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Abstract

Background: Abnormal activation of the coagulation system has been reported in patients with malignancies, but
its prognostic significance in biliary tract cancer (BTC) remains unclear. This study aims to analyze and compare the
prognostic value of coagulation indices in patients with BTC.

Methods: The medical records of 450 patients with BTC who underwent surgical resection at our hospital between
2003 and 2017 were retrospectively analyzed. Time-dependent receiver operating characteristic curves were plotted
to compare the predictive accuracy of coagulation indices. A predictive nomogram for overall survival (OS) was

established based on the Cox regression analysis and validated in both the training and validation cohorts. A novel

applied to predict survival for patients with BTC.

stratification model was created according to the total points of the nomogram.

Results: Fibrinogen and international normalized ratio (INR) had the best predictive accuracy among the
coagulation indices considered and were also the independent prognostic factors for OS. The nomogram and the
novel stratification model had satisfactory performance and outperformed TNM staging.

Conclusions: The study demonstrated that coagulation indices are valuable in predicting OS in BTC, with
fibrinogen and INR having the best predictive ability. The nomogram and the novel stratification model could be
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Background

Biliary tract cancers (BTC), which comprise approxi-
mately 3% of gastrointestinal malignancies, are a rela-
tively rare group of malignancy arising from the
epithelia lining of the biliary tree. They are classified by
anatomical origin into intrahepatic cholangiocarcinoma
(ICC), extrahepatic cholangiocarcinoma (ECC), and
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gallbladder cancer (GBC). The incidence of BTC is rela-
tively low in the Western world, ranging from 0.35 to 2
per 100,000 annually; however, this rate is higher in the
Andes region and some areas of Asia [1]. Currently, the
occurrence of GBC is on the decline in the western
world [1], the incidence of cholangiocarcinoma displays
an increasing trend worldwide [2]. BTC is characterized
by a dismal prognosis and surgical resection is the only
potentially curative option for all BTC subtypes [3, 4].
The prognosis of BTC after surgery, however, is still far
from optimistic due to high rates of recurrence and me-
tastasis [5, 6]. The survival prediction of patients with
BTC after operation is currently reliant on surgical and
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pathological factors. Thus, there is an urgent need to in-
vestigate the patterns of BTC patients’ survival in order
to determine other potent prognostic factors.

Since Trousseau discovered the tendency for throm-
botic disorders to occur in cancer patients in 1865, the
relationship between cancer and the coagulation path-
way has been increasingly investigated [7, 8]. Aberrant
activation of the coagulation pathway is frequently ob-
served in patients suffering from cancer, typically mani-
festing as subclinical abnormalities in conventional
blood coagulation tests [9]. Diverse mechanisms have
been proposed for the coagulopathy associated with can-
cer, primarily including the expression of procoagulant
proteins by tumor cells, the production of inflammatory
cytokines, and the promoted adhesion of tumor cells to
host cells [10]. The tumor-associated disturbance of the
coagulation system contributes to tumor growth, pro-
gression, and metastasis, worsening the prognosis of pa-
tients with cancer [11]. In addition, the procoagulant
state tends to result in venous thromboembolism, dis-
seminated intravascular coagulation, and hemorrhage,
which are commonly observed and potentially life-
threatening complications for patients with cancer [11,
12]. Thus, it is reasonable that coagulation indices have
potential prognostic value in malignant neoplasms.
What's more, the clinical significance of international
normalized ratio (INR) has been acknowledged in hepa-
tocellular carcinoma, as INR is one of the essential fac-
tors for the Child—Turcotte—Pugh score, which has been
integrated in the Barcelona Clinic Liver Cancer staging
system. Therefore, coagulation indices from routine co-
agulation function tests are likely valuable in the predic-
tion of survival in BTC. Although a few studies have
already reported the prognostic significance of coagula-
tion assays in some malignancies [13—18], research re-
garding the relationship between coagulation indices and
the prognosis of BTC is still limited.

This study aimed to elucidate and compare the prognos-
tic value of preoperative coagulation indices, including fi-
brinogen (FBG), prothrombin time (PT), prothrombin
time activity (PTA), INR, activated partial thromboplastin
time (APTT), activated partial thromboplastin time ratio
(APTT-R), thrombin time (TT), and platelet count (PLT),
in patients with BTC who underwent surgical resection.
In addition, we sought to establish and validate a nomo-
gram integrating independent prognostic factors for OS
prediction and construct a novel stratification model for
BTC patients.

Methods

Patients

The medical records of all patients with BTC at Peking
Union Medical College Hospital between January 2003
and December 2017 were retrospectively reviewed.
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Inclusion criteria was established: 1) pathologically
proven ICC, ECC, or GBC; 2) no history of other malig-
nant tumors; 3) underwent surgical resection of BTC;
and 4) complete measurement of coagulation indices, in-
cluding FBG, PT, PTA, INR, APTT, APTT-R, TT, and
PLT. Exclusion criteria was established: 1) incomplete
follow-up data; 2) history of previous anti-tumor treat-
ment before operation; 3) thromboembolic events or ac-
tive infections before surgery; and 4) perioperative
mortality or postsurgical survival of less than 1 month.
In total, 450 eligible patients were enrolled for analysis
in this study. The entire cohort was divided randomly
into the training (n =300) and validation (z =150) co-
horts at a ratio of 2:1.

Data collection

The medical documents of patients with BTC at our
hospital were collected for demographic and clinicopath-
ologic data, including age, sex, comorbidities, tumor dif-
ferentiation, tumor size, tumor-node-metastasis (TNM)
stage, tumor markers, liver function tests, coagulation
indices, routine blood tests, details of operation, and
postsurgical complications. Fasting venous blood sam-
ples in the early morning were obtained within 5 days
preoperatively in order to collect preoperative
hematological parameters. The patients were staged by
experienced clinical practitioners according to the 7th
edition of the American Joint Committee on Cancer
(AJCC) TNM staging system for ICC, ECC, or GBC, re-
spectively. Curative surgery was defined as complete re-
section of primary and invasive lesions with RO margin
status, and lymphadenectomy if lymph node metastases
were present. Although patients classified as stage IV are
not theoretically eligible for surgical resection, these pa-
tients were not excluded from this study since they
underwent disease progression during the waiting period
for surgery or their TNM stage could not be assessed
until metastases were found during exploratory laparot-
omy. For these patients, non-curative surgery was
performed.

The patients were required to return to our hospital
every 3months in the first 2years after the operation
and every 6 months in the third year. Thereafter, pa-
tients with no signs of recurrence returned annually for
follow-up. Telephone calls were conducted for follow-
ups if patients did not visit our hospital on schedule.
The endpoint of this study was OS, which was defined
as the interval between the date of surgery and the date
of death or the last follow-up.

Statistical analysis

The optimal cut-off values of the coagulation indices
were determined using X-tile software, while clinical ref-
erences were used as the cut-off values for carbohydrate
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antigen 19-9 (CA19-9) and liver function parameters,
such as alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), albumin (ALB), and y-glutamyl
transpeptidase (GGT). Continuous variables were pre-
sented as medians with ranges, while numbers and per-
centages were reported for categorical variables.
Comparisons of continuous variables were performed
with the Wilcoxon rank-sum test as they were all abnor-
mally distributed, as revealed by the Kolmogorov—Smir-
nov test and P-P plots. Categorical variables between
groups were compare by the Pearson x° test or Fisher’s
exact test, as appropriate. Specially, TNM stage was
regarded as ordinal categorical variable; thus, the Wil-
coxon rank-sum test was used to determine whether
there was any significant difference.

Kaplan-Meier survival curves were plotted to depict
the distributions of OS and significant differences were
determined by the log-rank test. Time-dependent area
under receiver operating characteristic (AUC) curves
were generated to compare the prognostic value of these
coagulation indices. Cox regression analyses were per-
formed in the training cohort to select independent risk
factors. All statistically significant variables in the uni-
variate analysis were included in the multivariate ana-
lysis. A predictive nomogram integrating all independent
prognostic factors associated with OS was established.
The performance of the nomogram was evaluated by
Harrell’s concordance index (C index), calibration curve,
and decisive curve analysis (DCA) in both the training
and validation cohorts. The nomogram was also vali-
dated in ICC, ECC, and GBC, respectively. A novel
stratification model, which classified the patients into
low-risk, middle-risk, and high-risk groups, was con-
structed using X-tile software according to the total
points based on the nomogram. The novel stratification
model was compared with TNM stage of the AJCC 7th
edition by Kaplan-Meier survival curves and the C
index.

Statistical analyses were performed with SPSS 26.0
(IBM Corporation, Armonk, NY, USA) and R software
version 3.6.2 (http://www.r-project.org/). For all tests
and analyses, a P-value less than 0.05 was considered
statistically significant.

Results

Baseline characteristics

A total of 450 eligible patients with BTC were included
in the study and their data were retrospectively analyzed.
There were 99 (22.0%), 225 (50.0%), and 126 (28.0%) pa-
tients diagnosed with ICC, ECC, and GBC, respectively.
The follow-ups were censored in February 2020 and 289
patients were confirmed dead by the last follow-up. The
median OS was 23 months with 1-, 3-, and 5-year OS
rates of 67.7, 39.6, and 28.6%, respectively. Baseline
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characteristics of all participants are summarized in
Table 1. Among the participants, 208 (46.2%) were fe-
male and 257 (57.5%) underwent curative surgery. The
patients were 23—89 years old with the median age of 62
years. There were 141 (31.3%), 131 (29.1%), 127 (28.2%),
and 51 (11.4%) patients classified into TNM stage I, II,
IIL, and IV, respectively.

The entire cohort was randomly split into the training
(n = 300) and validation (# = 150) cohorts. Baseline char-
acteristics of the training and validation cohorts are also
shown in Table 1. There was no significant difference in
any clinicopathological characteristics between the two
cohorts. At last, 287 participants in the training cohort
were included in the development of the nomogram
after excluding 13 patients with missing data for CA19—
9 or curative surgery. Similarly, 148 participants without
any missing data in the validation cohort were available
to validate the nomogram established in the training
cohort.

Comparison of the prognostic value of coagulation
indices

Patients were stratified into groups according to the op-
timal cut-off values of FBG, PT, PTA, INR, APTT,
APTT-R, TT, and PLT, which were 3.61g/L, 11.0s,
94.0%, 0.98, 26.5s, 0.98, 16.9 s, and 301 x 10°/L, respect-
ively. Patients with a preoperative level of FBG higher
than 3.61 g/L had poorer OS than those with a low FBG
(18 vs 37 months, P<0.001, Fig. 1a). The median sur-
vival time of patients with a PT >11.0s was 20 months,
which was significantly shorter than that of patients with
a PT<11.0s (45months, P=0.001, Fig. 1b). Likewise,
dismal prognoses were also indicated by low PTA (20 vs
28 months, P=0.005, Fig. 1c), high INR (18 vs 30
months, P<0.001, Fig. 1d), prolonged APTT (19 vs 28
months, P=0.005, Fig. le), high APTT-R (19 vs 28
months, P =0.005, Fig. 1f), and shortened TT (15 vs 23
months, P =0.025, Fig. 1g). Nonetheless, the median OS
had no significant difference between the high PLT and
low PLT groups (19 vs 24 months, P=0.139, Fig. 1h).
Time-dependent AUC curves showed that FBG ranked
first and INR was superior to all indices except FBG over
a wide range of time (Fig. 2), suggesting that FBG and
INR had better predictive abilities than the other coagu-
lation indices.

Independent prognostic factors for OS

Cox regression analyses were conducted in the training
cohort to select independent prognostic factors for OS
(Table 2). Univariate analysis revealed that FBG (HR =
1.918, P<0.001), PT (HR =1.587, P=0.013), INR (HR =
1.585, P=0.001), APTT (HR=1.382, P=0.025), and
APTT-R (HR =1.380, P =0.025) were adverse prognostic
factors for OS, while PTA (HR =0.718, P =0.025) was a
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Table 1 Baseline characteristics

Characteristics Entire cohort Training cohort Validation cohort P
Age (year) 62 (23-89) 62 (35-89) 63 (23-88) 0.120
Sex 0.947
Female 208 (46.2%) 139 (46.3%) 69 (46.0%)
Male 242 (53.8%) 161 (53.7%) 81 (54.0%)

Malignancy type
ICC
ECC
GBC

Tumor differentiation

Poor
Modest-well
Tumor size (cm)
TNM stage
I
Il
Il
vV
Curative surgery
No
Yes
Jaundice
No
Yes
Diabetes
No
Yes
Hypertension
No
Yes
Fatty liver
No
Yes
Liver cirrhosis
No
Yes
FBG (g/L)
PT (s)
PTA (%)
INR
APTT (s)
APTT-R
TT(s)
PLT (x107/L)
CA19-9 (U/mL)

99 (22.0%)
225 (50.0%)
126 (28.0%)
[425]

162 (38.1%)
263 (61.9%)
25 (02-180)

141 (31.3%)
131 (29.1%)
127 (28.2%)
51 (11.4%)
[447]

190 (42.5%)
257 (57.5%)

210 (46.7%)
240 (53.3%)

362 (84.4%)
88 (19.6%)

314 (69.8%)
136 (30.2%)

422 (93.8%)
28 (6.2%)

435 (96.7%)

15 (3.3%)

3.765 (1.53-13.00)
11.7 24-183)
91.25 (43.5-126.4)
1.00 (0.75-3.71)
264 (17.2-51.3)
0.98 (0.63-2.75)
18.0 (10.2-24.4)
227 (76-773)
[438]

65 (21.7%)
152 (50.7%)
83 (27.6%)
[286)

106 (37.1%)
180 (62.9%)
25 (02-180)

100 (33.3%)
84 (28.0%)
82 (27.3%)
34 (11.4%)
[297]

123 (41.4%)
174 (58.6%)

136 (45.3%)
164 (54.7%)

246 (82.0%)
54 (18.0%)

201 (67.0%)
99 (33.0%)

278 (92.7%)
22 (7.3%)

288 (96.0%)

12 (4.0%)

3.74 (1.53-13.00)
117 24-183)
91.7 (43.5-126.4)
0.995 (0.75-3.71)
2645 (17.2-51.3)
0.98 (0.63-2.75)
18.1 (10.2-24.4)
2285 (92-773)
[290]

0.984
34 (22.7%)
73 (48.7%)
43 (28.6%)
[139] 0.521
56 (40.3%)
83 (59.7%)

22 (20—130) 0.751
0619
41 (27.3%)
47 (31.3%)
45 (30.00%)
7 (11.4%)
0.511
67 (44.7%)
83 (55.3%)
0423
74 (49.3%)
76 (50.7%)
0.239
116 (77.3%)
34 (22.7%)
0.070
113 (75.3%)
37 (24.7%)
0.168
144 (96.0%)
6 (4.0%)
0.265
147 (98.0%)
3 (2.0%)
3.77 (161-12.50) 0.566
11.7 (9.7-18.2) 0.288
904 (49.8-116.6) 0.220
1.01 (0.80-1.92) 0.148
26.35 (19.1-48.1) 0.957
0.975 (0.71-1.77) 0816
17.8 (14.2-22.5) 0.136
224 (76-5006) 0.736

[148] 0.840
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Table 1 Baseline characteristics (Continued)
Characteristics Entire cohort Training cohort Validation cohort P
<37 124 (28.3%) 83 (28.6%) 41 (27.7%)
>37 314 (71.7%) 207 (71.4%) 107 (72.3%)
ALT (U/D) 0539
<40 177 (39.3%) 121 (40.3%) 56 (37.3%)
> 40 273 (60.7%) 179 (59.7%) 94 (62.7%)
AST (U/L) [429] [290] [139] 0.192
<40 186 (43.4%) 132 (45.5%) 54 (38.8%)
> 40 243 (56.6%) 158 (54.5%) 85 (61.2%)
GGT (U/D) [432] [293] [139] 0.872
<40 82 (19.0%) 55 (18.8%) 27 (19.4%)
> 40 350 (81.0%) 238 (81.2%) 112 (80.6%)
ALB (g/L) [448] [299] [149] 0.725
<35 89 (19.9%) 58 (19.4%) 31 (20.8%)
>35 359 (80.1%) 241 (80.6%) 118 (79.2%)
Blood loss during surgery (mL) 300 (0-8000) 300 (0-8000) 300 (0-4000) 0.820
Postoperative hospitalization (day) 14 (1-155) 14 (1-155) 12 (2-91) 0.294
Postoperative complication 0447
No 284 193 91
Yes 166 107 59

P-values in the last column belong to the training and validation cohorts. Asterisks indicate P-values of statistical significance. Continuous variables were shown as
medians and ranges, and categorical variables were reported as numbers and percentages. For variables with missing data, the numbers of available cases were

shown in square brackets

favorable prognostic factor. Only FBG (HR =1.478, P =
0.023) and INR (HR=1.879, P=0.013), however,
remained independent prognostic factors in the multi-
variate analysis. Advanced TNM staging (stage I as the
reference, HR = 1.709 for stage II, HR = 1.727 for stage
III, and HR =2.637 for stage IV, all P<0.05), curative
surgery (HR=0.438, P<0.001), and elevated CA19-9
(HR =1.644, P=0.018) were also independently associ-
ated with OS.

Correlations of FBG and INR with clinicopathological
characteristics

The correlations of FBG and INR with other clinicopath-
ological characteristics are summarized in S1 Table and
S2 Table.

In both the training and validation cohorts, a high
FBG level was related to an elevated CA19-9 level (both
P <0.05) and non-curative surgery (both P<0.05), both
of which were independent prognostic factors for OS.
High level of FBG was also connected in both cohorts to
increased PLT (both P < 0.05), which has been widely in-
vestigated for its prognostic value in various malignan-
cies although it was not significantly associated with OS
in our study. In the training cohort, a high FBG level
was also related to impaired liver function, including ele-
vated ALT (P<0.001), AST (P=0.002), and GGT (P<

0.001) and the presence of jaundice (P<0.001). Al-
though not discovered in the validation cohort, elevated
FBG indicated poorer short-term outcomes for patients
with high FBG tended to suffer from more blood loss
(400 vs 300 mL, P=0.034) during surgery and longer
hospital stays postoperatively (15 vs 13 days, P = 0.001).

Similarly, an elevated INR was related to poor tumor
differentiation (both P <0.05), prolonged PT (both P<
0.05), prolonged APTT (both P<0.05), high APTT-R
(both P <0.05) and low PTA (both P <0.05) in both co-
horts. All these factors were adverse prognostic factors
revealed by the univariate analysis. A high INR was also
associated with decreased ALB, commonly regarded as
an indicator of liver dysfunction and poor nutrition sta-
tus, in both cohorts (both P < 0.05).

Development and validation of a predictive nomogram
for OS

A nomogram for 1-, 3-, and 5-year OS prediction was
constructed based on Cox regression analyses in the
training cohort, integrating curative surgery, TNM stage,
FBG, INR, and CA19-9 (Fig. 3). The C index of the
nomogram was 0.729 (95% CI: 0.691-0.767) in the train-
ing cohort and 0.731 (95% CI: 0.674—0.788) in the valid-
ation cohort, which was superior to the ones of
individual prognostic factors, including curative surgery
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(0.597, training cohort;

0.649, validation cohort), TNM

stage (0.612, training cohort; 0.655, validation cohort),
FBG (0.571, training cohort; 0.545, validation cohort),

INR (0.562, training cohort; 0.549, validation cohort),
and CA19-9 (0.589, training cohort; 0.560, validation co-
hort). Calibration curves for the 1-, 3-, and 5-year
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Fig. 2 Time-dependent receiver operating characteristic curves of coagulation indices for survival prediction in patients with biliary tract cancer
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survival probability after surgery displayed considerable
agreement between the nomogram-predicted OS and
the observed survival in the training cohort (S1 Fig. A-
C) and the validation cohort (Fig. 4a-c). DCA was con-
ducted to assess the net benefit of the nomogram in
clinical applications. The nomogram generated the most
net benefit across a broad range of threshold probability
for 1-, 3-, and 5-year OS in both the training cohort (S1
Fig. D-F) and the validation cohort (Fig. 4d-f), suggesting
that the nomogram outperformed TNM staging and the
other four independent prognostic factors.

To addressed the issue whether the inclusion of differ-
ent types of malignant biliary neoplasms could poten-
tially impact on the predictive performance of the

nomogram, the nomogram was also validated in ICC,
ECC, and GBC, respectively. As displayed by the calibra-
tion curves, the predicted survival probability was in
good agreement with the observed survival in ICC (S2
Fig. A), ECC (S2 Fig. B), and GBC (S2 Fig. C), respect-
ively, suggesting that the nomogram had satisfactory
consistency in different types of biliary tract cancer.
Time-dependent AUC curves indicated that the discrim-
ination of the nomogram in ICC (S3 Fig. A), ECC (S3 Fig.
B) and GBC (S3 Fig. C) was obviously superior to TNM
staging. DCA were also performed, indicating that the
nomogram generated more net benefit than TNM staging,
whether in ICC (S4 Fig. A-C), ECC (54 Fig. D-F) or GBC
(S4 Fig. G-I).
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Variates Cases (n=300) Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% ClI) P

Age (year)

<60 142 Reference

>60 158 1.190 (0.898-1.576) 0225
Sex

Female 139 Reference

Male 161 0.926 (0.699-1.226) 0591
Tumor Differentiation [286]

Poor 106 Reference Reference

Modest-well 180 0.656 (0.490-0.878) 0.005 * 0.766 (0.555-1.057) 0.104
Tumor size (cm) [282]

<2 126 Reference Reference

>2 156 1.379 (1.028-1.851) 0.032 * 1.066 (0.766-1.484) 0.703
TNM stage <0.001 0.001

I 100 Reference Reference

Il 84 1.521 (1.043-2.218) 0.029 * 1.709 (1.124-2.598) 0012 *

M1l 82 1.626 (1.117-2.366) 0011 * 1.727 (1.139-2.620) 0.010 *

% 34 3.648 (2.340-5.687) 0.000 * 2.637 (1.608-4.325) <0001 *
Curative surgery [297]

No 123 Reference Reference

Yes 174 0.367 (0.276-0.488) <0001 * 0438 (0.312-0.616) <0001 *
Jaundice

No 136 Reference

Yes 164 1.217 (0917-1.615) 0.174
Diabetes

No 246 Reference

Yes 54 1.016 (0.709-1.454) 0.933
Hypertension

No 201 Reference

Yes 99 1.029 (0.762-1.389) 0.852
Fatty liver

No 278 Reference

Yes 22 1.168 (0.689-1.980) 0.564
Liver cirrhosis

No 288 Reference

Yes 12 1.619 (0.879-2.980) 0.122
FBG (g/L)

<361 134 Reference Reference

>3.61 166 1.918 (1.431-2.571) <0001 * 1478 (1.054-2.073) 0.023 *
PT (s)

<110 67 Reference Reference

>11.0 233 1.587 (1.103-2.281) 0013 * 1.251 (0.782-2.002) 0.350
PTA (%)

<940 177 Reference Reference
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Variates Cases (n=300) Univariate analysis Multivariate analysis
HR (95% ClI) P HR (95% CI) P

>940 123 0.718 (0.538-0.968) 0.025 * 1.535 (0.921-2.558) 0.100
INR

<098 143 Reference Reference

>0.98 157 1.585 (1.194-2.105) 0.001 * 1.879 (1.141-3.093) 0013 *
APTT (s)

<265 154 Reference Reference

> 265 146 1.382 (1.042-1.832) 0.025 * 1.367 (0.212-8.820) 0.743
APTT-R

<098 153 Reference Reference

>0.98 147 1.380 (1.041-1.831) 0.025 * 0.742 (0.113-4.856) 0.755
TT(s)

<169 45 Reference

>16.9 255 0.760 (0.520-1.110) 0.156
PLT (x107/L)

<301 239 Reference

> 301 61 1.223 (0.874-1.711) 0.240
CA19-9 (U/mL) [290]

<37 83 Reference Reference

>37 207 2.366 (1.654-3.386) <0001 * 1.644 (1.089-2.482) 0018 *
ALT (U/L)

<40 121 Reference

> 40 179 1.076 (0.808-1.433) 0615
AST (U/L)

<40 132 Reference

> 40 158 1.092 (0.820-1.455) 0.548
GGT (U/L) [293]

<40 55 Reference Reference

> 40 238 1.844 (1.219-2.791) 0.004 * 1.115 (0.673-1.848) 0.671
ALB (g/L) [299]

<35 58 Reference

>35 241 0.794 (0.567-1.112) 0.179

Asterisks indicated P-values of statistical significance. Continuous variables were shown as medians and ranges, and categorical variables were reported as
numbers and percentages. For variables with missing data, the numbers of available cases were shown in square brackets

A novel stratification model based on the nomogram

According to the 7th edition of the AJCC TNM staging
system, the median OS of patients at stage 0-I, I, III, and
IV was 48, 24, 18, and 8 months, respectively (P <0.001,
Fig. 5a). Based on the total points of each patient derived
from the nomogram, we generated a novel stratification
model. All patients without missing data in any individual
prognostic factor of the nomogram were subsequently
classified into 3 groups using X-tile software: low-risk
(n =156, score: 0-126.9), middle-risk (n =209, score:
127.0-221.9), and high-risk (n =70, score: 222.0-305.5).
The median OS was 87, 18, and 8 months for the low-risk,

middle-risk, and high-risk groups, respectively (P < 0.001,
Fig. 5b). The C index of the novel stratification model was
0.702 compared to 0.626 for the TNM staging (P < 0.001),
indicating that the novel stratification model had a better
performance than TNM staging in survival prediction.

As the AJCC TNM staging system differs for ICC,
ECC and, GBC, the novel stratification model was com-
pared with TNM staging in different subgroups accord-
ing to the type of biliary tract cancer. Kaplan-Meier
survival curves showed that TNM staging failed to dis-
tinguish the prognoses of patients with ICC (Fig. 5¢) and
ECC (Fig. 5e) well, but was satisfactory in patients with
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GBC (Fig. 5g). The prognoses, however, were quite sepa-
rated according to the novel stratification model in ICC
(Fig. 5d), ECC (Fig. 5f), and GBC (Fig. 5h), respectively.
The C index also revealed that the ability to predict

survival by the novel stratification model was superior to
that of TNM staging in ICC (0.730 vs 0.699, P < 0.001),
ECC (0.628 vs 0.537, P<0.001), and GBC (0.767 vs
0.694, P<0.001). We also investigated the performance
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of TNM staging and the novel stratification model in pa-
tients who underwent curative and non-curative surger-
ies, respectively. Kaplan-Meier survival curves suggested
that the novel stratification model was superior to TNM
staging in distinguishing the prognoses of patients who
underwent curative (S2 Fig. A-B) and non-curative sur-
gery (S2 Fig. C-D), which was also indicated by the C
index (0.652 vs 0.606 for curative surgery, P < 0.001;
0.624 vs 0.618 for non-curative surgery, P=0.225) al-
though statistical significance was not obtained in pa-
tients who underwent non-curative surgery.

Discussion

In this study, we retrospectively investigated the prog-
nostic significance of preoperative coagulation indices,
including FBG, PT, PTA, INR, APTT, APTT-R, TT, and
PLT, in patients with BTC who underwent surgery. High
FBG, PT, INR, APTT, and APTT-R levels, and decreased
PTA and TT levels indicated poorer OS, while PLT was
not significantly associated with OS. FBG (HR =1.478,
P=0.023) and INR (HR =1.879, P=0.013), along with
curative surgery, TNM staging, and CA19-9, were iden-
tified as independent prognostic factors for BTC patients
receiving surgery. Notably, they had the best predictive
accuracy among the coagulation indices considered. In
addition, FBG and INR were related to other clinico-
pathological characteristics that indicated more serious
medical conditions or poorer prognoses.

FBG, also known as Factor I, is a multifunction glyco-
protein synthesized by hepatocytes. It can be also de-
rived from tumor cells in patients with cancer. Studies
have found that FBG makes considerable contributes to
tumorigenesis, progression, and hematogenous metasta-
sis. As a common protein component of extracellular
matrix, FBG facilitates the formation of tumor stroma by
providing structure [19] and enhancing the chemotactic
properties of stromal cells [20]. Serving as a scaffold,
FBG binds to growth factors like VEGF [21] and FGF-2
[22], which provide growth signals for angiogenesis of
tumors. FBG also promotes the adhesion of circulating
cancer cells to the endothelium of vascular vessels, leading
to increased risk of cancer metastasis [23]. An in vitro
study concluded that FBG promoted cancer cell migration
and invasion by inducing epithelial-mesenchymal transi-
tion [24]. Studies have confirmed that a high FBG level is
an unfavorable prognostic factor for different malignant
tumors [16, 17, 24—26], which is in accordance with the
results of the present study. Patients with high FBG level
also tended to have a poorer short-term clinical outcome,
as revealed in the training cohort. In addition, this study
found that high FBG was related to non-curative surgery
and elevated CA19-9, both of which were independent
prognostic factors for patients with BTC receiving surgery.
Although associated with an elevated PLT, high FBG was
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not significantly correlated with abnormalities of other co-
agulation indices. Interestingly, as the training cohort sug-
gested, high FBG was also related to liver dysfunction,
which reflected the disease status of BTC to a certain
extent.

INR is a standardized index to measure the clotting
tendency based on the ratio of an individual’s PT and
the normal mean PT. INR and PT are important param-
eters to evaluate activity of the extrinsic pathway of co-
agulation. Increased INR or prolonged PT indicate a
compromised extrinsic clotting system. Cancer-
associated activation of the coagulation system leads to a
subsequent deficiency of coagulation factors, resulting in
PT prolongation. The decreased capacity of liver biosyn-
thesis in cancer patients may also have a role to play in
this situation [16]. Previous research has shown that
prolonged PT is associated with more dismal prognoses
for a variety of malignancies, including lung cancer [18]
and hepatocellular carcinoma [27]. We confirmed that
INR was independently associated with OS in patients
with BTC, which is consistent with an earlier study [28].
We also found that elevated INR was correlated with
poor tumor differentiation, decreased level of ALB, and
abnormalities in other coagulation indices, including PT,
PTA, APTT, and APTT-R.

Overexpression of procoagulant proteins is one of the
major reasons why patients with malignant tumors tend
to suffer from aberrantly activated coagulation [10, 11].
Tumor-cell derived tissue factor (TF, also known as Fac-
tor III) contributes to the coagulopathy in cancer to a
great extent [10]. By binding with Factor VIla, TF trigger
coagulation cascade by activating Factor X, and thus
plays an essential role in the extrinsic pathway of the co-
agulation system. The extrinsic pathway is probably
more perturbed than the intrinsic pathway. Therefore, it
is reasonable that INR, an indicator of the extrinsic path-
way based on PT and PTA, was more closely correlated
with the prognosis of BTC than indicators of the intrin-
sic pathway (APTT and APTT-R). Fibrinolysis system is
also involved in the disorder of hemostatic system in cancer
patients. Although it is common that urokinase-type plas-
minogen activator, tissue-type plasminogen activator as well
as their receptor were activated during tumor growth, acti-
vation of the fibrinolysis inhibitors is also observed [12].
This kind of contradictory situation might lead the result
that TT, an indicator of fibrinolysis system, failed to be in-
dependent prognostic factor for BTC. It has been revealed
that platelets participate in the coagulopathy and progres-
sion of cancer [9]. The result that PLT was not associated
with OS in our study suggests that the function of platelets
possibly matters more than the count.

Previously, Wang et al. showed that a prolonged PT was
related to a high recurrence rate and poor prognosis for
patients with ICC following curative resection [29]. A
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retrospective and in vitro study with a relatively small
sample size (1 =115) conducted by Shu et al. showed the
clinical significance of elevated preoperative FBG in GBC
patients after surgical resection [24]. Although aberrant
coagulation system has been suggested to negatively im-
pact on patients with ICC or GBC, evidence regarding the
prognosis value of coagulation indices in BTC still lacks.
Besides, few prognostic models based on coagulation indi-
ces have been built for BTC so far. Therefore, thorough
and comprehensive investigations of the prognostic value
of coagulation indices and their relationships with other
clinical characteristics in BTC are still needed.

Despite the wide application of the AJCC TNM sta-
ging system to evaluate the clinical outcome in patients
with BTC, it has been recognized that the prognoses are
varied in patients within the same TNM stage. Other
pathological characteristics such as tumor subtype and
tumor differentiation are also utilized in the survival es-
timation of BTC patients. A consensus, however, has
been reached that not only tumor intrinsic properties
but also patient-related factors impact the prognoses of
patients with cancer [30]. Given that coagulation factors,
especially FBG and INR, were revealed to be associated
with overall survival of BTC patients in our study, a
nomogram integrating the five independent prognostic
factors revealed by multivariate analysis was developed.
The nomogram took tumor-related, patient-related, and
treatment-related factors into comprehensive account
and was shown to have considerable performance in the
aspect of discrimination, consistency, and clinical net
benefit. Based on the total points of the nomogram, we
also constructed a novel stratification model, which clas-
sified the patients into low-risk, middle-risk, and high-
risk groups. The prognoses of patients who received sur-
gery for biliary tract cancer within different risk groups
were well-separated and the predictive accuracy of the
novel stratification model outperformed that of TNM
staging, no matter which type of tumor and whether the
surgery was curative.

Meanwhile, there were some limitations that should
be addressed in our study. Firstly, this was a retro-
spective study conducted at a single center in China;
thus, selection bias might have been inevitable.
Whether the cut-off values of the coagulation indices
are optimal for other areas of the world and ethnici-
ties remains to be confirmed. Secondly, although the
nomogram was validated in both the training and val-
idation cohorts, it still lacks external validation by
data from other medical centers. Besides, the inclu-
sion of different types of biliary tract cancer could
amplify the heterogeneity of patients. Although rigor-
ous subgroups analyses have been conducted to
shown that the reliability of the results was not obvi-
ously compromised by such heterogeneity, researches
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are needed to confirm the results further in ICC,
ECC, and GBC, respectively. In addition, the missing
data in our study might have detrimental effects on
the accuracy of the statistical analyses. Yet, these in-
fluences were likely slight due to a relatively large
sample size. Last but not least, progression-free sur-
vival, which was another important aspect of the
prognosis, and adjuvant therapy, which might play a
potential role in the survival of patients with BTC,
were not included in the current study due to limited
follow-up data. Taking these limitations into consider-
ation, large-scale, multi-center, and prospective stud-
ies are required to verify our conclusions in BTC
patients of different ethnicities.

Conclusions

In conclusion, coagulation indices are valuable for pre-
dicting the prognosis of patients with BTC who under-
went surgical resection, with FBG and INR being
independent prognostic factors for OS. The nomogram
integrating FBG, INR, curative surgery, and CA19-9 was
established and verified to predict survival for BTC pa-
tients after surgery. The novel stratification model based
on the nomogram better distinguished the prognoses of
BTC patients than TNM staging.
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