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Purpose: To validate the safety and effectiveness of transarterial chemoembolization (TACE) combination with lenvatinib and 
sintilimab in treating hepatocellular carcinoma (HCC) patients with inferior vena cava (IVC) and/or right atrium (RA) tumor 
thrombosis (TT).
Methods: This study retrospectively analyzed HCC patients with IVC and/or RA TT treated with TACE combined with lenvatinib 
plus sintilimab. Overall survival (OS), progression-free survival (PFS), objective response rate (ORR), and disease control rate (DCR) 
were calculated to evaluate the anti-tumor efficacy. Treatment-related adverse events (TRAEs) were analyzed to assess the safety 
profiles.
Results: A total of 58 patients were screened for eligibility between March 2019 and May 2022. At the time of data collection, 48.2% 
of patients were still receiving treatment. The median follow-up was 23.5 months. The ORR was 48.3%, the DCR was 91.4%, the 
median OS was 17.3 months, and the median PFS was 13.0 months. The ORR for IVC/RA TT was 62.1%, DCR was 94.9%, and the 
median PFS was 14.3 months. 56.9% of patients experienced ≥ grade 3 TRAEs, such as hypertension (10.3%) and elevated liver 
enzymes (13.8%). No new safety signals were identified. Participants with low levels of serum PCT value had satisfactory prognoses.
Conclusion: TACE combination with lenvatinib plus sintilimab is effective in treating HCC with IVC and/or RA TT. The toxicities 
were manageable, with no unexpected safety signals. The baseline levels of serum PCT might be the predictive biomarkers for the 
triple combination therapy.
Keywords: hepatocellular carcinoma, inferior vena cava tumor thrombus, transarterial chemoembolization, lenvatinib, sintilimab

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of cancer-related 
deaths worldwide.1,2 Vascular invasion is an important feature of HCC; about 12.5–62.5% of patients exhibit portal vein 
tumor thrombus (PVTT) at their initial visit.3 Hence, several studies4 evaluated these patients and achieved promising 
results. However, HCC with an extension to the inferior vena cava (IVC) and right atrium (RA) rarely occurs.5,6 Patients 
with tumor thrombus invading the IVC or RA, often accompanied by PVTT, have an extremely poor prognosis since the 
pulmonary embolization and massive involvement of the right atrial cavity can rapidly lead to death with a median 
survival of about 2–5 months in untreated patients.7 Surgery, transarterial chemoembolization (TACE), hepatic arterial 
infusion chemotherapy (HAIC), radiotherapy (RT), high-intensity focused ultrasound (HIFU), radiofrequency ablation 
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(RFA), and microwave ablation (MWA) are the most common treatment methods for patients with IVC or RA TT.8–10 

Because of the macrovascular invasion, these patients are classified as Barcelona Clinic Liver Cancer (BCLC) stage C, 
for which the tyrosine kinase inhibitor (TKI), sorafenib or lenvatinib, is recommended as the standard therapy. Although 
TKI can be used to treat these patients, its clinical effectiveness is unsatisfactory.

Immunotherapy using immune checkpoint inhibitors (ICIs) has shown promising anti-tumor efficacy in HCC. The US 
Food and Drug Administration (FDA) approved the combination of atezolizumab and bevacizumab for patients with 
unresectable or metastatic HCC who are systemic treatment-naive, based on Phase III IMbrave150 study.11 More 
recently, a clear superiority of the durvalumab-tremelimumab (STRIDE regimen) over sorafenib was demonstrated in 
the HIMALAYA phase III trial.12 In addition, studies on combination therapies, such as ICI plus TKI and ICI combined 
with other local treatments, presented promising results.13,14 However, only limited data on TKI, ICI, and TACE are 
available with respect to the treatment of HCC with IVC or RA TT. Also, there is still no standard treatment method 
available for these patients.

This study investigated the safety and efficacy of TKI, ICI, and TACE in the treatment of patients with IVC and/or RA TT.

Materials and Methods
Case Selection and General Information
A total of 58 unresectable HCC patients with IVC and/or RA TT treated with TACE combined with lenvatinib plus 
sintilimab between March 2019 and May 2022 were recruited in this study (Figure 1A). All patients were diagnosed with 
HCC based on the non-invasive criteria or biopsy. The non-invasive diagnostic criteria for HCC in patients with cirrhosis 
were as follows: liver cirrhosis, tumor diameter > 1 cm based on four-phase multidetector computed tomography 
(MDCT) or dynamic magnetic resonance imaging (MRI), and arterial hypervascularization with venous or delayed 
phase washout.15,16

The inclusion criteria were as follows: (1) patient aged between 18 and 80 years; (2) liver function classification 
(Child-Pugh) of grade A or B; (3) Eastern Cooperative Oncology Group (ECOG) score 0–2; (4) IVC and/or RATT 
diagnosed before treatment; (5) conformed to the indications for lenvatinib plus sintilimab; (6) stable thrombus in 
patients with pulmonary embolism. The exclusion criteria were: (1) surgery, liver tumor radiofrequency ablation, particle 
implantation, or liver transplantation before or after admission; (2) received radiotherapy and/or systemic chemotherapy 
before admission; (3) patients taking other targeted drugs in addition to lenvatinib; (4) with severe dysfunction of the 
heart, lung, liver, or kidneys; (5) Child-Pugh class C or ECOG score > 2; (6) serious medical complications.

This single-center retrospective study was approved by the ethics committee of the hospital. Written informed consent 
was acquired from all patients before the operation in accordance with the 1955 Declaration of Helsinki.

Figure 1 (A): Flowchart of the patient cohort. (B): The schema of the combination therapy.
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Study Design
Patients received oral lenvatinib (EISAI Merck & Co. Inc., Japan, USA) at 12mg/day (for body weight > 60kg) or 8mg/ 
day (for body weight < 60 kg) 3–7 days for initial confirmation of tolerability. Dose interruptions followed by reductions 
for lenvatinib-related toxicities were allowed. Sintilimab (Innovent, Soochow, China), as an ICI, was administered 
intravenously at a dose of 200 mg on day 1 of a 21-day therapy cycle after TACE (Figure 1B). The TACE was repeated at 
intervals of 4–6 weeks until the complete disappearance of the viable intrahepatic tumor or when the hepatic function 
was not preserved. Adverse events were assessed using the National Cancer Institute patient-reported outcomes version 
of the common terminology criteria for adverse events (PRO-CTCAE).17

TACE Procedure
The entire treatment was conducted using digital subtraction angiography (DSA) monitoring (Allura Xper FD20, Philips 
N. V, Netherlands) with the patient under local anesthesia. The 5F vascular sheath was inserted into the right femoral 
artery via the Seldinger technique. All patients underwent angiography of the celiac and superior mesenteric artery to 
identify the intrahepatic tumor-feeding branches. Arteries supplying to the IVC and RATT were identified as follows: (1) 
in patients with lesions in the right lobe of the liver, followed by angiography of the right inferior phrenic artery; (2) for 
patients with lesions in the left lobe, left gastric artery, and left inferior phrenic artery, angiography was carried out; (3) 
internal mammary artery angiography was performed in patients with no definite tumor thrombus-feeding branches. If 
the blood supply vessel of the tumor, IVC, or RA TT was identified, it was maximally superselected using a microcatheter 
(Terumo, Japan). Then, a mixture of iodized oil (Jiangsu Hengrui Medicine, Lianyungang, China) and chemotherapeutic 
agents, such as lobaplatin (Guizhouyibai, Guizhou, China) and epirubicin (Pfizer, New York, USA), were administered 
into the target artery. Lipiodol was injected until it stopped flowing in the artery, directly feeding the tumor, and a gelatin 
sponge (Ailikang, Hangzhou, China) or coil (COOK, Bloomington, USA) was injected as a supplement when necessary.

Classification of IVC/RA TT
Cheng et al18 summarized the correlation between the anatomical location of the proximal end of the tumor thrombus in 
the inferior vena cava and prognosis, dividing the hepatic vein (HV)/IVC TT into three categories: (1) hepatic vein type 
(type I): tumor thrombus confined within the hepatic vein; (2) subdiaphragmatic type (type II): tumor thrombus located in 
the posterior inferior vena cava of the liver but below the plane of the diaphragm; (3) supradiaphragmatic type (type III): 
tumor thrombus crossed the plane of the diaphragm (type IIIa), or tumor thrombus entered the RA (type IIIb).

Response Evaluation
The response was evaluated by two investigators and reviewed by an independent radiologist at the time of study completion. 
Modified Response Evaluation Criteria In Solid Tumors (mRECIST)19 was used to evaluate the primary lesions. The overall 
survival (OS), progression-free survival (PFS), objective response rate (ORR), and disease control rate (DCR) were calculated 
to evaluate the anti-tumor efficacy. OS was defined as the time from the first TACE treatment to death or the last follow-up. 
PFS was defined as the time from the first TACE treatment to disease progression or the last follow-up. The objective response 
rate (ORR) was the percentage of patients with complete or partial response (CR and PR), and the DCR was the percentage of 
patients with complete or partial response (CR and PR) or stable disease (SD).

Sequential CT-enhanced scans were used to assess the IVC or RA TT response by calculating the diameter of the 
tumor thrombus and comparing it to the initial value. Based on the changes in IVC or RA TT diameter measurements 
after treatment, we evaluated the effects in this study based on four categories as follows: (1) CR: the tumor thrombus 
disappeared completely or was completely covered by iodinated oil; (2) PR: the diameter of the tumor thrombus was 
reduced ≥ 30%; (3) SD: the diameter of tumor thrombus did not change or did not meet the standard for improvement 
and progress; (4) progressive disease (PD): tumor thrombus diameter increased by ≥ 20%, or new lesions appeared.

The side effects of TACE, including fever, gastrointestinal reactions, liver function, and pain, were assessed. In 
addition, the liver function tests (serum albumin, bilirubin, and prothrombin time) were conducted four weeks after the 
first TACE treatment to assess the toxicity of the treatment on the liver.
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Blood Assessment for Procalcitonin and Determination of the Cutoff Value
Measuring procalcitonin (PCT) concentration before the first cycle of the combined treatment, blood samples were 
collected into a blood collection tube containing a serum-separating agent or EDTA and centrifuged at 3000 rpm for 20 
minutes. The concentration of PCT was measured using a chemiluminescent enzyme immunoassay. The cutoff value was 
defined using the software X tile. A blood culture was performed for the patients with PCT value >0.5 ng/mL to confirm 
that there were no active infectious.

Follow-Up
Follow-up visits were performed 4–6 weeks after the TACE procedure. Contrast-enhanced CT or dynamic MRI was 
conducted after each follow-up to assess the efficacy of the procedure. In addition, echocardiography was used every 
three months to assess thrombus stability for patients with pulmonary embolisms. Laboratory tests included hematolo-
gical and biochemical analyses, such as complete blood count, prothrombin time, methemoglobin, aspartate amino-
transferase, alanine aminotransferase, total bilirubin, and serum albumin.

Telephone follow-up and outpatient interviews were continued and ended on November 1st, 2022. For patients out of 
contact during the follow-up, the OS was calculated as the time from the diagnosis to the last follow-up.

Statistical Analysis
R Programming Language and SPSS 26.0 were used for all statistical analyses. OS and PFS were evaluated using the 
Kaplan-Meier method and Log rank test, with p < 0.05 as a statistically significant difference. Cox proportional risk 
regression models were used for univariate and multivariate analyses. Univariate analysis was used, and variables with 
p < 0.1 were selected for multivariate analysis, with p < 0.05 considered statistically significant.

Results
Patients and Tumor Characteristics
The characteristics of 58 patients are listed in Table 1. All patients were treated with TACE plus lenvatinib and 
sintilimab. The cohort comprised 9 females and 49 males with a mean age of 56.71 ± 9.54 years. The sum of the 
maximum diameters of all intrahepatic lesions was ≤ 5 cm in 6.9% (4/58), 5–10 cm in 39.7% (23/58), and ≥ 10 cm in 
53.4% (31/58) of cases. In addition, 84.5% (49/58) were Child-Pugh A and the remaining were B. Also, 89.7% (52/58) of 
the patients had an underlying chronic liver disease caused by hepatitis B virus infection; 55.2% (32/58) patients had 
PVTT with 9, 12, and 11 cases of type II, III, and IV, respectively, according to the Japanese VP classification; 53.4% 
(31/58) of the patients had distant metastases, and some had multiple metastases, including 25 lymph nodes and 18 lung, 
2 adrenal gland, 2 abdominal wall, and 1 bone metastases. Pulmonary embolism was observed in 8 cases, but none had 
any obvious symptoms, and 5 cases had lower limb edema.

Patients were followed up with second-line therapy after disease progression, including regorafenib alone (n = 9, 
15.5%), PD-1 alone (n = 2, 3.4%), regorafenib plus PD-1 (n = 7, 12.1%), and atezolizumab plus bevacizumab (n = 3, 
5.2%), followed by camrelizumab and apatinib (n = 5, 8.6%) after further progression.

Treatment
In addition, in the study, 58 patients were treated with a total of 288 cycles of TACE (median 5 cycles). Patients received 
oral lenvatinib as described above 3–7 days prior to the initial TACE to confirm tolerability. A dose reductions due to 
lenvatinib-related toxicities (to 8 mg or 4 mg/day or to 4 mg every other day) were allowed. Dose adjustment of 
lenvatinib were observed 10 patients but no patients discontinued the target drugs. The median duration of lenvatinib was 
8.3 months. Sintilimab as ICIs, was administered intravenously at a dose of 200 mg one day after TACE. 58 patients were 
treated with a total of 491 cycles of sintilimab (median 7 cycles).
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Table 1 Characteristics of the Enrolled 58 Patients with 
HCC

Variable Value (n=58)

Age (year)* 56.71±9.54

Gender

Male 49 (84.5)
Female 9 (15.5)

ECOG

0 43 (74.1)
1 15 (25.9)

HbsAg
Negative 6 (10.3)

Positive 52 (89.7)

Tumor diameter (cm)
≤ 5 4 (6.9)

5–10 23 (39.7)

≥ 10 31 (53.4)
AFP (ng/mL)

<1000 30 (51.7)

≥1000 28 (48.3)
PCT (ng/mL)

≤ 0.13 36 (62.1)

> 0.13 22 (37.9)
Child-Pugh class

A 49 (84.5)

B 9 (15.5)
IVCTT classification

I 3 (5.2)

II 19 (32.7)
III 36 (62.1)

VP classification (PVTT)

II 9 (15.5)
III 12 (20.7)

IV 11 (19.0)

Absent 26 (44.8)
ALBI Grade

1 24 (41.4)

2 34 (58.6)
Extrahepatic spread

Lung 18 (31.0)

Lymph nodes 25 (43.1)
Others 3 (5.2)

Absent 27 (46.6)

Pulmonary embolism 8 (13.8)
Edema of legs 5 (8.6)

Systemic treatment

Second-line
Regorafenib alone 9 (15.5)

Regorafenib and PD-1 7 (12.1)

PD-1 alone 2 (3.4)
Atezolizumab and Bevacizumab 3 (5.2)

Third-line

Camrelizumab and Apatinib 5 (8.6)

(Continued)
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Overall PFS and OS
The median follow-up duration of patients was 23.5 months (range, 5.8–36.2 months). At the final follow-up, 30 patients 
had disease progression, of whom 28 survived. Tumor assessments were based on the mRECIST criteria and 8.6% (5/58), 
39.7% (23/58), 43.1% (25/58), and 8.6% (5/58) patients achieved CR, PR, SD, and PD, respectively (Table 2). The ORR 
was 48.3% [95% confidence interval (CI): 35.0–61.8%)], and the DCR was 91.4% (95% CI: 72.6–92.7%). The median 
OS (mOS) and median PFS (mPFS) were 17.3 months (95% CI: 13.7–20.9) and 13.0 months (95% CI: 11.7–14.3) 
(Figure 2a and b). The mOS was 25.8 months (95% CI: 19.2–32.4) in patients without PVTT and 13.6 months (95% CI: 
11.6–15.6) in patients with PVTT (95% CI: 1.53–7.86, p = 0.003) (Figure 2c). The mOS for patients with type I/II and 
type III tumor thrombus was 15.3 months (95% CI: 12.5–18.1) and 21.0 months (95% CI: 11.1–30.9), respectively, with 
no significant difference between the two groups (95% CI: 0.26–1.15, p = 0.112) (Figure 2d). The mOS was 25.3 months 
(95% CI: 19.0–31.6) for patients without metastases compared to 15.3 months (95% CI: 21.6–19.0) for patients with 
metastases (95% CI: 1.02–4.69, p=0.044) (Figure 2e). The OS was 25.3 months (95% CI: 20.2–30.4) and 14.7 months 
(95% CI: 10.8–18.6) in the response and non-response groups of IVC/RA TT, respectively (Figure 2f). Reductions in 
tumor size are shown in Figure 3a.

Evaluation of IVC and/or RATT
According to Cheng’s IVCTT classification, three cases were type I, 19 were type II, and 36 were type III. The IVCTT 
was supplied by the hepatic artery in 40 patients and by the inferior phrenic artery in 20 patients. In another 13 patients, 
no definite feeding artery was found. The remaining patients had extrahepatic feeding arteries, including the internal 
mammary artery (IMA) and the left gastric artery (LGA).

The PFS of IVC/RA TT was defined as the time from the first TACE treatment to the IVC/RATT progression or the 
last follow-up. The response of the IVC/RA TT was defined as CR and PR, and non-response was defined as SD and PD. 
The reduction details during follow-up are shown in Figure 3b, and the mPFS of IVC/RA TT was 14.3 months (95% CI: 
10.1–18.5) (Figure 3c). The response of IVC/RA TT to combination therapy was assessed at three months. Of the 58 
patients evaluated for the efficacy of IVC/RATT, 15.5% (9/58), 46.6% (27/58), 32.8% (19/58), and 5.1% (3/58) achieved 
CR, PR, SD, and PD, respectively; the ORR was 62.1% (95% CI: 48.4–74.5%), and the DCR was 94.9% (95% CI: 78.8– 
96.1%). A patient with a high tumor burden was evaluated as PR after treatment with TACE combined with lenvatinib 
plus sintilimab as shown in Figure 4 (imaging scans of 12 representative participants are shown in Figure S1–S13). 
Furthermore, of 58 patients in the present study, 19 had differential responses for target tumors versus IVC/RA TT, of 
whom 14 achieved a better response in the tumor thrombus versus the target tumors.

Table 1 (Continued). 

Variable Value (n=58)

TACE number 5 (2–10)

Duration of lenvatinib, months 8.3 (1.8–36.2)
Sintilimab cycle 7 (2–24)

Note: *Data are mean ± standard deviation.

Table 2 Intra-Hepatic Tumor Response Was Evaluated in 58 Patients

Response Evaluation 3 Month (n = 58) 6 Month (n = 58) 1 Year (n = 36)

Complete response 5 (8.6%) 5 (8.6%) 4 (11.1%)

Partial response 23 (39.7%) 21 (36.2%) 14 (38.9%)
Stable disease 25 (43.1%) 18 (31.1%) 3 (8.3%)

Progressive disease 5 (8.6%) 14 (24.1%) 15 (41.7%)
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Survival Analysis According to PCT
We also performed Kaplan–Meier analysis according to baseline PCT status. Based on the results calculated by the X-tile 
software, the optimal cutoff value of the PCT was set as 0.13 ng/mL. Among the 58 patients, 4 patients PCT value > 0.5 
ng/mL, but positive blood culture were not find in these 4 patients. Our results showed that the mPFS of HCC with low 
PCT value (≤0.13 ng/mL) were significantly higher than these with high PCT value (>0.13 ng/mL) (15.5 vs 7.5 months, 
p = 0.001) (Figure 5a). The median OS of low PCT value and high PCT value were 25.3 and 15.3 months, respectively, 
p = 0.016 (Figure 5b).

Figure 2 PFS and OS of the entire cohort of HCC patients. Kaplan–Meier estimates of mOS among entire 58 patients (a), mPFS according to mRECIST among all 58 
patients (b), mOS stratified by the presence or absence of PVTT (c), mOS stratified by classification of IVC/RATT (d), mOS stratified by the presence or absence of M (M 
means metastasis) (e), mOS stratified by the treatment of IVC/RATT response (f). 
Abbreviations: PFS, progression-free survival; OS, overall survival; HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; IVC/RA TT, inferior vena cava / 
right atrium tumor thrombus; M, metastasis.
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Figure 3 Percentage changes from baseline, summed diameters of tumors (a) and IVC/RATT (b) by mRECIST. (c) Kaplan–Meier estimates of mPFS of IVC/RATT. Red 
represents patients with PD, green represents SD, and blue represents CR or PR.
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Figure 4 Hepatic artery (arrow, a) angiography showing feeding IVC/RA TT; Contrast-enhanced CT showed a huge hepatocellular carcinoma nodule (arrow, b), together 
with HVTT (arrow, c) and IVCTT (arrow, d); Right inferior phrenic artery (arrow, e) angiography showing feeding IVC/RA TT; CT images after combined treatment showed 
that large amounts of iodized oil were deposited in the primary lesion (arrow, f) and IVC/RATT (arrow, g and h) with decreases in the sizes of the tumor and tumor 
thrombus. HVTT, hepatic vein tumor thrombus.

Figure 5 Median PFS (a) and median OS (b) stratified by the PCT level (0.13 ng/mL cutoff). 
Abbreviation: PCT; Procalcitonin.
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Factors Associated with OS
Univariate and multifactorial analyses included gender, age, alpha-fetoprotein (AFP) level, Child-Pugh classification, 
albumin-bilirubin (ALBI), extrahepatic metastases, portal vein invasion, type of IVC/RATT, and the response of IVC/ 
RATT to treatment (Table 3). Univariate analysis found that Child-Pugh classification grade A [hazard ratio (HR) = 2.81, 
95% CI: 1.24–6.40, p = 0.014] and absence of extrahepatic metastases (HR = 2.19, 95% CI: 1.02–4.69, p = 0.044) were 
associated with reduced mortality in patients. In contrast, non-response to IVC/RATT treatment (HR = 0.31, 95% CI: 
0.15–0.65, p = 0.002) and the presence of PVTT (HR = 3.47, 95% CI: 1.53–7.86, p = 0.003) was associated with 
increased patient mortality. In multivariate analysis, the absence of PVTT (HR = 5.21, 95% CI: 1.96–13.89, p = 0.001) 
and extrahepatic metastases (HR = 2.40, 95% CI: 1.04–5.57, p = 0.041) were independent predictors associated with 
prolonged OS. Non-response to IVC/RATT treatment (HR = 0.35, 95% CI: 0.13–0.93, p = 0.035) was an independent 
predictor of reduced OS. Child-Pugh classification was not statistically significant. In addition, a statistical difference was 
detected in gender due to the bias of patients attending the clinic.

Toxicity
A total of 84.5% (49/58) of patients receiving combination therapy experienced at least one treatment-related adverse 
event (TRAE) (Table 4). The most common TRAEs were abdominal pain 69.0% (40/58), fever 63.8% (37/58), 
hypertension 62.1% (36/58), increased liver enzymes 56.9% (33/58), fatigue 31.1% (18/58), and decreased appetite 
27.6% (16/58). However, no patients discontinued the combination therapy. Dose adjustments were made in 12 patients 
due to lenvatinib-related adverse events. Grade 3 or higher TRAEs occurred in 56.9% (33/58) of patients.

Immune-related adverse events of any grade were observed in 16 (27.6%) participants. The most common immune- 
related adverse events were hypothyroidism (20.7%). Immune-related hepatitis and pneumonitis occurred in 2 and 1 
patients, respectively. Treatment-related grade 3 or 4 immune-related adverse events were seen in 4 (6.9%) participants. 
All immune-related adverse events disappeared after participants stopped ICIs and received hormone therapy.

The most common complication of TACE treatment was post-embolization syndrome, manifesting as pain, vomiting, 
fever, and elevated transaminases. With prompt symptomatic supportive treatment, the patient recovered within one 
week. Subsequently, one patient developed a liver abscess which improved with anti-infection and drainage. In addition, 
all RATTs were stable after TACE. No pulmonary embolism was detected on postoperative CT due to RATT detachment. 
No iodine oil deposits were observed in the lung parenchyma, and no heart failure or respiratory distress was detected.

Discussion
Large vascular tumor thrombus is a common feature in the advanced stages of HCC, and the portal and hepatic veins are 
the most commonly involved vessels.20 Several previous studies on these patients have achieved satisfactory results.21 

The hepatic vein can progress along the venous wall to the inferior vena cava or the right atrium. Compared to PVTT, 
IVC/RATT occurs rarely and is only detected in about 3–4% of HCC patients who undergo imaging examinations.5 Since 

Table 3 Univariate and Multivariate Analysis of the Clinical Characteristics Associated with OS

Variable Univariable Analysis Multivariable Analysis

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

Gender (Male vs Female) 0.41 0.17–0.98 0.044* 0.30 0.12–0.76 0.011
Age (<60 vs ≥60) 0.64 0.30–1.40 0.264
AFP (<1000 vs ≥1000) 1.04 0.50–2.16 0.914

Child-Pugh class (A vs B) 2.81 1.24–6.40 0.014
ALBI (Grade1 vs Grade2) 0.97 0.47–2.01 0.943

Extrahepatic metastasis (No vs Yes) 2.19 1.02–4.69 0.044 2.40 1.04–5.57 0.041
PVTT (No vs Yes) 3.47 1.53–7.86 0.003 5.21 1.96–13.89 0.001
Type of IVC/RATT (I/II vs III) 0.55 0.26–1.15 0.112

Response of IVC/RATT (No vs Yes) 0.31 0.15–0.65 0.002 0.35 0.13–0.93 0.035

Note: *Bold text indicates variable with p < 0.05.
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it carries an increased risk of systemic metastasis and a threat of impending death due to pulmonary embolism or sudden 
cardiac arrest, HCC patients presenting IVC/RATT have an extremely poor prognosis, and the survival time is about 
three months.22 Although several therapeutic methods have been applied, such as TACE, surgery, radiotherapy, and 
targeted drugs, the treatment required is yet unmet.23,24

TACE is considered safe and effective and has become an acceptable treatment option for most patients with 
advanced HCC. TACE is more frequently applied in Asia to treat HCC with macrovascular invasion.25,26 However, 
most of these tumors show an infiltrative growth pattern, with extrahepatic collateral arteries supplying the tumor, 
making them refractory to TACE.27,28 Thus, in recent years, TACE combined with systemic therapy (eg, sorafenib or 
lenvatinib) has been applied to treat unresectable HCC, achieving good results.29,30 Also, TACE has been widely applied 
in treating IVC/RA TT patients. TACE monotherapy in HCC patients with a tumor thrombus in the IVC and RA showed 
a median OS of 4.2–10.9 months.31 The results were not satisfactory, and consequently, it is necessary to explore 
a combination therapy with TACE to prolong the OS of these patients.

Atezolizumab plus bevacizumab is recommended as the preferred first-line treatment for advanced HCC by the 
National Comprehensive Cancer Network (NCCN) Guidelines.32 Recently, a few immunotherapy combined therapies 
have emerged as the first-line option for HCC, such as lenvatinib plus pembrolizumab (KEYNOTE-524),33 camrelizu-
mab plus apatinib (RESCUE),34 and lenvatinib combined with toripalimab plus hepatic arterial infusion chemotherapy 
(NCT04044313).35 Most studies showed promising anti-tumor activity with a tolerable safety profile, with a median OS 
of 17.9–22.1 months, a median PFS of 5.6–10.4 months, and an ORR was 34.3–63.9%. Although lenvatinib plus 
pembrolizumab phase III trial LEAP-00236 did not meet its primary endpoint, it showed better OS compared to lenvatinib 
monotherapy (21.2 vs 19.0 months). These data suggested that further exploration of TKIs combined with ICIs is 
essential. In this study, TACE combined with lenvatinib and sintilimab achieved an ORR of 48.3%, median PFS of 13.0 
months, and median OS of 17.3 months. Interestingly, a previous study by Cao et al30 reported that 60 unresectable HCC 
patients were administered combination therapy with TACE and lenvatinib plus sintilimab; the PFS and OS were 13.3 
months and 23.6 months, respectively, and the ORR reached 46.7% (28/60). The present study showed a similar PFS and 
shorter OS compared to the study mentioned above. In addition to IVC/RA TT, patients in this study were relatively late 
in staging; 55.2% (32/58) had PVTT, and 53.4% (31/58) had distant metastases, which might be attributed to short OS. 
These results suggest that TACE combined with lenvatinib plus PD-1 inhibition may improve the anti-tumor activity, 

Table 4 Treatment-Related Adverse Events

Variables Any, n (%) Grade≥3, n (%)

Total patients with adverse events 49 (84.5) 33 (56.9)
Abdominal pain 40 (69.0) 4 (6.9)

Fever 37 (63.8) 1 (1.7)

Hypertension 36 (62.1) 6 (10.3)
Increased liver enzymes 33 (56.9) 8 (13.8)

Fatigue 18 (31.1) 3 (5.2)

Decreased appetite 16 (27.6) 2 (3.4)
Hand-foot syndrome 16 (27.6) 2 (3.4)

Hypothyroidism 15 (25.9) 3 (5.2)
Diarrhea 12 (20.7) 2 (3.4)

Proteinuria 8 (13.8) 2 (3.4)

Rash 3 (5.2) 0 (0)
Liver abscess 2 (3.4) 0 (0)

Hematological toxicity 1 (1.7) 1 (1.7)

Immune-related adverse event 16 (27.6) 4 (6.9)
Immune-related hepatitis 2 (3.4) 1 (1.7)

Immune-related pneumonitis 1 (1.7) 1 (1.7)

Immune-related dermatitis 1 (1.7) 0 (0)
Immune-related hypothyroidism 12 (20.7) 2 (3.4)
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although the exact mechanism driving these phenomena needs to be further explored. The reasons could be speculated as 
follows: TACE induces an ischemic-hypoxic microenvironment leading to tumor necrosis and tumor-specific antigen 
release, and the combination of PD1 inhibitors enhances the production of tumor antigen-specific memory T cells and 
maintains the patient’s anti-tumor response.37 The hypoxic microenvironment promotes the upregulation of hypoxia- 
inducible factor-1, bFGF and VEGF, while the combination of lenvatinib inhibits the activity of tumor angiogenic 
factors.38 Anti-angiogenic targeting drugs can enhance tumor blood filling through vascular normalization and increase 
lymphocyte infiltration in tumor tissue,37 reversing the immunosuppressed state and increasing PD-L1 expression.39 

Secondly, lenvatinib plus PD-1 inhibitors exert a unique immunomodulatory effect by blocking FGFR-4, reducing Treg 
differentiation, and inhibiting TGF signaling.40

In the present study, the combination therapy has a satisfactory ORR and DCR on the IVC/RATT (62.1% and 94.9%, 
respectively). Also, 15.5% (9/58) patients achieved CR and 46.6% (27/58) patients achieved PR. Furthermore, we found 
that the IVC/RA TT responders had an obvious survival benefit over non-responders (25.3 vs.14.7 months), and the 
response to IVC/RATT was identified as an independent predictor of mortality by multivariable analysis. This phenom-
enon was attributed to the synergistic anti-tumor effect of TKIs combined with ICIs. Previous study reported that almost 
100% IVC/RATT exists in extrahepatic vessels. Therefore, during the TACE procedure in our hospital, any vessels 
suspected of supplying blood to the IVC/RATT should be assessed carefully, such as the left and right inferior phrenic 
artery, left gastric artery, internal mammary, and other angiographic examinations. In this cohort, 77.6% (45/58) of 
patients had definite arteries feeding the IVC/RATT. Therefore, accurate embolization of the cancer emboli might result 
in a high local control rate and response rate. Furthermore, our study found a higher ORR in IVC/RATT than in target 
lesions (62.1% vs 48.3%). Of 58 patients in the present study, 19 had differential responses for target tumors versus IVC/ 
RATT, of whom 14 achieved a better response in the tumor thrombus versus the target tumors. Higher ORR and DCR can 
help prevent pulmonary embolism and cardiac arrest, which can provide survival benefits.

Several biomarkers at the molecular, genomic, transcriptional, and gut microbiome levels have been explored to 
predict the efficacy of HCC immunotherapy and targeted drugs.41 Biomarkers of inflammation and inflammatory gene 
signatures have also been associated with response to immunotherapy.42 However, no validated biomarker is available to 
guide clinical decision-making. Serum C-reactive protein (CRP) is a biomarker of an acute inflammatory response and 
has been successfully used as a prognostic predictor for several malignancies. Recently, some studies43 demonstrated the 
prognostic value of pretreatment serum CRP levels for advanced HCC patients and treatment with PD-1 inhibitors. In 
addition Scheiner al. developed a novel prognostic score named “CRAFITY” based on serum CRP and alpha-fetoprotein 
levels that predicts the outcome of HCC patients receiving atezolizumab plus bevacizumab.44 PCT has been considered 
an excellent marker of bacterial infection and acute inflammatory for over two decades. Currently, some studies reported 
for the first time that PCT is a prognostic factor in lung cancer patients receiving ICIs.45 Therefore, we speculated 
whether PCT, as an indicator of inflammation, could also predict the efficacy of immunotherapy. Our results showed that 
the PFS and OS of HCC with low PCT value were significantly higher than those with high PCT value (15.5 vs 7.5 
months, p = 0.001; 25.3 vs 15.3 months, p = 0.016). In addition, the pretreatment level of serum PCT were an 
independent predictors associated with reduced PFS and OS. To our knowledge, no study has reported an association 
between serum PCT levels and prognosis in HCC. Further research is needed to determine the specificity of PCT in 
patients with HCC and in particular to explore the potential usefulness of PCT to monitor the response to treatment and 
predict prognosis.

A tolerable safety profile was observed with combination therapy in this study. Also, no unexceptional toxicities were 
detected in the triple treatment group, which was consistent with the known AEs of each drug. Abdominal pain 69.0% 
(40/58), fever 63.8% (37/58), hypertension 62.1% (36/58), increased liver enzymes 56.9% (33/58), fatigue 31.1% (18/58) 
and decreased appetite 27.6% (16/58) were the most frequent any-grade treatment-related AEs, and 56.9% (33/58) of 
patients presented grade ≥ 3 AES. In addition, we found a high incidence of elevated transaminases, which might have 
resulted from TACE and a high proportion of patients with hepatitis B virus (HBV) infection. Moreover, precise 
embolization could stabilize the tumor thrombus, but detached IVC/RATT was observed in none of the patients. 
Overall, the tolerable safety profile ensures a long-term survival benefit through appropriate management.
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The present study has several limitations. First, this was a retrospective, single-hospital study, which might cause an 
inherent information and selection bias. Second, this was a single-arm design, limited by the lack of a control group. 
Therefore, a multicenter, randomized, controlled clinical trial is required to validate the efficacy and safety of the 
different combinations. Third, the sample size of this study was small. However, our findings highlighted the potential for 
future expansion of the indication for TACE combination with lenvatinib plus PD-1 inhibitors in patients with advanced 
unresectable HCC with high-risk tumors and macrovascular invasion.

In conclusion, our data suggest that TACE combined with lenvatinib plus sintilimab has promising efficacy in treating 
patients with IVC/RA TT. Furthermore, this combination therapy is well-tolerated and could be a treatment option for this 
patient group.
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