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Purpose: This study aimed to assess the effectiveness and safety of combining hepatic arterial infusion chemotherapy (HAIC) with
lenvatinib (LEN) and PD-1 inhibitors in treating arterioportal shunt (APS) in hepatocellular carcinoma (HCC) patients with portal vein
tumor thrombus (PVTT).

Patients and Methods: Conducted retrospectively, the study enrolled 54 HCC patients with APS and PVTT treated with HAIC,
LEN, and PD-1 inhibitors at our center between January 2021 and October 2023. APS improvement, APS recanalization, tumor
response, PVTT response rate, overall survival (OS), intrahepatic progression-free survival (InPFS), and adverse events were
evaluated.

Results: APS improvement was observed in 42 patients (77.8%), with all improvement occurring within two treatment sessions.
Complete APS occlusion was achieved in 40 patients (74.1%), and no recanalization occurred. The best objective response rate (ORR)
and ORR after two HAIC sessions were 74.1% and 66.7%, respectively. The best PVTT response and PVTT response after two HAIC
sessions were 98.1% and 94.4%, respectively. The median OS and InPFS were 10.0 months and 5.0 months, respectively. OS and
InPFS were longer in patients with APS occlusion compared to those without (OS 12.1 vs 4.4 months, P<0.001, InPFS 6.2 vs 2.3
months, P=0.049). ALBI grade, extrahepatic spread, APS disappearance were potential prognostic factors for OS, while APS grade
and extrahepatic spread being independently associated with InPFS. No treatment-related mortality occurred.

Conclusion: Combining HAIC with LEN and PD-1 inhibitors proves to be both effective and safe in managing APS in HCC with
PVTT, potentially improving patient survival.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide." In China, portal vein tumor thrombus
(PVTT) is diagnosed in 44% to 62.2% of HCC patients.z’3 Arterioportal shunt (APS) occurs in 28.8%-63.2% of advanced
HCC cases, often in conjunction with PVTT.* APS is typically considered an adverse prognostic factor, as severe APS
can exacerbate portal hypertension, leading to severe complications like ruptured gastro-esophageal varices, refractory
ascites.? Moreover, HCC patients with moderate or severe APS are ineligible for transarterial chemoembolization
(TACE). Therefore, the effective treatment of shunt tracts to alleviate portal pressure and facilitate subsequent tumor
embolization is critical.
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Transcatheter embolization is the common choice for APS in clinical practice. Various embolic agents have been used
to occlude APS, such as polyvinyl alcohol (PVA), gelatin sponge, microsphere, absolute ethanol, coils, N-butyl-
2-cyanoacrylate (NBCA).'®'” However, each of these embolic agents has drawbacks. Gelatin sponge is typically
reabsorbed within a few weeks,'®'? leading to a high recanalization rate. Coils are suitable for simple shunts but not
for those caused by tumors. NBCA demands advanced operator skills with a risk of ectopic embolization. Additionally,
fast blood flow in severe APS often limits precise embolization due to poor shunt visualization. Hence, there is an urgent
need for a safe and effective treatment to address this current dilemma.

Recent evidence supports the survival benefits of hepatic arterial infusion chemotherapy (HAIC) with oxaliplatin, fluorour-
acil, and leucovorin for advanced HCC.?*?' The Barcelona Clinic Liver Cancer staging system (BCLC) proposes systemic
therapy for HCC with PVTT.?* Given the proven effectiveness of both HAIC and systemic therapy in advanced HCC companied
with PVTT,***2% it’s reasonable to consider this combination for the treatment of APS in HCC patients with PVTT.

To the best of our knowledge, limited reports exist regarding HAIC combined with lenvatinib (LEN) and PD-1
inhibitors for this condition. Thus, we conducted a retrospective study to evaluate the effectiveness and safety of this
integrated therapy for treating APS in HCC patients with PVTT.

Materials and Methods

Patient Selection
This study was approved by the Ethics Committee of our center (112024-050-01). Informed consent was waived due to
the retrospective study nature.

Between January 2021 and October 2023, we consecutively enrolled HCC patients accompanied by APS and PVTT
who received the combination therapy comprising HAIC, LEN and PD-1 inhibitors. The primary inclusion criteria were
as follows: (1) Diagnosis of HCC accompanied by PVTT with the diagnosis confirmed by histologic or clinical features
according to the American Association for the Study of Liver Diseases and the European Association for the Study of the
Liver;?>° (2) Confirmation of APS via digital subtraction angiography (DSA). In DSA images, APS manifests as early
opacification of the portal vein during the hepatic arterial phase; (3) Initial treatment with HAIC, LEN and PD-1
inhibitors; (4) A Child-Pugh score of Class A or B; (5) An Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1 and (6) Age above 18 years old. The exclusion criteria were: (1) Coexistence with other
malignancies; (2) Severe heart or lung dysfunction; (3) Loss to follow-up; or (4) Life expectancy of less than 3 months.

PVTT and APS Classification

The grading of PVTT followed the classification suggested by the Japan Society of Hepatology.>” The evaluation of APS

1415 25 follows:

and its severity was conducted through DSA, and the APS grading system was derived from prior studies,
Shunt extending to the subsegmental portal branch was designated as Grade 1, indicating mild APS. Shunt reaching the
segmental portal branch was defined as Grade 2. Shunt reaching the main portal branch of the ipsilateral lobe was
categorized as Grade 3. Both Grade 2 and 3 were considered moderate APS. Grade 4 was assigned to shunt reaching the
main portal branch of the contralateral lobe and/or the main portal vein. Grade 5 was defined for cases where the shunt
reached the main portal vein presenting with hepatofugal portal venous flow. Both Grade 4 and 5 were classified as

severe APS (Table 1).

Table | APS Classification

Grade | Definition Class

| Shunt reached the subsegmental portal branch mild

2 Shunt reached the segmental portal branch moderate
3 Shunt reached the main portal branch of the ipsilateral lobe moderate
4 Shunt reached the main portal branch of the contralateral lobe and/or the main portal vein | severe

5 Shunt reached the main portal vein presenting with hepatofugal portal venous flow severe

Abbreviation: APS, arterioportal shunt.
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Procedure

All patients underwent superior mesenteric angiography and hepatic angiography to assess the tumor and APS. These
angiographies were performed using a high-pressure syringe at a rate of 4 mL per second for 3 seconds at a pressure of
300 psi. The degree of APS was assessed by DSA as described above. Subsequently, a microcatheter was super-
selectively positioned in the feeding arteries of the tumors, covering both intrahepatic and extrahepatic tumor feeding
arteries. In cases where APS was not detectable in angiography, the artery associated with the tumor was embolized with
drug-eluting beads TACE (DEB-TACE) or conventional TACE (¢cTACE). Then, the microcatheter was placed and fixed
in feeding hepatic artery, in which APS could be observed in angiography, to deliver chemotherapy. This chemotherapy
regimen included: oxaliplatin (85mg/m? infusion for 2 h), leucovorin (400mg/m? for 2 h), and 5-fluorouracil (400mg/m?
in bolus, and then 2400 mg/m2 continuous infusion 46 h). Repeated HAIC sessions were carried out at intervals of 3—4
weeks. If APS did not get improved after more than 4 sessions of HAIC, alternative treatment options were considered.
DEB-TACE or cTACE could be used in combination with HAIC when the APS was absent after integrated therapy
following a multidisciplinary consultation.

Lenvatinib and PD-1 Inhibitors

Concurrent LEN and PD-1 inhibitors were administrated at least three days before or after HAIC Procedure. Patients
under 60 kg received a daily oral dose of 8 mg of LEN, and those over 60 kg received a daily oral dose of 12 mg of LEN.
Simultaneously, all patients received intravenous PD-1 inhibitors every 3—4 weeks (200mg sintilimab, 200mg tislelizu-
mab, 200mg camrelizumab, or 200mg pembrolizumab). Treatment was halted in the event of any unacceptable or severe
adverse event (AE) (grade 3 or higher AE) or any intolerable grade 2 drug-related AE. Discontinuation also occurred

upon the observation of disease progression.

Outcomes
We assessed several parameters in this study, including APS improvement, APS recanalization, tumor response, PVTT
response rate, overall survival (OS), intrahepatic progression-free survival (InPFS), and AEs.

Improvement in APS was defined as a decrease in APS grade by at least two levels in subsequent angiograms. APS
disappearance was characterized by the absence of APS in consecutive angiograms. APS recanalization indicated the
reappearance of APS during follow-up. Therapeutic effectiveness was assessed using the modified Response
Evaluation Criteria in Solid Tumors (mRECIST),*® which categorizes the outcomes into complete response (CR),
partial response (PR), stable disease (SD), and progressive disease (PD). The objective response rate (ORR) was
determined as the combined total of CR and PR, while the disease control rate (DCR) was computed as the cumulative
count of CR, PR, and SD. The mRECIST criteria consider PVTT as a non-target lesion, and the PVTT radiologic
response was defined as CR, non-CR-non-PD and PD. The best response observed during treatment and response after
two HAIC sessions were recorded. OS was calculated as the period between the start of treatment and either the date of
death or the last follow-up visit. InPFS was defined as the time from commencement of treatment to intrahepatic tumor
progression or death. According to the Common Terminology Criteria for Adverse Events version 5.0, AEs were
assessed.

Data Collection

All patients underwent continuous follow-up until their demise or October 2023. These follow-up evaluations, which
include observation of clinical symptoms and necessary examinations, were performed 4-6 weeks after the initial
intervention. The investigations encompassed abdominal contrast-enhanced computed tomography (CT) or magnetic
resonance imaging (MRI), alpha-fetoprotein (AFP), routine blood measurements, hepatic function, kidney function,
blood coagulation and blood ammonia.

Journal of Hepatocellular Carcinoma 2024:11 hetps: 1417
Dove


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

Statistical Analysis

Unless otherwise specified, continuous variables were displayed as the median with interquartile range (IQR). Categorical data
were expressed in frequencies. The outcomes of survival were evaluated by the Kaplan—-Meier method and compared with the
Log rank test. Hazard ratio (HR) was estimated with a Cox proportional hazards model. Covariates with P<0.10 from
univariate Cox analyses were incorporated into the multivariate Cox analysis. Using the Cox proportional hazards model,
multivariate analysis was conducted to ascertain the important prognostic factors. Statistical tests were two-sided, with P<0.05
indicating statistical significance. Statistical analyses in R (version 4.3.1; R Project for Statistical Computing, https://www.
r-project.org/), and SPSS (version 26.0; IBM, Somers, NY) were applied.

Results

Patient Characteristics

A total of 54 patients were included in this study between January 2021 and October 2023 at our center (Figure 1). The
baseline characteristics of these patients are summarized in Table 2. These patients collectively underwent 190 HAIC
treatments, with a median number of 3 sessions (IQR, 2—4). The majority of patients (50 [92.6%]) had a hepatitis B virus
infection. The median tumor size was 12.3cm (IQR, 8.4—14.8). Most of the PVTT (52 [96.3%]) cases were categorized as
Vp3-Vp4. Extrahepatic spread was observed in 17 patients (31.5%). Regarding APS severity, the majority of patients (44
[81.5%]) presented with severe APS, while 10 patients had moderate APS. There were no cases of grade 1 APS. The
patients received PD-1 inhibitors from the following categories: sintilimab for 41 (75.9%), tislelizumab for 3 (5.6%),
camrelizumab for 9 (16.7%) and pembrolizumab for 1 (1.9%).

Outcome of APS

APS improvement was achieved in 42 (77.8%) patients (Table 3). Specifically, improvement was observed in 7 cases of
moderate APS and in 35 cases of severe APS. It’s noteworthy that all cases of APS improvement occurred within the first
two treatment sessions. During the last follow-up angiography, complete occlusion of APS (Figure 2) was observed in 40
(74.1%) patients. More specifically, APS disappearance was noted in 7 cases classified as moderate and in 33 cases
categorized as severe. No cases of recanalization of previously disappeared APS were observed in the follow-up
angiographies.

Tumor Response and PVTT Response

According to the mRECIST criteria,”® both the best response observed during treatment and response after two HAIC sessions
were recorded (Figure 3). Concerning the best response during treatment, no CR was observed, while there were 40 cases
(74.1%) with PR, 9 cases (16.7%) with SD, and 5 cases (9.3%) with PD. The DCR was 90.7% (49/54), and the ORR was

| 1342 HCC patients presenting with PVTT from January 2021 to October 2023 |

| 338 HCC patients presenting with PVTT and APS from January 2021 to October 2023 |

Excluded (n=284)
Did not receive the combination therapy (n=238)
Child-Pugh C (n=3)
Follow-up loss (n=43)

54 patients included in the study

Figure | Flow chart.
Abbreviations: APS, arterioportal shunt; HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus.
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Table 2 Baseline Characteristics
Characteristic
Sex, n
Male 51 (94.4)
Female 3 (5.6)
Age, years 52 (42-58)1
ECOG PS score, n
0 34 (63)
| 20 (37)
Etiology, n
Hepatitis B infection 50 (92.6)
Others 4 (7.4)
TBil, pmol/L 19 (13.2-24.2)*
ALB, g/L 36 (32.7-40.3)°
Child Pugh class, n
A 48 (88.9)
B 6 (I1.1)
ALBI grade, n
Grade | 14 (25.9)
Grade 2 38 (70.4)
Grade 3 2 (3.7)
Main tumor 12.3 (8.4-14.8)°
<l0cm 15 (27.8)
2]0cm 39 (72.2)
No. of tumor
<4 9 (16.7)
24 45 (83.3)
AFP, n
<25 ng/mL 8 (14.8)
>25 ng/mL 46 (85.2)
APS grade, n
Grade 2 4 (7.4)
Grade 3 6 (I1.1)
Grade 4 39 (72.2)
Grade 5 5(9.3)
APS Severity, n
Moderate 10 (18.5)
Severe 44 (81.5)
PVTT, n
Vp2 2 (3.7)
Vp3 15 (27.8)
Vp4 37 (68.5)
Extrahepatic spread, n
Yes 17 (31.5)
No 37 (68.5)
Lung metastasis 12 (22.2)
Lymph metastasis 6 (I1.1)
Notes: The data are presented as quantity (percen-
tage), unless otherwise specified. *The data are
expressed as median (IQR).
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin;
ALBI, albumin-bilirubin score; APS, arterioportal shunt;
ECOG PS, Eastern Cooperative Oncology Group per-
formance status; IQR, interquartile range; PVTT, portal
vein tumor thrombus; TBil, total bilirubin.
Journal of Hepatocellular Carcinoma 2024:1 | https: 1419
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Table 3 Outcome of APS

Outcome of APS

APS improvement, n

Improved 42 (77.8)

Not improved 12 (22.2)
APS disappearance, n

Yes 40 (74.1)

No 14 (25.9)
APS recanalization, n 0 (0)

Number of HAIC sessions® | | (1-2)°

Notes:The data are presented as quantity (percentage),
unless otherwise specified. “The number of HAIC ses-
sions needed for patients exhibiting improved APS.
®The data are expressed as median (range).
Abbreviations: APS, arterioportal shunt; HAIC,
hepatic arterial infusion chemotherapy.

74.1% (40/54). At the same time, the best PVTT response was observed in 53 patients (CR: 24 [44.4%], non-CR-non-PD: 29
[53.7%]). Regarding the response after two HAIC sessions, no cases achieved CR, while 36 cases (66.7%) showed PR, 10
cases (18.5%) had SD, and 8 cases (14.8%) experienced PD. The DCR was 85.2% (46/54) and the ORR was 66.7% (36/54).
The PVTT response after two HAIC sessions was observed in 51 patients (CR: 10 [18.5%], non-CR-non-PD: 41 [75.9%]).

Survival

The follow-up period concluded in October 2023, with a median duration of 11.9 months. At the conclusion of the
observation period, 30 (55.6%) patients had passed away. The median OS was 10.0 months (95% CI, 8.6 to 11.4)
(Figure 4a). At the data cutoff, a total of 44 (81.5%) patients had experienced disease progression or death, and the

Figure 2 Representative radiographical images of a patient who achieved APS disappearance after treatment. Images of man aged 50 years with HCC and severe APS after
receiving the combination therapy. Axial contrast-enhanced CT images in the arterial phase (a) and portal phase (b) before the initiation of treatment. CT images taken
during the arterial phase (a) displayed early enhancement of portal vein branches (indicated by a black arrow), representing APS. Hepatic angiography (c) revealed severe
APS (indicated by a black arrow). Subsequent axial contrast-enhanced CT images in the arterial (d) and portal (e) phase were taken after three sessions of HAIC, showing
no apparent APS. Hepatic angiography in image (f) confirmed the absence of APS.

Abbreviations: APS, arterioportal shunt; CT, computed tomography; HCC, hepatocellular carcinoma.
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Figure 3 The best tumor response (A) and PVTT response (B) observed during treatment, and tumor response (C) and PVTT response (D) after two sessions of HAIC.
Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; PVTT, portal vein tumor thrombus; SD, stable disease.
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Abbreviation: APS, arterioportal shunt.
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median InPFS was 5.0 months (95% CI, 3.0 to 7.1) (Figure 4b). To investigate the influence of APS on Survival, we
compared the survival outcomes between patients who presented no APS and those who presented APS during follow-
up. Among these cases, APS disappeared in 40 (74.1%) patients, while APS persisted in 14 (25.9%) patients. There were
notable differences between the two groups in both median OS and InPFS. Patients without APS had longer OS and
InPFS compared to those with APS (OS 12.1 months [95% CI, 8.8 to 15.3] vs 4.4 months [2.1 to 6.8], P<0.001; InPFS
6.2 months [5.2 to 7.2] vs 2.3 months [0.0 to 4.7], P=0.049; Figure 4c and d).

Examination of Factors Influencing Survival

Univariate and multivariate analysis showed ALBI grade, extrahepatic spread, APS disappearance were significantly
correlated with OS. Regarding InPFS, univariate analysis showed APS grade, PVTT classification, extrahepatic spread,
APS disappearance were significantly correlated with InPFS. Multivariate survival analysis identified both APS grade
and extrahepatic spread as potential prognostic factors for InPFS (Tables 4 and 5).

Table 4 Univariate and Multiple Analysis of Prognostic Factor for OS

Characteristic Univariate Analysis Multivariate Analysis
HR 95% CI P value HR 95% ClI P value
Sex
Male
Female 1.15 0.15-8.71 0.895
Age, years
<50
250 1.37 0.66-2.84 0.4
ECOG PS score
0
| 1.02 0.47-2.24 0.958
Etiology
HBV
Others 0.93 0.22-3.92 0.922
Child Pugh class
A
B 1.89 0.64-5.57 0.249
ALBI grade
Grade |
Grade 2 1.52 0.64-3.59 0.338 1.34 0.55-3.29 0.517
Grade 3 8.19 1.55-43.4 0.014 6.09 1.12-33.17 0.037*
Main tumor, cm
<I0
=10 1.7 0.69—4.2 0.25
No. of tumor
<4
>4 1.66 0.58-4.79 0.346
AFP, ng/mL
<25
>25 0.46 0.17-1.25 0.127
APS grade
Grade 2
Grade 3 0.9 0.13-6.45 0919
Grade 4 1.12 0.26-4.8 0.877
Grade 5 1.63 0.29-9.06 0.578
(Continued)
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Table 4 (Continued).

Characteristic

Univariate Analysis

Multivariate Analysis

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

PVTT

Vp2

Vp3 0.98 0.2-4.88 0.981

Vp4 0.7 0.16-3.21 0.65
Extrahepatic spread

Yes

No 0.46 0.22-0.95 0.035 0.46 0.22-1 0.049%*
APS disappearance

Yes

No 3.8l 1.73-8.38 0.001 4.05 1.8-9.09 0.001*

Abbreviations: AFP, a-fetoprotein; ALBI, albumin-bilirubin score; APS, arterioportal shunt; ECOG PS, Eastern

Cooperative Oncology Group performance status; OS, overall survival; PVTT, portal vein tumor thrombus.

Table 5 Univariate and Multiple Analysis of Prognostic Factor for InPFS

Characteristic

Univariate analysis

Multivariate analysis

HR

95% CI

P value

HR 95% CI P value

Sex
Male
Female
Age, years
<50
250

0

|
Etiology

HBV

Others

A
B

ALBI grade
Grade |
Grade 2
Grade 3

<I0
=10

<4
>4
AFP, ng/mL
<25
>25

ECOG PS score

Child Pugh class

Main tumor, cm

No. of tumor

2.4

0.94

1.18

2.05

1.06

1.07
2.13

1.13

1.89

0.77

0.73-7.87

0.52-1.72

0.63-2.22

0.72-5.82

0.41-2.76

0.53-2.15
0.46-9.88

0.58-2.21

0.79-4.53

0.34-1.74

0.847

0.606

0.177

0.902

0.848
0.336

0.718

0.152

0.522

(Continued)
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Table 5 (Continued).

Characteristic Univariate analysis Multivariate analysis
HR | 95% Cl | Pvalue | HR 95% ClI P value

APS grade

Grade 2

Grade 3 129 | 0.26-6.52 | 0.757 | 0.48 | 0.08-2.99 0.432

Grade 4 2.15 | 0.65-7.13 0.213 1.88 | 0.54-6.5 0.322

Grade 5 9.86 | 2.12-45.8 | 0.004 793 | 1.47-42.63 | 0.016*
PVTT

Vp2

Vp3 0.29 | 0.06-1.38 0.12 .54 | 0.25-9.35 0.638

Vp4 0.23 | 0.05-1.06 0.059 08 | 0.15-4.23 0.793
Extrahepatic spread

Yes

No 0.57 | 0.3-1.08 0.085 048 | 0.23-0.99 0.048*
APS disappearance

Yes

No 1.99 | 0.99-4.02 0.054 22 0.97-5 0.06

Abbreviations: AFP, a-fetoprotein; ALBI, albumin-bilirubin score; APS, arterioportal shunt; ECOG PS,
Eastern Cooperative Oncology Group performance status; InPFS, intrahepatic progression-free survival;
PVTT, portal vein tumor thrombus.

Safety
AEs associated with the treatment are presented in Table 6. Throughout the follow-up period, all patients experienced
AEs of varying grades. In total, 11 patients (20.4%) encountered AEs of grades 3—4. The most frequently observed grade

3—4 adverse events were leukopenia, hypoalbuminemia, neutropenia. Adverse events leading to death did not occur.

Table 6 Adverse Events

Characteristic Any Grade | Grade 3 or 4
Patients with at least one event 54 (100) 11 (20.4)
Vomiting 27 (50) 0
Fatigue 23 (42.6) 0
Hand foot syndrome 21 (38.9) 4 (74)
Elevated bilirubin 20 (37.0) 3 (5.6)
Diarrhea 20 (37.0) 0
Decreased appetite 19 (35.2) 0
Leukopenia 18 (33.3) 8 (14.8)
Elevated ALT 17 31.5) 5(9.3)
hypertension 17 (31.5) 3 (5.6)
Elevated AST 31 (57.4) 5(9.3)
Hypoalbuminemia 13 (24.1) 8 (14.8)
Hypothyroidism 13 (24.1) 0
Proteinuria 12 (22.2) 0
Rash 9 (16.7) I (1.9)
Thrombocytopenia 8 (14.8) 0
Neutropenia 8 (14.8) 7 (13.0)
Abdominal pain 6 (11.1) 0
Weight loss 6 (I1.1) 0
Fever 5(9.3) 0

Note: The data are presented as quantity (percentage).
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase.
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Discussion
In the progression of HCC, tumors often infiltrate hepatic portal vein, creating direct communication between hepatic
artery and portal vein, leading to the development of APS.>* Severe APS exacerbates complications related to portal
hypertension, such as intractable ascites and esophageal varices, and hinders chemoembolization.®®

The present study demonstrates the effectiveness and safety of combining HAIC, LEN, and PD-1 inhibitors in
controlling APS. The results demonstrated substantial enhancement in the long-term effective control of APS, tumor
response, and patient survival.

While various treatments for APS have been suggested, the majority of studies primarily concentrate on embolic

. . 10-16
material selection,

often overlooking the correlation between PVTT and APS.**° In our perspective, fistula
formation and tumor thrombus mutually contribute to and strengthen each other. Our study demonstrates substantial
APS improvement within two treatment sessions, with complete occlusion observed in the majority of cases, emphasiz-
ing the effectiveness of this combined therapy for APS management. Notably, our results showed no cases of APS
recanalization during the follow-up period, indicating the sustained impact of this treatment approach for APS. This
might be due to the positive tumor response and the successful management of PVTT.

Zhou and colleagues'* reported their experience with the use of ethanol-soaked gelatin sponge to embolize APS.
They found an initial APS improvement rate of 97%, but the rate dropped to 54% at the first follow-up, indicating a high
APS recanalization rate. Kim and co-authors'> observed that HCC patients with APS may experience advantages from
PVA embolization, showing an APS improvement rate (80%) similar to our study. Nonetheless, it’s important to note that
their study had a limited sample size, with only 19 patients included. In our clinical practice, we have observed that
particles ranging from 350 to 560 um are too small to effectively occlude large shunts. On the other hand, larger PVA
particles with a diameter of 500 pum or more can be employed for embolization, effectively APS. However, there is
a potential drawback as they may result in microcatheter blockage during the injection process and are incapable of
concurrently occluding peripheral vessels of the tumor. Duan'? employed NBCA for APS embolization, and the observed
APS improvement rate (66.6%) was also noteworthy. NBCA can effectively and permanently block the shunt, however,
it demands a high level of technical expertise from operators, as over-embolization can lead to ectopic embolization or
catheter adhesion. Some researchers explored TACE combination with Tyrosine kinase inhibitors for patients with
advanced HCC with APS.*'? However, the severity and/or improvement of APS were not mentioned.

Many previous studies on HCC with APS either had limited sample sizes or did not assess the severity of APS. The
APS grading method utilized by Zhou'* aligned with the approach employed in this study, and their reported median OS
was 12.7 months, which was superior to the results of our study. Nevertheless, the majority of APS in their study were
classified as grade 3 or lower. Additionally, over half of the patients had tumors with a maximum diameter of less than
5 cm, and some were classified as non-BCLC stage C, contributing to an extended patient life cycle.

In the follow-up data from the IMbravel50 study,* the median OS and progression-free survival (PFS) for the high-
risk subgroup (defined as patients with Vp4 type PVTT, bile duct invasion, or liver infiltration >50%) who received
Atezolizumab + Bevacizumab treatment were 7.6 months and 5.4 months, respectively. In this study, most of the
included patients had a maximum tumor diameter greater than 10 cm, and most PVTT cases were of the Vp4 type.
Therefore, the majority of the population in this study belonged to the high-risk group in the IMbravel50 study. The
overall median OS in this study (10.0 months) was superior to the median OS of the high-risk subgroup in the
IMbravel50 study. This indicates that the combination therapy has greater advantages for treating high-risk advanced
liver cancer patients.

APS disappearance emerged as an independent risk factor for OS. This may be due to the relief of portal pressure and
the disappearance of the APS creating favorable conditions for subsequent effective TACE. ALBI grade and extrahepatic
spread were other potential factors for OS. These findings are consistent with those reported in previous studies.***> In
multivariate analysis, APS grade and extrahepatic spread became independent predictors of InPFS. Patients in higher
APS grades may experience more severe complications that could impact survival outcomes. In this study, patients with
extrahepatic dissemination had shorter InPFS. This has also been reported in previous studies.*®
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In terms of AEs, all patients experienced at least one side effect, primarily related to drug-related adverse reactions.
However, the combination therapy did not result in any unexpected toxicities, and no additional adverse reactions were
observed in this study. Compared to the LEAP002 study,’” our research observed relatively fewer types of adverse events
related to lenvatinib and PD-1 inhibitors. However, the incidence rates of some adverse events were comparable. We believe
that the combination therapy is unlikely to reduce the incidence of adverse events. The potential reasons for this could be
selection bias due to the patient selection process and bias resulting from a relatively small sample size. In addition, since this
is a retrospective study, the accuracy of recording adverse reactions is certainly not as reliable as in prospective studies.

Our study possesses several limitations that merit acknowledgment. First, its retrospective design and single-
institution setting with a relatively small patient population may introduce selection bias. Second, the absence of
a control group limits the strength of the evidence. However, in clinical practice, few advanced HCC patients in
China receive only systemic therapy, making it challenging to collect suitable control cases. Third, the variability in
PD-1 inhibitors used in our patient population may have limited the extent to which we can attribute the impact on APS
to PD-1 inhibitors.

Conclusion
The combined treatment approach of HAIC with LEN and PD-1 inhibitors demonstrates effective and durable control of
APS in HCC patients with PVTT, contributing to the prolonged survival of patients.
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