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Preoperative serum fibrinogen as a valuable predictor in the 
nomogram predicting overall survival of postoperative patients 
with gallbladder cancer

Ziyi Yang1,2#^, Tai Ren2,3#^, Shilei Liu1,2, Chen Cai1,2, Wei Gong1,2, Yijun Shu1,2

1Department of General Surgery, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China; 2Shanghai Key 

Laboratory of Biliary Tract Disease Research, Shanghai, China; 3Ministry of Education - Shanghai Key Laboratory of Children’s Environmental 

Health, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China

Contributions: (I) Conception and design: Z Yang, T Ren, W Gong, Y Shu; (II) Administrative support: W Gong; (III) Provision of study materials or 

patients: W Gong, Y Shu; (IV) Collection and assembly of data: Z Yang, T Ren, S Liu, C Cai; (V) Data analysis and interpretation: Z Yang, T Ren; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Wei Gong; Yijun Shu. Department of General Surgery, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of 

Medicine, No. 1665 Kongjiang Road, Shanghai 200092, China. Email: gongwei@xinhuamed.com.cn; shuyijun19881125@163.com.

Background: Coagulation and fibrinolysis activation are frequently observed in cancer patients, and the 
tumors in these cases are thought to be associated with a higher risk of invasion, metastasis and worse long-
term outcome. The specific aim of this study was to develop an effective prognostic nomogram to help make 
individualized estimates for patients with resected gallbladder cancer (GBC).
Methods: Patients with resected GBC who were diagnosed between 2006 and 2014 at Xinhua Hospital 
were selected. Model performance was measured by c-index and calibration curve. The results were further 
validated using bootstrap and a cohort of 38 patients from a branch hospital who underwent surgery from 
2006 to 2014.
Results: Backward stepwise selection and Lasso were applied respectively to select predictors. T stage, 
N stage, and preoperative serum fibrinogen were included in the final model. Predictions correlated well 
with observed 1- and 3-year survival. The c-index for predicting survival was 0.74 (95% confidence interval, 
0.70–0.78), which was statistically higher than that of the AJCC 7th system and Nevin system (P=0.04, 0.04, 
respectively). In the validation cohort, the nomogram performed better than the other two staging systems 
(c-index: 0.71 vs. 0.67 and 0.67).
Conclusions: The validated nomogram is a practical tool for predicting the overall survival (OS) of 
postoperative GBC patients. Preoperative serum fibrinogen levels were associated with tumor progression 
and may be an independent predictor for GBC patients.
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Introduction

Gallbladder cancer (GBC) is the most common biliary 
tract malignancy, and also the sixth most common 
gastrointestinal malignancy, with an annual incidence of 
2.5–4.0 per 100,000 (1,2). The median survival time for 
GBC patients is less than 6 months, with a 5-year survival 
rate of 5% (3,4). Several factors contribute to its dismal 
prognosis, including late detection, rapid metastasis, and 
early acquired resistance to chemotherapy (5,6). Surgery is 
the only curative therapy, though many of the patients lose 
the opportunity because of late detection (7). 

Cancer-induced coagulation abnormalities have 
been recognized as linked to several malignancies (8,9). 
Fibrinogen, an essential part of the coagulation system, has 
been reported to be related with human malignancies such 
as renal cell carcinoma, head and neck cancer, colorectal (10), 
endometrial (11), pancreatic (12), and GBC (13). Though 
the underlying mechanism has not been fully elucidated, 
the potential ability to predict the postoperative prognosis 
of GBC patients should be taken into consideration. 

Due to the low incidence of GBC, no large-scale 
clinical trials of predicting the prognosis of GBC patients 
have been carried out, resulting in little evidence to 
rely on when predicting the prognosis of patients after 
surgery. The 7th AJCC staging system has shown good 
discrimination, but modest accuracy (14). Independent 
prognostic factors other than T stage, N stage, and M stage 
have been identified, including concomitant gallstones, 
anomalous pancreaticobiliary ductal junction, histologic 
differentiation, preoperative total bilirubin, CEA, CA19-
9, CA125, and fibrinogen (3,13,15-18). However, these 
potential predictors have not been evaluated systematically, 
and thus are not applicable for clinical use. Combining 
these factors in a prediction model is likely to enhance the 
accuracy of survival predictions for patients after resection 
of GBC. More accurate predictions for patients may help to 
identify high-risk groups, potentially leading to a stratified 
treatment strategy. 

The nomogram is a practical tool that integrates 
biological and clinical features for clinical prediction, with 
a user-friendly interface and increased accuracy (19). In 
recent years, nomograms have been applied to clinical 
prediction models for various types of malignancies (20-23). 
This study aimed to build a predictive nomogram for GBC 
patients undergoing resection, based on two independent 
institutional cohorts. We present the following article in 
accordance with the TRIPOD reporting checklist (available 

at https://dx.doi.org/10.21037/jgo-21-357).

Methods

Study design and participants

As shown in Figure 1, the prediction model was developed 
in multiple steps. The nomogram was developed based on 
a retrospective cohort (n=174) of patients who underwent 
surgical resection for GBC between January 2006 and 
September 2014 at Xinhua Hospital, Shanghai, China; 
a patient cohort (n=38) from the branch hospital in 
Chongming was used for external validation. Inclusion 
criteria included: no history of previous anticancer therapy; 
no history of other malignancies; complete resection of 
macroscopic tumor; and histologically confirmed GBC. 
Exclusion criteria were: perioperative death, and emergency 
surgery.

The study was censored on September 30, 2017. All 
procedures performed in this study involving human 
participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). It was approved by the 
Committee for Ethics of Xinhua Hospital Affiliated to 
Shanghai Jiao Tong University School of Medicine (No. 
XHEC-C-2018-174). Informed consent was given before 
surgery.

Diagnosis and treatment

Blood samples were collected after routine history taking 
and physical examination. Liver function and coagulation 
tests were performed 2–3 days before surgery. Malignancy 
was either diagnosed incidentally on pathologic examination 
after a simple cholecystectomy, or discovered with 
preoperative computed tomography or magnetic resonance 
imaging/magnetic resonance cholangiopancreatography. 
Surgery was indicated when the tumor was discovered, 
except if preoperative tests indicated distant metastasis, 
inoperable primary tumor, or multiple malignancies. 
Malignancy was then confirmed by histological examination.

Simple cholecystectomy was performed for patients 
with T1 lesions; for T2–T4 lesions, radical resection 
was routinely performed, including en-bloc gallbladder 
resection, resection of a 2-cm liver wedge, and combined 
resection of infiltrated organs. Lymph node dissection 
was performed in selected cases. The “curettage and 
aspiration dissection technique” was applied with Peng’s 
multifunctional operative dissector (24). 

https://dx.doi.org/10.21037/jgo-21-357
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Tumors histologically diagnosed after cholecystectomy 
were termed incidental GBC. For these patients, if T stage 
>1, a second radical operation was recommended. 

Follow-up

Patients were followed postoperatively every 3 months for 
the first 2 years, and then every 6 months thereafter. Overall 
survival (OS) were used as the primary endpoint, defined 
as the interval between the date of surgery and death or 
the last date of follow-up (September 30, 2017). When 
a secondary surgery was performed, the start point was 
defined as the date of the first operation.

Variables

After a thorough review of the literature, potential 
predictors were selected with reference to their statistical 
significance for prognosis, data accessibility, and cost 
effectiveness. Potential predictors were selected as follows: 
basic patient demographics (age and sex), R0 resection or 
not, histologic differentiation, TNM stage, concomitant 
cholelithiasis, tumor markers (CA-199, CA-125, and CEA), 
liver function (ALT), indicator of jaundice (TBIL), and 

coagulation indicators (fibrinogen and INR). The staging 
and histologic grading was based on the 7th edition of the 
AJCC manual (25). The operation year was included in 
the model development procedure to exclude the possible 
effect of improvement in surgical techniques and equipment 
during the time span.

Statistical analysis

Statistical analyses were performed using R software, 
version 3.4.3. Before modeling, the categorical variables 
were grouped based on clinical findings. Continuous 
variables were compared using the t-test or Mann-Whitney 
U test for variables with an abnormal distribution. Discrete 
variables were compared using the χ2 test. KM and log-rank 
tests were applied to depict survival curves. Cox regression 
analysis was used for the model development.

Prediction models were formulated using the package 
of rms, version 5.1-2 (26,27). The model was developed 
according to checklist described previous research (28) 
(Table S1). Discrete variables were treated as binary, and 
continuous variables were fitted to restricted cubic spline 
function, log function, squared function, or linear function, 
depending on the pattern on data inspection. The pattern 
of missing data was inspected and analyzed, then the 
missing data were input with simple imputation. The full 
model was established with all potential predictors, then 
the predictors were selected with reference to a backward 
step-down selection procedure with the AIC and the 
Lasso model. Clinical significance was verified with each 
selected predictors by KM curve. The model performance 
was assessed using concordance probabilities (c-statistic). 
Finally, model calibration was checked in the derivation 
and external validation cohorts. Package survminer (version 
0.4.2) was applied to draw the KM curves (29). Package 
glmpath (version 0.98) was applied to do the Lasso test (30).  
P<0.05 was considered statistically significant. Package 
tidyverse (version 1.2.1) was applied to inspect, explore and 
analyze the data (31).

Results

Clinicopathologic characteristics of the patients

Our model was developed based on the primary cohort; 
a total of 174 patients met the inclusion criteria. In the 
validation cohort, 38 patients from another center (branch 
hospital in Chongming) were included with the same 

Figure 1 Flowchart of developing the prediction model.

174 patients were involved Review the literature to 
find potential predictors

Use all potential predictors to build a full
model

Data reduction and a simplified full model developed

Two procedures were applied to select variables

Clinical significance was validated for selected predictors

Alternative models were built to validate the selection

Measure the performance of the final model & external 
validation

https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
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criteria. The detailed inspection and comparison of baseline 
characteristics between the two groups are shown in Table 1.  
The general pattern of disease was comparable with the 
literature. The number of missing data was limited for all the 
predictors (<1%), possibly because all the predictors selected 
were results from routine tests even 10 years ago. Missing 
data showed no systematic pattern (data not shown), and 
simple imputation was applied to the missing values.

The median follow-up time was 13 months (range, 
2–83 months). The median OS was 12 months, and the 1- 
and 3-year OS rates were 64% and 17.2%, respectively, 
better but still dismal results compared with data from the 
literature (3).

Model development

Development of the full model
The full model was developed with all potential predictors, 
including age, sex, R0 resection or not, level of histologic 
differentiation, T stage (7th AJCC), N stage (7th AJCC), 
concomitant cholelithiasis, tumor markers (CA-199, CA-
125, and CEA), ALT, total bilirubin, fibrinogen, and INR. 
Discrete variables were treated as dummy variables, and 
continuous variables were fitted to 3-knots restricted cubic 
spline functions (Table S2). According to the generally 
accepted rule (26), in order to balance the reliability and 
overfitting of a model, the degrees of freedom in the final 
model should be no more than the number of events/15, 
namely, 112/15 ≈7. Therefore, reduction in the degree 
of freedom was necessary. According to the effect of 
each predictor on the log hazard of death (Figure S1), 
together with the parameters derived from the full model, 
we manually merged the discrete variables with a similar 
effect on prognosis, then the continuous variables were 
either kept with the restricted cubic spline function or 
simplified to be linear. The simplified full model was then 
developed (Table S3). 

As suggested (32), radical GBC surgery should involve 
at least six lymph nodes for adequate staging and stratifying 
recurrence risk. Here we meant to divide the group with 
this indicator. However, few of the patients met this 
criterion, so this variable was classified as either positive or 
‘not available’.

Variable selection and development of the final model
We applied a backward stepwise selection procedure based 
on the AIC and a Lasso procedure, respectively, to select 
the predictors from the simplified model. The two methods 

showed comparable results, indicating T stage, lymph 
node positivity, and preoperative fibrinogen as effective 
and valid predictors for prognosis. CA125 was selected in 
the Lasso model. However, the coefficient of CA125 was 
<0.001, indicating a negligible effect on the result. Taking 
the two results together, T stage, lymph node positivity, and 
preoperative fibrinogen were selected in the final model. 
The detailed selection results are shown in Table S3. The 
procedure of Lasso is shown in Figure 2.

After variable selection, the proportional hazard test 
was performed to examine the validity of the essential 
presumptions of Cox regression. The result confirmed 
the model as valid (Table S4). Redundancy analysis of 
the three selected predictors in the final model was 
performed. The result showed little redundancy among 
the three variables, indicating little inter-dependency of 
the variables (Table S5). Next, we assessed the interactions 
between each pair of selected variables by developing 
corresponding regression models (e.g., T + N + Fib + T × 
N). No positive results were found (data not shown). Thus 
the final model was specified (Table 2).

Serum fibrinogen as an independent prognostic factor

In a prediction model, clinical meaningfulness is as 
important as statistical significance (26). The T and N 
stages are canonical indicators that have been long observed 
to be related with patient prognosis. Fibrinogen, however, 
was selected prior to other predictors, including the level 
of differentiation and tumor makers, which are generally 
thought to be more relevant to malignancy. Following this, 
we inspected and testified the significance of preoperative 
serum fibrinogen as an independent and valuable prognostic 
factor.

Diagnostic performance of fibrinogen for prognosis

With the fibrinogen level correlating with GBC prognosis, 
the diagnostic performance of fibrinogen for tumor 
staging and prognosis in patients with GBC was further 
investigated. We found that the AUC of the fibrinogen 
level was 0.671 (for convenience, only 3-year prognosis 
were used for the following prediction, Figure S2). Based 
on the ROC curve, a cut-off value of 4.43 g/L was selected 
to dichotomize the cohort; thus, a plasma fibrinogen level 
>4.43 g/L were defined as hyperfibrinogenemia. The 
resultant PPV was 0.71, indicating that hyperfibrinogenemia 
may be a reliable threshold for predicting the prognosis.

https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
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Table 1 Patients’ characteristics

Demographic and clinicopathologic characteristics of included patients Xinhua Hospital (N=174) Chongming Branch Hospital (N=38)

Female sex 119 (68.4%) 29 (76.3%)

Age, years (median, range) 67 [28–91] 67 [42–90]

Differentiation

Well 19 (10.9%) 5 (13.2%)

Moderate 96 (55.2%) 15 (39.5%)

Poor 59 (33.9%) 18 (47.4%)

T stage, 7th ed AJCC

Tis 12 (6.9%) 3 (7.9%)

T1 12 (6.9%) 2 (5.3%)

T2 51 (29.3%) 15 (39.5%)

T3 78 (44.8%) 16 (42.1%)

T4 21 (12.1%) 2 (5.3%)

Lymph node

Positive 63 (36.2%) 12 (31.6%)

Negative, ≥6 nodes examined 7 (4.0%) 5 (13.2%)

Negative, <6 nodes examined or data not available 104 (59.8%) 21 (55.3%)

AJCC stage, 7th ed*

0 12 (6.9%) 3 (7.9%)

1 12 (6.9%) 2 (5.3%)

2 37 (21.3%) 15 (39.5%)

3 92 (52.9%) 16 (42.1%)

4A** 21 (12.1%) 2 (5.3%)

Concomitant cholelithiasis 109 (62.6%) 28 (73.7%)

TBIL, μmol/L (median, range) 12.3 (2–373) 13.0 (7–244)

ALT, U/L (median, range) 28 (5–1110) 16 (3–191)

CA199, U/mL (median, range) 36.3 (0.6–6375.0, 1 missing) 32.4 (0.6–474.0)

CA125, U/mL (median, range) 22.8 (1.6–742.5, 1 missing) 16.6 (0.6–134.0)

CEA, ng/mL (median, range) 3.2 (0.3–285.2, 2 missing) 6.9 (1.9–18.0)

Fibrinogen, g/L (median, range) 3.96 (1.26–8.56) 3.56 (2.01–7.20)

INR (median, range) 1.01 (0.78–1.92) 0.97 (0.68–1.40)

R0 resection 91 (52.3%) 15 (39.5%)

Year of surgery, 2006–2010*** 85 (38.5%) 15 (39.5%)

No. of events (deaths) 111 (63.8%) 25 (65.8%)

*, T, N, and AJCC stage were measured with reference to the AJCC staging manual, 7th ed; **, patients with stage 4B were inoperable, so 
were not involved; ***, dichotomization here is only for data presentation. When indicated in the model, year of surgery was regarded as a 
continuous variable.
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Correlation between preoperative fibrinogen and clinical 
variables

The primary and validation cohorts were dichotomized 
by the selected cut-off value. As shown in Table 3, older 

age (P=0.01), positive lymph nodes (P=0.04), and two 
tumor markers (P=0.001 & 0.007) significantly correlated 
with the preoperative fibrinogen level. However, the data 
in the validation cohort showed a different pattern: only 
poor differentiation correlated with hyperfibrinogenemia 
(Table S6). This discrepancy may be explained by the 
limited size of the validation cohort. Therefore, more 
in-depth research is needed to fully elucidate this 
phenomenon. 

Survival analysis

KM curves were drawn to analyze the difference in 
prognosis between the two groups. Survival analysis of the 
two groups showed significantly worse outcome in patients 
with hyperfibrinogenemia, both in the primary cohort and 
validation cohort (Figure S3). This result strongly indicated 
a relation between preoperative fibrinogen level and patient 
prognosis. Based on these results, it seems reasonable to 
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Figure 2 Variable selection using the Lasso regression model. (A) Standardized coefficients in the Lasso procedure. (B) AIC value in 
the Lasso procedure. The AIC reached the lowest level at 4 and 10 variables. Considering the limitation of the sample size, the step of 4 
variables was selected. AIC, Akaike information criterion.

Table 2 Final model derived from the primary cohort

Predictor P value HR 95% CI

T stage, AJCC 7th ed

Tis–T1

T2–T4 0.0130 2.49 1.73–3.60

Lymph node

NA

Positive <0.001 3.97 3.19–4.94

Fibrinogen 0.0049 1.32 1.19–1.45

CI, confidence interval; HR, hazard ratio.

https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-21-357-supplementary.pdf
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Table 3 Demographic characteristics of GBC patients with and without hyperfibrinogenemia

Variable
Preoperative plasma fibrinogen

P value*
≤4.43 g/L (N=120) >4.43 g/L (N=54)

Female sex 88 (73.3%) 31 (57.4%) 0.06

Age 65.4±11.5 70.5±12.2 0.01

Moderate/poor differentiation 105 (87.5%) 50 (92.6%) 0.46

T2–T4, AJCC 7th ed 100 (83.3%) 50 (92.6%) 0.16

Positive lymph node 37 (30.8%) 26 (48.1%) 0.04

Concomitant cholelithiasis 72 (60.0%) 37 (68.5%) 0.37

TBIL, μmol/L (median, range) 14.8 (2–373) 13.6 (4.7–273) 0.92

CA199, U/mL (median, range) 33.7 (0.6–6,375) 40.6 (0.6–5,722) 0.62

CA125, U/mL (median, range) 20.2 (1.6–349) 55.3 (1.6–742) <0.001

CEA, ng/mL (median, range) 3.0 (0.3–152) 3.7 (0.27–285) 0.007

INR 1.01±0.12 1.04±0.13 0.21

*, χ2 test for discrete variables. T-test or Mann-Whitney U test for continuous variables. Italic P values indicate P<0.05. GBC, gallbladder 
cancer.

select preoperative fibrinogen as a valid and independent 
prognostic factor.

Predictive accuracy versus alternative models

To further validate the value of preoperative fibrinogen, 
we built alternative prediction models with T + N + X, 
where T indicated T stage (7th AJCC), N indicated lymph 
node positivity, and X indicated a third factor other than 
preoperative fibrinogen. Levels of differentiation, CEA, and 
CA199 were manually selected in the different alternative 
models. As shown in Figure 3A, the c-index was significantly 
higher with our final model compared with the T + N, T 
+ N + Differentiation, T + N + CEA, and T + N + CA199 
models. Moreover, there was no significant difference 
between each of any two alternative models. This result 
indicated that these alternative factors could not improve 
the performance of the prediction model.

Model performance

The performance of the final model was indicated by 
the c-index. The c-index is the proportion of all pairs of 
subjects whose survival time can be ordered such that 
the subject with the higher predicted survival is the one 
who survives longest. For the primary cohort, the c-index 
of our nomogram for OS prediction was 0.74. By the 

bootstrap validation (with 300 resamples), the c-index of the 
nomogram was still 0.74, with optimism <0.005, indicating 
low overfitting. Discrimination of the model was further 
illustrated by dividing the predictions into four quartiles, 
and the KM curves were plotted (Figure 3B). Patients in the 
lower quartile had a considerably poorer prognosis. We then 
validated our model in the validation cohort. The c-index of 
our nomogram was 0.71, indicating general validity of the 
model and good performance with extrapolation. 

Predictive accuracy versus 7th AJCC and Nevin systems

KM curves were applied for the survival analysis among 
different staging systems (Figure 3C,3D). Both the 7th AJCC 
and Nevin systems showed good prognostic stratification 
of the patients. However, in our cohort, patients in stage 
4 in the 7th AJCC system showed no worse prognosis 
than those in stage 3. Moreover, the 7th AJCC system was 
unsatisfactory in stratifying patients between stages 0 and 1 
for short-term survival. 

The KM curve for our model was based on the four 
quartiles of patients’ risk, as mentioned above. The curve 
indicated good prognostic stratification, with better 
accuracy than the two traditional staging systems. The 
c-index of the nomogram was 0.74 for the primary cohort, 
and 0.71 for the validation cohort, which is significantly 
higher (P=0.04) than the 7th AJCC system (0.67) and the 
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Figure 3 Model comparison. (A) Different c-index of different models. As model development was not needed for AJCC stage and Nevin 
stage, the two cohorts were measured together. (B-D) KM curves of (B) the quartiles of our final model; (C) stages in AJCC 7th system; (D) 
stages in the Nevin system.

Nevin system (0.67). No significant difference was found 
between the 7th AJCC and Nevin systems. The results 
suggested that our model was a practical and valuable tool 
for predicting OS.

Model presentation

The results of the modeling were presented as a nomogram. 
The nomogram shown in Figure 4A is a practical tool for 
clinical use to calculate the prognosis of patients. Figure 4B  
shows the relative contribution of each predictor. The 
calibration curves are shown in Figure 4C and 4D.

Discussion

Clinical prediction models are becoming increasingly 

popular because of (I) their ability to incorporate 
continuous variables into prognosis; (II) their ability 
to estimate individualized risk; and (III) their user-
friendly interface (33). A number of clinical prediction 
tools are being used for bladder, breast, and pancreatic 
cancers, intrahepatic cholangiocarcinoma, perihilar 
cholangiocarcinoma, and other malignancies. But a tool 
for the prediction of prognosis of GBC patient has been 
absent, likely because of the low incidence of GBC. Here 
we have presented the first factor analysis of GBC patients 
who underwent surgical resection, and developed and 
validated a nomogram for prognosis prediction. 

We analyzed potential predictors mentioned in the 
literature. Based on objective criteria, T stage, lymph 
node metastasis, and preoperative fibrinogen level were 
included in the model. T stage was clustered into two 
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Figure 4 Prediction nomogram. (A) The prediction model presented as a nomogram; (B) contribution of each of the three predictors shown 
with the hazard ratio; (C,D) Bootstrap estimate of calibration accuracy for 1-year (C) and 3-year (D) estimates from the final Cox model. 
The blue curve corresponds to bootstrap-corrected estimates.

groups: tumor invades no deeper than the muscular layer 
or not (namely, T0–T1 or T2–T4a, 7th AJCC). At the 
same time, lymph node metastasis was shown to be a strong 
indicator of prognosis. In addition, preoperative fibrinogen 
was indicated to be a better-performing predictor than the 
others: level of differentiation, concomitant cholelithiasis, 
preoperative jaundice (indicated by total bilirubin), and 
classical tumor markers (CA-199, CA-125, and CEA). 

As an essential part of the hemostatic system, fibrinogen 
levels have been related to the prognosis of various types 
of solid tumors (10). Our team previously found that 
preoperative hyperfibrinogenemia was an independent 
predictor of poor prognosis in GBC patients (13). In this 
current study, we proposed that the preoperative serum 
fibrinogen level, together with T and N staging, is a 

valuable predictor of the prognosis of GBC patients. 
As shown above, based on a backward stepwise selection 

and a Lasso procedure respectively, we obtained comparable 
results for the included predictors. To examine the relevance 
of each predictor with clinical significance, three selected 
variables were analyzed separately. After both statistical and 
clinical significance was verified, the model’s performance 
was analyzed with the validation cohort, then in comparison 
with two classical staging systems. The c-index indicated 
that our model had better performance. Moreover, the 
redundancy analysis showed that the fibrinogen level 
had little dependence with either T or N stage. It is thus 
reasonable to suggest that fibrinogen is an independent 
predictor, although the mechanism is not well understood.

We also tried to develop a prediction model for lymph 
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node metastasis using a similar procedure, but no variable 
was detected to have a significant predictive effect.

The underlying mechanism of the relationship between 
plasma hyperfibrinogenemia and poor prognosis has not 
been fully elucidated. Proliferation, EMT, migration, 
angiogenesis, and hematogenous metastasis are observed 
to be correlated with fibrinogen (9,13,34). Our team 
previously found that GBC cell lines cocultured with 
fibrinogen showed an increased degree of EMT (13). 
Moreover, fibrinogen is a key regulator of inflammation 
in various diseases. Cross-talk exists between coagulation, 
inflammation, and cancer development (35,36). More in-
depth research is needed to understand the molecular 
mechanisms in this process.

Study limitations

Because GBC is a rare disease, the sample size was 
limited to a single center. Though our study showed the 
significance of preoperative fibrinogen in the prediction of 
prognosis, a larger volume, multicenter study is needed to 
validate our results. In the cohort of more than 10 years,  
radiotherapy was not performed in our hospital, but 
systematic chemotherapy was applied in the last few years. 
Thus, chemotherapy could not be included in the model 
because there were too many missing values. However, this 
effect was indirectly testified by the predictor ‘operation 
year’, which showed no significant effect. In some cases, 
our model was still not very effective in predicting 
the prognosis and the underlying reason needs more 
research to unveil it. The study was internally limited by 
its retrospective design, so external validation and the 
bootstrap procedure were applied to improve the validity 
of the results.

In conclusion, this study presents a practical nomogram 
to predict the prognosis of GBC patients after operation. 
Fibrinogen is a valuable predictor of the OS of GBC 
patients.
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Table S1 Steyerberg checklist

Step Specific issues Model in our study

General considerations

Research question Aim: predictors/predictions? Emphasis on prediction

Intended application Clinical practice/research? Clinical practice

Outcome Clinically relevant? Overall survival

Predictors Reliable measurement?
Comprehensiveness

Systematic review of literature

Study design Retrospective/prospective? Retrospective cohort

Statistical model Appropriate for research question and type of 
outcome?

Cox regression

Sample size Sufficient for aim? 174 patients, 111 events: Moderate

Seven modeling steps

Data inspection Distribution of data Table 1

Missing values Single imputation

Coding of predictors Continuous predictors Truncation and spline transformations

Combining categorical predictors Cluster analysis

Combining predictors with similar effects Cluster analysis

Model specification Appropriate selection of main effects? Backward stepwise selection with high P-value 
and Lasso

Assessment of assumptions (distributional, linearity, 
and additivity)?

Additivity checked with interaction terms
Proportional hazards checked

Model estimation Shrinkage included? Penalized estimation with Lasso

External information used? No

Model performance Appropriate measures used? Discrimination: KM curves and c-index
Calibration: calibration curves

Model validation Internal validation, including model specification and 
estimation?

Bootstrap

External validation? Data from Chongming Branch Hospital, including 
38 patients with 26 events

Model presentation Format appropriate for audience Nomogram

Validity

Internal: overfitting Sufficient attempts to limit and correct for overfitting? Predictors from literature, Lasso for selection and 
shrinkage

External: generalizability Predictions valid for plausibly related populations? Routinely available predictors, representing 
important domains; external validated

Supplementary
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Table S2 Cox regression coefficients in the full model

Predictor P value β coefficient

Sex

Female

Male 0.2618 -0.2799

Age 0.5165 -0.0133

Age’* 0.4731 0.0173

Differentiation

Well

Moderate 0.6363 -0.1192

Poor 0.4787 -0.4042

T stage, AJCC 7th edn

Tis

T1 0.6809 -0.3351

T2 0.6081 0.3698

T3 0.3668 0.6510

T4 0.8274 0.1821

Lymph node

Positive <0.0001 1.4773

NA**

Concomitant cholelithiasis 0.1911 -0.3084

TBIL 0.3838 0.0071

TBIL’ 0.4592 -0.0637

CA199 0.0362 -0.0018

CA199’ 0.0597 0.0306

CA125 0.3542 0.0052

CA125’ 0.3060 -0.0299

CEA 0.0262 0.1466

CEA’ 0.0297 -0.4085

Fibrinogen 0.4331 -0.1707

Fibrinogen’ 0.0440 0.5384

INR 0.2602 -3.4033

INR’ 0.3279 2.8306

Year of Surgery 0.5881 0.0318

*Continuous variables were fitted with restricted cubic spline functions, requiring 2 independent coefficients respectively, like: AGE, AGE’. 
**As the “N negative and nodes examined ≥6” group was too small to analyze, it was merged with the “N negative and nodes examined 
<6” group, and renamed “not available”.
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Figure S1 Trend of predictors on log hazard of death in the full model. DIFGROUP: level of differentiation, 1-well, 2-moderate, 3-poor. 
GSTONE: concomitant cholestasis, 1-positive, 0-negative. NGROUP: lymph node involved, 1-positive, 0-not available. R0: 1-margin 
negative, 0-margin positive. SEX: M-male, F-female.
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Table S3 Cox regression coefficients in the simplified full model, then the stepwise selection and Lasso results

Predictor
Simplified full model Stepwise (AIC) Lasso

P value β coefficient P value β coefficient β coefficient

Sex Not selected Not selected

Female

Male 0.7136 -0.0789

Age 0.7869 -0.0026 Not selected Not selected

Differentiation Not selected Not selected

Well

Moderate/poor 0.6472 -0.1968

T stage, AJCC 7th edn

Tis/T1

T2–T4 0.0652 0.7564 0.012 0.9280 0.465

Lymph node

Positive <0.0001 1.4155 <0.001 1.3839 1.10

NA*

Concomitant cholelithiasis 0.3015 -0.2250 Not selected Not selected

TBIL 0.2346 0.0018 Not selected Not selected

CA199 0.0941 0.0002 Not selected Not selected

CA125 0.2610 0.0014 Not selected 0.0006

CEA 0.7561 0.0008 Not selected Not selected

Fibrinogen 0.0408 0.2310 0.2826 0.004 0.120

R0 0.1521 -0.3063 Not selected Not selected

INR 0.8813 -0.1546 Not selected Not selected

Year of Surgery 0.6438 0.0246 Not selected Not selected

*As the “N negative and nodes examined ≥6” group was too small to analyze, it was merged with the “N negative and nodes examined 
<6” group, and renamed “not available”.

Table S4 Partial hazard test for the final model

Predictor χ2 P value

T stage (T0–1/T2–4) 0.8363 0.360

Positive lymph node 0.0092 0.924

Fibrinogen 0.0084 0.927

Global 0.879 0.831
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Table S5 Redundancy analysis of final model

Predictor R2

T stage 0.158

Positive lymph node 0.144

Fibrinogen 0.071

Table S6 Demographic characteristics of GBC patients of validation cohort with and without hyperfibrinogenemia

Variable
Preoperative plasma fibrinogen

P-value*
≤4.43g/L (N=27) >4.43g/L (N=11)

Female sex 20 9 0.93

Age 68.3±12.7 62.0±11.2 0.14

Moderate/Poor Differentiation 23 10 <0.01

T2–T4, 7th edn 24 9 0.96

Positive lymph node 8 4 0.98

Concomitant cholelithiasis 21 7 0.62

TBIL, μmol/L (median, range) 14.0 (7–244) 12.0 (7–43) 0.50

CA199, U/mL (median, range) 31.0 (0.6–474) 37.6 (0.6–51.6) 0.69

CA125, U/mL (median, range) 15 (0.6–134) 20 (11.6–133.3) 0.03

CEA, ng/mL (median, range) 5.6 (1.9–18.0) 8.0 (3.0–14.9) 0.25

INR 0.97±0.15 0.97±0.12 0.94

*χ2 test for discrete variables. T-test or Mann-Whitney U test for continuous variables.

Figure S2 ROC of fibrinogen on predicting the prognosis (year =3).
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Figure S3 Survival analysis of the group dichotomized by preoperative serum fibrinogen level. (A) KM curve of the primary cohort. (B) KM 
curve of the validation cohort.


