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Abstract

Introduction: In the era of biomarker-driven cancer therapy,
robust biomarkers for hepatocellular carcinoma (HCC) have
not been well-defined. In this hypothesis-generating study,
we investigated biomarkers that can be incorporated to pre-
dict treatment outcomes in patients with locally advanced
HCC who are administered liver-directed combined radio-
therapy (LDCRT). Methods: Ninety-nine patients with HCC
who were treated with conventional fractionation LDCRT
between July 2016 and October 2018 were enrolled in this
prospective single-arm study. Clinical outcomes and possi-
ble serum biomarkers, including soluble programmed cell
death ligand-1 (sPD-L1), interleukin (IL)-10, IL-6, cell-free
DNA (cfDNA), inter-alpha inhibitor H4, and interferon-gam-
ma, were analyzed. The primary endpoint was disease pro-
gression, and additional endpoints were local failure-free
rate, intrahepatic failure-free rate, and lung metastasis-free
rate. Results: The median follow-up period was 18.7 months.
The 1-year progression-free rate was 38.2%. Increasing base-

line sPD-L1 per pg/mL, previous treatment history, protein
induced by vitamin K absence-Il >1,629 mAU/mL, and multi-
ple tumors were the adverse factors for progression based
on multivariate analysis. Survival tree analysis revealed three
prognostic groups for progression, in which patients with
multiple lesions and baseline sPD-L1 >41.07 pg/mL showed
the worst outcomes. For dynamic changes in biomarker lev-
els, sPD-L1 fold change and cfDNA fold-change values were
unfavorable factors for progression. Conclusion: Baseline
sPD-L1, sPD-L1 fold change, and cfDNA fold-change values
showed the highest potential as biomarkers for predicting
post-treatment progression after LDCRT in HCC patients. By
incorporating clinical factors, these biomarkers may be use-
ful for devising a biomarker-driven treatment paradigm in

locally advanced HCC. ©2022 The Author(s)
Published by S. Karger AG, Basel

Introduction

Although the survival of patients with hepatocellular
carcinoma (HCC) has improved due to new treatment op-
tions, HCC prognosis remains dismal [1]. Only a minori-
ty of patients are diagnosed at an early stage when curative
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surgery is possible. Although tyrosine kinase inhibitors, or
more recently, combinations of tyrosine kinase inhibitors
and immune checkpoint inhibitors, are recommended for
locally advanced HCC, many other treatment modalities
are used in real-world practice [2]. Liver-directed com-
bined radiotherapy (LDCRT) improves oncologic out-
comes as a bridge to curative surgery in locally advanced
HCC [3]. A substantial proportion of patients can be con-
verted to curative resection, achieving a 5-year survival
rate of >50%, while some patients develop lung metastasis.
Considering the extreme heterogeneity among locally ad-
vanced HCC, prediction of therapeutic outcomes seems
necessary for providing personalized treatment.

Different responses to treatment may occur due to tu-
mor heterogeneity and the host-immune system, which
may affect tumor response and oncologic outcomes [4].
Therefore, predictive biomarkers have been actively in-
vestigated for various cancers [5]. Since HCC is typically
diagnosed using imaging studies and serum markers,
studies using HCC tissue samples are scarce compared
with studies on other cancer types. Thus, it is important
to find a predictive serum biomarker for patients with
HCC. Alpha-fetoprotein (AFP) and protein induced by
vitamin K absence-II (PIVKA-II) are well-known prog-
nostic markers in HCC, and their higher levels correlate
with advanced and aggressive disease in many cases [6].
However, AFP and PIVKA-II have limitations in predict-
ing therapeutic results. Previously, our group reported
the possibility of using soluble programmed cell death li-
gand-1 (sPD-L1), plasma cell-free DNA (cfDNA), inter-
leukin (IL)-6,IL-10, and inter-alpha inhibitor H4 (ITTH4)
as predictive biomarkers for patients treated with LDCRT
[7-10]. However, the optimal single biomarker with sub-
stantial predictive power remains unclear. The current
study aimed to investigate and incorporate multiple bio-
markers in prospectively recruited patients to determine
the optimal biomarkers and build an idea for a biomark-
er-driven treatment paradigm.

Materials and Methods

Study Population

This hypothesis-generating study was conducted prospectively
and was approved by the institutional review board of the Yonsei
University Health System (IRB number: 4-2015-0976, 4-2017-
0093). Patients with HCC who were treated with LDCRT between
July 2016 and October 2018 were recruited. All patients were en-
rolled after obtaining written informed consent. The eligibility cri-
teria included: unresectable primary HCC treated with external
beam radiotherapy (RT), over 20 years old, an Eastern Cooperative
Oncology Group performance status score of 0-2, Child-Turcotte-
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Pugh’s classification A or B, normal liver volume >1,000 cm?, dis-
tance between the liver and organs at risk >0.5 cm, adequate liver
function test (AST/ALT < 5 x upper limit of normal, total bilirubin
<3 mg/dL, albumin >2.5 g/dL, normal PT/PTT), adequate renal
function (creatinine <1.8 mg/dL or Ccr >50 mL/min), and BM re-
serve (ANC >1,500/mm?, PLT >50,000/mm?, Hb >9 g/dL). Pa-
tients who received prior RT to the upper abdomen were excluded.

Unresectable or inoperable HCC patients, whether initially di-
agnosed or recurred after surgery or local treatment, were discussed
in a multidisciplinary tumor board, and the treatment option was
decided in accordance with the institution’s treatment policy. For
patients whose tumor was confined within the liver, liver-directed
treatments were administered to reduce tumor burden while pre-
serving systemic therapy for later use. LDCRT was administered as
either transarterial chemoembolization plus RT or liver-directed
concurrent chemoradiotherapy, which combines local radiothera-
py with concurrent hepatic arterial infusion chemotherapy (HAIC)
followed by monthly HAIC via chemoport [11]. The rationale of
this approach was to maximize local tumor control by a combina-
tion of RT and chemotherapy and to minimize intrahepatic metas-
tasis by HAIC [11]. Since the first pilot study in 2008, its efficacy
has been documented through several retrospective studies and
more recently through a phase 2 clinical trial, which has provided
a basis for the institutional policy of applying liver-directed chemo-
radiotherapy for locally advanced HCC [12-14]. Patients received
concurrent HAIC with 5-fluorouracil administered at 500 mg/m?
daily on 5 consecutive days during the first and last weeks of RT.
Those who were not accessible for HAIC had oral 5-FU adminis-
tered as an alternative. As for sorafenib, only 7 patients were pre-
scribed with sorafenib after RT but prior to disease progression (RT
cessation to sorafenib prescription: median 87 days [34-134 days]).
Since sorafenib was not administered at the beginning of RT but
after treatment, it was excluded from analysis due to possible bias.

Since most patients presented with large and/or multiple tu-
mors, conventional RT was administered with a median RT dose
of 100 Gy (range, 60-100 Gy) with a median fractional dose of 4
Gy (2.4-5 Gy) for gross tumor volume (GTV) and a median RT
dose of 60 Gy (range, 45-60 Gy) with a median fractional dose of
2.4 Gy (1.8-3 Gy) for planning target volume. GTV was defined as
the core of the primary tumor and/or portal vein thrombosis and/
or lymph node. Internal target volume (ITV) was defined as tumor
position at each respiratory phase, clinical target volume was de-
fined as ITV plus 5 mm, and planning target volume was defined
as CTV plus 5-10 mm. Normal organ constraints concerning liver,
stomach, duodenum, and colon were prioritized when planning,
while maximizing the dose delivered to the tumor.

Sample Collection

Blood (5-10 mL) was collected from HCC patients before and
after LDCRT in Vacutainer tubes containing EDTA (BD, Franklin
Lakes, NJ, USA) using aseptic measures. The window period for
the sample collection was 2 weeks for both baseline and post-RT
samples. Despite the window period, the baseline sample collec-
tion was consistent across the cohort with most sample collected
within few days from the start of RT, whereas some post-RT sam-
ples were collected more later on after the cessation of RT. The
blood samples were centrifuged at 3,000 rpm for 10 min at 4°C to
separate the buffy coat and plasma. Additional centrifugation for
10 min was performed to produce cell-free plasma which was im-
mediately frozen at —80°C until further processing.
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Experimental Techniques

Plasma I'TTH4 levels were measured using an ELISA kit accord-
ing to the manufacturer’s protocol (Cloud-Clone Corp., Houston,
TX, USA). Absorbance was measured at 450 nm using an ELISA
reader (VERSA Max Microplate Reader; California, USA). ITTH4
levels were calculated based on the generated standard curves [9].
Plasma protein concentrations of the following immune molecules
were determined using a magnetic bead-based 6-plex immunoas-
say: interferon-gamma (IFN-y), IL-6, IL-10, and sPD-L1 (custom-
ized Procartaplex; Thermo Scientific, Waltham, MA, USA). Val-
ues are expressed in picograms per millilitre. cfDNA purification
and quantification were performed as previously reported [10].
Details of the experimental techniques are included in the online
supplementary material (for all online suppl. material, see www.
karger.com/doi/10.1159/000522000).

Statistical Analysis

Baseline biomarkers were the main subject of this hypothe-
sis-generating study, and fold-change values were observed with
an exploratory aim. Continuous variables are shown as mean +
standard deviation. The baseline and post-LDCRT mean biomark-
er levels were compared using a paired ¢ test. Differences in bio-
marker levels between patient groups were analyzed using an in-
dependent two-sample ¢ test. Clinical outcomes were calculated
from the first day of LDCRT to the day of the first event, defined
as overall progression for progression-free rate (PFR), progression
inside the RT field including progression of initially treated lesion
by size and increase in the area of rim enhancement for local fail-
ure-free rate (LFFR), progression within the liver but outside the
RT field for intrahepatic failure-free rate (IHFFR), and lung me-
tastasis for lung metastasis-free rate (LMFR). Local failure was de-
termined using the modified response evaluation criteria for solid
tumors. The cumulative probabilities of freedom from progres-
sion, local failure, and intrahepatic failure lung metastasis were
calculated using Kaplan-Meier method and compared using a log-
rank test. Univariate and multivariate analyses were performed us-
ing Cox regression with a backward stepwise method. All variables
were initially included, and unfit variables which did not contrib-
ute to the regression equation were excluded using a backward
stepwise method. Variables that remained at the final stage are
included in the tables. p values (in two-sided tests) <0.05 were con-
sidered statistically significant. Survival tree analysis including all
continuous baseline biomarker values and clinical variables was
used to determine prognostic groups. For baseline biomarker anal-
ysis, all six biomarkers were included. However, for fold-change
values, IFN-y was excluded from the analysis, as many patients had
a baseline value of zero. Data were analyzed using IBM SPSS soft-
ware (version 23.0; SPSS Inc., Chicago, IL, USA), R version 3.6.1.
(R Foundation for Statistical Computing, Vienna, Austria), and
GraphPad Prism (GraphPad, San Diego, CA, USA).

Results

Patient and Tumor Characteristics

A total of 102 patients were prospectively enrolled in
this study. Three patients who did not undergo follow-up
imaging studies were excluded, leaving 99 patients in the
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Table 1. Patient, tumor, and treatment characteristics (n = 99)

n %
Age, years (range) 61 (33-80)
Sex
Male 78 78.8
Female 21 21.2
Viral type
B-viral 72 72.7
C-viral 6 6.1
Non-B, non-C viral 21 21.2
Child-Pugh class
A 87 87.9
B 12 12.1
Liver cirrhosis
No 54 545
Yes 45 455
Tumor size, cm (range) 6.5(1.3-21.0)
Tumor, n
One 44 444
Multiple 55 55.6
UICC stage
Stagelll 27 27.3
Stage lll 32 323
Stage IV 40 40.4
BCLC stage
Stage A 24 24.2
Stage B 26 26.3
Stage C 49 49.5
Portal vein thrombosis
No 52 52.5
Yes 47 47.5

71.13 (1.68-268,407.8)
1,629.0 (15.0-75,000.0)

AFP, ng/mL (median, range)
PIVKA-II, mAU/mL (median, range)
Treatment aim

Definitive 58 58.6
Salvage 41 414
Previous treatment
No 51 51.5
Yes 48 48.5
Concurrent chemotherapy
Concurrent chemoradiotherapy 66 66.7
HAIC (5-fluorouracil) 63 63.6
Tegafur/uracil 3 3.0
Radiotherapy alone 33 333
Radiotherapy dose to PTV
Total dose, Gy (range) 60 (45-60)
Fractional dose, Gy (range) 2.4 (1.8-3.0)

UICC, Union for International Cancer Control; BCLC, Barcelona
clinic liver cancer; PTV, planning target volume.

analysis. The median follow-up period was 18.7 months
(2.9-34.8 months). Patient and tumor characteristics are
shown in Table 1. The median age was 61 years (33-80
years), and majority of patients were men. Most patients
were diagnosed with B-viral type HCC and were Child-
Pugh class A; approximately half of the patients had liver
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Fig. 1. Individual changes showing baseline and post-radiotherapy biomarker values.

cirrhosis at the time of LDCRT. Forty-four patients
(44.4%) had a single tumor, and the median tumor size
was 6.5 cm (1.3-21.0 cm). Nine patients had node-posi-
tive disease, 52 had portal vein tumor thrombosis or in-
vasion, and 40 had UICC stage IV disease. Treatment
characteristics are listed in Table 1.

The mean baseline level for the biomarkers were
sPD-L1:23.94 + 17.66 pg/mL (1.95-98.76 pg/mL); IFN-y:
0.99 + 2.19 pg/mL (0-10.70 pg/mL); IL-6: 15.46 + 26.26
pg/mL (0.10-199.85 pg/mL); IL-10: 2.73 + 2.06 pg/mL
(0.57-12.99 pg/mL); ITIH4:197.91 £99.48 ng/mL (72.30-
664.20 ng/mL); and cfDNA: 7.35 + 7.91 pg/mL (1.00-
59.12 ug/mL). Mean IL-6 levels were higher in node-pos-
itive than in node-negative patients (42.51% vs. 12.76%,
p = 0.001). Patients with a tumor size larger than 6.5 cm
showed higher mean IL-6 (22.14 pg/mL vs. 9.18 pg/mL,
p =0.016) and higher IL-10 (3.38 pg/mL vs. 2.12 pg/mL,
p = 0.003) levels. Individual changes in the baseline and
post-LDCRT levels are shown in Figure 1.

Clinical Outcomes

At 1-month follow-up after LDCRT, complete re-
sponse, partial response, stable disease (SD), and progres-
sive disease were observed in 2 (2.0%), 65 (65.7%), 29
(29.3%), and 3 (3.0%) patients, respectively. Sixty-six pa-
tients eventually showed disease progression. The first
failure patterns are shown in online supplementary Fig-
ure 1. The most common first pattern of failure was re-
gional-only failure, including intrahepatic failure and re-
gional lymph node metastasis, followed by distant-only
failure. The lung was the most common site of distant
failure. Lung metastases accounted for 73% (32 of 44) of
all distant failure events. Other sites of distant failure in-
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cluded bones, peritoneal seeding, supraclavicular lymph
node, abdominal wall, and adrenal gland. The 1-year PFR
was 38.2%, and the median time to progression was 5.0
months (0.8-24.8 months). The 1-year LFFR, IHFFR, and
LMEFR were 85.7%, 50.7%, and 76.0%, respectively.

Significance of Baseline Levels

Multivariate analysis was performed, including the base-
line biomarker levels. For disease progression, multiple tu-
mors (hazard ratio [HR]: 2.00; 95% confidence interval
[CI]: 1.24-3.23; p = 0.005), previous treatment history (HR:
1.99; CI: 1.16-3.42; p = 0.013), PIVKA-II >1,629 mAU/mL
(HR: 1.79; CI: 1.04-3.09; p = 0.036), and increasing baseline
sPD-L1 per pg/mL (HR: 1.02; CI: 1.00-1.03; p = 0.041) were
significant adverse factors (Table 2). For local failure, the
presence of liver cirrhosis (HR: 5.74; CI: 1.48-18.54; p =
0.010),and PIVKA-IT >1,629 mAU/mL (HR: 4.65; CI: 1.11-
19.42; p = 0.035) were significant adverse factors. For intra-
hepatic failure, multiple tumors (HR: 2.93; CI: 1.63-5.26;
p < 0.001), not receiving concurrent chemotherapy (HR:
3.18; CI: 1.67-6.05; p < 0.001) and increasing baseline
sPD-L1 per pg/mL (HR: 1.01; CI: 1.00-1.03; p = 0.043) were
unfavorable factors. Adjusting for other factors, increasing
baseline sPD-L1 was found to be a significant adverse factor
for lung metastasis (HR: 1.02; CI: 1.00-1.04; p = 0.042),
whereas not receiving concurrent chemotherapy was a fa-
vorable factor (HR: 0.16; CI: 0.05-0.54; p = 0.003) (online
suppl. Table S1). For overall distant metastasis, receiving
concurrent chemotherapy (HR: 0.33; CI: 0.13-0.88; p =
0.026), receiving previous treatment (HR: 3.14; CI: 14.59-
6.78; p = 0.003) and higher UICC stage (II vs. III; HR: 3.88;
CL:1.67-11.00; p=0.011, I vs. IV; HR: 3.62, CI: 1.23-10.67,
p = 0.019) were significant factors.
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Table 2. Analysis of factors associated with disease progression including baseline biomarker levels

Variable UVA MVA
HR 95% ClI p value HR 95% Cl p value

Sex (female vs. male) 0.94 0.55-1.62  0.832
Tumor number (multiple vs. one) 1.91 1.19-3.08  0.007 2.00 1.24-3.23 0.005
Liver cirrhosis (yes vs. no) 1.00 0.63-1.58  0.989
Child-pugh class (B vs. A) 1.40 0.70-2.83  0.345
Concurrent chemotherapy (no vs. yes) 0.99 0.62-1.62  0.989
PVTT (yes vs. no) 1.33 0.84-2.10  0.225
Previous treatment (yes vs. no) 1.34 0.85-2.12  0.207 1.99 1.16-342 0.013
Age (>60 vs. <60) 1.01 0.64-1.60 0.953
Tumor size (>6.5 cm vs. <6.5 cm) 1.01 0.64-1.60 0.964
Lymph node metastasis (yes vs. no) 0.95 0.41-2.19  0.896
Treatment aim (salvage vs. definitive) 1.15 0.73-1.82  0.551
UICC stage 0.088

Il versus Il 1.66 0.91-3.04 0.100

IV versus Il 1.92 1.07-3.46  0.030
AFP (>71.13 ng/mL vs. <71.13 ng/mL) 1.41 0.89-2.22 0.146
PIVKA-II (>1,629 mAU/mL vs. 1,629 mAU/mL) 1.35 0.85-2.13  0.207 1.79 1.04-3.09 0.036
sPD-L1 (pg/mL) 1.01 1.00-1.03 0.044 1.02 1.00-1.03 0.041
IFN-y (pg/mL) 1.00 0.90-1.11  0.991
IL-6 (pg/mL) 1.00 0.99-1.01 0.744
IL-10 (pg/mL) 1.08 0.96-1.22  0.189
ITIH4 (ng/mL) 1.00 1.00-1.00 0.194
cfDNA (ug/mL) 1.03 1.00-1.06 0.074

PVTT, portal vein tumor thrombosis; UICC, Union for International Cancer Control.

Survival tree analysis was used to determine the prog-
nostic groups for disease progression, including all clini-
cal factors and biomarkers. Three prognostic groups were
identified for progression based on sPD-L1 and the num-
ber of hepaticlesions: group 1, single lesion; group 2, mul-
tiplelesions and sPD-L1 <41.07 pg/mL; and group 3, mul-
tiple lesions and sPD-L1 241.07 pg/mL (online suppl. Fig.
2). Overall progression was highest in group 3 and lowest
in group 1 (p < 0.001, shown in Fig. 2).

Significance of Fold-Change Values

Multivariate analysis was performed for clinical out-
comes, including fold-change values. For disease progres-
sion, receiving previous treatment (HR: 3.14; CI: 1.71-
5.79; p < 0.001), age >60 years (HR: 0.37; CI: 0.15-0.90;
p = 0.029), UICC stage IV (HR: 3.47; CI: 1.73-6.98; p <
0.001), and stage IIT (HR: 2.72; CI: 1.40-5.30; p = 0.003)
compared with stage II, higher fold increase of sPD-L1
(HR: 1.02; CI: 1.00-1.03; p = 0.023), and a higher fold in-
crease of cfDNA (HR: 1.12; CI: 1.01-1.24; p = 0.029) were
significant adverse factors (Table 3). Furthermore, a
higher fold increase in cfDNA was found to be an adverse
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factor for both local failure (HR: 1.22; CI: 1.08-1.39; p =
0.001) and intrahepatic failure (HR: 1.20; CI: 1.08-1.33;
p <0.001) (online suppl. Table S2).

Discussion

We investigated the clinical significance of six mole-
cules (sPD-L1, IL-10, IL-6, cfDNA, ITTH4, and IFN-y) as
biomarkers for HCC patients treated with LDCRT. Base-
line sPD-L1 appeared to be the most useful biomarker,
with increased baseline levels significantly associated
with worse PFR, IHFFR, and LMFR. Furthermore, prog-
nostic subgroups were identified by incorporating both
clinical characteristics and biomarkers. A higher fold in-
crease in sPD-L1 expression was associated with in-
creased overall progression. Additionally, a higher fold
increase in cfDNA was related to worse PFR, LFFR, and
IHFFR.

Many biomarkers have been reported as potential pre-
dictors in cancer patients; IL-10 has dual effects of both
immune suppression and immune stimulation [15]. In-
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Fig. 2.Kaplan-Meier estimates of overall
progression for three groups determined
by survival tree analysis.
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Table 3. Analysis of factors associated with disease progression including biomarker fold-change values

Variable UVA MVA
HR 95% Cl p value HR 95% Cl p value
Sex (female vs. male) 0.94 0.55-1.62 0.832
Tumor number (multiple vs. one) 1.91 1.19-3.08 0.007
Liver cirrhosis (yes vs. no) 1.00 0.63-1.58 0.989
Child-pugh class (B vs. A) 1.40 0.70-2.83  0.345
Concurrent chemotherapy (no vs. yes) 0.99 0.62-1.62  0.989
PVTT (yes vs. no) 1.33 0.84-2.10 0.225
Previous treatment (yes vs. no) 1.34 0.85-2.12  0.207 3.14 1.71-5.79 <0.001
Age (>60 vs. <60) 1.01 0.64-1.60 0.953 0.37 0.15-0.90 0.029
Tumor size (>6.5 cm vs. <6.5 cm) 1.01 0.64-1.60 0.964
Lymph node metastasis (yes vs. no) 0.95 0.41-2.19  0.896
Treatment aim (salvage vs. definitive) 1.15 0.73-1.82  0.551
UICC stage 0.088 0.001
Il versus Il 1.66 0.91-3.04 0.100 272 1.40-5.30 0.003
IV versus Il 1.92 1.07-3.46  0.030 347 1.73-6.98 <0.001
AFP (>71.13 ng/mL vs. <71.13 ng/mL) 1.41 0.89-2.22 0.146
PIVKA-II (>1,629 mAU/mL vs. 1,629 mAU/mL) 1.35 0.85-2.13  0.207 1.76  0.99-3.09 0.052
sPD-L1 fold change 1.01 1.00-1.03 0.062 1.02 1.00-1.03 0.023
IL-6 fold change 0.98 0.94-1.03 0.460
IL-10 fold change 1.07 0.82-1.38 0.622
ITIH4 fold change 1.09 0.89-1.72 0.721
cfDNA fold change 1.07 0.99-1.17 0.106 112 1.01-1.24 0.029

PVTT, portal vein tumor thrombosis; UICC, Union for International Cancer Control.

creased IL-10 levels were previously associated with poor
clinical outcomes in breast, thyroid, and oral cancer tis-
sues [16, 17]. In the current study, although higher mean
IL-10 level was associated with tumor size larger than 6.5
cm, it was not associated with clinical outcomes. This may
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be due to the fact that IL-10 shows contradictory effects
related to tumor growth or tumor regression and that the
balance of cytokines and other environmental conditions
control its function in different circumstances [18, 19].
Thus, IL-10 may not be the optimal biomarker in cases of
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locally advanced HCC patients receiving LDCRT. As for
IL-6, patients with high IL-6 levels showed worse infield
failure-free survival in a previous report [7]. Moreover, in
esophageal cancer, higher IL-6 levels were associated with
advanced tumor stage, nodal metastasis, and poorer sur-
vival [20]. Along with previous studies, our current study
indicates that increased baseline IL-6 levels are associated
with larger tumor size and nodal metastasis. However,
studies on the predictive use of IL-6 are very scarce, espe-
cially in HCC patients [21]. In our study, IL-6 level did
not show significant results regarding clinical outcomes.
Further studies are needed to confirm the predictive role
of IL-6 in HCC patients. Serum ITTH4 was recently asso-
ciated with malignancies, and in some reports, lower pre-
treatment serum I'TTH4 levels were associated with short-
er survival and progression in HCC patients [22]. How-
ever, the significance of serum ITTH4 is contradictory as
other study reported the relation of higher serum ITIH4
levels correlating with poorer prognosis [23]. The current
study shows that other biomarkers such as sPD-L1 or
cfDNA rather than ITTH4 may have more potential to be
a significant biomarker in HCC patients receiving LD-
CRT. IFN-y shows anti- and pro-tumorigenic activities
depending on the cellular, microenvironmental, and mo-
lecular settings [24]. Subsequently, studies report variable
results on the role of IFN-y level in cancer patients [25,
26]. In this study, IFN-y did not reveal as a significant
biomarker, and it seems that further research efforts are
necessary to decipher the IFN-y-related effects in cancer
patients. In addition, previously well-known prognostic
markers such as AFP and PIVKA-II were not significant
factors in this study. The fact that this study cohort most-
ly included locally advanced HCC patients may have af-
fected the results. Since the well-known prognostic mark-
ers reflect the intrahepatic burden, its efficacy may be de-
creasedinahomogenous cohort mostly including patients
with a large tumor burden. Thus, this may show the lim-
itation of AFP and PIVKA-II in these locally advanced
HCC patients who received LDCRT. Overall, the signifi-
cant biomarkers compared favorably to AFP or PIVKA-II
in this cohort.

Immune checkpoint inhibitors have gained immense
attention. In HCC, a phase III study recently showed sig-
nificant improvement in survival and progression-free
survival for a combination of atezolizumab and bevaci-
zumab compared with sorafenib in patients with unre-
sectable HCC without previous systemic therapy [27].
One of the most actively used types of immune check-
point inhibitors is programmed death ligand-1 (PD-L1)
inhibitors. PD-L1 expression is associated with poor

Biomarkers for Locally Advanced
Hepatocellular Carcinoma Patients

prognosis in various types of cancers [28]. PD-L1 expres-
sion can be detected by either immunohistochemistry or
in blood samples by enzyme-linked immunosorbent as-
say, as sSPD-L1 is released from PD-L1-positive cells into
the serum. We have previously reported that high sPD-L1
is associated with worse OS in patients with HCC [9].
Thus, sPD-L1 could be a potential biomarker for patients
with HCC. However, the optimal single biomarker with
substantial predictive power remains unclear. In the cur-
rent study, among the six biomarkers, baseline sPD-L1
was found to be the best, showing a strong correlation
with HCC progression, intrahepatic failure, and lung me-
tastasis. However, clinical characteristics should be con-
sidered along with biomarker levels when predicting pa-
tient prognosis. In the current study, all clinical charac-
teristics and biomarkers were included in the analysis to
find three prognostic groups, with the group of patients
with multiple lesions and sPD-L1 >41.07 pg/mL showing
the worst results. Furthermore, when considering further
systemic treatments, such as immunotherapy, in these
sPD-L1 high HCC patients, an additional PD-L1 anti-
body may be required for PD-L1-based immunotherapy,
as sPD-L1 binds to anti-PD-L1 antibody.

cfDNA is a potential surrogate marker for many indi-
cations in cancer patients, including response to treat-
ment [29]. Previous studies showed correlation between
cfDNA levels and treatment response in other cancer
types, in which higher baseline cfDNA levels were related
to poor response to treatment [30-32]. The level of cfD-
NA is influenced by multiple factors, including a wide
range of biological and environmental factors. It origi-
nates from tumor cells and other cells in the tumor mi-
croenvironment [33]. Thus, whereas cfDNA from tumor
cells alone, which can be called circulating tumor DNA,
is important for diagnosing cancer, the measurement of
the levels of total cfDNA and the calculation of its fold
change may be more expedient for predicting treatment
response, considering factors such as tumor dynamics
and changes in tumor microenvironment.

Considering the factors discussed thus far, the idea of
biomarker-driven treatment strategies that might be ap-
plied to patients with locally advanced HCC can be hy-
pothesized. For example, locally advanced HCC patients
with single or multiple lesions who show baseline sPD-L1
levels lower than 41.07 pg/mL may benefit from LDCRT.
However, patients with multiple tumors and baseline
sPD-L1 levels higher than 41.07 pg/mL may need stron-
ger systemic treatment along with LDCRT. In particular,
a more effective treatment strategy may be necessary for
patients with a higher fold increase in sPD-L1 and cfD-
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NA. In addition, in line with the suggested main treat-
ment strategy, patients with high baseline sPD-L1 levels
at risk of intrahepatic failure and lung metastasis may
need stronger systemic treatment along with LDCRT. Af-
ter treatment, those who show higher fold increase in
sPD-L1 and cfDNA will also need to consider active sur-
veillance with appropriate imaging modality.

In this study, patients received conventionally frac-
tionated RT as part of LDCRT. Considering our previous
reports showing different patterns of sPD-L1 change by
different RT schemes in fractionation [8], this remains a
limitation of this study. Further studies on patients re-
ceiving different RT schemes are currently underway.
Also, a larger number of patients are needed to fully elu-
cidate powerful biomarkers. Nonetheless, the results of
this hypothesis-generating study may provide further in-
sights into improving the oncologic outcome of locally
advanced HCC.

In conclusion, baseline sPD-L1 and cfDNA fold-
change values showed the greatest potential as predictive
biomarkers for HCC patients who received LDCRT. By
incorporating clinical factors, these biomarkers may be
useful for devising a biomarker-driven treatment para-
digm in locally advanced HCC. Further validation studies
are required.
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