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Abstract
Purpose: This research compared the curative effect and safety of camrelizumab plus tyrosine kinase
inhibitors (TKIs) combined with transcatheter arterial chemoembolization (TACE) to those of
camrelizumab plus TKIs for the treatment of intermediate-advanced hepatocellular carcinoma (HCC).

Methods: From January 2019 to July 2021, 47 patients with intermediate-advanced HCC were included in
this retrospective study. After screening, 44 eligible patients were split into two arms: the camrelizumab +
TKI + TACE arm (n=28) and the camrelizumab + TKI arm (n=16). The primary endpoints were overall
survival (OS) and progression-free survival (PFS), while tumor response and adverse events (AEs) served
as secondary endpoints.

Results: The median OS was 12.6 months for the 44 patients. The median PFS (P=0.0248, 7.2 months vs.
3 months), objective response rate (ORR) (21.43% vs. 6.25%) and disease control rate (DCR) (57.14% vs.
18.75%) were better in the camrelizumab + TKI + TACE arm than in the camrelizumab + TKI arm. After
correcting for the effects of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and total
bilirubin (TBil), the treatment effect of the camrelizumab + TKI + TACE arm (HR=0.274, 95% CI=0.096-
0.784, P=0.016) was still superior. The common AEs in the two groups included reactive cutaneous
capillary hyperplasia (n=17), myelosuppression (n=19) and liver dysfunction (n=12). However, AEs of
grade ≥ 3 were equal between the groups.

Conclusion: Camrelizumab + TKI + TACE therapy was more effective than camrelizumab + TKI therapy
for intermediate-advanced HCC, and toxicity was manageable.

Introduction
Primary liver cancer (PLC), which includes hepatocellular carcinoma (HCC) (75–85%), intrahepatic
cholangiocarcinoma (10–15%), and other rare types, was the sixth most common cancer and the third
main cause of cancer-related deaths worldwide in 2020 (Bray et al. 2018; Sung et al. 2021). HCC as the
predominant type of PLC, so in this study, we used HCC to represent PLC. In western countries, HCC
mainly develops secondary to hepatitis C virus (HCV) infection (Fattovich et al. 2004; El-Serag and
Rudolph 2007; Caldwell and Park 2009; Lu 2010). In China, 76% and 11% of HCC cases are caused by
hepatitis B virus (HBV) and HCV, respectively, with nearly 466000 new HCC cases and 422000 deaths
each year (de Martel et al. 2015; Chen et al. 2016). Because of the latent and asymptomatic progression
of HCC, the majority of patients are not diagnosed until the disease has progressed to an intermediate or
advanced stage (Anwanwan et al. 2020). Therefore, many liver cancer patients miss the opportunity for
surgical treatment (Yang and Heimbach 2020). Currently, the therapeutic selections for patients with
middle- to late-stage HCC are limited; nonsurgical local treatment and systemic treatment are the main
treatment options, which can prolong the patient’s life (Zhong et al. 2014).

There have been considerable advances in nonsurgical therapy for HCC in recent years. Medication-based
therapy is one nonsurgical treatment approach. In particular, immune checkpoint inhibitors (programmed
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death receptor-1 [PD-1] inhibitors), including pembrolizumab, camrelizumab, and nivolumab, have
emerged as promising systemic therapies for intermediate-advanced HCC (Buchbinder and Desai 2016;
Ribas and Wolchok 2018). Camrelizumab is a selective humanized high-a�nity anti-PD-1 antibody
(Markham and Keam 2019) that blocks the PD-1 pathway, and it has shown good antitumor e�cacy and
safety in intermediate-advanced HCC patients in both clinical trials and real-world settings (Ren et al.
2021). However, a multicenter phase II clinical study, only 32 of 217 HCC patients treated with
camrelizumab had an objective response (14.7%), and the 6-month overall survival (OS) rate for all
patients in the trial was 74.4% (Qin et al. 2020).

Regarding targeted drug therapy for HCC, tyrosine kinase inhibitors (TKIs) such as lenvatinib, regorafenib,
cabozantinib and ramucirumab have been further developed over the past few years and have been
added to �rst- or second-line systemic treatment regimens (Abou-Alfa et al. 2018; Finn et al. 2018; Kudo et
al. 2018; Zhu et al. 2019). TKIs can increase the survival rate of patients with advanced HCC, but then
effect is not fully satisfactory. Studies have shown that the combination of immune checkpoint inhibitors
(ICIs) with vascular endothelial growth factor (VEGF)-targeted drugs has advantages over monotherapy
against many solid tumors (Taylor et al. 2020). However, the median progression-free survival (mPFS)
with ICIs plus TKIs as �rst- and second-line therapy is reported to be 5.7 months and 5.5 months,
respectively (Xu et al. 2021).

In addition, transcatheter arterial chemoembolization (TACE) is the �rst choice method for the treatment
of unresectable medium-term HCC according to the Barcelona Clinic Liver Cancer (BCLC) staging
classi�cation (Llovet et al. 1999; Chang et al. 2020). In Asian countries, TACE is widely recommended for
various clinical situations of HCC (Yau et al. 2014). However, in clinical practice, separate use of targeted
therapy plus immunotherapy and TACE for intermediate-advanced HCC has not achieved satisfactory
results. Therefore, the goal of this research was to explore whether camrelizumab plus TKIs combined
with TACE has better clinical e�cacy than camrelizumab plus TKIs for intermediate-advanced HCC.

Methods

Patients
Between January 2019 and July 2021, a total of 47 patients with intermediate-advanced HCC received
camrelizumab plus TKIs combined with TACE or received camrelizumab plus TKIs at the A�liated
Hospital of North Sichuan Medical College. The patients were selected based on the following criteria: 1.
age ≥ 18 years; 2. camrelizumab plus TKIs ≥ 1 cycle, camrelizumab plus TKIs combined with TACE ≥ 1
cycle; 3. diagnosis of HCC depends on imaging [nuclear magnetic resonance imaging, computed
tomography (CT)] or histological examination; 4. an Eastern Cooperative Oncology Group (ECOG)
performance status score ≤ 2 points; 5. estimated life expectancy ≥ 3 months; 6. liver function Child–
Pugh class A or B; 7. BCLC stage B or C who could not tolerate surgery or ablation; and 8. no heart, brain,
lung, or kidney dysfunction. Exclusion criteria: 1. female patients who were pregnant or lactating; 2.
patients with a history of targeted treatment, biotherapy, radiotherapy, or chemotherapy; 3. previous
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surgery or local treatment patients; 4. patients with incomplete clinical data; and 5. patients who stopped
treatment halfway through the protocol or who experienced a serious adverse reaction. The design and
execution of this research complied with the Declaration of Helsinki, besides this study was authorized by
the Ethics Committee of the A�liated Hospital of North Sichuan Medical College (2022ER181-1). The
requirement for informed consent was waived because the study was retrospective.

Treatment Protocols
Camrelizumab at a dose of 200 mg was administered via intravenous injection every 3 or 4 weeks. A TKI
(sorafenib at a single dose of 0.2 g or 0.4 g twice daily, lenvatinib at a single dose of 4 to 12 milligrams
once daily, or apatinib at a single dose of 250 mg once daily) was administered for more than 1 month
but was discontinued during TACE treatment. In the combination arm, the cycles and doses of the
camrelizumab regimen were the same as those in the camrelizumab plus TKI monotherapy arm, and
TACE treatment either preceded or followed camrelizumab plus TKI treatment. After the �rst treatment
cycle, patients who tolerated the regimens well continued treatment, except for those who experienced
unacceptable side effects, rapid disease progression, unexpected death or interruption of treatment for
another reason.

Information Collected
Clinical data, laboratory data, and imaging reports of the enrolled patients were collected prior to
camrelizumab plus TKI or camrelizumab plus TKI treatment in combination with TACE. The basic clinical
data included age, sex, ethnicity, BCLC stage, presence or absence of HBV, body mass index (BMI), liver
function (Child–Pugh classi�cation) and ECOG score. The laboratory detection results included white
blood cell (WBC) count, alanine aminotransferase (ALT) level, platelet count (PLT), plasma prothrombin
time (PT), total bilirubin (TBil) level, alpha-fetoprotein (AFP) level, aspartate aminotransferase (AST) level
and albumin (ALB) level. Imaging reports included the size of the tumor, number of tumors, blood vessel
invasion and extrahepatic metastasis.

Endpoints and Assessments
The time from the �rst use of camrelizumab plus TKI or camrelizumab plus TKI plus TACE to the day of
last follow-up or death was de�ned as OS. The time from start of camrelizumab plus TKI or
camrelizumab plus TKI plus TACE to the day of �rst imaging diagnosis con�rming tumor progression
was de�ned as PFS. In accordance with the Modi�ed Response Evaluation Criteria in Solid Tumors
(mRECIST), the response of the tumor was categorized as complete response (CR), partial response (PR),
stable disease (SD) and progressive disease (PD). The sum of CR and PR (CR + PR) was equal to the
objective response rate (ORR). The sum of CR, PR and SD was equal to the disease control rate (DCR)
(CR + PR + SD).

During treatment, adverse reactions were monitored and recorded. This study used the National Cancer
Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE version 5.0) to assess adverse
events (AEs).
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Statistical Analysis
Continuous variables are expressed as the mean ± standard deviation or as the median (interquartile
range), and categorical variables are expressed as frequencies (percentages). Mann–Whitney U tests
were used to assess differences between the two groups for continuous variables. Chi-square tests were
used to assess differences between the categorical variables. A Kaplan-Meier approach was used to
calculate OS and PFS, while differences in survival were assessed by the log-rank sum test. The
independent effect of the triple therapy (camrelizumab + TKIs + TACE) was assessed using Cox
regression. Subgroup analyses for OS and PFS were performed with R version 4.0.3, and the remaining
statistical analyses were performed with IBM SPSS Statistics version 23 (Chicago, IL, USA) and
GraphPad Prism version 8.0.2.

Results

Patients
Three patients were excluded due to the inclusion and exclusion criteria (two with survival of less than 3
months and one with previous local treatment with TACE), and 44 patients were ultimately enrolled and
split into the camrelizumab + TKI + TACE arm (n = 28) and the camrelizumab + TKI arm (n = 16). All
patients' baseline characteristics are listed in Table 1. In the camrelizumab + TKI arm, there were 13 males
(81.25%) and 3 females (18.75%), the median age was 62.5 years (36–76), and the median BMI was 22.5
(18.4–27.2). The camrelizumab + TKI + TACE arm included 22 males (78.57%) and 6 females (21.43%);
their median age was 54 years (32–77), and their median BMI was 21.4 (18.0-34.7). There were 9
patients (56.25%) and 16 patients (57.14%) with a history of HBV infection in the camrelizumab + TKI
arm and the camrelizumab + TKI + TACE arm, respectively. According to the ECOG scoring standard, 9, 27,
and 8 patients scored zero points, one point, and two points, respectively. Extrahepatic metastases were
present in 26 patients, while 18 patients did not have metastasis. Ultimately, among all treated patients,
only 3 patients in the camrelizumab + TKI + TACE arm achieved downstaging and successfully underwent
radical resection of liver cancer (R0). The differences in the baseline characteristics between the two
arms were not statistically signi�cant (all P > 0.05, Table 1).

Table 1. Patients’ Baseline Characteristics.
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  Camrelizumab + TKI
(n=16)

Camrelizumab
+TKI

+ TACE (n=28)

P

Age, years, median 62.5 (36-76) 54 (32-77) 0.2459

Sex

Male

Female

 

13 (81.25%)

3 (18.75%)

 

22 (78.57%)

6 (21.43%)

 

0.8322

 

BMI, median 22.5 (18.4-27.2) 21.4 (18.0-34.7) 0.4970

HBV infection

Yes

No

 

9 (56.25%)

7 (43.75%)

 

16 (57.14%)

12 (42.86%)

 

0.9541

 

ECOG performance status

0

1

2

 

2 (12.5%)

12 (75%)

2 (12.5%)

 

7 (24.14%)

15 (51.72%)

6 (24.14%)

 

 

0.3704

 

AST, mean ± standard deviation, U/L 83.06 (20-225) 79.5 (19-417) 0.8786

ALT, mean ± standard deviation, U/L 58.13 (15-205) 44.61 (5-211) 0.3280

ALB, mean ± standard deviation, g/L 37.15 (23.6-46) 38.84 (23.5-50.7) 0.3738

TBil, mean ± standard deviation,
µmol/L

31.32 (7.3-232.3) 31.83 (11-112.8) 0.9676

WBC, mean ± standard deviation,
10^9/L

6.456 (2.59-16.63) 6.76 (3.08-13.91) 0.7450

PLT, mean ± standard deviation,
10^9/L

149.3 (52-353) 165.5 (27-326) 0.5253

PT, mean ± standard deviation, s 14.44 (12.9-17.2) 14.17 (12.4-18) 0.5026

AFP

<400 ng/mL

≥400 ng/mL

 

7 (43.75%)

9 (56.25%)

 

15 (53.57%)

13 (46.43%)

 

0.5308

 

BCLC stage

B

 

3 (18.75%)

 

4 (14.29%)

 

0.6969
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C 13 (81.25%) 24 (85.71%)  

Tumor number

Single

Multiple

 

2 (12.5%)

14 (87.5%)

 

10 (35.71%)

18 (64.29%)

 

0.0963

 

Extrahepatic spread

Yes

No

 

10 (62.5%)

6 (37.5%)

 

16 (57.14%)

12 (42.86%)

 

0.7281

 

Portal vein thrombosis

No

I/II

III/IV

 

6 (37.5%)

7 (43.75%)

3 (18.75%)

 

12 (42.86%)

7 (25%)

9 (32.14%)

 

 

0.3934

 

Child–Pugh classi�cation

A (5-6)

B (7-9)

 

10 (62.5%)

6 (37.5%)

 

22 (78.57%)

6 (21.43%)

 

0.2495

 

Downstaged to surgery

Yes

No

 

0

0

 

3 (10.71%)

25 (89.29%)

 

—

Abbreviations: TKI, tyrosine kinase inhibitor; TACE, transcatheter arterial chemoembolization; BMI, body
mass index; HBV, hepatitis B virus; ECOG-PS, Eastern Cooperative Oncology Group performance status;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; TBil, total bilirubin; WBC,
white blood cell; PLT, blood platelet; PT, plasma prothrombin time; AFP, alpha-fetoprotein; BCLC, Barcelona
Clinic Liver Cancer. 

OS and PFS

The median OS was 12.6 months in the 44 patients enrolled. The OS rates at 6 and 12 months were
80.8% and 50.3% in the camrelizumab + TKI arm and 82.1% and 49.2% in the camrelizumab + TKI + TACE
arm, respectively (P=0.4827) (Fig. 1a). The mPFS for all enrolled patients was 6 months. Regarding
mPFS in both groups, the camrelizumab + TKI + TACE arm had a longer mPFS than the
camrelizumab + TKI dual therapy arm (P=0.0248, 7.2 months vs. 3 months) (Fig. 1b). The 6- and 12-
month PFS rates were 60.7% and 55.7% in the camrelizumab + TKI + TACE arm, respectively, compared
with 26.8% and 13.4% in the camrelizumab + TKI arm, respectively.

Fig. 2 shows that there were no signi�cant differences in OS between the two subgroups. Fig. 3 shows
that patients who were male, were positive for HBsAg, had an ECOG-PS score of 0-1, had a single tumor,
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had a Child–Pugh grade of A, had no extrahepatic metastasis, or had a BCLC stage of C and no portal
vein tumor thrombosis could bene�t from camrelizumab + TKI + TACE therapy. 

Triple Therapy Independently Increases PFS

Single-factor Cox regression analysis showed that the WBC count before treatment was notably related
with OS in all patients (hazard ratio [HR]=1.179, 95% con�dence interval [CI]=1.044-1.330, P=0.008).
In the multifactor analysis, we found that extrahepatic metastasis and the degree of portal vein tumor
thrombosis were two independent dangerous factors for predicting shorter OS in patients
with intermediate-advanced HCC (HR=6.559, 95% CI=1.141-37.694, P=0.035; HR=0.169, 95% CI=0.035-
0.813, P=0.027, respectively) (Table 2). For single-variable analysis of PFS in 44 patients, the
camrelizumab + TKI + TACE arm showed superior results; in addition, AST, ALT and TBil had signi�cant
effects on PFS. Multifactor analysis to correct for the effects of TBil, AST and ALT revealed that the
ECOG-PS score was an independent prognostic factor of PFS and that camrelizumab + TKI + TACE
treatment still independently prolonged PFS (HR=3.313, 95% CI=1.107-9.915, P=0.032; HR=0.274, 95%
CI=0.096-0.784, P=0.016) (Table 3).

Table 2. Single-Factor and Multifactor Analysis of the Factors In�uencing OS.
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Variable

Single-factor analysis Multifactor analysis

Hazard

ratio

95% Con�dence
interval

P
value

Hazard

ratio

95% Con�dence
interval

P
value

Age, years

Sex, male vs. female

BMI

0.992

0.546

1.006

0.959-1.026

0.212-1.404

0.877-1.154

0.641

0.209

0.930

0.962

1.981

0.909-1.017

0.556-7.055

0.170

0.292

  HBsAg, - vs. +

TBil, μmol/L

AST, U/L

ALT, U/L

ALB, g/L

WBC, 10^9/L

PLT, 10^9/L

PT, s

0.979

1.010

1.005

1.002

0.995

1.179

1.004

1.077

0.421-2.276

1.000-1.020

0.999-1.011

0.994-1.009

0.931-1.064

1.044-1.330

0.998-1.009

0.794-1.461

0.961

0.052

0.125

0.675

0.890

0.008

0.175

0.633

1.029

 

 

 

 

 

 

 

0.340-3.116

 

 

 

 

 

 

 

0.959

 

 

 

 

 

 

 

  BCLC, C vs. B

Child–Pugh score,
5~6 vs. 7~9

ECOG-PS, 0~1 vs. 2

AFP, ≥400 vs. <400
ng/mL

0.364

0.644

 

0.399

1.471

0.084-1.570

0.269-1.541

 

0.154-1.033

0.621-3.485

0.175

0.323

 

0.058

0.381

0.707

1.688

 

3.066

0.341

0.107-4.674

0.606-4.698

 

0.981-9.582

0.088-1.321

0.719

0.316

 

0.054

0.119

Tumor number, single
vs. multiple

Extrahepatic spread,
no vs. yes

0.439

 

0.706

 

0.139-1.383

 

0.295-1.689

 

0.160

 

0.434

 

1.806

 

6.559

0.451-7.225

 

1.141-37.694

 

0.403

 

0.035

 

Portal vein
thrombosis

No

I/II

III/IV

 

 

0.484

0.518

 

 

0.173-1.357

0.174-1.544

 

0.336

0.168

0.238

 

 

 

0.169

 

 

 

0.035-0.813

 

0.027

 

0.027

Treatment (C+T vs.
C+T+TACE)

 

1.349

 

0.582-3.129

 

0.485

 

0.577

 

0.224-1.487

 

0.255
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P<0.05.

Abbreviations: BMI, body mass index; HBsAg, hepatitis B surface antigen; TBil, total bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; WBC, white blood cell; PLT,
blood platelet; PT, prothrombin time; BCLC, Barcelona Clinic Liver Cancer; ECOG-PS, Eastern Cooperative
Oncology Group performance status; AFP, alpha fetoprotein; C+T, camrelizumab plus tyrosine kinase
inhibitors; TACE, transcatheter arterial chemoembolization.

Table 3. Single-Factor and Multifactor Analysis of the Factors In�uencing PFS.
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Variable

Single-factor analysis Multifactor analysis

Hazard

Ratio

95% Con�dence
interval

P
value

Hazard

Ratio

95% Con�dence
interval

P
value

Age, years

Sex, male vs. female

BMI

0.996

0.657

0.986

0.960-1.034

0.262-1.648

0.885-1.100

0.853

0.371

0.806

0.957

1.076

 

0.907-1.010

0.316-3.662

 

0.110

0.907

 

  HBsAg, - vs. +

TBil, μmol/L

AST, U/L

ALT, U/L

ALB, g/L

WBC, 10^9/L

PLT, 10^9/L

PT, s

0.779

1.014

1.006

1.011

0.979

1.135

1.000

1.062

0.355-1.708

1.006-1.022

1.001-1.011

1.003-1.020

0.915-1.047

0.999-1.290

0.995-1.005

0.780-1.444

0.533

0.001

0.031

0.007

0.534

0.053

0.943

0.703

1.381

 

 

 

 

 

0.543-3.511

 

 

 

 

 

0.497

 

 

 

 

 

 

 

 BCLC, C vs. B

Child–Pugh score
5~6 vs. 7~9

ECOG-PS, 0~1 vs. 2

AFP, ≥400 vs. <400
ng/mL

0.352

0.604

 

0.461

0.924

0.082-1.507

0.258-1.411

 

0.181-1.174

0.421-2.026

0.160

0.244

 

0.104

0.843

1.429

1.290

 

3.313

0.739

0.253-8.087

0.473-3.517

 

1.107-9.915

0.219-2.489

0.686

0.619

 

0.032

0.625

Tumor number, single
vs. multiple

Extrahepatic spread,
no vs. yes

0.485

 

0.591

 

0.166-1.417

 

0.254-1.375

 

0.186

 

0.222

 

1.907

 

3.198

 

0.496-7.325

 

0.733-13.957

 

0.347

 

0.122

 

Portal vein
thrombosis

No

I/II

III/IV

 

 

0.508

0.743

 

 

0.195-1.324

0.286-1.930

 

0.382

0.166

0.542

 

 

 

0.413

 

 

 

0.125-1.360

 

0.146

 

0.146

Treatment (C+T vs.
C+T+TACE)

 

2.858

 

1.278-6.391

 

0.011

 

0.274

 

0.096-0.784

 

0.016
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P<0.05.

Abbreviations: BMI, body mass index; HBsAg, hepatitis B surface antigen; TBil, total bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; WBC, white blood cell; PLT,
blood platelet; PT, prothrombin time; BCLC, Barcelona Clinic Liver Cancer; ECOG-PS, Eastern Cooperative
Oncology Group performance status; AFP, alpha-fetoprotein; C+T, camrelizumab plus tyrosine kinase
inhibitors; TACE, transcatheter arterial chemoembolization. 

Tumor Response after Treatment

The solid tumor response to treatment was assessed by mRECIST criteria. In the camrelizumab + TKI
arm, PR and SD were observed in 1 patient and 2 patients, respectively, yet 13 of 16 patients had PD. In
the camrelizumab + TKI + TACE arm, 2 patients achieved CR, 4 patients attained PR, 10 patients were in
SD, whereas 12 developed PD. As shown in Table 4, ORR and DCR were higher in the camrelizumab + TKI
+ TACE arm than in the camrelizumab + TKI arm (ORR: 21.43% vs. 6.25%, DCR: 57.14% vs. 18.75%).

Table 4. Tumor assessments according to the mRECIST criteria.

  C+T group (n=16) C+T+TACE group (n=28)

CR

PR

SD

PD

ORR = CR + PR

DCR = CR + PR + SD

0

1 (6.25%)

2 (12.5%)

13 (81.25%)

6.25%

18.75%

2 (7.14%)

4 (14.29%)

10 (35.71%)

12 (42.86%)

21.43%

57.14%

C+T, camrelizumab plus tyrosine kinase inhibitors; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; ORR, objective response rate (=CR+PR); DCR, disease control rate (= CR
+ PR + SD). 

Adverse Reactions after Treatment

The incidence of adverse reactions observed among the 44 enrolled patients during
treatment is presented in Table 5. The most common adverse reactions in the two groups were reactive
cutaneous capillary endothelial proliferation (RCCEP) (n=17), myelosuppression (n=19), and abnormal
liver function (n=12). Only the camrelizumab + TKI + TACE treatment arm had adverse reactions such as
hypertension, dizziness, vomiting, gastrointestinal bleeding and renal insu�ciency. The number of
grade ≥ 3 AEs in the camrelizumab + TKI arm was the same as that in the camrelizumab + TKI + TACE
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arm. However, one patient in the camrelizumab + TKI + TACE arm discontinued treatment due to severe
RCCEP.

Table 5. Treatment-related Adverse Reactions.
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Adverse reactions C+T group (n=16) C+T+TACE group (n=28)

G1-G2 G3 G4 G1-G2 G3 G4

RCCEP

Hand-foot skin reaction
Hypertension

Abdominal pain

Diarrhea

Constipation

Fever

Fatigue

Dizziness

Decreased appetite

Vomiting

5
(31.25%)

1 (6.25%)

0

1 (6.25%)

2
(12.50%)

1 (6.25%)

3
(18.75%)

1 (6.25%)

0

1 (6.25%)

0

0

1
(6.25%)

1
(6.25%)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

9 (32.14%)

1 (3.57%)

2 (7.14%)

2 (7.14%)

3 (10.71%)

4 (14.29%)

1 (3.57%)

1 (3.57%)

1 (3.57%)

1 (3.57%)

1 (3.57%)

1 (3.57%)

2
(7.14%)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Gastrointestinal bleeding

Myelosuppression

Leukopenia

Decreased red blood cells

Thrombocytopenia

 

1 (6.25%)

2 (12.5%)

5
(31.25%)

 

0

0

1
(6.25%)

 

0

0

0

 

9 (32.14%)

5 (17.86%)

12
(42.86%)

 

1
(3.57%)

0

1
(3.57%)

 

0

0

0

Abnormal hepatic function

Increased AST

Increased ALT

Increased TBil

 

5
(31.25%)

4
(25.00%)

2
(12.50%)

 

0

0

1
(6.25%)

 

0

0

0

 

7 (25.00%)

6 (21.43%)

2 (7.14%)

 

0

0

0

 

0

0

0

Abnormal renal function

Increased creatinine

Increased urea

Increased serum uric acid

 

0

0

0

 

0

0

0

 

0

0

0

 

0

1 (3.57%)

1 (3.57%)

 

0

0

0

 

0

0

0
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C+T, camrelizumab plus tyrosine kinase inhibitors; G, grade; RCCEP, reactive cutaneous capillary
endothelial proliferation; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBil, total
bilirubin.

Discussion
To date, many different treatment approaches have been developed and explored for intermediate and
advanced HCC, yet the clinical bene�ts have been limited. Continuous research has found that treatment
with PD-1 inhibitors in combination with other therapies provides better results than individual treatments
(Yuan et al. 2020; Liu et al. 2021a, b; Wang et al. 2021). Our study compared camrelizumab + TKIs and
camrelizumab + TKIs + TACE for the treatment of intermediate-advanced HCC. The mPFS was longer in
the camrelizumab + TKI + TACE arm compared to the camrelizumab + TKI arm (7.2 months vs. 3
months), and treatment with camrelizumab + TKIs + TACE was an independent predictor of better PFS
(HR=0.274, 95% CI=0.096-0.784, P=0.016). In addition, according to the mRECIST criteria, ORR (21.43%
vs. 6.25%) and DCR (57.14% vs. 18.75%) were both higher in the camrelizumab + TKI + TACE arm than in
the camrelizumab + TKI arm. Nevertheless, there was no difference in OS between the two groups. To our
knowledge, very few studies have reported a difference in the e�cacy of camrelizumab plus TKIs with or
without TACE for the treatment of intermediate- and advanced-stage HCC.

Exploration of a PD-1 inhibitor combination regimen has brought new hope to sufferers of intermediate-
advanced HCC (Ravindran and Thuluvath 2020). PD-1 inhibitors bind to PD-1 receptors on the surfaces of
T cells and block the interactions of the receptors with PD-L1 and PD-L2, leading to activation of T
lymphocytes (Chen et al. 2020). TKIs mainly inhibit the growth and proliferation of tumor cells by
inhibiting cell signal transduction and promoting apoptosis, thereby reducing tumor angiogenesis.
However, malignant liver tumors are highly heterogeneous and prone to vascular invasion in the early
stage. TACE primarily embolizes the arteries supplying blood to tumors, causing tumor ischemia and
hypoxia and thereby inhibiting tumor growth and promoting tumor cell necrosis and apoptosis. After PD-1
inhibitors are administered to activate T lymphocytes and TKIs are administered to suppress
angiogenesis, local TACE treatment can be provided. TACE releases large amounts of tumor antigens,
thereby improving the ability of T lymphocytes to fully eradicate the tumor cells. Thus, combination
therapy with camrelizumab + TKIs + TACE can bene�t patients with intermediate-advanced HCC.

Notably, previous studies have indicated that age, sex, HBsAg positivity, the BCLC stage, the Child–Pugh
classi�cation, the ECOG score, alpha-fetoprotein levels, the degree of tumor invasion into the portal vein
and extrahepatic metastasis are related with poor prognosis (Hartke et al. 2017; Hu et al. 2020; Yuan et al.
2020; Shen et al. 2021). Our study results are in agreement with those of previous reports. However, in the
current study, single-factor analysis indicated that the WBC count was independently associated with OS
and that TBil, AST and ALT signi�cantly affected PFS. Multifactor analysis revealed that extrahepatic
metastasis and portal vein tumor thrombosis were independent poor prognostic factors for OS. In
addition, we also found that an ECOG-PS score of 0 or 1 was an independent factor for prolonged PFS.
The above analysis results imply that future treatment options for intermediate-advanced HCC may be
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based on multiple predictive factors to identify patients who will respond well to combination therapy to
improve antitumor e�cacy.

Patients with intermediate-advanced HCC who receive camrelizumab (a PD-1 inhibitor) show good
responses to treatment, but the accompanying immune-related AEs can affect prognosis. Since PD-1
inhibitors activate T-lymphocytes, the adverse reactions to this treatment are different from traditional
chemotherapeutic toxicity because they are immune-mediated reactions, such as rash, hypertension,
colitis, hepatitis, pneumonia, nephritis, pericarditis, reduced thyroid function, and fatigue (Ding et al. 2017;
Song et al. 2020). Studies have shown that the most common adverse reaction to camrelizumab is
RCCEP (66.8%) (Wang et al. 2020). In this study, RCCEP accounted for 38.64% of all AEs (13.64% in the
camrelizumab + TKI arm and 25% in the camrelizumab + TKI + TACE arm), and 1 patient could not
tolerate grade 3 RCCEP and stopped treatment. TKIs bind to VEGF, block the VEGFR-2 signaling pathway
and inhibit RCCEP formation (Vanneman and Dranoff 2012; Gotwals et al. 2017; Tian et al. 2017).
However, camrelizumab + TKI + TACE treatment was found to elicit more adverse reactions than
camrelizumab + TKI treatment, including myelosuppression, abnormal liver function and abnormal renal
function (13 vs. 6, 7 vs. 5, 1 vs. 0). This increase in adverse reactions might re�ect the induction of
additional stress by TACE treatment in vivo. The results of this study corroborate the idea that
camrelizumab + TKI + TACE treatment is more effective than camrelizumab + TKI treatment, with
manageable side effects.

A few limitations of our research should be noted. First, our study was a retrospective study, so subject
selection bias was unavoidable. Second, the sample size was small, and the subjects were of a single
ethnicity. Third, many types of TKIs were used; there was no �xed single-drug treatment. Fourth, the
follow-up time was short, so the long-term curative effects need to be further studied. Finally, the study
was carried out at a single center; therefore, in the future, larger sample sizes and long-term multicenter
controlled clinical studies are needed.

Conclusion
Camrelizumab plus TKIs combined with TACE is an effective treatment strategy for patients who suffer
from intermediate-advanced HCC, and the incidences of toxicity and side effects are manageable. This
triple combination therapy achieves better short-term e�cacy than camrelizumab plus TKIs. Thus, the
�ndings of this study provide a valuable clinical reference.
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Figure 1

(a) Survival curves for OS after treatment with camrelizumab + TKI and camrelizumab + TKI + TACE. (b)
Survival curves for PFS after treatment with camrelizumab + TKI and camrelizumab + TKI + TACE.
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Figure 2

Forest plot for the subgroup analysis of OS. HBsAg, hepatitis B surface antigen ; ECOG PS, Eastern
Cooperative Oncology Group performance

status; AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer



Page 23/23

Figure 3

Forest plot for the subgroup analysis of PFS. HBsAg, hepatitis B surface antigen; ECOG-PS, Eastern
Cooperative Oncology Group Performance Status; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver
Cancer


