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Abstract

Introduction: Hepatocellular carcinoma (HCC) is a common
malignant tumor, so we need a convenient and objective
way to diagnose and treat HCC. We discuss the current
situation, progress, hotspots, and existing problems of
Albumin-Bilirubin (ALBI) in HCC, which can provide new
ideas for the prevention, diagnosis, and treatment of HCC.
Methods: We adopt Excel 2019 software and visual analysis
tools based on Web of Science database search. This
manuscript uses VOSviewer, Co-Occurrence13.3 (COOC13.3)
software to conduct overall trend analysis, synonym
merging, frequency of countries, journals, institutions, funds,
dissimilarity matrices, co-occurrence matrices, bimodal
matrices, coupling matrices, cluster analysis of topic evo-
lution time zone graphs. Results: A total of 610 papers were
included, and the number of papers output showed an
overall upward trend. ALBI has been valued by the industry
in HCC and plays an important role in diagnosing and
treating HCC, even better than the classic Child-Pugh (C-P)
grade. At the same time, hot spots in the treatment of HCC

and other applications of ALBI were discovered. Conclusion:
ALBI score is a convenient and objective liver function
evaluation index, which plays an important role in the
prediction of patient survival rate and prognosis. Promoting
the ALBI score in HCC can help doctors judge the patient’s
condition and improve the diagnosis and precise treatment
effect. © 2023 S. Karger AG, Basel

Introduction

HCC is ranked as the sixth most common tumor and
the third leading cause of cancer death [1], it is also the
fastest-growing cause of cancer deaths in the USA [2],
and an important public safety issue in the Asia-Pacific
region [3]. It can be seen that it is very important for the
diagnosis and treatment of HCC, and the ALBI score was
born. The ALBI score was first proposed in 2015 by
Johnson et al. [4] based on 1,313 HCC patients from
Japan, and the model was tested on a total of 5,097 HCC
patients from other geographic regions (n = 1,286 in
Japan, n = 1,356 in the United Kingdom, n = 1,112 in
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China, n = 834 in Spain, and n = 509 in the USA). The
calculation method of ALBI is ALBI = (log; bilirubin x
0.66) + (albumin x —0.085), where bilirubin is in umol/L
and albumin is in g/L, and it is proved that ALBI can be
used as an indicator of liver reserve function. Since then,
more and more studies have shown that ALBI can be used
as a new noninvasive evaluation method, which signifi-
cantly affects liver function evaluation and prognosis in
patients with liver cancer [4-7]. Besides, compared with
the other scores, such as C-P [8], Model End-stage Liver
Disease (MELD) [9], the ALBI score involves only two
common continuous parameters that are easily acquired
in clinical practice rather than categorical variables and
are simply calculated by applying a formula [10, 11]. And,
ALBI score is objective and can detect smaller changes in
liver dysfunction than the C-P or MELD scores. Thus, the
ALBI score increases earlier than the C-P or MELD score
and before the development of cirrhosis. Furthermore,
bibliometric analysis uses mathematical and statistical
methods to study the distribution, structure, quantity,
and content evolution of bibliographic information
qualitatively or quantitatively. It is of great value to de-
scribe the status quo of various research disciplines,
publishing trends, and scientific achievements of re-
searchers, institutions, and countries, as well as future
research hotspots, academic frontiers, and knowledge
maps, which provide researchers and clinicians a com-
prehensive picture of the current state of development in
a particular research area. Thus, in this study, the ap-
plication of ALBI in HCC was attempted to use biblio-
metric methods and visual analysis technology to analyze
the current status, progress, hotspots, and existing
problems in this field and to provide suggestions and
references for HCC treatment by ALBI score.

Materials and Methods

Data Retrieval Strategy, Data Extraction, and Cleaning

The research object of this paper is the correlation study of
ALBI scores in the diagnosis and treatment of HCC. The Web of
Science Core Collection is a comprehensive and authoritative
database, containing more than 12,000 high-quality journals.
Thus, we select the Web of Science core collection database SCI-
EXPANDED database as the search source as the data source of the
research object, and select the advanced search, the search formula:
(TS = ALBI OR TS = albumin-bilirubin OR TS = ALBI¥*) AND
(TS = HCC OR TS = Hepatocellular Carcinoma), the time limit
was proposed by ALBI score since 2015 to August 1, 2022, and 874
papers were retrieved, excluding duplicate publications, confer-
ence abstracts, letters, etc., mainly leaving papers and reviews. And
without consulting in advance, we read the title, abstract, and

44 Oncology 2024;102:43-52
DOI: 10.1159/000533585

keywords of the searched literature at the same time, exclude
irrelevant literature, and only include what we think can be left. In
the end, a total of 610 articles were left.

Scientometric Analysis Methods

COOC13.3 software is an emerging bibliometric analysis
software. It can carry out synonym combination, frequency sta-
tistics, co-occurrence matrix, dissimilarity matrix, discourse ma-
trix, the second mock examination matrix, coupling matrix,
pedigree map, clustering map, research frontier, time zone map,
theme evolution path, and other functions. COOC is a software
developed by Chinese scholars for bibliometrics and scientific
mapping and is constantly iterated [12]. COOC software is also
increasingly used in SCI-E articles [12-15]. Besides, VOSviewer
usually identifies projects more accurately, and its “overlay visu-
alization” function can be used to highlight the changes in key
nodes over time [16]. Thus, we choose COOC13.3 and VOSviewer
as the bibliometric tool for our study. The 610 retrieved documents
were exported in plain text format, COOC13.3, and VOSviewer;
visual map tool was used to perform subject heading cluster
analysis and author cooperation degree analysis. In the statistics
section, export literature records to Excel for statistical analysis.

Results

Data Distribution

Annual Distribution of Publications

As can be seen from Figure 1, the number of papers on
the application of ALBI in HCC is increasing year by year,
and the trend line of published papers shows a steady
upward trend (as of August 1, 2022). The current peak
output of papers is 166 papers in 2021, accounting for
27.2% of the included papers. In 2020, there will be a
sharp rise in relevant research, which may be related to
the arrival of COVID-19. According to the growth law of
scientific literature, the current research in this direction
is still on the rise.

Distribution of Published Journals, Countries/Regions,

and Institutions

The journal with the most journals is Cancers with 36
publications, followed by Hepatology Research with 34
publications, of which there are top 10 journals as shown
in Table 1. As can be seen in Table 1, this research mainly
focuses on East Asia, the USA, and some European
countries. Japan has the largest number of publications,
publishing 209 related articles; China is the second,
publishing 206 related articles, the USA is the third,
publishing 81 related articles. The top 10 countries with
the most published articles (Table 1).

Relevant research institutions are concentrated in East
Asia, with the largest number being Ehime Prefectural
Central Hospital with 48 papers and Ogaki Municipal
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Fig. 1. 2015-2022 Related literature on the application of ALBI in HCC.
Table 1. Distribution of published journals, countries/regions, and institutions of relevant research
Rank Country/ Count Institution Count Author Count Journal Count 2021 impact
regions factor/JCR
partition
1 Japan 209 Ehime Prefectural 48 Hiraoka, 47 Cancers 36 6.575/Q1
Cent Hosp (Japan) Atsushi
2 China 206 Ogaki Municipal 47 Toyoda, 47 Hepatology Research 34 4.942/Q2
Hosp (Japan) Hidenori
3 USA 81 Natl Yang Ming 36 Kumada, 46 Journal of 21 4.369/Q2
Chiao Tung Univ Takashi Gastroenterology and
(China) Hepatology
4 Taiwan 67 Taipei Vet Gen Hosp 33 Tada, 45 Liver Cancer 20 12.430/Q1
(China) Toshifumi
5 Italy 42 Kindai Univ (Japan) 30 Huang, Yi- 36 Medicine 15 1.817/Q3
Hsiang
6 England 39 Ehime Univ (Japan) 30 Hou, Ming- 35 Annals of Translational 14 3.616/Q3
Chih Medicine
7 Germany 35 Okayama City Hosp 29 Hirooka, 32 Cancer Management and 13 3.602/Q3
(Japan) Masashi Research
8 South 34 Asahi Gen Hosp 28 Tsuji, 31 Scientific Reports 13 4.996/Q2
Korea (Japan) Kunihiko
9 France 19 Toyama Univ Hosp 25 Hiasa, 31 Frontiers in Oncology 12 5.738/Q2
(Japan) Yoichi
10  Spain 16 Matsuyama Red 25 Kudo, 31 Journal of Clinical 11 4.964/Q2
Cross Hosp (Japan) Masatoshi Medicine
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Fig. 2. Cooperation chart of authors and countries/regions. a Cooperative network of main authors. b Co-
operation network of authors with strong relevance. ¢ Countries/region co-occurrence matrix.

Hospital with 47 papers. Notably, eight of the ten in-
stitutions are from Japan. The top 10 research institutions
are shown in Table 1.

Post Author and Countries/Regions Relationship

After the co-occurrence frequency of the COOC
software is set to be >20, Figure 2a is obtained. The size
of the circle in the figure represents the size of the
keyword point centrality. The larger the point degree
centrality, the larger the circle; contact size. It is mainly
oriented to literature data and focuses on the visual-
ization of scientific knowledge. After removing the
four authors, the VOSviewer tool is used to analyze
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and obtain Figure 2b, and the same color represents
the same cluster of authors.

The top ten authors who have published more than 30
papers are shown in Table 1. Eight of them are from Japan
and two are from Taiwan. It can be seen that Japan has
more research on the application of ALBI in HCC and has
more good output. The ten authors with the most papers
are distributed in a concentrated area.

The cooperative relationship between countries/
regions, it can be obtained through Figure 2c. Among
them, the USA and Taiwan have the most cooperation
with 24 times, followed by China and England with 19
times, and China and Japan with 18 times.
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Fig. 3. Keywords analysis. a Keyword cloud
map. b Keyword histogram. ¢ Keyword co-occurrence

graph.
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Fig. 4. Keywords and time analysis. a Keyword column chart year by year. b Time zone diagram of theme
evolution path. ¢ Keyword attention year by year. d Keyword growth rate year by year.

Literature Analysis

Keywords Analysis

Merge similar keyword fields such as Albumin-
Bilirubin grade; Albumin-bilirubin score; ALBI; ALBI
grade; ALBI score et al. to Albumin-Bilirubin by COOC
13.3. And, Hepatocellular Carcinoma; HCC; Hepato-
cellular Carcinoma (HCC) keyword fields are merged
into Hepatocellular-Carcinoma.

The frequency statistics of keywords can show the
research hotspots in the field. From Figure 3a and b, it can
be seen that Hepatocellular-Carcinoma appeared
498 times in the top two keywords, and other keywords
that appeared in ALBI were Prognosis, Survival, and
Sorafenib. It is proved that the ALBI score predicts the
prognosis and survival rate of HCC is the hot spot of this
research, and Sorafenib treatment of HCC is also one of
the hot issues. The size of the circle in the figure rep-
resents the size of the point-degree centrality of
the keyword. The greater the point degree centrality, the
larger the circle; the thickness of the line represents the
size of the connection between the keywords. It can be
seen from Figure 3c that HCC, ALBI, Prognosis, Survival,
and Sorafenib are highly correlated, while Hepatocellular-
Carcinoma is the keyword with the highest correlation
with other keywords.

48 Oncology 2024;102:43-52
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Keywords and Time Analysis

As we can see in Figure 4a, since 2016, excluding the
subject headings Hepatocellular Carcinoma and
Albumin-Bilirubin, the top five keywords have both
Prognosis and Survival. It can be seen that the ALBI score
is mainly related to the prediction of prognosis and
survival rate of HCC. Treatment options have increased
from Sorafenib in 2015, to Resection in 2017, to Len-
vatinib and Transarterial Chemoembolization (TACE)
in 2020.

Each circle represents a keyword. The larger the
circle, the higher the frequency of the keyword. The
keyword is the year that it first appeared in the ana-
lyzed data set. Once a keyword appears, it will be fixed
in the year in which it first appeared, although the
keyword will still appear in subsequent papers, it will
no longer be displayed in the figure, and will only be
displayed in the year that just appeared. If the keyword
appears again in a later year, the frequency of the
keyword will increase by 1 at the position where it first
appears, and the frequency will increase after a few
times. Figure 4b can reflect the changing trend of
research topics in the field over time. It can be found
that the themes surrounding ALBI in HCC are mainly
prognosis, survival, precision treatment, etc.

Zhang/Yang/Zhou/Chen/Wang/Liang
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Fig. 5. Time distribution for burst word.
According to Figure 4c, it can be seen that the at- Discussion

tention of lenvatinib increased from 2018, while the
attention of ALBI increased rapidly with the proposal
of ALBI in 2015. Although it decreased in 2020, it was
still in a high state, but it recovered in 2022. Sorafenib
showed a rapid decline in 2016, but there was a sig-
nificant recovery in 2017, and the follow-up attention
was basically flat. In Figure 4d, the most obvious is the
recovery of sorafenib growth rate in 2017 as also
mentioned in Figure 4c. The growth rate of lenvatinib
also increased significantly from 2018, and the re-
search growth rate of lenvatinib also increased sig-
nificantly in 2020.

We identified 35 burst keywords in Figure 5. In 2019, for
Microwave Ablation (MWA), Contrast-Enhanced Ultra-
sonography, and Regorafenib became an emergent term.
We can see that the research on HCC therapy in 2019 is
more diversified, proving that the research on HCC is
more in-depth. Similarly, the emergence of Japanese Pa-
tients proves that Japan has increased its investment in the
research topic of this paper. In 2020, Lenvatinib appeared
in both Figure 4c, d. The Endothelial Growth-Factor in
2021 and Immunotherapy in 2022 also provide references
for the improvement of ALBI score and the new treatment
of HCC.

Frontiers of Albumin-Bilirubin in
Hepatocellular Carcinoma

The Application of ALBI in HCC Has

Received Attention

From the research status and practice of the application of
ALBI in HCG, 610 articles have been cited 8,421 times, with
an average of 13.8 citations per article. The related literature
on the application of ALBI in HCC (Fig. 1) shows an overall
upward trend, which proves that the research on the ap-
plication of ALBI in HCC has received a high degree of
attention and has received extensive attention from the in-
dustry. From the table of countries/regions and authors
(Table 1). Japan is the top country in the number of pub-
lications, and Japan accounts for eight of the top 10 insti-
tutions and authors, demonstrating that research on the
subject is more concentrated in Japan, to some extent. It also
reflects the application of ALBI in HCC to a certain extent in
East Asia. It would be good if future issues could be inves-
tigated to confirm whether there are any differences between
various racial groups.

ALBI Score Has a High Application Value in HCC

From the keyword histogram (Fig. 3b), the keyword
co-occurrence diagram (Fig. 3c), and the year-by-year
keyword histogram (Fig. 4a), we can find that, after
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removing the core keywords of Hepatocellular Carci-
noma and Albumin-Bilirubin, there are always three words
Survival, Prognosis and Liver-Function after ranking,
proving that ALBI in the prognosis of HCC and the accuracy
of the estimation of survival rate and liver function has
always been the focus of this research. The prognosis, liver
function, and survival rate are very important in the treat-
ment of HCC. Child-Turcotte classification [17] proposed in
1964 to the C-P score modified in 1973 [8], the C-P score has
been regarded as an important indicator for the prognosis
and liver function evaluation of HCC for a period of time
and was included in HCC management guidelines [18].
From Figures 3-5, it can also be found that the C-P score as a
keyword field also appears in ALBI in related research on
HCC, which reflects that in recent years, there have been
many studies comparing the application of the C-P score and
ALBI score in HCC. Many of these articles have concluded
that ALBI has similar or even better effects than C-P scores,
and ALBI scores are simpler, more convenient, and more
objective indicators than C-P scores [19-22]. Furthermore,
the age-male-ALBI-platelets (aMAP) is a new HCC risk
score with excellent discrimination and calibration in terms
of HCC risk that also incorporates ALBI as a component
[23]. In the Barcelona Clinic Liver Cancer (BCLC) strategy
for prognosis prediction and treatment recommendation
published in 2022, compensatory liver function can be
further stratified by using the ALBI score [7]. And, the ALBI
grade provides objective hepatic reserve estimation across
each BCLC stage of HCC [20]. It can be seen that ALBI has a
high application value in HCC.

Therapeutic Hotspots in HCC

Through the images related to the keywords (Fig. 3-5), it
can be found that the hotspots for the treatment of HCC from
2015 to the present are roughly divided into three categories:
drug treatment, surgical treatment, and chemotherapy.

Drug treatment: From sorafenib proposed in 2008 [24] to
lenvatinib officially approved globally in 2015, the effect is
no less than sorafenib [25, 26]. Furthermore, several mo-
lecularly targeted agents are currently used for unresectable
HCC, such as regorafenib, cabozantinib, and ramucirumab
[27]. The application of immune checkpoint inhibitors has
also enriched the treatment options for advanced HCC [10].
Surgical treatment: hepatectomy, resection from a very early
but still used surgical treatment [28, 29]. Chemotherapy: for
surgical treatment where resection is impossible, TACE
plays an important role [30, 31]. Other means: through
other images (Fig. 4, 5), it can also be found that radio-
frequency ablation (RFA) applied to early HCC has also
been studied in HCC [32]. Furthermore, RFA and TACE
are also the hot spots of many researchers [33-35].
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ALBI Is Not Just an Independent Score in HCC

More and more articles have proved that ALBI can be used
not only in HCC but also in liver cirrhosis, hepatectomy, viral
hepatitis, liver transplantation, acute liver failure, and a series
of general measurements of liver function [36-43]. ALBI can
be modified or assembled as part of a new evaluation in-
dicator. One of ALBI weaknesses is that the range of grade 2 is
very wide, thus, the ALBI was modified to produce the
modified ALBI (mALBI) [44]. mALBI combined with TNM
staging (TNM) to produce mALBI-TNM (mALBI-T) yielded
more detailed prognostic stratification [44]. Additionally,
albumin simplified is a simplified fraction of mALBI that
forgoes the complex logarithmic calculation required for the
ALBI score, and it was also proved to be helpful in predicting
the prognosis of patients with HCC treated with lenvatinib
[45]. Moreover, ALBI, as an independent score or combined
with other scores, can also provide help for prognosis
prediction and precise treatment of other cancers. ALBI
grade associated with myosteatosis or APRI (AST/platelet
ratio index), showed wonderful value in identifying survival
in patients with colorectal cancer and metastatic colorectal
cancer [46-49]. And, it is a clinically useful predictor of
prognosis in patients with pancreatic cancer [50-52]. Be-
sides, ALBI is also an effective independent prognostic factor
for patients undergoing surgical resection, anti-PD-1-based
therapy, and immune checkpoint inhibitors treatment
[53-55]. Furthermore, its assessment of liver function helps
stratify the prognosis of patients with intrahepatic chol-
angiocarcinoma and can effectively predict the outcome of
patients with intrahepatic cholangiocarcinoma after under-
going percutaneous MWA [56-61]. Thus, ALBI is a very
potential marker that can play a role in many fields.
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