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Abstract
Purpose: Immunotherapy combined with chemotherapy have synergistic effects in multiple malignancies. We aimed to compare the

efficacy and safety of toripalimab plus hepatic arterial infusion chemotherapy (HAIC) of oxaliplatin, fluorouracil, and leucovorin versus

lenvatinib in advanced hepatocellular carcinoma (HCC). Materials and Methods: We conducted this retrospective study at 3 hos-

pitals in China and eligible patients were 18 years or older and had a primary diagnosis of unresectable HCC with macroscopic vascular

invasion and/or extrahepatic spread. These patients were treated with toripalimab plus HAIC or lenvatinib monotherapy. The primary

endpoint was progression-free survival (PFS) and the secondary endpoints were overall survival (OS), disease control rate per response

evaluation criteria in solid tumors (RECIST) 1.1, and objective response rate (ORR) per RECIST 1.1. The results were compared by

Student’s test or the chi-square test, and the survival curves were calculated by the Kaplan–Meier method, and propensity-score

matching (PSM) was used to reduce bias. Results: A total of 118 patients were recruited for this study: 53 in the TorHAIC group

and 65 in the lenvatinib group. We found that the TorHAIC group showed a longer PFS (9.3 [95% CI, 7.81-10.8] vs 4.8 months

[95% CI, 3.31−6.29]; hazard ratio [HR]=0.57, 95% CI, 0.38-0.85; p= .006), a longer OS (17.13 [95% CI, 13.99−20.27] vs 10.1 months

[95% CI, 8.14−12.06]; HR=0.5, 95% CI, 0.31−0.81; p= .005), a higher disease control rate (86.8% vs 69.2%, p= .002) and a higher

ORR (47.2% vs 9.2%, p< .001) by RECIST criteria than the lenvatinib group. Both toripalimab plus HAIC and lenvatinib had acceptable

safety profiles. No treatment-related deaths occurred in this study. In the propensity score-matched cohorts (47 pairs), the outcomes

in the TorHAIC group were also better than those in the lenvatinib group (p< .05).Conclusion: Toripalimab plus HAIC was tolerable

and effective in advanced HCC and the result needs to be confirmed in the phase III trial.
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Introduction
Hepatocellular carcinoma (HCC) ranked sixth for cancer incidence
and third for cancer deaths in 2020.1 Until now, half of the patients
are diagnosed at advanced disease stages (Barcelona Clinic Liver
Cancer C stage).2 These patients have an extremely poor progno-
sis, with a median survival time of only 4.2 to 7.9 months with
supportive care.3,4 Lenvatinib and sorafenib are the standard sys-
temic treatment for advanced HCC.3,5 However, the prognosis
of these patients remains unsatisfactory, with a median survival
time of 10.7 to 11.8 months.3,5

With recent technological advances, immunotherapies that
inhibit the immune checkpoint interaction between programmed
cell death protein-1 (PD-1) and programmed death-ligand 1
(PD-L1) have shown survival benefits in patients with advanced
HCC.6,7 As a recombinant, humanized programmed cell death
receptor-1 monoclonal antibody, toripalimab received conditional
approval in China for the treatment of unresectable or metastatic
melanoma.8 However, HCC is known as an immune-tolerant
malignancy, and phase 3 trials concerning PD-1 antibody for
advanced HCC ended with failure.9,10 Thus, PD-1 antibodymono-
therapy may not be sufficiently effective for advanced HCC.

Recently, preclinical research has demonstrated that chemo-
therapy may enhance the endogenous immune response.11,12

Furthermore, in other malignancies such as lung cancer and naso-
pharyngeal carcinoma, PD-1 antibody combined with chemother-
apy has displayed promising antitumor activities and manageable
toxicity and had been recommended as the first-line treatment.13,14

However, systemic chemotherapy is not used routinely since HCC
is considered a chemotherapy-resistant tumor.15 On the other hand,
growing evidence indicates that hepatic arterial infusion chemo-
therapy (HAIC) of oxaliplatin, fluorouracil, and leucovorin
(FOLFOX) provided significant survival benefits for patients
with advanced HCC.16 HAIC was also recommended as an alter-
native treatment for advanced HCC in Asia.17,18 Thus, PD-1 anti-
body combined with HAIC may have promising response rates
and lead to improved survival for patients with advanced HCC.

Hence, we conducted this retrospective study to compare toripa-
limab plus HAIC with lenvatinib monotherapy for advanced HCC.

Materials and Methods
This retrospective study was performed at 3 medical sites in China.
Consecutive HCC patients who were treated with toripalimab plus

Figure 1. Patients’ selection flow.
Abbreviations: TorHAIC, Toripalimab plus hepatic arterial infusion chemotherapy; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization;
HAIC, hepatic arterial infusion chemotherapy; FOLFOX, oxaliplatin, fluorouracil, and leucovorin; PD-1, programmed cell death protein-1.
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HAIC or lenvatinib monotherapy were identified. Ethical approval
to report this case series was obtained from the Institutional
Review Board of Sun Yat-sen University, First People’s
Hospital of Foshan, and Guangzhou No. 12 People’s Hospital
(B2021-047-01), and was conducted in accordance with the
Declaration of Helsinki. The patient with advanced HCC was
informed that lenvatinib or sorafenib was the recommended treat-
ment. However, patients may refuse lenvatinib or sorafenib due to
the high cost or serious adverse events. For these patients, HAIC
and PD-1 inhibitors were recommended based on previous
studies.6,7,16 We informed patients that PD-1 inhibitor plus
HAIC may gain promising antitumor activity, although this com-
bined therapy was not the standard treatment for advanced HCC.
The final decision was principally made by the patient, and the
written informed consents were signed at the first hospitalization
and kept in the medical record.

Eligible patients were 18 years or older and had a primary
diagnosis of unresectable HCC with macroscopic vascular

invasion and/or extrahepatic spread. Other eligibility criteria
were as follows: no prior systemic treatment, including PD-1
antibody, PD-L1 antibody, molecularly targeted drugs, and sys-
temic chemotherapy; an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 to 2; Child-Pugh A class
liver function; at least 1 measurable lesion according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1.19 Exclusion criteria consisted of the following:
central nervous system metastases; a known medical history
of human immunodeficiency virus infection; pregnancy or
breastfeeding; other invasive malignant diseases; combined
with other treatment; incomplete medical information; and
loss to follow-up.

Lenvatinib and toripalimab were administered according to the
instructions, respectively.5,8 The chemotherapy regimen used in
the HAIC was FOLFOX as the previous study described.

Clinical data were retrospectively collected from the medical
record. The first imaging assessment (upper abdomen-enhanced

Table 1. Patient baseline demographic and clinical characteristics.

Initial cohort Propensity-score-matched cohort

Toripalimab plus HAIC
(n= 53)

Lenvatinib
(n= 65) P

Toripalimab plus HAIC
(n= 47)

Lenvatinib
(n= 47) P

Gender 1.00 1.00
Male 47 (88.7%) 58 (89.2%) 42 (89.4%) 41 (77.2%)
Female 6 (11.3%) 7 (10.8%) 5 (10.6%) 6 (12.8%)

Age, years .68 .84
≤50 24 (45.3%) 33 (50.8%) 21 (44.7%) 19 (40.4%)
>50 29 (54.7%) 32 (49.2%) 26 (55.3%) 28 (59.6%)

ECOG .66 .57
0 5 (9.4%) 5 (7.7%) 5 (10.6%) 4 (8.5%)
1 40 (75.5%) 46 (70.8%) 35 (74.5%) 32 (68.1%)
2 8 (15.1%) 14 (21.5%) 7 (14.9%) 11 (23.4%)

HBsAg .49 1.00
Positive 45 (84.9%) 59 (90.8%) 43 (91.5%) 42 (89.4%)
Negative 8 (15.1%) 6 (9.2%) 4 (8.5%) 5 (10.6%)

AFP, ng/ml .86 .83
≤400 17 (32.1%) 23 (35.4%) 14 (29.8%) 16 (34.0%)
>400 36 (67.9%) 42 (64.6%) 33 (70.2%) 31 (66.0%)

Tumor size, cm .59 1.00
≤10 28 (52.8%) 30 (46.2%) 24 (51.1%) 25 (53.2%)
>10 25 (47.2%) 35 (53.8%) 23 (48.9%) 22 (46.8%)

Tumor number .47 1.00
≤3 10 (18.9%) 8 (12.3%) 9 (19.1%) 8 (17%)
＞3 43 (81.1%) 57 (87.7%) 38 (80.9%) 39 (83%)

PVTT .55 1.00
Absent 12 (22.6%) 19 (29.2%) 10 (21.3%) 10 (21.3%)
Present 41 (77.4%) 46 (70.8%) 37 (78.7%) 37 (78.7%)

HVTT .44 1.00
Absent 41 (77.4%) 45 (69.2%) 36 (75.6%) 36 (75.6%)
Present 12 (22.6%) 20 (30.8%) 11 (23.4%) 11 (23.4%)

Extrahepatic metastasis .72 .67
Absent 36 (68.9%) 41 (63.1%) 32 (68.1%) 29 (61.7%)
Present 17 (32.1%) 24 (36.9%) 15 (31.9%) 18 (38.3%)

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B surface antigen; AFP,
alpha-fetoprotein; PVTT, portal vein tumor thrombus; HVTT, hepatic vein tumor thrombus; TACE, transarterial chemoembolization.
P-value was calculated by chi-square tests.
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computed tomography [CT]/magnetic resonance imaging and
chest-enhanced CT) was performed within 2 weeks before the
first treatment, and the subsequent imaging assessments were
performed every 6 weeks. All imaging data were independently
assessed by 2 radiologists. If there was a discrepancy between
the 2 radiologists, the final classification was made by another
more experienced radiologist.

The primary endpoint was progression-free survival (PFS),
calculated as the time from the commencement of treatment
to progression by RECIST 1.1 criteria or death from any
cause, whichever occurred first. The secondary endpoints
were overall survival (OS; calculated as the time from the com-
mencement of treatment to death from any cause), disease
control rate (DCR; the proportion of patients with complete
response, partial response, or stable disease according to
RECIST version 1.1) and objective response rate (ORR; the
proportion of patients with complete response or partial
response according to RECIST version 1.1). Adverse events
were assessed by the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.03.

The results were compared by Student’s t-test or the
chi-square test. OS and PFS were calculated with the Kaplan–
Meier method and compared using the log-rank test. Any
factors that were statistically significant with p<.10 in the uni-
variate analysis were candidates for entry into a multivariable
Cox proportional-hazards model. All p values were 2-sided,
with p values <.05 considered significant. All statistical pro-
cessing was performed by the Statistical Package for Social
Science (SPSS) version 24.

To reduce the selection bias and other confounding factors,
the propensity score matching (PSM) analysis was applied to
form the propensity score-matched cohort.20,21 All parameters
were included in PSM (age, gender, absence or presence of hep-
atitis B surface antigen, alpha-fetoprotein (AFP), tumor size,

tumor number, absence or presence of portal vein tumor throm-
bus, absence or presence of hepatic vein tumor thrombus,
ECOG PS, and absence or presence of extrahepatic metastasis).
Matched pairs were then formed using a 1-to-1 nearest-
neighbor caliper width of 0.2.

The study had followed the STROBE Statement and the
complete relevant checklist had been submitted as a
Supplemental File.

Results
Between February 27, 2019, and September 9, 2019, 53 patients
who received toripalimab plus HAIC (TorHAIC group) and 65
patients who received lenvatinib met the criteria for inclusion in
this study (Figure 1). Data were last updated on October 26,
2020. There was no difference in the baseline characteristics
between the groups (Table 1). Of the 118 patients, 105 (89%)
were males and 104 (88.1%) were infected with hepatitis B
virus infection (HBV). The mean age of the patients was 51.4
years (standard deviation [SD] 12.3), and the mean size of the
maximum tumor measured by the RECIST criteria was 10 cm
(SD 3.9). All the patients infected with hepatitis B virus infec-
tion received antiviral therapy within 2 weeks before the treat-
ment. The median level of HBV-DNA was 2078 IU/ml before
the treatment, and 54.4 IU/ml during the treatment. After PSM,
we obtained 1-to-1 paired cohorts (47 patients in each group),
and no significant difference was observed in the baseline char-
acteristics between the 2 groups (Table 1).

Patients in the TorHAIC group were treated with a total of 208
cycles of HAIC (median 4) and 389 cycles of toripalimab (median
8). Eleven patients discontinued the combined therapy due to
disease progression, 8 patients due to radical resection, 15 patients
due to poor blood supply of tumors, 13 patients due to adverse
events, 3 patients due to withdrew consent, and 3 patients due to
other reasons such as the economy. The median duration of
study treatment for patients in the lenvatinib group was 4.6
months. Forty-one patients discontinued lenvatinib due to
disease progression, 16 patients due to adverse events, 2 patients
due to withdrew consent, 1 patient due to loss to follow-up, and
5 patients due to other reasons such as the economy. The subse-
quent treatments after the discontinuation of the study treatment
are shown in Table 2. Curative surgical resection was performed
for 8 patients (15.1%) in the TorHAIC group owing to downstag-
ing, compared with no resection performed in the lenvatinib group
(p = .001). Additionally, more patients in the lenvatinib group
received subsequent PD-1 antibodies than those in the TorHAIC
group (p= .04).

Efficacy
In the initial cohort, the median PFS in the TorHAIC group was
higher than that in the lenvatinib group (9.3 months [95% CI,
7.81-10.8] vs 4.8 months [95% CI, 3.31-6.29]; hazard ratio
[HR]= 0.57, 95% CI, 0.38-0.85; p= .006; Figure 2A). The
median OS in the TorHAIC group was also higher than that
in the lenvatinib group (17.13 months [95% CI, 13.99-20.27]

Table 2. Treatment Administration.

Toripalimab plus
HAIC (n= 53)

Lenvatinib
(n = 65) P

Study treatment,
median (range)
HAIC cycle 4 (1-7) −

Toripalimab cycle 8 (1-19) −
Duration of
lenvatinib, months

− 4.6 (0.9-16.3)

Subsequent treatment
HAIC − 12
Lenvatinib 13 −
Resection 8 0 .001
Sorafenib 26 30 .75
PD-1 antibody 16a 32 .04
Regorafenib 22 33 .32
TACE 11 10 .45
Radiotherapy 4 2 .27

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; PD-1,
programmed cell death protein-1; TACE, transarterial chemoembolization.
aPatient in the toripalimab plus HAIC group receive other PD-1 antibodies, such
as nivolumab, pembrolizumab, sintilimab, and camrelizumab.
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vs 10.1 months [95% CI, 8.14-12.06]; HR= 0.5, 95% CI,
0.31-0.81; p= .005; Figure 2B). The results of univariable
and multivariable analyses of PFS are shown in Table 3. The
factors with a p-value <.1 in the univariable analysis were
selected for multivariate analysis, including the type of treat-
ment, ECOG PS, tumor size, absence or presence of extrahe-
patic metastasis, and AFP level. Multivariable analysis
showed that independent risk factors for PFS were type of
treatment (toripalimab plus HAIC vs lenvatinib, HR= 0.54;
95% CI, 0.36-0.82; p= .003), and absence or presence of
extrahepatic metastasis (HR= 0.62; 95% CI, 0.41-0.94; p=
.02). On the other hand, the results of univariable and multi-
variable analyses of OS are shown in Table 4. Multivariable
analysis showed that independent risk factors for OS were
type of treatment (toripalimab plus HAIC vs lenvatinib, HR
= 0.51; 95% CI, 0.31-0.82; p= .006), and absence or pres-
ence of extrahepatic metastasis (HR= 0.43; 95% CI,
0.27-0.68; p < .001). In addition, patients in the TorHAIC

group achieve higher DCR (86.8% vs 69.2%, p= .002) and
ORR (47.2% vs 9.2%, p < .001) per RECIST 1.1 than
patients in the lenvatinib group (Table 5). Computed tomog-
raphy or magnetic resonance imaging scans of 4 representa-
tive patients who received toripalimab plus HAIC are shown
in Supplemental figures.

In the propensity score-matched cohort, the median PFS in
the TorHAIC group was 9.3 months (95% CI, 7.66-10.94) com-
pared with 4.7 months (95% CI, 3.49-5.91) in the lenvatinib
group (HR= 0.52; 95% CI, 0.33-0.81; p= .004; Figure 2C).
The median OS in the TorHAIC group was 17.13 compared
with 9.77 months in the lenvatinib group (HR= 0.41; 95%
CI, 0.24-0.69; p= .001; Figure 2D). Multivariable analysis
showed that type of treatment was an independent risk factor
for PFS (HR= 0.51; 95% CI, 0.33-0.8; p= .003) (Table 3)
and OS (HR= 0.41; 95% CI, 0.24-0.7; p= .001) (Table 4). In
addition, compared with the lenvatinib group, higher DCR
(87.2% vs 68.1%, p= .04) and ORR (46.8% vs 8.5%, p<

Figure 2. Kaplan–Meier curves for progression-free survival (A) and overall survival (B) in the initial cohort, and progression-free survival (C)
and overall survival (D) in the propensity-score-matched cohort.
Abbreviations: TorHAIC, Toripalimab plus hepatic arterial infusion chemotherapy; HR, hazard ratio; CI, confidence interval.
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.001) per RECIST 1.1 were also observed in the TorHAIC
group (Table 5).

Safety
The treatment-related adverse events (AEs) with high incidence
rates (≥10%) are shown in Table 6. The frequencies of all-grade
neutropenia, fatigue, sensory neuropathy, elevated alanine ami-
notransferase, elevated aspartate aminotransferase, and

hypoalbuminemia were significantly higher in the TorHAIC
group, while the frequencies of all-grade hypertension, hand–
foot skin reaction, and hypothyroidism were significantly
higher in the lenvatinib group (p < .05). Compared with the
TorHAIC group, grade 3 to 4 hypertension was more frequent
in the lenvatinib group (p= .02). Moreover, specific abdominal
pain associated with oxaliplatin infusion occurred in 12 (22.6%)
patients in the TorHAIC group. This pain could be acute and
severe but was quickly relieved by symptomatic treatment. In

Table 4. Univariate and Multivariate Analysis of Overall Survival.

Initial cohort Propensity-score-matched cohort (1:1)

Univariate analysis
Multivariate analysis

Univariate analysis
Multivariate analysis

P* HR (95% CI) P** P* HR P**

Group (toripalimab plus HAIC
vs lenvatinib)

0.004 0.51 (0.31−0.82) 0.006 0.001 0.41 (0.24−0.7) 0.001

Gender (male/female) 0.37 0.81
Age, year (≤50 vs >50) 0.26 0.27
ECOG (0-1 vs 2) 0.62 0.22
HBsAg (positive vs negative) 0.36 0.5
AFP, ng/ml (≤400 vs >400) 0.12 0.11
Tumor size, cm (≤10 vs >10) 0.85 0.87
Tumor number (≤3 vs >3) 0.51 0.41
PVTT (absent vs present) 0.52 0.9
HVTT (absent vs present) 0.21 0.14
Extrahepatic metastasis
(absent vs present)

＜0.001 0.43 (0.27−0.68) ＜0.001 0.003 0.48 (0.28−0.8) 0.005

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PVTT,
portal vein tumor thrombus; HVTT, hepatic vein tumor thrombus; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein.
P* value was calculated with a 2-sided log-rank test. Any factors that were statistically significant at P<10% in the univariate analysis were candidates for entry into
a multivariable Cox analysis.
P** value was calculated by multivariable Cox proportional-hazards analysis.

Table 3. Univariate and Multivariate Analysis of Progression-Free Survival.

Initial cohort Propensity-score-matched cohort (1:1)

Univariate analysis
Multivariate analysis

Univariate analysis
Multivariate analysis

P* HR (95% CI) P** P* HR P**

Group (toripalimab plus HAIC vs lenvatinib) .005 0.54 (0.36−0.82) .003 0.003 0.51 (0.33−0.8) .003
Gender (male/female) .39 0.64
Age, year (≤50 vs >50) .19 0.42
ECOG (0-1 vs 2) .09 0.73 (0.43−1.22) .23 0.02 0.51 (0.29−0.87) .01
HBsAg (positive vs negative) .37 0.21
AFP, ng/ml (≤400 vs >400) .06 0.65 (0.42−1.01) .06 0.16
Tumor size, cm (≤10 vs >10) .03 0.75 (0.49−1.14) .18 0.15
Tumor number (≤3 vs >3) .36 0.51
PVTT (absent vs present) .25 0.15
HVTT (absent vs present) .69 0.88
Extrahepatic metastasis (absent vs present) .04 0.62 (0.41−0.94) .02 0.11

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PVTT,
portal vein tumor thrombus; HVTT, hepatic vein tumor thrombus; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein.
P* value was calculated with a 2-sided log-rank test. Any factors that were statistically significant at P<10% in the univariate analysis were candidates for entry into
a multivariable Cox analysis.
P** value was calculated by multivariable Cox proportional-hazards analysis.
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addition, 1 patient developed immune-related dermatitis in the
TorHAIC group. There is no treatment-related death in our
study.

Discussion
The results of this study suggested that toripalimab plus
HAIC significantly improved PFS compared with lenvatinib
(9.3 vs 4.8 months). At the same time, toripalimab plus
HAIC was also associated with a longer OS (17.13 vs
10.1 months), better DCR (86.8% vs 69.2%), and ORR
(47.2% vs 9.2%) compared with lenvatinib alone. In multi-
variate analysis, type of treatment was 1 of the independent
factors for PFS and OS, respectively. After using PSM anal-
ysis, patients receiving toripalimab plus HAIC also

indicated a significant improvement in PFS, OS, DCR,

and ORR compared with patients receiving lenvatinib.

And the type of treatment was also 1 of the independent

factors for PFS and OS in multivariate analysis. In addition,

both toripalimab plus HAIC and lenvatinib had acceptable
safety profiles.

The survival benefit reported in this study may be due to the
synergistic antitumor effect of toripalimab and HAIC. At first,
the adaptive immune system may be activated because chemo-
therapy increased HLA<AQ> expression and enhanced T-cell
stimulation.12 Second, chemotherapy may restore immunosur-
veillance by disrupting signal transducer and activator of
transcription-6-mediated immunosuppression.11 Last but not
least, chemotherapy can induce immunogenic cell death of

Table 5. Summary of best response based on the RECIST criteria.

Overall response (before PSM) Overall response (after PSM)

Toripalimab plus HAIC (%) Lenvatinib (%) P Toripalimab plus HAIC (%) Lenvatinib (%) P

CR 0(0) 0(0) — 0(0) 0(0) —
PR 25 (47.2%) 6 (9.2%) <0.001 22 (46.8%) 4 (8.5%) <0.001
SD 21 (39.6%) 39 (60%) 0.03 19 (40.4%) 29 (61.7%) 0.04
PD 7 (13.2%) 20 (30.8%) 0.002 6 (12.8%) 14 (29.8%) 0.04
DCR 46 (86.8%) 45 (69.2%) 0.002 41 (87.2%) 33 (70.2%) 0.04
ORR 25 (47.2%) 6 (9.2%) <0.001 22 (46.8%) 4 (8.5%) <0.001

Abbreviations: PSM, propensity-score matching; HAIC, hepatic arterial infusion chemotherapy; RECIST, response evaluation criteria in solid tumors; CR,
complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR, disease control rate; ORR, objective response rate.
Statistical significance was assessed with the chi-square test.

Table 6. Treatment-Related Adverse Events a.

Adverse event

Toripalimab plus HAIC (n= 53) Lenvatinib (n= 65) P-value

Any grade (%) Grade 3 to 4 (%) Any grade (%) Grade 3 to 4 (%) Any grade Grade 3 to 4

Neutropenia 24 (45.3%) 3 (5.7%) 11 (16.9%) 1 (1.5%) 0.001 0.47
Thrombocytopenia 16 (30.2%) 2 (3.8%) 10 (15.4%) 1 (1.5%) 0.054 0.86
Fatigue 36 (67.9%) 3 (5.7%) 26 (40%) 2 (3.1%) <0.001 0.71
Hypertension 2 (3.8%) 0 23 (35.4%) 7 (10.8%) <0.001 0.02
Weight loss 18 (34.0%) 2 (3.8%) 19 (29.2%) 1 (1.5%) 0.58 0.44
Hypothyroidism 2 (3.8%) 0 10 (15.4%) 0 0.04 −
Hand–foot skin reaction 0 0 15 (23.1%) 2 (3.1%) <0.001 0.50
Rash 4 (7.5%) 0 8 (12.3%) 0 0.45 −
Nausea 16 (30.2%) 1 (1.9%) 12 (18.5%) 0 0.14 0.92
Vomiting 14 (26.4%) 2 (3.8%) 11 (16.9%) 1 (1.5%) 0.21 0.59
Diarrhea 14 (26.4%) 1 (1.9%) 23 (35.4%) 2 (3.1%) 0.3 1.00
Abdominal pain 17 (32.1%) 2 (3.8%) 12 (18.5%) 0 0.09 0.2
Sensory neuropathy 17 (32.1%) 0 0 0 <0.001 −
Proteinuria 7 (13.2%) 1 (1.9%) 15 (23.1%) 2 (3.1%) 0.17 1.00
Elevated ALT 36 (67.9%) 6 (7.5%) 19 (29.2%) 2 (3.1%) <0.001 0.14
Elevated AST 38 (71.7%) 7 (13.2) 23 (35.4%) 3 (4.6%) <0.001 0.18
Hyperbilirubinemia 20 (37.8%) 2 (3.8%) 17 (26.2%) 1 (1.5%) 0.18 0.59
Hypoalbuminemia 37 (69.8%) 1 (1.9%) 3 (3.4%) 0 <0.001 0.92

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
P-value was calculated by a 2-sided chi-square test.
aListed are adverse events, as defined by the National Cancer Institute Common Terminology Criteria (version 4.03), that occurred in at least 10% of patients in
either study group.
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tumor cells and reduce “off-target” immunosuppression in the
tumor microenvironment to increase antigenicity.22

The design of this study may also help to capture the survival
benefits. To eliminate the confounding effect of deaths unre-
lated to tumor progression, we selected patients with
Child-Pugh class A, and adequate organ function so that
patients could receive long-term treatments. In addition, as a
primary outcome, PFS was important because it is not affected
by subsequent treatment and can reflect the efficacy more accu-
rately compared with OS.

In this study, the PFS and ORR in the lenvatinib group were
lower than those observed in the REFLECT trial (4.8 vs 7.3
months; 9.2% vs 18.8%).5 It can be explained that patients in
our study had poorer ECOG PS, higher concentrations of
AFP, and larger HCC compared with patients in the
REFLECT trial, because these characteristics have been identi-
fied to be prognostic factors for patients with HCC.23

Additionally, although patients receiving toripalimab plus
HAIC in this study seemed to show better survival outcomes
than those receiving HAIC monotherapy or sorafenib plus
HAIC in previous studies (DCR: 86.8% vs 75.2% vs 78.9%
%; PFS: 9.3 vs 7.1 vs 7.03 months),16 whether toripalimab
plus HAIC is better than HAIC alone or sorafenib plus HAIC
needs support from further randomized trials.

Recently, atezolizumab plus bevacizumab has been shown
to have a survival advantage over sorafenib in the first line
(IMbrave150).24 The PFS and ORR in the IMbrave150 trial
were lower than those observed in this study (6.8 vs 9.4
months; 27.3% vs 47.2%). However, whether PD-1 antibody
plus chemotherapy is superior to atezolizumab plus bevacizu-
mab needed further study.

Moreover, the adverse events in patients receiving lenvatinib
were consistent with those in the REFLECT trial,5 and all
HAIC-related or PD-1 antibody-related adverse events were
consistent with those in previous studies.6,7,9,16 It is worth
noting that the adverse events of liver enzyme elevation and
hypoalbuminemia were more frequent in the TorHAIC group
than in the lenvatinib group. However, most of these adverse
events were grade 1 to 2, and no treatment-related death was
observed in these patients. All adverse events were not unex-
pected and were manageable, the rates of grades 3 to 4 AEs
were relatively low, and no treatment-related deaths were
observed in the study.

In this study, toripalimab plus HAIC is not the first-line treat-
ment for advanced HCC according to most clinical practice
guidelines.25–27 However, many patients with advanced HCC
in China cannot afford sorafenib, lenvatinib, or atezolizumab
plus bevacizumab. Recently, HAIC monotherapy had been
widely performed and may improve the OS of patients with
advanced HCC,16,28 and 2020 Chinese clinical guidelines for
the management of HCC have recommended HAIC for patients
with advanced HCC. Our previous studies showed that lenvati-
nib plus toripalimab and HAIC of FOLFOX had promising
antitumor activity and manageable toxicity, and might
improve survival compared with lenvatinib monotherapy in
advanced HCC.29,30 However, due to the high cost of triple

combination therapy, some patients could not afford the cost
of lenvatinib ($5225 per month for patients <60 kg and $7837
per month for patients over 60 kg), and received toripalimab
plus HAIC ($3110 per month, including $1120 of toripalimab).
A previous study had suggested that the prognosis of patients
was significantly better with HAIC combined with PD-1 anti-
bodies than with HAIC alone.31 Additionally, chemotherapy
combined with PD-1 antibodies has been recommended as
the first-line treatment in other malignancies such as lung
cancer and nasopharyngeal carcinoma. Toripalimab is cheaper
than other PD-1 antibodies, including nivolumab and pembro-
lizumab. Therefore, we think HAIC plus toripalimab may be
the promising treatments for these patients.

In addition, there were other limitations in this study. First, it
was retrospective in nature, which might limit the interpretation
of the results. Nevertheless, the baseline characteristics were
well balanced, and PSM analysis was used to improve the inter-
group comparability. Second, patients with HBV accounted for
88.1% of all cases in this study. As such, whether these findings
may be applicable to Western countries, where HCC is more
commonly caused by hepatitis C virus and alcohol use,32

needs further study. Finally, >30% of patients had extrahepatic
lesions in both groups. Generally speaking, the target of HAIC
is intrahepatic lesions. However, a large sample retrospective
study comparing HAIC with sorafenib reported that HAIC
improve survival compared to sorafenib in patients with
advanced HCC even though >50% of patients had extrahepatic
lesions.16 Thus, HAIC may be a promising treatment for
patients with extrahepatic lesions.

In summary, compared with lenvatinib monotherapy, toripa-
limab plus HAIC might be tolerable, with a longer PFS, OS, and
higher ORR, which needed to be confirmed in the future phase
3 trial.
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