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Abstract

Background: Technological developments have led to an increased usage of external-body radiotherapy (RT) for the
treatment of hepatocellular carcinoma (HCC). Transcatheter arterial chemoembolization (TACE) may be required later in
patients treated with RT because of the high recurrence rate and multinodular presentation of HCC. However, despite the
risk of liver function impairment, the cumulative liver damage correlated with TACE following a hepatic RT has not been
adequately assessed.

Purpose: To evaluate the feasibility of TACE following RT for HCC.

Materials and methods: Sixty-seven patients with HCC who underwent TACE after RT were retrospectively evaluated
between 2012 and 2018. We assessed increases in Child—Turcotte—Pugh (CTP) by >2 points at | month, the incidence of
major complications, survival duration, and short-term mortality within 6 months after TACE. Furthermore, we evaluated
the predictive factors for liver function impairment and short-term mortality.

Results: Eight patients experienced a CTP increase 2 points at | month. There were no cases of liver abscesses or bilomas.
Nine patients died within 6 months following TACE. The mean liver dose (MLD) was a significant predictor of liver function
impairment at | month (p = 0.042). Low liver functional reserve, distant metastasis (p = 0.037), MLD (p = 0.046), TACE type
(p = 0.025), and TACE within 3 months following RT (p = 0.007) were significant predictors of short-term mortality.

Conclusions: Despite the feasibility of TACE following RT, clinicians should pay attention to impaired pretreatment liver
function, following high dose RT, and the short duration between RT and TACE.
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Introduction Transcatheter arterial chemoembolization (TACE) and

systemic chemotherapy are recommended after the in-
Hepatocellular carcinoma (HCC) is a leading cause of termediate stage. However, treatment results are still
global cancer-related death. According to the Barcelona unfavorable and various non-recommended treatments or
Clinic Liver Cancer (BCLC) algorithms, there are several a combination of treatments are used in clinical
treatment options depending on the tumor stage.'? practice.'
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Historically, external body radiation therapy (RT) me-
diated the development of radiation-induced liver disease
(RILD) and was not used for the treatment of HCC. Recent
technological developments facilitate the delivery of large
doses to the tumor, while avoiding the healthy liver pa-
renchyma around it have led to an increased usage of RT for
the treatment of HCC.*’ RT is often applied for the
treatment of macrovascular invasion (MVI) associated with
HCC. Furthermore, it is used as a palliative therapy for
patients with poor prognostic features or with physical or
technical unavailability to other treatments."*%®

TACE may be required later in patients treated with RT
because of the high recurrence rate and multinodular presen-
tation of HCC." Despite the substantial risk of liver function
impairment associated with RT and TACE,'*'" researchers have
not adequately assessed the cumulative liver damage correlated
with TACE following a hepatic RT. The aim of this study was to
assess the feasibility of TACE following RT. Additionally, we
investigated the factors associated with impairment of liver
function and short-term mortality after TACE following RT.

Materials and methods
Ethics

This multi-center, retrospective study was approved by the
institutional review board at our institution (No. B190130).
The study protocol complied with the ethical guidelines of
the Declaration of Helsinki and those of the Ministry of
Health, Labor, and Welfare for medical and health research
involving human subjects in Japan. Informed consent was
obtained from all participants.

Subjects

In this retrospective cohort study, we reviewed the records of
79 patients between January 2012 and December 2018 who
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met the following criteria: (a) HCC on cross-sectional im-
ages; (b) RT as treatment for HCC; and (c) TACE following
RT for the treatment of the same or other nodules regardless
of the duration between RT and TACE. We excluded patients
who had incomplete data (n = 2), received transcatheter
arterial embolization for the treatment of ruptured HCC
(n=1) or transcatheter arterial infusion chemotherapy (n ="7),
or received RT more than once (n = 2). Consequently, 67
patients were enrolled.

Study outcome and definition

The primary outcomes comprised impairment in liver
function, incidence of major complications, survival du-
ration, and short-term mortality. Liver function impairment
was defined as an increase in CTP score by >2 points at
1 month. This was clinically more relevant than a transient
decompensation after TACE.'>"? TACE outcome was
evaluated using objective response (OR) with modified
Response Evaluation Criteria in Solid Tumors (mRE-
CIST),"* and major complications, such as the formation of
biloma or liver abscess in the treated area, were assessed a
month after TACE."® The purpose of TACE ranges from
curative to palliative depending on the patients’ status and
tumor stage. Therefore, an assessment of the objective
response for each lesion was unsuitable for this study. We
assessed the survival duration and short-term mortality,
defined as death within 6 months following TACE'® to
determine the feasibility of the technique.

Radiation therapy technique

The patients underwent a 3D conformal radiation therapy
(3DCRT) with an EXL-15DP (Mitsubishi Heavy Indus-
tries, Tokyo, Japan) with free breathing. The gross tumor
volume (GTV) was defined as the primary hepatic tumor or
macrovascular invasion, referring to the computed to-
mography (CT), magnetic resonance imaging (MRI), and
angiography findings. The internal target volume (ITV)
was defined as GTVs obtained from both the exhalation
and inhalation CT. The planning target volume (PTV)
included the ITV, plus a 5-mm margin in all directions. The
treatment goal was 45-50 Gy in 15-25 fractions to the
isocenter of the PTV.

Stereotactic radiation therapy (SRT) was performed using
CyberKnife™ (Accuracy Inc., Sunnydale, CA, USA) (CK)
or True Beam™/STx (TB-STx) (Varian Medical System,
Palo Alto, CA, USA). Delineation was performed in each
phase on the 4-dimensional CT, referring to CT, MRI, and
angiography. The combination of multiple GTVs was used to
define the ITV. The PTV included ITV with 2—5-mm mar-
gins, considering daily set-up variations. Gold fiducial
markers (GFMs) were implanted near the target for tumor
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tracking by respiratory synchrony in all patients treated with
CK. GFM was implanted in most patients to perform daily
image-guided RT for TB-STx. Furthermore, gating methods
were performed to account for their respiratory motion. The
goal of SRT was to deliver 45-55 Gy in 4-8 fractions.
The dose that covered 95% of the PTV (PTV D95) was the
prescribed dose.

TACE technique

The choice of conventional TACE (cTACE) or drug-eluting
beads (DEB-TACE) was determined by consensus between
interventional radiologists and hepatologists and was based
on the number, size, and distribution of lesions and the global
liver function of the patients. HCC lesions within four tumors
of the 7 cm criterion'” were treated with cTACE. In contrast,
lesions over the four tumors of the 7 cm criterion were treated
with DEB-TACE. Regardless of the number and size of the
tumors, DEB-TACE was selected for patients whose treat-
ment range exceeded one lobe, older patients, and those with
poor performance status because DEB-TACE is thought to
have less post-embolization syndrome. Furthermore, it might
provide a better safety profile because of the less systemic
absorption of chemotherapy.'*'*!?

Board-certified interventional radiologists with 14—
18 years of experience performed all procedures under local
anesthesia with 1.0% procaine. A 4-F catheter was ad-
vanced into the coeliac trunk or common hepatic artery over
the 0.035-inch guide wire through an introducer sheath, via
the common femoral artery. An iodinated contrast agent was
used to advance the coaxial microcatheter into the feeding
arterial branches after the angiograms.

cTACE was performed with a maximum dose of 50 mg
and 8 mL epirubicin and Lipiodol (Guerbet, Pairs, France),
respectively. Gelatin sponge particles (Gelpart: Nippon-
Kayaku, Tokyo, Japan) were used for the embolization of
the feeding artery following a chemotherapy injection.
Super selective embolization was utilized in all possible
cases. Additionally, the parasitic blood vessels were em-
bolized if necessary. DEB-TACE was performed with 100—
300 pm DC beads (BTG, London, UK) loaded with 50 mg
of epirubicin or 50-100 um Hepasphere (Nippon-Kayaku,
Tokyo, Japan) loaded with 50 mg of fine powder cisplatin
(IA-call; Nippon-Kayaku).”’ Embolization was performed
until stasis in the tumor feeding vessels, preserving flow in
the segmental and lobar arteries, based on the angiogram.

Data collection

The demographic, clinical, laboratory, and radiological
datasets were recorded before and after the treatments. The
tumors were staged according to BCLC algorithm. We
assessed the liver function by the CTP, MELD, MELD-NA,
and ALBI scores.”'** RT and TACE criteria included the

treatment type, range, and location. The RT type was di-
vided into 3DCRT or SRT. The MLD and number of
fractions (<10 or >10) were also assessed. TACE type was
divided based on the embolic agents used in cTACE or
DEB-TACE. The range of RT was defined as v30 boundary
and classified into segmental, lobar, and hilar categories.
The range of TACE was classified into segmental, lobar, and
bilobar, while referring to the available embolized vessels
and non-contrast CT scan immediately after TACE. Fur-
thermore, we assessed the location of TACE, inside or
outside the radiated field, defined as v30. Information on the
history of systemic therapy administration was collected.

Statistical analysis

We used summary statistics (means, medians, ranges, and
standard deviations for quantitative variables and frequency
and percentage for categorical variables) to describe the
characteristics of the population. A paired t-test or Wilcoxon
signed-rank test was used to compare the continuous var-
iables, before and after the treatment. We conducted a
univariate logistic regression analysis to evaluate the risk
factors for both liver function impairment and short-term
mortality. Multivariate analysis was not performed because
the small sample size and low number of events per variable
could potentially lead to inconclusive results.”> We per-
formed the statistical analysis using SPSS version 25 (IBM,
NY, USA) and MedCalc version 19 (MedCalc Software Ltd,
Ostend, Belgium). p-values were evaluated as two-tailed
and the significance was set at p < 0.05.

Results

Study population and tumor/
treatment characteristics

Table 1 summarizes the demographics and tumor/treatment
characteristics of the patients. The mean age of the enrolled
patients was 73.5 years. Sixteen patients (23.9%) had MVI, 5
(7.5%) had distant metastasis, and 7 (10.4%) had both MVI
and distant metastasis. Metastatic lesions were in the lung
(n = 8), adrenal glands (n = 1), skeletal (n = 1), both adrenal
and skeletal (n = 1), and lymph nodes (n = 1). RT-TACE
duration ranged from 0.03 to 30.5 months (mean 7.3 £+ 7.1).

Objective response, liver function impairment, and
major complications at | month

The median follow-up duration was 13.9 months (range,
1.4-51.8). OR of TACE was complete response in 14 pa-
tients (20.9%), partial response in 36 (53.7%), stable disecase
in 5 (7.5%), and progressive disease in 8 (11.9%). Data of
OR in the other four patients (5.97%) were absent because
they did not undergo CT scan at 1 month. Objective response
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Table 1. Characteristics of the patients.

Variables Total (n = 67)
Demographics
Gender
Male 50 (74.6)
Female 17 (25.4)
Background liver disease®
Alcohol 12 (17.9)
HBV Il (16.4)
HCV 32 (47.8)
Other 14 (20.9)
Treatment before RT 61 (91)
Ablation 21 (31.3)
Hepatectomy 22 (32.8)
TACE/TAI 60 (89.6)
Systemic therapy 9 (134
Laboratory examination
CTP class
A 48 (71.6)
B 18 (26.9)
C I (1.5)
Tumor criteria
BCLC
A 10 (14.9)
B 10 (14.9)
C 46 (68.7)
D I (1.5)
Distant metastasis 12 (17.9)
MvI 23 (34.3)
RT factor
RT method
3DCRT 4 (6)
SRT 63 (94)
RT range
Segmental 55 (82.1)
Lobar 3 (4.5)
Hilar 9 (13.4)
Fraction number 12 (4 23)
3DCRT 18.5 (15-23)
SRT 12 (4-16)
<I0 30 (44.8)
>10 37 (55.2)
RT total dose (Gy) 54 (36—60)
MLD (Gy) 10.3 (3.3-20.3)
TACE factor
TACE range
Segmental 39 (58.2)
Lobar 19 (28.4)
Bilobar 9 (13.4)
TACE type
cTACE 40 (59.7)
DEB-TACE 27 (40.3)
TACE location
(continued)

Table I. (continued)

Variables Total (n = 67)
Inside RT field 6 (8.9)
Outside RT field 30 (44.8)
Inside and outside RT field 31 (46.3)

RT to TACE duration (month) 5 (0.03-30.5)

Note: Data are summarized as counts (percentage) and median
(interquartile range) for the categorical and continuous variables,
respectively.

RT: radiation therapy; HBV: hepatitis B virus; HCV: hepatitis C virus; CTP:
Child—Turcotte-Pugh; BCLC: Barcelona Clinic Liver Cancer; MVI: mac-
rovascular invasion; TACE: transcatheter arterial chemoembolization; TAI:
transarterial infusion; MLD, mean liver dose; 3DCRT: 3D conformal ra-
diation therapy; SRT: stereotactic radiation therapy; cTACE: conventional
TACE; DEB-TACE, drug-eluting beads TACE.

? Some patients had more than one etiology.

ratio (ORR) was (74.6%). We observed a deterioration in the
liver function before the procedure in all patients, 1 month
following TACE (Table 2). We detected short-term liver
function impairment, defined as an increase in CTP score
by >2 points in eight patients (11.9%). While six patients had
a 2-point increase, two had a 3-point increase. None of the
eight patients developed encephalopathy.

Neither abscess nor biloma was detected within a month
(Table 2).

Survival duration and short-term (<6 months)
mortality

The median and mean survival durations were 17.5 and
25.6 months, respectively. The 12-, 24-, and 36-month
survival rates for the entire study population were 69.4%,
44.3%, and 32.4%, respectively (Fig. 1). Nine patients
(13.4%) died within 6 months. However, there was no death
within 1 month following TACE. Table 3 summarizes the
demographics of these nine patients.

Risk factors for liver function impairment and
short-term mortality

The univariate regression analysis revealed MLD to be a
significant variable for liver function impairment at 1 month
(p = 0.042, Table 4). The following variables were statis-
tically significant for short-term mortality: pre-treatment
liver function impairment, as indicated by albumin (p =
0.003) and aspartate aminotransferase (p = 0.004) levels;
CTP score (p = 0.004); ALBI score (p = 0.004); presence of
ascites (p = 0.048); existence of distant metastasis (p =
0.037); MLD (p = 0.046); TACE type (performing DEB-
TACE) (p = 0.025); and TACE within 3 months after RT
(p = 0.007) (Table 4).
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Table 2. Laboratory data and tumor status before and | month following TACE and major complications within a month.

Data Before TACE I month following TACE p-value
Laboratory data
Albumin (g/dL) 353 +0.6 343 £ 0.65 0.062
T-Bil (mg/dL) 1.06 + 0.75 1.32 £ 1.43 0.004
PT-INR .17 £ 0.15 1.23 + 0.29 0.128
Ascites 18 (26.9%) 23 (34.3%) <0.001
CTP score 5.99 £ 1.09 6.34 £ 1.46 0.002
ALBI score —222 £ 06 —2.09 + 0.66 0.009
MELD score 5.52 £ 4.2 6.57 £ 5.11 0.009
MELD-NA score 5.99 £ 478 7.28 £ 6.06 0.046
CTP score increase >2 points — 8 (11.94%) —
Tumor status
Sum of diameters (mm) 54 (10-505) 20 (0495) —
Number of nodules 3.5 (143) 1.0 (0-16) —
Complication
Liver abscess — 0 (0%) —
Biloma — 0 (0%) —

Note: Continuous laboratory data are presented as mean + standard deviation, continuous tumor data are presented as median (range), and categorical
data are presented as counts (percentage).

TACE: transcatheter arterial chemoembolization; T-Bil: total serum bilirubin; PT-INR: prothrombin time internal normalized ratio; CTP: Child—Turcotte—
Pugh; ALBI: albumin bilirubin score; MELD: model for end-stage liver disease; MELD-NA: MELD-sodium.

100 =
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0 1 2 3 4

Follow up duration (years)
Number at risk (censored number)

67(0) 38(9) 14 (20) 5 (26) 2 (28)

Fig. I. Overall survival for all patients. The results are represented using the Kaplan—Meier method. The numbers of patients at risk are
denoted on the x-axis.

Discussion liver function in 11-24.5% of patients with an increase in

CTP score by >2 points following TACE.'*"* Our results
TACE poses a substantial risk of liver function impairment showed that eight patients (11.9%) experienced an increase
and is not beneficial for patients with poor hepatic in CTP score by >2 points, comparable to the rates reported
reserve.>** Previous studies reported a deterioration in the in previous studies on TACE without RT. Hence, TACE
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Table 4. Predictors of liver function impairment at | month and for short-term mortality within 6 months.
Short-term liver function impairment Mortality within 6 months
Odds ratio (95% ClI) p-value Odds ratio (95% Cl) p-value
Age 0.96 (0.88—-1.05) 0.396 0.95 (0.87-1.03) 0.243
Sex (male) 2.61 (0.3-22.87) 0.388 1.22 (0.23-6.54) 0.816
Background liver disease
Alcohol 3.33 (0.68-16.47) 0.14 0.53 (0.06—4.72) 0.573
HBV 0.7 (0.08-6.34) 0.751 0.6 (0.07-5.35) 0.647
HCV I.11 (0.25-4.85) 0.893 2.46 (0.56-10.81) 0.233
Laboratory examination
ALT 0.99 (0.95-1.03) 0.59 1.03 (1-1.06) 0.079
AST I (0.98-1.03) 0.8 1.03 (1.01-1.05) 0.004
Albumin 0.42 (0.12-1.45) 0.169 0.06 (0.01-0.39) 0.003
T-Bil 1.52 (0.69-3.34) 0.3 1.46 (0.68-3.17) 0.334
Ascites 1.76 (0.38-8.27) 0.474 4.33 (1.01-18.49) 0.048
PT-INR 0.83 (0.01-125.9) 0.943 9.39 (0.16-550.56) 0.281
CTP score 1.39 (0.76-2.54) 0.289 3.03 (1.43-6.42) 0.004
ALBI score 2.66 (0.8-8.88) 0.111 10.18 (2.11-49.13) 0.004
MELD score 1.05 (0.89-1.24) 0.555 I.1 (0.95-1.28) 0.203
MELD-NA score 1.08 (0.94-1.23) 0.28 1.1 (0.96-1.25) 0.167
Tumor factor
BCLC stage 0.71 (0.29-1.73) 0.449 2.53 (0.62-10.36) 0.198
Distant metastasis 1.63 (0.29-9.3) 0.58 5.0 (1.1-22.68) 0.037
MVI 2.11 (0.48-9.34) 0.327 2.78 (0.66—11.58) 0.161
RT factor
Fraction number 1.1 (0.92-1.3) 0.297 0.99 (0.84—1.16) 0.901
Fraction number <10 0.37 (0.07-1.98) 0.245 0.98 (0.24-4.04) 0.983
RT type (SRT) 0.38 (0.034.12) 0.422 0.44 (0.04-4.72) 0.495
RT range (segmental) 0.61 (0.11-3.48) 0.58 0.73 (0.13—4.04) 0.718
RT range (lobar) 1.05 (0.05-22.23) 0.974 1.20 (0.06-25.10) 0.907
RT range (hilar) 2.48 (0.42-14.75) 0.319 2.08 (0.36—12.09) 0414
Total dose 1.05 (0.92-1.19) 0.497 0.97 (0.87-1.09) 0.604
MLD 1.25 (1.01-1.56) 0.042 1.23 (1-1.52) 0.046
TACE factor
TACE type (DEB-TACE) 2.8 (0.61-12.89) 0.185 6.65 (1.26-35.05) 0.025
TACE inside RT field 0.79 (0.18-3.46) 0.752 1.02 (0.254.17) 0.983
TACE outside RT field 0.58 (0.03-11.52) 0.723 0.51 (0.03-10.04) 0.659
TACE inside and outside RT field I.11 (0.25-4.85) 0.893 1.44 (0.35-5.89) 0.616
TACE range (segmental) 0.69 (0.16-3.01) 0.617 0.53 (0.13-2.17) 0.374
TACE range (lobar) 2.93 (0.65-13.21) 0.161 2.29 (0.54-9.68) 0.259
TACE range (bilobar) 3.20 (0.17-60.21) 0.438 0.78 (0.09-7.11) 0.827
RT-TACE duration 1.05 (0.96-1.15) 0.251 0.84 (0.69-1.03) 0.096
RT-TACE duration (<3 months) 2.28 (0.51-10.13) 0.28 10.03 (1.87-53.71) 0.007

ALT: alanine aminotransferase; AST: aspartate aminotransferase; T-Bil: total serum bilirubin; PT-INR: prothrombin time internal normalized ratio; CTP: Child—
Turcotte—Pugh; ALBI: albumin bilirubin score; MELD: model for end-stage liver disease; MELD-NA: MELD-Sodium; MVI: macrovascular invasion; BCLC:
Barcelona Clinic Liver Cancer; MLD: mean liver dose; TACE: transcatheter arterial chemoembolization; TAI: transarterial infusion; RT: radiation therapy;
HBYV: hepatitis B virus; HCV: hepatitis C virus; SRT: stereotactic radiation therapy; cTACE: conventional TACE; and DEB-TACE: drug eluting beads TACE.

following RT does not exacerbate the effect on liver
function. Furthermore, it may be safe in terms of liver

function impairment at 1 month.

The objective response rate of TACE in our study was

over 74%, which is comparable to previous reports.

1,2,10

Despite it, the median and mean survival after sequential
TACE in the present study were 17.5 and 25.6 months,
respectively. This short survival can be attributed to the poor
clinical status of the patients as 68.7% of the patients had
tumors of stage BCLC C. Despite their poor clinical
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conditions, the median survival duration was 17.5 months.
This was relatively longer than the 14 months reported in a
previous study, which included unresectable patients with
HCC, predominantly with stage B BCLC, following TACE
without RT.>> We defined a period of 6 months as early
mortality'® and evaluated it to assess the feasibility of se-
quential therapy. Dhanasekaran et al. and Lencioni et al.
reported a survival rate of 71-81% at 6 months following
TACE. Additionally, Camma et al. reported 0—10% mortality
within the first month.*>***’" The limited survival would
make it difficult to assess the true effect of the sequential
treatment on the tumor and liver function. Nonetheless, the
early mortality within 6 months is comparable to that reported
in previous studies, in which TACE was performed without
RT. Thus, TACE in patients who underwent RT might be
feasible with respect to both survival and short-term mortality
and could be a treatment option for advanced HCC.
Biloma and liver abscess are well-known post-TACE
complications, with reported incidences of up to 3.3% and
2.5%, respectively.?®**>! Additionally, dilatation of the
bile duct and formation of biloma often occur following
RT3%33 Therefore, the rate of biloma and liver abscess
would likely increase after the sequential therapy, compared
to either RT or TACE alone. However, we could not detect
the above-mentioned complications in the cohort even when
TACE was combined with RT. This promising result
highlights the safety of performing TACE with regard to
local complications in patients who received liver RT earlier.
RT for the liver is reportedly associated with the risk
of RILD. Moreover, MLD substantially predicts its
development.®**?> According to Velec et al., MLD is a
significant risk factor for a CTP score with >2 points increase,
3 months following SRT for HCC with range 9.6-20.7 Gy.*
The MLD of RT was found to be a significant predictor of short-
term liver function impairment at 1 month following TACE.
MLD was higher in eight patients with exacerbated liver
function (12.6 4.3 Gy) than in those who did not experience
the outcome (9.7 + 3.4 Gy), comparable to previous reports.*®
Similarly, patients who died within 6 months following RT
had received higher MLD (12.4 + 3.5 Gy), compared to those
who did not (9.7 = 3.5 Gy). Thus, it is important to assess the
MLD before TACE,; the risk for a potential liver deterioration
should be carefully evaluated when the MLD is high.
RILD occurs as an acute response during or within a few
weeks of RT, or as a late response, months to years after the
completion of RT,* resulting in liver function impairment
with >2 points increase in CTP score at 3 months following
SRT for HCC.*® In our study, the short duration between RT
and TACE (3 months) was a significant risk factor of liver
deterioration and short-term mortality in this study. It is
presumed that TACE caused further liver damage when RILD
was still ongoing. It is possible that there might be latent liver
deterioration that is not reflected in the blood test, or that the
response to TACE following RT may be stronger than TACE

without preceding RT. Further research is needed in this re-
gard. Thus, the short interval between RT and the following
TACE may be considered a risk factor, highlighting the need
to evaluate the interval between TACE and preceding RT.

Patients with distant metastases were included in this
study. It is generally known that patients with distant me-
tastasis have an extremely short life expectancy of 6—
8 months." The reason for including these patients in this
study was that we evaluated their condition before TACE
and judged that liver lesions rather than metastasis were a
prognostic factor. Only one of the 12 patients with me-
tastasis died within 6 months due to worsening of lung
metastasis, while patients with distant metastases have risen
to be a risk factor for early death within 6 months. The
reason for this discrepancy is presumably that patients with
distant metastases have more advanced intrahepatic disease.

Our study had several limitations. First, the study design
was retrospective, with a relatively small sample size.
Second, coexisting medical conditions, such as diabetes and
cardiovascular diseases, were not evaluated. Third, the dose
and type of systemic therapy were not sufficiently assessed.
Since systemic therapy was administered to only one patient
who died within 6 months after TACE, its impact on the
results of this study seems modest. Fourth, our population is
diverse in terms of TACE or RT techniques and the duration
between them. Therefore, univariate analysis was per-
formed using these variables, and the study results could
give us overall understanding about the several situations of
TACE when performed following RT.

In conclusion, performing TACE following liver RT poses
no more risks than TACE alone, with comparable rates of
short-term liver impairment and severe complications. This
sequential treatment may be feasible. However, more atten-
tion should be paid to situations when there is an impairment
of the pre-treatment liver function or after a high-dose RT.
Moreover, it is advisable to delay TACE until RILD subside.

Author contributions

Conceptualization: T.O. and Y.K.; design of the work: E.U.,
T.L,T.O., and K.S.; acquisition: M.H., E.U., T.I., H.H., J.I., HM.,
K.S., and T.G.; analysis: M.H., E.U., TI., M.Y.,, R.S., K.S., and
T.M.; writing—original draft preparation: M.H., E.U., and T.I.; and
writing—review and editing: Y.K., T.O., HH., J.I., HM., K.S.,
T.G., K.S., M.Y,, R.S., K.S., and T.M. All authors have read and
agreed to the submitted version of the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.



Hamada et al.

Institutional review board statement

This was approved by the institutional review board at our in-
stitution (No. B190130). The study protocol complied with the
ethical guidelines of the Declaration of Helsinki and those of the
Ministry of Health, Labor, and Welfare for medical and health
research involving human subjects in Japan. All procedures were
in accordance with the ethical standards of the institutional and/or
national research committee for research on human participants
and the tenets of the Declaration of Helsinki 1964 and its later
amendments or comparable ethical standards. Informed consent
was obtained from all individual participants.

ORCID iDs

Mostafa Hamada
Eisuke Ueshima
Takuya Okada

https://orcid.org/0000-0002-6024-239X
https://orcid.org/0000-0001-8802-8793
https://orcid.org/0000-0003-4393-0382

References

1. European Association for the Study of the Liver. EASL
clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2018;69:182-236.

2. Kang YJ, Lee BC, Kim JK, et al. Conventional versus small
doxorubicin-eluting bead transcatheter arterial chemo-
embolization for treating Barcelona clinic liver cancer stage 0/
A hepatocellular carcinoma. Cardiovasc Intervent Radiol
2020;43:55-64.

3. Cho J-Y, Paik Y-H, Park HC, et al. The feasibility of com-
bined transcatheter arterial chemoembolization and radio-
therapy for advanced hepatocellular carcinoma. Liver Int
2014;34:795-801.

4. Yoon SM, Ryoo B-Y, Lee SJ, et al. Efficacy and safety of
transarterial chemoembolization plus external beam radio-
therapy vs sorafenib in hepatocellular carcinoma with mac-
roscopic vascular invasion: a randomized clinical trial. JAMA
Oncol 2018;4:661-669.

5. Paik EK, Kim M-S, Jang WI, et al. Benefits of stereotactic
ablative radiotherapy combined with incomplete transcatheter
arterial chemoembolization in hepatocellular carcinoma.
Radiat Oncol 2016;11:22.

6. Krishnan S, Dawson LA, Seong J, et al. Radiotherapy for
hepatocellular carcinoma: an overview. Ann Surg Oncol
2008;15:1015-1024.

7. Ursino S, Greco C, Cartei F, et al. Radiotherapy and hepa-
tocellular carcinoma: update and review of the literature. Eur
Rev Med Pharmacol Sci 2012;16:1599-1604.

8. Jacob R, Turley F, Redden DT, et al. Adjuvant stereotactic
body radiotherapy following transarterial chemoembolization
in patients with non-resectable hepatocellular carcinoma tu-
mours of >3 Cm. HPB 2015;17:140-149.

9. Sieghart W, Hucke F, Peck-Radosavljevic M. Transarterial
chemoembolization: modalities, indication, and patient se-
lection. J Hepatol 2015;62:1187—-1195.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Facciorusso A, Mariani L, Sposito C, et al. Drug-eluting beads
versus conventional chemoembolization for the treatment of
unresectable hepatocellular carcinoma. J Gastroenterol Hepatol
2016;31:645-653.

Zeng Z-C, Seong J, Yoon SM, et al. Consensus on stereotactic
body radiation therapy for small-sized hepatocellular carci-
noma at the 7th Asia-Pacific primary liver cancer expert
meeting. Liver Cancer 2017;6:264-274.

Kohla MAS, Abu Zeid M1, Al-Warraky M, et al. Predictors of
hepatic decompensation after TACE for hepatocellular car-
cinoma. BMJ Open Gastroenterol 2015; 2: e000032.

. Li J-X, Wu H, Huang J-W, et al. The influence on liver

function after transcatheter arterial chemoembolization
combined with percutaneous radiofrequency ablation in pa-
tients with hepatocellular carcinoma. J Formos Med Assoc
2012;111:510-515.

Lencioni R, Montal R, Torres F, et al. Objective response by
mRECIST as a predictor and potential surrogate end-point of
overall survival in advanced HCC. J Hepatol 2017;66:
1166-1172.

Tul, Jia Z, Ying X, et al. The incidence and outcome of major
complication following conventional TAE/TACE for hepa-
tocellular carcinoma. Medicine 2016;95:€5606.

Hsu H-Y, Yu M-C, Lee C-W, et al. RAM score is an effective
predictor for early mortality and recurrence after hepatectomy
for hepatocellular carcinoma. BMC Cancer 2017;17:742.
Yamakado K, Miyayama S, Hirota S, et al. Prognosis of
patients with intermediate-stage hepatocellular carcinomas
based on the child-pugh score: subclassifying the intermediate
stage (Barcelona clinic liver cancer stage B). Jpn J Radiol
2014;32:644-649.

Angelico M. TACE vs DEB-TACE: who wins? Dig Liver Dis
2016;48:796-797.

Golfieri R, Giampalma E, Giampalma E, et al. Randomised
controlled trial of doxorubicin-eluting beads vs conventional
chemoembolisation for hepatocellular carcinoma. Br J Cancer
2014;111:255-264.

Seki A, Hori S. Switching the loaded agent from epirubicin to
cisplatin: salvage transcatheter arterial chemoembolization
with drug-eluting microspheres for unresectable hepatocellular
carcinoma. Cardiovasc Intervent Radiol 2012;35:555-562.
Biggins SW, Kim WR, Terrault NA, et al. Evidence-based
incorporation of serum sodium concentration into MELD.
Gastroenterology 2006;130:1652—1660.

Johnson PJ, Berhane S, Kagebayashi C, et al. Assessment of
liver function in patients with hepatocellular carcinoma: a
new evidence-based approach-the ALBI grade. J Clin Oncol
2015;33:550-558.

Dhanasekaran R, Kooby DA, Staley CA, et al. Prognostic
factors for survival in patients with unresectable hepatocel-
lular carcinoma undergoing chemoembolization with doxo-
rubicin drug-eluting beads: a preliminary study. HPB 2010;
12:174-180.


https://orcid.org/0000-0002-6024-239X
https://orcid.org/0000-0002-6024-239X
https://orcid.org/0000-0001-8802-8793
https://orcid.org/0000-0001-8802-8793
https://orcid.org/0000-0003-4393-0382
https://orcid.org/0000-0003-4393-0382

Acta Radiologica Open 10(7)

24.

25.

26.

27.

28.

29.

Piscaglia F, Ogasawara S. Patient selection for transarterial
chemoembolization in hepatocellular carcinoma: importance
of benefit/risk assessment. Liver Cancer 2018;7:104—119.
Raoul J-L, Sangro B, Forner A, et al. Evolving strategies for
the management of intermediate-stage hepatocellular carci-
noma: available evidence and expert opinion on the use of
transarterial chemoembolization. Cancer Treat Rev 2011;37:
212-220.

Lencioni R, de Baere T, Soulen MC, et al. Lipiodol trans-
arterial chemoembolization for hepatocellular carcinoma: a
systematic review of efficacy and safety data. Hepatology
2016;64:106-116.

Camma C, Schepis F, Orlando A, et al. Transarterial che-
moembolization for unresectable hepatocellular carcinoma:
meta-analysis of randomized controlled trials. Radiology
2002;224:47-54.

Sakamoto I, Iwanaga S, Nagaoki K, et al. Intrahepatic biloma
formation (bile duct necrosis) after transcatheter arterial
chemoembolization. AJR Am J Roentgenol 2003;181:79-87.
Arslan M, Degirmencioglu S. Liver abscesses after trans-
catheter arterial embolization. J Int Med Res 2019;47:
1124-1130.

30.

31.

32.

33.

34.

35.

36.

Dhamija E, Paul SB, Gamanagatti SR, et al. Biliary com-
plications of arterial chemoembolization of hepatocellular
carcinoma. Diagn Interv Imaging 2015;96:1169-1175.
Malagari K, Pomoni M, Spyridopoulos TN, et al. Safety
profile of sequential transcatheter chemoembolization with
DC Bead™: results of 237 Hepatocellular carcinoma (HCC)
patients. Cardiovasc Intervent Radiol 2011;34:774-785.
Macomber MW, Schaub SK, Apisarnthanarax S. Case re-
ports: liver abscess after hepatic stereotactic body radiation
therapy. Pract Radiat Oncol 2018;8:e255—¢258.

Yu JI, Park HC, Lim DH, et al. Do biliary complications after
hypofractionated radiation therapy in hepatocellular carci-
noma matter? Cancer Res Treat 2016;48:574-582.

Benson R, Madan R, Kilambi R, et al. Radiation induced liver
disease: a clinical update. J Egypt Natl Cancer Inst 2016;28:7—11.
Cheng JC-H, Wu J-K, Lee PC-T, et al. Biologic susceptibility
of hepatocellular carcinoma patients treated with radiotherapy
to radiation-induced liver disease. Int J Radiat Oncol Biol
Phys 2004;60:1502—1509.

Velec M, Haddad CR, Craig T, et al. Predictors of liver toxicity
following stereotactic body radiation therapy for hepatocellular
carcinoma. Int J Radiat Oncol Biol Phys 2017;97:939-946.



	The feasibility of transcatheter arterial chemoembolization following radiation therapy for hepatocellular carcinoma
	Introduction
	Materials and methods
	Ethics
	Subjects
	Study outcome and definition
	Radiation therapy technique
	TACE technique
	Data collection
	Statistical analysis

	Results
	Study population and tumor/treatment characteristics
	Objective response, liver function impairment, and major complications at 1 month
	Survival duration and short-term (<6 months) mortality
	Risk factors for liver function impairment and short-term mortality

	Discussion
	Author contributions
	Declaration of conflicting interests
	Funding
	Institutional review board statement
	ORCID iDs
	References


