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Purpose: The prognosis of intrahepatic cholangiocarcinoma (ICC) patients after surgical 
resection remains poor. Effective prognostic biomarkers are expected to stratify ICC patients 
and optimize their treatment strategies. To investigate the prognostic value of carbohydrate 
antigen 19-9 (CA19-9), aspartate aminotransferase to lymphocyte ratio index (ALRI), and 
their combination (CAC) in predicting long-term outcomes in ICC patients after 
hepatectomy.
Patients and Methods: ICC patients underwent initial hepatectomy for curative purpose 
from January 2009 to September 2017 were reviewed retrospectively. Area under the 
receiver operating characteristics curve (AUC) was used to distinguish the identification 
effectiveness of three different measures. Kaplan–Meier curves and Cox proportional hazards 
regression were used to assess the value of preoperative CAC grade in predicting overall 
survival (OS) and disease-free survival (DFS).
Results: A total of 530 patients were included and randomly divided into two groups 
(derivation cohort and validation cohort). During a median follow-up of 18 months (1– 
115.4 months), 317 patients (59.8%) died and 381 patients (71.9%) developed tumor 
recurrence. Lower ALRI, decreased serum CA19-9 level and CAC grade were found to 
be associated with better OS and DFS (both P<0.001). Importantly, the AUC for CAC 
grade was significantly greater than ALRI and CA19-9. In addition, results from Cox 
proportional hazards regression from both cohorts suggest that tumor number, node 
invasion, and CAC grade as independent prognostic factors for both OS and DFS.
Conclusion: This study demonstrated that CAC grade is a valuable biomarker for the 
prognosis of ICC patients. Specifically, patients with elevated CAC grades were correlated 
to worse long-term outcome after the hepatectomy. Our data suggest that increased CAC 
grades can be used to stratify patients and help to decide their treatment strategies.
Keywords: intrahepatic cholangiocarcinoma, carbohydrate antigen 19-9, aspartate 
aminotransferase to lymphocyte ratio, hepatectomy, prognostic predictor, long-term 
outcomes

Introduction
Intrahepatic cholangiocarcinoma (ICC) arises from the epithelium of the intrahe-
patic and extrahepatic bile ducts. The morbidity of ICC has been steadily increasing 
in recent years.1,2 The risk factors for development of ICC include chronic hepatitis 
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and cirrhosis, biliary inflammatory diseases, hepatobiliary 
flukes, and other unknown factors.3 ICC is highly aggres-
sive with a 5-year survival rate less than 20%.4 Among all 
treatments, surgery remains the main option for the 
patients with early stage tumor.5 Recently, adjuvant che-
motherapy has been found to provide significant benefit 
for patients with more aggressive tumors. Systemic, locor-
egional, and targeted therapies are potential choices for 
patients with unresectable or metastatic disease. However, 
even after hepatectomy, the 5-year survival rate is only 
20–40%,6–8 mainly due to tumor recurrence and 
metastasis.5 Besides, preoperative biopsy is usually 
avoided and imaging examination could not find occult 
metastasis, which bring many challenges to the diagnosis 
and treatment.9 Meanwhile, there are limited options 
regarding systemic treatment for ICC, with combination 
chemotherapy regimens achieving limited responses so 
far.1,9 Recent randomized controlled trials found conflict-
ing results regarding the benefit of adjuvant 
chemotherapy.10 Although novel treatment targets have 
been identified in iCCA patients, including fibroblast 
growth factor receptor (FGFR) aberrations,11 there are 
still some obstacles to get over to adapt to clinical treat-
ment. Thus, identifying novel prognostic biomarkers is of 
great significance in predicting the survival of ICC 
patients, in order to provide timely and effective treatment 
options and to improve patient outcome.

Previous studies suggest that inflammation is signifi-
cant in hepatic pathological changes,12,13 and defective 
immunity is involved in the development of ICC.14 

Various inflammation-based prognostic biomarkers such 
as the platelet-to-lymphocyte ratio and neutrophil-to- 
lymphocyte ratio are reliable and sensitive biochemical 
biomarkers of poor prognosis of many cancers. In clinical 
practice, doctors usually use aspartate aminotransferase 
(AST), a liver enzyme, as a routine biochemical test for 
the diagnosis of various diseases including HCC and 
ICC.15 As we learned from previous studies, AST is 
a reliable and sensitive biochemical indicator of liver 
injury.16 Higher AST levels are associated with higher 
hepatitis B virus (HBV) influx, which is associated with 
lower overall survival in HCC patients. Many studies have 
demonstrated the correlation between high serum AST 
level and liver cancer mortality. Recently, ALRI was iden-
tified as an accurate prognostic indicator for patients with 

HCC after liver resection and transcatheter arterial 
chemoembolization.17,18

CA19-9 is the most commonly used and effective 
serum tumor biomarker for the diagnosis of biliary 
tract tumors and pancreatic malignant tumors.19 CA19- 
9 is usually synthesized by normal human pancreatic 
and bile duct cells, and epithelial cells of the stomach, 
colon, endometrium, and saliva. There is a small amount 
of CA19-9 in serum and it is overexpressed in several 
benign gastrointestinal diseases. Importantly, the plasma 
level of CA19-9 is significantly increased in neoplastic 
diseases.20

However, there were few reports that correlate these 
biomarkers and examine whether the combination of them 
would be more useful in the context of ICC prognosis. 
Thus, the aim of this study is to explore the prognostic 
significance of combining CA19-9 with ALRI in ICC 
patients with radical resection.

Materials and Methods
Study Population
This study was approved by the Ethics Committee of the 
West China Hospital, in accordance with the guidelines 
of the 1975 Declaration of Helsinki. The approval num-
ber of the Institutional Review Board (IRB) was 
No. 2019–22. All consecutive patients undergoing initial 
curative hepatic resection for ICC from January 2009 to 
September 2017 were considered for this retrospective 
study. Written informed consent was obtained from all 
eligible patients or their relatives. Patients were ran-
domly divided into two groups (derivation group and 
validation group). The inclusion criteria were: patients 
getting initial curative hepatic resection for ICC which 
was confirmed by preoperative imaging and post- 
operative pathology in our center, older than 18 years 
old, without other systemic diseases such as diabetes, 
hypertension, no previous medical history of other 
malignant tumor of liver or liver surgery. The exclusion 
criteria were: patients receiving radio-frequency abla-
tion, preoperative transcatheter arterial chemoemboliza-
tion, chemotherapy, or other anti-cancer treatment before 
hepatectomy, patients with extrahepatic metastasis, 
patients who underwent surgical resection for the rup-
ture of tumor, loss to follow-up within 1 month after 
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liver resection, and liver reserve function with a Child– 
Pugh grade B or C.

Definition and Calculation of CA19-9 and 
ALRI
Routine blood examination and liver function examination 
within 1 week before hepatectomy were reviewed and 
considered in this analysis. ALRI was calculated according 
to the following formula: AST value (IU/L)/lymphocyte 
count (109/L). The serum normal values for AST and 
CA19-9 were 0–40 IU/L and 0–22 U/mL, respectively. 
Receiver-operating characteristic (ROC) curves were 
applied to determine the optimal cutoff value as the 
Youden index attained maximum value. Taking 2 years 
of OS as an endpoint, the ROC curve showed that 
Youden index reached the maximum (0.2115) when 
ALRI was 16.1. CAC grade was divided into three levels 
from low to high degree. Patients with both low CA19-9 
grade (<22) and low ALRI grade (<16.1) were classified as 
CAC grade 1; those with both high CA19-9 grade and high 
ALRI grade were classified as CAC grade 3; the rest of the 
patients were classified as CAC grade 2.

Data Collection and Follow-Up
Diagnoses of ICC was confirmed by postoperative pathol-
ogy. According to the American Joint Commission on 
cancer (AJCC) 8th edition staging manual, tumor lymph 
node metastasis (TNM) staging was used. All clinico-
pathological data were obtained from electronic or hand-
written medical records, including demographic 
information, laboratory data, and tumor histological char-
acteristics. Among them, microvascular invasion (MVI) 
was defined as small vessel invasion diagnosed by 
histology.

The patients were followed up according to the 
national cancer comprehensive network (NCCN) gui-
dance. In the first year after surgery, physical examination, 
tumor biomarker examination, or contrast-enhanced CT 
scan were regularly reviewed every 3 months, and the 
time interval was then extended to 6 months from 
the second year. In addition, we followed patients who 
decided not to return to the hospital for reexamination by 
phone. Overall survival (OS) is defined as from hepatect-
omy to death, or in those who are alive, to the date of the 
last follow-up. Disease-free survival (DFS) was defined as 
the time from diagnosis to tumor recurrence or death. 

During a median follow-up of 18 months (1–115.4 
months), 317 patients (59.8%) died and 381 patients 
(71.9%) developed tumor recurrence. Two independent 
cohorts had comparable follow-up periods.

Statistical Analysis
GraphPad Prism (version 8.0, San Diego, CA), SPSS 
(version 23.0, Chicago, IL), and MedCalc (version 
15.2.2.0, Ostend, Belgium) were used to perform statis-
tical analyses. Receiver-operating characteristic (ROC) 
curves were applied to determine the optimal cut-off 
value as Youden index attained maximum value. Area 
under curves (AUC) were utilized to distinguish differ-
ent indexes’ performance in predictive accuracy of OS 
and DFS. The 2-year survival status was set as the 
discriminant. χ2 test or Fisher’s exact test were used to 
analyze categorical variables. Kaplan-Meier curves were 
plotted for derivation and validation cohorts. Cox pro-
portional hazards regression models (enter method) were 
adopted to identify potential independent prognostic fac-
tors for OS and DFS. Statistical significance was defined 
as P-values less than 0.05.

Results
Correlation Between CAC and 
Clinicopathological Features
Finally, 530 patients were randomly divided into 
a derivation group and validation group (265 cases in 
each group, shown in Figure 1). The demographic and 
clinicopathological characteristics are shown in Table 1. 
In the derivation cohort, the CAC grade was divided 
into three levels, with 35 (13.2%), 100 (37.7%), and 130 
(49.1%) patients divided into the CAC grade 1, 2, and 3, 
respectively. Table 2 summarizes the correlation 
between CAC grade and clinical features in the deriva-
tion cohort. The results showed that preoperative CAC 
grade was significantly related to tumor size, tumor 
number, node invasion, and TNM stages. However, 
there was no significant correlation between CAC and 
age, gender, HbsAg, hepatolithiasis, white blood count, 
neutrophils, hemoglobin, GGT levels, differentiation, 
MVI, perineural invasion, as well as liver cirrhosis. 
Correlation between CAC grade and clinical character-
istics in the validation cohort was summarized in 
Supplementary Table S1. As shown in this table, the 
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numbers of patients in three different CAC levels were 
29 (10.9%), 97 (36.6%), and 139 (52.5%). Except for 
the same association between the CAC grade and dif-
ferent indexes in the derivation cohort, it was observed 
that MVI was linked with the CAC grade (P=0.008).

Survival Analysis of Prognostic Variables 
in ICC Patients
A Kaplan-Meier analysis was performed to detect the corre-
lation between ALRI, CA19-9, and CAC grade with OS and 
DFS. Elevated ALRI, CA19-9, and CAC were significantly 
correlated to worse OS and DFS (Figure 2). A similar trend 
was also detected in the validation cohort (Figure 3). In the 
univariate Cox regression analysis of the derivation cohort, 
10 of 19 clinicopathological indexes were identified as 
potential factors affecting OS. Tumor number, differentia-
tion, node invasion, and CAC grade were characterized as 
independent risk factors for OS in a multivariate Cox regres-
sion model (Table 3). Tumor number, differentiation, peri-
neural invasion as well as CAC grade were identified are 
independent risk factors for DFS (Table 4). Seven and nine 
of the 19 characteristics were potential factors influencing 

OS and DFS in the validation cohort, respectively. Tumor 
number, node invasion, and CAC grade were independent 
risk factors for both OS and DFS (Supplementary Table S2 
and S3). AUC was plotted to exhibit the difference of pre-
dictive value between ALRI, CA19-9, and CAC grade. It 
was shown that CAC grade had the highest value of AUC 
(Figure 4), indicating that CAC grade, compared with the 
other two indicators, is a better biomarker in predicting OS 
and DFS. In addition, despite the specificity, CAC grade got 
the highest value in sensitivity and accuracy compared with 
the two other independent risk factors, showing that CAC 
grade might be a better choice to predict OS and DFS 
(Supplementary Table S4).

Discussion
Tumor recurrence or metastasis is the major factor that 
determines the prognosis of ICC after hepatectomy.5 Great 
efforts have been made to identify effective biomarkers for 
predicting the prognosis. Despite limited success, ICC 
prognosis still largely depends on routine pathology in 
the clinic. In this study, we examined whether CAC 
grade could be a reliable biomarker for ICC prognosis. 

Figure 1 The flow-chart of patient selection.
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To our best knowledge, this is the first large population 
study to assess the prognostic significance of CAC grade 
in ICC patients after hepatectomy.

Ample evidence has suggested that inflammation not 
only acts as one result of tumor formation, but also plays a 
central role in promoting tumor occurrence and 
development.21 In the systemic inflammatory response, 
lymphocytes along with other components of leukocytes 
play an important role.22–25 CD8+ cytotoxic T-cells lead to 
tumor elimination, while regulatory T cells inhibit immune 
responses.25 Overall, lymphocytes acted as a tumor sup-
pressor by promoting cytotoxic tumor cell death.26 

Numerous studies have demonstrated that tumor infiltrat-
ing lymphocytes (TILs) are important in the tumor 

microenvironment and they can be used as prognostic 
markers for a variety of tumors.23 Usually, the greater 
number of TILs in patients are correlated with better 
prognosis and lower recurrence rate.27 AST, a key enzyme 
in the amino acid metabolism pathway, is a reliable and 
sensitive biomarker of liver injury. The progress of liver 
diseases may be related to mitochondrial damage, which 
leads to the release of AST into the cytoplasm of 
hepatocytes.28 Consequently, AST usually increases dur-
ing tumor progression.

ALRI can reflect the damage of hepatocytes as well as the 
tumor burden and disease development.29 Preoperative ALRI 
can predict the low survival rate of liver cancer and it is 
negatively correlated with OS and DFS.30,31 However, ALRI 

Table 1 Baseline Characteristics of 530 ICC Patients Who Underwent Hepatectomy

Variables All Patients (n=530) Derivation Cohort (n=265) Validation Cohort (n=265) P-value

Age, <60/≥60 289/241 150/115 139/126 0.383

Gender, male/female 256/274 124/141 132/133 0.543

HBsAg, ± 153/377 78/187 75/190 0.774

Hepatolithiasis, ± 89/441 48/217 41/224 0.486

White blood count, median (IQR) 6.46 (5.28–7.72) 6.34 (5.18–7.72) 6.62 (5.41–7.75) 0.671

Neutrophils, median (IQR) 4.52 (3.22–5.38) 4.12 (3.13–5.36) 5.41 (4.12–6.63) 0.321

Hemoglobin, median (IQR) 134 (125–137) 132 (127–138) 130 (123–136) 0.712

GGT, median (IQR) 69 (33–145) 72 (30–167) 67 (36–125) 0.823

Tumor size, <5/≥5 226/304 118/147 108/177 0.506

Tumor number, single/multiple 373/157 194/71 179/86 0.183

Differentiation, well/moderate-poor 22/508 11/254 11/254 1.000

MVI, ± 54/476 28/237 26/239 0.886

Node invasion, ± 129/401 61/204 68/197 0.544

Perineural invasion, ± 80/450 33/232 47/218 0.114

Cirrhosis, ± 148/382 76/189 72/193 0.772

TNM stage, I–II/III 157/373 88/177 69/196 0.087

CA19-9, <22/≥22 150/380 78/187 72/193 0.630

ALRI grade, low/high 175/355 92/173 83/182 0.460

CAC grade, 1/2/3 64/197/269 35/100/130 29/97/139 0.385

Abbreviations: ICC, intrahepatic cholangiocarcinoma; GGT, gamma glutamyl transferase; MVI, microvascular invasion; CA19-9, carbohydrate antigen 19-9; TNM, tumor- 
node-metastasis; ALRI, aspartate aminotransferase-to-lymphocyte ratio; CAC, combine ALRI and CA19-9; IQR, interquartile range.
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has not been well studied in ICC. CA19-9, a tetrasaccharide 
carbohydrate called sialic Lewis A,32 is the most commonly 
used biomarker in the management of pancreatic cancer and 
ICC, but CA19-9 is also significantly increased in benign 
cholangiocarcinoma.33,34 Tracing levels of CA19-9 were 
found in salivary glands, prostate, pancreas, breast, stomach, 
bile duct, gallbladder, and bronchial epithelial cells of healthy 
adults.35 Although CA19-9 is low sensitive for early stage 
disease which limits its use for diagnosis, some studies have 
noted that higher preoperative CA19-9 values were associated 
with worse recurrence-free survival after surgical resection.36 

Non-normalization of CA19-9 level after curative resection of 
biliary tract cancer was found to be associated with worse 
OS.37 Meanwhile, the combination of carcinoembryonic anti-
gen (CEA) and CA 19-9 has an accuracy of 86% in diagnosing 
cholangiocarcinoma.38 Some investigators also found 

significantly higher CA19-9 levels in patients with unresect-
able cholangiocarcinomas.39

Previous studies have found that immunocytes deli-
ver the specific recognition molecules of cell surface 
glycans, such as sialic acid binding Ig-like lectins 
(siglecs).32 Cell surface polysaccharides also changed 
significantly in the process of malignant transformation, 
although the exact mechanism remains to be fully 
elucidated.40–43 When the immune homeostasis of the 
mucosa is destroyed, impaired glycosylation can 
enhance the production of inflammatory molecules.44 

A hypoxic microenvironment during tumor progression 
increases the transcription of glycosylation gene, includ-
ing CA19-9.45 Thus, we hypothesized that the state of 
systemic immune response may be better represented by 
a combination of biomarkers.

Table 2 Correlation Between CAC Grade and Clinicopathological Characteristics in the Derivation Cohort

Variables CAC Grade P-value

1 (n=35) 2 (n=100) 3 (n=130)

Age, <60/≥60 19/16 60/40 71/59 0.697

Gender, male/female 16/19 44/56 64/66 0.745

HBsAg, ± 9/26 29/71 40/90 0.870

Hepatolithiasis, ± 7/28 19/81 22/108 0.884

White blood count, median (IQR) 132 (124–138) 133 (129–135) 135 (125–141) 0.873

Neutrophils, median (IQR) 3.96 (3.14–5.09) 3.96 (2.92–5.06) 4.29 (3.37–5.88) 0.421

Hemoglobin, median (IQR) 6.35 (5.46–7.58) 6.34 (4.95–7.29) 6.15 (5.18–8.03) 0.526

GGT, median (IQR) 68 (25–126) 59 (26–116) 52 (36–152) 0.723

Tumor size, <5/≥5 22/13 50/50 56/74 0.001

Tumor number, single/multiple 31/4 82/18 81/49 0.001

Differentiation, well/moderate-poor 3/32 4/96 4/126 0.364

MVI, ± 2/33 13/87 13/117 0.467

Node invasion, ± 6/29 16/84 39/91 0.033

Perineural invasion, ± 2/33 10/90 21/109 0.165

Cirrhosis, ± 9/26 31/69 36/94 0.806

TNM stage, I–II/III 17/18 33/67 38/92 0.015

Abbreviations: ICC, intrahepatic cholangiocarcinoma; GGT, gamma glutamyl transferase; MVI, microvascular invasion; CA19-9, carbohydrate antigen 19-9; TNM, tumor- 
node-metastasis; ALRI, aspartate aminotransferase-to-lymphocyte ratio; CAC, combine ALRI and CA19-9; IQR, interquartile range.
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Figure 2 Kaplan-Meier curves for DFS and OS stratified by ALRI (A and D), CA19-9 (B and E), and CAC grade (C and F) in the derivation cohort.
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Figure 3 Kaplan-Meier curves for DFS and OS stratified by ALRI (A and D), CA19-9 (B and E), and CAC grade (C and F) in the validation cohort.
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Our study demonstrated that a high preoperative CAC 
grade was an independent risk factor of OS and DFS in 
ICC patients who underwent surgery. It is worth noting 
that inflammation and immune response might change 
after tumor resection, which may lead to a different 
prognosis.

Among all treatments, hepatectomy remains the main 
option for the ICC patients, but its resectability and cur-
ability remain low.46 Previous studies have shown that the 
prognosis of surgery could be evaluated by some biochem-
ical indexes, for example, albumin and total bilirubin 
levels can be used to predict the risk of postoperative 
hepatic failure, and preoperative serum albumin <3 g/dL 

and bilirubin >10 mg/dL often indicate poor prognosis of 
ICC patients.47 Similarly, the CAC grade could be calcu-
lated from the results of blood examination, which are 
available and convenient for clinical workers to take opti-
mal therapeutic regime targeting different patients. For 
patients with unresectable ICC, radiation therapy and che-
motherapy would be adopted.1 However, the value of 
biomarkers’ changes in the process of these 
treatments need to be further studied.

Furthermore, genomic studies have paved the way 
towards the identification of a large number of targets, 
and the most promising therapeutic options for ICC origi-
nate from targeted therapies.48,49 In the current landscape 

Table 3 Cox Regression Analysis for OS of ICC Patients in the Derivation Cohort

Variables Univariate Multivariate

HR 95% CI P HR 95% CI P

Age, ≥60/<60 0.999 0.986–1.013 0.884

Gender, female/male 0.931 0.696–1.245 0.631

HBsAg, ± 1.283 0.945–1.744 0.111 1.286 0.908–1.822 0.157

Hepatolithiasis, ± 1.211 0.850–1.725 0.289

White blood count 1.163 0.895–1.222 0341

Neutrophils 1.160 0.982–1.224 0.524

Hemoglobin 0.926 0.782–1.182 0.762

GGT 1.042 0.982–1.052 0.425

Tumor size, ≥5/<5 1.403 1.048–1.877 0.023 1.246 0.918–1.691 0.158

Tumor number, multiple/single 1.718 1.258–2.346 0.001 1.717 1.240–2.376 0.001

Differentiation, moderate-poor/well 7.248 1.797–29.235 0.005 4.859 1.177–19.981 0.029

MVI, ± 1.621 1.044–2.517 0.032 1.257 0.796–1.987 0.327

Node invasion, ± 2.524 1.835–3.472 <0.001 2.087 1.464–2.973 <0.001

Perineural invasion, ± 1.643 1.075–2.511 0.022 1.672 1.046–2.671 0.032

Cirrhosis, ± 0.767 0.563–1.046 0.094 0.724 0.511–1.025 0.069

TNM stage, III/I–II 1.378 1.007–1.887 0.045 1.059 0.747–1.503 0.747

CA19-9, ≥22/<22 2.083 1.463–2.967 <0.001

ALRI grade, high/low 1.894 1.371–2.617 <0.001

CAC grade 1.868 1.485–2.350 <0.001 1.716 1.355–2.172 <0.001

Abbreviations: ICC, intrahepatic cholangiocarcinoma; GGT, gamma glutamyl transferase; MVI, microvascular invasion; CA19-9, carbohydrate antigen 19-9; TNM, tumor- 
node-metastasis; ALRI, aspartate aminotransferase-to-lymphocyte ratio; CAC, combine ALRI and CA19-9; OS, overall survival.
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of medical oncology, the identification of specific biomar-
kers which could have prognostic value represents one of 
the critical challenges.49 Owing to the accessibility of 
CAC grade, more studies could be taken to find out the 
value of tumor markers and biochemical indexes predic-
tive of response to ICC patients getting systemic therapies.

Several limitations did exist in this study. First, this 
was a single institution retrospective study limited to an 
Asian population with a small sample size. Large-scale, 
multicenter prospective studies should be conducted to 
test and validate our results. Second, our report did not 
provide certain clinicopathological characteristics, such as 
portal hypertension and cavernous transformation of the 
portal vein. Moreover, other tumor biomarkers, such as 
CEA and bilirubin levels, were not evaluated. In addition, 

due to ward bed shortage, we were not able to perform 
surgery timely to all ICC patients with surgical indica-
tions, so the referral bias could exist. Finally, the gui-
dance of the biomarkers to clinical immunotherapy still 
needs to be explored, and subgroup-analysis should be 
taken to clarify.

In conclusion, this study analyzed the serum inflamma-
tory index and tumor biomarkers in patients with ICC 
underwent radical resection and demonstrated the value 
of preoperative CAC grade as a prognostic factor. 
Patients with elevated CAC levels were associated with 
worse long-term survival outcomes. CAC grade is an 
independent risk factor for OS and DFS in patients with 
ICC after hepatectomy. In the future, CAC could help to 
stratify patients with ICC and guide treatment strategies.

Table 4 Cox Regression Analysis for DFS of ICC Patients in the Derivation Cohort

Variables Univariate Multivariate

HR 95% CI P HR 95% CI P

Age, ≥60/<60 0.998 0.985–1.011 0.777

Gender, female/male 0.976 0.739–1.290 0.865

HBsAg, ± 1.359 1.012–1.826 0.042 1.367 0.978–1.912 0.067

Hepatolithiasis, ± 1.042 0.735–1.479 0.816

White blood count 1.151 0.964–1.213 0.721

Neutrophils 1.145 0.965–1.210 0.311

Hemoglobin 0.972 0.912–1.124 0.572

GGT 1.021 0.972–1.176 0.325

Tumor size, ≥5/<5 1.390 1.052–1.837 0.021 1.212 0.906–1.621 0.195

Tumor number, multiple/single 1.961 1.453–2.646 <0.001 1.802 1.314–2.472 <0.001

Differentiation, moderate-poor/well 5.858 1.870–18.354 0.002 4.523 1.314–14.505 0.011

MVI, ± 1.735 1.138–2.644 0.010 1.331 0.937–1.891 0.111

Node invasion, ± 1.821 1.331–2.490 <0.001 1.246 0.794–1.955 0.339

Perineural invasion, ± 1.702 1.140–2.543 0.009 2.036 1.302–3.183 0.002

Cirrhosis, ± 0.800 0.593–1.080 0.145 0.781 0.557–1.095 0.152

TNM stage, III/I–II 1.320 0.979–1.781 0.069 1.059 0.759–1.476 0.736

CA19-9, ≥22/<22 1.520 1.104–2.092 0.010

ALRI grade, high/low 1.836 1.356–2.485 <0.001

CAC grade 1.587 1.288–1.956 <0.001 1.499 1.209–1.858 <0.001

Abbreviations: ICC, intrahepatic cholangiocarcinoma; GGT, gamma glutamyl transferase; MVI, microvascular invasion; CA19-9, carbohydrate antigen 19–9; TNM, tumor- 
node-metastasis; ALRI, aspartate aminotransferase-to-lymphocyte ratio; CAC, combine ALRI and CA19-9; DFS, disease-free survival.
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