (45.9%)
NI 182 (27.0%) 151 (25.7%) 31 (36.5%)
N2 100 (14.9%) 90 (15.3%) 10 (11.8%)
N3 33 (4.9%) 28 (4.8%) 5 (5.9%)
TNM stage 0.435
[ 19 (2.8%) 18 (3.1%) I (1.2%)
Il 220 (32.7%) 187 (31.8%) 33 (38.8%)
11l 401 (59.6%) 355 (60.4%) 46 (54.1%)
v 33 (4.9%) 28 (4.8%) 5 (5.9%)
Adjuvant therapy 169 (25.1%) 152 (25.9%) 17 (20.0%) 0.245
Overall morbidity 108 (16.0%) 87 (14.8%) 21 (24.7%) 0.020
First-year mortality 84 (12.5%) 64 (10.9%) 20 (23.5%) 0.001
Follow-up time (Median, IQR) 95.3 (19.5) 95.8 (19.7) 92.3 (21.3) 0.502

Note: Data in bold indicate significant differences.
Abbreviation: FLR, fibrinogen-to-lymphocyte ratio.

between fibrinogen and tumor progression have not been  was reported that fibrinogen binds to several growth fac-
entirely elucidated, several underlying mechanisms may tors such as platelet-derived growth factor (PDGF), fibro-
explain the prognostic value of fibrinogen in cancer. It blast growth factor (FGF), TGF-B and neurotrophin
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Figure | Kaplan—Meier curves for (A) overall survival and (B) disease-free survival
in the FLR-high group and FLR-low group.

Abbreviations: OS, overall survival; FLR, fibrinogen-to-lymphocyte ratio; DFS,
disease-free survival.

families.'” Those growth factors have been implicated in
cancer progression by enhancing tumor cell proliferation
and invasion as well as inhibiting apoptosis.?’ Likewise,
fibrinogen stimulates tumor angiogenesis by motivating
migration of endothelial cells through both chemotactic
and chemokinetic activity and by enhancing the pro-
angiogenic effects of vascular endothelial growth factor
(VEGF) and FGF.?! In addition, fibrinogen was also recog-
nized as a modulator of inflammatory processes that
played a prominent role in regulating inflammatory
response.”” Jennewein et al in their review concluded
that fibrinogen altered inflammation by not only inducing
leukocyte migration but also modulating leukocytes and
endothelial cells via an increased cytokine/chemokine
response.>® Steinbrecher et al in their animal experiment
revealed that aMp2-mediated engagement of fibrinogen
was mechanistically coupled to local inflammatory pro-
cesses and epithelial alterations that contributed to ade-
noma formation, which showed a unique link between

fibrinogen and the development of inflammation-driven
malignancy.>* Furthermore, studies have firmly suggested
that fibrinogen plays a critical role in cancer metastasis in
part by limiting natural killer cell (NK cell) function to
protect tumor cells from NK cell-mediated lysis, which
provided a clue linking fibrinogen to the immune
system.”>?® It is generally accepted that immune cells
affect malignant cells with both tumor-suppressive and
tumor-promoting effects. Lymphocytes are commonly
used in monitoring indexes to assess the state of patients’
immune systems. A low lymphocyte count may be asso-
ciated with an immunosuppressed condition, which can
predispose to tumor development.>’ Several studies have
suggested that pretherapeutic lymphopenia independently
with 15,16

Therefore, based on the well-accepted theory that cross-

correlates inferior OS in some cancers.
talk exists among coagulation, inflammation, immune
response, and cancer development, the fibrinogen-to-
lymphocyte ratio may combine the predictive effects of
both fibrinogen and lymphocyte and present a mixed prog-
nostic value.

Our study demonstrated that preoperative FLR level
could act as an independent prognostic marker for ESCC
patients, where higher FLR was significantly associated
with poor OS, poor DFS and higher incidence of first-year
mortality after surgery. Multivariate analysis suggested
that FLR was independent of fibrinogen, lymphocyte,
and pathological T/N status. Meanwhile, there were no
significant differences between the FLR-high group and
the FLR-low group with regard to pathological T/N status
and TNM stage, unlike previously described indexes such
as PNI, NLR, PLR, GPS and fibrinogen alone.”'*"* We
hypothesize that this may be because the FLR level
reflects more about the host’s systemic status than tumor
burden. Further investigations are required to provide rele-
vant evidence to strengthen this argument.

In addition to OS and DFS, we observed another end-
point, first-year mortality after surgery, which was seldom
reported by former studies. Pines et al reported that first-year
mortality after subtotal esophagectomy was correlated with
positive lymph nodes, which was consistent with our finding
that a higher pN status was independently associated with
a higher risk of death within one year (Table 4).%® Nassri et al
reported that a lower level of albumin was found to be an
independent predictor of death within 6 months, and a lower
plasma albumin level usually indicated that the body was in
a nutritional deficit.*’ Thus, we assume that early mortality
after surgery may be related to both advanced tumor stage as
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Table 2 Univariate Cox regression analysis for overall survival and disease-free survival

Variables Overall survival Disease-free survival
HR (95%Cl) P HR (95%Cl) P

Gender

Female* vs male 1.411 (1.077-1.849) 0.013 1.315 (1.021-1.693) 0.034
Age

<60* vs >60 1.280 (1.040-1.576) 0.020 1.136 (0.931-1.386) 0.209
Surgical approach

Sweet | (reference) | (reference)

Ivor Lewis/McKeown 0.831 (0.673-1.027) 0.087 0.784 (0.640-0.961) 0.019
Location 0.160 0.166

Upper | (reference) | (reference)

Middle 0.867 (0.618-1.216) 0.408 0.949 (0.681-1.322) 0.755

Lower 0.745 (0.532-1.042) 0.086 0.793 (0.571-1.103) 0.169
Tumor length

<4 cm* vs >4 cm 1.335 (1.070-1.666) 0.010 1.260 (1.017—1.560) 0.035
Differentiation 0.160 0.153

Gl | (reference) | (reference)

G2 1.299 (0.966—1.748) 0.084 1.241 (0.936-1.643) 0.133
G3 1.342 (0.976-1.845) 0.070 1.344 (0.995-1.816) 0.054
pT category <0.001 <0.001

TI | (reference) | (reference)

T2 1.792 (1.131-2.840) 0.013 1.711 (1.120-2.613) 0.013

T3 2.527 (1.677-3.809) <o0.001 2.257 (1.549-3.288) <0.001
pN category <0.001 <0.001

NO | (reference) | (reference)

NI 2.235 (1.738-2.873) <o0.001 2.155 (1.700-2.732) <0.001

N2 3.521 (2.666—4.649) <0.001 3.478 (2.663—4.542) <0.001

N3 4.680 (3.141-6.973) <0.001 4.184 (2.821-6.205) <0.001
Overall morbidity

No* vs Yes 1.089 (0.824-1.440) 0.548 0.937 (0.712-1.234) 0.644
Adjuvant therapy 1.530 (1.221-1.916) <0.001 1.700 (1.371-2.107) <0.001
Fibrinogen (g/L)

<4.0* vs >4.0 1.382 (1.106-1.726) 0.004 1.333 (1.078-1.650) 0.008
Lymphocyte (10°/L)

<1.40* vs >1.40 0.729 (0.566-0.939) 0.014 0.794 (0.621-1.014) 0.065
FLR

<3.03* vs >3.03 1.476 (1.100-1.981) 0.009 1.420 (1.070-1.884) 0.015

Notes: *Refer to reference category. Data in bold indicate significant differences.
Abbreviation: FLR, fibrinogen-to-lymphocyte ratio.

well as patients’ poor health condition, which may be both
reflected by higher FLR level. FLR may be the first inflam-
matory preoperative index linking OS, DFS, and first-year
mortality after surgery in ESCC patients undergoing radical
esophagectomy. Given the importance of patient risk strati-
fication in deciding the most beneficial treatment, we propose

that FLR could help identify those patients with a higher risk
of poor outcome, for whom multidisciplinary therapy, inten-
sive perioperative care, and close follow-up would then be
highly recommended. Therefore, as an easily acquired, low-
cost and repeatable index, FLR may serve as a promising
indicator supplementing TNM staging system to improve
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Table 3 Multivariate Cox regression analysis for overall survival and disease-free survival
Variables Overall Survival Disease-free Survival
HR (95%Cl) P HR (95%Cl) P
Gender
Female vs male 0.243 0.464
Age
<60* vs >60 1.375 (1.113-1.698) 0.003
Surgical approach
Sweet | (reference)
Ivor Lewis/McKeown 0.711 (0.579-0.874) 0.001
Tumor length
<4 cm vs >4 cm 0.552 0.679
pT category 0.001 0.012
Tl | (reference) | (reference)

T2 1.575 (0.991-2.502) 0.055 1.585 (1.036-2.425) 0.034
T3 2.088 (1.382-3.157) <0.001 1.733 (1.210-2.596) 0.003
pN category <0.001 <0.001

NO | (reference) | (reference)

NI 2.140 (1.663-2.754) <0.001 2.205 (1.734-2.803) <0.001

N2 3.532 (2.667-4.677) <o0.001 3.616 (2.751-4.752) <0.001

N3 4.833 (3.225-7.241) <0.001 4.089 (2.749-6.083) <0.001
Adjuvant therapy 0.849 0.667
Fibrinogen (g/L)

<4.0 vs >4.0 0.221 0.333
Lymphocyte (10°/L)

<1.40 vs >1.40 0.519 0.739
FLR

<3.03* vs >3.03 1.448 (1.073-1.952) 0.015 1.445 (1.084—1.925) 0.012

Notes: *Refer to reference category. Data in bold indicate significant differences.
Abbreviation: FLR, fibrinogen-to-lymphocyte ratio.

prognosis estimation and treatment decision-making for
resectable ESCC.

There are several limitations to the current study.
First, as a single-center retrospective study, selection
biases could not be ignored regarding data
collection. Second, some confounding factors, such as
accompanying infectious diseases and hematological
diseases, may affect FLR level, which in turn affect
the accuracy of its prognostic value. Third, the cutoff
point of FLR in this study was chosen solely based on
our data, and this finding needs to be validated in
another patient population. Studies have reported an
index that is quite similar, but included neutrophils in
their index;”’31 however, since the neutrophil count is

often affected by chemotherapy, we chose to exclude

neutrophils from our index to reduce confounding fac-
tors. In addition, we excluded those patients who
underwent neoadjuvant therapy because it is hard to
choose a suitable time-point to evaluate FLR consider-
ing the chemotherapeutic hematotoxicity. Further stu-
dies are recommended to focus on the relationship
between neoadjuvant therapy and FLR level. Despite
these limitations, our results provided a promising
prognostic marker: FLR, which was relatively reliable,
and our study had a reasonable experimental design
and an appreciable sample size. Hence, we suggest
that FLR could be used together with the TNM staging
system as well as other plasma indexes to jointly
improve the accuracy of preoperative evaluation of
ESCC patients.
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Table 4 Univariate and multivariate logistic regression analyses of prognostic factors for first-year mortality

Variables Univariate Multivariate
HR (95%Cl) P HR (95%Cl) P

Gender

Female* vs male 1.624 (0.872-3.024) 0.126
Age

<60* vs >60 1.112 (0.703-1.762) 0.650
Surgical approach

Sweet | (reference)

Ivor Lewis/McKeown 0.891 (0.559-1.418) 0.626
Location 0.358

Upper | (reference)

Middle 1.329 (0.593-2.981) 0.489

Lower 0.942 (0.417-2.129) 0.886
Tumor length

<4 cm* vs >4 cm 2.104 (1.318-3.359) 0.002 1.772 (1.082-2.903) 0.023
Differentiation 0.671

Gl | (reference)

G2 1.052 (0.572—-1.935) 0.872

G3 0.823 (0.415-1.636) 0.579
T category 0.013 0.068

Tl | (reference)

T2 4.460 (0.987-20.152) 0.052 0.533

T3 6.959 (1.671-28.985) <0.001 0.062
N category <0.001 <0.001

NO | (reference) | (reference)

NI 3.423 (1.911-6.133) <0.001 3.401 (1.869-6.189) <0.001

N2 4.012 (2.075-7.755) <0.001 3.861 (1.962-7.597) <0.001

N3 8.024 (3.438-18.725) <0.001 8.282 (3.445-19.911) <0.001
Overall morbidity

No* vs yes 1.923 (1.117-3.313) 0.018 2.187 (1.214-3.940) 0.009
Adjuvant therapy 1.799 (1.107-2.922) 0.018 0.595
Fibrinogen (g/L)

<4.0% vs >4.0 2.082 (1.302-3.328) 0.002 0.208
Lymphocyte (10°/L)

<1.40% vs >1.40 0.530 (0.315-0.890) 0.016 0.591
FLR

<3.03* vs >3.03 2.519 (1.433-4.430) 0.001 2.123 (1.157-3.898) 0.015

Notes: *Refer to reference category. Data in bold indicate significant differences.
Abbreviations: Cl, confidence interval; FLR, fibrinogen-to-lymphocyte ratio.

In conclusion, we demonstrated that the preoperative
FLR level could be used as a simple, noninvasive, inex-
pensive, and potentially effective indicator to evaluate the
prognosis of ESCC patients following radical
esophagectomy.

Abbreviation list

FLR, fibrinogen-to-lymphocyte ratio; ESCC, esophageal

squamous cell carcinoma; OS, overall survival; DFS, dis-

ease-free survival; EC, esophageal cancer; PNI, prognostic

nutritional index; GPS, Glasgow Prognostic Score; PLR,
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platelet-to-lymphocyte ~ ratio; ~ NLR,
lymphocyte ratio; IQR, interquartile range; y°, chi-square;
PDGF, platelet-derived growth factor; FGF, fibroblast
growth factor; VEGF, vascular endothelial growth factor;

NK cell, natural killer cell.

neutrophil-to-
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