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Background: The current study was aimed at comparing the prognostic value of the 
combination of plasma fibrinogen and tumor marker index (TMI) [F-TMI] system with 
TMI alone in patients with esophageal squamous cell carcinoma (ESCC) after surgical 
resection.
Methods: A total of 317 patients with ESCC who underwent surgical resection were 
retrospectively analyzed. The TMI was calculated as the square root of (CYFRA 21–1 
concentration/3.3 µg/L) × (SCC concentration/1.5 µg/L). The patients were divided into F- 
TMI scores according to the following criteria: score 2, both elevated fibrinogen and high 
TMI; score 1, either elevated fibrinogen or high TMI; and score 0, neither abnormality. 
Univariate and multivariate survival analyses were performed to evaluate the prognostic 
value of F-TMI or TMI alone.
Results: The five-year overall survival rate of patients with high TMI was significantly 
lower than that of patients with low TMI (30.8% vs 50.4%, p <0.001). There was a 
significant correlation between the F-TMI score with age, tumor size, NLR, PLR, pT status, 
and pN status. The five-year overall survival rates for patients with F-TMI scores of 2, 1, and 
0 were 27.6%, 38.7%, and 63.3%. Multivariate analysis revealed that the F-TMI score (HR 
1.297; 95% CI 1.046–1.609, p = 0.018) was an independent prognostic factor. The F-TMI’s 
prediction ability was larger than that of fibrinogen, TMI, and the conventional TNM stage.
Conclusion: F-TMI was an independent prognostic factor for patients with ESCC and a 
more useful prognostic indicator than either of the parameters alone.
Keywords: fibrinogen, tumor marker index, esophageal squamous cell carcinoma, prognosis

Introduction
Esophageal cancer is the fifth most common malignancy and the fourth leading 
cause of cancer-related death in China. More than 90% of esophageal cancer cases 
is squamous cell carcinoma.1 Despite advances in surgical techniques and multi
modal therapy, there is little improvement in the conditions’ prognosis.2 Therefore, 
it is important to identify reliable prognostic factors to perform prognostic risk 
stratification and provide personalized treatment.

To date, different studies have reported discrete prognostic factors to predict the 
long-term survival of patients with esophageal cancer. Amongst them, the squa
mous cell carcinoma antigen (SCC) and cytokeratin 19 fragment (CYFRA 21–1) 
have been the most commonly used tumor biomarkers.3,4 However, the sensitivities 
and specificities of these tumor markers are insufficient in clinical practice. 
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Recently, Muley et al5 introduced an algorithm known as 
the tumor marker index (TMI) based on CYFRA 21–1 and 
CEA, which increased the prognostic sensitivity of non- 
small cell lung cancer (NSCLC).5,6 In our previous stu
dies, a novel TMI based on SCC and CYFRA 21–1 was 
proposed, which was found to be a novel marker that 
could be used to predict the prognosis of esophageal 
squamous cell carcinoma (ESCC) patients.

There has been ample scrutiny over the possible asso
ciation between malignancies and coagulation.7 

Fibrinogen, an acute-phase reactant glycoprotein synthe
sized in hepatocytes, is involved in blood coagulation and 
platelet accumulation.8 Several studies have suggested that 
preoperative fibrinogen was associated with many malig
nancies’ progression and prognosis.9–11 Studies have also 
indicated that elevated plasma fibrinogen levels were inde
pendently associated with poor outcomes in patients with 
ESCC.12 However, fibrinogen’s predictive ability or TMI 
in patients with ESCC is still insufficient when used 
individually.

Therefore, we hypothesized that the combination of 
plasma fibrinogen and TMI might increase the prognostic 
accuracy for ESCC. In this regard, we performed a retro
spective study to compare the prognostic value of the 
combination of fibrinogen and TMI (F-TMI) score with 
that of TMI alone and assess the usefulness of this com
bined index in patients with ESCC.

Patients and Methods
Patients
The medical records of 406 patients with histologically 
confirmed ESCC who underwent esophagectomy at the 
Tianjin Medical University Cancer Institute and Hospital 
between January 2008 and March 2013 were reviewed in 
this retrospective study. All patients were evaluated by 
physical examination, biochemical tests, coagulation 
tests, complete blood cell counts, tumor markers, esopha
gogastroscopy, barium meal, computed tomography (CT) 
scans of the head, chest, and abdomen, and ultrasound of 
the neck and abdomen. Positron emission tomography 
(PET)/CT scanning was performed when necessary. 
Cardiac and pulmonary function examinations were also 
performed to assess surgical tolerance.

The patients’ eligibility criteria were as follows: (1) 
histologically confirmed ESCC; (2) underwent esopha
gectomy and systematic node dissection. The patients 
were excluded from the study if they met any of the 

following criteria: received preoperative chemotherapy or 
radiotherapy (n = 24), previous history of other malignant 
tumors (n = 7), with distant metastasis (n = 2), with R1/R2 
resection (n = 6), died perioperative period (n = 4), with 
clinical evidence of inflammation, infection, hematologi
cal, autoimmune, or liver disease (n = 25), incomplete 
clinicopathological and laboratory data (n = 56) and loss 
of information during the follow-up period (n = 34). 
Finally, a total of 317 patients were enrolled in the present 
study. Before surgery, 21 patients (6.6%) had clinical stage 
I, 155 (48.9%) had stage II, and 141 (44.5%) had stage III 
disease.

The postoperative pathological tumor stage was eval
uated based on the 7th edition of the UICC/AJCC TNM 
classification of esophageal carcinoma.13 As the role of 
postoperative adjuvant treatment was controversial during 
that period, adjuvant therapy was not mandatory. The most 
frequent adjuvant chemotherapy included fluoropyrimi
dine- plus platinum-based regimen, paclitaxel- plus plati
num-based regimen, or some irregular regimens. This 
study complies with the Declaration of Helsinki, was 
approved by the Research Ethics Committee of Tianjin 
Medical University Cancer Institute and Hospital. All 
patients provided written informed consent.

Laboratory Assays
Blood specimens were collected in sodium citrate- or 
EDTA K2-containing tubes one week before surgery. 
Serum SCC and CYFRA 21–1 concentration were 
detected by commercially available enzyme immunoas
says with a Cobas Core analyzer (Roche Diagnostics, 
Mannheim, Germany). The normal upper limits were 1.5 
µg/L and 3.3 µg/L for SCC and CYFRA 21–1, respec
tively. Plasma fibrinogen concentration was measured 
based on the Clauss method using an automatic coagula
tion analyzer (CS-5100; Sysmex Inc., Japan). Blood cell 
counts, including neutrophil, lymphocyte, and platelet 
counts, were measured using an automatic hematological 
analyzer (XE-5000, Sysmex, Kobe, Japan). Thereafter, the 
NLR, PLR, TMI, and F-TMI were calculated.

Definition of NLR, PLR, TMI, and F-TMI
The values for NLR and PLR were calculated as fol
lows: NLR=neutrophil counts/lymphocyte counts and 
PLR=platelet counts/lymphocyte counts.

The TMI was calculated by determining the geometric 
mean of the normalized values of serum CYFRA 21–1 and 
SCC concentration. Normalization was performed by 
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dividing the individual marker values by the correspond
ing diagnostic cut-off points, which were 3.3 µg/L for 
CYFRA 21–1 and 1.5 µg/L for SCC.14

TMI ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CYFRA21 � 1μg=L

3:3μg=L
�

SCCμg=L
1:5μg=L

s

The newly formed F-TMI score was calculated by 
combining fibrinogen and TMI. In brief, patients with 
elevated plasma fibrinogen and high TMI were assigned 
a score of 2. Those with either elevated plasma fibrinogen 
or high TMI were assigned a score of 1, and those with 
neither of these abnormalities were assigned a score of 0.

Body mass index (BMI) was calculated according to 
the standardized definition as weight in kilograms divided 
by height in meters squared: weight/height2 (kg/m2). The 
patients were stratified into three BMI categories: normal 
weight (BMI 18.5~23 kg/m2), overweight (BMI 23~27.5 
kg/m2), and obese (BMI ≥ 27.5 kg/m2) based on the World 
Health Organization (WHO) recommendation for Asian 
populations.15

Follow-Up
After surgery, all patients were followed up regularly by 
means of telephone, email, and medical record, every 3 
months during the first two years, every 6 months during 
the third to fifth years, and then annual thereafter until 
death or the last follow-up. The follow-up rate in our study 
was 91.6%. Postoperative follow-up observations involved 
physical examinations, laboratory blood tests, tumor mar
kers assessment, chest and abdominal CT scans, and endo
scopy examinations. Overall survival (OS) was calculated 
from the date of surgery to death or the final follow-up.

Statistical Analysis
All statistical analyses were performed using SPSS 17.0 
software (SPSS Inc., Chicago, IL, USA). Continuous vari
ables are expressed as mean ± standard deviation, and cate
gorical variables are expressed as frequencies and 
percentages. Receiver operating characteristic (ROC) curves 
were used to determine the optimal cut-off values of fibrino
gen, NLR, PLR, and TMI for prognostic prediction and to 
compare their predictive ability. Chi-square test or the trend 
version of the chi-square test was used to analyze the asso
ciations between the clinicopathological variables and TMI 
or F-TMI. Survival analysis was performed using the 
Kaplan-Meier method, and the difference was compared 
using the Log rank test. Univariate and multivariate survival 

analyses were performed using Cox proportional hazard 
model. The hazard ratio (HR) and 95% confidence interval 
(CI) within each subgroup were summarized for the sub
group analysis of overall survival. Two-sided P value of 
< 0.05 was considered statistically significant.

Results
Patient and Disease Characteristics
The enrolled cohort consisted of 261 (82.3%) men and 56 
(17.7%) women. The median age was 61 years (range, 33– 
85 years). A total of 210 (66.2%) patients had a history of 
smoking. Regarding the tumor site, 18 (5.7%), 220 (69.4%), 
and 79 (24.9%) patients had tumors located in the upper, 
middle, and lower thoracic esophageal regions, respectively. 
Altogether, there were 21 (6.6%), 244 (77.0%), and 52 
(16.4%) cases that could be categorized into well, moder
ately, and poorly differentiated, respectively. Pathologically 
confirmed lymph node metastasis was found in 141 patients. 
Based on the 7th edition, TNM staging system, 13 (4.1%) 
patients presented with stage I, 135 (42.6%) with stage II, 
and 169 (53.3%) with stage III. A total of 133 (42.0%) 
patients underwent curative surgery alone, while 184 
(58.0%) patients underwent surgery combined with post
operative adjuvant chemotherapy.

Based on the normal reference values of the tumor mar
kers, the patients were divided into normal CYFRA 21–1 
(CYFRA 21–1 ≤3.3 µg/L, n=233) and high CYFRA 21–1 
(CYFRA 21–1 >3.3 µg/L, n=84) groups; normal SCC 
(SCC≤1.5 µg/L, n=267) and high SCC (SCC >1.5 µg/L, 
n=50) groups. Based on the ROC curves for predicting 5- 
year OS, the best cut-off values of the fibrinogen, NLR, PLR, 
and TMI were determined to be 3.42, 1.88, 119.5, and 0.53, 
respectively (Supplementary Figure S1). Using these cut-off 
values, the patients were subdivided into two groups: a low- 
fibrinogen group (fibrinogen ≤ 3.42, n=129) and high fibri
nogen group (fibrinogen >3.42, n=188); low-NLR group 
(NLR ≤ 1.88, n=131) and high NLR group (NLR >1.88, 
n=186); low-PLR group (PLR ≤ 119.5, n=158) and high 
PLR group (PLR >119.5, n=159); low-TMI group (TMI ≤ 
0.53, n=158) and high TMI group (TMI >0.53, n=159).

The Association Between TMI Alone and 
Clinicopathological Variables
The correlations between TMI and clinicopathological vari
ables are shown in Table 1. Compared to the low-TMI 
group, the high-TMI group was associated with larger 
tumor size (P =0.008), higher NLR level (P=0.027), higher 
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Table 1 The Associations Between the TMI Level and the Clinicopathological Variables in 317 Patients with ESCC

Characteristics TMI Level P value

Low (<0.53, n=158) High (≥0.53, n=159)

Gender 0.073

Male 124 (78.5%) 137 (86.2%)
Female 34 (21.5%) 22 (13.8%)

Age (years) 0.082
≤60 82 (51.9%) 67 (42.1%)

>60 76 (48.1%) 92 (57.9%)

Smoking history 0.267

No 58 (36.7%) 49 (30.8%)

Yes 100 (63.3%) 110 (69.2%)

Tumor location 0.995

Upper thoracic 9 (5.7%) 9 (5.7%)
Middle thoracic 110 (69.6%) 110 (69.2%)

Lower thoracic 39 (24.7%) 40 (25.2%)

Histological grading 0.199

Well differentiated 14 (8.9%) 7 (4.4%)

Moderately differentiated 116 (73.4%) 128 (80.5%)
Poorly differentiated 28 (17.7%) 24 (15.1%)

Tumor size (cm) 0.008*

<4 84 (53.2%) 61 (38.4%)

≥4 74 (46.8%) 98 (61.6%)

BMI, kg/m2 0.723

18.5~27.5 143 (90.5%) 142 (89.3%)
≥27.5 15 (9.5%) 17 (10.7%)

NLR level 0.027*
Low 75 (47.5%) 56 (35.2%)

High 83 (52.5%) 103 (64.8%)

PLR level 0.064

Low 87 (55.1%) 71 (44.7%)

High 71 (44.9%) 88 (55.3%)

Fibrinogen level 0.192

Low 70 (44.3%) 59 (37.1%)
High 88 (55.7%) 100 (62.9%)

SCC level <0.001*
Normal 157 (99.4%) 110 (69.2%)

High 1 (0.6%) 49 (30.8%)

CYFRA 21–1 level <0.001*

Normal 140 (88.6%) 93 (58.5%)

High 18 (11.4%) 66 (41.5%)

pT stage 0.008*

T1 12 (7.6%) 3 (1.9%)
T2 39 (24.7%) 25 (15.7%)

T3 65 (41.1%) 71 (44.7%)

T4a 42 (26.6%) 60 (37.7%)

(Continued)
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CYFRA 21–1 level (P <0.001), higher SCC level 
(P<0.001), higher pT status (P=0.008), and higher pN status 
(P=0.024).

The Prognostic Value of TMI
The one, three, and five- year OS rates for all patients were 
82.3%, 53.3%, and 40.6%, respectively. The five-year OS 
rate of patients in the high fibrinogen group was signifi
cantly worse than that in the low fibrinogen group (33.5% 
vs 51.0%, log-rank, p <0.001, Figure 1A). Similarly, the 
five-year OS rate of patients in the high TMI group was 
significantly worse than that in the low TMI group (30.8% 
vs 50.4%, log-rank, p <0.001, Figure 1B). When the OS 
rate was evaluated after adjusting for the fibrinogen level, 
a significant difference was found between the high- and 
low-TMI groups in the low-fibrinogen patients (36.2% vs 
63.3%, log-rank, p < 0.001, Figure 2A), however, there 
was no significant difference between the two groups in 
the high-fibrinogen patients (27.6% vs 40.2%, log-rank 
p=0.063, Figure 2B).

The Association Between F-TMI and 
Clinicopathological Variables
According to the grading system of the F-TMI score, 70 
(22.1%) patients had an F-TMI score of 0, 147 (46.4%) 
patients had an F-TMI score of 1, and 100 (31.5%) 
patients had an F-TMI score of 2. We further assessed 
the association between F-TMI score and clinicopatho
logical factors. The F-TMI score was significantly cor
related with age (p=0.020), tumor size (p <0.001), NLR 
level (p=0.001), PLR level (p=0.005), pT status 
(p<0.001), and pN status (p=0.031), but was not signifi
cantly correlated with gender, smoking history, tumor 
location, histological grading, and BMI (p >0.05, 
Table 2).

Univariate and Multivariate Analyses
With regards to the prognosis, the five-year OS rates for 
patients with F-TMI scores of 2, 1, and 0 were 27.6%, 
38.7%, and 63.3%, respectively (log-rank, p < 0.001). 

Table 1 (Continued). 

Characteristics TMI Level P value

Low (<0.53, n=158) High (≥0.53, n=159)

pN stage 0.024*
N0 98 (62.0%) 78 (49.1%)

N1 44 (27.8%) 46 (28.9%)

N2 12 (7.6%) 25 (15.7%)
N3 4 (2.5%) 10 (6.3%)

Note: *Significant difference. 
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma; BMI, body mass index; NLR, neutrophil/lymphocyte ratio; 
PLR, platelet/lymphocyte ratio.

Figure 1 The prognostic significance of fibrinogen (A) and TMI (B) in patients with ESCC. The five-year overall survival rate was calculated using the Kaplan–Meier method, 
and the Log rank test was used to perform the analysis. 
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma.
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Therefore, patient prognosis could be stratified with the F- 
TMI score. The χ2 value of the F-TMI score was larger 
than that of TMI (27.7 vs 15.8), which indicated that the F- 
TMI system outperformed the TMI system in predicting 
OS (Figure 3).

Univariate analysis revealed that age, smoking history, 
tumor size, BMI, NLR, PLR, pT status, pN status, and F- 
TMI were significantly related to patient prognosis. All 
significant prognostic factors tested with univariate ana
lysis were further evaluated using Cox multivariate ana
lysis. The results demonstrated that tumor size (HR 
1.412, 95% CI 1.035~1.927, P = 0.030), BMI (HR 
1.555, 95% CI 1.009~2.396, P = 0.045), pT status 
(HR 1.217, 95% CI 1.012~1.463, P = 0.037), pN status 
(HR 1.281, 95% CI 1.098~1.495, P = 0.002) and F-TMI 
(HR 1.297, 95% CI 1.046~1.609, P = 0.018) were inde
pendently associated with the ESCC patients’ survival 
(Table 3).

ROC Analysis
We further compared the predictive abilities of the fibrino
gen, TMI, F-TMI, and TNM staging systems by ROC 
analyses for prognosis prediction. The AUCs for fibrino
gen, TMI, and F-TMI were 0.604 (95% CI = 
0.538~0.669), 0.627 (95% CI = 0.564~0.691) and 0.668 
(95% CI = 0.606~0.731) for all patients. Furthermore, the 
prediction ability of the conventional AJCC TNM staging 
system was 0.633 (95% CI = 0.568~0.697). Comparison of 
ROC curves showed that the F-TMI system was the most 
accurate prognostic indicator among these indicators for 
predicting survival and could be used as an alternative 
prognostic staging tool for ESCC patients (Figure 4).

Discussion
Esophageal cancer remains one of the major causes of 
cancer-related mortality worldwide. Despite great 
advancements in early detection, surgical techniques, and 
multidisciplinary treatment in recent years, patients’ long- 
term survival is far from satisfactory.16

Many tumor-related variables based on blood tests 
have been reported to predict the prognosis of patients 
with esophageal cancer, including tumor markers, hyper
coagulability, nutritional status, and immune inflammatory 
and histological biomarkers.17–19 However, there are sub
stantial differences in survival between patients at the 
same tumor stage. Therefore, it is important and urgent 
to determine valuable biomarkers for identifying patients 
who are at risk and have poor prognosis.

It is well known that elevated CYFRA 21–1 and SCC- 
Ag are important tumor markers associated with tumor 
progression and adverse prognosis in patients with 
ESCC.20,21 However, the clinical use of only a single 
tumor marker for prognostic evaluation might be difficult 
because of the lack of high sensitivity.22 Nakamura et al23 

reported that the sensitivity rates of SCC and CYFRA 21– 
1 in ESCC were only 28.6% and 33.9%, respectively. 
Results from our previous study revealed that high levels 
of CYFRA 21–1 and SCC-Ag was indicative of advanced 
disease and poor prognosis in patients with ESCC. 
However, neither of these two markers were observed as 
independent prognostic factors by multivariate analysis. 
Muley et al5 first introduced a novel TMI based on 
CYFRA 21–1 and CEA and proved it an independent 
prognostic factor for stage I NSCLC. Subsequently, the 
TMI based on CEA and KL-6 levels was raised by Tomita 
et al and was confirmed to be a useful variable to predict 

Figure 2 Cumulative survival curves for ESCC patients with low fibrinogen level (A) and high fibrinogen level (B) based on the TMI by Kaplan–Meier survival analysis. 
Abbreviations: TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma.
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Table 2 Associations Between the F-TMI Score and Clinicopathological Variables in 317 Patients 
with ESCC

Characteristics F-TMI Score P value

0 (n=70) 1 (n=147) 2 (n=100)

Gender 0.241
Male 54 (77.1%) 120 (81.6%) 87 (87.0%)

Female 16 (22.9%) 27 (18.4%) 13 (13.0%)

Age (years) 0.020*

≤60 43 (61.4%) 61 (41.5%) 45 (45.0%)

>60 27 (38.6%) 86 (58.5%) 55 (55.0%)

Smoking history 0.053

No 32 (45.7%) 46 (31.3%) 29 (29.0%)
Yes 38 (54.3%) 101 (68.7%) 71 (71.0%)

Tumor location 0.431
Upper thoracic 4 (5.7%) 7 (4.8%) 7 (7.0%)

Middle thoracic 54 (77.1%) 101 (68.7%) 65 (65.0%)

Lower thoracic 12 (17.1%) 39 (26.5%) 28 (28.0%)

Histological grading 0.286

Well differentiated 8 (11.4%) 10 (6.8%) 3 (3.0%)
Moderately differentiated 50 (71.4%) 114 (77.6%) 80 (80.0%)

Poorly differentiated 12 (17.1%) 23 (15.6%) 17 (17.0%)

Tumor size (cm) <0.001*

<4 45 (64.3%) 70 (47.6%) 30 (30.0%)
≥4 25 (35.7%) 77 (52.4%) 70 (70.0%)

BMI, kg/m2 0.869
18.5~27.5< 64 (91.4%) 131 (89.1%) 90 (90.0%)

≥27.5 6 (8.6%) 16 (10.9%) 10 (10.0%)

NLR level 0.001*

Low 38 (54.3%) 66 (44.9%) 27 (27.0%)

High 32 (45.7%) 81 (55.1%) 73 (73.0%)

PLR level 0.005*

Low 44 (62.9%) 76 (51.7%) 38 (38.0%)
High 26 (37.1%) 71 (48.3%) 62 (62.0%)

pT stage <0.001*
T1 6 (8.6%) 8 (5.4%) 1 (1.0%)

T2 22 (31.4%) 28 (19.0%) 14 (14.0%)

T3 32 (45.7%) 63 (42.9%) 41 (41.0%)
T4a 10 (14.3%) 48 (32.7%) 44 (44.0%)

pN stage 0.031*
N0 47 (67.1%) 84 (57.1%) 45 (45.0%)

N1 19 (27.1%) 40 (27.2%) 31 (31.0%)

N2 3 (4.3%) 17 (11.6%) 17 (17.0%)
N3 1 (1.4%) 6 (4.1%) 7 (7.0%)

Note: *Significant difference. 
Abbreviations: F-TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma; BMI, body mass index; NLR, 
neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.
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the prognosis of NSCLC patients.24 A similar TMI vari
able based on preoperative CYFRA 21–1 and SCC was 
proposed in the present work. Our study indicated that 
high TMI levels were significantly associated with pro
gression and worse survival of ESCC patients, which was 
consistent with our previous study.14

The tumor-mediated activation of the coagulation sys
tem and systematic inflammatory response serve important 
functions in tumor progression, angiogenesis promotion, 
metastasis, and poor prognosis in several types of malig
nancies, including esophageal cancer.10,25 Previous studies 

have reported that elevated concentrations of plasma fibri
nogen, which is synthesized in the liver and transformed 
into fibrin by activated thrombin, are characteristic of 
patients with cancer.26,27 Additionally, it was found that 
fibrinogen synthesis is significantly upregulated during 
inflammation.28 In the past two decades, a growing num
ber of studies have focused on identifying the prognostic 
role of fibrinogen in esophageal cancer patients treated 
with different modalities. Still, the results remain 
inconclusive.10,12 In the present study, we found that ele
vated plasma fibrinogen levels were associated with tumor 

Figure 3 The prognostic significance of F-TMI in patients with ESCC. The five-year 
overall survival rate was calculated using the Kaplan–Meier method, and the Log 
rank test was used for the analysis. 
Abbreviations: F-TMI, the combination of fibrinogen and tumor marker index; 
ESCC, esophageal squamous cell carcinoma.

Table 3 Univariate and Multivariate Analyses of Clinical and Pathological Variables for Overall Survival in Patients with ESCC

Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Gender 0.740 0.499–1.097 0.134

Age (years) 1.330 1.005–1.759 0.046* 1.173 0.881~1.562 0.276

Smoking history 1.418 1.042–1.928 0.026* 1.273 0.927~1.747 0.136
Tumor location 1.088 0.833–1.421 0.535

Histological type 1.118 0.837–1.493 0.450
Tumor size (cm) 1.954 1.465–2.607 <0.001* 1.412 1.035~1.927 0.030*

BMI, kg/m2 1.551 1.012~2.378 0.044* 1.555 1.009~2.396 0.045*

Adjuvant chemotherapy 0.785 0.594~1.038 0.090
NLR 1.743 1.299~2.339 <0.001* 1.340 0.957~1.877 0.089

PLR 1.489 1.125~1.970 0.005* 1.141 0.831~1.567 0.415

pT stage 1.454 1.226–1.725 <0.001* 1.217 1.012~1.463 0.037*
pN stage 1.370 1.182–1.588 <0.001* 1.281 1.098~1.495 0.002*

F-TMI 1.671 1.374~2.033 <0.001* 1.297 1.046~1.609 0.018*

Note: *Significant difference. 
Abbreviations: F-TMI, tumor marker index; ESCC, esophageal squamous cell carcinoma; BMI, body mass index; NLR, neutrophil/lymphocyte ratio; PLR, platelet/ 
lymphocyte ratio; CI, confidence interval.

Figure 4 The utility of the F-TMI score for predicting ESCC prognosis, compared 
with fibrinogen, TMI, and TNM stage, as determined by ROC curves. 
Abbreviations: F-TMI, the combination of fibrinogen and tumor marker index; 
ESCC, esophageal squamous cell carcinoma; TNM, tumor-node-metastasis; ROC, 
receiver operating characteristic.
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progression and poor prognosis in patients with ESCC, 
consistent with most findings from previous studies.

Currently, the mechanisms underlying the effect of 
plasma fibrinogen on the prognosis of esophageal cancer 
remain unknown. A previous study reported that interleu
kin-6 produced by cancer cells could stimulate the secre
tion of fibrinogen in patients with lung cancer.29 Also, 
fibrinogen synthesized by cancer cells eventually promotes 
angiogenesis and tumor cell growth by binding with some 
growth factors such as vascular endothelial growth factor 
(VEGF) and fibroblast growth factor-2 (FGF-2).30,31 

Palumbo et al32 reported that fibrinogen is favorable for 
the tumor stroma formation and adhesion of circulating 
tumor cells in the vasculature, thus increasing the prob
ability of embolic tumor metastasis. In an in vitro study, 
Shu et al33 found that plasma fibrinogen at a high concen
tration induced epithelial-mesenchymal transition (EMT), 
thereby increasing the migration, invasion, and metastatic 
capacity of co-cultured gallbladder cells. Recently, fibrino
gen has been reported to promote cancer cell motility by 
inducing EMT and increasing the levels of p-PTEN, p- 
AKT, and p-mTOR in esophageal cancer cells.34 However, 
this explanation needs to be verified by further 
experiments.

In previous studies, the combined prognostic value of 
fibrinogen with inflammatory factors such as F-NLR, FA, 
and FAR have been discussed in ESCC.35,36 However, the 
fibrinogen and TMI have not been simultaneously assessed 
as markers of tumor progression and prognosis in patients 
with ESCC. The present study showed that combined F- 
TMI was closely associated with some tumor-related pro
gression indicators, such as tumor size, depth of tumor 
invasion, lymph node metastasis, and systemic inflamma
tory response index. Furthermore, F-TMI was significantly 
associated with OS. Based on the F-TMI proposed in the 
current study, patients with ESCC can be divided into 
three distinct risk groups.

In our study, multivariate survival analysis demon
strated that F-TMI was an independent prognostic vari
able. We further evaluated if the combined F-TMI could 
improve the prognostic value compared to either para
meter alone through ROC analysis. Accordingly, our 
results demonstrated that the F-TMI could increase the 
prognostic accuracy and compensate for the limitations 
imposed by using each marker individually.

To the best of our knowledge, this is the first study to 
investigate the notable roles of combined F-TMI for 
assessing progression and prognosis in patients with 

ESCC. However, some limitations that must be 
addressed. First, this study was a retrospective and sin
gle-institution design, which might have led to several 
forms of bias. Second, only 5 years’ OS was included in 
our study, and we did not obtain complete recurrence 
data. Therefore, our study does not comprehensively 
reflect the survival of the patients. Third, the treatment 
modalities and chemotherapy regimens of patients after 
surgical resection might lead to heterogeneous outcomes 
in patients, which might have influenced the results. 
Fourth, some variables that may influence the prognosis 
were not included in the survival analysis because of 
incomplete information, such as lymphovascular emboli 
or perineural invasion. Finally, although this new scoring 
method distinguished the prognostic value of different 
biomarkers and improved prognostic accuracy, this scor
ing method’s validity still requires further verification. 
Therefore, further prospective multicenter studies with a 
larger sample size are required to validate our findings.

In summary, the present study showed that tumor marker 
index based on preoperative SCC and CYFRA 21–1 level is 
a novel factor in the evaluation of aggressive tumor biology 
and prognosis of ESCC patients. Additionally, with F-TMI, 
the combination of plasma fibrinogen and TMI showed 
superior predictive accuracy of five-year OS compared 
with either variable alone. We hypothesize that F-TMI 
could be an inexpensive, reliable, economical, and practical 
biomarker to determine tumor progression and prognosis in 
patients with ESCC in clinical practice.
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