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Abstract

Background Evidence about the relationship between albumin-bilirubin (ALBI) grade and sequential systemic therapy for
advanced hepatocellular carcinoma in real-world Japanese clinical practice is limited.

Objective The objective of this study was to investigate ALBI grades and sequential treatment for advanced hepatocellular
carcinoma in Japanese clinical practice.

Methods We conducted a retrospective cohort study using a Japanese hospital-based administration database to assess
treatment sequence in patients with confirmed advanced hepatocellular carcinoma and first prescription (index line) of
lenvatinib (July 2014—June 2019; N = 1558) or sorafenib (July 2014—June 2016 [sorafenib-A; N = 1511] or June 2017-June
2019 [sorafenib-B; N = 1276]). Transition to subsequent line was assessed in patients who completed the index line without
transarterial chemoembolization. The ALBI grade and sequential treatment relationships were analyzed in patients with
baseline and/or end of index line ALBI scores.

Results Transition to a subsequent line was low (sorafenib-A [n = 1320]: 12.6%; sorafenib-B [rn = 1049]: 40.7%; lenvatinib
[n="786]: 27.2%). In patients with baseline ALBI data (combined cohorts; n = 385), overall treatment duration was shorter
in those with baseline ALBI grade 2b or 3 vs grade 1 or 2a (median: 7.1, 6.7, 4.5, and 3.0 months for grades 1, 2a, 2b, and 3,
respectively). In patients with baseline and end of index line ALBI data (combined cohorts; n = 222), ALBI grade worsened
during index line regardless of baseline grade. Of these patients in the sorafenib-B or lenvatinib cohorts who completed the
index line without transarterial chemoembolization (n = 120), transition to a subsequent line was higher with the end of
index line grade 1/2a (66.7/68.4%) than with grade 2b/3 (34.0/11.1%).

Conclusions Adequate liver function, indicated by ALBI grade, at the start and end of first-line treatment is associated with
successful sequential therapy in Japanese clinical practice.
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In this study of real-world clinical practice in Japan,
better liver function (measured with albumin-bilirubin
grade using serum albumin and total bilirubin) at the
start of anti-cancer treatment was associated with longer
overall treatment period in patients with advanced liver
cancer.

Liver function can deteriorate during anti-cancer treat-
ment, and deterioration was associated with worse
prognosis for these patients.

These results imply that starting anti-cancer treatment
before liver function deteriorates and preserving liver
function as much as possible during treatment are impor-
tant for improving patient outcomes.

1 Introduction

Hepatocellular carcinoma (HCC) is the most common form
of liver cancer and is a leading cause of death worldwide
[1, 2]. Early-stage HCC can often be successfully treated
by surgical resection, transplantation, or radiofrequency
or microwave ablation. At later stages, treatment includes
transarterial chemoembolization (TACE) for intermediate-
stage HCC and systemic treatments for advanced HCC. Cur-
rent Japanese treatment guidelines recommend sorafenib
(approved in 2009) and lenvatinib (approved in 2018) as
standard first-line treatment, and regorafenib (approved in
2017) as standard second-line treatment, for advanced HCC
[3]. The choice of treatment depends not only on the can-
cer stage, but also on the extent of liver damage [2]. Most
patients with HCC also have cirrhosis caused by pre-existing
medical conditions, such as hepatitis or alcoholic liver dis-
ease. Because some treatments can further deteriorate liver
function, the level of residual function should be considered
when choosing treatment options and monitored during can-
cer treatment.

The Child-Pugh grading system has been used exten-
sively to assess liver function [4]. However, the Child—Pugh
system includes measures that are primarily subjective
(ascites and encephalopathy) or are interrelated (e.g., ascites
and serum albumin level), and may not be optimal for assess-
ing liver function in patients with HCC to identify potential
candidates eligible for systemic treatment according to cur-
rent guidelines [5]. Recently, the albumin-bilirubin (ALBI)
score has been proposed as an objective and simpler alter-
native to the Child—Pugh grading system for assessing liver
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function in patients with HCC [5, 6]. The ALBI scoring
system is based only on objective laboratory measurements
of serum albumin and total bilirubin, as determined by the
equation: ALBI score = (log,, bilirubin [pmol/L] X 0.66) +
(albumin [g/L] x — 0.085). This is advantageous when used
in retrospective database studies because laboratory meas-
urement results are relatively more accessible compared
with other clinical information in secondary data sources
in Japan [7-9]. Another advantage is that the ALBI score
can be evaluated as a continuous measure, and can also be
further divided into defined categories based on clinically
relevant criteria. Evidence suggests that the ALBI score is a
better predictor of prognosis following curative or palliative
treatment than the Child—Pugh grade [6, 10-12]. Although
several studies from academic institutions such as university
hospitals have been published recently [11, 13—16], informa-
tion about the distribution of ALBI scores/grades and their
relationship with successful sequential systemic treatment
in real-world clinical practice in Japan is still limited. Given
that the current standard-of-care (SoC) systemic therapies
were developed primarily in patients with better liver func-
tion (Child—Pugh grade A), it is important to assess whether
the variation in liver function seen in clinical practice affects
sequential treatment.

Administrative claims databases, which routinely col-
lect information on daily medical activities, are considered
a suitable and valuable data source for the investigation of
real-world clinical practice. In this study, we used a hos-
pital-based administrative database in Japan to investigate
the distribution of ALBI scores and grades at baseline and
at the end of first-line treatment in patients with HCC who
were treated with SoC systemic therapy. We also described
patient characteristics, the pattern of SoC treatment, and the
relationship between ALBI score/grade and sequential SoC
treatment, including duration of treatment.

2 Materials and Methods
2.1 Study Design

This was a retrospective observational cohort study using
data from the Medical Data Vision Co., Ltd (MDV) database
(Tokyo, Japan) [7]. The MDV database includes de-identi-
fied administrative claims and Diagnosis Procedure Combi-
nation (DPC; a per diem payment system for acute inpatient
care using a diagnosis classification) data from hospitali-
zations and outpatient visits to hospitals participating in
the DPC system in Japan. The DPC system encompasses
hospitals that provide acute-phase medical care and may
also provide other levels of care [17, 18]. As of September
2019, the MDV database included approximately 28.4 mil-
lion patients from 385 DPC hospitals (approximately 22% of
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DPC hospitals in Japan) and is one of the largest claims data-
bases available in Japan with access to some laboratory test
results [8]. This study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and Good
Pharmacoepidemiology Practices. Because the study used
retrospective de-identified data, ethical review and informed
consent were not required, in line with the Japanese Ethi-
cal Guidelines for Medical and Health Research Involving
Human Subjects.

2.2 Study Population

Patients for this study were derived from the population with
at least one confirmed neoplasm diagnosis (International
Statistical Classification of Diseases and Related Health
Problems, 10th Revision [ICD-10] codes C00-D48) in the
MDYV database between April 2008 and June 2019 (data
cut-off by MDV on 23 August, 2019). From this starting
population, patient eligibility was determined using data-
base records for the selection period 1 July, 2014 to 30 June,
2019; the selection period dates were chosen to include
similar observation durations before and after the approval
of regorafenib in June 2017. Patients were included in the
overall cohort if they were > 20 years of age at the index
date (defined as the date of the first prescription of sorafenib
or lenvatinib during the selection period, which was consid-
ered the index line treatment) and had at least one confirmed
diagnosis of HCC (Table 1 of the Electronic Supplementary
Material [ESM]) during the selection period. Our analysis
was limited to patients who newly initiated sorafenib or len-
vatinib during the selection period with no SoC prescrip-
tion within 3 years before the index date, and to patients
with more than 5 days between the index date and the last

Index date
(1st SoC prescription)

diagnosis
* Lenvatinib

Index treatment line (assumed 1L)
HCC + Sorafenib A (index in or before June 2016)
+ Sorafenib B (index in or after June 2017)

prescription of index line treatment, to exclude early discon-
tinuations possibly owing to acute adverse events. Patients
were excluded if they had hospitalization as part of a clinical
trial between each patient’s index date and the end of the
selection period (outpatient visits that were part of a clinical
trial could not be identified in the database).

Patients were assigned to three cohorts based on their
index line treatment (earliest prescription of sorafenib or
lenvatinib during the selection period), which was assumed
to be first-line treatment (Fig. 1). As sorafenib was approved
before regorafenib was available as second-line treatment
for HCC in June 2017, patients with sorafenib as index line
treatment were divided into two cohorts based on the index
date to account for potential changes in clinical practice.
Patients whose index line treatment was sorafenib with an
index date between July 2014 and June 2016 or between
June 2017 and June 2019 were assigned to the sorafenib A
cohort or the sorafenib B cohort, respectively. Most patients
in the sorafenib A cohort were presumed not to have been
able to receive regorafenib as second-line treatment. Patients
prescribed sorafenib with an index date between July 2016
and May 2017 were not included in the analysis because the
availability of second-line treatments could vary after the
approval of regorafenib in June 2017, which would com-
plicate the interpretation of treatment sequence results. The
lenvatinib cohort included all patients with lenvatinib as the
index line treatment.

2.3 Baseline Demographics and Clinical
Characteristics

Demographic and clinical characteristics during the baseline
period (defined as 60 days before and including the index

Later treatment lines

Baseline
period

60 days

Baseline ALBI
(last value)

End of 1L

ALBI at end of 1L
(first value -5 to +15 days
from the end of 1L and
before start of 2L)

Fig.1 Study design. /L index line treatment (assumed first line), 2L subsequent line treatment (assumed second line), ALBI albumin-bilirubin,

HCC hepatocellular carcinoma, SoC standard of care

A\ Adis



304

A. Hiraoka et al.

date) included age at index date, sex, body mass index,
tumor-node-metastasis (TNM) cancer stage (where avail-
able), presence of hospital admission within 60 days before
the index date (but excluding index date), and comorbidi-
ties (including diabetes mellitus, hepatitis B or C, alcoholic
liver disease, or any liver diseases [ICD-10 codes K70-K77;
includes alcoholic liver disease], as defined in Table 1 of
the ESM). Baseline laboratory test results were summarized
(where available), including albumin, total bilirubin, pro-
thrombin time and international normalized ratio, creatinine,
and alpha-fetoprotein. The Fibrosis-4 Index (a non-invasive
scoring system used to estimate the level of liver scarring
[19, 20]) was calculated based on platelet count, aspartate
transaminase, and alanine transaminase data. A model for
end-stage liver disease score was calculated based on cre-
atinine, bilirubin, and prothrombin time and international
normalized ratio [21]. Other collected information included
whether the treating facility was a designated cancer hospital
and whether the patient had undergone TACE within 3 years
before the index date (to account for any potential impact
of TACE on the ALBI score during index line treatment).

2.4 Treatment Sequence

The sequence of treatment with SoC therapy was assessed in
each cohort. Index line treatment started on the index date,
and the subsequent line of therapy was considered to have
started when the patient started another SoC or restarted the
same SoC after a gap (last prescription plus days of supply)
of 60 days or longer, whichever occurred first. In the absence
of subsequent treatment lines, the index line was considered
ended when the number of days after the last dose date that
elapsed was twice the average number of days supplied per
SoC prescription in an outpatient setting, calculated indi-
vidually for that patient. For patients without outpatient pre-
scriptions during the index line, this duration was imputed
using the median value for the rest of the cohort. The end
date of the index line was defined as the last presumed dose
date of the SoC in the index line (the date of the last SoC
prescription in the index line plus the number of days sup-
plied minus 1 day). As the MDYV database does not define
lines of therapy, the index line was assumed to be first line
in this study. For those with subsequent treatment lines,
second-line and third-line were defined in the same manner.

2.5 Overall Treatment Duration and Transition Rate

Overall treatment duration was defined as the time from the
index date to the estimated end of therapy, defined as the
date of last SoC prescription plus the number of days sup-
plied minus 1 day. In the time-to-event analysis of overall
treatment duration, patients with < 60 days between the
estimated end of therapy and the end of available data were
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censored at the estimated dosing date of the last observed
SoC, without defining the event. The rate of transition from
the index line to subsequent line treatment was assessed
in patients who completed index line treatment without
TACE during index line treatment. Patients with TACE dur-
ing index line treatment were not included in the analysis
because of the possible effect of TACE on the ALBI score.

2.6 ALBI Score and Grade

The ALBI scores were determined from laboratory test
results for albumin and total bilirubin, where available, using
the equation ALBI score = (log, bilirubin [pmol/L] X 0.66)
+ (albumin [g/L] X — 0.085) [5, 22]. Modified ALBI grades
were assigned according to the ALBI scores, wherein an
ALBI score < — 2.60 was grade 1, — 2.60 < ALBI score
< —2.27 was grade 2a, — 2.27 < ALBI score <— 1.39 was
grade 2b, and ALBI score >— 1.39 was grade 3 [22]. Using
this system, a higher ALBI score/grade indicates worse liver
function. The ALBI score and grade were determined dur-
ing the baseline period, using the last value before index
line treatment started, and around the end of the index line
treatment, using the first value available between —5 and
+15 days of the end of the index line treatment and before
subsequent line treatment started (Fig. 1). The ALBI score
and grade at the end of index line treatment were only ana-
lyzed in patients who had completed the index line without
TACE during index line treatment (as defined above), and
with a baseline ALBI score. The ALBI grade was considered
to have worsened if it changed from grade 1 or 2a at baseline
to grade 2b or 3 at the end of index line treatment.

2.7 Statistical Analysis

The descriptive statistics of collected data are presented as
n (%), mean with standard deviation, and/or median with
interquartile range, as applicable, for patients in each overall
cohort and for those patients in each cohort with baseline
ALBI data available. The ALBI scores at baseline and at the
end of index line treatment were compared using a paired ¢
test in patients who completed index line treatment without
TACE and who had ALBI data available at both timepoints
(all cohorts combined). Overall treatment duration by base-
line ALBI grade was analyzed by the Kaplan—-Meier method
in patients with baseline ALBI available and with all cohorts
combined. The median overall treatment duration and 95%
confidence intervals (CIs) were calculated and compared
among patients with different baseline ALBI grades using
a log-rank test. Multiple logistic regression was used to
determine available factors associated with ALBI grade
worsening from baseline to the end of the index line treat-
ment. A Cox regression model was used to explore factors
associated with the overall duration of systemic treatment.
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Sample selection and creation of analytic variables were
performed using the Instant Health Data platform (Panalgo,
Boston, MA, USA). Statistical analyses were undertaken
with R, Version 3.2.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria) and SAS, Version 9.4 (SAS Institute,
Cary, NC, USA), and a two-sided p < 0.05 was considered
statistically significant.

3 Results
3.1 Patient Selection

A total of 80,698 patients had at least one confirmed diag-
nosis of HCC during the selection period (1 July, 2014 to 30
June, 2019) (Fig. 2a). Of these, 1511 patients who received
sorafenib as the index line treatment in or before June 2016
comprised the sorafenib A cohort, and 1276 patients who
received sorafenib as the index line treatment in or after
June 2017 comprised the sorafenib B cohort. Similarly, 1558
patients who received lenvatinib as the index line treatment
and met other eligibility criteria comprised the lenvatinib
cohort. Treatment sequence was summarized for these three
cohorts. Within each cohort, 1320 (87.4%), 1049 (82.2%),
and 786 (50.4%) patients, respectively, were considered to
have completed index line treatment without concurrent
TACE and were evaluated for transition to subsequent line
treatment (Fig. 2a). Demographic and baseline clinical char-
acteristics for the full cohorts are shown in Table 1.

Baseline ALBI results were available for 140 (9.3%), 103
(8.1%), and 142 (9.1%) patients in the sorafenib A, sorafenib
B, and lenvatinib cohorts, respectively, consistent with the
general availability of laboratory test results in the MDV
database. The baseline ALBI cohorts were pooled for evalu-
ation of the overall treatment duration by baseline ALBI
grade (N = 385; Fig. 2b). Of these, 102 (72.9%), 68 (66.0%),
and 52 (36.6%) patients, respectively, completed index line
treatment without concurrent TACE and were pooled for
evaluation of ALBI score/grade at the end of index line treat-
ment (N = 222; Fig. 2b).

3.2 Treatment Sequence

Treatment sequence was evaluated in each of the three
cohorts (Fig. 1 of the ESM). In the sorafenib A cohort, the
most common therapy after the sorafenib index line treat-
ment line was re-administration of sorafenib after a treat-
ment gap of at least 60 days, which was classified as a sub-
sequent treatment line in this study (148 patients; 9.8%). As
expected, in the sorafenib B cohort, which included patients
who started sorafenib in or after June 2017 when regorafenib
became available for HCC, the most common subsequent
lines of therapy were lenvatinib (231 patients; 18.1%) and

regorafenib (204 patients; 16.0%). In the lenvatinib cohort,
the most common subsequent line of therapy was sorafenib
(157 patients; 10.1%). Among patients who completed index
line treatment without concurrent TACE, the rate of transi-
tion to subsequent line treatment was 12.6% in the sorafenib
A cohort, 40.7% in the sorafenib B cohort, and 27.2% in the
lenvatinib cohort (Table 2).

3.3 Demographic and Baseline Clinical
Characteristics in the Baseline ALBI Cohorts

Among patients with baseline ALBI scores available, base-
line demographic and clinical characteristics were generally
similar across the three cohorts (Table 3) and were similar
to the full cohorts (Table 1). Approximately 80% of patients
were male, with a mean age of around 70 years. More than
half (63.1%) of patients had been admitted to hospital dur-
ing the 60-day baseline period; of those with tumor stage
information, most had Stage III or IV cancer. Comorbidities
of interest were commonly observed in the study popula-
tion, with approximately half of patients having any liver
disease (ICD-10 codes K70-K77) or diabetes mellitus, and
about 40% having hepatitis C. The utilization rate of TACE
within 3 years before the index date was 60.0%, 64.1%,
and 67.8% in the sorafenib A, sorafenib B, and lenvatinib
cohorts, respectively.

3.4 Changein ALBI Score/Grade from Baseline
to End of Index Line Treatment

Among patients who completed index line treatment without
concurrent TACE and who had ALBI data available at both
baseline and at the end of index line treatment (combined
N = 222), average ALBI scores significantly increased (i.e.,
worsened) from — 2.26 at baseline to —1.75 at the end of
index line treatment (p < 0.0001; Fig. 3a). The extent of
ALBI score worsening was similar regardless of baseline
ALBI grade (grade 1/2a or grade 2b/3). The distribution of
ALBI grades at the end of index line treatment compared
with baseline also indicated worsening during treatment
(Fig. 3b). At baseline, approximately 54% of patients had
ALBI grade 1 or 2a, and only 6.3% had ALBI grade 3. By
the end of index line treatment, only about 25% had ALBI
grade 1 or 2a, and about 30% had ALBI grade 3. The ALBI
scores/grades for each cohort at baseline and at the end of
index line treatment are shown in Fig. 2 of the ESM.

3.5 Factors Associated with Worsening ALBI Grade
In a multiple logistic regression analysis, ALBI grade was
less likely to worsen from baseline to the end of index line

treatment in patients who were treated at a designated cancer
hospital than in patients who were treated at other hospitals
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Total patients in MDV database
with confirmed cancer diagnosis
April 1, 2008-June 30, 2019
N=10,123,984
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Confirmed HCC diagnosis
July 1, 2014—June 30, 2019
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!

Sorafenib

N=4678
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Index date in or Index date in or
before June 2016 after June 2017
N=2186 N=1469

Excluded based on
eligibility criteria®
N=675

A 4 v

Sorafenib A cohort
N=1511

Sorafenib B cohort
N=1276

Completion of 1L:

N=1501 N=1120

Completion of 1L without
TACE during 1L:

Ui
0xs

Sorafenib A cohort
N=1511

Sorafenib B cohort
N=1276

Lab results provided

by hospital: N=156

N=117

Baseline ALBI

data available: N=103

s
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End of 1LALBI
data available:

Completion of 1L:

Completion of 1L without
TACE during 1L:

Fig.2 Patient flow diagram. a Overall lenvatinib, sorafenib A, and
sorafenib B cohorts evaluated for treatment sequence, and subgroups
of these patients who completed index line treatment without tran-
sarterial chemoembolization (TACE) during index line treatment
evaluated for transition to subsequent line treatment. b Patients in
each cohort with baseline albumin-bilirubin (ALBI) data available
evaluated for overall duration of treatment by baseline ALBI grade,
and subgroups of these patients who completed index line treat-
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Excluded based on
eligibility criteria®
N=193

Lenvatinib
N=1728

Excluded based on
eligibility criteria®
N=170

Evaluated for treatment sequence
(Fig. 1 of the ESM)

Lenvatinib cohort
N=1558

Evaluated for transition to 2L
(Table 2)

Lenvatinib cohort
N=1558

Evaluated for overall duration of
treatment by baseline ALBI grade
(Fig. 4)

N=385

Evaluated for ALBI score/grade
at end of 1L (Fig. 3)
N=222

ment without TACE during index line treatment evaluated for ALBI
score/grade at the end of index line treatment. /L index line treat-
ment (assumed first line), 2L subsequent line treatment (assumed
second line), HCC hepatocellular carcinoma, MDV Medical Data
Vision, SoC standard of care. “Exclusion criteria: age < 20 years at
index date, any SoCs in 3 years before the index date, < 5 days from
the index date to last 1L prescription, clinical trial inpatient visits
between index date and 30 June, 2019
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Table 1 Demographics and baseline characteristics of patients in the sorafenib A, sorafenib B, and lenvatinib cohorts
Variable Sorafenib A (N = 1511) Sorafenib B (n = 1276) Lenvatinib
(N =1558)
Designated cancer hospital, n (%) 1226 (81.1) 1075 (84.2) 1338 (85.9)
Age at index date, years, mean (SD) 70.7 (9.39) 72.0 (9.06) 72.6 (9.07)
Male, n (%) 1181 (78.2) 1026 (80.4) 1202 (77.2)
Body mass index, kg/m?, mean (SD) 23.3 (3.79) 23.5 (3.70) 23.8 (3.82)
TNM cancer stage at baseline, 1 (%)°
I 25 (6.1) 17 (5.1) 26 (5.8)
I 50 (12.1) 52 (15.7) 85 (19.0)
I 109 (26.5) 100 (30.1) 137 (30.6)
v 228 (55.3) 163 (49.1) 199 (44.5)
Hospitalization within 60 days before index date 936 (61.9) 790 (61.9) 1091 (70.0)
(excluding on index date), n (%)
Comorbidities, n (%)
Diabetes mellitus 697 (46.1) 608 (47.6) 750 (48.1)
Hepatitis B 261 (17.3) 196 (15.4) 244 (15.7)
Hepatitis C 636 (42.1) 502 (39.3) 553 (35.5)
Any liver disease (ICD-10 codes K70-K77) 872 (57.7) 766 (60.0) 935 (60.0)
Alcoholic liver disease (ICD-10 code K70) 145 (9.6) 155 (12.1) 196 (12.6)
TACE within 3 years before index date, n (%) 906 (60.0) 818 (64.1) 1056 (67.8)

ICD-10 International Statistical Classification of Diseases and Related Health Problems, 10th Revision, SD standard deviation, TACE transarte-

rial chemoembolization, TNM tumor-node-metastasis
2Sorafenib A, N = 1033; sorafenib B, N = 902; lenvatinib, N = 1263
bSorafenib A, N = 412; sorafenib B, N = 332; lenvatinib, N = 447

Table 2 Transition rate to second-line treatment in patients who completed index line treatment* without TACE during index line treatment

Sorafenib A (N = 1320)

Sorafenib B (N = 1049) Lenvatinib (N = 786)

Transition to second-line treatment, n (%) 167 (12.7)

427 (40.7) 214 (27.2)

SoC standard of care, TACE transarterial chemoembolization

Index line treatment was considered complete if the patient had a new SoC prescription or when the number of days after the last dose date that
elapsed was twice the average number of days supplied per SoC prescription in an outpatient setting, calculated individually for that patient

(odds ratio [95% CI]: 0.14 [0.03-0.71], p = 0.0175; Table 4).
As expected, a baseline ALBI grade of 2a was significantly
associated with an increased likelihood (relative to grade
1) of ALBI grade worsening to grade 2b or 3 (odds ratio
[95% CI]: 7.45 [2.90-19.16], p < 0.0001; Table 4). No
other factors were significantly associated with ALBI grade
worsening.

3.6 ALBI Grade at End of Index Line Treatment
and Rate of Transition to Subsequent Line
Treatment

The relationship between end of index line treatment ALBI
and transition to subsequent line treatment was examined
only in the sorafenib B and lenvatinib cohorts; the sorafenib
A cohort was not included in the analysis because of the lim-
ited selection of second-line options available to this cohort.

Among patients in the combined lenvatinib and sorafenib
B cohorts, the rate of transition to second-line treatment
was greater in patients with lower ALBI grade at the end
of index line treatment (i.e., 1 or 2a vs 2b or 3) (Table 5).
Approximately two-thirds (67.7%) of patients with ALBI
grade 1 or 2a at the end of index line treatment transitioned
to subsequent line treatment, whereas only 34% of patients
with ALBI grade 2b and 11% of patients with ALBI grade
3 transitioned.

3.7 Baseline ALBI Grade and Overall Duration
of Systemic Treatment

There was a significant difference in the overall duration of
treatment across the four baseline ALBI grade groups (log-
rank test p < 0.0001; Fig. 4). Median (95% CI) overall treat-
ment duration was shorter in patients with baseline ALBI
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Table 3 Demographics and baseline characteristics of patients with baseline ALBI data available

Sorafenib A (N = 140)

Sorafenib B (N = 103) Lenvatinib (N = 142)

Variable
Designated cancer hospital, n (%) 125 (89.3)
Age at index date, years, mean (SD) 69.6 (9.32)
Male, n (%) 109 (77.9)
Baseline body mass index, kg/mz"‘, mean (SD) 24.0 (3.63)
Hospital admission within 60 days before index date 91 (65.0)
(excluding on index date), n (%)
TNM cancer stage at baseline, 1 (%)°
I 1(2.2)
I 4(8.9)
1 9 (20.0)
v 31 (68.9)
Baseline comorbidities, n (%)
Diabetes mellitus 73 (52.1)
Hepatitis B 23 (16.4)
Hepatitis C 58 (41.4)
Any liver disease (ICD-10 codes K70-K77) 74 (52.9)
Alcoholic liver disease (ICD-10 code K70) 12 (8.6)
TACE within 3 years before index date, n (%) 84 (60.0)

Baseline laboratory test results, median (IQR)
Albumin, g/dL.
Total bilirubin, mg/dL
PT-INR®
Platelet count, x 10*/uL
Fibrosis-4 Index?
Creatinine, mg/dL°®
AFP, ng/mL!
MELD score®

3.6 (3.10-4.00)

0.8 (0.60-1.08)

1.1 (1.03-1.17)
12.2 (9.78-17.42)

4.5 (2.77-1.04)

0.8 (0.63-0.99)
53.9 (8.05-2366.05)

4.2 (2.43-6.81)

84 (81.6) 103 (72.5)
71.9 (9.15) 72.1 (8.14)
86 (83.5) 114 (30.3)
23.5(3.33) 24.4 (3.52)
59 (57.3) 93 (65.5)
0(0) 1(2.4)
2(10.5) 11 (26.2)
4(21.0) 12 (28.6)
13 (68.4) 18 (42.9)
53 (51.5) 60 (42.3)
12 (11.7) 19 (13.4)
41 (39.8) 63 (44.4)
64 (62.1) 84 (59.2)
9(8.7) 19 (13.4)
72 (69.9) 104 (73.2)

3.7 (3.20-4.00)
0.8 (0.60-1.10)
1.1 (1.00-1.13)
13.4 (10.00-18.43)
4.5 (2.68-6.15)
0.8 (0.67-0.96)
51.0 (7.78-879.90)
4.5 (2.02-7.23)

3.7 (3.30-4.00)
0.9 (0.61-1.18)
1.1 (1.03-1.16)
13.8 (10.35-18.25)
4.3 (2.76-6.17)
0.8 (0.70-1.00)
49.6 (8.08-435.80)
5.4 (3.49-7.98)

AFP alpha-fetoprotein, ALBI albumin-bilirubin, ALT alanine aminotransferase, AST aspartate aminotransferase, /CD-10 International Statisti-
cal Classification of Diseases and Related Health Problems, 10th Revision, /QR interquartile range, MELD model for end-stage liver disease,
PT-INR prothrombin time and international normalized ratio, SD standard deviation, TACE transarterial chemoembolization, TNM tumor-node-

metastasis

2Sorafenib A, N = 112; sorafenib B, N = 73; lenvatinib, N = 123
bSorafenib A, N = 45; sorafenib B, N = 19; lenvatinib, N = 42
¢Sorafenib A, N = 115; sorafenib B, N = 89; lenvatinib, N = 130

dCalculated using the equation: (age [years] X AST [IU/L])/(platelet count [10°/L] x ALT [IU/L]*)[19, 20]

¢Sorafenib A, N = 138; sorafenib B, N = 103; lenvatinib, N = 142
fSorafenib A, N = 100; sorafenib B, N = 56; lenvatinib, N = 88

£Calculated using the equation: 9.57 X log, (creatinine) + 3.78 X log, (total bilirubin) + 11.20 log, (PT-INR) + 6.43 [21]; sorafenib A, N = 114;

sorafenib B, N = 89; lenvatinib, N = 130

grade 2b (4.5 [3.0-6.5] months) or 3 (3.0 [0.9—4.9] months)
compared with those with grade 1 (7.1 [6.0-12.0] months)
or 2a (6.7 [4.6—11.4] months). Cox regression analy-
sis indicated that, relative to patients with ALBI grade 1,
patients with ALBI grade 2b (hazard ratio [95% CI]: 1.70
[1.21-2.37], p = 0.0020) and patients with ALBI grade 3
(hazard ratio [95% CIJ: 2.40 [1.33-4.35], p = 0.0039) had
a significantly higher risk of discontinuing all systemic
treatment (Table 2 of the ESM). There was also a statisti-
cally significant relationship between the Fibrosis-4 Index
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and overall treatment duration (hazard ratio [95% CI]: 1.04
[1.01-1.08], p = 0.0156). In an exploratory Cox regression
analysis, which included TNM cancer stage as an additional
covariate (n = 105), we observed that baseline ALBI grade
remained an independent risk factor for treatment discontin-
uation (grade 2b or 3 vs 1 or 2a: hazard ratio [95% CI]: 1.80
[1.03-3.14], p = 0.04), whereas TNM cancer stage did not
show a significant association with treatment duration (stage
3 or 4 vs 1 or 2: hazard ratio [95% CI]: 0.60 [0.30-1.21], p
=0.19).
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Fig.3 a Mean (+ SD) albumin-bilirubin (ALBI) score at baseline
(BL) and at the end of index line treatment. Patients from all cohorts
who completed index line treatment without transarterial chemoem-
bolization (TACE) and had ALBI scores available at BL. and at the
end of index line treatment were included (N = 222; BL ALBI grade
1/2a, n = 120; BL ALBI grade 2b/3, n = 102). b Distribution of
ALBI grade at BL and at the end of index line treatment in patients
who completed index line treatment without TACE and who had
ALBI scores available at both timepoints (N = 222). /L index line
treatment (assumed first line), SD standard deviation

4 Discussion

The results of this observational cohort study using an
administrative claims database indicate that baseline liver
function, as assessed by ALBI score/grade, is associated
with longer overall SoC treatment duration in real-world
clinical practice in Japan. In addition, greater residual liver
function at the end of index line treatment is associated with
higher rates of transition to subsequent line SoC systemic
therapy. These results suggest the importance of starting
systemic therapy before liver function deteriorates and that
efforts should be made to maintain liver function during

systemic treatment to optimize patients’ ability to continue
treatment. The rate of transition to subsequent line treatment
was low, even after additional SoC options became available
(i.e., in the lenvatinib and sorafenib B cohorts; Table 2). This
was true also for those with greater residual liver function
at the end of index line treatment (Table 5), indicating that
other measures are needed to implement more successful
sequential therapy in addition to maintaining liver function.

In this study, overall SoC treatment duration was sig-
nificantly different across the four baseline ALBI grade
groups. Median duration of treatment increased with lower
ALBI grade and was shorter in patients with baseline ALBI
grade 2b or 3 than in those with grade 1 or 2a, indicating
that patients with better liver function are more likely to
continue systemic therapy. Cox regression analysis con-
firmed that ALBI grade 2b and grade 3, as well as a higher
Fibrosis-4 Index, were associated with shorter overall treat-
ment duration, indicating that both liver function reserve
and liver fibrosis affect prognosis. Similarly, the multina-
tional GIDEON registry study reported that the duration
of sorafenib treatment and overall survival were longer,
and discontinuation because of adverse events was lower,
in patients with Child—Pugh grade A than in those with
Child-Pugh grade B [23]. Similar results were reported for
the Japanese subset of the GIDEON study, whose patients
closely resembled those of the current study in terms of age,
sex, etiology of HCC, TNM cancer stage, and history of
TACE before first-line treatment [24]. Several studies con-
ducted in academic institutions in Japan have also demon-
strated that baseline ALBI grade is a significant predictor of
overall survival, as well as total duration of treatment [11,
13-16]. A study by Ueshima et al. reported that baseline
ALBI grade was associated with the tumor response rate, as
well as the rate of discontinuation because of adverse events
[11]. In addition, several studies have reported an associa-
tion between ALBI grade and overall survival regardless of
tumor stage [22, 25, 26]. Because deaths are captured in the
MDYV database only if they occur during hospitalization, we
have not evaluated overall survival in this study. Neverthe-
less, overall treatment duration with systemic therapies is
reported to be associated with overall survival in patients
with unresectable HCC [14]. Collectively, these studies,
together with our results, indicate that better liver function
at the initiation of systemic therapy is associated with longer
treatment and better outcomes. As suggested by previous
studies, to optimize the likelihood of receiving subsequent
treatment lines and to improve survival, systemic treatment
should ideally be initiated while patients are still at ALBI
grade 1 or at least 2a [13—15]. Finally, although our study
focused on current tyrosine kinase inhibitor SoC therapies,
recent studies indicate that ALBI grade can also predict
survival in patients treated with newer immuno-oncology
drugs [27, 28], suggesting that preserving liver function will
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Table 4 Multiple logistic regression analysis of factors associated with worsening of ALBI grade from baseline to the end of index line treat-

ment

Covariate Odds ratio (95% CI) p value
ALBI at baseline (grade 2a vs grade 1) 7.45 (2.90-19.16) < 0.0001
Designated cancer hospital (yes vs no) 0.14 (0.03-0.71) 0.0175
Age at index date, years 0.97 (0.92-1.02) 0.2505
Sex (male vs female) 0.61 (0.16-2.29) 0.4595
Hospital admission within 60 days before index date [excluding on index date] (yes vs no) 0.85 (0.35-2.08) 0.7224
Presence of diabetes mellitus at baseline (yes vs no) 1.16 (0.46-2.90) 0.7511
Presence of hepatitis B at baseline (yes vs no) 1.79 (0.47-6.80) 0.3916
Presence of hepatitis C at baseline (yes vs no) 1.45 (0.524.01) 0.4766
Presence of alcoholic liver disease (ICD-10 code K70) at baseline (yes vs no) 1.34 (0.26-6.76) 0.7251
Fibrosis-4 Index at baseline 1.15 (0.90-1.46) 0.2696
Presence of TACE within 3 years before index date (yes vs no) 0.88 (0.33-2.32) 0.7922

A total of 120 patients with baseline ALBI grade of 1 or 2a were included in the multiple logistic regression analysis. Of these, ALBI grade

worsened in 68 patients and did not worsen in 52 patients

ALBI albumin-bilirubin, CI confidence interval, /CD International Statistical Classification of Diseases and Related Health Problems, 10th Revi-

sion, TACE transarterial chemoembolization

Table 5 Rate of transition to subsequent line treatment by ALBI grade at the end of index line treatment in patients from the lenvatinib and

sorafenib B cohorts?

ALBI grade at the end of index line treatment

Grade 1 Grade 2a Grade 2b Grade 3
N=12 N=19 N=53 N=36
Transitioned to subsequent line treatment, n (%) 8 (66.7) 13 (68.4) 18 (34.0) 4 (11.1)

ALBI albumin-bilirubin, TACE transarterial chemoembolization

*Patients from the lenvatinib and sorafenib B cohorts who completed index line treatment and did not have concurrent TACE, and who had
ALBI scores available at baseline and at the end of index line treatment, were included

continue to be critical for successful sequential treatment as
immuno-oncology drugs become more common.

Among patients who did not receive TACE during
index line treatment, the transition rate to subsequent line
treatment was higher in the sorafenib B cohort than in the
sorafenib A cohort, as might be expected given the availabil-
ity of second-line options after regorafenib was approved.
For most patients in the sorafenib A cohort, no other SoC
treatment options were available, and patients had to restart
sorafenib as a subsequent line of therapy. The transition
rate was also higher in the sorafenib B cohort compared
with the lenvatinib cohort; this finding is consistent with
previous Japanese studies suggesting that eligibility for
second-line treatment was higher in patients treated with
sorafenib (57.3% [29]) than in patients treated with len-
vatinib (43.8% [15]). This difference in transition rate may
partly be explained by a greater proportion of patients in the
lenvatinib cohort (38.5%) with ALBI grade 3 at the end of
index line treatment compared with the sorafenib cohorts
(30.4% in sorafenib A, 23.5% in sorafenib B) [Fig. 2 of the
ESM], given the observed association between ALBI grade
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at the end of the index line and the transition rate to the
subsequent line (Table 5). Although it is not clear why the
lenvatinib cohort had more ALBI grade 3 patients at the end
of the index line, this finding potentially could be related to
the longer treatment duration with lenvatinib than sorafenib
that was seen in this study (data not shown) and reported in
the randomized phase III REFLECT clinical trial (median
5.7 months for lenvatinib, 3.7 months for sorafenib [30]).
Our study also found that patients with ALBI grade 1 or 2a
at the end of index line treatment proceeded to subsequent
line treatment more often than patients with ALBI grade 2b
or 3, which may reflect the loss of patients with poorer liver
function moving to palliative care or dying. Although these
results are based on a relatively small number of patients,
particularly with ALBI grade 1 or 2a, the findings suggest
that maintenance of liver function during treatment may also
improve patients’ ability to continue treatment. Our findings
are consistent with those of Pinato et al., who reported that
ALBI grade at the end of first-line sorafenib treatment was
a predictor of post-sorafenib survival and could be used to
guide the selection of patients most likely to benefit from
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second-line treatment [31]. A retrospective study from Tai-
wan also reported that more patients with ALBI grade 1 at
the end of sorafenib treatment received subsequent therapies
compared with patients with ALBI grade 2 (43.9% vs 28%)
[32].

This study also documented the deterioration in liver
function during index line treatment, even in the absence
of TACE during the index line treatment, as shown by the
change in ALBI score and grade. Between baseline and the
end of index line treatment, mean ALBI score increased
(worsened) by approximately 0.5 regardless of baseline
ALBI grade. The ALBI grade also worsened during treat-
ment; for example, the percentage of patients with ALBI
grade 3 increased from 6.3% to 30.2% through the course of
the index line treatment, whereas the percentage of patients
with ALBI grade 1 decreased from 29.3% to 11.3%. These
results are consistent with a retrospective study of patients
in Taiwan in which the ALBI grade worsened in 54.1% of
patients at the end of sorafenib therapy [32]. A more recent
study conducted in Japan also reported significant ALBI
score worsening from baseline to the end of sorafenib treat-
ment (mean score — 2.42 vs — 2.02, p < 0.01), resulting in
many patients being ineligible for second-line regorafenib
[33]. Furthermore, a baseline ALBI score < — 2.53 (which
roughly corresponds to ALBI grade 1/2a) was a significant
predictor of regorafenib treatment initiation (p < 0.001) [33].

Deterioration of liver function during first-line lenvatinib
treatment has also been reported [34]. However, these stud-
ies were not placebo controlled and thus a decline in liver
function due to disease progression cannot be excluded.
Our study also found that the ALBI grade was less likely to
worsen during index line treatment in patients treated at des-
ignated cancer hospitals (Table 4), which may indicate the
importance of consolidating care for patients with advanced
HCC to experienced specialist hospitals.

The use of an administrative database covering approxi-
mately 22% of DPC hospitals in Japan allowed us to ana-
lyze a large number of patients with HCC being treated in
real-world clinical practice, including from non-academic
hospitals that are not usually involved in clinical research.
The database also allowed us to understand changes in
treatment sequences on a large scale, before and after post-
sorafenib treatment options became available. The abil-
ity to assess liver function using only laboratory values is
one of the advantages of the ALBI score compared with
the Child—Pugh score, making it possible for us to evaluate
liver function using the MDV database, in which clinical
information necessary for the Child—Pugh score (presence
and severity of ascites, hepatic encephalopathy) is not avail-
able. However, in the MDV database, laboratory test results
were only available from hospitals that agreed to the use of
test results for secondary research purposes. This limitation
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meant that baseline ALBI results were available for less than
10% of patients in each cohort, leading to smaller sample
sizes for some analyses. Although this may have led to some
selection bias in the analyzed population, we did not find
any notable differences in available baseline characteristics
between the full cohorts and the populations with baseline
ALBI results. Another limitation is that only available vari-
ables were included in the regression models; therefore, con-
founding by unmeasured variables (e.g., performance status,
tumor size, number of tumors, portal vein invasion) could
not be excluded. Additional limitations of the MDV data-
base include: (1) patients from smaller hospitals and clinics
that have not adopted the DPC system are not included; (2)
patients cannot be tracked beyond a single hospital; there-
fore, treatments outside that hospital cannot be captured,
and patients who attend more than one hospital in the MDV
database may be counted twice; and (3) certain information
is not available, including reasons for treatment discontinu-
ation (e.g., adverse events, tumor progression, liver dys-
function, death), tumor-related factors (e.g., tumor grade),
deaths occurring outside of hospitalization, information on
participation in outpatient-only clinical trials (information
is available only when the trial requires hospitalization), and
therapy line (therefore, index line treatment was assumed to
be first-line treatment). In addition, some clinical informa-
tion, such as body mass index and cancer stage, was avail-
able only from hospitalization discharge summaries and
was therefore limited to patients who were hospitalized.
Finally, although the transition rate to the subsequent line
therapy in the lenvatinib cohort was low (Table 2), this may
be biased by the shorter timeframe of lenvatinib availability
(approximately 15 months from approval in March 2018 to
the end of June 2019) compared with the sorafenib cohorts
(approximately 24 months), resulting in a larger fraction of
the lenvatinib cohort (approximately 50%) being excluded
from the transition analysis, many of whom are likely to still
be on index line treatment.

5 Conclusions

The results of this study using an administrative claims data-
base suggest that better liver function reserve, as reflected
by the ALBI score, at both the start and end of index line
treatment is associated with successful sequential therapy in
real-world clinical practice in Japan. Furthermore, despite
the recent introduction of alternative systemic therapies,
sequential treatment is not successfully implemented for
many patients in real-world clinical practice in Japan.
Because deterioration of liver function has a negative impact
on sequential therapy, which in turn can adversely affect
survival and quality of life, physicians should implement
strategies to start systemic therapy while the patient still has
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good liver function and to maintain liver function as much
as possible during systemic therapy.
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