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Evaluation of D-TACE combined
with endovascular
brachytherapy for HCC

with MPVTT

Wei Huang™, Ju Gong?®, Qingbing Wang™, Ziyin Wang",
Qin Liu?, Jingjing Liu*, Junwei Gu*, Xiaoyi Ding**
and Zhiyuan Wu*#*

Department of Interventional Radiology, Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine, Shanghai, China, 2Department of Interventional Radiology, Ruijin Hospital Luwan Branch,
Shanghai Jiao Tong University School of Medicine, Shanghai, China

Background: Hepatocellular carcinoma (HCC) patients with main portal vein
tumor thrombus (MPVTT) may be able to have TACE through stent implantation
into the portal vein with thrombosis to recover portal blood flow.

Purpose: The goal of this study was to compare clinical results of conventional
transcatheter arterial chemoembolization (C-TACE) and doxorubicin-eluting
bead transcatheter arterial chemoembolization (D-TACE) combined with
endovascular brachytherapy in HCC patients with MPVTT.

Methods: This study was a retrospective controlled study with follow-up dates
spanning from Mar 2015 to Feb 2020. Patients with both HCC and MPVTT were
divided into two groups. Portal vein stents with iodine-125 seed strands were
implanted first; then, C-TACE or D-TACE was administered to all patients.
Objective response rates were assessed.

Results: A total of 26 patients were enrolled, with 13 in each group. During
follow-up, the portal stent patency times were 112.3 + 98.2 days in the C-TACE
group and 101.7 + 90.4 days in the D-TACE group. The time to disease
progression was 42 days in the C-TACE group and 120 days in the D-TACE
group (p=0.03). The overall survival time from the first intervention procedure
was 216 days in the C-TACE group and 239 days in the D-TACE group
(p=0.047). The D-TACE group was superior to the C-TACE group in terms of
progression-free survival (PFS) and overall survival (OS) times.

Conclusion: Endovascular implantation of brachytherapy combined with TACE
is safe and effective in HCC patients with MPVTT. This combination therapy
may be helpful for survival benefits to patients with stage BCLC-C HCC.

KEYWORDS

hepatocellular carcinoma, portal vein, stents, endovascular brachytherapy,
chemoembolization, doxorubicin-eluting beads
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Background

Hepatocellular carcinoma (HCC) is a common malignant
tumor. HCC patients with main portal vein tumor thrombus
(MPVTT) often miss the opportunity for transcatheter arterial
chemoembolization (TACE), a preferred nonsurgical option for
liver cancer, because MPVTT is a relative contraindication for
TACE. Previous studies have demonstrated that this type of
patient may be able to have TACE through stent implantation
into the portal vein with thrombosis to recover portal blood flow
(1). The implantation of a radioactive seedling tent into the
portal vein stent combined with TACE and MPVTT increases
the stent patency rate and survival time (2, 3). Conventional
TACE (C-TACE) embolic materials are always based on
iodinated oil. A recent study reported the application of new
embolic material loaded with doxorubicin class drug-eluting
beads (DEB). Preliminary results show that the efficacy of
DEB-TACE (D-TACE) in HCC is good and has low toxicity
(4). However, whether D-TACE has greater survival benefits is
still controversial (5). A DEB product, DC Bead™
(Biocompatibles UK Ltd.), has been officially approved by the
China Food and Drug Administration and launched in China.
However, few studies have examined the effects of radioactive
seed stent implantation in a portal vein stent combined with
D-TACE.

This preliminary study aimed to investigate the feasibility
and safety of implanting a radioactive seed stent in a portal vein
stent combined with TACE in HCC patients with MPVTT, and
it compared the clinical effects of combined therapies with C-
TACE or D-TACE.

Methods
Subjects

In this retrospective controlled study, 26 HCC patients with
MPVTT were consecutively enrolled from March 1, 2015, to
August 31, 2019 with subsequent follow-ups until February
29, 2020.

The included patients met the following conditions: age 18
to 80 years; diagnosis met the pathological or clinical
diagnostic criteria of HCC; CT or MRI imaging showed that
portal vein thrombosis involved the portal vein trunk and
primary branch, but that the contralateral primary branch
was not completely occluded; the liver function stage was
Child-Pugh class A/B; patients had no extensive extrahepatic
metastases; and the Eastern Cooperative Oncology Group
(ECOG) score of the patient was 0-2. Due to economic
constraints or concerns about the side effects of targeted
drugs, these patients were not able to combine targeted drugs
at the same time. All patients signed informed consent forms
for this study.
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Patients were excluded for the following reasons: the liver
function stage was Child-Pugh class C; the patient had other
serious diseases and could not complete treatment; or the patient
had bleeding tendency with elongated coagulation time.

Intervention procedures

All patients underwent radioactive seeding in the portal vein
immediately followed by C-TACE or D-TACE. First, under the
guidance of ultrasound, the portal vein branch of the uninvolved
liver lobe was percutaneously punctured and a vascular sheath
was inserted. Second, angiography was performed over the main
portal vein stenosis segment with a 4F pigtail catheter (Cordis,
USA), and the pressure was measured. The diameter and length
of the stent as well as the number of required iodine-125 (**°I)
seeds were based on the stenosis segment length. The stents
should extend 1 cm beyond each end of the tumor thrombus.
The number of '*°I seeds (0.6 mCi/tablets, Shanghai Xinke
Pharmaceutical Co., Ltd.) were calculated using the formula
[stenosis length (mm)/4.5+2] to ensure that the radiation range
of implanted '*I seeds completely covered the portal vein
thrombosis segment. The required '*’I seedlings were
encapsulated in a 3F sterile sheath and developed into a seed
strand. Third, the stents and the '*I seed strips were placed into
the portal vein vessels of the stenosis segments under the
guidance of the X-ray perspective. Fourth, portal vein
angiography was performed with the pigtail catheter; the
pressure at this time was measured again. The liver puncture
channel was blocked with a 5 mm x 5 cm coil (Cook
Company, USA).

In the C-TACE group, the lipiodol dosage was based on
lesion size. A tumor with a diameter of 1 cm corresponded to 1
ml of lipiodol with a maximum dose of 20 ml. Epirubicin (40 mg,
Pharmorubicin, Pfizer) was mixed with the lipiodol, forming an
emulsion. In the D-TACE group, the doxorubicin-eluting (DC)
bead diameters were 300 im to 500 m. One to two bottles were
used based on lesion size, each containing 40 mg epirubicin.
After combining the epirubicin with DC beads, a nonionic
contrast agent iopamidol injection (370 mg I/mL) was mixed
at a 1:1 proportion. TACE was performed using the femoral
artery approach. The abovementioned embolic agents were
slowly injected into the tumor-feeding artery for embolization
after superselective catheterization. Gelatin sponges were added
to strengthen the embolism.

Patients received liver protection treatment with
symptomatic and supportive treatment for 7 to 8 days after
interventional procedures. Blood tests, liver renal function tests,
and electrolytes were measured at 3 days, 7 days, 14 days and 30
days after the procedures. Complications were recorded and
treated accordingly. Follow-up was performed every 3 months
after the initial treatment. The clinical results mainly includes
the changes of liver function, complications, the time to disease
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progression (estimated using enhanced abdominal CT or
abdominal MRI) and survival rate. Objective response rates
were assessed, and TACE treatments were performed as
needed. The patency of the portal stent was compared between
the two groups. The median progression-free survival (PES) and
overall survival (OS) times were assessed after long-term
follow-up.

Statistical analyses

The statistical analyses were performed using SPSS statistical
software, version 23 (IBM, Armonk, NY, USA). A paired t-test
was used to compare the changes in portal vein pressure before
and after stent implantation. The Mann-Whitney test was used
to compare the liver function and stent patency of the two
groups. Progression-free survival and overall survival were
analyzed with Kaplan-Meier and log-rank tests. All data are
expressed as the mean + SEM (standard error of the mean) of n
independent measurements. GraphPad Prism 7 software
(GraphPad, San Diego, CA, USA) was used to plot the graphs.
A value of P < 0.05 was considered as statistically significant.

Results
Patients characteristics

Twenty-six patients (aged 40-78 years) were included in the
analysis. Table 1 shows the patients’ general information. The
median age of the C-TACE group (9 men and 4 women) was
54.5 years; in the D-TACE group (11 men and 2 women), the
median age was 56 years. Based on BCLC staging criteria, the all
the patients were in stage C. Based on the Child-Pugh
classification standard of liver function, in the C-TACE group,
9 cases were Child-Pugh class A, the other 4 cases were class B,
and the mean Child-Pugh score was 6.15 + 0.90. In the D-TACE
group, 11 cases were Child-Pugh class A, the other 2 cases were
class B, and the mean Child-Pugh score was 5.77 + 0.73. No

TABLE 1 General information.

Number of cases

Male: female

Average age (years)

CPC A
B

Primary tumor left lobe: right lobe

length (cm)

Other metastasis

VP class

10.3389/fonc.2022.973357

significant differences were found between the two groups
(Mann-Whitney U=64.5, p=0.31). All patients had HCC
lesions. In the C-TACE group, there were 4 cases in the left
liver and 9 cases in the right liver. In the D-TACE group, there
was one case in the left liver and all other cases were in the right
liver. All the patients had tumor-side portal vein branch
thrombus and MPVTT. Among these, 6 cases were
accompanied by contralateral first level portal vein branch
tumor thrombi in the C-TACE group and 4 cases were
accompanied by contralateral first level portal vein branch
tumor thrombi in the D-TACE group. There was no
significant difference in post embolization syndrome between
two groups.

Effect of interventional therapy

All the patients successfully underwent stent implantation of
a radioactive seed into the portal vein followed by TACE
treatment. In the C-TACE group (Figure 1), 13 stents were
implanted (diameter: 8-14 mm, length: 60-90 mm), 13131
radioactive seeds were used (a total of 204'%T seeds, with an
average of 16 per strip), and 10.6 ml of lipiodol was used in each
case on average. Fifty milligrams of epirubicin were mixed with
lipiodol for each case, and 15 boxes of gelatin sponges were used
to enhance embolization. In the D-TACE group (Figure 2), 13
stents were implanted (diameter: 8-14 mm, length: 40-94 mm),
and 13'?° I radioactive seeds were used (a total of 181'?°I seeds,
with an average of 14 per stripe); 18 bottles of DC beads were
used; and five boxes of gelatin sponges were used to enhance
embolization. Each bottle of DC beads contained a mixture of 40
mg of epirubicin.

Intraoperative angiography of the portal vein showed that the
portal vein length of the tumor thrombus was 25.3 to 95.2 mm
(average: 46.6 = 19.1 mm) in the C-TACE group and 17.6 to 65.7
mm (average: 38.8 + 16.5 mm) in the D-TACE group. In the C-
TACE group, the average pressure of the distal main portal vein
was 28.3 + 11.2 cmH,0 and 23.6 + 10.2 cmH20 before and after
stent implantation, respectively, a decrease of 4.6 + 3.0 cmH,0,

C-TACE group D-TACE group

13 13

9:4 11:2
54.5+9.9 56.0 9.2
9 (69.2%) 11 (84.6%)
4 (30.8%) 2 (15.4%)

49 1:10
112+ 1.3 10.0 + 1.1

none none

VP 4 (100%) VP 4 (100%)

CPC, Child-Pugh class; VP class, portal vein tumor thrombosis classification according to the Liver Cancer Study Group of Japan
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FIGURE 1

One case of the C-TACE group. The patient was a 60 years old female. (A): Preoperative CT images showed a huge tumor in the right lobe of
the liver. (B): Tumor thrombus (arrow) was seen in the right branch and main portal vein. (C): After 3 months follow up, the tumor was
significantly reduced. (D): The patency of portal vein stent was revealed after 3 months follow up. (E): Filling defect was showed in the main
portal vein (arrow head) during venography. (F): Portal vein stent (diameter: 12 mm, length: 60 mm) was implanted and 12 125I radioactive seeds
were used. (G): Hepatic artery angiography showed large tumor staining of the right lobe of the liver. (H): Superselective embolization of the
tumor artery branches with 50 milligrams of epirubicin mixed with 10 ml lipiodol and 1 box of gelatin sponges was used to enhance
embolization. (I): Angiography after embolization, tumor blood supply was significantly reduced

but the difference before and after stent implantation was not
statistically significant (U=74.5, P=0.62). In the D-TACE group,
the average pressures were 25.2 + 12.3 cmH,0 and 20.2 + 11.7
cmH,0, respectively, a decrease of 5.0 + 4.4 cmH20, which was
also not statistically significant (U=62.5, P=0.27). The difference in
the magnitude of pressure decrease between the two groups was
not statistically significant (U=74.5, P=0.62).

The alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and serum total bilirubin (TBil) levels significantly increased at
3 days and 7 days after the procedures but returned to preoperative
levels after 30 days (Table 2). There were no significant differences in
Child-Pugh scores between the two groups before the procedures
(p=0.47) or at 3 days (p=0.77), 7 days (p=0.66), 14 days (p=0.47), and
30 days (p=0.56) after the procedures (Figure 3).

FIGURE 2

One case of the D-TACE group. The patient was a 69 years old female. (A): Preoperative CT images showed a huge tumor in the right lobe of
the liver. (B): Tumor thrombus (arrow) was seen in the right branch and main portal vein. (C): After 3 months follow up, the tumor was
significantly reduced. (D): The patency of portal vein stent was revealed after 3 months follow up. (E): Filling defect was showed in the main
portal vein (arrow head) during venography. (F): Portal vein stent (diameter: 10 mm, length: 94 mm) was implanted and 20 125| radioactive
seeds were used. (G): Hepatic artery angiography showed large tumor staining of the right lobe of the liver. (H): Superselective embolization of
the tumor artery branches with 40 milligrams of epirubicin mixed with one bottle of DC beads. (I): Angiography after embolization, tumor blood

supply was significantly reduced
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TABLE 2 Liver function parameters before and 3 days, 7 days, 14 days, 30 days after interventional procedures.

ALT (IU/L)

C-TACE group pre 48.6 £ 28.9
3d 100.3 + 151.0
7d 132.6 £ 154.7

14d 90.7 +29.9

30d 34.5 + 547

D-TACE group pre 53.8 +£42.8
3d 451.3 + 462.8
7d 200.8 + 222.6

14d 121.7 £ 75.7

30d 47.7 £ 45.1

ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, serum total bilirubin.

AST (IU/L)

84.6 +£43.7
210.0 + 356.5
176.1 £ 135.0
106.0 + 58.0
108.8 + 56.8

93.2 £ 54.5
590.3 + 428.9
116.2 + 67.6
127.0 £ 1214
117.5 £ 145.8

Comparison of Liver Function

pre 3d 7d

FIGURE 3

TBil (umol/L) Child-Pugh score
30.6 + 19.1 57+13
37.6 £ 19.9 68+19
48.5 + 42.9 68+ 1.0

103.6 + 122.9 6.8 +0.7
533 + 942 6.3+09
210 £7.0 53+13
479 + 269 6.7 2.0
51.6 + 27.9 66+13

123.1 + 165.2 65+13
515+ 77.7 6.0+12

@B C-TACE
@B D-TACE

14d 30d

Comparison of liver function. There were no significant differences in Child-Pugh scores between the two groups before the procedures
(p=0.47) or at 3 days (p=0.77), 7 days (p=0.66), 14 days (p=0.47), and 30 days (p=0.56) after the procedures

No patient in either group had serious complications such
as puncture bleeding, abdominal bleeding, tumor rupture,
gastrointestinal bleeding, liver abscess, or bile aneurysm.
Postoperative adverse reactions included postembolization
syndrome, nausea, pain, fever and fatigue, all of which
significantly improved after symptomatic treatment. Two
patients with myocardial damage had chest discomfort and
pain within 24 hours after the procedures in the D-TACE
group treated with 80 mg (mixed with 2 bottles of DC beads)
and 40 mg epirubicin (mixed with 1 bottle of DC beads),
respectively. No abnormal electrocardiogram findings were
observed, but the serum levels of AST, lactate dehydrogenase
(LDH), and N-terminal pro B-type natriuretic peptide (NT-

Frontiers in Oncology

proBNP) within 24 hours after the procedures had transient
increases. After oxygen therapy, sublingual nitroglycerin and
other treatments, the indicators of myocardial damage
gradually decreased after 3 days.

Results of follow-up

The stent patency time of the two groups was 112.3 + 98.2
days in the C-TACE group and 101.7 £ 90.4 days in the D-TACE
group, and there was no significant difference between the
groups (U = 84, p> 0.99) (Figure 4).
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Comparison of PV Stent Patency Time

250+

200+

150+

100+

504

0-

the patency time of PV stent (d)

C-TACE

FIGURE 4

D-TACE

Comparison of PV stent patency time. The stent patency times of the two groups were 112.3 + 98.2 days in the C-TACE group and 101.7 + 90.4
days in the D-TACE group, and there was no significant difference between the groups (U = 84, p> 0.99).

According to the mRECIST criteria (6), the increased
enhanced tumor tissue volume in CT or MRI images was used
as the basis for evaluating disease progression. The median
progression-free survival times of the two groups were 42 days
and 120 days, respectively—significantly longer in the D-TACE
group than in the C-TACE group (p = 0.03) (Figure 5A). By the
end of the 5-year follow-up, 3 patients in the D-TACE group still
survived. From the initial diagnosis, the overall survival times
were 235 days and 357 days in the two groups (p=0.02)
(Figure 5B). From the first interventional procedures, the
overall survival times of the two groups were 216 days and
239 days, respectively (p=0.047) (Figure 5C). The difference was
statistically significant: the D-TACE group was superior to the
C-TACE group regarding both PFS and OS.

Discussion

Portal vein stents for HCC patients
with MPVTT

This study demonstrated that endovascular implantation of
a stent with a '>I seed strand combined with D-TACE is a safe
and effective option for managing HCC patients with MPVTT.
Portal vein thrombosis is an important factor in the prognosis of
HCC patients. For unresectable cases including those with major
vessel invasion, many community hospitals do not attempt
active oncologic therapy. Recently, some studies have
suggested that local treatment including radiotherapy will have
survival benefits for these patients (7, 8). Other methods based

A B (o]
PFS Survival Time from the Initial Diagnosis ~ Survival Time from the First IR Therapy
100 —— C-TACE 1004 —— C-TACE 1004 —— C-TACE
- —— D-TACE = — D-TACE - -~ D-TACE
2 2 2
E e e
H p=0.030 H p=0.016 2 p=0.047
£ 50 £ 504 £ 504
8 8 8
3 3 3
o Q Q.
6 160 2(’!0 360 4(’!0 0 100 200 300 400 500 0 100 200 360 400 500
days days days

FIGURE 5

Comparison of PFS and OS in the two groups. The median progression-free survival times of the two groups were 42 and 120 days, respectively
(p = 0.030). From the initial diagnosis, the overall survival times of the two groups were 235 days and 357 days (p=0.02). From the first
interventional procedures, the overall survival times of the two groups were 216 days and 239 days, respectively (p=0.047).
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on C-TACE combined with targeted drugs, radiation therapy, or
thermal ablation also have been reported (9-11). Portal vein
revascularization through endovascular stenting is also one of
the ways to solve this difficult problem with improvement of
liver parenchymal perfusion, relieving sequelae of portal
hypertension and regaining of subsequent liver function (12).
In this study, the mean stent portal vein pressure was 28.3 £ 11.2
c¢mH,0 in the C-TACE group and 25.2 + 12.3 cmH,0 in the D-
TACE group, which decreased to 23.6 + 10.2 cmH20O and 20.2 +
11.7 ¢mH,O, respectively, after the stent implantations,
suggesting that implanting portal vein stents may decrease the
portal vein pressure and reduce the risk of secondary
gastrointestinal bleeding in patients with MPVTT.

Impact of endovascular brachytherapy

Endovascular brachytherapy with '*°I seeds can be
continuously performed and has a long half-life
(approximately 60.1 d). Close contact with the tumor tissue
under the continuous emission of X-rays and y-rays from the
127 seed can destroy the double-stranded DNA of tumor cells
and inhibit the growth of tumor thrombi (13). Local irradiation
can also inhibit vascular endothelial proliferation (14) and
prolong the duration of stent patency. In this study, an
appropriate amount of '>T seeds were packaged into 3F sterile
sheaths to develop seed strains based on tumor thrombus length
(measured by main portal vein angiography); then, the patients
were synchronously implanted with a portal vein stent and the
stent was expanded. The '*I seed strains were fixed to the tumor
thrombus site, effectively preventing loss and displacement.
Portal vein stent implantations were successfully completed in
all the patients and the '*°I seed strains were implanted,
suggesting that this combined therapy method is highly
feasible. All patients successfully completed the procedures
under local anesthesia with good tolerance in this study.

The combined toxicity of endovascular brachytherapy and
TACE needs attention. Some literatures have confirmed that the
combination of radiation therapy and TACE does not cause
significant adverse effects on liver function with the grade 3
toxicity rates ranged from 3.5% to 5.7% (15, 16). Other studies
have shown (17) that compared with C-TACE, patients’
tolerance of D-TACE is better, with less-severe liver toxicity
and fewer doxorubicin-related side effects. However, no study
has reported the combination of endovascular brachytherapy
and D-TACE in the treatment of HCC patients with MPVTT.
The present study preliminarily explored the safety of this
combination as well as the feasibility. Liver function was
transiently abnormal but recovered gradually. The recovery of
serum Tbil was slower than that of ALT and AST, which may be
related to bile duct injury after embolism. The parameters of two
patients with myocardial damage gradually decreased 2 to 3 days
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after oxygen therapy and nitroglycerin sublingual treatments.
The epirubicin dosages of the two patients were 80 mg and 40
mg, respectively; based on patients’ body surface area, these were
not overdoses, suggesting the possible cardiotoxicity of D-TACE
when loaded with epirubicin or doxorubicin. Therefore, patient
heart function needs to be monitored closely and treated
promptly. Overall, the combination of the implantation of
radioactive seed stents into the portal vein and D-TACE in the
treatment of HCC patients with MPVTT is both feasible
and safe.

Comparison of C-TACE and D-TACE

D-TACE has been applied as a treatment for HCC for many
years, and a number of clinical trials have demonstrated its safety
(18) and effectiveness (4). A DC Bead® is a drug-loaded
microsphere that was approved in China in August 2014. The
bead can be loaded with doxorubicin, epirubicin, or irinotecan.
After embolism, the drugs can be continuously released with a
certain amount of compressibility, which can effectively block
the target vessel. One prospective randomized controlled study
(17) compared C-TACE with D-TACE in the treatment of HCC
and found that the complete remission rate, objective response
rate and disease control rate in the D-TACE group were higher
than those in the C-TACE group (27% vs 22%, 52% vs 44%, and
63% vs 52%, respectively) but without significant differences.
However, the objective response rate in the D-TACE group was
significantly higher than that of the C-TACE group among cases
with Child-Pugh grade B, ECOG score 1, involvement of two
lobes, and relapse.

A randomized controlled study (19) compared the
effectiveness of simple microembolization (BB group) and the
drug doxorubicin in microsphere embolization (LCB group) in
patients with HCC and found that the response rates (RECIST
criteria) of the BB group and LCB group at the first revisit were
5.9% and 6.0%, respectively. The median PFS values of the BB
group and LCB group were 6.2 months and 2.8 months,
respectively, which were not significantly different. The
median overall survival of the BB and LCB groups were 19.6
months and 20.8 months, respectively, which were not
significantly different. The embolization effects of ordinary
microspheres and drug-loaded adriamycin microspheres on
HCC were not significantly different. Drug-loaded adriamycin
microspheres may not be able to improve the effectiveness of
liver cancer embolization. The long-term efficacy of D-TACE
needs further investigation (20). Therefore, we followed up these
cases for 5 years, a length of time that not only allows assessing
the feasibility and safety of the combined treatment method but
also objectively evaluating the long-term efficacy of the
combined treatment. In our study, the D-TACE group was
superior to the C-TACE group regarding both PFS and OS.
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Compared with other studies, our patients had a relatively late
disease course, showing that the combined treatment may have
more advantages for patients with more severe disease.

Our study had some limitations. The sample size was
relatively small. More cases are needed to reach more reliable
results. All these patients were in the BCLC-C stage, and
treatment with targeted drugs such as sorafenib may have
yielded better results (21). However, due to economic
constraints or concerns about the side effects of targeted drugs,
these patients were not able to combine targeted drugs at the
same time. Follow-up studies are also needed on patients who
are being treated with combined targeted drug therapies.

In conclusion, the combination of the implantation of a
radioactive seed stent to the portal vein and D-TACE in the
treatment of HCC patients with MPVTT is both safe and
feasible. This combination therapy may be helpful for survival
benefits to patients with stage BCLC-C HCC.
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Clinical course and role of
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hepatocellular carcinoma
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Background: A diverse clinical course after the spontaneous rupture of
hepatocellular carcinoma (HCC) renders nonstandardized treatment protocols.

Purpose: To evaluate clinical course and role of transcatheter arterial
embolization (TAE) in patients with rupture of HCC.

Materials and methods: This retrospective study included 127 patients who
were treated for ruptured HCC at single institution between 2005 and 2014.
After multidisciplinary discussion, patients underwent medical management,
TAE, emergency surgery or staged surgery. Patients were retrospectively
divided into two groups based on the intent of treatment: curative and
palliative. The rebleeding rate and 1-month and overall survival (OS) were
compared between two groups. The incidence and survival of patients with
intraperitoneal drop metastasis (IPDM) were also analyzed.

Results: The overall rebleeding rate in patients who underwent TAE was 3.1%
(3/96). One-month mortality rate was 6.3% (8/127). The rebleeding and 1-
month mortality rates were not significantly different between two groups. OS
was significantly higher in the curative treatment group (median: 12.0 vs 2.2
months, p<0.001). Among 96 patients who initially received TAE, ten patients
underwent staged operation (10.4%). The median OS for medical management,
TAE, emergency surgery and staged surgery was 2.8, 8.7, 19.1 and 71.1 months,
respectively. Of all patients, 15.2% developed IPDM mostly within 1 year and
their survival was poorer than that of patients without IPDM (median: 6.3 vs. 15.1
months, p<0.001).
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Conclusion: TAE provided effective immediate hemostasis with a low rebleeding
rate and may serve as a bridge to elective surgery. IPDM frequently occurred
within 1 year and manifested poor survival; thus, close surveillance should be
considered for patients with spontaneous rupture of HCC.

KEYWORDS

hepatocellular carcinoma, spontaneous rupture, transcatheter arterial embolization,
transcatheter arterial chemoembolization, intraperitoneal drop metastasis

Introduction

Spontaneous rupture of hepatocellular carcinoma (HCC)
can manifest a wide spectrum of symptoms, from mild
abdominal pain to abrupt hypovolemic shock, which result in
a diverse clinical course. Its reported mortality rate is 25-75% (1,
2). Owing to the hypervascularity of HCC, timely intervention,
including hemostasis and volume resuscitation in the acute
phase, is vital to achieve hemodynamic stability in patients
with ruptured HCC (3). Spontaneous rupture of the tumor
also affects patients’ long-term management plans even after
successful recovery from acute hemodynamic instability. The
incidence of intraperitoneal drop metastasis (IPDM) increases
after HCC rupture because of potential tumor cell spillage in the
peritoneal space, which hinders curative treatments after acute
management (4-6). Therefore, patient management should be
individualized in consideration of the initial manifestation,
hepatic functional reserve, operability, and chance of IPDM.

Some studies have suggested treatment algorithms, but
because of the lack of high-level evidence, the best treatment
approach is still controversial, and patients with ruptured HCCs
are largely treated using local protocols (3). Considering the high
mortality rate (85-100%), conservative management should be
reserved for patients in whom transarterial embolization (TAE)
and surgery are not feasible because of poor liver function and
advanced tumor stage (7, 8). Emergency surgery and TAE are
the two main treatment modalities used to achieve immediate
hemostasis. While surgery is advantageous for both hemostasis
and tumor resection in a single operation procedure, TAE is less
invasive, shows a relatively high success rate of hemostasis in the
acute phase (53-100%) and has a lower 30-day mortality rate
than surgery (0-37% vs. 28-75%) (9-13).

Considering the diverse clinical course following HCC
rupture and various roles of TAE in each case, the
effectiveness of TAE should be scrutinized separately for each
situation. In addition, as the probability of IPDM is relatively

Abbreviations: HCC, hepatocellular carcinoma; IPDM, intraperitoneal drop
metastasis; OS, overall survival; TACE, transcatheter arterial

chemoembolization; TAE, transcatheter arterial embolization.
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high after spontaneous rupture of HCC, a longitudinal study on
the development of IPDM is warranted. Therefore, this
retrospective study was conducted to determine the role of
TAE in acute management of HCC rupture and evaluate the
development and clinical impact of IPDM.

Materials and methods
Patients

This retrospective study was approved by the institutional
review board and the requirement for informed consent was
waived. All patients diagnosed with HCC were retrospectively
recorded in the institutional cohort, and the electronic database
contained imaging findings from initial and subsequent studies.
Among the 10536 patients who were initially diagnosed with
HCC between January 2005 and December 2014, 133 were
recorded as having imaging features suggestive of ruptured
HCC. The patients’ images were reviewed, and the records of
127 patients who met the imaging criteria for a ruptured HCC
were finally analyzed (Figure 1).

Imaging evaluation of ruptured HCC

All patients underwent multiphase dynamic computed
tomography (CT) or magnetic resonance (MR) imaging. The
images were reviewed by two interventional radiologists
(H.CKim and J.W.Choi with 15 and 4 years of experience in
interventional oncology) in consensus. Ruptured HCC was
diagnosed when a liver tumor with arterial-phase enhancement
and portal- or delayed-phase washout abutted the liver surface and
had one or more of the following findings: contrast media
extravasation from the tumor to the peritoneum, tumor
protrusion with hemoperitoneum, and focal discontinuity of the
tumor surface with hemoperitoneum (14). In patients with
ruptured HCC, the largest tumor size, number, distribution
(unilobar and bilobar), vascular invasion, imaging signs of portal
hypertension (ascites, varix, splenomegaly > 12 cm), extrahepatic
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Patients with imaging features of ruptured HCC
Between January 2005 to December 2014
(n=127)
Palliative Curative
treatment group treatment group
(n=30) (n=97)
Conservative TAE/TACE TAE/TACE Emerggncy Stageld
treatment (n=13) (n=73) operation operation
(n=17) (n=14) (n=10)
FIGURE 1

Flow chart of the study population. HCC, hepatocellular carcinoma; TAE, transcatheter arterial embolization; TACEm transcatheter arterial

chemoembolization.

spread of HCC, and IPDM were also evaluated. IPDM was defined
as a hypervascular intraperitoneal mass with or without central
necrosis and engorgement of adjacent omental vessels (6). Two
interventional radiologists also reviewed all follow-up liver CT and
MRI scans of each patient to identify the occurrence of new or
additional IPDMs.

Treatment of ruptured HCC

Tumor bleeding was initially managed by volume
resuscitation, transfusion, or inotropic agents at the
discretion of the attending physician. Emergency
embolization was performed in patients with hemodynamic
instability. Patients with terminal stage HCC and stable vital
signs received supportive care only. Surgical resection was
considered as the initial treatment for operable patients with
stable vital signs. Operability was determined by consultation
with hepatic surgeons or a multidisciplinary team.
Interventional management was administered to patients
who were not eligible for either surgery or supportive care.
For these patients, interventional radiologists considered the
vital signs, cancer stages, and liver functions, and performed
transarterial chemoembolization (TACE) or TAE. TACE using
iodized oil (Lipiodol Ultra-Fluid; Guerbet, Aulnay-Sous-Bois,
France) plus doxorubicin chemoemulsion was primarily
considered for most candidates, while TAE was preferred for
patients with Child-Pugh class B or C, or hemodynamic
instability. For both TACE and TAE, gelatin sponge particles
were primarily used as embolic materials, but cyanoacrylate
and iodized oil mixtures were also considered when contrast
extravasation was evident on digital subtraction angiography
and a microcatheter was advanced into the culprit arteries.
After initial TACE or TAE, the operability of the patients was
reassessed by a multidisciplinary conference of surgeons and
interventional radiologists, and operable patients were treated
with hepatic resection. The remaining patients were managed
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with subsequent TACE, systemic therapy, or supportive care at
the discretion of the hepatologists.

Clinical data evaluation

Based on the review of electronic medical records, the
management goal of ruptured HCCs was divided as curative
treatment group and palliative treatment group. Surgical
resection, staged surgical resection following TACE, and most
TACE procedures were regarded as curative treatment, while
selective TACE or TAE only for bleeding foci, and supportive
care were considered as palliative treatment. With regard to the
clinical course, two interventional radiologists (J.W.Chung and
H.CKim with 27 and 15 years of experience in interventional
oncology, respectively) reviewed all accessible medical records
and images after tumor rupture to identify radiologically
diagnosed rebleeding within 1 month, new development of
IPDM within 5 years, and overall survival (OS). Anonymized
survival data from the rupture of HCC were acquired from the
Ministry of Interior and Safety of South Korea, which archives all
citizens’ survival data and updates them daily.

Statistical analysis

Demographic data of the curative treatment group and
palliative treatment group were compared using the independent
t-test and chi-square test. The 1-month rebleeding rates after
interventional management with curative treatment (TACE) and
palliative treatment (selective TACE only for bleeding foci, TAE)
were compared using Fisher’s exact test. The occurrence of IPDM
in all patients and OS in each treatment group were evaluated
using the Kaplan-Meier method and log-rank test. In the curative
treatment group, the OS depending on each modality (TAE/
TACE, surgery, and staged surgery) was also estimated for all
patients. Statistical significance was set at p < 0.05. All statistical
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analyses were performed using SPSS statistical software version
25.0 (IBM Corp., Armonk, NY, USA).

Results
Baseline patient characteristics

Among 127 patients with ruptured HCC, 97 and 30 were
managed by curative treatment and palliative treatment,
respectively (Table 1). Baseline laboratory findings, such as
albumin, bilirubin, aspartate aminotransferase, and alkaline
phosphatase levels were worse in the palliative treatment
group (all p < 0.05). A higher proportion of patients in the
palliative treatment group had ascites, portal hypertension and
Child Pugh classes B and C (all p < 0.001). In terms of tumor
characteristics, greater size, more infiltrative type of tumor, and
more bilobar distribution were noted in the palliative treatment

10.3389/fonc.2022.999557

group (all p < 0.01). All these differences noted between the two
groups were expected, considering that the patients in the
palliative treatment group were treated with hemostasis as the
main objective. Poor Child Pugh class, presence of ascites, portal
hypertension, bilobar tumor distribution, and more infiltrative
tumor type were noted in patients who underwent interventional
treatment rather than emergency or staged surgery (all p < 0.05)
(Table 2). Twelve patients (14.0%) who underwent TAE/TACE
demonstrated contrast extravasation on digital subtraction
angiography. In these cases, cyanoacrylate and iodized oil
mixture was applied selectively to control the active bleeding.

In the curative treatment group, 14 (14.4%, 14/97), 10
(10.3%, 10/97), and 73 (75.3%, 73/97) patients underwent
surgical resection as initial treatment, staged surgical resection
following TACE, and TACE, respectively. In the palliative
treatment group, 13 (43.3%, 13/30), and 17 (56.7%, 17/30)
patients received TACE/TAE and supportive care, respectively
(Supplementary Table 1).

TABLE 1 Characteristics of the study sample between curative and palliative treatment groups.

Curative treatment group (n = 97)

Age 58 +13
Sex (M/F) 88 (90.7)/9 (9.3)
Etiology
HBV 60 (61.9)
HCV 7(7.2)
Alcohol 18 (18.6)
Laboratory value
Platelet (x10°/pe) 223 + 103
Albumin (g/dL) 3.6 +06
Total bilirubin (mg/dL) 13+£08
PT (INR) 1.15 + 0.18
Creatinine (mg/dL) 1.12 £ 0.73
AST (IU/L) 112 + 191
ALT (IU/L) 70 £ 77
ALP (IU/L) 133 £ 112
GGT (IU/L) 201 + 282

AFP (ng/mL)
PIVKA (mAU/mL)

Ascites (absent/present)

39016 + 127314
21634 + 41490
13 (13.4) /84 (86.6)

Portal hypertension (absent/present) 32 (33.0) /65 (67.0)

Child Pugh class

A 77 (79.4)

B 19 (19.6)

C 1(1.0)
Tumor size 94 +41
Tumor type

Single nodular 47 (48.5)

Multinodular 20 (20.6)

Infiltrative 30 (30.9)

Tumor distribution (uni-/bilobar) 66 (68.0)/31 (32.0)

Palliative treatment group (n = 30) P value

59 + 11 0.989
26 (86.7)/4 (13.3) 0.504
26 (86.7) 0.013
2(6.7) 1.000
1(33) 0.043
210 + 98 0.531
30407 <0.001
22+18 0.011
1.33 + 0.49 0.060
113 £0.53 0.956
211 + 232 0.021
90 + 89 0.231
185 + 123 0.029
303 + 177 0.174
97368 + 339723 0.182
39103 + 34867 0.245
16 (53.3)/14 (46.7) <0.001
22 (73.3)/8 (26.7) <0.001

9 (30.0)
15 (50.0) <0.001

6 (20.0)
120 £55 0.006

6 (20.0)
5 (16.7) 0.004

19 (63.3)
7 (23.3)/23 (76.7) <0.001

HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma glutamyl
peptidase; AFP, alpha fetoprotein; PIVKA, prothrombin-induced by vitamin K absence or antagonist; AU, arbitrary unit.
The bold values are the parameters of statistically significant differences between the two groups.
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TABLE 2 Characteristics of the study sample undergoing transcatheter arterial embolization or surgery in the curative treatment group.

TAE/TACE (n = 73)

Age 59 +13
Sex (M/F) 66 (90.4)/7 (9.6)
Etiology
HBV 47 (64.4)
HCV 5(6.8)
Alcohol 16 (21.8)
Laboratory value
Platelet (x10°/pe) 221 + 109
Albumin (g/dL) 35+06
Total bilirubin (mg/dL) 1.3+£07
PT (INR) 1.16 £ 0.20
Creatinine (mg/dL) 1.17 £ 0.82
AST (IU/L) 126 + 216
ALT (IU/L) 73 + 82
ALP (IU/L) 143 + 121
GGT (IU/L) 236 + 318

AFP (ng/mL)
PIVKA (mAU/mL)

37574 + 117588
16744 + 24966
60 (85.2)/13 (17.8)
42 (57.5)/31 (42.5)

Ascites (absent/present)
Portal hypertension (absent/present)

Child Pugh class

A 52 (71.2)

B 20 (27.4)

C 1(14)
Tumor size 9.7 £43
Tumor type

Single nodular 29 (39.8)

Multinodular 15 (20.5)

Infiltrative 29 (39.8)

Tumor distribution (uni-/bilobar) 44 (60.2)/29 (39.8)

Emergency and Staged Surgery (n = 24) P value
56 + 13 0317
22 (91.7)/2 (8.3) 1.000
13 (54.2) 0239
2 (83) 1.000
2(8.3) 0225
228 + 86 0597
39+05 0.008
1209 0363
1.10 + 0.09 0.130
0.98 025 0297
72457 0.047
59 + 57 0431
102 + 67 0.043
103 + 93 0.118
43537 + 157050 0.850
32848 = 65751 0.407
24 (100.0)/0 (0.0) 0.034
23 (95.8)/1(4.2) <0.001
23 (95.8)
1(42) 0.044
0 (0.0)
8434 0.144
16 (66.7)
5(20.8) 0.032
3(12.5)
20 (83.3)/4 (16.7) 0.048

TAE, transarterial embolization; TACE, transcatheter arterial chemoembolization; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma glutamyl peptidase; AFP, alpha fetoprotein; PIVKA, prothrombin-induced by vitamin K absence or antagonist; AU, arbitrary unit.

The bold values are the parameters of statistically significant differences between the two groups.

Short-term outcome: Rebleeding and
death within 1-month

Early rebleeding within 1-month from the initial
management was observed in three patients (2.4%, 3/127); of
these, two patients (2.1%, 2/97) were from the curative treatment
group and one patient (3.3%, 1/30) was from the palliative
treatment group (Supplementary Table 1). A total of 96
patients were initially treated with TACE or TAE, and the 1-
month rebleeding rate of interventional management was 3.1%
(3/96). Specifically, two (2.4%, 2/83) patients in the curative
treatment group and one (7.7%, 1/13) in the palliative treatment
group experienced rebleeding within 1 month, but the
rebleeding rates were not significantly different (p = .357).

Eight out of 127 patients (1-month mortality rate, 6.3%) died
4-28 days after HCC rupture (median, 14.5 days): three (3.1%, 3/
97) patients from the curative treatment group and five (16.7%,
5/30) from the palliative treatment group (p = 0.018)
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(Supplementary Table 1). Among the five patients (5.2%, 5/96)
who underwent TACE or TAE for bleeding control, three
patients died of early rebleeding after initial hemostasis. The
remaining two patients succumbed to multiorgan failure,
including severe deterioration of liver function.

Long-term outcome: Overall survival
and IPDM

The median survival time and 1-year survival rate following
HCC rupture were 8.4 months and 41.3%, respectively
(Figure 2). The median survival of patients with conservative
treatment only, TAE/TACE, emergency operation, and staged
hepatectomy was 2.8, 8.7, 19.1 and 71.1 months, respectively
(Figure 3A). Except for the comparison between patients who
underwent emergency surgery and staged hepatectomy (p =
0.606), these differences were statistically significant (all p <
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Overall survival in the study population.

0.05). OS was significantly longer in the curative treatment
group (median, 12.0 months) than in the palliative treatment
group (median, 2.2 months) (p <.001) (Figure 3B).

Regarding the development of IPDM, 105 patients
underwent follow-up CT or MR images after HCC rupture,
and 16 patients (15.2%, 16/105) experienced new development
of IPDM. The incidence of IPDM gradually increased and
reached a plateau from 1 year after HCC rupture (Figure 4A).
The 1-year. 2-year, and 5-year IPDM rates were 15.2%, 15.2%,
and 18.2%, respectively. OS in patients without IPDM was
significantly higher than that in patients with IPDM (median,
15.1 vs. 6.3 months) (Figure 4B). A representative case of IPDM
is shown in Figure 5.

Discussion

According to the results of this study, TAE/TACE provided
effective immediate hemostasis with a low rebleeding rate and
may serve as a bridge treatment before elective surgery. In
addition, most cases of IPDM occur within 1 year; thus a
more thorough surveillance should be considered for patients
with spontaneous rupture of HCC, even after immediate
hemostasis and eventual tumor control.

The characteristics of patients with ruptured HCC vary
widely, and comparison of the treatment modalities in these
patients most likely yield skewed results owing to the sampling
bias. Commonly, patients with resectable tumors and preserved
liver function undergo elective or staged surgery, whereas
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patients with unresectable tumors or poor liver function are
more likely to undergo conservative treatment or TAE at best.
Therefore, in our study, patients were divided into two groups:
those who received treatment with palliative intent of immediate
hemostasis and those who received treatment with therapeutic
intent of hemostasis and ultimately tumor control. Laboratory
results, tumor characteristics, and imaging findings were poorer
in the palliative treatment group and those who received TAE/
TACE than in the curative treatment group and those who
underwent surgery (Tables 1, 2).

Previous studies have reported rebleeding rate varying from
as low as 1% to as high as 20% (12, 15). In our study, the overall
rebleeding rate in patients who underwent TAE or TACE was
3.1%. The rate of rebleeding was not significantly different
between the two groups based on treatment intent. In
addition, 1-month survival rate of patients who underwent
TAE or TACE was 94.8%, which is much higher than the
previously reported rates, which ranged from 28.6% to 87.5%
(16). With the advent of cone-beam CT, which increases the
sensitivity of tumor and feeding artery detection (17), TAE/
TACE may have a larger than previously anticipated role in
effective hemostasis in the acute management of ruptured HCC.

The prognosis of ruptured HCC is poorer than that of non-
ruptured HCC (2). In a systematic review of ruptured HCC, the
overall aggregate 1-year survival was 46.4% (range, 17.5% to
90.1%) (16), which is comparable to our result of 41.3%. Based
on the treatment modality, TAE/TACE and emergency or staged
operations provided better survival than conservative treatment.
While there was no statistical difference between OS in patients
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FIGURE 3
Overall survival in the study population based on (A) initial treatment modality (conservative treatment vs. transcatheter arterial (chemo-)
embolization vs. emergency operation vs. staged operation) and (B) treatment intent (palliative vs. curative).

Frontiers in Oncology frontiersin.org
20


https://doi.org/10.3389/fonc.2022.999557
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Park et al. 10.3389/fonc.2022.999557

A
100
80
60
E
[:3
K-
o
a
40
o R : -+ o+ - -
0—
I I 1 I 1 I 1 1 I I 1
0 12 24 36 48 60 72 84 9% 108 120
Month
B
100} — IPDM (+)
------- IPDM (-)
80
93
<
z
= 60
-1
[
-]
o
i
o
©
2 40
>
=
3
»n
o
1
20 S
0-
T T T T T T T T T T T
0 12 24 36 48 60 72 84 9% 108 120
Month

FIGURE 4
(A) Probability of intraperitoneal drop metastasis (IPDM) and (B) overall survival in the study population based on IPDM.
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FIGURE 5

Transcatheter arterial chemoembolization (TACE) performed for ruptured hepatocellular carcinoma in a 41-year-old male patient. The portal
phase of the initial computed tomography (CT) demonstrates (A) contrast media extravasation (arrow) from the tumor to the peritoneum and
(B) washout lesion (asterisk) in segment 6 of the liver protruding to the peritoneum with focal discontinuity (arrow) of the liver surface,
suggesting ruptured hepatocellular carcinoma. (C) Celiac angiography showing hypervascular tumor staining (arrows) corresponding to the CT
findings. (D) Spot image of fluoroscopy demonstrating administration of iodized oil-doxorubicin mixture at the branch of S6 with partial uptake
within the tumor. (E) Portal phase of the 1-month follow-up CT shows lipiodol-doxorubicin uptake (arrow) in the lateral aspect of the index
tumor with a residual lesion (asterisk) in the medial portion. (F) Portal phase of the 11-month follow-up CT after tumorectomy performed at 6-
month demonstrates a huge hypoattenuating mass (arrows) in the peritoneum, suggesting intraperitoneal drop metastasis.

who underwent emergency surgery and that in those who
underwent staged surgery (p < 0.606), patients who underwent
TAE/TACE had poorer OS than those who underwent either
emergency or staged surgery (p < 0.05). This result was
concordant with those of the previous studies that reported a
more favorable long-term outcome with surgical intervention
(16). However, since TAE/TACE was the only treatment option
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for patients with unresectable tumors or poor liver function, a
selection bias might have occurred in favor of patients with
better liver function and tumor characteristics to undergo
surgical management (Table 2). Comparing patients who
underwent emergency operations and patients who underwent
staged operations in terms of median survival, the latter group
demonstrated a longer median overall survival (19.1 vs. 71.1
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months, p = 0.606). All the baseline statistics of these two groups
were not significantly different except for the tumor size (9.64 +
3.64 and 6.72 + 2.09 for the emergency operation group and the
staged operation group, respectively) (p = 0.021). This may have
contributed to longer overall survival for the staged operation
group. In addition, the number of patients in each group were
relatively small (14 for emergency operation and ten for staged
operation). Thus, a more comprehensive study is needed to
compare the staged operation and the emergency operation in
the setting of ruptured HCC. Considering that TAE/TACE may
be the only option for most patients because of either poor liver
function or unfavorable tumor characteristics for surgical
options and that TAE/TACE may act as a bridge to staged
surgery after initial hemostasis, TAE/TACE should be
considered as a viable treatment option.

According to a previous study on the clinical course of patients
with IPDM, 14.3% of the cases occurred after spontaneous rupture
of HCC (5). In another study that compared peritoneal metastasis
after emergency or delayed hepatectomy for spontaneous rupture of
HCC, 35.3% and 40.7% of patients from each group, respectively,
developed IPDM (4). Sixteen of 105 patients (15.2%) developed
IPDM during the follow-up period in our study, and 11 patients
(69%) developed IPDM within 1 year. After cytoreductive surgery,
the survival rate in patients with IPDM was better than that in
patients with other extrahepatic recurrences (1- and 2-year survival
rates of 83% and 71%, respectively) (18). Nonetheless, the presence
of IPDM in patients with spontaneous rupture rendered
significantly worse survival in our study (median survival: 15.1 vs.
6.3 months). Thus, close surveillance of patients with spontaneous
rupture of HCC for IPDM needs to be considered for up to at least
1 year.

This study has several limitations. First, it was a retrospective
study and the number of patients included was small, especially
those who underwent emergent and staged operations. Hence, an
effective subgroup analysis comparing TAE/TACE, emergency
surgery, and staged surgery could not be performed. Second, the
intent of the treatment was retrospectively determined because of
the emergent nature of the ruptured HCC. Finally, the baseline
demographics of patients who underwent interventional procedures
and surgical operations were different, which hindered the accurate
depiction and comparison of these two treatment modalities.

In conclusion, TAE/TACE provided immediate effective
hemostasis with a low rebleeding rate and adequate 1-month
survival rate. In addition, TAE/TACE may serve as a bridge to
staged surgery in patients with resectable HCC and good liver
function. After initial treatment, a closer surveillance should be
considered for up to at least 1 year for a high probability of IPDM.
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Safety and efficacy of lenvatinib
combined with camrelizumab
plus transcatheter arterial
chemoembolization for
unresectable hepatocellular
carcinoma: A two-center
retrospective study
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Yusheng Guo**?, Yuxi Gui**®, Fengyong Liu®, Lei Chen***,
Fu Xiong*** and Chuansheng Zheng ®"**

‘Department of Radiology, Union Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China, 2Key Laboratory of Molecular Imaging of Hubei Province,

Wuhan, China, 3Department of Interventional Radiology, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China, *Department of Interventional
Radiology, The Fifth Medical Center of Chinese, People’s Liberation Army (PLA) General Hospital,
Beijing, China

Objectives: To compare the safety and efficacy of lenvatinib (LEN) combined
with camrelizumab plus transcatheter arterial chemoembolization (TACE-LEN-
C) and TACE combined with LEN (TACE-LEN) in patients with unresectable
hepatocellular carcinoma (UHCC).

Methods: Eighty-three patients with uHCC treated with TACE-LEN-C or TACE-
LEN from September 2018 to May 2021 were enrolled in this retrospective
study. Overall survival (OS), progression-free survival (PFS), local tumor
response, and adverse events (AEs) were evaluated. Univariate and
multivariate analyses were used to determine the factors affecting survival.

Results: There were 31 patients in the TACE-LEN-C group and 52 patients in
the TACE-LEN group. The median follow-up period was 14.2 months (range
7.2-25.2 months) in the whole study. The combination of triple therapy was
found to significantly prolong the PFS (12.5 months vs. 6.6 months, P<0.001)
and OS (18.9 months vs. 13.9 months, P<0.001. In terms of tumor response, the
combination demonstrated a higher objective response rate (71% vs. 42.3% by
the modified Response Evaluation Criteria in Solid Tumors, P=0.023) without a
statistically significant difference in the disease control rate (93.5% in TACE-
LEN-C, 80.8% in TACE-LEN, P=0.195). In the multivariate analysis, two
independent factors affecting PFS were identified: number of tumors and
treatment. Three independent factors affected OS: number of tumors,
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Barcelona Clinic Liver Cancer (BCLC) stage, and treatment. All the AEs were

tolerable.

Conclusion: TACE-LEN-C is a safe and effective treatment for patients with
UHCC, and could be a potential treatment option.

KEYWORDS

lenvatinib, transcatheter arterial chemoembolization, camrelizumab, hepatocellular
carcinoma, efficacy, safety

Introduction

Hepatocellular carcinoma (HCC) accounts for nearly 85% of
all liver cancer patients, and is the third leading cause of cancer-
related death. (1) The prognosis of HCC remains poor, with the
maximum 5-year survival estimated at 18%. (2) Surgery and
radiofrequency ablation are the curative treatments for HCC
patients; (3) however, approximately 70% of the HCC cases are
unresectable at diagnosis. (4) The median survival of patients
with unresectable HCC (uHCC) is 16 months. (5) Systemic
treatment is the first-line treatment recommended for patients
with advanced HCC, including sorafenib, Lenvatinib, and
atezolizumab + bevacizumab. (6)

Transcatheter arterial chemoembolization (TACE) is the
standard treatment for intermediate HCC recommended by
most clinical practice guidelines. (7-9) TACE can cause tumor
regression in up to 50% of the patients with HCC, resulting in
survival benefits. (10) However, as a palliative approach, TACE
has not been universally successful in controlling liver cancer
growth because of the high rate of incomplete embolization and
changes in the tumor microenvironment (TME) after
embolization. (11) Thus, many combination strategies have
been explored for the treatment of unresectable HCC to
improve the long-term outcomes of HCC patients treated with
TACE. Molecularly targeted drugs are common options for
combination with locoregional therapy. (12-16) However, the
results did not demonstrate the expected synergistic results of
combining TACE with molecular targeted drugs versus TACE
alone for uHCC. Although the TACTICS study demonstrated
that concurrent sorafenib therapy might delay tumor
progression following TACE, the latest results showed no
survival benefits compared with TACE alone. (17, 18)

Tumor microenvironment in HCC is strongly
immunosuppressive, expressing a high level of immune
checkpoint inhibitors(ICIs), such as programmed death-1 (PD-
1), cytotoxic T-lymphocyte antigen 4 (CTLA-4), lymphocyte
activating gene 3 protein (LAG-3), and mucin domain molecule
3 (TIM-3). (19) The high levels of ICIs induce T cell inhibition
and represent one of the major mechanisms of HCC immune
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escape. Thus, immune checkpoint inhibitors (ICIs) have rapidly
progressed in the treatment of HCC, but monotherapy with
programmed cell death protein-1 (PD-1) antibody only caused
tumor regression in 20% of the patients. (20, 21) However, PD-1
combined with vascular endothelial growth factor (VEGF)
inhibitors may improve the immune response of the tumor
microenvironment. This combination could increase the
infiltration of CD8+ T cells in the TME by temporarily
normalizing the tumor vessels, an effect of blocking VEGF, and
amplifying the value of PD-1 antibody. (22) In the IMbrave 150
research, the combination of PD-L1 antibody and VEGF inhibitor
demonstrated a prolonged survival and higher response rate
compared with sorafenib, causing a 42% risk reduction in
mortality; thus, it is recommended as the first-line treatment for
unresectable HCC. (23)

TACE, as an local-regional therapy (LRT), may induce
“immunogenic cell death” by releasing tumor antigens and
eliciting damage-associated molecular patterns, to facilitate
antitumor immunity. (24, 25) In addition, TACE could cause
an increase in VEGF and PD-LI expression because of the
hypoxic microenvironment after embolization. (26, 27)
The molecularly targeted anti-cancer agents combined with
the PD-1 antibody would be a promising complement to
TACE. However, whether patients with uHCC can obtain core
survival benefits from TACE combined with ICIs and
molecularly targeted drugs remains unclear, and few studies
have focused on this issue.

Lenvatinib is a novel tyrosine kinase inhibitor (TKI), which
was approved in 2018 as the first-line treatment of uHCC,
proven to be non-inferior to sorafenib in increasing the overall
survival (OS) in patients with HCC in clinical trials. (28)
Camrelizumab (AiRuiKaTM) is a humanized high-affinity
IgG4-kappa PD-1 monoclonal antibody being developed by
Jiangsu Hengrui Medicine Co. Ltd (Jiangsu Hengrui Medicine,
Jiangsu, China) for the treatment of various malignancies
including HCC, exhibiting promising antitumor activity and
an acceptable safety profile. (29, 30)

In this study, we assessed the efficacy and safety of lenvatinib
combined with camrelizumab plus TACE (TACE-LEN-C) in
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patients with uHCC in two centers in China and compared them
with those of TACE combined with lenvatinib (TACE-LEN).

Patients and methods
Patients and study design

Patients who received TACE-LEN (n=52) or TACE-LEN-C
(n=31) between September 2018 and May 2021 were enrolled in
this retrospective observational study. All patients were
pathologically or clinically diagnosed with HCC according to
the guidelines of the American Association for the Study of
Liver Diseases (31). All patients were confirmed unresectable by
a multi-disciplinary team and all patients did not receive
systematic anti-cancer therapy before the combination treatments.

The inclusion criteria were as follows: unresectable HCC
treated with TACE-LEN-C or TACE-LEN; age between 18 and
75 years, and the presence of at least one target lesion with
measurable diameter and arterial enhancement according to the
modified Response Evaluation Criteria in Solid Tumors
(mRECIST). (32) The exclusion criteria were as follows:
presence of serious complications, such as severe dysfunction
of the kidney, lung, or heart; having undergone other treatments
during this period, such as thermal ablation, external beam
radiotherapy, or percutaneous ethanol injection; the presence
of other malignant tumors in addition to HCC; and
incomplete data.

This study was approved by the ethics committee of the
Wuhan Union Hospital, Huazhong University of Science and
Technology and The Fifth Medical Center of Chinese, PLA
General Hospital.

Treatment

TACE was performed by puncturing the right femoral
artery. A 5-F catheter and 3-F microcatheter were used to
identify the tumor-supplying artery. Lipiodol and doxorubicin
hydrochloride were mixed and injected into the tumor-
supplying artery via a microcatheter. Then, an appropriate
amount of gelatin sponge was injected to seal the tumor’s
blood supplying artery.

In the TACE-LEN-C group, patients received camrelizumab
and lenvatinib in one week after TACE. Patients received
lenvatinib orally once daily at a dose of 8 mg (body weight
<60 kg) or 12 mg (body weight =60 kg) and 200 mg
camrelizumab intravenously once every 3 weeks until no
clinical benefits be observed or unacceptable toxicity. (23) The
mean time for patients receiving lenvatinib was 15.5 months
(range 3-23 months) and 14.3 months for patients with
camrelizumab (range 3.5-22 months). Patients receiving
another TACE is according to the CT or MRI imaging
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evaluation based on the mRECIST criteria. The patients were
recommended to receive another TACE if there were residual
tumors (partial response, PR or stable disease, SD). However,
patients were not recommended to receive TACE if the tumor
continuously progressed after two TACEs because these patients
were considered as TACE resistance. (17) For these patients, the
lenvinib or camrelizumab should be taken if the investigators
observed evidence of clinical benefits were absent. Lenvatinib
and camrelizumab were discontinued for 3 days before and after
TACE. In the TACE-LEN group, patients received lenvatinib, as
in the TACE-LEN-C group.

Efficacy and safety

Adverse events (AEs) were monitored and recorded by
experienced nurses who were blinded to the treatment,
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 5.0.

Treatment responses were assessed based on contrast-
enhanced abdominal CT or MR imaging according to
mRECIST. Complete response (CR) was defined as all target
lesions disappeared, no new lesions appeared, and tumor
markers were normal for at least 4 weeks. Partial response
(PR) was defined as the reduction of the sum of the largest
diameters of target lesions 230% and maintained for at least 4
weeks. Stable disease was defined as the sum of the largest
diameters of target lesions did not shrink to the standard
of PR, or enlarged to the standard of progressive disease (PD).
PD was defined as the sum of the largest diameters of target
lesions increased by at least >20%, or new lesions appear. The
objective response rate (ORR) was defined as the incidence of
complete response and partial response. The disease control rate
(DCR) was defined as the incidence of complete response (CR),
partial response (PR), and stable disease (SD). Progression-free
survival (PFS) was defined as the time from the initiation of
treatment to first tumor progression (first PD), death or the last
follow-up in censored data. OS) was defined as the time from the
initiation of treatment until death or the last follow-up in
censored data.

Follow-up

The interval between the follow-ups was 4-6 weeks.
During the follow-up, the patients underwent laboratory
examinations, physical examinations and a thorough inquiry
to record the AEs. Laboratory examinations included AFP, ALT,
AST, and others. Contrast-enhanced CT or MRI was performed
to identify the intrahepatic recurrent or residual tumors. Once
an intrahepatic viable tumor appeared, another TACE was
performed according to the consensus of the patient and their
attending physician.
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Statistical analysis

To compare the differences in baseline characteristics between
the two groups of patients, Fisher’s exact test or %2 test was used for
categorical variables, presented as numbers (percentages), and
Student’s t-test were used for continuous variables, presented as
mean * standard deviation. Kaplan—Meier analysis was used to plot
the OS and PFS curves, and significance was calculated using the
log-rank test. Cox proportional regression analysis was used to
calculate potential factors that might influence the survival of all
patients. Factors with p-values no more than 0.1 in the univariable
analysis were included in the multivariate analysis. Differences were
considered statistically significant when the bilateral p-value was <
0.05. All statistical analyses were conducted using SPSS 24.0 and R.

Results
Baseline statistics

During the follow-up, there were a total of 109 patients (61
in Wuhan Union hospital, 48 in The Fifth Medical Center of
Chinese, PLA General Hospital) with uHCC who received
TACE-LEN-C (n=39) or TACE - LEN (n=70). However, 8
and 18 patients in the TACE-LEN-C and TACE-LEN groups,
respectively were excluded according to the exclusion criteria.
The flowchart is shown in Figure 1. Finally, 31 patients in the
TACE-LEN-C group and 52 in the TACE-LEN group were
enrolled in the study. There was no statistical difference in
baseline variables between the two groups (Table 1).

Tumor response and patient survival

Tumor responses of the two groups were shown in Table 2.
There were 3, 19, 7, 2 patients in the TACE-LEN-C group had

10.3389/fonc.2022.982948

CR, PR, SD, and progressive disease (PD), respectively, both PD
patients were confirmed as immune-related confirmed
progressed disease(iCPD) by immune-related response criteria
in solid tumors (iRECIST) (33). There were 1, 21, 20, and 10
patients in the TACE-LEN group with CR, PR, SD, and PD. The
patients in the TACE-LEN-C group had a better ORR than those
in the TACE-LEN group (71% vs. 42.3% by the mRECIST,
P=0.023). The DCR in the two groups demonstrated no
statistical difference (93.5% in TACE-LEN-C, 80.8% in TACE-
LEN, P= 0.195).

The median follow-up period of all the patients was 14.2
months (range 7.2-25.2 months). During the follow-up, 40
(76.9%) and 11(35.5%) patients died in the TACE-LEN and
TACE-LEN-C groups, respectively. The median OS was
significantly longer in the TACE-LEN-C group than that in
the TACE-LEN group (18.9 vs. 13.9 months, P<0.001)
(Figure 2A). The 6 and 12 months survival rates in the TACE-
LEN-C and TACE-LEN-C groups were 96.7%, 95.7% and 88.2%,
and 55.1%, respectively (Table 3). The median PFS of the TACE-
LEN-C and TACE-LEN groups was 12.5 vs 6.6 months,
respectively (Figure 2B). The 6 and 12 months progression-
free rates of the TACE-LEN-C and TACE-LEN groups were
93.3%, 42.3% and 50%, 0%, respectively (Table 3).

Predictive factors affecting PFS and OS

In the univariate analysis, the number of tumors (hazards
ratio [HR]: 3.192; 95% confidence interval [CI]: 1.570-6.492;
P=0.001), BCLC stage (HR: 1.567; 95% CI: 0.939-2.615;
P=0.085), and treatment (HR: 0.351; 95% CI: 0.211-0.584; P<
0.01) were the potential factors affecting PFS, and the potential
factors associated with OS included age (HR: 0.967; 95% CI:
0.952-1.001; P=0.060), sex (HR: 0.366; 95% CI: 0.112-1.195;
P=0.096), ECOG performance (HR: 2.926; 95% CI: 1.578-5.427;
P=0.001), number of tumors (HR: 4.783; 95% CI: 1.476-15.513;

109 patients received TACE-LEN-C or TACE-
LEN from September 2018 to May 2021

39 patients received TACE-LEN-C ‘

Excluded
3 patients with serious complication
2 received other treatments
3 incomplete data

|
31 patients received TACE-LEN-C were
included into the study

FIGURE 1

| 70 patients received TACE-LEN

Excluded

- 6 patients with serious complication
- 3received other treatments

- 1 with other malignant tumors

- 8 patients lost to follow up

52 patients received TACE-LEN were
included into the study

Flow chart illustrating the selection of patients; TACE-LEN-C, transcatheter arterial chemoembolization with lenvatinib plus camrelizumab;

TACE-LEN, transcatheter arterial chemoembolization with LEN.
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TABLE 1 Baseline characteristics of patients between the two groups.

Characteristics

Age(years)
Genders
Male
Female
ECOG performance
0
1
BCLC stage
B
C
Extrahepatic metastases
Yes
No
HBYV infection
Yes
No
AFP (ng/ml)
>400
<400
Child-Pugh Class
A
B
Tumors number
<3
>3
ALT(IU/L)
AST(IU/L)
TB (umol/L)
PLR
NLR
Albumin(g/dl)
PT(S)
Tumor size(cm)

TACE Sessions

TACE-LEN (N=52)

51.77 £ 9.791

46(88.5%)
6(11.5%)

22(42.3%)
30(57.7%)

17(32.7%)
35(67.3%)

32 (61.5%)
20 (38.5%)

44(84.6%)
8(15.4%)

21(40.4%)
31(59.6%)

43(82.7%)
9(17.3)

49(94.2%)
3(5.8%)
37.90 + 21.00
49.19 + 26.44
16.66 + 6.60
132.33 +70.49
3.18 +2.38
37.70 + 4.46
13.46 + 1.62
7.65 + 4.86
4.38 £2.39

TACE-LEN-C (N=31)

54.84 + 9.249

25(80.6%)
6(19.4%)

19(61.3%)
12(38.7%)

11(35.5%)
20(64.5%)

17 (54.8%)
14 (45.2%)

29(93.5%)
2(6.5%)

12(38.7%)
19(61.3%)

24(77.4%)
7(22.6%)

27(87.1%)
4(12.9%)
36.42 + 24.67
42,03 + 20.73
16.83 + 5.85
119.13 + 70.84
2.80 +2.22
35.65 + 4.85
13.61 +2.97
8.31 + 4.80
3.68 + 2.01

10.3389/fonc.2022.982948

P value

0.332
0.511

0.115

0.814

0.548

0.389

1.000

0.576

0.232

0.443
0.241
0.696
0.207
0.592
0.085
0.226
0.392
0.951

ECOG, Eastern Cooperative Oncology Group; BCLC Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; AFP, a-fetoprotein; TACE, transarterial chemoembolization; ALT, alanine

aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; PLR, platelet-to-lymphocyte; NLR, neutrophil-to-lymphocyte ratio; PT, prothrombin time; TACE-LEN,

transcatheter arterial chemoembolization with Lenvatinib; TACE-LEN-C, transcatheter arterial chemoembolization with Lenvatinib plus camrelizumab.

TABLE 2 Tumor response in both groups.

Tumor response

CR
PR
SD
PD
ORR
DCR

TACE-LEN (N=52)

1(1.9%)
21(40.3%)
20(38.5%)
10(19.2%)
22(42.3%)
42(80.8%)

TACE-LEN-C (N=31)

3(9.7%)
19(61.3%)
7(22.6%)

2(6.5%)
22(71.0%)
29(93.5%)

P value

0.023
0.195

Data are presented as n (%), CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate; TACE-LEN,

transcatheter arterial chemoembolization with Lenvatinib; TACE-LEN-C, transcatheter arterial chemoembolization with Lenvatinib plus camrelizumab.
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Survival probability

p <0.0001

]

Number at risk

TACE-LEN
TACE-LEN-C

Time

FIGURE 2

10.3389/fonc.2022.982948

Progression Free probability
f

p <0.0001

Number at risk

TACE-LEN
TACE-LEN-C

10
Time

The Kaplan—Meier (KM) curves for patients with unresectable hepatocellular carcinoma who received the treatment of TACE-LEN-C or TACE-
LEN (TACE-LEN-C, transcatheter arterial chemoembolization with lenvatinib plus camrelizumab; TACE-LEN, transcatheter arterial
chemoembolization with LEN): (A) the KM curves of overall survival time; (B) the KM curves of profession-free time.

P=0.009), BCLC stage (HR: 1.911; 95% CI: 1.006-3.630;
P=0.048), Extrahepatic metastases (HR: 0.578; 95% CI:
0.325~1.453; P=0.12) and treatment (HR: 0.171; 95% CI:
0.072-0.403; P<0.001). In the multivariate analysis, two
independent factors affecting PFS were identified: number of
tumors (HR: 2.212; 95% CI: 1.022-4.790; P=0.044) and
treatment (HR: 0.451; 95% CI: 0.259-0.784; P=0.005). Three
independent factors affected OS: number of tumors (HR: 2.250;
95% CI: 1.034-4.894; P=0.041), BCLC stage (HR: 1.738; 95% CI:
1.025-2.947; P=0.040) and treatment (HR: 0.381; 95% CI: 0.201-
0.725; P=0.003). (Tables 4, 5)

Safety

The most common TACE-related AEs were post-
embolization syndrome that induced fever (80.8% vs. 71%),
pain (61.5% vs. 67.8), nausea (65.3% vs. 61.3%), and vomiting
(32.6% vs. 35.4%) in the TACE-LEN and TACE-LEN-C groups.
Grade 3 or 4 AEs with an incidence of more than 5% included
fever in both groups and nausea in the TACE-LEN group. Drug-

TABLE 3 Rate of overall survival and progression free survival at 6
months and 12 months.

Rate, % TACE-LEN (N=52) TACE-LEN-C (N=31)
OS 6 months 88.2 96.7
OS 12 months 55.1 95.7
PFS 6 months 50 93.3
PFS 12 months 0 423

OS, overall survival; PFS, progression-free survival; TACE-LEN, transcatheter arterial
chemoembolization with Lenvatinib; TACE-LEN-C, transcatheter arterial
chemoembolization with Lenvatinib plus camrelizumab.
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related AEs demonstrated a similar incidence in both groups,
with no grade 3 or 4 AEs of > 5% (only two cases of hypertension
in the TACE-LEN group and one case of hypertension in the
TACE-LEN-C group). Drug-related AEs included elevated ALT
levels (23.1% vs. 25.8%), insomnia (3.8% vs. 3.2%), proteinuria
(17.3% vs. 19.4%), ventosity (13.5% vs. 11.8%), hypertension
(25% vs. 25.8), hypothyroidism (0% vs. 12.9%) and hand-foot
skin reaction (21.2% vs. 22.6%). All AEs are listed in Table 6.

Discussion

In the past few years, many studies have been conducted to
identify an appropriate systematic therapy protocol for patients
with uHCC treated with TACE. The TACTICS trial with
sorafenib and TACE in patients with uHCC indicated that
TACE combined with antineoplastic agents is an independent
predictor of prognosis for uHCC. (17) Several phase I or II trials
have been conducted to evaluate the safety and efficacy of TACE
plus ICIs (NCT03143270, NCT03572582, NCT03397654). In
addition, there are some phase III RCTs on the combination of
TKI and ICIs plus TACE, such as the LEAP-012 trial
(NCT04246177) using lenvatinib plus pembrolizumab vs.
placebo in combination with TACE, CheckMate 74W trial
(NCT04340193) using nivolumab and ipilimumab plus TACE,
and EMERALD study (NCT03778957) using durvalumab and
bevacizumab plus TACE. However, these results remain unclear.
Thus, we have summarized and described our experience of
using lenvatinib and camrelizumab plus TACE in our centers.

Our results revealed that uHCC patients who received TACE
combined with lenvatinib plus camrelizumab had prolonged OS
and PFS compared with those who received TACE combined
with lenvatinib. In the multivariate analyses, combination with
camrelizumab was an independent predictor for better OS and
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TABLE 4 Univariate and multivariate analysis of prognostic factors for PFS.

Variable

Age
Gender
Male
Female
ECOG performance
0
1
Number of tumors
>3
<3
HBYV infection
No
Yes
Child-Pugh class
A
B
BCLC stage
B
C
Extrahepatic metastases
Yes
No
AFP (ng/ml)
>400
<400
Tumor size (cm)
PLR
NLR
ALT(TU/L)
AST (IU/L)
Albumin (g/dL)
TB (umol/L)
PT(s)
TACE Sessions
Treatment
TACE-LEN
TACE-LEN-C

Univariate analysis

HR (95%CI)

0.992(0.972~1.013)

Reference

0.587(0.280~1.229)

Reference

1.319(0.823~2.114)

Reference

3.192(1.570~6.492)

Reference

0.758(0.361~1.589)

Reference

0.651(0.333~1.274)

Reference

1.567(0.939~2.615)

Reference

0.845 (0.563~1.351)

Reference
1.063(0.655~1.725)
1.005(0.952~1.060)
1.000(0.996~1.003)
0.904(0.794~1.028)
1.001(0.997~1.005)
1.001(0.992~1.009)
1.040(0.987~1.096)
1.019(0.978~1.062)
1.042(0.956~1.135)
0.971(0.896~1.052)

Reference

0.351(0.211~0.584)

10.3389/fonc.2022.982948

Multivariate analysis

P value HR (95%CI) P value
0.449
0.158
0.250
0.001 0.044
Reference

2.212(1.022~4.790)
0.463

0.210

0.085 0.056
Reference
1.662(0.987~2.797)
0.153

0.806

0.862
0.929
0.124
0.512
0.892
0.144
0.370
0.348
0.468
<0.001 0.005
Reference

0.451(0.259~0.784)

HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B; AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase;
HCC, hepatocellular carcinoma; PFS, progression-free survival; TACE-LEN, transcatheter arterial chemoembolization with Lenvatinib; TACE-LEN-C, transcatheter arterial
chemoembolization with Lenvatinib plus camrelizumab. Bold values signifies important information in the Statistical analysis section.

PFS. The combination also demonstrated a higher ORR (71% vs.
42.3%, P=0.023) in patients who received TACE-LEN-C than in
those who received TACE-LEN. Interestingly, in a previous
study, the ORR of lenvatinib plus pembrolizumab was 46%,
lower than that of the TACE-LEN-C group. (34) Thus, this
combination may result in an obvious improvement in
controlling the tumor locally, which may result in an increase
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in patient’s survival. In previous studies, the combination of
TACE-LEN-C also demonstrated a significant increase in tumor
responses and survival benefits for uHCC patients. (35-37)
Although, in this study, there was no statistically significant
difference in DCR (93.5% in TACE-LEN-C, 80.8% in TACE-
LEN, P=0.195), the combination still deserves consideration as a
prioritized treatment strategy for uHCC patients.
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TABLE 5 Univariate and multivariate analysis of prognostic factors for OS.

Variable

Age
Gender
Male
Female
ECOG performance
0
1
Number of tumors
>3
<3
HBYV infection
No
Yes
Child-Pugh class
A
B
BCLC stage
B
C

Extrahepatic metastases
Yes
No
AFP (ng/ml)
>400
<400
Tumor size (cm)
PLR
NLR
ALT(IU/L)
AST (IU/L)
Albumin (g/dL)
TB (umol/L)
PT(s)
TACE Sessions
Treatment
TACE-LEN
TACE-LEN-C

Univariate analysis

HR (95%CI)

0.976(0.952~1.001)

Reference

0.366(0.112~1.195)

Reference

2.926(1.578~5.427)

Reference

4.785(1.476~15.513)

Reference

0.654(0.271~1.577)

Reference

0.651(0.290~1.463)

Reference

1.911(1.006~3.630)

Reference

0.578(0.325~1.453)

Reference
0.901(0.494~1.643)
1.007(0.943~1.076)
1.001(0.996~1.006)
1.002(0.895~1.166)
1.007(0.996~1.019)
1.006(0.996~1.016)
1.037(0.970~1.109)
1.026(0.977~1.077)
1.018(0.897~1.156)
1.035(0.933~1.148)

Reference

0.171(0.072~0.403)

10.3389/fonc.2022.982948

Multivariate analysis

P value HR (95%CI) P value
0.060 1.004(0.980~1.028) 0.753
0.096 0.168

Reference
0.589(0.277~1.250)
0.001 0.276
Reference
0.735(0.422~1.279
0.009 0.041
Reference

2.250(1.034~4.894)
0.345

0.299

0.048 0.040
Reference

1.738(1.025~2.947)

0.120

0.734

0.827
0.677
0.750
0.216
0.243
0.290
0.303
0.783
0.514
<0.001 0.003
Reference

0.382(0.201~0.725)

HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B; AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase;
HCC, hepatocellular carcinoma; OS, overall survival; TACE-LEN, transcatheter arterial chemoembolization with Lenvatinib; TACE-LEN-C, transcatheter arterial chemoembolization with
Lenvatinib plus camrelizumab. Bold values signifies important information in the Statistical analysis section.

These encouraging effects may be attributed to a stronger
local and systematic immune response. A recent study
demonstrated that the failure of anti-PD-1 partly results from
the imbalance between CD8+ T cells and tumor burden, and the
therapeutic efficacy of anti-PD-1 is positively associated with the
ratio of CD8+ T cell invigoration to the tumor burden
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(measured as the sum of the long axis of all lesions, cm). (38)
TACE can reduce tumor burden and elicit a response against cell
death antigens, causing immunogenic cell death(ICD). (27) In
addition, emerging evidence suggests that the ectopic
overexpression of VEGF results in a highly abnormal
vasculature, preventing the infiltration of immune effector cells
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TABLE 6 The adverse events of patients after receiving TACE-LEN or TACE-LEN-C.

Adverse event TACE-LEN(n=52)

Any grade (n, %)

Fever 42(80.8)
Pain 32(61.5)
Nausea 34(65.3)
Vomiting 17(32.6)
Elevated ALT 12 (23.1)
Insomnia 2 (3.8)
Proteinuria 9 (17.3)
Ventosity 7 (13.5)
Hypertension 13(25.0)
Hypothyroidism 0(0)
Hand-foot skin reaction 11(21.2)

(especially CD8+T cells). (39, 40) Thus, TACE-LEN-C could
reduce tumor burden, increase the infiltration of CD8+T cells,
and alleviate the inhibitory effect of CD8+T cells, leading to local
and systemic immune activation. Further studies are required to
verify this hypothesis.

Tumor burden has been proven to lead to poor prognosis in
patients with uHCC who received TACE or immunotherapy.
(41, 42) In our study, the Cox model was used to reduce
potential factors that might influence the outcomes. Patients
with < 3 tumors could increase the all-cause mortality risk and
tumor progression risk compared to patients with > 3 tumors.
There were 3 patients (5.8%) in the TACE-LEN group and 4
patients (12.9%) in the TACE-LEN group with tumor number >
3. The number of patients was small which might lead to
statistical bias. Thus, wo hope the future studies conducted by
us or other studies can include more patients with tumor
number > 3 to confirm the results generated by the current
study. Patients with BCLC stage C could increase all-cause
mortality risk compared to patients with BCLC stage B.
However, after excluding other factors that might influence the
outcomes, TACE-LEN-C could reduce tumor progression risk
and the all-cause mortality risk compared to TACE-LEN, which
might indicate that patients with uHCC could get more survival
benefits from TACE-LEN-C than TACE-LEN.

In terms of AEs, our study suggested that TACE-LEN-C was
well-tolerated and led to manageable side effects in patients with
uHCC. The most commonly reported drug-related toxicities
were elevated ALT, insomnia, proteinuria, ventosity,
hypertension, hypothyroidism and hand-foot skin reaction,
similar to previous studies. (35, 36) Furthermore, TACE-LEN-
C did not increase TACE-related complications in patients with
uHCC, specifically post-embolization syndrome. No permanent
adverse sequelae or treatment-related deaths were reported.
Thus, these results suggest that TACE-LEN-C was well-
tolerated by patients with uHCC.
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Grade 3 or 4 (n, %)

5(9.6
238
3(5.8
3(3.8

1(1.9)
0 (0)
0 (0)
0 (0)
2(3.8)

0(0)
0(0)

33

TACE-LEN-C(n=31)

Any grade (n, %) Grade 3 or 4 (n, %)

22(71.0) 3(9.7)
21(67.8) 1(3.2)
19(61.3) 1(3.2)
11(35.4) 1(3.2)
8 (25.8) 0(0)
1(32) 0(0)
6 (19.4) 0 (0)
4 (11.8) 0 (0)
8(25.8) 1(3.2)
4(12.9) 0(0)
7(22.6) 0(0)

Our study had some limitations. This was a retrospective
study with a small sample size, and further prospective studies
are needed to confirm the efficacy of TACE-LEN-C. In addition,
arecent study indicated that lenvatinib is better than sorafenib in
patients with hepatitis B virus (HBV), (43) and most patients in
our study had HBV. Thus, more studies need to be conducted to
confirm the efficacy in other types of patients and more types of
TKI +PD-1 antibody combinations need to be tested to
determine the best combination as a supplementary systematic
therapy to TACE.

Conclusion

Our study showed that patients who received TACE-LEN-C
demonstrated a better tumor response and survival benefits with
tolerable AEs. TACE-LEN-C is a safe and effective treatment for
patients with uHCC and deserves consideration as a
prioritized option.
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Jiasheng Zheng and Chunwang Yuan*

Liver Disease and Cancer Interventional Therapy Center, Beijing Youan Hospital, Capital Medical
University, Beijing, China

Objective: The aim of this study was to investigate the efficacy and survival of
Hepatitis C virus (HCV) -related hepatocellular carcinoma (HCC) undergoing
percutaneous thermal ablation combined with transcatheter arterial
chemoembolization (TACE).

Methods: A total of 83 HCV-related HCC patients who were treated with
percutaneous thermal ablation combined with TACE were retrospectively
analyzed. The demographic and clinical data were collected. The overall
survival (OS) and recurrence free survival (RFS) rates were assessed by the
Kaplan-Meier method. Univariate and multivariate Cox regression analysis was
used to assess independent risk factors of OS and RFS.

Results: 92.8% patients (77/83) and 96.6% (170/176) tumor lesions achieved
complete response (CR) 1 month after all treatment, and 10.8% (9/83) patients
had minor complications. The median OS was 60 months (95% confidence interval
(Ch= 48.0-72.0), and the 1-, 2-, 3-, 5- and 10-year cumulative OS rates were 947%,
78.3%, 72.3%, 43.4% and 27.5%, respectively. The cumulative RFS rates at 1-, 2-, 3-
and 5-year were 74.7%, 49.3%, 30.7% and 25.3%, respectively. Sex (HR =0.529,
P=0.048), ablation result (HR=5.824, P=0.000) and Albumin-bilirubin (ALBI) score
(HR=2.725, P=0.011) were independent prognostic factors for OS. Alpha-
fetoprotein (AFP) (HR =2.360, P = 0.005) and tumor number(HR=2.786,
P=0.000) were independent prognostic factors for RFS.

Conclusions: Percutaneous thermal ablation combined with TACE is a safe and
effective treatment for HCV-related HCC. Sex, ablation result and ALBI are
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significant prognostic factors for OS. AFP and tumor number are significant
prognostic factors for RFS.

KEYWORDS

hepatocellular carcinoma, transcatheter arterial chemoembolization, percutaneous
thermal ablation, overall survival, recurrence, prognosis

Introduction

Primary liver cancer is the sixth most common cancer in the
world, accounting for the fourth cause of cancer death
worldwide in 2018, with about 841000 new cases and 782000
deaths each year (1). Hepatocellular carcinoma (HCC) accounts
for about 85-90% of all primary liver cancers (2). Hepatitis virus
B Virus (HBV) and Hepatitis C virus (HCV) are the main risk
factors for HCC (3, 4). Although the incidence of HCV-related
HCC is lower than that of HBV-related HCC, with the aging and
population growth, the expected burden of HCV-related HCC in
China is rising (5). Curative therapies for early-stage HCC
includes surgical resection, liver transplantation and
percutaneous ablation. Owing to cirrhosis almost
accompanying all HCV-related HCC, percutaneous ablation,
especially thermal ablation is usually useful alternative
modalities for these patients. Recent studies have showed that
percutaneous ablation combined with transcatheter arterial
chemoembolization (TACE) may have synergistic effect in the
treatment of early and intermediate stages HCC (6). However,
there are few studies focused on the efficacy and prognosis of
HCV-related HCC receiving percutaneous thermal ablation
combined with TACE.

In this study, we aimed to identify the efficacy, safety and
survival of HCV-related HCC after percutaneous thermal
ablation with TACE in HBV-endemic area.

Material and methods
Patients

We retrospectively reviewed a total of 507 consecutive
treatment-naive patients with HCC who underwent
percutaneous thermal ablation combined with TACE at
Beijing You An Hospital, Capital Medical University from July
2006 to January 2016. Inclusion criteria for this study were as
follows: (1) HCV-infected patients; (2) a single tumor with a
maximum size smaller than 7 cm and tumor number less than 5;
(3) no invasion of adjacent organs or tumor thrombi in portal,
vein and bile ducts system, and no extrahepatic metastasis; (4)
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no serious non-liver underlying illness including heart, brain,
lung, kidney and other organs dysfunction, and no other tumor
diseases; (5) liver function of Child-Turcotte-Pugh (CTP) class
A and B; ECOG (Eastern Cooperative Oncology Group)
performance status score 0~1; (6) platelet count >50 x 10°/L
for percutaneous thermal ablation, prothrombin time ratio >
50% and total bilirubin<50umol/L for both TACE and
percutaneous thermal ablation; (7) no upper digestive track
bleeding due to portal hypertension within 1 month before
TACE; (8) no uncontrolled infection; (9) complete case and
follow-up data. This research scheme has been exempted from
the requirement of informed consent and approved by the Ethics
Committee of our hospital. As summarized in Figure 1, among
the 507 patients, the remaining 83 patients met the inclusion
criteria, including 30 patients who were diagnosed with HCC
histologically by liver biopsy, and another 53 patients, who were
diagnosed by imaging diagnosis.

Pretreatment evaluation

The pretreatment assessment of each patient included spiral
computed tomography (CT) of chest, either Contrast-enhanced
CT (CECT) or contrast-enhanced magnetic resonance imaging
(CEMRI) of the abdomen, electrocardiogram, complete blood
count (CBC), liver and renal function tests, prothrombin time,
alpha-fetoprotein (AFP), HCV RNA. According to the
guidelines for diagnosis and treatment of primary liver cancer
(China, 2017 edition) (7), patients with maximum tumor
diameter 1-2cm confirmed by 2 typical contrast enhancement
imaging presentations, or maximum tumor diameter more than
2cm confirmed by 1 typical contrast enhancement imaging
presentations or histopathological examinations were
diagnosed with HCC.

We collected baseline clinical data including: age, gender, CBC,
albumin (ALB), total bilirubin(TBIL), glutamic pyruvic
transaminase(ALT), glutamic oxaloacetic transaminase(AST),
cholinesterase(CHE), prothrombin time(PT), AFP, CTP grade,
tumor characteristics. We calculated Albumin-bilirubin (ALBI)
score as follows, ALBI = 0.66 x LoglO(TBIL umol/L) -0.085 x
(ALB g/L). ALBI grade was classified as grade 1 (<-2.60), grade 2
(=2.60 to —1.39), or grade 3 (>—1.39), respectively.
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Treatment-naive HCC patients underwent TACE combined with
percutaneous thermal ablation (n=507)

Exclude 343 patients who were
not HCV infected

(n=164)

Patients with HCV infected

Exclude 81 patients who had
BCLC stage C HCC

(n=83)

Patients with BCLC stage 0 or A or BHCC

FIGURE 1
Patient flowchart.

TACE

All TACE are conventional-TACE(c-TACE). TACE was
performed first.Seldinger catheterization was used to intubate
the right femoral artery, and angiography of the hepatic artery
was performed to observe the location, size, number, arterial
supply of tumors. Catheters and microcatheters (Asahi Intecc
Co., Ltd., Japan) was inserted into the target branch. Iodized oil
(Guerbet, Villepinte, Seine-Saint-Denis, France), and
doxorubicin (Pfizer Inc., NY, USA) suspension emulsion were
injected into the arterial branches followed by injection of gelatin
sponge particles (350~560um, Hangzhou Alicon Pharmaceutical
Technology Co., Ltd. Hangzhou, China). The dose of the drugs
depended on the tumor size, liver function, white blood cell
count and platelet count of the patient. One week later, CT scan
of the abdomen was performed to evaluate the effect of TACE.
The TACE procedure was repeated if the effect was
not satisfactory.

Radiofrequency ablation/microwave
ablation

Thermal ablation was carried out within 2 weeks after
TACE. CT scanning was performed to determine the puncture
site and approach. After routine sterilization and focal
anesthesia, the RFA electrode needle or microwave antenna
was used to puncture the tumor under CT guidance. The
ablation was performed according to the predetermined
ablation conditions. According to the ablation range of each
tumor, the RFA electrode needles or microwave antennas were
adjusted to achieve an overlapping ablative margin that would

Frontiers in Oncology
38

theoretically include the tumor and 0.5~1 cm of surrounding
tissue. After the ablation range was satisfied, the electrode needle
or microwave antennas were withdrawn, and the needle tunnel
was ablated at 70°C-90°C to reduce the risk of hemorrhage or
implantation metastasis via the needle tunnel. CECT or CEMRI
of the abdomen was performed within 1 week after ablation to
evaluate technique effectiveness. If the imaging examination
showed an enhanced area within or around the original
tumor, we suspected that incomplete ablation portions
remained, and the RFA/MWA procedure was repeated if the
liver function met the requirements.

Treatment was continued until CT or MRI imaging
demonstrated necrosis of the entire tumor. CECT or CEMRI
was performed one month after the treatment to determine the
effects of ablation, which were classified as complete response
(CR) or incomplete response (ICR). CR was defined as CECT or
CEMRI detection of a non-enhanced area with necrosis at the
ablation site of the HCC nodules. Patients with CECT or CEMRI
evidence lacking CR were defined as ICR and received repeated
salvage RFA/MWA treatment. The evaluations were repeated
Imonth after salvage treatment. Those who failed to obtain CR
after repeated salvage RFA/MWA were regarded as treatment
failure (TF). In these cases, liver transplantation, resection,
TACE, or other treatments were considered.

Follow-up
The follow-up protocol included AFP assays, CECT or
CEMRI of the abdomen and liver function every 3 months

after treatment and more frequently when needed. CT of chest
was performed every 6 months or if tumor recurrence was
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suspected. Tumor recurrence includes local recurrence,
intrahepatic recurrence and extrahepatic recurrence. Overall
survival (OS) was defined as the interval between the date of
the initial TACE and the death, or the end of the study for
patients who survived. Recurrence free survival (RFS) was
defined as the interval between the date of the CR and the
recurrence or death or the end of the study for patients who did
not experience recurrence.

Statistical analysis

SPSS software version 22.0 (SPSS, Inc., Chicago, IL, USA)
was used to statistically analyze data. Quantitative variables were
expressed as mean * standard deviation or as medians, ranges.
Survival rates were estimated using the Kaplan-Meier method
and compared using the log-rank test. The OS and RFS rates
were assessed by the Kaplan-Meier method with the log-rank
test. Univariate and multivariate analysis was carried out by Cox
proportional hazards regression model to assess independent
risk factors of OS and recurrence. P<0.05 was defined as
statistically significant.

Results
Characteristics of the patients

Baseline characteristics of the 83 patients who underwent
percutaneous thermal ablation combined with TACE were
showed in Table 1.

Treatment response

Among the 83 treated patients, 80 patients underwent a
single TACE, and 3 patients underwent two TACE for successful
embolization of the tumor artery. We performed 110 thermal
ablation including 89 RFA and 21 MWA for 176 tumor lesions
in 83 patients. 58 patients underwent a single thermal ablation,
23 patients underwent two thermal ablation and 2 patients were
treated with three thermal ablation in order to achieve the
complete response. 92.8% patients (77/83) and 96.6% (170/
176) tumor lesions achieved CR 1 month after all treatment,
and 7.2% (6/83) patients and 3.4% (6/176) tumor lesions were
identified as ICR. 100% patients in the BCLC-0 group, 97.9%
(46/47) in the BCLC-A group and 81.5% (22/27) in the BCLC-B
group achieved CR.

During treatments, there were no serious adverse reactions
such as liver failure, biliary bleeding, abdominal bleeding,
pericardial tamponade, liver abscess and treatment-related
death. 10.8% (9/83) patients had minor complications such as
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puncture point pain, liver pain, fever, nausea and vomiting,
abdominal distension, mild liver function injury, ascites or
pleural effusion, and recovered by conservative treatment.

Follow-up results

Until January 31st 2020, the median follow-up period was
73months (ranging from 7-139months). At the end of follow-up,
57.8%(48/83) patients died and 42.2%(35/83) patients survived.
The median OS was 60 months (95% confidence interval (CI)=
48.0-72.0), and the 1-, 2-, 3-, 5- and 10-year cumulative OS rates
were 94%, 78.3%, 72.3%, 43.4% and 27.5%, respectively. The 1-,
2-, 3-, 5- and 10-year cumulative OS rates in patients with
BCLC-0/A HCC were 98.2%, 89.3%, 83.9%, 51.4%, 32.7%, and
85.2%, 55.6%, 48.1%, 27.2% in patients with BCLC—B. There was
significant difference in OS among the two groups (¥ = 10.134,
P=0.001)(Figure 2).

During the follow-up period, 77.9%(60/77) patients who
achieved CR from the thermal ablation combined with TACE
experienced recurrence. The cumulative RFS rates at 1-, 2-, 3-
and 5-year were 74.7%, 49.3%, 30.7% and 25.3%, respectively.
The median RFS of BCLC BCLC-0/A/B HCC was 32 months
(95% CI= 23.1-40.9), 28 months (95% CI= 18.9-37.1) and 18
months (95% CI= 15.9-20.1), respectively.

Multivariate analysis

The factors associated with OS were summarized in Table 2.
Univariate analysis

indicated 8 factors were related with OS, and multivariate
analysis confirmed that only three factors including sex
(HR =0.529, P= 0.048), ablation result (HR=5.824, P=0.000),
ALBI (HR=2.725, P=0.011)were independent prognostic factors
for OS.

The factors associated with RFS were summarized in Table 3.
Univariate analysis

indicated 4 factors were related with RFS, and multivariate
analysis confirmed that two factors including AFP (HR =2.360,
P = 0.005) and tumor number (HR=2.786, P=0.000) were
independent prognostic factors for RFS.

Discussion

Percutaneous thermal ablation is considered to be the
optimum local treatment for patients with early-stage
unresectable lesions, liver cirrhosis or elderly patients.
Percutaneous MWA had similar therapeutic effects and
complication rate compared with RFA for HCC (8). Recent
studies revealed that combination of thermal ablation and TACE
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TABLE 1 Clinical characteristics of patients.

Variable Value

Age (years)

Mean (range) 61.83 + 8.49 (40-84)

Sex
Males 49 (59.04%)
Females 34 (40.96%)
Cirrhosis
No 7 (8.43%)
Yes 76 (91.57%)

Ablation result

CR 75 (90.36%)

ICR 8 (9.64%)
HCV-RNA

Positive 69 (83.13%)

Negative 14 (16.87%)
ALBI

Grade 1 24 (28.92%)

Grade 2 52 (62.65%)

Grade 3 7 (8.43%)
CTP

A 70 (84.34%)

B 13 (15.66%)
AFP levels(ng/ml)
<7 26 (31.33%)
>7 57 (68.67%)

Tumor number

<1 37 (44.58%)
>1 46 (55.42%)
Diameter of largest tumor 2.77 + 1.19
(cm mean (range)) (1.00-7.00)

<3.0 53 (63.86%)

>3.0 30 (36.14%)
Tumor location

Right lobe of liver 49 (59.04%)

Left lobe of liver 15(18.07%)

Right and left lobe of liver 19(22.89%)
BCLC stage

0 9 (10.84%)

A 47 (56.63%)

B 27 (32.53%)

SD, standard deviation; HCV, hepatitis C viruses; ALB, albumin; TBIL, total bilirubin; ALT,
glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase, CHE,
cholinesterase; AFP, alpha fetoprotein.

is an effective option for patients with early or intermedium stage
HCC (6, 9). TACE prior to percutaneous ablation can not only
block the feeding arteries to reduce tumor burden, but also
detect satellite nodules and label range of carcinoma. This
treatment mode can increase complete ablation rate and
reduce the risk of ablation-related bleeding (10). Zhen et al.
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(11) divided 189 patients into two groups (RFA group, TACE-
RFA group); they found that the 1-, 3-, and 4-year OS for the
RFA group and the TACE-RFA group were 85.3%, 59%, and
45.0% and 92.6%, 66.6%, and 61.8%, respectively (HR=0.525,
95% CI:0.335-0.822, P=0.002), and the corresponding RFS were
66.7%, 44.2%, and 38.9% and 79.4%, 60.6%, and 54.8%,
respectively(HR=0.575, 95% CI:0.374 to 0.897, P = 0.009).

In this study, the CR rate at 1 month was 96.6% in the
combination treatment similar to the obtained in previous
studies (12). In subgroup analysis, CR rate of BCLC 0 was
100%, and that of BCLC A was 97.9%. The reason that one
patient belonged to BCLC A did not achieve CR was considered
that tumors was close to portal vein. In addition, there were only
minor complications in 10.8% patients. These data suggest that
TACE combined with thermal ablation was safe and effective in
the treatment of HCV-related hepatocellular carcinoma,
although this is an observational study without control.

It is reported that the long-term prognosis of HCV-related
HCC is about 50% with the 5-year OS rate after curative
treatment (13). Ren Y et al (9) analyzed 128 HCC patients
mainly including HBV-HCC (85.2%) and showed the 1-, 3-, 5-
and 8-year survival rates were 90.6%, 76.6%, 68.0%, 68.0%. In
our study, after long-term follow-up, the 1-year, 2-year, 3-year,
5-year and 10-year cumulative OS rate were 94%, 78.3%, 72.3%,
43.4% and 27.5%, respectively, and the curative effect in first
three years is similar to that reported in HBV-HCC. However,
the long term outcome was poorer than that of HBV-HCC
reported before. This finding may be attributed to different
tumor characteristics or hepatocarcinogenesis between HCV-
HCC and HBV-HCC (14, 15).

Previous studies have shown that liver function and field
factors might play an important role in prognosis of patients
with HCV-related HCC. Due to the subjective judgment of
ascites and hepatic encephalopathy, the CTP system was not
accurate. Johnson et al. (16) established a novel and objective
evaluation model for liver functional reserve assessment called
ALBI grade composed of albumin and bilirubin. A number of
retrospective studies further confirmed that ALBI grade can
predict the prognosis patients with HCC after hepatectomy, liver
transplantation, RFA or TACE (17-20). An C et al. (21)
recruited 183 patients of HCV-related HCCs and constructed
a nomogram which was based on ALBI grade and could provide
prediction of long-term outcomes for HCV-related HCC
patients after US-PMWA. In the current study, we also
identified that ALBI grade determined prognosis for OS of
patients with HCV-related HCC underwent thermal ablation
combined with TACE. In addition, Univariate and multivariate
analysis demonstrated that incomplete ablation of tumors and
male were also independent unfavorable prognostic factors for
poor OS. Among the 3 factors, incomplete ablation was the most
important prognostic factor. Considered reasons of incomplete
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FIGURE 2
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TABLE 2 Univariate and multivariate analysis of overall survival after percutaneous thermal ablation combined with TACE in patients with HCV-

related HCC.

Variable Case No. Univariate Analysis Multivariate Analysis
HR (95%CI) P HR (95%CI) P
Sex Males/Females 49/34 0.466 (0.254-0.853) 0.013 0.529 (0.281-0.944) 0.048
Age (years) <60/>60 34/49 1.384 (0.767-2.50) 0.281
cirrhosis Yes/No 7617 0.295 (0.071-1.219) 0.092
HCV-RNA Positive/Negative 69/14 0.949 (0.421-2.137) 0.899
Ablation result CR/ICR 75/8 5.606(2.408-13.052) 0.000 5.824 (2.436-13.926) 0.000
WBC (><109) <4.0/24.0 45/38 1.000 (0.565-1.768) 0.999
PLT (x10°) <100/>100 51/32 0.645 (0.352-1.180) 0.155
ALT(U/L) <45/245 41/42 1.199 (0.676-2.129) 0.535
AST(U/L) <37/>37 17/66 2.047 (0.869-4.820) 0.101
ALB(g/L) <35/235 30/53 0.551 (0.308-0.986) 0.045
TBIL (umol/L) <21/>21 58/25 1.831 (1.024-3.274) 0.041
ALBI Grade 1 24 1 1
Grade 2 52 3.035 (1.437-6.409) 0.004 2.725 (1.263-5.881) 0.011
Grade 3 7 3.859 (1.145-12.998) 0.029 3.059 (0.881-10.617) 0.078
CHE(U/L) <4000/=4000 36/47 0.429 (0.242-0.760) 0.004
(Continued)
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TABLE 2 Continued
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Variable Case No. Univariate Analysis Multivariate Analysis
HR (95%CI) P HR (95%CI) P
PT(s) <12.8/>12.8 64/19 1.934 (1.012-3.697) 0.046
CTP A/B 70/13 2.712 (1.319-5.580) 0.007
AFP (ng/ml) <7127 26/57 1.448 (0.766-2.740) 0.255
Tumor number <1/=1 0.564 (0.312-1.019) 0.058
Diameter of largest tumor <3/>3 53/30 1.029 (0.569-1.864) 0.924
(cm)
Tumor location Right lobe of liver 49 1
Left lobe of liver 15 1.208 (0.549-2.661) 0.639
Right and left lobe of liver 19 1.564 (0.803-3.046) 0.188
Ablation type RFA/MWA 70/13 1.086 (0.456-2.590) 0.852

ablation, except for the fact that it is difficult to achieve CR for
tumors close to the large vessels, it may be related to poor

and collect the pathological results. The decreased expression of
estrogen receptor alfa (ERo) in male patients may explain the

differentiation of tumor or microvascular invasion in some worse prognosis of HCV-related cirrhosis and HCC in men than

patients before therapy. It is suggested to enlarge the cohort

in women (22).

TABLE 3 Univariate and multivariate analysis of RFS after percutaneous thermal ablation combined with TACE in patients with HCV-related HCC.

Variable Case No. Univariate Analysis Multivariate Analysis
HR(95%CI) P HR (95%CI) P
Sex Males/Females 44/31 0.492 (0.285-0.849) 0.011
Age (years) <60/260 31/44 0.964 (0.574-1.616) 0.888
cirrhosis Yes/No 68/7 1.454 (0.621-3.401) 0.388
HCV-RNA Positive/Negative 61/14 0.872 (0.426-1.783) 0.707
WBC (x10%) <4.0/24.0 41/34 1.639 (0.976-2.753) 0.062
PLT (x10%) <100/=100 45/30 1.471 (0.873-2.477) 0.147
ALT (U/L) <45/=45 37/38 1.345 0.805-2.248) 0.258
AST (U/L) <37/237 15/60 1.130 (0.595-2.148) 0.708
ALB (g/L) <35/=235 25/50 0.889 (0.492-1.606) 0.697
TBIL (umol/L) <21/>21 53/22 0.764 (0.425-1.376) 0.371
ALBI Grade 1 23 1
Grade 2 48 1.919 (1.052-3.502) 0.034
Grade 3 4 1.617 (0.467-5.597) 0.448
CHE (U/L) <4000/=4000 30/45 0.866 (0.500-1.501) 0.608
PT (s) <12.8/>12.8 59/16 0.848 (0.439-1.637) 0.624
CTP A/B 66/9 1.386 (0.622-3.087) 0.424
AFP (ng/ml) <7127 23/52 2.055 (1.148-3.678) 0.015 2.360 (1.300-4.284) 0.005
Tumor number <1/z1 35/40 2.488 (1.446-4.281) 0.001 2.786 (1.599-4.856) 0.000
Diameter of largest tumor <3/>3 53/22 1.258 0.726-2.180) 0.413
(cm)
Tumor location Right lobe of liver 46 1
Left lobe of liver 14 0.463 (0.213-1.008) 0.052
Right and left lobe of liver 15 0.964 (0.510-1.821) 0.911
Ablation type RFA/MWA 63/12 1.333 (0.671-2.647) 0.412

Frontiers in Oncology

42

frontiersin.org


https://doi.org/10.3389/fonc.2022.978614
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sun et al.

Several studies showed that sustained virological response
(SVR) is associated with the favorable long-term survival after
curative resection or ablation (23, 24). However, in this study,
HCV-RNA is not related to OS of patients after thermal ablation
combined with TACE. We consider that there were only few
cases (14/69) achieve virological response when antiviral therapy
was applied.

The 1-year, 2-year, 3-year and 5-year RFS rates of patients in
this study were 74.7%, 49.3%, 30.7% and 25.3%, respectively,
similar to those previously reported (25). It is reported that,
tumor-related factors were risk factor for recurrence of HCC
patients after curative treatment, such as AFP, tumor size, tumor
number, pathological type, etc. (25-27). In this study, we
identified only AFP levels and tumor number were associated
with RFS probability in HCV-related HCC patients after thermal
ablation combined with TACE. Tumor size was not risk factor
for recurrence of HCC, probably because of the low proportion
of patients with tumors larger than 3 cm (n=30, 36.14%).

There were some limitations in this study. First of all, this was
a single-center and retrospective study, and we could not
completely avoid referral bias. Second, this was a single-arm
study. The effects of combined therapy on the survival of
patients between HCV-related HCC and HBV-related HCC
were not compared. Finally, the sample of this study is relatively
small. Further prospective randomized controlled trials are
necessary to validate our observations.

Conclusions

The data of our study indicated that percutaneous thermal
ablation combined with TACE is an effective and safe ablation
modality for patients with HCV-related HCC. Sex, ablation result
and ALBI were independent prognostic factors for survival after
percutaneous thermal ablation combined with TACE for HCC.
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Background: Unresectable hepatocellular carcinoma (u-HCC) still accounts
for the majority of newly diagnosed HCC which with poor prognosis. In the era
of systemic therapy, combination therapy with programmed cell death
protein-1 (PD-1) inhibitors and tyrosine kinase inhibitors (TKls) has become
mainstream. Hepatic arterial infusion chemotherapy (HAIC) as a local treatment
has also shown a strong anti-tumor effect. This study aimed to investigate the
efficacy and safety of HAIC, PD-1 inhibitors plus TKls for u-HCC.

Methods: This retrospective study included patients with initially u-HCC
between October 2020 to April 2022 who had received at least one cycle of
therapy with HAIC, PD-1 inhibitors plus TKls. The primary outcome included
overall response rate (ORR), the disease control rate (DCR), surgical conversion
rate, progression-free survival (PFS) and treatment-related adverse events.

Results: A total of 145 patients were included in the study. The median
treatment cycle of HAIC and PD-1 inhibitors were 3 and 4, respectively.
According to the modified RECIST criteria, the best ORR was 57.2% (83/145),
9 had achieved complete response (CR), DCR was 89.7% (130/145). Median
time to achieve CR or PR was 65 days. Surgical conversion rate was 18.6% (27/
145), seven patients (7/27,25.9%) achieved pathological complete response
(pCR). The median follow-up was 12.5 months (4.5-20 months), and the
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median PFS was 9.7 months. Subgroup analysis showed that Child-pugh A
patients had higher DCR (92.2% vs 79.3%, p=0.041) than Child-pugh B patients,
as well as increased successful conversion rate (22.4% vs 3.4%, p=0.019).
Patients without vascular invasion and extrahepatic metastases showed
higher PR (63.4% vs 43.3%, p<0.05) and ORR (73.2% vs 50.0%, p<0.05) than
those with vascular invasion. The ORR (73.2% vs 45.5%, p<0.05) and DCR (95.1%
vs 78.8%, p<0.05) were also significantly better than those of patients with
extrahepatic metastases. HAIC regimen was not related to efficacy (All p>0.05).
The incidence rate of grade 3/4 treatment-related AEs was 17.7% without fatal
events.

Conclusion: The triple combination therapy of HAIC and PD-1 inhibitors plus
TKls for patients with initially unresectable HCC exhibited satisfactory efficacy

with tolerable toxicity.

KEYWORDS

unresectable hepatocellular carcinoma, hepatic arterial infusion chemotherapy,
programmed cell death protein-1, tyrosine kinase inhibitors, conversion therapy

Introduction

Hepatocellular carcinoma (HCC) is still the most common
kinds of malignant tumors worldwide, although the morbidity is
decreasing stably in China (1). The prognosis of HCC remains poor,
and approximately 830000 newly deaths every year (2). Although
progress has been made in early screening for HCC, the majority
have lost the chance of cure at the time of diagnosis. These so called
“unresectable HCC” (u-HCC) have worse prognosis with the
median overall survival (OS) ranging from 1 to 2 year (3).

Systemic therapy is the preferred option for u-HCC patients
with the advent of sorafenib, but the objective response rate (ORR)
remains far from satisfactory. With the publications of REFLECT,
RESORCE, CELESTIAL and REACH-2 study, more novel tyrosine
kinase inhibitors (TKIs) have been the alternative modality of
sorafenib, such as lenvatinib, apatinib, cabozantinib, and
ramucirumab, but the outcomes remain poor with the ORR of
4% to 18.8% (4). Trial of CheckMate040 has ushered the era of
immunotherapy for HCC in the recent years, but phase III
CheckMate459 trials of PD-1 inhibitors monotherapy for HCC
have all failed to meet the primary endpoints (5). Dual combination
regimen, such as lenvatinib plus pembrolizumab, camrelizumab
plus apatinib, and sintilimab plus anlotinib, have yielded promising
clinical efficiency and safety, but the prognosis for those u-HCC
patients is still unsatisfactory with the median OS of 20.1 to 20.4
months (6-8).

IMbravel50 trial has not only opened the era of molecular
target and immunotherapy, but also shed light on the
triple combination of local regional therapy, TKIs, and
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immunotherapy. In the trial of IMbravel50, about 40% patients
received previous transarterial chemoembolization (TACE) before
enrollment (9). In the recent years, hepatic arterial infusion
chemotherapy (HAIC) has been identified to be alternative
strategy of TACE in the management of advanced HCC, which
has the advantage over TACE for those with extrahepatic
metastasis or macrovascular invasion (10, 11). Combination of
HAIC and sorafenib has exhibited significant survival benefit
compared with sorafenib or HAIC alone, but the 2-year survival
rate remains low (12, 13).

In addition, “conversion therapy” has been well concerned in
the field of HCC, which needs a more aggressive strategy. In the past
two years, triple therapy of TACE/HAIC, TKIs, and immune
checkpoint inhibitors (ICIs) have been tried with encouraging
results, but most of the studies were retrospective with small
sample size. In this study, we aimed to evaluate the clinical
efficacy and safety of the triple regimen of HAIC, PD-1 inhibitors
and TKIs for u-HCC patients in a retrospective study of
single-center.

Patients and methods
Patients selection

All consecutive patients in our hospital diagnosed as u-HCC
and received triple therapy of HAIC, PD-1 inhibitors and TKIs
from October 2020 to April 2022 were enrolled in this study. The
exclusion criteria were as followed: 1) age <18 years old, 2)
recurrent HCC, 3) receiving other antitumor treatment, 4)
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postoperative adjuvant HAIC, 5) terminated treatment, and 6)
without treatment evaluation. Of note, the definition of u-HCC
in this study was oncologically or biologically unresectable:
technically resectable, but resection does not result in a better
outcome than non-surgical treatment.

This study was approved by the Ethics Committee of The
First Affiliated Hospital of Nanchang University, Nanchang,
China. No (2022). CDYFYYLK (06-009). Considering that
patients medical records were analyzed retrospectively and no
patient-identifiable information was utilized, the ethics
committee waived the need for individual consent.

HAIC procedure

The procedure of HAIC was similar as previous report and
the regimens in this study included FOLFOX (HAIC with
oxaliplatin, 5-fluorouracil, and leucovorin) and RALOX
(HAIC with raltitrexed plus oxaliplatin). Briefly, the femoral
artery was punctured by the Seldinger technique after local
anesthesia, then the blood supply of the tumor was
determined using the digital subtraction angiography, and at
last a 2.7-F microcatheter was maintained at the tumor-feeding
arteries for HAIC. HAIC was carried out in the ward within two
days, during which the microcatheter was connected externally
to an artery infusion pump. Notably, the dose of drugs would be
adjusted according to the Child-Pugh grade and tolerance
to chemotherapy.

Tyrosine kinase inhibitors and PD-1
inhibitors

Considering the accessibility of drugs, TKIs in this study
were sorafenib, apatinib and lenvatinib, and PD-1 inhibitors
were camrelizumab, stintilimab and tislelizumab. The dose of
these agents was administrated according to the guidelines,
which would also be adjusted according to the performance
status, liver function, and treatment tolerance.

Data collection

Collecting clinical data of patients during each hospital
admission. Baseline clinical characteristics including: age,
gender, Eastern Cooperative Oncology Group Performance
Status (ECOG PS) score, positive or negative of hepatitis B
surface antigen, liver cirrhosis, Child-Pugh classification, ALBI*
grade, total bilirubin, albumin,o-fetoprotein (AFP) level,
Barcelona Clinic Liver Cancer (BCLC) stage, Chinese Liver
Cancer (CNLC) stage, American joint Committee on cancer
(AJCC) stage, size of largest nodule, tumor number, tumor
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distribution, absence or presence of macroscopic vascular
invasion (portal vein tumor thrombus or hepatic vein tumor
thrombus), absence or presence of extrahepatic metastasis. At
the same time, the imaging examination results of each patient
were collected to evaluate the efficacy response. The patient’s
follow-up treatment was also collected.

* ALBI: albumin-bilirubin; Calculated using the following
(logyo bilirubin pumol/Lx0.66) +
(albumin g/Lx-0.085). The continuous linear predictor was

equation: linear predictor =

further categorized into three different grades for prognostic
stratification purposes: grade 1 (less than —2.60), grade 2
(between —2.60 and —1.39) and grade 3 (above —1.39) (14).

Follow-up

The triple therapy was terminated if complete response (CR)
was achieved, the patient received surgery, the disease
progressed or the patient experienced intolerable toxicity.
Blood examination including blood cell analysis, bio-
chemistry, and AFP were performed before and after each
cycle of treatment. Abdominal contrast-enhanced CT scan or
MRI and chest computed tomography (CT) every cycle (4-6
weeks) after initial treatment. Patients were followed up every 3
months until death or censored.

Outcomes

The primary end points of this study were safety and PFS.
The complete response (CR), objective response rate (ORR),
disease control rate (DCR) and successful conversion rate were
also recorded.

The tumor response was assessed by two independent
experienced radiologists according to modified Response
Evaluation Criteria in Solid Tumors (mRECIST) criteria and
RECIST 1.1 criteria based on the abdominal enhanced CT or
MRI and chest CT, as well as AFP levels. CR was defined as the
disappearance of all lesions or no enhancement by enhanced
CT/MRI for at least 4 weeks and normal AFP levels. If there were
discrepancies in the assessments between the two independent
radiologists, another radiologist was asked to evaluate the
response to determine the tumor response rate.

PES was defined as the time from initial treatment to
disease progression or death from any reason. Disease
progression included intrahepatic tumor and/or extrahepatic
tumor progression.

Safety was assessed among all the patients treated, and all the
treatment-related adverse events (AEs) were determined by the
National Cancer Institute Common Terminology Criteria for
Adverse Events (version 5.0), but the immune-related AEs
(irAEs) were diagnosed, managed and followed-up according
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to the European Society for Medical Oncology Clinical
Practice Guidelines.

Statistical analyses

Continuous variables including age, AFP level, ALBI grade,
total bilirubin, albumin, tumor size, and tumor number were
categorized as previously reported, all the variables in this study
were presented as n (%). Survival analysis was calculated using
the Kaplan-Meier method. Subgroup analysis was conducted
stratified by different Child-pugh classification, BCLC stage and
regimen. All the statistical tests were two-tailed, and p<0.05 was
considered to be statistically significant. Statistical tests were
conducted using RStudio, including the Table 1, survminer, rms,
and survival packages.

Results
Patient clinic characteristics

Initially, 235 patients receiving HAIC+PD-1+TKIs were
identified. 90 patients were excluded as followed: 1) receiving
postoperative recurrence therapy (n=35), 2) receiving
postoperative adjuvant therapy (n=32), 3) combined with
other types of malignant tumor (n=3), 4) lost to follow up
(n=14),5) terminated treatment (n=3) and 6) efficacy not
evaluated (n=3). And at last, 145 patients were eligible for
further analysis (Figure 1).

The baseline characteristics of the included patients were
depicted in Table 1. Of note, 29 (20%) patients were present with
Child-Pugh B, 109 (75.1%) were with ALBI grade 2 and 3, 75
(51.7%) were with macrovascular invasion, and 33 (22.8%) were
with extrahepatic metastasis.

Table 2 exhibited the regimens of the triple combination
therapy, including the HAIC regimen, PD-1 inhibitors
scheme and TKIs prescription. Briefly, the median cycle
teratment of HAIC and PD-1 inhibitors were 3 and 4,
respectively. Specially, TKIs and PD-1 inhibitors regimens
were diverse,lenvatinib+camrelizumab (n=91), lenvatinib
+stintilimab (n=16), lenvatinib+tislelizumab (n=6), sorafenib
+camrelizumab (n=19), sorafenib+stintilimab (n=4), and
apatinib+camrelizumab (n=9), respectively.

Outcomes

The median follow-up was 12.5 months (4.5-20 months),
and the median PFS was 9.7 months (1-16.1 months, Figure 2).
The corresponding PES rates at 6-months, 9-months,
12-months and 15-months were 66.9%, 55.2%, 51.7%, and
48.3%, respectively.
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Figure 3 summarized the results of the best response
(mRECIST and RECIST 1.1). For consistency, tumor response
was only depicted using mRECIST in the following section.
During the follow-up period, 9 (6.2%) patients achieved CR, 74
(51%) achieved PR, 47 (32.5%) achieved SD, and 15 (10.3%)
achieved PD. The ORR reached 57.2%, as well as increased DCR
0f 89.7%. The median time to achieve CR or PR was 65 days (21-
175 days). A waterfall plot showed the change in the intrahepatic
target lesion size of patients (Figure 4).

Twenty-seven patients received surgery, and the successful
conversion rate was 18.6% (27/145) with the median duration of
triple therapy was 91 days. All 27 patients underwent open
hepatectomy and recovered well after surgery. Two patients
developed serious complications, including postoperative liver
failure, massive pleural effusion, and dyspnea, but were
recovered after symptomatic treatment. All (100%) patients
achieved RO resection, and 7 (25.9%) were confirmed to
achieve pathological CR (pCR). Until June 2022, 9 (33.3%)
patients had tumor recurrence or metastasis.

Subgroup analysis

According to Child-Pugh classification, 116 (80.0%) patients
were graded A and 29 (20.0%) were B, respectively. Subgroup
analysis showed that the best response was in favor of patients
with Child-Pugh A in terms of PD, DCR, and successful
conversion rate compared with those with Child-Pugh B (all
p<0.05, Table 3A).

In this study, 60 patients with macrovascular invasion (no
extrahepatic metastasis), 33 patients had extrahepatic metastasis.
Results showed that the best PR (63.4% vs 43.3%, p<0.05) and
ORR (73.2% vs 50.0, p<0.05) in the subgroup of patients with
macrovascular invasion was significantly lower than that
without macrovascular invasion. The ORR (73.2% vs 45.5%,
p<0.05) and DCR (95.1% vs 78.8%, p<0.05) of patients without
extrahepatic metastases were significantly higher than those with
extrahepatic metastases (Table 3B).

According to the regimen of HAIC, 113 (77.9%) patients
received FOLFOX regimen and 32 (22.1%) received RALOX
regimen, respectively. No differences were observed between the
two subgroups in terms of all the best response (all
p>0.05, Table 3C).

Adverse events

The majority of patients experienced treatment-related AEs
(Figure 5), but most of the AEs were mild or curative after
treatment. The top three most common treatment-related AEs
were elevated ALT, elevated AST, and fatigue, respectively. The
incidence of grade 3/4 AEs were 17.7%, but none of the fatal AEs
was reported. The top three most common grade 3/4 AEs were
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TABLE 1 Baseline clinical characteristics.

Characteristics

Age, years

Gender

ECOG

Hepatitis B virus infection

Liver cirrhosis

Child-Pugh classification

ALBI grade

Total bilirubin (wmol/L)

Albumin (g/L)

AFP (ng/ml)

BCLC stage

CNLC stage

AJCC stage

Size of largest nodule (cm)

Frontiers in Oncology

Positive

Negative

Absent

Present

£20
>20

<40
240

£400
>400

ITa
IIb
IIa
IIIb

1I
1A
I11B
IVA
IVB

<10

No. (%)

61 (42.1)
84 (57.9)

121 (83.4)
24 (16.6)

138 (95.2)
7 (4.8)

133 (91.7)
12 (8.3)

30 (20.7)
115 (79.3)

116 (80.0)
29 (20.0)

36 (24.8)
104 (71.7)
5(3.4)

88 (60.7)
57 (39.3)

114 (78.6)
31 (214)

63 (43.4)
82 (56.6)

41 (28.3)
104 (71.7)

5(3.4)
36 (24.8)
71 (50.0)
33 (22.8)

8 (5.5)
33 (22.8)
65 (44.8)
22 (15.2)
17 (11.7)

72 (49.7)
73 (50.3)

(Continued)
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TABLE 1 Continued

Characteristics No. (%)
Tumor number
Solitary 37 (25.5)
Multiple 108 (74.5)
Tumor distribution
Uni-lobar 71 (49.0)
Bi-lobar 74 (51.0)
Macrovascular invasion
Absent 70 (48.3)
Present 75 (51.7)
PVIT 66
HVTT 7
PVIT+HVTT 2
Extrahepatic metastasis
Absent 112 (77.2)
Present 33 (22.8)

ECOG; Eastern Cooperative Oncology Group. ALBI, albumin-bilirubin; Calculated using
the following equation: linear predictor = (log;o bilirubin pmol/Lx0.66) + (albumin g/
Lx-0.085). The continuous linear predictor was further categorized into three different
grades for prognostic stratification purposes: grade 1 (less than —2.60), grade 2 (between
-2.60 and —1.39) and grade 3 (above —1.39);AFP, a-fetoprotein; BCLC, Barcelona Clinic
Liver Cancer; CNLC, China Liver Cancer; AJCC, American Joint Committee on Cancer;
PVTT, Portal vein tumor thrombus; HVTT, Hepatic vein tumor thrombus.

hyperbilirubinemia, myelosuppression, and abdominal
pain, respectively.

Subsequent therapy

A total of 79 patients continued to receive follow-up
treatment (Table 4). Systemic therapy was still the first choice
for these patients, the vast majority of patients continued to
combine targeted and immunotherapy, and some patients added
local therapy (TACE, HAIC). For metastases, microwave
ablation and radiation therapy were also options.

Discussion

In this study, we reported 145 patients with initially
unresectable HCC who received HAIC plus PD-1 inhibitors
and TKIs with CR of 6.2%, ORR of 57.2%, DCR of 89.7%, and
successful conversion rate of 18.6%. The median follow-up was
12.5 months, and the median PFS was 9.7 months. In addition,
the triple combination therapy regimen has controllable toxic
and side effects.

In the era of lack of systemic therapy, TACE is the main
means of conversion therapy for u-HCC with the ORR of 12.0%
18.1% (15). With the publication of IMbravel50 trial, the
treatment combination of TKIs and ICIs has become
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235 patients treated with HAIC+TKI+
PD-1 triple combination therapy
Excluded: (n=70)
Postoperative recurrence therapy (n=35)
Postoperative adjuvant therapy (n=32)
Combination with other malignant tumor(n=3)
Completed one or more cycles therapy
(n=165)
Loss to follow up (n=14)
Terminated treatment (n=3)
Efficacy not evaluated (n=3)
Completed treatment and assessments
(n=145)
|
Converted to resection Received subsequent therapy
(n=27) (n=79)
FIGURE 1

Patient selection flow. Initially, 235 patients receiving HAIC+TKIs+PD-1 were identified. And at last, 145 patients were eligible for further analysis.

mainstream, and the ORR has also reached 28.1%-38.6% (9). In
addition, IMbravel50 also gave birth of an aggressive treatment
for u-HCC, triple modality of arterial directed therapy (ADT),
ICIs, and TKIs. Zheng, et al (16) firstly reported the combination
treatment of TACE+sorafenib+ICIs for 29 u-HCC patients, and
results showed that the triple therapy exhibited significant
advantage over TACE+sorafenib in terms of DCR (81.82% vs.
55.17%, p = 0.046). This finding was verified by the subsequent
studies and was also confirmed in the latest systematic review.
Recently, HAIC-based combination therapy has received
increasing attention due to encouraging tumor response rates
and patient survival rates. Table 5 depicted all the published
reports of combination of HAIC and TKIs plus ICIs. The

TABLE 2 Regimens of the triple combination therapy.

Treatment No. (%)
HAIC regimen FOLFOX 113 (77.9)
RALOX 32 (22.1)
TKI+PD-1 regimen Lenvatinib+Camrelizumab 91 (62.8)
Lenvatinib+ Stintilimab 16 (11.0)
Lenvatinib+ Tislelizumab 6 (4.1)
Sorafenib+ Camrelizumab 19 (13.1)
Sorafenib+ Stintilimab 4(2.8)
Apatinib+ Camrelizumab 9(6.2)
HAIC treatment cycle
Median (range) 3 (1-6)
PD-1 treatment cycle
Median (range) 4 (1-10)

HAIC, hepatic arterial infusion chemotherapy; FOLFOX, HAIC with oxaliplatin, 5-
fluorouracil, and leucovorin; RALOX, HAIC with raltitrexed plus oxaliplatin; TKIs,
tyrosine kinase inhibitors; PD-1, programmed cell death protein-1.
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published studies were almost come from small size sample of 25
to 84, and the results varied greatly from each study with the CR
ranging from 0% to 48%, ORR from 40% to 96%, and DCR from
77.6% to 100%, respectively (17-21). This divergence might be
contributed to the difference in study population (macrovascular
invasion or not, extrahepatic metastasis or not) and therapy
regimen (sorafenib, apatinib or lenvatinib, toripalimab,
sintilimab, pembrolizumab or camrelizumab). In the present
study of 145 patients in a single center, the corresponding CR,
ORR, and DCR were 6.1%, 57.2% and 89.7%, respectively. And
the median PFS was 9.7 months in the whole cohort, but with
18.6% achieved successful conversation. These findings were
coincident with previous studies, but limitations were: 1) the
heterogneity of study population, 51.7% were present with
macrovascular invasion and 22.8% were with extrahepatic
metastasis; 2) the divergence of liver function, the ALBI
ranged from grade 1 to 3 regard less of 80% grading Child-
Pugh A.

The underlying mechanism of the synergistic antitumor
effect of the HAIC plus TKI and PD-1 might be as follows: 1)
HAIC induces tumor antigen exposure through persistent high-
concentration chemotherapeutic drug penetration, increases
antigenicity through immunogenic cell death of tumor cells,
and improves the tumor immune microenvironment to reduce
off-targets, thereby enhancing the efficacy of systemic therapy
(22); 2) chemotherapy drugs may activate adaptive immunity by
increasing leukocyte antigen expression and enhancing T cell
stimulation, and restore immune surveillance by disrupting
signal transduction and immunosuppression (23); 3)
combination of PD-1 inhibitor and anti-VEGF drug may
promote normalization of blood vessels breaks the hypoxic
microenvironment of tumors and convert cold tumors into
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Kaplan—Meier curves for progression-free survival (n=145)
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FIGURE 2
Kaplan—Meier curves for progression-free survival. The median follow-up was 12.5 months (4.5-20 months), and the median PFS was 9.7
months (1-16.1 months).
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FIGURE 3

Summarized the results of the best response according RECIST1.1 and mRECIST criteria. RECIST1.1, Response Evaluation Criteria in Solid
Tumorsl.l; mRECIST, modified Response Evaluation Criteria in Solid Tumors.
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FIGURE 4
Best percentage changes from baseline in size of the intrahepatic target lesions of patients. RECIST1.1, Response Evaluation Criteria in Solid
Tumorsl.l; mRECIST, modified Response Evaluation Criteria in Solid Tumors.
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TABLE 3A Subgroup analysis according to liver function (Child-pugh A vs Child-pugh B).

Child-pugh A (n = 116)

Best response (n, %)

CR 9 (7.8)

PR 60 (51.7)
SD 38 (32.7)
PD 9(7.8)

ORR (CR+PR) 69(59.5)
DCR (CR+PR+SD) 107 (92.2)
Conversion rate (n, %) 26 (22.4)

Child-pugh B (n = 29) p value
mRECIST

0 (0) 0.205
13 (44.8) 0.506
10 (34.5) 0.860

6 (20.7) 0.041
13 (44.8) 0.154
23 (79.3) 0.041
1(34) 0.019

mRECIST, modified Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate;

DCR, disease control rate.

TABLE 3B Subgroup analysis according to macrovascular invasion and extrahepatic metastasis (Group A vs Group B; Group A vs Group C).

Group A(n = 41) Group B(n = 60)

mRECIST

Best response (n, %)

CR 4(9.8) 4(6.7)

PR 26 (63.4) 26 (43.3)
SD 9 (21.9) 25 (41.7)
PD 2 (4.9) 5(8.3)

ORR (CR+PR) 30 (73.2) 30 (50.0)
DCR (CR+PR+SD) 39 (95.1) 55 (91.7)
Conversion rate (n, %) 11 (26.8) 9 (15.0)

p value Group A(n = 41) Group C(n = 33) p value

mRECIST
0.712 4(9.8) 1(3.0) 0373
0.047 26 (63.4) 14 (42.5) 0.072
0.039 9 (21.9) 11 (333) 0273
0.698 2(4.9) 7 (21.2) 0.033
0.020 30 (73.2) 15 (45.5) 0.015
0.698 39 (95.1) 26 (78.8) 0.033
0.143 11 (26.8) 5 (15.2) 0.280

Group A: No macrovascular invasion and extrahepatic metastasis; Group B: Macrovascular invasion (no extrahepatic metastasis); Group C: Extrahepatic metastasis.

mRECIST, modified Response Evaluation Criteria in Solid Tumors; CR, complete response;PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate;

DCR, disease control rate.

TABLE 3C Subgroup analysis according to HAIC regimen (FOLFOX vs RALOX).

FOLFOX (n = 113)

Best response (n, %)

CR 5(4.4)

PR 59(52.2)

SD 36 (31.9)
PD 13 (11.5)
ORR (CR+PR) 64 (56.6)
DCR (CR+PR+SD) 100 (88.5)
Conversion rate (n, %) 22 (19.5)

RALOX(n = 32) p value
mRECIST

4 (12.5) 0.109
14 (43.8) 0.398
12 (37.5) 0.549
2(6.2) 0.523
18 (56.3) 0.670
30 (93.8) 0.523

5 (15.6) 0.622

FOLFOX: HAIC with oxaliplatin, 5-fluorouracil, and leucovorin; RALOX: HAIC with raltitrexed plus oxaliplatin; mRECIST, modified Response Evaluation Criteria in Solid Tumors; CR,
complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate.

hot tumors (24); and 4) anti-angiogenic effects of TKIs and ICIs
will help to eliminate tumor angiogenesis and tumor recurrence.

Another strength in this study was that we performed
subgroup analysis to verify whether the efficacy of triple
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therapy would be influenced by other factors. Liver function is
the premise of all treatments, and triple therapy means higher
requirements for liver function (25). In the present study, we
found that Child-pugh A patients had higher DCR (92.2% vs
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FIGURE 5

Summary of treatment-related adverse events.

79.3%, p=0.041) than Child-pugh B patients, as well as increased
successful conversion rate (22.4% vs 3.4%, p=0.019). These
findings indicated that liver function must be taken as an
important decision-making factor of triple therapy.
Macrovascular invasion and extrahepatic metastasis are both
two aggressive hallmarks of HCC, and patients combined with
macrovascular invasion or extrahepatic metastasis generally
mean adverse prognosis (4). Systematic therapy is the

TABLE 4 Subsequent therapy.

Subsequent therapy N=79
TKI 8 (10.1)
PD-1 5(6.3)
HAIC 5(6.3)
TKI+PD-1 30 (37.9)
MWA+TACE 1(1.3)
RFA+ Radiotherapy 1(1.3)
TACE+ TKI+PD-1 9 (11.4)
HAIC+ TKI+PD-1 8 (10.1)
MWA+ TKI+PD-1 1(1.3)
TKI+PD-1+ Radiotherapy 3(3.8)
HAIC+TACE+ TKI+PD-1 4 (5.0)
TACE+ TKI+PD-1+Radiotherapy 1(1.3)
TACE+ TKI+PD-1+Radiotherapy 1(1.3)
MWA+ TKI+PD-1+ Radiotherapy 1(1.3)
HAIC+TACE+ TKI+PD-1+Radiotherapy 1(1.3)

TKIs, tyrosine kinase inhibitors; PD-1, programmed cell death protein-1; HAIC, hepatic
arterial infusion chemotherapy; MW A, microwave ablation; TACE, transcatheter arterial
chemoembolization. RFA, radiofrequency ablation.
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preferred option for patients with macorvascular invasion and/
or extrahepatic metastasis, although many novel modalities such
as surgical resection combined with local regional therapy have
been tried with encouraging results (26, 27). In the present study,
subgroup analysis showed that patients with macrovascular
invasion have significantly lower rates PR and ORR (both
p<0.05) compared with the patients with no macrovscular
invasion and extrahepatic metastasis, and similar disadvantage
was observed in patients with extrahepatic metastasis in terms of
ORR and DCR (both p<0.05). These results suggested that the
current modality might not be appropriate for this population.
Considering that tumor thrombus is much more sensitive to
radiotherapy (RT), RT-based comprehensive treatment might be
ideal option for patients with macrovascular invasion (28). As is
known to all, good local control (LC) is positively correlated with
improved prognosis, and RT or radiofrequency ablation offer
superior LC to ADT for patients with metastasis, such as oligo-
metastasis in lung, brain, and bone. As one saying goes, one size
does not fit for all. In future, more modalities combined with
local treatment and systematic therapy should be worth trying
for u-HCC.

As for the choice of the HAIC regimen, there is still no
answer. The oxaliplatin-based FOLFOX regimen is currently the
mainstream HAIC chemotherapy regimen in China (29), which
could regulate the function of immune response, thereby
improving the ability of dendritic cells to recognize tumor
cells, activating cytotoxic T lymphocytes to attack tumor cells,
and leading to tumor immune death (30). While evidences
revealed that RALOX was not inferior to FOLFOX in efficacy
but with shorter infusion period, which might improve
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TABLE 5 Published literature for HCC patients received HAIC+TKIs+PD-1 treatment.

Study (Year), Treatment Patients BCLC HAIC TKIs PD-1/PD-L1 CR ORR DCR Conversion MedianOS MedianPFS AE rate
Design stageB/C rate (months) (months) (Grade=3)
1 (2021), HAIC+TKIs+PD-1 25 0/25 FOLFOX  Apatinib Camrelizumab ~ 48%  96%  100% 56% Not reached not reached 28%
Retrospective Lenvatinib Sintilimab (median follow-up

Sorafenib 12.53)

2 (2021), HAIC+Lenvatinib+ 71 0/71 FOLFOX  Lenvatinib Toripalimab ~ 14.1% 67.6% 90.1% / Not reached 11.1 Combination therapy
Retrospective Toripalimab 86 0/86 vs vs Vs Vs vs group higher
Lenvatinib 0%  143% 72.1% 11 5.1
3 (2021), HAIC+PD1+Lenvatinib 45 5/40 FOLFOX Lenvatinib Nivolumab 0%  40.0% 77.6% / 159 8.8 22.2%

Retrospective Lenvatinib+PD-1 25 3/22 Keytruda Vs Vs Vs Vs vs vs
Toripalimab 0% 16.0% 44.0% 8.6 5.4 36.0%
Sintilimab
4 (2021), HAIC+TKIs+PD-1 27 0/27 FOLFOX Lenvatinib ~ Camrelizumab 22.2% 63.0% 92.6% / Not reached 12.9 55.6%
Retrospective Regorafenib Sintilimab (median follow-up (All grade 3)
Sorafenib Toripalimab 12.9)
Apatinib Nivolumab
5(2021), HAIC+ Pembrolizumab 84 22/62 FOLFOX Lenvatinib = Pembrolizumab 15.5% 59.5% 89.3% / 17.7 10.9 4.8%
Retrospective + Lenvatinib 86 21/65 vs vs vs vs vs vs
Lenvatinib 9.3% 41.9% 86.1% 12.6 6.8 2.3%
+Pembrolizumab
6 Ours, HAIC+PD-1+TKIs 145 41/104 FOLFOX  Sorafenib Camrelizumab  6.1% 57.2% 89.7% 18.6% not reached (median 9.7 17.7%
Retrospective RALOX  Lenvatinib Stintilimab follow-up 12.5)
Apatinib Tislelizumab

. Real-world study of hepatic artery infusion chemotherapy combined with anti-PD-1 immunotherapy and tyrosine kinase inhibitors for advanced hepatocellular carcinoma.

1, Surgical Conversion for Initially Unresectable Locally Advanced Hepatocellular Carcinoma Using a Triple Combination of Angiogenesis Inhibitors, Anti-PD-1 Antibodies, and Hepatic Arterial Infusion Chemotherapy:A Retrospective Study.
2, Lenvatinib, toripalimab, plus hepatic arterial infusion chemotherapy versus Lenvatinib alone for advanced hepatocellular carcinoma.

3, Hepatic Arterial Infusion Chemotherapy Combined With PD-1 Inhibitors Plus Lenvatinib Versus PD-1 Inhibitors Plus Lenvatinib for Advanced Hepatocellular Carcinoma.

4

5

. Pembrolizumab plus Lenvatinib with or without hepatic arterial infusion chemotherapy in selected populations of patients with treatment-naive unresectable hepatocellular carcinoma exhibiting PD-L1 staining: a multicenter retrospective study.
TKIs, tyrosine kinase inhibitors; HAIC, hepatic arterial infusion chemotherapy; PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1FOLFOX Regiment, oxaliplatin+leucovorin+5-fluorouracil; RALOX Regiment, raltitrexed +
oxaliplatin; BCLC, Barcelona Clinic Liver Cancer; CR, complete response; DCR, disease control rate; ORR, objective response rate.
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compliance of patients to treatments (31). In the present study,
we found that there was no significant difterences between the
two HAIC regimen in CR, ORR, DCR, and successful conversion
rate (all p>0.05), which was coincident with previous studies
(32). But considering feasibility and compliance, RALOX could
be taken as an alternation for selected patients, especially for
those with poor performance status.

Safety is a key concern for the triple therapy protocol. In this
study, the most common AEs were impaired liver function,
myelosuppression, fatigue, nausea and vomiting and abdominal
pain. Although the vast majority of patients experienced
treatment-related AEs, grade 3/4 treatment-related AEs was
17.7% and no deaths were reported. But this does not mean
that we can relax our vigilance. Late onset AEs deserve much
more attentions, especially to those related to ICIs. In addition,
high rates of impaired liver function damage also indicated the

10.3389/fonc.2022.1004652

need of adequate liver reserve function for triple therapy, and
patients with impaired liver function should be excluded or
taken much more carefully.

There were several limitations in this study. Firstly, this was
a retrospective, single center, and single-arm study. Although
our sample size was large, we did not provide a control group,
which is what we need to do next. Second, our treatment
regimens were not uniform as depicted in other published
studies, which may have some impact on efficacy. Third,
median OS could not be derived due to short follow-up time,
the choice of subsequent treatment regimens could also have an
impact on OS. Fourth, the number of patients in the subgroup
analysis may be insufficient, and the conclusions drawn may not
be accurate. Prospective randomized controlled trials with large
sample sizes are needed to verify the efficacy of triple therapy,
and Table 6 lists ongoing clinical trials.

TABLE 6 Ongoing clinical trials for HCC patients with HAIC+TKIs+PD-1/PD-L1 treatment.

NCT  Phases Title
Number
1 04961918 Phase 2 The Efficacy of Hepatic Arterial Infusion
Chemotherapy (HAIC) Combine Lenvatinib and
Durvalumab (HILL) in Advanced Hepatocellular
Carcinoma (HCC)
2 05029973 Phase 2 HAIC Combined With Sintilimab and Bevacizumab
Biosimilar for Advanced Unresectable HCC
3 04814043 Phase 2 PD-1 Antibody and Lenvatinib Plus TACE-HAIC
for Potential Resectable HCC: a Single-arm, Phase 2
Clinical Trial
4 05198609 Phase 3 Camrelizumab, Apatinib Plus HAIC Versus
Camrelizumab and Apatinib for HCC With Portal
Vein Invasion: a Randomized Trial
5 05166239 Phase 2 HAIC Combine With Lenvatinib and Camrelizumab
for Advanced HCC With PVTT
6 05135364 Phase 2 HAIC Combined With Camrelizumab and TKI for
Unresectable Hepatocellular Carcinoma After TACE
Failure
7 05099848 Phase 2 A Trial of Conversion Treatment of HAIC
Combined With Camrelizumab and Apatinib for
Unresected Hepatocellular Carcinoma
8 04191889 Phase 2 A Trial of Hepatic Arterial Infusion Combined With
Apatinib and Camrelizumab for C-staged
Hepatocellular Carcinoma in BCLC Classification
9 04618367 Not HAIC Combined With Lenvatinib and Sintilimab
Applicable for Hepatocellular Carcinoma With PVTT
10 05003700 Phase 2 Hepatic Arterial Infusion Combined With

Lenvatinib and Camrelizumab for Unresectable
Hepatocellular Carcinoma

Experimental: ~ Contral Disease  Primary Enrollment
Treatment Group stage end

Group point
HAIC+Lenvatinib None Advanced PES 36
+Durvalumab HCC
HAIC+Sintilimab None Advanced ORR 30
+Bevacizumab unresectable
Biosimilar HCC
Lenvatinib+PD-1 None Potential Conversion 57
inhibitor resectable rate to

HCC resection
FOLFOX-HAIC Camrelizumab HCC With oS 214
+Camrelizumab +Apatinib PVTT
+Apatinib
HAIC+Lenvatinib Lenvatinib HCC with 6 months 66
+Camrelizumab +Camrelizumab PVTT PFS rate
HAIC+TKI None Unresectable  PFS 48
+Camrelizumab HCC
HAIC+Apatinib None Unresected RO 20
+Camrelizumab HCC resection
rate

HAIC++Apatinib None BCLC C- ORR 84
+Camrelizumab stage HCC
HAIC+Lenvatinib None HCC With PFS rate at 30
+Sintilimab PVTT 6 months
HAIC+Lenvatinib None Unresectable ORR 48
+Camrelizumab HCC

HCC, Hepatocellular Carcinoma; HAIC, hepatic arterial infusion chemotherapy; TKIs, tyrosine kinase inhibitors; PD-1, programmed cell death protein-1; TACE, transarterial
chemoembolization; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; FOLFOX HAIC, Oxaliplatin+Leucovorin+5-fluorouracil; ORR, objective response rate;

0S8, overall survival; PFS, progression free survival.
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Conclusion

In this real-world series, triple combination of HAIC plus
PD-1 inhibitors and TKIs was feasible and efficient in the
treatment for patients with initially unresectable HCC.
However, more attentions should be paid to screening of
potential beneficiary, optimal regimen of triple therapy, timing
of treatment response evaluating, standard of successful
conversion, subsequent therapy, and late onset AEs. In future,
cross-regional centers RCTs with a larger sample size will be
helpful in clarifying the role of the triple modality for
unresectable HCC.
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Lenvatinib plus transarterial chemoembolization (TACE)have become the
first choice for patients with hepatocellular carcinoma (HCC) that are
unsuitable for TACE. Sorafenib plus TACE therapy for patients with portal
vein tumor thrombus (PVTT) achieved positive results. However, Lenvatinib
plus TACE appeared to achieve a more advantageous result for these
patients based on the phase 3 REFLECT trial. Both TACE and lenvatinib
therapy have immune-stimulating effects, so would lenvatinib plus TACE
and immune checkpoint inhibitors be an advantageous therapy for
unresectable HCC (UuHCC)? Thirteen articles from PubMed were explored
to determine the efficacy and safety of lenvatinib plus TACE with or without
PD-1inhibitors therapy. Most of the adverse events (AEs) were manageable.
Lenvatinib plus TACE therapy was superior to lenvatinib monotherapy with
intermediate stage HCC especially beyond up-to-seven criterion and was
superior to TACE monotherapy in patients with uHCC or sorafenib plus
TACE therapy in patients with PVTT. Objective response rates (ORRs) of
53.1%—-75%, median progression free survival (PFS) of 6.15-11.6 months, and
median overall survival (OS) of 14.5-18.97 months were achieved in the
lenvatinib plus TACE group. Levatinib plus TACE and PD-1 inhibitors
achieved ORRs of 46.7% —80.6%, median PFS of 7.3-13.3 months, and
median OS of 16.9-24 months. Control studies also confirmed the triple
therapy was superior to lenvatinib plus TACE in patients with uHCC. Overall,
the triple therapy is a promising treatment for patients with uHCC, including
main PVTT and extrahepatic metastasis. Lenvatinib plus TACE therapy was
also preferable for intermediate stage HCC beyond up-to-seven criterion
and for patients with PVTT.
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Introduction

Hepatocellular carcinoma (HCC) is malignant, and the
median overall survival (OS) of HCC with Barcelona clinic
liver cancer (BCLC) 0/A, B, C, and D was longer than 5 years,
2.5 years, 2 years and 3 months, respectively (1). Additionally,
the poorer the liver function, the higher the incidence of
treatment-related poisoning events (2-5). Transarterial
chemoembolization (TACE) was the first choice for patients at
the intermediate stage (BCLC stage B). However, repeated TACE
treatment could decrease the liver function and cause failure to
accept follow-up systematic treatment. The increased times of
TACE treatment resulted in the decline in the response rate of
tumor tissue to treatment (6-9). The phenomenon was known as
TACE refractoriness/TACE failure, which was defined by the
Japan Society of Hepatology in 2010 (7). What occurs if systemic
therapy is applied before TACE treatment? The results of a
prospective study of lenvatinib as initial treatment in HCC at
BCLC substage B2 showed the median OS and progression free
survival (PFS) were 17.0 and 10.4 months, and objective
response rate(ORR)was 70.0%, respectively (10). The albumin-
bilirubin (ALBI)score was sustained in the lenvatinib group,
whereas it declined in the TACE group after the treatment (8).
Kudo et al. also published an article explaining that HCC at
BCLC stage B, especially HCC with multiple heterogeneous
nodules, need lenvatinib pretreatment before TACE to achieve
a high tumor response rate, preserve liver function, and prolong
PFS and OS (11-13). The first choice of the treatment of
intermediate HCC with a high tumor burden, especially
beyond the up-to-seven criterion, is no longer TACE (11, 14-
17). The intermediate stage of HCC sank and became multifocal,
with preserved liver function, and had considerable
heterogeneity: from the Child-Pugh score 5 to Child-Pugh
score 9, tumor size from =5 cm to >10 cm, and the number of
nodules from 4 to >10 (1, 11, 18-20). According to the 2022
BCLC version stratifications, TACE is suitable for HCC with
well-defined nodules, preserved portal flow, and selective access.
Systemic therapy is suitable for the BCLC stage B HCC that are
diffuse and infiltrative, with extensive liver involvement, but
there was no clear dividing line between the two (1, 21). HCC in
an advanced-stage (BCLC stage C) with vascular invasion or
extrahepatic spread, ECOG PS < 2, and preserved liver function
should be evaluated for systemic therapy (1). The combination
of atezolizumab with bevacizumab is the first-line treatment,
exhibiting a breakthrough ORR of 33.2% and median PFS of 6.8
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months and proving the superiority compared to sorafenib in
survival benefit (22-24). According to Maesaka et al.,, although
the median PFS was significantly longer in the atezolizumab plus
bevacizumab group (8.8 months vs. 5.2 months), there were no
significant differences in terms of median OS (not reached vs.
20.6 months) or ORR (43.8% vs. 52.4%) (25). If lenvatinib plus
TACE therapy can improve PES, and achieve results matching
the atezolizumab plus bevacizumab therapy requires
further study.

The TACTICS trial confirmed the advantage of sorafenib
plus TACE compared to TACE alone for patients with
unresectable hepatocellular carcinoma (uHCC) (18 at BCLC
stage C), with a better PFS (25.2 vs 13.5months) and a higher
ORR (71.3% vs 61.8%) (26). According to the phase 3 REFLECT
trial, the OS of lenvatinib and sorafenib was 13.6 and 12.3
months, and patients in the lenvatinib group exhibited a longer
median time to progression (TTP) compared with sorafenib (8.9
vs. 3.7 months), a higher ORR (21.4% vs. 9.2%), and a longer PFS
(7.2 vs. 4.6 months) (8, 13). However, there was no comparison
between lenvatinib plus TACE therapy and sorafenib plus TACE
therapy. Patients with liver occupation greater than 50%, bile
duct invasion, a Child-Pugh class B, or main portal vein tumor
thrombus (PVTT) were excluded from the phase 3 REFLECT
trial (13). We need to verify the efficacy of these two tyrosine
kinase inhibitors (TKIs) plus TACE treatments at various
tumor stages.

The occurrence and progression of HCC are based on the
inflammatory environment of the liver. Many immune related
factors or cells provide a immunosuppression tumor
microenvironment (TME) for tumor cells (5, 27). Immune
checkpoint inhibitors (ICIs) is a research hotspots, including
the inhibition of immune checkpoint programmed death factor
1 (PD-1), programmed death factor ligand 1 (PD-L1), and
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) (5).
PD-1, a transmembrane receptor, is expressed by activated T
cells, B cells, natural killer cells, and antigen-presenting cells.
PD-L1 is expressed by cancer cells, which would combine with
PD-1 and escape from immunosurveillance (5, 27-29). The
inhibition of these two targets destroy the immunosuppression
TME of tumors. However, approximately two-thirds of HCC did
not respond to immunotherapy alone, which illustrated the
complex interaction of multiple immunosuppressive
mechanisms in the TME. More optimized treatment strategies
need to be formulated, and combination therapy is the first
choice (30). The combination therapy of lenvatinib plus
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pembrolizumab produced an ORR of 46% and a median OS of
22.0 months, according to a Phase Ib Study. The FDA approved
lenvatinib plus pembrolizumab as a first-line treatment for
uHCC that is not amenable to locoregional therapy (31-33).
This indicated that lenvatinib had synergistic effects with PD-1
inhibitors. Whether lenvatinib plus TACE combined with PD-1
inhibitors, such as pembrolizumab, is better than lenvatinib plus
TACE therapy and what synergistic effects exist among TACE,
lenvatinib, and PD-1 inhibitors are also the key points to be
discussed in this review.

Based on the above, this review embodied 13 studies by the
end of April 2022 through PubMed to explore the advantages of
lenvatinib plus TACE therapy and lenvatinib plus TACE and
PD-1 inhibitors in patients with uHCC.

Therapeutic responses of lenvatinib
plus TACE therapy versus lenvatinib
or TACE monotherapy

First, we determine whether lenvatinib plus TACE therapy has
advantages over TACE or lenvatinib monotherapy. This chapter
covers 3 articles comparing lenvatinib plus TACE therapy with
TACE monotherapy for patients with uHCC, lenvatinib
monotherapy for intermediate HCC mostly beyond up-to-seven
criterion, and one demonstrated the therapeutic effect of lenvatinib
plus TACE on uHCC with PVTT, in a total of 218 people (2, 17, 34, 35).

Objective response rate

Four studies reported response assessments based on the
modified Response Evaluation Criteria in Solid Tumors
(mRECIST), classified as complete response (CR), partial
response (PR), stable disease (SD), and progression of disease
(PD). The ORR (CR + PR) was reported in three studies, and the
outcomes are shown in Table 1. ORR of the lenvatinib plus
TACE group vs. the lenvatinib-alone group was 63.2% vs. 63.2%,
p = 1.0, respectively. However, CR was 15.8% in the lenvatinib
plus TACE group and was 10.5% in the lenvatinib-alone group
(17). ORR of the lenvatinib plus TACE group vs. TACE-alone
group was 68.3% vs. 31.7%, p<0.001 (34). Chen et al. reported
that the ORR of the lenvatinib plus TACE group was 75%,
significantly better than the phase 3 REFLECT trial, even when
including 25% HCC with main PVTT (35).

Progression free survival and
overall survival

Ando et al. reported that the median PFS of the lenvatinib
plus TACE group vs. lenvatinib-alone group was 11.6 vs. 10.1
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months, p = 0.019, respectively. Child-Pugh score 5 and
lenvatinib followed by TACE were the predictive factors of
PES in a multivariate analysis (17). A prospective study also
showed that the Child-Pugh score was a momentous factor for
the prognosis (10). The 1-year and 2-year PFS rates were 78.4%
and 45.5% vs. 64.7% and 38.0%, p<0.001, in the TACE plus
lenvatinib group vs. TACE alone, respectively (34). Chen et al.
reported that the median PES of lenvatinib plus TACE group
was 6.15 months (35). Shimose et al. and Ando et al. reported
that the median OS of the lenvatinib plus TACE group vs.
lenvatinib-alone group were not reached vs. 16.3 months, P =
0.01 and not reached vs. 16.9 months, p = 0.007, respectively (2,
17). The independent predictive factors of OS were transarterial
therapy and ALBI grade 1 according to Shimose et al. (2). Child-
Pugh score 5, serum AFP level <400 ng/mL, and lenvatinib
followed by TACE were the independent predictive factors of a
longer OS in multivariate analysis according to Ando et al. (17).
According to Yao et al., a high level of AFP was correlated with
poor prognosis in HCC. This was possibly because it was
positively correlated with the weakening of the immune
stimulation effect of dendritic cells (DCs) on T cells (36). The
1-year and 2-year OS rates were 88.4% and 79.8% vs. 79.2% and
49.2%, p=0.047, in the TACE plus lenvatinib group vs. TACE
monotherapy, respectively (34). A treatment option was
identified as an independent prognostic factor for OS in the
multivariate analysis and the benefits of the total population
were consistent with BCLC stage B and C in the lenvatinib plus
TACE group (34). The relative dose intensity (RDI) was relevant
to the therapeutic response of lenvatinib, including the PFS and
OS (8).Chen et al. reported the median OS of the lenvatinib plus
TACE group was 16.9 months (35). This is slightly lower than
the results published by Shimose et al. and Ando et al. However,
the patients included in Shimose et al. and Ando et al. had HCC
at BCLC stage B, whereas Chen et al. included patients with
HCC and PVTT (2, 17, 35).Table 1 shows the details.

Change of liver function and
adverse events

ALBI grade was an important factor associated with survival
in patients with HCC (37, 38). According to Shimose et al., age
and ALBI were the first and second splitting variables for arterial
therapy (AT), respectively (2). The median ALBI score in the
TACE plus lenvatinib group before TACE, and 1 and 2 months
after TACE, and at the end of treatment was —2.52, —2.48, —2.51,
and —2.44, respectively, and there was no significant difference
(17). According to Fu et al., there was no dramatical change in
the Child-Pugh score between the baseline and the first follow-
up after treatment in the TACE plus lenvatinib group and TACE
group (34). Common adverse events (AEs) included
hypertension, hemorrhage of the digestive tract, liver
dysfunction, ascites, proteinuria, fatigue, anorexia, hand-foot
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TABLE 1 Lenvatinib plus TACE therapy compared with lenvatinib or TACE monotherapy.

10.3389/fonc.2022.980214

Author/  Year Country Treatment Follow- Median OS/OS rate Median PFS/PFSrate TTP ORR Main characteristics

Reference (number of  up of patients

numbers patients) time

Shigeo 2021 Japan Lenvatinib+AT NA not reached vs. 16.3 NA NA NA BCLC stage B (100%);

Shimose (24) or months Beyond up-to-seven

2) lenvatinib (24) criteria (87.5% vs.
91.6%);
ALBI grade 2 (54.17% vs.
66.67%)

Yuwa Ando 2021  Japan Lenvatinib 14.8 vs. not reached vs. 16.9 11.6 vs. 10.1 months NA  632% BCLC stage B (100%);

(17) +TACE (19) vs 143 months vs. Beyond up-to-seven

lenvatinib (19)  months 63.2% criteria (68.4% vs.

63.16%);
ALBI grade 2 (31.58% vs.
31.58%)

Zhigang Fu 2021  China Lenvatinib 11.6 vs. The 1-year and 2-year OS ~ The I-year and 2-year PES NA  68.3%  Child-Pugh grade B

(34) +TACE (60)/ 17.5 rates were 88.4% and 79.8% rates were 78.4% and 45.5% vs. (6.7% vs. 5.0%);

TACE (60) months vs. 79.2% and 49.2% vs. 64.7% and 38.0% 31.7% PVTT (35.0% vs. 45.0%);

Extrahepatic spread
(15.0% vs. 15.0%);
AFP2>400(45.0% vs.
45%);
BCLC stage A (3.3% vs.
5.0%)/B (55.0%vs43.3%)/
C (41.7% vs. 51.7%);
ALBI grade 2-3 (68.33%
vs. 73.33%)

Ruiging 2022  China Lenvatinib 15.2 16.9 months 6.15 months NA  75% PVTT type II (75.0%),

Chen +TACE (12) months III (25.0%);

(35) Extrahepatic spread

(58.3%);
BCLC stage C(100%)

0S8, overall survive; PFS, progression-free survival; TTP, time to progression; ORR, objective response rate; AT, trans-arterial therapy; NA, not available; BCLC, Barcelona clinic liver cancer;
ALBI, albumin-bilirubin; TACE, transarterial chemoembolization; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein.

skin reaction (HFSR), hypothyroidism, diarrhea, and
hoarseness. There was no obvious difference in AEs between
the groups. Hypertension, gingiva bleeding, diarrhea, fatigue,
dysphonia, HFSR, and anorexia were likely caused by lenvatinib
(2, 17, 34, 35). TACE is mostly related to elevated liver enzymes
and post-embolism syndrome. However, there were no
significant differences between groups in any parameter and
they were manageable (2, 17, 34, 35).

In summary, there was no difference in the ORR between the
lenvatinib plus TACE and lenvatinib monotherapy, according to
Ando et al. (17). One possible reasons was that all HCC lesions
of the included patients could be controlled by lenvatinib. A
multicenter retrospective study showed that only the type of TKI
was associated with tumor response (36). However, the OS of
combined therapy was significantly longer for intermediate-
stage HCC (17). The alternative lenvatinib plus TACE therapy
improved the overall prognosis of patients compared with
lenvatinib monotherapy, possibly because liver function could
be preserved. The same result for the median OS was confirmed
by Shimose et al. (2). According to Chen et al., the lenvatinib
plus TACE group had significantly better ORR and OS than the
lenvatinib monotherapy group in the REFLECT study, in spite
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that all included patients had HCC with PVTT; however, a larger
sample size is needed for additional validation (35).
Furthermore, we confirmed the superiority of lenvatinib plus
TACE over TACE monotherapy in regard to ORR, PES, and OS
for uHCC (34). In addition, lenvatinib plus TACE is tolerable.
The lenvatinib plus TACE group also confirmed its superiority
in the following aspects. Shimose et al. reported that TACE is
helpful in prolonging the administration time of lenvatinib. The
administration time of lenvatinib in the AT group and non AT
group was 13.7 months and 8.6 months, respectively (2).
According to Kawamura et al., patients who achieved the
lenvatinib-TACE sequential therapy after progression during
lenvatinib therapy exhibited better post-progression survival
(PPS), regardless of the CT enhancement pattern, whereas the
heterogeneous enhancement pattern with irregularly shaped
ring structures was correlated with a poorer PPS (39).
Receiving TACE immediately after lenvatinib treatment could
be an intense physical burden for patients (2). The median
interval between TACE treatments was 74.7 d and 60.0%
patients received TACE more than twice in the TACE group.
However, the median interval between TACE treatments was
103.3 d and only 40.0% patients received TACE more than twice
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in the TACE plus lenvatinib group. Thus, the TACE plus
lenvatinib therapy could decrease the number of TACE
sessions and extend the interval time, which could be
conducive to maintaining liver function, according to Fu et al.
(34). Additionally, lenvatinib-TACE sequential therapy achieved
tumor control even if the dose of lenvatinib was reduced or the
drug was suspended, and the subsequent TACE treatment
achieved tumor shrinkage (17). After the lenvatinib-TACE
sequence therapy, a 78-year-old and an 80- year-old patient
with HCC at BCLC stage C received hepatectomy, which showed
coagulative necrosis of the entire HCC in one case and a small
amount of surviving HCC cells in the other case (40).

However, according to Matsuda et al., the diameter of the
hepatic artery after TKI treatment, such as lenvatinib or
sorafenib, decreased significantly, which may be caused by the
normalization of tumor blood vessels, which limited TACE
treatment after TKI treatment, even if the TACE treatment did
not cause any complications (41). This could be a technical
limitation and according to Xue et al., the decrease of hepatic
vessel diameter will strengthen the effect of embolization and
improve the survival benefit (42).

Eight clinical trails have been registered in Clinical Trials. gov
website to study the effect of TACE plus lenvatinib on uHCC,
including preoperative treatment, prevention of postoperative
recurrence. The registration time of the experiments is from
January 2019 to May 2022, and the expected completion time is

10.3389/fonc.2022.980214

from August 2022 to March 2027.Two of them are from United
States, six of them are from China, and two of them are
multicenter studies. Whether lenvatinib and TACE are applied
simultaneously or sequentially is also an urgent problem to
be solved.

Therapeutic responses of lenvatinib
plus TACE therapy versus sorafenib
plus TACE therapy

Whether lenvatinib plus TACE has advantages over
sorafenib plus TACE is the subject of this section. Three
studies with a total of 292 people were included (42-44). Two
of them were prospective studies that explored the effect of
TACE plus lenvatinib or sorafenib for patients with uHCC with
PVTT (43, 44) and one propensity score matching retrospective
study that addressed TACE with drug-eluting beads plus
lenvatinib vs. sorafenib for advanced HCC (42). The outcomes
are shown in Table 2.

Objective response rate

The response assessments were reported based on
mRECIST. The ORR (CR + PR) of the sorafenib plus TACE

TABLE 2 Lenvatinib plus TACE therapy compared with sorafenib plus TACE therapy.

Author/  Year Country Treatment Follow- Median
Reference (number of up time  OS/OS
numbers patients) rate
Xiaoyan Ding 2021 China Lenvatinib+TACE (32)/ 16.1 14.5 vs. 10.8
(43) sorafinib+TACE (32) months months
Biao Yang 2021 China Lenvatinib + TACE NA 18.97 vs.
(44) (38)/sorafenib + TACE 10.77

(38) months
Miao Xue 2021 China Lenvatinib+TACE (50)/ NA 14.9 vs. 12.3
(42) sorafenib+TACE(100) months

Median TTP ORR
PFS/PES
rate

Main characteristics of
patients

NA 4.7 vs. 53.1%  Tumor size (cm) >7.0(78.1% vs.

3.1 vs. 71.2%);

months  25.0%  Child-Pugh grade B (6.7% vs. 5.0%);
PVTT U/II (65.6%vs78.1%), III/IV
(34.4% vs. 21.9%);
Extrahepatic spread (40.6% vs. 28.1%);
AFP>400(50% vs. 56.2%);
BCLC stage C (100%)
ALBI grade 2-3 (62.5% vs. 65.6%)

10.6 and 5.4 NA 66.8%  Tumor size (cm) >7 (63.2% vs. 68.4%);
months vs. Child-Pugh grade B (2.6% vs. 2.6%);
33.3% PVTT type I (52.6% vs. 52.6%), 11
(28.9% vs. 34.2%), III/IV (18.4% vs.
13.2%);
Extrahepatic spread (15.8% vs. 15.8%);
AFP>400(63.2% vs. 60.5%);
BCLC stage C (100%);
ECOG PS 2 (28.9% vs. 23.7%)

Tumor size (cm) >5 (74.0% vs. 81.0%);
Child-Pugh grade B (18% vs. 16%);
PVTT (72.0% vs. 81.0%);

Extrahepatic spread (54.0% vs. 45.0%);
BCLC stage C (100%)

NA 8.4 vs. 64.0%
6.0 vs.
months  33.3%

OS, overall survive; PES, progression-free survival; TTP, time to progression; ORR, objective response rate; NA, not available; BCLC, Barcelona clinic liver cancer; ALBI, albumin-bilirubin;
TACE, transarterial chemoembolization; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; ECOG PS, Eastern Cooperative Oncology Group performance status.
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group vs. lenvatinib plus TACE group was reported in three
articles by Ding et al, Yang et al, and Xue et al, as 25% vs.
53.1%,P =0.039; 33.3% vs. 66.8%, p = 0.037; and 33.3% vs. 64%,
P=0.008, respectively (42-44). These results verified that the
ORR with the TACE plus lenvatinib treatment was superior to
that of the TACE plus sorafenib treatment.

Progression free survival or time to
progression and overall survival

The PFS of the lenvatinib plus TACE and sorafenib plus
TACE therapy was reported by Yang et al. as 10.6 vs. 5.4 months,
p = 0.002 (44). The TTP of lenvatinib plus TACE therapy and
sorafenib plus TACE therapy was reported by Ding et al. and
Xue et al. as 4.7 vs. 3.1 months, P = .029 and 8.4 vs. 6.0 months,
P=0.023, respectively (42, 43). The OS of lenvatinib plus TACE
therapy and sorafenib plus TACE therapy was reported by Ding
etal., Yang et al., and Xue et al. as 14.5 vs. 10.8 months, P = 0.17;
18.97 vs. 10.77 months, p = 0.022; and 14.9 vs. 12.3, P=0.043,
respectively (42-44).The studies by Yang et al. and Xue et al.
reported significant differences in the OS and PFS between the
two groups, as noted above, after propensity score matching
(PSM) (42, 44). Although Ding et al. reported no significant
difference in OS between the two groups, the median OS for
patients with advanced HCC including main PVTT receiving
lenvatinib plus TACE was 14.5 months, which was longer than
13.6 months in the REFLECT trial (43). According to Ding et al.,
reasons why OS was not significantly different between the two
groups could have been that a high proportion of patients with
HCC (40.6%) in the sorafenib plus TACE group were switched
to lenvatinib, and there were no PSM and few samples (43).

Univariable and multivariable analyses showed that the
TACE frequency < 3, ECOG < 2, and treatment method were
significantly important factors for longer OS according to Yang
et al. (44). Ding et al. also reported that TACE plus lenvatinib
significantly improved the TTP and OS. It was reported that a
maximum liver tumor >7 cm was a critically negative prognostic
factor and patients with HCC who achieved an objective
response had significantly improved TTP and OS as well.
However, according to this study, no significant lengthening or
shortening of OS or TTP by AFP level, ECOG PS, type of PVTT,
or extrahepatic metastasis differed from that in previous studies
(43). We require larger sample sizes and more sophisticated
experimental designs to explore this problem. Subgroup analysis
showed that OS and PFS were significantly prolonged in the
TACE plus lenvatinib group in patients with HCC with PVTT,
especially PVTT type I/II, according to Ding et al., Yang et al.,
and Xue et al. (42-44). A retrospective study found that
lenvatinib monotherapy increased both median OS (not
reached vs. 187 d, p=0.0040) and ORR (53.8% vs. 14.3%,
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p=0.0193) compared with sorafenib in patients with HCC and
PVTT type II/III (45). This further demonstrated the superiority
of lenvatinib plus TACE in the treatment of various types of
PVTT. TACE frequency < 3, ECOG < 2, larger and multiple
tumors, cases with extrahepatic metastasis, and a higher AFP
level appeared to benefit more from TACE plus lenvatinib (43,
44). Furthermore, in patients with FGF21 amplification, median
OS was longer in the lenvatinib plus TACE group (10.4 months)
than the sorafenib plus TACE group (5.7 months) according to
Xue et al. (42). This result was in accordance with Finn et al.
wherein a higher baseline FGF21 was related to longer OS with
lenvatinib than sorafenib (46).

Change in liver function and
adverse events

There are no treatment-related deaths reported in these
three articles, and AEs could also be controlled through drug
reduction, drug withdrawal, and symptomatic treatment. Higher
incidences of proteinuria, ascites, hoarseness, elevated bilirubin,
decreased albumin, and hypothyroidism were observed in the
lenvatinib plus TACE group compared with the sorafenib plus
TACE group (42, 43). Higher incidences of HFSR and rash were
observed in the sorafenib plus TACE group (42-44).The
structural characteristics and different drug targets of sorafenib
and lenvatinib played an important role (42). However,
lenvatinib caused more AEs and a lower transition rate to
second-line TKIs compared to sorafenib (2). A significantly
higher incidence of ascites, decreased albumin, and elevated
bilirubin suggested that lenvatinib has greater hepatic toxicity
(43). According to Ding et al., lenvatinib plus TACE was
tolerated in patients with HCC with the Child-Pugh classes A
or B <7 (43).

The above results confirm the superiority of lenvatinib plus
TACE over sorafenib plus TACE in terms of PFS, OS, and ORR.
Lenvatinib led to greater AEs and hepatotoxicity. However, the
lenvatinib plus TACE treatment is generally tolerable.
Additionally, digital subtraction angiography (DSA) imaging
authenticated that lenvatinib has a greater effect on
vasoconstriction compared to sorafenib, which indicated that
subsequent TACE treatment has a better embolic effect
(42).According to a multicenter cohort study by Shimose et al.,
the median PES time was 5.8, 3.2, and 2.4 months in the
lenvatinib, sorafenib, and TACE groups in patients with
intermediate-stage HCC refractory to TACE, respectively
(47).Ding et al. also identified the use of the camrelizumab (a
kind of ICI) after disease progression as a positive predictive
factor for survival (43). This leads to the next topic to be
discussed, the suitability and efficacy of lenvatinib plus TACE
combined with immunotherapy.
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Therapeutic responses of lenvatinib
plus TACE with PD-1 inhibitors

In the previous section, we explained the advantages of
lenvatinib plus TACE over TACE alone in patients with
uHCC, lenvatinib monotherapy in patients with intermediate-
stage HCC, and sorafenib plus TACE in patients with advanced-
stage HCC, especially with PVTT. However, these advantages
were inconspicuous and the most research was imperfect.
Whether lenvatinib plus TACE and PD-1 inhibitors can play a
greater role is discussed in this section. Our review embodied 6
studies on lenvatinib plus TACE and PD-1 inhibitors in a total of
465 people with uHCC, of which only 2 studies were randomized
and controlled, and the other four were single arm studies,
indicating the effectiveness and safety of the triple therapy (31-
33, 48-50). All of the articles here were from China, and the PD-
1 inhibitors are developed in China: toripalimab,camrelizumab,
pembrolizumab,sintilimab,tislelizumab (31-33, 48-50). The
outcomes are shown in Table 3. Immunotherapy had a longer
onset period than TACE, but lasted longer (51).

Objective response rate

The reported tumor responses were assessed by mRECIST.
The ORR (CR + PR) of the lenvatinib plus TACE and PD-1
inhibitors group vs. the lenvatinib plus TACE group was
reported by Chen et al. and Cai et al,, being 47.1% vs. 27.8%,
p=0.017; 56.1% vs. 32.5%, P=0.033, respectively (32, 48). The
ORR in the remaining three articles was 54.9%, 46.7%, as well as
80.6% assessed by an investigator and 77.4% assessed by a
blinded independent central reviewer (BICR) (31, 33, 50).

Progression free survival and
overall survival

The PES of the lenvatinib plus TACE and PD-1 inhibitors
group vs. the lenvatinib plus TACE group was reported as 9.2 vs.
5.5 months, p=0.006 and 7.3 vs. 4.0 months, P=0.002,
respectively (32, 48). The PFS of the remaining three articles
was 8.5, 11.4, and 13.3 months (33, 49, 50).The median OS of the
lenvatinib plus TACE and PD-1 group vs. the lenvatinib plus
TACE group was reported as 18.1 vs. 14.1 months, p=0.004; 16.9
vs. 12.1 months, P=0.009, respectively (32, 48). The median OS
of the remaining two studies was 24 months and 23.6 months
reported by Liu et al., Cao et al. (49, 50).

Change of liver function and
adverse events

According to Teng et al., 3.8% patients with HCC experienced
upper gastrointestinal bleeding and died; however, it is unknow if
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this was related to treatment (33). Furthermore, this occurred in 7%
patients in the IMbrave 150 trial (24). Cao et al. reported that a total
of 3.8% of patients with HCC experienced grade 5 AEs, including
one developed abnormal liver function, upper gastrointestinal
bleeding and death on day 134 (50).Significant differences
occurred in terms of hypertension, nausea, and rash in the
lenvatinib plus TACE and pembrolizumab group vs. in the
lenvatinib plus TACE group according to Chen et al. (48). Liu
et al. reported that 1 week after the triple therapy, the levels of
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) were elevated, However, there was no significant change in
total bilirubin. All of these levels returned to baseline 1 month after
the triple therapy (49).

In summary, despite having a higher tumor burden, higher
level of AFP, larger proportion of patients with Child-Puge grade B,
ECOG PS 2, PVTT, and extrahepatic metastasis, the studies
confirmed superior PFS, OS, or ORR compared with Phase Ib
Study and the IMbravel50 trial (31, 49, 50). According to Cai et al.
and Chen et al,, lenvatinib plus TACE and PD-1 inhibitors therapy
had advantages in ORR, PFS, and OS compared with lenvatinib
plus TACE therapy. However, the PFS and OS in the triple therapy
group in these two studies were relatively short. A considerable
proportion of patients with HCC and extrahepatic metastasis
(41.5% and 68.6%), AFP levels >400ng/ml (51.2% and 64.3%)
could have been the reasons (32, 48). Furthermore, a significant
proportion of patients have main PVTT (36.6%), the heavy tumor
burden (largest tumor size of 12.3 + 4.8 cm) could also lead to the
limited survival benefit of the triple therapy, according to Cai et al.
(32). Despite improvements in ORR compared with the Phase Ib
Study and the IMbrave150 trial, according to Teng et al., the median
PES and OS was shorter than that of lenvatinib plus pembrolizumab
(33, 49, 50, 52). The reasons could include the high proportion of
patients with HCC with TACE failure, previous TKI treatment
failure (45.3%), and inadequate follow-up. The median PFS was
11.2 months for patients with HCC after first-line treatment with
PD-1 inhibitors, which was longer than that of second-line therapy
(6.2 months) and that of PES reported by Phase Ib Study which
suggested that the triple therapy should be used in patients with
HCC as early as possible (33, 49, 50). Lenvatinib after failure of PD-
1 inhibitors was longer than that of lenvatinib as the first-line
therapy. The effect of PD-1 inhibitors binding to CD8+T cells being
sustained for more than several months might be one of the reasons
(53). However, different results were reported by Yao et al., in which
changes in signaling pathway, epigenetics, and the upregulation of
other checkpoints (such as T-cell immunoglobulin and mucin
domain 3 (TIM3) and cytotoxic T-lymphocyte-associated protein
4 (CTLA-4)), the history of PD-1 inhibitors resulted in a poorer PFS
(36). This is another problem that needs to be addressed in the
future. Additionally, a study for patients with uHCC with 69.6% in
BCLC stage C, macroscopic vascular invasion (33.9%) and
extrahepatic metastasis (51.8%) achieved an ORR of 67.9%, a
median PFS of 11.9 months, and a median OS of 23.9 months in
the triple therapy group (54). Xiang et al. reported that the triple
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TABLE 3 Lenvatinib plus TACE combined with PD-1 inhibitors.

Author/  Year Country Treatment (number of

Reference patients)

numbers

Mingyue Cai 2022  China Lenvatinib+TACE+PD-1 inhibitors

(32) (sintilimab/tislelizumab/camrelizumab)
(41) vs lenvatinib+TACE (40)

Song Chen 2021  China Lenvatinib+TACE+ PD-1 inhibitors

(48) (pembrolizumab) (n=70) vs. lenvatinib
+TACE (n=72)

Ying Teng 2021 China Lenvatinib+TACE+PD-1 inhibitors

(33) (sintilimab/camrelizumab)(53)

Juanfang Liu 2021 China Lenvatinib+ TACE+PD-1 inhibitors

(49) (camrelizumab) (22)

Fei Cao 2021 China Lenvatinib+ TACE+PD-1 inhibitors

(50) (sintilimab) (52)

JiaYi Wu 2021 China Lenvatinib+ TACE+PD-1 inhibitors

(31)

(sintilimab/tislelizumab/camrelizumab/
toripalimab/pembrolizumab)(62)
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Follow-

up
time

13.7
months

27
months

154

months

NA

12.5
months

12.2
months

65

Median
0S/0S
rate

16.9 vs.

12.1months.

18.1 vs.
14.1
months

not reached

24 months

23.6
months

not reached

Median TTP

PFS/
PES rate

73vs. 40 NA
months

92vs.55 NA
months
8.5 NA
months
114 NA
months
13.3 NA
months
not NA
reached

10.3389/fonc.2022.980214

ORR

56.1% vs.32.5%

47.1% vs. 27.8%

54.9%

NA

46.7%

Investigator and
BICR-assessed ORR
were 80.6% and
77.4%

Main
characteristics
of patients

Tumor size (cm)
12.3 + 4.8/13.6 +
5.1;

Child-Pugh grade
B (9.8% vs. 17.5%);
PVTT type III
(36.6% vs. 45.0%);
Extrahepatic spread
(41.5% vs. 47.5%);
AFP=400(51.2% vs.
55.0%);

BCLC stage C
(100%)

Brain metastasis
(68.6% vs.72.2%);
AFP>400(64.3% vs.
61.1%);

BCLC stage B
(67.1% vs.62.5%),
C (32.9% vs.
37.5%)

ALBI grade 2
(65.7% vs. 70.8%)
Child-Pugh grade
B (35.8%);
Vascular invasion
(47.2%);
Extrahepatic spread
(79.2%);
AFP>400(34.0%);
BCLC stage B
(43.4%), C (56.6%)

Tumor burden
>50% (36.4%);
Child-Pugh grade
B (27.3%);

PVTT (50.0%);
AFP>400(68.2%);
BCLC stage B
(54.5%)/C (45.5%);
ECOG PS 2
(36.4%)
Child-Pugh grade
B (11.5%);
Macroscopic
vascular invasion
(36.5%);
Extrahepatic spread
(40.4%);

AFP2400 (34.6%);
BCLC stage B
(25.0%)/C (75.0%);
ALBI grade 2-3
(80.8%)

Tumor size (cm)
>10 (50%);
Child-Pugh grade
B (6.7% vs. 5.0%);
PVTT type I

(Continued)
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TABLE 3 Continued

Author/  Year Country Treatment (number of Follow-
Reference patients) up
numbers time

10.3389/fonc.2022.980214

Median Median TTP ORR Main
0S/0S PFS/ characteristics
rate  PFSrate of patients

(6.5%), II (19.4%),
I/IV(17.7%);
Extrahepatic spread
(9.7%);
AFP>400(51.6%);
BCLC stage A
(9.7%)/B (33.9%)/C
(56.5%)

OS, overall survive; PFS, progression-free survival; TTP, time to progression; ORR, objective response rate; PD-1, programmed death factor 1; NA, not available; BCLC, Barcelona clinic liver
cancer; ALBI, albumin-bilirubin; TACE, transarterial chemoembolization; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; ECOG PS, Eastern Cooperative Oncology Group

performance status; BICR, blinded independent central review.

therapy for patients with intermediate-stage HCC had an ORR of
64.3%, median OS of 26.0 months, and median PFS of 22.5 months
(55). In addition, a global randomized Phase 3 LEAP-012 Study
conducted in the United States is ongoing to compare TACE with
or without lenvatinib plus pembrolizumab for intermediate-stage
HCC that are not amenable to curative treatment. The research
plans to include 950 patients from different countries and was
expected to be completed in 2029.Ten clinical trails have also been
registered in Clinical Trials. gov website to study the effect of TACE
plus lenvatinib and ICIs on uHCC, including conversion therapy.
The registration time of the experiments were from May 2020 to
May 2022, and the expected completion time is from December
2022 to January 2027.Nine experiments are from China and one is
from the United States. ICIs planned to be used include sintilimab,
tislelizumab, camrelizumab, toripalimab, pembrolizumab,
envafolimab, tremelimumab and durvalumab. The choice of ICIs
is a problem, the application sequence of triple therapy is also
urgent problems to be solved.

PVTT and extrahepatic metastasis indicated a lower OS in
patients with advanced HCC and extrahepatic metastasis
indicated a shorter PFS (49). Cai et al. also reported similar
results, wherein the main PVTT, extrahepatic metastasis, and
treatment options were identified as the independent prognostic
factors for OS. Treatment option and extrahepatic metastasis
were identified as the independent prognostic factors for PFS
(32). Combined positive score (CPS)>1 indicated PD-L1
positivity (56). Chen et al. reported that a higher PD-L1 CPS
was associated with a longer OS with anti-PD-L1 treatment (48).
In addition, a high conversion rate was related to PD-LI positive
expression (57, 58). However, PD-L1 expression was related to
tumor aggressiveness based on tumor resection specimens (59).
OS and ORR in patients with HCC treated with nivolumab
affected the expression of tumor PD-1 and PD-L1 at baseline
(60). Subgroup analyses indicated that the triple therapy might
be better employed for patients with HCC before the main
PVTT and having a tumor number >3 or extrahepatic
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metastasis. The reasons could be that TACE acted on
intrahepatic tumors rather than extrahepatic metastases and
the effect of TACE on multiple tumors was constrained (32).
Immune evasion in extrahepatic tumors could be another reason
(34). According to Chen et al,, a distinct, durable response was
observed in patients with HCC with intrahepatic tumors who
recieved lenvatinib plus TACE, suggesting that lenvatinib plus
TACE therapy has a short-term anticancer effect for these
patients, but the effect on patients with distant metastasis was
limited (48). The higher the ORR of overall tumor (56.1% vs.
32.5%, P=0.033) and intrahepatic tumor (65.9% vs. 37.5%,
P=0.011) in the lenvatinib plus TACE and PD-1 inhibitor
group and lenvatinib plus TACE group was reported by Cai
et al,, which indicated that PD-1 inhibitors improved ORR than
lenvatinib plus TACE therapy, both for the intrahepatic tumor
and overall tumor (32). Wu et al. reported an ORR of 66.7% at
BCLC stage A, 76.2% at BCLC stage B, and 80% at BCLC stage C.
ORRs were not different at various BCLC stages (31).

Chen et al. reported a tumor reduction rate of 90.0% in the
lenvatinib plus TACE and pembrolizumab group vs. 72.2% in
the lenvatinib plus TACE group, p=0.007 (48). The study of Wu
et al. showed a tumor reduction rate was 91.9% in the lenvatinib
plus TACE and PD-1 inhibitor group (31). The rate of
conversion therapy in Chen et al. was 25.7% vs. 11.1%,
p=0.025. Among patients undergoing surgery, 22.2% died in
the triple therapy group and 75.0% died in the duplex group,
p=0.012 (48). These data corroborated that triple therapy
hindered the progression of uHCC more compared than the
duplex therapy (48). Wu et al. reported that a total of 33 patients
with HCC reached the resectable standard (3 with BCLC stage A,
11 with BCLC stage B, and 19 with BCLC stage C). Twenty-nine
patients underwent resection (31). Pathological CR and major
pathological response (no active tumor cells were found in the
resected specimens, and less than or equal to 10%, respectively)
were observed in 16 and 24 patients, respectively (31). The 5-
year survival rate of patients who underwent surgical resection
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after downstaging conversion therapy was similar to that of
patients who underwent surgical resection at the beginning (48).

Why the combination therapy of
lenvatinib plus TACE with PD-1
inhibitors is promising

Combination of TACE and lenvatinib

TACE only worked on intrahepatic lesions, and had no effect
on extrahepatic metastasis; thus, combination with systemic
therapy is necessary (61). In addition, TACE could lead to
necrosis of tumor tissue and upregulate the expression of
hypoxia-inducible factor 1-o. (HIF-1c), vascular endothelial
growth factor (VEGF), and fibroblast growth factor (FGF), which
could stimulate tumor recurrence or growth (2, 34, 42, 61).
However, lenvatinib administration after TACE could suppress
the effects of angiogenic factors (2, 40). Lenvatinib pretreatment
could promote the normalization of tumor feeding arteries, lessen
the pressure of intertumoral interstitial, and reduce vascular
permeability. This change could improve the distribution of
lipiodol and drug loaded microspheres mixed with chemotherapy
drugs, to enhance the therapeutic effects of TACE (26, 40).
Additionally, the shrinkage and reduction of tumor feeding
arteries led to the reduction of the embolic material and lipiodol
dose, which could be helpful in maintaining liver function. As
compared with lenvatinib, TACE has been reported to worsen the
hepatic functional reserve (40). However, not all lesions responded
to lenvatinib because of the high heterogeneity of the HCC. Tumor
progression after lenvantinib therapy, and second-line drugs were
used. However, if TACE could control these “no response” lesions,
lenvatinib could continue to be used. Compared with other drugs,
lenvatinib had a higher tumor response rate (2, 17, 62). Thus, the
purpose of lenvantinib plus TACE therapy is to provide a
continuous deep response without deterioration of liver function,
improve the prognosis of patients with intermediate-stage
hepatocellular HCC, and prolong the time of transformation to
advanced HCC (17).

Compared with sorafenib, lenvatinib had
advantages in combining with TACE

The possible mechanisms of the different effects of lenvatinib and
sorafenib are described next. First, the two drugs have different
targets., lenvatinib acted as an inhibitor of VEGF receptors (VEGFR)
1-3, FGF receptors (FGFR) 1-4, platelet-derived growth factor
receptor (PDGFR) -0, proto-oncogenes KIT, and RET (8, 63).
Sorafenib primarily suppressed the function of Raf kinase, VEGF,
and PDGF (64, 65). The FGF/FGER signaling pathway led to the
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activation of multiple downstream pathways, such as Ras/MAPK and
PI3K/AKT signaling pathways, which promoted cell proliferation
and angiogenesis. Abnormal expression of FGF19/FGFR4
accelerated HCC progression (63). In addition to the VEGF/
VEGER signaling pathway, the FGF/FGEFR signaling pathway also
works on tumor progression in HCC. The dual inhibition of
lenvatinib on VEGFR and FGFR signaling pathways enhanced its
antitumor effect in HCC (42, 63). Furthermore, according to previous
studies, FGF 19, 21, and 23 could be tied to OS in patients with uHCC
treated with lenvatinib or sorafenib (42, 63, 64, 66, 67). The
development of HCC is promoted by FGF21 amplification via the
TGEF-P signaling pathway and patients having higher baseline FGF21
appeared to have better OS with lenvatinib than sorafenib (42).Cell
survival, growth, proliferation, and differentiation was also limited by
lenvatinib via blocking the RET receptor, which is associated with
numerous signaling pathways, including PI3K/AKT and RAS/
MAPK pathways (42, 63). Second, the two drugs also bind to
target kinases in different ways: the binding mode of lenvatinib to
VEGEFR2 is Type V, and of sorafenib is Type II. The former binding
mode is more closely related to VEGFR2 (67). VEGFR2 has a high-
affinity with VEGF on vascular endothelial cells and HCC cells. The
binding of VEGFA and VEGFR2 causes activation of the
phospholipase-Cy (PLCy), Ras/MAPK, and PI3K/AKT signaling
pathways. These signaling pathways are involved in the
proliferation of tumor cells, endothelial cells, and an increase in
vascular permeability (63). Lenvatinib significantly reduced the
tumor microvessel density in HCC by blocking VEGFR and had a
stronger effect than sorafenib in various preclinical models (63).
Finally, the immunomodulatory activity of lenvatinib targeting
FGFR has been demonstrated in recent studies. There were no
differences in antitumor activity between lenvatinib and sorafenib
in immunodeficient mice, although lenvatinib was confirmed to have
additional antitumor activity in immunocompetent mice (68).

Immune response activated by TACE

According to Montasser et al., tumor specimens from patients
with TACE therapy showed substantially higher PD-L1 expression
in cells. PD-1 and PD-L1 expression in inflammatory cells were
higher in TACE-resected tumors than non-TACE group (29).
According to this report, TACE therapy was related to the
increase of PD-1 and PD-L1 expression in HCC, and could be a
promising therapeutic option in combination with
immunotherapy (29). Chen et al. reported that a higher PD-L1
CPS was associated with a longer OS with anti-PD-L1 treatment
(48). A high conversion rate was related to PD-L1 positive
expression in the previous studies (57, 58). Membranous PD-1/
PD-L1 (mPD-1/mPD-L1) and soluble PD-1/PD-L1 (sPD-1/sPD-
L1) are the two forms of the PD-1/PD-L1 molecules. SPD-L1 is
mainly separated from mPD-L1, partly reflects the level of mPD-L1,
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and was easy to measure. Studies have found that the expression of
PD-L1 was related to tumor staging, prognosis, and could be
potential biomarker of the onset, development, and prognosis of
HCC guiding to immunotherapy. SPD-L1 level was higher in
patients with BCLC stage C, PVTT, or beyond the up-to-seven
criterion. According to Ma et al,, the level of sPD-L1 in CR patients
receiving TACE therapy was lower than that of PR and SD patients,
which further confirmed that the level of sSPD-L1 was related to the
prognosis and responsiveness to treatment of patients (69). Tumor
apoptosis or necrosis caused by TACE promoted the release of
chemokines and inflammatory mediators, which increased the level
of sPD-L1 (29, 69). When the tumor burden was reduced by TACE,
the level of sPD-L1 decreased (69). Approximately 1 week after
TACE therapy, the immune inhibition becomes increasingly
dominant in TME, because sPD-L1 continues to increase. This
period is the best time to apply ICIs and fully activate the immune
system for the eradication of tumor cells (69, 70).

Additionally, TACE was reported to promote T-cell activation.
Tumor cell necrosis caused by TACE increased the release of
tumor-associated antigens, recruited DCs and increased CD4+T
cells (57). According to Ren et al,, 1 to 5 weeks after TACE, the
proportion of Treg cells was significantly lower than before TACE,
and this result indicated that a positive regulatory effect on immune
function should occur after TACE. This study also showed that the
proportion of CD4+T cells and the ratio of CD4+/CD8+T cells
prominently increased in HCC from 1 to 5 weeks after TACE, CD8
+T cells slightly increased; however, there was no statistical
significance and these data confirmed that the immune function
was restored in HCC after TACE (71). The increase of CD4+ and
CD8+ cells after TACE has also been reported in previous studies
and it was related to a better response to TACE therapy (69). The
above confirmed the improvement of immune function within 1
month after TACE (71). Yang et al. reported that CD4+T cells and
the ratio of CD4+/CD8+T cells decreased in 1 month after
lenvatinib plus TACE and PD-1 inhibitor therapy. Nevertheless,
CD8+ T, CD3+ T, and NK cells increased from 1 to 4 months. In
general, triple therapy could activate immune function and
maintained it for a long time (6). However, hypoxia and
overexpression of VEGF as a result of TACE led to an
immunosuppressive TME by increasing Treg cells, myeloid-
derived suppressor cells (MDSCs), and mast cells, recruiting
monocytes from bone marrow, and raising tumor-infiltrating
macrophages. Moreover, VEGF inhibited the development of T
cells and the maturation of DCs (50, 58, 66). VEGF was also
reported to modulate the checkpoint expression of CD8+T cells in
HCC (72). The expression of PD-1 increased in peripheral
mononuclear cells (6, 7). ICIs activate interferon-y (IFN-y)+ Type
1 T helper (Th1) cells to normalize the tumor vasculars and
improve hypoxic environments (6). TACE synergized with PD-1
inhibitors and increased T lymphocytes (57). The immune
response induced by TACE is complex, but there was indeed a
synergistic effect with PD-1 inhibitors.
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Studies on the mechanisms of lenvatinib
combined with PD-1 inhibitors therapy

In addition to the role of TACE, the oxygen content of tumor
cells was dramatically lower than that of normal liver cells, which
increased the angiogenic growth factors, including VEGF and FGF
and led to immune disorders (73). The expression of PD-1, CTLA-
4,and Tim-3 were upregulated by FGF and VEGF on T cells. TIM-3
also promoted the exhaustion of T cells (70). When FGF and VEGF
were combined, these effects were strengthened (30). After PD-1
inhibitors therapy, the expression of VEGF and FGF in patients
with PD was significantly higher than that of SD patients (30).
Lenvatinib inhibited these angiogenic growth factors and was
associated with T-cell activation, enhanced the antitumor
immunity, and increased the efficacy of PD-1 inhibitors (54, 55,
74). Additionally, the JAK/STATS3 signaling pathway was activated
by FGFR2 signals accompanied with increasing PD-L1 expression
according to Li et al. FGFR2 was inhibited by lenvatinib (75). Yi
etal. showed that PD-1 inhibitors increased the level of interleukin 2
(IL-2); nevertheless, lenvatinib inhibited IL-2-mediated Treg
differentiation by targeting FGFR4 and restrained STAT5
phosphorylation. Lenvatinib and FGFR4 knockdown lead to the
activation of GSK3[, which destabilized PD-L1 via proteasome
degradation (76). Lenvatinib decreased the expression of PD-L1 on
human umbilical vein endothelial cells (HUVEC). However, it did
not affect the expression of PD-L1 on tumor cells and restored T-
cell function and retained the sensitivity of tumor cells to PD-
linhibitors (30). Adachi et al. reported that the activation of FGFR
inhibited the IFN-y-signaling pathways in mouse and human renal
cell carcinoma (RCC) cell lines (66). IFN-y could enhance the
immune response by recruiting other leukocytes (76). The IFN-y
signaling pathway also facilitated tumor recognition by cytotoxic
CD8+T cells, increased tumor immunogenicity, and caused
rejection of the tumor by the host immune system. An active
IFN-v-signaling pathway enhances antitumor activity of lenvatinib
plus PD-1 inhibitors. IFN-yalso activated the JAK/STAT1 signaling
pathway and increased its target genes, including PD-L1.
Lenvatinib blocked FGFR, which also led to an increase in PD-L1
(66). The increased PD-L1-positive area after PD-1 inhibitor
monotherapy further extended after lenvatinib plus PD-1
inhibitors. Adachi et al. held that the increase of PD-L1 will
enhance the effect of PD-1 inhibitors (66). Lenvatinib also
increased neutrophil and upregulated PD-L1 expression on
neutrophils in the TME (77). In conclusion, the effect of
lenvatinib on PD-L1 expression remains controversial and has
not been finalized. Koganemaru et al. reported that PD-L1
overexpression on tissue-infiltrating mononuclear cells was
related to a good prognosis yet poor prognosis of tumor cells
(78). PD-L1 overexpression on tumor cells or inflammatory cells
had a considerable relationship with tumor aggressiveness, such as
poor differentiation, high AFP levels, satellite nodules, and vascular
invasion. However, PD-L1 expression was thought to represent a
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biomarker predictive of drug sensitivity (59). Although according
to the current study, PD-L1 expression was closely related to a poor
prognosis, it also promoted antitumor activity of lenvatinib plus
PD-1 inhibitor therapy according to Adachi et al. (66). The role of
PD-LI in the prognosis of HCC and in the prediction of lenvatinib
treatment effect needs further verification, but the superiority of
lenvatinib combined with PD-1 inhibitors should not be ignored. In
addition to the above mechanisms, lenvatinib also enhanced the
efficacy of PD-1 inhibitors by increasing the proportion of activated
CD8+T cells and secreting IFN-yand granzyme B. [IFNy+ CD8+ T
cells increased more in the combination therapy group. Moreover,
in immunodeficient mice, the antitumor activity of lenvatinib
decreased because of the absence of CD8+T cells. CD4+ T cells
also increased with lenvatinib therapy. Furthermore, lenvatinib
decreased monocytes, macrophages, and TAMs (30, 66, 68, 79). A
low concentration of lenvatinib acted as an immunoregulator (30).
Long-term immune memory was formed with lenvatinib plus PD-1
inhibitor therapy, the TME was modulated, and the cytotoxic effect
of T cells enhanced (30). Lenvatinib plus PD-1 inhibitor therapy
also reduced tumor vessel density (30, 42).

According to the article published by Yang et al., CD8+ T cells
increased significantly after 1 month of the TKIs plus TACE and
inhibitor therapy, which reflects the activation of cellular immunity.
However, CD8+T cells were relatively stable after PD-1 inhibitor
monotherapy or TACE therapy alone (80). A significant increase in
circulating CD8+ T cells was observed until 3 months after
tremelimumab plus TACE therapy (81). Patients receiving PD-1
inhibitors-based combination immunotherapy, appeared to
experience a decrease in B cells accompanied by an increase in Ig
G, kappa light chains (Ig k), and lambda light chains (Ig A). B cells
migrated from the bone marrow to the secondary lymphoid organs,
activated by antigens and underwent isotype switching to Ig G.
Therefore, the reduction in circulating B cells likely occurred
because of the isotype switch to antibodies, indicating that
humoral immunity plays an important role in TKIs plus TACE
and inhibitors therapy (6). Additionally, Ig G, Ig %, and IgA
increased at the time of response, and decreased to the baseline
with tumor progression. CD8+ T and B cells did not show this
trend. Therefore, circulating Ig G, Ig %, and IgA could serve as
potential biomarkers (6).

Conclusions

The advantages of lenvatinib plus TACE over lenvatinib
monotherapy in patients with HCC in intermediate stage,
especially beyond the up-to-seven criterion, over TACE in patients
with uHCC, and over sorfenib plus TACE in patients with advanced-
stage HCC, especially with PVTT, are described in detail in this
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review. Lenvatinib plus TACE therapy is preferable in patients with
HCC with high tumor burden, poor liver function, and numerous
heterogeneous lesions in the intermediate stage and has advantages
over sorafenib plus TACE in patients with PVTT. Lenvatinib plus
TACE and PD-1 inhibitors therapy improved OS, PFS, and ORR
compared with lenvatinib plus TACE therapy, and is a promising
treatment for patients with uHCC at various BCLC stages.

Author contributions

FC and LS proposed ideas and completed outline of this review.
FM, XX and QL found out the relevant literatures and carried out
data collection. HW and XL performed data analysis. LS wrote the
original draft and edited the manuscript. GL and FC supervised. All
authors contributed to the article and approved the
submitted version.

Funding

This study was funded by the Natural Science Foundation of
Shandong Province (grant no. ZR2019BH041 to FC), the Nature
Science Foundation of China (grant no. 81803008 to FC) and the
cultivating fund of the First hospital of Shandong First Medical
University (grant no. QYPY2021NSFC0616 to FC).

Acknowledgments

We would like to thank Editage (www.editage.cn) for
English language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


http://www.editage.cn
https://doi.org/10.3389/fonc.2022.980214
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sun et al.

References

1. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A,
et al. BCLC strategy for prognosis prediction and treatment recommendation:
The 2022 update. ] Hepatol (2022) 76(3):681-93. doi: 10.1016/j.jhep.2021.11.018

2. Shimose S, Iwamoto H, Tanaka M, Niizeki T, Shirono T, Noda Y, et al.
Alternating lenvatinib and trans-arterial therapy prolongs overall survival in
patients with inter-mediate stage HepatoCellular carcinoma: A propensity score
matching study. Cancers (Basel) (2021) 13(1):160. doi: 10.3390/cancers13010160

3. Gbolahan OB, Schacht MA, Beckley EW, LaRoche TP, O’Neil BH, Pyko M.
Locoregional and systemic therapy for hepatocellular carcinoma. J Gastrointest
Oncol (2017) 8(2):215-28. doi: 10.21037/jg0.2017.03.13

4. Eggert T, Greten TF. Current standard and future perspectives in non-
surgical therapy for hepatocellular carcinoma. Digestion (2017) 96(1):1-4.
doi: 10.1159/000464282

5. Liu W, Quan B, Lu S, Tang B, Li M, Chen R, et al. First-line systemic
treatment strategies for unresectable hepatocellular carcinoma: A systematic review
and network meta-analysis of randomized clinical trials. Front Oncol (2021)
11:771045. doi: 10.3389/fonc.2021.771045

6. Yang F, Xu GL, Huang JT, Yin Y, Xiang W, Zhong BY, et al. Transarterial
chemoembolization combined with immune checkpoint inhibitors and tyrosine
kinase inhibitors for unresectable hepatocellular carcinoma: Efficacy and systemic
immune response. Front Immunol (2022) 13:847601. doi: 10.3389/
fimmu.2022.847601

7. He Q, Yang J, Jin Y. Development and validation of TACE refractoriness-
related diagnostic and prognostic scores and characterization of tumor
microenvironment infiltration in hepatocellular carcinoma. Front Immunol
(2022) 13:869993. doi: 10.3389/fimmu.2022.869993

8. Hatanaka T, Naganuma A, Kakizaki S. Lenvatinib for hepatocellular
carcinoma: A literature review. Pharm (Basel) (2021) 14(1):36. doi: 10.3390/
ph14010036

9. Kim BK, Kim SU, Kim KA, Chung YE, Kim M]J, Park MS, et al. Complete
response at first chemoembolization is still the most robust predictor for favorable
outcome in hepatocellular carcinoma. J Hepatol (2015) 62(6):1304-10.
doi: 10.1016/j.jhep.2015.01.022

10. Kobayashi S, Fukushima T, Ueno M, Moriya S, Chuma M, Numata K, et al.
A prospective observational cohort study of lenvatinib as initial treatment in
patients with BCLC-defined stage b hepatocellular carcinoma. BMC Cancer (2022)
22(1):517. doi: 10.1186/s12885-022-09625-x

11. Kudo M. A new treatment option for intermediate-stage hepatocellular
carcinoma with high tumor burden: Initial lenvatinib therapy with subsequent
selective TACE. Liver Cancer (2019) 8(5):299-311. doi: 10.1159/000502905

12. Kudo M, Ueshima K, Chan S, Minami T, Chishina H, Aoki T, et al.
Lenvatinib as an initial treatment in patients with intermediate-stage hepatocellular
carcinoma beyond up-to-seven criteria and child-pugh a liver function: A proof-of-
concept study. Cancers (Basel) (2019) 11(8):1084. doi: 10.3390/cancers11081084

13. Yamashita T, Kudo M, lkeda K, Izumi N, Tateishi R, Ikeda M, et al.
REFLECT-a phase 3 trial comparing efficacy and safety of lenvatinib to sorafenib
for the treatment of unresectable hepatocellular carcinoma: An analysis of Japanese
subset. ] Gastroenterol (2020) 55(1):113-22. doi: 10.1007/s00535-019-01642-1

14. Kudo M. Targeted and immune therapies for hepatocellular carcinoma:
Predictions for 2019 and beyond. World ] Gastroenterol (2019) 25(7):789-807.
doi: 10.3748/wjg.v25.i7.789

15. Boland P, Wu J. Systemic therapy for hepatocellular carcinoma: Beyond
sorafenib. Chin Clin Oncol (2018) 7(5):50. doi: 10.21037/cc0.2018.10.10

16. Escudier B, Worden F, Kudo M. Sorafenib: Key lessons from over 10 years of
experience. Expert Rev Anticancer Ther (2019) 19(2):177-89. doi: 10.1080/
14737140.2019.1559058

17. Ando Y, Kawaoka T, Amioka K, Naruto K, Ogawa Y, Yoshikawa Y, et al.
Efficacy and safety of lenvatinib-transcatheter arterial chemoembolization
sequential therapy for patients with intermediate-stage hepatocellular carcinoma.
Oncology (2021) 99(8):507-17. doi: 10.1159/000515865

18. Takayasu K, Arii S, Tkai I, Omata M, Okita K, Ichida T, et al. Liver cancer
study group of japan. prospective cohort study of transarterial chemoembolization
for unresectable hepatocellular carcinoma in 8510 patients. Gastroenterology
(2006) 131(2):461-9. doi: 10.1053/j.gastro.2006.05.021

19. Pinato DJ, Sharma R, Allara E, Yen C, Arizumi T, Kubota K, et al. The ALBI
grade provides objective hepatic reserve estimation across each BCLC stage of
hepatocellular carcinoma. J Hepatol (2017) 66(2):338-46. doi: 10.1016/
j.jhep.2016.09.008

20. Llovet JM, Vogel A, Madoff DC, Finn RS, Ogasawara S, Ren Z, et al.
Randomized phase 3 LEAP-012 study: Transarterial chemoembolization with or
without lenvatinib plus pembrolizumab for intermediate-stage hepatocellular

Frontiers in Oncology

70

10.3389/fonc.2022.980214

carcinoma not amenable to curative treatment. Cardiovasc Intervent Radiol
(2022) 45(4):405-12. doi: 10.1007/s00270-021-03031-9

21. Deng J, Wen F. Transarterial chemoembolization combined with tyrosine
kinase inhibitors for intermediate-stage hepatocellular carcinoma, what else can we
do? Front Oncol (2022) 12:824799. doi: 10.3389/fonc.2022.824799

22. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, et al. Lenvatinib
versus sorafenib in first-line treatment of patients with unresectable hepatocellular
carcinoma: A randomised phase 3 non-inferiority trial. Lancet (2018) 391
(10126):1163-73. doi: 10.1016/S0140-6736(18)30207-1

23. Ahmed F, Onwumeh-Okwundu J, Yukselen Z, Endaya Coronel MK, Zaidi
M, Guntipalli P, et al. Atezolizumab plus bevacizumab versus sorafenib or
atezolizumab alone for unresectable hepatocellular carcinoma: A systematic
review. World ] Gastrointest Oncol (2021) 13(11):1813-32. doi: 10.4251/
wjgo.v13.i11.1813

24. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
plus bevacizumab in unresectable hepatocellular carcinoma. N Engl ] Med (2020)
382(20):1894-905. doi: 10.1056/NEJMoal915745

25. Maesaka K, Sakamori R, Yamada R, Doi A, Tahata Y, Miyazaki M, et al.
Comparison of atezolizumab plus bevacizumab and lenvatinib in terms of efficacy
and safety as primary systemic chemotherapy for hepatocellular carcinoma.
Hepatol Res (2022) 52(7):630-40. doi: 10.1111/hepr.13771

26. 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):1492-501.
doi: 10.1136/gutjnl-2019-318934

27. Llovet JM, Montal R, Sia D, Finn RS. Molecular therapies and precision
medicine for hepatocellular carcinoma. Nat Rev Clin Oncol (2018) 15(10):599-616.
doi: 10.1038/s41571-018-0073-4

28. WangJ, Li ], Tang G, Tian Y, Su S, Li Y. Clinical outcomes and influencing
factors of PD-1/PD-L1 in hepatocellular carcinoma. Oncol Lett (2021) 21(4):279.
doi: 10.3892/01.2021.12540

29. Montasser A, Beaufrére A, Cauchy F, Bouattour M, Soubrane O,
Albuquerque M, et al. Transarterial chemoembolisation enhances programmed
death-1 and programmed death-ligand 1 expression in hepatocellular carcinoma.
Histopathology (2021) 79(1):36-46. doi: 10.1111/his.14317

30. Deng H, Kan A, Lyu N, Mu L, Han Y, Liu L, et al. Dual vascular endothelial
growth factor receptor and fibroblast growth factor receptor inhibition elicits
antitumor immunity and enhances programmed cell death-1 checkpoint blockade
in hepatocellular carcinoma. Liver Cancer (2020) 9(3):338-57. doi: 10.1159/
000505695

31. Wu JY, Yin ZY, Bai YN, Chen YF, Zhou SQ, Wang §J, et al. Lenvatinib
combined with anti-PD-1 antibodies plus transcatheter arterial
chemoembolization for unresectable hepatocellular carcinoma: A multicenter
retrospective study. J Hepatocell Carcinoma (2021) 8:1233-40. doi: 10.2147/
JHC.S332420

32. Cai M, Huang W, Huang J, Shi W, Guo Y, Liang L, et al. Transarterial
chemoembolization combined with lenvatinib plus PD-1 inhibitor for advanced
hepatocellular carcinoma: A retrospective cohort study. Front Immunol (2022)
13:848387. doi: 10.3389/fimmu.2022.848387

33. Teng Y DX, 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) 21:1-7. doi: 10.1177/15330338221075174

34. Fu Z, Li X, Zhong J, Chen X, Cao K, Ding N, et al. Lenvatinib in
combination with transarterial chemoembolization for treatment of unresectable
hepatocellular carcinoma (uHCC): A retrospective controlled study. Hepatol Int
(2021) 15(3):663-75. doi: 10.1007/s12072-021-10184-9

35. Chen R, Li Y, Song K, Li L, Shen C, Ma P, et al. Efficacy and safety of
transarterial chemoembolization-lenvatinib sequential therapy for the treatment of
hepatocellular carcinoma with portal vein tumor thrombus: A retrospective study. J
Gastrointest Oncol (2022) 13(2):780-6. doi: 10.21037/jgo-22-239

36. YaoJ, Zhu X, Wu Z, Wei Q, Cai Y, Zheng Y, et al. Efficacy and safety of PD-
1 inhibitor combined with antiangiogenic therapy for unresectable hepatocellular
carcinoma: A multicenter retrospective study. Cancer Med (2022) 10.1002/
cam4.4747. doi: 10.1002/cam4.4747

37. Lee IC, Hung YW, Liu CA, Lee RC, Su CW, Huo T1, et al. A new ALBI-based
model to predict survival after transarterial chemoembolization for BCLC stage b
hepatocellular carcinoma. Liver Int (2019) 39(9):1704-12. doi: 10.1111/liv.14194

38. Hiraoka A, Kumada T, Michitaka K, Kudo M. Newly proposed ALBI grade
and ALBI-T score as tools for assessment of hepatic function and prognosis in

frontiersin.org


https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.3390/cancers13010160
https://doi.org/10.21037/jgo.2017.03.13
https://doi.org/10.1159/000464282
https://doi.org/10.3389/fonc.2021.771045
https://doi.org/10.3389/fimmu.2022.847601
https://doi.org/10.3389/fimmu.2022.847601
https://doi.org/10.3389/fimmu.2022.869993
https://doi.org/10.3390/ph14010036
https://doi.org/10.3390/ph14010036
https://doi.org/10.1016/j.jhep.2015.01.022
https://doi.org/10.1186/s12885-022-09625-x
https://doi.org/10.1159/000502905
https://doi.org/10.3390/cancers11081084
https://doi.org/10.1007/s00535-019-01642-1
https://doi.org/10.3748/wjg.v25.i7.789
https://doi.org/10.21037/cco.2018.10.10
https://doi.org/10.1080/14737140.2019.1559058
https://doi.org/10.1080/14737140.2019.1559058
https://doi.org/10.1159/000515865
https://doi.org/10.1053/j.gastro.2006.05.021
https://doi.org/10.1016/j.jhep.2016.09.008
https://doi.org/10.1016/j.jhep.2016.09.008
https://doi.org/10.1007/s00270-021-03031-9
https://doi.org/10.3389/fonc.2022.824799
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.4251/wjgo.v13.i11.1813
https://doi.org/10.4251/wjgo.v13.i11.1813
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1111/hepr.13771
https://doi.org/10.1136/gutjnl-2019-318934
https://doi.org/10.1038/s41571-018-0073-4
https://doi.org/10.3892/ol.2021.12540
https://doi.org/10.1111/his.14317
https://doi.org/10.1159/000505695
https://doi.org/10.1159/000505695
https://doi.org/10.2147/JHC.S332420
https://doi.org/10.2147/JHC.S332420
https://doi.org/10.3389/fimmu.2022.848387
https://doi.org/10.1177/15330338221075174
https://doi.org/10.1007/s12072-021-10184-9
https://doi.org/10.21037/jgo-22-239
https://doi.org/10.1002/cam4.4747
https://doi.org/10.1111/liv.14194
https://doi.org/10.3389/fonc.2022.980214
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sun et al.

hepatocellular carcinoma patients. Liver Cancer (2019) 8(5):312-25. doi: 10.1159/
000494844

39. Kawamura Y, Kobayashi M, Shindoh J, Kobayashi Y, Okubo S, Tominaga L,
et al. Lenvatinib-transarterial chemoembolization sequential therapy as an effective
treatment at progression during lenvatinib therapy for advanced hepatocellular
carcinoma. Liver Cancer (2020) 9(6):756-70. doi: 10.1159/000510299

40. Endo K, Kuroda H, Abe T, Sato H, Kooka Y, Oikawa T, et al. Two
hepatectomy cases for initially unresectable hepatocellular carcinoma after
achieving a radiological complete response to sequential therapy with lenvatinib
and transcatheter arterial chemoembolization. Hepatol Res (2021) 51(10):1082-6.
doi: 10.1111/hepr.13665

41. Matsuda N, Imai N, Kuzuya T, Yamamoto K, Ito T, Ishizu Y, et al.
Progression after molecular targeted agents: Hepatic arterial changes and
transarterial chemoembolization in hepatocellular carcinoma. In Vivo (2021) 35
(2):1185-9. doi: 10.21873/invivo.12367

42. Xue M WY, Zhu B, Zou X, Fan W, Li J. Advanced hepatocellular carcinoma
treated by transcatheter arterial chemoembolization with drug-eluting beads plus
lenvatinib versus sorafenib, a propensity score matching retrospective study. Am J
Cancer Res (2021) 11(12):6107-18.

43. Ding X, Sun W, Li W, Shen Y, Guo X, Teng Y, et al. Transarterial
chemoembolization plus lenvatinib versus transarterial chemoembolization plus
sorafenib as first-line treatment for hepatocellular carcinoma with portal vein
tumor thrombus: A prospective randomized study. Cancer (2021) 127(20):3782—
93. doi: 10.1002/cncr.33677

44. Yang B, Jie L, Yang T, Chen M, Gao Y, Zhang T, et al. TACE plus lenvatinib
versus plus sorafenib for unresectable hepatocellular carcinoma with portal vein
tumor thrombus: A prospective cohort study. Front Oncol (2021) 11:821599.
doi: 10.3389/fonc.2021.821599

45. Kuzuya T, Ishigami M, Ito T, Ishizu Y, Honda T, Ishikawa T, et al. Sorafenib
vs. lenvatinib as first-line therapy for advanced hepatocellular carcinoma with
portal vein tumor thrombosis. Anticancer Res (2020) 40(4):2283-90. doi: 10.21873/
anticanres.14193

46. Finn RS, Kudo M, Cheng AL, Wyrwicz L, Ngan RKC, Blanc JF, et al.
Pharmacodynamic biomarkers predictive of survival benefit with lenvatinib in
unresectable hepatocellular carcinoma: From the phase III REFLECT study. Clin
Cancer Res (2021) 27(17):4848-58. doi: 10.1158/1078-0432.CCR-20-4219

47. Shimose S, Kawaguchi T, Tanaka M, Iwamoto H, Miyazaki K, Moriyama E,
et al. Lenvatinib prolongs the progression-free survival time of patients with
intermediate-stage hepatocellular carcinoma refractory to transarterial
chemoembolization: A multicenter cohort study using data mining analysis.
Oncol Lett (2020) 20(3):2257-65. doi: 10.3892/01.2020.11758

48. Chen S, Wu Z, Shi F, Mai Q, Wang L, Wang F, et al. Lenvatinib plus TACE
with or without pembrolizumab for the treatment of initially unresectable
hepatocellular carcinoma harbouring PD-L1 expression: A retrospective study. J
Cancer Res Clin Oncol (2021) 148(8):2115-25. doi: 10.1007/s00432-021-03767-4

49. LiuJ, Li Z, Zhang W, Lu H, Sun Z, Wang G, et al. Comprehensive treatment
of trans-arterial chemoembolization plus lenvatinib followed by camrelizumab for
advanced hepatocellular carcinoma patients. Front Pharmacol (2021) 12:709060.
doi: 10.3389/fphar.2021.709060

50. Cao F, Yang Y, Si T, Luo ], Zeng H, Zhang Z, et al. The efficacy of TACE
combined with lenvatinib plus sintilimab in unresectable hepatocellular carcinoma:
A multicenter retrospective study. Front Oncol (2021) 11:783480. doi: 10.3389/
fonc.2021.783480

51. Jiang Y, Han QJ, Zhang J. Hepatocellular carcinoma: Mechanisms of
progression and immunotherapy. World ] Gastroenterol (2019) 25(25):3151-67.
doi: 10.3748/wjg.v25.i25.3151

52. Finn RS, Tkeda M, Zhu AX, Sung MW, Baron AD, Kudo M, et al. Phase ib
study of lenvatinib plus pembrolizumab in patients with unresectable
hepatocellular carcinoma. J Clin Oncol (2020) 38(26):2960-70. doi: 10.1200/
JC0.20.00808

53. Aoki T, Kudo M, Ueshima K, Morita M, Chishina H, Takita M, et al.
Exploratory analysis of lenvatinib therapy in patients with unresectable
hepatocellular carcinoma who have failed prior PD-1/PD-L1 checkpoint
blockade. Cancers (Basel) (2020) 12(10):3048. doi: 10.3390/cancers12103048

54. Qu S, Zhang X, Wu Y, Meng Y, Pan H, Fang Q, et al. Efficacy and safety of
TACE combined with lenvatinib plus PD-1 inhibitors compared with TACE alone
for unresectable hepatocellular carcinoma patients: A prospective cohort study.
Front Oncol (2022) 12:874473. doi: 10.3389/fonc.2022.874473

55. Xiang YJ, Wang K, Yu HM, Li XW, Cheng YQ, Wang WJ, et al.
Transarterial chemoembolization plus a PD-1 inhibitor with or without

lenvatinib for intermediate-stage hepatocellular carcinoma. Hepatol Res (2022)
52(8):721-9. doi: 10.1111/hepr.13773

56. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040):

Frontiers in Oncology

71

10.3389/fonc.2022.980214

An open-label, non-comparative, phase 1/2 dose escalation and expansion trial.
Lancet (2017) 389(10088):2492-502. doi: 10.1016/S0140-6736(17)31046-2

57. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al.
KEYNOTE-224 investigators. pembrolizumab in patients with advanced
hepatocellular carcinoma previously treated with sorafenib (KEYNOTE-224): A
non-randomised, open-label phase 2 trial. Lancet Oncol (2018) 19(7):940-52.
doi: 10.1016/S1470-2045(18)30351-6

58. Zhang W, Song Z, Xiao J, Liu X, Luo Y, Yang Z, et al. Blocking the PD-1/PD-
L1 axis in dendritic cell-stimulated cytokine-induced killer cells with
pembrolizumab enhances their therapeutic effects against hepatocellular
carcinoma. J Cancer (2019) 10(11):2578-87. doi: 10.7150/jca.26961

59. Calderaro J, Rousseau B, Amaddeo G, Mercey M, Charpy C, Costentin C,
et al. Programmed death ligand 1 expression in hepatocellular carcinoma:
Relationship with clinical and pathological features. Hepatology (2016) 64
(6):2038-46. doi: 10.1002/hep.28710

60. Sangro B, Melero I, Wadhawan S, Finn RS, Abou-Alfa GK, Cheng AL, et al.
Association of inflammatory biomarkers with clinical outcomes in nivolumab-
treated patients with advanced hepatocellular carcinoma. J Hepatol (2020) 73
(6):1460-9. doi: 10.1016/j.jhep.2020.07.026

61. Qin J, Huang Y, Zhou H, Yi S. Efficacy of sorafenib combined with
immunotherapy following transarterial chemoembolization for advanced
hepatocellular carcinoma: A propensity score analysis. Front Oncol (2022)
12:807102. doi: 10.3389/fonc.2022.807102

62. Shimose S, Iwamoto H, Niizeki T, Shirono T, Noda Y, Kamachi N, et al.
Clinical significance of adverse events for patients with unresectable hepatocellular
carcinoma treated with lenvatinib: A multicenter retrospective study. Cancers
(Basel) (2020) 12(7):1867. doi: 10.3390/cancers12071867

63. Zhao Y, Zhang YN, Wang KT, Chen L. Lenvatinib for hepatocellular
carcinoma: From preclinical mechanisms to anti-cancer therapy. Biochim
Biophys Acta Rev Cancer (2020) 1874(1):188391. doi: 10.1016/j.bbcan.2020.188391

64. Wang L, Wang L, Xiao B, Cui M, Zhang B. Differences between sorafenib
and lenvatinib treatment from genetic and clinical perspectives for patients with
hepatocellular carcinoma. Med Sci Monit (2022) 28:€934936. doi: 10.12659/
MSM.934936

65. Zhu XD, Tang ZY, Sun HC. Targeting angiogenesis for liver cancer: Past,
present, and future. Genes Dis Sep (2020) 7(3):328-35. doi: 10.1016/
j.gendis.2020.03.010

66. Adachi Y, Kamiyama H, Ichikawa K, Fukushima S, Ozawa Y, Yamaguchi S,
et al. Inhibition of FGFR reactivates IFNgamma signaling in tumor cells to enhance
the combined antitumor activity of lenvatinib with anti-PD-1 antibodies. Cancer
Res (2022) 82(2):292-306. doi: 10.1158/0008-5472.CAN-20-2426

67. Matsuki M, Hoshi T, Yamamoto Y, Ikemori-Kawada M, Minoshima Y,
Funahashi Y, et al. Lenvatinib inhibits angiogenesis and tumor fibroblast growth
factor signaling pathways in human hepatocellular carcinoma models. Cancer Med
(2018) 7(6):2641-53. doi: 10.1002/cam4.1517

68. Kimura T, Kato Y, 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. doi: 10.1111/cas.13806

69. Xiaochen M, Xiangyang S, Fubo X, Wencheng J, Qingliang W, Yang X, et al.
The influence of transarterial chemoembolization on serum levels of soluble
programed cell death ligand-1 in advanced hepatocellular carcinoma patients.
Asia Pac J Clin Oncol (2022) 10.1111/ajco.13687. doi: 10.1111/ajco.13687

70. Odagiri N, Hai H, Thuy LTT, Dong MP, Suoh M, Kotani K, et al. Early
change in the plasma levels of circulating soluble immune checkpoint proteins in
patients with unresectable hepatocellular carcinoma treated by lenvatinib or
transcatheter arterial chemoembolization. Cancers (Basel) (2020) 12(8):2045.
doi: 10.3390/cancers12082045

71. Ren Z, Yue Y, Zhang Y, Dong J, Liu Y, Yang X, et al. Changes in the
peripheral blood treg cell proportion in hepatocellular carcinoma patients after
transarterial chemoembolization with microparticles. Front Immunol (2021)
12:624789. doi: 10.3389/fimmu.2021.624789

72. Voron T, Colussi O, Marcheteau E, Pernot S, Nizard M, Pointet AL, et al.
VEGF-a modulates expression of inhibitory checkpoints on CD8+ T cells in
tumors. ] Exp Med (2015) 212(2):139-48. doi: 10.1084/jem.20140559

73. Poungpairoj P, Whongsiri P, Suwannasin S, Khlaiphuengsin A, Tangkijvanich
P, Boonla C. Increased oxidative stress and RUNX3 hypermethylation in patients with
hepatitis b virus-associated hepatocellular carcinoma (HCC) and induction of RUNX3
hypermethylation by reactive oxygen species in HCC cells. Asian Pac ] Cancer Prev
(2015) 16(13):5343-8. doi: 10.7314/apjcp.2015.16.13.5343

74. Iseda N, Itoh S, Toshida K, Tomiyama T, Morinaga A, Shimokawa M, et al.
Ferroptosis is induced by lenvatinib through fibroblast growth factor receptor-4
inhibition in hepatocellular carcinoma. Cancer Sci (2022) 113(7):2272-87.
doi: 10.1111/cas.15378

frontiersin.org


https://doi.org/10.1159/000494844
https://doi.org/10.1159/000494844
https://doi.org/10.1159/000510299
https://doi.org/10.1111/hepr.13665
https://doi.org/10.21873/invivo.12367
https://doi.org/10.1002/cncr.33677
https://doi.org/10.3389/fonc.2021.821599
https://doi.org/10.21873/anticanres.14193
https://doi.org/10.21873/anticanres.14193
https://doi.org/10.1158/1078-0432.CCR-20-4219
https://doi.org/10.3892/ol.2020.11758
https://doi.org/10.1007/s00432-021-03767-4
https://doi.org/10.3389/fphar.2021.709060
https://doi.org/10.3389/fonc.2021.783480
https://doi.org/10.3389/fonc.2021.783480
https://doi.org/10.3748/wjg.v25.i25.3151
https://doi.org/10.1200/JCO.20.00808
https://doi.org/10.1200/JCO.20.00808
https://doi.org/10.3390/cancers12103048
https://doi.org/10.3389/fonc.2022.874473
https://doi.org/10.1111/hepr.13773
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.7150/jca.26961
https://doi.org/10.1002/hep.28710
https://doi.org/10.1016/j.jhep.2020.07.026
https://doi.org/10.3389/fonc.2022.807102
https://doi.org/10.3390/cancers12071867
https://doi.org/10.1016/j.bbcan.2020.188391
https://doi.org/10.12659/MSM.934936
https://doi.org/10.12659/MSM.934936
https://doi.org/10.1016/j.gendis.2020.03.010
https://doi.org/10.1016/j.gendis.2020.03.010
https://doi.org/10.1158/0008-5472.CAN-20-2426
https://doi.org/10.1002/cam4.1517
https://doi.org/10.1111/cas.13806
https://doi.org/10.1111/ajco.13687
https://doi.org/10.3390/cancers12082045
https://doi.org/10.3389/fimmu.2021.624789
https://doi.org/10.1084/jem.20140559
https://doi.org/10.7314/apjcp.2015.16.13.5343
https://doi.org/10.1111/cas.15378
https://doi.org/10.3389/fonc.2022.980214
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sun et al.

75. Li P, Huang T, Zou Q, Liu D, Wang Y, Tan X, et al. FGFR2 promotes
expression of PD-L1 in colorectal cancer via the JAK/STAT3 signaling pathway. J
Immunol (2019) 202(10):3065-75. doi: 10.4049/jimmunol.1801199

76. Yi C, Chen L, Lin Z, Liu L, Shao W, Zhang R, et al. Lenvatinib targets FGF
receptor 4 to enhance antitumor immune response of anti-programmed cell death-
1 in HCC. Hepatology (2021) 74(5):2544-60. doi: 10.1002/hep.31921

77. Deng H, Kan A, Lyu N, He M, Huang X, Qiao S, et al. Tumor-derived lactate
inhibit the efficacy of lenvatinib through regulating PD-L1 expression on
neutrophil in hepatocellular carcinoma. J Immunother Cancer (2021) 9(6):
€002305. doi: 10.1136/jitc-2020-002305

78. Koganemaru S, Inoshita N, Miura Y, Miyama Y, Fukui Y, Ozaki Y, et al.
Prognostic value of programmed death-ligand 1 expression in patients with stage
III colorectal cancer. Cancer Sci (2017) 108(5):853-8. doi: 10.1111/cas.13229

Frontiers in Oncology

72

10.3389/fonc.2022.980214

79. Kato Y, Tabata K, Kimura T, Yachie-Kinoshita A, Ozawa Y, Yamada K, et al.
Lenvatinib plus anti-PD-1 antibody combination treatment activates CD8+ T cells
through reduction of tumor-associated macrophage and activation of the
interferon pathway. PloS One (2019) 14(2):e0212513. doi: 10.1371/
journal.pone.0212513

80. Takaki H, Imai N, Contessa TT, Srimathveeravalli G, Covey AM,
Getrajdman GI, et al. Peripheral blood regulatory T-cell and type 1 helper T-cell
population decrease after hepatic artery embolization. J Vasc Interv Radiol (2016)
27(10):1561-8. doi: 10.1016/j.jvir.2016.01.150

81. Duffy AG, Ulahannan SV, Makorova-Rusher O, Rahma O, Wedemeyer H,
Pratt D, et al. Tremelimumab in combination with ablation in patients with
advanced hepatocellular carcinoma. J Hepatol (2017) 66(3):545-51. doi: 10.1016/
jjhep.2016.10.029

frontiersin.org


https://doi.org/10.4049/jimmunol.1801199
https://doi.org/10.1002/hep.31921
https://doi.org/10.1136/jitc-2020-002305
https://doi.org/10.1111/cas.13229
https://doi.org/10.1371/journal.pone.0212513
https://doi.org/10.1371/journal.pone.0212513
https://doi.org/10.1016/j.jvir.2016.01.150
https://doi.org/10.1016/j.jhep.2016.10.029
https://doi.org/10.1016/j.jhep.2016.10.029
https://doi.org/10.3389/fonc.2022.980214
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

& frontiers | Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Weijun Fan,

Sun Yat-sen University Cancer Center
(SYSUCC), China

REVIEWED BY

Bin-Yan Zhong,

The First Affiliated Hospital of
Soochow University, China

Chunwang Yuan,

Beijing Youan Hospital, Capital Medical
University, China

*CORRESPONDENCE
Hong-Tao Hu
huhongtaogy@163.com

SPECIALTY SECTION

This article was submitted to
Gastrointestinal Cancers: Hepato
Pancreatic Biliary Cancers,

a section of the journal

Frontiers in Oncology

RECEIVED 24 June 2022
ACCEPTED 20 September 2022
PUBLISHED 05 October 2022

CITATION
Zhao X-H, Yuan H, Xia W-L, Zhang L-L,
Li Z, Cao G-S, Li H-L, Fan W-J, Li H-L,
Guo C-Y, Yao Q-J, Zhu W-B and

Hu H-T (2022) Prospective study of
TACE combined with sorafenib vs TACE
combined with *2°| seed implantation in
the treatment of hepatocellular
carcinoma with portal vein tumor
thrombus and

arterioportal fistulas.

Front. Oncol. 12:977462.

doi: 10.3389/fonc.2022.977462

COPYRIGHT
© 2022 Zhao, Yuan, Xia, Zhang, Li, Cao,
Li, Fan, Li, Guo, Yao, Zhu and Hu. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Oncology

TvPE Original Research
PUBLISHED 05 October 2022
p0110.3389/fonc.2022.977462

Prospective study of TACE
combined with sorafenib vs
TACE combined with **°| seed
implantation in the treatment of
hepatocellular carcinoma with
portal vein tumor thrombus and
arterioportal fistulas

Xiao-Hui Zhao', Hang Yuan*, Wei-Li Xia*, Li-Lin Zhang?,

Zhen Li*, Guang-Shao Cao® Hai-Liang Li*, Wei-Jun Fan®,
Hong-Le Li®, Chen-Yang Guo®, Quan-Jun Yao', Wen-Bo Zhu*
and Hong-Tao Hu™

‘Department of Minimal-Invasive Intervention, The Affiliated Cancer Hospital of Zhengzhou
University & Henan Cancer Hospital, Zhengzhou, China, ?Yangtze University Health Science Center,
Jingzhou, China, *Department of Interventional Radiology, The First Affiliated Hospital of
Zhengzhou University, Zhengzhou, China, “Department of Intervention, Henan Provincial People's
Hospital, People's Hospital of Zhengzhou University, Zhengzhou, China, *Imaging and
Interventional Department, Sun Yat-sen University Cancer Center, Guangzhou, China, ¢The
Affiliated Cancer Hospital of Zhengzhou University & Henan Cancer Hospital, Zhengzhou, China

Purpose: To compare the efficacy of TACE combined with sorafenib and TACE
combined with 2° seed implantation in the treatment of hepatocellular
carcinoma (HCC) with portal vein tumor thrombus (PVTT) combined with
arterioportal fistulas (APFs), and discuss the efficacy and safety of TACE
combined with ¥2°| seed implantation.

Patients and methods: Between January 2017 and December 2018, the clinical
data of patients with HCC complicated with PVTT and APFs who were admitted
to the Affiliated Cancer Hospital of Zhengzhou University, First Affiliated Hospital
of Zhengzhou University, and Henan Provincial People’'s Hospital were
prospectively collected. The patients were divided into the TACE+sorafenib
(TACE-S) group based on their treatment willingness. There were 26 and 32
patients in the TACE-S and TACE-2° groups, respectively. Both groups of
patients underwent APFs occlusion during TACE therapy. The embolization
effect of APFs was observed and recorded in the two groups, the efficacy of
intrahepatic lesions and PVTT was evaluated, and the effects of different
treatment methods on the efficacy were analysed.

Results: All patients completed the 3 months follow-up. The improvement
rates of APFs in TACE-S and TACE-'%°I groups were 30.77% (8/26) and 68.75%
(22/32), respectively, and difference was statistically significant (y2 = 8.287,
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P=0.004). The median survival time of TACE-S and TACE-*2°| groups was 8.00
months and 12.8 months, respectively (x2 = 7.106, P=0.008). Multivariate
analysis showed that the PVTT subtype (lla/llb) and treatment method
(TACE-S or TACE-'2%)) were independent factors affecting the recanalization
of APFs in patients (P<0.05).

Conclusion: For patients with HCC with PVTT and APFs, TACE combined
with 2% seed implantation can effectively treat portal vein tumor thrombus,
thereby reducing the recanalization of APFs and prolonging the survival

time of patients.

KEYWORDS

hepatocellular carcinoma, arterioportal fistulas, portal vein tumor thrombus, 25 | seed,
transarterial chemoembolization, sorafenib

1 Introduction

The proportion of portal vein tumor thrombus (PVTT) in
patients with advanced hepatocellular carcinoma (HCC) in
China is high, ranged 44%-62.2% (1, 2). PVIT has been
recognized as an independent risk factor for poor prognosis in
HCC patients (3). Median overall survival (OS) was only 2.7-4
months in patients with HCC with PVTT with best supportive
care only, compared with 10-24 months in patients without
PVTT (4). Arterioportal shunts have been reported in 27-63.2%
(5) of advanced HCC cases and may be caused by PVTT. The
emergence of arterioportal fistulas (APFs) increases the risk of
serious complications such as esophageal varices, ascites, and
hepatic encephalopathy (6, 7), which seriously affects the
prognosis and survival of patients.

The Barcelona Clinic Liver Cancer (BCLC) system
recommends sorafenib alone for HCC patients with PVTT (8).
In the Asia-Pacific region, transarterial chemoembolization
combined with sorafenib (TACE-S) is the more commonly
used treatment for such patients (9, 10). In TACE procedures,
APFs are frequently seen by digital subtraction angiography
(DSA) (7), which is also the gold standard for diagnosis. In
addition, multi-slice CT angiography (MSCTA) can also detect
the presence of APFs (11, 12). However, because of poor control
of PVTT, even if the APFs are blocked, most patients recanalize
the APFs on subsequent follow-up examinations.

In addition, direct puncture implantation of '*I seeds can be
used to treat tumor thrombus in portal vein branches (12-14). A
prospective study in China reported that TACE-'*’T was
superior to TACE-S in the treatment of HCC patients with
branch portal vein tumor thrombus (12). There are no studies to
prove that implantation of '*’I in PVTT can lead to favorable
APFs response. Therefore, we designed this prospective, non-
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randomized controlled study to compare the efficacy and safety
of TACE combined with sorafenib and TACE combined with
PVTT '**I seed implantation for the treatment of HCC patients
with PVTT and APFs.

2 Material and methods
2.1 Patient information

This prospective controlled study complies with the ethical
guidelines of the World Medical Association Declaration of
Helsinki. The overall clinical trial has been registered in the
Chinese Clinical Trials Database (number ChiCTR-ONN-
16007929). This study was reported as a subgroup of the
overall clinical trial from which the data were derived. All
patients signed informed consent and had the right to
withdraw from the study at any time.

Between January 2017 and December 2018, 127 patients with
HCC and PVTT were treated in our department. A total of 58
patients were found to have APFs during hepatic angiography, and
they were immediately included in this study. The inclusion criteria
were as follows (1): Diagnosis according to the criteria of the
European Association for the Study of Liver Disease/American
Association for the Study of Liver Disease (15), diagnosis of HCC
complicated with PVTT (Figure 1), and only included in Cheng’s
classification Type II PVTT (16); (2) Hepatic artery DSA confirmed
APPFs; (3) Child-Pugh class A or B. Exclusion criteria: (1) patients
who had received anti-tumor therapy such as surgery,
radiofrequency or microwave ablation, systemic chemotherapy,
and intra-arterial chemoinfusion, or TACE; (2) severe
concomitant diseases, such as severe heart failure or respiratory
diseases; (3) hepatic encephalopathy or extrahepatic metastasis; (4)
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FIGURE 1

These MR and DSA images show the imaging data of a 68-year-old men with HCC complicated by portal vein tumor thrombosis in the right
branch. Contrast-enhanced MR scan showing a tumor thrombus in right portal vein (A). The contrast-enhanced MR of the patient 3 months
later shows a significant reduction in PVTT volume (B), and the previously blocked portal vein due to PVTT also restores blood flow. At the same
time, according to the mRECIST criteria, there was no activity in the intrahepatic lesions, and no activity was found in the PVTT, which was
judged as CR. The DSA image of the patient undergoing embolization of the APFs and obvious portal vein development can be seen during
angiography of the proper hepatic artery (C). The angiographic image of the patient taken at a time after treatment, showing that the APFs are
completed by sealing (D). A follow-up DSA image of the patient three months later showed no APFs (E).

Child-Pugh grade C; and (5) uncorrectable renal and
coagulation dysfunction.

Based on fully introducing the two treatment methods and
respecting the wishes of the patients, they were divided into two
groups. A group of patients received TACE + sorafenib (TACE-
S) treatment, which consisted of a total of 26 cases. The other
group received TACE+PVTT '*°T seed implantation
(TACE-'?I), which consisted of a total of 32 patients. A total
of 58 patients were included in the study.

2.2 TACE procedure

As previously reported (12, 14), routine celiac arteriography
and hepatic arteriography were performed to confirm the
diagnosis of HCC and the specific conditions of the APFs. If
the presence of APFs was confirmed, a 2.7 F coaxial microcatheter
(Terumo, Japan) was used to select the corresponding artery for
superselective arteriography to determine the location of the APFs
and determine the flow. After hepatic arteriography, there are two
types of embolization according to whether the microcatheter can
pass through the APFs area: (1) if the microcatheter can pass
through the APFs area, tumor embolization should be performed
first. A volume of 5-20 ml Lipiodol (Lipiodol Ultrafluide,
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Laboratoire Guerbet, France) and doxorubicin (50-75 mg/m?2)
(Haizheng Pharmaceutical Co. Ltd., China) were mixed to
prepare a lipiodol emulsion. After tumor chemoembolization
was completed, the microcatheter was returned to the APFs
area, and polyvinyl alcohol of different diameters (polyvinyl
alcohol foam embolization particles; Cook Medical Inc.,
Bloomington, IN, USA) was selected to embolize the fistula; (2)
if the microcatheter could not pass through the APFs area,
chemoembolization was performed in a certain area of the
supplying artery, and the target tumor and APFs were
simultaneously embolized. When it was found that APFs still
existed during the re-imaging, a spiral steel ring (China, Cook
Medical Trading Co., Ltd.) was chosen. Angiography showed that
the APFs disappeared or most of the shunt disappeared, and the
operation was ended.

2.3 Sorafenib treatment

All patients in the TACE-S group started sorafenib (400 mg,
bid) 3-7 days before the first TACE treatment. Therefore,
patients should continue sorafenib treatment. If there is an
obvious clinical toxicity related to the treatment, the dose can
be reduced or discontinued depending om the situation. After
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the toxicity subsided or disappeared, the original dose or
resumed medication was restored.

2.4 123 seed implantation procedure

The liver functions of patients in the TACE-'>’I group were
followed up 3-7 days after the first TACE treatment. An enhanced
CT scan was performed before surgery, the image was imported
into the treatment planning system (TPS) (FTT Technology Ltd.
Co, Beijing, China), the '*I seed implantation plan was planned
to calculate the formula dosage, number, spatial distribution,
intensity of radioactivity, and matched peripheral dosage of
seeds before implantation so that 95% of the tumor target
volume reached the prescribed dose, and the target volume ratio
reaches 1.5-2.0. According to the TPS system, an 18 G seed
implantation needle was used to puncture the target lesion, and
'2°] seeds were implanted in different layers and positions of the
tumor. According to the spacing of the 5 mm cloth source, the
particle distribution was uniform. A CT scan was performed
immediately after surgery to observe the particle distribution.

2.5 Evaluation indicators

According to the time of appearance of AFPs, they are
divided into three categories: (1) Mild: no fistula shape is
shown on angiography, and when bolus injection of lipiodol is
used for embolization, the small branches of the portal vein can
be seen. (2) Moderate: the main or branch of the portal vein is
visualized in the middle and late stages of tumor staining. (3)
Severe: the portal vein is visible when the main and branches of
the hepatic artery are visualized. At this time, tumor staining was
absent or was at an early stage.

MSCTA diagnostic criteria for AFPs (11, 12): (1) the main
portal vein or first-order branches in the hepatic arterial phase
are visualized early, while the splenic vein and superior
mesenteric vein have not been enhanced; (2) the hepatic
arterial phase peripheral portal vein secondary or secondary
and distal branches are visualized early, while the proximal main
portal vein and left and right branches are not yet enhanced. The
diagnostic criteria for APFs include the early development of
hepatic vein branches in the hepatic arterial phase, while the
portal vein and liver parenchyma have not yet been enhanced.

Criteria for evaluating the therapeutic effect of APFs were as
follows: (1) changes in APFs classification: © Cure, APFs disappear
completely; @ Relief, APFs degree is reduced or time delay occurs; ®
Stabilize, APFs level remains unchanged; @ Progress, APFs level
increase in flow rate. DSA angiography images of all patients were
re-examined 3 months after the first treatment, and the effect of
fistula embolization was observed according to the arterial
angiography images. Among them, ©® and @ were considered
effective, and ® and @ were considered ineffective. (2) Changes in
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liver function indices, including Child-Pugh grade and total
bilirubin and albumin levels, were found.

The modified response evaluation criteria in solid tumors
(mRECIST) were used to evaluate the efficacy of tumor
embolization three months after the first treatment (17),
including complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). Intrahepatic tumor
lesions and portal vein tumor thrombus were evaluated separately.

2.6 Study objectives and follow-up

All patients were re-examined 4-6 weeks after the first TACE
with plain upper abdominal MRI plus dynamic enhancement.
Repeat TACE is feasible for residual tumor lesions. APF
assessment of APFs is based on DSA angiography as the gold
standard. Some patients no longer receive TACE after their
condition has stabilized. Therefore, there is no direct evidence to
prove recanalization of APFs, and the judgment is based on the
performance of the MSCTA.

The improvement rates of APFs was defined as the
percentage of responders (O and ®). The disease control rate
(DCR) was defined as the percentage of CR+PR+SD patients.
The time from treatment to the last follow-up or death was
defined as overall survival (OS). The main objectives were to
evaluate the improvement rates of APFs, changes in liver
function indices, and DCR of intrahepatic lesions and PVTT
after the first TACE. The secondary endpoint was OS.

2.7 Statistical analysis

All statistical analyses were performed using SPSS version
25.0 (SPSS, Chicago, IL, USA). To determine significant
differences between groups, Student’s t-test, chi-squared test,
or Fisher’s exact test was used. Factors affecting recanalization of
APFs were analysed using univariate and multivariate logistic
regression analyses. Survival analysis was performed using the
Kaplan-Meier method, and an OS curve was drawn. The
difference in survival between the two groups was analysed
using the log-rank test. Statistical significance was set at P< 0.05.

3 Results
3.1 Basic characteristics

A comparative analysis of the TACE-S and TACE-'*I
groups is shown in (Table 1). There were no significant
differences in gender, age, ECOG score, Child-Pugh score,
tumor number, largest tumor diameter, total tumor diameter,
type of PVTT (Ila or IIb), AFP level, or blood test results
(P> 0.05).
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TABLE 1 Comparison of general data of patients in the TACE-'2°I group and the TACE-S group.

Variable

Gender

Age

ECOG Score

Child-Pugh classification

Number of liver tumors

Maximum tumor diameter

Total tumor diameter

Tumor location

PVTT type

APFs classification

AFP(ng/ml)

TBL (g/L)

ALB (umol/L)
PT(s)
WBC(10x12/L)
RBC(10x9/L)
HGB(g/L)

Unless otherwise indicated, data are presented as numbers of patients.

Grading

Male
Female
<60
>60

0

1

Class A
Class B
1

>2

<60
=100
<100
=100
Single leaf
Futaba
ITa

IIb
Mild
Moderate
Severe
<400
>400

TACE-"*’I group
n=32

27 (84.4)
5 (15.6)
17 (53.1)
15 (46.9)
9 (28.1)
23 (71.9)
29 (90.6)
3(9.4)
10 (31.2)
22 (68.8)
19 (59.4)
13 (40.6)
24 (75.0)
8 (25.0)
8 (25.0)
24 (75.0)
18 (56.2)
14 (43.8)
17 (53.1)
11 (34.4)

4 (12.5)

15 (46.9)
17 (53.1)
2151 (11.13)
38.77 (5.31)
12,97 (1.17)
4.94 (1.87)
4.33 (0.50)
13253 (15.83)

TACE-S group
n=26

23 (88.5)
3(11.5)
13 (50.0)
13 (50.0)
12 (46.2)
14 (53.8)
20 (76.9)
6 (23.1)
12 (46.2)
14 (53.8)
18 (69.2)
8 (30.8)
23 (88.5)
3 (11.5)
9 (34.6)
17 (65.4)
17 (65.4)
9 (34.6)
13 (50.0)
10 (38.5)
3 (11.5)
16 (61.5)
10 (38.5)
19.24 (11.71)
37.96 (4.54)
1330 (1.80)
531 (1.60)
4.17 (0.49)
130.12 (12.38)

P value

0.947

1.000

0.252

0.285

0.373

0.616

0.335

0.610

0.662

0.949

0.396

0.453
0.540
0.415
0.423
0.238
0.528

TACE, transarterial chemoembolisation; ECOG, Eastern Cooperative Oncology Group; PVTT, portal vein tumor thrombosis; AFP, alpha-fetoprotein; TBL, total bilirubin; ALB, albumin;
PT, prothrombin time; WBC, white blood cell; RBC, red blood cell; HGB, haemoglobin.

3.2 Evaluation of the therapeutic

effect of APFs

All 58 patients were followed up for 3 months after
treatment, and there were statistically significant differences in

APFs grading between the two groups before treatment and 3

months after treatment (Table 2). After 3 months of treatment,
22 patients in the TACE-'*’I group were effective for APFs

TABLE 2 Comparison of APFs grades before and 3 months after treatment between the TACE-'2°| group and the TACE-S group.

Groups

TACE-'*I group (n=32)
TACE-S

group (n=26)

X2

P value

Frontiers in Oncology

Before treatment

Moderate

None Mild
0 17 11
0 13 10
0.158
0.949

Severe None
4 16
3 5
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After treatment x>
Mild Moderate Severe
11 1 4 29.010
5 12 4 8.750
17.317
0.001

occlusion, while 10 were ineffective. In the TACE-S group, 8
were effective and 18 were ineffective. The improvement rates of

P value

0.001
0.029
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APFs in the TACE-S group and TACE-'*I group were 30.77%
(8/26) and 68.75% (22/32), respectively, and the difference was
statistically significant (x2 = 8.287, P=0.004) (Table 2). There
were no differences in Child-Pugh grade and albumin and
bilirubin levels between the TACE-S and TACE-'**I groups
before and after treatment (Table 3).

3.3 Efficacy assessment of intrahepatic
lesions and PVTI

The DCR of intrahepatic lesions in the TACE-'*’I group and
TACE-S group were 84.38% and 60.71%, respectively, and this
difference was statistically significant (32 = 4.275, P=0.039)
(Table 4). The DCR of PVTT in TACE-'*I group and TACE-S
group were 81.25% and 53.57% , respectively, and the difference was
statistically significant (2 = 5.287, P= 0.021) (Table 5).

3.4 Analysis of factors affecting APFs
recanalization

Univariate and multivariate analyses showed that PVTT
subtype (ITa/IIb) and treatment method (TACE-S or TACE-'*])
were factors affecting the recanalization of APFs (Table 6).

3.5 Subsistence analysis

As of 31 December 2020, the 12-month survival rates were
12.2% in the TACE-S group and 53.1% in the TACE-'*’I
groups. The median overall survival (mOS) of the TACE-S
group and TACE-'*°I group were 8.00 months and 12.8
months, respectively (¥2 = 7.106, P=0.008) (Figure 2A).
Survival analysis of patients with successful APFs
recanalization and occlusion in each group. TACE-S group:
8.7 months vs 6.9 months (}2 = 3.155, P=0.08) (Figure 2B);
TACE-'*°1 group: 13.9 months vs 9.1 months (2 = 1.454,
P=0.228) (Figure 2C).

10.3389/fonc.2022.977462

TABLE 4 Efficacy assessment for intrahepatic lesions.

TACE-'*’I group TACE-S group x> P value
CR 1 (3.12%) 0 (0.0%)
PR 12 (37.50%) 7 (25.00%)
SD 14 (43.75%) 10 (35.71%)
PD 5 (15.63%) 11 (39.29%)
DCR 84.38% 60.71% 4275 0.039

3.6 Adverse reactions

Some patients experienced adverse reactions related to
TACE treatment and post-embolization syndromes of varying
degrees, such as abdominal pain, nausea, and vomiting. After to
3-7 days of symptomatic treatment, the patient’s symptoms were
relieved. The overall incidence of adverse events or toxic effects
related to sorafenib use was 84.61% (22/26). The most common
grade 3 to 4 adverse events were diarrhoea (7.69%, 2/26) and
hand-foot skin reactions (3.85%, 1/26). Adverse effects of
PVTT'*’I seed implantation included haemorrhage and
pneumothorax, which were relieved by symptomatic
treatment. No serious adverse reactions, such as surgery-
related deaths, were observed.

4 Discussion

Previous studies have shown that PVTT is an independent
risk factor for recanalization (18). In our study, the APFs
occlusion rate of patients in the TACE-'>’I group was high
(68.75%) and one-time intraoperative occlusion rate was 100%.
Our study analysed the occlusion effect of APFs 3 months after
TACE, and confirmed that compared with TACE-S, TACE
combined with portal vein tumor thrombus '*°I seed
implantation can control the recanalization of APFs.

Previous studies have shown that embolic materials for the
treatment of hepatic arterial shunt (APS) include ethanol-soaked
gelatin sponge (ESG) and polyvinyl alcohol (PVA) particles. On
the basis of TACE-based therapy, aggressive and thorough APS
embolization during surgery can reduce the occurrence of fistula
recanalization (19, 20). In our study, all patients achieved

TABLE 3 Comparison of Child-Pugh classification, as well as total bilirubin and albumin levels, before treatment and 3 months after treatment in

the TACE-'?°| group and the TACE-S group.
Variable TACE-S group

Before therapy

Child-Pugh classification A 20 (76.9) 18 (69.23)
B 6 (23.1) 8 (30.77)

Total bilirubin (g/L) 19.24 + 11.71 18.37 £ 10.12

Albumin (umol/L) 37.96 + 4.54 37.72 £ 5.16
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TACE-"*°I group

P value Before therapy After treatment P value
0.532 29 (90.6) 30 (93.75) 1.000
3(9.4) 2 (6.25)

0.766 2151 + 1113 18.7 7 + 10.17 0.291
0.866 38.77 + 5.31 38.62 + 4.81 0.907
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complete occlusion by using PVA particles during TACE
procedure. The final results showed that the recanalization rate
of APFs in the TACE-S group was still high, even when the APFs
were blocked with the same material. The results of the APS
study combined with PVTT showed that there were differences
in the survival of patients with different PVTTs (21). Therefore,
for patients with APF and PVTT, it is important to control the
progression of PVTT after complete occlusion therapy. This will
further prolong patient survival.

In previous studies, APS improvement was shown to be an
independent prognostic factor (6). However, most studies focus
on materials for the treatment of APS, ignoring the specificity of
APS with PVTT. As we believe, fistula and tumor thrombus are
mutually causal and mutually reinforcing results. The mechanism
may be: the formation of PVTT is mainly related to portal venous
reflux. About 47%-63% of liver cancers are associated with hepatic
arteriovenous fistula (22), mainly the hepatic artery-portal
communicating branch. 90% of the blood supply of HCC comes
from the hepatic artery, and the liver cancer cells are directly
injected into the small branch of the portal vein with low pressure
through the blood flow of the hepatic artery with higher pressure,
and stay and implant in the portal vein to form PVTT. The
formation of PVTT results in the obstruction of the portal vein,
resulting in the opening of extensive anastomotic branches
between the hepatic artery and the portal vein in normal liver
tissue to form fistulas, further aggravating the occurrence of
intrahepatic decompensation events.

In terms of related indicators before and after treatment, the
results of this study showed that the proportion of patients with
Child-Pugh A grade in the TACE-""’I group did not change
significantly (90.6% vs 93.75%) 3 months after treatment, and
the proportion of those with Child-Pugh B grade in the TACE-S
group increased (23.1% vs. 30.77%), although no statistical
difference was observed. However, the control of PVTT by 1251
particles relieves clogging of the portal vein, and is more
important for the relief of liver function, which is consistent
with previous studies (12).

Multivariate logistic analysis showed that the type of PVTT
and treatment were prognostic factors affecting recanalization of

TABLE 5 Efficacy assessment for PVTT.

TACE-">I group TACE-S group x> P value
CR 1 (3.13%) 0 (0.0%)
PR 13 (40.635%) 6 (21.43%)
SD 12 (37.50%) 9 (32.14%)
PD 6 (18.75%) 13 (46.43%)
DCR 81.25% 53.57% 5287 0.021

Unless otherwise indicated, data are numbers of patients.

CR, complete response; DCR, disease control rate; PD, progressive disease; PR, partial
response; PVTT, portal vein tumor thrombosis; SD, stable disease; TACE, transarterial
chemoembolisation.
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APFs. In our study, there were statistically significant differences
in the DCR for both intrahepatic lesions and PVTT. The median
survival times of patients in the two groups were 8.00 months and
12.80 months, respectively. Compared with previous results, the
tumor response in our study was poor, which may be related to
the effect of APFs on TACE efficacy (12, 23). In addition, studies
have shown that DEB-TACE and Y-90 radioembolization have
good efficacy and safety in HCC patients with PVTT (24, 25).
However, Y-90 radioembolization is not feasible for the
appearance of APFs.

Further analysis of our study revealed the results. Under the
same treatment modalities, the survival of patients with fistula
recanalization was worse than that of patients with fistula closure
(TACE-S group: 8.7 months vs 6.9 months, P=0.08; TACE-'*’I
group: 13.9 months vs 9.1 months, P=0.228), although no
statistical difference was shown (P>0.05). This may be related
to our limited sample size. APFs interact with PVTT to make the
prognosis of patients worse, and further research is needed to
prove this inference.

In terms of safety, previous studies have also shown that
TACE combined with sorafenib has no unexpected toxicities (23),
and this study did not show any additional adverse reactions. The
adverse reactions related to '*’I seed implantation are mainly
caused by puncture and subcapsular haemorrhage. Only part of
the puncture route passes through the lung tissue, and the
pneumothorax caused by it is mild.

This study has certain limitations. First, although this study
is a prospective multicentre study, it is a non-randomized
control, it may cause statistical bias. Additionally, the small
sample size is an important limitation. Secondly, considering
that previous studies have shown that different materials have
different effects on APFs (19, 20), and to avoid confounding
factors, all patients were treated with PVA particles. Further
research on the efficacy of different blocking materials for APFs
is necessary after actively controlling PVTT.

5 Conclusion

In conclusion, from the perspective of fistula recanalization,
this study found that in patients with HCC complicated with
PVTT and APFs, TACE combined with '2°I seed implantation
can more effectively reduce the occurrence of APFs

TABLE 6 Multivariate Analysis of Influencing APFs Recanalization.

variable RR  95% confidence P
interval value

PVTT type (Ila/IIb) 15.88 2.99-84.34 0.001

Treatment (TACE-S group/ 13.07 2.54-67.16 0.002

TACE-'*° group)

The binary logistic regression model was used.
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recanalization. In such patients, the control of PVTT
progression may be more important. TACE combined with
portal vein tumor thrombus '*°I seed implantation is effective
and safe in the treatment of advanced HCC patients with type II
PVTT, and can significantly prolong patient survival.
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Application of systemic
treatment in conversion therapy
options for liver cancer
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and Yongguang Yang*

Department of Hepatobiliary Surgery, The Affiliated Hospital of Guangdong Medical University,
Zhanjiang, China

Radical hepatectomy is the main treatment method to improve the prognosis
of patients with intermediate and early-stage liver cancer. Most liver cancer
patients in China are in the advanced stage at the initial diagnosis, losing the
opportunity for surgical treatment. Therefore, it is essential to down-stage
unresectable liver cancer to resectable liver cancer clinically, which is an
important way to improve patients’ survival and a hotspot of current clinical
research. In recent years, with the increase in effective treatment methods for
liver cancer, the resection rate of conversion surgery for unresectable
advanced liver cancer has been significantly improved, and a growing
number of patients benefit from conversion therapy. This article mainly
reviews the connotation of conversion therapy for liver cancer, the patient
selection, the selection of conversion strategy, the timing of sequential
operations, the scheme and safety, etc.

KEYWORDS

primary liver cancer, systemic treatment, conversion therapy, downstaging, surgical resection

Introduction

As one of the most common malignant tumors in the world, primary liver cancer
ranks sixth in the incidence of malignant tumors worldwide in 2018, and is the fourth
leading cause of tumor death (1). Primary liver cancer is the fourth most common
malignant tumor and the second leading cause of tumor death in China, which seriously
threatens the lives and health of the Chinese people. Hepatocellular carcinoma (HCC)
(hereafter referred to as liver cancer) accounts for 75% of 85% of primary liver cancer
cases. Risk factors for liver cancer include chronic viral hepatitis (hepatitis B virus
infection, hepatitis C virus infection), alcoholic liver disease, consumption of food
contaminated by aflatoxin, obesity and diabetes, etc. Among them, chronic hepatitis B
virus (HBV) infection is the main risk factor for HCC in China (2). For patients with
early-stage liver cancer, the main treatment methods include surgical resection, local
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ablation and liver transplantation. However, due to the latent
onset and rapid progress of liver cancer, most patients are
diagnosed at the intermediate and advanced stages including
Barcelona Clinic Liver Cancer(BCLC) stage B, C or China liver
cancer staging (CNCL) stage IIIa, ITIb and some stage IIb, when
the surgical effect is poor or the opportunity for surgery is lost,
and the median survival time is only 1 year (3). For such
patients, the most important thing is to transform unresectable
liver cancer into resectable liver cancer and perform successful
surgery, which is also the key to long-term survival. In recent
years, the development of tyrosine kinase inhibitors (TKIs) and
immune checkpoint inhibitors (ICIs) has brought opportunities
for the treatment of liver cancer at intermediate and advanced
stages, and conversion therapy has become one of the current
research hotspots.

As a treatment method for unresectable liver cancer,
conversion therapy for liver cancer mainly adopts systematic
drug therapy and or non-surgical local therapy to inhibit tumor
progression, reduce tumor burden and improve clinical tumor
staging, thereby providing patients the opportunity to undergo
radical surgery (4, 5). The other category of conversion therapy
is neoadjuvant therapy, which refers to HCC patients with
technically resectable tumors and a high risk of recurrence. It
aims to shrink the tumor, improve the radical resection rate, and
reduce recurrence. When the treatment is applied to patients
with surgically resectable but oncologically unresectable HCC,
both treatments may be overlapped in the target population (5).
At present, the commonly used conversion therapy methods in
clinic include targeted therapy, immunotherapy, local therapy,
radiotherapy and other combination therapy methods. With the
in-depth investigation of various clinical studies, more and more
patients with liver cancer at intermediate and advanced stages
have benefited from conversion therapy. The regimen and
efficacy of conversion therapy are described as follows:

Application of drug therapy in
conversion therapy

Effect of drug therapy

Targeted therapy

Mainly TKIs drugs with representatives including sorafenib,
lenvatinib, apatinib, etc. Sorafenib can directly inhibit tumor cell
proliferation by inhibiting the rat sarcoma virus (Ras)/rapidly
accelerated fibrosarcoma (Raf)/mitogen-activated protein kinase
kinase (MEK)/extracellular signal-regulated kinase (ERK)
signaling pathway, which was used in the treatment of renal
cell carcinoma at first. It was approved by the U.S. Food and
Drug Administration (FDA) in 2007 for the treatment of
advanced HCC. In a large randomized controlled international
multicenter clinical trial (SHARP study), 602 patients with
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advanced liver cancer who had not received systemic
treatment were included and randomized to receive sorafenib
or placebo. The results showed that the median overall survival
(mOS) in the sorafenib group (nl = 299) and the placebo group
(n2 = 303) was 10.7 months vs. 7.9 months (P<0.001), and the
median time to progression (mTTP) was 5.5 months vs. 2.8
months (P<0.001), indicating that sorafenib can postpone the
progression of advanced liver cancer and prolong the survival of
patients (6). Another clinical study on sorafenib (Oriental study)
also came to similar conclusions (7). Sorafenib, as the first
molecular targeted drug for the treatment of advanced liver
cancer, has made a certain contribution to prolonging the
survival of patients. However, due to its low objective response
rate (ORR) (about 2.3%), significant adverse reactions, no
obvious improvement in the overall survival rate in hepatitis B
virus-positive patients, it still cannot fulfill the current needs for
treatment of advanced liver cancer.

Lenvatinib is an oral multi-receptor tyrosine kinase inhibitor
developed by Eisai. Its main targets are: vascular endothelial
growth factor receptor (VEGFR) 1-3, fibroblast growth factor
receptor (FGFR) 1-4, platelet-derived growth factor receptor
(PDGFR) @, c-Kit, RET etc. A phase III randomized controlled
global multicenter non-inferiority clinical study, the REFLECT
trial (8), compared lenvatinib with sorafenib. For the primary
endpoint of the trial, the mOS in the lenvatinib group was non-
inferior to the sorafenib group with a trend of prolongation (13.6
months vs. 12.3 months, P>0.001); in terms of secondary
endpoints comparing the lenvatinib with sorafenib, the median
progression-free survival (mPES) (7.4 vs. 3.7 months), mTTP
(8.9 vs. 3.7 months), and ORR (24% vs. 9%) all improved. In
terms of safety, there was no significant difference between
lenvatinib and sorafenib with the incidences of treatment-
related adverse events similar between the two groups.
Meanwhile, for HBV-related HCC, lenvatinib showed more
advantages in prolonging the survival. These data indicated
that lenvatinib was not inferior to sorafenib in the efficacy for
advanced HCC patients, was superior to sorafenib in secondary
endpoints such as ORR and mPFS, and was applicable to a wider
population. Therefore, it is recommended by many first-line
guidelines to be used in the first-line treatment of unresectable
HCC. Tomoko’s team (9) also conducted a clinical study of
lenvatinib treatment after failure of PD-1/PD-L1 treatment for
liver cancer, finding that the mPES after lenvatinib treatment
was 10 months, mOS was 15.8 months, ORR reached 55.6%, and
Disease control rate (DCR) reached 86.1%. It showed that the
use of lenvatinib could still increase the chance of conversion
and prolong the survival after failure of immunotherapy.

Other drugs, for example, apatinib, a new small-molecule
targeted drug independently developed by Jiangsu Hengrui
Pharmaceuticals, was initially used for the treatment of
advanced gastric cancer, and is now also used in patients with
advanced liver cancer who fail or are intolerable to first-line
systemic anti-tumor treatment, as a second-line therapeutic
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regimen for advanced liver cancer. The results of a phase III
clinical study of advanced liver cancer in China showed that
apatinib, compared with placebo, significantly prolonged the
median survival in patients with advanced liver cancer receiving
second-line treatment or above, and the ORR reached 10.7%.
The risk of death was reduced by 21.5%, and the risk of disease
progression was reduced by 52.9% (10).

Targeted drugs combined with
immunotherapy

Currently, targeted drugs combined with immunotherapy has
become the first-line treatment strategy for advanced HCC. In the
IMbravel50 study, atezolizumab combined with bevacizumab (T
+A) achieved better positive results compared with sorafenib,
showing significantly improved mOS (19.2 months vs. 13.4
months p < 0.001) and mPFS (6.9 months vs. 4.3 months p <
0.001) in liver cancer patients after treated with the T+A regimen
(11). In addition to the T+A regimen, the combination of TKI
drugs with PD-1/PD-L1 has also achieved good results. In the
phase Ib study Keynote524 (12), the mPFS of lenvatinib combined
with pembrolizumab was 9.7 months, the mOS was 20.4 months,
and the ORR was 46.3%. In 2019, this regimen was used as the
first-line treatment regimen for liver cancer at advanced stage. At
the 2020 ASCO-GI meeting, a phase Ib study of lenvatinib
combined with nivolumab as the first-line treatment for patients
with unresectable liver cancer (13) was reported with the results
showing the overall ORR 76.7%, DCR 96.7%, and the clinical
benefit rate 83.3%. In the study reported by Zhongshan Hospital
affiliated to Fudan University using lenvatinib combined with PD-
1 monoclonal antibodies (including nivolumab, camrelizumab,
pembrolizumab, sintilimab and toripalimab) in the treatment of
advanced HCC (14), the results showed that 6 patients (10.2%)
underwent the surgical resection as the tumor had shrunk.
Another clinical study of lenvatinib combined with
pembrolizumab and apatinib combined with toripalimab in the
treatment of unresectable liver cancer was published (15), wherein
10 patients (15.9%) underwent surgical resection 3.2 months (2.4-
8.3 months) after the start of treatment and 6 patients (60%)
achieved pathological complete response (pCR). In a prospective,
uncontrolled, open-label study led by Professor Lu Shichun (16),
PD-1 monoclonal antibodies combined with lenvatinib were
investigated for the efficacy in the treatment of liver cancer with
macrovascular invasion, and the results showed that the ORR was
53.1%(26/49), and the imaging-based conversion rate reached
51.0%, and 15 patients (30.6%) underwent RO surgical resection.
In a retrospective analysis of lenvatinib combined with
camrelizumab versus lenvatinib alone, the efficacy in the
combination group was improved compared with the single
agent group, showing mPFS increasing from 7.5 months to 10.3
months (P<0.05), ORR increasing from 20.5% to 41.7% (P<0.05)
(17). It showed that TKI drugs combined with PD-1 is a more
effective conversion regimen.
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Targeted therapy combined with local therapy

As the most commonly used local treatment method and
one of the most common non-surgical treatment methods for
liver cancer, Transarterial Chemoembolization (TACE) has
certain effects in reducing tumor burden and prolonging
patient survival, which is also recommended by many
guidelines as the standard treatment for intermediate-stage
liver cancer (18-20). However, when it is used alone, the
conversion efficiency of TACE is low and recurrence often
happens, moreover, multiple TACE can lead to poor efficacy
or even resistance (21). Studies have shown that TACE
combined with targeted therapy can improve the efficacy of
TACE. A retrospective study led by Professor Shi Ming
compared the efficacy of TACE combined with sorafenib
versus sorafenib monotherapy in the treatment of advanced
liver cancer complicated with hepatic vein tumor thrombus. The
results showed that the OS and TTP in the TACE combined with
sorafenib group were superior to sorafenib monotherapy (22).
Ding et al. (23) conducted a study comparing the efficacy of
sorafenib combined with TACE (TACE-S) and lenvatinib
combined with TACE (TACE-L) in the treatment of advanced
liver cancer complicated with portal vein tumor thrombus
(PVTT). The results showed that TACE-L was superior to
TACE-S in both mOS (14.5 months vs. 10.8 months) and
mTTP (4.7 months vs. 3.1 months), and 17 patients (53.1%) in
the TACE-L group achieved partial response, compared to 12
(25.0%) in the TACE-S group. Another study has also found that
hepatic arterial infusion chemotherapy (HAIC) based on
FOLFOX regimen is superior to TACE in efficacy, and HAIC
combined with targeted therapy has also achieved good results.
A prospective study found that sorafenib combined with HAIC
significantly improved the survival and conversion rate
compared with sorafenib alone, increasing mOS from 7.13
months to 13.37 months (p<0.05), PES from 2.6 months to
7.03 months (p<0.05), and improving ORR from 5.7% to 54.4%
(24). In a retrospective study reported by Mai at the American
Society of Clinical Oncology in 2020 (25), 24 patients with
advanced liver cancer who received FOLFOX regimen based
HAIC combined with lenvatinib were analyzed showing that
ORR and DCR were 66.7% and 79.2%, respectively. Among the
targeted treatment combined with local treatment regimens,
lenvatinib combined with HAIC achieved the best
conversion effect.

Targeted therapy, immunotherapy combined
with local therapy

Recent studies have shown that targeted immunotherapy
combined with local therapy (TACE or HAIC) can further
improve the surgical conversion rate of advanced unresectable
liver cancer. In a study conducted to explore the efficacy of
lenvatinib combined with TACE and pembrolizumab versus
lenvatinib combined with TACE in the treatment of unresectable
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liver cancer, Chen et al. (26) found that the OS and PFS of triple
therapy were 18.1 months and 9.2 months respectively, superior
to 14.1 months and 5.5 months of dual therapy, and 18 patients
(25.7%) in the triple therapy group were successfully downstaged
to undergo surgery, while 8 (11.1%) in the dual therapy group
underwent surgery. Another retrospective analysis investigating
the conversion of triple therapy using anti-angiogenic drugs
combined with PD-1 and HAIC for unresectable liver cancer
showed that the objective response rate was 96% (24/25) with 14
patients (56%) undergoing surgical resection, including 7 cases
achieving pathologic complete response (27). In the
retrospective analysis to investigate the efficacy of TACE
combined with lenvatinib and sintilimab, the mOS of this
regimen was 23.6 months, the mPFS was 13.3 months, and the
ORR was 46.7% (28). In the LTHAIC study, a prospective,
single-arm phase II clinical study (29), the treatment regimen
of lenvatinib + toripalimab + HAIC showed to have an ORR of
66.7% (95% CI, 43.3-75.1), including 5 (13.9%) patients
achieving complete radiographic response and 8 patients
successfully downstaged to meet the criteria for surgical
resection (Table 1). At present, the triple therapy shows the
highest conversion efficiency.

In addition, as portal vein metastasis is prone to occur for
liver cancer, many patients complicated with portal vein tumor
thrombus cannot undergo surgical resection or the resection
effect is poor. Some studies have found that when liver cancer is
complicated with portal vein tumor thrombus, combination
with radiotherapy can make the tumor thrombus shrink or
even disappear, creating conditions for surgery and improving
patients’ survival. A large randomized controlled trial (RCT)
comparing the efficacy of neoadjuvant radiotherapy followed by
resection with direct resection in liver cancer patients with portal
vein tumor thrombus showed that the 1-year survival rates of the
two groups were 75.2% vs. 43.1%, and the 1-year tumor-free
survival rates were 33.0% vs. 14.9%, respectively (30). Toshiya
et al. compared the efficacy of radiotherapy followed by surgery
with direct surgery. The pathological results after surgery
showed that 83.3% of patients in the radiotherapy followed by
surgery group achieved pathologically complete necrosis of the
main portal vein tumor thrombus with the 5-year survival rate of
34.8%, compared to only 13.1% in the surgery alone group (31).
There are also clinical data confirming the efficacy of
Transarterial Radioembolization (TARE) in shrinking tumors
and its role in the conversion therapy for liver cancer. For cases
complicated with portal vein tumor thrombus, TARE shows
higher local dose and more precise location than external beam
radiotherapy, and also reduces radiation damage to normal liver
tissue, with less effect on reserve function (32). Therefore,
combination with radiotherapy can further improve
the conversion rate and prolong the survival in patients
withadvanced liver cancer complicated with portal vein
tumor thrombus.
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Decades ago, for patients with significant tumor load, many
lesions, vascular invasion, or distant metastases, the only
therapeutic options were TACE, sorafenib, or symptomatic
therapy, and the prognosis was dismal, with a median overall
survival rate of 6.5-10.7 months (6, 7, 33). Nowadays, In the era
of systematic treatment, the application of TKI drugs and PD-1/
PD-L1 has enriched the treatment of liver cancer, expanded the
beneficiary group of patients, and median OS has reached 18.1
months or even longer (13, 14, 24, 26). Due to the decrease in
tumor volume and stage(reducing the volume and number of
primary lesions and eliminating portal vein tumor thrombus and
metastatic lesions), part of advanced HCC patients have
obtained the opportunity for radical surgery (Table 2) (34).

Conversion that increases liver volume

Liver failure caused by insufficient residual liver volume after
surgery has become a major restraining factor affecting the
surgical resection for liver cancer. For patients undergoing
surgery after conversion, the residual liver volume should be
maintained over 40% as far as possible. When the requirements
cannot be met, portal vein thrombosis (PVE) and associating
liver partition and portal vein ligation for staged hepatectomy
(ALPPS) can be considered. The complications of PVE were
mild, but it took 4-6 weeks to wait for the growth of liver. For
some patients who may lose the opportunity for surgery due to
tumor progression or insufficient growth of liver, combination
with TACE therapy may be considered (35, 36). ALPPS can
induce a 47%-192% increase in liver volume within 1-2 weeks,
which is much higher than PVE, and the tumor resection rate
can also reach 95-100% (37), but it has high incidence of
perioperative complications. Therefore, it is necessary to
comprehensively evaluate the patient’s condition before
surgery, such as level of liver cirrhosis, patient age, the
capacity to withstand two surgeries in a short period of time,
and the rapid tumor progression (38).

Management of adverse reactions

While conversion therapy has achieved promising efficacy
results, we need to pay attention to the adverse reactions during
the treatment. Common adverse reactions of TKI drugs include
hypertension, palmar-plantar erythrodysesthesia syndrome
(PPES), loss of appetite, nausea, vomiting and fatigue (39).
Immune-related adverse events (irAEs) caused by immune
checkpoint inhibitors (ICIs) involve almost all organs, and
common adverse reactions include rash and itching, diarrhea
and colitis, hepatotoxicity, pneumonia, and thyroiditis (40, 41).
The adverse reactions of TACE and HAIC are similar with post-
embolization syndrome the most common, mainly manifested
as fever, hepatalgia, nausea and vomiting, etc (42), and some
adverse reactions caused by chemotherapeutic drugs. The

frontiersin.org


https://doi.org/10.3389/fonc.2022.966821
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Bei et al.

TABLE 1 Clinical studies of conversion therapy in unresectable HCC patients.

Medicine

TKIs

Sor (SHARP) [6]

Sor (Oriental) [7]
LEN (REFLECT) (8)

Apatinib (AHELP) (10)
TKIs+ICIs
T+A
(IMbravel50) (11)
LEN+Pembrolizumab (12)
LEN +NIV (13)
LEN +PD-1 (14)
TKIs+PD-1 (15)
LEN +PD-1 (16)
LEN +Cam (17)
TKIs+local therapy
Sor+TACE (22)
LEN+TACE (23)
Sor+HAIC (24)
LEN+HAIC (25)
TKIs+ICIs+local therapy
LEN+TACE+Pembrolizumab (26)

TIKs+PD-1+HAIC (27)

LEN+TACE-+sintilimab (28)

LEN+toripalimab+HAIC (29)

Case

299

150

267

336

104

30

59

63

46

48

20

32

125

24

70

25

60

36

mOS
(month) (month)

10.7

6.5
13.6

8.7

19.2

NR

NR

14.9

14.5

13.37

NR

mPFS ORR DCR CR Surg TRAE

5.5¢

2.8°

7.4

4.5

4.3

9.3

NR

10.3

4.9°

7.03

8.1

9.2

133

10.5

%

2.0°

3.3°
24.1°

30.0°

46°

76.7°

55.9°

53.1

41.7°

40.8°

66.7°

47.1°

%

437

532
75.5

74*

38"

96.7°

76.2°

69.4

75.0°

80°

90.6°

75.2°

79.2°

(%)

25
747

5(4.8)
b
(13.3)°

(15.3)°

(10.8)
4(8.3)°

7
(10.0)

12
(48.0)
b

6(10)°

5
(13.9)°

(%) %

- 80

- 98.0°

- 94

- 97

- 86
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9 100
(30.0)
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8 -
(222)
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Outcome

sorafenib improves overall survival by nearly 3
months.

Sorafenib prolongs OS, TTP and improves DCR.
lenvatinib is non-inferiority of sorafenib in OS,
and improves PFS, TTP and ORR.

Apatinib significantly improves OS in patients
with pretreated HCC.

T+A maintained clinically survival benefits over
sorafenib.

LEN plus pembrolizumab improves antitumor
activity in uHCC.

LEN + NIV has encouraging anti-tumor activity
in uHCC.

LEN+PD-1 is effective and may convert
unresectable HCC into resectable.

TKI+PD-1 is a feasible to convert unresectable
HCC into resectable.

LEN+PD-1 could benefit unresectable HCC
patients to achieve curative surgery.

LEN+Cam might benefit patients with

unresectable HCC more than lenvatinib
monotherapy

Sor+TACE is effective in treating advanced HCC
and HVTT

LEN+TACE is more effective than Sor+TACE in
advanced HCC with PVTT

Sor+HAIC improves OS in patients with HCC
and portal vein invasion

6-, 9-, and 12-months OS rates were 91.7, 83.3%,
and 75%, respectively.

Pembrolizumab+LEN+ TACE contribute to a
higher rate of conversion therapy and longer
survival time than the lenvatinibTACE regimen

TIKs+PD-1+HAIC showed significant therapeutic
effect with an extremely high surgical conversion
rate.

LEN+TACE+sintilimab is a promising therapeutic
regimen in unresectable HCC

LEN+toripalimab+HAIC shows promising
antitumor activity

TKIs, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors; Sor, sorafenib; LEN, lenvatinib; PD-1, programmed cell death 1; TACE, Transarterial Chemoembolization; HAIC,
hepatic arterial infusion chemotherapy. pCR, pathological complete response. NR, not reached; pts: Patients; TRAE: treatment-related adverse events; TTP, time to progression; mOS,
median overall survival; mPFS, median progression-free survival; ORR, objective response rate; DCR, Disease control rate; T+A, atezolizumab plus bevacizumab; NIV, nivolumab; Cam,

camrelizumab; HVTT, hepatic vein tumor thrombus; PVTT, portal vein tumor thrombus; HCC; “According to RECIST; bAccording to mRECIST; “treatment-emergent adverse events
(TEAE); “AEs, adverse events; “TTP, time to progress.

assessment of the above adverse events (AEs) should be
performed according to the Common Terminology Criteria for
Adverse Events Version 5.0 (CTCEA Version 5.0). For mild
adverse reactions, symptomatic treatment can be given. For
severe adverse reactions, it is necessary to fully evaluate the
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patient’s condition, discontinue the current treatment and

perform active symptomatic treatment, adjust the treatment

dose or even change the regimen, etc. (40-43) Most cases are

transient or can be resolved through dose reduction or

symptomatic treatment. It has been reported in literature that
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TABLE 2 Summary of the advantages and disadvantages of monotherapy and combination therapy.

Monotherapy (6-8, 10)

Bigeminy therapy
TKIs+ICIs (11-17)

TKIs+local therapy
(22-25)

Triple therapy (26-29)

Advantage

Compared with a placebo, a monotherapy regimen prolongs the
survival of patients with advanced liver cancer, with lenvatinib being
the most effective.

TKIs combined with ICIs are more effective in conversion therapy
than monotherapy. In addition, some patients were successfully
downstaged, underwent surgical resection, and achieved a complete
pathological response (pCR).

Compared with monotherapy, TKIs combined with local therapy had
better conversion effectiveness and improved OS and PFS in patients
with HCC and portal vein invasion.

Triple therapy shows promising antitumor activity and contributes to
a higher conversion rate than Bigeminy therapy for patients in
advanced HCC and PVTT.

Disadvantage

Adverse reactions to monotherapy are between 80% to 98%, and
every monotherapy regimen has a similar incidence of severe
adverse reactions, which is manageable.

There are no statistically significant differences between targeted
immunotherapy and monotherapy in the incidence of most
adverse events. In general, toxicities are manageable, with no
unexpected safety signals.

Some grade 3 to 4 adverse events are more frequent in TKIs
combined with local therapy groups than in the monotherapy
group. The overall incidence of adverse events is similar and well
tolerated.

There were no significant differences in majority grade > 3 AEs
between triple therapy and bigeminy therapy, and toxic side
effects were manageable.

TKIs, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors; OS, overall survival; PES, progression-free survival; AEs, adverse events; PVTT, portal vein tumor thrombus.

the occurrence of some TKI-related AEs indicated favorable
prognosis (44). Therefore, during the conversion therapy, the
tolerance to some adverse reactions can be enhanced for
patients, and at the same time, serious adverse reactions that
occur during the treatment should be alerted for early detection
and timely intervention to ensure the efficacy and safety
of conversion.

Patient assessment and
regimen selection

Radical operation is the essential means of treating primary
liver cancer, which is also a necessary means of achieving long-
term survival. It is also the core of conversion therapy, which
transforms unresectable liver cancer into resectable liver cancer
for surgical resection. Usually, there are two reasons for
unresectability: surgically unresectable and oncologically
unresectable. The former is widely accepted, including the
patient’s inability to withstand surgical trauma regarding their
general condition, liver function, and insufficient remaining liver
volume (surgically unresectable). The latter means Technically
resectable but cannot acquire better effectiveness after resection
than non-surgical treatment, which is dynamic and controversial
(5). Clinically, for unresectable liver cancer, TKIs combined with
ICIs can be used initially for conversion attempt, and the reasons
for unresectable tumor should be analyzed and evaluated. In case
of excessive tumor burden, TACE or HAIC can be added for
tumor shrinkage (45, 46); in case of complication with portal
vein tumor thrombus, HAIC or TARE can be added (47, 48), or
external beam/Stereotactic Body Radiation Therapy (SBRT)
radiotherapy can be combined (49) to achieve tumor
thrombus shrinkage or even complete disappearance; in case
of complication with extrahepatic oligometastasis, radical
resection of the primary tumor + resection or ablation of
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metastasis can be selected if tolerable after sufficient
assessment (50, 51).

Since conversion therapy methods can affect tumor, liver,
and other organ functions, patients who have the opportunity
for surgery after conversion therapy must be evaluated for organ
function, target tumor burden, high-risk factor conversion,
residual liver volume, and liver function (52). The evaluation
includes regular review of enhanced CT, MRI and other imaging
data to dynamically compare the changes of lesions and intra-
and extra-hepatic metastasis; completion of the Child-Pugh
(CTP) grading, indocyanine green (ICG) clearance test, and
model for end-stage liver disease (MELD) score, HBV DNA
level, etc. to assess liver function and tolerance to surgery;
making full use of 3D visualization technology to use a wide
incisal margin with tumor boundary >1 cm as the resection
range as far as possible, and ensure that FLR accounts for more
than 40% of the standard liver volume so as to ensure the safe
implementation of surgery (3).

The treatment regimen should not be selected solely based
on the staging of liver cancer as some patients with BCLC stage
A (or some CNLC stage Ib), who are not suitable for surgical
treatment due to excessive tumor burden at the initial diagnosis,
should receive conversion therapy before radical resection; some
patients with BCLC stage B/C (CNLC stage IIb/ITIa/IIIb) should
not be completely considered as equivalent to the advanced stage
for systemic therapy alone, but can undergo radical surgery after
conversion therapy. It is recommended to use the
multidisciplinary team (MDT) model (5) to fully assess the
condition and formulate individualized follow-up and
treatment strategies. Combined with the current research
results, when the liver function, performance status, general
condition is favorable, and the patient can tolerate the treatment,
try to choose a regimen combining multiple treatment methods,
such as targeted treatment combined with local therapy, to
improve the tumor response rate and surgical conversion rate.
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Others
Surgical resection after conversion

Surgical resection is an important way for patients to obtain
long-term survival after successful conversion. An important
condition for conversion resection is to achieve tumor response,
or at least to keep the lesions stable for a period of time (3~4
months) (42). Studies have shown that the tumor-free survival of
patients after liver cancer conversion resection is related to the
degree of pathological response, and the postoperative tumor-
free survival is longer in patients with pathological response. In
addition, tumor response is only based on imaging, not
equivalent to pathological response, and there may be residual
cancer cells. Therefore, when the transformed patients achieve
the surgically resectable criteria, concurrent surgical treatment
should be evaluated as soon as possible to clear necrotic tumor
cells or viable tumor cells to achieve the pathological response
criteria (52, 53). Timely surgery can also avoid tumor drug
resistance and achieve better survival (54).

After the conversion is assessed to be successful, the
timing of surgery should also be determined according to
the preoperative conversion regimen. Expert consensus
recommends: Before surgery, small-molecule targeted drugs
(lenvatinib, apatinib, sorafenib, etc.) should be discontinued
for more than 1~2 weeks; PD-1 inhibitors should be
discontinued for more than 2-4 weeks, bevacizumab should be
discontinued for >6 weeks, and bevacizumab should not be used
until the wound fully recovers; if TACE or radiotherapy is
performed, the surgery should be performed 4 weeks after the
last treatment to reduce perioperative complications incidence
and ensure the safety of surgery (5).

Postoperative adjuvant therapy

There is still a lack of sufficient data and high-level evidence-
based medical evidence to guide the selection of postoperative
adjuvant therapy. However, the success of conversion implies
that the tumor is sensitive to the regimen. Therefore, experts
recommend that the original regimen or part of the drugs in the
original regimen should be used for more than 6 months as
appropriate according to the patient’s physical condition,
adverse reactions and treatment tolerance. Re-examination
should be performed every 3 months, and drug withdrawal
can be considered when there is no tumor recurrence or
metastasis in two consecutive imaging examinations, and
tumor markers are normal for 3 consecutive months without

upward trend (5).
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MDT is an important method to ensure
the quality of conversion therapy

Due to the complex pathogenic factors, highly malignant
biological behavior of liver cancer, great differences in liver
disease backgrounds and prognosis, as well as different
individual responses to treatment and the multiple disciplines
involved (55), a multidisciplinary team (MDT) is required to
evaluate the patients based on the imaging results to further
provide individualized treatment regimen. During the treatment,
the tumor response should be actively monitored, and the
conversion regimen should be adjusted if necessary to create
the opportunity for radical surgery with the ultimate goal to
enable high-quality long-term survival for patients.

Discussion

Molecule targeted drugs, represented by TKIs, have achieved
promising therapeutic efficacy in existing clinical trials. Combined
immunotherapy and local treatment may improve the ORR, increase
the proportion of conversion resection rate, and prolong the survival
time to benefit more patients with advanced HCC. In addition, PVE
and ALPPS increase the residual liver volume, reduce the risk of
postoperative liver failure, and ensure the safety of resection. Before
choosing the treatment regimen, evaluating the cause of the
unresectable, the patient’s liver function and performance status,
and selecting an appropriate conversion method are necessary. The
application of systemic treatment provides an opportunity for
conversion and downstaging for patients with liver cancer at an
intermediate and advanced stage and provides the possibility for
surgical resection after conversion, thereby bringing hope to prolong
overall survival and tumor-free survival.

At present, the research on systemic treatment is in the
ascendant, but there are still many problems and challenges: (1)
How to better screen the population with efficacy? (2) How to better
arrange systemic treatment and local therapy to achieve
downstaging effect? (3) How to choose a combination regimen to
improve the conversion rate? (4) How to determine the conversion
therapy time and arrange the operation time window? (5) Can
ctDNA dynamic monitoring make up for the detection effect in
patients with negative tumor indicators. More high-quality RCT
studies are still needed to provide evidence-based medical data. In
the future, higher-definition imaging technology, in conjunction
with liquid biopsy, next-generation sequencing (NGS), and other
techniques, could be used to assess the liver cancer tumor burden
and metastasis in a more accurate and detailed manner in order to
create a reasonable, individualized treatment plan for patients,
thereby further improving the success rate of conversion and
survival rate.
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Purpose: To compare the effectiveness and safety of transarterial
chemoembolization (TACE) combined with apatinib and camrelizumab with
those of TACE as well as apatinib among patients with unresectable
hepatocellular carcinoma (HCC).

Materials and methods: The data of patients with unresectable HCC (uHCC)
who received TACE-apatinib-camrelizumab combination (TACE + AC group)
and TACE-apatinib combination (TACE + A group) were collected from two
centers between January 2018 and January 2022. Propensity score matching
(PSM) was conducted to diminish the bias between the two groups. The
primary outcome measures of the study were overall survival (OS) and
progression-free survival (PFS), and the secondary outcome measures were
response rate (ORR), disease control rate (DCR), and adverse events (AEs).

Results: A total of 102 patients were enrolled in this study after PSM, with 34
patients in the TACE + AC group and 68 patients in the TACE + A group.
Compared to the TACE + A group, TACE + AC had a significantly longer median
OS (25.5 months, interquartile range [IQR], 23.5-33.0) than 18.5 months (IQR,
13.0-25.0; P = 0.001). Similarly, the PFS of the TACE + AC group was
significantly improved (14.0 months, IQR, 9.0-NA) compared to that of the
TACE + A group (5.0 months, IQR, 2.5-9.0; P = 0.001). The ORR rates (55.9% vs.
51.5%), and DCR rates (79.4% vs. 72.1%) were comparable between groups (P >
0.05). All treatment-related adverse events were tolerable and manageable,
and no serious adverse events were observed.
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Conclusion: TACE combined with apatinib plus camrelizumab demonstrated
superior efficacy to TACE plus apatinib for patients with unresectable HCC. The
two combination therapies showed similar safety profiles.

KEYWORDS

apatinib, immunotherapy, transarterial chemoembolization, hepatocellular
carcinoma, PD-1, prognosis

Introduction

Hepatocellular carcinoma (HCC) is the second leading cause
of cancer-related deaths worldwide and is often diagnosed at an
advanced stage because of its insidious onset and nonspecific
symptoms. Transarterial chemoembolization (TACE) and
systematic therapy are considered standard therapeutic
methods for patients with intermediate and advanced HCC,
respectively (1-3). As a widely accepted and proven treatment
strategy for HCC, TACE could effectively inhibit tumor
progression. However, TACE could cause hypoxia in tumor
tissue, which ultimately induces the expression of vascular
endothelial growth factor (VEGF) and increases tumor
angiogenesis (4), and consequently, mediates tumor growth
and/or metastasis. Moreover, repeated TACE procedures can
gradually impair liver function and aggravate liver cirrhosis.

Apatinib (Jiangsu Hengrui Medicine Co., Ltd., Jiangsu,
China), a novel targeted agent, has higher selectivity to
VEGFR-2 than sorafenib. Qiu et al (5) proposed that TACE
combined with apatinib can improve the efficacy of unresectable
HCC compared to TACE alone. Meanwhile, camrelizumab
(SHR-1210, Jiangsu Hengrui Medicine Co., Ltd., Jiangsu,
China) is a humanized monoclonal antibody against PD-1.
According to the RESCUE trial (6), camrelizumab in
combination with apatinib has an efficacy profile of 34.3% for
advanced HCC. Moreover, with the continuation of the
IMBravel50 study (7) and several clinical trials (8, 9),
immunotherapy in combination with antiangiogenic drugs is
known to significantly improve the outcome of patients with
advanced HCC. Furthermore, evidence (10) shows that TACE is
an inducer of immunogenic cell death, resulting in facilitating
antigen presentation and priming of antitumour lymphocytes
(11). Thus, there is an appealing rationale for the combination of
TACE, tyrosine kinase inhibitors (TKIs), and immune
checkpoint inhibitors (ICIs) (12).

Several studies (13, 14) have shown that TACE combined with
anti-angiogenic therapy and immunotherapy can improve the
treatment efficacy of patients with unresectable HCC, with an
ORR of approximately 35%-59% and median overall survival
(OS) of approximately 13-35 months. Few studies have been
conducted using TACE along with apatinib and camrelizumab for
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patients with unresectable HCC. Therefore, we conducted this
retrospective study to determine the efficacy and safety of TACE
combined with apatinib and camrelizumab (TACE + AC) therapy
compared to TACE combined with apatinib (TACE + A) therapy.

Materials and methods
Study design and patient selection

This retrospective analysis was conducted between January
2018 and January 2022, on all patients with unresectable HCC
from the First Affiliated Hospital of Nanjing Medical University
and the Affiliated Hospital of Nanjing University of Chinese
Medicine who received TACE plus apatinib with/without
camrelizumab. The study was approved by the Institutional
Ethics Review Boards of both hospitals, and the procedures
followed in this study were conducted in accordance with the
guidelines of the World Medical Association Declaration of
Helsinki. The requirement for informed consent was waived
due to the retrospective nature of the study. According to the
Guidelines for Diagnosis and Treatment of Primary Liver
Cancer in China, HCC was diagnosed pathologically or
clinically. The inclusion criteria for the study were as follows:
(1) Barcelona Clinic Liver Cancer (BCLC) stage B or C; (2)
Child-Pugh class A5-B7; (3) Eastern Cooperative Oncology
Group (ECOG) performance status < 1; and (4) 2 1 cycle of
TACE and apatinib with or without camrelizumab. The
exclusion criteria were as follows: (1) < 1 month of apatinib or
camrelizumab treatment; (2) appearance of secondary primary
malignant tumors; (3) contraindication to camrelizumab (an
allergy to the active ingredient and excipients of camrelizumab);
and (4) incomplete data or loss to follow-up.

TACE procedure

TACE was initiated before apatinib and camrelizumab
administration. Under local anesthetic, TACE treatment was
conducted through the femoral artery. To determine the
number, size, location, and feeding arteries of the tumors, a 5-F
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catheter (COOK) was inserted and angiography was performed.
Then, an emulsion of chemotherapeutic drugs (lobaplatin, 30-50
mg; epirubicin, 10-30 mg) mixed with lipiodol was administered
through the hepatic artery. Thereafter, embolization via a
microcatheter (2.7 F; Terumo Medical Corp., Tokyo, Japan; or
2.4 F; Merit Maestro, South Jordan, Utah, USA) was performed
either selectively or superselectively. Selective embolization with
300 wm polyvinyl alcohol particles (Biosphere Medical, Paris,
France; or Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, China) or
gelatin sponge particles was performed to achieve blood flow stasis
in the tumor-feeding artery. Post-TACE syndrome was recorded,
and liver function indices were assessed within 1 week of each
TACE session.

Apatinib and camrelizumab
administration

Apatinib was administered orally 250 mg once a day within 1
week of the initial TACE and was suspended 3 days before and
after repeated TACE procedures. Camrelizumab was
administered 200 mg intravenously within 1 week of the initial
TACE and then every 3 weeks continuously (maximum of 24
months of camrelizumab treatment). The doses of camrelizumab
and apatinib were reduced, suspended, or discontinued in
patients who experienced severe adverse events (AEs).

Follow-up

All patients were followed up constantly until death or the
end of the study (March 1, 2022). To track treatment-related
adverse events (AEs), blood tests, including complete blood
counts, liver, kidney, cardiac biomarkers, and thyroid
functions, were conducted approximately every 3 weeks.
Tumor markers and contrast-enhanced computed tomography
(CT) or magnetic resonance imaging (MRI) were performed
every 2 months to assess the treatment response. TACE was
repeated in keeping with the tumor status, liver function, and
patient’s general condition when residual viable tumors were
detected or new lesions emerged after a multidisciplinary
team discussion.

Assessment and outcomes

The primary measure outcomes were OS and progress-free
survival (PFS). OS was defined from the date of the first TACE
therapy to the date of death arising from any cause or the date of
the last contact in both groups. PFS was defined as the time
between the beginning of TACE treatment and the first sign of
tumor progression or death. Secondary measure outcomes of
this study included the objective response rate (ORR), disease
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control rate (DCR), and AEs. The tumor response was evaluated
by two experienced radiologists using the modified Response
Evaluation Criteria in Solid Tumors (mRECIST, version 1.1),
including complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). The ORR was
defined as CR + PR, and the DCR was defined as CR + PR +
SD. AEs were assessed based on the Common Terminology
Criteria for Adverse Events (CTCAE, version 4.03).

Statistical analyses

Propensity score matching (PSM) was performed to minimize
the effects of selection bias and potential confounders. Categorical
data are expressed as the number of patients (percentage).
Quantitative data were expressed as mean + standard deviation
and median (range) for normally and nonnormally distributed
variables. Categorical data between the two groups were compared
using the c2 test or Fisher’s exact test, as appropriate. Quantitative
data were compared using Student’s t-test or Mann-Whitney U
test, as appropriate. Survival curves were analyzed by Kaplan-
Meier method using the log-rank test. All statistical analyses were
performed using SPSS Statistics version 26 (IBM, Armonk, New
York, USA). All statistical tests were two-tailed, and P < 0.05 was
considered statistically significant.

Results
Patient demographics

Between January 2018 and January 2022, 147 patients with
BCLC stage B or C were considered eligible for this study,
including the TACE + AC group (n = 34) and TACE + A group
(n = 113). The median follow-up time is 22.8 months in the
TACE + AC group, while 29.3 months in the TACE + A group.
The flow diagram is displayed in Figure 1. The baseline
characteristics of the patients are summarized in Table 1.
Before PSM, BCLC stage (B/C, P = 0.003) and tumor
distribution (single/multiple, P = 0.02) showed statistically
significant differences in the two groups. Groups were
matched strictly in age, gender and grade of BCLC
classification (caliper = 0.1). After PSM at a 1:2 radio, there
were no statistically significant differences in the baseline
characteristics between the two groups. A total of 102 patients
were included after PSM, among whom, 34 were in the TACE +
AC group and 68 were in the TACE + A group.

Efficacy

Before PSM, Patients in the TACE + AC group had a median
OS of 25.5 (IQR: 23.5-33) months and a median PFS of 14.0 (IQR:
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HCC patients treated TACE
combined with apatinib (n = 168)

A.

Treated with TACE combined with

apatinib plus camrelizumab (n = 43)

Excluded (n=9)

® Loss to follow-up (n=5)

® Incomplete data (n = 3)

® Received therapy within 1
week (n=1)

A4

TACE plus apatinib and

camrelizumab group (n = 34)

y

Treated with TACE combined

with apatinib (n = 125)

Excluded (n=11)
® Lost to follow-up (n=4)
® Incomplete data (n=7)

A.

TACE plus apatinib alone

group (n=114)

propensity score matching

A,

TACE plus apatinib and

camrelizumab group (n = 34)

FIGURE 1

A

TACE plus apatinib alone

group (n = 68)

Flow diagram of patient enrollment. HCC, Hepatocellular carcinoma; TACE, Transarterial chemoembolization.

9.0-NA) months, while 19.1 (IQR: 2.5-27.5) months and 5.1 (IQR:
2.7-8.1) for those in the TACE + A group, respectively. Patients in
the TACE + AC group had a median OS of 25.5 (IQR: 23.5-33)
months compared to 18.5 (IQR: 13.0-25.0) months for those in the
TACE + A group (HR =0.312, 95%CI = 0.162-0.602; Figure 2); and
a median PFS of 14.0 (IQR: 9.0-NA) months compared to 5.0 (IQR:
2.5-9.0) months for those in the TACE + A group. The survival
rates of the TACE + AC group were 91.1%, 63.2%, and 48.6% at 1,
2, and 3 years, while those of the TACE + A group were 76.3%, 27%,
and 18.2%, respectively. Figure 3 is the representative MR imaging
figures from 1 case of CR. All data and results are available in
Supplementary Tables 1, 2.
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Tumor responses

The tumor responses at the 1-year rate of the two groups of
patients are shown in Table 2. For the TACE + AC group, 4
(11.8%) patients achieved CR, 15 (44.1%) achieved PR, 8 (23.5%)
patients were in the SD state, and 7 (20.6%) patients had PD.
However, in the TACE + A group, 4 (5.9%) patients achieved CR,
31 (45.6%) patients achieved PR, 14 (20.6%) patients were in the
SD state, and 19 (27.9%) had PD. The ORR rates (55.9% vs.
51.5%) and DCR rates (79.4% vs. 72.1%) of the TACE + AC group
were numerically higher than those of the TACE + A group, and
neither showed a statistically significant difference (P > 0.05).
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TABLE 1 Patient characteristics at baseline.

10.3389/fonc.2022.1057560

Characteristic Before PSM After PSM
TACE+AC TACE+A p TACE+AC TACE+A P
Age (years) 0.32 0.52
< 60 23 65 23 41
> 60 11 48 11 27
Sex 0.25 1
Male 29 84 29 58
Female 5 29 5 10
ECOG PS 1 0.67
0 19 62 19 34
1 15 51 15 34
Etiology 0.47 0.78
HBV 29 89 29 56
Other 5 24 5 12
Child-Pugh class 0.79 0.57
30 105 30 56
B 4 18 4 12
AFP 0.84 0.40
< 200 ng/ml 21 67 21 35
> 200 ng/ml 13 46 13 33
Tumor distribution 0.02 0.55
Single 12 14 12 22
Multiple 22 99 22 46
Tumor size 0.82 0.35
<10 cm 27 85 27 47
>10 cm 7 28 7 21
Extrahepatic metastases 0.07 0.51
Yes 13 24 13 21
No 21 89 21 47
Macrovascular invasion 0.01 0.2
Yes 17 17 17 24
No 17 96 17 44
BCLC stage 0.00 1
B 13 73 13 26
C 21 40 21 42

Data are presented as the median (range) or N (%). PSM: Propensity score matching, TACE, Transcatheter arterial chemoembolization; TACE + A, TACE plus apatinib; TACE + AC, TACE

plus apatinib and camrelizumab; ECOG PS, Eastern Cooperative Oncology Group Performance Status; BCLC, Barcelona Clinic Liver Cancer; AFP, Alpha-fetoprotein.

Safety

No treatment-related deaths were observed and the
treatment-related adverse events (TrAEs) are listed in
Table 3. All toxicities were manageable. AEs of any grade
during the TACE procedure included abdominal pain (65.1%),
transaminitis (46.1%), fever (53.9%), lymphopenia (10.8%),
decreased appetite (29.4%), nausea/vomiting (58.5%),
diarrhea (25.5%), fatigue (13.7%), leukopenia (14.7%),
neutropenia (11.8%), and anemia (13.7%). There were no
significant differences in AEs resulting from TACE between

Frontiers in Oncology

95

the groups. In contrast, hand-foot syndrome (29.4%),
hypertension (44.1%), and reactive cutaneous capillary
endothelial proliferation (RCCEP) (23.5%) were the most
common AEs in the period of apatinib and camrelizumab
administration. In the TACE + AC group, apatinib
administration was suspended in five patients and
camrelizumab administration was suspended in one patient.
In the TACE + A group, apatinib administration was
suspended in 10 patients due to intolerance. Grade 4
myelosuppression occurred in one patient after the TACE
procedure and recovered after symptomatic management.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1057560
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhu et al. 10.3389/fonc.2022.1057560

A Group == TACE+A == TACE+AC
1.00
0.75
2
]
§
S 050
N
S
o
3
@
0.25
p<0.0001
0.00
0 12 24 36 48
Time (months)
Number at risk
TACE+A 68 45 12 5 0
TACE+AC 34 31 16 3 2
B Group == TACE+A == TACE+AC
1.00
0.75
2
]
£
8 050] o mmmmmmmmmmmme
H
> 1
5 '
« 1
I
|
0.25 !
p<0.0001 H
|
h
|
h
h
|
0.00 .
0 6 12 18 24
Time (months)
Number at risk
TACE+A 68 27 9 & 1
TACE+AC 34 30 17 9 2
FIGURE 2
Kaplan—Meier analyses of overall survival (A) and progression-free survival (B) according to treatment groups. TACE + A, Transarterial
chemoembolization combined with apatinib; TACE + AC, Transarterial chemoembolization combined with apatinib plus camrelizumab.
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FIGURE 3

Male, 58y, BCLC B stage, Child-Pugh grade A6, massive and ruptured HCC. MR images (arterial phase) were acquired. (A) before TACE
treatment, (B) 6 months after the combination treatment, (C) 12 months after the combination treatment, (D) 18 months after the combination
treatment, demonstrating complete response, with a reduction in tumor size, the patient was classified as CR according to mRECIST. TACE,

transarterial chemoembolization.

Discussion

Our study revealed that TACE + AC therapy was more
effective than TACE + A therapy in patients with unresectable
HCC. Patients who received the TACE + AC modality had a
median OS of 25.5 (IQR: 23.5-33.0) months and a median PFS
of 18.5 (IQR: 13.0-25.0) months, which yielded a sufficient edge
over the TACE + A modality and was comparable to the results
of previous studies (15, 16).

The combination of TACE with immunotherapy modalities
has shown promising clinical efficacy. Regarding the survival
time, several retrospective studies have shown that TACE
combined with TKIs and ICIs demonstrated superior OS (18-
24 months) and PFS (5.5-13.3 months) than TACE combined
with TKIs or TKIs combined with ICIs, which were not better
than our outcomes. In our study, the median OS and PFS in the
TACE + AC group were numerically higher than those in the
TACE + A group. Of note, Ju et al. (17, 18) reported comparable

TABLE 2 Tumor response at 1 year between the two groups based on mRECIST1.1.

TACE+AC group TACE +A group x> P-value Overall
(n = 34, %) (n = 68, %) (n = 102,%)

Tumor response
CR 4(11.8) 4 (5.9) 0.99 0.44 13 (12.6)
PR 15 (44.1) 31 (45.6) 0.20 1.00 41 (40.2)
SD 8 (23.5) 14 (20.6) 0.12 0.80 22 (21.6)
PD 7 (20.6) 19 (27.9) 0.71 0.47 26 (25.5)
ORR (CR+PR) 19 (55.9) 35 (51.5) 0.18 0.84 54 (52.9)
DCR (CR+PR+SD) 27 (79.4) 49 (72.1) 0.64 048 76 (74.5)

mRECIST, Modified Response Evaluation Criteria in Solid Tumors; CR, Complete response; PR, Partial response; SD, Stable disease; PD, Progressive disease; ORR, Objective response rate;

DCR, Disease control rate.
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TABLE 3 Treatment-related adverse events in the two groups.

Adverse events

Toxicity grade 1/2
TACE-related
Diarrhea 6
Transaminitis 13
Rash 4
Nausea with/without vomiting 22
Abdominal pain 19
Fatigue 7
Fever 19
Leukopenia 6
Neutropenia 5
Lymphopenia 4
Thrombopenia 7
Anemia 6
Decreased appetite 6
Apatinib and Camrelizumab -related Hand-foot skin reactions 7
Hypertension 11
REECP 7
all 34

results of TACE combined with apatinib and camrelizumab;
thus, our findings demonstrated a substantial and synergistic
improvement in survival for patients with unresectable HCC
treated with TACE + AC. Several possible explanations exist for
this finding (1) TACE can induce the up-regulation of VEGF
and neovascularization, and apatinib can inhibit tumor
angiogenesis by targeting VEGFR-2 (12); (2) TACE can cause
tumor cell necrosis and neoangiogenesis, while the immune
tolerance induced by TACE can be attenuated by TKI and
PD-1 inhibitors (19, 20); and (3) the combination of ICIs with
TKIs can convert “cold tumors” into “hot tumor” by T cell
activation (11), which may restore exhausted T cells and
facilitate anti-tumor immunity (21). Therefore, patients with
unresectable HCC may experience superior clinical results when
applying TACE, apatinib, and camrelizumab in combination.
For the tumor response, the RESCUE trial (6) disclosed an
ORR of 34.3% and a DCR of 77.1% following combined apatinib
and camrelizumab therapy. The TACE + AC group had a greater
ORR compared to those reported by the IMbravel50 trial (7)
(atezolizumab plus bevacizumab: ORR = 33.2%), the phase 1b
KEYNOTE-524 trial (22) (lenvatinib plus pembrolizumab: ORR
46.0%), and the ORIENT-32 trial (sintilimab plus
bevacizumab: ORR = 24%); this was likely because the
addition of TACE is thought to be related to immune
activation and can induce low expression of Tregs via

modulating pro-inflammatory pathways. In our study, the CR,
ORR, and DCR rates of the TACE + AC group were numerically
greater than those of the TACE + A group (11.8% vs. 5.9%,
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TACE+AC (n = 34) TACE+A (n = 68) P value
3/4 12 3/4

17.6% 1 2.9% 14 20.6% 5 7.4% 0.268
38.2% 3 8.8% 26 38.2% 5 7.4% 1

63.7% 0 0.0% 11 16.1% 3 44% 0.409
64.7% 2 5.9% 31 45.6% 5 7.4% 0.135
55.9% 4 11.7% 42 61.7% 9 13.2% 0.641
29.0% 0 0.0% 4 5.8% 3 4.4% 0.221
26.5% 3 8.8% 33 48.5% 0 0.0% 0.144
17.6% 1 2.9% 8 11.7% 0 0.249
14.7% 1 2.9% 6 8.8% 0 0.208
11.8% 1 2.9% 5 7.4% 1 1.5% 0.499
20.6% 0 0.0% 12 17.6% 0 0.0% 0.789
17.6% 0 0.0% 8 11.7% 0 0.0% 0.543
17.6% 0 0.0% 24 35.2% 0 0.0% 0.071
11.7% 3 8.8% 20 29.4% 8 11.7% 0.283
32.4% 4 11.7% 16 23.5% 11 16.1% 0.676
29.0% 1 2.9% 0 0 -

100.0% 11 32.3% 64 100.0% 16 235% 0.298

98

55.9% vs. 51.5%, and 79.4% vs. 72.1%, respectively), although the
difference did not reach statistical significance. Simultaneously,
Ju et al. reported an ORR of 58.8% and a DCR of 81.2% in the
TACE + AC group, which is similar to our findings. However,
our results did not achieve statistical significance, likely for the
following reasons: (1) the intervals between TACE were believed
to affect the results, (2) some patients in the TACE + AC group
were newly included in the cohort and had comparatively fewer
cycles of camrelizumab, and (3) PVTT and subsequent
metastasis can induce tumor cells to spread, which may reduce
the efficacy of immunotherapy in patients with PVTT. These
findings and views were similarly shared by Cai et al. (23).
Regarding AEs, the most common AEs were hand-foot skin
reaction and hypertension, which were predominantly related to
apatinib. Moreover, the incidence of apatinib-related AEs
(grade = 3) was 11%-16%, whereas events such as increased
AST/ALT and RCCEP were related to camrelizumab. According
to previous studies, the most common AE in patients with HCC
treated by TACE is embolization syndrome, including pain,
fever, nausea, and vomiting. Altogether, TACE + AC therapy
for patients with unresectable HCC presented a safe profile.
This study also has some limitations. First, this is a
retrospective study with a small sample of enrolled patients and
a short follow-up period. Therefore, the results may not be
generalizable and should be interpreted with caution. Second,
although we performed PSM to avoid selection bias, our analyses
may still be influenced by some inherent biases, such as regional
bias and population and tumor-related factors; indeed, the
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etiology of HCC, prevalence of cirrhosis, comorbidities, and
overall treatment approach differs in some regions of the world.
Thirdly, the subgroup analyses were lacked in this study. Lastly,
some patients did not achieve endpoint events throughout the
limited follow-up period.

In conclusion, this study showed that TACE combined with
apatinib and camrelizumab therapy demonstrated superior
efficacy to TACE combined with apatinib for patients with
unresectable HCC. Although promising, our results need to be
validated by more studies in the future.
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Objective: The purpose of this study is to determine the efficacy and safety of
lenvatinib as second-line therapy in Chinese patients with unresectable
hepatocellular carcinoma (HCC).

Methods: We performed a retrospective analysis of Chinese patients with
unresectable HCC who received second-line treatment of lenvatinib at three
institutions from November 2018 to February 2022. Demographic and
clinicopathologic characteristics, data on the treatment regimens were
obtained from medical records. Tumor response was evaluated every 4-6
weeks by modified Response Evaluation Criteria in Solid Tumors (mRECIST).

Results: In total, 50 patients with unresectable HCC who received second-line
treatment of lenvatinib were enrolled in this study. The objective response rate
(ORR) was 18.0% and the disease control rate (DCR) was 74.0%, respectively.
The duration of response (DoR) was 6.0 months. The median progression-free
survival (PFS) and overall survival (OS) were 5.0 and 8.5 months, respectively.
Patients who received ICls combined with anti-angiogenic inhibitors as first-
line therapy, achieving CR/PR at first-line therapy, with PFS>6months at first-
line therapy had a higher DCR. Univariate and multivariate analysis showed that
AFP (ng/ml)<400, absence of extrahepatic metastasis, Child-Pugh A, tumor
number<3, ICls combined with anti-angiogenic inhibitors as first-line therapy,
CR/PR to first-line therapy, and PFS>6months at first-line therapy were
independent factors of favorable PFS. Univariate analysis showed that
absence of extrahepatic metastasis, tumor number<3, ICls combined with
anti-angiogenic inhibitors as first-line therapy, and PFS>6months at first-line
therapy were significantly associated with longer OS. Multivariate analysis
showed that absence of extrahepatic metastasis, Child-Pugh A, tumor
number<3, CR/PR to first-line therapy and PFS>6months at first-line therapy
were independent prognostic factors of OS. The majority of AEs were grade 1-
2, and were reversible. Grade 3/4 AEs occurred in 12 patients (24.0%) and were
mostly connected with hand-foot skin reactions (10.0%), and 10 patients had
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lenvatinib dose reductions. Two toxicity-related treatment interruptions were
attributed to grade 3 hand-foot skin reaction, and grade 4 proteinuria,

respectively.

Conclusion: This study confirms the efficacy and safety of lenvatinib as
second-line therapy after progression on sorafenib or ICls combined with
anti-angiogenic inhibitors.

KEYWORDS

lenvatinib, hepatocellular carcinoma, second-line treatment, efficacy, safety

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer-related deaths worldwide (1). Over half of all HCC
patients globally are from China, where the prognosis is
extremely poor, with a 5-year survival rate of only 12.1% (2).
The liver is the body’s major immune organ, and its anatomical
structure and physiological functions contribute to
chemoresistance and poor prognosis of HCC (3). Until 2007,
there were no effective treatment options for patients with
unresectable HCC. Systemic treatment, especially with
conventional cytotoxic drugs, is usually ineffective. Sorafenib
was the first and only systemic drug approved by the Food and
Drug Administration (FDA) as standard treatment for advanced
HCC between 2007 and 2016. However, since more than 80% of
HCC patients in China have hepatitis B virus (HBV) infection,
the survival benefits imparted by sorafenib are limited in
comparison to HCC patients in Europe and the United States
(4, 5).

Lenvatinib is a small molecular inhibitor targeting vascular
endothelial growth factor receptors 1-3, fibroblast growth factor
receptors 1-4, platelet-derived growth factor receptors, and the
RET as well as KIT (6). In the phase III REFLECT study,
lenvatinib showed non-inferiority in terms of overall survival
(OS) compared with sorafenib in the first-line therapy of
unresectable HCC (7). In the subgroup analysis, lenvatinib was
superior to sorafenib in Asia-Pacific patients, with substantial
improvements in overall survival (OS), progression-free survival
(PFS), and time to progression (TTP) (8). Based on the
REFLECT results, the FDA approved lenvatinib for the first-
line treatment of patients with advanced HCC.

However, the rapid progress of immunotherapy therapies
has dramatically changed the treatment landscape for advanced
HCC in recent years. Immune checkpoint therapies are now
being incorporated into HCC therapies, and their combination
with molecular targeted therapy is emerging as a tool to enhance
the immune response. In the phase IIT IMbrave 150 trial, which
was published in 2021, atezolizumab plus bevacizumab showed
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significant OS and PFS benefits compared to sorafenib in
patients with advanced HCC (9). This allows for a new shift in
the patterns of first-line treatment in advanced HCC.

Opverall, the new combination treatment paradigm appears
to be promising, and as a result, an increasing number of
patients are opting for immunotherapy combined with anti-
angiogenic agents as their first-line treatment. Meanwhile,
sorafenib is still being used as the first-line treatment for some
individuals with advanced HCC in China (10). The efficacy and
safety of lenvatinib as a second-line treatment for individuals
who did not receive lenvatinib as a first-line treatment are
unknown. Furthermore, little is known about the clinical
features of advanced HCC patients who may benefit from
second-line lenvatinib treatment. This study aimed to
investigate the efficacy, safety, and potential beneficiaries of
lenvatinib in patients with unresectable HCC who received
sorafenib or immune checkpoint inhibitors (ICIs) combined
with antiangiogenic inhibitors for first-line therapy.

Materials and methods

Patient selection and diagnosis of
hepatocellular carcinoma

The study included patients with advanced HCC who
received lenvatinib monotherapy as a second-line treatment in
3 institutions (The First Affiliated Hospital of Dalian Medical
University, The Second Affiliated Hospital of Dalian Medical
University, and Dalian Friendship hospital) from November
2018 to February 2022. The eligible patients must have at least
one measurable target lesion for response evaluation, an Eastern
Cooperative Oncology Group Performance Status score of 0-2,
Barcelona Clinic Liver Cancer Stages (BCLC) B or C
categorization, and Child-Pugh class A or B. We excluded
patients with a history of second primary malignancy,
concurrent cholangiocarcinoma, and patients who underwent
TACE therapy. In addition, patients with incomplete clinical
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records and those lost to follow-up were excluded. 74 patients
who received lenvatinib as second-line therapy were screened
according to the inclusion and exclusion criteria, and a total of
50 patients were enrolled (Figure 1). The diagnosis of HCC was
confirmed via histology or characteristic radiologic findings,
such as dynamic computed tomography (CT) or magnetic
resonance imaging (MRI) of the liver. Staging was determined
according to the Barcelona Clinic Liver Cancer (BCLC) staging
classification at the time of lenvatinib treatment initiation.
Alpha-fetoprotein (AFP) was measured at baseline.

Lenvatinib treatment

The respective standard starting doses of lenvatinib for
Child-Pugh A patients weighing 60 kg or more and less than
60 kg were 12 and 8 mg orally once per day. The starting dose of
lenvatinib for Child-Pugh class B patients was 8 mg orally once
per day[6]. The attending physician decided the dose of
lenvatinib according to the grades of adverse events (AEs) or
ECOG PS. Treatment was discontinued due to tumor
progression, intolerable toxicity, and patient decision.

Response evaluation and study endpoint

Tumor response was evaluated every 4-6 weeks by modified
Response Evaluation Criteria in Solid Tumors (mRECIST) and

Advanced HCC patients who received

lenvatinib monotherapy as a second-

line treatment in 3 institutions from

November 2018 to February 2022
(n=74)

10.3389/fonc.2022.1003426

was assessed as complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD) (11, 12). The
primary endpoint was PFS, defined as the period from the
administration of lenvatinib to disease progression or death
from any cause. The secondary endpoints were OS, ORR
(objective response rate), DCR (disease control rate), and
safety. OS is defined as the period from the administration of
lenvatinib to death from any cause. ORR is defined as the
percentage of patients with a best overall response of CR or
PR. DCR is defined as the percentage of patients with the best
overall response of CR, PR, or SD. The AEs were evaluated
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0, and the
worst grade for each AE was recorded. Bone marrow
suppression, liver function, renal function, heart function, and
thyroid function were assessed routinely every 2-4 weeks. The
patients were followed-up for OS every 30 days until death or
study completion. The final follow-up was scheduled for April
2022. The protocol used in this study was approved by the
Institutional Ethics Committee, IRB No. PJ-KS-KY-2020-
112(X).

Statistical analysis
The chi-squared test was used to compare the differences

between the various patient groups. The Kaplan-Meier
method was used to assess the PFS and OS. The hazard ratio

Cases excluded (n=13):

® History of second primary malignancy

® Pathology: HCC combined with
cholangiocarcinoma

® Patients who underwent TACE therapy

Cases excluded (n=11):

A4

® ECOG>2

® No measurable lesions

® Incomplete medical records
® | oss to follow-up

Final study cohort
(n=50)

FIGURE 1
Study flow chart: Flow diagram of patient selection steps.
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(HR) and confidence intervals (CI) were calculated. Univariate
analysis was allowed to enter into a multivariable Cox proportional
hazards model at a p-value <0.10. A P-value of <0.05 was
considered significant. The statistical software used to perform
the analyses was SPSS 22.0 and GraphPad Prism 7.0.

Results

Baseline characteristics of patients with
lenvatinib as second-line treatment

A total of 50 patients with advanced HCC who were treated
with lenvatinib as a second-line treatment were enrolled in this
study. Baseline patient characteristics are shown in Table 1. The
majority of patients (62.0%) were male, and the median age was
63.0 years (44-88). Regarding viral hepatitis, 29 patients (58.0%)
had HBV infection, 5 patients (10.0%) had hepatitis C virus
(HCV) infection, and 16 patients (32.0%) were negative for HBV
or HCV, including 10 patients (20.0%) with hepatocirrhosis. 32
patients (64.0%) had an ECOG PS score of 0-1, and 18 patients
(36.0%) had a score of 2. The majority of patients (36 patients,
72.0%) had an AFP level of >400ng/ml at baseline, and 24
patients (28.0%) had an AFP response after the initiation of
lenvatinib (>20% decrease in AFP serum level from baseline
after 4 weeks of lenvatinib treatment). The Child-Pugh
classification was A in 27 patients (54.0%) and B in 23
patients (46.0%), whereas the BCLC stage was C in all
patients. 34 patients (68.0%) had portal vein tumor thrombus
(PVTT), and 35 patients (70.0%) had extrahepatic spread. In the
first-line treatment, 20 patients (40.0%) received ICIs combined
antiangiogenic inhibitors (atezolizumab plus bevacizumab, 7
patients; sorafenib plus pembrolizumab, 3 patients; apatinib
plus camrelizumab, 10 patients), and 30 patients (60.0%)
received sorafenib. During the first-line treatment, 1 patient
(2.0%) had CR, 15 patients (30.0%) had PR, and 25 patients
(50.0%) had SD, 9 patients (18.0%) had PD, and the 3-month
and 6-month PES rates were 86.0% and 50.0%.

Up to the date of data cutoff, 38 of 50 patients (76.0%) had
discontinued lenvatinib, and all had confirmed radiological
progression according to mRECIST. 6 of 38 patients (15.8%)
received third-line therapy (regorafenib, 3 patients; PD-1
inhibitors, 2 patients; chemotherapy, 1 patient). 5 of 38
patients (13.2%) received TACE, and the others received best
supportive care.

Efficacy of lenvatinib as second-line
treatment

The median observation period after initiation of lenvatinib

was 6.3 (5.5-8.0) months. The median treatment duration of
lenvatinib was 4.5 months (95% CI, 4.0-5.0). As per mRECIST,
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no patients had CR, 9 patients (18.0%) had PR, 28 patients
(56.0%) had SD, and 13 patients (26.0%) had PD (Table 2). The
objective response rate (ORR) and disease control rate (DCR)
were 18.0% and 74.0% (Figure 2A). The duration of response
(DoR) was 6.0 months (Figure 2B). The median PFS was 5.0
months (95% CI, 4.5-6.5 months, Figure 3A). The median OS
was 8.5 months (95% CI, 7.5-10.5 months, Figure 3B).

The efficacy of first-line treatment and its
effect on second-line lenvatinib

Notably, the modality of first-line therapy may affect the
efficacy and outcome of second-line treatment with lenvatinib
(Table 3). Sorafenib was used as first-line therapy in 30 patients.
There were 7 patients with PR to sorafenib previously, and they
all achieved SD. Among 14 patients with SD in response to
sorafenib, 3 (21.4%) had PR to lenvatinib, and 5 (35.7%)
remained SD. Among 9 patients who had PD with sorafenib,
none achieved CR/PR to lenvatinib, and 3 (33.3%) had SD. ICIs
combined antiangiogenic inhibitors were used as first-line
treatment in 20 patients. Among 9 patients with CR/PR in
response to ICIs combined antiangiogenic inhibitors, 2(22.2%)
had PR to lenvatinib, and 7 (77.8%) remained SD. Among 11
patients with SD in response to ICIs combined antiangiogenic
inhibitors, 4 (36.4%) achieved PR to lenvatinib, and 6 (54.5%)
had SD.

The DCR for lenvatinib second-line therapy was 95.0% in
patients who received ICIs combined with anti-angiogenic
inhibitors as first-line therapy, which was significantly higher
than 60.0% in those who received sorafenib (p=0.006). In
patients who achieved CR/PR at first-line therapy, the DCR
for lenvatinib second-line therapy was 100.0%, which was
significantly higher than those with SD and PD. The efficacy
was also significantly different according to the period of
progression. In patients with PFS>6months at first-line
therapy, the DCR was 84.0%, which was significantly higher
than the 60.0% in those with PES< 6months (p= 0.024). No
statistical difference was observed in ORR.

Univariate and multivariate analyses of
PFS and OS in patients with lenvatinib as
second-line treatment

The results of univariate and multivariate analyses of PFS
and OS are listed in Tables 4, 5, respectively. Regarding PFS,
univariate analysis showed that AFP (ng/ml)<400 (HR=0.279,
95%CI, 0.102-0.722, p=0.009), absence of extrahepatic
metastasis (HR=0.314, 95%CI, 0.136-0.725, p=0.007), Child-
Pugh A (HR=0.505, 95%CI, 0.981-0.260, p=0.044), tumor
number<3 (HR=0.394, 95%CI, 0.185-0.842, p=0.016), ICIs
combined with anti-angiogenic inhibitors as first-line therapy
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TABLE 1 Clinical characteristics in the 50 patients with unresectable HCC who received lenvatinib as second-line treatment.

Characteristics All (n=50) First-line treatment P value
Sorafenib (n=30) ICIs+anti-angiogenic inhibitors (n=20)

Age (years) 0.774
<65 31 (62.0%) 18 (60.0%) 13 (65.0%)
> 65 19 (38.0%) 12(40.0%) 7 (35.0%)

Gender 0.387
male 31 (62.0%) 17(56.7%) 14 (70.0%)
female 19 (38.0%) 13(43.3%) 6 (30.0%)

ECOG-PS 0.765
0-1 32 (64.0%) 20 (66.7%) 12 (60.0%)
2 18 (36.0%) 10 (33.3%) 8 (40.0%)

AFP (ng/ml) 1.000
<400 14 (28.0%) 8 (26.7%) 6 (30.0%)
>400 36 (72.0%) 22 (73.3%) 14 (70.0%)

AFP response 0.779
present 24 (48.0%) 15(50.0%) 9 (45.0%)
absent 26 (52.0%) 15(50.0%) 11 (55.0%)

Hepatitis 0.312
negative 16 (32.0%) 12(40.0%) 4 (20.0%)
HBV 29 (58.0%) 15(50.0%) 14 (70.0%)
HCV 5 (10.0%) 3(10.0%) 2 (10.0%)

Hepatocirrhosis 0.494
absent 40 (80.0%) 25(83.3%) 15 (75.0%)
present 10 (20.0%) 5(16.7%) 5 (25.0%)

Tumor size 0.567
<3cm 22 (44.0%) 12(40.0%) 10 (50.0%)
>3cm 28 (56.0%) 18(60.0%) 10 (50.0%)

Tumor number 0.237
<3 32 (64.0%) 17(56.7%) 15 (75.0%)
>3 18 (32.0%) 13(43.3%) 5 (25.0%)

PVTT 1.000
absent 16 (32.0%) 10(33.3%) 6 (30.0%)
present 34 (68.0%) 20(66.7%) 14 (70.0%)

Extrahepatic metastasis 0.114
absent 15 (30.0%) 6(20.0%) 9 (45.0%)
present 35 (70.0%) 24(80.0%) 11 (55.0%)

BCLC -
B 0 (0.00%) 0 0
C 50 (100.0%) 30(100.0%) 20(100.0%)

Child-pugh 0.569
A 27 (54.0%) 15(50.0%) 12 (60.0%)
B 23 (46.0%) 15(50.0%) 8 (40.0%)

Response to first-line treatment 0.019
CR+PR 16 (32.0%) 7(23.3%) 9 (45.0%)
SD 25 (50.0%) 14(46.7%) 11 (55.0%)
PD 9 (18.0%) 9(30.0%) 0

PFS of first-line treatment 1.000
> 6 months 25 (50.0%) 15(50.0%) 10 (50.0%)
<6 months 25 (50.0%) 15(50.0%) 10 (50.0%)

ECOG-PS, Eastern Cooperative Oncology Group performance status; AFP, a-fetoprotein; HBV, Hepatitis B virus; PVTT, Portal vein tumor thrombus; BCLC, Barcelona Clinic Liver
Cancer; NLR, Neutrophil to lymphocyte ratio, ICIs, immune checkpoint inhibitors, VEGFR, Vascular Endothelial Growth Factor Receptor; PES, Progression-free survival.
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TABLE 2 ORR and DCR in the 50 patients with unresectable HCC
who received lenvatinib as second-line treatment.

Response to lenvatinib All (n=50)
CR 0

PR 9

SD 28

PD 13
ORR 18.0%
DCR 74.0%

CR, complete response; PR, partial response; SD, stable disease, or PD, progressive
disease; ORR, objective response rate; DCR disease control rate.

(HR=0.277, 95%ClI, 0.131-0.585, p=0.001) (Figure 4A), CR/PR
to first-line therapy (HR=0.455, 95%CI, 0.222-0.933, p=0.031)
(Figure 4B) and PFS=6months at first-line therapy (HR=0.496,
95%CI, 0.251-0.983, p=0.045) (Figure 4C) were significantly
associated with longer PFS (Table 4).

Multivariate analysis revealed that AFP (ng/ml)<400
(HR=0.140, 95%CI, 0.042-0.463, p=0.001), absence of
extrahepatic metastasis (HR=0.250, 95%CI, 0.084-0.743,
p=0.013), Child-Pugh A (HR=0.316, 95%CI, 0.154-
0.650, p=0.002), tumor number<3 (HR=0.337, 95%CI, 0.147-
0.776, p=0.011), ICIs combined with anti-angiogenic inhibitors
as first-line therapy (HR=0.303, 95%CI, 0.107-0.861, p=0.025),
CR/PR to first-line therapy (HR=0.308, 95%CI, 0.122-0.773,
p=0.012) and PFS=6months at first-line therapy (HR=0.093,
95%CI, 0.034-0.258, p=0.001) were independent prognostic
factors of favorable PFS (Table 4).

Regarding OS, univariate analysis revealed that absence of
extrahepatic metastasis (HR=0.268, 95% CI, 0.081-0.885,
p=0.031), tumor number<3 (HR=0.320, 95% CI, 0.148-0.694,
p=0.004), ICIs combined with anti-angiogenic inhibitors as first-
line therapy (HR=0.326, 95% CI, 0.132-0.806, p=0.015)
(Figure 5A) and PFS>6months at first-line therapy (HR=0.251,
95% CI, 0.113-0.560, p <0.001) (Figure 5C) were significantly
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associated with longer OS and CR/PR to first-line therapy
(HR=0.460, 95%CI, 0.208-1.019, p=0.056) was not associated
with OS (Figure 5B). Multivariate analysis showed that absence
of extrahepatic metastasis (HR=0.196, 95% CI, 0.043-0.884,
p=0.034), Child-Pugh A (HR=0.421, 95%CI, 0.184-
0.963, p=0.041), tumor number<3 (HR=0.277, 95% CI, 0.111-
0.688,p =0.006), CR/PR to first-line therapy (HR=0.206, 95%CI,
0.070-0.605, p=0.004) and PFS>6months at first-line therapy
(HR=0.147, 95%ClI, 0.054-0.397, p<0.001) were independent
prognostic factors of OS (Table 5).

Safety of lenvatinib as second-line
treatment in patients with
unresectable HCC

In total, Table 6 shows the frequency of adverse events (AEs)
after the initiation of lenvatinib treatment in all 50 patients.
Treatment-related AEs (TRAEs) were acceptable and no
toxicity-related death events occurred. Diarrhea (all grades,
36.0%) and hand-foot skin reaction (all grades, 26.0%) events
were the most common toxicities of lenvatinib. The majority of
AEs were grade 1-2, and were reversible. Grade 3/4 AEs occurred
in 12 patients (24.0%) and were mostly associated with hand-
foot skin reactions (10.0%), and 10 patients had lenvatinib dose
reductions. Two toxicity-related treatment interruptions were
attributed to grade 3 hand-foot skin reaction, and grade 4
proteinuria, respectively. All of the AEs were resolved with the
appropriate measures, and most cases were reversible following
adequate medical therapy.

Discussion

The purpose of this study was to determine the efficacy and
safety of lenvatinib in the second-line setting of unresectable
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Tumor response of unresectable HCC patients treated with lenvatinib as the second-line treatment. (A) Best percentage change from baseline
in the sum of the longest diameters of target lesions per response assessment in unresectable HCC patients (n=50). (B) DoR in unresectable

HCC patients treated with lenvatinib as the second-line treatment.
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unresectable HCC patients treated with lenvatinib as the second-line treatment. (B) Kaplan-Meier curves of OS for the unresectable HCC

patients treated with lenvatinib as the second-line treatment

HCC. In our study, patients who received lenvatinib as second-
line therapy after sorafenib or ICI in combination with an anti-
angiogenic inhibitor had an ORR and DCR of 18.0% and 74.0%,
and median PFS and OS of 5.0 months and 8.5 months,
respectively. The modalitis of first-line therapy, response to
first-line therapy, and PFS of first-line therapy were
significantly associated with the outcome of lenvatinib second-
line therapy.

In recent years, advances in targeted therapy and
immunotherapy have led to an annual increase in treatment
options for patients with advanced HCC. The expansion of
treatment options complicates systemic HCC treatment,
particularly in the selection of second-line treatment options
(13). Lenvatinib, a multi-tyrosinase inhibitor with a unique
binding mechanism to vascular endothelial growth factor
receptor (VEGFR) and fibroblast growth factor receptor

(FGFR), has exhibited outstanding antitumor effectiveness and
safety in the first-line treatment of unresectable HCC (6).
However, clinical data is inadequate to determine if lenvatinib
can be utilized as a second-line treatment once sorafenib or ICIs
combined with anti-angiogenic therapy fails.

Since 2017, the FDA has granted approval to regorafenib and
cabozantinib for advanced HCC following progression on
sorafenib. In the phase III RESORCE study, the ORR and
DCR in patients who received regorafenib after sorafenib were
10.6% and 65.1%, respectively. Regorafenib was associated with a
substantial improvement in PFS (3.1 months vs 1.5 months) and
OS (10.6 months vs 7.8 months) when compared to placebo (14).
The CELESTIAL study demonstrated a significant survival
benefit with cabozantinib in patients previously treated with
sorafenib, showing a significant increase versus placebo in PFS
(5.2 months vs 1.9 months) and OS (10.2 months vs.

TABLE 3 The association between the efficacy of first-line treatment and lenvatinib.

Response to lenvatinib CR+PR SD PD ORR P value DCR P value
Response to sorafenib

CR+PR (n=7) 0 (0%) 7 (100%) 0 (0%) 0% 0.149 100% 0.025
SD (n=14) 3 (21.4%) 5 (35.7%) 6 (42.9%) 21.4% 57.1%

PD (n=9) 0 (0%) 3 (33.3%) 6 (66.7%) 0% 33.3%

Response to ICIs combined antiangiogenic inhibitors

CR+PR (n=9) 2 (22.2%) 7 (77.8%) 0 (0%) 22.2% 0.642 100% 1.000
SD (n=11) 4 (36.4%) 6 (54.5%) 1 (9.1%) 36.4% 90.9%

PD (n=0) 0(0%) 0(0%) 0(0%) 0% 0%

All

CR+PR (n=16) 2 (12.5%) 14 (87.5%) 0(0%) 12.5% 0.136 100% 0.001
SD (n=25) 7 (28.0%) 11 (44.0%) 7(28.0%) 28.0% 72.0%

PD (n=9) 0(0%) 3 (33.3%) 6 (66.7%) 0% 33.3%

PFS at first-line therapy

PFS>6months (n=25) 4(16.0%) 17(68.0%) 4(16.0%) 16.0% 0.714 84.0% 0.024
PFS<6months (n=25) 5(20.0%) 10(40.0%) 10(40.0%) 20.0% 60.0%

CR, complete response; PR, partial response; SD, stable disease, or PD, progressive disease; ORR, objective response rate; DCR disease control rate.
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TABLE 4 Univariate and multivariate analysis of PFS in the 50 patients with unresectable HCC who received lenvatinib as second-line treatment.

Factors

Gender (female/male)
Age (<65 vs. 265)
Hepatitis (absent vs. HBV/HCV)

Hepatocirrhosis
(absent vs. present)

ECOG-PS (0/1 vs. 2)
AFP (ng/ml) (<400 vs. >400)

AFP response (ng/ml)
(=20%vs. <20%)

Extrahepatic metastasis
(absent vs. present)

Child-pugh (A vs. B)
PVTTs (absent vs. present)
Tumor size (<3 vs. >3)
Tumor number (<3 vs. >3)

First-line treatment

(Antiangiogenic inhibitor+ICIs vs. Sorafenib)
Response to first-line treatment (CR/PR vs. SD/PD)
PFS of first-line treatment (>3months vs. <3 months)

PFS of first-line treatment (=6 months vs. <6 months)

Univariate analysis

Hazard ratio (95% CI)

0.658 (0.329-1.316)
0.788 (0.408-1.522)
0.805 (0.402-1.610)
0.787 (0.341-1.815)

0.760 (0.385-1.500)
0.279 (0.102-0.722)
0.637 (0.331-1.227)

0.314 (0.136-0.725)

0.505 (0.981-0.260)
0.880 (0.437-1.771)
0.911 (0.464-1.789)
0.394 (0.185-0.842)
0.277 (0.131-0.585)

0.455 (0.222-0.933)
0.473 (0.204-1.095)
0.496 (0.251-0.983)

P value

0.237
0.479
0.538
0.574

0.429
0.009
0.177

0.007

0.044
0.720
0.786
0.016
0.001

0.031
0.080
0.045

Multivariate analysis

Hazard ratio (95% CI)

0.140 (0.042-0.463)

0.250 (0.084-0.743)

0.316 (0.154-0.650)

0.337 (0.147-0.776)
0.303 (0.107-0.860)

0.308 (0.122-0.772)
0.698 (0.265-1.841)
0.093 (0.034-0.258)

P value

0.001

0.013

0.002

0.011
0.025

0.012
0.468
0.001

ECOG-PS, Eastern Cooperative Oncology Group performance status; AFP, a-fetoprotein; HBV, Hepatitis B virus; PVTT, Portal vein tumor thrombus; BCLC, Barcelona Clinic Liver
Cancer; NLR, Neutrophil to lymphocyte ratio, ICIs, immune checkpoint inhibitors, VEGFR, Vascular Endothelial Growth Factor Receptor; PES, Progression-free survival. Bold values, data

with p<0.05 in Table.

TABLE 5 Univariate and multivariate analysis of OS in the 50 patients with unresectable HCC who received lenvatinib as second-line treatment.

Factors Univariate analysis Multivariate analysis
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Gender (female vs.male) 0.635 (0.280-1.437) 0.276

Age (<65 vs. 265) 0.754 (0.365-1.558) 0.446

Hepatitis (absent vs. HBV/HCV) 0.978 (0.455-2.105) 0.955

Hepatocirrhosis 0.891 (0.339-2.342) 0.815

(absent vs. present)

ECOG-PS (0/1 vs. 2) 0.959 (0.444-2.072) 0.916

AFP (ng/ml) (<400 vs. >400) 0.306 (0.072-1.295) 0.108

AFP response (ng/ml) 0.694 (0.333-1.449) 0.331

(=20%vs. <20%)

Extrahepatic metastasis 0.268 (0.081-0.885) 0.031 0.196 (0.043-0.884) 0.034

(absent vs. present)

Child-pugh (A vs. B) 0.469 (0.217-1.016) 0.055 0.421 (0.184-0.963) 0.041

PVTTs (absent vs. present) 0.759 (0.344-1.676) 0.495

Tumor size (<3 vs. >3) 0.938 (0.445-1.980) 0.867

Tumor number (<3 vs. 23) 0.320 (0.148-0.694) 0.004 0.277 (0.111-0.688) 0.006

First-line treatment 0.326 (0.132-0.806) 0.015 0.839 (0.260-2-703) 0.769

(Antiangiogenic inhibitor+ICIs-1inhibitor vs. Sorafenib)

First-line treatment response (CR/PR vs. SD/PD) 0.460 (0.208-1.019) 0.056 0.206 (0.070-0.605) 0.004

PES of first-line treatment 0.452 (0.170-1.203) 0.112

(=3months vs. <3 months)

PFS of first-line treatment 0.251 (0.113-0.560) 0.001 0.147 (0.054-0.397) <0.001

(=6 months vs. <6 months)

ECOG-PS, Eastern Cooperative Oncology Group performance status; AFP, o-fetoprotein; HBV, Hepatitis B virus; PVTT, Portal vein tumor thrombus; BCLC, Barcelona Clinic Liver
Cancer; NLR, Neutrophil to lymphocyte ratio, ICIs, immune checkpoint inhibitors, VEGFR, Vascular Endothelial Growth Factor Receptor; PES, Progression-free survival. Bold values, data

with p<0.05 in Table.
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FIGURE 4

Comparison of PFS in patients with different modalities and efficacy of first-line treatment. (A) Kaplan-Meier curves of PFS between patients with ICls
combined antiangiogenic inhibitors or sorafinib for the first-line treatment. (B) Kaplan-Meier curves of PFS between patients who achieved CR/PR or
SD/PD in the first-line treatment. (C) Kaplan-Meier curves of PFS between patients with PFS>6months or PFS<émonths in the first-line treatment.

8.0months), while the ORR (4% vs <1%) and DCR (64% vs 33%)
were also better in the cabozantinib arm (15, 16). Immune
checkpoint inhibitors have been approved as a second-line
treatment for advanced HCC in recent years. In the
KEYNOTE-224 study, pembrolizumab has shown clinical
activity in patients with advanced HCC previously treated with
sorafenib. The ORR and DCR were 17% and 62%, respectively,
and the median PFS and OS were 4.9 months and 13.2
months. Unfortunately, pembrolizumab failed to show
superiority compared to placebo in terms of OS and PFS in
the KEYNOTE-240 study (17, 18). The CheckMate 040 study
showed that the ORR and DCR of nivolumab for second-line
treatment following progression on sorafenib was 15-20% and
58-64%, while the median PFS and OS were 2.1 months and 13.8
months, respectively (19, 20). Camrelizumab, another PD-1
inhibitor, was approved as a second-line therapy in Chinese
patients with advanced HCC (21). However, these earlier clinical
studies only enrolled patients who had failed to sorafenib in first-
line therapy, and did not represent the optimal second-line

treatment option in the current HCC treatment landscape.
The efficacy of either targeted agents or checkpoint inhibitors
in these studies was not very satisfactory. Our study showed a
median PFS and OS of 5.0 and 8.5 months for lenvatinib as
second-line treatment after progression on sorafenib or ICIs
combined with anti-angiogenic inhibitors. But the clinical
benefit of second-line lenvatinib treatment needs to be further
validated in randomized controlled trials.

In addition, recent studies have evaluated the efficacy of
combination therapy modalities in the second-line treatment of
advanced HCC, including dual checkpoint inhibitors and ICIs
combined with anti-angiogenic agents. In the CheckMate 040
trial, the ORR of nivolumab plus ipilimumab was between 31%
and 32%, with DOR ranging between 4.6 and 30.5 months (22).
However, combination treatment had more serious AEs
compared to the monotherapy arm. Similarly, although the
combination of tremelimumab plus durvalumab had an ORR
of up to 22.7% and a median OS of up to 18.7 months, it should
be noted that the incidence of grade 3 or 4 TRAEs was as high as
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Comparison of OS in patients with different modalities and efficacy of first-line treatment. (A) Kaplan-Meier curves of OS between patients with ICls
combined antiangiogenic inhibitors or sorafinib for the first-line treatment. (B) Kaplan-Meier curves of OS between patients who achieved CR/PR or SD/
PD in the first-line treatment. (C) Kaplan-Meier curves of OS between patients with PFS>6months or PFS<6months in the first-line treatment.
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TABLE 6 TRAEs of lenvatinib as second-line treatment in patients with unresectable HCC.

TRAEs

Any Grades

Hand-foot skin reaction 13 (26.0%)

Hypertension 12 (24.0%)
Rash 8 (16.0%)
Fatigue 9 (18.0%)
Hoarseness 4 (8.0%)
Diarrhea 18 (36.0%)
Increased ALT 3 (6.0%)
Increased AST 3 (6.0%)
Increased TB 5 (10.0%)
Decreased WBC 8 (16.0%)
Decreased PLT 2 (4.0%)
Increased creatinine 1(2.0%)
Proteinuria 1 (2.0%)
Gastrointestinal bleeding 0 (0.0%)

All (n=50)

Grade 1/2 Grade 3/4
8 (16.0%) 5 (10.0%)
10 (20.0%) 2 (4.0%)
7 (14.0%) 1 (2.0%)
9 (18.0%) 0 (0.0%)
4 (8.0%) 0 (0.0%)
18 (36.0%) 0 (0.0%)
2 (4.0%) 1(2.0%)
2 (4.0%) 1 (2.0%)
4 (8.0%) 1(2.0%)
6 (12.0%) 2 (4.0%)
2 (4.0%) 0 (0.0%)

1 (2.0%) 0 (0.0%)
0 (0.0%) 1(2.0%)
0 (0.0%) 0 (0.0%)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; WBC, white blood cell; PLT, platelet count.

35.1%. The phase II RESCUE study showed that the ORR of
apatinib in combination with camrelizumab for second-line
treatment of advanced HCC was 22.5%, with a median PES of
5.5 months and a 12-month survival rate of 68.2%. However, the
proportion of grade 3 or 4 TRAEs was as high as 77.4% (23, 24).
Thus, although the combination treatment modality appears to
improve efficacy, the higher incidence of serious adverse effects
limits its clinical application in the real world. In our study,
lenvatinib showed favorable safety and tolerability.

It is critical to identify the group that will benefit from second-
line lenvatinib treatment. Our study revealed that the modality of
first-line therapy may affect the efficacy and outcome of second-
line treatment with lenvatinib. First-line treatment with ICIs
combined with anti-angiogenic agents, CR/PR to first-line
therapy, and PFS>6months at first-line therapy were
significantly associated with better DCR, PFS, and OS. Given
that anti-angiogenic agents may reprogram the suppressive tumor
immune microenvironment by affecting infiltration of immune
cells and the expression of immune checkpoints, anti-angiogenic
agents combined with ICIs may exert synergistic effects. Previous
studies have shown that residual effects persist after
discontinuation of ICIs in patients who previously benefited
from ICIs, which may explain the better efficacy of second-line
treatment with lenvatinib in HCC patients who received ICIs in
the first-line treatment (25, 26). In a retrospective analysis, Chen
et al. found that response to first-line treatment with sorafenib in
patients who failed sorafenib correlated with the efficacy of
second-line lenvatinib, which is consistent with the findings of
this study, but the study did not analyze the relationship between
the PFS of sorafenib first-line therapy and the efficacy of lenvatinib
(27). In addition, we found that AFP level, with or without
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extrahepatic metastasis, Child-Pugh, tumor number, was
associated with the efficacy of lenvatinib.

The AEs for lenvatinib in this study were similar to those in
the REFLECT study, without unreported AEs (8). Lenvatinib
was well tolerated and no treatment-related deaths occurred.
The most common adverse events with lenvatinib included
diarrhea, hand-foot skin reactions, hypertension, and
dermatitis, and most AEs are reversible. This suggests that
lenvatinib monotherapy is a relatively well-tolerated treatment
option for the second-line HCC population with poor PS scores
and more comorbidities.

Our study is a retrospective analysis of real-world data,
which includes patients with Child-Pugh B as well as primary
PVTT, and presents a more objective overview of the current
status of second-line therapy for advanced HCC. Due to the fact
that previous trials of second-line treatment for HCC did not
enroll patients receiving first-line treatment with ICIs, there is an
urgent need to explore the optimal modality for second-line
treatment of advanced HCC in the era of immunotherapy. This
study confirms the efficacy and safety of lenvatinib as second-
line therapy after progression on sorafenib or ICIs combined
with anti-angiogenic inhibitors. However, this study has some
limitations. First, this was a retrospective analysis with a small
sample size, and confounding factors and bias were inevitable.
Secondly, some patients received regorafenib, ICIs, or other
treatments in third-line therapy after progression on
lenvatinib, which may have affected OS outcomes. Thirdly, the
AEs of levatinib may have been underestimated due to the
nature of retrospective data. Finally, the follow-up period of
this study was short, and PFS and OS data need to be updated
with further long-term follow-up. Further studies with a larger
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population or a randomized controlled trial are warranted to
validate the findings of this study.
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Lenvatinib plus anti-PD-1
therapy represents a feasible
conversion resection
strategy for patients with
initially unresectable
hepatocellular carcinoma:

A retrospective study

Yong Yi", Bao-Ye Sun', Jia-Lei Weng", Cheng Zhou",
Chen-Hao Zhou*, Ming-Hao Cai*, Jing-Yun Zhang",
Hong Gao?, Jian Sun?, Jian Zhou*, Jia Fan', Ning Ren**
and Shuang-Jian Qiu™

‘Department of Liver Surgery, Liver Cancer Institute, Zhongshan Hospital, and Key Laboratory of
Carcinogenesis and Cancer Invasion (Ministry of Education), Fudan University, Shanghai, China,
2Department of Hepatobiliary Surgery, Chongging Emergency Medical Center, The Fourth People’s
Hospital of Chongqing, Chongging University, Chongging, China, *Key Laboratory of Whole-Period
Monitoring and Precise Intervention of Digestive Cancer of Shanghai Municipal Health
Commission, and Institute of Fudan-Minhang Academic Health System, Minhang Hospital, Fudan
University, Shanghai, China

Purpose: We aimed to investigate the feasibility of lenvatinib plus anti-PD-1
therapy as a conversion therapy for initially unresectable hepatocellular
carcinoma (HCC).

Methods: Patients with initially unresectable HCC who received combined
lenvatinib and anti-PD-1 antibody between May 2020 and Jan 2022 in
Zhongshan Hospital were retrospectively analyzed. Tumor response and
resectability were assessed by imaging every two months according to
RECIST version 1.1 and modified RECIST (mRECIST) criteria.

Results: A total of 107 patients were enrolled. 30 (28%) of them received
conversion surgery within 90.5 (range: 53-456) days after the initiation of
lenvatinib plus anti-PD-1 therapy. At baseline, the median largest tumor
diameter of these 30 patients was 9.2 cm (range: 3.5-15.0 cm), 26 patients
had Barcelona Clinic Liver Cancer stage B-C, and 4 had stage A. Prior to
surgery, all cases displayed tumor regression and 15 patients achieved objective
response. Pathological complete response (pCR) was observed in 10 patients.
No severe drug-related adverse events or surgical complications were
observed. After a median follow-up of 16.5 months, 28 patients survived and
11 developed tumor recurrence. Survival analysis showed patients achieving
tumor response before surgery or pCR had a longer tumor-free survival.
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Notably, patients with microvascular invasion (MVI) had significantly higher
recurrence rate and poorer overall survival than patients without.

Conclusions: Lenvatinib combined with anti-PD-1 therapy represents a
feasible conversion strategy for patients with initially unresectable HCC.
Patients achieving tumor responses are more likely to benefit from
conversion resection to access a longer term of tumor-free survival.

KEYWORDS

hepatocellular carcinoma, lenvatinib, Anti-PD-1 therapy, conversion resection,

objective response

Introduction

Hepatocellular carcinoma (HCC), more than 50% cases of
which occurs in China, ranks the sixth most prevalent cancer
and the fourth leading cause of cancer death globally (1). Despite
the developing technology for detecting early-stage HCC, more
than 50% HCC patients are still diagnosed at an advanced stage
when the opportunity for radical surgical resection has been
already lost, resulting in a poor clinical outcome (2). For these
HCC patients, systemic therapies including multi-kinase
inhibitors, intra-arterial therapy, chemotherapy, and
immunotherapy, are beneficial but still not optimistic (3).

The concept of conversion therapy has been proposed with
the aim of downstaging tumor to convert initially unresectable
tumor into resectable and improving the long-term survival of
patients with advanced tumors. This treatment strategy has also
been widely practiced in HCC for more than 30 years, using
several locoregional therapies like transcatheter arterial
chemoembolization and associating liver partition and portal
vein ligation for staged hepatectomy to reduce tumor burden
and increase the feasibility of surgery (4-7). However, currently
potential conversion regimens still need to be further supported
by sufficient clinical evidence to facilitate their routine
application in clinical practice.

Systemic therapies for HCC mainly include tyrosine kinase
inhibitors (TKIs), immunotherapy and chemotherapy.
Traditional sorafenib treatment had a relatively low tumor
response rate and thus was not considered as part of

Abbreviations: AEs, Adverse events; BCLC, Barcelona Clinic Liver Cancer;
CNLC, China Liver Cancer; CR, Complete response; ECOG PS, Eastern
Cooperative Oncology Group Performance Status; HBsAg, Hepatitis B
surface antigen; HCC, Hepatocellular carcinoma; ICIs, Immune checkpoint
inhibitors; IIR, Independent imaging review; INR, Investigator review;
mRECIST, Modified response evaluation criteria in solid tumors; ORR,
Objective response rate; OS, overall survival; PD, Progressive diseases; PR,

Partial response; SD, Stable disease; TKI, Tyrosine kinase inhibitors.
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conversion therapy for advanced HCC (8-10). Lenvatinib has
been approved as a new first-line option for advanced HCCs and
is associated with significantly higher overall response rates than
sorafenib in unresectable HCC (11, 12). In addition, immune
checkpoint inhibitors (ICIs) have proved to have an effective
anti-tumor activity in advanced HCC patients. Furthermore,
pre-clinical and clinical studies prove that lenvatinib plus
pembrolizumab has higher objective response rate (ORR) than
single-agent treatment, and is one of the most promising
therapies among all the regimen of combinations (13-16).
Notably, a small sample study from our institution has
reported that anti-PD-1 therapy combined with TKIs can
improve the rate of conversion resection in initially
unresectable HCC (17). Thus, advances in systemic therapy,
represented by lenvatinib combined with anti-PD-1 therapy,
have led clinicians to reassess the value of systemic therapy in the
conversion therapy of HCC.

Herein, we report 30 initially unresectable HCC patients
who received lenvatinib and anti-PD-1 combination therapy,
followed by successful surgical resection. To the best of our
knowledge, this study represents the largest cohort of HCC
patients undergoing conversion rection following systemic
therapy. Furthermore, we performed survival analysis of the 30
patients and revealed the association between patient clinical
outcomes and treatment response as well as microvascular
invasion (MVI). Our study provides clinical evidence to
evaluate the efficacy and safety of systemic therapy for HCC in
the conversion therapy setting.

Materials and methods
Study design and patient population
A total of 107 patients with unresectable or advanced HCC

who received lenvatinib with anti-PD-1 antibodies at Zhongshan
Hospital, Fudan University between May 2020 and Jan 2022
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were retrospectively analyzed in this study. The inclusion criteria
comprised the following (1): Clinically confirmed HCC based on
the domestic guideline and American Association for the Study
of Liver Diseases criteria (18, 19) (2); Tumor was considered
unresectable either due to intermediate to advanced HCC or
insufficient postoperative remnant liver volume (3); At least one
measurable tumor lesion according to modified Response
Evaluation Criteria in Solid Tumors (mRECIST) (20). The
presence of vascular invasion was diagnosed using the
Magnetic Resonance Imaging (MRI). The clinical data of these
patients were obtained from the medical record system. This
study was approved by the Ethics Committee of Zhongshan
Hospital and conducted conformed to the standards set by the
Declaration of Helsinki. All patients signed the written informed
consent before systemic therapy or surgery.

Systemic therapy

Systemic therapy included lenvatinib plus intravenous anti-
PD-1 antibody. Lenvatinib was orally administered once daily
(body weight >60 kg, 12 mg; <60 kg, 8 mg; Eisai, Inc., Tokyo,
Japan). Anti-PD-1 antibody like camrelizumab (Hengrui
Medicine, Jiangsu, China) 200 mg (21), was administered
every two weeks, and sintilimab (Innovent Biologics, Suzhou,
China and Eli Lilly and Company, Inc., Indianapolis, IN, USA)
200 mg (22), or toripalimab (Junshi Bioscience, Shanghai,
China) 240 mg (23), or pembrolizumab (MSD, State of New
Jersey, USA) 200 mg, or tislelizumab (BeiGene, Beijing, China)
200 mg (24), was administered every three weeks. During the
study period, all anti-PD-1 antibodies were off-label regimens
for HCC and could not be covered by the medical insurance
system in China. Thus, anti-PD-1 antibodies were utilized based
on patient preference, mainly due to the economic cost and the
updated information from ongoing clinical trials. Patients were
monitored for hematuria routine, tumor markers, liver, kidney,
thyroid, adrenal and cardiac functions every 2-3 weeks prior to
the anti-PD-1 antibody treatment.

Treatment response evaluation

Tumor responses were evaluated using abdominal MRI and
chest computed tomography (CT) every two months, and
determined according to the Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1 (25) and mRECIST (20). Both
investigator review (INR) and independent imaging review (IIR)
were conducted for all evaluation. Briefly, complete response
(CR) was defined as a complete disappearance of all tumor
lesions, partial response (PR) as the sum of tumor diameters
were reduced by = 30% from baseline, progressive diseases (PD)
as the sum of tumor diameters were increased by > 20% from
baseline, and stable diseases (SD) as neither CR, PR nor PD. The
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ORR was calculated as the sum of percentage of patients who
achieved CR and PR. All image processing and measurement
were performed by two independent radiologists, who were
blinded to the patient information. Safety evaluations were
performed according to the Common Terminology Criteria for
Adverse Events version 4.03.

Surgical resection procedure

Tumor resectability was assessed based on the imaging
results with the following criteria (1): RO resection could be
achieved with residual liver volume more than 35% and no
contraindications to hepatic resection (2); intrahepatic lesions
were assessed as CR, PR, or regressed SD without severe drug-
related adverse events (AEs). The surgical procedure was
conducted as previously reported (26). Tumor resectablility
was discussed and passed by the Multidisciplinary Team
(MDT) composed of senior surgeons and radiologists in
Zhongshan Hospital. Completely resected tumor samples
without residual viable tumor cells after hematoxylin and
eosin staining were considered as pathological complete
response (pCR). Combination therapy was resumed 4 weeks
after surgery and follow-up imaging and serum tumor
biomarkers were performed every 2-3 months. Overall survival
(OS) was determined as the interval between the date of surgery
and the date of death or study endpoint. Recurrence-free
survival (RFS) was defined as the interval between the date of
surgery and the date of tumor recurrence or study endpoint.

Statistical analysis

Statistical analyses were conducted using SPSS v.25 (IBM
Inc., Armonk, NY, USA). Categorized variables were
summarized as frequencies (proportion). The value and 95%
confidence interval (CI) of ORR was calculated by the Clopper-
Pearson algorithm. Survival differences were analyzed by the
Kaplan-Meier method. Two-sided P value < 0.05 was considered
statistically significant.

Results

Baseline characteristics of the
study cohort

From May 2020 to Jan 2022, 107 consecutive HCC patients
who received lenvatinib plus anti-PD-1 antibodies as first-line
systemic therapy were retrospectively analyzed. Of these patients,
32 were evaluated as resectable and 30 (30/107, 28%) successfully
underwent RO conversion resection. Other 2 patients refused
surgery and continued to receive the systemic therapy
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(Figure 1). The baseline demographic and clinical characteristics
of the 30 patients are summarized in Table 1. Briefly, the median
age of these patients was 56.0 (range: 40-70) years, and 83.3% of
them were male. As for Eastern Cooperative Oncology Group
(ECOG) performance status, 63.3% of them had a score of 0.
Twenty-four (80%) patients had an etiology of chronic HBV
infection. Twenty (20/30, 66.7%) patients had macrovascular
invasion, including portal vein or hepatic vein tumor thrombus
in 19 patients and intrahepatic bile duct tumor thrombus in 1
patient. Four patients had Barcelona Clinic Liver Cancer (BCLC)
stage A disease but were evaluated as unresectable, consisting of 2
patients due to anatomical constraints removing the tumor, and 2
patients with insufficient functional hepatic reserve.

Treatment efficacy of lenvatinib
combined with anti-PD-1 therapy

Tumor responses were evaluated via preoperative
radiographic imaging (Table 2). According to the criteria of
RECIST Version 1.1, the ORR was 50% (95% CI, 31.3%-68.7%)
by both INR and IIR assessment. PR was achieved in 15 patients

10.3389/fonc.2022.1046584

(50%) and SD was observed in the rest of the patients. By
mRECIST criteria, 7 (23.3%), 8 (26.7%), and 15 (50%) patients
had CR, PR, and SD respectively. All cases displayed tumor
regression and a decrease in tumor size compared with that at
baseline (Figure 2).

Surgery and perioperative findings

The median diameter of the major liver tumor was 9.2 cm
(range: 3.5-15 c¢m), and 5 patients had multiple intrahepatic
lesions (Table 3). The median interval from the initiation of
systemic therapy to surgery was 90.5 (range: 53-456) days. All
patients received at least 3 infusions of anti-PD-1 antibodies,
with a median infusion of 4 (range: 3-21) times. All patients
underwent open surgery. The median time of surgery was 180
(range: 150-220) minutes, and the median volume of blood loss
was 400 (range: 100-1500) milliliters. Three patients received
intraoperative blood transfusion. The median postoperative
hospital stay was 14 (range: 9-31) days. All patients recovered
well and no major postoperative complications occurred. A total
of 10 patients (10/30, 33.3%) achieved a pathological complete

107 patients with unresectable
hepatocellular carcinoma

Lenvatinib plus anti-PD-1 therapy )

PR/CR

PD

30 underwent surgery,
2 refused surgery

) €ACE or systemic therapD

FIGURE 1
Patient flowchart.
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TABLE 1 Baseline demographic and clinical characteristics of HCC
patients receiving surgery after treatment with lenvatinib plus anti-
PD-1 antibody (n = 30).

Characteristics Number (%)
Age, years

Median 56

Range 40-70
Gender

Male 25 (83.3%)

Female 5 (16.7%)
ECOG PS score

0 19 (63.3%)

1 11 (36.7%)
HBsAg

Positive 24 (80.0%)

Negative 6 (20.0%)
Alpha-fetoprotein, ng/mL

< 300 17 (56.7%)

> 300 13 (43.3%)
PIVKA-II, mAU/mL

< 1000 5 (16.7%)

> 1000 25 (83.3%)

Macrovascular invasion® 20 (66.7%)

BCLC stage
0-A 4 (13.3%)
B-C 26 (86.7%)
CNLC stage
Ia 1(3.3%)
Ib 3 (10.0%)
Ib 6 (20.0%)
IITa 17 (56.7%)
I b 3 (10.0%)

BCLC, Barcelona Clinic Liver Cancer; CNLC, China National Liver Cancer; ECOG PS,
Eastern Cooperative Oncology Group Performance Status; HBsAg, Hepatitis B surface
antigen; HCC, Hepatocellular carcinoma; PD-1, Programmed death receptor 1; PIVKA-
I1, protein induced by vitamin K absence-II.
“Indicators based on radiographic evidence.

response (pCR) in all surgical specimens, and MVI was detected
in 8 (8/30, 26.7%) patients (Table 3).

Two representative cases were shown in Figure 3. Patient 8
was diagnosed with BCLC stage C HCC, with tumor invading

10.3389/fonc.2022.1046584

into the right hepatic vein and inferior vena cava (Figure 3A). 12
weeks after the treatment with lenvatinib plus tislelizumab, MR
scans showed significant necrosis in both the tumor and tumor
thrombi (Figure 3B). Massive necrosis of tumor cells and
infiltration of inflammatory cells were observed in the resected
tumor samples. Moreover, complete necrosis of the
macrovascular tumor thrombi observed by pathological study
indicated a downstaging from BCLC stage C to stage A
(Figures 3C, D). Patient 17 was classified as BCLC stage A,
while the tumor compression on nearby hepatic vein and the
first porta hepatis, and its proximity to inferior vena cava
increased the risk for complete resection, making it surgically
unresectable. After the combination therapy with lenvatinib plus
toripalimab for 18 weeks, obvious tumor shrinkage and
thickening of tumor encapsule decreased the risk of severe
bleeding and tumor dissemination during resection, offering
this patient an opportunity for surgery (Figures 3E, F).

Typical MR or CT imaging scans of other patients (besides
patients 8 and 17) before systemic treatment and before surgery
were also listed in Figures 4, 5. The major reason for
unresectability were tumor invasion into major portal vein
(patients 12, 18 and 22) and the main branches of the portal
vein (patients 2, 7, 9, 11, 14, 20, 24, 25, 26, 27 and 28), into
hepatic vein or inferior vena cava (patients 5, 21, 29 and 30), into
right hepatic bile duct (patient 3), multiple intrahepatic lesions
(patients 1, 6, 15, 16, 19 and 23), insufficient remnant liver
volume (patients 4 and 13), anatomical constraints for curative
resection (patient 10), concomitant hilar or retroperitoneal
lymph node metastasis (patients 7, 20 and 21). Obvious tumor
regression was observed in all these cases before surgery.

Safety

The treatment-related AEs were summarized in Table 4.
Most patients experienced mild, tolerable, and controllable AEs.
The most common AEs of any grade were decreased platelet
count (n = 14, 46.7%), proteinuria (n = 10, 33.3%), decreased
white blood cell count (n = 8, 26.7%), hypertension (n = 6,
20.0%), hypothyroidism (n = 5, 16.7%), and palmar-plantar
erythrodysesthesia syndrome (n = 4, 13.3%).

TABLE 2 Efficacy of lenvatinib plus anti-PD-1 antibody in patients receiving surgery (n = 30).

Response RECIST Version 1.1 mRECIST

INR IIR INR IIR
Objective response rate, % 50.0 50.0 50.0 50.0
95% CI* 31.3-68.7 31.3-68.7 31.3-68.7 31.3-68.7
Complete response 0 (0%) 0 (0%) 7 (23.3%) 7 (23.3%)
Partial response 15 (50.0%) 15 (50.0%) 8 (26.7%) 8 (26.7%)

Stable disease 15 (50.0%)

15 (50.0%) 15 (50.0%) 15 (50.0%)

TIR, Independent imaging review; INR, Investigator review; mRECIST, modified response evaluation criteria in solid tumors.

“Calculated using the Clopper-Pearson method.
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FIGURE 2

Percent change of the sum of tumor diameters from baseline. Percent change of total tumor diameters from baseline by INR (A) and IIR
assessment (B) according to RECIST Version 1.1. Overall percent change from baseline in tumor size by INR (C) and IR assessment (D)
according to mRECIST criteria. Each bar represents one patient. INR, Investigator review; IIR, Independent imaging review; mRECIST, modified

response evaluation criteria in solid tumors.

TABLE 3 Surgical and pathological features of patients receiving

conversion surgery (n = 30).

Characteristics

Days from systemic therapy to surgery, days (median,
range)

Anti-PD-1 antibody used
Sintilimab
Toripalimab
Tislelizumab
Camrelizumab
Pembrolizumab
Infusions of anti-PD-1 antibody, times (median, range)
Major tumor size, cm (median, range)
Tumor number
Solitary
Multiple
Open surgery, n (%)
Time of surgery, mins (median, range)
Blood loss, mL (median, range)
Blood transfusion
Postoperative hospital stay, days (median, range)
Micro-vascular invasion, n (%)

Pathological complete response, n (%)

Frontiers in Oncology

Total (n = 30)

90.5 (53-456)

14 (46.7%)
8 (26.7%)
4 (13.3%)
3 (10%)
1 (3.3%)
4(3-21)
9.3 (3.5-15)

25 (83.3%)

5 (16.7%)
30 (100%)
180 (150-220)
400 (100-1500)
3 (10.0%)
14 (8-31)

8 (26.7%)
10 (33.3%)

118

Follow-up and survival analysis

The cutoff date for the present analysis was July 1, 2022.
After a median follow-up of 16.5 months since the date of
surgery, 28 patients remained alive and 11 patients developed
tumor recurrence (Figure 6). All surviving patients continued
the combination therapy, with a median time of 12 months. 10
(10/30, 33.3%) patients had a dose reduction of lenvatinib due to
its related toxicities. The 12-month overall survival rate of the 30
patients after surgery was 95.7% (standard error, 4.3%), and 12-
month disease-free survival rate after surgery was 61.6%
(standard error, 9.6%).

Postoperative survival analysis demonstrated that there was
a significant difference in DFS between patients who did and did
not achieve a treatment response before surgery (Figure 7A; P =
0.037). Compared with patients with SD, patients who achieved
CR or PR had a longer DFS, while no statistically significant
difference in OS was observed among patents with and without
tumor response (Figure 7B; P = 0.43). Similar results were found
when performing survival analysis between patients who
achieved pCR in resected samples and those did not
(Figures 7C, D; P=0.0041 for DFS, P=0.31 for OS). Notably,
patients with the presence of MVI in resected tumor specimens
had significantly higher recurrence risk and poorer overall
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survival than patients without after surgery (Figures 7E, F; both
P <0.05). This indicated that MVT still acts as a vital prognostic
risk factor for HCC patients who received conversion surgery.

Discussion

Our present study showed that lenvatinib plus anti-PD-1
antibodies allowed successful RO resection in 28% (30/107) of
patients with initially unresectable HCC, indicating this
combination therapy is a feasible conversion strategy for
converting HCC patients from unresectable to resectable.

Conversion resection aims to achieve downstaging of tumors
and allow patients with advanced or initially unresectable
cancers to obtain curative resectability. The role of conversion
therapy in HCC patients has long been neglected due to lack of
effective systemic therapies. Recently, systemic therapeutic

Baseline MR

FIGURE 3

Preoperative MR

10.3389/fonc.2022.1046584

agents especially the combination of TKIs with ICIs have
shown promising anti-tumor efficacy, reviving the idea of
conversion therapy in HCC. Several studies have explored the
feasibility of different combination therapies as conversion
therapy in HCC. A previous study from our liver cancer
institute reported that 15.9% (10/63) of patients with initially
unresectable HCC received conversion surgery after
combination treatment with TKI and anti-PD-1 antibodies
(17). The combination of TKIs, ICIs and local regional therapy
has been reported to convert 9 (9/38, 23.7%) HCC patients with
extrahepatic metastases from unresectable to resectable (27). A
multi-center retrospective study showed that the ORR of triple
combination therapy with lenvatinib, toripalimab plus hepatic
arterial infusion chemotherapy (HAIC) was as high as 67.6%,
and its conversion resection rate was higher than that of
lenvatinib alone (12.7% vs 0) (28). In our study, lenvatinib
plus PD-1 inhibitors led to an ORR of 50% (15/30) in HCC

el

H&E staining

Resected specimen

Two representative cases. (A) Pre-treatment MR showing both the liver tumor and macrovascular tumor thrombi. (B) Preoperative MR showing
the regression of liver tumor and tumor thrombi following systemic therapy. (C) Curative resection of liver tumor and tumor thrombi in right
hepatic vein and inferior vena cava. (D) HE staining of surgically resected tumor samples (left) and complete necrosis of the macrovascular
tumor thrombi with infiltration of inflammatory cells (right, 200x). (E) This case was classified as BCLC stage A, with tumor compression on
hepatic vein and inferior vena cava. After the combination therapy, obvious regression of the tumor was observed. The patient underwent
curative liver resection and HE staining of resected tumor samples showed massive necrosis without viable tumor cells (F).
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Patient 9

Patient 16 Patient 18

Pretreatment and preoperative MR scans of patients 1-18 (except patients 8 and 17)

patients who underwent conversion surgery and the conversion
resection rate was 28% (30/107). Notably, the treatment efficacy
of the combination therapy could still be underestimated
because surgical resection was considered for patients who
achieved tumor regression whenever feasible. For example,
patients with regressed SD could regress to PR if they
continued the systemic therapy rather than surgery. No major
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postoperative adverse events occurred in these cases. Therefore,
lenvatinib plus PD-1 inhibitors can result in downstaging and
increase the likelihood of surgical resection in advanced HCC
patients, with high potential to prolong their survival.
Postoperative follow-up of the 30 patients revealed that the
one-year overall survival rate was 95.7% and the one-year
disease-free survival rate was 61.6%, highlighting the
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Patient 25 Patient 26

Patient 30

Patient 29

Pretreatment and preoperative MR or CT scans of patients 19-30. Patient 23 received emergency hepatic arterial chemoembolization due to
rupture of hepatocellular carcinoma in other hospital before combination therapy

significance of surgical resection in improving survival
outcomes. Remarkably, while all these patients displayed
tumor shrinkage and underwent conversion surgery, patients
achieving CR or PR before surgery had a significantly longer
DFS compared with those with SD. The pCR rate was 33.3% (10/
30) compared with 60% (6/10) reported before (17) and patients
who achieved pCR also had better DFS than those did not. These

Frontiers in Oncology

results suggested that patients with tumor responses, whether
evaluated by preoperative imaging or by pathological findings of
resected specimens, are more likely to benefit from conversion
resection to access a longer term of tumor-free survival.
Tumor recurrence often occurs because micro-metastasis
persists even after curative resection. The presence of MVT has
been determined to accurately predict the early recurrence and
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TABLE 4 Treatment-related AEs in patients receiving lenvatinib plus anti-PD-1 antibody (n = 30).

Preferred AE Term
Any Grade®

Decrease in platelet count 14 (46.7%)

Proteinuria 10 (33.3%)
Decrease in white blood cell count 8 (26.7%)
Hypertension 6 (20.0%)
Hypothyroidism 5 (16.7%)
Palmar-plantar erythrodysesthesia syndrome 4 (13.3%)
Increased transaminase 4 (13.3%)
Weight decreased 3 (10.0%)
Hypoadrenalism 3 (10.0%)
Myocarditis 3 (10.0%)
Gastrointestinal bleeding 2 (6.7%)

Hyperthyroidism 2 (6.7%)

Abdominal distension 2 (6.7%)

No. (%)
Grade 1 Grade 2 Grade 3
5 (16.7%) 4 (13.3%) 5 (16.7%)
1(3.3%) 6 (20.0%) 3 (10.0%)
2 (6.7%) 3 (10.0%) 3 (10.0%)
0 4 (13.3%) 2 (6.7%)
3 (10.0%) 0 2 (6.7%)
1 (3.3%) 1 (3.3%) 2 (6.7%)
0 2 (6.7%) 2 (6.7%)
0 3 (10%) 0
0 0 3 (10.0%)
2 (6.7%) 0 1(3.3%)
0 0 2 (6.7%)
2 (6.7%) 0 0
2 (6.7%) 0 0

*Adverse events were graded in accordance with the Common Terminology Criteria for Adverse Events v4.0.

adverse clinical outcomes of HCC patients undergoing liver
resection (29-32). In this study, pre-treatment MR scans
showed that 20 (20/30, 66.7%) patients had macrovascular
invasion, which was not recommended for resection by BCLC
guideline. After surgery, MVI was detected in 8 (8/30, 26.7%)
resected tumor samples, compared with the MVT incidence of
63% with tumor size larger than 6.5cm reported previously
(33), suggesting that lenvatinib plus PD-1 inhibitors could
effectively eradicate microvascular tumor thrombi and
decrease the positive rate of MVI. Moreover, patients with
MVT had significantly shorter tumor-free survival and OS than
patients without MVI. This indicated that MVI retained its
vital prognostic value in patients receiving conversion surgery.
Surgical resection, followed by adjuvant intervention therapy

< All patients

Disease free survival
Py
8

i
bl

3
8

and systemic therapy, could be utilized to reduce the burden of
MVI and prolong the survival of this subgroup of patients with
MVI, although further investigation is warranted in real
world studies.

Safety evaluations revealed that there were no severe (grade 4
or 5) treatment-related adverse events in these patients during
the systemic treatment period. Most treatment-related AEs were
mild and tolerable, indicating that the drug toxicity can be well
addressed and controlled by dynamic monitoring and dose
modification in the clinical practice (15).

Several limitations of this study should be noted. First,
our study enrolled a relatively small number of HCC patients
from a single center although it represented the largest
reported cohort of HCC patients receiving conversion
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FIGURE 6
Follow-up of all 30 patients receiving conversion surgery
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Kaplan-Meier plots of disease-free survival (A) and overall survival (B) in all 30 patients.
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Survival analysis. Disease-free survival (A) and overall survival (B) among patients with different treatment response to combinational therapy
evaluated via preoperative MR imaging (mRECIST). Disease-free survival (C) and overall survival (D) between patients who did and did not

achieve a pathological complete response (pCR) in all resected specimens. Disease-free survival (E) and overall survival (F) between patients
with and without microvascular invasion (MVI) in resected tumor samples.

surgery so far. The occurrences of adverse events were mainly
evaluated according to the blood tests and medical records,
thus could be underestimated due to the retrospective nature
of our study. Second, the patients in our study were
heterogeneous regarding to the regimens of anti-PD-1
monoclonal antibody while no evidence has shown the
different effects of these anti-PD-1 antibodies. Thus, this
strategy needs prospective validation in a more consistent
and large-scale multicenter study in the future.

In conclusion, lenvatinib plus PD-1 inhibitors exhibited
promising anti-tumor activity with manageable toxicity. More
importantly, this combination treatment strategy results in
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tumor downsizing and allows patients with unresectable HCC
to access surgical resection, with high potential to prolong their
long-term survival. Treatment response and MVTI status could
predict the survival outcomes, especially the tumor-free survival
of patients receiving conversion surgery.
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Efficacy and safety of
transarterial chemoembolization
plus antiangiogenic- targeted
therapy and immune checkpoint
inhibitors for unresectable
hepatocellular carcinoma with
portal vein tumor thrombus in
the real world

Jin-Kai Feng™, Zong-Han Liu", Zhi-Gang Fu?,
Zong-Tao Chai*, Ju-Xian Sun*, Kang Wang",
Yu-Qiang Cheng*, Hong-Fei Zhu?', Yan-Jun Xiang™®,
Li-Ping Zhou*, Jie Shi*, Wei-Xing Guo®, Jian Zhai*
and Shu-Qun Cheng™

Department of Hepatic Surgery VI, Eastern Hepatobiliary Surgery Hospital, Second Military Medical
University, Shanghai, China, 2Department Il of Interventional Radiology, Eastern Hepatobiliary
Surgery Hospital, Second Military Medical University, Shanghai, China, *Department of Hepatobiliary
Surgery, The First Affiliated Hospital, Wenzhou Medical University, Zhejiang, China

Purpose: This study aimed to assess the efficacy and safety of a triple therapy that
comprises transarterial chemoembolization (TACE), antiangiogenic-targeted
therapy, and programmed death-1 (PD-1) inhibitors in a real-world cohort of
patients with unresectable hepatocellular carcinoma (HCC) with portal vein tumor
thrombus (PVTT).

Methods: Consecutive patients treated with TACE combined with
antiangiogenic therapy and PD-1 inhibitors at the Eastern Hepatobiliary
Surgery Hospital between June 2019 and May 2021 were enrolled. The
baseline characteristics and treatment course of the patients were recorded.
The tumor response was evaluated based on the Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1 and HCC-specific modified RECIST (mRECIST).
The overall survival (OS) and progression-free survival (PFS) of the patients were
analyzed using the Kaplan—Meier method. Adverse events (AEs) were assessed
according to the National Cancer Institute Common Terminology Criteria for
Adverse Events version 5.0.

Results: As of the data cutoff on 30 August 2021, the median follow-up time
was 10.0 (3.9-28.4) months. A total of 39 eligible patients were included. The
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objective response rate (ORR) and the disease control rate (DCR) were 35.9%
and 74.4% according to the RECIST 1.1, and 48.7% and 84.6% according to
MRECIST criteria, respectively. The median OS and PFS were 14.0 and 9.2
months, respectively. Moreover, 34 (87.2%) patients experienced at least one
treatment-related AE and 8 (20.5%) patients experienced grade 3/4 treatment-
related AEs. The most common treatment- and laboratory-related AEs were
hypertension (46.2%) and decreased albumin (53.8%), respectively. No
treatment-related mortality occurred during the study period.

Conclusions: TACE combined with antiangiogenic-targeted therapy and
immune checkpoint inhibitors may have promising anticancer activity in
unresectable HCC patients with PVTT. AEs were manageable, with no
unexpected overlapping toxicities.

KEYWORDS

hepatocellular carcinoma (HCC), portal vein tumor thrombus (PVTT), transarterial
chemoembolization (TACE), anti-angiogenic targeted therapy, PD-1 inhibitor,

immune checkpoint inhibitor (ICl), combination therapy

Introduction

Hepatocellular carcinoma (HCC) is the most common
primary liver cancer and the fourth-leading cause of cancer-
related death worldwide (1). Portal vein tumor thrombus
(PVTT) is common in advanced HCC, with a reported
incidence of 44%-62.2% (2). If left untreated, the median
survival time of these patients is only from 2.7 to 4.0 months
(3). PVTT is recognized as an independent prognostic factor for
HCC patients (4, 5).

Transarterial chemoembolization (TACE) is the most widely
used treatment option for unresectable HCC and has been globally
adopted as the standard of care for patients with Barcelona Clinic
Liver Cancer (BCLC) stage B HCC (6). Moreover, TACE is proven
to be a safe and effective treatment modality for patients with BCLC
stage C HCC in the clinical setting (7-9). An established theory
holds that TACE stimulates the expression of angiogenic growth
factors and promotes the release of an abundance of tumor
antigens, which contribute to tumor growth or progression. Since
TACE is generally a palliative therapy, it acts as a backbone for the
addition of effective systemic therapies aimed at improving
survival outcomes.

Recently, increasing studies have investigated the potential
clinical role of locoregional-systemic treatments in unresectable
HCC patients. Several studies demonstrated that TACE plus
sorafenib or lenvatinib significantly improved survival outcomes
compared with TACE monotherapy in patients with
unresectable HCC (10-12). A single-arm study suggested that
the triple therapy approach consisted of PD-1/PD-L1 inhibitors
plus radiotherapy, and antiangiogenic therapy appears to be safe
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with no unexpected adverse events (AEs) (13). A retrospective
comparative study found that hepatic arterial infusion
chemotherapy (HAIC) combined with PD-1 inhibitors and
lenvatinib was associated with a remarkably better treatment
response and survival outcomes for patients with advanced HCC
compared to patients who received PD-1 inhibitors plus
lenvatinib (14). Therefore, the combination of locoregional
and systemic therapies is producing exponentially increasing
interest in the research field of advanced HCC.

In our study, we focused on a real-world cohort of
unresectable HCC patients with PVTT who received a triple
therapy approach that comprises TACE plus antiangiogenic-
targeted treatment and anti-PD-1 inhibitors (TTP treatment).
The therapeutic efficacy and safety of this triple therapy
approach were evaluated. We present the following article in
accordance with the STROBE reporting checklist.

Materials and methods
Study design and patients

This was a single-arm study to evaluate the efficacy and
tolerability of a combination treatment of TACE plus
antiangiogenic therapy and anti-PD-1 antibodies in
unresectable HCC patients associated with PVTT in the real
world. Patients who received TTP treatment to treat HCC with
PVTT at the Eastern Hepatobiliary Surgery Hospital of Second
Military Medical University between June 2019 and May 2021
were reviewed. The study was conducted in accordance with the
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Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics committee of Eastern
Hepatobiliary Surgery Hospital, and individual consent for this
retrospective analysis was waived. All laboratory serum
examination data were collected 3 days before the initial
treatment. Imaging evaluation comprised contrast-enhanced
computed tomography (CT) or magnetic resonance imaging
(MRI) examination within 1 week before the initial treatment.
All the data were censored on 30 August 2021.

Inclusion and exclusion criteria

The inclusion criteria included the following: (I)
unresectable HCC and PVTT confirmed radiologically or
histologically according to the AASLD practice guidelines (15);
(II) Child-Pugh class A or B liver function; (III) Eastern
Cooperative Oncology Group (ECOG) performance status 0-
1; (IV) at least one measurable tumor lesion as defined by
modified Response Evaluation Criteria in Solid Tumors
(mRECIST); (V) at least one follow-up imaging assessment;
and (V1) at least one cycle of anti-PD-1 antibody treatment. The
exclusion criteria included the following: (I) patients who had
the triple therapy as an adjuvant treatment after surgery; (II)
patients who had initially unresectable disease were downstaged
for surgical resection after TTP treatment; (III) history of other
malignancies; and (VI) medical and follow-up data were
incomplete or unavailable.

Treatment protocols

TACE was performed according to previously described
procedures. Briefly, a 4-5 French catheter was selectively
introduced through a femoral artery into the hepatic artery
using the Seldinger technique. Arterioportogram was
performed to assess tumor staining and vascularity. The tip of
the microcatheter was directly advanced into the tumor-feeding
arteries depending on the tumor size and location. An emulsion
of pirarubicin (30 mg), fluorouracil, oxaliplatin, and lipiodol
(10-30 ml; 1-2 ml/cm diameter of the tumor; Lipiodol
Ultrafluide, Guerbet, Aulnay-Sous-Bois, France) was infused.
Oxaliplatin (100mg or 65 mg/m” body surface area) was
dissolved in 5 ml of normal saline and infused slowly with a
rate of 1 ml/min. Fluorouracil (500 mg or 330 mg/m* body
surface area) was injected slowly within 10 min. Gelfoam
fragments were then injected to embolize the tumor-feeding
vessels until stasis of blood flow was achieved. The dosages of
lipiodol were determined by the body surface area and
underlying liver function. On-demand TACE was conducted
repeatedly when the intrahepatic lesion was not fully necrotic
and the active area was greater than 50% of the baseline until
unTACEable progression occurred. UnTACEable progression
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was defined as the circumstances in which patients were not
capable to benefit from TACE, such as Child-Pugh class C,
intrahepatic progression, with new lesions not defined as
tumor progression.

Antiangiogenic-targeted agents, including tyrosine kinase
inhibitors (sorafenib, lenvatinib, and anlotinib) and vascular
endothelial growth factor (VEGF) blockade (apatinib), were
administered orally. Sorafenib was given 400 mg/day initially
and increased to 800 mg/day in a stepwise manner if tolerated.
The dosage of lenvatinib was 8 mg/day (<60 kg) or 12 mg/day
(260 kg) depending on body weight. Anlotinib was prescribed 12
mg/day during weeks 1-2 of each 3-week cycle. Apatinib was
prescribed 500 mg/day initially and increased to 750 mg/day
if tolerated.

In this study, four types of PD-1 inhibitors (sintilimab,
toripalimab, camrelizumab, and tislelizumab) were used at the
standard dose intravenously. The first use of PD-1 inhibitors was
within 7 days of the initiation of antiangiogenic-targeted drugs.
Patients received targeted drugs and PD-1 inhibitors within 3
days before or after the start of TACE. Dosage reduction or the
discontinuation of treatment depended on disease progression,
unacceptable toxicity, a patient’s withdrawal of consent, or the
changes of a treatment plan.

For patients with progressive disease (PD) after TTP
therapy, patients could transfer to other recommended
combination treatments, such as radiotherapy plus molecular-
targeted drugs and PD-1 inhibitor triple therapy, or TACE plus
radiotherapy, molecular-targeted drugs and PD-1 inhibitor
quadruple therapy, or atezolizumab plus bevacizumab (T+A)
first-line therapy. The subsequent therapeutic methods for PD
patients were determined after the full discussions of the
multidisciplinary treatment meetings, and the final treatment
decisions mainly depended on the economic capability
of patients.

Treatment efficacy and safety evaluation

The radiological response was evaluated by dynamic CT or
magnetic resonance imaging (MRI) at baseline and every 6-12
weeks after the initial treatment. The tumor response including
the objective response rate (ORR) and disease control rate
(DCR) was assessed in accordance with the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 and HCC-
specific modified RECIST (mRECIST). The ORR was calculated
as the sum of the complete response (CR) and partial response
(PR). DCR was defined as the sum of the CR, PR, and stable
disease (SD). Overall survival (OS) was defined as the time
interval from the date of treatment initiation to the date of death
or the most recent follow-up visit. Progression-free survival
(PES) referred to the time interval from treatment initiation to
the first radiologically confirmed PD or death. Treatment safety
was continuously evaluated by clinical vital signs and laboratory
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tests. AEs were assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 5.0.

Statistical analysis

Continuous variables were reported as median (interquartile
range) or mean + standard deviation (SD) and compared using
Student’s t-test or the Mann-Whitney U test according to the
normality of data. Categorical variables were presented as frequency
(percentage) and compared using Pearson’s chi-square test or
Fisher’s exact test as appropriate. OS and PFS were estimated
using the Kaplan-Meier method. Differences in survival curves
were analyzed with a log-rank test. Univariate Cox regression
analysis was used to evaluate the significance of potential
variables associated with OS and PFS. Variables that were
significantly related to OS and PES (P < 0.05) were incorporated
into multivariate Cox regression analysis. A two-tailed P value <
0.05 was considered statistically significant. All statistical analyses
were performed using SPSS 26.0 software (SPSS Inc., Chicago, IL,
USA) and GraphPad Prism, Version 8.2.0 (GraphPad, Inc.).

Results

Identification and characteristics of
study patients

From June 2019 to May 2021, 72 advanced HCC patients
with PVTT who underwent TTP (TACE + antiangiogenic-
targeted therapy + anti-PD-1 antibodies) were identified from
the electronic medical system of our hospital. A total of 22
patients received TTP as an adjuvant treatment after surgery. Six
patients were treated with TTP as a conversion therapy for

10.3389/fonc.2022.954203

subsequent surgical resection. Five patients were lost to follow-
up during investigation. Finally, a total of 39 patients who met
the eligibility criteria were included in the study. The patients’
identification process is shown in Figure 1.

The baseline demographic and clinical characteristics of
unresectable HCC patients with PVTT are listed in Table 1.
The majority of patients had HBV-associated HCC, and 25.6%
of patients had Child-Pugh class B liver function. Liver cirrhosis
was observed in 89.7% of patients. All patients were classified as
BCLC stage C due to major vascular invasion. The median size
of the baseline target lesions was 10.0 cm [interquartile range
(IQR), 7.5-12.0 cm]. Two-thirds of patients had multiple
tumors. With regard to the extent of PVTT, 66.7% and 25.6%
of patients had type II and III PVTT, respectively. A total of 10
patients had combined hepatic vein or inferior vena cava tumor
thrombus. Regional or distant lymph node metastasis occurred
in nearly half of patients. A total of eight patients had
extrahepatic disease spread, including five in the lungs and
three in the adrenal gland. The median level of o-fetoprotein
(AFP) was 1,509 ng/ml (IQR, 10.1-32,280 ng/ml). The median
concentration of protein induced by vitamin K absence or
antagonist-1I (PIVKAII) was 5,413 mAU/ml (IQR, 617-47,033
mAU/ml). Twenty-two patients had an HBV-DNA level
exceeding 1,000 copies/ml.

Number of transarterial
chemoembolization procedures

and transarterial chemoembolization
interval time

A total of 13 patients underwent one session of TACE, and
the other 26 patients received two or more sessions of TACE.
The median interval between each TACE treatment was 79.8
days (Table 2).

72 HCC patients with PVTT who received TTP
during June 2019 and May 2021 were screened

22 patients received TTP as an adjuvant

treatment after initial surgery

6 patients were downstaged successfully after TTP
treatment and underwent subsequent surgical resection

| 44 patients were

initially enrolled I

5 patients were lost to

follow-up during investigation

I 39 patients were finally included in this study |

FIGURE 1

Flow diagram of patient enrollment. HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; TTP, TACE plus antiangiogenic-targeted

treatment and anti-PD-1 inhibitors.
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TABLE 1 Baseline demographic and clinical characteristics of
unresectable hepatocellular carcinoma (HCC) patients with portal

vein tumor thrombus (PVTT).

Characteristics

Age, median (range), years
<60
=60
Gender
Male
Female
Hypertension
Yes
No
Diabetes mellitus
Yes
No
Antiviral therapy
Yes
No
Child-Pugh class
A
B
ALBI score, median (Q1, Q3)
ALBI grade
1
2
3
Etiology
Hepatitis B
Hepatitis C
Cirrhosis
Yes
No
Tumor number
Single
Multiple

Tumor size (cm), median (Q1, Q3)

<5
5-10
>10
Tumor distribution
Left lobe
Right lobe
Bi-lobe
PVTT type
I
11
III
Combined HVTT/IVCTT, yes
HVTT
IVCTT

Frontiers in Oncology

All patients (n=39)

56 (31-69)
29 (74.4%)
10 (25.6%)

33 (84.6%)
6 (15.4%)

7 (17.9%)
32 (82.1%)

4 (10.3%)
35 (89.7%)

22 (56.4%)
17 (43.6%)

29 (74.4%)
10 (25.6%)

-2.14 (-2.47, -1.94)

6 (15.4%)
31 (79.5%)
2 (5.1%)

38 (97.4%)
1 (2.6%)

35 (89.7%)
4 (10.3%)

13 (33.3%)
26 (66.7%)

10.0 (7.5-12.0)

2 (5.1%)
19 (48.7%)
18 (46.2%)

5 (12.8%)
25 (64.1%)
9 (23.1%)

3 (7.7%)
26 (66.7%)
10 (25.6%)
10 (25.6%)
8 (20.5%)
2 (5.1%)

(Continued)
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TABLE 1 Continued

Characteristics

Lymph node metastasis

Yes

No
Extrahepatic spread, yes

Lung

Adrenal gland
Esophagogastric varices

Presence

Absence
PT (s), median (QI, Q3)
INR, median (Q1, Q3)
WBC (*1079/L), mean + SD
RBC (*10A12/L), mean + SD
HGB (g/L), mean + SD
PLT (g/L), mean + SD
TBil (umol/L), median (QI, Q3)
ALB (g/L), mean + SD
ALT (U/L), median (Q1, Q3)
AST (U/L), median (Q1, Q3)
GGT (U/L), median (Q1, Q3)
ALP (U/L), median (Q1, Q3)
BUN (mmol/L), median (Q1, Q3)
Creatinine (tmol/L), median (Q1, Q3)
Glucose (mmol/L), median (Q1, Q3)
AFP (ng/ml), median (Q1, Q3)

<400

>400
PIVKAII (mAU/ml), median (Q1, Q3)

< 2,050

> 2,050
HBV-DNA, copies/ml

<50

50-1,000

>1,000

10.3389/fonc.2022.954203

All patients (n=39)

19 (48.7%)
20 (51.3%)
8 (20.5%)
5 (12.8%)
3(7.7%)

19 (48.7%)
20 (51.3%)
12.2 (11.9-13.2)
1.02 (0.99-1.10)
54+22
43407
131.1 + 22.1
146.8 + 70.4
17.3 (13.1-22.6)
382+ 338
41 (29-59)
59 (46-124)
192 (116-371)
144 (109-200)
4.52 (3.77-5.02)
67 (57-78)
4.87 (4.37-5.19)
1,509 (10.1-32,280)
15 (38.5%)
24 (61.5%)
5,413 (617-47,033)
14 (35.9%)
25 (64.1%)

9 (23.7%)
7 (18.4%)
22 (57.9%)

HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; ALBI, albumin-
bilirubin; HVTT, hepatic vein tumor thrombus; IVCTT, inferior vena cava tumor
thrombus; PT, prothrombin time; INR, international normalized ratio; WBC, white
blood cell; RBC, red blood cell; HGB, hemoglobin; PLT, platelet; TBil, total bilirubin;
ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-
glutamyltranspeptidase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; AFP,
alpha-fetoprotein; PIVKAII, protein induced by vitamin K absence or antagonist-II.

Types of antiangiogenic-targeted drugs
and anti-PD-1 antibodies

For antiangiogenic-targeted drugs, 30 patients initially used
lenvatinib, and the remaining 9 patients initially used sorafenib.
During the treatment course, because of unacceptable AEs or
progressed disease, five patients initially using sorafenib
converted to lenvatinib or anlotinib, whereas two patients
initially using lenvatinib converted to anlotinib or apatinib. As
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TABLE 2 Number of transarterial chemoembolization (TACE)
procedures and treatment intervals.

All patients (n=39)

Number of TACE procedures, n (%)

1 13 (33.3%)
2 15 (38.5%)
3 8 (20.5%)
4 1 (2.6%)
5 2 (5.1%)

Median interval between TACE (days), mean (SD) 79.8 (53.5)

TACE, transarterial chemoembolization.

for anti-PD-1 antibodies, 16 used sintilimab, 14 had
camrelizumab, 6 were treated with toripalimab, and the other
3 patients received tislelizumab. Among them, one patient who
was initially treated with sintilimab converted to camrelizumab
due to infusion-related reactions (Table 3).

Change of tumor marker expression

The changes of tumor marker levels from the baseline to the
first follow-up after the triple treatment approach are shown in
Table 4. The median AFP level at the baseline was 1,509 ng/ml,
while this level dropped dramatically to 135 ng/ml at the first
follow-up (P = 0.126). From a dichotomous point, 15 (38.5%)

TABLE 3 Types of antiangiogenic-targeted drugs and anti-PD-1
antibodies.

All patients (n=39)

Initial treatments

Antiangiogenic-targeted drugs
Sorafenib 9 (23.1%)

Lenvatinib 30 (76.9%)

Anti-PD-1 antibodies

Sintilimab 16 (41.0%)
Toripalimab 6 (15.4%)
Camrelizumab 14 (35.9%)
Tislelizumab 3(7.7%)
Whole clinical treatment pathway
Antiangiogenic-targeted drugs
Sorafenib 9 (23.1%)
Lenvatinib 35 (89.7%)
Anlotinib 2 (5.1%)
Apatinib 1 (2.6%)

Anti-PD-1 antibodies

Sintilimab 16 (41.0%)
Toripalimab 6 (15.4%)
Camrelizumab 15 (38.5%)
Tislelizumab 3(7.7%)
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patients had an AFP level not greater than 400 ng/ml at the baseline,
whereas 25 (64.1%) patients had an AFP level within 400 ng/ml at
the first follow-up after the triple therapy (P = 0.023). For PIVKAII,
the median baseline level was 5,413 mAU/ml, and this level
decreased markedly to 950 mAU/ml at the first follow-up (P =
0.003). For HBV-DNA, the median concentration at the baseline
was 6,240 copies/ml, which reduced remarkably to 36 copies/ml at
the first follow-up (P < 0.001).

Change of liver function

As shown in Table 5, the Child-Pugh class and the ALBI
grade were used to assess the hepatic functional reserve in the
baseline and the first follow-up after the triple therapy. There
was no significant change of liver function between the baseline
and the first follow-up after treatment in either the Child-Pugh
class or the ALBI grade (P = 0.151 and P = 0.842).

Additional treatments aside from the
triple therapy

As shown in Table 6, five (12.8%) patients received
additional radiation treatment that was targeted at liver lesions
or extrahepatic metastasis. Six (15.4%) patients underwent
synchronous percutaneous microwave coagulation therapy.
One patient ceased the triple therapy after six cycles of PD-1
treatment and converted to atezolizumab plus bevacizumab (T
+A therapy). Four (10.3%) patients received the best supportive
care during the treatment course due to liver function
deterioration.

Efficacy outcomes

As of the data cutoft on 30 August 2021, the median follow-
up time was 10.0 (3.9-28.4) months. Disease progression
occurred in 18 (46.2%) patients, and 13 (33.3%) patients died.
The median OS was 14.0 months. The 3-, 6-, and 12-month OS
was 94.9%, 83.7%, and 57.9%, respectively (Figure 2A). The
median PES was 9.2 months. The 3-, 6-, and 12-month PES was
74.4%, 58.2%, and 49.6%, respectively (Figure 2B). The best
tumor response is summarized in Table 7. The ORR and DCR
were 35.9% and 74.4% according to the RECIST 1.1 and 48.7%
and 84.6% according to mRECIST criteria, respectively.

Furthermore, as shown in Figure 3, we did subgroup survival
analysis according to administered drugs and the number of
TACE procedures. No significant differences in OS and PFS were
observed for patients initially using sorafenib or lenvatinib (P =
0.92, Figure 3A; P = 0.96, Figure 3B). Similarly, there were no
marked OS and PFS differences among patients who were
treated with various anti-PD-1 inhibitors (P = 0.22, Figure 3C;
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TABLE 4 Change of tumor marker expression.

Baseline

AFP (ng/ml), median (Q1, Q3)
PIVKAII (mAU/ml), median (Q1, Q3)
HBV-DNA (copies/ml)

1,509 (10.1-32,280)
5,413 (617-47,033)
6,240 (54.7-532,750)

HCV-RNA 55,200
(copies/ml)
AFP (ng/ml)
<400 15 (38.5%)
2400 24 (61.5%)
PIVKAII (mAU/ml)
<2,050 14 (35.9%)
>2,050 25 (64.1%)
HBV-DNA (copies/ml)
<1,000 16 (42.1%)
=>1,000 22 (57.9%)

10.3389/fonc.2022.954203

First follow-up after TTP treatment P-value
135 (4.7-9,427) 0.126
950 (34-11,386) 0.003

36 <0.001
(2-191.3)
150,000 NA
0.023
25 (64.1%)
14 (35.9%)
0.007
26 (66.7%)
13 (33.3%)
<0.001

34 (89.5%)
4 (10.5%)

TTP, TACE + antiangiogenic-targeted therapy + anti-PD-1 antibody treatment; AFP, alpha-fetoprotein; PIVKAII, protein induced by vitamin K absence or antagonist-IIl; HBV-DNA,

hepatitis B virus deoxyribonucleic acid; NA, data not available.
P-values in bold denote statistical significance.

TABLE 5 Change of liver function.

Baseline

Child-Pugh class

A 29 (74.4%)

B 10 (25.6%)
ALBI grade

1 6 (15.4%)

2 31 (79.5%)

3 2 (5.1%)

First follow-up after TTP treatment P-value

0.151

34 (87.2%)

5 (12.8%)
0.842

7 (17.9%)

29 (74.4%)

3 (7.7%)

TTP, TACE + antiangiogenic targeted therapy + anti-PD-1 antibody treatment; ALBI, albumin-bilirubin.

TABLE 6 Additional treatments aside from TACE + antiangiogenic
targeted therapy + anti-PD-1 antibody treatment.

All patients (n=39)

Radiotherapy 5 (12.8%)
PMCT 6 (15.4%)
T+A 1 (2.6%)
BSC 4 (10.3%)

TTP, TACE + antiangiogenic targeted therapy + anti-PD-1 antibody treatment; PMCT,
percutaneous microwave coagulation therapy; T+A, atezolizumab combined with
bevacizumab; BSC, best supportive care.

P =0.30, Figure 3D). Repeated TACE appeared to show survival
advantage over a single TACE treatment, but the statistical
difference was not significant (P = 0.08, Figure 3E; P = 0.48,
Figure 3F). The results of subgroup survival analysis according
to (I) the types of PVTT, (II) the presence or absence of

Frontiers in Oncology

concurrent HVTT/IVCTT, (III) the tumor number, and (IV)
tumor size are illustrated in Figure 4. As shown in Figure SI,
patients who received additional treatments (radiotherapy,
percutaneous microwave coagulation therapy, or T+A) had
significantly better OS than those who did not (P = 0.046,
Figure S1A). The PFS of patients who underwent additional
treatments was also better compared with that of patients who
did not but without statistical significance (P = 0.14, Figure S1B).
The results of the univariate analysis of OS and PFS are
displayed in Table SI. The association between the different
cycles of TTP therapy and liver function and tumor marker
expression change can be seen in Figure S2.

Safety outcomes

Treatment- and laboratory-related AEs including frequency
and the severity grade were evaluated according to CTCAE,
version 5.0. A total of 34 (87.2%) patients experienced at least
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antiangiogenic-targeted treatment and anti-PD-1 inhibitors.

TABLE 7 Summary of the best tumor response.

All patients (n=39) All patients (n=39) RECIST

mRECIST 1.1
CR 3 (7.7%) 3(7.7%)
PR 16 (41.0%) 11 (28.2%)
SD 14 (35.9%) 15 (38.5%)
PD 6 (15.4%) 10 (25.6%)
ORR 19 (48.7%) 14 (35.9%)
DCR 33 (84.6%) 29 (74.4%)

Tumor response was assessed using mRECIST and RECIST 1.1 criteria, respectively.
Data are presented as n (%).

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease;
ORR, objective response rate; DCR, disease control rate.

one treatment-related AE, and 8 (20.5%) patients experienced
grade 3/4 treatment-related AEs. The most common treatment-
emergent AE of all grade was hypertension (46.2%) followed by
diarrhea (35.9%), fatigue (30.8%), PPE (25.6%), weight loss (23.1%),
skin pruritis (20.5%), and nausea (20.5%). The most common
laboratory-related AE of all grades was decreased albumin (53.8%)
followed by thrombocytopenia (41.0%), increased aspartate
aminotransferase (30.8%), increased 7y-glutamyltranspeptidase
(25.6%), increased alanine aminotransferase (23.1%), neutropenia
(23.1%), and hyperbilirubinemia (20.5%). In addition, the most
common grade 3/4 treatment-emergent AE was hypertension
(20.5%), while the most common grade 3/4 laboratory-related AE
was thrombocytopenia (10.3%) (Table 8).

Discussion

PVTT remains as the bottleneck in the treatment of HCC,
which contributes to high recurrence rates and a poor prognosis.
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According to the BCLC staging system, HCC with PVTT is
graded as the advanced stage, which often precludes the
opportunity of surgical resection (6). As a chance for cure,
molecular-targeted therapy and PD-1 blockades have
revolutionized cancer treatment and drastically changed the
treatment landscape for advanced HCC with PVTT.

The gradually evolving role of systemic therapy for advanced
HCC has been documented (16, 17). The regulating effect of
small molecular-targeted drugs on the tumor microenvironment
tends to increase the therapeutic effect of PD-1 inhibitors and
vice versa (18). This triggers the combination therapy of
immune checkpoint inhibitors (ICIs) with angiogenic targeted
drugs for unresectable HCC. A meta-analysis showed that ORR
and DCR were 29% (95% CI 0.15-0.43) and 77% (95% CI 0.70-
0.84) for patients treated with PD-1/PD-L1 monoclonal
antibodies combined with anti-VEGF agents (19). A single-
arm retrospective study showed that sintilimab plus tyrosine
kinase inhibitors (TKIs) exhibited promising efficacy with
tolerable adverse reactions in unresectable HCC (20).

It is notable that locoregional therapies (LRTs) can induce
the release of inflammatory and proangiogenic factors and
neoantigens and increase the expression of PD-1 and PD-LI;
systemic drugs are administered as an adjuvant therapy in
combination with LRTs (21-23). Two prospective studies
showed that TACE plus lenvatinib is safe, is well tolerated,
and has satisfactory efficacy for the treatment of HCC with
PVTT (24, 25). Stereotactic body radiotherapy (SBRT)
combined with ICIs was reported to have an impressive tumor
control capability for patients with unresectable HCC of large
tumors (26). In addition, propensity score matching (PSM)
analysis suggested that bigeminal therapy with PD-1 blockade
plus radiofrequency ablation (RFA) was superior to RFA alone
for the long-term survival of recurrent HCC patients (27).

Recently, a triple therapy of TKIs in combination with PD-1
inhibitors and LRTs to treat unresectable HCC patients has
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FIGURE 3

Subgroup survival analysis according to the type of molecular targeted drugs, the type of PD-1 inhibitors, and the number of TACE procedures.
Subgroup analysis of OS (A) and PFS (B) according to the type of molecular targeted drugs; a subgroup analysis of OS (C) and PFS (D) according
to the type of PD-1 inhibitors; a subgroup analysis of OS (E) and PFS (F) according to the number of TACE procedures. TTP, TACE plus
antiangiogenic-targeted treatment and anti-PD-1 inhibitors; TACE, transarterial chemoembolization.

gathered much attention and yielded substantial clinical benefits
(28, 29). Dai et al. (30) found that the median OS and PFS were
13.0 and 5.0 months, respectively, for inoperable HCC patients
who underwent sintilimab combined with sorafenib and TACE.
The ORR and DCR were 28.6% and 80.0%, respectively. Teng
et al. (31) reported the therapeutic efficacy of TACE plus ICIs
and lenvatinib in unresectable HCC. The results showed that the
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ORR and DCR were 54.9% and 84.3%, respectively, and the
median PFS was 8.5 months. Nearly one-third of the patients
experienced grade > 3 AEs. Cai et al. (32) showed that the
TACE-lenvatinib-PD-1 inhibitor (TACE-L-P) group had a
median OS of 16.9 months and a median PFS of 7.3 months.
The ORR and DCR of the TACE-L-P group were 56.1% and
85.4%, respectively. A multicenter study recorded that the
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TABLE 8 Summary of adverse events.

Adverse events Any Gradesn Grade 3/4n
(%) (%)

Treatment-related AEs
Skin and subcutaneous tissue

Palmar-plantar erythrodysesthesia 10 (25.6%) 0 (0.0%)

Skin pruritus 8 (20.5%) 1 (2.6%)

Skin rash 6 (15.4%) 1 (2.6%)
Cardiovascular system

Hypertension 18 (46.2%) 8 (20.5%)
Digestive system

Diarrhea 14 (35.9%) 1 (2.6%)

Nausea 8 (20.5%) 1(2.6%)

Gastrointestinal hemorrhage 1 (2.6%) 0 (0.0%)
Kidney and urinary system

Proteinuria 3 (7.7%) 2 (5.1%)
Nervous system

Headache 4 (10.3%) 0 (0.0%)
Chest and mediastinum

Dysphonia 6 (15.4%) 0 (0.0%)
Endocrine system

Hypothyroidism 4 (10.3%) 0 (0.0%)
Metabolism and nutrition

Decreased appetite 7 (17.9%) 1 (2.6%)
Weight loss 9 (23.1%) 0 (0.0%)
Systemic symptoms

Fatigue 12 (30.8%) 0 (0.0%)

Fever 4 (10.3%) 1 (2.6%)

Peripheral edema 2 (5.1%) 0 (0.0%)
Laboratory-related AEs
Blood biochemistry

Hyperbilirubinemia 8 (20.5%) 1(2.6%)

Alanine aminotransferase 9 (23.1%) 1 (2.6%)
increased

Aspartate aminotransferase 12 (30.8%) 1 (2.6%)
increased

Albumin decreased 21 (53.8%) 0 (0.0%)

v-Glutamyltranspeptidase 10 (25.6%) 1(2.6%)
increased

Creatinine increased 1 (2.6%) 0 (0.0%)
Blood routine tests

Anemia 7 (17.9%) 0 (0.0%)

Thrombocytopenia 16 (41.0%) 4 (10.3%)

Neutropenia 9 (23.1%) 0 (0.0%)

The adverse events related with antiangiogenic-targeted drugs and anti-PD-1 antibodies
were graded according to Common Terminology Criteria Adverse Events (CTCAE)
Version 5.0.

investigator and blinded independent central review-assessed
ORR were 80.6% and 77.4%, respectively, for unresectable HCC
patients who underwent the triple therapy. Of 62 included cases,
33 (53.2%) patients reached the standard of successful
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conversion to resectable disease; 16 (25.8%) and 24 (38.7%)
patients had complete and major pathological response,
respectively (33).

To the best of our knowledge, our study is the first to explore
the clinical efficacy and safety of the triple therapeutic approach
consisting of TACE, anti-angiogenic therapy, and PD-1 inhibitors
in unresectable HCC patients with PVTT. Regarding the safety of
the triple therapy, our study showed that 34 (87.2%) patients
experienced at least one treatment-related AE, 8 (20.5%) patients
experienced grade 3/4 treatment-related AEs, and no treatment-
related death occurred. The incidence rates of overall and severe
AEs were similar to the previous reports, which proved the
acceptable safety profile of the triple therapy in this patient
population. With respect to the treatment response and survival
outcomes following the triple therapy, the ORR and DCR based
on the mRECIST criteria were 48.7% and 84.6%, respectively; and
the median OS and PFS were 14.0 and 9.2 months, respectively.
The efficacy outcomes were comparable to some previous results
(13, 30-32). However, our tumor response rates were lower than
those reported by Wu et al. (33). The patient selection difference
may be the possible reason as 56.5% patients in their study cohort
did not have PVTT. Therefore, based on the above analysis, the
triple therapy could result in good efficacy for unresectable HCC
with PVTT. TACE, molecular-targeted drugs, and ICIs may have
synergistic effects and augment the antitumor activity mutually.
However, the mechanisms underlying the triple therapy still need
further investigations.

The present study had several limitations. First, this was a
retrospective study with a limited sample size and a short follow-up
time, contributing to potential selection bias and relatively
insufficient medical evidence. Second, this study was a single-arm
study with no control group, so it was impossible to compare the
efficacy and safety of this triple therapy with other combined
therapeutic approaches. Third, the substantial heterogeneity of the
study population and the inconformity of treatment regimens may
influence the interpretation of our findings. Thus, prospective
studies with a large sample size are required to determine
whether combining TACE, antiangiogenic agents, and PD-1
inhibitors potentiates clinical efficacy.

Conclusion

TACE in combination with antiangiogenic-targeted therapy
and PD-1-targeted immunotherapy displayed promising tumor
control rates with well-tolerated toxicity in unresectable HCC
patients associated with PVTT in the real world. Thus, this triple
therapeutic strategy may be an ideal treatment option for these
patients. In the future, the identification of molecular
biomarkers to select patients who are most likely to benefit
from the triple therapy should be highlighted.
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Hepatocellular carcinoma (HCC) remains a global challenge due to its high
morbidity and mortality rates as well as poor response to treatment. Local
combined systemic therapy is widely used in the treatment of unresectable
hepatocellular cancer (UHCC). This retrospective study was to investigate the
prognostic effect and prognostic factors of transcatheter arterial
chemoembolization (TACE) plus tyrosine kinase inhibitors (TKI) with immune
checkpoint inhibitors (ICls) in the treatment of uHCC. A retrospective analysis of
171 patients with uHCC was performed in our hospital from April 27, 2015 to
October 18, 2021. According to different treatment options, patients were
divided into TACE group (n=45), TACE+TKI group (n=76) and TACE+TKI+ICls
group (n=50). In this study, we found that, the median overall survival (mOS) of
TACE+TKI+ICls group was significantly better than TACE+TKI group and TACE
group [24.1 (95% Cl 15.1-33.1) months vs 14.9 (95% Cl 10.7-19.1) months vs 11.4
(95% ClI 8.4-14.5) months, hazard ratio (HR) 0.62; 95% CI 0.47-0.81; P=0.002]. A
visible difference in the median progression-free survival (mPFS) interval between
the groups was discovered [10.6 (95% C16.5-14.7) months in TACE+TKI+ICls
group vs. 6.7 (95% CI 5.5-7.9) months in the TACE+TKI group vs. 6 (95% Cl 2.3-
9.7) months in the TACE group (HR 0.66; 95% CI 0.53-0.83; P<0.001)]. The
objective response rates (ORR) in the TACE group, TACE+TKI group, and TACE
+TKI+ICls group were 31.1%, 35.5%, and 42%, and the disease control rate (DCR)
were 51.1%, 65.8%, and 80%. There were no adverse events (AEs) of arthralgia,
diarrhea, rash, and pruritus in the TACE group. The incidence of grade 3 AEs
(Hypertension) in the TACE+TKI+ICls group was significantly higher than that in
TACE+TKI and TACE groups (28% vs 17.1% vs 6.7%, P=0.024), and secondly, the
morbidity of rash and pruritus in the TACE+TKI+IClIs group was apparently higher
than that in the TACE+TKI group (P<0.05). Multivariate analysis showed that
ECOG-PS 2 (HR=2.064, 95%Cl 1.335-3.191, P=0.001), Hepatitis B virus
(HR=2.539, 95%Cl 1.291-4.993, P=0.007), AFP>400 ng/ml (HR= 1.72, 95%CI
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1.12-2.643, P=0.013), neutrophil-lymphocyte ratio (NLR) >2.195 (HR=1.669, 95%
C11.073-2.597, P=0.023) were independent risk factors for OS in uHCC patients.
So, TACE+TKI+ICls therapy can prolong the OS and improve the prognosis of
patients effectively, with a well-characterized safety profile.

KEYWORDS

hepatocellular carcinoma, tyrosine kinase inhibitor, immune checkpoint inhibitor,
transcatheter arterial chemoembolization, prognosis

Introduction

Primary liver cancer is the sixth most common cancer and
the third leading cause of cancer deaths worldwide, with
hepatocellular carcinoma (HCC) accounting for 75% to 85%
(1). Radical therapy (partial hepatectomy, liver transplantation,
or percutaneous radiofrequency ablation) provides good
prognosis in patients with early-stage HCC (2). However, the
pathogenesis of HCC is concealed, and most patients are in an
advanced stage when diagnosed, with a low resection probability
and bleak prognosis. What’s more, patients with large tumor
burden, poor liver function, tumor thrombus in the portal vein
or inferior vena cava, or extrahepatic metastasis are unable to
receive radical treatment and the median overall survival (mQOS)
was 9 months. The main cause of death was tumor progression
(3). With the exploration of the pathogenesis of HCC, the
current treatment options for uHCC are transhepatic arterial
chemoembolization (TACE), radiotherapy, systemic drug
therapy, and so on.

The main blood supply to the normal liver parenchyma is
the portal vein, while tumor tissue is supplied by the hepatic
artery (4). Embolization after local chemotherapy can prolong
the cytotoxic influence and reduce the systemic toxicity of
chemotherapy (5). The dual blood supply from the hepatic
artery and portal vein to the liver makes general arterial
chemoembolization and arterial-directed therapy possible, and
avoids normal liver parenchyma ischemia and hypoxia, reducing
the damage of liver. So, TACE has a high application value in the
treatment of hepatocellular carcinoma (6) (7), and is the most
widely used treatment for uHCC (8, 9).

TACE interdicts tumor blood supply and causes tumor
tissue ischemia. Residual tumor cells release hypoxia-inducible
factor (HIF), leading to increased vascular endothelial growth
factor (VEGF), fibroblast growth factor (FGF) and angiopoietin-
2 (Ang-2), promotes tumor angiogenesis and progression,
increasing the risk of cancer recurrence and metastasis (10).
Tyrosine kinase inhibitors (TKIs), such as sorafenib, lenvatinib,
apatinib, regorafenib and bevacizumab, inhibit the
phosphorylation of tyrosine kinases. It can not only inhibit the
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proliferation of tumor cells by blocking the cell signaling
pathway directly, but also inhibit the vascular endothelial
growth factor receptor (VEGFR) and platelet-derived growth
factor receptor (PDGFR) to block the formation of tumor
angiogenesis indirectly (11, 12). Therefore, TACE plus TKI
therapy has a synergistic effect in theory. Current studies have
shown that TACE+TKI inhibits tumor progression and prolongs
the survival of patients. For example, in the study of sorafenib
with or without TACE, the median progression-free survival
(mPFS) of sorafenib+TACE was significantly better than TACE
(25.2 vs 13.5 months, P=0.006) (13).

Hepatitis induced by hepatitis B virus (HBV), hepatitis C
virus (HCV), nonalcoholic fatty liver disease (NAFLD) or
alcohol leads to inflammatory reaction and liver damage, is
considered as the main cause of HCC pathogenesis (14).
Therefore, HCC is considered an immunogenic tumor (15). T
cells play an important role in the body’s anti-tumor immune
activity, and the up-regulation of Programmed Death-Ligand 1
(PD-L1) in tumor cells contributes to the immune suppressive
microenvironment (16). Tumor immune checkpoint inhibitors
(ICIs) are the most important aspect of tumor immunotherapy.
By inhibiting the immune escape of tumor cells, the
autoimmune system is mobilized to eliminate tumors. The
research of tumor immune checkpoint inhibitors mainly
focuses on three molecules: cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), programmed cell death protein 1 (PD-1)
and its ligand PD-L1, such as camrelizumab, sintilimab,
pembrolizumab, atezolizumab, tislelizumab, nivolumab,
ipilimumab. PD-1/PD-L1 immune checkpoint inhibitors have
become a research hotspot in immunotherapy, and they have
also achieved breakthrough progress in clinical practice.

TACE is targeted for the treatment of local tumors in the
liver, and TKI and ICIs are used for systemic treatment through
blood circulation to improve the systemic immune system.
Combination therapy directly or indirectly inhibits local
tumors, slows tumor growth, and even reduces tumor volume,
providing the possibility of re-radical therapy for uHCC.
However, whether combining ICIs with TKI plus TACE can
improve survival in patients with uHCC remains unclear. Hence,
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this retrospective study aimed to evaluate the efficacy of
TACE+TKI+ICIs on the survival of uHCC patients and the
factors that affect their prognosis.

Materials and methods
Study design and patients

This study was approved by the Ethics Committee of the
Shandong Provincial Hospital Affiliated to Shandong First
Medical University (SWYX: NO.2022-191). The medical
records of patients with unresectable HCC who were admitted
to our hospital from June 8, 2016 to October 18, 2021 were
retrospectively collected. Laboratory measurements within 3
days before TACE were collected from the hospital laboratory
enquiry system. Ultimately, 171 patients were included in this
study, and all met the following inclusion and exclusion criteria.
The inclusion criteria comprised the following: 1. Histologically
or cytologically confirmed HCC or clinically confirmed
according to the criteria of the American Association for the
Study of Liver Diseases; 2. Child-Pugh class A or B; 3. Physical
performance status score ECOG-PS < 2; 4. BCLC stages are B to
C stages and A stage with contraindications to surgery (such as
severe cardiopulmonary insufficiency);5. No prior TACE or
systemic antitumor therapy for HCC;6.At least 1 measurable
target nodule through the modified new criteria for tumor
response evaluation (mRECIST, version 1.1); 7. Complete
follow-up data. Exclusion criteria: 1. Past or current presence
of other malignant tumors; 2. There are contraindications to
TACE; 3. Child-Pugh class C; 4. Previous TACE or systemic
therapy;5. Loss of follow-up data or incomplete patient data. The
liver function classification standard adopts Child-Pugh
classification of liver function. Child-pugh class A: 5-6 points;
Child-pugh class B: 7-9; Child-pugh class C: 210 points. Tumors
were staged according to the Barcelona stage (BCLC). The
patient’s general condition, disease history, family history,
preoperative blood routine, liver and kidney function, tumor
markers, imaging and other report materials were collected
through the case system.

TACE therapy

The Seldinger method was used to place the 5F hepatic duct
through the right femoral artery to the common hepatic artery.
After the lesion was visualized by DSA, a microcatheter was
inserted into the tumor feeding artery, and oxaliplatin and 5-FU
were locally perfused. An appropriate amount of lipiodol mixed
with epirubicin was then injected into the tumor lesions, and
after the lipiodol was sufficiently deposited, DSA was performed
again to evaluate the effect. TACE is performed as needed
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(patients undergo imaging examinations to evaluate the effect
of lipiodol deposition in the lesions. If the deposition effect of
lipiodol is good, TACE may not be performed temporarily; if the
deposition of lipiodol subsides, TACE is required again.).

TKI combined with ICIs therapy

TKIs are taken for a long time at doses after the first TACE,
until the patient cannot tolerate the drug or the disease
progresses, and then switch to other TKIs for subsequent
treatment. ICIs were administered according to the applied
dose on the first day after the first TACE and injected every 21
days thereafter. Medication use included in this article was the
medication the patient was on at the end of follow-up. Doses of
TKIs and ICIs (Supplementary Table 1).

Follow-up and assessment

Follow-up-related data were obtained from patient follow-
up phone calls, outpatient periodic review and readmission case
data. The end of follow-up date was March 24, 2022. Overall
survival (OS) definition: from the date of onset (or recurrence
after liver resection) to the date of death or to the date of
termination of follow-up, OS was the primary endpoint of this
study. Progression-free survival (PFS) was defined as the period
from the date of onset (or recurrence after liver resection) to the
date of disease progression or death from any cause, whichever
occurred first. Adverse events (AEs) were assessed according to
the National Cancer Institute Adverse Events Common
Terminology Criteria v 5.0. PFS and frequency of AEs were
the secondary endpoints of this study. Efficacy was assessed
according to m RECIST criteria: (1) Complete response (CR),
the enhancement of intratumoral arteries in all target lesions
disappeared or was completely inactivated; (2) Partial response
(PR), the tumor survival residual cancer tissue (the sum of the
diameters of all target lesions or enhancing lesions) is reduced by
at least 30%; (3) Progressive disease (PD): tumor survival and
residual cancer tissue increased by at least 20%, or new lesions
appeared; (4) stable disease (SD): The tumor changes are
between PD and PR.

Statistical analysis

The collected data were systematically analyzed using SPPS
version 26.0, and the categorical variables were expressed as
percentages and analyzed by x2 test. Survival curves were
analyzed by Kaplan-Meier, and median overall survival (mOS)
and mPFS were calculated, and graphs were drawn. The Receiver
Operating Characteristic (ROC) curve was used to obtain the
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cutoff value of NLR for predicting OS. Cox regression
proportional hazards model was used to perform univariate
analysis on the screened clinical indicators, and multivariate
analysis was performed on the statistically significant indicators
in the univariate analysis to obtain independent risk factors for
predicting tumor OS. Hazard ratios (HR) and 95% confidence
intervals (CI) for these variables were estimated to quantify the
strength of these associations. P<0.05 means there is a difference,
which is statistically significant.

Results

Patient characteristics

This study retrospectively analyzed 294 uHCC patients in our
hospital. According to the inclusion and exclusion criteria, 171
patients who met the criteria were finally included in this study.
The patients were divided into TACE group, TACE+TKI group
and TACE+TKI+ICIs group according to different treatment
plans. The demographics and baseline characteristics were
shown in Table 1. There were no significant differences in
general clinical data such as gender, age, Eastern Cooperative
Oncology Group performance status (ECOG-PS), Child-Pugh
class, BCLC stage, portal vein tumor thrombus, tumor number,
tumor size, HBV, AFP, ALT and NLR among the three groups of
patients before treatment (P>0.05).

Efficacy and safety

The DCR of TACE group, TACE+TKI group and
TACE+TKI+ICIs group were 51.1%, 65.8% and 80%,
respectively (P=0.012). The ORR in the TACE+TKI+ICIs
group was 42%, while the ORRs in the TACE and TACE+TKI
groups were 31.1% and 35.5% (P>0.05) (Table 2). AEs occurred
in 166 (97%) patients. Among them, grade 1 and 2 AEs were in
the majority, which could be well controlled after symptomatic
treatment. Grade 3 AEs occurred in 119 patients, as shown in
Table 3. The most frequent grade 3 AEs were elevated AST,
elevated ALT, thrombocytopenia, hypertension, fatigue, fever,
nausea, arthralgia, decreased appetite, diarrhea, pruritus, and
rash. No grade 4 AEs occurred, and no patients experienced
treatment-related deaths. Hypertension occurred in 3 patients in
the TACE group, 13 patients in the TACE+TKI group, and 14
patients in the TACE+TKI+ICIs group (P=0.024). In addition,
there were differences in pruritus (5.3% in the TACE+TKI group
and 18% in the TACE+TKI+ICIs group, P=0.021) and rash
(6.6% in the TACE+TKI group and 20% in the TACE+TKI+ICIs
group, P=0.023), but no significant differences in other grade
3 AEs.
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Survival analysis

The patients’ survival of the three groups was followed up.
The follow-up was from the date of TACE treatment to the date of
death or termination of follow-up (March 2022). The total median
follow-up time of the three groups was 15.5 (95%CI 11.8-19.2)
months, among which the TACE+TKI+ICIs group had the
longest mOS, followed by the TACE+TKI group, and the TACE
group had the shortest mOS [mOS: 24.1 (95% CI 15.1-33.1)
months vs 14.9 (95% CI 10.7-19.1) months vs 11.4 (95% CI 8.4-
14.5) months, P=0.002], as shown in Figure 1A. And the TACE
+TKI+ICIs group showed longer mOS than the TACE+TKI
group (P=0.047, HR=0.585, 95%CI0.342-1.000), as shown in
Figure 1B. Compared with the TACE group, mOS in the TACE
+TKI+ICIs group and TACE+TKI group was prolonged by 12.7
months (P=0.001, Figure 1C) and 3.5 months (P=0.044,
Figure 1D), respectively. So, compared with the TACE group
and TACE+TKI group, the TACE+TKI+ICIs group had obvious
advantages in prolonging the mOS of patients. Also, the TACE
+TKI+ICIs group had the longest mPFS compared with the
TACE and TACE+TKI groups, [mPFS: 10.6 (95% CI 6.5-14.7)
months vs 6.7 (95% CI 5.5-7.9) months vs 6 (95%CI 2.3-9.7)
months, P<0.001] (Figure 2). Also, there were differences among
the treatment groups [(TACE vs TACE+TXKI, P=0.043), (TACE vs
TACE+TKI+ICIs, P<0.001), (TACE+TKI vs TACE+TKI+IClIs,
P=0.042)]. Taken together, TACE+TKI+ICIs group significantly
prolonged mPFS and mOS in uHCC patients.

Risk factor analysis

The cutoff value of NLR was obtained by the ROC curve, the
largest of the NLR area under the curve (AUC) was 0.633, and
the NLR cutoff value was 2.195 (P=0.003). Univariate analysis
showed that ECOG score, Child-Pugh classification, BCLC stage,
portal vein invasion, tumor size, HBV infection, AFP>400,
NLR >2.195 and different therapies were associated with OS of
uHCC (P<0.05). The results of multivariate analysis showed:
ECOG-PS (<1vs2) (HR=2.064, 95%CI 1.335~3.191, P=0.001),
HBYV infection (yes vs no) (HR=2.539, 95%CI 1.291~4.993, P=
0.007), AFP (<400vs>400) (HR=1.72, 95%CI 1.12~2.643,
P=0.013), NLR (<2.195vs>2.195) (HR=1.669, 95%CI
1.073~2.597, P=0.023) and different therapies (TACE vs
TACE+TKI vs TACE+TKI+ICIs) (HR=0.544, 95%CI 0.402-
0.736, P<0.001) were independent risk factors for OS in
patients with uHCC, as presented (Table 4). Survival analysis
showed that uHCC patients with ECOG-PS 2, Child-Pugh class
B, BCLC stage C, portal vein tumor thrombus, tumor size 210
cm, HBV positive, AFP > 400, and NLP > 2.195 had a
significantly shorter OS, as exhibited in Figures 3A-H.
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TABLE 1 Baseline data of patients included in the study.

Characteristics TACE TACE+T
number 45 76
Gender,n (%)

Male 38 (84.4) 65 (85.5)

Female 7 (15.6) 11 (14.5)
Age (years),n (%)

<60 26 (57.8) 42 (55.3)

>60 19 (42.2) 34 (44.7)
ECOG-PS,n (%)

0-1 28 (62.2) 55 (72.4)

2 17 (37.8) 21 (27.6)
Child-Pugh class,n (%)

A 26 (57.8) 55 (72.4)

B 19 (42.2) 21 (27.6)
BCLCn (%)

Stage A+B 30 (66.7) 49 (64.5)

Stage C 15 (33.3) 27 (35.5)
Portal vein tumor thrombus,n (%)

Yes 14 (31.1) 27 (35.5)

No 31 (68.9) 49 (64.5)
Tumor number,n (%)

Single 20 (44.4) 21 (27.6)

Multiple 25 (55.6) 55 (72.4)
Tumor size (cm),n (%)

<10 23 (51.1) 40 (52.6)

>10 22 (48.9) 36 (47.4)
Hepatitis B virus,n (%)

+ 35 (77.8) 68 (89.5)

B 10 (22.2) 8 (10.5)
AFP (ng/ml),n (%)

<400 22 (48.9) 33 (43.4)

>400 23 (51.1) 43 (56.6)
ALT (U/L),n (%)

<40 22 (48.9) 35 (46.1)

>40 23 (51.1) 41 (53.9)
NLR,n (%)

<2.195 14 (31.1) 32 (42.1)

>2.195 31 (68.9) 44 (57.9)

KI

10.3389/fonc.2022.1029951

TACE+TKI+ICIs x’value P value
50

0.285 0.867
41 (82.0)
9 (18.0)

0.62 0.733
25 (50.0)
25 (50.0)

2.464 0.292
30 (60.0)
20 (40.0)

4942 0.085
39 (78.0)
11 (22.0)

0.068 0.967
33 (66.0)
17 (34.0)

0.304 0.859
16 (32.0)
34 (68.0)

4.99 0.083
22 (44.0)
28 (56.0)

0.924 0.63
30 (60.0)
20 (40.0)

3.447 0.178
44 (88.0)
6 (12.0)

1913 0.384
28 (56.0)
22 (44.0)

0.103 0.95
24 (48.0)
26 (52.0)

5.091 0.078
27 (54.0)
23 (46.0)

TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors; ECOG-PS, Eastern Cooperative Oncology Group performance status;
BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; ALT, alamine aminotransferase; NLR, neutrophil-lymphocyte ratio

Discussion

TACE treatment inhibites tumor growth through reducing
tumor blood supply in uHCC and local infusion of
chemotherapeutic drugs reduces systemic adverse reactions in
patients. However, patients with uHCC treated with TACE alone
suffered high possibility of tumor recurrence and metastasis,
which induces short survival. Also, repeated TACE treatment
seriously damages liver function and increases the risk of liver
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failure (17). TACE embolizes the liver blood supply, leading to
hypoxis tumor microenvironment, releasing a large number of
cytokines that promotes revascularization of the residual tumor
tissue (18). Meanwhile, tumor hypoxic microenvironment leads
to enhanced tumor cell invasiveness and promotes cancer
metastasis (19). In this context, TACE plus TKI and ICIs
make it possible. The combination therapy of TACE-TKI-ICIs
can play a synergistic effect: 1. Reduce the blood supply of the
local tumor, causing tumor ischemic necrosis; 2. Inhibit the
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TABLE 2 Theraprutic efcacy of response.

10.3389/fonc.2022.1029951

Variable TACE (n=45) TACE+TKI (n=76) TACE+TKI+ICIs (n=50) P value
Best overall response,n (%)

CR 1 (22%) 3 (3.9%) 3 (6%)

PR 13 (28.9%) 24 (31.6%) 18 (36%)

SD 9 (20%) 23 (30.3%) 19 (38%)

PD 22 (48.9%) 26 (34.2%) 10 (20%)
Objective response rate,n (%) 14 (31.1%) 27 (35.5%) 21 (42%) 0.536
Disease control rate,n (%) 23 (51.1%) 50 (65.8%) 40 (80%) 0.012

TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors; CR, complete response; PR, partial response; SD, stable disease; PD,

progressive disease.

TABLE 3 Key treatment-related adverse events of = grade 3.

Variable n % TACE (n=45) TACE+TKI (n=76) TACE+TKI+ICIs (n=50) P value
Elevated AST 8 (17.8) 15 (19.7) 15 (30) 0.281
Elevated ALT 8 (17.8) 14 (18.4) 11 (22) 0.844
Thrombocytopaenia 0 (0.0) 7 (9.2) 8 (16) 0.250
Hypertension 3(6.7) 13 (17.1) 14 (28) 0.024
Fatigue 122) 4(5.3) 3(6) 0.650
Fever 4 (8.9) 7 (9.2) 5 (10) 0.981
Nausea 7 (15.6) 11 (14.5) 7 (14) 0.976
Arthralgia 0 (0.0) 2 (2.6) 1(2) 0.820
Decreased appetite 8 (17.8) 11 (14.5) 8 (16) 0.889
Diarrhea 0 (0.0) 5 (6.6) 6 (12) 0.464
Rash 0 (0.0) 5 (6.6) 10 (20) 0.023
Pruritus 0 (0.0) 4 (5.3) 9 (18) 0.021

TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors; ALT, alamine aminotransferase; AST, aspartate aminotransferase.

vascular reconstruction of residual tumor tissue and reduce
tumor metastasis and invasiveness; 3. Improve the level of
autoimmunity and change the immune tolerance state of
tumor microenvironment, as well as inhibit tumor immune
escape. So, triple therapy can inhibit the progression of HCC
and improve the prognosis and survival of patients with uHCC
in theory. Also, in this study, we found that no grade 4 AEs
occurred and no patients experienced treatment-related deaths.
Hypertension, pruritus and rash occurred more frequently in
triple therapy group, but no significant differences in other grade
3 AEs. So, triple therapy seems to be an effective and safe choice
for patients with uHCC. However, greater sample sizes and a
longer follow-up period are required to fully determine the long-
term safety of triple therapy.

With the in-depth study of the tumor microenvironment
(TME) and immune mechanism of liver cancer, the TME is
involved in the occurrence, development, and metastasis of
HCC. The TME plays a role in evading immune surveillance
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and promoting drug resistance tumor invasion, metastasis,
resulting in poor efficacy (20). Therefore, combinatorial
therapies will be the choice for uHCC (21). The main basis for
the application of TKIs and ICIs is to adjust the TME from
immune resistance to immune stimulation environment by anti-
VEGF (22). Under such conditions, ICIs could promote anti-
tumor immunity of T-cell (23). Recent study shows that low-
dose apatinib modulates the tumor immunosuppressive
microenvironment and enhances the anti-tumor effect of anti-
PD-L1 medicine, which delays tumor growth, reduces the
number of metastases, and prolonged survival in mouse
models (24). In a phase Ib trial of lenvatinib combined with
pembrolizumab in patients with uHCC, the mPFS and mOS of
lenvatinib+pembrolizumab were 9.3 months and 22 months,
respectively, reflecting the advantages of TKI+ICIs therapy for
stable disease status (25). Another retrospective study showed
the effect of lenvatinib+TACE and pembrolizumab+lenvatinib
+TACE in the treatment of uHCC with PD-L1 expression.
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Pembrolizumab+lenvatinib+TACE treatment was more
advantageous than lenvatinib+TACE in mOS and conversion
rate [(18.1vs14.1, P=0.004), (25.7%vs11.1%, P=0.025)] (26).
Also, TKI+ICIs treatment added the opportunity to for
downstaging and resection of uHCC, (15.9% underwent RO
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Kaplan-Meier survival curves showing PFS stratified by treatment
options in patients of uHCC.
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resection) (27); and another study showed the conversion rate
was 60% after TACE+TKI+ICIs therapy (28). All the studies
demonstrated that the combination of TKIs and ICIs was a
feasible means of conversion therapy. A clinical study compared
effect of first- and second-line treatment in advanced HCC with
camrelizumab+ apatinib. In the first- and second-line groups,
the ORR was 34.3% and 22.5%, the mPFS was 5.7 months and
5.5 months, and the one-year survival rates were 74.7% and
68.2%. So, the combination therapy strategy of TKI+ICIs can be
used as a new choice for the first- and second-line treatment of
HCC (29). A study of atezolizumab combined with bevacizumab
versus sorafenib in the treatment of advanced uHCC
(IMbravel50) showed that atezolizumab+bevacizumab
significantly improved the patients’ mOS and mPFS compared
with sorafenib [(19.2vs13.4, P<0.001), (6.9vs4.3, P<0.001)] (30).
Also, the mPFS of sintilimab+bevacizumab was significantly
longer than that of sorafenib (4.6vs2.8, P<0.0001), and the
overall survival of the combination therapy was significantly
better than that of sorafenib in the first overall survival analysis
(ORIENT-32) (31). Except uHCC, TKI+ICIs treatment as
preoperative neoadjuvant therapy for resectable HCC
were also in development. Recent study showed that
after preoperative neoadjuvant therapy with apatinib
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TABLE 4 Analysis of OS prognostic factors in unresectable HCC patients.

10.3389/fonc.2022.1029951

Univariate analysis Multivariate analysis

Variable N mOS(month) b e HR  95%CI  Pvalue HR  95% CI
Age(<60/260) 93/78 14.9/15.5 0.831 1.043 0.711~1.529
Gender(Male/Female) 144/27 15.5/14 0.394 1.249 0.749~2.084
ECOG-PS(<1/2) 113/58 18/8.9 0.005 1.752 1.184~2.594 0.001 2.064 1.335~3.191
Child-Pugh class(A/B) 120/51 18.3/8.3 0.001 1.924 1.296~2.856
BCLC(A+B/C) 112/59 17.8/10.9 0.033 1.527 1.034~2.257
Portal vein tumor thrombus(Yes/No) 57/114 10.9/17.8 0.042 1.501 1.014~2.222
Tumor number(Single/Multiple) 63/108 17.6/15.5 0.942 1.016  0.671~1.538
Tumor size(<10/>10) 93/78 17.6/12.1 0.027 1.546 1.052~2.271
Hepatitis B virus(+/-) 147/24 14.6/22.9 0.03 2.062 1.074~3.958 0.007 2.539 1.291~4.993
AFP(<400/2400) 83/88 12.0/18.0 0.03 1.535 1.042~2.259 0.013 1.72 1.12~2.643
ALT(<40/>40) 81/90 17.6/14.6 0.337 0.91 0.751~1.103
NLR(<2.195/22.195) 73/98 20.4/11.6 0.001 2.024 1.345~3.044 0.023 1.669 1.073~2.597
Treatment options(TACE/TACE+TKI/TACE+TKI+ICIs) 45/76/50 11.4/14.9/24.1 0.001 0.615 0.466~0.81 <0.001 0.544 0.402~0.736

TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors; ECOG-PS, Eastern Cooperative Oncology Group performance status;
BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; ALT, alamine aminotransferase; NLR, neutrophil-lymphocyte ratio; mOS, overall survival.

+camrelizumab, the pathological results of patients with HCC
resection showed that 90% of the tumor resection tissue was
necrotic and had no residual cancer cells, and the one-year
recurrence-free survival (RFS) rate after HCC resection was
53.85% (32). A randomized phase 3 LEAP-012 study is
ongoing: TACE with or without lenvatinib+pembrolizumab
treatment of incurable intermediate-stage HCC was sesigned
to verify the efficacy of triple therapy in prolonging OS and PFS
(33). In this retrospective study, we found that TACE+TKI+ICIs
treatment had obvious advantages in prolonging the survival
time of uHCC compared with TACE and TACE+TKI. The mOS
in the TACE+TKI+ICIs group was 24.1 months, and the mOS
was prolonged by 12.7 months and 9.2 months compared with
the TACE group and the TACE+TKI group. Compared with the
TACE and TACE+TKI groups, the TACE+TKI+ICIs group had
the longest mPFS [10.6 months vs 6.7 months vs 6 months,
P<0.001]. So, for uHCC, TACE-TKI-ICIs triple therapy can
effectively control the tumor progression, prolong the survival
time of patients and improve the prognosis of patients.
Hepatocellular carcinoma is an inflammation-related
cancer, mainly as a result of chronic liver damage or chronic
inflammation (34). Long-term inflammatory stimulation
causes liver fibrosis, which is an important component of the
HCC TME. There are also a large number of vascular
endothelial cells, immune cells (T cells, macrophages,
neutrophils, dendritic cells) and cytokines in the TME (35).
Virchow had already discovered a close relationship between
inflammation and cancer in 1863 (36).Among them, serum
NLR was considered as an index reflecting the inflammatory
state. In this study, the high NLR suggested the worse the
prognosis of patients., And the level of NLR may be closely
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related to the prognosis of advanced HCC. Accumulating
evidence indicates that tumor-associated inflammatory
response is closely related to the TME and plays an
important role in cancer development, invasion and
metastasis (37). Recent studies found that NLR above the
threshold was closely related to shorter OS in head and neck
squamous cell carcinoma, which was consistent with our data
(38). Also, in other solid tumors, studies on the pre-correlation
of NLR with its prognosis have also been carried out, and the
results are consistent with the above study (39-41).

However, several limitations should be acknowledged. First,
the types of TKIs and ICIs are not the same, there may be a
selection bias, and it is impossible to accurately assess a certain
triple therapy. Second, the causes of death in patients are less
detailed, which has implications for overall survival analysis.
Third, some imaging data of patients are from other hospitals,
and the assessment of tumor status is biased. Fourth, this was a
single-center study and the sample is small. So, multi-center and
large-scale samples for further validation are needed. Fifth, the
follow-up period is relatively short. Also, in this study, endpoint
of follow-up was patient cannot tolerate the drug or the disease
progresses followed with subsequent treatment. So, we didn’t
refer patients received subsequent lines of therapy after the
combination therapy of TACE+TKI+checkpoint inhibitors or
OS between the cohorts - one with concurrent combination
therapy versus sequential therapy. So, further research was need
to explore whether there was a survival advantage for sequential
therapy versus combination therapy. Finally, because kinds of
TKIs or ICIs are not covered by medical insurance, the patients
cannot afford multiple treatment costs, and there is a bias in the
choice of drugs.
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In conclusion, the results of this retrospective study
show that compared with TACE alone and TACE+TKI,
TACE+TKI+ICIs therapy has a better prognostic effect
for uHCC.
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treatment of advanced
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A meta-analysis
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2Department of General Surgery (Hepatobiliary Surgery), The Affiliated Hospital of Southwest
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Objective: Lenvatinib and sorafenib are first-line oral multikinase inhibitors
approved for the treatment of advanced hepatocellular carcinoma (HCC).
However, the choice of the primary therapeutic agent among these two
remains controversial. This meta-analysis aimed to estimate the efficacy and
safety of lenvatinib and sorafenib in patients with advanced HCC.

Methods: PubMed, Cochrane Library, Web of Science, and Embase databases
were searched for relevant research published up to June 30, 2022. After quality
assessment and data extraction of the included studies, RevMan 5.3 software was
used for analysis. Odds ratio (OR) and hazard ratio (HR) with a 95% confidence
interval (Cl) were calculated using a fixed-effects or random-effects model.

Results: Fifteen studies containing 3908 patients were included after final
scrutiny. Our meta-analysis showed that there was no significant difference
in overall survival (OS) between the lenvatinib and sorafenib groups (HR = 0.86;
95% Cl: 0.72-1.02; p = 0.09); however, the progression-free survival (PFS)
(HR = 0.63; 95% Cl: 0.53-0.74; p < 0.00001), complete response (CR) (OR =
5.61; 95% Cl: 2.71-11.64; p < 0.00001), partial response (PR) (OR = 4.62; 95%
Cl: 3.06-6.98; p < 0.00001), objective response rate (ORR) (OR = 5.61; 95% ClI:
3.90-8.09; p < 0.00001), and disease control rate (DCR) (OR = 2.42; 95% ClI:
1.79-3.28; p < 0.00001) in the lenvatinib group were significantly better than
those in the sorafenib group. In terms of treatment safety, lenvatinib had similar
incidences of any grade adverse events (AEs) (OR = 0.99; 95% CI: 0.47-2.09;
p =0.98) and grade > 3 AEs (OR =1.17, 95% CI; 1.00-1.37; p = 0.05) compared
to sorafenib. Besides, lenvatinib was significantly associated with a higher
incidence of hypertension, proteinuria, fatigue, decreased appetite, and
weight loss, whereas sorafenib was associated with a higher incidence of
diarrhea and hand-foot skin reaction (p < 0.05).
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Conclusion: Given its potential survival benefit and good tolerability, lenvatinib
is an appropriate and promising alternative to sorafenib as first-line systemic
therapy in patients with advanced HCC.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier: CRD 42022327398.

KEYWORDS

hepatocellular carcinoma, lenvatinib, sorafenib, systemic therapy, meta-analysis

1 Introduction

Hepatocellular carcinoma (HCC), the most common type of
primary liver cancer, ranks as the fourth leading cause of cancer-
associated deaths worldwide (1). For patients with early-stage
HCC, curative treatments such as surgical resection,
transplantation, and ablation, have been shown to improve
survival (2, 3). However, HCC is generally diagnosed at an
advanced stage and usually occurs in people with chronic liver
disease, limiting the feasibility of such curative therapies. For
patients with advanced HCC, systemic therapy is the primary
treatment option which is shown to significantly improve the
overall survival (OS) and quality of life of HCC patients (4).

Sorafenib is an oral multikinase inhibitor that modulates
multiple tumor-signaling pathways by inhibiting several
receptor tyrosine kinases, such as vascular endothelial growth
factor receptor (VEGFR) 1-3, platelet-derived growth factor
receptor (PDGFR), KIT, and RET; and downstream Raf
signaling molecules (5-7). A phase 3 randomized controlled
trial (RCT) which enrolled 601 patients with advanced HCC
revealed that the median OS was significantly improved with
sorafenib treatment compared to the placebo group (10.7
months vs. 7.9 months, hazard ratio [HR]: 0.69; 95%
confidence interval [CI]: 0.55-0.87, p < 0.001) (8). Further, the
outcome of another phase 3 RCT involving patients from the
Asia-Pacific region indicated a similar observation that sorafenib
treatment improved the OS (6.5 months in sorafenib vs. 4.2
months in placebo, HR: 0.68; 95% CI: 0.50-0.93, p < 0.014) (9).
Since then, several multikinase inhibitors have been developed,
but none of them have shown non-inferiority or superiority to
sorafenib as a first-line therapy for advanced HCC (10-12).

In 2018, the REFLECT trial demonstrated that lenvatinib, an
oral multikinase inhibitor, was non-inferior to sorafenib in terms
of OS for the treatment of advanced HCC (median OS: 13.6
months for lenvatinib vs. 12.3 months for sorafenib, HR: 0.92;
95% CI: 0.79-1.06) (13, 14). In addition, lenvatinib showed a
significant improvement in progression-free survival (PFS) and
objective response rate (ORR). Owing to these encouraging
results, lenvatinib became the second therapeutic agent
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approved for first-line systemic treatment for advanced HCC.
Although several subsequent studies have been conducted to
compare the efficacy of lenvatinib and sorafenib, they have
yielded inconsistent results. Hence, for the treatment of
patients with advanced HCC, the choice of the primary
systemic therapeutic agent remains controversial. In this meta-
analysis, we comprehensively evaluated the clinical efficacy and
safety of lenvatinib, thereby providing a more reliable basis for
clinical decision-making.

2 Materials and methods
2.1 Protocol and registration

This review was performed in compliance with the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement (15).
Besides, the prospective protocol for this study was registered
with the PROSPERO (Registration number: CRD 42022327398).

2.2 Search strategy

All studies evaluating the efficacy of lenvatinib and sorafenib
on advanced HCC were identified by searching PubMed,
Cochrane Library, Web of Science, and Embase databases
from inception until June 30, 2022. The search keywords or
the medical subject headings (MeSH) terms were as follows:
“hepatocellular carcinoma”, “liver cell carcinoma”, “liver

» o« » o«

cancer”, “hepatoma”, “lenvatinib”, and “sorafenib”. The search
strategy used in PubMed was as follows: ((((hepatocellular OR
hepato-cellular OR hepatic OR liver) and (carcinom* OR cancer
OR neoplasm* OR malign* OR tumor)) OR hepatocellular
carcinoma OR HCC) OR “Carcinoma, Hepatocellular’[MeSH]
OR Liver Neoplasms[MeSH]) AND (((((((sorafenib) OR
(Nexavar)) OR (BAY 43-9006)) OR (Sorafenib N-Oxide)) OR
(BAY-673472)) OR (BAY 545-9085)) OR (Sorafenib Tosylate))
OR (“Sorafenib”[Mesh]) AND (((((((((lenvatinib) OR
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(Lenvima)) OR (E 7080)) OR (ER-203492-00)) OR (E-7080
mesylate)) OR (lenvatinib metabolite M2)) OR (lenvatinib
mesylate)) OR (lenvatinib methanesulfonate)) OR (lenvatinib
mesilate)) OR (“lenvatinib” [Supplementary Concept]).
Furthermore, the reference lists of the included studies or the
relevant reviews were checked manually to identify other
potentially eligible studies. The literature search was limited to
articles written in English language.

2.3 Inclusion and exclusion criteria

Two authors independently screened the results of initial
searches, and any disagreement was resolved via discussion with
a third author. The inclusion criteria were as follows (1): all
prospective or retrospective studies comparing the efficacy of
lenvatinib with sorafenib in the treatment of advanced HCGC; (2)
all trial participants with histologically or radiologically diagnosed
advanced HCC, who were not previously treated with systemic
therapies; (3) experimental intervention: lenvatinib; (4) control
intervention: sorafenib; and (5) studies reporting at least one of
the following outcomes: OS, PFS, ORR, disease control rate (DCR),
complete response (CR), partial response (PR), and adverse events
(AEs). The exclusion criteria were as follows: (1) studies without a
control group; (2) case reports, abstracts, letters, reviews, conference
reports, or expert opinions; and (3) studies without the full text. In
the case of replication studies based on the same study patients, we
included the most comprehensive and up-to-date data.

2.4 Data extraction

Three authors reviewed the full text of the eligible studies
and extracted data independently. Any discrepancies or
disagreements in the extracted data were solved through
consensus in a plenum. Data extraction was performed using a
single form that included the following items: the first author,
date of publication, region, study type, sample size, drug dose,
the main condition of patients, and outcome indicators. The
hazard ratios of time-to-event variables (OS and PFS) were
extracted directly from the original studies or estimated
indirectly through the reported number of events and the
relevant p value for the log-rank statistics.

2.5 Quality assessment

The Cochrane risk of bias assessment tool (16) was used to
evaluate the quality of the selected RCTs based on the following
seven items: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome and
assessment, incomplete outcome data, selective reporting, and other
bias. Each item was graded as high, low, or unclear risk of bias. In
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addition, the quality of the included non-randomized comparative
studies was assessed using the Newcastle-Ottawa scale (NOS) (17).
This scale measures quality based on three parameters: selection,
comparability, and outcome assessment, with a maximum of 9
points. Studies with a score of more than 6 were determined to be of
high quality.

2.6 Statistical analysis

Statistical analyses were performed using the Cochrane
Review Manager software (RevMan, version 5.3). The primary
endpoints in this meta-analysis were OS and DFS, and the effect
sizes were determined by HR with 95% CI. Dichotomous variables
were assessed by OR with 95% CI. Besides, between-study
heterogeneity was evaluated using the y° test and expressed by
the I index. Heterogeneity was regarded as significant when the p
< 0.1 or I > 50%. The random-effects model was used to calculate
the pooled data if heterogeneity was significant; otherwise, the
fixed-effects model was adopted. Potential publication bias was
assessed by visually inspecting the funnel plots. Sensitivity analysis
was conducted by removing each study in turn. A p < 0.05 was
considered statistically significant.

3 Results
3.1 Literature search

A total of 1328 records were identified through the initial
search; of which, 176 articles were removed for duplication, and
1124 studies were discarded after scanning the titles and
abstracts. After a detailed reading and full text assessment, 13
articles were further excluded as they did not meet the inclusion
criteria as 3 of them were reviews, 4 were not case-control
studies, 2 lacked the related data, and 4 were sub-studies of
previous trials. Finally, 15 articles were included in this analysis,
including 1 RCT (13) and 14 retrospective cohort studies (RCS)
(18-31). The literature selection process is shown in Figure 1.

3.2 Study characteristics and
quality assessment

All eligible studies included a total of 3908 participants: 1722
in the lenvatinib group and 2186 in the sorafenib group. The
published year ranged from 2018 to 2022, and the regions
studied included Asia, Europe, and North America. The
dosage of the drugs was consistent in the majority of the
studies (13, 18, 19, 21-24, 26-28, 31). For instance, the initial
dose of sorafenib was 400 mg twice daily, while lenvatinib was
administered at a dose of 12 mg once daily for patients with body
weights > 60 kg or 8 mg once daily for those with body weights <
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FIGURE 1
Flowchart of the study selection process.

60 kg. The characteristics of the included studies are
summarized in Table 1. The bias risk of one RCT (13) was
assessed using the Cochrane Collaboration tool and determined
to be low (Figure 2). Besides, the 14 retrospective studies (18-31)
had NOS scores ranging from 7 to 9, indicating a high quality of
data in all included studies (Table 1).

TABLE 1 Characteristics of the included studies.

10.3389/fonc.2022.1010726

3.3 Efficacy analysis

3.310S

Eleven studies (13, 18-20, 22-24, 27-29, 31) involving 3347
patients reported OS. The meta-analysis indicated that there was no
significant difference in the OS between the two groups (HR = 0.86;
95% CI: 0.72-1.02; p = 0.09). A random-effects model was used, as
statistical heterogeneity was identified among the included studies
(p = 0.006, P =60%; Figure 3). On the contrary, the pooled analysis
showed that OS was significantly higher in the lenvatinib group as
compared to the sorafenib group (HR = 0.90; 95% CI: 0.82-1.00; p =
0.04) when the heterogeneity was reduced (p = 0.12, I = 38%) by
excluding two trials (18, 22).

3.3.2 PFS

Thirteen studies (13, 19-29, 31) enrolling 3760 patients
provided data concerning PFS. The pooled analysis showed that
compared with sorafenib, lenvatinib was associated with
significantly improved PFS (HR = 0.63; 95% CL: 0.53-0.74; p <
0.00001). A random-effects model was used, due to statistical
heterogeneity (p = 0.0002, I° = 68%; Figure 4). To reduce the
heterogeneity, two studies (20, 23) were removed (p = 0.10, P=
38%). The recalculated results consistently showed that the
treatment with lenvatinib was associated with greater
improvement in PFS compared with sorafenib (HR = 0.60; 95%
CI: 0.55-0.67; p < 0.00001).

Stud Samole Child- ECOG
t ey Intervention sizFe) Pugh class: = score:0/ = NOS
yp A/B 1
63.0 (20—
Lenv 478 88() 405/73 104/374 475/3 304/174
Kudo (13) Asia, European, RCT
(2018) North American 62.0 (22—
Sora 476 .88) 401/75 92/384 471/5 301/175
70.0 (53—
Kuzuya Lenv 13 92) 11/2 0/13 13/0 12/1
(18) Japan RCS 7
67.0 (35—
(2020) Sora 28 82() 21/7 0/28 28/0 18/10
Lenv 43 608(532_ 35/8 8/35 37/6 16/27
Lee (19) )
Korea RCS 7
(2020) 63 (43—
Sora 55 86) 42/13 8/47 52/3 22/33
Nakano Lenv 146 72.8 £9.6 125/21 79167 134/12
(20) Japan RCS NA 9
(2020) Sora 146 728 + 8.5 121/25 81/65 137/9
Terashima Lenv 45 Median:70 33/12 NA 39/6 36/8
(21) Japan RCS 7
(2020) Sora 135 Median:69 96/39 NA 114/21 106/22
Burgio (22 70:
urgio (22) RCS Lenv 144 N 111/33 36/108 137/7 114/30 7
(2020) 52.8%
(Continued)
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TABLE 1 Continued
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BCLC Child- ECOG
. Sample Age Gender
Intervention size el (M/F) stage:  Pughclass: score:0/ NOS
B/C A/B 1
< 70:
Sora 144 119/25 36/108 134/10 114/30
52.7%
72.1 £
c . Lenv 385 303/82 NA/175 339/46 NA
asaded Italy, Japan and 100
(23) ¥, Jap RCS 8
2020) Korea 62.6 +
( Sora 555 1 5_ 485/70 NA/483 512/43 NA
73.0
Lenv 110 (67.3- 91/19 59/49 86/24 NA
Fukushima 78.0)
(24) Japan RCS 7
(2021) 72.0
Sora 110 (67.0- 94/16 47162 85/25 NA
78.0)
56.0
Lenv 44 (51.0- 39/5 NA 36/8 41/3
. 66.3)
K 25
21(?21 1( ) Korea RCS 8
( ) 64.0
Sora 61 (58.0— 51/10 NA 56/5 59/2
70.5)
65.0 +
Lenv 70 50/20 14/56 68/2 NA
Kuo (26) 12.3
China RCS 8
(2021) 65.7 +
Sora 140 1 6_ 100/40 25/115 138/2 NA
Lenv 92 < 65:25% 75/17 36/56 87/5 70/22
Rimini (27)
2001 Italy and Japan RCS < 65: 8
( ) Sora 92 ‘ 81/11 36/56 85/7 65/27
35.87%
70 (53-
Tomonari Lenv 52 88) 36/16 27/25 52/0 38/14
(28) Japan RCS 8
71 (43—
(2021) Sora 52 8(5) 35117 20123 52/0 37115
58 (51.5-
Lenv 44 ( 40/4 4/39 29/13 32/12
Choi (29) 64.8)
Korea RCS 7
(2022) 58 (523-
Sora 88 80/8 8/77 63/19 55/33
64.8)
+
Lenv 22 63.95 18/4 0/22 22/0 NA
Lee (30) 11.38
China RCS 8
(2022) 63.77 +
Sora 44 T 36/8 0/44 44/0 NA
10.53
62 (55—
Lenv 34 ( 29/5 1/29 0/30 NA
67)
Park (31)
Korea RCS 7
(2022) 65 (56—
Sora 60 52/8 4/52 0/56 NA
72)
NA, not available; RCT, randomized controlled trial; RCS, retrospective cohort study; Lenv, lenvatinib; Sora, sorafenib; M, male; F, female; BCLC, Barcelona clinic liver cancer; NOS,
Newcastle-Ottawa scale.

3.3.3 Treatment response

In this study, CR, PR, ORR, and DCR were used to evaluate
tumor treatment response. Eleven studies (13, 18-21, 24, 26, 28-
31) which included 2391 patients reported CR and PR, fourteen
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studies (13, 18-24, 26-31) which enrolled 3803 patients
investigated ORR, and thirteen studies (13, 18-22, 24, 26-31)
which recruited 2863 patients documented DCR. The pooled
analysis showed that CR (3.22% vs. 0.60%; OR = 5.61; 95% CIL:
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FIGURE 2
Assessment of risk of bias for RCT. Risk of bias summary (A); risk of bias graph (B).
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FIGURE 3
Forest plot on OS. OS, overall survival.
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FIGURE 4
Forest plot on PFS. PFS, progression-free survival.

Favours [Lenvatinib] Favours [Sorafenib]

2.71-11.64; p < 0.00001; Figure 5A), PR (23.94% vs. 6.97%; OR =
4.62; 95% CI: 3.06-6.98; p < 0.00001; Figure 5B), ORR (25.74%
vs. 6.4%; OR = 5.61; 95% CI: 3.90-8.09; p < 0.00001; Figure 5C),
and DCR (71.54% vs. 51.59%; OR = 2.42; 95% CI: 1.79-3.28; p <
0.00001; Figure 5D) of the lenvatinib group were better than
those of the sorafenib group.
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3.4 Safety analysis

The incidence of any grade AEs was reported in 8 studies
(13, 19, 20, 22, 23, 26, 27, 31), which included a total of 3019
patients. The pooled analysis showed no significant difference in
the incidence of any grade AEs between the lenvatinib group
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FIGURE 5

Forest plot on CR (A), PR (B), ORR (C), and DCR (D). CR, complete response; PR, partial response; ORR, objective response rate; DCR, disease

control rate.

(92.34%) and the sorafenib group (93.09%) (OR = 0.99; 95% CI:
0.47-2.09; p = 0.98; Figure 6A). The incidence of grade > 3 AEs
was reported in 11 studies (13, 18, 19, 22, 23, 25-28, 30, 31),
which involved a total of 3043 patients. Similarly, the pooled
data indicated no significant difference in the incidence of
grade > 3 AEs between the two groups, with lenvatinib and
sorafenib groups exhibiting 38.89% and 33.25%, respectively
(OR = 1.17; 95% CI: 1.00-1.37; p = 0.05; Figure 6B).
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Treatment of HCC with tyrosine kinase inhibitors (TKIs)
could lead to some common AEs, including hand-foot skin
reaction, diarrhea, hypertension, decreased appetite, decreased
weight, fatigue, and proteinuria. The pooled analysis showed
that the incidence of hand-foot skin reaction and diarrhea was
significantly lower in the lenvatinib group compared to the
sorafenib group. Whereas, the incidence of hypertension,
decreased appetite, weight loss, fatigue, and proteinuria in the
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FIGURE 6
Forest plot on any grade AEs (A) and grade > 3 AEs (B). AEs, adverse events.

lenvatinib group was significantly higher than in the sorafenib
group (Table 2).

3.5 Subgroup analysis

Subgroup analyses were further performed based on the
study design and region, yielded similar results to the primary
analysis except for the incidence of any grade AEs; the subgroup
of Asian region showed the incidence of any grade AEs was
significantly lower in the sorafenib group compared to the
lenvatinib group (OR = 1.86; 95% CI: 1.18-2.92; p = 0.008).
The results are summarized in Table 3.

3.6 Publication bias

To understand whether there is any publication bias
influencing our study, funnel plots were drawn for OS, PFS,
CR, and grade 23 AEs. The funnel plots of the studies were not
asymmetrical and were evenly vertically distributed,
demonstrating no or limited publication bias (Figure 7).

4 Discussion

Being one of the most prevalent malignant tumors, HCC
poses a major threat to human health. Due to its insidious onset,

TABLE 2 Comparison of the incidence of common AEs between the two groups.

Incidence rate (%)

Heterogeneity

The pooled analysis

Outcomes No. of studies
Lenvatinib | Sorafenib P p 95% Cl p

Hand-foot skin reaction 12 (13, 18-20, 22, 23, 25-28, 30, 31) 23.58 43.68 38% 0.09 0.39 0.33-0.45 < 0.00001
Diarrhea 11 (13, 18, 19, 22, 23, 25-28, 30, 31) 27.56 35.04 47% 0.04 0.67 0.50-0.90 0.007
Decreased appetite 9 (13, 18-20, 25-28, 31) 33.02 21.61 71% 0.0006 1.87 1.13-3.11 0.02
Weight loss 2 (13, 25) 29.12 20.11 4% 0.31 1.59 1.20-2.12 0.01
Hypertension 12 (13, 18-20, 22, 23, 25-28, 30, 31) 36.21 24.22 71% < 0.0001 2.65 1.78-3.93 < 0.00001
Fatigue 9 (13, 20, 22, 25-28, 30, 31) 33.55 22.15 75% < 0.0001 1.78 1.12-2.83 0.02
Proteinuria 8 (13, 18-20, 25, 26, 28, 31) 18.94 7.00 0 0.46 3.07 2.27-4.15 < 0.00001
AEs, adverse events; OR, odds ratio; CI, confidence interval.
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TABLE 3 Results of subgroup analyses.

10.3389/fonc.2022.1010726

Heterogeneity

The pooled analysis

Outcomes No. of studies No. of Patients
p HR/OR 95% Cl

RCS
0s 10 (18-20, 22-24, 27-29, 31) 2393 63% 0.004 0.84 0.67-1.05 0.13
PFS 12 (19-29, 31) 2806 70% 0.0001 0.62 0.51-0.75 < 0.00001
CR 10 (18-21, 24, 26, 28-31) 1437 8% 0.37 6.59 2.89-15.00 < 0.00001
PR 10 (18-21, 24, 26, 28-31) 1437 29% 0.18 5.18 3.27-8.19 < 0.00001
ORR 13 (18-24, 26-31) 2849 41% 0.06 6.15 427-8.87 < 0.00001
DCR 12 (18-22, 24, 26-31) 1909 65% 0.0009 2.54 1.76-3.67 < 0.00001
Any grade AEs 7 (19, 20, 22, 23, 26, 27, 31) 2065 83% < 0.00001 1.04 0.41-2.67 0.93
Grade > 3 AEs 10 (18, 19, 22, 23, 25-28, 30, 31) 2089 0 0.66 1.06 0.87-1.30 0.55

Asian region
0s 7 (18-20, 24, 28, 29, 31) 981 51% 0.03 0.96 0.71-1.30 0.80
PES 9 (19-21, 24-26, 28, 29, 31) 1394 72% 0.0004 0.60 0.46-0.78 0.0002
CR 10 (18-21, 24, 26, 28-31) 1437 8% 0.37 6.59 2.89-15.00 < 0.00001
PR 10 (18-21, 24, 26, 28-31) 1437 29% 0.18 5.18 3.27-8.19 < 0.00001
ORR 10 (18-21, 24, 26, 28-31) 1437 48% 0.05 5.80 3.50-9.61 < 0.00001
DCR 10 (18-21, 24, 26, 28-31) 1437 69% 0.0007 277 1.76-4.37 < 0.0001
Any grade  AEs 4 (19, 20, 26, 31) 653 0 0.39 1.86 1.18-2.92 0.008
Grade > 3 AEs 7 (18, 19, 25, 26, 28, 30, 31) 677 1% 041 118 0.78-1.79 043

HR, hazard ratio; OR, odds ratio; CI, confidence interval; RCS, retrospective cohort study; OS, overall survival; PFS, progression-free survival; CR, complete response; PR, partial

response; ORR, objective response rate; DCR, disease control rate; AEs, adverse events.

most patients are diagnosed at an advanced stage and are not
eligible for curative treatments. Therefore, systemic therapy
plays a crucial role in the treatment of advanced HCC, and the
TKIs sorafenib and lenvatinib are currently the most effective
first-line monotherapies (32).

Lenvatinib is a selective, multi-targeted TKI of VEGFRI1-3
and other receptor tyrosine kinases associated with
proangiogenic and oncogenic pathways, including FGFR1-4,
PDGFRa, cKIT, and RET (33, 34). Compared to sorafenib, the
distinguishing features of lenvatinib is its potent activity against
FGFR1-4 (35). Besides, recent studies have revealed that
lenvatinib has immunomodulatory activity (36-38).
Preliminary data from a clinical trial have also shown that the
therapeutic combination of lenvatinib with pembrolizumab
resulted in an ORR of 46%, exhibiting promising efficacy in
advanced HCC (39). Furthermore, the cost-utility analysis
showed that lenvatinib offered similar clinical effectiveness at a
lower cost than sorafenib, indicating that lenvatinib may be a
cost-saving alternative in patients with advanced HCC (40).
However, recent studies that compared the efficacy of lenvatinib
and sorafenib in HCC found conflicting results (18-31, 41), and
hence the optimal choice for the patient between these two drugs
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remains controversial. Therefore, our primary aim to perform
this systematic review is to evaluate the feasibility and safety of
lenvatinib as a first-line treatment for advanced HCC.

In the present study, our findings suggested that there was
no significant difference in the OS between the lenvatinib and
sorafenib groups. However, the lenvatinib group demonstrated a
significantly better outcome in terms of OS than the sorafenib
group after the heterogeneity was reduced by excluding outlier
trials. Besides, we also found that the PFS, CR, PR, ORR, and
DCR values in the lenvatinib group were significantly superior to
those in the sorafenib group, indicating the therapeutic
advantage of lenvatinib. These results were generally consistent
with the results of most of the included studies, in which
lenvatinib was non-inferior to sorafenib in terms of OS. A
multicentric analysis of 184 patients with advanced HCC in
Italy and Japan reported the median OS being 15.2 and 10.5
months for lenvatinib and sorafenib arms, first demonstrating
the superiority of lenvatinib over sorafenib regarding the OS in a
real-world setting (27). Similarly, recent real-world data from
466 patients in Italy showed a significant advantage in the OS for
lenvatinib compared to sorafenib as first-line therapy for
advanced HCC (22). Notably, the subgroup analyses showed

frontiersin.org


https://doi.org/10.3389/fonc.2022.1010726
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Luo et al.

0 SE(og[Hazard Ratio])

o@

Hazard Ratiq

10.3389/fonc.2022.1010726

0 SE(oglHazard Ratio])

Hazard Ratiq

02

SE(oglOR])

5

OR

05 1 2 5

D

SE(og[OR)

o

FIGURE 7

1000

1
01 10

Funnel plots based on OS (A), PFS (B), CR (C), and grade >3 AEs (D). OS, overall survival; PFS, progression-free survival; CR, complete response;

AEs, adverse events.

that patients with objective response had significantly better
median OS than those with progressive disease in both sorafenib
and lenvatinib groups (18, 20, 30). Although OS is an unbiased
primary endpoint for evaluating novel agents in oncology
investigations, it has been suggested that PFS and ORR might
be better surrogate endpoints. Both PFS and ORR reliably reflect
survival benefits and could be assessed before the administration
of additional efficacious drugs (42). Besides, Llovet et al. (43)
confirmed that PFS had a significant correlation with OS at the
trial level and that PFS with a threshold of HR <0.6 was highly
predictive of a significant improvement in OS. This could
explain the significant difference in PFS between the two
groups in our study, with HR reaching 0.63 (95% CI: 0.53-
0.74), while there was no significant difference in OS.
Regarding treatment safety, this meta-analysis found that
lenvatinib had similar incidences of any grade AEs (92.34% vs.
93.09%) and grade > 3 AEs (38.89% vs. 33.25%) compared to
sorafenib. Even though the incidence was comparable, lenvatinib
and sorafenib showed significant differences in the type of AEs. For
instance, lenvatinib was associated with a higher incidence of
hypertension, proteinuria, fatigue, decreased appetite, and weight
loss, whereas sorafenib was associated with a higher incidence of
diarrhea and hand-foot skin reaction. Considering the balance
between safety and efficacy and to minimize early dose reduction
or interruption, the recommended starting dose of lenvatinib was 8
mg per day for patients weighing < 60 and 12 mg per day for
patients weighing > 60 kg (44, 45). The safety profiles of lenvatinib
and sorafenib in this study were consistent with those observed in
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previous studies, which further confirmed that lenvatinib was well
tolerated as first-line therapy for advanced HCC.

Similar results were reported in a previous meta-analysis
conducted by Facciorusso et al. (41) which included 5 studies
involving a total of 1481 patients. The authors compared the
efficacy of lenvatinib and sorafenib as first-line therapy for
advanced HCC. Their study showed that there was no significant
difference in the outcome of OS between the two groups (HR = 0.81;
95% CI: 0.58-1.11); however, lenvatinib significantly improved PFS
(HR = 0.67; 95% CI: 0.48-0.94), ORR (OR = 7.70; 95% CIL: 2.99-
19.82), and DCR (OR = 241; 95% CI: 1.55-3.77) compared to
sorafenib. Besides, the incidence of severe AEs in the lenvatinib
group was 64.9%, which was comparable to that in the sorafenib
group (56.4%; OR = 1.31; 95% CI: 0.82-2.09). These results
indicated that lenvatinib is associated with a longer PFS and
higher response rates as compared to sorafenib, revealing a
significantly better therapeutic effect. However, in contrast to our
study, the analysis of Facciorusso et al. (41) included only 5 studies
with relatively small sample sizes, which might affect the reliability
of the results. In addition, our study also conducted a
comprehensive comparative analysis of common AEs to confirm
the good tolerability of lenvatinib.

Nonetheless, our study has several limitations. First, significant
heterogeneity among studies in some outcomes was observed,
which could be attributed to parameters such as different study
designs, population demographics, follow-up times, and
interventions. Second, our analysis was limited by studies
published in English language, and therefore omission of relevant
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articles published in other languages is a possibility. Finally, most of
the included studies (n=14) were retrospective and nonrandomized,
suggesting that unmeasured confounders and selection or recall bias
may have influenced the results of these studies.

5 Conclusion

This systematic review and meta-analysis showed that lenvatinib
potentially has a survival advantage over sorafenib in terms of OS, in
addition to having significant gains in PFS, CR, PR, ORR, and DCR.
Moreover, the safety profiles of lenvatinib and sorafenib were found
to be similar and well-tolerated. In conclusion, our study shows that
lenvatinib is an appropriate and promising first-line systemic
therapy for advanced HCC. However, given the limitations of this
analysis, further large-sample and high-quality RCTs are required to
conclusively establish this finding in the future.
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Background: Hepatoma arterial-embolization prognostic (HAP) series scores
have been proposed for prognostic prediction in patients with unresectable
hepatocellular carcinoma (UHCC) undergoing transarterial chemoembolization
(TACE). However, their prognostic value in TACE plus sorafenib (TACE-S) remains
unknown. Here, we aim to evaluate their prognostic performance in such
conditions and identify the best model for this combination therapy.
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Methods: Between January 2012 and December 2018, consecutive patients
with uHCC receiving TACE-S were recruited from 15 tertiary hospitals in China.
Cox regression analyses were used to investigate the prognostic values of
baseline factors and every scoring system. Their prognostic performance and
discriminatory performance were evaluated and confirmed in subgroup
analyses.

Results: A total of 404 patients were enrolled. In the whole cohort, the median
follow-up period was 44.2 (interquartile range (IQR), 33.2—-60.7) months, the
median overall survival (OS) time was 13.2 months, and 336 (83.2%) patients
died at the end of the follow-up period. According to multivariate analyses,
HAP series scores were independent prognostic indicators of OS. In addition,
the C-index, Akaike information criterion (AIC) values, and time-dependent
area under the receiver operating characteristic (ROC) curve (AUC) indicated
that modified HAP (mHAP)-IIl had the best predictive performance.
Furthermore, the results remained consistent in most subsets of patients.

Conclusion: HAP series scores exhibited good predictive ability in uHCC
patients accepting TACE-S, and the mHAP-IIl score was found to be superior
to the other HAP series scores in predicting OS. Future prospective high-quality
studies should be conducted to confirm our results and help with treatment
decision-making.

KEYWORDS

hepatocellular carcinoma, transarterial chemoembolization, sorafenib, HAP series
scores, predictive value

Introduction

Transarterial chemoembolization (TACE) is the mainstay of
therapy modalities for unresectable hepatocellular carcinoma
(uHCC) patients in real-world clinical practice, while upregulation
of vascular endothelial growth factor (VEGF) and platelet-derived
growth factor (PDGF) receptor after TACE is closely associated with
poor prognosis (1, 2). As a commonly used systematic treatment,
sorafenib could suppress the factors mentioned above; thus, the
treatment strategy of TACE plus sorafenib (TACE-S) is
theoretically proposed to be a “good marriage” (3-5). Nevertheless,
previous randomized controlled trials (RCTs) and observational
studies have failed to reach a consensus on whether the combined
use of sorafenib could bring survival benefits for uHCC patients as
compared with TACE alone (6-12). Moreover, the median overall
survival (OS) of uHCC patients undergoing TACE-S varies widely
from 15.1 to 29.7 months (6-13). Therefore, we might infer that there
was high heterogeneity among uHCC patients treated with TACE-S,
and a well-performing prognostic model would be helpful for
accurate survival prediction, as well as individual patient selection.

Frontiers in Oncology

Unlike other solid tumors, liver function also plays an
important role in decision-making and prognostic evaluation in
addition to the tumor itself (14, 15). Child-Pugh classification,
albumin-bilirubin (ALBI) grade, and platelet-albumin-bilirubin
(PALBI) grade were used to assess liver function in clinical
practice and were verified to be predictive for survival in uHCC
patients treated with TACE-S (13, 16). Considering both tumor-
and liver function-related factors, the hepatoma arterial-
embolization prognostic (HAP) score (including tumor size,
bilirubin, albumin, and o-fetoprotein (AFP)) has exhibited a
promising prediction performance in uHCC patients following
TACE (17-20). Subsequently, modified HAP (mHAP), mHAP-II,
and mHAP-III scores were developed to enhance the prognostic
ability of the HAP score originally proposed by L. Kadalayil.
Nevertheless, the prognostic value of HAP series scores remained
unknown in uHCC patients undergoing TACE-S.

In summary, this large multicenter exploratory study aims to
investigate the prognostic factors in uHCC patients undergoing TACE-
S, evaluate the predictive values of HAP series scores, and identify the
most reliable one for survival prediction and patient selection.
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Materials and methods
Study population and eligibility

Between January 2012 and December 2018, study data on
consecutive uHCC patients receiving TACE-S were
retrospectively extracted from a multicenter database of 15
Chinese tertiary hospitals. HCC was diagnosed according to
the American Association for the Study of Liver Diseases/
European Association for the Study of the Liver guidelines (21,
22). Patients needed to meet the following inclusion criteria: I)
Child-Pugh grade A or B, II) Eastern Cooperative Oncology
Group performance status (ECOG-PS) score of 0 or 1, III) time
interval between the first TACE and sorafenib initiation at no
more than 30 days, and IV) treatment-naive uHCC patients.
Patients were excluded based on the following criteria: I) missing
variables included in calculating HAP, modified HAP (mHAP,
mHAP-II, and mHAP-III) scores; II) combined with other
tumors or severe cardiac, cerebral, and renal insufficiency; III)
diffused tumor; IV) moderate or severe ascites. Finally, a total of
404 eligible HCC patients undergoing TACE-S were included
(Figure 1). Written informed consent was obtained from all
patients before treatment initiation, which consisted of consent
to treatment and the potential use of clinical data in future
investigations. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the institute’s committee on human research of
each participating center.

Treatment and follow-up

According to the study protocol, treatment decisions were
made at the discretion of the institutional multidisciplinary liver
tumor boards of each enrolled center. Before TACE, hepatic
arteriography was carried out to evaluate the vascular anatomy

{HCC patients screened for eligibility (n=748) ]

i Absence of baseline information (n=27)
=P Previous treatment (n=5)
Diffused tumor (n=7)

[Treatment naive HCC patients (n=709) ]

Other treatment methods (n=275)
% ECOG performance status >1 score (n=19)
Child-pugh class C (n=11)

[ Unresectable HCC patients treated with TACE plus sorafenib (n=404) ]

FIGURE 1

Flowchart of the patient selection process. HCC, hepatocellular
carcinoma; HBV, hepatitis B virus; ECOG, Eastern Cooperative
Oncology Group; TACE, transarterial chemoembolization.
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and tumor vascularity. During the TACE procedure, a vascular
catheter was inserted selectively into the tumor-feeding artery
with an injection containing a mixture of doxorubicin (10-50
mg) and lipiodol (2-20 ml), cisplatin (10-110 mg), epirubicin
(10-50 mg), and oxaliplatin (100-200 mg), which were selected
according to the practice of each center, followed by
embolization using gelatin sponge particles. When residual
viable tumors were confirmed or new lesions developed in
patients with adequate liver function, repeated TACE was
permitted. At an initial dose of 400 mg twice daily, sorafenib
was initiated before/at/after the day of the first TACE and
continuously used with no breaks thereafter. Moreover, the
dose of sorafenib could be modified on the basis of the
presence of toxicity and individuals” drug tolerance. In general,
patients were encouraged to continue sorafenib therapy unless
unmanageable or life-threatening adverse events occurred. The
patients who were concomitantly treated by sorafenib within 30
days before or after initial TACE were considered to be receiving
TACE-S therapy. All patients were followed up at 1 month after
TACE therapy and then at 3-month intervals in the first year and
every 6-12 months thereafter. In clinical practice, the intensity
of follow-up depends on individuals’ baseline characteristics and
responses to the last treatment, as appropriate. Routine
examinations were conducted at each follow-up, which
included physical examinations, blood tests (tumor markers,
blood and urine routine, and liver and renal function), and
imaging examinations (chest X-ray, abdominal ultrasonography,
abdominal contrast-enhanced CT, or MRI). The follow-up of the
last patient was completed in September 2021.

HAP serial score calculation

The detailed scoring method of each HAP series score is
shown in Table 1. All HAP scores and their modified versions
included the most significant indicators of OS: albumin, AFP,
and tumor size. However, not exactly the same as the HAP score,
mHAP removed the variable bilirubin; mHAP-II added tumor
number based on the HAP score; and with the same factors of
mHAP-II, the mHAP-IIT components were continuous instead
of dichotomized (17-20).

Statistical analysis

Continuous variables were described by the mean with
standard deviation (SD) or median with interquartile range
(IQR). Categorical variables were expressed as frequencies and
percentages. OS was defined as the time from the first session of
TACE until death or last follow-up, and patients who were still
alive were censored at the date of the last contact. Median OS
was estimated using the Kaplan-Meier curves and compared
with the log-rank test. Univariate and multivariate Cox
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TABLE 1 HAP serial score calculation.

Prognostic
model

Author (year)

Sample size (n)

Prognostic
factors

Classification

HAP ()

L. Kadalayil et al. (2013)

114

a. Albumin (<36 g/dl: 1 point; 236
g/dl: 0 points)

b. Bilirubin (>17 pmol/L: 1 point;
<17 umol/L: 0 points)

c. AFP (>400 ng/ml: 1 point; <400
ng/ml: 0 points)

d. Tumor size (>7 cm: 1 point; <7
cm: 0 points)

HAP A: 0; HAP B: 1; HAP C: 2;
HAP D: >2

mHAP ()

David J. Pinato et al. (2015)

723

a. Albumin (<36 g/dl: 1 point;
236 g/dl: 0 points)

b. AFP (>400 ng/ml: 1 point;
<400 ng/ml: 0 points)

¢. Tumor size (>7 cm: 1 point; <7
cm: 0 points)

mHAP A: 0; mHAP B: 1; mHAP
C: 2; mHAP D: >2

HAP, hepatoma arterial-embolization prognostic; mHAP, modified HAP; AFP, a-fetoprotein.

mHAP-II ()

Yehyun Park et al. (2016)
280

a. Albumin (<36 g/dl: 1 point;
236 g/dl: 0 points)

b. Bilirubin (>17 pmol/L: 1
point; <17 pwmol/L: 0 points)

c. AFP (>400 ng/ml: 1 point;
<400 ng/ml: 0 points)

d. Tumor size (>7 cm: 1 point;
<7 cm: 0 points)

e. Tumor number (>2 nodules: 1
points; <2 nodules: 0 points)

mHAP-II A: 0; mHAP-II B: 1;
mHAP-II C: 2; mHAP-II D: >2

10.3389/fonc.2022.983554

mHAP-IIl ()

Alberta Cappelli et al. (2016)

361

(0.104 * size in cm) + (0.3089 *
number (single nodule = 1; 2-3
nodules = 2; more than three
nodules = 3)) + (0.2185 *
LoglOAFP in ng/ml) — (0.4049
* Albumin in g/dl) + (0.1506 *
Bilirubin in mg/dl)

proportional hazards regression models were used to analyze
independent prognostic factors. Notably, five multivariate
models with stepwise methods were separately conducted to
avoid collinearity: model 1 included the baseline characteristics;
model 2 included the baseline characteristics and HAP score but
excluded albumin, AFP, tumor size, and bilirubin; model 3
included the baseline characteristics and mHAP score but
excluded albumin, AFP, and tumor size; model 4 included the
baseline characteristics and mHAP-II score but excluded
albumin, AFP, bilirubin, tumor number, and tumor size;
model 5 included the baseline characteristics and mHAP-III
score but excluded albumin, AFP, bilirubin, tumor number, and
tumor size. The discriminatory abilities of different prognostic
score methods were compared using the C-index and time-
dependent area under the receiver operating characteristic curve
(AUC). Correlation analysis was performed by Kendall’s rank
correlation coefficient tau-b. The Akaike information criterion
(AIC) was also calculated to compare the loss of information for
different models. The net reclassification improvement (NRI)
statistic and the integrated discrimination improvement (IDI)
statistic were used to evaluate the overall improvement in
predictive value among HAP series scores. Subgroup analyses
for the above evaluation indicators were conducted among
different baseline backgrounds in order to avoid the potential
influence of confounders. An additional benefit was also
evaluated using decision curve analysis (DCA). Briefly, DCA
was used to calculate the net benefit of new markers across
various risk thresholds by taking into account weighted risks and
benefits. Two-tailed p-values <0.05 for all analyses were
identified as statistically significant. Statistical analyses were
performed using R version 4.0.1 (R Foundation for Statistical
Computing, Vienna, Austria) and IBM SPSS software version
26.0 (SPSS Inc., Chicago, IL, USA).
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Results

Patient characteristics

Among the 404 enrolled patients, the mean age was 52.2
years, 336 (83.2%) patients were male, and the most common
etiology was hepatitis B virus infection (337, 83.4%). The median
tumor size (maximum diameter of the largest tumor) was 8.4
(IQR, 6.0-11.5) cm, and the median tumor number was 1 (IQR,
1.0-2.8). Additionally, 194 (48.0%) patients were classified as
ECOG-PS of 0. Extrahepatic spread (EHS) was present in 12.9%
(52), and portal vein tumor thrombosis (PVTT) was noted in
17.1% (69) of the whole population. According to the HAP,
mHAP, and mHAP-II scoring systems, patients were divided
into four distinct groups (A, B, C, and D). In addition, the
median mHAP-IIT score of all patients was 0.50 (IQR, 0.03-
1.07). For consistency with the scoring systems mentioned
above, patients were classified into four groups (A, B, C, and
D) based on the median and IQR of the mHAP-III score. The
detailed baseline characteristics are described in Table 2.

Survival analysis of the whole cohort

In the whole cohort, the median follow-up period was 44.2
(IQR, 33.2-60.7) months, 68 (16.8%) patients were alive at the
end of the follow-up period, and 336 (83.2%) patients had died.
The median OS of the entire cohort reached 13.2 [95%
confidence interval (CI) 11.6-14.8] months with 1-, 2-, and 3-
year survival rates of 53.9%, 29.1%, and 17.0%, respectively
(Figure 2). In univariate and multivariate analyses (Tables 2,
3), tumor size (adjusted HR 1.047, 95% CI 1.012-1.085), tumor
number (adjusted HR 1.040, 95% CI 1.091-1.191), AFP
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TABLE 2 Baseline characteristics for the study patients (n = 404).

Gender, male/female, n (%) 336 (83.2)/68 (6.8)

Age at start, year, mean + SD 522 +12.6

Etiology, HBV/non-HBV, n (%) 337 (83.4)/67 (16.6)

Tumor size, cm, median (IQR) 8.4 (6.0-11.5)

Tumor number, cm, median (IQR) 1.0 (1.0-2.8)

PVTT, positive/negative, n (%) 69 (17.1)/335 (82.9)

EHS, positive/negative, n (%) 52 (12.9)/352 (87.1)

AFP, <400/>400 ng/ml, n (%) 212 (52.5)/192 (47.5)

HGB, g/L, mean + SD 1344 + 21.7

PLT, 10°/L, median (IQR) 141.0 (89.0-188.5)

INR, median (IQR) 1.09 (1.02-1.19)

ALT, U/L, median (IQR) 37.5 (25.0-56.0)

AST, U/L, median (IQR) 485 (31.0-74.0)

ALB, g/L, mean = SD 39.1 £50.2

TBIL, umol/L, median (IQR) 15.4 (11.3-20.9)

BUN, mmol/L, median (IQR) 4.7 (3.9-5.7)

SCr, pmol/L, median (IQR) 81.0 (69.0-94.0)
Child-Pugh class, A/B, n (%) 368 (91.1)/36 (8.9)

Ascites, positive/negative, n (%) 50 (12.4)/354 (87.6)

ECOG score, 0/1, n (%) 194 (48.0)/210 (52.0)

BCLC stage, A/B/C/D, n (%) 88 (21.8)/65 (16.1)/201 (49.8)/50 (12.4)
TNM classification, I/II/III4/IV A/IVy 149 (36.9)/65 (16.1)/138 (34.2)/7 (1.7)/45 (11.1)
HAP, A/B/C/D, n (%) 35 (8.7)/129 (31.9)/148 (36.6)/92 (22.8)
mHAP, A/B/C/D, n (%) 59 (14.6)/170 (42.1)/145 (35.9)/30 (7.4)
mHAP-II, A/B/C/D, n (%) 16 (4.0)/85 (21.0)/126 (31.2)/177 (43.8)
mHAP-III score, median (IQR) 0.5 (0.0-1.1)

SD, standard deviation; HBV, hepatitis B virus; IQR, interquartile range; AFP, o-fetoprotein; ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer; PVTT,
portal vein tumor thrombosis; EHS, extrahepatic spread; HAP, hepatoma arterial-embolization prognostic; mHAP, modified HAP; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen; SCr, serum creatinine; INR, international normalized ratio; HGB, hemoglobin; TBIL, total bilirubin; ALB, albumin; PLT, platelet.

(adjusted HR 1.271, 95% CI 1.010-1.600), total bilirubin (TBIL) among the A, B, C, and D groups (p < 0.05), whose OS
(adjusted HR 1.021, 95% CI 1.005-1.037), ALB (adjusted HR showed a gradient downward trend (Figures 3A, B, D).
0.952, 95% CI 0.927-0.977), PVTT (adjusted HR 3.020, 95% CI However, although mHAP-II had a gradient downward trend
2.202-4.142), and EHS (adjusted HR 2.082, 95% CI 1.503-2.886) in median survival through classes, it could not distinguish
were independent significant predictors of OS (all p < 0.05). patients between Groups A and B (p = 0.935) or between

Groups A and C (p = 0.183) (Figure 3C). According to

multivariate models 2 to 5, the HAP (adjusted HR 1.274, 95%

Prognostic values of HAP series scores CI 1.107-1.466), mHAP (adjusted HR 1.266, 95% CI 1.084-
in TACE-S 1.478), mHAP-II (adjusted HR 1.422, 95% CI 1.230-1.644), and
mHAP-III (adjusted HR 1.772, 95% CI 1.455-2.158) score

According to the Kaplan-Meier analyses, the HAP, mHAP, systems remained independent predictors of OS in patients

and mHAP-III scores had obvious discriminatory abilities treated with TACE-S (all p < 0.05, Table 4).
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By comparing high-grade HAP series scores (grade C/D) with
low-grade HAP series scores (grade A/B), there were significant
differences in age, etiology, PVTT, and liver and renal function
(platelet (PLT), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), blood urea nitrogen (BUN), and serum
creatinine (SCr)) in addition to the components of HAP series scores
(Tables S1-4). Furthermore, Kendall's tau-b analysis showed that
there were certain correlations among HAP series scores (Figure S1).

Comparing the performance of HAP
series scores

On the basis of time-dependent AUC analysis and AIC value,
mHAP-III had the lowest AIC value (C-index, 0.684; AIC, 3398.64),
which indicated a more favorable prognostic performance and

TABLE 3 Univariate analyses for OS in the whole cohort.
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FIGURE 2
Survival analyses in the whole cohort.

Univariate analyses

Characteristics
HR (95% Cl)

Gender, male (ref: female) 1.112 (0.831-1.489) 0.475
Age, per year increase 0.995 (0.987-1.004) 0.273
Etiology, others (ref: HBV) 0.834 (0.624-1.114) 0.218
Tumor size, per 1 cm increase 1.094 (1.064-1.125) <0.001
Tumor number, per 1 lesion increase 1.180 (1.130-1.231) <0.001
AFP > 400 ng/ml (ref: <400 ng/ml) 1.461 (1.178-1.810) 0.001
ALB, per 1 g/dl increase 0.938 (0.918-0.959) <0.001
TBIL, per 1 umol/L increase 1.030 (1.016-1.045) <0.001
AST, per 1 U/L increase 1.007 (1.005-1.009) <0.001
ALT, per 1 U/L increase 1.001 (0.998-1.004) 0.368
PLT, per 1 x 10°/L increase 1.001 (0.999-1.002) 0.376
INR, per 1% increase 2.357 (1.487-3.737) <0.001
BUN, per 1 mmol/L increase 1.005 (0.932-1.083) 0.904
SCr, per 1 umol/L increase 0.998 (0.982-0.995) <0.001
Ascites, positive (ref: negative) 1.720 (1.263-2.343) 0.001
PVTT, positive (ref: negative) 3.593 (2.708-4.768) <0.001
EHS, positive (ref: negative) 1.759 (1.302-2.378) <0.001
ECOG, per 1 grade increase 2.245 (1.802-2.798) <0.001
HAP score, per 1 grade increase 1.604 (1.414-1.819) <0.001
mHAP score, per 1 grade increase 1.682 (1.466-1.930) <0.001
mHAP-II score, per 1 grade increase 1.706 (1.488-1.956) <0.001
mHAP-III score, per 1 score increase 2.319 (1.972-2.726) <0.001

OS, overall survival; HR, hazard ratio; HBV, hepatitis B virus; AFP, a-fetoprotein; ECOG, Eastern Cooperative Oncology Group; PVTT, portal vein tumor thrombosis; EHS, extrahepatic
spread; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; SCr, serum creatinine; INR, international normalized ratio; TBIL, total bilirubin;

ALB, albumin; PLT, platelet.
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Kaplan—Meier curves for OS. (A) Comparison of survival between patients with HAP A, HAP B, HAP C, and HAP D (B) Comparison of survival
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HAP, hepatoma arterial-embolization prognostic; mHAP, modified hepatoma arterial-embolization prognostic; OS, overall survival.

model-fitting ability as compared with the HAP (C-index, 0.628;
AIC, 3447.08), mHAP (C-index, 0.628; AIC, 3447.82) and mHAP-
IT score (C-index, 0.637; AIC, 3438.40) in the whole cohort (p <
0.05) (Figure 4). As was shown in the forest plots, mHAP-IIT still
showed an obvious and stable predictive performance among the
majority of subsets (Figure 5). The detailed p-value of mHAP-III
compared with HAP, mHAP, and mHAP-II scores in the whole
cohort and each subset has been clarified in Table S5. Notably,
according to the NRI and IDI statistics, the predictive ability of the
mHAP-IIT was improved as compared with that of other scoring
systems at the time point of 1, 2, and 3 years in the whole cohort.
Similarly, the superiority of mHAP-III in predicting survival was
subsequently confirmed in subset analyses (Figure 6). Moreover, the
performance of the BCLC stage (C-index, 0.662; AIC, 3426.11) and
TNM classification (C-index, 0.634; AIC, 3455.08) significantly
lowered the mHAP-III, especially in the hepatitis B virus (HBV)
subsets (Table S5). The DCA curve showed that the HAP series
models achieved great clinical benefits (Figure 7).

Discussion
TACE-S is usually used for the treatment of uHCC in clinical

practice, but there are no suitable methods available for
individual survival prediction. By comparing the predictive
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abilities of HAP series scores in uHCC patients treated by
TACE-S, this nationwide multicenter retrospective
observational study found that HAP series scores could predict
survival in TACE-S and that mHAP-IIT had the best
discriminatory performance. The advantages of our study lie
in the multicenter nature and large sample size, as well as the
first time to explore the prognostic values of HAP series scores in
TACE-S.

It has been demonstrated that the TACE procedure might
upregulate the expression of hypoxia-inducible factor-1o (HIF-
lo) and then activate the proangiogenic factors VEGF and
PDGF, which are associated with early tumor recurrence and
poor prognosis of HCC (1, 2). Acting through selectively
targeting VEGF and PDGF receptors, sorafenib plays a vital
role in suppressing angiogenesis and exerts direct antitumor
effects (4, 5). Therefore, combining TACE and sorafenib may be
a good strategy for improving clinical outcomes (3). Previous
studies have reported a median OS of 15.1-29.7 months in
uHCC patients treated with TACE-S (6-13). However, the
median OS of 13.2 months in our study was shorter, which
was probably attributed to a higher proportion of patients with
ECOG 1, PVTT, and/or EHS. The large variation in OS indicated
substantial heterogeneity among uHCC patients undergoing
TACE-S. Therefore, using effective baseline clinical features to
identify optimal candidates who tend to benefit most from
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TABLE 4 Multivariate analyses for OS in the whole cohort.

Model 1 Model 2 Model 3 Model 4 Model 5
Characteristics HR P HR P HR P HR P HR P
(95% Cl)  value (95% Cl) value (95% Cl) value (95% Cl) value (95% Cl)  value
R 1.047
Tumor size, per 1 cm
increase (1012 0.009
1.085)
1.140 1.140 1.141
Tumor number, per 1
L. (1.091- <0.001 (1.092- <0.001 (1.093- <0.001
lesion increase
1.191) 1.191) 1.192)
1.271
AFP > 400 ng/ml (ref:
<400 ng/ml) (1.010- 0.041
- 1.600)
0.952
ALB, per 1 g/dl increase (0.927- <0.001
0.977)
1.021 1.017
TBIL, per 1 pmol/L
X (1.005- 0.008 (1.002— 0.029
increase
1.037) 1.691)
1.002 1.004 1.003 1.004 1.002
AST, per 1 U/L increase (0.999- 0.119 (1.001- 0.004 (1.001- 0.010 (1.002— 0.001 (1.000- 0.106
1.005) 1.006) 1.006) 1.006) 1.005)
1.202 1.428 1.381 1.558 1.726
INR, per 1% increase (0.621- 0.585 (0.832- 0.196 (0.783— 0.265 (0.943- 0.083 (1.069- 0.025
2.326) 2.452) 2.438) 2.575) 2.787)
0.999 0.996 0.997 0.995 0.998
SCr, per 1 umol/L
K (0.993- 0.742 (0.990- 0.178 (0.991- 0.251 (0.989- 0.098 (0.992- 0.457
increase
1.005) 1.002) 1.002) 1.001) 1.004)
. . 1.035 1.052 1.021 1.145 1.230
Ascites, positive (ref:
. (0.731- 0.848 (0.747- 0.770 (0.722- 0.907 (0.819- 0.428 (0.879- 0.226
negative)
1.463) 1.482) 1.443) 1.602) 1.720)
. 3.020 2.908 2.923 2.661 2.539
PVTT, positive (ref:
negative) (2.202- <0.001 (2.134- <0.001 (2.143- <0.001 (1.952- <0.001 (1.857- <0.001
8 4.142) 3.962) 3.986) 3.626) 3.470)
L. 2.082 2.007 1.983 2.045 1.929
EHS, positive (ref:
. (1.503- <0.001 (1.462- <0.001 (1.445- <0.001 (1.490- <0.001 (1.403- <0.001
negative)
2.886) 2.756) 2.722) 2.807) 2.650)
1.201 1.340 1.306 1.426 1.290
ECOG, 1 grad
; per £ grade (0.925- 0.170 (1.040- 0.023 (1.009- 0.042 (1.115- 0.005 (1.005- 0.046
mcrease
1.559) 1.727) 1.691) 1.824) 1.657)
1.274
HAP score, per 1 grade
increase (1.107- 0.001
1.466)
1.266
TnHAP score, per 1 grade (1084 0,003
increase
1.478)
1.422
HAP-II N 1
ALY score, per (1.230- <0.001
grade increase
1.644)
1.772
mHAP-III score, per 1
score increase (1.455- <0.001
2.158)

AFP, o-fetoprotein; ECOG, Eastern Cooperative Oncology Group; PVTT, portal vein tumor thrombosis; EHS, extrahepatic spread; HAP, hepatoma arterial-embolization prognostic;
mHAP, modified HAP; AST, aspartate aminotransferase; SCr, serum creatinine; INR, international normalized ratio; TBIL, total bilirubin; ALB, albumin.
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Time-dependent AUC for HAP series scores for predicting OS.
HAP, hepatoma arterial-embolization prognostic; mHAP, modified
hepatoma arterial-embolization prognostic; OS, overall survival;
mo, months; AUC, area under the receiving operating curve.

TACE-S is needed. Tumor burden is closely related to the
prognosis of HCC patients. According to a previous study,
tumor size and number increased, and the death risk was
significantly increased for HCC patients treated by TACE-S
(13). Similarly, our analyses suggested that tumor size and
tumor number were independent prognostic risk factors
among those patients. In addition, high serum AFP level has
been identified as a biomarker for HCC associated with a more

10.3389/fonc.2022.983554

aggressive tumor phenotype and inferior outcomes after
different treatment modalities in accordance with our
statistical analyses (23). However, except for the indicators of
tumor aggressiveness, it should be noted that the prognosis of
HCC is more complicated than that of other solid malignant
tumors, as most HCC patients have underlying liver diseases,
such as liver cirrhosis, which is a major hurdle in prognosis
assessment and patient management. As expected, a number of
studies have identified indicators of liver function (ALBI, PALBI,
and Child-Pugh grade) associated with the prognosis of patients
undergoing TACE-S (13, 16). In the current study, albumin and
total bilirubin were also deemed as independent prognostic
factors. Given the aforementioned reasons, we should take
both tumor characteristics and indicators of liver function into
consideration when evaluating the prognosis of HCC patients.
The HAP score integrated tumor size, AFP, bilirubin, and
albumin together, and the three modified HAP series scores
(mHAP, mHAP-II, and mHAP-III) were subsequently
developed through various adjustments subsequently (17). All
of these scores, which were originally used to predict the
outcomes of HCC patients after TACE, were also proven to
have predictive abilities in TACE-S in this study (18-20).
Furthermore, mHAP-IIT still had the best prognostic
performance consistently at each time point, as displayed in
the time-dependent AUC, which might be because of the
following: i) mHAP-III included more indicators than the
HAP and mHAP scores, ii) the use of continuous variables in
the mHAP-IIT provided detailed information and individual
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FIGURE 6

Net reclassification index (NRI) and integrated discrimination improvement (IDI) statistics. (A—C) NRI for mHAP-III vs. HAP, mHAP-III vs. mHAP,
and mHAP-III vs. mHAP-II. (D—F) IDI for mHAP-III vs. HAP, mHAP-III vs. mHAP, and mHAP-IIl vs. mHAP-II. HAP, hepatoma arterial-embolization

prognostic; mHAP, modified HAP.

predictions, and iii) mHAP-III applied different weights for each
independent prognostic factor. Subgroup analyses were also
conducted to verify the stability of our results, and mHAP-III
showed the highest C-index and the lowest AIC value,
particularly in patients with good baseline characteristics. The
reason might be that HAP series scores were initially established

in well-performing HCC patients treated with TACE alone. It
was also suggested that the HAP series scores might be more
suitable for the uHCC patients treated with TACE-S in the early
and intermediate stages. Moreover, although mHAP-II and
mHAP-IIT had the same variables, mHAP-II was less
discriminative than mHAP-III, which may be due to
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Decision curve analysis (DCA) for HAP series scores. Net benefit of using a model to predict 1-, 2-, and 3-year events of death as compared
with strategies of "assume high risk to all” or "assume low risk to all” for different thresholds. HAP, hepatoma arterial-embolization prognostic.
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categorical variables on arbitrary or optimal cutoffs being used in
mHAP-II, and appropriate weights were not designated in each
enrolled variable. In aggregate, mHAP-III showed superior
predictive accuracy and discriminatory abilities in patients
treated with not only TACE but also TACE-S. In fact, the
factors included in the HAP series are closely related to the
prognosis of HCC patients, and they can also be used to predict
the prognosis of HCC patients treated with other therapies.

To the best of our knowledge, PVTT and EHS reflect the
aggressiveness of HCC and have been deemed as negative
prognostic predictors in different staging systems (24-27).
Beyond the guideline recommendation, TACE-S has been
widely used to manage uHCC patients with PVTT and EHS in
real-world clinical practice. In the present study, patients with
PVTT (adjusted HR 3.020, 95% CI 2.202-4.142) and EHS
(adjusted HR 2.082, 95% CI 1.503-2.886) were involved,
increasing mortality risk by approximately two- to threefold in
uHCC patients undergoing TACE-S. Therefore, considering that
sorafenib is a systematic treatment for advanced HCC, a possible
way would be to include factors such as both of them to further
refine the prognostic model. Additionally, NRI was closely related
to the set time point, and the survival time of patients with PVTT
in this study was less than 3 years. Thus, there was no point in the
presence of PVTT at 3 years (Figures 6A-C). Furthermore,
ECOG-PS has also been identified as being associated with
survival, which plays an important role in risk stratification for
HCC patients (28). However, the influence of ECOG-PS did not
reach significant statistical significance in model 1, which might be
because ECOG-PS was affected by tumor burden and liver
function, while the effect was offset by these cofounders. This
finding emphasized from another perspective that huge
heterogeneity exists in uHCC patients and individual patient-
level prognostication should be conducted. Moreover, future
studies could explore and consider multiple risk factors, such as
age, etiology, and renal function, and integrate various evaluation
indicators to find the optimal prediction model.

The results of this study should nevertheless be interpreted in
light of several limitations. On the one hand, the existence of
information bias in this article is inevitable due to its retrospective
nature. To minimize potential bias, uHCC patients treated with
TACE-S from a national multicenter were included, and multiple
follow-up visits were attempted for each unreachable patient. Due
to the decrease in sample size in each risk stratification, the
statistical power was weakened during subgroup analysis.
Consequently, a larger sample size and prospective research are
needed to further verify the results of our study. Moreover, the
retrospective study cannot explore the causal relationship between
survival and the scoring system. We also will further explore this
issue in subsequent prospective studies. On the other hand, most
of the patients in our study had HBV-related HCC. In addition,
hepatitis C virus infection and alcoholic liver disease are also
important pathogenic factors of HCC (29, 30). It is worth noting
that there has been a marked increase in non-viral hepatitis mostly
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caused by metabolic-associated fatty liver disease (MAFLD),
gradually becoming one of the most critical medical issues in
the field of hepatology (31). The generalization and application of
our findings should be done with caution, and future prospective
studies are needed. Last but not least, it is notable that macoscopic
vascular invasion (MVT), EHS, and ECOG were independent risk
factors associated with poor prognosis, and future studies should
take these factors into consideration and assign weights
appropriately to achieve individualized and accurate prediction
for patients receiving TACE-S.

Conclusion

In summary, we demonstrated that the HAP series scores
exhibited good predictive ability in uHCC patients accepting
TACE-S, and the mHAP-III score was found to be superior to
the other HAP series scores in predicting OS. Future prospective
high-quality studies should be conducted to confirm our results
and help with treatment decision-making.
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Glossary
AFP o-fetoprotein
AIC Akaike information criterion
ALBI albumin-bilirusbin
ALT alanine aminotransferase
AST aspartate aminotransferase
AUC area under ROC curve
BCLC Barcelona Clinic Liver Cancer
BUN blood urea nitrogen
CI confidence interval
CT computed tomography
ECOG Eastern Cooperative Oncology Group
EHS extrahepatic spread
HCC hepatocellular carcinoma
HAP hepatoma arterial-embolization prognostic
HBV hepatitis B virus
HCV hepatitis C virus
HR hazard ratio
IDI integrated discrimination improvement
INR international normalized ratio
IQR interquartile range
MAFLD metabolic-associated fatty liver disease
mHAP modified HAP
MRI magnetic resonance imaging
NRI net reclassification improvement
[N overall survival
PALBI platelet-albumin-bilirubin
PDGF platelet-derived growth factor
PS performance status
PVTT portal vein tumor thrombosis
RCT randomized controlled trial
ROC receiver operating characteristic
SD standard deviation
TACE transarterial chemoembolization
TBIL total bilirubin
TKIs multikinase inhibitor tyrosine kinase inhibitors
VEGF vascular endothelial growth factor
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Liver cancer is a common malignancy of the digestive system. Hepatocellular
carcinoma (HCC) accounts for the most majority of these tumors and it has
brought a heavy medical burden to underdeveloped countries and regions. Many
factors affect the prognosis of HCC patients, however, there is no specific
statistical model to predict the survival time of clinical patients. This study
derived a risk factor signature of HCC and reliable clinical prediction model by
statistically analyzing The Surveillance, Epidemiology, and End Results (SEER)
database patient information using an open source package in the
python environment.

KEYWORDS

HCC (hepatic cellular carcinoma), SEER (Surveillance Epidemiology and End Results)
database, machine learning - ML, risk factors, random survival forest model

1 Background

Liver cancer is a common malignancy of the digestive system (1, 2). Primary liver
cancer mainly includes hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (ICC) (3). HCC accounts for most of these tumors and is the fifth
leading cause of cancer and the fourth leading cause of cancer-related deaths worldwide (4,
5).Men have a higher risk of HCC than women, comprising the second leading cause of
cancer death in men. Besides, HCC morbidity and mortality are still rising (6, 7). The main
risk factors for HCC development are cirrhosis and chronic liver disease (8). Cirrhosis is an
important process for HCC viral carcinogenesis (9). Additionally, chronic hepatitis, caused
by hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, is an important risk
factor for liver cancer (10). Most new liver cancer cases occur in developing countries with
a high rate of hepatitis B virus infections. Meanwhile, non-alcoholic fatty liver disease
(NAFLD) is the leading cause of HCC in developed countries (11, 12).

Liver Doppler ultrasound and AFP are simple and easy methods to screen liver cancer
(13). Elevated AFP and DCP levels are typical features of liver cancer (14). Additionally,
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CT, enhanced CT, MRI, enhanced MRI, and other imaging
methods are helpful for precise HCC diagnosis (15). Since liver
biopsy is related to tumor implantation and bleeding risks, and false
negative results might occur, it is generally not recommended for
HCC (16).

At present, the most commonly used staging systems for liver
cancer include the TNM (tumor node metastasis), China liver
cancer (CNLC), and Barcelona clinical liver cancer (BCLC)
staging systems (17). The TNM staging was jointly proposed by
the American Joint Committee on Cancer (AJCC) and the Union
for International Cancer Control (UICC) and has been widely used
in clinical practice. TNM is a tumor staging system based on tumor
morphology (T), regional lymph node metastasis (N), and distant
metastasis (M). The TNM staging of liver cancer is very detailed,
especially the T staging, including the invasion of microvessels
around the tumor that can better help evaluate the prognosis.

Radical surgical resection is the primary treatment for early
HCC. However, whether advanced HCC patients can benefit from
surgery is controversial. Recently, breakthroughs have been made in
non-surgical treatments. For example, drug therapy,
immunotherapy, and targeted therapy have been successfully
applied to treat advanced liver cancer (18). Transcatheter arterial
chemoembolization (TACE), hepatic arterial infusion
chemotherapy (HAIC), and radiotherapy can improve patient
prognosis (19). Some experts believe that conventional
chemotherapy can also benefit HCC patients (20). Nevertheless,
most experts believe that conventional chemotherapy has little
effect on liver cancer (21-23).

The SEER database is a publicly available cancer reporting
system funded by the US federal government (24). This
representative and reliable data come from 18 US states. Users
can retrieve the patient’s sex, age, surgical method, chemotherapy,
radiotherapy, other clinical information, survival time, and status.
This study obtained permission to use the SEER PLUS database.
Thus, to further explore HCC risk factors and treatment plans and
establish a machine learning model to guide clinical treatment, we
retrieved HCC patient data from the SEER database and analyzed
them after the screening.

2 Methods
2.1 Data acquisition

Herein, we retrieved data from 107148 HCC patients from the
SEER database. Clinical information included gender, age, race,
histological type, histological grading, surgical method, regional
lymph node dissection, radiotherapy, chemotherapy, diagnosis to
treatment time, AFP, TNM staging, survival time, and
survival status.

2.2 Excluding factors

To ensure the accuracy of the machine learning model, we did
not use automatic imputation of missing information. Data were
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filtered according to the clinical characteristics of each group, and
the information gaps and unknown groups were excluded from a
total of 102680 patients. Finally, 4468 patients were selected for
subsequent analysis.

2.3 Statistical methods

The algorithm applied here was based on python 3.10.6 (Python
Software Foundation, https://www.python.org/). Clinical feature
analysis was conducted with TableOne. The COX regression
analysis was performed using Lifelines. The random survival
forest (RSF) analysis was carried out using Scikit-Survival. The
survival curves of clinical patients were predicted using the random
forest model. The accuracy of the model was evaluated using the
C-index.

3 Results
3.1 Clinical characteristics

After the screening, 4468 patients were selected for further
analysis (Table 1) . The clinical characteristics were analyzed in
Table 1. A total of 2324 patients received chemotherapy, and 2144
patients did not. Most clinical features significantly differed between
the two groups, including gender, race, histological type, surgery,
regional lymph node dissection, diagnosis to treatment time,
survival time, AFP, survival status, and T, N, M stages ()° test, p
< 0.05).

3.2 Overall risk factors

Furthermore, we used COX regression analysis to evaluate the
impact of various clinical features on the survival of HCC patients
(Table 2). Distant organ metastasis, lymph node metastasis,
chemotherapy, AFP positive, histological grade, sex, race, tumor
size, and age were risk factors for HCC. On the other hand, surgical
treatment and early diagnosis and treatment were remission factors
for HCC (p < 0.05). No significant differences were detected for
radiotherapy and regional lymph node dissection (p > 0.05). The C-
index of the COX regression model was 0.76 (Figure 1).

3.3 Risk factors at different stages

To explore the differences in treatment plans for HCC patients
at different TNM stages, we divided patients into I, II, I1Ia, ITIb, IVa,
and IVb groups according to the 7th edition of the AJCC staging
system. Then, we applied COX regression analysis to evaluate the
risk for each group (Table 3). We found that early diagnosis and
treatment, and timely surgery were mitigating factors for HCC
patients at stages I, II, and IIla. In contrast, chemotherapy,
radiotherapy, and positive AFP were risk factors for HCC
patients, unfavorable for prognoses. Surgical treatment and early

frontiersin.org


https://www.python.org/
https://doi.org/10.3389/fonc.2023.1067353
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ge et al.

TABLE 1 Clinical characteristics.

10.3389/fonc.2023.1067353

Grouped by Chemotherapy

p-
Overall Test
Value
n 4468 2144 2324
1031 .
Female 23.1) 568 (26.5) | 463 (19.9) <0.001 Chi-squared 0.156
Sex, n (%)
3437 1576 1861
Mal
N (76.9) (73.5) (80.1)
American Indian/Alaska 60 (1.3) 28 (1.3) 32 (1.4) <0.001 Chi-squared 0.214
Asian/Pacific 906 (203) | 530 (24.7) = 376 (16.2)
Race, n (%) Black 543 (122) 252 (118) | 291 (12.5)
) 2959 1334 1625
White (66.2) (62.2) (69.9)
1311 .
I 293) 596 (27.8) | 715 (30.8) | <0.001 Chi-squared 0.132
I 2164 1111 1053
Histological grade, n (%) (48.4) (51.8) (45.3)
III 932 (20.9) 410 (19.1) 522 (22.5)
v 61 (1.4) 27 (1.3) 34 (1.5)
181 1602 hi- ing:
None 816 214 (10.0) 60 <0.001 Chi-squared (warning nan
(40.6) (68.9) expected count < 5)
Local tumor destruction 613 (13.7) = 401 (18.7) 212 (9.1)
Wed, tal
edge or segmen 813 (182) 702 (327) | 111 (4.8)
resection
Lobectomy 457 (102) 376 (17.5) | 81 (3.5)
Surgery, n (%) Extended lobectomy 122 (2.7) 89 (4.2) 33 (1.4)
Hepatectomy 633 (14.2) 352 (16.4) 281 (12.1)
Excision of a bile duct 1 (0.0) 1 (0.0)
Excisi f a bils
ClSl()'nO a bile duct & 5(0.1) 1(02) 1(00)
partial hepatectomy
Bile duct and hepatectomy
2 2 .1
WITH transplant 802 502 30D
4055 1880 2175 i
None <0.001 Chi-squared 0.204
(90.8) (87.7) (93.6)
Regional lymph node dissection, n (%
egional lymph node dissection, n (%) 1-3 364 (8.1) | 231 (108) | 133 (5.7)
>4 49 (1.1) 33 (1.5) 16 (0.7)
3994 1924 2070
None 89994 899 , 801 0.499 Chi-squared 0.022
Radiation, n (%) (89.4) (89.7) (89.1)
Yes 474 (10.6) 220 (10.3) | 254 (10.9)
Time from diagnosis to treatment 2.0 1.0 2.0
0.001 Kruskal-Walli 0.033
(months), median [Q1,Q3] (1030]  [0030]  [1030] | * ruskal-atls
Survival time(months), median [Q1, 33.0 54.0 18.0 i
Q3 (10.0,66.0] (210762 (7.0,502] <0.001 Kruskal-Wallis -0.645
. 1462 )
Negative 17 848 (39.6) 614 (26.4) <0.001 Chi-squared 0.282
AFP, n (%) (32.7)
Positive
(Continued)
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TABLE 1 Continued

Grouped by Chemotherapy

P_
Overall Test
Value
3006 1296 1710
(67.3) (60.4) (73.6)
1712 1168
Alive (38.3) (545) 544 (23.4) <0.001 Chi-squared 0.672
Survival status,n (%)
2756 1780
Dead 617) 976 (45.5) (76.6)
2107 1260 Chi-squared (warning:
T1 4 4 .001
(47.2) (58.8) 847 (36.4) <0.00 expected count < 5) nan
1159
T2 564 (26.3 595 (25.6
(259) (26.3) (25.6)
T3a 647 (145) 176 (82) | 471 (20.3)
TNM-T, n (%)
T3b 374 (8.4) 81 (3.8) 293 (12.6)
T3NOS 8(0.2) 3(0.1) 5(0.2)
T4 171 (3.8) 60 (2.8) 111 (4.8)
TO 2 (0.0) 2(0.1)
No 4205 2118 2087 <0.001 Chi-squared 0.395
TNM-N, n (%) (94.1) (98.8) (89.8)
N1 263 (5.9) 26 (1.2) 237 (10.2)
4090 2084 2006
Mo 1 ) <0.001 Chi-squared 0.404
TNM-M, n (%) (91.5) (97.2) (86.3)
M1 378 (8.5) 60 (2.8) 318 (13.7)
62.0 62.0 62.0
Age, median [Q1,Q3] (56.0,690] | [560,690] | [56.0.69.0] 0.479 Kruskal-Wallis 0.043

TABLE 2 Risk factors for survival.

exp se coef lower coef upper exp(coef) exp(coef)
(coef)  (coef) 95% 95% lower 95% upper 95%
Sex 0.19 1.21 0.05 0.09 0.28 L1 133 | <0.005 13.31
Race 0.08 1.09 0.02 0.04 0.13 1.04 114 | <0.005 11.74
Histological grade 0.25 1.28 0.03 02 0.3 1.22 135 | <0.005 = 68.75
Surgery -0.03 0.97 0 -0.03 -0.03 0.97 097 = <0.005 = 296.84
Regional lymph node
- 0.07 1.07 0.08 -0.08 0.21 0.92 1.24 0.38 1.39
dissection
Radiation 0.04 1.04 0.06 -0.08 0.15 0.93 1.16 0.54 0.89
Chemotherapy 0.35 141 0.05 0.26 0.44 1.29 155 | <0.005 = 43.84
Time from diagnosis to
-0.09 0.92 0.01 -0.11 -0.07 0.9 094  <0.005 = 4823
treatment(months)
AFP 0.3 1.34 0.04 0.21 0.38 1.23 147 | <0005 3568
TNM-T 0.02 1.02 0 0.02 0.02 1.02 1.02 | <0.005 = 150.79
TNM-N 0.39 1.48 0.07 0.24 0.53 1.28 171 | <0.005 = 2256
(Continued)
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exp se coef lower coef upper  exp(coef) exp(coef)
(coef) = (coef) 95% 95% lower 95% upper 95%
TNM-M 0.64 1.89 0.07 0.51 0.77 1.66 215 | <0.005 7238
Age 0.01 1.01 0 0.01 0.01 1.01 101 | <0.005 = 2223
Concordance 0.76
Partial AIC 41495.47
log-likelihood ratio test 2229'1193(:;
-log2(p) of ll-ratio test inf

diagnosis and treatment were also remission factors for stage IV
HCC patients. Nevertheless, the prognosis risk was reduced in
patients at stage IVa receiving radiotherapy, comprehending a
mitigating factor. The survival of patients receiving chemotherapy
did not differ. However, radiotherapy and chemotherapy were
mitigating factors in the IVb group.

3.4 Clinical feature importance and
survival prediction

We randomly selected 25% of the included test group data, and
the remaining 75% was used as the training group data. To obtain
the best model, the survival analysis of the post-screening data was
performed using the RSF model based on hyperparameter
optimization with manual parameter adjustment, leading to a C-
index of 0.80 for the training set and 0.77 for the testing set. Thus,
the RSF model had slightly better reliability than the Cox
regression model.

The clinical feature importance ranking indicated that surgical
treatment was the most important feature among clinical factors in
the RSF model (Table 4). Then, three patients in surgery and non-

surgery groups were separately retrieved from the test group to
draw predictive survival curves. Patients in the surgery group had a
significantly better prognosis than those in the non-surgery
group (Figure 2).

Subsequently, we used Streamlit to establish a clinical patient
survival prediction platform based on the RSF model. In this
framework, clinicians can enter the corresponding clinical
information, which is used to generate survival and cumulative
risk curves of predicted patients and real-time survival curve
changes by dynamically adjusting treatment parameters.
Therefore, this platform can be used to guide clinical treatment
selection (Video 1).

4 Discussion

The incidence and mortality of liver cancer continue to rise, and
its treatment remains a global challenge (25). Surgery is the primary
treatment of liver cancer (26). Nevertheless, liver cancer treatment
has entered a new era with the development of immunotherapy and
targeted therapeutic drugs. Since early liver cancer has no specific
manifestation, few patients are diagnosed at early stages during

TNM-M A
TNM-N 1
Chemotherapy -
AFP 1
Histological grade
Sex 1

Race 1
Regional lymph node dissection
Radiation 4
TNM-T 4 u]

Age 1 a
Surgery 4 o

Time from diagnosis
to treatment (months)

0.0

FIGURE 1
Risk factors assessment for HCC patients..
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TABLE 3 Risk factors at different stages.

10.3389/fonc.2023.1067353

Sex 131 1.09 0.41 1.23 0.02 1.32 0.3 1.67 0.12 0.93 0.61

Race 1.15 <0.005 1.13 0.02 1.03 0.43 0.98 0.84 0.97 0.81 1.01 0.83

Histological grade 1.17 <0.005 1.34 <0.005 1.33 <0.005 1.17 0.25 1.3 0.02 1.18 0.02
Surgery 0.97 <0.005 0.97 <0.005 0.97 <0.005 0.99 0.1 0.97 <0.005 0.97 <0.005

Regional lymph node dissection 1.09 0.54 0.87 0.39 0.95 0.7 1.04 0.87 1.69 0.11 0.73 0.19
Radiation 1.32 0.02 1.38 0.02 0.87 0.11 1.41 0.29 0.59 0.04 0.67 <0.005

Chemotherapy 1.6 <0.005 1.35 <0.005 117 0.09 13 0.3 1.13 0.68 0.67 0.01

Time from diagnosis to

treatment(months) 0.93 <0.005 0.92 <0.005 0.87 <0.005 0.88 0.21 0.73 <0.005 0.8 <0.005

AFP 123 <0.005 1.47 <0.005 1.39 <0.005 133 0.31 1.42 0.11 1.26 0.1

Age 1.02 <0.005 1.01 0.01 1 0.55 1 0.94 1.01 0.37 1 0.87

regular physical examinations. Hence, most liver cancer patients are
diagnosed at advanced stages when they present abdominal pain,
jaundice, and other discomfort symptoms, missing the best time
for treatment.

Moreover, HCC has brought a heavy medical burden to
underdeveloped countries and regions (18).Chronic HBV
infection, chronic HCV infection, NAFLD, aflatoxin, and alcohol
intake are important causes of HCC. For example, Hepatitis B virus
vaccination can reduce HCC incidence. Herein, the COX regression
analysis showed that the time from diagnosis to treatment was a
remission factor for HCC patients. Thus, early detection and timely
treatment might improve the prognosis of HCC patients (HR: 0.92,
p < 0.005). Thus, government departments and relevant medical
security institutions should strengthen the health testing of high-

TABLE 4 Clinical feature importance.

risk HCC groups to achieve early detection and treatment, which
can prolong the survival time of patients and reduce the economic
burden on families and medical security institutions.

We found that positive AFP was also a risk factor for HCC
patients at stages I, II, and IITA. Hence, AFP can be used as an
indicator of the prognosis of HCC patients, and similar conclusions
have been reached in other studies (27).The Cox regression and RSF
models indicated that surgery could reduce HCC risk and improve
patient outcomes. Surgical treatment was the most important
clinical feature affecting the survival of HCC patients in the RSF
model, comprising a key factor for HCC management. For patients
who can tolerate surgery, appropriate surgical treatment should be
implemented as early as possible to avoid missing the optimal
timing of treatment. Meanwhile, for patients not temporarily

Importances_mean Importances_std

Surgery 0.109762 0.005483

TNM-T 0.036965 0.003964

TNM-M 0.011606 0.002241
Histological grade 0.007685 0.002583

Time from diagnosis to treatment(months) 0.006859 0.001441
Age 0.00568 0.001741

TNM-N 0.003543 0.000769

AFP 0.002642 0.001283

Radiation 0.001912 0.000937

Race 0.00102 0.001027
Chemotherapy 0.000678 0.001564

Sex 0.000492 0.00097

Regional lymph node dissection 0.000161 0.000466
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Survival curves for the surgery and non-surgery groups.

suitable for surgery, neoadjuvant treatments such as targeted
therapy, immunotherapy, and TACE can be immediately
implemented when the condition permits further operation.

We found that chemotherapy and radiotherapy were unsuitable
for early liver cancer patients. Unnecessary radiotherapy and
chemotherapy can increase the risk of these patients. However,
chemotherapy can be used for advanced liver cancer patients, who
might benefit from systemic chemotherapy (HR: 0.67, p < 0.005).
Sun et al. showed that chemotherapy was a common treatment for
advanced HCC, but the effects were not ideal. Adding all-trans-
retinoic acid (ATRA) to fluorouracil, leuprorelin, and oxaliplatin
(FOLFOX4) to treat advanced HCC can improve the overall
survival and disease progression time of patients.

However, our study also has some limitations. First, the SEER
database does not contain specific information on targeted therapy
and immunotherapy regimens, which can extend the survival time
of patients with recurrent or advanced liver malignancies. Second,
we did not evaluate various objective factors affecting tumor
patients’ survival time, such as economic conditions, medical
insurance systems, and the level of medical development in the
region. Finally, different machine learning models exhibit varying
degrees of prognostic evaluation of patients. Therefore, this study
should only be considered a machine-learning reference for treating
tumor patients. With the continuous refinement of local databases
and the optimization of artificial intelligence algorithms, machine
learning models will be increasingly close to the reality of
clinical practice.

Herein, we obtained a relatively reliable machine learning
model by RSFE. Then, we used this model to establish a survival
prediction platform for HCC patients. This platform can generate a
predicted survival curve by inputting clinical patient information.
Survival curves can also be compared to get the best clinical
treatment plan. Since the SEER database does not contain
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immunotherapy, targeted therapy, TACE, and other information,
this platform only tests the feasibility of methods based on existing
data to guide further research.

5 Conclusion

In the present study, we found that distant organ metastasis, lymph
node metastasis, histological grade, sex, race, tumor size, and age were
risk factors for HCC patients. Additionally, early detection and timely
treatment might improve the prognosis of HCC patients, and positive
AFP might be used as a risk indicator. Moreover, surgical treatment is
crucial for HCC patient survival. Chemotherapy and radiotherapy are
inappropriate for early liver cancer patients since these treatments can
increase their risk. Nevertheless, advanced liver cancer patients might
benefit from systemic chemotherapy. Finally, the RSF model can be
used for clinical survival prediction.
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