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Abstract

Purpose: To retrospectively review the ability of direct bilirubin serum level to predict mortality 

and complications in patients undergoing transarterial chemoembolization (TACE) for 

hepatocellular carcinoma (HCC) and compare it to the predictive value of the currently utilized 

total bilirubin serum level.

Materials and methods: A total of 219 patients who underwent TACE for 353 hepatocelluar 

carcinomas (HCC) at a single institution were included. There were 165 men and 54 women, with 

a mean age of 61.4 ± 7.6 (SD) [range: 27–86 years]. The patients’ electronic medical records were 

evaluated and they were divided into cohorts based on total bilirubin (< 2, 2–3, and > 3 mg/dL) as 

well as direct bilirubin (< 1 and 1–2 mg/dL).

Results: Direct bilirubin serum level was significantly greater in the cohort of patients who did 

not survive as compared to those who survived 6 months ([0.58 ± 0.46 (SD) mg/dL; range: < 0.1–

1.8 mg/dL] vs. [0.40 ± 0.31 (SD) mg/dL; range: < 0.1–1.6 mg/dL], respectively) (P = 0.04) and 12 

months ([0.49 ± 0.38 (SD) mg/dL; range: < 0.1–1.8 mg/dL] vs. [0.38 ± 0.32 (SD) mg/dL; range: < 

0.1–1.6 mg/dL], respectively) (P = 0.03). While total bilirubin serum level was not significantly 

different in those who did not and did survive 6 months ([1.54 ± 0.99 (SD) mg/dL; range: 0.3–3.9 

mg/dL] vs. [1.27 ± 0.70 (SD) mg/dL; range: 0.3–3.75 mg/dL], respectively) (P = 0.16), it was 

significantly different when evaluating 12 months survival ([1.46 ± 0.87 (SD) mg/dL; range: 0.3–

3.9 mg/dL] vs. [1.22 ± 0.65 (SD) mg/dL; range: 0.3–3.9 mg/dL]) (P = 0.03). Akaike information 

criterion (AIC) analysis revealed that direct bilirubin level more accurately predicted overall 

survival (AIC = 941.19 vs. 1000.51) and complications (AIC = 352.22 vs. 357.42) than total 

bilirubin serum levels.
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Conclusion: Direct bilirubin serum level appears to outperform total bilirubin concentration for 

predicting complications and overall survival in patients undergoing TACE. Patients with relatively 

maintained direct bilirubin levels should be considered for TACE, particularly in the setting of 

bridging to transplant.
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Transarterial chemoembolization (TACE) is a mainstay of loco-regional therapy in patients 

with hepatocellular carcinoma (HCC) who cannot undergo thermal ablation or surgical 

resection and has been shown to provide a survival benefit in large randomized controlled 

trials [1,2]. One factor to consider when evaluating patients for TACE is baseline liver 

function, most commonly reflected by total bilirubin serum level. Prior studies have found 

that an elevated total bilirubin serum level is predictive of both complications and poorer 

survival in patients undergoing TACE for HCC [3–10]. This has led the national 

comprehensive cancer network (NCCN) to recommend not performing TACE in patients 

with a total bilirubin serum level > 3 mg/dL [11].

Patients who are not considered candidates for TACE have limited treatment options. They 

may receive systemic therapy, however even if deemed a candidate for such treatments, these 

agents have shown modest survival benefits in advanced HCC [12,13]. Many of these 

patients remain listed for liver transplantation, and as such would be candidates for curative 

therapy, if they could be downsized or maintained within Milan criteria through bridging 

with TACE [14–17].

Given the limited treatment options for patients in this demographic, several authors have 

treated high-risk patients (i.e., those with a total bilirubin serum level > 3 mg/dL) with 

TACE, and discovered that in some instances this can be done safely [18–21]. One possible 

explanation for the discrepancy in results when treating patients with HCC and elevated total 

bilirubin serum levels with TACE may relate to technique, with superselective therapies 

providing improved outcomes [22]. However, improving the ability to determine patients’ 

hepatic reserve is also of importance.

Total bilirubin consists of two different subgroups (i.e., direct and indirect bilirubin). Direct, 

or conjugated bilirubin, represents the bilirubin that has undergone conjugation with 

glucuronic acid by the enzyme glucuronyltransferase within the liver. As such, the direct 

bilirubin has already been metabolized by the liver and made water soluble while 

unconjugated or indirect bilirubin has not. Unconjugated bilirubin may reflect Gilbert 

syndrome or hemolysis and have little to do with hepatic reserve. At times in cirrhosis, the 

unconjugated or indirect bilirubin is initially elevated and as the disease progresses direct or 

conjugated bilirubin elevates [23]. Thus, it is reasonable to assume that those patients with 

an elevated total bilirubin concentration but a relatively normal direct bilirubin maintain 

greater hepatic reserve than those with an elevated direct bilirubin concentration. Therefore, 

those with relatively normal direct bilirubin but an elevated total bilirubin concentration may 

have sufficient reserve to safely tolerate TACE. This would have the potential to provide 
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significant improvement in patient selection for TACE, particularly in the setting of bridging 

to transplant.

The goal of this retrospective review was to evaluate the ability of direct bilirubin serum 

level to predict mortality and complications in patients who undergo TACE for HCC, and 

compare it to the predictive value of the currently utilized total bilirubin serum level.

Materials and methods

Patients

After Institutional Review Board approval, all patients who underwent TACE for HCC 

between 1/1/2011 and 12/31/2016 at a single institution were reviewed. A total of 255 

consecutive patients received TACE for the treatment of 404 HCCs. However, 36 patients 

who underwent treatment of 51 lesions were excluded because they were lost to follow up 

(32 patients), had insufficient available data (3 patients), or were under the age of 18 (1 

patient) (Fig. 1).

The final study population included 219 patients who underwent TACE for the treatment of 

353 HCCs. There were 165 (165/219; 74.9%) men and 54 (54/219; 25.1%) women with a 

mean age of 61.4 7.6 (SD) years [range: 27–86 years]. A total of 71 TACEs (71/353; 20.1%) 

were performed with drug eluting beads (DEB-TACE) and 282 (282/353; 79.9%) were 

performed with classic TACE (cTACE). One and six patients respectively did not have total 

or direct bilirubin serum level value available for review respectively and were therefore 

excluded from those portions of the analysis. Demographic data for the patients are Table 1.

TACE procedure

The TACE procedure has been previously described [24,25], however, in brief percutaneous 

arterial access was gained through the common femoral artery under ultrasound guidance. 

The celiac artery was then catheterized utilizing a 5-French (Fr) base catheter, most 

commonly a Cobra 2 (Terumo), and a microcatheter, most commonly a 2.8-Fr Pregreat® 

(Terumo), was utilized to gain more peripheral access into the liver. The preforming 

physician attempted to treat the lesion in as selective a manor as possible and cone beam CT 

was utilized at the operators’ discretion. Utilization of cTACE or DEB-TACE was at the 

operators’ preference. In the setting of cTACE 50 mg of doxorubicin and 10 mg of 

mitomycin C was mixed with ethiodized oil (Lipiodol®, Guerbet) at a 1:2 ratio. The 

chemotherapeutic agent was followed by particle embolization, most commonly 100–300 

µm Embosphere® (Merit Medical), with a target embolization endpoint of complete or near 

stasis. In the setting of DEB-TACE, two vials of drug eluting beads (LC beads, Boston 

Scientific) were loaded with 50 mg of doxorubicin each. Each vial of beads was diluted in 

10 cc of normal saline and 10 cc of contrast. For DEB-TACE the embolization endpoint was 

near stasis.

Data collection

The electronic medical records were reviewed for demographic data, including gender, age, 

and cause of cirrhosis. Preprocedural laboratory values such as creatinine serum level (CR), 
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international normalized ratio (INR), total bilirubin serum level, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and albumin were recorded, as was the model for 

endstage liver disease (MELD) score. Tumoral factors were also evaluated including size of 

lesion and number of TACE treatments required. The selectivity of TACE performed was 

also evaluated and divided into 4 categories, segmental (delivery to less than a Couinaud 

section), sectional (delivery to 1 entire section), greater than sectional but less than hemiliver 

(delivery to > 1 section but less than a hemiliver), and hemiliver. Finally, the type of TACE 

(DEB-TACE or cTACE) was recorded.

Radiologic response was evaluated utilizing the European Association for the Study of the 

Liver (EASL) criteria [26]. Overall survival (OS) was calculated and considered to be the 

survival from the date of TACE until death and was censored for transplantation. Time to 

progression (TTP) was evaluated and considered to be time from TACE to progression as 

defined by EASL. Overall radiologic response (ORR) was considered to be positive if 

patients had a partial or complete response by EASL criteria. Radiologic response was 

evaluated after initial TACE as well as after maximal response following multiple TACE 

treatments when applicable. TACE was performed per the on demand model. Complications 

were reviewed and recorded. To further determine complication profiles, ratio of total 

bilirubin, AST, and ALT were calculated at 1 day and 1 month by dividing the values at 

these post-procedural time points by the pretreatment values. Change in total bilirubin, AST, 

and ALT were also evaluated at one month by subtracting the pretreatment values from the 

one-month post-treatment values. Complication grades for non-laboratory events were 

defined per the Society of Interventional Radiology reporting standards [27], biological 

value escalations at 1 day and 1 month were graded based on the National Cancer Institute 

(NCI) Common Toxicity Criteria for Adverse Events (CTCAE) version 4.0 [28].

Statistical analysis

For analysis patients were divided into total bilirubin serum levels chosen a priori: < 2, 2–3, 

and > 3 mg/dL as well as direct bilirubin < 1 and 1–2 mg/dL. Two-sample t-tests, one-way 

ANOVAs, and Fisher exact tests were utilized as appropriate. The continuous total and direct 

bilirubin values were used for the prediction portion of the analysis. A multinomial model 

utilizing Akaike Information Criterion (AIC) was utilized to determine whether direct or 

total bilirubin better predicted whether or not a subject had any complications at 1 month. To 

determine which measure was a better predictor for time to progression and overall survival, 

AIC was calculated from the Cox regression models. Linear regression models using root 

mean squared error (RMSE) were utilized to determine whether direct or total bilirubin more 

accurately predicted changes in liver enzymes. Smaller AIC and RSME numbers indicate 

superior prediction. R Version 3.4.1 was used for the analysis and a P-value < 0.05 were 

considered to indicate significant differences.

Results

The selectivity of TACE was hemiliver in 29 (29/353, 8.1%), less than hemiliver but greater 

than sectional in 50 (50/353, 14.2%), sectional in 140 (140/353, 39.7%) and segmental in 

134 (134/353, 38%) patients. Radiologic response following TACE is reported in Table 2; 
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pretreatment total bilirubin or direct bilirubin, did not vary significantly by radiographic 

response. The comparison of the total and direct bilirubin serum level for those who lived 

and did not live 6 and 12 months are reported in Table 3.

Direct bilirubin serum level was significantly greater in the cohort of patients who did not 

survive than in those who survived at 6 months ([0.58 ± 0.46 (SD) mg/dL; range: < 0.1–1.8 

mg/dL] vs. [0.40 ± 0.31 (SD) mg/dL; range: < 0.1–1.6 mg/dL], respectively) (P = 0.04) and 

at 12 months ([0.49 ± 0.38 (SD) mg/dL; range: < 0.1–1.8 mg/dL] vs. [0.38 ± 0.32 (SD) 

mg/dL; range: < 0.1–1.6 mg/dL], respectively) (P = 0.03).

Total bilirubin serum level was not available for one patient, who was excluded from this 

portion of the analysis. Mean total bilirubin serum level was not significantly different 

between patients who did not survive (1.54 ± 0.99 [SD] mg/dL; range: 0.3–3.9 mg/dL) and 

those who did survive (1.27 ± 0.70 [SD] mg/dL; range: 0.3–3.75 mg/dL) at 6 months (P = 

0.16). By contrast, mean total bilirubin serum level was significantly greater in patients who 

did not survive at 12 months (1.46 ± 0.87 [SD] mg/dL; range: 0.3–3.9 mg/dL) than in those 

who did not survive at 12 months (1.22 ± 0.65 [SD] mg/dL; range: 0.3–3.9 mg/dL) (P = 

0.03).

Next patients were divided according to total bilirubin serum level at the time of TACE, 

(total bilirubin < 2 mg/dL (179/219, 81.7%), 2–3 mg/dL (30/219, 13.7%), and > 3 mg/dL 

(10/219, 4.5%). A logistic regression analysis revealed that the 2–3 mg/dL total bilirubin 

group did not differ significantly in 6 months survival compare to < 2 mg/dL group (OR 

0.86; P = 0.80). However, patients with total bilirubin ≥ 3 mg/dL were less likely to survive 

6 months as compared to those with total bilirubin < 2 mg/dL (OR 0.20; P = 0.02). When 

using the same model for direct bilirubin after dividing into two cohorts (direct bilirubin < 1 

(193/220, 87.7%) or 1–2 (17/220, 12.3%) mg/dL), the 1–2 mg/dL cohort were less likely to 

survive 6 months (OR 0.32; P = 0.04). Patients with total bilirubin between 2–3 mg/dL did 

not significantly vary in 12 month survival as compared to those with a total bilirubin < 2 

mg/dL (OR 0.63; P = 0.25) However, patients with a total bilirubin ≥3 mg/dL did have 

significantly poorer 12 month survival as compared to patients with a total bilirubin < 2 

mg/dL (OR 0.21; P = 0.03). Patients with a direct bilirubin < 1 mg/dL 12 month survival did 

not significantly vary when compared to those with a direct bilirubin of 1–2 mg/dL (OR 

0.45; P = 0.11).

Finally, the ability to predict overall survival following TACE of direct and total bilirubin 

concentration was compared utilizing an AIC model. This analysis revealed that direct 

bilirubin level (AIC = 941.19) more accurately predicted overall survival than total bilirubin 

(AIC = 1000.51). If the type of TACE utilized was considered than direct bilirubin (AIC = 

579.8) continued to outperform total bilirubin (AIC = 627.2) in the cTACE only cohort and 

also those who underwent DEB-TACE (AIC = 96.7 for direct vs. AIC = 103.5 for total 

bilirubin).

Complications are reported in Table 4. The most common complication was fatigue 

occurring in 37 (37/219,16.9%) patients. When evaluating whether direct or total bilirubin 

was most predictive of complications the AIC model was again utilized. This analysis again 
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revealed that direct bilirubin (AIC = 352.22) outperformed total bilirubin (AIC = 357.42). 

Direct bilirubin continued to outperform total bilirubin when only cTACE (direct bilirubin 

AIC = 518.4 vs. total bilirubin AIC = 526.5) or DEB-TACE (direct bilirubin AIC = 112.7 vs. 

total bilirubin AIC = 114.6) were considered. Complications were also evaluated through a 

change in liver enzymes. The change in liver enzymes at 1 day and 1 month as well as the 

ratio of enzymes at 1 month are reported in Table 5. The RMSE analysis to identify whether 

total or direct bilirubin serum level more accurately predicted changes in enzymes is 

reported in Table 6. Total bilirubin serum level outperformed direct bilirubin serum level in 

the ability to predict enzymatic change at 1 day and 1 month. Grade of complications are 

described in Table 7. There were no significant differences in grade of complications, either 

enzyme based or non-laboratory based, by either total or direct bilirubin.

Discussion

Our study found that direct bilirubin serum level was greater in patients not surviving 6 

months, than those who did, on both univariate and logistic regression analysis. 

Furthermore, direct bilirubin outperformed total bilirubin in the AIC model suggesting it is a 

better predictor of hepatic reserve and post-TACE survival. Direct bilirubin seems to 

particularly excel at differentiating patients who will survive only short periods of times 

(more or less than 6 months), a meaningful ability when trying to bridge patients to 

transplant. This may suggest that using only total bilirubin would exclude some patients 

from undergoing TACE who could benefit from this treatment, particularly if only needing 

to be bridged to transplant for a relatively short period of time. Maintaining patients within 

Milan criteria is particularly important in regions of the world where transplant wait list 

times are lengthy. In this setting, disease often presents or progresses during this wait time 

and the disease must be controlled in order for the patient to receive orthotopic liver 

transplantation. If total bilirubin alone is utilized, the findings of this paper would suggest 

that those patients with lower direct bilirubin levels are suffering from under treatment.

The ability of a patient to gain benefit from TACE for HCC treatment is in part based on 

hepatic reserve. This has traditionally been judged in large part by total serum bilirubin 

concentration, with several studies demonstrating that a level > 3 mg/dL is associated with 

greater morbidity and mortality [3–10,29,30]. However, the limited treatment options in this 

patient population has led several authors to attempt TACE in this patient cohort, with 

promising results [18–21]. This would suggest more sophisticated patient selection tools are 

needed. Direct bilirubin, which many regard as a more reliable liver function test may 

provide this tool [23].

Another important consideration in high-risk patients is complications. Here again, direct 

bilirubin concentration outperformed total bilirubin in the AIC modeling. While total 

bilirubin did outperform direct bilirubin in terms of predicting changes in AST and ALT on 

RMSE modeling at 1 day and 1 month, these findings are of limited benefit by themselves. 

The value of AST and ALT in this setting is their correlation with complications. This would 

suggest that again direct bilirubin is more accurate in predicting post TACE outcomes. 

Neither total bilirubin nor direct bilirubin was found to predict complication grade. This may 
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be secondary to the limited sample size, or a result of the focus on superselective therapy 

when performing TACE.

Other authors have evaluated methods other than total bilirubin, which may help to 

determine hepatic reserve as well. Indocyanine green has been evaluated for its ability to 

predict outcomes following TACE [31]. However, while minimally invasive, this does 

require extra testing, a disadvantage as compared to the use of direct bilirubin, which simply 

requires further analysis of standard blood work. Others have found that young patients with 

small lesions and relatively low body mass indexes tend to be more tolerant of treatment 

than older patients with more extensive disease and elevated body mass indexes [32]. 

However, while these factors are important, they fail to address the primary concern of 

hepatic reserve.

This study has a number of limitations including its retrospective design. There were a 

limited number of patients with elevated bilirubin treated with TACE and this limitation is 

compounded by the fact that not all variables were available for all patients. Furthermore, 

the study was performed at a quaternary referral center, which may not reflect all practices. 

Finally, the quarternary referral pattern means that some complications may have been 

missed as the patients may have presented to outside hospitals.

In conclusion, direct bilirubin concentration appears to be more accurate at predicting 

patients’ ability to tolerate TACE than total bilirubin concentration. Patients with 

hyperbilirubinemia but relatively maintained direct bilirubin levels should be considered for 

TACE, especially in the setting of bridging to transplant. However, prospective studies are 

required to confirm this and to shed further light on cut off points for direct bilirubin.
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Figure 1. 
Flow diagram of included patients.
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Table 1

Demographic data of 219 patients who underwent transarterial chemoembolization for the treatment of 

hepatocellular carcinoma.

Variable

Age (years) 61.4 ± 7.6 [27–86]

Sex

 Male 165 (165/219; 75.3%)

 Female 54 (54/219; 24.7%)

HCC size (cm) 3.8 ± 3.6 [1–33]

AST (U/L) 102 ± 60 [26–198]

ALT (U/L 92 ± 64 [25–201]

CR (mg/dL) 1.0 ± 0.9 [0.4–10.7]

INR 1.2 ± 0.2 [0.9–1.8]

Albumin (g/dL) 3.2 ± 0.6 [1.1–5.2]

Total bilirubin (mg/dL) 1.3 ± 0.7 [0.2–4.2]

Direct bilirubin (mg/dL) 0.4 ± 0.3 [< 0.1–2]

MELD score 10.3 ± 3.1 [1–22]

Number of TACE treatments 1.4 ± 0.7 [1–6]

Selectivity of treatment

 Hemiliver 29 (29/353; 8.1%)

 > Sectional but < Hemiliver 50 (50/353; 14.2%)

 Sectional 140 (140/353; 39.7%)

 Segmental 134 (134/353; 38%)

HCC: hepatocellular carcinoma; TACE: Transarterial chemoembolization; Na: Sodium; INR: International normalization ratio; MELD: Model for 
end-stage liver disease. Quantitative variables are expressed as mean ± standard deviations, followed by ranges in brackets. Qualitative variables are 
expressed as raw numbers. Numbers in parentheses are proportions followed by percentages
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Table 4

Complications experienced at 1 month in 219 patients who underwent transarterial chemoembolization of 353 

hepatocellular carcinomas.

Complication

Fatigue 37 (37/219; 16.9%)

Pain requiring analgesics 15 (15/219; 6.8%)

Ascites development 15 (15/219; 6.8%)

Alopecia 5 (5/219; 2.3%)

Hepatic encephalopathy 5 (5/219; 2.3%)

Other 13 (13/219; 5.9%)

Variables are expressed as raw numbers. Numbers in parentheses are proportions followed by percentages.
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