Original Paper

Liver Cancer

Liver Cancer 2021;10:137-150
DOI: 10.1159/000513412

Received: September 3, 2020
Accepted: November 26, 2020
Published online: February 2, 2021

Evolutions in the Management of Hepatocellular
Carcinoma over Last 4 Decades: An Analysis from
the 100 Most Influential Articles in the Field

Gang Xu? Bao Jin? Xiaomeng Xian?

Huayu Yang? Haitao Zhao?

Shunda Du® Masatoshi Makuuchi® Timothy M. Pawlik® Yilei Mao?

2Department of Liver Surgery, Peking Union Medical College (PUMC) Hospital, PUMC and Chinese Academy of
Medical Sciences, Beijing, China; °President of the Koto Hospital, Tokyo, Japan; “Department of Surgery, Wexner

Medical Center, The Ohio State University, Columbus, OH, USA

Keywords
Hepatocellular carcinoma - Management - Treatment -
Bibliometric analysis

Abstract

Introduction: Over the past 4 decades, the management of
hepatocellular carcinoma (HCC) has changed dramatically.
The publications that have had the most significant impact
on HCC management have not been quantitatively ana-
lyzed. In this article, we analyzed the 100 most influential
articles over the past 4 decades using bibliometric citation
analysis to characterize the evolution in HCC treatment.
Methods: The top-cited publications were identified and an-
alyzed from the Clarivate Analytics Web of Science Core Col-
lection database. Results: The 100 most cited articles were
identified with an average of 738 citations (range: 349-
6,799). There was an increase in the number of influential
articles in the late 1990s, which was paralleled by an increase
in reports focused on locoregional treatment of HCC. Most
top 100 articles came from the USA (n = 35), followed by Ita-
ly (n = 28), mainland China (n = 26), and Japan (n = 24). The
surgical management was the most studied topic (n = 33).
The Annals of Surgery published the highest number of pa-
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pers (n = 26) with 13,978 citations. While other 3 topics (sur-
gical management, locoregional treatment, and outcome
prediction) declined among publications beginning in the
2000s, there was an emergence of highly cited papers on
targeted drugs and immune checkpoint inhibitors with a
concomitant increase in the number of publications on sys-
temic therapy. Conclusions: Based on bibliometric analysis
of the literature over the last 40 years, a comprehensive anal-
ysis of the most historically significant HCC management ar-
ticles highlighted the key contributions made to the evolu-
tionand advancement of this specialist field. The data should
provide clinicians and researchers insight into future direc-
tions relative to the advancement of HCC management.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Liver cancer is the sixth most commonly diagnosed
cancer and the fourth leading cause of cancer-related
death worldwide, with approximately 841,000 new cas-
es and 782,000 deaths per annum [1]. Hepatocellular
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Fig. 1. Number of top-cited publications by
year.

carcinoma (HCC) is a major histological subtype of liv-
er cancer, accounting for 70-85% of all cases, globally
[2]. After many years of advancement, the treatment of
HCC has gone from the first hepatectomy in Italy in
1886 (the patient died from major bleeding 6 h after the
surgery) to safe, precise, and minimally invasive hepa-
tectomy with a variety of other local therapies and sys-
temic therapies under development [3]. The summary
and evaluation of the evolution of HCC treatment over
the past 40 years is difficult to chronicle. On the one
hand, chapters in textbooks and umbrella reviews from
time to time in the literature fail to provide a compre-
hensive overview of the incremental improvement. For
example, some new technologies reported in the articles
may have been very popular for a short period of time,
only to disappear from practice shortly thereafter. In
contrast, some clinical practices have been defined as
lasting better alternatives leading to long-standing im-
provement in patient care.

Bibliometric citation analysis, a broadly used method
to map the literature, might provide insight into temporal
trends in the treatment of HCC. The citation numbers of
an article indicate the importance of the study and reflect
a direct influence on the understanding and treatment of
diseases [4]. In this study, we analyzed the 100 most cited
articles in the field of HCC treatment over the past 4 de-
cades using bibliometric citation analysis to outline the
evolution in HCC treatment. In turn, the data provide
clinicians and researchers a general understanding of the
evolution, as well as meaningful insight into future direc-
tions relative to advances in HCC management.
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Materials and Methods

Literature Search and Screening

The Clarivate Analytics Web of Science Core Collection data-
base was systematically searched from 1 January 1980 to Novem-
ber 2020. A summary of key words and the search strategy is shown
in online suppl. Table 1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000513412). Only original articles and
reviews with full manuscripts that focused on the treatment of
HCC patients as the main topic were included. Literature reviews
that briefly summarized published studies were excluded; editori-
als, consensus statements, and guidelines were also excluded to
limit selection of articles to only those with high scientific merit in
the field. Two reviewers (G.X. and B.J.) independently identified
the top 100 papers according to the total citations (TC) of the pa-
pers, and any disagreement between the 2 reviewers was resolved
by consensus involving a third reviewer (X.M.X.).

Data Analyses and Visualization

After identifying the 100 most frequently cited articles, we
downloaded the 100 records including all available information
from the Web of Science Core Collection database. The biblio-
graphic information of the selected publications was converted
and analyzed automatically by using the bibliometric package
(Version 3.0.0) in R software (Version 3.6.1), as reported previ-
ously [5]. The information was extracted and analyzed using the
bibliometric package including title, authors, institutions, coun-
tries or regions, number of TC, year of publication, journal, and
impact factor. The main topic, sub topic, and article type of each
article were also determined by reading the title, abstract, and full
text, if necessary.

All of the information and data for each article were inserted
into a spreadsheet and manipulated using Microsoft Excel 2019
(Microsoft Corp., Redmond, WA, USA). We created the graphs
and figures using R software (Version 3.6.1) and EChart.js package
(Version 4.5.0; https://echarts.apache.org/en/index.html), which
is based on JavaScript.
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Fig. 2. Number of top-cited publications by country or region.
Table 1. Top 10 institutions with the most . . .
publications Institutions Publication TC TC/publication
The University of Hong Kong 11 7,581 689.18
The University of Tokyo 10 6,194 619.40
The University of Barcelona 9 9,577  1,064.11
The National Taiwan University Hospital 9 8,499 944.33
The University of Bologna 7 11,215 1,602.14
The Chinese University of Hong Kong 6 3,892 648.67
The Fudan University 4 5,027  1,256.75
The Kindai University 4 3,357 839.25
The Memorial Sloan-Kettering Cancer Center 4 2,831 707.75
The Chang Gung University 4 1,750 437.50
TC, total citation.
Results The 100 most influential articles are listed in online suppl.
Table 2 in descending order according to the article’s TC
Citation Count and Publication Period number. The number of citations varied from each paper

A total 0f 202,966 articles focusing on the treatment of ~ and ranged from 7,243 (“Sorafenib in advanced hepato-
HCC were identified from the Web of Science Core Col-  cellular carcinoma”) to 341 (“Prospective evaluation of
lection database from January 1980 to November 2020. Pringle maneuver in hepatectomy for liver tumors by a
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Fig. 3. The cooperation relationships of countries or regions that published the top 100 articles.

randomized study”). The earliest article in the list, which
focused on the prognosis of HCC, was published in 1985.
The most recent articles were 3 articles published in 2018
that focused on the systemic therapy of HCGC; 2 articles
were related to molecular targeted therapy and one was
about immunotherapy. As noted in Figure 1, the year that
yielded the highest number of influential articles was
1999 and 2000 (n = 8). Most included articles were pub-
lished in the 2000s (n = 45), followed by the 2010s (n =
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28), 1990s (n = 26), and 1980s (n = 1). Interestingly, only
one of the most influential articles was published before
1990.

Countries or Regions, Institutions, and Authors

In analyzing countries (or regions) and institutions of
the authors, the 100 most cited articles were originated
from 29 countries or regions (shown in Fig. 2). Nine
countries and regions contributed >10 articles, and 11
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Fig. 4. The cooperation relationships of institutions that published the top 100 articles.
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Fig. 5. The cooperation relationships of authors that published the top 100 articles.

countries contributed 1 article (shown in online suppl.
Table 3). Among the 100 most influential articles, the
USA contributed the most articles (n = 33), followed by
Italy (n = 30), mainland China (n = 27), Japan (n = 26),
France (n=23), Spain (n = 19), Germany (n = 15), Taiwan
(n =12), and United Kingdom (n = 11). Figure 3 depicts
the partnership among countries that published the 100
most influential articles, which demonstrated close coop-
eration among the various countries and regions.
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As noted in Table 1, the top 10 institutions that pub-
lished the most articles in the top 100 included the Uni-
versity of Hong Kong, the University of Tokyo, and the
University of Barcelona with 11, 10, and 9 papers, respec-
tively, with 7,581 citations, 6,194 citations, and 9,577 ci-
tations, respectively. The ratio of TC to publications re-
flects the TC numbers of each article. The University of
Bologna has the highest ratio of TC (1,602.14), followed
by the Fudan University (1,256.75) and the University of

Xu/Jin/Xian/Yang/Zhao/Du/Makuuchi/
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Table 2. Top 10 journals with the most publications

Journal Publication  IF TC TC/publication
Annals of Surgery 23 9.476 12,525 544.57
Hepatology 14 14.971 10,404 743.14
Gastroenterology 9 19.809 4,525 502.78
Journal of Clinical Oncology 6 28.349 3,480 580.00
Journal of Hepatology 6 18.946 3,403 567.17
Radiology 6 7.608 4,799 799.83
The Lancet 5 59.102 5,907 1,181.40
Cancer 4 6.102 3,158 789.50
The Lancet Oncology 4 35.386 5,194 1,298.50
New England Journal of Medicine 4 70.67 12,884 3,221.00

IF, impact factor; TC, total citation.

Barcelona (1,064.11) (shown in Table 1). The coopera-
tion among different countries, institutions, and authors
is a critical driving force to promote the development of
most successful large-scale trials. To this point, there
seemed to be close cooperation among different institu-
tions from various countries and regions (Fig. 3, 4).
Moreover, authors were classified into >10 clusters in the
authors’ collaboration network analysis; several major
research teams were identified, mainly including Llovet
J.M., Bruix J., Mazzaferro V., Cheng A.L., Belghiti J.,
Adam R., Poon R.T.P., Fan S.T., and Makuuchi M.
(shown in Fig. 5).

Journals, Topics, and Article Types

The top 100 influential articles were published in 27
journals. According to the number of the most influential
articles published, the top 10 journals are listed in Table 2.
The Annals of Surgery published the most top 100 articles
with 23 papers. The New England Journal of Medicine
generated the largest quantity of TC with 12,884 citations.
There were 3 journals with the ratio of TC to publications
exceeding 1,000, namely, the New England Journal of
Medicine (TC/publications 3,221.00), The Lancet Oncol-
ogy (TC/publications 1,298.50), and The Lancet (TC/pub-
lications 1,181.40).

The main topic, subtopic, and article type of the 100
most influential articles were defined, and the relation-
ships among the various topics and subtopics were estab-
lished (shown in Fig. 6). Locoregional treatment was the
most studied main topic (n = 31), followed by surgical
management (n = 30), systemic therapy (n =21), and out-
come prediction (n = 18). Liver resection was the most
studied subtopic (n = 21), followed by ablation (n = 18),
clinicopathologic characteristics (n = 12), molecular tar-

Evolutions in the Management of
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geted therapy (n = 10), and liver transplantation (n = 9).
Among the top 100 influential publications, there were 49
retrospective cohort studies, 31 prospective database
studies, and 17 clinical trials (including 9 phase III trials,
5 phase II trials, 2 phase I/1I trials, and 1 phase I trial). In
addition, 3 reviews were also included as top 100 articles
because the new criteria proposed in these reviews had a
profound impact on HCC management. The most fre-
quently cited articles that focused on surgical manage-
ment appeared in the 1980s and decreased after 2010. The
most frequently cited articles that focused on locoregion-
al treatment and outcome prediction appeared in the
1990s, peaked in the 2000s, and gradually declined over
the past 10 years. Articles focusing on systemic therapy
demonstrated an increasing trend over the last years ex-
amined (shown in Fig. 7).

Discussion

It is a challenging task to review the development and
evolution of HCC treatment in the past 4 decades. In par-
ticular, there can be shortcomings in the information in-
cluded in textbooks and the various published reviews, as
these forms of information often are one sided, biased, or
lack a systematic approach to identifying the most rele-
vant data. The current study was important because we
specifically summarized and analyzed the 100 most cited
articles on the topic of HCC over the last 4 decades. Of
note, most articles enrolled in the list were derivatives of
cooperative research among different institutions from
various countries or regions around the world. Most pa-
pers that were cited in the top 100 focused on surgical
management or locoregional treatment rather than sys-
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Fig. 6. Article types and topics of the 100 most influential publications. TACE, transarterial chemoembolization;
SIRT, selective internal radiation therapy; SBRT, stereotactic body radiation therapy.

tematic treatment such as targeted drugs. A possible ex-
planation was that targeted drugs are a relatively novel
treatment, and articles on this topic have not had as much
time to accumulate citations. Notably, among the top 100
influential publications, nearly one-half were retrospec-
tive in nature. Most likely, in the earlier years, some treat-
ment strategies were first proposed in retrospective co-
hort studies and then subsequently demonstrated to be
effective and feasible in prospective studies and RCT

144 Liver Cancer 2021;10:137-150
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studies. Among the 100 most influential articles, USA,
East Asian countries, and European countries including
Italy, Spain, and France contributed the majority of the
articles. This finding was not surprising given the ad-
vanced science and technology capacities in the USA and
Europe, as well as the higher regional incidence of HCC
in Asia. In examining journal types, the Annals of Surgery
published the largest number of top-cited articles on
HCC treatment, suggesting the treatment of HCC re-
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Fig. 7. Trends in top-cited publications by
different main topics over time.
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mains a popular surgical topic. That said, over the last 2
decades, the number of top-cited papers on the topics of
locoregional therapy and systemic therapy did rise con-
siderably. The reason for this trend was likely due to the
evolution of molecular pathway targeted therapy and a
better understanding of molecular biology of liver carci-
nogenesis, which induced a treatment shift in HCC to-
wards personalized therapy and immunotherapy.
Surgeries including hepatectomy and liver transplan-
tation are the most preferred options for HCC treatment
[6-8]. Among the 100 most cited articles, improvement
and optimization of HCC surgery accounted for one-
third of all studies. In examining the content of the top-
cited liver surgery papers, the data suggested that the op-
timization of HCC surgery mainly took place from the
1980s to the early 21st century. Over this time, liver resec-
tion for larger tumors in more difficult tumor locations
with a more precise understanding of intraparenchymal
dissection and intrahepatic anatomy reached a state-of-
the-art level. The perioperative assessment and safety of
hepatectomy was also dramatically improved. Specifical-
ly, mortality following major hepatectomy was reduced
to <5%, with death after minor hepatectomy reduced to
<1%. During this same time period, the overall 5-year sur-
vival among patients with HCC increased to >50% [9].
Interestingly, over the last 10 years, the number of studies
related to the open liver resection technique has gradu-
ally plateaued. In contrast, data on minimally invasive

Evolutions in the Management of
Hepatocellular Carcinoma

liver resection techniques have markedlyincreased. These
data could suggest that the minimally invasive approach
is becoming more common relative to conventional open
liver resection for the treatment of HCC. The emergence
of minimally invasive laparoscopic, robotic surgery, and
local ablation technology enables diverse treatment strat-
egies for patients with early-stage HCC. As such, articles
on these related fields are likely to attract more attention
in the future.

Preoperative risk assessment of liver surgery was an-
other common topic among the top 100 cited papers. For
example, an article from Japan retrospectively analyzed
>500 HCC patients treated in the National Cancer Center
Hospital in Tokyo during the 1990s. In this article, the
authors proposed the “Makuuchi criteria” which involve
establishing standards for liver resection based on indo-
cyanine green clearance rate, bilirubin level, and ascites,
providing a comprehensive preoperative evaluation for
hepatectomy and selection of surgical strategy [10]. This
manuscript was the earliest highly cited research that was
published in the preoperative assessment field. Following
this seminal article, authors from Japan and USA pub-
lished 2 additional influential articles in the field of risk
assessment in 1997 and 2000, respectively [11, 12]. In ad-
dition, in 1997, a study developed by researchers from the
Hospital Clinic i Provincial in Spain first proposed that
preoperative portal hypertension (PH) was a contraindi-
cation to hepatectomy [13]. More recently, the same
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group of investigators proposed the Barcelona Clinic Liv-
er Cancer (BCLC) staging schema that listed PH, as well
as multiple HCC, as contraindications for hepatectomy of
HCC [14]. In 2008, however, a paper from Japan [15] re-
vealed that hepatectomy could actually benefit patients
who had multiple HCC or HCC with PH and proposed
expansion of the indications for hepatectomy beyond the
BCLC recommendations, which has subsequently been
widely accepted today. Despite these data, the guidelines
of the European Association for the Study of the Liver
(EASL) and the American Association for the Study of
Liver Disease (AASLD) still recommend the BCLC stag-
ing, which limited the indications of hepatectomy to ear-
ly-stage patients with solitary HCC [7, 8]. Of note, in
much of Asia, while the BCLC staging is considered im-
portant as a reference, most treatment plans for HCC
tend to emphasize a more aggressive role for surgical re-
section [16]. RCT's with large sample are required, how-
ever, to provide further validation.

Surgical liver parenchymal dissection technique has
similarly evolved from the 1960s, which largely focused
on the “finger fracture” technique [17], into more precise
surgical approaches including the Cavitron Ultrasonic
Surgical Aspirator, Harmonic ultrasonic knife, LigaSure,
and Endo-GIA Stapler [18]. Meanwhile, the broad appli-
cation of ultrasound during the operation has made more
precise liver parenchymal dissection possible [19]. In ad-
dition, the Pringle maneuver, which involves intermittent
or continuous inflow occlusion, as well as low central ve-
nous pressure, has been widely used to improve the safe-
ty of liver surgery [20-22]. Furthermore, in 2008, beyond
variations in parenchymal techniques, a study reported
that anatomical hepatectomy for single nodular HCC
may provide a better prognosis [23]. To date, in clinical
practice, due to limitations related to liver function and
tumor location, nonanatomical parenchymal saving hep-
atectomy still accounts for the large proportion of liver
surgery today. In fact, anatomic hepatectomy among pa-
tients with poorly functioning livers may increase post-
operative morbidity and mortality.

With the evolution of HCC surgical management,
methods to improve the tolerance of HCC patients with
an insufficient residual liver function have remained a
major concern. In 1986, the portal vein embolization was
proposed to increase residual liver volume in order to ex-
pand surgical indications for hepatectomy of HCC [24].
In 2003, a research revealed that portal vein embolization
could significantly reduce the incidence of postoperative
complications among patients undergoing liver resection
for HCC with chronic underlying liver disease [25]. Al-
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most a decade later in 2012, another surgical strategy was
proposed to increase the residual liver volume - associat-
ing liver partition and portal vein ligation for staged hep-
atectomy (ALPPS) [26]. This technique has been gradu-
ally adopted in clinical practice, yet the widespread use of
ALPPS has been somewhat limited due to the associated
high postoperative morbidity and mortality [27, 28].

More recently, reports in the literature have increas-
ingly focused on minimally invasive liver surgery. After
the laparoscopic hepatectomy was first reported in 1991
[29], the use of laparoscopic liver resection has grown
dramatically over the last 20 years. Two International
Congresses on Laparoscopic Hepatectomy were held in
2008 and 2015 that defined the indications of laparoscop-
ic hepatectomy for liver cancer, which essentially mir-
rored the indications and scope as open hepatectomy [30,
31]. In addition, robotic hepatectomy has recently also
become more prominent in the field of liver surgery as a
new minimally invasive surgical technique. Interestingly,
while minimally invasive techniques largely originated in
Europe and USA, the application of this approach has ex-
panded the most in Asian countries as indicated by the
published literature [32]. It is consistent with the fact that
Asia has the largest number of patients with HCC. While
significant progress had been made in the field of mini-
mally invasive hepatectomy over the past 3 decades, only
1 article was among the 100 most influential articles. This
finding was most likely due to the certainty about the
long-term effects of laparoscopic hepatectomy for HCC
[32]. Even though few RCTs are available at present, more
data on oncological, cost-effective, and technical aspects
of HCC care are emerging.

Another breakthrough in the surgical management of
HCC was liver transplantation. In 1967, the liver trans-
plantation was successfully performed for the first time
on a 19-month-old patient with HCC, who lived for 13
months, subsequently dying from tumor metastasis [33].
Since then, liver transplantation has developed rapidly
and has been widely adopted as a main treatment option
for patients with HCC. To this point, 24 years ago, a re-
search group from Italy proposed the Milan criteria [34].
This seminal article was published in 1996 and is note-
worthy for being the most cited paper in the field of HCC,
laying the foundation for liver transplantation as the stan-
dard of care for HCC. With time, investigators began to
consider that the Milan criteria might be too conserva-
tive, and some researchers proposed the expanded UCSF
criteria and the Up-to-7 criteria in 2001 and 2009, respec-
tively [35, 36]. These 2 highly cited articles advocated for
expanded indications for liver transplantation in order to
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maximize the benefit of this therapy for patients with
HCC on the waiting list. In addition, to address the prob-
lem of donor organ shortage, the split liver transplanta-
tion and living donor liver transplantation were proposed
in 1988 and 1990, respectively [37, 38]. At that time, al-
though some Asian countries allowed the use of organs
from brain-dead patients, these techniques were not
widely accepted due to some regional or cultural reasons.
Instead, living donor liver transplantation was the more
commonly used treatment of HCC in Asia compared
with other parts of the world [39]. Currently, liver trans-
plantation for patients with HCC has accounted for 15-
50% of the total number of liver transplantations in most
medical centers in the world [40-42].

In addition to liver resection and liver transplantation,
locoregional therapy for HCC rapidly increased in the
1980-1990s including various ablation, transarterial che-
moembolization, selective internal radiation therapy
(SIRT) (also named transarterial radioembolization), and
stereotactic body radiation therapy techniques. Most of
these therapies have been treatment options for early
stage of HCC, unresectable HCC, or downstaging and
bridging prior to liver transplantation [43]. In 1994, a
study from Japan reported that totally 18 patients with a
single small HCC were successfully treated using first-
generation microwave coagulation therapy guided by ul-
trasound (the first highly cited article on locoregional
therapy of HCC) [44]. Since then, reports on ablations
that have been reported and cited the most over the past
30 years have mainly focused on the effect of radiofre-
quency ablation (RFA) and percutaneous ethanol injec-
tion to treat HCC. At present, the EASL and AASLD
guidelines recommend using locoregional ablation for
patients with single HCC <2 cm and single or 2-3 nodules
<3 cm among individuals who are unable to undergo sur-
gery or liver transplantation [7, 8]. In 1999, researchers
compared the efficacy of RFA versus percutaneous etha-
nol injection to treat small HCC and demonstrated that
RFA was more effective [45]. This article became the most
cited article in the field of locoregional ablative treatment
of HCC. The conclusion from this article was also verified
by 4 subsequent RCTs, which were also in the top 100
cited articles [46-49]. For patients with HCC <5 cm com-
bined with cirrhosis, the incidence of severe complica-
tions after RFA treatment was only 1-5%, and the mortal-
ity was <0.3% [50]. Laser ablation, irreversible electro-
poration, and cryoablation were not included in studies
among the top 100 list, likely because these are more re-
cent treatment approaches. A similar “90s peak” was
demonstrated in the field of locoregional therapy for
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HCC and may be in part be a result of older work related
to established therapeutic strategies that are no longer cit-
ed, as well as newer therapeutic techniques having insuf-
ficient time to accumulate citations.

In 2007, the Radioembolization Brachytherapy Oncol-
ogy Consortium held a conference in the USA and for-
mulated a consensus statement regarding SIRT with yt-
trium-90 for HCC [51]. Subsequently, 4 highly cited ar-
ticles confirmed the efficacy and safety of SIRT to treat
advanced HCC [52-55]. Two more recently published
articles involved SARAH and SIReNevib controlled stud-
ies comparing SIRT and sorafenib [7, 8]. Although SIRT
did not have better efficacy than sorafenib for unresect-
able HCC, it was better tolerated than sorafenib [56, 57].
Due to the paucity of high-level evidence, the EASL and
AASLD still do not recommend SIRT as a preferred treat-
ment of HCC [7, 8]. This may be a possible reason why
only 4 articles related to SIRT were included in the 100
most cited articles. The effect of SIRT on HCC needs to
be verified further in large RCTs. The dominance of ar-
ticles about systemic therapy especially in recent time
may reflect shifts in research interests within the scien-
tific community over time. Historically, both surgery and
locoregional treatment received much attention and were
established early as effective therapies for HCC. While
interest may have shifted away from evaluating therapeu-
tic strategies, the survival benefits of these treatment op-
tions still remain an important question for patients with
advanced HCC. Before 2007, there was no systemic ther-
apy that was recommended in the guidelines of HCC
treatment as this tumor is notoriously chemoresistant.
Sorafenib was the first promising systemic therapy drug
for advanced HCC [58, 59]. In 2008, the results of SHARP,
published by the SHARP Investigators Study Group in
the New England Journal of Medicine, demonstrated that
sorafenib prolonged survival among patients with ad-
vanced HCC by 2.8 months compared with placebo [59].
This article thus gained scientific interest in recent time
and became the most highly cited article in the field of
HCC treatment. Additionally, Dr. Lencioni and M. Llovet
proposed modified RECIST (mRECIST) criteria, which
provided a reliable means to assess tumor response in tu-
mors treated with molecular therapies in HCC clinical
trials [60]. Since then, mRECIST criteria have been used
extensively in HCC clinical research and in major phase
II-II1 trials of intermediate and advanced HCC. Indeed,
mRECIST criteria indirectly promoted the development
of clinical trials of different molecular therapeutics for ad-
vanced HCC. However, unfortunately, multiple other
clinical trials of advanced HCC including brivanib, evero-
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limus, ramucirumab, tivantinib, and sunitinib failed to
demonstrate superior or equivalent to sorafenib [61-65].
Although these studies ended in failure, high citation
numbers indicated great scientific value in the field of
HCC treatment, which reflected the enormous attention
that clinicians and researchers have toward the treatment
of advanced HCC. In turn, few reports on new therapy of
advanced HCC occurred until December 2016, when the
results of the RESORCE clinical trial were published in
The Lancet[66]. Due to findings in this trial, regorafenib
was approved as a second-line treatment drug for HCC
in 2017 [66]. Subsequently, other phase III studies dem-
onstrated beneficial results associated with first-line len-
vatinib [67] and second-line cabozantinib [68] and ramu-
cirumab [69]. In addition, based on data from single-arm
phase II studies, the US Food and Drug Administration
approved 2 PD-1 monoclonal antibodies (nivolumab and
pembrolizumab) as second-line treatment of HCC
through an accelerated approval mechanism [70, 71]. In
recent years, researchers and clinicians have begun to fo-
cus on combination strategies to improve survival among
patients with advanced HCC even further [72]. Com-
pared with the benefits of surgery — when feasible - tar-
geted therapy and immunotherapy may be much less cost
effective and associated with lower actual 5-year survival.
However, it must be recognized that their appearance
brings more treatment options and survival benefits for
patients with advanced HCC.

While the top 100 articles identified in the present
study represented highly influential work in HCC man-
agement, the current study may not have captured all im-
portant articles in this field. In particular, recent articles
that did not have sufficient time to accumulate citations
and older articles in which early citations may not be reli-
ably indexed in modern databases would likely not have
been reflected in our analysis. It is also possible that our
search terms may have missed articles relevant to HCC
management, although we did use broad terms in order
to reduce this possibility.

Overall, based on bibliometric citation analysis of the
literature over the last 40 years, the 100 most influential
articles related to the landscape of HCC treatment were
identified to provide useful insights. Moreover, the pres-
ent study also provided a comprehensive and quantitative
analysis of the most historically significant HCC manage-
ment articles, acknowledging the key contributions made
to the evolution and advancement of this specialized field.
Our findings demonstrated that there is currently signif-
icant interestamong clinicians and researchers to develop
nonsurgical therapies in the treatment of HCC. There re-
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mains a need, however, to identify effective combinations
of modern innovative surgical technology with more ef-
fective systemic therapies to improve outcomes of pa-
tients with HCC. Undoubtedly, research, discovery, and
innovation in the area of HCC management will continue
to evolve and be an area of continued growth and interest
in the future.
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