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Abstract
Objectives To evaluate the safety and efficacy of chemoembolization in patients with intermediate-stage infiltrative Hepa-
tocellular carcinoma (HCC).
Materials and methods This retrospective study evaluated outcomes in treatment-naive patients who received chemoembo-
lization as first-line treatment for intermediate-stage infiltrative HCC between 2002 and 2022. Of the 2029 treatment-naive
patients who received chemoembolization as first-line treatment for intermediate-stage HCC, 244 (12%) were identified as
having the infiltrative type. After excluding two patients lost to follow-up, 242 patients were evaluated.
Results Median post-chemoembolization overall survival (OS) was 16 months. Multivariable Cox analysis identified four
factors predictive of OS: Child—Pugh class B (hazard ratio [HR], 1.84; p=0.001), maximal tumor size > 10 cm (HR, 1.67;
p<0.001), tumor number >4 (HR, 1.42; p=0.037), and bilobar tumor involvement (HR, 1.64; p =0.003). These four fac-
tors were used to create pretreatment prediction models, with risk scores of 0-1, 2-4, and 5-7 defined as low, intermediate,
and high risk, respectively. Median OS times in these three groups were 34, 18, and 8 months, respectively (p <0.001). The
objective tumor response rate following chemoembolization was 53%. The major complication rate was 9% overall and was
significantly higher in the high-risk group (22%) than in the low (2%) and intermediate (3%) risk groups (p <0.001).
Conclusion Chemoembolization is safe and effective in selected patients with intermediate-stage infiltrative HCC. Chem-
oembolization is not recommended in high-risk patients with intermediate-stage infiltrative HCC because of poor OS and
high rates of major complications.
Clinical relevance statement A pretreatment prediction model was developed using four risk factors associated with overall
survival following chemoembolization for intermediate-stage infiltrative hepatocellular carcinoma. This model may provide
valuable information for clinical decision-making.
Key Points
o Four risk factors (Child—Pugh score B, maximal tumor size > 10 cm, tumor number = 4, and bilobar tumor involvement) were used to
create pretreatment prediction models, with risk scores of 01, 2—4, and 57 defined as low, intermediate, and high risk, respectively.
o Median overall survival (OS) times and major complication rate in these three groups were 34, 18, and 8 months, and 2%,
3%, and 22%, respectively (p < 0.001). Chemoembolization is not recommended in high-risk patients with intermediate-
stage infiltrative Hepatocellular carcinoma (HCC) because of poor OS and high rates of major complications.
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PD Progressive disease
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PR Partial response

ROC  Receiver operating characteristic

SD Stable disease
SIR Society of Interventional Radiology

Introduction

The Barcelona Clinic Liver Cancer (BCLC) staging system
has classified patients with intermediate-stage hepatocellu-
lar carcinoma (HCC; BCLC stage B) as having Child-Pugh
class A/B liver function; four or more tumors, irrespective
of size, or two or three tumors of maximal diameter > 3 cm;
and the absence of cancer-related symptoms, macrovascular
invasion, or extrahepatic metastasis [1-3]. Chemoemboliza-
tion is regarded as a first-line treatment option for patients
with intermediate-stage HCC [4-8].

Infiltrative type of HCC is associated with poor over-
all survival (OS) [9-11] and is frequently diagnosed in
an advanced stage, with macrovascular invasion and/
or extrahepatic metastases (BCLC stage C) [12, 13].
However, the type of HCC has not been considered for
the BCLC staging system [4-7]. Awareness of the poor
prognosis of patients with infiltrative HCC resulted in
the reclassification of BCLC stage B into three subcat-
egories, one of which was the infiltrative type, in the
2022 update of the BCLC treatment recommendations
[14]. This update recommended systemic treatment for
patients with infiltrative HCC, even those with BCLC
stage B tumors [14].

Blood supply to HCCs is predominantly provided by
the hepatic artery, enabling chemoembolization to effi-
ciently and directly deliver chemotherapeutic agents and
embolic materials to these tumors through the hepatic
artery. Furthermore, improvements in chemoemboliza-
tion devices and techniques have increased patient sur-
vival while decreasing chemoembolization-associated
mortality [15, 16]. Chemoembolization may therefore
be an attractive option for the treatment of intermediate-
stage infiltrative HCCs.

To date, however, the safety and efficacy of chemoem-
bolization for patients with intermediate-stage infiltrative
HCC are unclear, probably due to the low incidence of these
tumors. The present study evaluated the safety and efficacy
of chemoembolization for the treatment of intermediate-
stage infiltrative HCC. In addition, factors associated with
survival outcomes were evaluated.

Materials and methods

Patient inclusion and data acquisition

This retrospective study was approved by the Institutional
Review Board in our institution, which waived the requirement
for written informed consent due to the retrospective design
of this study. Prospectively collected data of patients who
underwent chemoembolization for HCC were retrospectively
searched to identify treatment-naive patients who underwent
chemoembolization as first-line treatment for BCLC stage B
HCC with infiltrative nature showing permeative ill-defined
arterial enhancement with delayed washout without a distinct
margination on any portion of the tumor on pre-procedural
images (hereafter, intermediate-stage infiltrative HCC) [17].
Pre-procedural images were reviewed by two experienced
radiologists and HCCs were diagnosed with images only on

Table 1 Baseline characteristics of the study patients with intermedi-
ate-stage infiltrative HCC

Variable All patients
Patients 242
Age, mean=+ SD, year (range) 56+ 10 (24-83)
Sex
Male 210 (87)
Female 32 (13)
Etiology
HBV 194 (80)
HCV 12.(5)
Alcoholics 21 (9)
Others 15 (6)
Child-Pugh class
A 204 (84)
B 38 (16)
Maximal tumor size
<10cm 149 (62)
>10cm 93 (38)
Tumor number
2-3 74 (31)
>4 168 (69)
Tumor involvement
Unilobar 69 (29)
Bilobar 173 (71)
AFP (ng/mL)
>400 121 (50)
<400 121 (50)
Portal hypertension
Yes 66 (27%)
No 176 (73%)

Abbreviations: SD, standard deviation; HBV, hepatitis B virus; HCV,
hepatitis C virus; AFP, alpha-fetoprotein
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the basis of the European Association for the Study of Liver
(EASL) guidelines [6]. 2029 treatment-naive patients received
chemoembolization as first-line treatment for intermediate-
stage HCC between March 2002 and April 2022. Of the 2029
patients, 244 patients (12%) were identified as having the
infiltrative type of HCC (intermediate-stage infiltrative HCC).
Among the 244 patients, two patients lost to follow-up were
excluded. Finally, 242 patients were analyzed for this study.

Chemoembolization method

The details of the chemoembolization procedure have been
described previously [18]. Chemoembolization was per-
formed by eight experienced interventional radiologists,
each with at least 10 years of experience with TACE. Cis-
platin-based chemoembolization (dose: 2 mg/kg of body
weight) was performed using a 1.7-2.4-F microcatheter
(Progreat Lambda, Terumo; Renegade, Boston Scientific;
Carnelian, Tokai Medical Products). A 1:1 emulsion of cis-
platin and iodized oil (Lipiodol®, Guerbet) was infused into
the feeding artery, followed by embolization with gelatin
particles (Upjohn) until arterial flow stasis was observed.

Follow-up

Patients were initially followed-up 1 month after chemoem-
bolization by contrast-enhanced computed tomography (CT)
or magnetic resonance imaging (MRI) and laboratory tests.
Patients were subsequently followed up every 2—-3 months

Fig.1 A 58-year-old man with
intermediate-stage infiltrative
HCC. Contrast-enhanced CT in
the arterial phase (a) and arteri-
ography via a common hepatic
artery (b) showing hypervascular
tumors in the right hemiliver.
The largest tumor (arrowheads)
had infiltrative tumor morphol-
ogy (maximal diameter, 6 cm).
¢ Follow-up CT 1 month later
showing compact lipiodol uptake
by the tumors without a residual
viable mass, and a decrease in
maximal diameter. The patient
remains alive at the end of this
study, 120 months after chem-
oembolization. d Follow-up CT
5 years after chemoemboliza-
tion, showing a further decrease
in tumor sizes (arrowheads)
without any viable tumor. The
patient remains alive at the end
of this study, 120 months after
chemoembolization
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during the first 2 years, and then every 3—6 months until HCC
recurrence. Chemoembolization was repeated in patients who
showed insufficient responses after a single session and in
those with recurrent tumors.

Data analysis

The primary study endpoints were OS and the identification
of pretreatment risk factors associated with OS. The fol-
lowing pretreatment factors were analyzed: age, sex, HCC
etiology, Child-Pugh class, maximal tumor size (> 10 cm
vs. < 10 cm), tumor number (2-3 vs. > 4), extent of tumor
involvement (unilobar vs. bilobar), serum alpha-fetoprotein
(AFP) concentration (<400 ng/mL vs. >400 ng/mL), and
portal hypertension (presence vs. absence). Portal hyper-
tension was diagnosed in patients who met at least one
of the following criteria: esophageal varices, noticeable
portosystemic collaterals, ascites, and splenomegaly with
thrombocytopenia (platelet count < 100,000/mm?) [19].
Secondary study endpoints were radiologic tumor
response, progression-free survival (PFS), and complica-
tions following chemoembolization. Tumor response was
evaluated 1 month following chemoembolization using the
European Association for the Study of the Liver (EASL)
criteria, with responses divided into four categories: com-
plete response (CR), partial response (PR), stable disease
(SD), and progressive disease (PD) [20]. Patients who
achieved CR or PR were classified as showing an objective
tumor response. PFS was defined as the time from the first




European Radiology (2023) 33:8736-8744

8739

chemoembolization session until tumor progression, based
on EASL guidelines, or death from any cause.

Based on the Society of Interventional Radiology (SIR)
reporting standards [21], major complications were defined
as those necessitating additional treatment, including a hos-
pital stay beyond the normal postoperative course, increased
level of care, substantial morbidity, or death (SIR classifica-
tions C-E). Mortality was defined as death within 30 days
from the time of chemoembolization.

Statistical analysis

Pretreatment factors associated with OS following chem-
oembolization were evaluated by univariate analysis, with

Fig.2 A 51-year-old man with
intermediate-stage infiltrative
HCC. Contrast-enhanced CT

in the portal venous phase (a)
and hepatic angiographic image
(b) showing diffuse infiltrative
masses involving both hemiliv-
ers. The maximal diameter of
the largest tumor was 14 cm
(arrowheads). ¢ Performance

of chemoembolization through
both hepatic arteries. Follow-up
CT (d) and hepatic angiogra-
phy (e) after four sessions of
chemoembolization, 1 year after
initial TACE, showing a marked
reduction in tumor volume
without residual viable tumor.
This patient survived 71 months
after initial chemoembolization

variables showing p <0.05 on univariate analyses included
in a multivariable Cox regression analysis using the back-
ward elimination method to identify pretreatment factors
independently associated with OS. Risk points were assigned
to these variables according to their p regression coefficients,
and a pretreatment risk-prediction model was developed
[22]. Three prognostic categories (low, intermediate, and
high-risk groups) were identified based on changes in risk
estimates for each one-point increase in scores. The discrim-
ination capability of the risk score was assessed by using
the time-dependent receiver operating characteristic (ROC)
curve at 1 year and 3 years. Cumulative survival outcomes
were evaluated by the Kaplan—-Meier method and compared
by log-rank tests and Cox proportional hazards model. The
rates of major complication were compared in the three low,
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intermediate, and high-risk groups, as determined by the
pretreatment risk-prediction model, using Xz tests. All sta-
tistical analyses were performed using SPSS software (ver-
sion 21.0, SPSS), with two-sided p values < 0.05 considered
statistically significant.

Results
Patient characteristics

The majority of study participants were positive for hepatitis
B virus (80%) and had Child-Pugh class A liver function
(84%), bilobar tumor involvement (71%), and tumor num-
ber >4 (69%). One-half (50%) had serum AFP concentra-
tions >400 ng/mL, 38% had huge (> 10 cm) tumors, and
27% had portal hypertension (Table 1).

Overall survival after TACE

A total of 1289 chemoembolizations were performed in the 242
patients with intermediate-stage infiltrative HCC. The median
number of chemoembolization sessions was four per patient
(range, 1-23 sessions; interquartile range, 2—7 sessions). Dur-
ing the follow-up period after chemoembolization, 215 (89%)
of the 242 patients died and 27 (11%) remained alive (Figs. 1
and 2). The 1-, 3-, and 5-year OS rates were 60%, 23%, and
14%, respectively, and the median OS after chemoembolization
was 16 months (95% confidence interval [CI], 14—18 months).

Multivariable Cox regression analyses revealed that
Child—Pugh score B (hazard ratio [HR], 1.84; p=0.001),
maximal tumor size > 10 cm (HR, 1.67; p<0.001), tumor
number >4 (HR, 1.42; p=0.037), and bilobar tumor

involvement (HR, 1.64; p =0.003) were risk factors signifi-
cantly associated with OS (Table 2). These four risk factors
were incorporated into a pretreatment risk-prediction model.
Risk points were assigned based on the  regression coef-
ficients of the four risk factors, with one point assigned for
tumor number > 4, two points for Child—Pugh class B, two
points for maximal tumor size > 10 c¢m, and two points for
bilateral tumor involvement (Table 2). The risk scores for
all patients were calculated as the sum of these correspond-
ing risk points, and patients with scores of 0-1 (n=48),
2-4 (n=109), and 5-7 (n=285) were categorized into the
low-, intermediate-, and high-risk groups, respectively,
with median OS of 34 months (95% CI, 25-44 months),
18 months (95% CI, 14-21 months), and 8 months (95%
CI, 6-11 months), respectively (Fig. 3). OS rates differed
significantly between the low- and intermediate-risk groups
(HR =1.59, 95% CI=1.09-2.33, p=0.02) and between
the intermediate- and high-risk groups (HR =2.27, 95%
CI=1.68-3.06, p<0.001) (Table 3). The discrimination
capability of the risk score was assessed by using the time-
dependent ROC curve at 1 year and 3 years and areas under
the curve (AUC) were 0.74 and 0.70, respectively (Fig. 4).

Radiologic tumor response, progression-free
survival, and major complications

Two patients died prior to the evaluation of radiologic tumor
response at 1 month; these two patients were considered to
have PD. Of the 242 patients, 32 (13%) achieved CR, 97
(40%) achieved PR, 82 (34%) had SD, and 31 (13%) showed
PD 1 month after chemoembolization. The objective tumor
response rate in these patients (CR +PR) was therefore 53%
(129/242). The objective tumor response rate was 83% (40/48)

Table 2 Univariable and multivariable analyses of factors associated with Overall survival after TACE

Univariable analysis

Multivariable analysis

Variables HR 95% CI1 p value HR 95% C1 p value Beta coefficients Risk point
Age 0.99 0.98-1.01 0.294 - - -
Male sex 1.18 0.79-1.76 0.418 - - -
Etiology
HBV 1 0.857 - -
HCV 1.18 0.62-2.24 0.609 - - -
Alcoholic 1.06 0.45-2.52 0.887 - - -
Others 0.99 0.46-2.15 0.995 - - -
Child—Pugh score B 1.91 1.33-2.74 <0.001 1.84 1.28-2.65 0.001  0.61 2
Serum AFP level > 400 ng/mL 1.26 0.96-1.64 0.097 - - -
Maximal tumor size> 10 cm 1.97 1.49-2.60 <0.001 1.67 1.26-2.22 <0.001 0.51 2
Tumor number >4 1.93 1.42-2.63 <0.001 142 1.02-1.97 0.037  0.35
Presence of portal hypertension 1.20 0.89-1.62 0.241 - - -
Bilobar tumor involvement 1.90 1.40-2.59 <0.001 1l.64 1.19-2.27 0.003  0.49 2

Abbreviations: HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein
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in the low-risk group, 67% (73/109) in the intermediate-risk
group, and 19% (16/85) in the high-risk group (» <0.001).
During follow-up, 232 (96%) patients showed tumor pro-
gression or died. The median PFS after TACE was 6 months
(95% CI, 5-7 months). The median PFS after TACE was
11 months in the low-risk group, 7 months in the intermediate-
risk group, and 4 months in the high-risk group (» <0.001).
Of the 242 patients, 23 (9%) experienced major complica-
tions, including hepatic failure in ten patients, allergic reaction
related to cisplatin in four, tumor lysis syndrome in three, sponta-
neous bacterial peritonitis in two, acute renal failure in two, and
chemoembolization-related cholecystitis in two. Two patients
died of hepatic failure within 30 days after chemoembolization,
making the mortality rate 0.8%. The rates of major complica-
tions in the low, intermediate, and high-risk groups were 2%
(1/48), 3% (3/109), and 22% (19/85), respectively (p<0.001).

Discussion

Although grossly infiltrative HCC is related to poor OS
[9-11], the relationships between these tumors classified
by BCLC stage and OS had not been determined [4-7].
The safety and efficacy of chemoembolization for interme-
diate-stage infiltrative HCC are unclear, perhaps due to the

relatively rare incidence of these tumors. The results of the
present study suggest that Child—Pugh class B, maximal
tumor size > 10 ¢cm, tumor number >4, and bilobar tumor
involvement were risk factors significantly associated with
poorer OS in patients with intermediate-stage infiltrative
HCC undergoing chemoembolization. Categorization of
these patients into low, intermediate, and high-risk groups
based on their risk scores showed that higher risk scores
were significantly associated with reduced OS. These find-
ings suggest that chemoembolization may be considered as
first-line treatment in low-risk patients, but chemoemboli-
zation may have little survival benefit in high-risk patients
when considering its reduced OS.

Table 3 Hazard ratios of overall survival in the groups according to
the Cox proportional hazards model

Groups HR 95% CI1 p value
Low Reference
Intermediate 1.59 1.09 2.33 0.017
High 3.61 242 5.38 <0.001
Intermediate Reference
High 2.27 1.68 3.06 <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval
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Fig.4 Time-dependent receiver
operating characteristic (ROC)
(a) and calibration curves (b,

¢) for overall survival. The pre-
treatment risk-prediction model
showed areas under the curve of
0.74 and 0.70 at 1 and 3 years,
respectively. AUC =areas under
the curve
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In general, chemoembolization is considered a first-line
therapeutic approach in patients with intermediate-stage HCC
[8, 23]. In clinical practice, however, responses to chemoembo-
lization vary widely in patients with intermediate-stage infil-
trative HCCs. Although many staging systems and prognostic
scores lack validity in intermediate-stage infiltrative HCC, ben-
efits and risks should be considered to provide better survival
outcomes [24, 25]. Treatment response in intermediate-stage
infiltrative HCC empirically depends on liver function, tumor
numbers, and tumor sizes. The present study found that these
risk factors were significantly associated with OS in patients
with intermediate-stage infiltrative HCC, with higher risk
scores associated with significant reductions in OS. Generally,
patients are considered ideal candidates for chemoemboliza-
tion if their expected median OS is>30 months, although OS
in these patients can vary widely [26—28]. The low-risk group
in the present study had a median OS of 34 months and arate
of major complications of 2%, findings in the range of gener-
ally accepted ideal candidates for chemoembolization. There-
fore, patients with low-risk intermediate-stage infiltrative HCC
may be good candidates for first-line chemoembolization.

Evaluation of the high-risk group in the present study
showed that the median OS was poor (8 months) and the
rate of major complications was relatively high (22%). Poor
prognosis in these patients is associated with high tumor
burden and deterioration of liver function. Findings in the
present study indicate that chemoembolization is not a suit-
able option in high-risk patients with intermediate-stage
infiltrative HCC owing to their poor OS and high complica-
tion rates. Assessments of risks and benefits in these patients
suggest that systemic drugs, such as lenvatinib, could be a
good alternative option. These systemic treatments are effec-
tive in clinical practice, even in some patients with poor liver
function and large tumor burden [29, 30].

Chemoembolization may be a good first-line treatment
option in the intermediate-risk group of patients with inter-
mediate-stage infiltrative HCC, due to its low complication
rate (3%) and acceptable median OS (18 months). Other
treatment options, such as hepatic arterial infusion chemo-
therapy (HAIC) and transarterial radioembolization (TARE)
could be considered for infiltrative HCC. According to the
previous study, HAIC showed better survival compared to
chemoembolization in patients with infiltrative HCC [31].
TARE has an OS comparable to chemoembolization but is
associated with a longer time to tumor progression, thereby
improving patient quality of life [32, 33]. Studies are needed,
however, to assess the efficacy and safety of TARE in
patients with intermediate-stage infiltrative HCC. Systemic
drugs, such as nivolumab or sorafenib, can be considered as
an alternative option in patients with infiltrative HCC, who
showed disease progression during HAIC treatment [34, 35].

This study had several limitations. First, despite being
the largest cohort of its type, due to the rare incidence of

intermediate-stage infiltrative HCC, the sample size may be
insufficient to validate the prediction model proposed in this
study. External validation of this proposed prediction model
is thus required. Second, the level of selective embolization
may have differed among the operators, which may have
introduced a selection bias. However, based on the infiltra-
tive features of HCC in this study, the difterences in levels of
selective embolization may have been negligible. Finally, all
patients in this study underwent cisplatin-based chemoem-
bolization; thus, the results may differ in patients undergoing
doxorubicin-based chemoembolization.

In conclusion, chemoembolization is safe and effective
in selected patients with intermediate-stage infiltrative
HCC. Chemoembolization is not recommended in high-risk
patients with intermediate-stage infiltrative HCC because of
poor OS and high rates of major complications.

Funding The authors state that this work has not received any funding.

Declarations

Guarantor The scientific guarantor of this publication is Jin Hyoung
Kim.

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies, whose products or services may be related
to the subject matter of the article.

Statistics and biometry Three of the authors (Jin Hyoung Kim, Gun Ha
Kim, Nayoung Kim) have significant statistical expertise.

Informed consent Written informed consent was waived by the Insti-
tutional Review Board.

Ethical approval This study protocol was reviewed and approved by the
Institutional Review Boards of Asan Medical Center (IRB No.2022-1451).

Study subjects or cohorts overlap There is no patient overlap in this
study.

Methodology

® Retrospective

» Observational

® Performed at one institution

References

1. Kim JH, Shim JH, Lee HC et al (2017) New intermediate-stage
subclassification for patients with hepatocellular carcionoma treated
with transarterial chemoembolization. Liver Int 37:1861-1868

2. De Lope CR, Tremosini S, Forner A, Reig M, Bruix J (2012)
Management of HCC. J Hepatol 56(Suppl 1):S75-S87

3. Yamakado K, Miyayama S, Hirota S et al (2014) Subgrouping of inter-
mediate-stage (BCLC stage B) hepatocellular carcinoma based on
tumor number and size and Child-Pugh grade correlated with prog-
nosis after transarterial chemoembolization. Jpn J Radiol 32:260-265

4. Forner A, Reig ME, de Lope CR, Bruix J (2010) Current strategy
for staging and treatment: the BCLC update and future prospects.
Semin Liver Dis 30:61-74

@ Springer



8744

European Radiology (2023) 33:8736-8744

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

CilloU, Vitale A, Grigoletto F et al (2006) Prospective validation
of the Barcelona Clinic Liver Cancer staging system. J Hepatol
44:723-731

European Association For The Study Of The Liver (2018) EASL
Clinical Practice Guidelines: management of hepatocellular car-
cinoma. J Hepatol 69:182-236

Marrero JA, Kulik LM, Sirlin CB et al (2018) Diagnosis, stag-
ing, and management of hepatocellular carcinoma: 2018 Practice
Guidance by the American Association for the Study of Liver
Diseases. Hepatology 68:723-750

Doemel LA, Santana JG, Savic LJ et al (2022) Comparison of
metabolic and immunologic responses to transarterial chemoem-
bolization with different chemoembolic regimens in a rabbit VX2
liver tumor model. Eur Radiol 32:2437-2447

Lee YJ, Lee YR, Seo CG et al (2020) How should we assign
large infiltrative hepatocellular cracinomas for staging? Cancers
12:2589

Chu HH, Kim JH, Shim JH et al (2021) Neutrophil-to-lymphocyte
ratio as a biomarker predicting overall survival after chemoembo-
lization for intermediate-stage hepatocellular carcinoma. Cancers
13:2830

Alrashidi I, Chu HH, Kim JH et al (2021) Combined chemoem-
bolization and radiotherapy versus chemoembolization alone for
hepatocellular carcinoma invading the hepatic vein or inferior
vena cava. Cardiovasc Intervent Radiol 44:1060-1069

Jang ES, Yoon JH, Chung JW et al (2013) Survival of infiltrative
hepatocellular carcinoma patients with preserved hepatic function
after treatment with transarterial chemoembolization. J Cancer
Res Clin Oncol 139:635-643

Han K, Kim JH, Yoon HM et al (2014) Transcatheter arterial
chemoembolization for infiltrative hepatocellular carcinoma: clin-
ical safety and efficacy and factors influencing patient survival.
Korean J Radiol 15:464-471

Reig M, Forner A, Rimola J et al (2022) BCLC strategy for prog-
nosis prediction and treatment recommendation: the 2022 update.
J Hepatol 76:681-693

Kudo M, Kawamura Y, Hasegawa K et al (2021) Management of
hepatocellular carcinoma in Japan: JSH consensus statements and
recommendations 2021 update. Liver Cancer 10:181-223

Hu HT, Kim JH, Lee LS et al (2011) Chemoembolization for
hepatocellular carcinoma: multivariate analysis of predicting fac-
tors for tumor response and survival in a 362-patient cohort. J
Vasc Interv Radiol 22:917-923

Reynolds AR, Furlan A, Fetzer DT et al (2015) Infiltrative hepato-
cellular carcinoma: what radiologists need to know. Radiographics
35:371-386

Gaba RC, Lokken RP, Hickey RM et al (2017) Quality improve-
ment guidelines for transarterial chemoembolization and emboli-
zation of hepatic malignancy. J Vasc Interv Radiol 28:1210-1223
Kim GH, Kim JH, Shim JH et al (2021) Chemoembolization for
single large hepatocellular carcinoma with preserved liver func-
tion: analysis of factors predicting clinical outcomes in a 302
patient cohort. Life 11:840

Gillmore R, Stuart S, Kirkwood A et al (2011) EASL and mRE-
CIST responses are independent prognostic factors for survival in
hepatocellular cancer patients treated with transarterial emboliza-
tion. J Hepatol 55:1309-1316

Khalilzadeh O, Baerlocher MO, Shyn PB et al (2017) Proposal of
a new adverse event classifications by the Society of Interventional

@ Springer

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Radiology Standards of Practice Committee. J Vasc Interv Radiol
28:1432-1437

Uno H, Cai T, Tian L, Wei LJ (2007) Evaluating prediction rules
for t-year survivors with censored regression models. J Am Stat
Assoc 102:527-537

Galle PR, Tovoli F, Foerster F, Worns MA, Cucchetti A, Bolondi
L (2017) The treatment of intermediate stage tumours beyond
TACE: from surgery to systemic therapy. ] Hepatol 67:173-183
Piscaglia F, Ogasawara S (2018) Patient selection for transarterial
chemoembolization in hepatocellular carcinoma: importance of
benefit/risk assessment. Liver Cancer 7:104-119

Pinato DJ, Howell J, Ramaswami R, Sharma R (2017) Review
article: delivering precision oncology in intermediate-stage liver
cancer. Aliment Pharmacol Ther 45:1514-1523

Malagari K, Pomoni M, Moschouris H et al (2012) Chemoemboli-
zation with doxorubicin-eluting beads for unresectable hepatocel-
lular carcinoma: five-year survival analysis. Cardiovasc Intervent
Radiol 35:1119-1128

Cabibbo G, Genco C, Di Marco V et al (2011) Predicting survival
in patients with hepatocellular carcinoma treated by transarterial
chemoembolisation. Aliment Pharmacol Ther 34:196-204

Chu HH, Chun SY, Kim JH et al (2021) A prediction model for
overall survival after transarterial chemoembolization for hepato-
cellular carcinoma invading the hepatic vein or inferior vena cava.
Eur Radiol 31:4232-4242

Maruta S, Ogasawara S, Ooka Y et al (2020) Potential of lenvatinib
for an expanded indication from the REFLECT trial in patients with
advanced hepatocellular carcinoma. Liver Cancer 9:382-396
Chuma M, Uojima H, Hattori N et al (2022) Safety and efficacy
of atezolizumab plus bevacizumab in patients with unresectable
hepatocellular carcinoma in early clinical practice: a multicenter
analysis. Hepatol Res 52:269-280

Chao A, Mengxuan Z, Wang L et al (2021) Infiltrative hepatocel-
lular carcinoma: transcatheter arterial chemoembolization versus
hepatic arterial infusion chemotherapy. Front Oncol 11:747496
Salem R, Lewandowski RJ, Kulik L et al (2011) Radioemboliza-
tion results in longer time-to-progression and reduced toxicity
compared with chemoembolization in patients with heepatocel-
lular carcinoma. Gastroenterology 140:497-507

McDevitt JL, Alian A, Kapoor B et al (2017) Single-center com-
parison of overall survival and toxicities in patients with infiltra-
tive hepatocellular carcinoma treated with yttrium-90 radioembo-
lization or drug-eluting embolic transarterial chemoembolization.
J Vasc Interv Radiol 28:1371-1377

Han JE, Cho HJ, Kim SS et al (2021) Infiltrative hepatocellular
carcinoma with multiple lung metastasis completely cured using
nivolumab: a case report. J Liver Cancer 21:169-176

Hasmik K, Wassim A, Valerie V et al (2019) Non-measurable
infiltrative HCC: is post-contrast attenuation on CT a sign of
tumor response? Eur Radiol 29:4389-4399

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



