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Background and Objectives: Trans-arterial chemoembolization (TACE) combined with 125I seed implantation is an effective 
treatment modality for hepatocellular carcinoma (HCC) with a portal vein tumor thrombus (PVTT). However, there are no reports on 
the effectiveness of radiofrequency ablation (RFA) after downstaging in such patients. This study aimed to investigate the efficacy and 
safety of TACE in combination with 125I seed implantation and RFA for the treatment of HCC complicated by PVTT.
Methods: 49 patients diagnosed with HCC with PVTT between February 2015 and December 2016 were included. All patients were 
clinically or pathologically diagnosed with advanced HCC, intrahepatic lesions ≤3, and a single tumor diameter ≤70 mm, total 
diameter ≤100 mm. PVTT was limited to the unilateral portal vein branches. All the patients were treated with TACE combined with 
PVTT 125I seed implantation. The size and activity of intrahepatic lesions and PVTT were evaluated using enhanced magnetic 
resonance imaging 3 months after treatment, and other indicators were combined to determine the success of downstaging.
Results: A total of 31 patients were successfully downstaged, while 18 patients did not achieve downstaging owing to the progression 
of intrahepatic lesions or PVTT activity/progression, the success rate of the downstaging was 63.27%. All 31 patients with successful 
downstaging underwent RFA for intrahepatic lesions. The 1-, 2-, and 3-year survival rates were 90.3%, 80.6%, and 48.4%, 
respectively. The median overall survival was 36 months (95% CI: 24.7–47.3).
Conclusion: 125I seed implantation in combination with TACE can effectively inactivate PVTT and achieve downstaging. 
Furthermore, the addition of RFA can significantly improve patient survival.
Keywords: hepatocellular carcinoma, portal vein tumor thrombus, 125I seed, transcatheter arterial chemoembolization, downstaging 
treatment

Introduction
Approximately 44.0–62.2% of hepatocellular carcinomas have severe vascular invasion, mainly in the form of portal vein 
tumor thrombus.1,2 Once portal vein tumor thrombus (PVTT) occurs in hepatocellular carcinoma (HCC) patients, 
intrahepatic and extrahepatic metastases, portal hypertension, jaundice, and ascites can occur within a short period of 
time, and the median overall survival (OS) time is only 2.7 months.3 Systemic therapy is generally recommended for 
patients with HCC complicated by PVTT. However, some studies have shown that trans-arterial chemoembolization 
(TACE) combined with PVTT 125I seed implantation can improve the overall survival of such HCC patients.4,5 

Downstaging therapy is defined as a treatment strategy for reducing the tumor load for radical treatment and risk 
reduction or tumor downstaging after resection/ablation so that the patient can have better survival benefits from other 
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treatments.6 Multiple surgical resections are performed after successful downstaging of HCC. Local ablation is also 
a potential treatment, with the advantages of being cost-effective and minimally invasive.7,8

A previous study demonstrated that patients who underwent RFA after TACE downstaging had comparable long-term 
survival and major complication rates to those who initially met the Milan criteria.9 However, downstaging strategies for 
patients with HCC and PVTT have varied and include radiotherapy, systemic therapy, and multimodal therapies. Further, 
there are disadvantages such as a low downstaging rate and large side effects.10–12 125I seed implantation can effectively 
inactivate tumor thrombus in the portal vein branches and achieve downstaging.

Materials and Methods
Study Design and Patients
This retrospective study was approved by the Research Ethics Committee of the Affiliated Cancer Hospital of Zhengzhou 
University (IRB number: 2016ct005) and complied with the ethical guidelines of the World Medical Association 
Declaration of Helsinki. Written informed consent was obtained from all patients before undergoing TACE combined 
with PVTT 125I seed implantation and RFA.

The subjects were patients who were diagnosed with HCC with PVTT and who received TACE combined with PVTT 
125I seed implantation between February 2015 and December 2016. HCC was diagnosed according to the European 
Association for the Study of Liver Diseases/American Association for the Study of Liver Diseases guidelines. The 
inclusion criteria were as follows: (1) Child-Pugh grade A; (2) Eastern Cooperative Oncology Group physical status 
activity score ≤ 1 point; (3) ≤ 3 intrahepatic lesions, and the largest single tumor diameter ≤ 70 mm, total diameter 
≤100 mm; (4) the portal vein tumor thrombus was limited to the left or right branch of the portal vein; (5) no history of 
anti-tumor therapy such as surgery, radiotherapy, and systemic therapy; and (6) unwillingness to use or could not afford 
targeted drug treatment. The patient selection flowchart is shown in Figure 1.

Figure 1 Patient selection flowchart.
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Protocol for TACE Combined with 125I Seed Implantation
TACE was performed as we previously described.5,13 Briefly, femoral artery puncture was performed using the 
modified Seldinger method. A 5F RH catheter (Terumo, Japan) was inserted to the common hepatic artery under 
guidewire guidance for arteriography to determine the location of the tumor and the feeding artery. Superselective 
arterial cannulation was performed to enter the blood supply branch of the tumor. Doxorubicin (50–70 mg, 
Zhejiang Hisun Pharmaceutical Co., Ltd., China) and lipiodol (5–20 mL, Guerbet, France) were used according 
to the patient’s liver function, tumor size, and body surface area. The mixture was slowly injected for arterial 
chemoembolization. For donors with residual blood after lipiodol emulsion embolization, gelatin sponge particles 
(diameter 500–700 µm, Hangzhou Ailikang Pharmaceutical Technology Co., Ltd., China) were added to supple-
ment the embolization. The endpoint of embolization was stagnation of blood flow in the arterial blood supply to 
the tumor.

PVTT 125I seed implantation was immediately performed 3–7 days after TACE if the patient’s liver function reached 
Child-Pugh grade A and there was no contraindication to the implantation. Planning was performed based on preopera-
tive computed tomography (CT) imaging findings, using a treatment planning system (TPS) (Beijing Kelinzhong Institute 
of Medical Technology, China). To number of particles required was determined based on the total dose, location of the 
implanted particles, and the puncture route. Percutaneous PVTT puncture was performed using a special puncture needle 
for seeds, and radioactive 125I seeds were implanted individually according to the preoperative TPS plan. Post-seed 
implantation was assessed using TPS, and 125I seed reseeding was performed if the radiation dose distribution was 
insufficient.

Imaging Evaluation of HCC and PVTT
Follow-up imaging examinations were performed every 4–6 weeks after TACE, mainly with a multiphase plain scan of 
the upper abdomen and dynamic contrast-enhanced magnetic resonance imaging (MRI). Alpha-fetoprotein levels were 
measured and liver function tests were performed concurrently. TACE was repeated if contrast-enhanced MRI revealed 
recurrence or residual active disease in the liver. Reseeding with PVTT 125I seeds was performed if imaging studies 
within 3 months showed PVTT activity.

Downstaging Standard
The criteria for successful downstaging included: (1) liver function and general condition of the patient, defined as Child- 
Pugh grade A and Eastern Cooperative Oncology Group Performance Status score ≤ 1, (2) PVTT downstaging, defined 
as loss of PVTT activity on enhanced MRI on follow-up; and (3) post treatment reduction of intrahepatic lesions. 
Persistent PVTT activity or progression on 3-month post treatment imaging was judged as downstaging failure.

Radiofrequency Ablation
RFA was immediately performed after downstaging was confirmed. The tumor ablation criteria were set as follows 
according to the modified Response Evaluation Criteria in Solid Tumors: a single lesion (active part) with a diameter of 
≤5 cm or 2–3 lesions with the largest diameter (active part) ≤3 cm. Treatment plans were generated based on CT images 
obtained after general anesthesia and preoperative MR images. For lesions with diameters <40 mm and 40–50 mm, 
a single needle and overlapping needles were used for treatment, respectively. A RITA cluster needle (100–150 mm in 
length, 20–50 mm in diameter at the ablation end) was used to puncture the target. RFA was performed after confirming 
that the sub needle was not in a visible venous vessel or a dilated bile duct. The temperature was 85–105°C; rated power, 
150–200 W; and duration, 5–15 min.14

The temperature of the sub-needle adjacent to the blood vessel was observed. If the temperature cannot be raised, it 
was considered as that the sub-needle part entered the blood vessel or bile duct. The needle insertion depth and angle was 
accordingly closed and adjusted. Needle tract ablation was performed prior to needle extraction to prevent needle tract 
implantation. The ablation scope covered at least 10 mm of the paracancerous tissue to obtain a “safe edge” and to 
completely eliminate the lesion. For tumors with unclear boundaries and irregular shapes, the ablation range was 
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appropriately expanded if the adjacent liver tissue and structural conditions permitted. If a residual contrast-enhancing 
tumor appeared on follow-up CT imaging, additional RFA was performed immediately.

Follow-Up and Post-Ablation Evaluation
Dynamic contrast-enhanced MRI was performed 1 month after the first ablation to evaluate the effect of ablation. RFA 
was then repeated in patients with residual target lesions after the first RFA. If there was still a tumor (target lesion) 
after two ablations, it was defined as incomplete ablation and treated according to routine practice. For patients with 
multiple target lesions, the lesion with the worst therapeutic effect was used for the final evaluation. Patients were 
followed-up every 3 months after the first follow-up visit and every 6 months thereafter following institutional 
guidelines. The effects of target lesion ablation were divided into complete and incomplete ablations.11 Complete 
ablation referred to a dynamic contrast-enhanced MRI scan, with no enhancement in the arterial phase of the 
intrahepatic ablation lesion, indicating complete necrosis of the tumor. Incomplete ablation referred to local enhance-
ment of intrahepatic ablation lesions in the arterial phase, suggesting a residual tumor. The complete ablation rate of 
target lesions was determined as the number of target lesions completely ablated/total number of target lesions × 
100%. OS was defined as the interval between the date of initiation of combination therapy and the date of death. 
Adverse events were defined as complications that occurred within 30 days postoperatively as well as other potentially 
treatment-related complications observed during follow-up.

Statistical Analysis
Categorical variables were expressed as percentages and analyzed using the chi-square test, while continuous variables 
were expressed as the mean ± standard deviation and analyzed using the Student’s t-test. Kaplan-Meier analysis was used 
to determine the survival rate at each time point, and the 1-, 2-, and 3-year survival rates and median OS were calculated. 
All statistical analyses were performed using the SPSS software (version 13.0; SPSS. Inc., Chicago, IL, USA). P<0.05 
was considered statistically significant.

Result
Baseline Characteristics
A total of 31 patients (63.27%) were successfully downstaged, while 18 patients (36.73%) did not achieve downstaging. 
The baseline patient characteristics are shown in Table 1. Compared with failed downstaging group, the successful 
downstaging group had fewer intrahepatic lesions (P=0.008) and lower alpha-fetoprotein levels (P=0.007). The other 
independent variables were not significantly different between the two groups.

Table 1 Comparison of Baseline Characteristics Between the Success and Failed Downstaging Groups

Characteristics Level Successful Downstaging Group Failed Downstaging Group P values
(n=31) (n=18)

Sex Male 25 (80.6%) 15 (83.3%) 1.000
Female 6 (19.4%) 3 (16.7%)

Age, years 54.94 ± 10.28 54.17 ± 7.79 0.785

ECOG Score 0 13 (41.9%) 7 (38.9%) 0.834
1 18 (58.1%) 11 (61.1%)

Cause of HCC HBV with cirrhosis 24 (77.4%) 14 (77.8%) 1.000

Simple HBV infection 4 (12.9%) 3 (16.7%)
Other 3 (9.7%) 1 (5.5%)

Number of tumors 1.26 ± 0.51 1.78 ± 0.81 0.008

Maximum tumor diameter (mm) 56.26 ±8.26 57.78 ± 8.56 0.543
Total tumor diameter (mm) 62.10 ±13.87) 70.78 (17.69) 0.063

(Continued)
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Downstaging
The mean number of TACE treatments for intrahepatic lesions was 2.48 (range, 1–6). The average number of seed implants 
was 1.10 (range, 1–2). The mean interval between the first TACE treatment and RFA was 3.8 months (range, 3.0–6.8 months). 
Before TACE, the mean number of lesions was 1.26 (range, 1–3), the mean largest tumor diameter was 5.63 cm (range, 3.5– 
6.8 cm), and the mean total tumor diameter was 6.21 cm (range, 3.5–9.8 cm). After downstaging, the mean number of lesions 
was 1.23 (range, 1–3 lesions), the mean largest tumor diameter was 2.76 cm (range, 1.0–4.9 cm), and the mean total tumor 
diameter was 3.06 cm (range, 1.0–6.0 cm). There was no significant difference in the number of intrahepatic tumors before and 
after downstaging (P=0.325), but the mean maximum and total diameters were significantly different (P<0.10). After 
downstaging treatment, none of the 31 patients in the successful downstaging group showed PVTT activity. Among the 18 
patients in failed downstaging group, 3 patients had enlarged intrahepatic lesions, 15 patients had PVTT progression or 
activity, and most patients (12/15) had intrahepatic sub-foci.

Technical Success Rate and Curative Effect of RFA
There were 38 hepatic lesions in the successful downstaging group. All 31 patients underwent CT-guided RFA, and the 
technical success rate was 100%. The 1- and 6-month complete ablation rate of intrahepatic tumors was 94.74% (36/38) and 
84.21% (32/38), respectively. Six patients did not achieve complete ablation; 2 patients did not achieve complete ablation at 
the first RFA, 1 patient underwent secondary ablation, and 3 patients underwent TACE (Table 2). Based on the results of 
ablation treatment within 6 months, patients were divided into an complete ablation and incomplete ablation group. Baseline 
information of patients in both groups is shown in Table 3. Compared with patients in the complete ablation group, most of the 
lesions in the incomplete ablation group were adjacent to large vessels/gallbladder (P=0.013), and the proportion of 
APF≥400ng/m was higher (P=0.026). During the follow-up period, 10 patients (32.26%) developed intrahepatic recurrences. 
4 patients continued conventional TACE therapy for a large intrahepatic recurrence or due to refusal of ablation therapy. In 

Table 2 Treatment of RFA Within 6 Months in Patients in the Successful 
Downstaging Group

Parameter 1-Month Follow-Up 6-Month Follow-Up

Technical success rate 100%

Complete ablation rate 94.74% (36/38) 84.21% (32/38)
Treatment after progression

Secondary RFA 2 3

TACE 0 3
Condition assessment

Stable condition 36 32

Disease progression 2 6
Death 0 0

Table 1 (Continued). 

Characteristics Level Successful Downstaging Group Failed Downstaging Group P values
(n=31) (n=18)

AFP (ng/mL) <400 24 (77.4%) 7 (38.9%) 0.007
≥400 7 (22.6%) 11 (61.1%)

TBL (g/L) 18.76 ± 7.96 17.41 ± 5.87 0.535

ALB (μmol/L) 38.22 ± 4.48 39.11 ± 4.68 0.510
ALT (U/L) 31.64 ± 16.98 31.06 ± 16.93 0.908

Cr (μmol/L) 60.68 ± 9.81 59.11 ± 8.71 0.578

PT (s) 12.78 ± 1.25 11.99 ± 3.00 0.202

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein; TBL, total bilirubin; ALB, albumin; PT, prothrombin time; ALT, aspartate 
aminotransferase; Cr, creatinine; PT, prothrombin time.
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total, 6 patients met the ablation criteria and underwent a total of 10 ablation treatments. Contrast-enhanced MRI showed that 4 
patients had PVTT activity again, and a total of 4 seed implantations were performed. Figure 2 shows the imaging during 
treatment of a representative case patient.

Survival Analysis
The follow-up period ranged from 8 months to 69 months and was terminated on May 2020. In the successful downstaging 
group, the 1-, 2-, and 3-year survival rates were 90.3% (28/31), 80.6% (25/31), and 48.4% (15/31), respectively. And the 
median OS was 36.0 months (95% CI: 24.7–47.3) (Figure 3A). The median recurrence free survival (RFS) was 17.4 months 
(95% CI:12.41–22.40) (Figure 3B). The mOS of patients in the complete ablation and incomplete ablation groups was 37.20 
months (95% CI: 20.60–53.80) and 18.00 months (95% CI: 10.32–25.68), respectively (Figure 3C), with a statistically 
significant difference (P=0.042). The main cause of death was intrahepatic progression, accounting for 67.7% (21/31) of all 
deaths, followed by gastrointestinal bleeding in 19.35% (6/31) and liver failure in 6.45% (2/31).

Adverse Reactions
Most patients (40/49) had mild TACE-related adverse reactions, including a transient increase in postoperative bilirubin 
levels, and the symptoms were relieved after symptomatic treatment. The main adverse reaction related to 125I seed 
implantation was particle displacement. After immediate postoperative TPS verification, there were 3 patients who had 
insufficient radiation dose distribution due to particle displacement, and seed re-implantation was performed later. Five 
patients had slight subcapsular liver hemorrhage due to puncture, and the bleeding stopped after drug hemostasis was 
achieved. Ablation-related adverse reactions included fever and subcapsular hemorrhage, which were cured after 
symptomatic and supportive treatment. No serious adverse reactions, such as surgery-related death, occurred in any 
patient within 30 days postoperatively (Table 4).

Discussion
TACE combined with PVTT 125I seed implantation can downstage HCC patients with portal vein branch invasion. In 
addition, RFA after successful downstaging enabled radical cure or longer survival, with a median OS of 36.0 months.

In a study of the long-term results of RFA after TACE downstaging,9 the estimated OS rates for patients in the 
downstaging group were 99%, 80%, and 66% at 1, 3, and 5 years, respectively. These results were better than those of the 
current study. However, the study did not include patients with PVTT, and thus, the risk of portal hypertension and 
intrahepatic spread would be lower, which would affect the long-term survival. Meanwhile, the 1- and 2-year survival 
rates in this study were comparable (90.3% and 80.6%, respectively), while, the 3-year survival rate was significantly 
lower (48.4%). Further, the HCC patients with PVTT had poor long-term survival. In another case series combining 

Table 3 Baseline Information on Different Ablation Outcomes in Patients with the Successful Downstaging Group

Characteristics Level Complete Ablation Group Incomplete Ablation Group P values
(n=25) (n=6)

Number of tumors 1.28 (1–2) 1 (1–1) 0.309

Maximum tumor diameter (mm) 27.76 ± 10.77 26.8 ± 10.24 0.850

Total tumor diameter (mm) 31.52 ±15.78 26.8 ± 10.24 0.497
Proximity to large blood vessels/gallbladder Have 6 (24.0%) 5 (83.3%) 0.013

None 19 (76.0%) 1 (16.7%)

AFP (ng/mL) <400 21 (84.0%) 2 (33.3%) 0.026
≥400 4 (16.0%) 4 (66.7%)

TBL (g/L) 15.05 ± 5.07 15.00 ± 5.76 0.984

ALB (μmol/L) 40.34 ± 5.88 37.67 ± 7.46 0.348
ALT (U/L) 24.68 ± 8.11 24.67 ± 4.55 0.997

Cr (μmol/L) 54.80 ± 9.08 49.83 ± 8.30 0.232

PT (s) 12.40 ± 1.25 12.27 ± 0.90 0.814
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sorafenib, camrelizumab, TACE, and stereotactic radiation therapy as a downstaging strategy for advanced HCC with 
PVTT,15 the 1-year OS rate was 83.3%, lower than the 90.3% in this study. This may be related to the inclusion of only 
unilateral branch portal vein tumor thrombus in the current study. However, the median OS in this case series was not 

Figure 2 Images representing case patients. 
Notes: A and B: Liver S7 showed a mass of approximately 44×78 mm in size, fifilling the defect with mild enhancement in the right portal vein, and the diagnosis was 
consistent with HCC with tumor thrombus formation in the right portal vein. C: The patient was placed in the prone position, and 125I seeds were implanted in the right 
portal vein tumor thrombus under CT guidance. : MRI at 3 months after two TACE treatments showed that the portal vein tumor thrombus was signifificantly reduced 
without enhancement, indicating that the tumor thrombus had no activity. E: Liver S7 showed local enhancement at the edge of the lesion, and it was considered that there 
was activity. F: The patient was placed in the prone position, and the active part of the tumor was treated with CT-guided radiofrequency ablation. G and H: At 3 months 
postoperatively, MR examination showed inactive portal vein tumor thrombus activity, also no enhancement of liver S7 mass. No activity was considered. Overall evaluation 
was complete response (modified Response Evaluation Criteria In Solid Tumors), and the patient was successfully downstaged.

Figure 3 Kaplan-Meier curves for OS (A) and RFS (B) in patients with successful downstaging. Kaplan-Meier curves for OS (C) in patients with complete ablation and 
incomplete ablation.
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reached. Previous downstaging studies for unresectable HCC patients are all based on TACE therapy, but TACE alone 
has limited benefits in HCC patients with PVTT.16 125I seed implantation, as an internal brachytherapy method,17 has 
a good effect on PVTT and is a potential downstaging treatment method.

According to literature reports,18 the treatment of liver cancer can be considered to maximize the function of the 
remaining liver while fully treating the tumor lesions, which achieves a balance between the two. The appearance of 
PVTT is an additional burden for patients with HCC. Blockage of the portal vein reduces the blood supply to the liver. In 
the current study, the patients who were successfully downstaged may have had liver function damage from the repeated 
TACE treatment. However, PVTT 125I seed implantation led to PVTT shrinkage, and the portal vein blocked by the 
tumor thrombus was recanalized or partially recanalized. This increased blood perfusion in the liver and effectively 
recovered liver function. A prospective study in China reported that effective treatment of PVTT can restore liver 
function to a certain extent,5 thus providing patients with more opportunities for treatment and reducing mortality from 
liver decompensation.

Effective PVTT control can enable early RFA treatment, ultimately leading to long-term survival. This strategy can be 
described as sequential TACE combined with RFA. TACE treatment can effectively reduce the blood supply to the tumor. 
RFA enhances the efficacy of ablation by reducing the loss of drugs or heat due to the blood flow during treatment. RFA 
also causes apoptosis of the remaining tumor cells in or around the lipiodol deposition area. Thus, these two modalities 
have a synergistic effect to significantly increase the complete necrosis rate of the targeted lesions, thereby further 
improving the therapeutic effect in liver cancer.19 Previous studies have suggested that TACE combined with RFA is 
superior to RFA alone, especially for the treatment of HCC patients with medium and large liver tumors.20 Therefore, 
TACE followed by RFA has the potential to expand indications for ablation.

However, even after PVTT was effectively controlled, the 3-year survival rate of patients in this study was still low. 
The main causes of death were tumor recurrence and metastasis. The criterion for successful downstaging in the current 
study was essentially the radiographic response, which has certain limitations. Even if the PVTT is radiographically 
inactive, it does not guarantee the absence of residual cancer cells. Once portal blood flow is restored in the presence of 
activity, residual cancer cells may enter the liver, resulting in new sub-foci in the liver. In this study, the 3-year survival 
rate was low, and new sub-foci continued to appear in the liver. This may be related to the aforementioned reasons. In 
addition, liver metastasis of colorectal cancer has been reported.21 More than 50% of lesions recur on follow-up, even in 

Table 4 Treatment Complications

Complications Before Downstaging Treatment After Downstaging Treatment
N=49 N=31

Minor complications 81.6% (40/49) 83.9 (26/31)

Pain requiring no treatment 17 10

Non-infective fever 6 7
Nausea and vomiting 5 3

Transient increase in bilirubin levels 2 1

Pneumothorax 2 0
Pleural fluid effusion 0 0

Peritoneal fluid effusion 0 0

Subcapsular liver hemorrhage 5 5
125I seed displacement 3 0

Major complications 20.4% (10/49) 19.4% (6/31)

Pain requiring treatment 6 2
Infection 2 2

Hydropneumothorax requiring drainage 2 1

Intra-abdominal bleeding 0 1
Biliary fistula requiring drainage 0 0

Death 0 0
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those that disappear on imaging after chemotherapy (complete radiographic response). Therefore, combination systemic 
therapy (eg, targeted therapy or immunotherapy) is recommended22,23 to not only improve the success of downstaging, 
but also to inhibit or delay postoperative recurrence. This will be the focus of our next research.

Our study had some limitations. First, this was a retrospective study with a small sample size, and patient selection 
depended on physician experience. Thus, data bias could not be avoided. The results should be verified in prospective 
randomized controlled trials with larger sample sizes. Second, imaging assessments alone have limitations. However, 
PET/CT could not be performed in all patients owing to economic constraints. As such, it was difficult to accurately 
assess the efficacy of PVTT.

In conclusion, TACE combined with PVTT 125I seed implantation can significantly prolong patient survival in HCC 
patients with PVTT. Downstaging can be achieved in some patients. In addition, RFA after successful downstaging can 
further improve the survival rate, achieving tumor-free survival.
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