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ABSTRACT

Background: After the failure of Transarterial Chemoembolization (TACE) combined with first-
line Tyrosine Kinase Inhibitor (TKI) therapy, the optimal treatment for Hepatocellular Carcinoma
(HCC) patients who have progressed is unclear. The study was conducted to investigate the safety
and efficacy of subsequent Programmed Death-1 (PD-1) inhibitor combinations compared with
switching to the subsequent regorafenib.

Methods: This retrospective study examined the data of patients with HCC who failed TACE
combined with firstline TKI therapy. Progression-Free Survival (PFS) and Overall Survival (OS)
were assessed as primary study outcomes. An analysis of survival curves using Kaplan-Meier
method was conducted and logrank tests were used to measure differences.

Results: We enrolled a final total of 113 patients, including 73 patients in Group 1 (TACE
combined with firstline TKI and PD-1 inhibitors) and 40 patients in group 2 (TACE plus
regorafenib). The OS in group 1 (15.0; 95% Confidence Interval (CI), 9.8-20.1 months) was
significantly longer compared with group 2 (9.0; 95% CI, 6.6-11.3 months) (log-rank p=0.016).
The PFS in group 1 (11.0; 95% CI, 8.4-13.5 months) was also significantly longer compared with
group 2 (6.0; 95% CI, 4.6-7.3 months) (logrank p=0.010). The Overall Response Rate (ORR)
(p=0.562) and Disease Control Rate (DCR) (p=0.202) did not differ significantly between groups;
however, the percentage of patients with proteinuria in group 1 was significantly lower compared

to group 2 (2.73% vs. 20.00%, p=0.0006).

Conclusions: After the failure of TACE plus firstline TKI, the subsequent combining PD-1
inhibitors may result in improved OS and PFS compared to switching to subsequent regorafenib.
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INTRODUCTION

Hepatocellular Carcinoma (HCC) is the sixth-most common
malignancy, as well as the third-leading cause of cancer death,
accounting for 8.3% of all cancer deaths worldwide [1]. Further, the
majority of new patients with HCC are diagnosed with advanced
stages, which renders them ineligible for curative resection [2].
Patients with HCC are usually treated with TACE and systemic
therapy [3]. Based on the Barcelona Clinic Liver Cancer (BCLC)
staging system, for HCC patients in BCLC stage B, TACE is the
standard of care, while for HCC patients with BCLC stage C,
systemic treatment including Tyrosine Kinase Inhibitors (TKI) is

the standard of care [4,5].

In spite of the fact that TACE and systemic treatment are both
beneficial to survival, TACE alone usually causes incomplete
necrosis, which ultimately makes TACE less effective [6]. Meanwhile,
systemic treatment easily results in intolerance to the medication or
a failed treatment response among patients with HCC [7]. Due to
these limitations of TACE and systemic treatment alone, TACE
combined with systemic treatment has become an important
therapy for patients with unresectable hepatocellular carcinoma.
Many studies have suggested that this combination treatment for
HCC leads to improved outcomes. For example, a study revealed
that the prognosis of patients treated with TACE combined with
systemic treatment (namely, sorafenib/lenvatinib) was better than
patients who were administered repeated TACE alone [8,9].

Unfortunately, resistance to firstline TKI will inevitably arise
following a period of PFS in patients receiving first-line TKI in
combination with TACE, resulting in an unfavorable outcome
[10]. Currently, patients with progressive HCC do not yet have
a universally accepted treatment [11]. However, several other
treatment options are available [12-14]. For example, the approval
of regorafenib was based on the efficacy data in which regorafenib
monotherapy was demonstrated to have a survival benefit,
extending the OS to 10.3 months [15]. This action is attributed
to the fact that compared with first-line TKI such as sorafenib, the
molecular target of regorafenib is unique and its pharmacological
activity is stronger it can more efficiently impede protein kinase
activity required for tumor immunity [16-18]. Additionally, for
HCC patients after TACE plus firstline TKI therapy failed, TACE

plus regorafenib has been approved for sequential treatment.

As another possible second-line choice of therapy for HCC patients
after failure of TACE combined with first-line TKI, PD-1 inhibitors
have been shown to improve survival in HCC patients [19]. The
data from phase III trials have shown that as second-line therapy,
PD-1 inhibitors prolong the OS to 13.9 months and the PFS to
three months [20]. It is known that PD-1 inhibitors can modulate
the tumor immune response and enhance immunity; thus, they
can bring a survival benefit to HCC patients during second-
line therapy [21]. However, for these patients, the survival
obtained by PD-1 inhibitor monotherapy is still unsatisfactory
[19]. Thereby, PD-1 inhibitors in combination with other
treatments (such as TACE and TKI) are being considered for
these HCC patients during second-line therapy; for instance, a
recent study suggested that, as the second-line therapy for HCC
patients, PD-1 inhibitors in combination with firstline TKI
(e.g., sorafenib) can prolong the survival time (i.e., the median
OS can reach 14.1 months and the median PFS can reach 5.3
months) [22].
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The above contexts suggest that HCC patients with disease
progression during TACE combined with firstline TKI, the
subsequent combination of PD-1 inhibitors may provide a
new approach to second-line therapy. In fact, researchers have
documented that, for HCC patients with disease progression
during firstline therapy, TACE combined with firstline TKI plus
PD-1 inhibitors carries the potential to further improve the efficacy,
leading to a significant increase in tumor response and survival
benefit [23-25]. Therefore, it is believed that subsequent combining
PD-1 inhibitors for HCC patients with disease progression during
TACE combined with firstline TKI might result in synergistic
anti-tumor activity, leading to improved clinical outcomes. Thus,
the purpose of this study was to examine the effectiveness of
the subsequent combination of PD-1 inhibitors for these HCC
patients, by comparing their outcomes with switching to second-
line TKI therapy (such as regorafenib).

MATERIALS AND METHODS

Patients

This retrospective study was endorsed by the Ethics Committee of
Fujian Medical University Union Hospital, Fuzhou, China (No:
2022KY217) and was conducted according to the declaration of
Helsinki. From July 2019 to August 2022, an initial cohort of 513
HCC patients was screened. The screening process was shown
in Figure 1. Finally, 113 HCC patients with disease progression
during TACE combined with first-line TKI were enrolled. It was
stratified into 73 patients who were administered the subsequent
therapy of TACE combined with first-line TKI plus PD-1 inhibitors
(group 1) and 40 patients who were administered the subsequent
treatment of TACE plus regorafenib (group 2).

Patients with hepatocellular carcinoma Excluded: n=343
= 1.Upper gastrointestinal bleeding
caused by portal hypertension
within 6 months (n=12)

[2.Patients with tumor at multiple

sites(n=24)

[3.Sorafenib or lenvatinib alone (n=120)
l4.Previous immunotheapies (n=7)
15.ECOG-PS score>1 (n=6)
l6.Incomplete data (n=2)

[7.TACE alone (n=165)
BLCL A (n=5)

Patients after failure of TACE combined
with first-line tyrosine Kinase (sorafenib/
lenvatinib) therapy (n=170)

[Excluded: n=50
1. Tradition chinese medicine (n=9)
[2.Refuse to treatment (n=4)
13.Radiation therapy alone (n=10)
l4.Nilotinib alone (n=15)

5. TACE+nilotinib (n=7)

/6. TACE+PD-1 (n=5)

Patients with subsequent therapy
=120)

l
) l

TACE+regorafenip TACE+sorafenib/lenvatinio+PD-1
(n=44) (n=76)

Lost to follow-up Lost to follow-up
(n=4) (n=3)

TACE+regorafenio TACE+sorafenibllenvatinio+PD-1
(n=40) (n=73)

Figure 1: Flowchart of the study patient selection process. Notes HCC:
Hepatocellular Carcinoma; ECOG-PS: Eastern Cooperative Oncology
Group Performance Status; BCLC: Barcelona Clinic Liver Cancer;
TACE: Transcatheter Arterial Chemoembolization; PD-1: Programmed
Cell Death-1.

The inclusion criteria for enrollment were: (1) Unresectable HCC;
(2) Status after the failure of TACE combined with first-line TKI
therapy; (3) Receiving subsequent therapy (TACE plus regorafenib
or TACE combined with firstline TKI and PD-1 inhibitors); (4)
Child-Pugh class A or B; (5) Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) score < 1 point and (6) BCLC
stage B or C.
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Meanwhile, the exclusion criteria were: (1) Tumors at multiple sites;
(2) Immunotherapy alone; (3) Sorafenib or lenvatinib treatment
alone; (4) Incomplete data (5) ECOG-PS score>1 point; (6) TACE
treatment alone; (7) BCLC; (8) Other subsequent treatments; (9)
Patients refusing subsequent treatment and (10) Contraindications
for TACE, regorafenib or PD-1 inhibitor treatment.

We recorded patient demographic profiles, biochemistry data
and tumor characteristics at baseline and the point of disease
progression. The data of interest were: Age, sex, Child-Pugh score,
etiology of cirrhosis, cirrhotic level, BCLC stage, extrahepatic
metastasis, Albumin-Bilirubin (ALBI) grade, Protein Induced by
Vitamin K Absence or Antagonist II (PIVKA-II), Alpha-Fetoprotein
(AFP), Carbohydrate Antigen 199 (CA 19-9), Arteriovenous
Fistula (AVF), Extrahepatic Collateral Arteries (ECAs), Gamma
(y)-Glutamyl Transferase (GGT), Aspartate Aminotransferase
(AST), Prothrombin Time (PT), Alanine Aminotransferase (ALT),
Alkaline Phosphatase (ALP). The ALBI grade was calculated and
liver cirrhosis was defined as previously described [26,27]. The
ALBI grade was proposed for assessing hepatic reserve function
calculated using only total bilirubin and albumin. The calculation
formula was shown below:

(log,, bilirubin (in pmol/1) x 0.66)+(albumin (in g/1) x -0.085):
Grades 1,2,3 = <-2.60, <-2.60 to <-1.39, >-1.39 [26].

TACE plus regorafenib treatment

TACE procedure was conducted by experienced physicians within
a 7-day period after diagnosis. TACE was conducted under local
anesthesia. Following a successful femoral artery puncture, the
tumor-supplying artery was super selected using a micro catheter
and chemoembolization was carried out with a combination of
lipiodol and epirubicin (30-50 mg/m?). Approximately every 6-8
weeks after TACE treatment, follow-up imaging examinations were
performed to assess the outcomes of the treatment. If stable disease
or Partial Treatment Response (PTR) were detected, TACE was
repeated. One week after TACE, regorafenib (40 mg/pill; Bayer
HealthCare AG, Leverkusen, Germany) was administered orally
at a dosage of 160 mg daily. Regorafenib was administered for
three weeks and was stopped for one week. Each four-week period
comprised a treatment cycle.

The dosage of regorafenib was decreased to 80 mg per day in cases
of grade 3 or grade 4 Treatment-Related Adverse Events (TRAEs). If
the TRAEs did not disappear or decrease within the week after dose
adjustment, the patient was counseled to discontinue regorafenib
therapy until their symptoms had alleviated or resolved. When the
toxicity was below the baseline level (according to the discretion of
the investigator), the dosage was recovered to 160 mg daily.

TACE combined with first-line TKI plus PD-1 inhibitor
therapy

In a follow-up procedure, the same TACE procedure was performed
as mentioned above, followed by firstline TKIs (sorafenib/lenvatinib)
and PD-1 inhibitors simultaneously. The dosage of lenvatinib was 12
mg daily (for body weights above 60 kg) or 8 mg daily (for body weights
below 60 kg). Approximately 400 mg of sorafenib (200 mg/pill) was
administered daily orally. PD-1 inhibitors were administered in the
form of camrelizumab (200 mg/bottle) or sintilimab (100 mg/bottle)

every three weeks intravenously.

The dose of lenvatinib was reduced in the event of grade 3 or 4
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TRAE: to either 8 mg (for body weights over 60 kg) or 4 mg (for
body weights beneath 60 kg). A dose reduction of sorafenib to
200 mg daily was performed until the TRAEs was eliminated or
alleviated. When severe immune-related TRAEs were associated
with PD-1 inhibitor therapy, corticosteroids were considered.
Upon adjustment, sorafenib, lenvatinib and PD-1 inhibitor therapy
should be discontinued when grade 3 or 4 TRAEs persists, after
the toxicity had diminished the dose could be recommenced when
the patient was able to tolerate it.

Treatment evaluation and follow-up

The OS and PFS were the primary outcomes of the study. The
OS is calculated as the time between the beginning of subsequent
treatment and the date of death. While PFS refers to the interval
between the start of treatment and the first evidence of PD or
death. Based on the modified Response Evaluation Criteria in
Solid Tumors (mRECIST) criteria, treatment responses were
categorized [28]. The ORR refers to the sum of Complete Response
(CR) and Partial Response (PR), while DCR refers to the sum
of CR,PR and stable disease. Every six to eight weeks, imaging
examinations (computed tomography or magnetic resonance
imaging) were performed on patients to monitor their disease
status. An assessment of TRAEs was conducted using the common
terminology criteria for adverse events version 5.0.

Statistical analysis

Statistical analyses were performed using Statistical Package for
Social Sciences (SPSS) software version 25.0 (IBM Corporation,
Armonk, NY, USA). Continuous variables are displayed as mean
+ Standard Deviation (SD) values and categorical variables are
expressed using numbers and percentages (n (%)). Continuous
variables were compared with an independentsamples ttest and
categorical variables were compared utilizing the chisquared test.
An analysis of survival curves using kaplan-meier method was
conducted and logrank tests were used to measure differences.
Cox proportional-hazards modeling was used for univariate and
multivariate analyses for OS and PFS. Initially, univariate cox model
analyses were conducted for each variable. In multivariate analysis,
variables with p<0.05 were evaluated as independent predictors. A
statistically significant difference was noted at p<0.05.

RESULTS

Baseline characteristics

There was no significant difference at baseline between the two
groups as shown in Table 1, (p>0.05). During the follow-up
period (range: 8-42 months), the median follow-up duration was
28 months. TACE+sorafenib/lenvatinib+PD-1 inhibitors had a
median treatment duration of 8.6 months (ranging from 3.6-19.7),
while TACE+regorafenib had a median treatment duration of
8.0 months (ranging from 3.3-18.2 months). Additionally, TACE
plus sorafenib/lenvatinib+PD-1 inhibitor had a median treatment
duration of 6 (range: 4-13) compared with TACE plus regorafenib,
which had a median treatment duration of 5 (range: 3-11). Two
types of PD-1 inhibitors including sintilimab (n=28, 38.4%) and
camrelizumab (n=45, 61.6%) were applied; while two types of first-
line TKI including sorafenib (n=23, 31.5%) and lenvatinib (n=50,
68.5%) were applied. A median of 10 cycles of PD-1 inhibitor

treatment were administered, with a range of 2 to 18.
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Table 1: Baseline characteristics of patients after failure of TACE combined with first-line tyrosine kinase inhibitors therapy.

Characteristics Opverall (n=113) TACE+sorafenib/lenvatinib+PD-1 (n=73) TACE+regorafenib (n=40) p-value
Age (years) mean + SD 55.3+11.5 54.5+11.8 56.8 £ 10.9 0.316
Gender n (%)
Male 99 (87.60%) 67 (91.80%) 32 (80.00%)
0.129
Female 14 (12.40%) 6 (8.20%) 8 (20.00%)
Etiology n (%)
Hepatitis B 100 (88.49%) 64 (87.70%) 36 (90.00%)
0.769
Hepatitis C 2 (1.76%) 1 (1.40%) 1(2.50%)
Non-hepatitis B and C 11 (9.75%) 8 (11.00%) 3 (7.50%)
Child-Pugh score n (%)
5,6 Aug 96 (84.95%) 64 (87.70%) 32 (80.00%)
0.255
07 Aug 17 (15.05%) 9 (12.30%) 8 (20.00%)
Cirrhosis n (%)
Present 61 (53.98%) 38 (52.10%) 23 (57.50%)
0.803
Absent 52 (46.02%) 35 (47.90%) 17 (42.50%)
BCLC stage n (%)
B 43 (38.05%) 30 (41.09%) 13 (32.50%)
0.368
C 70 (61.95%) 43 (58.91%) 27 (67.50%)
ALBI grade n (%)
1 50 (44.24%) 28 (38.40%) 22 (55.00%)
2 58 (51.32%) 43 (58.90%) 15 (37.50%) 0.073
3 5 (4.44%) 2(2.70%) 3 (7.50%)
Largest tumor size (cm, in 7.6 +3.7 8.0+3.1 6.9+ 3.4 0.131
diameter)
Tumor numbers n (%)
<3 12 (10.61%) 7 (9.60%) 5(12.50%)
0.946
>3 101 (89.39%) 66 (90.40%) 35 (87.50%)
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AFP (ng/ml) n (%)

<400 49 (43.36%) 32 (43.84%) 17 (42.50%)
0.07
> 400 64 (56.64%) 41 (56.16%) 23 (57.50%)
PIVRAAL (T/;g/ ml), mean 5861 3 5 83742.1 40175.0 + 99443.9 19512.0 + 39988.1 0.122
Vascular invasion n (%)
Present 44 (38.93%) 30 (41.10%) 14 (35.00%)
0.525
Absent 69 (61.07%) 43 (58.90%) 26 (65.00%)
E"“ahep?"(i) /H)‘eta“ases‘ 50 (44.24%) 33 (45.20%) 17 (42.50%) 0.782
(o)
Involved disease sites n (%)
; ; (9
Involved disease sites, n (%) 7 (6.19%) 5 (6.84%) 2(5.00%)
lymph node
Lung 19 (16.81%) 15 (20.54%) 8 (20.00%)
Bone 5 (4.42%) 4 (5.47%) 2 (5.00%) i
Peritoneum 3(2.65%) 2 (2.73%) 1(2.50%)
Others 8 (7.07%) 7(9.58%) 4 (10.00%)
APFs n (%)
Present 7 (6.19%) 5 (6.80%) 2 (2.60%)
0.16
Absent 106 (93.81%) 68 (93.20%) 38 (97.40%)
ECAs n (%)
Present 27 (23.89%) 14 (19.20%) 13 (32.50%)
0.112
Absent 86 (76.11%) 59 (80.80%) 27 (67.50%)
PT (sec) mean = SD 133+1.5 13.1+1.1 13.7+2.2 0.056
ALT (IU/L) Mean + SD 46.6 + 38.7 49.3 +43.7 41.8 +27.4 0.33
AST (IU/L) mean + SD 72.0 £57.9 75.6 + 60.5 65.2£52.0 0.363

Note: n (%): Presentation of data; mean + SD: Presentation of data; HCC: Hepatocellular Carcinoma; TACE: Transcatheter Arterial Chemoembolization;
HAIC: Hepatic Artery Infusion Chemotherapy; PD-1: Programmed Death-1; HBV: Hepatitis B Virus; BCLC: Barcelona Clinic Liver Cancer; ALBI grade:
Albumin-Bilirubin grade; AFP: Alpha-Fetoprotein; PIVKA-IL: Protein Induced by Vitamin K Absence or Antagonist II; APFs: Arterioportal Fistulas;
ECAs: Extrahepatic Collateral Arteries; PT: Prothrombin Time; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; ALP: Alkaline

Phosphatase; GGT: y-Glutamyl Transferase; CA 19-9: Carbohydrate Antigen 19-9; SD: Standard Deviation.
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OS and PFS

There were 59 patients total who died during the follow-up period,
including 35 (47.94%) in group 1 and 24 (60.00%) in group 2.
The OS in group 1 was significantly higher than that in group 2
(15 months [95% Confidence Interval (CI): 9.8-20.1] vs. 9 months
[95% CI, 6.6-11.3]; logrank p=0.016) (Figure 2).

1004 ——  TACE+sorafenib/lenvatinib+PD-1
——  TACE+regorafenib
80 P=0016
g
< 60—
2
s
?
= 40
2
3
20—
o T T T T 1
0 6 12 18 24 30
No.at risk (Time) months
[ /CErsofenity 73 54 20 9 3 o
lenvatinib+PD-1
I TACE+regorafenib 40 21 5 2 (o] 0

Figure 2: Kaplan-Meier analysis of OS in patients receiving TACE
combined with first-line tyrosine kinase inhibitors (sorafenib/lenvatinib)
plus PD-1 inhibitor therapy and TACE plus regorafenib treatment. Note:
TACE: Transcatheter Arterial Chemoembolization; PD-1: Programmed
Cell Death-1; OS: Overall Survival.

The progression of tumors was observed in 42 patients overall with
22 patients (32.87%) in group 1 and 18 patients (45 %) in group
2. The PFS in group 1 was significantly longer compared with that
in group 2 (11 months [95% CI: 8.4-13.5] vs. 6 months [95% CI,
4.6-1.3]; log-rank p=0.010) (Figure 3).

100 ——  TACE+sorafenib/lenvatinib+PD-1
g =i—  TACE+regorafenib
© P=0.010
2
c
? 60—
[0}
2
§ 40—
8
g 20
a
0 T T T T 1
0 6 12 18 24 30
No.at risk Time (months)
- TACE+sorafenib/ 73 44 10 4 2 0
lenvatinib+PD-1
I TACE+regorafenib 40 10 5 1 0 0

Figure 3: Kaplan-Meier analysis of PFS in patients receiving TACE
combined with first-line tyrosine kinase inhibitors (sorafenib/lenvatinib)
plus PD-1 inhibitor therapy and TACE plus regorafenib treatment. Notes:
TACE: Transcatheter Arterial Chemoembolization; PD-1: Programmed
Cell Death-1; PFS: Progression Free Survival.

Treatment response

According to the mRECIST criteria, two patients (2.73%) in
group 1 but none in group 2 achieved a CR (Figure 4). 20 patients
(27.39%) in group 1 and 10 patients (25.00%) in group 2 achieved
a PR; 27 patients (36.98%) in group 1 and 12 patients (30.00%)
achieved stable disease; 24 patients (32.90%) in group 1 and 18
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patients (45.00%) in group 2 had PD; 22 patients (30.12%) in
group 1 and 10 patients (25.00%) in group 2 achieved the ORR;
49 patients (67.10%) in group 1 and 22 patients (55.00%) in group
2 achieved the DCR. Neither ORR (p=0.562) nor DCR (p=0.561)
had significant between-group differences (Table 2).

Figure 4: (A): 68-year-old man had a history of chronic hepatitis B for
more than thirty years; (B): The baseline MRI imaging showed that there
is a typical giant HCC lesion (red arrow) in the right liver lobe with
minor branch portal vein invasion. Then, the patient received TACE
combined with lenvatinib and camrelizumab therapy; (C): The CT scan
showed complete lipiodol retention (red arrow) in intrahepatic lesions;
(D and E): The sixmonth follow-up MRI imaging after combination
therapy showed a complete response (red arrow). Note: MRI: Magnetic
Resonance Imaging; CT: Computed Tomography; HCC: Hepatocellular
Carcinoma; TACE: Transarterial Chemoembolization.

Table 2: Treatment response was evaluated according to mRECIST criteria
in two groups.

Curative effect

TACE+sorafenib/
lenvatinib+PD-1

TACE+regorafenib p-value

Complete Response

0, 0,

(CR) 2 (2.73%) 0 (0.00%) 0.756
Partial Response (PR) 20 (27.39%) 10 (25.00%) 0.783
Stable Disease (SD) 27 (36.98%) 12 (30.00) 0.455

Progressive Disease
24 (32.90%) 18 (45.00%) 0.202

(PD)
Overall Response o o

Rate (ORR) 22 (30.12%) 10 (25.00%) 0.562
Disease Control Rate 49 (7 100 22(55.00%)  0.202

(DCR)

Note: mRECIST: Modified Response Evaluation Criteria in Solid
Tumors; TACE: Transcatheter Arterial Chemoembolization; PD-1:
Programmed Cell Death-1.

Factors associated with OS and PFS

According to the univariate Cox regression model, subsequent
treatment options, sex, liver cirrhosis and ALBI grade all
contributed to OS mortality (p<0.05). Multivariate analysis
identified subsequent therapy options (Hazard Ratio (HR), 2.145
with 95% CI, 1.183 to 3.889, p=0.012) and ALBI grade (HR,
1.928; 95% CI, 1.253 to 2.966, p=0.003) as significant predictors

of overall survival (Table 3).



Yang WZ, et al.

Table 3: Results of univariable and multivariable cox regression analyses

for OS.

Univariable analysis ~ Multivariable analysis

OPEN aACCESS Freely available online

Table 4: Results of univariable and multivariable cox regression analyses

for time to progression.

Univariable analysis ~ Multivariable analysis

Characteristics Characteristics
HR (95%Cl) p-value HR (95%Cl) p-value
HR (95%CI) p-value
Subsequent therapy ~ 1.948 (1.140- 0.015 2.096 (1.126- 0.02
Subsequent therapy ~ 1.877 (1.096- 0.022 2.145 (1.183- 0012 options 3.329) ’ 3.905) ’
options 3.214) ’ 3.889) ’
Age (years) 0’99190(201’)978’ 0.924
1.000 (0.979- :
Age (years) 1.022) 0.976 - -
) Gender male, (us. 0.433 (0.221- 0.502 (0.236-
female) 084s) OO g9 O0M
Gender male (vs. 0.421 (0.215- 0.446 (0.217-
! 0.011 0.088
female) 0.821) 0.918) Eticlogy of HCC,  0.697 (0430 ..,
HBV (vs. others) 1.131) ’
Etiology of HCC, 0.703 (0.431- 0.158
HBV (us. others) 1.147) ’ . . Child-Pugh score, 56 1937 (1.025- 0.042 0.666 (0.281- 0358
(v5.79) 3.661) ’ 1.583) ’
Child-Pugh score, 5-6  1.814 (0.957-
0.068 - - ) ) 0.658 (0.496- 0.656 (0.490-
(vs. 79) 3.439) Cirrhosis (yes vs. no) 0.873) 0.004 0.879) 0.005
) ) 0.701 (0.529- 0.746 (0.561- 1.153 (0.677-
Cirrhosis (Ves vs. NO) 0.928) 0.013 0.991) 0.112 BCLC stage, C (vs. B) 1.964) 0.601
) 1.096 (0.642- ] 1.763 (1.134- 1.915 (1.096-
BCLC stage C (vs.) 1.871) 0.737 P P ALBI grade 1 (vs. 2-3) 2.742) 0.012 3.345) 0.022
Tumor numbers <3 0.872 (0.639-
1.854 (1.208- 1.928 (0.253- 0.388 -
ALBI grade 1(vs. 2-3) 2.846) 0.005 2.966) 0.003 (vs.>3) 1.190)
Largest tumor size  1.033 (0.964- 0.363
Tumor numbers <3 0.827 (0.608- 0227 (per cm) 1.107) : : :
(vs.>3) 1.126) ‘ ’ ’
AFP(ng/ml) < 1.778 (1.056- 0.03 1.466 (0.851- 0.168
Largesttumor 10320964 . 400(vs.>400) 2.992) ' 2.525) '
diameter, (per cm) 1.105) : . .
Vascular invasion 1.080 (0.934-
(yes vs.no) 1.249) 0.297 i i
AFP(ng/ml)=400 1.459 (0.869- 0.154 ) )
(1>400) 2450) Extrabepatic 07840458 .- _ _
metastases (yes vs. no) 1.345) :
Vascular invasion 1.048 (0.908- 0521
(yes vs. no) 1.2100 ’ . i 0.778 (0.284-
APFs (yes vs. no) 2.136) 0.626 - -
Extrahepatic 0.916 (0.533- 0.752 ) ) ' .
metastases (yes vs. no) 1.576) . Note: CI: Confidence Interval; HR: Hazards Ratio; BCLC: Barcelona
Clinic Liver Cancer; HBV: Hepatitis B Virus; ALBI grade: Albumin-
0.778 (028 Bilirubin grade; PIVKA-II: Protein Induced By Vitamin K Absence Or
APFs (yes vs. no) '772 1(36) 4 0.626 P P Antagonist II; AFP: Alphafetoprotein; APFs: Arterioportal Fistulas.

Note: CI: Confidence Interval; HR: Hazards Ratio; BCLC: Barcelona
Clinic Liver Cancer; HBV: Hepatitis B Virus; ALBI grade: Albumin-
Bilirubin grade; PIVKA-IIL: Protein Induced By Vitamin K Absence Or
Antagonist II; AFP: Alphafetoprotein; APFs: Arterioportal Fistulas.

According to the univariate Cox regression model, subsequent
therapy options, sex, Child-Pugh score, liver cirrhosis, ALBI grade,
AFP level were risk factors associated with PFS (p<0.05) (Table 4).
Multivariate analysis identified subsequent therapy options (HR,
2.096; 95% CI, 1.126-3.905, p=0.020), cirrhosis (HR, 0.656; 95%
CI, 0.490-0.879, p=0.005), ALBI grade (HR, 1.915; 95% CI, 1.096-
3.345, p=0.022) as significant predictors of PFS (Table 4).
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Treatment safety

In group 1, 60 patients (84.91%) had treatment-related TRAEs. An
incidence of 46.57% of patients experienced Hand-to-Foot Skin
Reactions (HFSR), which is the most frequent TRAE; other TRAEs
with an occurrence of>15% included hypertension (31.50%),
thrombocytopenia (31.50%), fatigue (23.28%) hypothyroidism
(23.28%), anorexia (19.17%), skin rash (19.17%) and diarrhea
(17.80%). In group 2, 35 patients (87.50%) experienced TRAEs. An
incidence of 47.50% of patients experienced thrombocytopenia, which
is the most frequent TRAE, other TRAEs with an occurrence of >15%
were HFSR (30.00%), hypertension (20%) and proteinuria (20%).
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The two groups did not show any significant differences between
any grades of TRAEs except for proteinuria. Meanwhile, the
percentage of patients with proteinuria in group 1 was significantly
lower compared to group 2 (2.73% wvs. 20.00%, p=0.006). When
comparing the TRAEs with grade >3 severity, no significant
differences were found between the two groups with regard to
HEFSR (p=0.898), hypertension (p=0.940), skin rash (p=0.485) and
gastrointestinal bleeding (p=0.457). Furthermore, the percentage of
patients with severe TRAEs (grade>3) in group 1 was insignificantly

Table 5: TRAEs in the study population.

OPEN aACCESS Freely available online

different than that in group 2 (13.69% vs. 17.50%, p=0.589) (Table 5).

There were 19 (26.0%) dose reductions in the TACE+sorafenib/
lenvatinib+PD-1 inhibitor group and 3 (4.1%) discontinuations of
sorafenib/lenvatinib and PD-1 inhibitor because of HFSR (n=2)
and skin rash (n=1), respectively, There were 12 (30.0%) dose
reductions and 2 (5.0%) discontinuations of regorafenib in the
TACE+regorafenib group due to HFSR (n=1) and hypertension
(n=1).

All grades of TRAE TRAE (more than grade 3)
TACE+sorafenib / ) TACE+sorafenib / .
lenvatinib+PD-1 TACE:r:i(())l)‘afemb p-value lenvatinib+PD-1 TACE:rSi(())l)'afemb p-value
(n=73) " (n=73) n
T"?ﬁéﬁ"‘gt&z”b 60 (84.91%) 35 (87.5%) 0.461 10 (13.69%) 7 (17.5%) 0.589
Cholecystitis, n (%) 1 (1.36%) 1(2.50%) 0.664
Liver abscess, n (%) 1 (1.36%) 0 (0.00%) 0.457
Hypertension, n (%) 23 (31.50%) 8 (20.00%) 0.19 2 (2.73%) 1(2.50%) 0.94
Hand-foor skin 34 (46.57%) 12 (30.00%) 0.086 5 (6.84%) 3 (7.50%) 0.898
reaction, n (%)
Diarrhea, n (%) 13 (17.80%) 7 (17.50%) 0.967
Skin rash, n (%) 14 (19.17%) 3 (7.50%) 0.097 2 (2.73%) 3 (7.50%) 0.485
Proteinuria, n (%) 2 (2.73%) 8 (20.00%) 0.006
Fatigue, n (%) 17 (23.28%) 6 (15.00%) 0.295
Bleedizg(ﬁ/’ff)“giva)’ 4(5.47%) 1(2.50%) 0.796
Hoarseness, n (%) 1(1.36%) 0 (0.00%) 0.459
Anorexia, n (%) 14 (19.17%) 6 (15.00%) 0.578
Hypoi‘zf(ﬁ/:;dism’ 17 (23.28%) 4(10.00%) 0.082
Elevated serum AST o o
or ALT, n (%) 5 (6.84%) 3 (7.50%) 0.897
Thrombocytopenia, )3 (31 500, 19 (47.50%) 0.093
n (%)
Pruritus, n (%) 0 (0.00%) 1(2.50%) 0.759
Oral ulcer, n (%) 2 (2.73%) 0 (0.00%) 0.756
Paresthesia, n (%) 1(1.36%) 0 (0.00%) 0.457
Alopecia, n (%) 1 (L.36%) 1 (1.30%) 0.664
Gastrointestinal 1 (1.36%) 0(0.00%) 0.457 1 (1.36%) 0(0.00%) 0.457
bleeding, n (%)
Note: AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; TRAE: Treatment-Related Adverse Event; TACE:  Transarterial

Chemoembolization; PD-1: Programmed Cell Death-1; n (%): Presentation of data.
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DISCUSSION

Our study investigated the efficacy and safety of subsequent therapy
for HCC patients with disease progression after the failure of
TACE combined with firstline TKI therapy. Our major findings
were as follows:

e The subsequent combination of PD-1 inhibitors (TACE
combined with firstline TKI and PD-1 inhibitors) led to a
better survival benefit compared to switching to regorafenib
(TACE plus regorafenib).

e An additional therapy option significantly predicted OS and
PFS.

e The percentage of patients with proteinuria in the TACE plus
TKI with PD-1 inhibitors treatment group was significantly
lower than that in the TACE plus regorafenib treatment group
and other TARE aspects did not show significant differences
between groups.

The median OS and PFS of patients treated with TACE plus
regorafenib were 9.0 and 6.0 months in our study, which were lower
than those observed in another study, which reported 11.7 months
for OS and 6.7 months for PES [29]. Greater OS and PFS have also
been documented in prior studies [30,31]. Further, the DCR and
ORR observed in patients who received TACE plus regorafenib
in the present study were 55.0% and 25.0%, respectively, which
were lower than those observed in another study in which ORR
reached 42.3% and DCR reached 66.1% [32]. Possibly, differences
in baseline patient characteristics contributed to the differences
in oncological outcomes between our study and these previously
mentioned trials. For example previous trials enrolled only small
proportions of patients with high tumor burdens [33], while we
enrolled HCC patients with a more severe tumor burden (the
average largest median tumor diameter>6.9 cm and 87.5% of
patients with more than three tumors). Poor survival outcomes are

associated with both hepatic dysfunction and high tumor burdens
(34,35].

In this study, combination of PD-1 inhibitor with TKI and TACE
therapy after the original firstline (sorafenib, lenvatinib) resulted
in an ORR of 30.12% and a DCR of 67.10%. The results of
checkmate-040 and keynote-240 showed that the ORR and DCR
of nivolumab and pembrolizumab in the second-line treatment of
progressed HCC was 15-20% and 55-60%, respectively [20,36].
Both ORR and DCR were slightly higher in the combination
therapy of PD-1 inhibitors with TKI and TACE compared to
navulizumab and pembrolizumab monotherapy. Additionally,
the median PFS in this study was 11.0 months, which is superior
to the 4.0 to 4.9 months reported in second-line clinical trials
of navulizumab and pembrolizumab. It is worth noting that all
patients in the aforementioned clinical trials who had failed first-
line systemic therapy had a Child-Pugh grade A, whereas 20.0%
of patients with Child-Pugh grade B were included in this study.
These findings suggest that the combination therapy may enhance
the efficacy of PD-1 inhibitors monotherapy in progressed HCC.

PD-1 medications block Programmed Death-Ligand 1 (PD-L1)
from reaching its receptor on T-cells to inhibit tumor growth.
When used alone, PD-1 antibodies are insufficient to intensify
anticancer immunity in patients with HCC. However, TACE has
the potential to enhance clinical effectiveness by increasing the
release of antigens further, sorafenib or lenvatinib, enhances PD-
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L1 expression in tumors and promotes the infiltration of immune
cells. PD-1 inhibitors combined with firstline TKIs offer unique
immunomodulatory effects that can overcome TKI resistance and
low response rates [36-42]. Thereby, TACE combined with first-line
TKI plus PD-1 inhibitor therapy was expected to enhance tumor
response rates and improved survival rates in our study patients.

As we found in our study, cirrhosis, ALBI grade and subsequent
therapy options were independently associated with risk for
PFS; whereas ALBI grade and subsequent therapy options were
independently associated with risk for OS. Better PFS was observed
in patients without liver cirrhosis before the second-line treatment.
This result was similar to previous research [43,44]. Several
independent research groups had validated the ALBI score, which
was based solely on bilirubin levels and serum albumin, was an
objective measure of liver function in HCC [26,45]. ALBI grade
may be applied to screen patients who may benefit from second-line
treatment. It has been reported ALBI grade 2~3 were correlated
with the poor survival of patients with HCC, which is similar to
the results of our study [46].

In the present study, after TACE plus first-line TKI therapy failed,
TRAEs with the subsequent combination of PD-1 inhibitors or
switching to subsequentregorafenib were manageable and consistent
with previous data [23,47-49]. TRAEs in the TACE+sorafenib/
lenvatinib+PD-1 inhibitor group occurred with similar rates and
severity as for the TACE+regorafenib group. According to these
results TACE+sorafenib/lenvatinib+PD-1  inhibitors showed
good tolerability. Subsequent combining of PD-1 inhibitors did
not significantly increase additional TRAEs risk, indicating an
acceptable safety profile. However, the group receiving TACE plus
regorafenib had a higher incidence of proteinuria. It may be due to
the regorafenib application. By inhibition of vascular endothelial
growth factor receptors signaling, proteinuria is frequently
observed during regorafenib treatment as previous study reported
[50]. These results suggested that subsequent combination PD-1
inhibitor therapy was feasible and acceptable for these patients.

This present study involved a cohort of patients with extra hepatic
metastasis and portal vein cancer thrombus invasion, which are not
suitable for TACE treatment in the BCLC guidelines. However,
in the latest 2024 China Liver Cancer (CNLC) guidelines, TACE
is indicated for patients with CNLC IIla (portal vein thrombus
invasion) and CNLC IIIb (extrahepatic metastasis). In the latest
national multicenter study [51], it was clearly stated that advanced
hepatocellular carcinoma cannot be treated without TACE and
these patients can still benefit from it.

There were a few limitations. Due to the fact that it was a single-
center study, we were unable to draw general conclusions from it.
Moreover, due to the local medical insurance policy, both of the
PD-1 inhibitors (camrelizumab and sintilimab) we used, whose
effectiveness and safety have been confirmed for HCC [52-54].
Additionally, camrelizumab, a selective, humanized, high-affinity
IgG4 PD-1 monoclonal antibody, has been approved as a second-
line treatment in patients with advanced HCC in China [55]. These
drugs will be increasingly widely used in the treatment of advanced
HCC. Thereby, we only included data related to these two inhibitors
rather than data for pembrolizumab and nivolumab, which were
widely used worldwide as second-line therapy, limiting the application
of our findings globally [56]. Finally, a selection bias could also arise
from the fact that options for subsequent treatment were determined
by the preferences of the physicians and the patients.
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CONCLUSION

In conclusion, compared to subsequent regorafenib therapy, the
subsequent combining of PD-1 inhibitors after the failure of
TACE plus first-line TKI showed significantly better OS and PFS
with manageable toxicity in advanced HCC patients and was a

safe and effective therapeutic approach. This approach deserves
consideration as a prioritized option during subsequent therapy.
Our findings should be verified by randomized controlled trials
and large-sample.

REFERENCES

L.

10.

11.

12.

13.

14.

Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: Global Cancer Observatory (GLOBOCAN)
estimates of incidence and mortality worldwide for 36 cancers in 185

countries. CA Cancer ] Clin. 2021;71(3):209-249.

Morise Z, Kawabe N, Tomishige H, Nagata H, Kawase ], Arakawa S, et al.
Recent advances in the surgical treatment of hepatocellular carcinoma.

World ] Gastroenterol. 2014;20(39):14381.

Vogel A, Martinelli E, Cervantes A, Chau I, Daniele B, Llovet ]M, et
al. Updated treatment recommendations for Hepatocellular Carcinoma
(HCQC) from the European Society for Medical Oncology (ESMO)
Clinical Practice Guidelines. Ann Oncol. 2021;32(6):801-805.

Han K, Kim JH. Transarterial chemoembolization in hepatocellular
carcinoma treatment: Barcelona clinic liver cancer staging system. World ]

Gastroenterol. 2015;21(36):10327.

Eskens FA, van Erpecum K], de Jong KP, van Delden OM, Klumpen
HJ, Verhoef C, et al. Hepatocellular carcinoma: Dutch guideline for
surveillance, diagnosis and therapy. Neth ] Med. 2014;72(6):299-304.

Kudo M, Matsui O, Izumi N, Kadoya M, Okusaka T, Miyayama S, et
al. Transarterial chemoembolization failure/refractoriness: JSH-LCSG]

criteria 2014 update. Oncology. 2014;87:22-31.
Kudo M, Ueshima K, Chan S, Minami T, Chishina H, Aoki T, et al.

Lenvatinib as an initial treatment in patients with intermediatestage
hepatocellular carcinoma beyond up-toseven criteria and child-pugh a
liver function: A proof-of-concept study. Cancers. 2019;11(8):1084.

Kudo M. A new treatment option for intermediatestage hepatocellular
carcinoma with high tumor burden: Initial lenvatinib therapy with
subsequent selective Transarterial Chemoembolization (TACE). Liver

Cancer. 2019;8(5):299-311.
Kudo M, Ueshima K, Ikeda M, Torimura T, Tanabe N, Aikata H,

et al. Randomised, multicentre prospective trial of Transarterial
Chemoembolisation (TACE) plus sorafenib as compared with TACE
alone in patients with hepatocellular carcinoma: Tactics trial. Gut.

2020;69(8):1492-1501.

Miyahara K, Nouso K, Morimoto Y, Takeuchi Y, Hagihara H, Kuwaki
K, et al. Efficacy of sorafenib beyond first progression in patients with
metastatic hepatocellular carcinoma. Hepatol Res. 2014;44(3):296-301.

Lee IC, Chen YT, Chao Y, Huo TI, Li CP, Su CW, et al. Determinants
of survival after sorafenib failure in patients with Barcelona Clinic Liver
Cancer (BCLCC) hepatocellular carcinoma in realworld practice.

Medicine. 2015;94(14):¢688.
Zhu AX, Finn RS, Edeline ], Cattan S, Ogasawara S, Palmer D, et al.

Pembrolizumab in patients with advanced hepatocellular carcinoma
previously treated with sorafenib (KEYNOTE-224): A non-randomised,
open-abel phase 2 trial. Lancet Oncol. 2018;19(7):940-952.

Yau T, Hsu C, Kim TY, Choo SP, Kang YK, Hou MM, et al. Nivolumab in
advanced hepatocellular carcinoma: Sorafenib-experienced Asian cohort

analysis. ] Hepatol. 2019;71(3):543-552.
Zhu AX, Kang YK, Yen CJ, Finn RS, Galle PR, Llovet JM, et al.

Ramucirumab after sorafenib in patients with advanced hepatocellular

Immunotherapy (Los Angel), Vol.10 Iss.3 No:1000258

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

20.

30.

OPEN aACCESS Freely available online

carcinoma and increased o-fetoprotein concentrations (REACH-2): A
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet
Oncol. 2019;20(2):282-296.

. LiuK, Wu], XuY, Li D, Huang S, Mao Y. Efficacy and safety of regorafenib

with or without Programmed Cell Death Protein 1 (PD-1) inhibitors as
second-line therapy for advanced hepatocellular carcinoma in real-world
clinical practice. Onco Targets Ther. 2022;15:1079.

Cerrito L, Ponziani FR, Garcovich M, Tortora A, Annicchiarico BE,
Pompili M, et al. Regorafenib: A promising treatment for hepatocellular
carcinoma. Expert Opin Pharmacother. 2018;19(17):1941-1948.

Personeni N, Pressiani T, Santoro A, Rimassa L. Regorafenib in
hepatocellular carcinoma: Latest evidence and clinical implications. Drugs

Context. 2018;7.

Heo YA, Syed YY. Regorafenib: A review in hepatocellular carcinoma.
Drugs. 2018;78:951-958.

Lee CH, Lee YB, Kim MA, Jang H, Oh H, Kim SW, et al. Effectiveness of
nivolumab versus regorafenib in hepatocellular carcinoma patients who

failed sorafenib treatment. Clin Mol Hepatol. 2020;26(3):328.
Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, et al.

Pembrolizumab as second-line therapy in patients with advanced
hepatocellular carcinoma in KEYNOTE-240: A randomized, double-
blind, phase III trial. ] Clin Oncol. 2020;38(3):193-202.

Kimura T, Kato YU, Ozawa Y, Kodama K, Ito J, Ichikawa K, et al.
Immunomodulatory activity of lenvatinib contributes to antitumor
activity in the hepal-6 hepatocellular carcinoma model. Cancer Sci.

2018;109(12):3993-4002.

Xu 'Y, Fu S, Shang K, Zeng ], Mao Y. Programmed Cell Death Protein 1
(PD-1) inhibitors plus lenvatinib versus PD-1 inhibitors plus regorafenib in
patients with advanced hepatocellular carcinoma after failure of sorafenib.

Front Oncol. 2022;12:958869.

Cai M, Huang W, Huang J, Shi W, Guo Y, Liang L, et al. Transarterial
chemoembolization combined with lenvatinib plus Programmed Cell
Death Protein 1 (PD-1) inhibitor for advanced hepatocellular carcinoma:
A retrospective cohort study. Front Immunol. 2022;13:848387.

Teng Y, Ding X, Li W, Sun W, Chen J. A retrospective study on
therapeutic efficacy of transarterial chemoembolization combined
with immune checkpoint inhibitors plus lenvatinib in patients with
unresectable hepatocellular carcinoma. Technol Cancer Res Treat.

2022;21:15330338221075174.
Wu JY, Yin ZY, Bai YN, Chen YF, Zhou SQ, Wang SJ, et al. Lenvatinib

combined with anti-PD-1 antibodies plus transcatheter arterial
chemoembolization for unresectable hepatocellular carcinoma: A
multicenter retrospective study. ] Hepatocell Carcinoma. 2021:1233-1240.

Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL, et
al. Assessment of liver function in patients with hepatocellular carcinoma:
A new evidence-based approach—the Albumin-Bilirubin (ALBI) grade. ]
Clin Oncol. 2015;33(6):550-558.

Renzulli M, Braccischi L, Errico AD, Pecorelli A, Brandi N, Golfieri R,
et al. State-of-the-art review on the correlations between pathological and
magnetic resonance features of cirrhotic nodules. Histol Histopathol.

2022;37(12):1151-1165.

Lencioni R, Llovet JM. Modified Response Evaluation Criteria in Solid
Tumors (MRECIST) assessment for hepatocellular carcinoma. Semin

Liver Dis. 2010; 30:52-60.

Zhai J, Liu J, Fu Z, Bai S, Li X, Qu Z, et al. Comparison of the safety
and prognosis of sequential regorafenib after sorafenib and lenvatinib
treatment failure in patients with unresectable hepatocellular carcinoma:

A retrospective cohort study. ] Gastrointest Oncol. 2022;13(3):1278.
Han'Y, Cao G, Sun B, Wang ], Yan D, Xu H, et al. Regorafenib combined

with transarterial chemoembolization for unresectable hepatocellular

carcinoma: A real-world study. BMC Gastroenterol. 2021;21:1.

10


https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30937-9/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30937-9/abstract
https://www.proquest.com/openview/115fc32b2cfa7d6c2d630814ea3a0bd7/1?pq-origsite=gscholar&cbl=3933336
https://www.proquest.com/openview/115fc32b2cfa7d6c2d630814ea3a0bd7/1?pq-origsite=gscholar&cbl=3933336
https://www.proquest.com/openview/115fc32b2cfa7d6c2d630814ea3a0bd7/1?pq-origsite=gscholar&cbl=3933336
https://www.proquest.com/openview/115fc32b2cfa7d6c2d630814ea3a0bd7/1?pq-origsite=gscholar&cbl=3933336
https://www.tandfonline.com/doi/abs/10.1080/14656566.2018.1534956
https://www.tandfonline.com/doi/abs/10.1080/14656566.2018.1534956
https://www.drugsincontext.com/wp-content/uploads/2018/06/dic.212533.pdf
https://www.drugsincontext.com/wp-content/uploads/2018/06/dic.212533.pdf
https://link.springer.com/article/10.1007/s40265-018-0932-4
https://e-cmh.org/journal/view.php?number=1508
https://e-cmh.org/journal/view.php?number=1508
https://e-cmh.org/journal/view.php?number=1508
https://ascopubs.org/doi/full/10.1200/JCO.19.01307
https://ascopubs.org/doi/full/10.1200/JCO.19.01307
https://ascopubs.org/doi/full/10.1200/JCO.19.01307
https://onlinelibrary.wiley.com/doi/full/10.1111/cas.13806
https://onlinelibrary.wiley.com/doi/full/10.1111/cas.13806
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.958869/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.958869/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2022.958869/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.848387/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.848387/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.848387/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.848387/full
https://journals.sagepub.com/doi/full/10.1177/15330338221075174
https://journals.sagepub.com/doi/full/10.1177/15330338221075174
https://journals.sagepub.com/doi/full/10.1177/15330338221075174
https://journals.sagepub.com/doi/full/10.1177/15330338221075174
https://www.tandfonline.com/doi/full/10.2147/JHC.S332420
https://www.tandfonline.com/doi/full/10.2147/JHC.S332420
https://www.tandfonline.com/doi/full/10.2147/JHC.S332420
https://www.tandfonline.com/doi/full/10.2147/JHC.S332420
https://ascopubs.org/doi/full/10.1200/JCO.2014.57.9151
https://ascopubs.org/doi/full/10.1200/JCO.2014.57.9151
https://www.hh.um.es/pdf/Vol_37/37_12/Renzulli-37-1151-1165-2022.pdf
https://www.hh.um.es/pdf/Vol_37/37_12/Renzulli-37-1151-1165-2022.pdf
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0030-1247132
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0030-1247132
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65997/public/65997-PB7-1077-R2.pdf
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65997/public/65997-PB7-1077-R2.pdf
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65997/public/65997-PB7-1077-R2.pdf
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65997/public/65997-PB7-1077-R2.pdf
https://link.springer.com/article/10.1186/s12876-021-01967-3
https://link.springer.com/article/10.1186/s12876-021-01967-3
https://link.springer.com/article/10.1186/s12876-021-01967-3
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21660
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21660
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21660
https://www.wjgnet.com/1007-9327/full/v20/i39/14381.htm
https://www.annalsofoncology.org/article/S0923-7534(21)00154-X/fulltext
https://www.annalsofoncology.org/article/S0923-7534(21)00154-X/fulltext
https://www.annalsofoncology.org/article/S0923-7534(21)00154-X/fulltext
https://www.wjgnet.com/1007-9327/full/v21/i36/10327.htm
https://www.wjgnet.com/1007-9327/full/v21/i36/10327.htm
https://njmonline.nl/getpdf.php?id=1462
https://njmonline.nl/getpdf.php?id=1462
https://karger.com/ocl/article-abstract/87/Suppl.%201/22/240824/Transarterial-Chemoembolization-Failure?redirectedFrom=fulltext
https://karger.com/ocl/article-abstract/87/Suppl.%201/22/240824/Transarterial-Chemoembolization-Failure?redirectedFrom=fulltext
https://www.mdpi.com/2072-6694/11/8/1084
https://www.mdpi.com/2072-6694/11/8/1084
https://www.mdpi.com/2072-6694/11/8/1084
https://karger.com/lic/article/8/5/299/202363/A-New-Treatment-Option-for-Intermediate-Stage
https://karger.com/lic/article/8/5/299/202363/A-New-Treatment-Option-for-Intermediate-Stage
https://karger.com/lic/article/8/5/299/202363/A-New-Treatment-Option-for-Intermediate-Stage
https://gut.bmj.com/content/69/8/1492.abstract
https://gut.bmj.com/content/69/8/1492.abstract
https://gut.bmj.com/content/69/8/1492.abstract
https://onlinelibrary.wiley.com/doi/abs/10.1111/hepr.12123
https://onlinelibrary.wiley.com/doi/abs/10.1111/hepr.12123
https://journals.lww.com/md-journal/FullText/2015/04020/Determinants_of_Survival_After_Sorafenib_Failure.12.aspx
https://journals.lww.com/md-journal/FullText/2015/04020/Determinants_of_Survival_After_Sorafenib_Failure.12.aspx
https://journals.lww.com/md-journal/FullText/2015/04020/Determinants_of_Survival_After_Sorafenib_Failure.12.aspx
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30351-6/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30351-6/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30351-6/abstract
https://www.sciencedirect.com/science/article/pii/S0168827819303009
https://www.sciencedirect.com/science/article/pii/S0168827819303009
https://www.sciencedirect.com/science/article/pii/S0168827819303009
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30937-9/abstract

Yang WZ, et al.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cao F, Zheng J, Luo J, Zhang Z, Shao G. Treatment efficacy and safety
of regorafenib plus drugeluting beads-transarterial chemoembolization
versus regorafenib monotherapy in colorectal cancer liver metastasis
patients who fail standard treatment regimens. ] Cancer Res Clin Oncol.

2021;147:2993-3002.
Wang H, Xiao W, Han Y, Cao S, Zhang Z, Chen G, et al. Study on

safety and efficacy of regorafenib combined with transcatheter arterial
chemoembolization in the treatment of advanced hepatocellular
carcinoma after firstline targeted therapy. ] Gastrointest Oncol.

2022;13(3):1248-1254.
Vitale A, Lai Q, Farinati F, Bucci L, Giannini EG, Napoli L, et al. Utility

of tumor burden score to stratify prognosis of patients with hepatocellular
cancer: Results of 4759 cases from ITA. LL. CA study group. ] Gastrointest
Surg. 2018;22:859-871.

Xia D, Wang Q, Bai W, Wang E, Wang Z, Mu W, et al. Optimal time
point of response assessment for predicting survival is associated with
tumor burden in hepatocellular carcinoma receiving repeated transarterial

chemoembolization. Eur Radiol. 2022;32(9):5799-5810.

Jeon D, Song GW, Lee HC, Shim JH. Treatment patterns for hepatocellular
carcinoma in patients with Child-Pugh class B and their impact on
survival: A Korean nationwide registry study. Liver Int. 2022;42(12):2830-
2842.

ElKhoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et
al. Nivolumab in patients with advanced hepatocellular carcinoma
(CheckMate 040): An open-label, non-comparative, phase 1/2 dose
escalation and expansion trial. Lancet. 2017;389(10088):2492-2502.

Hack SP, Zhu AX, Wang Y. Augmenting anticancer immunity through
combined targeting of angiogenic and PD-1/PD-L1 pathways: Challenges
and opportunities. Front Immunol. 2020;11:598877.

Feun LG, Li YY, Wu C, Wangpaichitr M, Jones PD, Richman SP, et al.
Phase 2 study of pembrolizumab and circulating biomarkers to predict
anticancer response in advanced, unresectable hepatocellular carcinoma.

Cancer. 2019;125(20):3603-36014.

Cheu JW, Wong CC. Mechanistic rationales guiding combination
hepatocellular carcinoma therapies involving immune checkpoint

inhibitors. Hepatology. 2021;74(4):2264-2276.

Yi C, Chen L, Lin Z, Liu L, Shao W, Zhang R, et al. Lenvatinib targets
Fibroblast Growth Factors (FGF) receptor 4 to enhance antitumor
immune response of anti-programmed cell death-1 in Hepatocellular

Carcinoma (HCC). Hepatology. 2021;74(5):2544-2560.
Torrens L, Montironi C, Puigvehi M, Mesropian A, Leslie ], Haber PK,

et al. Immunomodulatory effects of lenvatinib plus anti-programmed

cell death protein 1 in mice and rationale for patient enrichment in
hepatocellular carcinoma. Hepatology. 2021;74(5):2652-2669.

Zou ], Huang P, Ge N, Xu X, Wang Y, Zhang L, et al. Anti-PD-1 antibodies
plus lenvatinib in patients with unresectable hepatocellular carcinoma
who progressed on lenvatinib: A retrospective cohort study of real-world

patients. ] Gastrointest Oncol. 2022;13(4):1898.
Hsieh PM, Hsiao P, Chen YS, Yeh JH, Hung CM, Lin HY, et al. Clinical

prognosis of surgical resection versus transarterial chemoembolization
for single large hepatocellular carcinoma (> 5 cm): A propensity score

matching analysis. Kaohsiung ] Med Sci. 2023;39(3):302-310.

Immunotherapy (Los Angel), Vol.10 Iss.3 No:1000258

4.

45.

46.

41.

48.

49.

50.

51.

52.

53.

54.

55.

56.

OPEN aACCESS Freely available online

Vaz ], Stromberg U, Midlov P, Eriksson B, Buchebner D, Hagstrom H.
Unrecognized liver cirrhosis is common and associated with worse survival
in hepatocellular carcinoma: A nationwide cohort study of 3473 patients.

J Intern Med. 2023;293(2):184-199.

Hiraoka A, Kumada T, Tsuji K, Takaguchi K, Itobayashi E, Kariyama K,
et al. Validation of modified Albumin-Bilirubin (ALBI) grade for more
detailed assessment of hepatic function in hepatocellular carcinoma
patients: A multicenter analysis. Liver Cancer. 2019;8(2):121-129.

Ho SY, Hsu CY, Liu PH, Hsia CY, Lei HJ, Huang YH, et al. Albumin-
bilirubin grade-based nomogram of the Barcelona Clinic Liver Cancer
(BCLC) system for personalized prognostic prediction in hepatocellular
carcinoma. Liver Int. 2020;40(1):205-214.

Ren Z, Xu J, Bai Y, Xu A, Cang S, Du C, et al. Sintilimab plus a
bevacizumab biosimilar (IBI305) versus sorafenib in unresectable
hepatocellular carcinoma (ORIENT-32): A randomised, open-abel, phase
2-3 study. Lancet Oncol. 2021;22(7):977-990.

Finn RS, Ikeda M, Zhu AX, Sung MW, Baron AD, Kudo M, et al. Phase
Ib study of lenvatinib plus pembrolizumab in patients with unresectable

hepatocellular carcinoma. ] Clin Oncol. 2020;38(26):2960-2970.
Yang X, Deng H, Sun Y, Zhang Y, Lu Y, Xu G, et al. Efficacy and safety

of regorafenib plus immune checkpoint inhibitors with or without
Transarterial Chemoembolization (TACE) as a second-line treatment for
advanced hepatocellular carcinoma: A propensity score matching analysis.

] Hepatocell Carcinoma. 2023:303-313.
Zhang W, Feng L], Teng F, Li YH, Zhang X, Ran YG. Incidence and risk

of proteinuria associated with newly approved vascular endothelial growth
factor receptor tyrosine kinase inhibitors in cancer patients: An up-to-date
meta-analysis of randomized controlled trials. Expert Rev Clin Pharmacol.

2020;13(3):311-320.
Jin ZC, Chen JJ, Zhu XL, Duan XH, Xin Y], Zhong BY, et al. Immune

checkpoint inhibitors and antivascular endothelial growth factor
antibody/tyrosine kinase inhibitors with or without transarterial
chemoembolization as firstline treatment for advanced hepatocellular
carcinoma (CHANCE2201): A target trial emulation study.
EClinicalMedicine. 2024;72.

Zhou T, Wang X, Cao Y, Yang L, Wang Z, Ma A, et al. Cost-effectiveness
analysis of sintilimab plus bevacizumab biosimilar compared with
lenvatinib as the firstline treatment of unresectable or metastatic

hepatocellular carcinoma. BMC Health Serv Res. 2022;22(1):1367.

Zhang L, Sun ], Wang K, Zhao H, Zhang X, Ren Z. Firstand second-line
treatments for patients with advanced hepatocellular carcinoma in china:

A systematic review. Curr Oncol. 2022;29(10):7305-7326.

Wang M, Sun L, Han X, Ren ], Li H, Wang W, et al. The addition of
camrelizumab is effective and safe among unresectable hepatocellular
carcinoma patients who progress after drugeluting bead transarterial
chemoembolization plus apatinib therapy. Clin Res Hepatol Gastroenterol.

2023;47(1):102060.

Xu B, Sun HC. Camrelizumab: An investigational agent for hepatocellular

carcinoma. Expert Opin Investig Drugs. 2022;31(4):337-346.

Fan Y, Xue H, Zheng H. Systemic therapy for hepatocellular carcinoma:
Current updates and outlook. ] Hepatocell Carcinoma. 2022:233-263.

11


https://onlinelibrary.wiley.com/doi/full/10.1111/joim.13570
https://onlinelibrary.wiley.com/doi/full/10.1111/joim.13570
https://karger.com/lic/article/8/2/121/202351
https://karger.com/lic/article/8/2/121/202351
https://karger.com/lic/article/8/2/121/202351
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14249
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14249
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14249
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14249
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(21)00252-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(21)00252-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(21)00252-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(21)00252-7/abstract
https://ascopubs.org/doi/full/10.1200/JCO.20.00808
https://ascopubs.org/doi/full/10.1200/JCO.20.00808
https://ascopubs.org/doi/full/10.1200/JCO.20.00808
https://www.tandfonline.com/doi/full/10.2147/JHC.S399135
https://www.tandfonline.com/doi/full/10.2147/JHC.S399135
https://www.tandfonline.com/doi/full/10.2147/JHC.S399135
https://www.tandfonline.com/doi/full/10.2147/JHC.S399135
https://www.tandfonline.com/doi/abs/10.1080/17512433.2020.1734450
https://www.tandfonline.com/doi/abs/10.1080/17512433.2020.1734450
https://www.tandfonline.com/doi/abs/10.1080/17512433.2020.1734450
https://www.tandfonline.com/doi/abs/10.1080/17512433.2020.1734450
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(24)00201-3/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(24)00201-3/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(24)00201-3/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(24)00201-3/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(24)00201-3/fulltext
https://link.springer.com/article/10.1186/s12913-022-08661-4
https://link.springer.com/article/10.1186/s12913-022-08661-4
https://link.springer.com/article/10.1186/s12913-022-08661-4
https://link.springer.com/article/10.1186/s12913-022-08661-4
https://www.mdpi.com/1718-7729/29/10/575
https://www.mdpi.com/1718-7729/29/10/575
https://www.mdpi.com/1718-7729/29/10/575
https://www.sciencedirect.com/science/article/abs/pii/S2210740122001930
https://www.sciencedirect.com/science/article/abs/pii/S2210740122001930
https://www.sciencedirect.com/science/article/abs/pii/S2210740122001930
https://www.sciencedirect.com/science/article/abs/pii/S2210740122001930
https://www.tandfonline.com/doi/abs/10.1080/13543784.2022.2022121
https://www.tandfonline.com/doi/abs/10.1080/13543784.2022.2022121
https://www.tandfonline.com/doi/full/10.2147/JHC.S358082
https://www.tandfonline.com/doi/full/10.2147/JHC.S358082
https://link.springer.com/article/10.1007/s00432-021-03708-1
https://link.springer.com/article/10.1007/s00432-021-03708-1
https://link.springer.com/article/10.1007/s00432-021-03708-1
https://link.springer.com/article/10.1007/s00432-021-03708-1
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65780/public/65780-PB7-2001-R2.pdf
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65780/public/65780-PB7-2001-R2.pdf
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65780/public/65780-PB7-2001-R2.pdf
https://cdn.amegroups.cn/journals/pbpc/files/journals/1/articles/65780/public/65780-PB7-2001-R2.pdf
https://link.springer.com/article/10.1007/s11605-018-3688-y
https://link.springer.com/article/10.1007/s11605-018-3688-y
https://link.springer.com/article/10.1007/s11605-018-3688-y
https://link.springer.com/article/10.1007/s00330-022-08716-4
https://link.springer.com/article/10.1007/s00330-022-08716-4
https://link.springer.com/article/10.1007/s00330-022-08716-4
https://link.springer.com/article/10.1007/s00330-022-08716-4
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.15464
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.15464
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.15464
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31046-2/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31046-2/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31046-2/abstract
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.598877/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.598877/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2020.598877/full
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.32339
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.32339
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31840
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31840
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31840
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31921
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31921
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31921
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.31921
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.32023
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.32023
https://aasldpubs.onlinelibrary.wiley.com/doi/abs/10.1002/hep.32023
https://jgo.amegroups.org/article/view/67502/html
https://jgo.amegroups.org/article/view/67502/html
https://jgo.amegroups.org/article/view/67502/html
https://jgo.amegroups.org/article/view/67502/html
https://onlinelibrary.wiley.com/doi/full/10.1002/kjm2.12640
https://onlinelibrary.wiley.com/doi/full/10.1002/kjm2.12640
https://onlinelibrary.wiley.com/doi/full/10.1002/kjm2.12640
https://onlinelibrary.wiley.com/doi/full/10.1002/kjm2.12640



