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Abstract
AIM
To assess the performance of BALAD, BALAD-2 and 
their component biomarkers in predicting outcome 
of hepatocellular carcinoma (HCC) patients after liver 
transplant.

METHODS
BALAD score and BALAD-2 class are derived from 
bilirubin, albumin, alpha-fetoprotein (AFP), Lens culinaris 
agglutinin-reactive AFP (AFP-L3), and des-gamma-
carboxyprothrombin (DCP). Pre-transplant AFP, AFP-L3 
and DCP were measured in 113 patients transplanted 
for HCC from 2000 to 2008. Hazard ratios (HR) for 
recurrence and death were calculated. Univariate and 
multivariate regression analyses were conducted. 
C-statistics were used to compare biomarker-based to 
predictive models. 

RESULTS
During a median follow-up of 12.2 years, 38 patients 
recurred and 87 died. The HRs for recurrence in 
patients with elevated AFP, AFP-L3, and DCP defined 
by BALAD cut-off values were 2.42 (1.18-5.00), 1.86 
(0.98-3.52), and 2.83 (1.42-5.61), respectively. For 
BALAD, the HRs for recurrence and death per unit 
increased score were 1.48 (1.15-1.91) and 1.59 
(1.28-1.97). For BALAD-2, the HRs for recurrence and 
death per unit increased class were 1.45 (1.06-1.98) 
and 1.38 (1.09-1.76). For recurrence prediction, the 
combination of three biomarkers had the highest 
c-statistic of 0.66 vs. 0.64, 0.61, 0.53, and 0.53 for 
BALAD, BALAD-2, Milan, and UCSF, respectively. 
Similarly, for death prediction, the combination of three 
biomarkers had the highest c-statistic of 0.66 vs  0.65, 

0.61, 0.52, and 0.50 for BALAD, BALAD-2, Milan, and 
UCSF. A new model combining biomarkers with tumor 
size at the time of transplant (S-LAD) demonstrated the 
highest predictive capability with c-statistics of 0.71 and 
0.69 for recurrence and death. 

CONCLUSION
BALAD and BALAD-2 are valid in transplant HCC 
patients, but less predictive than the three biomarkers 
in combination or the three biomarkers in combination 
with maximal tumor diameter (S-LAD). 

Key words: Alpha-fetoprotein; AFP-L3; Des-gamma-
carboxyprothrombin; BALAD; BALAD-2; Hepatocellular 
carcinoma; Liver transplant; Recurrence; Outcome

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: BALAD score and BALAD-2 class incorporating 
alpha-fetoprotein (AFP), AFP-L3, and des-gamma-
carboxyprothrombin are used to predict survival of 
patients with hepatocellular carcinoma. However, there 
were limited numbers of patients who received liver 
transplant in previous cohorts in which performance 
of the BALAD was studied. Our study showed that 
pre-transplant BALAD score and BALAD-2 class 
are useful for predicting outcome of hepatocellular 
carcinoma patients receiving liver transplant. However, 
a more predictive model uses the combination of all 
three biomarkers using the cut-offs from the BALAD 
score along with maximum tumor size at the time of 
transplant.

Wongjarupong N, Negron-Ocasio GM, Chaiteerakij R, Addissie 
BD, Mohamed EA, Mara KC, Harmsen WS, Theobald JP, Peters 
BE, Balsanek JG, Ward MM, Giama NH, Venkatesh SK, Harnois 
DM, Charlton MR, Yamada H, Algeciras-Schimnich A, Snyder 
MR, Therneau TM, Roberts LR. Model combining pre-transplant 
tumor biomarkers and tumor size shows more utility in predicting 
hepatocellular carcinoma recurrence and survival than the BALAD 
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from: URL: http://www.wjgnet.com/1007-9327/full/v24/i12/1321.
htm  DOI: http://dx.doi.org/10.3748/wjg.v24.i12.1321

INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) in 
the United States has increased 3-fold in the last 
30 years[1]. Currently, liver cancer has also become 
the second leading cause of cancer-related deaths 
worldwide[2]. Liver transplant is one of the few curative 
treatments that can achieve a 5-year survival rate of 
70% for some HCC patients. However, to be eligible 
for a liver transplant, patients with HCC have to meet 
a rigorous set of criteria. Despite these selection 
criteria, recurrence of cancer is seen in up to 20% 
of HCC patients that undergo liver transplantation[3]. 
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This high proportion of recurrences calls into question 
the liver transplant guidelines used for patients with 
cancer. For patients with HCC, the Milan and UCSF 
criteria have been used as standards to determine the 
eligibility for liver transplant[4,5]. Although adherence to 
the Milan criteria has been associated with relatively 
lower recurrence rates after transplantation, it is still 
considered suboptimal because it relies primarily 
on tumor morphologic characteristics[6]. Other liver 
transplant guidelines have been proposed, but similar 
to the Milan and UCSF criteria, they fail to incorporate 
the biological behavior of the tumor[6,7].

To achieve more objective models for selection 
of HCC patients for liver transplant, several serum 
tumor biomarkers have been evaluated to assess the 
biological aggressiveness of HCC. Multiple studies 
suggest that high pre-transplant alpha fetoprotein 
(AFP), a widely known HCC biomarker, is associated 
with poor post-transplant outcomes[8] and the AFP 
model, combining alpha-fetoprotein (AFP) with the 
tumor number and tumor size, has been proposed 
and validated to predict HCC recurrence[9]. The BALAD 
score, a model that incorporates the use of 5 serum 
biomarkers, has been successful in predicting the 
survival and recurrence of patients with HCC[10]. In 
addition to assessing the remnant liver function via 
the Bilirubin and Albumin levels, the BALAD score 
incorporates 3 additional serum tumor biomarkers, 
namely AFP, Lens culinaris agglutinin-reactive AFP 
(AFP-L3), and des-gamma-carboxyprothrombin (DCP). 
However, previous studies, including a validation study, 
have only included a limited number of liver transplant 
patients[11-14].

The aim of this study was to assess the performance 
of the discontinuous BALAD and continuous BALAD-2 
scores in patients who underwent liver transplant for 
HCC. In addition, we aimed to assess the utility of each 
component of the BALAD in predicting outcomes and 
to develop a more effective model for liver transplant 
patients.

MATERIALS AND METHODS
Study population and data abstraction
There were 299 patients with HCC who underwent 
liver transplant between January 2000 and December 
2008. Of the 299 patients, 113 had available results 
of all five biomarkers within two days before the liver 
transplant. The HCC diagnosis criteria included (1) 
explanted liver pathology; or (2) a new liver mass with 
largest diameter of > 1 cm, arterial enhancement and 
portal venous washout on computed tomography or 
magnetic resonance imaging. Patients with warfarin 
use and congenital biliary disorder which could alter 
the bilirubin level, such as Gilbert disease, were 
excluded. The transplant selection criteria for the HCC 
patients during the study period were primarily based 
on the Milan criteria. Staging within the extended 

UCSF criteria was accepted in 17 patients based on 
provider selection and organ availability at the time 
of transplant. Most patients with intermediate stage 
disease beyond Milan criteria received locoregional 
treatment with transarterial chemoembolization prior 
to liver transplantation. For surveillance for post-
transplant HCC recurrence, patients underwent CT 
scan of the abdomen and chest along with serum AFP 
at 4, 8, 12, 18, and 24 mo post-transplant. 

Patient age, sex, race, etiology of liver disease, 
date of HCC diagnosis, date of liver transplant, baseline 
tumor characteristics at the time of diagnosis, and at 
the time of imaging closest to the transplant (diameter 
of the largest tumor, tumor number, macrovascular 
invasion), biomarker results, recurrence date, death 
date and last follow-up date were abstracted. The 
Child-Turcotte-Pugh (CTP) class and MELD score were 
calculated at the time closest to liver transplant in 
every patient regardless of cirrhosis status. Tumor 
size and tumor number were also determined from 
the most recent imaging study prior to the transplant. 
The Milan and UCSF criteria were also determined 
from the imaging prior to and closest to the transplant 
date. HCC recurrence was defined by the presence 
of new malignant masses seen on imaging, either 
intrahepatic or extrahepatic metastases, as assessed 
by the radiologist. The tumor response to treatment 
was assessed according to the modified Response 
Evaluation Criteria in Solid Tumors (mRECIST), version 
1.0. The survival of patients who were lost to follow-up 
was obtained using the Accurint system.

BALAD score and BALAD-2 class were calculated 
based on five biomarkers including total bilirubin, 
albumin, AFP, AFP-L3, and DCP measured within the 
two days prior to transplant (Tables 1 and 2). The 
GALAD and GALAD-z scores were also calculated 
based on gender, age, and biomarkers within the same 
period (Table 3). 

Measurement of biomarkers
Serum samples were collected and stored at -80 ℃. 
AFP, AFP-L3, and DCP were measured simultaneously 
using a liquid-phase binding assay on the µTASWako 
i30 instrument (Wako Life Sciences Inc., Mountain View, 
CA, United States). Details of the sample processing 
and biomarker results were previously published[15].

Statistical analysis
Baseline characteristics were reported as mean ± 
standard deviation (SD) or median and interquartile 
range for continuous variables, and percentage for 
categorical variables. Hazard ratios (HRs) for time to 
recurrence and death were calculated for each variable 
and each BALAD score and BALAD-2 class grouping. 
HRs were presented as HR (95%CI, p value). C 
statistics were used to compare different scores. All 
analyses were performed using SAS 9 (SAS Institute, 
Cary, NC, United States). p < 0.05 was considered as 
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RFA prior to liver transplant. Thirty-nine patients (35%) 
had available imaging for evaluating the locoregional 
therapy response. Sixty-nine patients had baseline 
imaging at the time of HCC diagnosis but did not have 
follow-up imaging after locoregional therapy as most 
of these patients underwent transplantation shortly 
after TACE. Another 5 patients had radiology reports 
in the medical record but did not have the images 
available for review as the imaging was performed 
outside Mayo Clinic. Of the 39 patients with imaging 
available for assessing the treatment response, 29 
(74%) were responders (13 complete response and 16 
partial response) and 10 (26%) were non-responders 
(8 stable disease and 2 progressive disease) according 
to the mRECIST criteria.

According to the explant pathology reports, there 
were 19, 53, 16, and 2 patients with well-, moderately-, 
poorly-, and undifferentiated tumors, respectively. There 
were 23 patients with no report of tumor differentiation. 
The correlations of the number of elevated tumor 
biomarkers according to the BALAD score cut-off with 
the BALAD score are shown in Supplementary Figure 1. 
There was no correlation between number of elevated 
tumor biomarkers (p = 0.34), or BALAD score (p = 0.28) 
with tumor differentiation. 

Factors associated with HCC recurrence and death after 
liver transplant
During a median follow-up of 12.2 years, 38 patients 
had recurrence and 87 died. The median survival was 
10.2 years. The 3-year and 5-year survivals were 
74.3% (95%CI: 66.7%-82.8%) and 66.3% (95%CI: 

statistically significant.

RESULTS
Demographic characteristics
Of the 113 included patients, the majority were male 
(n = 86, 76%), with viral hepatitis C as the most 
common liver disease etiology (n = 66, 58%) as 
shown in Table 4. There were 104 (92%) patients 
with cirrhosis of whom 13 (12%), 76 (67%), and 24 
(21%) patients had CTP class A, B, and C cirrhosis, 
respectively. There were 1 (1%), 39 (35%), 7 (6%), 
40 (35%), and 26 (23%) patients with BCLC stage 0, A, 
B, C, and D HCC, respectively. There were no patients 
with portal or nodal invasion. BCLC stages C and D 
were assigned because of poor ECOG performance 
status and/or CTP class C cirrhosis. The median (range) 
of total bilirubin and albumin at the time of transplant 
were 2.3 (0.2-29.5) mg/dL and 3.2 (2.1-5.2) g/dL. 
For the tumor biomarkers, the median (range) of AFP, 
AFP-L3, and DCP were 25.3 (0.8-27800) ng/dL, 12 
(1-86.5)%, and 1.2 (0.2-1480) ng/mL, respectively. 
The median waiting time for the included patients was 
2.8 (range 0-20) mo.

Of the 113 included patients, 87 (77%) and 96 
(85%) were within Milan and UCSF criteria at the 
time of diagnosis; and 88 (78%) and 105 (93%) 
were within Milan and UCSF criteria at the time of 
transplant, respectively. The AFP level was not included 
in the transplant selection criteria during the study 
period. Of the 113 patients, 111 patients received 
TACE, 1 received RFA and 1 received both TACE and 

Table 1  BALAD score calculation

0 point 1 point 2 points 3 points

Bilirubin (mg/dL) < 1.0 1.0-2.0 > 2.0
Albumin (g/dL) > 3.5 2.8-3.5 < 2.8
Summation of these 2 points, then classified as A (0-1), B (2-3), C (4)
Albumin-Bilirubin A B C -
No. of elevated markers1 0 1 2 3
Summation of these 2 points for BALAD score (0-5)

1Defined by AFP > 400 ng/mL, AFP-L3 > 15%, and DCP > 100 ng/mL.

Table 2  BALAD-2 class calculation

Linear predictor = 0.02 × (AFP - 2.57) + 0.012 × [(AFP-L3) - 14.19] + 0.19 × [ln(DCP) - 1.93] + 0.17 × [(bilirubin)1/2- 4.50] - 0.09 × (albumin - 35.11)
AFP capped at 50000 units. AFP and DCP modeled as /1000 units.
Units: Bilirubin (µmol/L), albumin (g/L), AFP and DCP (ng/mL), AFP-L3 (%).
class 1 (≤ -1.74), class 2 (> -1.74 to -0.91), class 3 (> -0.91 to 0.24), class 4 (> 0.24)

Table 3  GALAD-z and GALAD score calculation

GALAD-z = -10.08 + 0.09 × (Age) + 1.67 × (sex) + 2.34 × log(AFP) + 0.04 × (AFP-L3) + 1.33 × log(DCP)
GALAD score = exp (GALAD-z)/[1 + exp(GALAD-z)]

Sex = 1 for male and 0 for female.
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58.1%-75.6%). 
By Cox proportional hazard ratio, the diameter 

of the largest tumor at the time of transplant was 
associated with both transplant outcomes with HRs per 
centimeter of 1.27 (1.04-1.56, p = 0.02) for recurrence 
and 1.21 (1.03-1.41, p = 0.02) for death. A neutrophil-
lymphocyte ratio of more than 4 also correlated with 
outcomes, with HRs of 2.24 (1.17-4.26, p = 0.04) 

for recurrence, and 1.66 (1.004-2.73, p = 0.048) for 
death. We did not find any significant increases in risk 
of recurrence or death for either tumor number or 
hypothyroidism (Table 5).

Levels of all three tumor biomarkers that exceeded 
the BALAD score cut-off were associated with increased 
recurrence and death outcomes in the transplant cohort, 
whereas albumin and bilirubin, the other components 
of the BALAD score, were not associated with either 
outcome. The HRs for recurrence of elevated AFP, 
AFP-L3, and DCP according to the BALAD score cut-off 
were 2.42 (1.18-5.00, p = 0.02), 1.86 (0.98-3.52, p = 
0.056), and 2.83 (1.42-5.61, p = 0.003), respectively. 
Similarly, the HRs for death were 3.27 (1.84-5.80, 
p < 0.001), 1.88 (1.14-3.09, p = 0.01), and 2.40 
(1.43-4.04, p < 0.001), respectively. The cumulative 
incidence of recurrence curve and Kaplan-Meyer survival 
curve by number of elevated biomarkers are shown in 
Figure 1A and B, respectively.

BALAD score and BALAD-2 class and risk of HCC 
recurrence and death
When classified by the BALAD score, there were 14, 
31, 33, 23, 9, and 3 patients with BALAD scores of 0 
to 5, respectively. By BALAD-2 class there were 29, 
30, 34, and 20 patients in BALAD-2 classes 1 to 4, 
respectively. 

For BALAD scores of 1, 2, 3, 4, and 5 vs 0, the HRs 
for recurrence were 0.70 (0.20-2.47), 1.18 (0.37-3.75), 
1.99 (0.62-6.36), 2.97 (0.84-10.58), and 5.02 
(0.92-27.54); and HRs for death were 1.14 (0.40-3.23), 
2.01 (0.75-5.38), 2.73 (0.99-7.51), 4.68 (1.52-14.36), 
and 17.40 (3.81-79.47), respectively (Figure 2A and 
B). The HRs per each unit increase in BALAD score 
for recurrence and death were 1.48 (1.15-1.91) and 
1.59 (1.28-1.97). For BALAD-2 classes 2, 3, and 4 
vs 1, the HRs for recurrence were 0.41 (0.12-1.32), 
1.53 (0.66-3.54), and 2.17 (0.90-5.25); and HRs for 
death were 1.07 (0.50-2.28), 1.76 (0.87-3.54), and 
2.45 (1.16-5.17) (Figure 3A and B). The HRs per each 
unit increase in BALAD-2 class for recurrence and 
death were 1.45 (1.06-1.98) and 1.38 (1.09-1.76), 
respectively. A multivariate model of diameter of the 
largest tumor with BALAD and BALAD-2 was created 
(Tables 6 and 7). The risk of recurrence was 1.53 
(1.17-2.01) per increase of 1 in the BALAD score and 
1.42 (1.05-2.03) per increase of one BALAD-2 class. 
The risk of death was 1.57 (1.27-1.96) per increase of 
1 in the BALAD score and 1.37 (1.07-1.76) per increase 
of 1 BALAD-2 class.

In addition, the HRs for early recurrence were also 
calculated. Early recurrence was defined as recurrence 
occurring within 36 mo after transplant. Of the 38 
patients with any recurrence, 31 had early recurrence. 
The BALAD score had better performance for early 
than overall recurrence with a HR of 1.66 (1.24-2.22) 
per each unit increase of BALAD score, whereas the 
BALAD-2 class had similar performance for both 
recurrence outcomes with a HR of 1.46 (1.04-2.07) per 

Table 4  Baseline characteristics of 113 hepatocellular 
carcinoma patients who underwent liver transplant with 
available biomarker results n  (%)

Variables Value

Age, yr, mean ± SD 58.2 ± 8.3
Male sex 86 (76)
Race
   White 91 (80)
   Asian 11 (10)
   Others 7 (6)
   Unknown 4 (4)
Etiology
   Hepatitis virus C 66 (58)
   Hepatitis virus B 11 (10)
   Alcohol 14 (12)
   Non-alcoholic fatty liver disease or cryptogenic 14 (12)
   Others 8 (7)
Cirrhosis 104 (92)
CTP class
   A 13 (12)
   B 76 (67)
   C 24 (21)
MELD score, median (range) 14.2 (6.4–38.6)
ECOG status
   0 57 (50)
   1 34 (30)
   2 19 (17)
   3 3 (3)
Diameter of the largest tumor at the time of 
transplant by imaging, cm, mean ± SD

2.7 ± 1.6

Tumor number at the time of transplant
   1 73 (64.6)
   2 26 (23.0)
   3 7 (6.2)
   ≥ 4 7 (6.2)
BCLC staging
   Stage 0 1 (1)
   Stage A 39 (35)
   Stage B 7 (6)
   Stage C 40 (35)
   Stage D 26 (23)
Within Milan criteria at diagnosis 87 (77)
Within UCSF criteria at diagnosis 96 (85)
Within Milan criteria at transplant 88 (78)
Within UCSF criteria at transplant 105 (93)
AFP model score > 2 26 (23)
Total bilirubin, mg/dL, median (range) 2.3 (0.2-29.5)
Albumin, g/dL, median (range) 3.2 (2.1-5.2)
AFP, ng/mL, median (range) 25.3 (0.8-27800)
   AFP > 400 ng/mL 18 (16)
AFP-L3, %, median (range) 12 (1-86.5)
   AFP-L3 > 15% 45 (40)
DCP, ng/mL, median (range) 1.2 (0.2-1480)
   DCP > 1.2 ng/mL 56 (50)

AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive 
alpha-fetoprotein; CTP: Child-Turcotte-Pugh; DCP: Des-gamma-
carboxyprothrombin.
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increase of 1 class (Supplementary Table 1).

Multivariate model of elevated tumor biomarkers 
combination with tumor size
Based on the results of the univariate analysis, we 
combined the elevated tumor biomarkers including 

AFP, AFP-L3, and DCP with diameter of the largest 
tumor per centimeter increase in diameter (Table 8). In 
this multivariate model, diameter of the largest tumor 
and elevated DCP remained significantly associated 
with recurrence and death, whereas elevated AFP was 
only associated with death but not with recurrence. 
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Figure 1  Cumulative incidence of recurrence curve (A) and Kaplan-Meyer survival curve (B) by number of elevated tumor biomarkers. 

Table 5  Univariate models for recurrence and death outcome

Variable Hazard ratio for recurrence Hazard ratio for death
HR (95%CI) P  value HR (95%CI) P  value

MELD score (per point) 1.03 (0.98-1.09) 0.26 1.05 (1.003-1.09) 0.04a

Diameter of the largest tumor at time of transplant (per cm) 1.27 (1.04-1.56) 0.02a 1.21 (1.03-1.41) 0.02
Tumor number at time of transplant 1.001 (0.73-1.37) 1.00 0.93 (0.72-1.20) 0.57
Neutrophil lymphocyte ratio > 4 2.24 (1.17-4.26) 0.02a 1.66 (1.004-2.73) 0.048a

Hypothyroidism 1.26 (0.55-2.85) 0.59 1.54 (0.82-2.90) 0.18
BALAD components
   Albumin (per g/dL) 0.75 (0.41-1.38) 0.36 0.69 (0.43-1.13) 0.14
   Bilirubin (per mg/dL) 1.03 (0.98-1.09) 0.21 1.04 (0.995-1.08) 0.08
   AFP: > 400 ng/mL 2.42 (1.18-5.00) 0.02a 3.27 (1.84-5.80) < 0.001b

   AFP-L3 > 15% 1.86 (0.98-3.52) 0.056 1.88 (1.14-3.09) 0.01a

   DCP > 1.2 ng/mL 2.83 (1.42-5.61) 0.003b 2.40 (1.43-4.04) < 0001b

BALAD Score
   0 Reference Reference
   1 0.70 (0.20-2.47) 0.58 1.14 (0.40-3.23) 0.81
   2 1.18 (0.37-3.75) 0.78 2.01 (0.75-5.38) 0.17
   3 1.99 (0.62-6.36) 0.24 2.73 (0.99-7.51) 0.052
   4 2.97 (0.84-10.58) 0.09 4.68 (1.52-14.36) 0.007b

   5 5.02 (0.92-27.54) 0.06 17.40 (3.81-79.47) < 0.001b

BALAD Score (per increase of 1) 1.48 (1.15-1.91) 0.002b 1.59 (1.28-1.97) < 0.001b

BALAD-2 Score
   1 Reference Reference
   2 0.41 (0.12-1.32) 0.13 1.07 (0.50-2.28) 0.86
   3 1.53 (0.66-3.54) 0.32 1.76 (0.87-3.54) 0.11
   4 2.17 (0.90-5.25) 0.09 2.45 (1.16-5.17) 0.02a

BALAD-2 Score (per increase of 1) 1.45 (1.06-1.98) 0.02a 1.38 (1.09-1.76) 0.008b

Within Milan criteria at diagnosis 1.69 (0.84-3.41) 0.14 2.17 (1.25-3.78) 0.006b

Within UCSF criteria at diagnosis 1.85 (0.85-4.05) 0.12 3.19 (1.75-5.84) < 0.001b

Within Milan criteria at transplant 1.24 (0.59-2.62) 0.57 1.06 (0.57-1.95) 0.86
Within UCSF criteria at transplant 0.33 (0.05-2.43) 0.28 0.68 (0.21-2.17) 0.51
z-GALAD 1.12 (1.03-1.21) 0.006b 1.12 (1.06-1.19) < 0.001b

GALAD score 3.01 (1.14-7.91) 0.03a 3.22 (1.48-7.00) 0.003b

AFP model cutoff > 2 (explant) 2.82 (1.47-5.41) 0.002b 2.83 (1.67-4.82) < 0.001b

AFP model (per increase of 1, explant) 1.42 (1.20-1.68) < 0.001b 1.34 (1.16-1.54) < 0.001b

aP < 0.05, bP < 0.01, statistical difference. AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive alpha-fetoprotein; DCP: Des-gamma-
carboxyprothrombin.
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Table 6  Multivariate model for recurrence outcome with BALAD and BALAD-2

Variable Hazard ratio with BALAD Hazard ratio with BALAD-2

HR (95%CI) P  value HR (95%CI) P  value
Diameter of the largest tumor at time of transplant (per cm) 1.33 (1.07-1.66) 0.02b 1.30 (1.05-1.59) 0.014a

Neutrophil-lymphocyte ratio 1.55 (0.78-3.14) 0.21 1.76 (0.90-3.49) 0.10
BALAD (per increase of 1) 1.53 (1.17-2.01) 0.002b - -
BALAD-2 (per increase of 1) - - 1.45 (1.05-2.03) 0.02a

aP < 0.05, bP < 0.01, statistical difference.
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Figure 2  Cumulative incidence of recurrence curve (A) and Kaplan-Meyer survival curve (B) by BALAD score.

Table 7  Multivariate model for death outcome with BALAD and BALAD-2

Variable Hazard ratio with BALAD Hazard ratio with BALAD-2

HR (95%CI) P  value HR (95%CI) P  value
Diameter of the largest tumor at time of transplant (per cm) 1.24 (1.04-1.48) 0.016a 1.20 (1.02-1.42) 0.03a

Neutrophil-lymphocyte ratio 1.13 (0.67-1.92) 0.64 1.31 (0.78-2.19) 0.31
BALAD (per increase of 1) 1.57 (1.27-1.96) < 0.0001 - -
BALAD-2 (per increase of 1) - - 1.37 (1.07-1.76) 0.013a

aP < 0.05, bP < 0.01, statistical difference.
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Figure 3  Cumulative incidence of recurrence curve (A) and Kaplan-Meyer survival curve (B) by BALAD-2 class.
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AFP-L3 did not relate to either recurrence or death 
in this multivariate model. The c-statistics for the 
combined models were 0.71 (0.62-0.81) and 0.69 
(0.61-0.77) for recurrence and death, respectively.
 
Comparisons to the currently used models
The c-statistic was used to compare models which 
predict outcome of liver transplant patients. A combin-
ation of elevated tumor biomarkers based on the BALAD 
score cut-offs demonstrated the highest c-statistic for 
prediction of both recurrence and death, with values of 
0.66 (0.57-0.75) and 0.66 (0.59-0.73), respectively. 
For the outcome of recurrence, BALAD and BALAD-2 
(per increase of 1 score/class) showed c-statistics of 
0.64 (0.55-0.73) and 0.61 (0.52-0.70), respectively. 
For the outcome of death, BALAD and BALAD-2 showed 
c-statistics of 0.65 (0.58-0.73) and 0.61 (0.54-0.68). 
The c-statistics for the Milan and UCSF criteria at the 
time of diagnosis and prior to transplant, the GALAD, 
and AFP explant models are shown in Table 9. 

DISCUSSION
The pre-transplant BALAD score and BALAD-2 class 
had a moderate capability to predict both recurrence 
and death in liver transplant HCC patients. The most 
predictive model was the combination of three tumor 
biomarkers using the cut-offs for the BALAD score. In 
addition, our study showed that large tumor size, high 
neutrophil-lymphocyte ratio, and elevated individual 

tumor biomarkers were associated with recurrence 
and mortality of patients with HCC who underwent 
transplant. 

Tumor size was found to be significantly related to 
the outcomes in our cohort with HRs per centimeter of 
1.27 for recurrence and 1.21 for death. This supports 
the use of the Milan and UCSF criteria which are based 
on tumor size, tumor number and vascular invasion[4,5]. 
The correlation of increased tumor size and elevated 
tumor biomarkers with outcomes has been shown in 
previous cohorts[16,17]. Accordingly, the biomarkers can 
potentially be used as more convenient predictors of 
patient outcome.

BALAD and BALAD-2 score contain two major 
components; the bilirubin-albumin score representing 
liver functional reserve and the three biomarkers 
representing tumor biology that independently reflect 
different characteristics of HCC progression[10]. In 
our study, by using the cut-off of the tumor markers 
according to the BALAD score, the three tumor bio-
markers individually were predictive for recurrence 
and mortality. This is concordant with many previous 
studies of HCC patients receiving transplants[8,18]. High 
biomarker levels can reflect a poor prognosis, as a high 
DCP level is related to tumor vascular invasion and 
portal vein thrombosis[19], whereas a high AFP-L3 level 
has also been found to be related to vascular invasion 
and infiltrative growth[20]. 

The differences between the previous cohorts in 
which the predictive capability of the BALAD score 
was shown and our current study is the treatment 
received and the time of biomarker measurement. The 
nationwide study of HCC in the Japanese population 
found that the BALAD score was effective, regardless 
of the treatment[13]. However, this was concluded with 
a limited proportion of patients in the cohort receiving 
liver transplant as a treatment. In contrast to the 
previous studies of the BALAD score, we found that the 
c-statistic of the combination of the three biomarkers 
was the highest among all the tested models, including 
BALAD and BALAD-2. This finding could be explained by 
the almost immediate restoration of normal functioning 
of the liver after liver transplant, and thus consequently 
the less significant roles of bilirubin and albumin as 
predictors of outcomes after transplant[21]. 

Table 8  Multivariate model of biomarkers and tumor size at time of transplant (S-LAD)

Variable Hazard ratio for recurrence Hazard ratio for death

HR (95%CI) P  value HR (95%CI) P  value
Diameter of the largest tumor at time of transplant (per cm) 1.30 (1.05-1.61) 0.02a 1.29 (1.08-1.55) 0.006b

AFP: > 400 ng/mL 1.63 (0.70-3.83) 0.26 2.40 (1.19-4.83) 0.02a

AFP-L3 > 15% 0.995 (0.46-2.18) 0.99 1.01 (0.54-1.88) 0.98
DCP > 1.2 ng/mL 2.69 (1.28-5.64) 0.009b 2.33 (1.31-4.13) 0.004b

c-statistic (95%CI) 0.71 (0.62-0.81) 0.69 (0.61-0.77)

aP < 0.05, bP < 0.01, statistical difference. AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive alpha-fetoprotein; DCP: Des-gamma-
carboxyprothrombin.

Table 9  Comparison of models to predict outcome of liver 
transplant patients

Variable c-statistic (95%CI)

For recurrence For death
Number of elevated biomarkers 0.66 (0.57-0.75) 0.66 (0.59-0.73)
BALAD Score (per increase of 1) 0.64 (0.55-0.73) 0.65 (0.58-0.73)
BALAD-2 Score (per increase of 1) 0.61 (0.52-0.70) 0.61 (0.54-0.68)
Within Milan criteria at diagnosis 0.56 (0.49-0.62) 0.58 (0.54-0.63)
Within UCSF criteria at diagnosis 0.55 (0.49-0.60) 0.59 (0.55-0.63)
Within Milan criteria at transplant 0.53 (0.46-0.59) 0.52 (0.47-0.57)
Within UCSF criteria at transplant 0.53 (0.48-0.58) 0.50 (0.47-0.54)
z-GALAD 0.63 (0.53-0.72) 0.64 (0.56-0.72)
GALAD score 0.63 (0.53-0.72) 0.64 (0.56-0.72)
AFP model (explant model) 0.59 (0.51-0.67) 0.58 (0.51-0.65)
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By combining the three tumor biomarkers with 
tumor size, we created a model that is more predictive 
of both recurrence and survival (S-LAD model). A 
previous study from our group combined each of the 
biomarkers with the Milan criteria and found a significant 
improvement in the ability of the Milan criteria to predict 
recurrence[15]. In addition to this previous study, as 
HCC is considered a highly heterogeneous disease[22], 
the combination of the three biomarkers could further 
improve the predictive model. The GALAD score is 
another model that uses the combination of biomarkers 
with sex and age and which was originally developed 
for predicting risk of HCC in patients with cirrhosis[23]. 
Interestingly, the GALAD score also showed good 
performance in predicting both outcomes in our study. 
However, age and sex were not found to have any 
correlation with liver transplant outcomes in our study.

It is important to note that the proportion of 
recurrences after liver transplant in this study is higher 
than in previous studies in tertiary care centers[3]. 
Thirty-eight of the 113 patients (33.6%) with available 
serum had recurrence. However, when considering all 
HCC patients who underwent liver transplant during 
the same period, 43 of 299 patients (14.4%) had 
recurrence. Per report from the Mayo Clinic Transplant 
Biorepository, serum samples from patients with non-
recurrent HCC were more frequently requested, which 
led to an unequal availability of the samples from 
patients with and without HCC recurrence. To control 
for the effect of the difference in sample availability 
on this study, we compared the characteristics and 
survival outcomes of non-recurrent patients without 
samples to those of patients with samples, finding no 
substantial differences in their baseline characteristics 
(Supplementary Table 2). 

A major strength of this study is that we were able 
to assess the performance of BALAD, BALAD-2, and 
their component tumor biomarkers, and included the 
largest number of transplant HCC patients evaluated 
thus far. However, there are several limitations to 
our study. For most of the patients we did not have 
biomarker results at the time of diagnosis, as was used 
in the model development and most of the validation 
cohorts. Thus, the BALAD score and BALAD-2 class 
at the time of diagnosis were not available for our 
study. In addition, with the relatively small number 
of patients, further validation with a larger cohort is 
needed. 

In conclusion, the combination of the three bio-
markers used in the BALAD score along with maximal 
tumor diameter (S-LAD) was the most predictive model 
for recurrence and death outcomes for HCC patients 
receiving liver transplants. However, validation of this 
new S-LAD model is warranted. Unlike the performance 
for other HCC treatment modalities, the BALAD score 
and BALAD-2 class are less predictive for recurrence 
and death in HCC patients with liver transplant, pre-
sumably because liver function is restored after liver 

transplantation. 

ARTICLE HIgHLIgHTS 
Research background
Liver transplant is one of the curative treatments for hepatocellular carcinoma 
(HCC). However, with the limited availability of donor organs, it is essential 
to select patients who will derive the most benefit from transplant. The 
alpha-fetoprotein (AFP) model has been widely used for this purpose. In the 
development cohort of the BALAD model by Toyoda et al, liver transplant 
patients were excluded. In the validation cohort in four countries by Chan et al, 
there were only 21 transplant patients included, and in the Japan Nationwide 
study from Toyoda et al, an unknown number of transplant patients were 
classified in the other treatment group. There is therefore very limited data on 
the utility of the BALAD model in patients with liver transplant. 

Research motivation
The BALAD model has been shown to be a promising predictor of outcome 
in hepatocellular carcinoma patients receiving most treatment modalities, 
but there is very limited data on its performance in hepatocellular carcinoma 
patients receiving liver transplants. The BALAD model incorporates three 
tumor biomarkers which represent the underlying biology of hepatocellular 
carcinomas, as well as the serum bilirubin and albumin, which reflect the 
extent of the underlying liver dysfunction in patients with chronic liver disease. 
Individually, the AFP, AFP-L3, and des-gamma-carboxyprothrombin (DCP) have 
been shown to predict the recurrence and survival of hepatocellular carcinoma 
patients receiving liver transplants. However, presumably due to replacement 
of the diseased liver during transplantation, it has been shown that the serum 
bilirubin and albumin are not predictive of patient outcomes post liver transplant. 

Research objectives
We aimed to assess the performance of the discontinuous BALAD and continuous 
BALAD-2 scores in patients who underwent liver transplant for HCC. Further, 
we assessed the performance of each component of the BALAD in predicting 
outcomes and propose a more effective model for liver transplant patients.

Research methods
We included patients with hepatocellular carcinoma receiving liver transplants 
between 2000 and 2008 for whom blood samples were available to allow testing 
and calculation of the BALAD scores. Patient characteristics, the components 
of the BALAD model, BALAD score, and BALAD-2 class were analyzed to 
calculate hazard ratios for recurrence and death. Currently used predictive 
models including the Milan and UCSF criteria, GALAD score, and AFP model 
were compared with the BALAD models using c-statistics. A new multivariate 
model incorporating the three tumor markers and largest tumor diameter was 
created from these statistically significant variables. The long follow-up period 
allows assessment of the long term outcomes of the liver transplant patients.

Research results
113 patients were included in the study. The diameter of the largest tumor at the 
time of transplant, neutrophil-lymphocyte ratio of more than 4, elevated AFP, 
AFP-L3, and DCP by BALAD score cut-off were associated with both recurrence 
and death. The HRs per each unit increase in BALAD score for recurrence 
and death were 1.48 (1.15-1.91) and 1.59 (1.28-1.97). The HRs per each unit 
increase in BALAD class for recurrence and death were 1.45 (1.06-1.98) and 
1.38 (1.09-1.76), respectively. By c-statistics, a model based on the combination 
of AFP, AFP-L3, and DCP using the BALAD score cut-off had a higher predictive 
performance than any of the prior models (0.66 for both recurrence and death). 
Further, a multivariate model incorporating the three biomarkers and the largest 
diameter of the tumor, designated the S-LAD model, showed a higher c-statistic 
than all other models (0.71 for recurrence and 0.69 for death). The main limitation 
of this study is the need for validation of the S-LAD model.

Research conclusions
BALAD and BALAD-2 are valid in transplant HCC patients, but less predictive 
than the three biomarkers in combination or the three biomarkers in combination 
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with largest tumor diameter (S-LAD). 

Research perspectives
Due to the limited number of patients included, further cohort studies to assess 
the performance of the BALAD and S-LAD models in hepatocellular carcinoma 
patients receiving liver transplant are warranted. 
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