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Purpose: The aims of our study were to investigate the prognostic impact of the rate of

preoperative serum carbohydrate antigen 19-9/bilirubin (CA19-9/BR) on patients with extra-

hepatic bile duct cancer.

Patients and Methods: We collected clinical data from 89 patients who underwent surgery

for extrahepatic cholangiocarcinoma (ECC) at Peking Union Medical College Hospital

between January 2012 and December 2017. The Kaplan–Meier analysis for univariate

analysis and the Cox proportional hazards models for multivariate analysis were used to

determine possible independent prognostic factors.

Results: CA19-9/BR was classified as elevated compared with normal based on the upper

serum normal values of CA19-9 (37 U/mL) and bilirubin (1.5 mg/dL), which gives a cut-off

at 25 U/mL/mg/dL. Univariate analysis showed that the overall survival of patients with

a high CA19-9/BR ratio was significantly worse compared with patients with a low CA19-9/

BR ratio (Hazard Ratio [HR] 2.149; 95% Confidence Interval [95% CI] 1.027–4.495;

P=0.042). Multivariate analysis revealed that a high CA19-9/BR ratio (HR 3.250; 95% CI

1.165–9.067; P=0.024), low differentiation (HR 3.551; 95% CI 1.231–10.244; P=0.019), and

positive margin (HR 2.555; 95% CI 1.111–5.875; P=0.027) remained independent prognostic

factors after adjusting for age at diagnosis, maximal diameters, and other possible factors.

Conclusion: The preoperative CA19-9/BR ratio is a good prognostic factor in predicting

survival in ECC patients and closer follow-up is recommended in patients with a higher

CA19-9/BR ratio before surgery.

Keywords: prognosis, preoperative bilirubin-adjusted carbohydrate antigen 19-9,

extrahepatic cholangiocarcinoma

Introduction
Cholangiocarcinoma is a common malignant tumor, with an incidence that has con-

tinued to rise over the past 40 years.1,2 China has a high incidence of cholangiocarci-

noma, which is far higher than that in Europe and the United States.3

Cholangiocarcinoma is divided into intrahepatic cholangiocarcinoma and extrahepatic

cholangiocarcinoma (ECC). Surgical resection is the first consideration for the treat-

ment of both types of cholangiocarcinoma.4 The surgical procedure for ECC can be

grouped based on the location,5 as follows: the different conditions of the patients,

radiotherapy, chemotherapy, target therapy, and immunotherapy for treatment.
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However, the prognosis for ECC patients may still be differ-

ent, and the factor that determines the prognoses of patients

with cholangiocarcinoma is of concern to researchers. TNM

staging is the most common prognostic evaluation system.6

However, in practice, clinicians often find that there is

a difference in the prognosis of patients with the same

stage. The reason for this may be that in addition to tumor

size, lymph node metastasis, and distant metastasis, there are

more factors affecting the patient’s prognosis. Finding inde-

pendent factors that have predictive value for the prognosis

of cancer patients has generated research interest.

The increase in tumor markers can indicate the occur-

rence of tumors. Among many tumor markers in past studies,

carbohydrate antigen 19–9 (CA19-9) is considered to have

a strong correlation with cholangiocarcinoma.7 However, the

simple increase in tumor indicators is not enough to diagnose

cholangiocarcinoma.8 For example, the increase of CA19-9

can also be seen in conditions such as pancreatic cancer,9

chronic pancreatitis, cholelithiasis,10 and cholangitis.11 The

rise in CA19-9 in these diseases is a result of obstruction

causing the CA19-9 secreted by the normal bile duct, or

pancreatic epithelium, flow into the bloodstream.10

Therefore, researchers used the total bilirubin level to cali-

brate CA19-9, which can rule out the effect of obstructive

biliary disease on the increase of CA19-9. Bilirubin-adjusted

CA 19–9 was considered to be an emerging tumor prognostic

indicator in pancreatic cancer.12,13

However, there are few studies about bilirubin-adjusted

CA 19–9 in patients with ECC. Therefore, the aim of this

study was to estimate whether the factor CA19-9 that was

calibrated using total bilirubin is a good predictor of ECC

patient prognosis.

Materials and Methods
Patients
We retrospectively reviewed data from patients who were

diagnosed with ECC after surgery at Peking Union Medical

College Hospital (PUMCH) between 2012 and 2017. The

inclusion criteria were as follows: 1) Open cholangiocarci-

noma radical surgery excision; 2) postoperative pathology-

confirmed cholangiocarcinoma; and 3) cholangiocarcinoma

location is extrahepatic. Exclusion criteria were as follows: 1)

Postoperative pathological type miscellaneous; 2) other

malignant tumors; and/or 3) death resulting from postopera-

tive complications of other serious diseases. There were 109

patients enrolled under these criteria, but only 89 of them had

a serum CA19-9 test before surgery. Patients were followed-

up every 3 months in the first year after surgery and every

6 months after the first year as outpatients. Telephone calls

were performed in April 2019 for all patients.

Measurement
Measurements made in this study are described below. Basic

information included age at diagnosis, sex, symptoms before

operation (fever), and presence of diabetes mellitus.

Laboratory indicators were preoperative CA19-9 and total

bilirubin before percutaneous transhepatic cholangial drai-

nage. These laboratory investigations were performed using

an automation assembly line (Beckmancoulter, Brea, Florida,

USA). Pathological information was as follows: tumor size,

tumor node metastasis (TNM) stage in accordance with the

7th TNM classification system of the American Joint

Committee on Cancer, vascular invasion, neurological inva-

sion, and margin (negative or positive).

Follow-up information was the overall survival (OS) dura-

tion, which was defined as the time from the date of primary

surgery until that of death or the last follow-up. Additionally,

the following calculated indicator was determined: CA19-9/

BR was classified as elevated (>25 U/mL/mg/dL) or normal

(<25 U/mL/mg/dL) based on the upper serum normal values

of CA19-9 (37 U/mL) and bilirubin (1.5 mg/dL), resulting in

a cut-off value of 25 U/mL/mg/dL.

Statistical Analysis
Categorical variables were compared using the χ2 test or

Fisher’s exact test. Continuous variables were compared

using the t-test or Mann–Whitney U-test for variables with

an abnormal distribution. The unadjusted associations of

variables with OS were assessed using Kaplan–Meier analy-

sis and log-rank test. The adjusted associations between

variables and OS were assessed using the Cox proportional

hazard regression models. Covariates meeting the signifi-

cance level of P≤0.10 or with clinical significance were

included in multivariable models, and a backward elimina-

tion strategy was used to exclude uncorrelated or redundant

predictors (P>0.05). Statistical analysis was performed using

SPSS 22.0 (IBM, Amok, New York, USA) and GraphPad

Prism version 7.00 (GraphPad Software, San Diego,

California, USA). P<0.05 was considered to be significant.

Results
Patients’ Clinicopathological Characteristics
Among the 89 patients (61 male and 28 females), the mean

age at diagnosis was 60.6±7.8 years between 2012 to
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2019. All of the patients underwent open cholangiocarci-

noma radical surgery excision and extrahepatic bile ductal

adenocarcinoma was confirmed by pathological results.

Patients with a high CA 19-9/bilirubin (CA19-9/BR)

ratio and a low CA19-9/BR ratio did not show significant

differences in age, gender, fever before operation, diabetes

mellitus, and pathological results such as TNM stage,

maximal tumor diameter, surgical margins, presence of

lymph node metastasis, nerve invasion, and vascular inva-

sion. None of the patients had metastatic disease (Table 1).

There were 72 (80.9%) patients with elevated CA19-9 and

68 (76.4%) patients with elevated bilirubin. CA 19–9 was

significantly correlated with OS (r=0.246, P=0.036).

The median survival time was 18 months for all patients

and 21 and 16.5 months for patients with a low and a high

CA19-9/BR ratio, respectively. The cumulative 1-year sur-

vival rates were 81.1% and 73.0% in these two groups.

Influence of CA19-9/BR Ratio on Survival
Univariate analysis based on the Kaplan–Meier curves was

shown in Figure 1. OS of the patients with high CA19-9/BR

ratio was significantly worse compared with patients with

low CA19-9/BR ratio (Hazard Ratio [HR] 2.149; 95%

Confidence Interval [95% CI] 1.027–4.495; P=0.042).

Male sex (HR 3.822; 95% CI 1.470–9.934; P=0.006), low

differentiation (HR 2.652; 95% CI 1.318–5.336; P=0.006),

and positive margin (HR 2.686; 95% CI 1.332–5.415;

P=0.006) also showed significant value for prognosis in

OS for our patients. Other variables are shown in Table 2.

Multivariate analysis for the predictors of survival

revealed that a high CA19-9/BR ratio (HR 3.250; 95% CI

1.165–9.067; P=0.024), low differentiation (HR 3.551; 95%

CI 1.231–10.244; P=0.019), and positive margin (HR 2.555;

95% CI 1.111–5.875; P=0.027) remained independent prog-

nostic factors after adjusting for age at diagnosis, maximal

diameters, and other possible factors. Male sex lost its inde-

pendence (Table 3).

Discussion
ECC is a malignant tumor with a poor prognosis, and the

associated 5-year OS is currently limited to 13–54%.14–16 In

addition to prognostic factors that are associated with ECC

that were shown in several studies,17,18 some studies iden-

tified CA19-9 as a predicting prognosis factor for cancer.

CA19-9 was initially widely studied as having prog-

nostic value in tumors, such as in pancreatic cancer.19

Recently, an increasing number of studies showed the

association between CA19-9 and cholangiocarcinoma.

Kondo et al identified preoperative CA19-9 ≥200 IU/mL

as an independent prognostic factor for poor OS in resect-

able cholangiocarcinoma.20 Kato et al and Yamashita et al

found that non-normalization of CA19-9 after biliary tract

cancer surgery was associated with poor OS.21,22 Wang

et al investigated the outcome of resectable hilar cholan-

giocarcinoma patients and showed the predictive value of

serum CA19-9.23 Bolm et al identified preoperative bilir-

ubin-adjusted CA19-9 as a good predictive factor for distal

cholangiocarcinoma in Western patients.13 Most of their

samples were mixed ECC with intrahepatic cholangiocar-

cinoma and gallbladder cancer. Moreover, most of them

evaluated the prognostic value of serum CA19-9 instead of

Table 1 Demographic and Patient Characteristic in the Entire

Cohort (Na=89)

Variable CA19-9/ BRb

>25

CA19-9/ BR

<25

P valuec

(n=47) (n=42)

Age/years

mean (±SDd)

61.72 (±8.32) 59.33 (±7.07) 0.150

Maximum

diameters/cm

1.95 (±1.13) 1.68 (±0.67) 0.198

Gender Male 36 25 0.133

Female 11 17

Fever No 4 0 0.155

Yes 43 42

Diabetes mellitus No 35 38 0.092

Yes 12 4

Differentiation Well 33 26 0.546

Poor 14 16

T stage T1 or

T2

24 21 0.920

T 3 or

T4

23 21

N stage 0 34 33 0.664

1 13 9

M stage 0 47 42 -

1 0 0

Positive margin Negative 33 31 0.888

Positive 14 11

Nerve invasion No 29 22 0.501

Yes 18 20

Angioma embolus No 41 36 0.834

Yes 6 6

Notes: an, numbers. bCA19-9/BR, Carbohydrate antigen 19-9/bilirubin. cP value

<0.05, significant. dSD, standard deviation.
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bilirubin-adjusted CA19-9. The identification of adjusted

preoperative markers might be more precise to establish

and optimize therapeutic strategies for ECC.

Thus, in the present study, we retrospectively analyzed

89 patients with ECC and investigated the influence of

bilirubin-adjusted CA19-9 on the prognosis of patients

Figure 1 Overall survival of extrahepatic cholangiocarcinoma patients among different CA19-9/BR groups. Compared with extrahepatic cholangiocarcinoma patients with

a CA19-9/BR ratio <25 U/mL/mg/dL preoperatively, patients with preoperative a CA19-9/BR ratio >25 U/mL/mg/dL had significantly worse overall survival [Hazard Ratio

(HR) 2.149; 95% Confidence Interval (95% CI) 1.027–4.495; P=0.042]. CA19-9/BR, carbohydrate antigen 19-9/bilirubin.

Table 2 Univariable Analysis of Cox Regression Analysis of Clinicopathological Factors Associated with Survival

Variable Univariable Analysis

P valuea HRb 95% CIc

Gender Female

Male 0.006 3.822 1.470–9.934

Fever No

Yes 0.729 1.235 0.375–4.073

Diabetes mellitus No

Yes 0.465 1.392 0.573–3.382

CA19-9/BRd <25

>25 0.042 2.149 1.027–4.495

Differentiation Well

Poor 0.006 2.652 1.318–5.336

T stage T1/2

T 3/4 0.445 1.308 0.657–2.601

N stage 0

1 0.328 1.436 0.695–2.965

Positive margin Negative

Positive 0.006 2.686 1.332–5.415

Nerve invasion No

Yes 0.361 1.415 0.672–2.979

Angioma embolus No

Yes 0.194 2.585 0.617–10.826

Age 0.095 1.033 0.994–1.074

Maximal diameter 0.096 1.289 0.956–1.738

Notes: aP value <0.05, significant. bHR, Hazard Ratio. c95% CI, 95% Confidence Interval. dCA19-9/BR, Carbohydrate antigen 19-9/bilirubin.
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with ECC. CA19-9 is a tumor-associated antigen which is

produced by bile duct epithelium. Thus, biliary obstruction

has been suggested to stimulate CA19-9 secretion from

biliary ductal epithelial cells.24 Bile acid has also been

suggested to induce cyclooxygenase-2 (COX-2) expres-

sion, which might induce cholangiocarcinoma genesis and

progression.25,26 Considering the influence of tumor cells

and cholestasis on CA19-9, the CA19-9/BR ratio has been

suggested to increase the specificity of serum CA19-9.12

Herein, the preoperative CA19-9/BR ratio could indepen-

dently predict the survival of ECC patients and serve as

a predictive marker. In our study, a high preoperative serum

CA19-9/BR ratio was a negative independent prognostic

factor for ECC. Thus, we found a preoperative predictive

factor that can predict the long-term survival in ECC

patients. It is recommended that patients with a high

CA19-9/BR ratio should follow-up at clinics more fre-

quently after surgery and pay more attention to their health.

Our results also demonstrated the prognostic effect of

the positive margin. At the microscopic level, ECC often

shows extensive spreading, which makes it difficult to

achieve a negative surgical margin in ECC patients.

Negative margin resection rates range from 46 to

100%.15 A negative surgical margin is known to be neces-

sary for carcinoma because a positive margin might indi-

cate the postoperative growth and spread of a tumor.27,28

The present study showed that the tumor-free surgical

margin will improve the prognosis in ECC patients, and

it also reminds us to pay more attention to the tumor

margin in ECC patients during surgery.

Sex was another prognostic factor in our study although

it lost its independence in the multivariate analysis. In

a population-based study, Mosadeghi observed a higher

incidence of ECC among men than among women.29

Similarly, sex has been identified as a prognostic factor in

many malignant tumors, such as papillary thyroid cancer,

lung cancer, oropharyngeal and non-oropharyngeal head

and neck squamous cell cancer, and gastrointestinal

cancer.30–33 The reasons for sex disparities in survival out-

comes are unknown. Men often smoke, drink alcohol, and

eat more than women do, and these different lifestyle

choices may result in different cancer risks.33 The prognos-

tic value of sex in ECC patients requires more research.

We found that the degree of tumor differentiation in

patients with ECC is an independent risk factor. Generally,

a tumor with a low degree of differentiation means that the

difference between tumor tissue and normal tissue is lar-

ger, and the tumor cells have higher growth abilities.34,35

In our patients, there was no evidence of postoperative

follow-up evidence of tumor enlargement and tumor

metastasis. Studies have shown that for patients with low

degree of differentiation after surgery, we should remind

patients to undergo postoperative radiotherapy and che-

motherapy to prolong the survival cycle.36 Additionally,

patients are reminded to attend the hospital for regular

examinations. It is also important to measure computed

Table 3 Multivariable Analysis of Cox Regression Analysis Results for Clinicopathological Factors That are Associated

with Survival

Variable P valuea Multivariable Analysis 95% CIc

HRb

Age 0.051 0.943 0.890–1.000

Gender Female

Male 0.062 2.903 0.947–8.901

CA19-9/BRd <25

>25 0.024 3.250 1.165–9.067

Differentiation Well

Poor 0.019 3.551 1.231–10.244

Margin Negative

Positive 0.027 2.555 1.111–5.875

Maximal diameter 0.419 1.228 0.745–2.025

Notes: aP value <0.05, significant. bHR, Hazard Ratio. c95% CI, 95% Confidence Interval. dCA19-9/BR, carbohydrate antigen 19-9/bilirubin.

Abbreviations: CA19-9/BR, carbohydrate antigen 19-9/bilirubin; ECC, extrahepatic cholangiocarcinoma; HR, Hazard Ratio; 95% CI, 95% Confidence

Interval; TNM, tumor node metastasis; OS, overall survival.
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tomography (CT) or positron emission tomography (PET)

imaging examinations and serum tumor indicators.

Our study investigated the prognostic value of CA19-9/

BR ratio in a single center in China and verified a predictive

factor that might predict the survival before surgery and help

formulate therapeutic strategy. Adjusting CA19-9 using bilir-

ubin made it more believable. This is the first study in China

that investigated the CA19-9/BR in ECC patients and we

showed its predictive value. We hope that it can be applied

clinically and it may be able to address patients’ doubts about

their outcomes and prognosis in the future.

There are several limitations to this study. It was

a retrospective study design and it was conducted at a single

center. Thus, care should be taken when generalizing the

results and conclusions of our research to the whole country.

However, the single-center study made our patients more

generous in peri-operative care and operative level. In future,

a multicenter study should be conducted to verify our results.

Conclusion
A high CA19-9/BR ratio, low differentiation, and positive

margin remained independent prognostic factors for ECC

after adjusting for age at diagnosis, maximal diameters, and

other possible factors. Thus, we retrospectively found that

the preoperative CA19-9/BR ratio is a good prognostic

factor for predicting survival in ECC patients and closer

follow-up is recommended in patients with a higher CA19-

9/BR ratio before surgery.
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