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Purpose: The fibrinogen/albumin ratio (FAR) is increasingly considered as a potential biomarker for predicting prognosis in various
malignant tumors, whereas the value of the FAR in predicting the recurrence-free survival (RFS) in patients with combined
hepatocellular cholangiocarcinoma (cHCC-CCA) after surgery has not been studied.
Patients and Methods: A total of 104 patients with surgical-pathologically proved cHCC-CCA were retrospectively analyzed. The
best cut-off value of the FAR was calculated via receiver operating characteristic (ROC) curve analysis, and the cohort was then
divided into two groups as high-FAR (H-FAR) group and low-FAR (L-FAR) group. The correlation between the preoperative FAR and
clinicopathological characteristics was analyzed. Uni- and multi-variable analyses for RFS were evaluated using a Cox proportional
hazards model to verify the predictive value of FAR on the RFS of cHCC-CCA. Additionally, a novel clinical nomogram based on
FAR was developed to preoperatively predict the RFS of HCC-CCA. The C-index and calibration were conducted to evaluate the
performance of the developed nomogram.
Results: According to the cut-off value of the FAR, the patients were grouped into the H-FARI (>0.075) and L-FARI (≤0.075) groups.
FAR was significantly correlated with several clinical-pathological features, including age, cirrhosis, AFP, CA19-9, BCLC staging,
NLR, and PLR. In the multi-variate analysis, FAR, cirrhosis and tumor size were independent prognostic predictors for poor RFS in
cHCC-CCA patients after surgery. Moreover, the clinical nomogram based on FAR was constructed, showing well-predictive accuracy.
Conclusion: The preoperative FAR is a convenient and feasible serum biomarker for predicting the RFS of cHCC-CCA after surgery.
Such developed FAR-based nomogram integrating tumor size and cirrhosis could be served as a feasible and convenient tool to assist
the decision-making of clinical strategy.
Keywords: combined hepatocellular cholangiocarcinoma, fibrinogen-to-albumin ratio, surgery, prognosis

Introduction
Combined hepatocellular cholangiocarcinoma (cHCC-CCA), accounting for approximately 2–5% of all primary liver
malignancy, owned characteristics of both hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma
(iCCA).1,2 Due to its unique histopathology, hard diagnosis, and worse prognosis, cHCC-CCA has recently received
more attention.3 Moreover, compared to the 2010 classification, the 2019 WHO classification of cHCC-CCA was
obviously updated.4 However, owing to the low incidence and short study period of cHCC-CCA, there is still no
consensus about several problems regarding its diagnostic and prognostic features.5,6

There are a large number of studies have focused on exploring preoperative clinical features to preoperatively predict the
prognostic factors of HCC or ICC, including serum indexes (alpha-fetoprotein (AFP) or carbohydrate antigen 19–9 (CA19-9))
or histopathological features (microvascular invasion (MVI) or lymph node metastasis (LNM)).7–11 Unfortunately, the
constructed predictive models targeting HCC or ICC seem not to be appropriate for cHCC-CCA, which may be caused by
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that the proportions of both tumoral characteristics cannot be assessed before biopsy or surgery. Thus, several studies have
focused on the impact of conventional clinical features for predicting the prognosis of cHCC-CCA after surgical resection.12

For example, Minjae Kim and coworkers have reported that both 8th AJCC tumor stage and 2010 WHO histologic
classification were independent prognostic factors for tumor recurrence and overall survival of cHCC-CCA.13 However, in
another study, 2019 WHO classification was not associated with the prognosis of patients with cHCC-CCA after surgery.14

Considering that the prognostic factors of cHCC-CCA are less studied and no consensus, more potential biomarkers are urgent
to be explored for precisely predicting the post-surgical prognosis of cHCC-CCA.

At present, inflammation of the tumoral microenvironment has shown a close association with cancer surveillance and
elimination.15,16 Therefore, a series of inflammation-related biomarkers, such as platelet-to-lymphocyte ratio (PLR),
neutrophil-to-lymphocyte ratio (NLR), have been investigated as valuable prognostic factors in various malignant
tumors.17–20 These inflammation-related biomarkers were often calculated in the light of ratios of peripheral circulating
white blood cells or acute phase proteins, indicating systemic responses in the liver and the lymphoid/medullary tissue.21

Notably, among them, the fibrinogen/albumin ratio (FAR), as a new biomarker, has recently been discovered as
a promising index for evaluating the prognosis of malignancy including HCC and ICC.22 However, the impact of
FAR on the prognosis of cHCC-CCA patients undergoing surgery is rarely explored.

Therefore, the aim of our study was to investigate the value of various clinical features, especially FAR in the
prediction of the recurrence-free survival (RFS) of cHCC-CCA, and a clinical nomogram based on these prognostic
indexes was constructed and verified.

Materials and Methods
Study Population
A total of 104 patients with surgical-pathologically confirmed cHCC-CCA who were consecutively between
January 2014 and January 2019 were enrolled. All patients received radical resection. In our study, the inclusion criteria
of the patients were as follows: 1) patients with surgical-pathologically confirmed cHCC-CCA after R0 resection; 2)
Child–Pugh A or B liver function; 3) patients with detailed clinical, laboratory and imaging data; and 4) no local or
systemic treatment prior to surgery and no history of extra-hepatic tumor. Thirty-nine patients were excluded as follows:
1) patients received treatment before surgery, such as transarterial chemoembolization (TACE), ablation or neoadjuvant
chemotherapy (n = 21); 2) lack of clinical or laboratory data (n = 9); 3) patients received R1 resection (n = 3) or the
existence of synchronous extra-hepatic lesions (n = 6). Finally, 104 cHCC-CCA patients were enrolled in our study. In
addition, in this study, cHCC-CCAwas pathologically diagnosed in line with the 2010 WHO classification criterion. The
study was approved by Huadong Hospital Research Ethics Committee (2019K050), and informed consent of all
participants was obtained. And this study was strictly performed according to the Declaration of Helsinki.

Clinical Features and Inflammation-Related Biomarkers
The basic characteristics of patients, including gender, age, body mass index (BMI), tumor location, hepatitis B virus
infection, cirrhosis, tumor number, tumor size, Child–Pugh score, tumor encapsulation, and Barcelona Clinic Liver
Cancer (BCLC) staging were recorded. Besides, the pathology-related indicators including MVI and LNM was recorded.
Blood- and inflammation-related biomarkers including ALT, AST, CA19-9, AFP, proteins induced by vitamin K absence
or antagonist-II (PIVKA), NLR, PLR, and FAR was also recorded. Among them, the NLR was calculated by dividing the
neutrophil count by the lymphocyte count, and the PLR was calculated by dividing the platelet count by the lymphocyte
count, and the FAR was calculated by dividing the plasma fibrinogen level by the albumin level. All recorded data were
obtained within 1 week before surgery.

Treatment and Follow-Up
In our cohort, all patients were followed up every 3 months in the first 2 years and every 3–6 months thereafter. Patients
were subjected to follow-up examination by blood examination, biochemical tests, dynamic-enhanced abdominal
computed tomography or magnetic resonance imaging or PET-CT. The follow-up methods included telephone follow-
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up and outpatient follow-up. Recurrence including local recurrence and distant metastatic diseases after radical surgery
was diagnosed by postoperative imaging, and RFS was measured from the day of surgery to the time of recurrence, last
clinical follow-up, or death.23 In this study, the final follow-up ended on October 30, 2021.

Statistical Analysis
SPSS 26.0 (Armonk, NY, USA) and R software (version 4.1.2, http://www.r-project.org/) were performed to statistical
analyses. Based on the receiver operating characteristic (ROC) curve, the maximum value of the Youden index
(sensitivity + specificity −1) was performed to obtain the optimal cut-off values of FAR, PLR, and NLR.24 And the cut-
off values of AFP and CA19-9 were referred to the previous literature.23 All categorical variables were expressed by
numbers and percentages. The correlation between FAR and other clinical features was analyzed by Chi-square test.
Then, the uni- and multi-variate Cox proportional hazard models were performed to assess the risk factors of recurrence
in cHCC-CCA following surgery, and corresponding hazard ratios (HR) and 95% confidence interval (CI) were also
calculated. The Kaplan–Meier (K-M) analysis was conducted to depict the survival curves via the Log rank test. Based
on the multi-variate Cox regression analysis, the clinical nomogram for RFS was developed. The calibration curves and
the consistency index (C-index) were performed to further assess the predictive effect of the constructed nomogram. All
statistical analyses were considered as statistically significant at two-sided P ≤ 0.05.

Results
Patients Characteristics
A total of 104 patients (45 females (43.3%) and 59 males (56.7%)) with cHCC-CCAwas enrolled in present study. In this
cohort, the follow-up time was 19.5 ± 9.8 months (median 19.8, range 4.0–38.5 months). The clinical characteristics are
listed in Table 1. According to the 2010 WHO classification criterion, in our cohort, 83 cases (79.8%) were defined as
classical type, 12 cases (11.5%) were defined as typical subtype of stem cell features, 6 cases (5.8%) were defined as
intermediate cell subtype of stem cell features and 3 cases (2.9%) were defined as cholangiolocellular subtype of stem

Table 1 The Clinical-Pathological Characteristics of the cHCC-CCA Population

Variables Total (n = 104) L-FAR (n = 38) H-FAR (n= 66) P

Age (years)

≤55 43(41.35%) 21(55.26%) 22(33.33%) 0.029

>55 61(58.65%) 17(44.74%) 44(66.67%)

Gender

Female 45(43.27%) 20(52.63%) 25(37.88%) 0.144

Male 59(56.73%) 18(47.37%) 41(62.12%)

Location

Right liver lobe 28(26.92%) 10(26.32%) 18(27.27%) 0.965

Left liver lobe 53(50.96%) 20(52.63%) 33(50%)

Other location 23(22.12%) 8(21.05%) 15(22.73%)

Hepatitis B virus infection 0.854

Absence 33(31.73%) 12(31.58%) 22(33.33%)

Presence 71(68.27%) 26(68.42%) 44(66.67%)

(Continued)
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Table 1 (Continued).

Variables Total (n = 104) L-FAR (n = 38) H-FAR (n= 66) P

Cirrhosis 0.033

Absence 46(44.23%) 22(57.89%) 24(36.36%)

Presence 58(55.77%) 16(42.11%) 42(63.64%)

BMI (kg/m2) 0.247

≤24 55(52.88%) 23(60.53%) 32(48.48%)

>24 49(47.12%) 15(39.47%) 34(51.52%)

Tumor number 0.386

Single 77(74.04%) 30(78.95%) 47(71.21%)

Multiple 27(25.96%) 8(21.05%) 19(28.79%)

Tumor size (cm) 0.228

≤5 44(42.31%) 19(50%) 25(37.88%)

>5 60 (57.69%) 19(50%) 41(62.12%)

ALT (U/L) 0.093

≤40 60 (57.69%) 26(68.42%) 34(51.52%)

>40 44(42.31%) 12(31.58%) 32(48.48%)

AST (U/L) 0.064

≤40 56(53.85%) 25(65.79%) 31(46.97%)

>40 48(46.15%) 13(34.21%) 35(53.03%)

AFP (ng/mL) 0.022

≤100 45(43.27%) 22(57.89%) 23(34.85%)

>100 59(56.73%) 16(42.11%) 43(65.15%)

PIVKA (mAU/mL) 0.621

≤40 68(65.38%) 26(68.42%) 42(63.64%)

>40 36(34.62%) 12(31.58%) 24(36.36%)

CA19-9 (U/mL) 0.005

≤37 55(52.88%) 27(71.05%) 28(42.42%)

>37 49(47.12%) 11(28.95%) 38(57.58%)

Child–Pugh score 0.781

A 89(85.58%) 33(86.84%) 56(84.85%)

B 15(14.42%) 5(13.16%) 10(15.15%)

Tumor encapsulation 0.300

Presence 56(53.85%) 23(60.53%) 33(50%)

Absence 48(46.15%) 15(39.47%) 33(50%)

(Continued)
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cell features. In aspects of histopathological results, 52 (50.0%) patients and 52 (50.0%) patients exhibited MVI and non-
MVI, respectively. Twelve (11.5%) patients and 92 (88.5%) patients exhibited LNM and non-LNM, respectively.

Through a ROC analysis approach (Figure 1), the cut-off values were calculated as 0.075 for FARI, 3.26 for NLR,
and 64.8 for PLR, respectively. And the corresponding area under the curves (AUC) for RFS were 0.726 for FAR

Table 1 (Continued).

Variables Total (n = 104) L-FAR (n = 38) H-FAR (n= 66) P

Microvascular invasion 0.042

Presence 52 (50%) 24(63.16%) 28(42.42%)

Absence 52 (50%) 14(36.84%) 38(57.58%)

Lymph node metastasis 0.695

Presence 92 (88.46%) 33(86.84%) 59(89.39%)

Absence 12 (11.54%) 5(13.16%) 7(10.61%)

BCLC staging 0.033

0 16(15.38%) 7(18.42%) 9(13.64%)

A 38(36.54%) 19(50%) 19(28.79%)

B 44(42.31%) 9(23.68%) 35(53.03%)

C 6(5.77%) 3(7.9%) 3(4.54%)

NLR 0.020

≤3.26 50(48.08%) 24(63.16%) 26(39.39%)

>3.26 54(51.92%) 14(36.84%) 40(60.61%)

PLR 0.012

≤64.8 57(54.81%) 27(71.05%) 30(45.45%)

>64.8 47(45.19%) 11(28.95%) 36(54.55%)

Note: P ≤ 0.05 is indicated in bold.
Abbreviations: cHCC-CCA, combined hepatocellular cholangiocarcinoma; FAR, fibrinogen/albumin ratio; BMI, body mass index; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; PIVKA-II, proteins induced by vitamin K absence or antagonist-II; CA19-9,
carbohydrate antigen 19–9; BCLC, Barcelona Clinic Liver Cancer; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Figure 1 The receiver operating characteristic (ROC) analysis of FAR, NLR, and PLR, and the cut-off values were calculated using the Youden index.
Abbreviations: FAR, fibrinogen/albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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(P ≤ 0.001), 0.616 for NLR (P = 0.035), and 0.681 for PLR (P = 0.007), respectively (Figure 1). Then, based on the cut-
off value of FAR, the patients were divided into two groups as high-FAR (H-FAR, n = 66) and low-FAR (L-FAR, n = 38).

The Correlations Between FAR and Clinical-Pathological Features
According to the results, FAR were statistically correlated with several clinical-pathological features, including age
(χ2 = 4.782, P = 0.029), cirrhosis (χ2 = 4.532, P = 0.033), AFP (χ2 = 5.218, P = 0.022), CA19-9 (χ2 = 7.932, P = 0.005),
MVI (χ2 = 4.417, P = 0.042), BCLC staging (χ2 = 8.706, P = 0.033), NLR (χ2 = 5.456, P = 0.020), and PLR (χ2 = 6.380,
P = 0.012). However, there were no significant correlations between FAR and other clinical features, including gender,
location, hepatitis B virus infection, BMI, tumor number, tumor size, ALT, AST, PIVKA, Child–Pugh score, tumor
encapsulation, LNM (all P > 0.05). The detailed associations between the FARI and various variables are presented in Table 1.

The Uni- and Multi-Variate Survival Analyses
The correlations between clinical-pathological characteristics and RFS are shown in Table 2. In a univariate analysis,
the presence of cirrhosis (HR = 0.528, P = 0.023), tumor size >5 cm (HR = 0.356, P = 0.001), AFP > 100 ng/mL
(HR = 0.325, P ≤ 0.001), CA19-9 > 37 U/mL (HR = 0.426, P = 0.001), the presence of MVI (HR = 0.397, P = 0.001),

Table 2 Uni- and Multi-Variate Cox Analyses for Risk Factors for RFS in cHCC-CCA

Risk Factors Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) 0.06

≤55 0.596 (0.347, 1.023)

>55 1

Sex 0.111

Female 0.661 (0.397, 1.099)

Male 1

Location 0.275

Right liver lobe 0.545 (0.260, 1.143)

Left liver lobe 0.740 (0.395, 1.388)

Other location 1

Hepatitis B virus infection 0.149

Absence 0.670 (0.388, 1.155)

Presence 1

Cirrhosis 0.023 0.029

Absence 0.528 (0.305, 0.914)

Present 1 2.927 (1.117, 7.671)

BMI (kg/m2) 0.393 1

≤24 0.805 (0.489, 1.324)

>24 1

(Continued)
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Table 2 (Continued).

Risk Factors Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Tumor number 0.688

Single 1.119 (0.646, 1.938)

Multiple 1

Tumor size (cm) 0.001 0.010

≤5 0.356 (0.195, 0.647) 0.252 (0.089, 0.715)

>5 1

ALT (U/L) 0.530

≤40 0.853 (0.520, 1.400)

>40 1

AST (U/L) 0.091

≤40 1

>40 1.537 (0.933,2.532)

AFP (ng/mL) ≤0.001

≤100 0.325 (0.178, 0.593)

>100

PIVKA (mAU/mL) 0.975

≤40 1

>40 0.992 (0.586, 1.678)

CA19-9 (U/mL) 0.001

≤37 0.426 (0.254, 0.715)

>37 1

Child–Pugh score 0.573

A 0.807 (0.382, 1.704)

B 1

Tumor encapsulation 0.199

Presence 1

Absence 0.723 (0.440, 1.186)

Microvascular invasion 0.001

Presence 1

Absence 0.397 (0.231, 0.683)

(Continued)
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PPLR >64.8 (HR = 0.528, P = 0.013), and FAR > 0.075 (HR = 0.425, P = 0.006) were significantly correlated with
poor RFS. Furthermore, the multivariate analysis revealed that a FAR (HR = 0.446, 95% CI: 0.213–0.936, P = 0.033),
tumor size (HR = 0.252, 95% CI: 0.089–0.715, P = 0.010) and cirrhosis (HR = 2.927, 95% CI: 1.117–7.671,
P = 0.029) were independent risk factors for recurrence of patients with cHCC-CCA following surgery (Figure 2).

Table 2 (Continued).

Risk Factors Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Lymph node metastasis 0.057

Presence 1

Absence 0.497 (0.243, 1.020)

BCLC staging 0.068

0 1.444 (0.457, 4.564)

A 0.669 (0.230, 1.947)

B 0.551 (0.188, 1.620)

C 1

NLR 0.072

≤3.26 0.623 (0.372, 1.042)

>3.26 1

PLR 0.013

≤64.8 0.528 (0.320, 0.872)

>64.8 1

FAR 0.006 0.033

≤0.075 0.425 (0.230, 0.784) 0.446 (0.213, 0.936)

>0.075 1 1

Note: P ≤ 0.05 is indicated in bold.
Abbreviations: RFS, recurrence-free survival; cHCC-CCA, combined hepatocellular cholangiocarcinoma; BMI, body mass index; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; PIVKA-II, proteins induced by vitamin K absence or
antagonist-II; CA19-9, carbohydrate antigen 19–9; BCLC, Barcelona Clinic Liver Cancer; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; FAR, fibrinogen/albumin ratio.

Figure 2 Kaplan–Meier curves indicating RFS of cHCC-CCA patients stratified by value of FAR (A), cirrhosis (B), and tumor size (C).
Abbreviations: RFS, recurrence-free survival; cHCC-CCA, combined hepatocellular cholangiocarcinoma; FAR, fibrinogen-to-albumin ratio.

https://doi.org/10.2147/CMAR.S361462

DovePress

Cancer Management and Research 2022:141802

Xu et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Construction and Validation of the Nomogram
In line with the multivariate analysis, a novel nomogram incorporating the significant risk factors was constructed
(Figure 3). In the present study, the C-index was used to efficiency of the constructed nomogram in the evaluation of
RFS. As shown in Table 3, the results investigated that the C-index for RFS evaluation with the overall nomogram
was 0.684 (95% CI: 0.621–0.748), which was significantly higher than that for FAR (0.610, 95% CI: 0.549–0.671),
tumor size (0.608, 95% CI: 0.543–0.673), cirrhosis (0.575, 95% CI: 0.507–0.643), FAR + tumor size (0.663, 95%
CI: 0.596–0.730), FAR + cirrhosis (0.646, 95% CI: 0.576–0.717), and cirrhosis + tumor size (0.611, 95% CI: 0.541–
0.681). By calculating the points of each factor, the 1- and 2-year recurrence probabilities of patients could be
individually predicted before treatment. Moreover, calibration curves were performed to verify the performance of
the developed nomogram, showing that the nomogram-predicted RFS was well-consistent with the observed RFS at
1 and 2 years after radical resection (Figure 4).

Discussion
In the present study, the FAR was not only significantly correlated with several clinical features including FAR, cirrhosis,
and tumor size, butalso served as an independent risk factor for postoperative recurrence in cHCC-CCA patients. The
results showed that the FAR >0.075, the presence of cirrhosis, and tumor size (>5 cm) were independent prognostic

Table 3 The C-Index of RFS in the Nomogram and Other Risk Factors

Factors RFS

C-Index 95% CI

FAR 0.610 0.549, 0.671

Cirrhosis 0.575 0.507, 0.643

Tumor size 0.608 0.5436, 0.673

Nomogram incorporating (FAR + Tumor size) 0.663 0.596, 0.730

Nomogram incorporating (FAR + Cirrhosis) 0.646 0.576, 0.717

Nomogram incorporating (Cirrhosis + Tumor size) 0.611 0.541, 0.681

Nomogram incorporating (FAR + Cirrhosis + Tumor size) 0.684 0.621, 0.748

Abbreviations: RFS, recurrence-free survival; CI, confidence interval; FAR, fibrinogen/albumin ratio.

Figure 3 Nomogram to predict the probabilities of 1-year and 2-year RFS of cHCC-CCA.
Abbreviations: RFS, recurrence-free survival; cHCC-CCA, combined hepatocellular cholangiocarcinoma; FAR, fibrinogen-to-albumin ratio.
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factors for predicting poor RFS of cHCC-CCA after surgery. In addition, we constructed and verified a preliminary
clinical nomogram model incorporating FAR, cirrhosis, and tumor size to help the clinician make clinical decisions.

cHCC-CCA is an uncommon type of primary liver cancer, which is differed from HCC and ICC in the origin and intrinsic
properties of the tumor.3,25 Previous literatures have reported that the recurrence rate of cHCC-CCA after surgical resection
was relatively high, and its OS rate has been even lower than that of ICC.26,27 In our study, of 104 patients, 64 (61.5%)
experienced recurrences after curative surgery during the follow-up period, which is in line with the previous results.
Unfortunately, owing to the relatively low incidence and less research, there is no consensus about the prognostic factors of
cHCC-CCA after surgical resection. To our knowledge, this study was the first study to focus on the impact of FAR in the
prediction of prognosis of cHCC-CCA patients following surgery. In the present study, 104 patients with cHCC-CCA patients
who underwent surgical resection were enrolled and the corresponding cut-off value for the FARwas calculated to be 0.075 for
RFS. Intriguingly, the FAR was associated with several clinical characteristics, containing age, cirrhosis, AFP, CA19-9, MVI,
and BCLC staging, NLR, and PLR. This may imply that patients with a relatively high FAR may be more invasive. More
importantly, the patients with a FAR > 0.075 exhibited worse RFS than those with a FAR ≤ 0.075, indicating that a high FAR is
an independent risk factor for postoperative recurrence in cHCC-CCA patients. Fibrinogen, acted as an important acute-phase
protein, is closely associated with coagulation cascade reaction, tumor immune, and systemic inflammation.28 Notably,
fibrinogen was able to serve as a cytoskeleton to support the extracellular matrix of tumors for facilitating tumor angiogenesis
and amplifying tumor cell adhesion and invasion, which might be the implying reasons that the level of fibrinogen is
associated with poor prognosis with malignancies.29 Furthermore, albumin acts as an important protein in body, commonly
reflects the nutritional status of patients. As usually, low level of albumin commonly indicated malnutrition and cachexia in
malignant tumor patients, which are closely correlated with worse prognosis.30 Similar to our results, the FAR, as a new
biomarker combining with blood nutritional status and blood coagulation function, has already been proven as a valuable
prognostic factor in the prediction of prognosis of various malignancies, such as HCC, ICC, pancreatic cancer, etc.21,22,31

The prediction of recurrence cHCC-CCA following surgical resection is of great importance in managing the patients
in the clinic.5 Thereby, we further investigated the prognostic biomarkers for the postoperative recurrence of cHCC-CCA.
The results represented that both tumor size and cirrhosis are another two predictive factors for RFS of cHCC-CCA
patients. In our cohort, a large tumor size (>5 cm) and the presence of cirrhosis were significant risk factors for
recurrence of cHCC-CCA patients at 1-year and 2-year following surgery. Understandably, large tumors are more likely
with worse prognoses. Similarly, Zeng’s team has reported that the large size (>5 cm) of cHCC-CCA was one of the
significant factors for predicting the presence of MVI32 Moreover, the presence of cirrhosis was similarly often reported
as a risk factor for a worse prognosis of the tumor. In a recent study focused on the impact of FAR on the prognosis of
HCC, it is also reported that cirrhosis is one of the prognostic factors for overall survival (OS) of HCC after surgical
resection.22 However, in another recent study reported by Zhou, 160 patients with cHCC-CCA underwent surgical

Figure 4 Calibration of nomogram-predicted 1-year (A) and 2-year (B) RFS. Actual 1-year and 2-year RFS are depicted compared with nomogram-predicted probability of
1-year and 2-year RFS.
Abbreviation: RFS, recurrence-free survival.
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resection were enrolled and analyzed. The results showed that age and CA19-9 are independent clinical predictors for
RFS in cHCC-CCA, which is not consistent with our findings.33 The reasons may be caused by that sample sizes and
enrolled criterion are variant in different centers. For example, cirrhosis is not analyzed in the Zhou’s study. Therefore,
multi-center, large sample size and unified standard studies are needed to be further implemented in the future. In
addition, we also constructed and validated a clinical nomogram including FAR, tumor size and cirrhosis, which enabled
the visual prediction of 1-year and 2-year RFS in cHCC-CCA patients treated with surgical resection. Since there is no
globally accepted consensus for the first-line treatment of cHCC-CCA and comparative studies on different curative
strategies are rare, the constructed nomogram, to some extent, was helpful for guiding the clinician to conveniently
evaluate the patient’s condition and plan more appropriate treatments.

There are several limitations in this study. First, this is a single-center and single-region retrospective study with inevitable
selection bias and the validation cohort was not included owing to the limit of the sample size. Therefore, multi-center and multi-
region studieswith larger samples are needed to further verify our results. Second, owing to the long time-span of sample and data
collection, there are unavoidable selection bias about diagnosis and clinical treatment.Meanwhile, the differences in the inclusion
criterion and observed indicators of the enrolled patients may influence the conclusions to some extent. And the optimal cut-off
values of FAR, PLR, and NLRwere screened according to the data of our cohort, leading to the cohort dependence and selection
bias of our conclusion. Thereby, multi-center studies with unified standard needed to be performed to validate our conclusion.
Third, since cHCC-CCA patients with radical surgical resection were enrolled in this study, the incidence of lymph node
metastasis and MVI may be low, which may cause selection bias in the results. Finally, we did not classify cHCC-CCA into
different subtypes according to the latestWHOclassification system. Themain aim of this study focused on the impact of FARon
the prediction of RFS of cHCC-CCA, and more studies concerning various cHCC-CCA types are needed to be performed in the
future.

Conclusion
In summary, we investigated that FAR is a simple and valuable indicator that is associated with several clinical
characteristics and prognosis of cHCC-CCA. Moreover, FAR >0.075, the presence of cirrhosis, and tumor size >5 cm
are poor prognostic factors for RFS in cHCC-CCA patients underwent surgical resection, and the clinical nomogram
integrating FAR, tumor size and cirrhosis was helpful for guiding the clinician to conveniently evaluate the individual
prognosis and plan more appropriate treatments.
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