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Purpose: Invariant NKT cells (iNKT) are CD1d-restricted T cells with the capacity of antitumor immunity. The safety of autologous 
iNKT cell treatment in hepatocellular carcinoma (HCC) has been verified. This study aimed to investigate its efficacy in advanced 
HCC after transarterial chemoembolization (TACE) failure.
Patients and methods: This open-label, randomized, controlled, trial enrolled 60 patients with unresectable HCC after TACE 
failure at three centers. Transarterial embolization (TAE) was used instead of TACE to protect iNKT cell function. Patients were 
randomly assigned (1:1) to receive TAE therapy with (TAE–iNKT) or without (TAE) biweekly iNKT cell infusion. The primary 
endpoint was progression-free survival (PFS). Secondary endpoints included overall survival (OS), objective response rate (ORR), 
disease control rate (DCR), quality of life (QoL), peripheral blood cell count, and safety.
Results: Fifty-four patients completed the study. Median PFS was significantly higher in TAE–iNKT patients (5.7 months [95% CI, 
4.3–7.0 months]) compared with TAE patients (2.7 months [95% CI, 2.3–3.2 months]; hazard ratio 0.32 [95% CI, 0.16–0.63]; 
P<0.001). Higher ORR and DCR were observed in TAE–iNKT patients (52% and 85%, respectively) compared with TAE patients 
(11% and 33%; respectively). Five TAE–iNKT patients and 1 TAE patient achieved completed response. The median time to 
deterioration in QoL was longer in TAE–iNKT patients (9.2 months [95% CI, 6.0–13.3 months]) compared with TAE patients (3.0 
months [95% CI, 2.9–3.0 months]). The mean lymphocytes were higher in the TAE-iNKT group than in the TAE group at 8 (1.48 vs 
0.95×109/L, P = 0.007) and 12 (1.49 vs 0.89×109/L, P = 0.001) weeks. Grade 3 adverse events occurred in 1 TAE-iNKT patient (4%) 
and 5 TAE patients (19%). All the other adverse events were grade 1–2.
Conclusion: iNKT cell infusion significantly improved PFS, ORR, DCR, and QoL with manageable toxicity during TAE therapy in 
patients with HCC. Trial Registration ClinicalTrials.gov Identifier: NCT04011033.
Keywords: hepatocellular carcinoma, invariant natural killer T cell, transarterial embolization, progression-free survival

Introduction
Hepatocellular carcinoma (HCC) ranks as the fifth most prevalent cancer and remains a major cause of cancer-related 
mortality across all age groups and genders.1 Despite advancements in developed nations, the 5-year survival rate for HCC 
stands at approximately 18%.2 Transarterial embolization (TAE) or transarterial chemoembolization (TACE) represents the 
standard therapy for intermediate-stage HCC and is widely employed in clinical practice worldwide.3,4 TACE, in particular, is 
more frequently utilized due to its additional drug intervention, which enhances the anti-tumor effects.5

However, repeated TACE procedures often result in refractory responses among HCC patients, with a median tumor 
doubling time of 46 days following the initial response, and over 90% of the recurrent nodules exhibiting a doubling time 
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of less than three months.6 Furthermore, the recurrence rates for intrahepatic lesions after TACE are reported at 37% and 
61% at 6 and 12 months, respectively.7 TACE failure, defined as an inadequate response after two or more consecutive 
procedures, is commonplace.8,9 The repeated administration of TACE/TAE therapies exhibits diminishing efficacy and 
can potentially impair liver function, thereby posing challenges for subsequent treatment.

Invariant natural killer T (iNKT) cells are a subset of innate-like T lymphocytes expressing surface receptors 
characteristic of both T cells and NK cells. These cells play a pivotal role in bridging innate and adaptive immune 
responses. iNKT cells exert anti-tumor effects through direct cytolysis and the regulation of immunosuppressive cells 
within the tumor microenvironment.10 Remarkably, iNKT cells naturally reside and proliferate in the liver, accounting for 
approximately 3–5% of intrahepatic T cells.11 Intravital fluorescence microscopic imaging has demonstrated that iNKT 
cells crawl and patrol within hepatic sinusoids, enabling intravascular immune surveillance and rapid activation in 
response to inflammation.12

Generally, TACE/TAE induces ischemic tumor necrosis and local inflammation in the tumor microenvironment by 
occluding targeted intrahepatic arteries and delivering cytotoxic chemotherapy drugs.13 Consequently, iNKT cells are 
rapidly recruited to the inflamed site following TACE/TAE treatment, where they become activated and contribute to the 
anti-tumor and immune regulatory functions. Additionally, TACE/TAE treatment facilitates interactions between iNKT 
cells, hepatocytes, macrophages (Kupffer cells), T cells, and dendritic cells through direct cell-to-cell contact and 
cytokine secretion. This interaction eliminates tumor-associated macrophages (TAMs), counteracts the immunosuppres-
sive activity of myeloid-derived suppressor cells (MDSCs), and shifts the tumor microenvironment from a tolerogenic to 
an immunogenic state.14–16

Notably, numerous studies have demonstrated a positive correlation between overall survival and the frequency and 
function of iNKT cells across various cancers, including malignant multiple myeloma, myelodysplastic syndromes, neuro-
blastomas, primary colorectal carcinomas, lung cancer, and head and neck cancer.17–23 In our previous Phase 1 trial,24 we 
observed a partial clinical response and an objective immune response in recurrent or refractory Barcelona Clinic Liver Cancer 
(BCLC) B/C stage HCC patients following autologous iNKT cell infusion, with relatively mild side effects.

In the present open-label, randomized, multicenter, phase 2 trial, we further assessed the efficacy of iNKT cell 
infusion combined with TAE therapy compared to TAE alone in BCLC B/C stage patients with HCC who experienced 
TACE failure. Considering the potential impact of chemical drugs on the biological characteristics of iNKT cells, TAE 
was employed instead of TACE in this study.25

Methods
Preparation of the iNKT Cells
All procedures used for the preparation of iNKT cells were detailed in our previous phase 1 trial.24 Approximately 
6~9×107 cells/m2 of iNKT cells were infused in each patient, with > 95% purity and viability. Extensive details of iNKT 
cell preparation are provided in Supplement (Supplementary Method 1 in Supplement).

Study Design and Participants
This randomized, multicenter, open-label phase 2 trial was conducted at Beijing Youan (Lead unit), Beijing Shijitan 
(Participating unit), and Beijing Ditan Hospital of Capital Medical University (Participating unit) between March 2018 
and March 2020. The study protocol and consent form were approved by the ethics committee of Beijing Youan Hospital 
(Jing You Ke Lun [2018] No. 016), and the other two participating units were subject to ethical examination and approval 
by the lead unit. The study complied with the standards of the Declaration of Helsinki, and written informed consent was 
obtained from each patient. Eligible patients were aged 18 to 80 years, Child-Pugh A/B, confirmed TACE failure/ 
refractory BCLC B/C HCC. More details of the inclusion and exclusion criteria are provided in Supplement 
(Supplementary Method 2 in Supplement). The present study followed the Consolidated Standards of Reporting Trials 
(CONSORT) reporting guidelines.
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Randomization and Masking
Simple randomization was performed at Youan Hospital using a computer-generated random allocation sequence. The 
successfully enrolled subjects were randomly assigned to either TAE treatment alone (TAE group) or a combination 
treatment that included TAE and iNKT cell infusion (TAE-iNKT group) in a 1:1 ratio, resulted in 27 subjects on TAE 
group and other 27 on TAE-iNKT group. The treatment assignment was unmasked to both patients and clinicians.

Procedures
Study treatment was initiated at randomization. The patients in the TAE and TAE-iNKT groups underwent TAE at weeks 
0 and 4 after enrollment. TAE was performed at the local hospitals.6,8 Details of TAE are available in Supplement 
(Supplementary Method 3 in Supplement).

In the TAE-iNKT group, iNKT cells were administered at the 1st, 3rd, 5th, 7th, 9th, and 11th weeks after enrollment. 
After the iNKT cell infusion, a subcutaneous injection of interleukin (IL)-2 (25,000 IU/kg) was administered once every 
other day for 2 weeks (Supplementary Figure 1 in Supplement).

All target and non-target lesions were assessed by chest, abdomen, and pelvis CT or MRI at baseline and every 4 
weeks until week 16, and then every 8 weeks until radiological progression. Routine blood tests and assessments of 
tumor biomarkers were conducted at the same time points.

Outcomes
The primary endpoint was the progression-free survival (PFS), ie, the time from enrollment to disease progression 
according to the mRECIST guidelines for immunotherapeutic trials,26 or death from any cause, whichever occurred first. 
The secondary endpoints included overall survival (OS) (the time of randomization until the date of death from any 
cause), objective response rate (ORR, the sum of patients with a best overall response of complete response (CR) or 
partial response (PR)), and the disease control rate (DCR, the sum of patients with a best overall response of CR, PR, or 
stable disease (SD)). Patients without any post-baseline tumor assessment were considered non-responsive. Objective 
responses had to be confirmed at least 28 days after the initial documentation of the response. Quantification of 
lymphocytes was conducted once every 4 weeks. Adverse events were assessed and graded based on the National 
Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE), version 4.0.3. QoL was assessed 
according to the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30,27,28 and the time to 
deterioration of QoL, as reported by the patient, with deterioration defined as a decrease from baseline of 10 points or 
more on the EORTC QLQ–C30 maintained for two consecutive assessments.29

Statistical Analysis
The trial used a two-sided 5% type I error and had 80% power to detect an improvement in PFS from 1.5 months in the 
TAE group to 4.5 months in the TAE-iNKT group,6,8 corresponding to a hazard ratio (HR) of 0.33 in terms of median 
PFS. In consideration of these assumptions, the trial design was powered for 60 patients to be randomly assigned to each 
group as the intention-to-treat population (allocation ratio of 1:1, n = 30 patients in each group), and allowing for a drop- 
out rate of 20%.30,31 All efficacy analyses were conducted in the modified intention-to-treat population.

Continuous variables were expressed as the median and IQR and were compared using t-tests or Mann–Whitney tests. 
Categorical variables were presented as the frequency and percentage and were compared using Fisher’s exact tests. 
Survival and time to QoL deterioration were estimated using the Kaplan–Meier method, and their 95% CIs were 
calculated using the Brookmeyer and Crowley method. Survival differences were compared using Log rank tests. 
Peripheral blood cells were analyzed using Sidak’s multiple comparison test. The incidence rate of adverse events was 
compared using the chi-square test. The overall two-sided significance level of P < 0.05 was split into a two-sided 
significance level of P < 0.01 for tests of PFS, OS, ORR, DCR, and QoL according to the Bonferroni method (dividing 
the available total α (typically 0.05) equally among the chosen endpoints).32 If the PFS and/or all secondary endpoints 
were statistically significant at a two-sided significance level of 0.01, the curative effect of TAE-iNKT was deemed better 
than that of TAE alone. All statistical analyses were conducted using SAS software version 9.4 (SAS Institute).
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Results
Patients
Between March 1, 2018, and March 1, 2020, 85 patients were assessed for eligibility; 20 did not meet the eligibility 
criteria, 3 refused to participate, and 2 patients with massive tumors at diagnosis were excluded due to the indications of 
hepatic failure after the first TACE. Therefore, a total of 60 patients were enrolled as the intention-to-treat population, 
signed the informed consent form, and were randomized into the TAE (n = 30) or TAE-iNKT (n = 30) groups (Figure 1).

Among the intention-to-treat population, 3 patients refused to receive the assigned treatment in the TAE group, while 
2 patients refused the assigned treatment and 1 patient withdrew informed consent in the TAE-iNKT group, resulting in a 
final total of 54 patients who completed the trial (n = 27 patients per group). The baseline characteristics of both groups 
are shown in Table 1 (patient treatments prior to the trial can be found in Supplementary Table 1 in Supplement). Briefly, 
the median age of the patients was 64 years (range, 56–71 years); 47 patients (87%) were men, and 7 patients (13%) were 
women; all 54 patients (100%) were Chinese.

All 54 patients received either TAE therapy alone or iNKT cell infusion every 2 weeks, administered on weeks 1–11 
plus TAE therapy after enrollment. At the time the data collection was finished, 4 patients (15%) in the TAE group and 1 
patient (4%) in the TAE-iNKT group had completed treatment but were lost during follow-up. All of the lost patients 
were reported to the ethics committee of the Beijing Youan Hospital of Capital Medical University.

Efficacy
At the time of the data cut-off on July 20, 2020, the median follow-up time was 12.7 months (IQR, 11.2–16.5 months). 
Of the 27 patients in each group, 21 patients (82%) in the TAE-iNKT group experienced disease progression or died, 
compared with 23 patients (85%) in the TAE group.

Figure 1 Patient Flow Diagram.
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An additional follow-up period continued through March 1, 2022, and analysis of these data showed a median OS of 
25.9 months (95% CI, 12.4 months–NA) in the TAE–iNKT group and 17.3 months in the TAE group (95% CI, 7.5–27.6 
months; HR, 0.60; 95% CI, 0.32–1.13; P = 0.12) (Supplementary Figure 2 in Supplement). The median PFS in the TAE- 
iNKT group was 5.7 months (95% CI, 4.3–7.0 months), which was significantly longer than the median PFS in TAE 
patients (2.7 months [95% CI, 2.3–3.2 months]), (HR, 0.32 [95% CI, 0.16–0.63]; P < 0.001; Figure 2A).

Treatment with iNKT cells delayed deterioration of QoL (median time to deterioration, 9.2 months in the TAE-iNKT 
group vs 3.0 months in the TAE group; HR, 0.37 [95% CI, 0.19 to 0.71]; P = 0.001) (Figure 2B), physical functioning 
(median time to deterioration, 9.6 months vs 3.2 months; HR, 0.45 [95% CI, 0.22 to 0.93]; P = 0.01) (Supplementary 
Figure 3 in Supplement), and role functioning (median time to deterioration, 9.6 months vs 3.1 months; HR, 0.42 [95% 
CI, 0.21 to 0.84]; P = 0.003) (Supplementary Figure 4 in Supplement).

Table 1 Patient Demographic and Disease Characteristics

Variable TAE-iNKT  
(N = 27)

TAE  
(N=27)

Median size of HCC(IQR), mm 64.78 (35.95–107.36) 68.90 (42.20–103.20)

Median age (IQR), year 60 (51–69) 59 (54–63)

Sex, N (%)
Male 23 (85) 24 (89)

Female 4 (15) 3 (11)

Cause of hepatocellular carcinoma, N (%)
Hepatitis B 23 (85) 21 (78)a

Hepatitis C 2 (7) 4 (15)
Nonviral 2 (7) 3 (11)

ECOG performance status score, N (%)

0 23 (85) 21 (78)
1 4 (15) 6 (22)

Child-Pugh classification, N/total (%)

A 21/27 (78) 24/27 (89)
B 6/27 (22) 3/27 (11)

Barcelona Clinic liver cancer stage, N (%)

B 12 (44) 12 (44)
C 15 (56) 15 (56)

Alpha-fetoprotein >400 ng per milliliter, N (%) 8 (30) 5 (19)

Presence of macrovascular invasion, extrahepatic spread, or both, N (%)
Macrovascular invasion 10 (37) 13 (48)

Extrahepatic spread 11 (41) 4 (15)

Varices, N (%)
Present at baseline 16 (59) 23 (85)

Treated at baseline 1 (4) 6 (22)

Cirrhosis, N (%)
Yes 19 (70) 17 (63)

No 8 (30) 10 (37)

History of treatment
TACE (≥2 consecutive procedures), N (%) 27 (100) 27 (100)

TACE times 2~12 2~6

Systemic treatment, N (%) 2 (7) 1 (4)
Radiofrequency ablation, N (%) 9 (33) 12 (44)

Radiotherapy, N (%) 2 (7) 0 (0)

Resection, N (%) 7 (26) 1 (4)
Argon-helium knife, N (%) 2 (7) 1 (4)

Notes: aOne patient in the TAE group was co-infected with HBV and HCV. 
Abbreviations: TACE, transarterial chemoembolization; TAE, Transarterial embolization; ECOG, Eastern Cooperative Oncology Group.
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Higher ORR and DCR were observed in the TAE-iNKT group (52%; 60.0 months) compared with the TAE group 
(ORR, 52% [n = 14] vs 11% [n = 3]; P = 0.003; and DCR, 85% [n = 23] vs 33% [n = 9]; P < 0.001) (Supplementary 
Table 2 in Supplement). Within the ORR of the 27 patients in each group, 5 (19%) in the TAE-iNKT group had CR 
compared with 1 patient (4%) in the TAE group; 9 patients (33%) in the TAE-iNKT group and 2 patients (7%) in the 
TAE group exhibited PR. Stable disease (SD) was reported in 9 of 27 patients (33%) in the TAE-iNKT group and 6 of 27 
patients (22%) in the TAE group, 4 TAE-iNKT patients (15%) and 18 TAE patients (67%) had progressive disease (PD). 
Figure 3A shows the response durations for each responder.

The mean lymphocyte absolute values were higher in the TAE-iNKT group than in the TAE group at 8 (1.48 vs 0.95 ×109/L, 
P = 0.007) and 12 (1.49 vs 0.89×109/L, P = 0.001) weeks, with no obvious differences at 0 or 4 weeks (P = 0.99 and P = 0.056) 
(Figure 3B). No differences were observed in white blood cell or platelet counts (all P > 0.05) (Supplementary Figures 5 and 6 in 
Supplement).

Safety
Adverse effects were recorded in all 54 patients who received the allocated treatment. The incidence of fatigue, fever, 
elevated alanine aminotransferase, elevated aspartate aminotransferase, increased blood bilirubin, and elevated alkaline 
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phosphatase were lower in the TAE-iNKT group compared with the TAE group. The incidence rate of increased bilirubin 
and transaminase levels was higher in the TAE group than in the TAE-iNKT group (70.4% vs 29.6%, P = 0.003). Grade 3 
adverse events were reported in 1 of 27 TAE-iNKT group patients (4%) and 5 of 27 TAE group patients (19%). The 
grade 3 adverse elevation in glutamyl transpeptidase detected in the TAE-iNKT group returned to normal without 
treatment or treatment interruption. No grade 4–5 adverse events were observed. All adverse events are shown in Table 2.

Discussion
To our knowledge, this study represents the first phase 2 randomized clinical trial exploring the efficacy of autologous 
iNKT cell treatment in BCLC B/C stage patients with HCC after TACE failure. The findings in this study show that 
iNKT cell infusion plus TAE are associated with improved PFS, ORR, DCR, and QoL compared to the effects of TAE 
alone, and is accompanied by relatively low toxicity side effects.

For decades, TACE has been recommended as a primary intervention in unresectable HCC patients, especially those 
with BCLC-B stage, and is considered the most effective available option for improving prognosis in clinics around the 
world.5,9,33–38 However, in the absence of further interventions, most patients with HCC will experience disease 
progression soon after an initial response to TACE,6 and repeated TACE procedures commonly result in TACE 
refractoriness/failure, with the incidence ranges from 37% to 49%.39,40 The results of our phase 1 trial indicated that 
autologous iNKT cell therapy has good tolerability in HCC patients and could potentially further improve outcomes. In 
the present phase 2 trial, we prospectively confirmed the efficacy of this iNKT cell-based strategy in BCLC B/C stage 
patients with HCC after TACE failure.

The findings of the current study show that median PFS is significantly improved in TAE-iNKT group subjects 
compared with those in the TAE group (5.7 vs 2.7 months). Furthermore, patients administered TAE-iNKT exhibit higher 

Table 2 Adverse Events

Adverse Event Any Grade (%) ≥Grade 3 (%)

TAE-iNKT
Chill 0 0

Fatigue 3 (11) 0

Fever 3 (11) 0
Injection site reaction 0 0

Callosity 4 (15) 0

Activation time of partial prothrombin 0 0
Alanine aminotransferase increase 1 (4) 0

Aspartate aminotransferase increase 4 (15) 0
Blood bilirubin increase 3 (11) 0

Alkaline phosphatase increase 1 (4) 0

Glutamyl transpeptidase increase 6 (22) 1 (4)
Hypercholesterolemia 1 (4) 0

TAE

Chill 0 0
Fatigue 5 (19) 0

Fever 5 (19) 0

Injection site reaction 0 0
Callosity 0 0

Activation time of partial prothrombin 0 0

Alanine aminotransferase increase 8 (30) 2 (7)
Aspartate aminotransferase increase 5 (19) 0

Blood bilirubin increase 6 (22) 2 (7)

Alkaline phosphatase increase 2 (7) 0
Glutamyl transpeptidase increase 6 (22) 1 (4)

Hypercholesterolemia 1 (4) 0
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ORR and DCR than those treated with TAE alone (ORR, 52% vs 11%; and DCR, 85% vs 33%). Two underlying 
mechanisms may explain the effect of autologous iNKT cell treatment on PFS, ORR, and DCR. First, the increase in 
lymphocyte numbers after iNKT cell infusion may be a contributing factor in the better outcomes for patients with TACE 
failure compared to those for patients given TAE alone. Note our finding that the absolute value of lymphocyte counts 
steadily decreased with time after TACE treatment, while the lymphocyte populations gradually recovered after iNKT 
cell infusion. In the phase 1 study, we also found that lymphocyte populations increase after iNKT cell infusion, as do 
levels of T-helper 1 (Th1) cytokines (eg, IFN-γ, perforin, and granzyme B) produced by iNKT cells.24 The expanded 
autologous iNKT cells and increased lymphocyte populations are known to facilitate restoration of immune cells,41,42 

thereby “resetting” the immune system from a tolerogenic to an immunogenic state-a primary goal of tumor 
immunotherapy.14 Second, iNKT cells can exert strong, direct anti-tumor effects, which also likely contributed to the 
observed improvements in PFS and OS in the TAE-iNKT group.

It should be noted that iNKT cells specifically home-in on liver tissue rather than other tissues and can serve as a rich 
source of hepatic lymphocytes.43,44 CD1d is expressed on sinusoid-lining endothelial cells, Kupffer cells, hepatocytes, 
and other cells in the liver.45–48 TAE induces ischemic tumor necrosis, and reperfusion can initiate a cascade of pathways 
that cause further cellular injury after prolonged ischemia.49 To ameliorate this effect, iNKT cells are recruited to the 
damage site and rapidly activated by these cells in a CD1d-dependent manner after reperfusion. Activated iNKT cells 
release large amounts of granzyme B and perforin, which can directly target and kill tumor cells. These immune 
mechanisms may at least partially explain the efficacy of autologous iNKT cell treatment.

In terms of efficacy, QoL has been shown to be a clinical outcome as important as PFS or OS in the management of patients 
monitored for HCC, especially for patients with recurrent or refractory HCC (whose QoL is already diminished by the disease 
itself as well as previous therapies).50 For these patients, the ideal therapy would both prolong survival and preserve (or 
improve) QoL. In the present study, we found that the median time to QoL deterioration was significantly longer in patients 
treated with TAE-iNKT compared to those given TAE (9.2 vs 3.0 months). It bears emphasis that this improvement to QoL 
under autologous iNKT cell treatment also promotes patient participation in further follow-up treatment opportunities and can 
eventually lead to improved oncological outcomes. Combined with efficacy and safety outcomes, these data support 
autologous iNKT cell treatment as a promising strategy for BCLC B/C stage patients with HCC.

This study has some limitations. First, the overall survival data were not mature in this study. A longer follow-up is 
needed to assess whether the PFS benefits observed with autologous iNKT cell treatment indeed translate into OS 
benefits. Second, the sample size is small in the present study, and a larger cohort would be desirable for future 
explorations of this therapeutic approach. Another potential limitation was that this study only includes Chinese 
participants, in whom the etiology of HCC is largely from viral hepatitis or cirrhosis,51 which is distinct from the 
etiology of Western populations. However, this etiological difference does not affect the objectivity of the results because 
patients in the present study have been treated with antiviral agents and have maintained the virus below the detection 
limit (HBV DNA < 10 IU/mL).

Conclusion
In the phase 2 randomized clinical trial, iNKT cell infusion plus TAE demonstrated superior PFS vs TAE alone in BCLC 
B/C stage patients with HCC after TACE failure. The patients with infused iNKT cells reported a better quality of life 
than patients without infusion. Treatment with iNKT cells was accompanied by manageable toxicity.
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