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Purpose: To investigate the efficacy and safety of CT-guided 125I brachytherapy in the 
treatment of hepatocellular carcinoma (HCC) refractory to conventional transarterial che-
moembolization (TACE).
Methods: Nineteen patients with TACE-refractory HCC treated with CT-guided 
125I brachytherapy between June 2017 and June 2020 at Jiangyin People’s Hospital were enrolled 
in this study. In addition, we used the modified Response Evaluation Criteria in Solid Tumors 
(mRECIST) criteria to evaluate the treatment response after 125I brachytherapy.
Results: Twenty-one tumours were treated with CT-guided 125I brachytherapy in nineteen 
patients. Twelve tumours (57.1%) showed a complete response, and a partial response was 
observed in seven tumours (33.3%). The six-month objective response rate was 90.5% (19/ 
21). The adverse effects of CT-guided 125I brachytherapy were tolerable.
Conclusion: Our preliminary clinical experience demonstrated that CT-guided 
125I brachytherapy was effective and well tolerated for the treatment of TACE-refractory 
HCC, suggesting that CT-guided 125I brachytherapy has the potential to become an effective 
alternative treatment for TACE-refractory HCC.
Keywords: 125I brachytherapy, TACE, refractory, hepatocellular carcinoma

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant tumours 
worldwide.1 Recently, the China National Cancer Center reported that HCC is the 
fourth most common malignancy and the second leading cause of cancer-related 
deaths in China.2 Moreover, China accounts for half of new HCC cases as well as 
HCC-related deaths worldwide.3,4

Transarterial chemoembolization (TACE) is the current standard therapy for unre-
sectable intermediate-stage HCC.5,6 However, some HCC patients receiving repetitive 
TACE showed poor response to this treatment, such as poor tumour response, new 
lesions, extrahepatic metastasis, vascular invasion, or continued elevation of tumour 
markers. The Japan Society of Hepatology (JSH) and the Liver Cancer Study Group of 
Japan (LCSGJ) defined this phenomenon as “refractoriness or failure to TACE”7

For TACE-refractory HCC, continued TACE therapy would result in increased side 
effects, deteriorated liver function, or even reduced survival time.8,9 Therefore, switching 
the treatment modality for TACE-refractory HCC is necessary. Although sorafenib was 
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recommended for the treatment of intermediate-stage HCC 
patients refractory to TACE,10 the main drawbacks of sorafe-
nib, including a relatively low response rate,11,12 a common 
occurrence of drug resistance,13 intolerable adverse reactions14 

(eg, severe hand-foot syndrome, severe diarrhoea, and intract-
able nausea or vomiting) and high drug expense,15 may limit its 
application in the treatment of TACE-refractory HCC. 
Consequently, more alternative treatments with high effective-
ness and safety for TACE-refractory HCC continue to be 
required.

The data from several studies suggested that external beam 
radiotherapy could achieve good efficacy (> 85% local control) 
in treating HCC.16 However, external beam radiotherapy was 
associated with a relatively high occurrence rate (5–50%) of 
radiation-induced liver disease (RILD) related to the high dose 
of radiation.17,18 Iodine-125 (125I) is a radioisotope that emits 
low energy γ-rays and has a half-life of 60 days. The radiation 
diameter of radioactive 125I seeds for tissue is 1.7 cm. 
Theoretically, 125I brachytherapy could induce tumour cell 
apoptosis and spare the surrounding nontumour tissues, thus 
maximizing the antitumour effect and minimizing the side 
effects.19 Previous studies showed that 125I brachytherapy 
yielded good clinical efficacy and safety in patients with hepa-
tic malignant tumours.20–24 However, evidence regarding 
125I brachytherapy for TACE-refractory HCC is still lacking. 
Therefore, we conducted CT-guided 125I brachytherapy on 
seventeen patients with TACE-refractory HCC and evaluated 
the efficacy and safety of this treatment in this study.

Materials and Methods
Patients Refractory to Conventional 
TACE
Between June 2017 and June 2020, 246 patients underwent 
TACE at Jiangyin People’s Hospital. Of those patients, 
nineteen consecutive patients with TACE-refractory HCC 
treated with CT-guided 125I brachytherapy were included in 
this study. A total of twenty-one tumours refractory to 
conventional TACE in the nineteen patients were analysed. 
TACE-refractory HCC (Figures 1A–D and 2A–D) was 
defined as those with more than two consecutive incomplete 
necrosis (lipiodol deposition <50%) (Figures 1E, F and 2E, 
F) on CT and/or MRI which were employed to evaluate 
tumour response to TACE.7 The tumour response 

evaluation with CT and MRI was performed at 1 to 2 
months after conventional TACE.

The Procedure of the Preoperative Plan 
and CT-Guided 125I Brachytherapy
Abdominal CT images were obtained using spiral CT 
(PHILIPS Brilliance CT 64, Philips Healthcare, Netherlands) 
<1 week before the procedure. The DICOM format images 
were then imported into the Prowess treatment planning sys-
tem (TPS) (Prowess Panther TPS, Chico, USA). The planning 
target volume of each tumour was delineated in every slice. 
A dose-volume histogram was generated by the TPS with 
a prescribed matched peripheral dose (MPD) of 130–160 Gy. 
The number of 125I seeds and isodose curves were calculated. 
The dose distribution of the target tumour and risk organs was 
demonstrated. The implantation position and the puncture 
approach were also planned based on the location of the target 
tumour.24 Following the planned positions and the puncture 
approach, an 18G puncture needle was inserted into the tar-
geted tumour under CT guidance, and 125I seeds 
(activity,0.6mCi; manufacturer, Shanghai Xinke 
Pharmaceutical Co., Ltd, China) were implanted into tumour 
tissue in compliance with the plan (Figures 1G and 2G). Repeat 
CT was performed to check for possible complications. The 
image was imported into the TPS to verify the dose distribution 
(Figure 3A and B). Postoperative antibiotics and haemostatics 
were routinely administered for three days.

Assessment of the Therapeutic Effects
The antitumour effect was evaluated by comparing non- 
enhanced CT and dynamic enhanced MRI imaging before 
treatment to imaging 1, 2, 4, and 6 months after the CT- 
guided 125I brachytherapy procedure (Figures 1H, I, K, L and 
2H–L), selective angiography was also performed if necessary 
(Figure 1J). The Modified Response Evaluation Criteria in 
Solid Tumors (mRECIST)25 criteria were employed to evalu-
ate the treatment response of the target tumour (see the 
Appendix).

Statistical Analysis
In this study, normally distributed data are represented by the 
mean ± SD; otherwise, data are represented by the median. 
Categorical variables are represented by frequencies. 
Statistical analyses were conducted with SPSS version 18.0 
software (SPSS Inc., Chicago, IL, USA).
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Results
Patients and Tumour Characteristics
The baseline characteristics of the patients with TACE- 
refractory HCC are shown in Table 1. There were eighteen 
males and one female, aged 43 to 80 years, with a median age 
of 69 years. All nineteen patients had hepatitis B virus infec-
tion. Three patients were at stage A, and sixteen patients were 
at stage B based on the Barcelona Clinic for Liver Cancer 
(BCLC) staging classification. The mean tumour size was 
4.3 cm before 125I brachytherapy. One tumour was of the 
infiltrating type, two were multinodular, and the others were 
of the nodular type. A median of 4 rounds (range, 2 to 8 times) 
of conventional TACE was performed in these patients before 
CT-guided 125I brachytherapy.

Six-Month Tumour Response After 
CT-Guided 125I Brachytherapy
Six months after CT-guided 125I brachytherapy, CR was 
observed in twelve tumours (57.1%), PR was observed in 
seven tumours (33.3%), and SD was observed in two tumours 
(9.5%) (Table 2) according to the mRECIST criteria. The six- 
month objective response rate was 90.5% (19/21), and the six- 
month survival rate was 100% (21/21).

CT-Guided 125I Brachytherapy-Related 
Complications
No serious intraoperative complications, such as massive 
bleeding, intestinal fistula, intestinal bleeding, bile fistula, 
or infection, occurred. CT-guided 125I brachytherapy- 

Figure 1 Images from case 15. Male, 54 years of age, HCC. The lesion is located at S7 with a diameter of 3.3cm. 
Notes: (A) Selective angiography of the common hepatic artery during the second cTACE procedure shows tumor staining (arrow); (B and C) superselective embolization of the 
tumor feeding artery (arrow); (D) selective angiography of the common hepatic artery shows tumor staining disappears after embolization (arrow); (E) follow-up CT scan 2 months after 
thesecond cTCAE shows little lipiodol accumulation within the HCC lesion (arrow); (F) follow-up contrast-enhanced MRI 2 months after thesecond cTCAE shows persistent contrast 
enhancement of the HCC lesion (arrow); (G) 125Ibrachytherapy for TACE-refractory HCC is performed under the guidance of CT (arrow); (H) CT 1 month after 125Ibrachytherapy 
shows HCC lesion is stable (arrow); (I) CT 6 months after 125Ibrachytherapy shows remarkable particles aggregation (arrow); (J) selective angiography of the common hepatic artery 6 
months after 125Ibrachytherapy shows no visible tumor staining (arrow); (Kand L) T2WI and contrast-enhanced MRI 6 months after 125Ibrachytherapy show complete response with 
100% necrosis of the TACE-refractory HCC lesion (arrow). 
Abbreviations: HCC, hepatocellular carcinoma; cTACE, conventional transarterial chemoembolization; CT, computed tomography; MRI, magnetic resonance imaging; 
T2WI, T2-weighted imaging; TACE, transarterial chemoembolization.
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related complications included slight pneumothorax and 
slight perihepatic haemorrhage. Pneumothorax occurred 
in 3 cases, and perihepatic haemorrhage occurred in one 
case (Table 2). All these minor complications were toler-
able, and they were managed conservatively with 
a favourable outcome.

Clinical Courses After CT-Guided 
125I Brachytherapy
The clinical courses after CT-guided 125I brachytherapy 
are listed in Table 3. Four patients died, and fifteen 
patients survived to the end of the follow-up. Seven 

patients eventually suffered disease progression, and 
the median time to progression was 264 days. After 
125I brachytherapy, additional treatments such as 
TACE, TIPSS, or sorafenib were given as necessary.

Discussion
TACE has been recommended as the standard therapy 
for unresectable intermediate and advanced liver can-
cer. However, for patients with TACE-refractory HCC, 
continuous TACE damages liver function and even 
shortens the life of the patients; therefore, effective 
treatment for TACE-refractory HCC is necessary.

Figure 2 Images from case 12. Male, 72 years of age, HCC. The lesion is located at S8 with a diameter of 4.0 cm. 
Notes: (A) Selective angiography of the celiac trunk during the fourth cTACE procedure shows tumor staining (arrow); (Band C) selection of feeding arteries and embolization 
(arrow); (D) selective angiography of the common hepatic artery shows tumor staining disappears after embolization (arrow); (E) follow-up CT scan 2 months after the fourth 
cTACE shows asmall amount of lipiodol accumulation within the HCC lesion (arrow); (F) follow-up contrast-enhanced MRI 2 months after the fourth cTACE shows persistent 
contrast enhancement of the HCC lesion (arrow); (G) 125I brachytherapy for TACE-refractory HCC is performed under the guidance of CT (arrow); (H) follow-up contrast- 
enhanced MRI 1 month after 125I brachytherapy shows HCC lesion is stable (arrow); (I) follow-up CT 4 months after 125Ibrachytherapy shows particles aggregation (arrow); (J) 
follow-up contrast-enhanced MRI 4 months after 125Ibrachytherapy shows partial response of the HCC lesion (arrow); (K) follow-up CT 6 months after 125Ibrachytherapy shows 
marked particles aggregation (arrow); (L) follow-up contrast-enhanced MRI 6 months after 125Ibrachytherapy shows partial response of the TACE-refractory HCC lesion (arrow). 
Abbreviations: HCC, hepatocellular carcinoma; cTACE, conventional transarterial chemoembolization; CT, computed tomography; MRI, magnetic resonance imaging; 
TACE, transarterial chemoembolization.
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Currently, the exact mechanism of TACE-refractory 
HCC is still not clear, and several possible explanations 
may be responsible for the occurrence of TACE-refractory 
HCC. First, HCC has a dual blood supply. The blood 
supply to the central area of the HCC is mainly from the 
hepatic artery, while the blood supply to the peripheral 
area is mainly from the portal vein. TACE could stop the 
blood supply to the central area of the tumour, thus leading 
to ischemic necrosis. However, the blood supply to the 
marginal area of the tumour is less affected by TACE, so 
residual cancer cells could lead to HCC recurrence.9 

Second, lipiodol deposited in the tumour after TACE 
may be washed out by the blood flow or engulfed by 
Kupffer cells in the liver,26 which may affect the tumour 
response. Third, the acquisition of resistance to che-
motherapeutic drugs after repeated TACE could also lead 
to TACE refractoriness.27 Fourth, the tumour tissue was in 
a state of ischemia and hypoxia after repeated TACE, 
which could upregulate VEGF expression and promote 
angiogenesis and revascularization, leading to tumour 
recurrence and metastasis.28,29 In addition, the HGF/ 
c-Met signalling pathway plays an important role in 
tumour cell infiltration and metastasis, ischemia, and 
hypoxia after repeated TACE and can upregulate the 
expression of c-Met in HCC, resulting in tumour resis-
tance and metastasis.30

HCC is sensitive to radiation, and previous studies 
have demonstrated that external beam radiotherapy with 
an effective dose (>60 Gy) could achieve a complete 
response in HCC.31,32 However, the maximum tolerated 
dose of normal liver tissue was 30 Gy;33 therefore, exter-
nal beam radiotherapy for HCC was limited by radiation- 
induced liver injury. The 125I seeds (diameter 0.8 mm, 
length 4.5 mm) could emit continuous low-doseγ-rays 
(27.4–35.5 keV) with an effective tissue penetration of 
17 mm. It was previously believed that γ-rays could 
cause unrepairable damage to cancer cells by damaging 
DNA (DNA double-strand breaks, single-strand breaks, 
and free radical damage).23 Recently, 125I brachytherapy 
was used to treat HCC with promising therapeutic effects.

Compared with external beam radiotherapy, 
125I brachytherapy has several physical and biological 
advantages. The effective tissue penetration of 125I seeds 
was approximately 1.7 cm, and its effective radiation was 
mainly focused on the targeted tumour area, with minimal 
effects on normal liver tissue.21 In one session of external 
beam radiotherapy, only cancer cells in the sensitive phase 
(M phase and G2 phase) of the tumour cell cycle could be 
easily killed, whereas cancer cells in the non-sensitive 
phase (S phase) of the tumour cell cycle had resistance 
to radiation. However, the γ-rays released by 125I seeds 
could continue irradiating tumours for up to 200 days. 

Figure 3 Dose verification images from case 12. Male, 72 years of age, HCC. The lesion is located at S8 with a diameter of 4.0 cm. 
Notes: (A) Postoperative verified prescription isodose curve (145 Gy) (yellow line) is in good agreement with the clinical target volume (red line) (arrow); (B) relatively 
good agreement between preoperative DVH (dotted line) and postoperative DVH (solid line) is observed. 
Abbreviations: HCC, hepatocellular carcinoma; DVH, dose volume histogram.
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During this period, the ratio of cells in the sensitive and 
non-sensitive phases of the cell cycle became redistribu-
ted, thereby increasing the total radiation dose of tumour 
cells in the sensitive phase, which would help to improve 
the killing effect of radiation on tumour cells.19 Moreover, 
although the dose rate of brachytherapy with 125I seeds 
was lower than that of external beam radiotherapy, con-
tinuous low-dose γ-rays could cause significant damage to 
cancer cells because of the cumulative effects of radiation. 
It was reported that the accumulated dose within the local 
tissue during the half-life of 125I could reach up to 
120–160 Gy, which could cause devastating damage to 
the tumour in the target area.34 In the present study, the 

matched peripheral dose of the patients who received 
brachytherapy was 130–160 Gy, which may play an 
important role in the effective treatment of TACE- 
refractory HCC.

In the present study, for CT-guided 125I brachytherapy 
in treating TACE-refractory HCC, the six-month objective 
response rate was 90.5% (19/21), and the six-month sur-
vival rate was 100% (21/21), which suggested that 
125I brachytherapy had satisfactory mid-term effects in 
controlling TACE-refractory HCC. These promising 
results may be explained by several possible reasons. 
The cancer cells in the marginal area of the HCC mainly 
supplied by the portal vein were still active after TACE, 
whereas the γ-rays released by 125I seeds could kill these 
cancer cells and achieve an effective tumour response. In 
addition, patients with TACE-refractory HCC underwent 
multiple TACE procedures; therefore, liver cancer cells 
were often in a hypoxic state. Recent evidence showed 
that 125I seeds had a low dose rate and low oxygen 
enhancement ratio, which could partially overcome the 
resistance of hypoxic tumour cells to radiation and 
increase the sensitivity of γ-rays to hypoxic tumour 
cells.35 This effect may also be a possible mechanism by 
which 125I seeds treat TACE-refractory HCC.

Moreover, hypoxia could induce increased expression 
of VEGF in HCC, and VEGF was a specific growth factor 
for vascular endothelial cells and could promote tumour 
angiogenesis. Vascular endothelial cells have active pro-
liferation capacity and high sensitivity to radiation.36 

Several studies reported that the radiation released by 
125I seeds could damage vascular endothelial cells and 
inhibit the expression of VEGF in tumour tissue, thus 
inhibiting tumour neovascularization to prevent tumour 
growth.37 We speculated this may be another possible 
explanation for 125I seeds to treat TACE-refractory HCC.

During the procedure of CT-guided 125I brachytherapy, 
the vital blood vessels and organs around the tumour could be 
clearly displayed under CT guidance, which could help clin-
icians better control the direction and depth of the implanted 
needle and reduce the risk of damage to the intestines, 
important blood vessels or the bile duct. In the present 
study, no major intraoperative complications, such as intest-
inal fistula, intestinal bleeding, massive bleeding, bile fistula, 
or infection, occurred; however, some minor complications 
occurred. One patient had slight perihepatic haemorrhage 
during the procedure, which was associated with damage to 
intrahepatic small blood vessels. Slight pneumothorax 
occurred in 3 patients during the procedure, which was 

Table 1 Baseline Characteristics of HCC Patients Refractory to 
Conventional TACE

Characteristics Value

Sex

Men 18

Woman 1

Median age, year 69(43–80)

Etiology

HBV infection 19
Other factor 0

BCLC staging classification
A 3

B 16

C 0

Median AFP, ng/mL 228.2(3.5–3526)

Mean size of tumour, cm 4.3(1.5–11.9)

Total no. of tumour 21

Target tumour location

Left lobe
S2 1

S3 3

S4 4
Right lobe

S5 1

S6 2
S7 3

S8 4

S5–6 1
S5–8 2

No. of previous TACE, median 4

Note: Data are presented as number or median (range). 
Abbreviations: AFP, alpha-fetoprotein; BCLC staging classification, Barcelona 
Clinic Liver Cancer staging classification; HBV, hepatitis B virus; TACE, transarterial 
chemoembolization.
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caused by the puncture path through the chest cavity. These 
minor complications were all relieved after conservative 
treatment. These findings in the present study were similar 
to those reported by previous researchers,19,38 suggesting that 
CT-guided 125I brachytherapy was a safe and tolerable treat-
ment for TACE-refractory HCC.

The present study had several limitations. First, the rela-
tively small sample size and the relatively short follow-up 
enabled us to draw only preliminary conclusions concerning 
the potential value of CT-guided 125I brachytherapy for 
TACE-refractory HCC. Further studies with larger sample 
sizes and longer follow-up periods are needed to confirm 
these preliminary findings. Second, although the results were 
encouraging, the results of this study were compromised by 
its retrospective nature and single-arm design. Third, the 
half-life of iodine-125 was 60 days, and as time extended, 

the radioactivity of iodine-125 gradually decreased, which 
may gradually diminish the inhibition of tumour cells. 
Therefore,to obtain better efficacy for TACE-refractory 
HCC, repeated CT-guided 125I brachytherapy or other com-
bined therapies may be necessary. Fourth, because of the 
relatively short application time of 125I brachytherapy in the 
treatment of HCC and HCC having its own tumour charac-
teristics, there is currently no standard treatment for 
125I brachytherapy in treating HCC, and further research 
and exploration are still needed.

In conclusion, our preliminary practice demonstrated 
that CT-guided 125I brachytherapy was effective and well 
tolerated for the treatment of TACE-refractory HCC, sug-
gesting that CT-guided 125I brachytherapy has the potential 
to become an effective alternative treatment for TACE- 
refractory HCC.

Table 3 Clinical Courses After CT-Guided 125I Brachytherapy

Patient No. Overall Response Survival Status Overall Survival, Day Time to Progression, Day Additional Treatment

1 PD Dead 328 212 TACE×1

2 PD Dead 707 305 None

3 PD Alive 822 623 TACE×1

4 PD Dead 291 61 Sorafenib

5 PD Dead 151 92 TACE×2

6 CR Alive 623 NE None

7 PR Alive 602 NE TACE×2

8 PR Alive 588 NE TACE×2

9 CR Alive 511 NE None

10 CR Alive 500 NE None

11 PD Alive 479 358 TACE×1,TIPSS×1

12 PR Alive 460 NE TACE×1

13 PR Alive 441 NE TACE×1

14 PD Alive 350 264 None

15 CR Alive 403 NE None

16 CR Alive 339 NE None

17 CR Alive 327 NE None

18 PR Alive 297 NE None

19 CR Alive 262 NE None

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; TACE, transarterial chemoembolization; TIPSS, transjugular intrahepatic portosys-
temic stent-shunt; NE, not evaluable.
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Research Involving Human 
Participants and/or Animals
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of 
the Jiangying Hospital Research committee and with the 
1964 Helsinki declaration and its later amendments or 
comparable ethical standards. This study was approved 
by the Medical Ethics Committee of Jiangyin People’s 
Hospital.

Informed Consent
This study was a retrospective study. During the follow- 
up, some patients have died, we were unable to obtain the 
informed consent of these patients. Therefore, the patient’s 
informed consent was not required by the ethics committee 
of our hospital. Patient confidentiality was maintained by 
anonymizing patient data to remove any identifying 
information.
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