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Summary

Purpose: To investigate the efficacy and safety of tran-
scatheter arterial chemoembolization (TACE) combined with
iodine-125 (1%°I) seed implantation and three-dimensional
conformal radiotherapy (3DCRT) in treating primary hepa-
tocellular carcinoma (HCC) in the advanced stage.

Methods: A total of 110 primary HCC patients in the
vanced stage without operative indications admitted to
treated in our hospital from March 2014 to March 2
selected and divided into two groups using ran
gle-blind method to receive TACE and '*°I see

in the levels of alpha fetoprotein
factor-1I (IGF-1I) and insulin-like

adverse reactions and lon
observed and recorded.

Results: TACE+'*1+3DCRT grotlp had significantly higher
objective response rate (ORR) and disease control rate (DCR)
than TACE+3DCRT group [83.6% (46/55) vs. 63.6% (35/55),
96.4% (53/55) vs. 83.6% (46/55)] (p=0.029, p=0.043). The
levels of serum AFP, IGF-1I and IGFBP-2 declined mark-
edly after treatment in both groups compared with those

of the patients were

Introduction

Primary hepatocellular carcinoma (HCC) is the
most common malignant tumor of the digestive
tract in China, with high malignancy and rapid pro-

<0.00%), while they were evidently lower
group than TACE+3DCRT group
04, p=0.018). The major adverse reactions in
treatment included bone marrow suppres-
astrointestinal reaction, transaminase elevation,
titis, radiation-induced hepatitis and radiation-
astric ulcer, most of which were in I-1I grade. There
o statistically significant difference in the incidence
rate of adverse reactions between the two groups of patients
after chemoradiotherapy (p>0.05). The results of follow-up
indicated that TACE+'*I+3DCRT group had notably longer
overall survival (OS) and progression-free survival (PFS)
than TACE+3DCRT group (p=0.030, p=0.010).

Conclusions: The treatment scheme of TACE and %I seed
implantation combined with 3DCRT have exact efficacy in
advanced primary HCC, which can distinctly increase the
ORR and DCR, prominently reduce the levels of serum AFP,
IGF-II and IGFBP-2 and prolong the survival time of the
patients without increasing adverse reactions compared with
TACE+3DCRT, so it is worthy of clinical popularization and
application.

Key words: transcatheter arterial chemoembolization, I
seed, three-dimensional conformal radiotherapy, primary
hepatocellular carcinoma, advanced stage, efficacy

gression, and radical resection is the best means
to treat the disease. However, most HCC patients
have lost the chance of operation due to the mani-
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festations of massive-type tumors, multiple lesions
or collapsed liver functions at the time of diagno-
sis [1]. Transcatheter arterial chemoembolization
(TACE) is the recognized preferred treatment for
HCC patients unsuitable for surgical resection, but
it needs to be conducted repeatedly and leads to a
high recurrence rate with poor long-term results,
especially for patients with poor hepatic artery
blood supply [2,3]. Therefore, the comprehensive
application of radical and minimally invasive treat-
ments is the key to further improve the therapeutic
effect. In recent years, iodine-125 (*>°I) seed im-
plantation, characterized by short radiation dis-
tance and small damage to surrounding tissues,
has been applied in the treatment of HCC, and it
can guarantee a higher dose at the tumor site, ob-
viously enhancing the therapeutic effect of TACE
alone [4,5]. With the development of radiotherapy
and imaging technology, three-dimensional con-
formal radiation therapy (3DCRT) has manifested
prominent effects on primary HCC [6,7].

In this research, the clinical data of 110 HCC
patients in the advanced stage admitted to and
treated in our hospital from March 2014 to March
2016 were retrospectively reviewed, and the effi-

al
cacy and safety of TACE and '*I seed implantation

combined with 3DCRT as well as TACE combi

pared and analyzed, so as to provide a more scien-
tific basis for the formulation of efficacious treat-
ment protocols.

Methods

General data

A total of 110 patients with advanced primary HCC
who were admitted to and treated in our hospital from
March 2014 to March 2016 were enrolled as the study
subjects. All the patients had performed computed to-
mography (CT) plain scan with enhancement and/or
magnetic resonance imaging (MRI) examination as well
as percutaneous liver biopsy before treatment. Patients
with measurable/evaluable tumor lesions definitely di-
agnosed via pathology and cytology, those with a liver
function Child-Pugh grade A or B, and those with a
Karnofsky performancggscore =60 points were selected.

se HCC, those with sponta-
rhage of HCC, uncontrolled as-

betes mellitus, severe liver cirrhosis or seri-
kidney or brain diseases. The diagnosis of
ary HCC was confirmed based on the Evidence-based
ice guidelines for the standardized pathological diag-

with 3DCRT in treating those patients were co
Table 1. Demographics and general clini aq all s!:died patients
+12

Parameters CRT group (n=55) TACE+3DCRT group (n=55) p-value
Gender (Male/Female) 36/19 30/25 0.331
Age (years) 54.34+9.48 56.30+10.06 0.295
Number of tumors 0.340
1 26 (64.4%) 32 (69.5%)
>2 29 (35.6%) 23 (30.5%)
Tumor diameter (cm) 6.1£1.9 5.8+1.6 0.372
UICC staging 0.337
III 28 (50.8%) 34 (61.0%)
v 27 (49.2%) 21 (39.0%)
Child-Pugh class 0.560
A 35 (72.9%) 31 (81.4%)
B 20 (27.1%) 24 (18.6%)
AFP (ng/ml) 0.445
=400 32 (23.7%) 27 (16.9%)
<400 23 (76.3%) 28 (83.1%)
PVTT 37 33 0.552
HBsAg (+) 30 (57.6%) 35 (66.1%) 0438
Karnofsky score 0.548
80-90 17 (42.4%) 21 (33.9%)
60-80 38 (42.4%) 34 (42.4%)

TACE: Transcatheter arterial chemoembolization; 3DCRT: 3 dimensional comformal radiation therapy; UICC: Union for International Cancer

Control; AFP: alpha fetoprotein; PVTT: Portal vein tumor thrombus
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nosis of primary liver cancer (2015 update). 110 patients
with primary HCC meeting the diagnosis were selected
according to the inclusion and exclusion criteria, includ-
ing 66 males and 44 females aged 29-71 years, with
an average age of 55.8+9.6 years. In terms of the liver
function Child-Pugh classification, there were 66 cases
of grade A and 44 cases of grade B. As for the UICC
stage, 62 patients were in stage III and 48 patients in
stage IV. There were 58 cases of solitary tumor and 52
cases of multiple tumors in the liver, with a maximum
lesion diameter of 9.3 cm. Fifty-nine patients had an
alpha fetoprotein (AFP) level >400 ng/mL, 65 patients
were HBsAg positive, and 70 patients had portal vein
tumor thrombus. All the 110 patients were assigned into
TACE+'’I+3DCRT group (n=55) and TACE+3DCRT group
(n=55) using randomized single-blind method. The clini-
cal data of the patients were comparable between the
two groups (p>0.05) (Table 1). According to the Declara-
tion of Helsinki, the duty of disclosure was performed,
and all the patients enrolled signed informed consent.
This study was approved by the Ethics Committee of
Linyi Cancer Hospital.

Therapeutic methods

TACE: After local anesthesia, percutaneous right
femoral artery puncture was performed by means of
Seldinger technique, 5FRH catheter was inserted into
the celiac trunk and common hepatic artery, and angi-
ography was conducted to understand the local blg
supply. Then a superselective catheter was sent to
proper hepatic artery, arterial branches and s i
mesenteric artery. Next, 5-fluorouracil (150
rubicin (50 mg/m?), mitomycin C (10 mg

used for embolism. If arterioveno
gelatin sponge would be appli

weeks for 2-3
e treatment such

The treatment was conduc
consecutive times, and
as oral Bicyclol was adopt ring chemoradiotherapy.

12T seed implantation: seed implantation was
implemented at 3-4 weeks after the treatment with
TACE. First, CT scan was applied to formulate the treat-
ment plan and delineate the target area. Then the pre-
scribed doses were prepared, and the target volume and
matched peripheral dose (MPD) were calculated. Later,
the isodose curves, radioactivity of the seeds and spa-
tial distribution of the seeds needed were plotted, and
the path of needle insertion and the number of needles
and seeds were determined. The '?°I seeds were retro-
grade implanted at 0.5-1 cm apart with a Mick applica-
tor guided by CT under local anesthesia. It should be
ensured that the needles reach the deepest site of the
lesion (about 1 cm away from the tumor margin, with-
out bleeding in resorption), and the damage to the great
vessels should be avoided. The MPD of the tumor was
90-140 Gy. CT scan was employed intraoperatively for
verification, and the seeds were implanted in the dose
defective regions immediately in the case of maldistri-
bution or omission of the seeds.
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3DCRT: The patients were subjected to 3DCRT at 4-6
weeks after 1%°I seed implantation. CT scan was adopted
for location, and the target area and organs at risk were
delineated by reference to the lesions displayed on plain
and enhanced CT or plain and enhanced MRI of the liver.
The planning target volume was determined in accord-
ance with the liver mobility with breath, and the opti-
mal treatment plan was decided through comprehen-
sive evaluation. 2-6 radiation fields were set, with the
prescribed dose at 45-60 Gy (2 Gy/time). The treatment
plan was optimized by the dose-volume histogram. The
planning target area was surrounded by 90% isodose
lines, with Dy <22.5 Gy for 33% of right renal volume,
Dpax <15 Gy for 1/3 of left renal volume and Dmean <15
Gy for both kidneys. As for the small intestine, Dsq, wWas
<20-50 Gy, and Dy, was <45-50 Gy. V20 of adjacent or-
gans was <30%, and the radiation dose of the spinal cord
was <40 Gy.

Both groups were_given hepatoprotective therapy
i upport and symptomatic
drome, bone marrow de-
reaction after treatment.

fficacy was evaluated by reference
.1 Version), including complete response
appears completely after treatment for
partial response (PR) (The product of maxi-
eter and maximum vertical diameter of the
ion decreases by >50% for >1 month), stable disease
(The product of maximum diameter and maximum
vertical diameter of the lesion decreases by <50% or in-
creases by <25%, without new lesions) and progressive
disease (PD) (The product of maximum diameter and
maximum vertical diameter of the lesion increases by
>25%, or new lesions emerge). Objective response rate
(ORR)=(CR+PR)/total cases x100%, and disease control
rate (DCR)=(CR+PR+SD)/total cases x100%.

The blood was collected before treatment and at 1
month after treatment to detect the levels of serum AFP,
insulin-like growth factor II (IGF-1I) and insulin-like
growth factor binding protein-2 (IGFBP-2), and the tumor
cell burden in the body was assessed. With regard to the
radiation injuries, the adverse reactions of radiotherapy
were evaluated according to the criteria recommended
by RTOG, and the toxic reactions of chemotherapy were
assessed based on the NCI-CTCAE3.0. The patients were
followed up to record the long-term survival conditions,
of which progression-free survival (PFS) refers to the
period from the start of treatment to the day of disease
progression or death, and overall survival (OS) refers to
the period from the start of treatment to the day of death
or last follow-up or end of follow-up. For patients lost to
follow-up, the survival was calculated until the day of
last follow-up. The follow-up ended in March 2019.

Statistics

SPSS 22.0 (IBM, Armonk, NY, USA) was adopted
for statistical analysis. The measurement data were
expressed as meanzstandard deviation (x+s), and two-
sample t-test was performed for inter-group compari-
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son. The enumeration data were presented as ratio (%),
x? test was conducted for inter-group comparison, and
p<0.05 suggested that the difference was statistically
significant. Kaplan-Meier method was applied to plot the
survival curves, log-rank test was utilized to compare
the difference in survival rate between the two groups,
and p<0.05 suggested that the difference was statisti-
cally significant.

Results

Evaluation of short-term efficacy

In TACE+!'*°I+3DCRT group, there were 4 cases
of CR, 42 cases of PR, 7 cases of SD and 2 cases of
PD. The ORR was 83.6% (46/55), and the DCR was
96.4% (53/55). TACE+3CRT group exhibited 1 case
of CR, 34 cases of PR, 11 cases of SD and 9 cases
of PD, with an ORR of 63.6% (35/55) and a DCR
of 83.6% (46/55). TACE+'2°1+3DCRT group had re-
markably higher ORR and DCR than TACE+3DCRT
group, and the differences were statistically signifi-
cant (p=0.029, p=0.043) (Table 2).

Comparisons of AFP, IGF-II and IGFBP-2 levels before
and after treatment between the two groups of patients

mL in TACE+'?I+3DCRT group, and (498.33£79.6
ng/mL and (331.53+80.52) ng/mL in TA

group, respectively. The serum IGF-II levels were
(7.0£1.1) pg/L and (4.5+0.6) pg/L before and after
treatment, respectively, in TACE+'?*1+3DCRT group,
while they were (7.2+0.9) pg/L and (4.9+0.8) pg/L
in TACE+3DCRT group, respectively. The serum
IGFBP-2 levels were (8.3+1.2) pg/L and (4.8+0.0)
pg/L before and after treatment, respectively, in
TACE+'%I+3DCRT group, which were (8.4+1.3) pg/L
and (5.1+0.7) pg/L, respectively, in TACE+3DCRT
group. There were no statistically significant dif-
ferences in the levels of serum AFP, IGF-II and IG-
FBP-2 before treatment between the two groups
(p=0.172, p=0.299, p=0.676), which were compa-
rable. However, the levels of serum AFP, IGF-II
and IGFBP-2 declined markedly after treatment
in both groups compared with those before treat-
ment (p<0.001), while they were evidently lower in
an TACE+3DCRT group
18) (Figure 1).

roups of patients during treatment,
incl@Bling bone marrow suppression, fe-
ointestinal reactions, transaminases’ el-
e Vigii adiodermatitis, radiation-induced hepa-

h were in I-II grade, and few adverse reac-
tions were of III-IV grade. All the patients accom-

Table 2. Comparison of clinical efficac tient the two groups

Parameters 'ACBy 1251+SDCRT group (n=55) TACE+3DCRT group (n=55) p value
CR 4 1

PR 42 34

SD 7 11

PD 2 9

ORR (%) 46 (83.6%) 35 (63.6%) 0.029
DCR (%) 53 (96.4%) 46 (83.6%) 0.043

TACE: Transcatheter arterial chemoembolization; 3DCRT: 3 dimensional comformal radiation therapy; CR: Complete Response; PR: Partial
Response; SD: Stable Disease; PD: Progressive Disease; ORR: Objective response rate; DCR: Disease Control Rate

>
w
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Figure 1. Comparison of serum AFP, IGF-II, IGFBP-2 levels of patients in the two studied groups. The difference of
pretreatment serum AFP (A), IGF-II (B) and IGFBP-2 (C) levels of patients in TACE+!%*I+3DCRT group and TACE+3DCRT
group had no statistical significance (p=0.172, p=0.299, p=0.6706). After treatment, serum AFP (A), IGF-II (B) and IGFBP-2
(C) levels decreased dramatically in both groups. Posttreatment serum AFP (A), IGF-II (B) and IGFBP-2 (C) levels of
patients in TACE+!?°I+3DCRT group were significantly lower than that of TACE+3DCRT group (p=0.008, p=0.004, p=0.018).
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Table 3. Comparison of adverse reactions of patients in the two studied groups

Parameters Grade I-IV p value Grade III-IV p value
TACE+'?1+3DCRT  TACE+3DCRT TACE+*1+3DCRT TACE+3DCRT

group group group group

n (%) n (%) n (%) n (%)
Anemia 11 (20.0) 7 (12.7) 0.440 0(0) 0(0) 1.000
Thrombocytopenia 19 (34.5) 14 (25.5) 0.406 0 (0) 0 (0) 1.000
Leukopenia 15 (27.3) 12 (21.8) 0.658 2 (3.6) 1(1.8) 1.000
Gastrointestinal reaction 31 (56.4) 26 (47.3) 0.446 7 (12.7) 4 (7.3) 0.527
Fever 25 (45.5) 20 (36.4) 0.438 0(0) 0(0) 1.000
Elevated ALT/AST 19 (34.5) 13 (23.6) 0.294 1(1.8) 0(0) 1.000
Radiodermatitis 5(9.1) 3 (5.5) 0.716 0(0) 0(0) 1.000
Radiation hepatitis 8 (14.5) 6 (10.9) 0.776 0(0) 0(0) 1.000
Radiation gastric ulcer 3 (5.5) 1(1.8) 0.618 0 (0) 0 (0) 1.000

TACE: Transcatheter arterial chemoembolization; 3DCRT: 3 dimensional comformal radiation the

Aspartate aminotransferase.

1 TACE+1251+30CRT group
TACE+JDCRT group

+- TACE*1281+30CRT group-censored
TAGE+3DCRT group-censored

0.8

0.6

0.4

Accumulate survival rate

0.2 L -

0.0
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1 TACE+1251+3DCRT group
TACE+3DCRT group

+ TACE+1251+3DCRT group-censored
TAGE+3DCRT group-censored

000 200 400 6.00 8.00 10.00 12.00 14.00

Months Months
Figure 2. Kaplan-Meier survival curygeS of tudied patients. The overall survival rate (A) and progression free sur-
vival rate (B) of patients in TACE+! CRT p were significantly higher than that of TACE+3DCRT group (p=0.030,

p=0.016).

plished the chemoradi er symptomatic
treatment. The incidencef@te of radiation-related
adverse reactions was not Increased markedly in
TACE+'?’I+3DCRT group compared with that in
TACE+3DCRT group (p>0.05). Puncture-induced
hematoma, ectopic embolism, biliary fistula, radi-
ation pneumonitis, gastrointestinal hemorrhage,
needle track implantation and other severe compli-
cations did not emerge in both groups after opera-
tion. According to the postoperative reexamination,
TACE+'?*T+3DCRT group had 2 cases (3.6%) of mild
migration of seeds, without any discomfort in the
patients. There was no statistically significant dif-
ference in the incidence rate of adverse reactions
between the two groups of patients after chemora-
diotherapy (p>0.05) (Table 3).

Follow-up results of patient survival

All the patients were followed up for 7-36
months, with a median follow-up time of 24.3

JBUON 2020; 25(2): 956

months and 22.6 months, respectively, in the two
groups. Each group had 2 patients lost by the
end of follow-up. The median PFS was 11.1+1.9
months in TACE+!?*I+3DCRT group and 8.9+1.2
months in TACE+3DCRT group, and the median
OS was 22.9+2.4 months and 17.6+2.1 months in
TACE+'%I+3DCRT group and TACE+3DCRT group,
respectively. The Kaplan-Meier survival curves are
shown in Figure 2. The log-rank test indicated that
TACE+'*I+3DCRT group exhibited distinctly long-
er OS and PFS than TACE+3DCRT group, display-
ing statistically significant differences (p=0.030,
p=0.010).

Discussion

Since primary HCC is featured with insidious
onset, only 20-30% of the patients meet the indi-
cations of surgical resection when diagnosed, and
the portal vein is easily invaded, resulting in portal
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hypertension, upper gastrointestinal hemorrhage,
liver failure and even hepatic encephalopathy [8].
TACE has become the preferred interventional
method for primary HCC that cannot be excised
by surgery, and it has relatively ideal short-term
efficacy, kills massive cancer cells, causes tumor
necrosis, notably slows down the tumor growth,
improves the quality of life and prolong the sur-
vival of the patients [9]. Nevertheless, TACE pro-
duces unfavorable therapeutic effects on HCC with
poorly blood supply. With respect to the HCC with
incomplete capsule or diffuse nodules, the efficacy
of TACE is limited because the margins of the le-
sions are clearer as the lesions are supplied by the
portal vein. In addition, the hypoxia induced by the
treatment with TACE can upregulate angiogenic
factors and stimulate residual tumor cells to prolif-
erate continuously [10]. Some HCC lesions receive
extrahepatic arterial blood supply and have abun-
dant intrahepatic blood supply and many collateral
circulations, so merely 20-50% of tumor tissues
present complete necrosis after TACE is repeated
several times, showing unsatisfactory long-term
efficacy. The 1-year survival rate of the patients
complicated with PVTT is only 14.5-20.4% after
treatment with TACE alone [11,12].
HCC is a malignant tumor sensitive to ra

tion. Persistent radiotherapy can not only lead

DNA fragmentation and inhibit mitosis li
eration of tumor cells but also promin

the generation of tumor microvess eSidles, ra-
diotherapy is not affected by the suppty of
tumor [13,14]. Theoretically, t fore, E com-

bined with radiotherapy is a
up the deficiency of TACE damtr
of blood supply and
supply.

3DCRT is a kind of ra erapy where the ra-
diation field is consistent with the tumor shape
at the 3D level on the basis of the CT image data,
whose advantage is to reduce the radiation damage
to surrounding tissues while increasing the radia-
tion dose in the target area, thus enhancing the lo-
cal therapeutic effect in a better way [15,106]. It has
been reported that the effective rate is 44.4-69.7%
at 4-6 weeks after TACE combined with 3DCRT, and
the 1-year survival rate is 41.2-62.4% [17]. When
HCC is treated using '*I radioactive seed implan-
tation, an emerging minimally invasive technique
for tumor, the rays emitted can kill the tumor cells
by producing oxygen free radicals and by destroy-
ing DNA in the nucleus and repressing mitosis at
the same time [18,19]. Considering the short range
of rays with radioactive sources and weak penetra-
tion ability of the technique, tumors can receive a
high dose, while the surrounding normal tissues

are protected due to a low dose. Moreover, the ra-
diation is performed at a persistent low dose, which
is not compromised by respiratory movement and
abdominal visceral migration. Studies have dem-
onstrated that the combination therapy of TACE
and '?°T seed implantation for HCC increases the
complete tumor necrosis rate, effective rate, long-
term survival rate and local control rate evidently,
and its short-term and long-term efficacy is much
better than that of TACE alone [20,21]. However, the
treatment of HCC in the advanced stage with TACE
and ?°T seed implantation combined with 3DCRT
is rarely reported.

According to the results in this research, the
ORR and DCR of the HCC patients in the advanced
stage in TACE+!*I+3DCRT group were obviously
higher than those in TACE+3DCRT group (p=0.029,
p=0.043). AFP, IG IGFBP-2 are important
biomarkers that C diagnosis, prognosis

judgment, e ent and relapse moni-
toring [22 +3DCRT group had mark-
edly lo f serum AFP, IGF-II and IG-
FBP- mpa¥ison with TACE+3DCRT group
a reat t (p=0.008, p=0.004, p=0.018). In

he adverse reactions observed, all of the
nished the treatment, without severe
reactions. No significant increase in the
ence rate of adverse reactions was detected
in TACE+'?°1+3DCRT group compared with that in
ACE+3DCRT group (p>0.05), suggesting that !>
seed implantation does not increase the adverse
reactions, and further illustrating that the combi-
nation of the three therapies is safe and feasible for
the patients. It was shown in the follow-up results
that the OS and PFS in TACE+!?*I+3DCRT group
were distinctly longer than those in TACE+3DCRT
group (p=0.030, p=0.016), implying that ?°I seed
implantation based on TACE and 3DCRT can fur-
ther kill the tumor cells, inhibit the tumor growth,
decrease tumor metastasis or recurrence, extend
the OS and PFS and improve the survival rate of
the patients.

There are still multiple limitations in this
research, such as small sample sizes, incomplete
follow-up contents and no evaluation of impacts
of different treatments on patient’s quality of life.
How to effectively prevent liver injury and how
to determine the radiation volume, total radia-
tion dose and fractionated dose according to fac-
tors such as the size of tumor and the grade of
liver cirrhosis are problems to be solved urgently.
Large-sample multicenter randomized controlled
trials will be conducted in the future to testify the
conclusion of this research, which is expected to
provide more powerful evidence for the selection
of treatment protocols for the patients.
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Conclusions

The treatment scheme of TACE and *°T seed
implantation combined with 3DCRT have the same
efficacy in advanced primary HCC, which can dis-
tinctly increase the ORR and DCR, prominently re-
duce the levels of serum AFP, IGF-II and IGFBP-2
and prolong the survival of the patients with-
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