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Abstract
BACKGROUND
Patients with hepatocellular carcinoma complicated with main portal vein tumor thrombosis (mPVTT) and cirrhotic portal hypertension (CPH) have an extremely poor prognosis, and there is a lack of a clinically effective treatment paradigm.

AIM
To evaluate the efficacy and safety of transjugular intrahepatic portosystemic shunt (TIPS) combined with radioactive seed strand for the treatment of mPVTT patients with CPH.

METHODS
The clinical data of 83 consecutive patients who underwent TIPS combined with 125I seed strand placement for mPVTT and CPH from January 2015 to December 2018 were retrospectively reviewed. Procedure-related data (success rate, relief of portal vein pressure and CPH symptoms, and adverse events), PVTT response, and patient survival were assessed through a 2-year follow-up.

RESULTS
The success rate was 100.0% without perioperative death or procedure-related severe adverse events. The mean portal vein pressure was significantly decreased after the procedure (22.25 ± 7.33 mmHg vs 35.12 ± 7.94 mmHg, t = 20.61, P < 0.001). The symptoms of CPH were all effectively relieved within 1 mo. The objective response rate of PVTT was 67.5%. During a mean follow-up of 14.5 ± 9.4 mo (range 1-37 mo), the cumulative survival rates at 6, 12 and 24 mo were 83.1%, 49.7%, and 21.8%, respectively. The median survival time was 12.0 ± 1.3 mo (95% confidence interval: 9.5-14.5). In multivariate Cox regression analysis, body mass index, Child-Pugh grade, cTNM stage, and PVTT response were independent prognostic factors (P < 0.05).

CONCLUSION
TIPS combined with radioactive seed strand might be effective and safe in treating mPVTT patients with CPH.
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Core Tip: We adequately evaluated whether transjugular intrahepatic portosystemic shunt combined with radioactive seed strand placement was safe in adverse events and effective in portal vein tumor thrombosis response and prolonging survival time for the treatment of patients with main portal vein tumor thrombosis and cirrhotic portal hypertension through a retrospective cohort study with 2 years of follow-up.

INTRODUCTION
Portal vein tumor thrombosis (PVTT) is common in patients with hepatocellular carcinoma (HCC), with an incidence of 44.0%-62.2%[1]. Main PVTT (mPVTT) is defined as PVTT invading the main trunk of the portal vein, accounting for approximately 19.5%-35.2% of PVTT[2-4]. The prognosis of patients with PVTT is poor and the median overall survival is only 2.7-4.0 mo without treatment[5].
HCC is mostly based on cirrhosis, and is usually complicated with cirrhotic portal hypertension (CPH). The decompensated stage of CPH is often accompanied by high-mortality events, e.g., esophagogastric variceal bleeding (EGVB) and refractory ascites/hydrothorax. EGVB is associated with a mortality of 10%-20% at 6 wk[6], and refractory ascites is associated with a reduction in the survival rate to 50% at 6 mo[7]. Once PVTT is combined with cirrhosis-related decompensated events, it would worsen the disease and accelerate the death of patients.
The treatment strategies for PVTT include palliative surgical resection, transarterial chemoembolization (TACE), external radiotherapy, chemotherapy, and targeted therapy[2,8,9], but these treatments are usually infeasible and unsatisfactory in patients with decompensated CPH. Transjugular intrahepatic portosystemic shunt (TIPS) is an effective treatment for CPH[10,11] and eliminates pylemphraxis with the covered stent, but the stent has no substantial therapeutic effect on mPVTT and results in PVTT progression and stent stenosis.
In recent years, the application of radioactive seed placement, such as the low-energy radionuclide 125I[12-14], has attracted attention and achieved promising efficacy when combined with portal vein stents. Radioactive seed strand placement is one method of endovascular brachytherapy. The purpose of this study was to retrospectively analyze the clinical efficacy of TIPS combined with radioactive seed strand placement for mPVTT patients with CPH from January 2015 to December 2018.

MATERIALS AND METHODS
Participants
The study was approved by the Ethics Committee and Institutional Review Board of Peking University Ninth School of Clinical Medicine. A consecutive cohort of 83 patients with HCC who underwent TIPS combined with 125I seed strand placement for mPVTT and CPH from January 2015 to December 2018 was retrospectively reviewed. Patients with incomplete clinical data or loss to follow-up were excluded from the analysis. Among 81 patients, 70 (84.3%) were males and 13 (15.7%) were females, aged 35-79 years (mean 56.46 years). There were 62 (74.7%) cases of EGVB, 14 (16.9%) cases of refractory ascites/hydrothorax, and 7 (8.4%) cases of both. Child–Pugh grading included 23 (27.7%) cases with grade A, 52 (62.7%) cases with grade B, and 8 (9.6%) cases with grade C. According to cTNM staging, 55 (66.3%) cases were stage IIIB, 19 (22.9%) cases were stage IVA, and 9 (10.8%) cases were stage IVB. The baseline characteristics of the patients are presented in Table 1.

Study design
Procedure-related data [success rate, relief of portal vein pressure (PVP) and CPH symptoms, and adverse events], mPVTT response, and patient survival were assessed through a 2-year follow-up. The success rate was defined by the planned stent and seed successfully placed. PVTT response was determined according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST)[15] by experienced radiologists: (1) Complete response (CR) was defined as disappearance of PVTT; (2) Partial response (PR) was a ≥ 30% reduction of the PVTT lesion compared with baseline; (3) Progressive disease (PD) was defined as ≥ 20% enlargement of the PVTT lesion than baseline; (4) Stable disease (SD) referred to the PVTT lesion that did not reach the standard of PR and PD. The objective response rate (ORR) of PVTT was the sum of CR and PR. Patient survival was defined as the period from the day of operation to patient death from any cause or to the last follow-up time point.
Adverse events were classified as shunt-related adverse events and radiation-related adverse events. Shunt-related adverse events consisted of post-TIPS hepatic encephalopathy (HE), the recurrence of CPH, shunt stenosis, and shunt-induced potential distant metastasis. The recurrence of CPH was determined as recurrent EGVB or hepatic ascites/hydrothorax, which principally resulted from shunt or intra-stent stenosis. Shunt stenosis was indicated by the recurrence of CPH events and confirmed by imaging [e.g., enhanced computed tomography (CT) or portal venography]. Shunt-induced potential distant metastasis was defined as new-onset hematogenous metastasis after shunt opening of TIPS, which was diagnosed by systemic imaging or pathology. Radiation-related adverse events included radiation injury and seed strand or 125I seed translocation.

TIPS combined with transcatheter radioactive seed strand placement
All patients were fully evaluated before the procedure: (1) The severity of esophagogastric varices (EGV) was graded by gastroscopy; (2) The degree of ascites was graded by ultrasound examination[16]; (3) Child-Pugh was used for evaluation of liver function; (4) Tumors were staged according to both the international Barcelona Clinic Liver Cancer (BCLC) staging system[17] and cTNM staging system[18]; (5) intrahepatic tumor size was determined as the sum of the longest viable tumor diameters of typical intrahepatic target lesions according to mRECIST[15], measured by experienced radiologists.
[bookmark: _Hlk52615821]The indications for the procedure were as follows: (1) mPVTT secondary to HCC, as confirmed by percutaneous biopsy or enhanced CT/magnetic resonance imaging /positron emission tomography imaging; (2) Intrahepatic CPH confirmed by imaging examinations and hepatic venous pressure gradient (HVPG) measurement; (3) Failure of prior conservative treatment for cirrhosis-related decompensated events such as EGVB or refractory ascites/hydrothorax; and (4) Life expectancy > 2 mo. The contraindications were any one of the following: (1) Uncomplicated prehepatic portal hypertension; (2) Severe cardiac, cerebral, respiratory, renal insufficiency or other systemic malignancy; (3) Rapid progression in hepatic insufficiency; (4) Intrahepatic tumor hampering the procedure; (5) Allergy to contrast agent; and (6) Pregnancy or lactation. The operation was performed by interventional physicians with more than 15 years of experience. The benefits and potential risks of the procedure were explained thoroughly to all patients and their families, and then, written informed consent was signed.
During the procedure, the right internal jugular vein was punctured routinely under local anesthesia. After intubation to the inferior vena cava and hepatic vein, HVPG was measured, and then RUPS-100 (Cook Inc., United States) was inserted. According to preoperative imaging and angiography, the appropriate position and angle were determined to puncture the intrahepatic portal vein from the hepatic vein or inferior vena cava of the hepatic segment. After successful puncture, an angiographic catheter was inserted for portal venography, and the puncture set was placed into the intrahepatic portal vein.
Before shunting, PVP was measured, and then PVTT was grabbed and aspirated as much as possible. Two ultrasmooth guidewires were inserted through the outer sheath of RUPS-100, one of which was retained in the splenic vein, and the other introduced a 4-5F single-bend or cobra catheter that was selected to the distal end of branch PVTT. Then, a 6F guiding catheter was replaced, and a radioactive seed strand was implanted via the guiding catheter. Next, a 6-8 mm balloon was introduced through the outer sheath to dilate the shunt, and then a 7-8 mm Fluency covered stent (Bard Inc., United States) was placed. According to the extent of mPVTT, a distal 10-12 mm covered stent was placed for the entire coverage of mPVTT.
The radioactive seed (Isotope & Radiation Corp., China) was fully loaded into a 4F catheter in vitro, creating the radioactive seed strand (Figure 1). Then, the radioactive seed strand was placed outside the stents via a 6F guiding catheter (by the guidewire retained in the splenic vein). The radioactive seed strand was compressed and fixed to the portal vein by the stents. The length of the radioactive seed strand was usually more than 10 mm at both ends of the PVTT. Finally, PVP after shunting was measured, and portal venography was performed again (Figure 2).

Treatment for HCC
TACE was used for intrahepatic tumors and PVTT lesions every 1-3 mo by using an embolic agent (lipiodol 3-30 mL) and chemotherapy drugs (epirubicin 10-20 mg and hydroxycamptothecine 5-15 mg). TACE was performed in all patients (ranging from 1-12 times per patient and an average of 4.2 times).
Radiofrequency ablation (RFA) was also carried out for intrahepatic tumors in patients with good coagulation function and platelet count and the inability to sequentially undergo TACE due to arterial occlusion after repeated arterial intervention. The RFA equipment was WHK-IB, Beijing Welfare Electronics Co., China. 52 of 83 patients underwent RFA (ranging from 1-3 times per patient and an average of 1.6 times).
According to patients' specific conditions and wishes, 41 patients received targeted therapy such as sorafenib or lenvatinib.

Follow-up
All patients were followed up by telephone at a 4-6-wk interval postoperatively until death or their last follow-up. At 3, 6, 12, and 24 mo after the operation, patients were required to undergo a hospital revisit to assess PVTT response and adverse events. Sequential TACE or RFA was performed on the intrahepatic primary lesions. In addition, positive and timely management was given for adverse events such as post-TIPS HE, shunt stenosis, and recurrence of CPH.

Statistical analysis
Continuous variables conforming to a normal distribution are presented as the mean ± SD and median (interquartile range) [M (P25-P75)] for those with a nonnormal distribution. Categorical variables are presented as percentages (%). The mean values of two related samples were compared by using the paired samples t test. In survival analysis, the Kaplan-Meier curve was performed for description, the log-rank test was utilized for comparison, and Cox regression was carried out for correlated factor analysis. Variables satisfying the proportional hazards assumption were included in the multivariate analysis using Cox regression. P < 0.05 was considered a statistically significant difference. IBM SPSS software version 26.0 was used for statistical analysis.

RESULTS
Procedure-related data
The success rate of the procedure was 100.0% (83/83), without perioperative death or procedure-related serious adverse events. The number of implanted seeds ranged from 29 to 95, with an average of 47 per patient. The mean PVP was significantly decreased after the procedure (22.25 ± 7.33 mmHg vs 35.12 ± 7.94 mmHg, t = 20.61, P < 0.001). The symptoms of CPH, including EGVB and/or refractory ascites/hydrothorax, were all effectively relieved within 1 mo.
The mean follow-up period was 14.5 ± 9.4 mo (range 1-37 mo). HE developed in a total of 16 patients (19.3%) after the procedure, most of whom had mild HE in clinical stages 1-2. The cumulative recurrence rates of CPH at 6, 12, and 24 mo were 9.6% (8/83), 22.9% (19/83), and 33.7% (28/83), respectively. The cumulative rates of shunt stenosis at 6, 12, and 24 mo were 13.3% (11/83), 28.9% (24/83), and 38.6% (32/83), respectively (Table 2). During follow-up, no seed strand shift or 125I seed fall-off and translocation occurred, and no radiation injury (such as radiation-induced liver disease or gastrointestinal ulceration) was observed.

PVTT response
Four patients failed to be assessed on account of death within 2 mo. The ORR of PVTT was 67.5% (Table 3). Among patients who presented PD, all 6 cases related to PVTT exceeded the distal portal system, e.g., the mesenteric vein or splenic vein.

Patient survival
The Kaplan-Meier survival curve is shown in Figure 3. The median survival time was 12.0 ± 1.3 mo [95% confidence interval (CI): 9.5-14.5]. The cumulative survival rates at 6, 12, and 24 mo were 83.1%, 49.7%, and 21.8%, respectively.
In the stratification analysis using the survival curves and log-rank test, patients with age < 60, Child-Pugh grade A or B, BCLC stage C, cTNM stage IIIB or IVA, and PVTT response had significant survival benefits (P < 0.05) in the comparison of their respective groups (Figure 4 and Table 4). Notably, cTNM staging showed a more detailed stratification capability than BCLC staging.
In Cox regression analysis, the relevant parameters including body mass index (BMI), Child-Pugh grade, cTNM stage, and PVTT response, were independent prognostic factors as indicated in the multivariate Cox regression model (Table 5).

DISCUSSION
[bookmark: _Hlk62042000]With the development of multidisciplinary teamwork, HCC complicated with PVTT has attracted increasing interest and research. Owing to the biological characteristics of HCC and anatomical features of the liver, HCC cells tend to invade the intrahepatic vasculature, especially the portal venous system[19]. In the past few years, the application of 125I seeds[12-14] has provided a new therapy for advanced HCC. In our study, the ORR of PVTT reached 67.5% after 125I seed strand placement. In multivariate survival analysis, PVTT response had a significant effect on patient survival, which could reduce the risk of death [hazard ratio (HR) = 0.472]. Additionally, no radiation injury was observed during postoperative follow-up. In short, radioactive seed strand placement may be an effective approach for the local treatment of PVTT.
It is a biological effect of ionizing radiation that 125I relies on by continuously releasing low-energy γ rays to kill tumor cells and then achieve the purpose of treatment. With a half-value layer of only 17 mm in equivalent tissue, 125I rarely involves adjacent tissues or organs. Thus, radioactive seed strand placement has the advantages of a high local dose to the tumor thrombus and less damage to normal tissues.
In addition, radioactive seed strands also have the following advantages: first, the length of the seed strand can be determined according to the length of the tumor thrombus, and the seeds in the catheter are arranged neatly; second, the seed strand implanted in the portal vein branch does not shift, nor does the seed strand that is fixed in the main portal vein by stents; and finally, radioactive seed have antitumor and anti-intimal hyperplasia effects, which can prevent stent stenosis. However, as a drawback of this approach, when the diameter of the tumor thrombus is large, the effective radiation dose may not be achieved.
In clinical practice, the management of HCC patients with PVTT often neglects the effective diagnosis and treatment of CPH. PVTT patients complicated with CPH usually have an extremely poor prognosis. TIPS is an established treatment for CPH and its decompensated events by establishing a shunt between the intrahepatic portal vein and the hepatic vein or inferior vena cava. In our study, PVP was significantly reduced, and the symptoms of CPH were efficaciously relieved in mPVTT patients with CPH after combined TIPS. Moreover, survival analysis showed that the severity of EGV and the degree of ascites had no significant impact on survival, which indirectly indicated the therapeutic effect of TIPS on decompensated CPH.
In addition, TIPS still has the following effects: first, it can improve liver functional reserve by improving portal blood supply to normal liver tissue and then prevent fatal liver failure caused by PVTT and provide favorable conditions for the subsequent treatment of intrahepatic primary lesions; next, the covered stent of TIPS plays a part in covering and compressing PVTT; and last, TIPS is able to resolve portal hypertension not only caused by cirrhosis but also due to the combination of intrahepatic cirrhosis and prehepatic PVTT[20,21].
TIPS combined with radioactive seed strand placement and sequential TACE/RFA for mPVTT with CPH may reduce the mortality risk from decompensated events of CPH (i.e., nonneoplastic mortality risk) as well as reduce neoplastic mortality risk by controlling PVTT and primary lesions, prolonging survival. In our study, the median survival time of patients was 12.0 ± 1.3 mo (95%CI: 9.5-14.5), and the cumulative survival rates at 6, 12 and 24 mo were 83.1%, 49.7% and 21.8%, respectively. In a systematic review[13] of 6 retrospective studies involving mPVTT patients whose CPH was unclear, after percutaneous transhepatic 125I seed strand with stent placement combined with TACE, the median survival time was 10.3 mo (range 4.9-12.5 mo), and the cumulative survival rates at 6, 12 and 24 mo were 74.5% (range 61.8%-88.9%), 48.7% (range 32.4%-54.5%) and 20.1% (range 14.1%-26.1%), respectively. Huo et al[22] reported that in mPVTT patients partly mixed with CPH, the 2-year cumulative survival rate after palliative resection was 17.1%. Our results were similar to theirs. Despite similar survival results, it is necessary to differentiate and treat CPH in the management of PVTT or mPVTT patients.
In regard to postoperative long-term complications, our results showed that the cumulative rates of shunt stenosis at 6, 12 and 24 mo were 13.3%, 28.9% and 38.6%, respectively. Luo et al[23] and Yu et al[24] reported that after 125I seed strand with stent placement combined with TACE, the cumulative stent patency rates were 43.2% and 46.5% at 12 mo and 26.1% and 25.7% at 24 mo, respectively. Our results were clearly superior to theirs, which might be related to the following reasons: TIPS dredging the blood flow of the portal vein, full use of covered stents, and our postoperative anticoagulation treatment.
Furthermore, by survival analysis, shunt-related adverse events, including post-TIPS HE, shunt stenosis and recurrence of CPH, had no significant influence on survival, which might be related to the timely management of these complications, such as removal of HE inducements, balloon dilatation and/or stent reimplantation for shunt stenosis.
Regarding shunt-induced potential distant metastasis, 5 new cases of pulmonary metastasis and 1 new case of adrenal metastasis were observed. This small number of cases observed might be related to the censoring of death and the nonadherence of patients to the revisit and systematic examination. Further study is needed to expand the sample. However, it cannot be ignored that distant metastasis may be reduced to some extent by PVTT grab and aspiration before shunting, the entire coverage of mPVTT using covered stents, the PVTT response obtained by radioactive seed strand, and active intervention for intrahepatic lesions.
Among other factors that affected survival, cTNM staging showed a more detailed stratification capability than BCLC staging and showed an independent significant association with survival, with an increased risk of death for each increase in cTNM stage (HR = 2.745). Child-Pugh grade was an important factor affecting survival throughout, and the mortality risk in patients with grade C (HR = 7.308) and grade B (HR = 2.243) was much higher than those with grade A. Combining the Child-Pugh liver function grade and the cTNM tumor stage may be of great significance for the assessment of prognosis and survival.
Concerning other tumor-related factors, intrahepatic HCC morphology had no significant effect on survival, and the sum of longest viable tumor diameters approached significance, which might be related to active interventional treatment for intrahepatic primary lesions. Combined RFA was not significant, which might be related to RFA as an additional therapy after TACE for intrahepatic lesions. Combined targeted therapy was also not significant, and some high-quality studies[25,26] showed that targeted therapy did not achieve satisfactory outcomes in the treatment of HCC with PVTT.
BMI exerted a significant influence on survival (HR = 0.861). Patients with advanced HCC and decompensated cirrhosis often present malnutrition, so attention should be given to improving nutrition.
In addition, radioembolizaton was not used in combination therapy because it was not approved during the time of the study, but it could be considered for treatment in the future.
This single-arm retrospective cohort study has inherent limitations. Further relevant studies are warranted to follow and expand on the findings.

CONCLUSION
In conclusion, the key points of this initial study may be summarized as follows: (1) TIPS combined with radioactive seed strand placement might be effective and safe in treating mPVTT with CPH, which could effectively alleviate symptoms of portal hypertension and prolong patient survival time; (2) In the management of PVTT or mPVTT patients, it is necessary to differentiate and effectively treat CPH; (3) Combining Child-Pugh liver function grade and cTNM tumor stage may be of guiding significance for the assessment of prognosis and survival.

ARTICLE HIGHLIGHTS
Research background
Main portal vein tumor thrombosis (mPVTT) is common in patients with hepatocellular carcinoma (HCC). Mostly based on cirrhosis, HCC is usually complicated with cirrhotic portal hypertension (CPH), which is often accompanied by high-mortality decompensated events such as esophagogastric variceal bleeding and refractory ascites/hydrothorax.

Research motivation
HCC patients with PVTT have a poor prognosis with median survival of only 2.7-4.0 mo. Once mPVTT is combined with cirrhotic decompensated events, it would deteriorate the disease and accelerate the death of patients. However, there is a lack of a clinical treatment paradigm for mPVTT patients with CPH.

Research objectives
This cohort study is to evaluate the efficacy and safety of transjugular intrahepatic portosystemic shunt (TIPS) combined with radioactive seed strand for the treatment of mPVTT complicated with CPH. It might contribute new perspectives into clinical treatment management.

Research methods
The clinical data of 83 consecutive patients who underwent TIPS combined with 125I seed strand placement for mPVTT and CPH from January 2015 to December 2018 were retrospectively reviewed, and the efficacy and safety were adequately evaluated by a 2-year follow-up.

Research results
[bookmark: _Hlk58003882]There was universal improvement in CPH and apparent relief of its decompensated complications after operation. The majority of patients had at least a decrease in the extent of PVTT and the objective response rate of PVTT was 67.5%. The cumulative rate of shunt stenosis and recurrence rate of CPH were low within the first year. The median survival time was 12.0 ± 1.3 mo (95% confidence interval: 9.5-14.5).

Research conclusions
TIPS combined with radioactive seed strand might be effective and safe in the treatment of mPVTT with CPH, which could effectively alleviate symptoms of portal hypertension and prolong patient survival time.

Research perspectives
In the management of HCC patients with PVTT or mPVTT, it is necessary to differentiate and effectively treat CPH. The treatment of mPVTT with CPH is still a clinical difficulty and requires multidisciplinary teamwork. Future studies may require randomized controlled trials to verify our results.
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Figure Legends
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Figure 1 Assembly of a radioactive seed strand in vitro.
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Figure 2 Representative case. A: Filling defect in the main portal vein (black arrow), suggesting main portal vein tumor thrombosis; B: Most of the intrahepatic branches did not develop under contrast, and several short gastric veins were obviously varicose; C and D: A guidewire was retained in the splenic vein, a catheter was directed into the secondary branch of the right portal vein, and then a radioactive seed strand (white arrow) was implanted; E: Another radioactive seed strand (white arrow) was implanted into another secondary branch of the right portal vein; F: A shunt of transjugular intrahepatic portosystemic shunt (black arrow) was established, a distal stent (short white arrow) was placed, and then a radioactive seed strand (long white arrow) was implanted. Portal venography showed unobstructed blood flow in the shunt and obvious reduction in the varicose veins; G: Schematic diagram. TIPS: Transjugular intrahepatic portosystemic shunt.
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Figure 3 Kaplan-Meier survival curve for all patients.
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Figure 4 Kaplan-Meier survival curve for different stratification factors. A: Gender group; B: Age group; C: Barcelona Clinic Liver Cancer stage; D: cTNM stage; E: Child-Pugh grade; F: Portal vein tumor thrombosis response). BCLC: Barcelona Clinic Liver Cancer; PVTT: Portal vein tumor thrombosis.

Table 1 Baseline characteristics of patients
	Characteristics
	n (%)/mean ± SD/M (P25-P75)

	Gender (male/female)
	70/13 (84.3/15.7)

	Age (yr)
	56.46 ± 8.97

	BMI
	22.83 ± 2.99

	Etiology of cirrhosis (HBV/HCV/alcoholic/other)
	66/8/4/5 (79.5/9.6/4.8/6.0)

	Cirrhosis-related decompensated events (EGVB/Refractory ascites or hydrothorax/Both)
	62/14/7 (74.7/16.9/8.4)

	EGV degree (mild/moderate/severe)
	7/36/40 (8.4/43.4/48.2)

	Ascites degree (no/mild/moderate-severe)
	8/24/51 (9.6/28.9/61.4)

	Preoperative HVPG (mmHg)
	19.96 ± 9.01

	Child–Pugh grade (A/B/C)
	23/52/8 (27.7/62.7/9.6)

	Intrahepatic HCC morphology (unifocal/multifocal)
	47/36 (56.6/43.4)

	Sum of longest viable tumor diameters (cm)
	6.62 ± 2.77

	≤ 5/5-8/> 8
	23/44/16 (27.7/53.0/19.3)

	BCLC stage (C/D)
	75/8 (90.4/9.6)

	cTNM stage (IIIB/IVA/IVB)
	55/19/9 (66.3/22.9/10.8)

	PLT (109/L)
	108.24 ± 86.09

	PT (s)
	14.89 ± 3.89

	ALT (U/L)
	31.40 ± 29.29

	AST (U/L)
	49.63 ± 45.00

	TBil (μmol/L)
	31.74 ± 17.68

	Albumin (g/L)
	35.08 ± 4.85

	AFP (ng/mL)1
	769.49 (16.69-2345.11)

	Log10(AFP)
	2.40 ± 1.26

	Combined TACE/RFA/targeted therapy
	83/52/41 (100/62.7/49.4)


1Skewness distribution. The upper limit of AFP detection is 20000 ng/mL. BMI: Body mass index; HBV: Hepatitis B virus; HCV: Hepatitis C virus; EGVB: Esophagogastric variceal bleeding; EGV: Esophagogastric varices; HVPG: Hepatic venous pressure gradient; HCC: Hepatocellular carcinoma; PLT: Platelet; PT: Prothrombin time; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBil: Total bilirubin; AFP: Alpha-fetoprotein; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation.

Table 2 Summary of long-term efficacy and safety
	Items
	6 mo
	12 mo
	24 mo

	Cumulative survival rate (%)
	83.1
	49.7
	21.8

	Cumulative rate of shunt stenosis (%)
	13.3
	28.9
	38.6

	Cumulative recurrence rate of CPH (%)
	9.6
	22.9
	33.7


CPH: Cirrhotic portal hypertension.

Table 3 Summary of portal vein tumor thrombosis response in short-term efficacy
	PVTT response
	CR
	PR
	SD
	PD
	Response (ORR)

	Number (%)
	15 (18.1)
	41 (49.4)
	17 (20.5)
	6 (7.2)
	56 (67.5)


PVTT: Portal vein tumor thrombosis; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; ORR: Objective response rate.

Table 4 Summary of survival comparison of different stratification factors
	Stratification indicator
	Log-rank 2
	P value

	Gender
	0.448
	0.503

	Age group
	5.311
	0.021

	EGV degree
	0.448
	0.600

	Ascites degree
	1.308
	0.520

	Child-Pugh grade
	15.810
	< 0.001

	Intrahepatic HCC morphology
	0.174
	0.677

	Group of tumor diameters
	1.685
	0.431

	BCLC stage
	10.883
	< 0.001

	cTNM stage
	51.774
	< 0.001

	Combined with RFA
	0.275
	0.600

	Combined with targeted therapy
	0.001
	0.978

	PVTT response
	22.617
	< 0.001

	Post-TIPS HE
	0.255
	0.613

	Shunt stenosis
	0.027
	0.868

	Recurrence of CPH
	0.235
	0.628


EGV: Esophagogastric varices; HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer; RFA: Radiofrequency ablation; PVTT: Portal vein tumor thrombosis; TIPS: Transjugular intrahepatic portosystemic shunt; HE: Hepatic encephalopathy; CPH: Cirrhotic portal hypertension.

Table 5 Correlative factors for survival in univariate and multivariate analyses
	Variable
	Univariate analysis
	Multivariate analysis

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Gender (female/male)
	1.237
	0.650-2.355
	0.518
	
	
	

	Age (years)
	1.039
	1.011-1.068
	0.006
	
	
	

	BMI
	0.781
	0.701-0.871
	< 0.001
	0.861
	0.768-0.965
	0.010

	EGV degree (mild/moderate/severe)
	1.130
	0.796-1.605
	0.493
	
	
	

	Ascites degree (no/mild/moderate-severe)
	1.055
	0.760-1.464
	0.748
	
	
	

	Preoperative HVPG (mmHg)
	1.006
	0.979-1.034
	0.668
	
	
	

	Child-Pugh grade
	
	
	< 0.001
	
	
	

	A/B
	1.856
	1.068-3.225
	0.028
	2.243
	1.270-3.961
	0.005

	A/C
	4.999
	2.099-11.907
	< 0.001
	7.308
	2.898-18.425
	< 0.001

	Intrahepatic HCC morphology (unifocal/multifocal)
	0.909
	0.570-1.447
	0.687
	
	
	

	Sum of longest viable tumor diameters (cm)
	1.070
	0.988-1.158
	0.097
	
	
	

	BCLC stage (C/D)
	3.216
	1.509-6.851
	0.002
	
	
	

	cTNM stage (IIIB/IVA/IVB)
	3.269
	2.228-4.795
	< 0.001
	2.745
	1.726-4.366
	< 0.001

	PLT (109/L)
	1.000
	0.997-1.003
	0.917
	
	
	

	PT (s)
	1.006
	0.959-1.056
	0.802
	
	
	

	ALT (U/L)
	1.004
	0.994-1.013
	0.465
	
	
	

	AST (U/L)
	1.003
	0.998-1.008
	0.173
	
	
	

	TBil (μmol/L)
	1.022
	1.008-1.035
	0.001
	
	
	

	Albumin (g/L)
	0.929
	0.886-0.974
	0.002
	
	
	

	Log10(AFP) (ng/mL)
	1.341
	1.097-1.639
	0.004
	
	
	

	Combined RFA (no/yes)
	0.885
	0.552-1.419
	0.612
	
	
	

	Combined targeted therapy (no/yes)
	0.994
	0.627-1.574
	0.978
	
	
	

	Reduction of PVP (mmHg)
	1.025
	0.983-1.069
	0.247
	
	
	

	PVTT response (nonresponse/response)
	0.302
	0.176-0.516
	< 0.001
	0.472
	0.259-0.859
	0.014

	Post-TIPS HE (no/yes)
	0.864
	0.482-1.551
	0.625
	
	
	

	Shunt stenosis (no/yes)
	1.039
	0.650-1.662
	0.873
	
	
	

	Recurrence of CPH (no/yes)
	1.122
	0.694-1.814
	0.639
	
	
	


BMI: Body mass index; EGV: Esophagogastric varices; HVPG: Hepatic venous pressure gradient; HCC: Hepatocellular carcinoma; PLT: Platelet; PT: Prothrombin time; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBil: Total bilirubin; AFP: Alpha-fetoprotein; RFA: Radiofrequency ablation; PVP: Portal vein pressure; PVTT: Portal vein tumor thrombosis; TIPS: Transjugular intrahepatic portosystemic shunt; HE: Hepatic encephalopathy; CPH: Cirrhotic portal hypertension.
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