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Background and Objectives

This study aimed to compare the efficacy of transarterial chemoembolization (TACE) plus sorafenib (TACE-S) to TACE plus lenvatinib (TACE-L) for the treatment of HCC with portal vein tumor thrombus (PVTT).



Methods

This cohort study recruited patients from September 2017 to September 2020. A total of 59 and 57 consecutive patients were treated with TACE-L and TACE-S, respectively.



Results

Before propensity score matching (PSM), comparing TACE-L to TACE-S, the median overall survival (OS) time was 16.4 months and 12.7 months, respectively [hazard ratio (HR) 1.34; 95% confidence interval (CI): 0.81–2.20; p = 0.25]. The median progression-free survival (PFS) time was 8.4 months and 7.43 months, respectively (HR 1.54; 95% CI: 0.98–2.41; p = 0.081). After PSM, the median OS time was 18.97 months and 10.77 months, respectively (HR 2.21; 95% CI: 1.12–4.38; p = 0.022); the median PFS time was 10.6 months (95% CI: 6.6–18.0 months) and 5.4 months (95% CI: 4.2–8.1 months), respectively (HR 2.62; 95% CI: 1.43–4.80; p = 0.002). After PSM, the overall response rate (ORR) was 66.8% vs. 33.3% [odds ratio (OR) 0.85; 1.05–6.90; p = 0.037].



Conclusion

Both TACE-L and TACE-S are safe, well-tolerated treatments for HCC with PVTT. In HCC with PVTT, TACE-L was significantly superior to TACE-S with respect to OS, PFS, and ORR. A larger-scale randomized clinical trial is needed.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most frequent cancer worldwide (1). Unfortunately, 30%–62% of patients with HCC tend to develop portal vein tumor thrombus (PVTT), which is a poor risk factor for overall survival (OS) (2).

For patients with HCC and PVTT, sorafenib is recommended as the first-line treatment by the Barcelona Clinic Liver Cancer (BCLC) staging system and European Association for the Study of the Liver (3, 4). Unfortunately, HCC with PVTT treated with sorafenib only achieved a 5.6 months of OS time (2). Peng et al. (5) demonstrated that combining TACE with sorafenib (TACE-S) significantly prolonged median OS compared to mono-sorafenib (16.0 vs. 10.0 months). Similarly, the corresponding time to progression (TTP) was longer in the TACE-S group than the mono-sorafenib group (10.0 vs. 5.0 months, p < 0.001). According to the PVTT classification validated by Yamada et al. (6) in patients with right or left PVTT (Vp3), the median OS in the TACE-S group and mono-sorafenib group was 11.0 months and 7.0 months, respectively (p = 0.001). The corresponding TTP was 6.0 months and 3.5 months in the TACE-S group and mono-sorafenib group, respectively (p < 0.001) (5). This finding suggests that HCC patients with PVTT benefit from TACE-S treatment. According to the REFLECT study (7), compared to sorafenib, lenvatinib, exhibits a better overall response rate (ORR) (29.6% vs. 6.9%; p < 0.001), progression-free survival (PFS) (7.2 vs. 4.6 months, p < 0.001), and non-inferior OS (13.6 vs. 12.3 months). TACE combined with lenvatinib (TACE-L) also presented a significantly longer OS than lenvatinib alone (8). Hence, for HCC with PVTT, TACE-L may have better clinical efficacy than TACE-S. However, there is currently a lack of evidence on TACE-L versus TACE-S. Therefore, we performed this study to compare the efficacy of TACE-L vs. TACE-S in the treatment of HCC with PVTT.



Methods

This cohort study was approved by the ethics committee of our institution. The trial registration ID was ChiCTR2100046490 (chictr.org. cn). This study was conducted ethically in accordance with the World Medical Association Declaration of Helsinki. Written informed consent was obtained from every patient. The HCC was diagnosed by histopathological examination. PVTT was diagnosed by magnetic resonance imaging (MRI), abdominal dynamic computer tomography (CT) or ultrasonic examination. All procedures were strictly according to the CONSORT guidelines. Patients were recruited from September 2017 to December 2019. Patients were recruited into two groups according to their willingness. All patients were followed up to February 2021. Among these patients, 59 and 57 were included in the TACE-L and TACE-S groups, respectively (Figure 1).




Figure 1 | Flow chart for selecting HCC patients with PVTT for this study.




Eligibility Criteria

All patients were preoperatively evaluated by MRI, abdominal dynamic CT, and/or abdominal ultrasonography. Inclusion criteria were as follows: (1) unresectable HCC with PVTT; (2) international normalized ratio was lower than 1.5; (3) no history of any anti-tumor treatment in the previous 6 months; (4) liver function with Child-Pugh A or B; (5) no serious concurrent medical illness; (6) Eastern Cooperative Oncology Group (ECOG) score ≤ 2; and (7) historically or cytologically proven HCC.

Exclusion criteria: (1) <18 years old or ≥75 years old; (2) esophageal variceal bleeding within the previous 3 months; (3) patients who previously used targeted therapy, systemic chemotherapy, programmed death ligand-1 (PD-L1) inhibitors, PD-L2 inhibitors, cytotoxic T lymphocyte associate protein (CTLA-4) antibody inhibitors, or antitumor Chinese medicines; (4) pregnant females; (5) hepatic artery thrombosis; (6) acute tumor rupture with hemoperitoneum; (7) extrahepatic organs not including regional lymph node metastasis; (8) a history of hepatic encephalopathy; (9) heart failure or concurrent ischemic heart disease; and (10) patients with malignant tumors in other organs.



Procedures

The treatment protocol was described in a previous study (9). Each patient received the TACE treatment. Briefly, after local anesthesia with 3–5 ml of 1% lidocaine administered in the groin, hepatic arteriography was performed. Then, 2–20 ml of an injectable suspension of iodized oil (10-20 ml, Guerbet) and epirubicin (40-45 mg, Pfizer) was injected into the target artery using a 2-F microcatheter (Terumo), followed by gelatin sponge particle (350–560 μm, Alicon) embolization until arterial flow stasis was achieved. Treatment was continued until progression to the TACE refractory criteria, unacceptable toxicity, or withdrawal of consent.

Sorafenib (Pfizer) or lenvatinib (Merck) was administered within 7 days before or after TACE. Drug dosage was based on the recommended doses in the SHARP (10) and REFLECT (7) studies, respectively: sorafenib: 400 mg orally, twice per day; lenvatinib: 8 mg orally, once per day (body weight < 60 kg) or 12 mg orally, once per day (body weight ≥ 60 kg). Doses were adjusted according to the grade of the National Cancer Institute’s Common Terminology Criteria for Adverse Events (CTCAE version 4.0). Lenvatinib or sorafenib was continually administered until disease progression developed or unacceptable adverse events (AEs) appeared.



Follow-Up and Assessment

After 4 weeks of TACE, tumors were assessed by dynamic CT or MRI every 3 months, with tumor marker tests performed at the same time (11). All patients were followed up by the same multidisciplinary team after treatment. Complete response (CR), partial response (PR), progressive disease (PD), and stable disease (SD) assessment of liver tumors was performed according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST) (12) within 1 month after the first TACE session (13). The disease control rate (DCR) and overall response rate (ORR) were defined as CR/PR/SD and CR/PR, respectively. PFS was defined as the time from patients’ TACE treatment to disease progression. AEs were evaluated using CTCAE version 4.0. OS was calculated as the time from TACE treatment to death or the last follow-up.



Statistical Analysis

SPSS 20.0 (IBM, USA) and R-studio (version 4.1.2) were used for statistical analysis. Normally distributed data were expressed as the median and 95% confidence interval (CI), and enumeration data were expressed as n (%). Independent-samples t-test or χ2 test was used to assess two groups of baseline characteristics. OS and PFS were evaluated using the Kaplan–Meier method. The Cox model was used to identify risk factors. A p-value < 0.05 was defined as statistically significant.




Results


Patient Demographics

A total number of 116 patients were recruited in this study (TACE-L, 59; TACE-S, 57). The mean age was 54.05 ± 11.35 years in the TACE-L group and 55.18 ± 10.94 in the TACE-S group. The baseline characteristics of sex, ECOG score, PVTT classification, AFP level, and pre- and post-propensity score matching (PSM) are presented in Table 1.


Table 1 | Baseline characteristics before and after propensity score matching.





Overall Survival

In the TACE-L and TACE-S groups, the median OS was 16.4 months (95% CI: 10.93–21.81 months) and 12.7 months (95% CI: 10.8–17.9 months), respectively (HR 1.34; 95% CI: 0.81–2.20; p = 0.25) (Figure 2). At 6, 12, and 24 months, the estimated OS rates were 81.4% vs. 78.9%, 40.7% vs. 40.4%, and 8.5% vs. 8.8% in the TACE-L and TACE-S groups, respectively (Supplementary Table 1). In the subgroup analysis, based on the number of TACE procedures (<3 times), the median OS was 14.97 months (95% CI: 9.49–20.45 months) vs. 11.5 months (95% CI: 10.09–12.92 months) (HR 2.93; 95% CI: 1.27–2.00; p = 0.017). For patients with α-fetal protein (AFP) ≥ 400 ng/ml, the median OS was 17.6 months (95% CI: 9.64–25.56 months) vs. 11.5 months (95% CI: 9.35–13.65 months) (HR 1.03; 95% CI: 0.61-1.75; p = 0.009). The median OS was 20.37 months (95% CI: 13.78–26.96 months) vs. 14.8 months (95% CI: 11.76–17.84 months) (p = 0.433) in the subgroup of ECOG < 2 (HR 2.71; 95% CI: 1.11–6.62; p = 0.027) (Figure 3).




Figure 2 | Kaplan–Meier analysis for OS before PSM (A), OS after PSM (B), PFS before PSM (C), and PFS after PSM (D).






Figure 3 | Subgroup analyses of OS before PSM (A), OS after PSM (B), PFS before PSM (C), and PFS after PSM (D) for known prognostic factors.



After PSM, the median OS was 18.97 months (95% CI: 13.53–24.41 months) and 10.77 months (95% CI: 6.07–15.47 months) in the TACE-L and TACE-S groups, respectively (HR 2.21; 95% CI: 1.12–4.38; p = 0.022) (Figure 2). The estimated OS rates at 6, 12, 24, and 36 months were 81.6% vs. 73.7%, 34.2% vs. 42.1%, and 8.9% vs. 5.3% in the TACE-L and TACE-S groups, respectively. In the subgroup analysis, the median OS of Vp2 PVTT was 22.23 months (95% CI: 12.78–31.61 months) vs. 12.8 months (95% CI: 8.01–17.59 months) (HR 9.33; 95% CI: 2.18–28.35; p < 0.001) in TACE-L compared to TACE-S, respectively. Based on the number of TACE procedures (<3 times), the median OS was 14.97 months vs. 10.77 months (HR 8.14; 95% CI: 2.53-26.49; p < 0.001). For patients with AFP ≥ 400 ng/ml, the median OS was 22.23 months vs. 10.77 months (HR 8.74; 95% CI: 2.32–32.90; p = 0.001). The median OS was 22.23 months vs. 12.8 months in subgroup of ECOG < 2 (HR 8.31; 95% CI: 2.44–28.35; p < 0.001) (Figure 3).



Progression-Free Survival

The median PFS time was 8.4 months (95% CI: 7.07–15.2 months) and 7.43 months (95% CI: 5.63–9.03 months) in the TACE-L and TACE-S groups, respectively (HR 1.54; 95% CI: 0.98–2.41; p = 0.081) (Figure 2). The estimated PFS rates at 6, 12, and 24 months were 59.3% vs. 42.1%, 20.3% vs. 17.5%, and 3.4% vs. 1.8% in the TACE-L and TACE-S groups, respectively (Supplementary Table 1). Before PSM, the subgroup analysis showed no difference in PVTT, the number of TACE procedures or ECOG.

After PSM, the median PFS time was 10.6 months (95% CI: 6.6–18.0 months) and 5.4 months (95% CI: 4.2–8.1 months) in the TACE-L and TACE-S groups, respectively (HR 2.62; 95% CI: 1.43–4.80; p = 0.002) (Figure 2). The estimated PFS rates at 6, 12, and 24 months were 52.6% vs. 34.2%, 23.7% vs. 15.8%, and 2.6% vs. 0% in the TACE-L and TACE-S groups, respectively. In the subgroup analysis based on PVTT classification, the median PFS of Vp2 PVTT was 9.67 months (95% CI: 8.76–10.58 months) vs. 5.33 months (95% CI: 4.38–6.28 months) (HR 6.93; 95% CI: 1.53-31.34; p < 0.001) in TACE-L vs. TACE-S, respectively. Based on the number of TACE procedures < 3 times, the median PFS was 9.03 months (95% CI: 4.68–13.38 months) vs. 5.2 months (95% CI: 3.77–6.63 months) (HR 3.56; 95% CI: 1.19–10.59; p = 0.02). For the number of TACE procedures ≥ 3 times, the median PFS was 16.4 months (95% CI: 7.80–25.00 months) vs. 6.37 months (95% CI: 5.50–7.24 months) (HR 1.99; 95% CI: 0.66–5.98; p = 0.222). The median PFS was 10.63 months (95% CI: 6.06–15.20 months) vs. 9.69 months (95% CI: 3.11–5.29 months) in the subgroup of patients with AFP < 400 ng/ml (HR 8.67; 95% CI: 1.40–53.85; p = 0.021) (Figure 3).



Tumor Response

A total of 56 and 54 patients were evaluated for tumor response in the TACE-L and TACE-S groups. Comparing TACE-L and TACE-S, the CR was 10.71% vs. 5.56% (OR 2.04; 95% CI: 0.48–8.61; p = 0.49); the PR was 50.5% vs. 33.3% (OR 2.00; 95% CI: 0.96–4.32; p = 0.076); ORR was 60.7% vs. 38.9% (OR 2.43; 95% CI: 1.13–5.23; p = 0.022); the DCR was 96.4% vs. 96.3% (OR 1.04; 95% CI: 0.14–7.65; p = 1.00) (Table 2).


Table 2 | The imaging response assessed using mRECIST criteria.



After PSM, the CR was 10.53% vs. 5.56% (OR 0.85; 0.32–10.99; p = 0.67), and the PR was 56.23% vs. 27.78% (OR 2.89; 1.10–7.61; p = 0.03) (Table 2). The ORR was 66.8% vs. 33.3% (OR 0.85; 1.05–6.90; p = 0.037) (Table 2), and the DCR was 97.4% vs. 97.2% (OR 1.06; 95% CI: 0.06–17.56; p = 1.00).



Univariable and Multivariable Analyses of OS in the PSM Cohort

Additional univariable and multivariable Cox regression analyses with robust estimators were performed in the PSM cohort (Table 3). TACE frequency < 3 (HR, 0.39; 95% CI: 0.17–0.9, p = 0.028), ECOG < 2 (HR, 1.96; 95% CI: 1.02–1.75, p = 0.045), and treatment method (HR, 2.21; 95% CI: 1.12–4.38, p = 0.02) were critically important factors for longer overall survival.


Table 3 | Univariate and multivariate analysis of overall survival.





Adverse Events

No treatment-related death was observed in either group (Table 4). One patient treated with TACE-S experienced cholecystitis and recovered through surgical resection. One patient treated with TACE-L had a liver abscess after the first chemoembolization, whose condition was improved after puncture drainage and antibiotics treatment. In the TACE-L group, a total of 57 complications were observed in 38 patients. The most frequent adverse events were hand–foot syndrome and diarrhea (17.5%). Grade 3–4 toxicities were observed in 13 (24.0%) patients. Three patients (7.9%) stopped using lenvatinib due to intolerance. Fifty-two complications were observed in 40 patients in the TACE-S group. The highest incidences were hand–foot syndrome (30.7%) and diarrhea (25.0%). Grade 3–4 toxicities were observed in 10 patients (17.50%). Two patients (5.0%) stopped using sorafenib due to intolerance.


Table 4 | Adverse event categories before propensity score matching.






Discussion

In the treatment of HCC with PVTT, accumulating evidence suggests that TACE-S has a higher OS rate than mono-sorafenib. Recently, the REFLECT study (7) showed that lenvatinib was superior to sorafenib with respect to PFS. Moreover, lenvatinib has a 64.87% cost-saving advantage than sorafenib (14). Ding et al. have reported TACE-L vs. TACE-S in HCC patients (15). Our study offers a comparison of the efficacy between TACE-L and TACE-S in HCC patients with PVTT.

Previously, several studies have demonstrated that lenvatinib is superior to sorafenib in PFS (p = 0.009) and TTP (p = 0.005) with a similar result in OS (HR 0.92, 95% CI: 0.79–1.06) (7). Our results revealed that TACE-L achieved significantly better benefits with respect to PFS, OS, and ORR than TACE-S in HCC patients with PVTT. These results are similar to those of a previously published study (15), in which TACE-L was better than TACE-S in HCC with PVTT in terms of median TTP (4.7 vs. 3.1 months, p = 0.037) and numerically better median OS (15.6 vs. 10.8 months, p = 0.15) and ORR (50.0 vs. 25.0%, p = 0.07). In our study, we did not observe any significant differences in either OS or PFS in the entire cohort but only after PSM. Subgroup analysis showed that TACE-L achieved a better PFS and OS than TACE-S in Vp2 PVTT and procedure times < 3.

For sorafenib treatment, TACE-S exhibited a better PFS benefit than TACE alone (p < 0.01) (16). Furthermore, Peng et al. (5) demonstrated that patients with PVTT had a better median OS (p < 0.001) and TTP (p < 0.001) in the TACE-S group than in the monosorafenib group. This is similar to a previous study reporting that TACE-S is superior to sorafenib with respect to TTP and OS (17). Furthermore, another study reported a significantly improved TTP (p = 0.003), PFS (p = 0.01), and ORR (p = 0.005) (18). Wu et al. (19) reported no difference between TACE-S and sorafenib in OS (p = 0.223). A similar study reported that TACE-S cannot improve OS compared to sorafenib (HR 0.91; 90% CI 0.69–1.21; p = 0.29) in patients with advanced HCC (20).

Only a few studies have tested the combination of TACE with lenvatinib. Previously, Zhang et al. (21) presented a DCR (92.3%) in TACE-L treatment of HCC with PVTT. This is similar to the DCR (97.4%) observed in our study. Chen et al. (22) demonstrated that the median disease-free survival was 12.0 months in the TACE-L group, which is similar to another study (8). He et al. (23) compared lenvatinib alone to transcatheter arterial infusion plus lenvatinib or toripalimab. The combination group achieved better PFS (11.1 versus 5.1 months, p < 0.001), OS (p < 0.001), and ORR (59.2% versus 9.3%, p < 0.001). The combination group reported a similar PFS and ORR to the TACE-L group in our study.

Compared to TACE-S, TACE-L resulted in a higher incidence of grade ≥3 adverse events in our study. This is entirely contradictory to a previous study (7), which reported fewer grade ≥3 adverse events with lenvatinib treatment. Similar to a previous study (24), no differences in serious adverse events or treatment-related deaths were observed between the TACE-L and TACE-S groups in our study. In another study, the most frequent adverse events were hypertension (17%) and proteinuria (12.2%) (8). However, the most frequent adverse events in our study were hand–foot syndrome and diarrhea. These differences might arise from different procedures. The previous study used both TACE with epirubicin and/or cisplatin and performed hepatic arterial infusion chemotherapy with cisplatin and 5-Fu (8).



Limitations

There are several limitations in this study that must be addressed. Although we performed PSM, this method does not entirely eliminate selection bias. This study had a relatively small sample size and did not allow us to do some analyses of subgroups. Especially after PSM, the sample size was further decreased. Hence, a large-scale and randomized study is needed.



Conclusions

Both TACE-L and TACE-S are safe, well-tolerated treatments for HCC patients with PVTT. For HCC patients with PVTT, TACE-L may be significantly superior to TACE-S with respect to OS, PFS, and ORR. A larger-scale randomized clinical trial is needed.
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