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Objective: To investigate the efficacy and safety of hepatic arterial infusion chemotherapy (HAIC) combined with PD-(L)1 inhibitors and
molecular targeted therapies (MTT) for intermediate and advanced HCC that are unsuitable for transarterial chemoembolization (TACE).
Methods: We conducted a retrospective analysis of data from patients with TACE-unsuitable HCC who were receiving triple therapy
from January 2020 to December 2021 at two medical centers. The primary outcome was overall survival (OS), and the secondary
outcomes were progression-free survival (PFS), objective response rates (ORR), disease control rates (DCR), and incidence of adverse
events (AEs).

Results: A total of 55 patients were enrolled in the study with median treatment periods of 4 and 6 for HAIC and PD-(L)1 inhibitors,
respectively. The median OS and PFS were 15.0 and 10.0 months, respectively, with a median follow-up of 11.0 months (range: 4.0—
27.5 months). According to the mRECIST criteria, the optimal ORR was 43.6% (24/55) and the DCR was 61.8% (34/55). The
incidence of AEs was 58.2%, with grade 3 and above accounting for 20.0%; elevated AST (18.2%), hyperbilirubinemia (16.4%), and
thrombocytopenia (16.4%) were most common. There were no treatment-related fatalities and all AEs were effectively managed.
Multifactorial analysis showed that NLR > 3.82 (HR 2.380, 95% CI 1.116-2-5.079, P = 0.025), ECOG 1 (HR 2.906, 95% CI 1.373—
6.154, P = 0.005), and extrahepatic metastases (HR 8.373, 95% CI 3.492-20.078, P < 0.001) were associated with the median OS.
Conclusion: Triple therapy with HAIC, PD-(L)1 inhibitors, and MTT was safe and effective for patients with intermediate and
advanced HCC for TACE-unsuitability.

Keywords: advanced hepatocellular carcinoma, hepatic arterial infusion chemotherapy, molecular targeted therapies, PD-(L)1
inhibitors

Introduction
Hepatocellular carcinoma (HCC) is a lethal tumor that is highly prevalent worldwide, particularly in China, accounting
for 45.3% liver cancer cases globally, and it predominantly has a hepatitis B virus infection background predominantly.'~
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Despite improvements in early detection, the majority of patients with HCC are diagnosed at an advanced stage, with
limited options for radical treatment and dismal prognosis.3

Pursuant to the Barcelona Clinic Liver Cancer (BCLC) and China liver cancer (CNLC) staging systems, transarterial
chemoembolization (TACE) is the most common treatment for unresectable HCC.>* However, repeated TACE may lead
to the deterioration of liver function and affect prognosis. In addition, the efficacy of TACE is suboptimal in patients with
BCLC stage B, the point at which there are massive, infiltrative, or intrahepatic multiple disseminated nodules.” Hepatic
arterial infusion chemotherapy (HAIC) has recently received increasing attention in Asian countries. Compared to TACE,
HAIC caused fewer grade 3—4 adverse events (AEs) and fewer impaired liver function events in the short-term.®’
Specifically, HAIC demonstrated favorable objective response rates (ORR) and overall survival (OS) in patients with
infiltrating or main portal vein tumor thrombosis (PVTT).*’ Furthermore, HAIC alone or in conjunction with sorafenib
improved OS in advanced HCC patients with a high rate of downstage resection.'®"'? Consequently, HAIC has emerged
as a promising treatment as a complementary modality to TACE.

Despite encouraging results for intrahepatic malignancies, HAIC did not outperform targeted therapies for extra-
hepatic metastases (EHM).'* Overcoming the low rates of responses to molecularly targeted or immune single agents,
clinical trials such as the IMbrave 150 trial'* and ORIENT-32 trial'® identified that PD-(L)I inhibitors together with
molecularly targeted therapies (MTT) resulted in higher OS and progression-free survival (PFS), and the combination has
become the first-line treatment for advanced HCC. Triple therapy in combination with TACE has proven efficacy and
safety.'®!” However, there is still a lack of evidence-based medical support for HAIC triple combination in patients who
are not suitable for TACE.'® %2

Therefore, we conducted this retrospective study to evaluate the safety and efficacy of HAIC along with PD-(L)1
inhibitors and MTT for the treatment of TACE-unsuitable HCC in real settings.

Patients and Methods

Patients

Consecutive HCC patients treated with HAIC at two tertiary care centers from January 2020 to December 2021 were
retrospectively analyzed (Figure 1). The inclusion criteria included the following: patients with BCLC stage B or stage
C for TACE-unsuitable HCC (for definitions, refer to the Asia-Pacific Expert Consensus Statement on Primary
Hepatocellular Carcinoma:’ confluent multinodular type, massive or infiltrative type, simple nodular type with extra-
nodular growth, poorly differentiated type, or intrahepatic multiple disseminated nodules); age > 18 years; HCC with
a pathological or clinical diagnosis; Child-Pugh class A-B; Eastern cooperative oncology group (ECOG) performance
score of 0—1; and at least one measurable lesion using the modified Response Evaluation Criteria in Solid Tumours
(mRECIST). The exclusion criteria included the following: white blood cells < 3.0x10° /L; platelets < 50x10° /L;
creatinine > 2 mg/dL or creatinine clearance < 30 mL/min; patients with active autoimmune diseases, severe

All consecutive patients with advanced HCC receiving
HAIC plus PD-(L)1 inhibitors and MTT between January
2020 and December 2021 (N=79)

Excluded (N=24)
Received only one cycle of HAIC (N=7)
Intraoperative combined TACE (N=10)
Incomplete baseline data (N=4)
Loss to follow up (N=3)

A 4

A 2
Final analysis of patients who received the
triple therapy (N=55)

Figure | Study flow diagram.
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cardiovascular disorders, major infections, or allergies to relevant chemotherapeutic agents; patients who had received
other local or systemic treatments; patients who had received fewer than two cycles of triple therapy; and patients with
incomplete clinical data or lost follow-up.

This study was approved by the Institutional Ethics Review Board of Wuxi People’s Hospital, affiliated with Nanjing
Medical University (Wuxi, Jiangsu Province, China) (No. KY23101), and was conducted in accordance with the
principles of the Declaration of Helsinki. Considering the retrospective nature of the study, the Institutional Ethics
Review Board of Wuxi People’s Hospital, affiliated with Nanjing Medical University, waived the requirement for written
informed consent. We declare that patient data are strictly confidential.

HAIC Procedure

The HAIC protocols all involved FOLFOX with catheter placement through the femoral artery, and the procedures were
comparable to those previously reported.'>? Intraoperatively, the gastroduodenal artery was embolized as necessary with
a microspring coil, and then the microcatheter was inserted into the tumor’s principal blood supply artery. All
chemotherapeutic agents were infused via microcatheter arterial infusion on the ward. The protocol was an 85 mg/m?
or 130 mg/m* oxaliplatin drip for 2 hours, a 400 mg/m?* calcium folinic acid drip for 2 hours, and a 400 mg/m* 5
fluorouracil regiment followed by 2400 mg/m® continuous infusion for 46 hours. The therapy was repeated every 3—4
weeks for a maximum of 6 cycles.

PD-(L)I Inhibitors and MTT

While laboratory testing was not contraindicated, treatments with PD-(L)1 inhibitors and MTT were initiated 1-3 days
after the first HAIC. The PD-(L)1 inhibitors included atezolizumab, stintiliumab, tislelizumab, and camrelizumab. The
MTTs were mainly sorafenib, lenvatinib, donafenib, apatinib, and bevacizumab. The doses and time intervals for the PD-
(L)1 inhibitors and MTT administration were adjusted based on patient tolerability and relevant clinical trials and
instructional recommendations.

Follow-Up

Patients with viral hepatitis received standard antiviral medication. After the initial triple therapy, abdominal CTs or
MRIs with enhancement and chest CTs were reviewed every 4-8 weeks. Routine blood markers, liver and kidney
function, tumor markers, and immune-related indicators were monitored before and after each therapy cycle. The final
follow-up visit was scheduled for December 31, 2022, and patients were followed as outpatients or inpatients or via
telephone, with detailed records of AEs and survival status. Unless disease progression or intolerable toxicities occurred,
HAIC was used for 4-6 full cycles, followed by maintenance treatment with PD-(L)1 inhibitors and MTT.

Outcomes

The primary outcome was OS, and the secondary outcomes included PFS, ORR, disease control rate (DCR), and
incidence of AEs. The optimality of the tumor response was assessed by two independent radiologists with 5—-10 years of
diagnostic abdominal imaging experience utilizing the mRECIST criteria. The ORR was defined as the sum of the CR
and PR, whereas the DCR was defined as the sum of the CR, PR, and SD. OS was defined as the interval between the
first HAIC therapy and mortality from any cause or the last follow-up, while PFS was defined as the period between the
first HAIC treatment and the onset of PD, mortality from any cause, or the final follow-up. All AEs were recorded and
evaluated using the National Cancer Institute Common Terminology Criteria for AEs (CTCAE) version 5.0.

Statistical Analyses

Continuous variables are expressed as mean + standard deviation or median and interquartile range (IQR), and
categorical variables are presented as n (%) and were compared using chi-square tests. A one-way analysis was
undertaken to identify variables that might be associated with OS (P < 0.1), followed by a Cox regression analysis
(forward stepwise likelihood quotient) to discover independent predictors of OS. Cumulative survival was depicted as
KaplanMeier curves and compared using Log rank tests. The contribution of each parameter to the risk of the outcome
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was recorded as a hazard ratio (HR) with a 95% confidence interval (CI). All tests were two-sided, and significance was
determined as P < 0.05. SPSS 26.0 (IBM Corporation, Somers, NY) and R 3.4.1 (http://www.R-project.org) were used to
perform statistical analyses and calculate the optimal cutoff value for the neutrophil/lymphocyte ratio (NLR) (Figure 2).

Results

Patient Characteristics
A total of 55 eligible patients were enrolled in this study (Table 1). All patients had more than three tumors, with 36
patients (65%) having tumors located in both lobes, and 24 patients (43.6%) having a tumor with a maximum diameter
greater than 10 cm, and 10 patients (18.2%) having an infiltrative type of tumor. ALBI grade 2 was observed in 38
(69.1%) patients. A total of 33 patients (60%) had PVTT, with 15 patients (27.3%) suffering from VP type III and 18
patients (32.7%) having VP type IV. Ten patients (18.2%) had EHM. The primary sites of metastases were the lungs,
adrenal glands, abdominal lymph nodes, and vertebrae. The optimal cutoff value for the NLR was 3.82.

The median duration of follow-up was 11.0 months (range: 4.0-27.5), and the median numbers of interventions for
HAIC and PD-(L)1 inhibitors were four (IQR: 2—4) and six, respectively (IQR: 4-11). As shown in Table 2, the
combination regimens of PD-(L)1 inhibitors and MTT were diverse.

Treatment Efficacy

According to the analysis, 29 patients (52.7%) had died by the end of the investigation, with a median OS of 15.0 months
(HR = 2.640, 95% CI, 9.826-20.174) (Figure 3A) and a PFS of 11.0 months (HR = 1.505, 95% CI, 8.051-13.95)
(Figure 3B). Table 3 documents the best tumor response based on mRECIST criteria assessment with 8 (14.5%) CR cases
(none of these patients had EHM prior to the first HAIC), 16 (29.1%) PR cases, 10 (18.2%) SD cases and 21 (38.2%) PD

NLR
Distribution
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Maximally Selected Rank Statistics
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0.0 : :

2 3 4 5 6
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Figure 2 NLR cutoff value calculation.
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Table | Baseline Characteristics of Patients

Characteristics

No. (%)

Age (years)
Sex (male), n (%)
Hepatitis B virus infection
Liver cirrhosis
Ascites (present), n (%)
Total bilirubin (umol/L)
Albumin (g/L)
AFP > 400 (ng/mL)
NLR > 3.82
ECOG
0
|
Child-Pugh score (points)
Child-Pugh grade, n (%)
A
B
ALBI grade
|
2
BCLC stage
B
C
Size of largest nodule (cm)
<10
210
Tumor distribution
Uni-lobar
Bi-lobar
Infiltrative type
Main portal vein invasion

Extrahepatic metastasis

60.2+12.5
44 (80.0%)
47 (85.5%)
42 (76.4%)
14 (25.5%)
18.0+7.3
36.4+6.4
29 (52.7%)
20 (36.4%)

33 (60.0%)
22 (40.0%)
6.0 (5.0-6.0)

45 (81.8%)
10 (18.2%)

17 (30.9%)
38 (69.1%)

18 (32.7%)
37 (67.3%)

31 (56.4%)
24 (43.6%)

19 (34.5%)
36 (65.5%)
10 (18.2%)
33 (60.0%)
10 (18.2%)

Note: Data are expressed as n (%) or mean * standard deviation.
Abbreviations: AFP, alpha-fetoprotein; NLR, neutrophil-to-
lymphocyte ratio; ECOG, Eastern Cooperative Oncology Group;
ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer.

Table 2 Regimens of the Triple Combination Therapy

Treatment No. (%)
PD-(L) | inhibitors and MTT
Atezolizumab + Bevacizumab 3 (5.5%)
Donafenib + Tislelizumab 7 (12.7%)
Lenvatinib + Tislelizumab 5 (9.1%)
Lenvatinib + Stintilimab 8 (14.5%)
Bevacizumab + Stintilimab 9 (16.4%)
Lenvatinib + Camrelizumab 7 (12.7%)
Sorafenib + Camrelizumab 8 (14.5%)
Apatinib + Camrelizumab 8 (14.5%)
HAIC treatment cycle
Median (IQR) 4 (2-4)
PD-(L)| treatment cycle
Median (IQR) 6 (4-11)

Note: Data are expressed as median (IQR) or n (%).
Abbreviations: MTT, molecular targeted therapies; HAIC, hepatic arterial infusion chemotherapy.
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Figure 3 Long-term survival outcomes after HAIC triple therapy. (A) OS; (B) PFS.

cases. The ORR and DCR were 43.6% (24/55) and 61.8% (34/55), respectively. By the end of the study, no patients had
undergone surgical resection. This was a decision made by the patients and their families, who took the MDT opinion, the
cost of surgery, the patient’s physical status, and the therapeutic efficacy of the current program into account.

Prognostic Factor Analysis
Univariate analysis (Table 4) revealed that liver cirrhosis, ALBI grade, NLR > 3.82, ECOG, and EHM were associated
with OS. After adjusting for confounders, NLR > 3.82 (HR 2.380, 95% CI 1.116-2-5.079, P = 0.025), ECOG 1 (HR
2.906, 95% CI 1.373-6.154, P = 0.005), and extrahepatic metastases (HR 8.373, 95% CI 3.492-20.078, P < 0.001) were
independent risk factors for OS (Table 4). The Kaplan-Meier curve is illustrated in Figure 4A—C.

Comparable to the findings from the OS analysis, the risk factors for the median PFS (Table 4) were predominantly ECOG
1 (HR 3.170, 95% CI 1.607-6.256, P = 0.001) and extrahepatic metastases (HR 5.870, 95% CI 2.615-13.175, P < 0.001).

Adverse Events
Thirty-two patients (58.2%) suffered at least one treatment-related AE during the study (Table 5), and no therapeutic-
related deaths occurred. The most common AEs were AST elevation (18.2%), bilirubin elevation (16.4%), thrombocy-
topenia (16.4%), neutropenia (12.7%), and malaise (10.9%). Among them, 29 cases (52.7%) were grade 1-2 AEs and 10
cases (18.2%) were grade 3 AEs.

One patient experienced a grade 4 AE manifesting as immune-associated myocarditis, which improved with hormonal
therapy, and terminated PD-(L)1 indefinitely while continuing HAIC plus MTT. After endoscopic treatment for ruptured
esophagogastric variceal bleeding, one patient discontinued bevacizumab and switched to a tyrosine kinase inhibitor.

Table 3 Summary of Best Response

Best Response All Patients (n = 55)
CR 8 (14.5%)

PR 16 (29.1%)

SD 10 (18.2%)

PD 21 (38.2%)

ORR 24 (43.6%)

DCR 34 (61.8%)

Note: Data are expressed as n (%).

Abbreviations: CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; ORR, objective response
rate; DCR, disease control rate.
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Table 4 Univariate and Multivariate Analysis of Risk Factors for OS and PFS

Variables Univariate Analysis Multivariate Analysis
HR 95% CI P value HR 95% CI P value

(6N

Liver cirrhosis 2.826 0.979-8.157 0.055

ALBI grade (2 vs I) 3.119 1.185-8.209 0.021

NLR > 3.82 2.325 1.115-4.845 0.024 2.380 1.116-5.079 0.025

ECOG (I vs 0) 2.556 1.221-5.349 0.013 2.906 1.373-6.154 0.005

Extrahepatic metastasis 7.309 3.135-17.041 < 0.001 8.373 3.492-20.078 < 0.001
PFS

Liver cirrhosis 2.296 0.948-5.563 0.066

Child-Pugh score 1.247 0.961-1.618 0.097

ECOG (I vs 0) 2911 1.475-5.746 0.002 3.170 1.607-6.256 0.001

Extrahepatic metastasis 5312 2.364-11.932 < 0.001 5.870 2.615-13.175 < 0.001

Abbreviations: OS, overall survival; ALBI, albumin-bilirubin; NLR, neutrophil-to-lymphocyte ratio; ECOG, Eastern Cooperative Oncology Group; PFS,
progression-free survival.

Three patients stopped triple therapy due to hyperbilirubinemia. Additionally, three patients had their doses of oxaliplatin
reduced to 85 mg/m” because of abdominal pain.

Discussion

In our real-world study, HAIC, in combination with PD-(L)1 inhibitors and MTT, demonstrated controlled toxicities with
an ORR and DCR of 43.6% and 61.8%, and a median OS and PFS of 15.0 months and 11.0 months, respectively. The
triple therapy regimen is safe and effective in treating intermediate and advanced HCC that is unsuitable for TACE;
however careful patient selection is still warranted.

Local perfusion avoids the first-pass effect and increases chemotherapeutic drug concentrations in liver tumors while
minimizing hepatic damage or toxic side effects.”* Triple therapy has been made possible by the synergistic antitumor
effects of HAIC with MTT or PD-(L)!1 inhibitors, which have also been confirmed in previous studies.'®'""*> Researches
in the literature have shown a median OS of approximately 15.9 months, a median PFS of 8.8 to 11.1 months, and an
ORR and DCR of 40.0%~67.6% and 77.6%~94.6%, respectively, for triple therapy.'®?°*° Our research included more
patients with substantial tumor loads, infiltrative types, or concurrent PVTT. Most patients had an ECOG 1 or ALBI 2
status at baseline. The patients’ tumor or hepatic function characteristics indicated that the efficacy of TACE was limited
or that TACE was not appropriate. Overall, this study revealed a favorable median OS, PFS, and ORR and an acceptable
DCR with the HAIC triple combination.

Unsatisfactory outcomes for EHM treatment have constrained the use of HAIC."> Lyu et al*® discovered that the
median PFS was merely 2.9 months for HCC patients with EHM who were treated with a single regimen of HAIC, and
date from subgroup analyses of patients with EHM undergoing targeted combination immunotherapy are still limited.

130
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Figure 4 Kaplan-Meier analysis of NLR > 3.82 (A), ECOG (B), and EHM (C) with OS.
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Table 5 Treatment Related Adverse Events

Adverse Events Any Grade (%) | Grade 1/2 (%) Grade 3 (%) Grade 4 (%)
Neutropenia 7 (12.7%) 5 (9.1%) 2 (3.6%) 0
Thrombocytopenia 9 (16.4%) 6 (10.9%) 3 (5.5%) 0
Elevated ALT 3 (5.5%) 2 (3.6%) I (1.8%) 0
Elevated AST 10 (18.2%) 8 (14.5%) 2 (3.6%) 0
Hyperbilirubinemia 9 (16.4%) 6 (10.9%) 3 (5.5%) 0
Fatigue 7 (12.7%) 7 (12.7%) 0 0
Fever 3 (5.5%) 3 (5.5%) 0 0
Nausea/vomiting 6 (10.9%) 6 (10.9%) 0 0
Abdominal pain 3 (5.5%) 2 (3.6%) I (1.8%) 0
Proteinuria 2 (3.6%) 2 (3.6%) 0 0
Hypertension 3 (5.5%) 3 (5.5%) 0 0
Hand-foot syndrome 3 (5.5%) 3 (5.5%) 0 0
Immune-related hypothyroidism 2 (3.6%) 2 (3.6%) 0 0
Immune-related myocarditis 0 0 0 1 (1.8%)
Variceal bleeding 1 (1.8%) 0 1 (1.8%) 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Patients who received triple therapy had an improved PFS, but this still barely reached 6.6 months.?” Patients with EHM
constitute a subgroup that is challenging to manage and demands timely intervention. As we mentioned, these patients
had high progression rates, low tumor response rates, and limited survival, whereas the worse prognosis may be
associated with HAIC as a local treatment only and the hyper-immunosuppressive character of the tumor microenviron-
ment in HCC.>! Nevertheless, frequent liver function markers and intrahepatic lesion progression determined advanced
HCC patients’ survival, which might be improved with effective management and active control of extrahepatic lesions.**

Neutrophils constitute a distinct component of the inflammatory response and are linked to immunosuppression.® In
contrast, lymphocyte depletion has been associated with impaired antitumor immune responses.>* NLR, which indicates
the balance between the pro-tumor inflammatory state and the anti-tumor immune response, is increasingly being used to
predict HCC survival.*®> High NLR (>4) was associated with diminished survival and inadequate treatment response in
HAIC-treated patients.”® NLR < 3.82 is a protective factor for OS, as was determined by our study, which also led to
a similar result. This suggests that these two clinically accessible serum markers, which have robust predictive properties,
have value for future intensive analysis in the triple therapy population.

Multifactorial analysis indicated that ECOG 1 predicts poor outcomes, suggesting that triple therapy may be more
physically demanding. The parameters determining OS and PFS in the research were mostly consistent, and PFS was
relatively close to OS, which showed subsequent progression under triple treatment and that receiving alternative
regimens provided little benefit and patient survival declined dramatically. How postline therapy can improve survival
may be one of the research hotspots in the field of intermediate and advanced HCC. There are some details that need to
be concerned. In addition to monitoring dynamic changes in liver function indicators and adverse reactions to local or
systemic therapy, the nutritional status of the patient, hepatitis activity, and the degree of esophagogastric varices should
also be considered. These factors by themselves, or their consequences, are likely to influence the course of tumor
therapy. The work we have carried out so far provides some references for future researchers, and an in-depth exploration
of interventions after the progression of triple therapy is an urgent issue.

Our study involved fewer AEs, but grade 3-4 AEs were similar to prior findings (17.7-72.2%).'*'**” Certain AEs,
such as adverse skin events, hand-foot skin reactions, and hypertension, associated with improved survival after
treatment with sorafenib or lenvatinib, could predict the prognosis of HCC.>’** Furthermore, immune-related AEs
were also linked to the efficacy of immune checkpoint inhibitors, whether administered alone or in combination with
MTT.* However, AEs were temporal exposure factors with diverse intensity and organ involvement, making risk
regression models unsuitable for analysis. As our analysis showed, targeted and immune medications vary in the real
world, and combination schemes have to consider patients, economic burden and health insurance policies. Moreover, the
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HAIC treatment protocols, dosages, and techniques differed between investigations.* These might complicate the
experimental design and the interpretation of results, which requires extra consideration.

The present research has some limitations. First, retrospective studies with small samples have selection bias. Second,
this real-world study included an extensive range of patients, the baseline characteristics were not homogeneous, and
a small percentage of patients had progressed before HAIC treatment, which potentially reduced the benefits of
treatments. Third, the PD-(L)1 inhibitor and the inconsistency of the MTT scenarios probably affected the results.
Fourth, although subgroup analyses were performed, interpretation and generalization of the optimal cutoff values for
NLR and other high-risk factors should be undertaken extraordinarily cautious due to sample size limitations, and they
need to be validated through multicenter large-sample retrospective or randomized controlled trials in the future.

Conclusion

Our real-world study demonstrated that a triple combination of HAIC, PD-(L)1 inhibitor, and MTT initially showed
acceptable safety and efficacy; thus, it represents a potential treatment strategy for patients with intermediate- and
advanced-stage HCC who are not suitable for TACE.
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