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Abstract

Background: Although various inflammation-based indexes in esophageal carcinoma have been
documented, but the prognostic value of the albumin-to-globulin ratio(AGR) and its correlation
with fibrinogen in resectable ESCC remain unknown.

Methods: The levels of pre-treatment serum common acute phase proteins (including CRP,
albumin and fribrinogen) were retrospectively analyzed in 447 patients with ESCC who underwent
surgical resection at our department. The prognostic value was explored by univariate and
multivariate cox hazard analysis. The correlation between AGR and acute phase proteins were
also analyzed.

Results: Patients with decreased levels of AGR and increased CRP had significantly lower 5-year
survival rates than those with higher AGR, not only in the whole ESCC cohort but also in the
subgroups stratified according to the disease T, N classifications, and metastasis, whereas the
other acute phase proteins were not independent prognostic factors for ESCC. In addition, a
lower AGR level was observed more often in patients with a high fibrinogen level than in those
with a low fibrinogen level. Spearman’s rank correlation analysis revealed that the AGR level
presented a negative correlation with the fibrinogen level (r =-0.317, p<0.001).

Conclusions: The 5-year survival was shorter in resectable ESCC patients exhibiting decreased
pre-treatment AGR and increased CRP. Thus, the serum AGR and CRP may be a clinical
prognostic factor for resectable ESCC patients. In addition, a negative correlation was present
between the levels of AGR and fibrinogen, the common indexes of acute phase reactants.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is  malignancies worldwide, especially in some Asian
the major pathological type of esophageal cancer and  countries, with China include[l, 2]. With the
one of the most common digestive system  advanced surgical techniques and therapy, the
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outcome of ESCC have improved than before but the
5-year survival rate still poor[2, 3]. Recently
increasing researches focus on the identification of
various inflammation-based indexes in esophageal
cancer, as well as various other cancers[4-6], such as
the modified Glasgow Prognostic Score (mGPS)[7],
the prognostic nutritional index (PNI)[8], the
neutrophil-lymphocyte  ratioNLR) and  the
platelet-lymphocyte ratio (PLR)[7] and C-reactive
protein-albumin(CRP/ Alb) ratio[9-11].

Acute phase proteins are available inflammation
markers applied in clinic widely which include CRP,
albumin, fibrinogen, alphal-acid glycoprotein,
alphal-antichymotrypsin, alphal-antitrypsin, alpha2-
macroglobulin, ceruloplasmin, haptoglobin, and
transferrin. Researchers found that the serum
concentration of some acute phase proteins may
correlate with the more aggressive clinical behavior of
lung cancer[4, 10-12]. Hypoalbuminemia has recently
been demonstrated to be a predictive factor of poor
responsiveness[13, 14]. Besides, albumin-to-globulin
ratio(AGR) is one of the most common tests used in
the laboratory and its prognostic value in cancer has
been documented in several cancer[15-17]. However,
few studies have systematically investigated the
relationship between ESCC and AGR, and the
prognostic value of the AGR consequently remains
unclear.

The aim of the present study was to assess the
clinical and prognostic significance of AGR in Chinese
patients with resectable ESCC. In addition, we
analyzed the correlation of AGR with the common
acute phase proteins in 447 patients with resectable
ESCC.

Methods

Inclusion criteria of patients

This study examined 447 consecutive patients
who received histologically confirmed diagnoses of
ESCC between May 2007 and December 2009 at the
Sun Yat-sen University Cancer Center in Guangzhou,
China. Patients with one of the following conditions
were excluded: (1) patients younger than 18 years of
age or older than 80; (2) patients who received
antitumor treatment or surgery before enrolling in
this study, unable to surgery or not accept the
operation; (3) patients with rheumatoid diseases and
acute infection; (4) patients had clinical evidence of
inflammation in nearly one month, immunity disease,
hematology disease or end-stage liver disease. Using
the patients’ medical records, the grade of tumor
differentiation and stage were classified based on the
7th edition of the AJCC/UICC TNM system[18]. In
our cohort, all 447 patients underwent surgery of

radical esophagectomy which included primary
tumor resection and lymph node dissection. The most
commonly used surgical approaches included the left
transthoracic procedure, the Ivor-Lewis approach,

and the cervical-thoracoabdominal procedure.
Detailed clinical and pathological information,
including demographic data, smoking status,

pathological tumor, node, metastasis stage and
overall survival data, were available for all patients.
All the data can be found in the Research Data
Deposit public platform (www.researchdata.org.cn)
provided by RDD Management Committee in the Sun
Yat-sen University Cancer Center and the RDD
number for this dataset is RDDA2017000179.

Ethics statement and follow-up of patients

All 447 patients have provided written informed
consent for their information to be stored and used in
the hospital database. Study approval was obtained
from independent ethics committees at Sun Yat-Sen
University Cancer Center. Patients were followed up
every three months for the first two years, then every
six months for another three years and every one year
for the rest of time. We consulted the out-patient
information and made telephone interviews by a
special follow-up department in our hospital to all
patients to know their survival situation. The overall
patient survival, defined as the time from surgery to
death or last follow up, whichever came first, was
used as a measure of prognosis.

Laboratory Measurements

Venous blood samples were collected in tubes
prior to the initiation of any treatment.

CRP and Alb were measured using a Hitachi
7600-020 automatic biochemical analyzer(HITACHI,
Tokyo, Japan). Serum albumin was measured using
the bromocresol green(BCG) dye method, and serum
CRP levels were assessed using latex agglutination
turbidimetric immunoassays. Glb was calculated
based on the TP and Alb: TP - Alb. AGR was defined
as the absolute albumin value divided by the absolute
globulin value. The level of fibrinogen measured by a
Sysmex CA-7000 automatic coagulation analyzer
(Sysmex Corporation, Kobe, Japan). Based on
thrombin clotting times, fibrinogen was assayed
according to the Clauss method. Data made available
to all interested researchers upon request.

Statistical Analysis

We used 4.0 g/L and 10.0 mg/L as cut-off point
of fibrinogen and CRP respectively basing on their
clinical significance. The median pretreatment AGR
was 1.61 and we set 1.66 as the cut-off value based on
receiver operating characteristics(ROC) curve with
the largest Youden Index. All patients were classified
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into two groups according to the AGR. The
correlation between AGR and clinical characteristics
was assessed using the Mann-Whitney U test or
Kruskal-Wallis H and x? tests. Univariate and
multivariate analyses of clinical variables were
performed using Cox proportional hazards regression
models. Variables significantly —prognostic in
univariate analysis were selected for multivariable
analysis using the forward stepwise method to
identify whether these independent variables could
be used as an independent prognostic factor for
survival. The results of this survey were analyzed
using the Kaplan-Meier survival curves with the
log-rank test. The association between AGR and
fibrinogen was analyzed by Spearman’s rank
correlation. A nomogram for possible prognostic
factors associated with OS was established by R
software ~ with  the  Harrell's  concordance
index(c-index). P values < 0.05 were considered to
indicate significant differences. All reported P values
are two sided, and all statistical tests were performed
with the IBM SPSS Statistics version 22 for Windows
(IBM Corporation, Armonk, NY, USA).

Table 1. Main Clinical Characteristics and Parameter in 447
Patients with ESCC

Characteristics Median (25th-75th percentile) or

n0.(%)
Gender(n)
Male 346(77.4)
Female 101(22.6)
Age
< 59 years 233(52.1)
259 years 214(47.9)
Alcohol(n)
No 261(58.4)
Yes 186(41.6)
Stage(n)
Iand II 235(52.6)
I and IV 212(47.4)
Treatment(n)
Surgery only 238(53.3)
Surgery and chemotherapy 179(40.0)
Surgery and radiotherapy 6(1.3)
Surgery and chemotherapy and 24(5.4)
radiotherapy
Tumor location*
Upper 40(9.0%)
Middle 278(62.1%)
Lower 128(28.6%)
Dead(n)
No 199(44.5)
Yes 248(55.5)
Tests
CRP(mg/L)2 2.29(0.94-5.89)
fibrinogen(g/L)b 3.16(2.63-3.75)
TP(g/L) 68.88(64.46-72.65)
ALB(g/L) 42.75(40.28-44.80)
GLB(g/L) 26.50(22.78-29.69)
AGRe 1.61(1.43-1.88)

an=437, ® n=428, ¢ n=442
*One patient has tumors both located in upper and lower esophagus.

1835
Results
Baseline characteristics in the study
population and subgroups
There were 447 patients pathologically

confirmed with ESCC enrolled in this study (346 men
and 101 women; ages 34-79 years, median 59 years). In
our cohort, all 447 patients underwent surgical
resection. Specifically, 53.2% (238/447) patients
underwent tumor resection without receiving any
treatment, and 40.0% (179/447) patients received
chemotherapy after surgery. Furthermore, 6 (1.3%)
patients received radiation and 24 (5.4%) patients
received radiation and chemotherapy after surgery.
The characteristics and parameters of the patients are
listed in Table 1.

Prognostic significance of acute phase
reactants in ESCC

In the entire cohort, the median follow-up time
was 52.0 (5.0 to 90.0) months and the median OS was
44.0 (1.0 to 87.0) months. At the end of observation,
55.5% (248/447) patients had died due to
disease-related or unrelated factors.

To evaluate the prognostic value of acute phase
proteins in ESCC, the demographic data,
clinicopathological features, alcohol status and acute
phase proteins were evaluated using univariate and
multivariate Cox regression models (Table 2). The
univariate analysis revealed that T classification, N
classification, metastasis, TNM stage, alcohol history,
treatment, the level of CRP, fibrinogen, ALB, and
AGR were significantly associated with ESCC
survival except for gender, age, TP and Glb. To
eliminate the influence of collinearity, we excluded
the factors of T classification, N classification,
metastasis and Alb in the multivariate analysis. These
remaining six variables were selected for multivariate
analysis using a forward stepwise method.
Consequently, the multivariate analysis showed that
TNM stage (HR=3.050; 95%CI: 2.323-4.005; p < 0.001),
CRP (HR=1.447; 95%CI: 1.039-2.014; p =0.029) and
AGR (HR=1.320; 95%CI: 1.008-1.728; p = 0.044) were
independent prognostic indicators of ESCC survival.
Thus, the findings showed us that CRP and AGR
before therapy may serve as a novel independent
prognostic factor for ESCC.

To further explore the prognostic significance of
AGR and CRP in ESCC, Kaplan-Meier survival curves
were generated, and the groups were compared using
the log-rank test. The patients were categorized into a
low CRP group and a higher CRP group according to
the cut-off value 10.0 mg/L. Besides, the patients were
also categorized into a low AGR group and a higher
AGR group according to the cut-off value based on
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receiver operating characteristics(ROC) curve with
the largest Youden Index(Fig.1). In the entire cohort,
patients with lower CRP (n = 366) showed
significantly better 5-year overall survival than
patients with a higher CRP (n = 71). The cumulative
5-year survival rate in the lower CRP group was
46.2%, whereas it was only 32.4% in the higher CRP
group (p = 0.009, Fig. 2a). Patients with a higher AGR
(n = 204) showed significantly better 5-year overall
survival than patients with a lower AGR (n = 238).
The cumulative 5-year survival rate in the higher
AGR group was 52.9%, whereas it was only 37.8% in
the lower AGR group (p = 0.001, Fig. 3a).

Table 2. Univariate and multivariate cox hazards analysis for OS
in 447 patients with ESCC

Table 3. Relationship between the AGR and the clinical
characteristics and acute phase reactants

Univariate analysis Multivariate analysis

Variables HR  95%CI 14
value*

HR 95%CI 14
value*

Gender

Male vs. Female 1.119 0.837-1.497 0.448
Age (years)

<59 vs.259 0.985 0.768-1.264 0.905
T classification

T3-4 vs. T1-2 1.888 1.384-2.576 0.000
N classification

Yes vs. No 3.045 2.337-3.969 0.000
Metastasis

Yes vs. No 4.047 2.307-7.098 0.000
TNM stage*

-1V vs. I-II 3.132 2.048-4.074 0.000
Alcohol history

Yes vs. No 1.346 1.049-1.728 0.020
Treatment(n)

Surgery only 1.235 1.063-1.434 0.006
Surgery and

chemotherapy

Surgery and

radiotherapy

Surgery and

chemotherapy and

radiotherapy

Tumor location 1.221 0.987-1.510 0.066
Upper

Middle

Lower

CRP(mg/L)

>10.0 vs. <10.0 1512 1.102-2.073 0.010
fibrinogen(g/L)

24.0vs. <4.0 1.467 1.087-1.980 0.012
ALB(g/L)

235.0 vs.<35.0 2456 1.261-4.781 0.008
GLB(g/L)

226.33 vs.<26.33 1.232 0.958-1.583 0.104
AGR

>1.66 vs. <1.66 1.511 1.169-1.954 0.002

3.050 2.323-4.005 0.000

1.447 1.039-2.014 0.029

1.320 1.008-1.728 0.044

Cases AGR r Lower Higher p
value* AGR AGR value**
Variables (n)  Median(25th-75th <1.66  21.66
%)
Number of cases 423 1.61(1.43-1.87) 229 194
Gender
Male 325 1.61(1.43-1.88) 0931 176 149 0.990
Female 98 1.59(1.43-1.85) 53 45
Age (259)
No 221 1.61(1.43-1.89) 0.388 118 103 0.748
Yes 202 1.59(1.42-1.85) 111 91
Alcohol history
No 252 1.61(1.42-1.88) 0.875 135 117 0.777
Yes 171 1.60(1.43-1.85) 94 77
Differentiation®
Poor 110 1.60(1.43-1.86) 0.975 59 51 0.995
Moderate 208  1.60(1.43-1.88) 116 96
Well 76 1.64(1.41-1.89) 42 34
Tis 7 1.57(1.50-2.1) 4 3
Treatment(n)
Surgery only 233 1.64(1.45-1.86) 0.890 115 108 0.596
S + CHEMO 179 1.59(1.42-1.89) 100 74
S+ RAD 6 1.56(1.38-1.88) 4 2
S+ CHEMO + RAD 24 1.66(1.33-1.96) 10 10
T classification
T1 47 1.61(1.44-1.90) 0.134 25 22 0.314
T2 70 1.66(1.47-1.92) 33 37
T3 278  1.60(1.43-1.87) 152 126
T4 28 1.53(1.31-1.75) 19 9
N classification
No 197 1.61(1.43-1.89) 0.929 105 92 0.747
Yes 226  1.60(1.43-1.86) 124 102
Metastasis
No 409  1.61(1.43-1.88) 0.032 218 191 0.062
Yes 14 1.44(1.36-1.55) 11 3
TNM stage*
I-1I 221 1.63(1.45-1.90) 0.134 115 106 0.364
-1V 202 1.58(1.40-1.84) 114 88
CRP(210.0 mg/L)
No 362 1.66(1.47-1.90) 0.000 179 183 0.000
Yes 71 1.43(1.25-1.70) 56 15
fibrinogen(24.0g/L)
No 338 1.66(1.47-1.90) 0.000 167 171 0.000
Yes 85 1.44(1.26-1.67) 62 23

Bold italics indicate significant differences (p < 0.05).

HR, Hazard ratio; 95% CI, 95% confidence interval; CRP,C-reactive protein; TP,
total protein; ALB, albumin; GLB, globulin; AGR, albumin/ globulin.

*Cox hazard regression model.

*TNM denotes tumor-node-metastasis.

an=423, b n=401 (22 cases were excluded because their differentiation were between well
& moderate & poor)

Bold italics indicate significant differences (p < 0.05). AGR, albumin/globulin; S +
CHEMO, surgery + chemotherapy; S + RAD, surgery + radiotherapy; S + CHEMO + RAD,
surgery + chemotherapy + radiotherapy.

*p values were calculated using Mann-Whitney U test or Kruskal-Wallis H, p <0.05
indicated significant differences.

**p values were calculated using the chi-squared test (x test), p <0.05 indicated significant
differences.

*TNM denotes tumor-node-metastasis.

In order to further identify features of patients in
ESCC, we also analyzed the prognostic value of CRP
and AGR in selective patient subgroups stratified
according to the T classification, N classification, or
metastasis. For CRP, ESCC patients with a higher CRP
level exhibited significantly shorter overall survival
than patients with a lower CRP level in the T3-T4
subgroup (n = 314, p = 0.034, Fig. 2c), and N1-N2
subgroup (n = 235, p = 0.000, Fig. 2e) and MO
subgroup (n = 422, p = 0.026, Fig. 2f). Similarly,
patients with a lower AGR level showed significantly
shorter overall survival than patients with a higher

http://www.jcancer.org



Journal of Cancer 2017, Vol. 8

1837

AGR level in the T1-T2 subgroup (n = 123, p = 0.016,
Fig. 3b) and T3-T4 subgroup (n = 319, p = 0.041, Fig.
3c), NO subgroup (n = 207, p = 0.000, Fig. 3d), and M0
subgroup (n =427, p = 0.002, Fig. 3f).

ROC curve
1.0

Sensitivity

0.2

0.0 T T T I
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Figure 1. ROC curve of AGR. The Receiver operating characteristic curve
analysis of the AGR in the patients with ESCC. The appropriate cutoff value for
the AGR to be 1.66 (sensitivity: 54.5% and specificity: 60.7%). Area under the
curve =0.597, 95%Cl: 0.534-0.640, p = 0.002.

Relationship between AGR and clinical
characteristics and acute phase proteins

The associations between the AGR and clinical
characteristics of patients are summarized in Table 3.
The AGR was not associated with gender, age, alcohol
history, histological differentiation, T classification, N
classification or tumor stage except for CRP,
fibrinogen and tumor metastasis. In the whole cohort,
elevated AGR level was significant for the patients
with normal CRP and fibrinogen level (p < 0.001,
respectively) and for those without tumor metastasis
(p = 0.032). Furthermore, the patient cohort was
divided into two groups: the higher AGR group and
lower AGR group according to the cut-off value.
Gender, age, alcohol history, histological
differentiation, T classification, N classification and
TNM stage were similar between the two groups.
However, patients with a lower CRP and fibrinogen
level were more common in the higher AGR group
than in the lower AGR group. In other words, patients
with a lower AGR tended to suffer inflammatory
disease and hyperfibrinogenemia compared with the
higher group (p < 0.001, respectively).

Correlation of fibrinogen with AGR and their
combining prognostic significance

To confirm the relationship between the CRP,
fibrinogen and AGR, we performed the Spearman’s
rank correlation analysis. The results revealed that the
fibrinogen and AGR presented a negative correlation

(r =-0.317, p < 0.001)(Fig. 4) while the CRP had no
significant correlation with AGR.

To further explore the prognostic significance of
combining fibrinogen and AGR, we generated
Kaplan-Meier survival curves with the log-rank test
for the whole cohort. The prognostic significance was
shown in Fig. 5. The five-year overall survival rates of
the four groups were significantly different (p =
0.003). The patients with lower fibrinogen and higher
AGR (group 3) had a significantly higher survival
probability than the other three groups. Conversely,
the survival rate of the patients with high fibrinogen
and low AGR (group 2) was the lowest among the
four groups. The sequence of the survival rates of the
four groups from high to low was group 3(54.7%)>
group 1(39.2%)> group 4(39.1%)> group 2(33.9%).

A nomogram predicts survival risk based on
AGR and CRP

In our study, we performed a nomogram model
to predict the survival risk based on AGR, CRP and
other prognostic factors. The nomogram model
showed that the higher CRP and lower AGR made
greater contribution to the lower survival rate than
the other level (Fig. 6a). Based on our model, we
believe that it could be a simple and easy tool for
estimating the survival risk for patients with ESCC. In
the current study, the Harrell's c-index was
0.687(0.654-0.72). Besides, the calibration curve for
probability of 3-year OS and 5-year OS showed good
agreement between prediction by nomogram and
actual observation (Fig. 6b).

Discussion

Our study revealed that of the four acute phase
reactants (CRP, ALB, fibrinogen and AGR), the
pre-treatment AGR and CRP were demonstrated to be
independent prognostic factors for overall survival in
ESCC patients with tumor resection. We found that
patients with a lower AGR or a higher CRP
experienced significantly shorter overall survival than
patients with a higher AGR or lower CRP, not only in
the entire cohort but also in the subgroups stratified
by T stage (T1-T2,T3-T4), N stage (NO), and metastasis
(MO). Besides, the results were similar in CRP groups
(group T3-T4,NO and MO). The result of this particular
study was consistent with previous studies that
associated low serum AGR(or high GAR in reverse)
with decreased long-term OS, not only in
malignancies (including breast, lung, and colorectal
cancer)[15-17, 19-21], but also in a generally healthy
screened population for increasing cancer incidence
and mortality[22]. All these evidences remind us that
AGR is a potential index in predicting prognosis of
tumor. However, researchers mainly focus on such
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inflammation
Albumin ratio, albumin-globulin score, fibrinogen,
serum albumin levels or fibrinogen-albumin score
(FA score) [9, 23, 24] in esophageal cancer. In other
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there are no clinical researches of the
relationship between the AGR and patients with
ESCC following surgical resection. To the best of our
knowledge, this is the first study to assess the value of

the AGR as a prognostic marker for
ESCC and state the relationship between
AGR and fibrinogen. Besides, differences
were mainly found on T1-T2 subgroup,
T3-T4 subgroup, NO subgroup and MO
subgroup which suggested that the
prognostic significance of AGR focus on
patients  without  lymphatic or
distant metastasis. ~For those with
metastasis, AGR can not distinguish
between the early stage tumor.

As major markers of systemic
chronic inflammation and acute phase
proteins, ALB is simple, inexpensive
testes which is widely used in clinical
laboratories. The production of albumin
by hepatocytes is suppressed due to the
activation of proinflammatory cytokines,
including interleukin-1, interleukin-6 and
tumor necrotic factor-a[25, 26]when
inflammation occurs. Globulin is a
comprehensive protein which contains a
kind of acute-phase proteins, such as
C-reactive protein, serum amyloid A,
complement C3, fibrinogen and
ceruloplasmin[17]. As these proteins are
produced in a state of inflammation, an
increased level of globulin is thought to
reflect the presence of continuous
systemic inflammation. Some researcher
found that globulin was suggested to be
associated with the poor survival of
hormone related cancer[27-29]. Both the
serum albumin and serum globulin
concentrations have been reported
respectively to be prognostic index for
survival in patients with various types of
cancers[13, 14, 21]. However, in this
present study, we chose AGR to
evaluated the status of the host rather
than individual parameter because AGR
is more stable and our results were not
interfered by the body status and several
specific disease, such as dehydration,
cachexy, and fluid retention[21].

Figure 2. Prognostic significance of CPR in ESCC. The five-year overall survival rate was calculated using the Kaplan-Meier method and analyzed with the
log-rank test. A low CPR level was a favorable prognostic factor in the entire ESCC cohort. For CRP, the differences can be found in T3-T4 subgroup(c), N1-N2
subgroup (e) and MO subgroup (f).
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Figure 3. Prognostic significance of AGR in ESCC. The five-year overall survival rate was calculated using the Kaplan-Meier method and analyzed with the
log-rank test. A high AGR level was a favorable prognostic factor in the entire ESCC cohort. For AGR, the differences can be found in T1-T2 subgroup(b), T3-T4

subgroup (c), NO subgroup (d) and MO subgroup (f).
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r=-0.317,p<0.0001
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Figure 4. Correlation of fibrinogen and AGR in ESCC patients. The

pre-therapy serum fibrinogen level was negatively correlated with AGR (r

=-3.17, p < 0.001).

Moreover, more than 95% of patients have a
normal albumin level in our study and patients with
high ALB or GLB levels are uncommon. Fortunately,
the AGR has been reported to be able to identify those
expected to have a poor prognosis as we mentioned
previously. Therefore, the AGR is considered to be a
more accurate prognostic marker than the single
serum albumin or globulin levels.

In addition to the prognostic value of AGR, we
also revealed that the AGR and fibrinogen presented a
negative correlation. The patients with lower
fibrinogen and higher AGR had a significantly highest
survival probability than the other three groups. The
incidence of hyperfibrinogenemia in our study was
20.1%(86/428, cut-off value 4.0 g/L). Researchers
reported that hyperfibrinogenemia was positively
correlated with tumor length, depth of invasion,
pathological stage and disease recurrence in
ESCCJ[30]. Morever, the elevated plasma fibrinogen
level was identified as a predictive marker for
decreased overall survival not only in the
preoperative esophageal cancer[30, 31], but also in the
postoperative recurrence of ESCC patients who
receiving neoadjuvant treatment[32]. Fibrinogen
deposition around tumor cells enhances the
interaction between these cells and platelets, which
effectively form microemboli in target organs[33].
Fibrinogen layers help tumor cells block natural killer
cytotoxicity with thrombin, which can protect tumor
cells from the innate immune system[34]. In
conclusion, hyperfibrinogenemia is negatively impact
the course of the disease. It's interesting that in this
present study, patients with lower fibrinogen and
higher AGR had a significantly higher survival
probability(54.7%) than the other groups, especially
than the higher fibrinogen and lower AGR
group(33.9%). Patients with a high preoperative

fibrinogen and serum albumin levels (FA score)
showed considerably shorter disease-free survival
and overall survival in esophageal cancer[35]and we
confirmed the existing conclusions coincidently in
another way that serum fibrinogen level was
negatively correlated with AGR.

The acute phase reaction is an element of
non-specific immunity consisting of early reactions as
a response to tissue damage, such as inflammation,
infection, myocardial infarction and cancer. A special
form of the acute phase reaction is the coordinated
synthesis of several proteins, the so-called acute phase
proteins. Acute phase proteins can be divided into
positive and negative proteins, depending whether
their concentration increases or decreases during the
acute phase reaction. CRP, fibrinogen, GLB were
considered as positive proteins while albumin are
classified as negative proteins in our paper.
Quantitative and qualitative acute phase protein
changes observed during the neoplastic process
remain unclear. They can result from the
development of immunosuppression connected with
the production of immunosuppressive cytokines by
the tumor([36, 37]. In our study, patients with lower
fibrinogen and higher AGR had a significantly higher
survival probability than the higher fibrinogen and
lower AGR group(Fig. 5b) which suggested that
patients who had a slight inflammatory response
when tumor occurred may had a better outcomes. In
other words, patients had a good resistance to cancer-
induced inflammation may had a ending. It's a pity
that the specific mechanism why AGR and fibrinogen
had a negative correlation is still unknown and it need
to be further discussed in future study.

Unfortunately, fibrinogen wasn’t an
independent marker in resectable ESCC in our study
although some researchers[38] found that fibrinogen
was association with survival in operable esophageal
cancer in which patients with hyperfibrinogenemia
exhibited poor OS and DFS. CRP was found to be an
independent prognostic indicator in out study and it
is widely recognized for numerous cancers[39-43],
including esophageal cancer[44-47]. Out result is
similar than that reported in other ESCC studies.

Conclusions

In this study, we demonstrated that the AGR is
associated with the overall survival in ESCC with
surgery. Patients with a low AGR are considered to be
a risk factor in tumor ending. In addition, the
pre-therapy serum fibrinogen level was negatively
correlated with AGR which indicates that the
combination of fibrinogen and AGR maybe a
high-efficiency index in prognosis of cancer.
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Figure 5. Prognosis significance of combining fibrinogen and AGR. The patients were classified to four groups according to the cut-off values of fibrinogen
(4.0 g/L) and AGR (1.66). Group I: low fibrinogen and low AGR; group 2: high fibrinogen and low AGR; group 3: low fibrinogen and high AGR; group 4: high fibrinogen
and high AGR. The five-years overall survival rates of the four groups were calculated by the Kaplan-Meier method and analyzed by the log-rank test.
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