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Abstract

Background The evidence of transcatheter arterial chemoembolization (TACE) plus tyrosine kinase inhibitor and immune
checkpoint inhibitor in unresectable hepatocellular carcinoma (HCC) was limited. This study aimed to evaluate the role
of TACE plus apatinib (TACE + A) and TACE combined with apatinib plus camrelizumab (TACE 4+ AC) in patients with
unresectable HCC.

Methods This study retrospectively reviewed patients with unresectable HCC who received TACE + A or TACE + AC in 20
centers of China from January 1, 2019 to June 31, 2021. Propensity score matching (PSM) at 1:1 was performed to reduce
bias. Treatment-related adverse events (TRAESs), overall survival (OS), progression-free survival (PFS), objective response
rate (ORR) and disease control rate (DCR) were collected.

Results A total of 960 eligible patients with HCC were included in the final analysis. After PSM, there were 449 patients in
each group, and the baseline characteristics were balanced between two groups. At data cutoff, the median follow-up time
was 16.3 (range: 11.9-21.4) months. After PSM, the TACE + AC group showed longer median OS (24.5 vs 18.0 months,
p<0.001) and PFS (10.8 vs 7.7 months, p<0.001) than the TACE + A group; the ORR (49.9% vs 42.5%, p=0.002) and
DCR (88.4% vs 84.0%, p=0.003) of the TACE + AC group were also higher than those in the TACE + A group. Fever, pain,
hypertension and hand-foot syndrome were the more common TRAEs in two groups.

Conclusions Both TACE plus apatinib and TACE combined with apatinib plus camrelizumab were feasible in patients with
unresectable HCC, with manageable safety profiles. Moreover, TACE combined with apatinib plus camrelizumab showed
additional benefit.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide, and ranks third in terms of cancer-
related death [1]. HCC is characterized by an insidious onset,
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a high degree of malignancy, and a high mortality rate. Most
of HCC patients are in the intermediate or advanced stages
when they are diagnosed, and their prognosis is poor [2].
For intermediate and advanced HCC patients, transcatheter
arterial chemoembolization (TACE) is one of the most com-
monly used treatments [3].

TACE treatment causes necrosis in most tumor cells, lead-
ing to elevated vascular endothelial growth factor (VEGF)
levels in the residual tumor [4]. Antiangiogenic agents can
inhibit the proliferation and metastasis of residual tumors after
TACE by blocking the hypoxia-inducible factor-1o (HIF-10ot)/
VEGEF pathway, which may associate with an improved prog-
nosis [4]. Apatinib is an oral tyrosine kinase inhibitor (TKI)
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targeting VEGFR-2, which was approved for the treatment of
pretreated HCC patients [5]. A national multicenter phase 2
clinical trial in China showed that apatinib was effective and
safe in the first-line treatment of advanced HCC, with a median
overall survival (OS) of 9.82 months and 9.71 months in the
750 mg cohort and 850 mg cohort, respectively [6]. It is note-
worthy that 27.5% of patients in the 750 mg cohort and 40%
in the 850 mg cohort had previously undergone locoregional
therapies [6]. Furthermore, a meta-analysis involving 14 ran-
domized controlled trials has demonstrated that apatinib plus
TACE is more effective than TACE alone for patients with
unresectable HCC [7].

Programmed cell Death Protein-1 (PD-1) inhibitors restore
the ability of the body’s immune system to kill tumor cells
through blocking the PD-1/PD-L1 cell signaling pathway [8].
The necrotic tumor tissue after TACE will further stimulate
high response to T cells, which can significantly increase the
number of CD4+and CD8+T cells and improve the immune
microenvironment [9]. Combining PD-1/PD-L1 blockades
with anti-VEGF agents has revolutionized the treatment of
HCC, as demonstrated first by the IMbrave150 study [10].
However, the use of atezolizumab plus bevacizumab for HCC
is not covered by Chinese health insurance, putting a financial
burden on patients. Besides, tremelimumab plus duruvalmab
is currently unavailable in China. Thus, more treatment options
are warranted. Camrelizumab, a novel immune checkpoint
inhibitor (ICI), was demonstrated to be safe and effective
for patients with advanced HCC in a multicenter, phase II,
randomized controlled trial [11]. The RESCUE trial found
that camrelizumab combined with apatinib was effective and
safe in first-line and second-line treatment of advanced HCC.
Among the patients included, 62.9% had previously received
locoregional therapies including TACE [12]. Moreover, in a
recent international phase III trial, camrelizumab plus apatinib
demonstrated better survival than sorafenib for unresectable
HCC in the first-line setting, with the OS of 22.1 months [13].

Therefore, patients with unresectable HCC may benefit
from TACE combined with apatinib plus camrelizumab.
However, the evidence of the triple combination is limited,
and whether the addition of camrelizumab to TACE plus
apatinib benefits the HCC patients was unknown. Thus, this
retrospective study aimed to evaluate the feasibility, safety
and effectiveness of the combination therapy in advanced
HCC, as well as the factors associated with patients’
prognosis.

Methods
Study design and patients

In this retrospective study conducted at 20 centers in China,
patients diagnosed with unresectable HCC who received
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TACE plus apatinib (TACE + A) or TACE plus apatinib and
camrelizumab (TACE + AC) from January 1, 2019 to June
30, 2021 were reviewed. The study has been approved by the
Ethics Committee of the First Affiliated Hospital of Zheng-
zhou University (Ethical approval number: SS-2020-017).

The inclusion criteria were: (1) Patients with primary
non-diffuse unresectable HCC who were Barcelona Clinic
Liver Cancer (BCLC) stage B/C, or those who showed recur-
rence following surgery; (2) Clinically or pathologically
confirmed unresectable HCC with at least one measurable
lesion according to the modified version of the Response
Evaluation Criteria for Solid Tumors (mRECIST); (3) No
systemic chemotherapy, targeted therapy other than apatinib
(such as sorafenib, regorafenib), or immunotherapy other
than camrelizumab (including PD-1/PD-L1/CTLA-4 inhibi-
tors) was used; (4) aged 18-80 years old; (5) Eastern Coop-
erative Oncology Group Performance Status score (ECOG
PS) of 0—1 within one week before treatment; (6) Less than
60% of the liver volume was occupied by tumors; (7) There
are no serious comorbidities, such as hypertension, coronary
heart disease, psychiatric history, or serious allergies; (8)
Patients with Child—Pugh A or B (score 7), normal renal
function, and normal coagulation function or be corrected
after treatment; (9) Have received as least one cycle of sys-
temic treatment (one dose of camrelizumab plus three weeks
of apatinib for TACE + AC group, and three weeks of apat-
inib for TACE 4+ A group). Patients received other treatment
such as microwave ablation or radiofrequency ablation or
changed targeted regimen before disease progression were
excluded. Patients with serious comorbidities or incomplete
data were also excluded.

TACE procedure

After adequate communication with physicians, the patients
were given either conventional TACE (cTACE) or drug-
eluting bead TACE (DEB-TACE) as the first TACE or later
TACE as per their preference. Each participated center in
this study is a member of the Institute of Interventional
Therapy of Zhengzhou University, and the procedures of
the TACE was basically the same in each center. Gener-
ally, after local anesthesia in the right groin area, the right
femoral artery was punctured using the Seldingers method,
a 5-F catheter was placed, a 0.035-inch hydrophilic mem-
brane guide wire and a 5-F RH catheter were introduced.
An angiography of the trunk abdominal cavity and superior
mesenteric artery was performed to determine the number,
size, localization, and tumor-feeding arteries of the tumor.
A microcatheter was inserted into the tumor-feeding artery,
and oxaliplatin (100 mg) was slowly infused for more
than 20 min. Then, 100-300 pm or 300-500 pm of drug-
eluting microspheres (loaded with 40-60 mg doxorubicin
or epirubicin, CalliSpheres, Hengrui Callisyn Biomedical
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Technology Co., Ltd., Suzhou, China) or 20-40 mg doxo-
rubicin or epirubicin lipiodol emulsion were slowly injected
until the complete disappearance of tumor staining or the
development of small branches of the portal vein around the
tumor. For incomplete embolization, 350-560 um polyvinyl
alcohol (PVA) particles (Hangzhou Alikang Pharmaceuti-
cal Technology Co., Ltd., Zhejiang, China) or 300-500 um
microspheres (Embospheres, Merit Medical, South Jordan,
USA) can be added. Sheaths were pulled out and pressure
bands were applied after embolization. The TACE proce-
dure would be repeated when the tumor still had an arterial
blood supply assessed by two experienced radiologists using
enhanced computerized tomography (CT) or magnetic reso-
nance imaging (MRI) and a Child—Pugh classification of A
or B was confirmed.

Systemic therapy

Treatment plans were determined by the physician’s rec-
ommendations and the patient's willingness. Hepatopro-
tective, analgesic, antiemetic, acid-suppressing, and other
symptomatic support treatments were administered within
3-5 days after TACE. Once the condition was stable, apat-
inib (Hengrui Pharmaceutical Co., Ltd., Shanghai, China)
was given orally at 250 mg/day. The dose of the drug should
be adjusted or suspended if adverse events (AEs) of grade
3 or higher occurred during the treatment. The suspension
period should not exceed 2 weeks, and the suspensions
should not occur more than twice.

For immunotherapy, 200 mg camrelizumab intravenously
every 3 weeks were given. Treatment-related AEs (TRAEs)
such as macular papule rash, pruritus, gastrointestinal reac-
tions, liver dysfunction, abnormal thyroid function, skin
rash, immune pneumonia, reactive cutaneous capillary
endothelial proliferation (RCCEP) were managed by symp-
tomatic treatment. For serious AE, camrelizumab should be
suspended or discontinued.

Follow-up and outcomes

Following the first TACE, blood routine, liver and kidney
function, coagulation function, and tumor markers were
reviewed every 4—-6 weeks. Imaging examinations (enhanced
CT or MRI) were used to evaluate the tumor response every
6 weeks. Based on the imaging findings, two experienced
radiologists assessed tumor response using mRECIST. The
effectiveness outcomes included objective response rate
(ORR, complete response [CR] + partial response [PR]) and
disease control rate (DCR, CR + PR + stable disease [SD])),
progression-free survival (PFS) and OS. PFS was defined as
the time from treatment initiation to disease progression or
death, whichever came first. OS was calculated as the time
form treatment initiation to death of any cause.

Patients or their family members were asked about AEs,
survival status, and causes of death (if applicable) after
treatment by outpatient visit, WeChat, and/or telephone.
The severity of AEs was recorded according to the National
Cancer Institute Common Adverse Events Evaluation Cri-
teria Version 4.03 (NCI-CTCAE 4.03).

Statistical analysis

All data were analyzed using SPSS 26.0 software (IBM Cor-
poration, Armonk, NY, USA). Continuous variables were
reported as mean + standard deviation (SD) or median and
interquartile range (IQR), and were compared using t test
or Mann—Whitney U test. Categorical variables were pre-
sented as numbers (percentages), and were compared using
Chi-square or Fisher’s exact test. Time-to-event data were
estimated using the Kaplan—Meier method, and compared
using the log-rank test. Propensity score matching (PSM)
analysis at a 1:1 ratio was performed to reduce potential
bias. Age, sex, ECOG PS score, number of lesions, tumor
distribution, maximum tumor diameter, hepatic vein inva-
sion, extrahepatic metastasis, etiology, Child—Pugh stage,
alpha- fetoprotein (AFP), BCLC stage were included in the
PSM model. We then formed matched pairs using nearest-
neighbor methods, with a caliper width of 0.05. Univariate
and multivariate Cox proportional hazards regression model
were conducted to determine the associated factors of OS
and PFS. All baseline variables were included in the uni-
variate analysis, and the multivariate analysis included vari-
ables with a p<0.1 in the univariate analysis. Hazard ratios
(HRs) and 95% confidence interval (CI) were determined.
All statistics were two-sided, and p <0.05 was considered
statistically significant.

Results
Baseline characteristics of patients

From January 1, 2019 to June 30, 2021, a total of 1325 unre-
sectable patients from 20 centers in China were screened
for eligibility. Among them, 365 patients were excluded,
and finally 960 patients were included in the analysis, with
477 patients in the TACE+ A group and 483 patients in
the TACE + AC group (Fig. 1). Before PSM, there were no
statistically significant differences between the two groups
regarding sex, age, ECOG PS, number, size and distribu-
tion of tumors, etiology, Child—Pugh stage, BCLC stage (All
p>0.05). There were more patients with AFP > 400 ng/mL
in the TACE + A group (p=0.029). In the TACE + A group,
178 patients used DEB-TACE and 299 used cTACE in the
first TACE, while in the TACE + AC group, 196 used DEB-
TACE and 287 used cTACE in the first TACE (p=0.142).
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Fig. 1 Flow diagram of patients.
TACE transcatheter arterial

Patients with advanced HCC who received at least one cycle of
TACE+A or TACE+AC assessed for eligibility (n=1325)

chemoembolization, A apatinib,
C camrelizumab, PD progres-
sion disease, MWA microwave

ablation, RFA radiofrequency

Patients treated with TACE+A (n=601) ‘ | Patients treated with TACE+AC (n=724)

ablation

Excluded (n=124):
* Incomplete data (n=25)

* Received other treatment (RFA, MWA,
radiotherapy, or iodine 125 seed implantation)

Excluded (n=241):

* Incomplete data (n=21)

* Received other treatment (RFA, MWA,
radiotherapy, or iodine 125 seed implantation)

before PD (n=49) l<—1 —>| before PD (n=167)
* Change targeted regimen before PD (n=31) » Change targeted regimen or immunotherapy
 Serious comorbidities (n=19) regimen before PD (n=47)
* Serious comorbidities (n=6)
| TACE+A group (n=477) ‘ ‘ TACE+AC group (n=483) ‘

H Propensity score matching H

| TACE+A group (n=449) ‘ ‘ TACE-+A group (n=449) ‘

There was no difference in the number of TACE or the dura-
tion of apatinib patients received between two groups (All
p>0.05). After PSM, there were 449 patients in each group,
and the baseline characteristics were balanced between two
groups (All p>0.05, Table 1).

Effectiveness analysis

At the cut-off date (June 30, 2022), the median follow-up
time of patients was 16.3 (range: 11.9-21.4) months. A
total of 472 patients died during the follow-up, including
184 who died from disease progression, 265 who died from
complications related to liver cirrhosis (178 from liver fail-
ure, 35 from gastrointestinal bleeding, 25 from septic shock
caused by spontaneous bacterial peritonitis, 23 from hepa-
torenal syndrome, and 4 from hepatic encephalopathy) and
23 patients who died from other causes (6 from pulmonary
infection, 4 from myocardial infarction, 4 from cerebral
infarction, 3 from biliary tract infection, 2 from pulmonary
embolism, 2 from cerebral hemorrhage, 1 from immune
nephritis, and 1 from immune pneumonia).

Before PSM, the median OS was 18.0 months (95%
CI 16.5-19.6 months) in the TACE + A group, and
24.5 months (95% CI 23.2-25.8 months) in the TACE + AC
group (p<0.001). In the TACE + A group, the median
PFS was 7.7 months (95% CI 7.4-8.1 months), while
in the TACE + AC group, it was 10.8 months (95% CI
10.4-11.1 months) (p<0.001) (Fig. 2). After PSM, the
TACE + AC group also showed longer median OS (24.5
vs 18.0 months, p<0.001) and PFS (10.8 vs 7.7 months,
p<0.001) than the TACE + A group (Fig. 3).

The best of responses of patients after the first TACE in
two groups were shown in Table 2. Before PSM, a higher
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ORR was observed in the TACE + AC group than in the
TACE + A group based on mRECIST (49.5% vs. 42.8%,
p=0.003). Besides, patients in the TACE + AC group had
a higher DCR than those in the TACE + A group (87.8%
vs. 84.3%, p=0.019). After PSM, the ORR (49.9% vs
42.5%, p=0.002) and DCR (88.4% vs 84.0%, p=0.003) of
the TACE 4+ AC group were also higher than those in the
TACE + A group.

Multivariable analysis

According to the multivariable analysis, patients in
the TACE + AC group (HR=0.44, 95% CI 0.37-0.53,
p<0.001), maximum tumor diameter greater than 10 cm
(HR=1.28, 95% CI 1.07-1.54, p=0.008), portal vein
invasion Vp3-4 (HR =1.66, 95% CI 1.25-2.20, p<0.001),
BCLC stage C (HR=1.28, 95% CI 1.03-1.60, p=0.030)
were independently associated with OS (Supplementary
Table S1). Besides, multivariable analysis demonstrated
that patients in the TACE + AC group (HR=0.38, 95% CI
0.33-0.43, p<0.001) and ECOG PS score of 1 (HR=1.15,
95% CI 1.01-1.30, p=0.039), portal vein invasion Vp3-4
(HR=1.34,95% CI 1.09-1.64, p=0.005) was independently
associated with PFS (Supplementary Table S2).

Safety profiles

There was no significant difference in liver function
and renal function between the two groups before and at
1 month, 6 months and 12 months after the first TACE (Sup-
plementary Table S3). The TRAEs were shown in Table 3.
For TACE related AEs, there was no significant difference
in post-embolization syndrome (pain, nausea, vomiting and
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Table 1 Baseline characteristics of patients
Characteristics Before PSM After PSM
TACE+A TACE+AC p value TACE + A group (n=449) TACE+AC p value
group (n=477) group (n=483) group (n=449)
Sex, male, n (%) 382 (80.1) 399 (82.6) 0.357 367 (81.7) 372 (82.9) 0.727
Age, (years), mean+SD 52.9+9.6 52.6+9.2 0.621 52.7+9.1 52.7+8.9 0.717
<53,n (%) 238 (49.9) 247 (51.1) 0.748 227 (50.6) 227 (50.6) >0.999
>53,n(%) 239 (50.1) 236 (48.9) 222 (49.4) 222 (49.4)
ECOG PS, n (%) 0.376 0.736
0 265 (55.6) 283 (58.6) 256 (57.0) 262 (58.4)
1 212 (44.4) 200 (41.4) 193 (43.0) 187 (41.6)
Number of lesions, n (%) 0.305 0.541
<3 184 (38.6) 203 (42.0) 178 (39.6) 188 (41.9)
>3 293 (61.4) 280 (58.0) 271 (60.4) 261 (58.1)
Tumor distribution, n (%) 0.584 0.562
Bi-lobar 157 (32.9) 150 (31.1) 142 (31.6) 133 (29.6)
Uni-lobar 320 (67.1) 333 (68.9) 307 (68.4) 316 (70.4)
Maximum tumor diameter, cm
Mean + SD 12.39 +4.68 11.89+5.06 0.112 12.27+4.57 11.91+4.95 0.247
<10,n (%) 182 (38.2) 175 (36.2) 0.583 171 (38.1) 164 (36.5) 0.679
>10,1n (%) 295 (61.8) 308 (63.8) 278 (61.9) 285 (63.5)
Portal vein invasion, n (%) 0.294 0.517
None 73 (15.3) 69 (14.3) 71 (15.8) 64 (14.3)
Vpl-2 246 (51.6) 273 (56.5) 234 (52.1) 251 (55.9)
Vp3—4 158 (33.1) 141 (29.2) 144 (32.1) 134 (29.8)
Hepatic vein invasion, n (%) 98 (20.5) 93 (19.3) 0.675 89 (19.8) 88 (19.6) >0.999
Extrahepatic metastasis, n (%) 89 (18.7) 101 (20.9) 0.427 87 (19.4) 94 (20.9) 0.618
Etiology, n (%) 0.071 0.208
HBYV infection 365 (76.5) 399 (82.6) 353 (78.6) 365 (81.3)
HCV infection 45(9.4) 27 (5.6) 44 (9.8) 27 (6.0)
Budd-chiari syndrome 23 (4.8) 22 (4.6) 19 4.2) 22 (4.9)
Others 44.(9.2) 35(7.2) 33 (7.3) 35(7.8)
Child-Pugh stage, n (%) 0.926 0.540
A 193 (40.5) 193 (40.0) 185 (41.2) 175 (39.0)
B 284 (59.5) 290 (60.0) 264 (58.8) 274 (61.0)
AFP (ng/mL), n (%) 0.029 0.729
<400 162 (34.0) 198 (41.0) 162 (16,236.1) 168 (37.4)
> 400 315 (66.0) 285 (59.0) 287 (63.9) 281 (62.6)
BCLC stage, n (%) 0.488 0.859
B 75 (15.7) 85 (17.6) 75 (16.7) 78 (17.4)
C 402 (84.3) 398 (82.4) 374 (83.3) 371 (82.6)
Type of the first TACE 0.142 0.784
Drug-eluting bead TACE 178 (37.3%) 196 (40.6%) 172 (38.3) 176 (39.2)
Conventional TACE 299 (62.7%) 287 (59.4%) 277 (61.7) 273 (60.8)
Number of TACE
Median (IQR) 3(24) 3(24) 0.089 3(24) 3(24) 0.891
<2times, n (%) 181 (37.9) 177 (36.6) 0.727 172 (38.3) 169 (37.6) 0.837
> 2times, n (%) 296 (62.1) 306 (63.4) 277 (61.7) 280 (62.4)
Treatment duration of apatinib, months
Median (IQR) 6 (4,8) 6 (4,8) 0.318 6 (4,8) 6 (4,8) 0.819
<3,n (%) 126 (26.4) 127 (26.3) >0.999 118 (26.3) 114 (25.4) 0.477
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Table 1 (continued)

Characteristics Before PSM After PSM
TACE+A TACE+ AC p value TACE + A group (n=449) TACE+ AC p value
group (n=477) group (n=483) group (n=449)
>3, 1 (%) 351 (73.6) 356 (73.7) 331 (73.7) 335 (74.6)
Cycles of camrelizumab, cycles NA NA
Median (IQR) - 7 (5,10) - 7 (5,10)
<8,n (%) - 221 (45.8) - 208 (46.3)
>8,n (%) - 262 (54.2) - 241 (53.7)

PSM Propensity score matching, TACE transcatheter arterial chemoembolization, A apatinib, C camrelizumab, SD standard deviation, ECOG
PS Eastern Cooperative Oncology Group Performance Status, Vpl third branch portal vein invasion, Vp2 second branch portal vein invasion,
Vp3 first branch portal vein invasion, Vp4 main portal vein invasion, HBV hepatitis B virus, HCV hepatitis C virus, AFP alpha- fetoprotein,

BCLC Barcelona Clinic Liver Cancer, IQR interquartile range

Group

TACE+A 18.0(16.5-19.6)
~+ TACE+AC 24.5(23.2-25.8)

o
o
3

Survival probability

o
N
&

p <0.0001

0007
0 5 10 15 20 25 30 35 40
Time in months
Number at risk
477 468 356 174 64 17 6 1
== | 483 476 438 371 243 113 21 8

0 5 10 15 20 25 30 35 40
Time in months

Group

Number of censoring

bl s s o 1.

20 2
Time in months

n.censor
oanw

|
0 5

Fig.2 Kaplan—-Meier curves of overall survival (a) and progression-
free survival (b) in two groups before propensity score matching.
TACE transcatheter arterial chemoembolization, A apatinib, C cam-

fever), ascites, and liver abscess. There was a higher rate of
hepatic artery spasm (13.0% vs. 9.6%, p=0.027) and thin-
ning (32.5% vs. 21.2%, p<0.001) during the second TACE
in the TACE + AC group as compared to the TACE + A
group. All the hepatic arteries spasm was significantly
relieved after papaverine was administered during the sec-
ond TACE. Twenty-one patients in the two groups devel-
oped liver abscesses after TACE. Among them, eleven were
relieved after drainage of the abscess cavity and removal of
the drainage tube; six were stabilized after anti-inflamma-
tory treatment; four did not improve after drainage and died
from liver failure.

Regarding apatinib and/or camrelizumab related AEs,
hypertension, hand-foot syndrome, fatigue, and diarrhea
were the most common AEs in both groups (Table 3).
RCCEP, hyperammonemia, abdominal pain and hypothy-
roidism were more common in TACE + AC group than in
TACE + A group (All p<0.05). In the TACE + A group,
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b 1007 S Group
RN TACE+A 7.7(7.4-8.1)
-+ TACE+AC 10.8(10.4-11.1)

Survival probability
o
o
2

p <0.0001

0 5 10 15 20
Time in months
Number at risk

477 389 109 1 0
== 483 455 286 29 0
0 5 10 15 20

Time in months
Number of censoring

; N N 1 A

0 5 10 15 20
Time in months

Group

n.censor

relizumab. Data were presented as median (95% confidence interval).
Two groups were compared using log-rank test

26.6% of patients experienced grade 3 AEs, and nine
patients (1.9%) discontinued apatinib due to TRAEs. The
rest of them received apatinib dose reduction or interruption,
and finally relieved. No grade 4 or 5 TRAE was observed.
In the TACE + AC group, the incidence rate of grade 3 or 4
TRAEs was 27.1%. Sixteen patients (3.3%) discontinued AC
due to TRAE:s. Five patients (1.0%) were judged to have died
from AC related AEs, including three cases from hepatic
encephalopathy, one case from immune pneumonitis, and
one case from cerebral hemorrhage due to hypertension.

Discussion

The combination of TACE (or hepatic arterial infusion
chemotherapy), TKIs and ICIs has been shown to be effec-
tive in unresectable HCC, according to a systematic review
that included 15 retrospective studies [14]. However, all of
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Table 2 Tumor response based Tumor response, n (%) Before PSM After PSM
on mRECIST between the two
groups TACE+A TACE+AC  pvalue TACE+A TACE+AC  pvalue
group group group group
(n=477) (n=483) (n=449) (n=449)
BOR
CR 79 (16.6) 111 (23.0) <0.001 7516.7) 104 (23.2) <0.001
PR 125 (26.2) 128 (26.5) 116 (25.8) 120 (26.7)
SD 198 (41.5) 185 (38.3) 186 (41.4) 183 (38.5)
PD 71 (14.9) 52 (10.8) 68 (15.1) 56 (10.2)
NE 4(0.8) 7(1.4) 4(0.9) 6(1.3)
ORR (CR+PR) 204 (42.8) 239 (49.5) 0.003 191 (42.5) 224 (49.9) 0.002
DCR (CR+PR+SD) 402 (84.3) 424 (87.8) 0.019 377 (84.0) 397 (88.4) 0.003

mRECIST modified Response Evaluation Criteria in Solid Tumors, PSM Propensity score matching,
TACE transcatheter arterial chemoembolization, A apatinib, C camrelizumab, BOR best of response, CR
complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, ORR
objective response rate, DCR disease control rate

these studies suffered from small sample size, with only
22-86 patients included. Besides, no results of clinical
trials in the triple combination in advanced HCC is avail-
able now. To the best of our knowledge, this was the largest
study aimed to evaluate the feasibility of the combination
of TACE, TKIs and ICIs on unresectable HCC. Our results
showed that both TACE plus apatinib and TACE combined
with apatinib plus camrelizumab were feasible for patients
with advanced HCC. In addition, TACE plus apatinib and
camrelizumab was associated with a better prognosis.

For patients with intermediate to advanced stage HCC, it
is equally important to preserve liver function as to achieve
aresponse in order to prolong survival, and TACE is widely
used as an important treatment for such patients [15].
According to the Chinese guidelines for the management
of primary liver cancer [16], TACE is recommended for
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Fig. 3 Kaplan—-Meier curves of overall survival (A) and progression-
free survival (B) in two groups after propensity score matching.
TACE transcatheter arterial chemoembolization, A apatinib, C cam-

patients with China liver cancer (CNLC) stage IIb-IIla and
some patients with CNLC stage IIIb, which included patients
with BCLC stage C and some BCLC stage B cases (unre-
sectable HCC for many reasons, such as multiple nodules
with four or more lesions, or the patient refuses surgery).
Besides, the TACE procedure can also be used for patients
whose main portal vein has been partially occluded, or who
have developed abundant compensatory collateral branches
or recanalized portal vein using portal vein stenting despite
the complete obstruction [16]. However, patients with
advanced HCC often have difficulty obtaining a satisfactory
outcome with TACE alone. The combination of systematic
treatment may further improve patients’ outcome [14].
Using anti-angiogenic targeted agents and ICIs together
results in synergistic effects. Inhibition of VEGF increases
cytotoxic T lymphocyte infiltration and reduces regulatory
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relizumab. Data were presented as median (95% confidence interval).
Two groups were compared using log-rank test
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Table 3 Treatment related adverse events in the two groups

Adverse events, n (%) Any Grade Grade 3 or 4
TACE+A TACE+AC p value TACE+A TACE+AC p value
group (n=477) group (n=483) group (n=477) group (n=483)

Adverse events related to TACE
Fever 237 (49.7) 227 (47.0) 0.230 0 0 -
Pain 199 (41.7) 208 (43.1) 0.516 12 (2.5) 19 (3.9) 0.108
Gastrointestinal reaction 154 (32.3) 164 (34.0) 0.417 0 0 -
Nausea and vomiting 142 (29.8) 148 (30.6) 0.622 2(0.4) 3(0.6) 0.535
Ascites 51(10.7) 62 (12.8) 0.156 5(1.0) 6(1.2) 0.640
Liver abscess 8 (1.7) 13 (2.7) 0.165 4 (1.0) 8(2.1) 0.114
Hepatic artery thinning in 2nd TACE 101 (21.2) 157 (32.5) <0.001 0 0 -
Hepatic artery spasm in 2nd TACE 46 (9.6) 63 (13.0) 0.027 0 0 -

Adverse events related to apatinib and/or camrelizumab
Any adverse event 386 (80.9) 388 (80.3) 0.672 127 (26.6) 131 (27.1) 0.715
Hypertension 202 (42.3) 197 (40.8) 0.458 51 (10.7) 44 (9.5) 0.365
Hand-foot syndrome 205 (43.0) 186 (38.5) 0.044 42 (8.8) 37 (7.7) 0.330
Fatigue 178 (37.3) 167 (34.6) 0.200 0 0 -
Diarrhea 95 (19.9) 111 (23.0) 0.109 5(1.0) 3(0.6) 0.226
RCCEP 5(1.0) 103 (21.3) <0.001 0 0 -
Mouth ulcers 85 (17.8) 94 (19.5) 0.347 0 0 -
Rash 84 (17.6) 79 (16.4) 0.433 0 0 -
Proteinuria 88 (18.4) 76 (15.7) 0.101 13 (2.7) 11 (2.3) 0.480
Abdominal pain 7(1.5) 69 (14.3) <0.001 2 (0.4) 3(0.6) 0.535
Hyperammonemia 15(3.1) 66 (13.7) <0.001 0 12 (2.5) -
Decreased appetite 73 (15.3) 62 (12.8) 0.104 0 0 -
Headache 69 (14.5) 57 (11.6) 0.070 0 0 -
Hypothyroidism 4(0.8) 49 (10.1) <0.001 0 0 -
Thrombocytopenia 59 (12.4) 48 (9.9) 0.074 3(0.6) 2(0.4) 0.438
Gastrointestinal hemorrhage 53 (11.1) 49 (10.1) 0.455 12 (2.5) 11(2.3) 0.659
Immune-related pneumonia 0 10 (2.1) - 0 4(0.8) -
Immune-related myocarditis 0 6(1.2) - 0 2(0.4) -

TACE transcatheter arterial chemoembolization, A apatinib, C camrelizumab, RCCEP reactive cutaneous capillary endothelial proliferation

T lymphocyte infiltration, thus providing a more favorable
immune microenvironment for ICI antitumor activity [17].
Following TACE, the tumor tissue necrosis released tumor
antigens, and hypoxia increased tumor cell PD-L1, permit-
ting the use of ICIs after TACE [18, 19]. A retrospective
study found that compared with TACE plus sorafenib,
the addition of ICIs showed increased ORR (54.6% vs.
34.5%), DCR (81.82% vs. 55.17%), OS (23.3 months vs.
13.8 months) and PFS (16.26 months vs. 7.30 months)
[20]. Our study found similar tumor responses and OS in
the TACE + AC group, but a significantly shorter PFS than
in the TACE and sorafenib plus ICIs, which may be due to
the higher tumor burden and higher proportion of patients
with BCLC-stage C in our study. According to another
single-center retrospective study, TACE and lenvatinib
plus PD-1 inhibitors showed prolonged OS (16.9 months

@ Springer

vs. 12.1 months), PFS (7.3 months vs. 4.0 months) and
better ORR (56.1% vs. 32.5%), DCR (85.4% vs. 62.5%)
than TACE plus lenvatinib in advanced HCC, which was
consistent with our results [21].

In advanced HCC, TACE is often combined with antian-
giogenic targeted drugs such as apatinib to improve its effi-
cacy. A retrospective analysis showed that TACE + A signifi-
cantly improved PFS (7.0 vs. 2.5 months) and OS (17.0 vs.
7.0 months) than TACE alone [22]. Although there are more
BCLC-stage C patients in the TACE group in our study than
that study (84.3% vs. 78.6%) [22], OS and PFS remained at
18.0 months and 7.7 months, respectively, which demon-
strated that TACE + A can improve the prognosis of inter-
mediate and advanced HCC. It was found in a single-center
retrospective study that TACE + AC improved ORR from
17.3 to 42.9%, DCR from 57.7 to 85.7%, and OS from 13.1
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to 24.8 months in comparison with apatinib plus camreli-
zumab (A +C) [23]. Our study also showed that TACE + AC
showed better OS, PFS, ORR, and DCR than TACE + A,
which suggested that TACE plus apatinib and camrelizumab
may provide additional benefit.

Based on the results of the RESCUE study, the PFS of
A +C in the first and second-lines for advanced HCC was
5.7 months and 5.5 months, and the ORR was 34.3% and
22.5%, respectively [12]. In that study, all patients were
with Child—Pugh stage A; 62.9% of patients in first-line
treatment, and 77.5% of patients in second-line treatment
received previous interventional therapy. All patients in our
study did not receive any local or other systematic treatment
before TACE, and the proportion of BCLC-stage C patients
and HBYV patients was similar to that in the RESCUE study
[12]. Therefore, TACE + AC and TACE + A may be supe-
rior to A + C in first-line and second-line treatment of HCC,
which should be further studied.

Although the number of TACE sessions, the duration of
apatinib treatment and the cycles of camrelizumab used were
not included in the multivariate regression model due to the
potential multicollinearity, a single-center study on TACE
in unresectable HCC conducted by Shi et al. [24] showed
that multiple cycles of TACE treatment (HR 0.65, 95% CI
0.47-0.91, p = 0.011) were an independent protective fac-
tor for PFS, while combined portal vein invasion (HR 5.74,
95% C13.34-9.85, p < 0.001) was an independent risk fac-
tor for OS. In Ju’s study Ju et al. [25], larger tumor size (HR
= 1.01, 95% CI 1.00-1.02, p = 0.005) was an independent
risk factor affecting OS, while macrovascular invasion (HR
=2.193,95% CI 1.08-4.44, p = 0.029) was associated with
PFS, respectively. These results were basically consistent
with our study. This may suggest that with the introduction
of immunotherapy for unresectable HCC, the evaluation of
tumor load (such as tumor number, size, distribution, etc.)
becomes more important, which primarily determines the
timing and strategy of combination of TACE, TKIs and ICIs.

Prior to surgery and at 1, 6 and 12 months after the first
TACE, there were no significant differences in liver func-
tion and renal function between the two groups. Hyperten-
sion, hand-foot syndrome, fatigue, and diarrhea were com-
mon TRAE:s in both treatment groups, which were common
toxicities of apatinib and camrelizumab reported previously
[12, 26]. The incidence of hyperammonemia in TACE + AC
group was also higher than that in TACE + A group. It is
likely due to the increased liver damage caused by triple
combination in the TACE + AC group, and the blood—brain
barrier injury caused by the injury of brain endothelial cells
by VEGEFR receptor inhibitors [27]. Consequently, blood
ammonia should be tested routinely and patients who have
high blood ammonia should receive blood ammonia low-
ering therapy. During the second TACE treatment, tumor
arteries were significantly sparser in both groups compared

to the first TACE treatment, which may be related to normal-
ization of tumor arteries caused by targeted antiangiogenetic
agents [28]. However, the normal hepatic artery branches
and hepatic arteries were also thinner and more prone to
spasticity than those in the first TACE, most likely due to
the same reasons. Additionally, abdominal pain is common
in this study and RESCUE [12], which may be related to
gastrointestinal ischemia caused by visceral artery contrac-
tion following target and immune therapy.

ICIs was able to enhance the anti-tumor activity of T
cells, but may also affect the normal immune system, result-
ing in immune-related AEs [29]. RCCEP and immune-
related diseases are unique side effects of camrelizumab
[30]. While incidence of RCCEP in the TACE + AC is
significantly higher than that in TACE + A group, previous
studies have demonstrated that the incidence of RCCEP in
combination with apatinib is significantly lower than that
in camrelizumab alone [31]. Previous studies have shown
that TACE increases the number and activity of CD4+ and
CD8+T cells by stimulating necrotic tumor tissue, which
promotes an improvement in the immune microenvironment
[9]. Furthermore, TACE has been shown to cause immuno-
genic cell death as part of immunomodulation [32]. In addi-
tion, TACE was linked to an increase in pro-inflammatory
cytokines such as IL-6 in the first week following TACE,
which was associated with the development of hepatitis,
while Th-2 associated cytokines were increased 2 months
after TACE, indicating an immune-suppressive environment
[33]. There was a favorable effect of TACE on immune mod-
ulation, which could enhance immunotherapy. However, the
effect of TACE on the immune-related AEs was unknown.
In a retrospective study of TACE+ AC vs. AC conducted by
Ju et al. [23], there was no significant difference in the inci-
dence of immunotherapy related AEs between two groups,
except for the gastrointestinal reaction. Based on a previ-
ous retrospective study, camrelizumab was associated with
an overall AE incidence of approximately 69.2-75% [34].
Besides, Guo et al. found that 75% of patients in the TACE
plus camrelizumab group had at least one AE associated
with camrelizumab, and no patient developed serious AE
[35]. The total incidence of AE in a prospective study with
TACE and camrelizumab was 90.1%, and most of them were
grade 1-3 [36]. In our study, the rates of immunotherapy-
related AE (such as RCCEP) were also comparable to those
seen in the Ju study's AC or TACE + AC cohort. However,
the role of TACE in mediating immune-related AEs needs
to be explored further in prospective studies.

In the RESCUE study [12], the rate of grade 3 and above
TRAESs was 77.4% (147/190); the rate of serious TRAEs was
28.9% (55/190); 12% (23/190) patients terminated the A+ C
treatment due to TRAE, and 2 patients (1.1%) experienced
TRAE related deaths. In this study, grade 3 or higher TRAEs
were 27.1% in the TACE + AC group; 16 patients (3.3%)
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discontinued A + C treatment due to TRAE, and 5 patients
(1.0%) experienced TRAE-related death events. There was
a lower incidence of TRAEs, TRAEs with grade 3 or higher,
and TRAE-related deaths in the TACE + AC group in this
study, which may be due to the lower camrelizumab dose
than that in the RESCUE study (200 mg once every 2 week)
[12].

This study suffered from some limitations. First, the treat-
ment procedure of apatinib and camrelizumab were basically
the same in different centers, while the management of AEs
caused by these two agents may be different. Second, both
DEB-TACE and cTACE were allowed in this study, and the
proportion of DEB-TACE and cTACE selected by different
centers varied. However, the influence of two TACE proce-
dures on the results was not evaluated in this study. Third,
quality of life is quite important for patients with malig-
nancies received different treatments, while our study was
unable to collect these data due to the retrospective nature.
Therefore, further randomized controlled trials are war-
ranted to confirm our results.

Conclusion

In conclusion, both TACE plus apatinib and TACE com-
bined with apatinib plus camrelizumab were feasible in
patients with unresectable HCC, with manageable safety
profiles. Moreover, TACE plus apatinib and camrelizumab
showed additional benefit compared to TACE plus apatinib.
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