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Purpose: To investigate the feasibility and efficacy of implanting an iodine-125 (125I) seed strand inside a portal vein stent (PVS) in 
the treatment of patients with hepatocellular carcinoma (HCC) and main portal vein tumor thrombus (mPVTT).
Patients and Methods: Twenty-three patients who diagnosed with HCC and mPVTT and underwent endovascular implantation 125I seed 
strands and portal vein stenting were included in this study. Patients were divided into two groups. For patients in group A (n = 12), the 
125I seed strand was placed outside the PVS, and for those in group B (n = 11), the strand was placed inside the PVS. Technical success, pain 
intensity during the procedure (numeric rating scale), procedure-related complications, changes in liver function, stent patency, and survival 
rates were recorded and analyzed.
Results: The procedures were successful in all patients, and no serious procedure-related complications occurred in either group. Pain 
intensity during the procedure was significantly lower in group B than in group A (2.64 ± 1.50 vs 4.08 ± 1.78, p = 0.048), and there 
were no significant differences between pre- and post-procedure liver function in either group. The median duration of stent patency 
was 9 months (95% CI 2.21–15.79 months) in group A and 12 months (95% CI 3.63–18.37 months) in group B (p = 0.670). Median 
survival was 12 months (95% CI 10.30–13.70 months) in group A and 13 months (95% CI 10.03–15.97 months) in group B (p = 
0.822). The cumulative stent patency and survival rates at 3, 6, and 12 months were 75%, 50%, and 41.7%, and 83.3%, 75%, and 50% 
in group A and 72.7%, 62.3%, and 31.2%, and 90.9%, 80.8%, and 50.5%, respectively.
Conclusion: Implantation of 125I seed strand inside the PVS is effective and feasible for treating patients with HCC and mPVTT.
Keywords: portal vein tumor thrombus, 125I seed, portal vein stent, endovascular brachytherapy, hepatocellular carcinoma

Introduction
Portal vein tumor thrombus (PVTT) is a common complication of hepatocellular carcinoma (HCC) and is reported in 44–62% 
of HCC cases.1 PVTT can lead to portal hypertension, liver failure, tumor metastasis, and other complications, including 
ascites, jaundice, and gastrointestinal bleeding, resulting in poor prognosis for patients with HCC and PVTT.2–5 Thus, PVTT is 
an important prognostic factor for HCC and plays an essential role in the clinical staging system.6,7
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Considerable progress has been made in the systemic treatment of HCC in recent years, especially since the 
introduction of immunotherapy.8,9 Encouraging results have been reported in use of immune checkpoint inhibitors 
(ICI) and ICI-based combinations in advance HCC.10–12 However, the prognosis of patients with HCC with main portal 
vein tumor thrombus (mPVTT) remains poor, and no standard treatment strategy has been recommended for these 
patients.13–16 As a local treatment strategy, the combination of endovascular brachytherapy and portal vein stent (PVS) 
placement has shown benefits for patients with HCC and mPVTT in some studies.17,18 This regimen can promptly restore 
blood flow in the obstructed main portal vein and effectively inhibit progression of the tumor thrombus, thus providing 
more opportunities for further treatment and improving survival.19,20

Iodine-125 (125I) seeds are the most commonly used radioactive source for endovascular brachytherapy and have 
demonstrated good safety and efficacy in treating PVTT.21,22 To prevent radioactive seed dislodgment and to ensure 
longitudinal radiation coverage of the target lesion, linear strands of 125I seeds are usually placed between the PVS and 
the PVTT.17–20 In this way, the 125I seed strand can be firmly fixed by the stent and tumor thrombus. However, 
implantation of the 125I seed strand outside the stent requires the introduction of two guidewires to allow two separate 
6Fr delivery systems for simultaneous delivery of the stent and 125I seed strand through a single puncture track, which 
may increase the risk of bleeding of the puncture track and the patient’s pain intensity during the procedure.

In the present study, we report an improved approach to endovascular brachytherapy and stent placement for the 
treatment of patients with HCC and mPVTT, in which the PVS and 125I seed strand can be implanted sequentially over 
a single guidewire through a 6Fr sheath, with the seed strand placed inside the stent. To secure the 125I seed strand and 
block the puncture track, the distal end of the strand was retained in liver parenchyma. This study aimed to investigate 
the feasibility and efficacy of the improved approach by comparing it with a previously reported method.

Material and Methods
Patients
This study was approved by a local institutional review board, and informed consent was obtained from all eligible 
patients. Forty-nine HCC patients with PVTT were assessed at our institution between January 2020 and December 2021, 
and 23 patients were finally enrolled in the study. All HCC cases were diagnosed by biopsy or persistently elevated serum 
alpha-fetoprotein (AFP) levels (>400 ng/mL) with typical imaging findings and clinical history, and confirmed by 
contrast-enhanced abdominal computed tomography (CT) or magnetic resonance imaging (MRI). All cases were 
classified as advanced-stage and were unsuitable for resection, ablation, or liver transplantation according to the 
Barcelona Clinic Liver Cancer staging classification. Other inclusion criteria were as follows: 1) at least the second- 
order branch of the intrahepatic portal vein was patent in one lobe; 2) Child-Pugh classification grade A or B; and 3) 
Eastern Cooperative Oncology Group (ECOG) performance status ≤2. The exclusion criteria were as follows: 1) history 
of radiation therapy; 2) intrahepatic portal vein completely occluded; 3) superior mesenteric vein (SMV) or splenic vein 
(SV) invaded by tumor thrombus; and 4) uncorrectable coagulation disorders or hepatic/renal failure.

From January 1 to December 31, 2020, 12 patients were enrolled in Group A and underwent 125I seed strand 
implantation outside the PVS. From January 1 to December 31, 2021, 11 patients were enrolled in Group B and 
underwent 125I seed strand implantation inside the PVS (Figure 1).

Stents and Iodine-125 Seed Strands
Self-expanding nitinol vascular stents (EPICTM, Boston Scientific, Natick, MA, USA; diameter 12 to 14 mm and length 
60 to 100 mm) and model 6711 125I seeds (XinKe, Shanghai, China) with a half-life of 59.4 days and a half-value 
thickness of 17 mm were used in this study. The radioactivity of each 125I seed was 25.9 MBq and the incipient dose rate 
was 7 cGy/h. The principal photon emissions were 27.4 and 31.4-keV X-rays and 35.5-keV γ-rays.

Stent Placement and Iodine-125 Seed Strand Implantation
For patients in group A, under ultrasound guidance, a 22G puncture needle (NAPs puncture kit, Cook, Inc., Bloomington, 
IN, USA) was used to puncture the branch of the portal vein free of tumor thrombus. After a successful puncture, a 6Fr 
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sheath (APT Medical, Changsha, China) was introduced. A 4Fr pigtail catheter (APT Medical) was used to cross the 
obstructed or narrow part of the main portal vein and was placed in the SV or SMV. Portography was performed to 
measure the degree and extent of obstruction of the main portal vein. The stent size was determined according to the 
portography results. To ensure complete coverage of the tumor thrombus by the stent, the ends of the stent were extended 
at least 1 cm beyond the ends of the tumor thrombus. If gastroesophageal varices were observed, coil embolization 
(Cook) of the left gastric vein, the short gastric vein, or both was performed. 125I seeds were arranged linearly into a seed 
strand inside a 4Fr catheter. The number of seeds (N) was calculated using the following formula: N = length of the 
obstructed portal vein (mm) / 4.5 + 4. Subsequently, two 0.035-inch, 260-cm-long stiff wires (Terumo, Tokyo, Japan) 
were inserted into the SMV through a 6Fr sheath. Withdrawn the 6Fr sheath from the two wires and introduce two 6Fr 
sheaths over the two wires, respectively. A self-expandable stent with appropriate size was advanced to the obstructed 
segment of the portal vein over one of the stiff wires (without deployment); A 6Fr guiding catheter (ENVOY, Cordis, 
Miami Lakes, FL) was placed into the portal vein over another stiff wire, and the 125I seed strand was introduced to the 
target position through the 6Fr guiding catheter. After accurate positioning of the seed strand, the PVS was deployed over 
the obstruction, and the 125I seed strand was delivered between the stent and tumor thrombus by withdrawing the guiding 
catheter. Repeat portography was performed to evaluate the recovery of portal venous blood flow. Finally, the transhe-
patic puncture track was occluded by using a coil (Cook).

For patients in group B: After a successful puncture of the portal vein, a 6Fr sheath was introduced. As in group A, 
a 4Fr pigtail catheter was used to perform portography to measure the degree and extent of obstruction of the main portal 
vein. An appropriately sized PVS was then introduced over a stiff wire and deployed after accurate positioning under 
fluoroscopy, after which the pigtail catheter was reintroduced to evaluate the recovery of portal venous blood flow. Next, 
a 125I seed strand was prepared as described above. However, the number of seeds was determined according to the 
length of the stent under fluoroscopy, with the length of the 125I seed strand exceeding both ends of the stent by 2 cm. The 
125I seed strand was then introduced through a 6Fr guiding catheter and was placed inside the PVS. The guiding catheter 
was withdrawn, and the 125I seed strand was released, ensuring that the proximal end of the 125I seed strand exceeded the 
stent by 1 cm and that the distal end of the 125I seed strand was in the liver parenchyma. The distal end of the 125I seed 

Figure 1 Study flowchart. 
Abbreviations: mPVTT, main portal vein tumor thrombus; ECOG PS, Eastern Cooperative Oncology Group performance status; SMV, superior mesenteric vein; SV, splenic vein.
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strand in the liver parenchyma blocked the puncture tract; therefore, no additional coil was necessary for occlusion of the 
puncture tract (Figures 2 and 3).

Post-Procedure Management
All patients received supportive liver protection and acid suppression therapy for 3–5 days, and anticoagulation treatment 
with low-molecular-weight heparin and warfarin. Analgesics and antipyretics were prescribed if necessary. Single-photon 
emission computed tomography combined with CT (SPECT/CT) was performed on the second day after surgery to 
evaluate the distribution of radiation by the 125I seed strand. Laboratory tests were performed on day 7 to evaluate hepatic 
and renal function, blood cell counts, and coagulation parameters. Antiviral drugs were administered to patients with 
hepatitis B, and transarterial chemoembolization (TACE) was performed if the residual tumor was visible or a new lesion 
was detected on follow-up liver contrast-enhanced CT, unless contraindicated. Sorafenib was administered until disease 
progression or unacceptable toxicity was observed.

Evaluation and Follow-Up
Patient follow-up was conducted at 1 and 3 months after the procedure and every 3 months thereafter until death or the last 
follow-up. Follow-up evaluations included physical examination, laboratory testing, and contrast-enhanced liver CT or MRI.

Technical success, pain intensity during the procedure, procedure-related adverse events, overall survival (OS), and 
duration of stent patency were noted and compared between the two groups. Technical success was defined as stent 
deployment and 125I seed strand placement at the target site. Pain intensity during the procedure was evaluated the day 
after the operation using a numeric rating scale (NRS). Patients were asked to describe the severity of the worst pain they felt 
during the procedure on a scale of 1 (no pain) to 10 (pain as bad as possible). OS was defined as the period from the day of the 
procedure to the time of death or last follow-up. Stent occlusion was present when no contrast medium was detected inside the 

Figure 2 A 68-year-old male HCC patient with mPVTT underwent 125I seed strand (30 seeds) implantation inside the portal vein stent. The patient underwent transarterial 
chemoembolization (TACE) 20 days later and died 6 months after the 125I seed strand and portal vein stent implantation because of liver failure caused by progression of the 
tumor. (a) Portography shows a large filling defect in the main portal vein and the right branch of the portal vein with near-complete obstruction of the portal venous blood 
flow. (b) Portography after deployment of the portal vein stent shows restored blood flow in the main portal vein and the right branch. (c and d) Ultrasound images showing 
a portion of the 125I seed strand in the liver parenchyma and the blood flow in the patent portal vein stent. (e) SPECT imaging shows homogeneous radiation dose 
distribution from the 125I seed strand covering the range of the tumor thrombus. (f) Follow-up computed tomography at 3 months after the procedure shows the 125I seed 
strand inside the stent without displacement, with steady blood flow in the stent.
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stent in the portal phase of a contrast-enhanced CT scan, and the duration of stent patency was measured from the day of stent 
placement until stent occlusion or the day of the last follow-up. Procedure-related adverse events were recorded using the 
Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 classification. The levels of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and total bilirubin (TB) were compared before and at 1 week after operation.

Statistical Analysis
Statistical software (SPSS version 19.0; SPSS, Chicago, IL, USA) was used for analysis. Continuous variables are 
presented as mean ± standard deviation and were compared using independent or paired sample t-tests. Categorical 

Figure 3 A 67-year-old female patient with HCC and mPVTT underwent 125I seed strand (26 seeds) implantation inside the portal vein stent. The patient had 3 transarterial 
chemoembolization (TACE) treatments during a 13-month follow-up, resulting in a stable partial response (PR). (a and b) Before treatment, the enhanced computed 
tomography shows the tumor thrombus in the main portal vein and the right branch of portal vein (arrow). (c) During the stent/strand placement, initial portography shows 
the filling defect in the portal vein with portal vein stenosis. (d) Portography following deployment of the portal vein stent shows restored blood flow in the main portal vein 
and the right branch. (e and f) Follow-up computed tomography at 1 year after the procedure shows the 125I seed strand inside the stent without displacement, and steady 
blood flow in the stent (arrow).
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variables are presented as frequencies and were compared using the chi-square test. The overall survival and stent 
patency periods were analyzed using Kaplan–Meier curves and Log rank tests. Statistical significance was set at p < 0.05.

Results
Patient Data
The characteristics of the study population are summarized in Table 1. There were no significant differences in patient 
characteristics between the 2 groups (all p > 0.05).

Stent and Iodine-125 Seed Strand Placement
Endovascular PVS and 125I seed strand placement were successful in all the patients. The average number of 125I seeds 
was 16.67 ± 5.29 in group A and 23.45 ± 3.59 in group B (p = 0.002). Portal venous blood flow was restored immediately 
after the stent implantation in 21 patients. Portal venous flow was not restored after stent deployment in two patients (one 
in group A and one in group B) and did not recover during follow-up in either patient.

Procedure-Related Adverse Events
No serious procedure-related complications, such as intraperitoneal bleeding, acute hepatic failure, radiation hepatitis, or 
enteritis, were observed during the course of the study. The NRS score for pain intensity during the procedure in group 
B was 2.64 ±1.50, which was significantly lower than that in group A (4.08 ±1.78, p = 0.048). There was no significant 
difference between pre- and post-procedure liver function in either group (Table 2).

Table 1 Characteristics of the Study Population

Characteristics Group A (n = 12) Group B (n = 11) P value

Gender (male/female) 9/3 9/2 ns

Age (years) 61.33±+7.97 60.36±11.06 0.811

Maximum tumor diameter (cm) 8.05±2.77 7.96±2.82 0.942
Child-Pugh (A/B) 8/4 9/2 0.640

ECOG PS (1/2) 5/7 5/6 ns

Degree of mPVTT (stenosis/occlusive)a 10/2 8/3 0.640
HBV (Yes/No) 12/0 11/0 ns

Ascites (Yes/No) 2/10 2/9 ns

AFP (≥400/<400) 6/6 5/6 ns
Previous treatment (Yes/No)b 6/6 7/4 0.680

Post-operation TACE (Yes/No) 10/2 10/1 ns

Number of post-procedure TACE treatments 4.17±3.16 3.64±2.46 0.659
Sorafenib (Yes/No) 9/3 10/1 0.590

Notes: aIf the diameter of the filling defect exceeded 90% of the mPVTT on the transverse contrast-enhanced CT image or 
MRI before therapy, the mPVTT was defined as occlusive. bPrevious treatment, including resection, thermal ablation, TACE, 
or a combination of these therapies. 
Abbreviations: EOCG PS, Eastern Cooperative Oncology Group performance status; mPVTT, main portal vein tumor 
thrombus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; HBV, hepatitis B virus; TACE, transarterial chemoembolization.

Table 2 Pre- and Post-Procedure Liver Function

Pre-Operation One Week After Operation P value

Group A ALT (U/L) 58.09±41.02 78.27±72.24 0.319

AST (U/L) 79.54±38.02 97.18±69.92 0.308
TB (μmol/L) 27.01±9.68 27.29±9.82 0.922

Group B ALT (U/L) 56.42±31.74 74.17±52.08 0.189

AST (U/L) 69.17±20.34 94.41±60.48 0.159
TB (μmol/L) 28.92±10.48 27.26±8.85 0.683

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin.
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Evaluation of Iodine-125 Seed Strands
SPECT/CT on post-procedure day 1 showed that all stents and 125I seed strands had been correctly placed in the 
obstructed mPVTT without displacement in all patients. The radiation emitted by the 125I seed strand was homogeneously 
distributed. It was cylindrical in shape and completely covered the target lesion. During follow-up, no displacement or 
drop-off of 125I seeds was observed.

Overall Survival and Stent Patency
In group A, the mean follow-up time was 11.75 ± 5.97 (2–24) months, and all patients died during follow-up. One patient 
died of tumor rupture and bleeding, 2 patients died of gastrointestinal bleeding, and 9 patients died of hepatic failure due 
to tumor progression. The mean follow-up time in group B was 10.18 ± 4.47 (2–15) months, and nine patients died 
during the follow-up period. One patient died of gastrointestinal bleeding, one of heart failure, and seven of hepatic 
failure due to tumor progression. No TACE- or sorafenib-related deaths were observed in either group during the follow- 
up. The median OS was 12 months (95% CI 10.30–13.70 months) in group A and 13 months (95% CI 10.03–5.97 
months) in group B (p = 0.822). The cumulative survival rate of the patients at 3, 6, and 12 months were 83.3%, 75%, 
and 50% in group A and 90.9%, 80.8%, and 50.5% in group B, respectively (Figure 4a).

The median duration of stent patency was 9 months (95% CI 2.21–15.79 months) in group A compared to 12 months 
(95% CI 3.63–18.37 months) in group B (p = 0.670). No thrombosis-related stent obstructions were observed. The 
cumulative stent patency rate of the patients at 3, 6, and 12 months were 75%, 50%, and 41.7% in group A and 72.7%, 
62.3%, and 31.2% in group B, respectively (Figure 4b).

Discussion
The optimal treatment for HCC and mPVTT remains controversial. Liver transplantation is not recommended for patients 
with mPVTT because of the high tumor recurrence rate.23 Only a minority of patients with mPVTT are amenable to 
radical surgical resection at diagnosis,24 and even where radical surgical resection is possible, the median survival time is 
still less than 11 months.25 mPVTT was once considered a relative contraindication to TACE because of the potential risk 
of liver failure,26 and while sorafenib can be recommended for patients with PVTT,7 it is not recommended for patients 
with portal invasion at the main portal branch because of the risk of hepatic failure.27 In recent years, it has been reported 
that atezolizumab plus bevacizumab can provide better survival than sorafenib for patients with advanced unresectable 
HCC,9 but the subgroup data showed that the median survival was only 7.6 months for patients with mPVTT.28 Other 

Figure 4 Kaplan-Meier analysis for overall survival (left) and stent patency (right) in group A vs group B. The median survival was 12 months in group A and 13 months in 
group B (p = 0.822). The median duration of stent patency time was 9 months in group A and 12 months in group B (p = 0.670).
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research have shown the efficacy of both external beam radiation therapy29 and hepatic arterial infusion chemotherapy30 

in treating HCC with PVTT, but blood flow in the obstructed main portal vein cannot be restored immediately. 
Transarterial radioembolization with yttrium-90 microspheres has also been used for the treatment of HCC with 
PVTT,31 but this technology is not widely available. The combination of endovascular brachytherapy and stent placement 
is a promising treatment for patients with HCC and mPVTT.32 The reported median OS after combination 125I seed 
strand and PVS placement for HCC patients with mPVTT is 9.2 to 12 months.17,18 In the present study, the combination 
of endovascular brachytherapy and PVS placement was chosen as the treatment of HCC patients with mPVTT. The 
median OS was 12 and 13 months in groups A and B, respectively, which is in line with the results of previous studies.

To fix the 125I seed strand, it is usually placed between the PVS and tumor thrombus,17–20 which requires 
simultaneous deployment of the stent and release of the 125I seed strand in the portal vein via two separate 6Fr delivery 
systems. This implantation approach is associated with an increased risk of bleeding in the puncture track and greater 
pain in patients during the procedure. The complexity of the surgery and corresponding risks limit the clinical application 
of this technology to some extent. More HCC patients with mPVTT may benefit from simplifying the surgical procedures 
and reducing surgical risks.

In the present study, we report an improved approach to endovascular brachytherapy and stent placement for the 
treatment of patients with HCC and mPVTT, in which a 125I seed strand was placed inside the stent over a single 
guidewire through a single 6Fr sheath. The 125I seed strand was fixed by the liver parenchyma instead of by the stent. 
Compared with the traditional method, the improved approach avoids the simultaneous introduction of two delivery 
systems, which simplifies the procedure, decreases the risk of bleeding of the puncture track, and improves tolerability 
for the patient while providing similar survival and stent patency rates in HCC patients with mPVTT.

An important point of the improved approach is the placement of the 125I seed strand such that the proximal end of the 
strand exceeds the stent, and the distal end of the strand is in the liver parenchyma. The former can prevent a tumor thrombus 
growing into the stent from the end of the stent more effectively, prolonging the patency time of the stent. The latter can 
prevent the displacement of the seed strand and block the puncture tract. In the present study, the puncture tract was not 
occluded by a coil in group B patients, and there was no bleeding of the puncture tract in any patient. In addition, the 125I seed 
strand was suspended in the stent, which made the distribution of irradiation on the tumor thrombus more homogeneous.

Although implanting the 125I seed strand inside the stent may increase the risk of thrombosis, no stent occlusion 
caused by thrombosis was found in any patient during the follow-up in this study. This may be because the diameter of 
the 125I seed strand was only 1.3 mm (4Fr), which is considerably narrower than that of the PVS. Therefore, the effect of 
the strand on the risk of portal vein thrombosis may be limited. Standardized anticoagulant therapy after the procedure 
also reduces the probability of stent thrombosis.

Most patients in this study received further treatment after implantation of the 125I seed strand and PVS including 
TACE, sorafenib, or both. There were no TACE- or sorafenib-related deaths, possibly indicating that placement of the 
125I seed strand/PVS combination can increase the safety of subsequent treatment in HCC patients with mPVTT. 
Therefore, patients may benefit from additional opportunities for further treatment.

The present study had some limitations. First, the sample size is relatively small. Prospective randomized controlled 
studies with larger numbers of patients are needed to provide higher-level evidence-based medicine. In addition, because 
portal vein pressure was not measured in this study, the variation in portal vein pressure caused by stent implantation 
could not be quantified or compared. Thirdly, immunotherapy was not administrated in the present study. Previous study 
has reported that radiotherapy can enhance the release of tumor antigens and has a proven synergism with 
immunotherapy.33 Whether endovascular brachytherapy of 125I seed could also enhance tumor responses with immu-
notherapy is worthy to be further investigated.

Fourthly, in the present study, an improvement of technique rather than a major advance was reported. In the future, the 
procedure of this surgery could be further simplified, for example, a novel portal vein stent with radioactive source on it 
may be a feasible solution. Finally, this was a single-center study, which may have affected the generalization of our results.
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Conclusion
Our preliminary results suggest that a simplified approach of implanting the 125I seed strand inside the PVS is effective 
and feasible for treating patients with HCC and mPVTT. The procedure was less painful and had acceptable stent patency 
rates and satisfactory patient survival.
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