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Abstract

Background/Aim The prognosis of patients with hepatocellular carcinoma (HCC) undergoing transarterial chemoemboliza-
tion (TACE) is highly heterogeneous because of variable characteristics of tumor burden and liver dysfunction. We aimed to
propose and validate an albumin-bilirubin (ALBI) grade-based prognostic nomogram for HCC patients undergoing TACE.
Methods A total of 1051 patients with HCC undergoing TACE were randomly assigned to derivation (n=2525) and valida-
tion (n=1526) set in this retrospective study based on prospective data. The multivariate Cox proportional hazards model in
derivation set was used to generate the nomogram. The predictive accuracy of the nomogram was evaluated by discrimina-
tion and calibration tests.

Results In multivariate analysis, presence of ascites, ALBI grade 2-3, serum a-fetoprotein level > 400 ng/mL, total tumor
volume >396 cm?, presence of vascular invasion, and poor performance status were independently associated with decreased
survival of patients in the derivation set. Each patient had an individualized score from O to 41 by adding up the points from
these six prognostic predictors. The nomogram generated from the derivation set had a concordance index of 0.72 (95%
confidence interval [CI] 0.63—0.82). Discrimination test in the validation set provided a good concordance index 0.72 (95%
CI 0.62-0.81), and the calibration plots consistently matched the ideal 45-degree reference line for 3- and 5-year survival
prediction.

Conclusions The ALBI grade-based prognostic model can well discriminate the survival in HCC patients undergoing TACE.
The proposed easy-to-use nomogram may accurately predict the survival at 3 and 5 years for individual HCC patient in the
precision medicine era.
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HBV Hepatitis B virus

HCV Hepatitis C virus

MELD Model for end-stage liver disease
MRI Magnetic resonance imaging
TACE  Transarterial chemoembolization
TTV Total tumor volume
Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver cancer and the fourth leading cause of cancer
mortality globally [1]. Chronic hepatitis B and C, alco-
holism and nonalcoholic fatty liver disease (NAFLD) are
the main etiologies of HCC [2, 3]. The prognosis of HCC
remains poor despite improved diagnosis and therapy
because most patients are identified at an advanced stage
[4, 5]. For early-stage HCC, curative treatments such as
surgical resection, tumor ablation, and transplantation are
suggested. Transarterial chemoembolization (TACE) is
usually indicated for unresectable HCC with good liver
functions aiming to improve survival [6-8]. However,
patients undergoing TACE appear to experience variable
clinical outcomes because of highly heterogeneous char-
acteristics of tumor burden and underlying liver functional
reserve.

The prognosis of HCC depends on tumoral extent, per-
formance status, and liver functional reserve. Many HCC
staging systems used Child—Turcotte—Pugh (CTP) classifi-
cation to evaluate the severity of liver dysfunction [2, 3].
However, CTP classification has its shortcoming including
subjective variables and their cutoff values are arbitrary [9].
The model for end-stage liver disease (MELD) score is an
alternative tool to measure liver functional reserve [10].
Recently, the albumin-bilirubin (ALBI) grade incorporates
only two subjective variables (serum albumin and bilirubin
level) to assess liver function. Notably, the ALBI grade has
been validated in several studies for HCC as a marker of
hepatic reserve [11-14].

Nomogram derived from hazard functions is a straight-
forward tool to estimate the survival in human cancers [15].
Importantly, nomogram may improve prognostic accuracy
from group level to individual level. In addition, medical
providers can use this simple tool to calculate approxi-
mate survival for each patient at the time of diagnosis and
treatment planning. Several reports have used nomogram
to predict the prognosis of HCC patients undergoing dif-
ferent treatments [16—19]; however, very few studies have
specifically evaluated the feasibility of ALBI grade-based
nomogram in the setting of TACE. We aimed to propose
and validate an ALBI-based prognostic nomogram for prog-
nostic prediction in patients with HCC undergoing TACE.

Methods
Patients

From 2002 to 2017 in Taipei Veterans General Hospital, a
total of 1051 HCC patients undergoing TACE as the primary
therapy were prospectively collected and retrospectively
analyzed. Patients were randomly assigned to derivation and
validation set. The baseline demographic data, etiology of
HCC, tumor burden, liver functional reserve, performance
status, and laboratory data were comprehensively collected
at the time of diagnosis. These patients were followed up
every 3—4 months after initial treatment. This study was
approved by the Institutional Review Broad of Taipei Vet-
erans General Hospital and complies with the standards of
the Declaration of Helsinki and current ethical guidelines.
Waiver of consent was obtained, and patient records/infor-
mation was anonymized and de-identified prior to analysis.

Diagnosis and Definitions

HCC was diagnosed by contrast-enhanced dynamic com-
puted tomography (CT) and magnetic resonance imaging
(MRI) showing early hyperenhancement in arterial phase
and delayed washout in venous phase [2, 3, 20]. Hepati-
tis B virus (HBV)-related HCC was classified as patients
who were seropositive for HBV surface antigen (HBsAg).
Patients who were anti-hepatitis C virus (HCV)-positive
were considered as HCV-related HCC. Patients with daily
alcohol consumption of at least 40 g for 5 years or more
were diagnosed as alcoholism [21]. The presence of ascites
was diagnosed by abdominal ultrasound or CT, and the
severity was defined according to the European Associa-
tion for the Study of the Liver (EASL) criteria [22]. The
performance status of each patient was evaluated by Eastern
Cooperative Oncology Group (ECOG) [23]. The calcula-
tion of total tumor volume (TTV) was based on individual
tumor diameter as previously described [24]. The presence
of thrombus adjacent to the tumor in portal system with
blurring boundary by CT or MRI was defined as vascular
invasion [25]. The ALBI score was calculated by the follow-
ing equation =0.66 X log,,bilirubin — 0.085 X albumin, and
ALBI grade was defined as ALBI grade 1 (score < —2.60),
ALBI grade 2 (score> —2.60 and < — 1.39), and ALBI grade
3 (score>—1.39) as originally proposed [11, 12].

Treatment
The treatments of HCC patients were discussed by multi-

disciplinary HCC broad at our hospital. Written informed
consent and shared decisions were performed after patient
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consultation. The indications for patients undergoing
TACE were: unresectable HCC with adequate liver func-
tional reserve, no main portal vein trunk invasion or dis-
tant metastasis, and serum creatinine concentration less
than 1.5 mg/dL [26, 27]. The procedure of TACE was done
according to the Seldinger’s method [26].

Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 21.0 (IBM Corp.,
Armonk, NY, USA) and SAS 9.4 (SAS Institute Inc., Cary,
NC, USA). The comparison of continuous variables was
analyzed by the Mann—Whitney test. The chi-square test
was used to compare the categorical data. The survival of
HCC patients was examined by the Kaplan—-Meier method
with the log-rank test. The BETAs coefficient and hazard
ratios of independent prognosis predictors were evaluated
by the multivariate Cox model. The performance of the
nomogram was analyzed by the concordance index and the
calibration plot [28-31]. A p value < 0.05 was considered
statistically significant.

Results
Baseline Demographics

After randomization, the derivation and validation set con-
tained 525 patients and 526 patients, respectively. Baseline
demographics are summarized in Table 1. The mean and
median follow-up duration in the derivation set and valida-
tion set were 31 + 18 months and 30 + 19 months, respec-
tively. The majority of patients were male (76%) with a mean
age of 67 years. HBV and HCV were the only underlying
etiology of liver disease in 43% and 29%, respectively.
About 54% patients had single tumors and 49% patients had
maximal tumor diameter larger than 5 cm. Diabetes mellitus
was found in 27% patients, and 20% of patients had ascites
(grade 1 in 15%, grade 2 in 3%, and grade 3 in 2%). Seventy-
seven percent of patients were classified as CTP class A,
and 59% of patients had performance status 0. There was no
significant difference between the two sets in tumor burden,
liver functional reserve, serum laboratory data, and Barce-
lona Clinic of Liver Cancer (BCLC) staging (all p > 0.05)
except in vascular invasion.

A higher ALBI score was associated with an increased
CTP score (p<0.001 for trend; Fig. 1a). However, a poor
correlation between ALBI score and model for end-stage
liver disease (MELD) score was observed (p=0.303 for
trend; Fig. 1b).
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Survival Analysis in the Derivation Set

There was a significant survival difference between ALBI
grade 1 and grade 2-3 in the derivation set (p <0.001,
Fig. 2). Factors that were possibly linked with survival were
investigated among patients in the derivation set (Table 2).
In the univariate analysis, factors associated with increased
risk of mortality included serum platelet < 150,000/pL,
serum creatinine > 1.2 mg/dL, presence of ascites, ALBI
grade 2-3, tumor size equal or larger than 5 cm, serum
AFP >400 ng/mL, TTV >396 cm’, presence of vascular
invasion, and performance status 2 or worse (all p <0.05).
In the multivariate Cox proportional analysis, presence of
ascites (BETA 0.278, p=0.004), ALBI grade 2-3 (BETA
0.470, p<0.001), serum AFP >400 ng/mL (BETA 0.741,
p<0.001), TTV >396 cm® (BETA 0.631, p<0.001), pres-
ence of vascular invasion (BETA 0.506, p <0.001), perfor-
mance status 2 (BETA 0.315, p=0.004), and performance
status 3—4 (BETA 0.439, p=0.008) were independently
associated with a decreased survival.

Construction of the Nomogram

Six variables selected in the multivariate Cox model from
the derivation set were included to build a nomogram. The
ratios of calculated BETAs were used to determine the
proportional prognostic effect of these variables. Serum
AFP >400 ng/ml was defined as 10 points because of the
highest BETA value (Fig. 3). The nomogram points of other
five variables were TTV >396 cm? (8.5), vascular invasion
(6.7), ALBI grade 2-3 (6.3), presence of ascites (3.7), per-
formance status 2 (4.2), and status 3—4 (5.8). The total score
of this nomogram ranges from 0 to 41. By adding up the
score of six variables in each patient, the survival probabil-
ity can be estimated for individual HCC patient at 3 and 5
years (Fig. 3).

Discrimination and Calibration of the Nomogram
in the Derivation Set

The 525 patients in the derivation set were categorized into
four groups (Q) according to the nomogram points (Q1: <6,
Q2:6.1t09.9,Q3:10t016.4, Q4: > 16.4) for the calibration
plots. The concordance index of nomogram in the derivation
set was 0.72 (95% confidence interval [CI] 0.63-0.82). The
calibration plots for both 3- and 5-year survival fell along
the 45-degree line for patients across Q1 to Q4 (Fig. 4a, b).

Discrimination and Calibration of the Nomogram
in the Validation Set

In the validation set, the concordance index of established
nomogram to predict survival was 0.72 (95% CI 0.62-0.81).
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Table 1 Baseline characteristics of patients with hepatocellular carcinoma undergoing TACE in derivation cohort and validate cohort (n=1051)

Variables Derivation cohort (n=525) Validation cohort (n=526) P value
Age (years, mean +SD) 67+12 67+13 0.583
Male, n (%) 402 (76) 393 (75) 0.518
Etiologies of liver disease 0.829

HBV, n (%) 224 (43) 214 (41)

HCV, n (%) 152 (29) 162 (31)

HBV +HCV, n (%) 25(5) 24.(5)

Others, n (%) 124 (23) 126 (24)
Performance status (0/1/2/3-4), n (%) 312/120/71/22 (59/23/14/4) 308/112/80/26 (59/21/15/5) 0.691
Diabetes mellitus, n (%) 150 (28) 134 (26) 0.266
Tumor nodules (single/multiple) 281/244 (54/46) 279/247 (53/47) 0.902
Maximal tumor diameter >5 cm, n (%) 258 (49) 261 (49) 0.902
Tumor diameter, mean + SD 6.3+4.3 6.3+4.3
Total tumor volume (cm?®), mean + SD 390+796 400+ 875 0.722
Total tumor volume (< 396/>396 cm?), 1 (%) 393/132 (75/25) 394/132 (75/25) 1.000
Vascular invasion, n (%) 86 (16) 101 (19) 0.001
Serum AFP (ng/mL) mean+SD 139897 + 6105 1822143410 0.332
Serum AFP>400 ng/mL, n (%) 139 (27) 150 (28) 0.490
Ascites, n (%) 95 (18) 117 (22) 0.106
Laboratory values (mean +SD)

Alanine transaminase (U/L) 67 £ 66 67+ 68 0.757

Aspartate transaminase (U/L) 89+121 99 +237 0.252

Albumin (g/L) 37+6 36+6 0.441

Total bilirubin (pmol/L) 18+12 18+13 0.267

Platelets (1000/puL) 164 +95 156+92 0.270

INR of prothrombin time (sec) 1.1+0.1 1.1+0.1 0.139

Creatinine (mg/dL) 12+1.1 1.2+1.0 0.456
Estimated GFR > 60 ml/min/1.73 m?, n (%) 383 (73) 357 (68) 0.079
CTP class (A/B/C) 417/100/8 (79/19/2) 394/119/13 (75/22/3) 0.173
CTP score, mean+ SD 58+1.1 6.0+13 0.078
ALBI grade (1/2/3), n (%) 180/317/28 (34/60/6) 169/331/26 (32/63/5) 0.604
ALBI score, mean +SD —2.33+0.55 —-2.30+0.55 0.463
MELD score, mean +SD 9.6+3.6 94+33 0.288
BCLC stage (0/A/B/C/D), n (%) 16/95/143/244/27 (3/18/27/47/5) 16/99/133/247/31 (3/19/25/47/6) 0.827

ALBI albumin-bilirubin; AFP alpha-fetoprotein; BCLC Barcelona Clinic Liver Cancer; CTP Child—Turcotte—Pugh score; HBV hepatitis B virus;
HCYV hepatitis C virus; MELD model for end-stage liver disease; SD standard deviation

The calibration plots for 3- and 5-year survival showed good
correlation with the ideal 45-degree reference line for the
four groups of patients (Fig. 5a, b).

Discussion

HCC patients undergoing TACE comprise a very hetero-
geneous population regarding liver functional reserve and
tumor burden. In this large cohort study with adequate fol-
low-up duration, an ALBI-based nomogram was developed
and used to estimate individual survival of HCC patients
undergoing TACE. There are two major implications of this

approach. First, the ALBI grade may exhibit reliable dis-
criminative ability in assessing the survival of this special
patient population. Second, our results demonstrate inter-
nally validated ALBI grade-based nomogram to predict the
prognosis of HCC patients undergoing TACE. This nomo-
gram was easy-to-apply tool and provide clinicians who can
readily calculate the predicted survival straightforwardly on
an individual basis.

The underlying liver functional reserve plays an impor-
tant role in prognostic evaluation for HCC [2, 32]. Several
HCC staging systems adopted the CTP classification to
assess the severity of liver function reserve. However, CTP
classification has several drawbacks including subjective
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Fig. 1 The correlation of albumin-bilirubin (ALBI) grade between (a) Child—Turcotte—Pugh (CTP) score (p <0.001 for trend), and (b) model for

end-stage liver disease (MELD) score (p =0.303 for trend)
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Fig.2 The survival distribution according to the ALBI grade. The
survival of patients with ALBI grade 1 was better than those with
ALBI grade 2-3 (p <0.001)

assessment of the severity of ascites and hepatic encepha-
lopathy, and some variables are closely interrelated [9].
Although the MELD score was applied for the same pur-
pose, it is mainly used to prioritize end-stage cirrhotic
patients awaiting liver transplantation [10]. The ALBI
grade has been proposed as a simple and objective method

@ Springer

in assessing liver reserve for HCC and validated in the
multicenter study [11]. Consistent with most previous
studies [11, 12], our results show that the ALBI grade can
discriminate overall survival in HCC patients undergoing
TACE. In multivariate Cox model, ALBI grade 2-3 was
associated with 50% increased risk of mortality compared
with ALBI grade 1. Therefore, the ALBI grade is con-
sidered a powerful tool to predict the outcome in these
patients.

In addition to the ALBI grade, consistent with previous
studies [33, 34], our study also shows that patients with
higher TTV tend to have decreased survival. Moreover, in
accordance with published series [25, 32], the presence of
vascular invasion and poor performance status were inde-
pendent risk factors associated with poor survival in our
study. Taken together, the extent of tumoral involvement,
the severity of liver dysfunction, and performance status are
considered major prognostic predictors for HCC patients
undergoing TACE.

Serum AFP level is a widely used biomarker both in
diagnosis and in outcome prediction for HCC. Patients with
higher AFP level are often associated with more aggressive
cancer phenotype [35, 36]. Consistently [37], our results
demonstrate that patients with higher serum AFP level had
decreased overall survival. Alternatively, ascites is a typical
hallmark of portal hypertension and was identified as an
independent poor prognostic predictor [38]. In this study, the
presence of ascites increased the risk of mortality by 40%,
further indicating its pivotal role in prognostic prediction for
HCC patients undergoing TACE.
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Table 2 Univariate and multivariate analysis of overall survival in patients undergoing transarterial chemoembolization in derivation set
Variables Number Univariate analysis Multivariate analysis
3-year sur- 5-year sur- P Beta Hazard ratio P
vival (%) vival (%)

Sex (male/female) 402/123 38/43 24/22 0.985
Age (< 65/65 years) 221/304 29/30 22/17 0.943
HBYV (negative/positive) 124/224 39/38 24/25 0.999
HCV (negative/positive) 124/152 39/40 24/20 0.996
Platelet (< 150,000/>150,000/pL) 276/249 31/46 22/25 0.004
Creatinine (< 1.2/>1.2 mg/dL) 415/110 42/29 26/15 0.002
INR (<1.1/>1.1) 345/180 41/37 25/21 0.850
Ascites (absence/presence) 430/95 43/21 26/13 0.001 0.278 1.462 0.005
ALBI grade (1/2-3) 180/345 53/32 34/18 <0.001 0.470 1.612 <0.001
eGFR (< 60/> 60 mL/min/1.73 m?) 142/383 27/30 18726 0.052
No. of tumor (single/multiple) 281/244 39/28 28/19 0.222
Tumor size (<5/>5 cm) 267/258 53/24 32/15 <0.001
Serum AFP (<400/>400 ng/mL) 386/139 47/18 30/4 <0.001 0.741 2.070 <0.001
Total tumor volume (< 396/> 396 cm?) 393/132 48/12 28/9 <0.001 0.631 1.887 <0.001
Vascular invasion (no/yes) 439/86 43/18 26/9 <0.001 0.506 1.774 <0.001
Diabetes mellitus (no/yes) 373/150 42/33 26/17 0.135
Performance status

0-1 432 42 26 <0.001

2 71 27 10 <0.001 0.315 1.524 0.006

34 22 16 11 <0.001 0.439 1.784 0.022

ALBI albumin-bilirubin, AFP alpha-fetoprotein; eGFR estimated glomerular filtration rate; HBV hepatitis B virus; HCV hepatitis C virus
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Fig.3 The composition of nomogram and prediction of overall sur-
vival. The nomogram is used by adding up the points identified on the
scale of six factors. The total nomogram point of each patient can be
used to predict survival at 3 and 5 years on an individual basis

We have constructed an assessable ALBI grade-based
nomogram to predict survival of individual patients under-
going TACE. The advantage of the nomogram is that all
variables are ordinary clinical characteristics and no com-
plex mathematical calculation is required. This easy-to-use
nomogram may improve patient—physicians communication,

decision making, and selection of patients for prospective
clinical trials. Notably, in comparison with a previous study
which adopted CTP classification as a prognostic compo-
nent, instead we used ALBI grade, a more objective and
evidence-based method to assess liver dysfunction for out-
come prediction in patients undergoing TACE [39].

The concordance index of the derivation set was 0.72 in
this study. This means that patients with higher nomogram
points had 72% increased risk of mortality. In the valida-
tion set, the nomogram also shows an excellent concord-
ance index of 0.72. These results confirm that this ALBI
grade-based nomogram is a fairly good prediction model for
HCC characterized by highly heterogeneous clinical behav-
ior. The calibration plots were used to evaluate the accuracy
of nomogram by comparing the nomogram-predicted sur-
vival and actual survival by Kaplan—-Meier method. In the
derivation set, the calibration plots for overall survival at
3 and 5 years well matched the idealized 45-degree line,
confirming the predictive accuracy of nomogram. Similar
distributions were observed in 3-year and 5-year survival
in the validation set, suggesting that the ALBI grade-based
nomogram is a simple and feasible prognostic tool to predict
survival for these patients.

Our ALBI-based prognostic nomogram has several
advantages compared with another study from Taiwan [40].
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Fig.4 The calibration of nomogram for 3- and 5-year survival pre-
diction in the derivation set. The X-axis presents the nomogram-
predicted overall survival, and the Y-axis shows the mean survival
and 95% confidence interval calculated by Kaplan—-Meier method.
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Fig.5 The calibration of nomogram for 3- and 5-year survival predic-
tion in the validation set. Patients were divided into quantiles (Q) to
evaluate the accuracy of nomogram (Q1: <6, Q2: 6.1-9.9, Q3: 10 to

Firstly, the proposed predictive nomogram comprehensively
included six important variables including total tumor vol-
ume, vascular invasion, AFP, ALBI grade, ascites, and
performance status. A major feature is that we have incor-
porated TTV to describe tumor burden and performance sta-
tus in the nomogram. Secondly, our nomogram is a graphic
presentation and straightforward tool to predict individual
patient survival. Medical providers can use this simple tool
to calculate approximate survival for each patient at the
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Patients were divided into quantiles (Q) to evaluate the accuracy of
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calibration lines fit along with the 45-degree reference for 3- and
5-year survival in the derivation set
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16.4, Q4: >16.4). The calibration lines fit along with the 45-degree
reference for 3- and 5-year survival in the validation set

time of diagnosis and treatment planning. For example, for
patients with nomogram point 0, the 3- and 5-year survival
rates were 65% and 49%, respectively. Thirdly, our proposed
ALBI-based prognostic nomogram had a concordance index
0.72 in the derivation and validation cohort. However, the
area under the receiver operating characteristics curve for
the other ALBI-based prognostic model was 0.68-0.72 [40].
Therefore, our ALBI-based nomogram is a better and more
feasible model.
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This study has a few limitations. First, our nomogram
was generated from a cohort where hepatitis B is the major
etiology of chronic liver disease, and external validation is
required before this model can be applied in western coun-
tries. Second, the nomogram was generated from TACE
patients; therefore, it may not be suitable for patients
undergoing other therapies. Third, in order to minimize
the effect of multi-collinearity in this nomogram, all six
variables in the model need to be used to generate estimate
survival; missing of any of these variables might decrease
the predictive accuracy.

Conclusions

The ALBI grade-based nomogram, generated from a large
patient cohort, may provide quantitative evidence to sup-
port the prognostic feasibility in HCC patients undergo-
ing TACE. This easy-to-apply nomogram may accurately
predict the survival for individual HCC patient counseling
for TACE and should be considered in treatment planning
for HCC patients undergoing TACE.

Key Messages

e The prognosis of hepatocellular carcinoma (HCC)
patients undergoing transarterial chemoembolization
(TACE) is highly heterogeneous.

e Albumin-bilirubin (ALBI)-based nomogram was
developed in the derivation set. Each patient had an
individualized score from O to 41 by adding up the
points from the six prognostic predictors. This nomo-
gram had a good concordance index (0.72) in the vali-
dation set.

e The proposed ALBI grade-based nomogram is an easy-
to-use prognostic tool that may accurately predict the
survival at 3 and 5 years for individual HCC patient in
the precision medicine era.
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