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ABSTRACT

Purpose: To evaluate albumin-bilirubin (ALBI) and platelet-albumin-bilirubin (PALBI) grades in predicting overall survival in high-
risk patients undergoing conventional transarterial chemoembolization for hepatocellular carcinoma (HCC).

Materials and Methods: This single-center retrospective study included 180 high-risk patients (142 men, 59 y = 9) between April
2007 and January 2015. Patients were considered high-risk based on laboratory abnormalities before the procedure (bilirubin > 2.0
mg/dL, albumin < 3.5 mg/dL, platelet count < 60,000/mL, creatinine > 1.2 mg/dL); presence of ascites, encephalopathy, portal vein
thrombus, or transjugular intrahepatic portosystemic shunt; or Model for End-Stage Liver Disease score > 15. Serum albumin, bilirubin,
and platelet values were used to determine ALBI and PALBI grades. Overall survival was stratified by ALBI and PALBI grades with
substratification by Child-Pugh class (CPC) and Barcelona Liver Clinic Cancer (BCLC) stage using Kaplan-Meier analysis. C-index was
used to determine discriminatory ability and survival prediction accuracy.

Results: Median survival for 79 ALBI grade 2 patients and 101 ALBI grade 3 patients was 20.3 and 10.7 months, respectively
(P <.0001). Median survival for 30 PALBI grade 2 and 144 PALBI grade 3 patients was 20.3 and 12.9 months, respectively (P =.0667).
Substratification yielded distinct ALBI grade survival curves for CPC B (P =.0022, C-index 0.892), BCLC A (P =.0308, C-index 0.887),
and BCLC C (P =.0287, C-index 0.839). PALBI grade demonstrated distinct survival curves for BCLC A (P = 0.0229, C-index 0.869).
CPC yielded distinct survival curves for the entire cohort (P = .0019) but not when substratified by BCLC stage (all P > .05).

Conclusions: ALBI and PALBI grades are accurate survival metrics in high-risk patients undergoing conventional transarterial
chemoembolization for HCC. Use of these scores allows for more refined survival stratification within CPC and BCLC stage.

ABBREVIATIONS

ALBI = albumin-bilirubin, BCLC = Barcelona Liver Clinic Cancer, Cl = confidence interval, CPC = Child-Pugh class, HCC = hepa-
tocellular carcinoma, N/A = not applicable, PALBI = platelet-bilirubin-albumin, 0y — yttrium-90
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(HCC) before locoregional therapy is paramount owing
to the varying severity of underlying liver disease. A
commonly used metric is the Child-Pugh scoring system.
The use of interrelated and subjective variables, such as
ascites and encephalopathy, limits the prognostic ability of
the Child-Pugh score, particularly in patients with advanced
cirrhosis and HCC. In 2015, Johnson et al (1) introduced a
new tool to assess liver function, the albumin-bilirubin
(ALBI) grade. This evidence-based model is solely based
on laboratory parameters and has been validated in an
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international cohort of Child-Pugh class (CPC) A patients
with HCC from Asia, Europe, and the United States.
Several other groups have since provided external valida-
tion of the ALBI grade (2,3). Further modification of the
ALBI grade resulted in the platelet-bilirubin-albumin
(PALBI) grade, which incorporates the blood platelet
count as a surrogate marker for portal hypertension (4).
ALBI and PALBI grades assess the degree of underlying
liver dysfunction in patients with HCC and may be helpful
in predicting mortality related to liver failure rather than
tumor progression. Despite numerous external validations
of the ALBI and PALBI grades, there is a paucity of data
regarding their use in high-risk patients undergoing trans-
arterial chemoembolization, and their utility in this popu-
lation has not been well characterized. The purpose of this
study was to assess the performance of ALBI and PALBI
grades in predicting overall survival outcomes in high-risk
patients undergoing conventional transarterial chemo-
embolization for treatment of HCC.

MATERIALS AND METHODS

Institutional review board approval was obtained for this
study, which was compliant with the Health Insurance
Portability and Accountability Act. This retrospective study
identified patients who underwent conventional transarterial
chemoembolization for HCC between April 2007 and
January 2015 at a tertiary care referral center using the
department of radiology picture archiving and communica-
tion system and the interventional radiology case log book.
Demographic, laboratory, and imaging data were reviewed
to collect baseline demographic and disease information.
Diagnosis of HCC was made by established imaging criteria
using National Comprehensive Cancer Network (5) and

High-Risk Criteria:
* Serum bilirubin level > 2 mg/dL
* Albumin level < 3.5 mg/dL
* Serum platelet count < 60,000

it —
* Serum creatinine > 1.2 mg/dL

* Portal vein thrombus

* Ascites/encephalopathy
* TIPS

* MELD Score > 15
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Conventional
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chemoembolization
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American Association for the Study of Liver Disease criteria
(6) (n = 137) or biopsy (n = 43). Biopsy was performed for
atypical imaging presentations to confirm the diagnosis
before treatment. Patients who underwent conventional
transarterial chemoembolization for HCC were included if
they met at least 1 of the following risk factors previously
described in the literature (7,8) before transarterial chemo-
embolization: serum bilirubin level > 2 mg/dL; albumin
level < 3.5 mg/dL; serum platelet count < 60,000 mL;
serum creatinine > 1.2 mg/dL; portal vein thrombus diag-
nosed on computed tomography or magnetic resonance
imaging performed before the procedure; presence of ascites
established on abdominal ultrasound, computed tomogra-
phy, or magnetic resonance imaging; presence of hepatic
encephalopathy, defined as brain dysfunction caused by
liver insufficiency and/or portosystemic shunting (9); pres-
ence of transjugular intrahepatic portosystemic shunt; or
Model for End-Stage Liver Disease score > 15. Figure 1
outlines eligibility criteria for study inclusion and patient
allocation, and the features of the study cohort are
presented in Table 1. A serum albumin level < 3.5 mg/dL
was used based on previously published data on high-risk
patients undergoing transarterial chemoembolization (8).
Using an albumin level < 3.5 mg/dL preserves the full range
of abnormal albumin levels (as the 3.5 mg/dL threshold
delineates the lower limit of normal albumin level), which is
useful given that albumin level is an integral component in
calculating both the ALBI and the PALBI scores.

Transarterial Chemoembolization

The decision to treat with conventional transarterial che-
moembolization was made by an interdisciplinary tumor
board consisting of hepatologists, transplant surgeons,
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Figure 1.

Flow diagram highlighting the process of patient selection and inclusion criteria for retrospective analysis. DEE = drug-eluting

embolic; MELD = Model for End-Stage Liver Disease; TIPS = transjugular intrahepatic portosystemic shunt.
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Table 1. Patient Baseline Characteristics

Characteristic Value
Age, y, mean = SD 59 +9
Sex, n
Male 142
Female 38
Total 180
ECOG status, n (%)
Grade 0 165 (92)
Grade 1 15 (8)
Risk factor, n (%)
Bilirubin > 2 mg/dL 72 (40)
Bilirubin > 3 mg/dL 30 (17)
Albumin < 3.5 mg/dL 170 (94)
Platelet count < 60,000 39 (22)
INR > 1.5 37 (21)
Creatinine > 1.2 mg/dL 34 (19)
Ascites 34 (19)
Encephalopathy 8 (5)
TIPS 10 (6)
Portal vein thrombus 16 (9)
MELD score > 15 35 (19)
CPC, n (%)
A 44 (24)
B 105 (58)
C 31(18)
BCLC stage, n (%)
0/A 68 (38)
B 53 (29)
C 27 (15)
D 32 (18)
ALBI grade, n (%)
1 0
2 79 (44)
3 101 (56)
PALBI grade, n (%)
1 6 (3)
2 30 (17)
3 144 (80)

ALBI = albumin-bilirubin; BCLC = Barcelona Clinic Liver Can-
cer; CPC = Child-Pugh class; ECOG = Eastern Cooperative
Oncology Group; INR = international normalized ratio;
MELD = Model for End-Stage Liver Disease; PALBI = platelet-
albumin-bilirubin; TIPS = transjugular intrahepatic portosys-
temic shunt.

medical oncologists, and interventional radiologists based
on considerations such as liver reserve, performance status,
tumor size, number, stage, morphology, distribution, burden,
vascularity, presence of portal vein invasion, and operator
expertise and/or preference. Specifically, patients with Bar-
celona Liver Clinic Cancer (BCLC) stages A and C were
allocated to treatment with transarterial chemoembolization
if the multidisciplinary consensus deemed it reasonable as
either the best treatment option given the individual patient’s
comorbidities or as a bridge to liver transplantation.

Procedures were performed by 5 Certificate of Added
Qualification—licensed interventional radiologists with a
range of 220 years of experience. Chemoembolization was
performed using combinations of cisplatin (100 mg),
doxorubicin (50 mg), and mitomycin C (10 mg) with
ethiodized oil (Lipiodol; Guerbet LLC, Bloomington, Indi-
ana) using previously described technique (10,11). There
were 33 procedures performed with lobar infusion. The
remaining procedures (n = 147) were performed using
selective or subselective catheterization.

Data Collection and Evaluation

Serum bilirubin and albumin values obtained before the
procedure were used to calculate the ALBI grade using
previously published criteria with linear predictor as
follows: linear predictor = (logjo bilirubin x 0.66) +
(albumin x —0.085), where bilirubin is in umol/L and albu-
min is in g/L. ALBI grade was assigned using the following
described ranges: < —2.60 (ALBI 1), > —2.60 to < —1.39
(ALBI 2), and > —1.39 (ALBI 3) (1). Serum platelet, bili-
rubin, and albumin values obtained before the procedure were
used to calculate the PALBI grade using previously published
criteria as follows: (2.02 x logq bilirubin) + (—0.37 X [logig
bilirubin]?) + (—0.04 x albumin) + (—3.48 x logjo
platelets) + (1.01 x [logjg platelets]z). PALBI grade was
assigned using previously published ranges: < —2.53
(PALBI 1), > —2.53 to —2.09 (PALBI 2), and > —2.09
(PALBI 3) (4). Laboratory values before the procedure were
predominantly obtained on the day of the procedure (mean/
median 0.7/0 d + 2.7, range 0-21 d). Survival was analyzed
on a per-patient basis based on the initial conventional
transarterial chemoembolization procedure. Patients who
underwent liver transplantation were censored at the time of
orthotopic liver transplant for the purposes of survival anal-
ysis. Survival was determined by electronic medical record
review and use of the US Social Security Death Index. If the
date of death could not be confirmed by medical record re-
view or use of the Social Security Death Index at the time of
study truncation, patient survival was censored at the last
clinic follow-up. At the time of study truncation, 41 patients
(23%) had no confirmed date of death. There were 34 pa-
tients (83%) with at least a 6-month clinic follow-up and 26
patients (63%) with a 12-month clinic follow-up.

Statistical Analysis

Descriptive statistics were used to summarize data. Survival
analyses were performed using log-rank and Cox regression
method to compare the survival months from the date of
first transarterial chemoembolization between different
staging indices. ALBI and PALBI grades were calculated
at baseline before the index conventional transarterial che-
moembolization procedure, and survival months were
measured from the time of first transarterial chemo-
embolization. Substratification by CPC, BCLC stage, ALBI
grade, and PALBI grade was performed. The C-index,
testing the concordance rate of the estimated and observed
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survival results, was used to compare several survival
regression models with different staging systems. Analyses
were performed using SAS 9.4 (SAS Institute Inc, Cary,
North Carolina). A P value of < .05 was considered
significant.

RESULTS

Stratification by ALBI grade identified 79 patients with
ALBI grade 2 (44%), 101 patients with ALBI grade 3
(56%), and no patients with ALBI grade 1. Stratification by
PALBI grade identified 6 patients with PALBI grade 1 (3%),
30 patients with PALBI grade 2 (17%), and 144 patients
with PALBI grade 3 (80%). Table 1 summarizes these
findings and provides further risk factor differentiation.

Survival Outcomes by ALBI Grade

Distinct survival curves were demonstrated for ALBI grades
2 and 3 (P <.0001), with median survival for ALBI grade 2
patients of 20.3 months (95% confidence interval [CI], 10.5
to not applicable [N/A]), and median survival for ALBI
grade 3 patients of 10.7 months (95% CI, 3.5 to 21.6
months). Survival curves are shown in Figure 2. Patients
were then stratified by CPC and BCLC stage, with
survival outcomes calculated based on ALBI grade.

Child-Pugh Class
For CPC A, all patients were ALBI grade 2, prohibiting a
comparison of survival differences between ALBI grades

2 and 3. For CPC B patients, median survival was
14.7 months for ALBI grade 2 (95% CI, 9.6 to N/A) and
12.2 months (95% CI, 3.5 to 22.7 months) for ALBI grade 3
(P =.002, C-index 0.892) (Fig E1 [available online at www.
Jvirorg]). For CPC C patients, median survival differences
were not compared between ALBI grades because only 1
patient was stratified as ALBI grade 2, with most patients
(n = 30) in ALBI grade 3, prohibiting a meaningful
comparison. Median survival for CPC C, ALBI grade 3
patients was 6.9 months (95% CI, 2.9 to 10.7 months).

BCLC Stage

Patients were stratified by BCLC stage, with survival out-
comes calculated based on ALBI grade. For BCLC stage A,
median survival time could not be calculated for ALBI
grade 2 because of the large number of patients still alive at
the time of analysis (16 of 35; 46%); median survival was
21.6 months for ALBI grade 3 (95% CI, 8.4 to 29.1 months;
P =.031, C-index 0.887) (Fig E2 [available online at www.
jvirorg]). For BCLC stage B, median survival was 20.1
months for ALBI grade 2 (95% CI, 11.2 to 33.9) and 12.2
months for ALBI grade 3 (95% CI, 3.5 to 17.9; P = .079,
C-index 0.917). For BCLC stage C, median survival was
12.9 months for ALBI grade 2 (95% CI, 4.2 to N/A) and
3.5 months for ALBI grade 3 (95% CI, 2.4 to 5.2; P =
.029, C-index 0.839) (Fig E3 [available online at www.
Jvirorg]). For BCLC stage D, only 1 patient was stratified
as ALBI grade 2, with 31 patients ALBI grade 3,
prohibiting a meaningful comparison between stages.

Product-Limit Survival Estimates
With Number of Subjects at Risk and 95% Hall-Wellner Bands
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Figure 2. Overall survival after conventional transarterial chemoembolization stratified by ALBI grade (P < .0001).
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Median survival for BCLC stage D ALBI grade 3 was 7.9
months (95% CI, 3.7 to 10.9).

Survival Outcomes by PALBI Grade

Distinct survival curves were demonstrated for all PALBI
grades when the entire cohort was analyzed, although this
finding did not reach statistical significance (P = .067)
(Fig 3). Median survival for PALBI grade 1 patients was
not calculated owing to the small number of patients.
Median survival for PALBI grade 2 patients was 20.3
months (95% CI, 10.4 to N/A), and median survival for
PALBI grade 3 patients was 12.9 months (95% CI, 4.8
to 26.6). Patients were then stratified by CPC and BCLC
stage, with survival outcomes calculated based on
PALBI grade.

Child-Pugh Class

Survival outcomes were not calculated for PALBI grade 1
because of the low number of patients (n = 6). For CPC A
patients, median survival was 20.1 months (95% CI, 10.4
to 33.9) for PALBI grade 2 and 22.1 months (95% CI,
15.0 to 36.7) for PALBI grade 3 (P =.632, C-index 0.94).
For CPC B patients, most patients (n = 97) were PALBI
grade 3, with 6 patients in PALBI grade 2, prohibiting a
meaningful comparison. Median survival for CPC B
PALBI grade 3 patients was 13.3 months (95% CI, 4.8 to
26.6). For CPC C patients, all patients were PALBI grade
3 (n = 31), with a median survival of 7.9 months (95%
Cl, 2.9 to 10.7).

BCLC Stage

Patients were stratified by BCLC stage, with survival out-
comes calculated based on PALBI grade. For BCLC stage
A, median survival could not be calculated for PALBI
grades 1 and 2 owing to the large number of patients still
alive at the time of analysis (BCLC A, PALBI grade 1, 1 of
5 patients (20%); BCLC A, PALBI grade 2, 6 of 11 patients,
55%). Median survival was 16.8 months for PALBI grade 3
(95% CI, 9.0 to 42.3; P = .023, C-index 0.869) (Fig E4
[available online at www.jvir.org]). For BCLC stage B, no
patients were PALBI grade 1. Median survival was 13.4
months for PALBI grade 2 (95% CI, 10.4 to 29.0) and
16.7 months for PALBI grade 3 (95% CI, 5.1 to 36.7,
P = .436, C-index 0.968). For BCLC stage C, 1 patient
with PALBI grade 1 survived 6.7 months, median survival
for PALBI grade 2 was 11.1 months (95% CI, 4.2 to
N/A), and median survival for PALBI grade 3 was 3.8
months (95% CI, 2.8 to 13.3; P = .774, C-index 0.938).
For BCLC stage D, all patients were PALBI grade 3 with
a median survival of 9.7 months (95% CI, 3.7 to 16.7).

Survival Outcomes by CPC

Patients were stratified by CPC, and survival outcomes were
calculated. For CPC A patients, median survival was 20.3
months (95% CI, 11.1 to 36.7); for CPC B patients, median
survival was 14.7 months (95% CI, 5.1 to 29.4); and for
CPC C patients, median survival was 7.9 months (95% CI,
2.9 to 10.7; P = .002). Survival curves are shown in
Figure 4.
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10
0.8
2
z &
'Q 1 1
B 0.6 T t t
© g —
& T |
i
= - = |
g 0.4 iy i
a ="
‘-—a—__,l ————t——————— —+
0.2 1 _—“—_+L__|_|
4
----- ——-— - —
0.0
1 6 3 1 1 0
2 30 11 2 1 0
3 144 24 7 1 0
T T T T T
0 20 40 60 80

survival months

|PALBI Grade

1 ——— 2 —-— 3|

Figure 3. Overall survival after conventional transarterial chemoembolization stratified by PALBI grade (P = .0667).
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Product-Limit Survival Estimates
With Number of Subjects at Risk and 95% Hall-Wellner Bands
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Figure 4. Overall survival after conventional transarterial chemoembolization stratified by CPC (P = .0019).

Patients were stratified by BCLC stage, with survival
outcomes calculated based on CPC. For BCLC stage A,
median survival for CPC A could not be calculated owing to
the large number of patients still alive at the time of analysis;
median survival for CPC B was 22.7 months (95% CI, 9.1 to
44.7; P = 414). For BCLC stage B, median survival for
CPC A was 20.1 months (95% CI, 13.4 to 36.7), and median
survival for CPC B was 14.7 months (95% CI, 4.0 to 20.3;
P = .157). For BCLC stage C, median survival for CPC A
was 6.8 months (95% CI, 4.2 to 11.1), and median survival
for CPC B was 3.7 months (95% CI, 2.6 to 13.3; P =.349).
For BCLC stage D, no patients were CPC A, 2 patients were
CPC B, and 30 patients were CPC C, prohibiting a mean-
ingful comparison of survival times. Tables 2 and 3 provide
a comprehensive summary of these findings.

DISCUSSION

The results indicate that in high-risk patients undergoing
conventional transarterial chemoembolization for HCC,
ALBI and PALBI grade are accurate metrics of survival.
ALBI grade yielded distinct survival curves for the entire
cohort and for the CPC B and BCLC stage A and C sub-
groups, whereas PALBI grade yielded distinct survival
curves for the entire cohort and the subgroup of BCLC A
patients. The overall survival prediction accuracy as tested
by the C-index was similar between the ALBI and PALBI
grades, indicating that both scores can be considered good
survival indicators in high-risk patients. Both scoring
systems primarily predict the risk of death related to

Table 2. Albumin-Bilirubin and Platelet-Albumin-Bilirubin

Grades Stratified by Child-Pugh Class

CPC Total
A B Cc
ALBI grade
1 0 0 0 0
2 44 34 1 79
3 0 71 30 101
P N/A .002* N/A
Total 44 105 31 180
PALBI grade
1 4 2 0 6
2 24 6 0 30
3 16 97 31 144
P .632 N/A N/A
Total 44 105 31 180

ALBI = albumin-bilirubin; CPC = Child-Pugh class; N/A = not
applicable; PALBI = platelet-albumin-bilirubin.
*Denotes statistical significance.

underlying liver dysfunction and should not be considered
primary markers for tumor progression. The ALBI grade
primarily differentiated the high-risk cohort into ALBI
grades 2 and 3, whereas the PALBI grade predominantly
allocated patients to PALBI grade 3 (80%). This may imply
that the ALBI grade allows for a more refined differenti-
ation among high-risk patients, which warrants further
investigation.
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Table 3. Albumin-Bilirubin and Platelet-Albumin-Bilirubin

Grades and Child-Pugh Class Stratified by Barcelona Clinic
Liver Cancer Stage

BCLC Stage Total
A B C D
ALBI grade
1 0 0 0 0 0
2 35 31 12 1 79
3 32 22 15 32 101
P .031* .079 .029* N/A
Total 67 53 27 33 180
PALBI grade
1 5 0 1 0 6
2 11 14 5 0 30
3 51 39 21 33 144
P .023* 436 774 N/A
Total 67 53 27 33 180
CPC
A 17 20 7 0 44
B 50 33 20 2 105
C 0 0 0 31 31
P 414 157 .349 N/A 180

ALBI = albumin-bilirubin; BCLC = Barcelona Clinic Liver Can-
cer; CPC = Child-Pugh class; N/A = not applicable; PALBI =
platelet-albumin-bilirubin.

*Denotes statistical significance.

The results in high-risk patients are in line with previ-
ously reported results using the ALBI grade in retro-
spective analyses to determine overall survival in
non-high-risk patients undergoing locoregional treatment
with both transarterial chemoembolization and yttrium-90
(90Y) radioembolization. Hickey et al (12) reported a
cohort of 337 patients undergoing transarterial chemo-
embolization and 428 patients undergoing Y radio-
embolization. Patients were predominantly in CPC A and
B for both the transarterial chemoembolization cohort
(n = 186 and 146, respectively) and the Py cohort (n =
201 and 215, respectively). Their analysis confirmed the
utility of the ALBI grade for both locoregional treatment
modalities, yielding distinct survival curves for both co-
horts. For the *°Y cohort, distinct survival outcomes by
ALBI grade were observed for patients in CPC B, BCLC
A, BCLC B, and BCLC C, and ALBI grade yielded
different survival curves for patients undergoing trans-
arterial chemoembolization in the CPC B, BCLC B, and
BCLC C subgroups (12). Pinato et al (13) retrospectively
evaluated the ALBI grade as a predictor of survival in a
multicenter cohort of 1,461 patients with HCC from
Europe, Asia, and the United States treated with trans-
arterial chemoembolization. Patients were predominantly
CPC A and BCLC stage B, and ALBI grade was found to
be a significant predictor of overall survival, with com-
parable accuracy to CPC.

Modification of the ALBI grade resulted in the PALBI
grade, which incorporates serum platelet counts as a

surrogate marker of portal hypertension (4). In the initial
description of the PALBI grade by Roayaie et al (4), most
of the 3,992 patients (3,166; 79%) were CPC A, and
PALBI grades 1-3 yielded distinct survival curves for the
entire cohort as well as for the subgroup of 1,755 CPC A
patients undergoing curative therapy. Liu et al (14) eval-
uated the utility of ALBI and PALBI grade compared with
the Model for End-Stage Liver Disease score to evaluate
the severity of liver dysfunction in 3,182 Asian patients
with HCC, predominantly (73%) with CPC A liver disease.
Both PALBI and ALBI grades were able to differentiate
each BCLC stage into 3 distinct survival groups for the
entire cohort. A higher C-index was observed for the
PALBI grade over the ALBI grade, indicating its utility as
a statistical model providing improved discriminatory po-
wer. In the subgroup of patients undergoing transarterial
chemoembolization, ALBI grade discerned 2 prognostic
groups, whereas PALBI grade differentiated patients into 3
prognostic groups (14).

In contrast to the above-mentioned studies, the present
cohort included only patients considered to be at high-risk
(8,9). The findings corroborate a high C-index for both the
ALBI and the PALBI grades, indicating that the scores
provide good discriminatory power. In this sample of high-
risk patients, PALBI grade was unable to differentiate
distinct survival groups for most BCLC stages, although the
diagnostic performance was likely limited by small sample
sizes for each group. Both ALBI and PALBI grades per-
formed well in their ability to accurately predict overall
survival. In addition, both grades address the well-known
limitations of the CPC, including the use of interrelated
variables such as albumin and ascites; use of subjective
variables such as ascites and encephalopathy; and arbitrary
selection of cutoff values for continuous variables such as
bilirubin, albumin, and prothrombin time, leading to “ceil-
ing” and “floor” effects. Although previously described
scores have incorporated bilirubin and albumin levels ob-
tained before treatment to guide administration of transarterial
chemoembolization in HCC (15,16), differences in cutoff
values including bilirubin according to local practice patterns
limit performance of these algorithms. By using continuous
variables, the ALBI and PALBI grades preserve diagnostic
accuracy over the full spectrum of variables. Therefore, the
ALBI and PALBI grades represent evidence-based and
objective tools that eliminate the subjective components of the
CPC and allow for stratification of patients with HCC into
distinct risk categories based on laboratory values obtained
from routine blood tests performed before treatment.

This study has several limitations. Retrospective single-
center studies are inherently limited, and the relatively small
sample size of the cohort may have contributed to the PALBI
grade not demonstrating distinct survival differences for
certain disease stages. The small proportion of ALBI and
PALBI grade 1 patients limited the ability to evaluate this
particular group compared with previous publications (1,4,14).
A relatively large proportion of BCLC A patients was still
alive at the time of study truncation, limiting evaluation of



8 m ALBI and PALBI Grades Predict Survival in High-Risk Patients

Hansmann et al ® JVIR

overall survival in this subgroup of patients. The results
are applicable only to conventional transarterial chemo-
embolization procedures, and variability in the degree of
selectivity of catheter position during embolization and vari-
ations in transarterial chemoembolization technique across
institutions (17) subtract from the overall generalizability of
the results. Findings should not be extrapolated to drug-
eluding bead transarterial chemoembolization or radio-
embolization procedures. Further investigation and compari-
son among locoregional therapies including radioembolization
and ablation, systemic therapy, and supportive therapy should
be considered in prospective trials to further evaluate the pre-
dictive qualities of the ALBI and PALBI grades.

In conclusion, ALBI and PALBI grades are accurate
survival metrics in high-risk patients undergoing conven-
tional transarterial chemoembolization for treatment of
HCC. Use of these scores in clinical practice may allow for
improved risk stratification in this patient group; however,
confirmation in larger scale prospective studies is warranted.
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Figure E1. CPC B overall survival after conventional transarterial chemoembolization stratified by ALBI grade (P = .0022).
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Figure E2. BCLC stage A overall survival after conventional transarterial chemoembolization stratified by ALBI grade (P = .0308).
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Figure E3. BCLC stage C overall survival after conventional transarterial chemoembolization stratified by ALBI grade (P = .0287).
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Figure E4. BCLC stage A overall survival after conventional transarterial chemoembolization stratified by PALBI grade (P = .0229).
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