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Abstract
AIM
To investigate the prognostic value of the combination 
of preoperative plasma fibrinogen and CA199 in pati-
ents with gallbladder carcinoma (GbC).

METHODS
The clinicopathological data of 154 GbC patients were 
retrospectively reviewed after surgery. A receiver 
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operating characteristic (ROC) curve was plotted to 
verify the optimum cut-off values for plasma fibrinogen 
and CA199. Univariate and multivariate survival 
analyses were performed to identify the factors 
associated with GbC prognosis. based on the HRs 
calculated via  multivariate survival analyses, patients 
with elevated plasma fibrinogen and CA199 levels 
were allocated a score of 2.1; those with an elevated 
plasma fibrinogen level only were allocated a score 
of 1, those with an elevated CA199 level only were 
allocated a score of 1.1, and those with neither of 
these abnormalities were allocated a score of 0.

RESULTS
ROC curve analysis showed that the optimum cut-off 
values for preoperative plasma fibrinogen and CA199 
were 3.47 g/L and 25.45 U/mL, respectively. Multivariate 
analysis indicated that elevated preoperative plasma 
fibrinogen and CA199 levels were significantly correlated 
with worse overall survival (OS) (HR = 1.711, 95%CI: 
1.114-2.627, P  = 0.014, and HR = 1.842, 95%CI: 
1.111-3.056, P  = 0.018). When we combined these two 
parameters, the area under the ROC curve increased 
from 0.735 (for preoperative plasma fibrinogen only) 
and 0.729 (for preoperative CA199 only) to 0.765. When 
this combined variable was added to the multivariate 
analysis, the combination of plasma fibrinogen and 
CA199 (P  < 0.001), resection margin (P  < 0.001) and 
TNM stage (P  = 0.010) were independent prognostic 
factors for GbC.

CONCLUSION
The combination of plasma fibrinogen and CA199 
may serve as a more efficient independent prognostic 
biomarker for postoperative GbC patients than either 
parameter alone. 

Key words: Prognostic factor; Plasma fibrinogen; 
CA199; Survival; Gallbladder cancer

© The Author(s) 2018. Published by baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Elevated plasma fibrinogen and CA199 levels 
are associated with poor prognosis in patients with 
gallbladder carcinoma (GbC). The prognostic value of 
the combination of plasma fibrinogen and CA199 for 
GBC has not been reported. The most important finding 
in this study was that the combination of preoperative 
plasma fibrinogen and CA199 levels was a better 
independent prognostic indicator for GbC than either 
parameter alone.
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INTRODUCTION
Primary gallbladder carcinoma (GBC) is relatively rare 
worldwide, but is the most common malignancy of 
the biliary tract system[1]. GBC is the seventh most 
common gastrointestinal cancer[2] and is attributable 
to approximately 1% of all cancer cases in China[3]. 
The incidence of this malignancy was recently reported 
to be approximately 2.5 per 100000 persons[4]. The 
prognosis of GBC is still typically poor due to nonspecific 
symptoms, late diagnosis, lack of treatment options, 
and the absence of effective prognostic markers. 
According to epidemiological studies, the overall survival 
(OS) of GBC patients is 6 mo, with a 5-year survival 
rate of less than 10%[1,5-7]. Therefore, investigations on 
the prognostic factors of GBC are especially important. 

The association between hemostasis and cancer, 
and the influence of hemostatic factors on cancer 
development, growth, and metastasis are evident[8,9]. 
Fibrinogen is a 340-kDa plasma glycoprotein that 
is upregulated during systemic inflammation and 
tissue injury. Fibrinogen is synthesized in the liver and 
transformed into fibrin through the activity of activated 
thrombin, which is a key coagulation factor in platelet 
aggregation, clot formation, wound healing, and 
coagulation[10-12]. A number of studies have shown that 
plasma fibrinogen levels are upregulated in various 
cancer types, such as respiratory system tumors[13,14], 
digestive system tumors[15-18], gynecological tumors[19-22], 
head and neck cancer[23,24] and genitourinary tumors[25,26], 
and may indicate cancer progression, metastasis and 
recurrence[17,22,27-29]. However, to our knowledge, studies 
on the prognostic value of plasma fibrinogen levels in 
GBC are very rare[30].

In addition, CA199 has been traditionally used for 
the diagnosis and prognosis of GBC[31]; however, the 
reported results on its prognostic value in GBC patients 
are inconsistent and controversial[30,32,33]. Therefore, we 
hypothesized that the combination of plasma fibrinogen 
and CA199 levels may avoid inconsistent results and 
increase the prognostic accuracy for GBC.

Hence, the aim of the current study was to investi-
gate the prognostic value of the combination of plasma 
fibrinogen and CA199 levels in patients with GBC. 
Additionally, we aimed to determine whether the 
combination of plasma fibrinogen and CA199 levels can 
serve as a more efficient predictive factor than either 
parameter alone in patients with GBC.

MATERIALS AND METHODS
Study population
From January 2005 to May 2017, a retrospective 
analysis of 154 GBC patients was conducted following 
surgery in the Department of Liver Surgery at the Peking 
Union Medical College Hospital of the Chinese Academy 
of Medical Sciences and Peking Union Medical College 
(CAMS & PUMC). The patients included in the analysis 
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met the following criteria: (1) GBC diagnosis confirmed 
by histopathology and cancer stage determined in 
accordance with the American Joint Committee on 
Cancer staging system, 8th Edition (AJCC-8), and the 
histopathologic postoperative pathologic tumor-node-
metastasis (pTNM) categorization system (International 
Union against Cancer Staging Manual, 7th Edition; 
UICC-7); and (2) no adjuvant chemotherapy and/or 
radiotherapy before gallbladder resection surgery. 
Patients with the following characteristics were excluded: 
(1) other tumors; (2) inflammatory conditions, including 
infections, collagen diseases, anemia, other diseases 
concerning the hematological system, and absolute 
cardiovascular and cerebrovascular disorders; (3) liver 
disease; (4) oral administration of anticoagulants or 
acetylsalicylic acids within 3 mo before surgery; (5) 
lack of adequate clinical data or loss to follow-up. This 
study was approved by the Medical Ethics Committee of 
the Peking Union Medical College Hospital of the CAMS 
& PUMC, and all participants signed written informed 
consent forms. 

Data collection
Patient characteristics were obtained via a retrospective 
medical record review using a standardized data 
collection form. Based on the medical records, the 
following data were collected for each patient: age, 
gender, plasma fibrinogen concentration, CA199 
level, tumor size (defined as the longest diameter of 
the general postoperative pathological specimens), 
gallstone history, jaundice, comorbidity (diabetes), 
resection margin, tumor differentiation (categorized as 
poorly differentiated, moderately differentiated and well 
differentiated), T stage, N stage, M stage, pTNM stage 
(as defined by AJCC-8), pathological type and other 
miscellaneous characteristics. 

Plasma fibrinogen concentration and CA199 level
The plasma fibrinogen concentration and CA199 level 
were measured within 3 d before surgery as part of 
a routine workup in these patients. The fibrinogen 
concentration was measured based on the Clauss 
method as previously described[34], and the CA199 
level was determined via an electrochemiluminescence 
immunoassay at the Department of Liver Surgery of 
the Peking Union Medical Hospital affiliated to Peking 
Union Medical College, Beijing, China. According to the 
assay protocols, the normal reference values were as 
follows: serum fibrinogen concentration ≤ 4.0 g/L and 
CA199 level ≤ 39 U/mL.

Clinical treatment and follow-up assessments
All patients were treated by modified radical cholecy
stectomy or radical cholecystectomy and received 
systemic therapy in the adjuvant setting. All patients 
were followed via telephone interviews. The patients 
were carefully followed at 3mo intervals for the first 2 
years after surgery, at 6-mo intervals during the third 
year, and at 1-year intervals thereafter. The date of 

surgery marked the beginning of the follow-up period, 
which ended at the last follow-up visit (December 
2017) or death.

Statistical analysis
Continuous variables are expressed as means ± 
standard deviation for normally distributed variables 
(Kolmogorov-Smirnov test, P > 0.05) or as medians 
(range) for non-normally distributed variables, and 
categorical variables were expressed as frequencies and 
percentages. OS was defined as the time from surgery 
to death from any cause or the last follow-up. A receiver 
operating characteristic (ROC) curve for OS prediction 
was constructed to estimate the optimal cut-off value 
for plasma fibrinogen, which allowed us to treat this 
parameter as a binary variable. The optimal cut-off value 
was determined as the point on the ROC curve that 
maximizes the Youden index. The area under the ROC 
curve (AUC) was used to calculate discrimination ability. 
The associations between clinicopathological variables 
and pretreatment plasma fibrinogen levels were 
assessed using either the chi-square test or the trend 
version of the chi-square test, as appropriate. Survival 
curves were generated using the Kaplan-Meier method, 
and the log-rank test was used to evaluate survival 
differences between groups. A univariate analysis using 
the log-rank test was performed to screen variables 
that could potentially predict prognosis. The statistically 
significantly predictive variables were then included in 
a multivariate Cox regression model to determine the 
independent prognostic risk factors. Statistical analysis 
of the data was performed using Statistical Package for 
the Social Sciences (SPSS®, version 24.0; IBM Corp., 
Armonk, NY, United States). Statistical significance was 
defined as a twosided P < 0.05.

RESULTS
Patient characteristics
The detailed baseline clinicopathological characteristics 
of the 154 GBC patients are displayed in Table 1. There 
were 91 (59.1%) women and 63 (40.9%) men, and 
98 (63.6%) of the patients were > 60 years old. The 
median age at diagnosis was 64 years (range: 29-85 
years). There were 75 (48.7%) patients with a history 
of gallstones before surgery. Thirty-eight (24.7%) 
patients had diabetes before surgery. The entire cohort 
comprised 150 (97.4%) adenocarcinoma carcinoma 
patients, 3 (1.9%) adenosquamous carcinoma patients 
and 1 (0.6%) papillary carcinoma patient. The majority 
of patients had moderately or well differentiated 
cancer [94 (61.0%) patients with moderately or well 
differentiated cancer, 60 (39.0%) patients with poorly 
differentiated cancer]. Fifty-eight (37.7%) patients 
had a positive resection margin. Tumor invasion 
depths of Tis-T1a, T1b-T2b, T3, and T4 were observed 
in 10 (6.5%), 29 (18.8%), 103 (66.9%), and 12 
(7.8%) patients, respectively. In terms of lymph node 
metastasis, 98 (63.6%) patients were N0, 47 (30.5%) 
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Association between plasma fibrinogen levels and 
patient clinicopathological characteristics
The median plasma fibrinogen concentration in all 
patients was 3.54 g/L (range: 1.71-7.47 g/L). The 
optimum cutoff value for plasma fibrinogen according 
to the ROC curve was 3.47 g/L, with a sensitivity of 0.709 
and a specificity of 0.721 (Figure 1A); the AUC was 0.735 
(95%CI: 0.6540.816). The entire cohort was stratified 
into 2 groups for further analysis: group A, with a 
plasma fibrinogen concentration > 3.47 g/L, included 
79 patients (51.3%); group B, with a plasma fibrinogen 
concentration ≤ 3.47 g/L, included 75 patients (48.7%) 
(Table 1). As shown in Table 2, an elevated plasma 
fibrinogen level was significantly correlated with 
resection margin (P = 0.003), degree of differentiation 
(P = 0.048), jaundice (P = 0.003), T stage (P < 0.001), 
CA199 level (P = 0.003) and TNM stage (P = 0.011), 
but was not significantly correlated with gender, age, 
gallstone history, comorbidity (diabetes), pathological 
type, N stage, distant metastasis, ABO blood group, or 
tumor size (P > 0.05).

Association between CA199 levels and patient 
clinicopathological characteristics
The median CA199 level in all patients was 69.3 U/mL 
(range: 0.6-10524 U/mL). The optimum cut-off value 
for CA199 according to the ROC curve was 25.45 
U/mL, with a sensitivity of 0.791 and a specificity 
of 0.574 (Figure 1B); the AUC was 0.729 (95%CI: 
0.650-0.808). The entire cohort was stratified into 2 
groups for further analysis: group A, with a CA199 
level > 25.45 U/mL, included 97 patients (63.0%); 
group B, with a CA199 level ≤ 25.45 U/mL, included 
57 patients (37.0%) (Table 1). As shown in Table 3, an 
elevated CA199 level was significantly correlated with 
resection margin (P = 0.001), jaundice (P = 0.022), 
T stage (P < 0.001), plasma fibrinogen concentration 
(P = 0.003) and TNM stage (P < 0.001), but was not 
significantly correlated with other factors (P > 0.05).

Analysis of factors influencing prognosis
The median follow-up time was 17 mo. One hundred 
and three patients died during the follow-up period, with 
an estimated median OS duration of 14.5 mo (range: 
0.5-153.0 mo). The 1-year and 2-year survival rates 
were 55.8% and 35.7%, respectively.

A Cox univariate analysis of OS showed that 
resection margin (HR: 3.683, 95%CI: 2.468-5.496, 
P < 0.001), distant metastasis (HR = 2.550, 95%CI: 
1.388-4.684, P = 0.003), jaundice (HR = 2.598, 
95%CI: 1.644-4.106, P < 0.001), CA199 level (HR = 
3.570, 95%CI: 2.213-5.760, P < 0.001), lymph node 
metastasis (P < 0.001), degree of differentiation (HR = 
1.527, 95%CI: 1.031-2.261, P = 0.035), T stage (P < 
0.001), TNM stage (P < 0.001), and plasma fibrinogen 
level (HR = 2.795, 95%CI: 1.853-4.214, P < 0.001) 
were significantly associated with unfavorable OS (Table 
4). The OS curve stratified by plasma fibrinogen level 

patients were N1 (1-3 positive lymph nodes), and 9 
(5.8%) patients were N2 (≥ 4 positive lymph nodes). 
The majority [142 (92.2%)] of patients did not have 
distant metastasis. Of the 154 patients, 16 (10.4%) had 
stage 0-Ⅰ disease, 16 (10.4%) had stage ⅡA-ⅡB, 92 
(59.7%) had stage ⅢA-ⅢB, and 30 (19.5%) had stage 
ⅣA-ⅣB. 

Table 1  Baseline characteristics of 154 patients who 
underwent potential curative cholecystectomy n  (%)

Characteristic Patients (n  = 154) 

Age (yr)     64 (29-85)
   ≤ 60   56 (36.4)
   > 60   98 (63.6)
Sex
   Male   63 (40.9)
   Female   91 (59.1)
Cholecystolithiasis
   Absent   79 (51.3)
   Present   75 (48.7)
Diabetes
   Absent 116 (75.3)
   Present   38 (24.7)
Jaundice
   Absent 129 (83.8)
   Present 25 (8.9)
Blood groups
   A   43 (27.9)
   B   56 (36.4)
   AB   9 (5.8)
   O   46 (29.9)
Pathological types
   Adenosquamous carcinoma   3 (1.9)
   Adenocarcinoma 150 (97.4)
   Papillocarcinoma   1 (0.6)
Degree of differentiation
   Poor   60 (39.0)
   Moderate-well   94 (61.0)
Resection margin status
   Negative   96 (62.3)
   Positive   58 (37.7)
Maximum tumor diameter (cm)        3 (0.2-13)
   ≤ 2.45   68 (44.2)
   > 2.45   86 (55.8)
T stage
   Tis-T1a 10 (6.5)
   T1b-T2b   29 (18.8)
   T3 103 (66.9)
   T4 12 (7.8)
N stage
   0   98 (63.6)
   1   47 (30.5)
   2   9 (5.8)
Distant metastasis
   Absent 142 (92.2)
   Present 12 (7.8)
TNM stage
   0-Ⅰ stage   16 (10.4)
   ⅡA-ⅡB stage   16 (10.4)
   ⅢA-ⅢB stage   92 (59.7)
   ⅣA-ⅣB stage   30 (19.5)
CA199 (U/mL)               69.3 (0.6-10524)
   ≤ 25.45   57 (37.0)
   > 25.45   97 (63.0)
Fibrinogen concentration (g/L)                  3.54 (1.71-7.47)
   ≤ 3.47   75 (48.7)
   > 3.47   79 (51.3)
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showed that GBC patients with a plasma fibrinogen 
level ≤ 3.47 g/L had longer OS durations than those 
with a plasma fibrinogen level > 3.47 g/L (Figure 2A). 
In addition, the OS curve stratified by CA199 showed 
that GBC patients with a CA199 level ≤ 25.45 U/mL 
had longer OS durations than those with a CA199 
level > 25.45 U/mL (Figure 2B). Next, we selected 
the risk factors identified by the univariate analysis 
described above for multivariate Cox regression analysis 
of survival. Resection margin (HR = 1.971, 95%CI: 
1.288-3.017, P = 0.002), TNM stage (P = 0.003), 
CA199 level (HR = 1.842, 95%CI: 1.111-3.056, P 
= 0.018) and plasma fibrinogen level (HR = 1.711, 
95%CI: 1.114-2.627, P = 0.014) were identified as 
independent prognostic factors for GBC patient survival 
(Table 5).

Prognostic significance of the combination of plasma 
fibrinogen and CA199 in predicting the long-term 
survival of GBC patients
As shown by the above results of multivariate analysis, 
plasma fibrinogen and CA199 were independent pro-
gnostic biomarkers in GBC patients, but whether the 
combination of plasma fibrinogen and CA199 had 
the same efficacy remained unclear. As the HR for 
CA199/the HR for plasma fibrinogen = 1.842/1.711 
approximately 1.10, patients with elevated plasma 
fibrinogen and CA199 levels were allocated a score 
of 2.1, those with an elevated plasma fibrinogen 
level only were allocated a score of 1, those with an 
elevated CA199 level only were allocated a score of 
1.1, and those with neither of these abnormalities were 
allocated a score of 0. We then used the Kaplan-Meier 
method and a Cox regression model to investigate the 
prognostic significance of the combination of plasma 
fibrinogen and CA199 in these GBC patients. 

Both the univariate and multivariate Cox regression 

analyses of survival revealed that the combination of 
plasma fibrinogen and CA199 was an independent 
prognostic factor for survival in GBC patients following 
surgery (Table 6). The results of the OS curve are 
presented in Figure 3. Finally, a ROC curve was gen-
erated to assess the prognostic accuracy of the combi-
nation of plasma fibrinogen and CA199. The results 
showed that for OS, the AUC of the combination of 
plasma fibrinogen and CA199 was 0.765 (95%CI: 
0.688-0.841) (Figure 4), which was higher than that 
of plasma fibrinogen (0.735, 95%CI: 0.654-0.816) 
(Figure 1A) and that of CA199 (0.729, 95%CI: 
0.650-0.808) (Figure 1B). These results indicated that 
the combination of plasma fibrinogen and CA199 may 
serve as a significant prognostic biomarker that is 
superior to either plasma fibrinogen or CA199 alone.

DISCUSSION
The incidence of GBC appears to be increasing world-
wide, creating an enormous public health and eco-
nomic burden. Due to a lack of effective prognostic 
biomarkers, the prognosis of GBC is typically poor. In 
the present study, we investigated the correlations 
between biomarkers, clinicopathological character-
istics, and survival in patients with GBC undergoing 
surgical resection. Our results showed that plasma 
fibrinogen, CA199, resection margin and TNM stage 
were independent prognostic factors associated with OS 
in patients with GBC. Elevated plasma fibrinogen and 
CA199 levels were significantly correlated with worse 
OS. Moreover, to the best of our knowledge, the current 
study indicated for the first time that the combination 
of plasma fibrinogen and CA199 was more efficient 
than plasma fibrinogen or CA199 alone in predicting the 
prognosis of GBC patients who have undergone surgical 
resection.
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Figure 1  Receiver operating characteristic curve analysis based on fibrinogen for overall survival. A: The area under the ROC curve (AUC) indicates the 
diagnostic power of preoperative plasma fibrinogen concentration. In this model, the optimum cut-off point for fibrinogen concentration was 3.47 g/L, AUC was 0.735 
(95%CI: 0.654-0.816), with a sensitivity of 0.709 and a specificity of 0.721 by the Youden index. B: AUC indicates the diagnostic power of preoperative CA199 level. In 
this model, the optimum cut-off point for CA199 level was 25.45 U/mL, AUC was 0.729 (95%CI: 0.650-0.808), with a sensitivity of 0.791 and a specificity of 0.574 by 
the Youden index. AUC: Area under curve. ROC: Receiver operating characteristic curve.
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Due to the low incidence of GBC, few studies have 
examined the correlations between inflammation-
related factors and GBC prognosis. The inflammation
related factors explored in previous studies include 
platelet count (PLT)[35], platelet to lymphocyte ratio 
(PLR)[32,33], neutrophil to lymphocyte ratio (NLR)[36,37] 
and plasma fibrinogen level[30].

Wang et al[35] showed that a PLT > 178 × 109/L 
was significantly correlated with worse prognosis of 

GBC (HR = 1.541, 95%CI: 1.038-2.287, P = 0.032) 
and identified 178 × 109/L as the optimal cut-off value 
(AUC = 0.798, 95%CI: 0.737-0.858, sensitivity: 
0.746, specificity: 0.722). The prognostic accuracy of 
PLT for GBC was higher than that of plasma fibrinogen 
in our study (AUC = 0.735, 95%CI: 0.654-0.816, 
sensitivity: 0.709, specificity: 0.721). However, Pang 
et al[32] and Zhang et al[33] indicated that PLT was not 
associated with the prognosis of GBC (HR = 1.013, 

Characteristics Fibrinogen concentration P  value
≤ 3.47 g/L (n  = 75) > 3.47 g/L (n  = 79)

Age (yr)
   ≤ 60    31 (20.1)   25 (16.2)   0.243
   > 60    44 (28.6)   54 (35.1)
Sex
   Male    33 (21.4)   30 (19.5)   0.513
   Female    42 (27.3)   49 (31.8)
Cholecystolithiasis
   Absent    38 (24.7)    41 (26.6)   0.878
   Present    37 (24.0)   38 (24.7)
Diabetes
   Absent    57 (37.0)   59 (38.3)   0.850
   Present    18 (11.7)   20 (13.0)
Jaundice
   Absent    68 (44.2)    61 (39.6)   0.029
   Present    7 (4.5)   18 (11.7)
Blood groups
   A    19 (12.3)   24 (15.6)   0.145
   B    33 (21.4)   23 (14.9)
   AB    2 (1.3)   7 (4.5)
   O    21 (13.6)   25 (16.2)
Pathological types
   Adenosquamous carcinoma 0 (0)   3 (1.9)   0.142
   Adenocarcinoma    75 (48.7)   75 (48.7)
   Papillocarcinoma 0 (0)   1 (0.6)
Degree of differentiation
   Poor    23 (14.9)   37 (24.0)   0.048
   Moderate-well    52 (33.8)   42 (27.3)
Resection margin status
   Negative    56 (36.4)   40 (26.4)   0.003
   Positive    19 (12.3)   39 (25.3)
Maximum tumor diameter (cm)
   ≤ 2.45    34 (22.1)   34 (22.1)   0.871
   > 2.45    41 (26.6)   45 (29.2)
T stage
   Tis-T1a    8 (5.2)   2 (1.3) < 0.001
   T1b-T2b    22 (14.3)   7 (4.5)
   T3    43 (27.9)   60 (39.0)
   T4    2 (1.3) 10 (6.5)
N stage
   N0    50 (32.5)   48 (31.2)   0.748
   N1     21 (13.6)   26 (16.9)
   N2   4 (2.6)   5 (3.2)
Distant metastasis
   Absent    69 (44.8)   73 (47.4)   0.925
   Present    6 (3.9)   6 (3.9)
TNM stage
   0-Ⅰ stage  12 (7.8)   4 (2.6)   0.011
   ⅡA-ⅡB stage  12 (7.8)   4 (2.6)
   ⅢA-ⅢB stage    39 (25.3)   53 (34.4)
   ⅣA-ⅣB stage  12 (7.8)   18 (11.7)
CA199 (U/mL)
   ≤ 25.45    37 (24.0)   20 (13.0)   0.003
   > 25.45    38 (24.7)   59 (38.3)

Table 2  Correlation between fibrinogen concentration and clinicopathological characteristics in gallbladder carcinoma patients n  (%)
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95%CI: 0.647-1.594, P = 0.956, and HR = 1.172, 
95%CI: 0.794-1.731, P = 0.423). These results may 
be related to the different cut-off values chosen (300 × 
109/L and 200 × 109/L) and different sample sizes (316 
patients and 145 patients). Therefore, the prognostic 
significance of PLT in GBC patients requires further 
validation.

Zhang et al[33] and Zhang et al[36] demonstrated 
that NLR was significantly associated with an un-

favorable prognosis of GBC (HR = 2.059, 95%CI: 
1.253-3.384, P = 0.004, and HR = 1.65, P < 0.001), 
but the prognostic accuracy of NLR for GBC according 
to Lingqiang Zhang et al[36] (AUC = 0.637, 95%CI: 
0.5560.718, sensitivity: 0.713, specificity: 0.565) was 
not higher than that of plasma fibrinogen in our study 
(AUC = 0.735, 95%CI: 0.654-0.816, sensitivity: 0.709, 
specificity: 0.721).

Pang et al[32] showed that PLR was a negative 

Characteristics CA199 level P  value
≤ 25.45 U/mL (n  = 57) > 25.45 U/mL (n  = 97)

Age (yr)
   ≤ 60    24 (15.6)   32 (20.8) 0.299
   > 60    33 (21.4)   65 (42.2)
Sex
   Male    23 (14.9)   40 (26.0) 0.914
   Female    34 (21.1)   57 (37.0)
Cholecystolithiasis
   Absent    32 (20.8)   47 (30.5) 0.406
   Present    25 (16.2)   50 (32.5)
Diabetes
   Absent    45 (29.2)   71 (46.1) 0.447
   Present  12 (7.8)   26 (16.9)
Jaundice
   Absent    53 (34.4)   76 (49.4) 0.022
   Present    4 (2.6)   21 (13.6)
Blood groups
   A    19 (12.3)   24 (15.6) 0.303
   B    21 (13.6)   35 (22.7)
   AB    1 (0.6)   8 (5.2)
   O    16 (10.4)   30 (19.5)
Pathological types
   Adenosquamous carcinoma 0 (0)   3 (1.9) 0.299
   Adenocarcinoma    57 (37.0)   93 (60.4)
   Papillocarcinoma 0 (0)   1 (0.6)
Degree of differentiation
   Poor    33 (21.4)   61 (39.6) 0.069
   Moderate-well    24 (15.6)   36 (23.4)
Resection margin status
   Negative    45 (29.2)   51 (33.1) 0.001
   Positive  12 (7.8)   46 (29.9)
Maximum tumor diameter (cm)
   ≤ 2.45    30 (19.5)   38 (24.7) 0.131
   > 2.45    27 (17.5)   59 (38.3)
T stage
   Tis-T1a    7 (4.5)   3 (1.9) < 0.001
   T1b-T2b    18 (11.7) 11 (7.1)
   T3    32 (20.8)    71 (46.1)
   T4    0 (0.0) 12 (7.8)
N stage
   N0    43 (27.9)   55 (35.7) 0.056
   N1  11 (7.1)   36 (23.4)
   N2    3 (1.9)   6 (3.9)
Distant metastasis
   Absent    53 (34.4)   89 (57.8) 0.783
   Present    4 (2.6)   8 (5.2)
TNM stage
   0-Ⅰ stage  11 (7.1)   5 (3.2) < 0.001
   ⅡA-ⅡB stage  12 (7.8)    4 (2.6)
   ⅢA-ⅢB stage    27 (17.5)   65 (42.2)
   ⅣA-ⅣB stage    7 (4.5)   23 (14.9)
Fibrinogen concentration (g/L)
   ≤ 3.47    37 (24.0)   38 (24.7) 0.003
   > 3.47    20 (13.0)   59 (38.3)

Table 3  Correlation between CA199 level and clinicopathological characteristics in gallbladder carcinoma patients n  (%)
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prognostic factor for GBC patients (HR = 2.02, 95%CI: 
1.24-3.28, P < 0.001), although the prognostic 
accuracy of PLR for GBC (AUC = 0.620, 95%CI: 
0.542-0.698, P = 0.040, sensitivity: 0.736, specificity: 
0.532) was not superior to that of plasma fibrinogen 
in our study (AUC = 0.735, 95%CI: 0.654-0.816, 
sensitivity: 0.709, specificity: 0.721). However, Zhang 
et al[33] showed that PLR was not associated with 

the prognosis of patients with GBC. Therefore, the 
prognostic significance of PLR in GBC patients requires 
further validation.

To date, the only study to explore the prognostic 
significance of plasma fibrinogen in GBC patients was 
conducted by Shu et al[30]. Consistent with the results 
of our study, their results indicated that an elevated 
preoperative plasma fibrinogen level, poorer margin 

Characteristics HR (95%CI) P  value

Age (yr)   1.473 (0.973-2.230)   0.067
   ≤ 60
   > 60
Sex   0.995 (0.670-1.477)   0.981
   Male
   Female
Cholecystolithiasis   1.198 (0.814-1.764)   0.360
   Absent
   Present
Diabetes   1.028 (0.651-1.623)   0.906
   Absent
   Present
Jaundice   2.598 (1.644-4.106) < 0.001
   Absent
   Present
Blood groups -   0.113
   A
   B
   AB
   O
Pathological types -   0.165
   Adenosquamous carcinoma
   Adenocarcinoma
   Papillocarcinoma
Degree of differentiation   1.527 (1.031-2.261)   0.035
   Poor
   Moderate-well
Resection margin status   3.683 (2.468-5.496) < 0.001
   Negative
   Positive
Maximum tumor diameter (cm)   1.101 (0.744-1.630)   0.631
   ≤ 2.45
   > 2.45
T stage - < 0.001
   Tis-T1a
   T1b-T2b
   T3
   T4
N stage - < 0.001
   N0
   N1
   N2
Distant metastasis   2.550 (1.388-4.684) < 0.003
   Absent
   Present
TNM stage - < 0.001
   0-Ⅰ stage
   ⅡA-ⅡB stage
   ⅢA-ⅢB stage
   ⅣA-ⅣB stage
CA199 (U/mL)   3.570 (2.213-5.760) < 0.001
   ≤ 25.45
   > 25.45
Fibrinogen concentration (g/L)   2.790 (1.853-4.214) < 0.001
   ≤ 3.47
   > 3.47

Table 4  Univariate analysis of overall survival in gallbladder cancer patients
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Characteristics HR (95%CI) Wald P  value

Resection margin status 1.971 (1.288-3.017) 0.002
   Negative
   Positive
TNM stage 11.299 0.003
   ⅡA-ⅡB stage/0-1 stage 1.336 (0.317-5.627)   0.156 0.693
   ⅢA-ⅢB stage/0-1 stage   3.831 (1.167-12.571)   4.907 0.027
   ⅣA-ⅣB stage/0-1 stage   5.204 (1.497-18.093)   6.730 0.009
Fibrinogen concentration (g/L) 1.711 (1.114-2.627) 0.014
   ≤ 3.47
   > 3.47
CA199 (U/mL) 1.842 (1.111-3.056) 0.018
   ≤ 25.45
   > 25.45

Table 5  Multivariate analysis of overall survival in gallbladder cancer patients
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Figure 2  Survival curve according to the preoperative fibrinogen concentration (A) and CA199 level (B). A: Data compares fibrinogen concentration > 3.47 g/L 
vs ≤ 3.47 g/L group (P < 0.05). The number 1 for ≤ 3.47 g/L group, number 2 for > 3.47 g/L group. B: Data compares CA199 level > 25.45 U/mL vs ≤ 25.45 U/mL (P 
< 0.05). The number 1 for ≤ 25.45 U/mL group, number 2 for > 25.45 U/mL group.

Characteristics HR (95%CI) Wald P  value

Univariate analysis
   Combined fibrinogen and CA199 - < 0.001
      0
      1
      1.1
      2.1
Multivariate analysis
   Resection margin status 1.973 (1.289-3.020) 0.002
      Negative
      Positive
   TNM stage 11.299 0.011
      IIA-IIB stage/0-1 stage 1.342 (0.318-5.659)   0.160 0.689
     ⅢA-ⅢB stage/0-1 stage   3.812 (1.158-12.545)   4.848 0.028
      ⅣA-ⅣB stage/0-1 stage   5.189 (1.491-18.055)   6.699 0.010
   Combined fibrinogen and CA199 14.218 0.003
      1/0 1.784 (0.775-4.104)   1.854 0.173
      1.1/0 1.895 (0.943-3.806)   3.222 0.073
      2.1/0 3.195 (1.676-6.090) 12.454 0.000

Table 6  Univariate and multivariate analysis of overall survival in gallbladder cancer patients according to the combination of 
fibrinogen and CA199

The number 0 for fibrinogen concentration > 3.47g/L with CA199 level > 25.45 U/mL group, number 1 for fibrinogen concentration > 3.47 g/L with CA199 
level ≤ 25.45 U/mL group, number 1.1 for fibrinogen concentration ≤ 3.47g/L with CA199 level > 25.45 U/mL group, and number 2.1 for fibrinogen 
concentration ≤ 3.47 g/L with CA199 level ≤ 25.45 U/mL group.
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status and higher TNM stage were independently 
associated with worse OS. They also showed that 
lymphatic metastasis was a negative prognostic factor 
for GBC, but in our study, lymphatic metastasis was 
not identified as a prognostic factor. This difference 
may be related to the TNM stage classification 
standard used in the present study. The newly 
published AJCC-8 indicated that the number of positive 
lymph nodes rather than the location of lymph node 
metastasis is closely related to the prognosis of GBC. 
The new N stage defined 1-3 positive lymph nodes 

as N1, 4 or more positive lymph nodes as N2, and no 
positive lymph nodes as N0.

The prognostic significance of plasma fibrinogen 
in the study conducted by Shu et al[30] (AUR = 0.751, 
95%CI: 0.653-0.848) was slightly superior to that 
observed in our study (AUC = 0.735, 95%CI: 
0.654-0.816, sensitivity: 0.709, specificity: 0.721) 
and had a positive predictive value of 92.73%. This 
difference may be related to the different optimal cut-
off values between the two studies (4.02 g/L and 3.47 
g/L) and the different methods used to determine the 
optimal cut-off values. In their study, the dichotomous 
variable that was used to determine the optimal cut-off 
value on the ROC curve was TNM stage, whereas the 
dichotomous variable used in our study was OS. Our 
method is accepted by most researchers. Nonetheless, 
the results of their study support the conclusion 
reached in our study that the prognostic accuracy of 
the combination of plasma fibrinogen and CA199 (AUC 
= 0.765, 95%CI: 0.688-0.841) is higher than that 
of plasma fibrinogen alone (AUR = 0.751, 95%CI: 
0.653-0.848).

Many recent studies have demonstrated that an 
elevated plasma fibrinogen level, as a marker of coagu
lation and fibrinolytic activation, is a strong predictor of 
poor prognosis for various malignant tumors[13,15,19,23,25]. 
Additionally, it was found that fibrinogen synthesis is 
significantly upregulated by inflammation[38]. However, 
the molecular mechanisms underlying the association 
between plasma fibrinogen and cancer prognosis is 
still uncertain. In an in vitro study, Shu et al[30] found 
that plasma fibrinogen at a high concentration induced 
epithelial-mesenchymal transition (EMT), thus incre-
asing the migration, invasion, and metastatic capacity 
of co-cultured GBC cells by increasing the expression 
of vimentin (a mesenchymal marker) and reducing the 
expression of E-cadherin (an epithelial marker). EMT 
is known to confer migration, invasion, and metastatic 
capacity and multidrug resistance to cells[38,39]. However, 
this explanation needs to be verified through basic 
research in the future.

One of the methodological innovations of our 
study is that we assigned different scores to patients 
according to the HR for elevated plasma fibrinogen 
levels and elevated CA199 levels, instead of assigning 
all patients a score of 1 as in the previous scoring 
system. This new scoring method further distinguished 
the difference in prognostic efficiency between plasma 
fibrinogen and CA199, rather than simply assigning 
a score of 1 to each parameter, considering that the 
HRs for the two parameters are not the same (CA199: 
1.842, plasma fibrinogen: 1.711). From the OS curve 
(Figure 3) and ROC curve (Figure 4), we observed 
that the new scoring system effectively improved the 
prognostic accuracy of the biomarkers.

This study is the first to investigate the prognostic 
significance of the combination of plasma fibrinogen 
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Figure 3  Survival curve according to the combined fibrinogen and CA199 
scoring system. Data compares the fibrinogen concentration > 3.47 g/L with 
CA199 level > 25.45 U/mA group, fibrinogen concentration > 3.47 g/L with 
CA199 level ≤ 25.45 U/mL group, fibrinogen concentration ≤ 3.47 g/L with 
CA199 level > 25.45 U/mL group and fibrinogen concentration ≤ 3.47 g/L with 
CA199 level ≤ 25.45 U/mL group. The number 0 for fibrinogen concentration 
> 3.47 g/L with CA199 level > 25.45 U/mL group, number 1 for fibrinogen 
concentration > 3.47g/L with CA199 level ≤ 25.45 U/mL group, number 1.1 
for fibrinogen concentration ≤ 3.47 g/L with CA199 level > 25.45 U/mL group, 
number 2.1 for fibrinogen concentration ≤ 3.47 g/L with CA199 level ≤ 25.45 
U/mL group.
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and CA199 in GBC patients. Inevitably, our study has 
some limitations that should be acknowledged. First, 
this study was performed using a retrospective design. 
Second, although this new scoring method distinguished 
the prognostic value of different biomarkers and 
improved prognostic accuracy, the validity and predi-
ctive value of this scoring method still require further 
verification. Third, the data were obtained from a single 
institution and the sample size was relatively small, 
which may have influenced the final conclusions. Fourth, 
to obtain more data, we did not distinguish between 
patients who underwent radical surgery and those 
who received palliative cholecystectomy or extended 
resection. Therefore, our results should be validated by 
prospective, multicenter studies with a large sample 
size.

In conclusion, elevated preoperative levels of both 
plasma fibrinogen and CA199 are independent prognostic 
factors for GBC. Additionally, the combination of plasma 
fibrinogen and CA199 showed superior prognostic 
accuracy compared with either parameter alone. 
Therefore, the combination of plasma fibrinogen and 
CA199 can facilitate the identification of GBC patients 
with poorer survival prognosis before surgery. We 
hypothesize that the combination of plasma fibrinogen 
and CA199 could be used as an inexpensive, simple, 
reliable and reproducible method to determine GBC 
prognosis in clinical practice.

ARTICLE HIGHLIGHTS
Research background
Gallbladder cancer is a rare hepatobiliary tumor with a relatively low incidence. 
Due to the lack of significant specific symptoms at the early stage, the 
prognosis of gallbladder cancer is poor and can be fatal. Therefore, determining 
a convenient and cost-effective prognostic biomarker is urgently required for 
patients with gallbladder cancer. Elevated fibrinogen has been demonstrated 
to be associated with poor prognosis in multiple malignancies, while CA199 
is considered a widely accepted diagnostic and prognostic marker of 
gallbladder cancer. There have been very few studies on the role of fibrinogen 
in the prognosis of patients with gallbladder cancer. To date, studies on the 
combined use of fibrinogen and CA199 to predict the prognosis of patients with 
gallbladder cancer have not been conducted. The combined use of fibrinogen 
and CA199 avoids inconsistencies caused by the use of a single indicator and 
enhances predictive efficacy.

Research motivation
The main aim of this study was to validate and identify a convenient and 
inexpensive combination of biomarkers with a higher prognostic value for 
patients with gallbladder cancer. From our research, we found that the 
combination of preoperative plasma fibrinogen and CA199 was a more efficient 
prognostic factor than either parameter alone in patients with gallbladder 
cancer. Due to this finding, we can screen potential high-risk candidates for 
gallbladder cancer and provide prognostic guidance for surgical patients with 
gallbladder cancer. In addition, this study also provides clinical evidence and 
preconditions for the future study of how fibrinogen promotes the proliferation 
and metastasis of malignant tumor cells.

Research objectives
The main objective of this study was to identify a convenient and more efficient 
prognostic biomarker for gallbladder cancer patients. From this study, we found 
that both elevated fibrinogen and elevated CA199 were independent risk factors 

for gallbladder cancer patients. Furthermore, the combination of preoperative 
plasma fibrinogen and CA199 was a more efficient prognostic factor than either 
parameter alone in patients with gallbladder cancer. These findings not only 
provide a further example which proves the relationship between hemostasis 
and tumor, but also provide powerful clinical evidence for related basic research 
in the future.

Research methods
We used an Excel table to organize research-related clinical data, and imported 
these variables into SPSS 24.0 statistical software. We then assigned the 
different types of variables appropriately. We determined the optimal cut-off 
values for fibrinogen and CA199 by plotting ROC curves, and then determined 
the association of fibrinogen and CA199 with other clinicopathological variables 
using the R × C table. Finally, univariate and multivariate analyses were 
performed to determine the independent prognostic factors in patients with 
gallbladder cancer.

Given the different HRs of the two parameters (CA199: 1.842, plasma 
fibrinogen: 1.711), one methodological innovation of this study was that we 
assigned different scores to elevated plasma fibrinogen levels and elevated 
CA199 levels, instead of assigning the same score as in the previous scoring 
system. This scoring approach further differentiates the difference in the 
prognostic efficiency between plasma fibrinogen and CA199, rather than simply 
assigning each parameter with 1 point. Based on the overall survival curve 
(Figure 3) and the ROC curve (Figure 4) in the text, we observed that the new 
scoring system effectively improved the prognostic accuracy of the biomarkers.

Research results
Our study demonstrated that the best cut-off values for pretreatment fibrinogen 
and CA199 were 3.47 g/L and 25.45 U/mL, respectively, in patients with 
gallbladder cancer. After single factor and multivariate analysis, it was shown 
that elevated pretreatment fibrinogen, elevated pretreatment CA199, resection 
margin and TNM stage were independent risk factors for gallbladder cancer 
patients. When the elevated pretreatment fibrinogen and elevated pretreatment 
CA199 were combined with different assigned scores according to their 
different HRs, the prognostic accuracy and power was significantly improved 
(the AUROC increased to 0.765, a relatively high value). These research 
findings confirm the relationship between hemostatic factors and cancer, in this 
case gallbladder cancer. How does the hemostatic factor fibrinogen influence 
the development, growth, and metastasis of gallbladder cancer cells? The 
underlying mechanism is still unknown, and further studies are required to 
identify and confirm the mechanism involved.

Research conclusions
In the present study, we found that the combination of preoperative plasma 
fibrinogen and CA199 is a more efficient prognostic factor than either parameter 
alone in patients with gallbladder cancer. We proposed that the combination 
of hemostatic factor and specific oncology markers can better predict the 
prognosis of gallbladder cancer, as hemostatic and oncology markers can 
compensate for each other’s inconsistency in predicting tumor prognosis and 
thus enhance overall prognostic efficacy. Fibrinogen is associated with the 
development, growth, and metastasis of cancer cells, and CA199 is a product 
of tumor cell growth and metabolism. However, from our study findings, we 
observed that they had different prognostic efficacy (as they had different HRs) 
in gallbladder cancer patients; therefore, we assigned different scores to them 
which differed from the previous traditional scoring system. Using this new 
method, the prognostic efficacy of these two prognostic biomarkers combined 
was significantly improved, and this combination was used to screen potential 
high-risk gallbladder cancer candidates, identify appropriate surgical patients, 
and adopt the best follow-up strategy.

Research perspectives
In this study, we found that the combination of a hemostatic factor and oncology 
factor could compensate for each other’s inconsistency in predicting tumor 
prognosis and improve the overall prognostic efficacy. The combination of 
these factors was more efficient than either parameter alone in predicting the 
prognosis of gallbladder cancer patients. These factors are inexpensive, easy-
to-use and highly accurate for determining the prognosis of gallbladder cancer 

Xu WY et al.  prognostic biomarker and gallbladder cancer
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patients. Further large-scale, well-designed and prospective studies to verify 
the findings and conclusions of this investigation are required.
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