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Abstract

BACKGROUND

Hepatocellular carcinoma (HCC) has been revealed as the second most common
cause of cancer-related deaths worldwide. The introduction of cell-based
immunotherapy, including dendritic cells (DCs) and cytokine-induced killer cells
(CIKs), has brought HCC patients an effective benefit. However, the efficacy and
necessity of cellular immunotherapy after different interventional therapy
remains to be further explored.

AIM
To investigate the efficacy of cellular immunotherapy, involving DCs and CIKs,
combined with different conventional treatments of HCC.

METHODS

We performed a literature search on PubMed and Web of Science up to February
15, 2019. Long-term efficacy (overall survival and recurrence) and short-term
adverse effects were investigated to assess the effectiveness of immunotherapy
with DCs and/or CIKs. Review Manager 5.3 was used to perform the analysis.

RESULTS

A total of 22 studies involving 3756 patients selected by eligibility inclusion
criteria were forwarded for meta-analysis. Combined with the conventional
clinical treatment, immunotherapy with DCs and/or CIKs was demonstrated to
significantly improve overall survival at 6 mo [risk ratio (RR) = 1.07; 95%
confidence interval (CI): 1.01-1.13, P = 0.02], 1 year (RR = 1.12; 95%CI: 1.07-1.17, P
<0.00001), 3 years (RR =1.23; 95%CI: 1.15-1.31, P < 0.00001) and 5 years (RR =
1.26; 95%Cl: 1.15-1.37, P < 0.00001). Recurrence rate was significantly reduced by
cellular immunotherapy at 6 mo (RR = 0.50; 95%ClI: 0.36-0.69, P < 0.0001) and 1
year (RR = 0.82; 95%Cl: 0.75-0.89, P < 0.00001). Adverse effect assessment
addressed that immunotherapy with DCs and/or CIKs was accepted as a safe,
feasible treatment.
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CONCLUSION

Combination immunotherapy with DCs, CIKs and DC/CIK with various routine
treatments for HCC was evidently suggested to improve patients” prognosis by
increasing overall survival and reducing cancer recurrence.

Key words: Hepatocellular carcinoma; Immunotherapy; Dendritic cells; Cytokine-induced
killer cells
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Core tip: Hepatocellular carcinoma has been revealed as the second most common cause
of cancer-related deaths worldwide. Though several analyses have supported the
effective benefit of cellular immunotherapy when combined with specific hepatocellular
carcinoma treatment, the efficacy and necessity of cellular immunotherapy after different
interventional therapy remains to be interrogated. Our study suggested that the
combination of immunotherapy with dendritic cells, cytokine-induced killer cells and a
combination of the two with various routine hepatocellular carcinoma treatments could
evidently improve patients’ prognosis by increasing the overall survival and reduce the
recurrence of the malignancy.
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INTRODUCTION

Liver cancer, approximately 75% of which is ascribed to hepatocellular carcinoma
(HCC), has been revealed as the second most common cause of cancer-related deaths
worldwide with around 745000 deaths annually!l. Both the incidence and mortality
are rising worldwide. Cirrhosis, hepatitis B virus and hepatitis C virus are commonly
regarded as the main risk factors for HCC.

Curative treatment is achieved by surgical resection, orthotopic liver trans-
plantation, transarterial chemoembolization (TACE) and local percutaneous tumor
ablation. However, these curative approaches are only accessible to limited numbers
of patients, as most are diagnosed at advanced stages with unresectable tumors.
Although much progress has been made with promising phase II trial results, drug
development has been disappointing with many failures in phase III trials®; hence,
few drugs have been approved so far by the United States Food and Drug
Administra-tion. A multitarget tyrosine kinase inhibitor, sorafenib, the only approved
systemic therapy, achieves an increased survival of only up to 3 mol*l.

Immunotherapy was introduced into the field as the ability to escape from
immunological surveillance, which forms the basis for tumor progression. The
underlying mechanism comprises of defective antigen presentation, dysfunction of
effector T cells, cytokine disarray and alterations in immune checkpointst®l. While
conventional chemotherapy exerts its effect by directly reducing tumor volume
morphologically, immunotherapy works in an indirect way and takes longer to
induce an effective immune response. However, it provides a more durable antitumor
effect. Immune-based approaches include cytokines, vaccines, adoptive cell therapy
[based on peripheral blood mononuclear cells or dendritic cells (DCs)]"], tumor-
antibody-based immunotherapy! and immune checkpoint inhibitors. Recombinant
interferon-a was the first immunotherapeutic agent introduced into the field,
although, even with its features of immunostimulation and antiangiogenesis, it failed
to show a significant effect in clinical trials of patients with HCCI'*"l,

Vaccine strategies are carried out on different anti-cancer platforms, including
RNA-, peptide- and protein-based vaccines, whole-tumor-cell vaccine, and most
widely, DC-based vaccines. DC-based vaccines are adapted more for solid
malignancies, including melanoma, renal cancer and prostate cancer, as well as
HCC>". As mature DCs prime T cells and boost memory T cells, induction of DC
maturation by Toll-like receptor ligand or cytokines is often applied clinically. Cross-
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presentation, the process of DCs presenting captured antigen to CD8* cells via major
histocompatibility complex class I, is regarded as a critical step in the efficient
induction of antitumor cytotoxic responsel’”. An important subtype of DCs was
identified in 2010 on account of its high capability in cross-presentation with high
expression of CD141 and Toll-like receptor 3. These CD141* DCs yielded high
amounts of type I interferon under stimulation with polyinsionic-polycytidylic acid,
which leads to a vigorous T helper 1 cell response; hence the effective anticancer
responsel'’l. Therefore, polyinsionic-polycytidylic acid and its derivatives are adopted
as adjuvants for DC-based vaccines.

Adoptive cell therapy is commonly performed with cytokine-induced killer cells
(CIKs), tumor-infiltrating lymphocytes and genetically modified T cells. Among these,
CIKs have been used in more clinical trials. CIKs, consisting of NKG2D"¢" T cells,
activated natural killer cells and natural killer T cells!'”), are generated ex vivo from
peripheral blood mononuclear cells and stimulated with cytokines and antibodies
targeting CD3. CIKs harbor high capacity of proliferation and have a cytolytic effect
against cancer cells. Although several analyses have supported the beneficial effect of
cellular immunotherapy when combined with specific HCC treatment!'*'”, the efficacy
and necessity of cellular immunotherapy after different interventional therapy
remains to be interrogated. In this study, a systematic review and meta-analysis was
performed to investigate the efficacy of cellular immunotherapy, involving DCs, CIKs
and DC/CIK combination therapy, combined with different treatments of HCC.

MATERIALS AND METHODS

Systematic literature search

We conducted a widespread literature search on PubMed and Web of Science Core
Collection. Articles up to February 15, 2019 were filtered out by key words including
hepatocellular OR liver AND cancer OR tumor OR tumour OR carcinoma OR
neoplasm AND immunotherapy OR immune checkpoint OR immunotherapeutic.
Study selection was conducted by two independent investigators. Discrepancies were
resolved by discussion and consensus. Full text was retrieved for further decision if
the abstract was insufficient to support the inclusion criteria. Three reviewers
independently evaluated studies for eligibility.

Inclusion and exclusion criteria

Randomized controlled trials (RCTs) and controlled trials were taken into considera-
tion, but trials with only safety data, animal studies and in vitro studies were
excluded. Studies that met the following criteria were included: (1) Clinical trials on
immunotherapy for HCC patients with full text and available data in English; and (2)
Clinical trials providing survival data [disease-free survival, progression-free
survival, and overall survival (OS)] and adverse effects.

Data extraction and quality assessment

The following information was extracted for each article: last name of first author,
year of publication, phase of clinical trial, number of enrolled subjects, treatment
arms, number of patients in control and conventional groups, OS, recurrence rate and
adverse effects. The quality assessment was performed with Cochrane Collaboration’s
tool for RCT trails and MINORS!"! for non-RCT cohort studies.

Statistical analysis

We conducted all the analysis with Review Manager 5.3 (Cochrane Collaboration).
Risk ratio (RR) was calculated to assess the effect of interventions. Results were
presented with 95% confidence interval (CI). We performed Cochrane’s Q statistic (y2)
to assess the heterogeneity of the trials and the I* statistic for inconsistency. P < 0.05 or
I > 50% was considered an invalid assumption of homogeneity. A random-effects
model was applied for clinical trials of significant heterogeneity, otherwise a fixed-
effects model was applied. Assessment of potential publication bias was evaluated by
funnel plot, where two-tailed P < 0.05 was considered statistically significant.

RESULTS

Description of included trials

A total of 2643 citations were identified from the primary literature search. Among
them, 2621 studies were excluded for the following reasons: overlapping studies,
reviews, no access to full-text in English, letters, and individual case studies.
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According to the inclusion criteria, 22 studies (Figure 1) including 3756 patients were
adopted in the meta-analysis. Five of the included studies involving 390 patients were
aligned for analyzing the effect of mono-immunotherapy with DC-based vaccines. A
total of 3211 patients involved in 13 trials were assigned for comparative analysis of
mono-immunotherapy with CIKs. The other four trials with 155 patients focused on
the effect of combined approach with DC vaccines and CIKs (Table 1). Most of those
trials evaluated the effect of immunotherapy based on interventions for primary
tumor ablation by surgical resection, radiofrequency ablation and cryoablation. Five
studiesl!??"*2%?1 were conducted with patients receiving TACE treatment. A few
studies assigned patients with chemotherapy!™ or only supportive treatment”! as the
control group.

Efficacy and prognosis assessment

Compared with the patients in the control group, regardless of original treatment
arm, patients receiving monotherapy with DC-based vaccine had a higher 1-year OS
(RR =1.16; 95%CI: 1.03-1.30, P = 0.01), although there was no significant improvement
in OS at 6 mo or 3 years. Monotherapy with CIKs demonstrated significant
improvement in OS at 6 mo (RR = 1.09; 95%CI: 1.03-1.16, P = 0.005), 1 year (RR = 1.11;
95%CI: 1.06-1.16, P < 0.00001), 3 years (RR =1.23; 95%CI: 1.15-1.31, P < 0.00001) and 5
years (RR = 1.25; 95%CI: 1.14-1.36, P < 0.00001). Unsurprisingly, combined therapy
with DCs and CIKs also improved OS at 1 year (RR = 3.8; 95%CI: 1.29-11.22, P = 0.02)
and 5 years (RR = 1.45; 95%CI: 0.99-2.12, P = 0.05). Taken together, immunotherapy
based on DCs and/or CIKs significantly increased OS at 6 mo (RR = 1.07; 95%CI: 1.01-
1.13, P = 0.02), 1 year (RR = 1.12; 95%CI: 1.07-1.17, P < 0.00001), 3 years (RR = 1.23;
95%ClI: 1.15-1.31, P < 0.00001) and 5 years (RR = 1.26; 95%CI: 1.15-1.37, P < 0.00001)
(Figure 2).

Besides the improved OS of patients, reduced tumor recurrence rate was achieved
in most trials. DC-based vaccination alone addressed a declining shift in 1-year
recurrence (RR = 0.64; 95%CI: 0.44-1.93, P = 0.02). Imnmunotherapy with CIKs showed
similar effects on recurrence at 6 mo (RR = 0.45; 95%CI: 0.30-0.66, P < 0.0001), 1 year
(RR =0.83; 95%CI: 0.76-0.91, P < 0.0001) and 1.5 years (RR = 0.39; 95%CI: 0.18-0.85, P =
0.02). The data on recurrence with DC/CIK combined therapy were unfortunately not
available. The retardation effect of recurrence was observed at 6 mo (RR = 0.50;
95%ClI: 0.36-0.69, P < 0.0001) and 1 year (RR = 0.82; 95%CI: 0.75-0.89, P < 0.00001)
(Figure 3).

Adverse effect analysis

None of the studies reported immunotherapy-related hospital mortality. Only 23
patients in four studies**7**‘l were reported with grade III or IV adverse events.
Fever was addressed as the most common event after immunotherapy. Other adverse
effects included shivering, vomiting, fatigue, abdominal pain and leukopenia. The
overall adverse event rate was higher in immunotherapy groups, but symptomatic
remissions were declared within 24 h. In brief, immunotherapy was accepted as a
safe, feasible treatment, though with an increased incidence of adverse events.

Quality assessment of trials

Seven studies included in this systematic review were RCTs, including two with DC-
based vaccine, three with mono-immunotherapy with CIKs and two with
combination immunotherapies. Cochrane Collaboration’s tool was used to assess the
quality of the RCTs. All these RCTs were verified with high quality (Table 2), and 15
non-RCTs were validated as high quality by MINORS (Table 3).

Publication bias

Funnel plots and Egger’s regression test were applied to OS and recurrence rate in
order to guarantee the potency of this meta-analysis (Figure 4). Symmetrical
distribution of individual studies indicated no evident publication bias.

DISCUSSION

Although surgical resection, transplantation, local tumor ablation and TACE are well
accepted with proven survival benefit"!, these clinical treatments of HCC have their
limited scope of application according to the tumor progression of individual patients.
Besides, tumor recurrence can occur within five years even with curative interven-
tionst*?. Unlike some other solid tumors, no effective neoadjuvant or adjuvant therapy
has been validated to reduce the recurrence risk so far*'l. The introduction of
immunotherapy, however, brought new hope in this regard. In this meta-analysis, we
found that immunotherapy could increase OS and decrease recurrence rate in HCC.
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Table 1 Clinical information and characteristics of included studies

Immuno- Patients Child-Pugh score A/B/C
Author thera| Immune cell
Country Control int Py . Course
(vear) Interven- Control Trial Control Trial regimens
tions
Nakamoto  Japan TACE TACE+DC 11 10 4/7/0 8/2/0 5x 10° 1
(2007)1!
Nakamoto  Japan TACE TACE+DC 22 13 NR 5/8/0 5 x 10° 1
(2011)!
El Ansary  Egypt Supportive ~ DC 15 15 0/14/1 0/15/0 20 x 10° 1
(2013)P"] treatment
Sun (2015)/”?! China Resection +  Resection + 80 80 NR NR 8.9 x 10° 6
FOLFOX6 DC
Lee (2017)”! South Korea  Resection/RF Resection/RF 75 69 NR NR 3 %10’ 6
A/PEI A/PEI +DC
Weng China TACE + RFA TACE +RFA 40 45 33/7/0 36/9/0 1.0-15x 10 8/9
(2007)4 +CIK
Dong China Resection ~ Resection+ 43 84 34/9/0 68/16/0 1.0-20x10" 3/5
(2008)1*°! CIK
Hao China TACE TACE + RFA 74 72 66/8/0 65/7/0 1.0-5.0x 10" 4
(2010)! +CIK
Pan (2010)”" China TACE + RFA TACE+RFA 39 42 NR NR 1.0 x 10" 4
+ CIK
Pan (2013)"**) China Resection Resection + 206 204 206/0/0 204/0/0 1.0-1.5x 10 4
CIK
Lee (2015)”"! South Korea  Resection/RF Resection/RF 112 114 112/0/0 114/0/0 NR 16
A/PEI A/PEI + CIK
Pan (2015)"""! China Resection Resection + 520 511 NR NR 1.0-1.5x 10 4
CIK
Chen China Resection Resection + 118 231 205/12/0 222/9/0 1.0-1.5x 10 4
(2016)L! CIK
Li (2016)°7  China Oxaliplatin + CIK 37 37 33(A + 27(A + NR NR
Capecitabine B)/4(C) B)/10(C)
Chang China Resection Resection + 145 145 145/0/0 145/0/0 NR NR
(2018)*% CIK
Lee (2018)**] South Korea  Resection/RF Resection/RF 112 114 112/0/0 114/0/0 6.4 x 10° 16
A/PEI A/PEI + CIK
Cui (2014)°1" China RFA RFA + 32 30 14/18/0 18/12/0 12-20x10° 8
NK/y8T/CIK
Qian China REA RFA + 31 73 NR NR 1.0-20x10° 8
(2016)L1 NK/y8T/CIK
Qiu (2011)" China Resection Resection + 9 9 NR NR 2.0-20.0x10° NR
DC/CIK
Niu China Cryoablation ~Cytotherapy 12 21 NR NR 6.0-10.0 x 10° NR
(2013)L41 +DC/CIK
Shimizu Japan Resection Resection + 40 85) 44/8/0 34/8/0 NR NR
(2014)0) DC/CIK
Yu (2015)1*!  China Microwave  Microwave 15 14 15/0/0 13/1/0 NR NR
ablation ablation +
DC/CIK

TACE: Transcatheter arterial chemoembolization; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; DC: Dendritic cell; CIK: Cytokine-
induced killer cell; NK: Nature killer cell; NR: Not reported.

We comprehensively analyzed 22 individual studies with 3756 HCC patients in this
meta-analysis and illustrated a positive prognostic efficacy of immunotherapy with
DC-based vaccine and/or CIK-based adoptive therapy. Our results demonstrated that
an extended OS (6 mo, 1, 3 and 5 years) was achieved with the aforesaid immuno-
therapy based on different HCC interventional therapies. Similar benefits in OS were
described in another meta-analysis!*! of adjuvant adoptive immunotherapy, including
CIKs, lymphokine-activated killer cells and lymphocytes in HCC patients after
surgery. In that study, a significant reduction in mortality and recurrence was
observed at 1, 2 and 3 years but not 5 years!*’l. However, compared to the slight
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2306 records
identified through

337 records
identified through

Pubmed Web of Science

Identification

= Records screened Studies primarily exclyded
g = 53) (n = 2590) by screening for
g title and abstract
*
Full-text articles Studies primarily excluded
> (n = 22) assessed (7 = 31) by screening for the
5 for eligibility full-text
=)
w

Studies included
in the meta-
analysis (7=22)
DC=5

CIK =13
DC-CIK = 4

k=]
Q
°
—
[}
=
=

Figure 1 Flow diagram of the literature screening process. DC: Dendritic cell; CIK: Cytokine-induced killer cell.

increase in OS in our study, another systematic review demonstrated a more dramatic
shift in OS in TACE-treated HCC patients!""l. The smaller increase in OS in our
analysis could have been ascribed to the heterogeneity of the patients included in the
controlled trials. Yet, a significant benefit in OS was confirmed regardless of subgroup
composition, and more intriguingly, our analysis indicated that short-term recurrence
was intensely reduced with immunotherapy independent of the heterogeneity. The
clinical benefit of the combined immunotherapy with DCs and CIKs has been
demonstrated in many clinical studies!"*‘l. This combined approach was reported to
have greater antitumor activity in vitro than CIK treatment alone*”, while our analysis
failed to find sufficient clinical data to support it.

One RCT™ and one non-RCT cohort study® included in this meta-analysis were
based on conventional chemotherapy as the control group. Cellular immunotherapy
also resulted in improved outcomes, implying a critical role for immunotherapy in
patients who have lost their chance for tumor ablation. The combination of
chemotherapy and immunotherapy has accumulated positive efficacy in a number of
unresectable malignanciest**1.

Recently, the introduction of immune checkpoint inhibitors has led to a clinical
breakthrough in cancer treatment!*’l. Six immune checkpoint inhibitors for HCC
treatment have been approved by the Food and Drug Administration, and even one
(nivolumab) has been introduced as a second-line treatment?""'! due to its promising
effect on immune checkpoints inhibitors in HCC patients. Although some clinical data
have presented a good safety profile, disease control and time to progression™-?,
clinical data concerning comparative trials with immune checkpoints in HCC patients
are still insufficient for analysis.

A bias could have been raised due to the low number of available trials and the low
number of included patients in the DC-based vaccine group and DC/CIK combina-
tion group, which comprised five trials with 390 patients and four trials with 155
patients, respectively. The quality of this meta-analysis was still assured as we have
shown no evidence of publication bias.

There were a few limitations to this systematic review and meta-analysis. First,
although we included 22 trials in the analysis, the DC and DC/CIK groups comprised
only five and four trials, respectively. Most of the trials were conducted in East Asian
countries (China, Japan and South Korea); hence, they had less-sufficient statistical
power due to the lack of multinational or multiracial clinical data. Second, heter-
ogeneity was observed between the included studies. Factors, including stage of
malignancy, different surgical method, number of immunotherapy fusion cycles, and
duration of immunotherapy in different clinical centers could have contributed to the
heterogeneity.

In conclusion, we demonstrated that the application of immunotherapy with DCs,
CIKs and DCs/CIK in addition to various routine HCC treatments could evidently
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Test for overall effect: Z = 4.61 (P < 0.00001)

Test for subgroup differences: Chi’ = 5.32, df = 2 (P = 0.07); I = 62.4%
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A Immunotherapy Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, random, 95%CI Year M-H, random, 95%CI
2.1.1DC l
Lee 2017 68 69 72 75 34.6% 1.03[0.97, 1.08] 2017
Subtotal (95%CI) 69 75 34.6% 1.03 [0.97, 1.08]
Total events 68 72
Heterogeneity. Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)
2.1.2 CIK
Hao 2010 65 72 55 74 11.1% 1.21[1.04, 1.42] 2010 =
Lee 2015 109 114 100 112 27.1% 1.07[0.99, 1.15] 2015 .
Lee 2018 109 114 100 112 27.1% 1.07 [0.99, 1.15] 2018 o
Subtotal (95%CI) 300 298 65.4% 1.09[1.03, 1.16 ]
Total events 283 255
Heterogeneity. Tau® = 0.00; Chi® = 2.62, df = 2 (P = 0.27); I = 24%
Test for overall effect: Z = 2.80 (P = 0.005)
2.1.3DC - CIK
Subtotal (95%CI) 0 0 Not estimable
Total events 0 0
Heterogeneity. Not applicable
Test for overall effect: Not applicable
Total (95%CI) 369 373 100.0% 1.07 [1.01, 1.13] )
Total events 351 327
Heterogeneity. Tau’ = 0.00; Chi* = 6.35, df = 3 (P = 0.10); I’ = 53% ' ; : |
Test for overall effect: 7 = 2.28 (P = 0.02) 0.01 0.1 1 10 100
Test for subgroup differences: Chi’ = 2.07, df = 1 (P = 0.15); I = 51.8% Favours [immunotherapy] Favours [control]
B
Immunotherapy Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, random, 95%CI  Year M-H, random, 95%CI
2.2.1 DC
Lee 2017 66 69 62 75 9.8% 1.16 [1.03, 1.30] 2017 -
Subtotal (95%CI) 69 75  9.8% 1.16 [1.03, 1.30] ¢
Total events 66 62
Heterogeneity. Not applicable
Test for overall effect: Z = 2.48 (P = 0.01)
2.2.2 CIK
Dong 2008 55 63 30 34 6.7% 0.99 [0.85, 1.15] 2008 T
Hao 2010 52 72 32 74 23% 1.67 [1.24, 2.25] 2010 —_—
Pan 2013 191 204 173 206 15.4% 1.11[1.04, 1.20] 2013 =
Cui 2014 30 30 30 32 10.6% 1.06 [0.96, 1.19] 2014 -
Lee 2015 109 114 97 112 13.5% 1.10[1.02, 1.20] 2015 o
Pan 2015 421 511 387 520 16.1% 1.11[1.04, 1.18] 2015 o
Li 2016 16 37 9 37 05% 1.78 [0.90, 3.50] 2016 S
Chen 2016 185 231 155 217 10.8% 1.12[1.01, 1.25] 2016 u
Lee 2018 109 112 97 112 14.0% 1.12[1.04, 1.22] 2018 =
Subtotal (95%CI) 1374 1344 90.0% 1.11 [1.06, 1.16] \
Total events 1168 1010
Heterogeneity. Tau’ = 0.00; Chi* = 13.17, df = 8 (P = 0.11); I = 39%
Test for overall effect: Z = 4.61 (P < 0.00001)
2.2.3DC-CIK
Qiu 2011 9 9 2 9 0.2% 3.80[1.29, 11.22] 2011 _—
Subtotal (95%CI) 9 9 0.2% 3.80[1.29, 11.22] e
Total events 9 2
Heterogeneity. Not applicable
Test for overall effect: Z = 2.42 (P = 0.02)
Total (95%CI) 1452 1428 100.0% 1.12 [1.07, 1.17] \
Total events 1243 1074
Heterogeneity. Tau’ = 0.00; Chi* = 19.11, df = 10 (P = 0.04); I = 48% ' . . |
0.01 0.1 1 10 100

Favours [immunotherapy] Favours [control]
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c Immunotherapy Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, random, 95%CI  Year M-H, random, 95%CI
2.3.1 DC
Lee 2017 2 69 3 75 0.4% 0.72[0.12,4.21] 2017
Subtotal (95%CI) 69 75  0.4% 0.72[0.12, 4.21]
Total events 2 3
Heterogeneity. Not applicable
Test for overall effect: Z = 0.36 (P = 0.72)
2.3.2 CIK
Dong 2008 41 63 22 34 4.5% 1.01[0.74, 1.37] 2008 ==
Pan 2013 156 204 127 206 19.7% 1.24[1.09, 1.42] 2013 -
Lee 2015 70 114 56 112 8.8% 1.23[0.97, 1.55] 2015 -
Pan 2015 307 511 242 520 37.4% 1.29[1.15, 1.42] 2015 =
Chen 2016 125 231 100 217 16.1% 1.17[0.97, 1.42] 2016 -
Lee 2018 101 114 84 112 13.2% 1.18 [1.04, 1.34] 2018 ol
Subtotal (95%CI) 1237 1201  99.6% 1.23[1.15, 1.31] []
Total events 800 631
Heterogeneity. Chi® = 2.96, df = 5 (P = 0.71); ¥ = 0%
Test for overall effect: Z = 6.10 (P < 0.00001)
2.3.3DC-CIK
Subtotal (95%CI) 0 0 Not estimable
Total events 0 0
Heterogeneity. Not applicable
Test for overall effect: Not applicable
Total (95%CI) 1306 1276 100.0% 1.23[1.15, 1.31] '
Total events 802 634
Heterogeneity. Chi® = 3.28, df = 6 (P = 0.77); I’ = 0% ' t t |
Test for overall effect: Z = 6.04 (P < 0.00001) 0.01 0.1 1 10 100
Test for subgroup differences: Chi’* = 0.35, df = 1 (P = 0.56); I’ = 0% Favours [immunotherapy] Favours [control]
D
Immunotherapy Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, random, 95%CI  Year M-H, random, 95%CI
2.4.1DC
Subtotal (95%CI) 0 0 Not estimable
Total events 0 0
Heterogeneity. Not applicable
Test for overall effect: Not applicable
2.4.2 CIK
Dong 2008 24 63 13 34 3.5% 1.00[0.59, 1.69] 2008 =
Pan 2013 134 204 103 206 21.0% 1.31[1.11, 1.56] 2013 -
Pan 2015 243 511 198 520 40.2% 1.25[1.08, 1.44] 2015 =
Chen 2016 105 231 79 217 16.7% 1.25[1.00, 1.56] 2016 e
Lee 2018 86 114 70 112 14.5% 1.21[1.01, 1.44] 2018 =
Subtotal (95%CI) 1123 1089 95.8% 1.25[1.14, 1.36] ¢
Total events 592 463
Heterogeneity. Chi* = 1.18, df = 4 (P = 0.88); 7 = 0%
Test for overall effect: Z = 4.99 (P < 0.00001)
2.4.3 DC - CIK
Shimizu 2014 27 42 23 52 4.2% 1.45[0.99, 2.12] 2014 ——
Subtotal (95%CI) 42 52 4.2% 1.45[0.99, 2.12] L
Total events 27 23
Heterogeneity. Not applicable
Test for overall effect: Z = 1.93 (P = 0.05)
Total (95%CI) 1165 1141 100.0% 1.26 [1.15, 1.37] ()
Total events 619 486
Heterogeneity. Chi* = 1.77, df = 5 (P = 0.88); F = 0% b } } |
Test for overall effect: Z = 5.28 (P < 0.00001) 0.01 0.1 1 10 100
Test for subgroup differences: Chi’ = 0.59, df = 1 (P = 0.44); F = 0% Favours [immunotherapy] Favours [control]

Figure 2 Comparison of 6-mo (A), 1- (B), 3- (C) and 5-yr (D) overall survival between immunotherapy groups and control groups. M-H: Mantel-Haenszel
estimates; Cl: Confidence interval.

improve patients’ prognosis by increasing OS and reducing recurrence. The efficacy of
novel immune checkpoint inhibitors based on clinical trials should be assessed in
further studies when sufficient data are available. Due to the diverse mechanism
behind the immune evasion of tumor cells, approaches combining different
immunotherapies might lead to an appealing strategy to treat HCC.
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Table 2 Quality assessment of randomized controlled trials with Cochrane Collaboration’s tool

Selection Performance Detection Attrition Reporting Other
Author (year)

Bias Bias Bias Bias Bias Bias
El Ansary (2013) Unclear High Unclear Low Low Low
Sun (2015) Unclear High Unclear Low Low Low
Dong (2008) Unclear High Unclear Low Low Low
Lee (2015) Unclear High Unclear Low Low Low
Lee (2018) Unclear High Unclear Low Low Low
Qiu (2011) Unclear High Unclear Low Low Low
Yu (2015) Unclear High Unclear Low Low Low

Table 3 Quality assessment of non-randomized controlled trials with MINORS

Author (year) 1 2 3 4 5 6 7 8 9 10 1 12
Nakamoto (2007) 2 2 2 0 0 1 2 0 2 2 2 2
Nakamoto (2011) 2 2 2 2 0 1 2 0 2 2 2 2
Lee (2017) 2 2 2 2 0 2 0 2 2 2 2 2
Weng (2007) 2 2 2 2 0 2 2 0 2 2 2 2
Hao (2010) 2 2 2 2 0 2 2 2 2 2 2 2
Pan (2010) 2 2 2 2 0 1 2 0 2 2 2 2
Pan (2013) 2 2 2 2 0 1 2 0 2 2 2 2
Pan (2015) 2 2 2 2 0 2 2 0 2 2 2 2
Chen (2016) 2 2 2 2 0 2 2 0 2 2 2 2
Li (2016) 2 2 2 2 0 1 2 2 2 2 2 2
Chang (2018) 2 2 2 2 0 2 2 2 2 2 2 2
Cui (2014) 2 2 2 0 0 1 2 0 2 2 2 2
Qian (2016) 2 2 2 1 0 2 0 0 2 2 2 2
Niu (2013) 2 2 2 0 0 2 2 0 2 2 2 2
Shimizu (2014) 2 2 2 0 0 2 2 2 2 2 2 2
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A
Exprerimental Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, Fixed, 95%CIL M-H, Fixed, 95%CI
3.1.1 DC
Nakamoto 2007 4 10 6 11 7.6% 0.73[0.29, 1.86] —
Lee 2017 10 69 19 75 24.1% 0.57[0.29, 1.14] —ge 1
Subtotal (95%CI) 79 86 31.7% 0.61[0.35, 1.07] R ol
Total events 14 25
Heterogeneity. Chi* = 0.18, df =1 (P = 0.67); I = 0%
Test for overall effect: 7 = 1.71 (P = 0.09)
3.1.2 CIK
Wang 2007 3 45 4 40 5.6% 0.67[0.16, 2.80]
Hao 2010 20 72 48 74  62.7% 0.43[0.28, 0.64] i
Subtotal (95%CI) 117 114  68.3%  0.45[0.30, 0.66] <
Total events 23 52
Heterogeneity. Chi’ = 0.34, df =1 (P = 0.56); * = 0%
Test for overall effect: Z = 4.00 (P < 0.0001)
3.1.3DC - CIK
Subtotal (95%CI) 0 0 Not estimable
Total events 0 0
Heterogeneity. Not applicable
Test for overall effect: Not applicable
Total (95%CI) 196 200 100.0%  0.50[0.36, 0.69] >
Total events 37 77
Heterogeneity. Chi’ = 1.50, df = 3 (P = 0.68); I* = 0% t t {
Test for overall effect: Z = 4.22 (P < 0.0001) 0.01 0.1 1 10 100

Test for subgroup differences: Chi’ = 0.78, df = 1 (P < 0.0001), ¥ = 0%

Favours [immunotherapy] Favours [control]

B Exprerimental Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
3.2.1 DC
Lee 2017 15 69 27 75 4.9%  0.60 [0.35, 1.04] —
Nakamoto 2007 7 10 10 11 1.8% 0.77[0.49, 1.20] -
Nakamoto 2011 3 13 13 33 1.4% 0.59[0.20, 1.72] =
Subtotal (95%CI) 92 119 8.1% 0.64[0.44, 0.93] <
Total events 25 50
Heterogeneity. Chi’ = 0.75, df =2 (P = 0.69); ¥ = 0%

Test for overall effect: Z = 2.32 (P = 0.02)

3.2.2 CIK

Chen 2016 117 231 130 217  25.5% 0.85[0.72, 1.00] Rl

Hao 2010 46 72 68 74  12.7% 0.70[0.58, 0.84] -

Pan 2010 3 42 9 39 1.8%  0.31[0.09, 1.06] r

Pan 2015 235 511 236 520 49.5% 0.91[0.80, 1.03] |

Weng 2007 4 45 12 40 2.4%  0.30[0.10, 0.85]

Subtotal (95%CI) 901 890 91.9% 0.83[0.76, 0.91] [}

Total events 405 482

Heterogeneity. Chi’ = 11.71, df = 4 (P = 0.02; I = 66%

Test for overall effect: Z = 3.90 (P < 0.0001)

3.2.3DC-CIK

Subtotal (95%CI) 0 0 Not estimable

Total events 0 0

Heterogeneity. Not applicable

Test for overall effect: Not applicable

Total (95%CI) 993 1009 100.0%  0.82[0.75, 0.89] 4

Total events 430 532

Heterogeneity. Chi’ = 13.40, df = 7 (P = 0.06); I = 48% } } i
Test for overall effect: Z = 4.43 (P < 0.0001) 0.01 0.1 1 10 100

Test for subgroup differences: Chi’ = 1.81, df = 1 (P < 0.18), I’ = 44.8%
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c Exprerimental Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight M-H, Fixed, 95%CIL M-H, Fixed, 95%CI
3.3.1DC
Lee 2017 29 69 35 75 38.1% 0.90 [0.62, 1.30]
Sun 2015 14 80 39 80 34.2% 0.36 [0.21, 0.61] —.—
Subtotal (95%CI) 149 155  72.4% 0.58 [0.23, 1.45]
Total events 43 74
Heterogeneity. Tau’ = 0.39, Chi’ = 8.22, df = 1 (P = 0.004; I* = 88%
Test for overall effect: 7 = 1.16 (P < 0.24)
3.3.2CIK
Weng 2007 7 45 16 40 27.6% 0.39[0.18, 0.85] —
Subtotal (95%CI) 45 40 27.6% 0.39 [0.18, 0.85] B
Total events 7 16
Heterogeneity. Not applicable
Test for overall effect: Z = 2.38 (P = 0.02)
3.3.3DC-CIK
Subtotal (95%CI) 0 0 Not estimable
Total events 0 0
Heterogeneity. Not applicable
Test for overall effect: Not applicable
Total (95%CI) 194 195 100.0% 0.52 [0.26, 1.04] il
Total events 50 90
Heterogeneity. Tau’ = 0.29, Chi’ = 9.87, df = 2 (P = 0.007; ¥ = 80% I } t {
Test for overall effect: Z = 1.85 (P = 0.06) 0.01 0.1 1 10 100
Test for subgroup differences: Chi> = 0.42, df = 1 (P = 0.52), I’ = 0% Favours [immunotherapy] Favours [control]

Figure 3 Comparison of 6-mo (A), 1- (B) and 1.5-yr (C) recurrence between immunotherapy groups and control groups. M-H: Mantel-Haenszel estimates; Cl:
Confidence interval.
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Figure 4 Funnel plots to detect publication bias. DC: Dendritic cell; CIK: Cytokine-induced killer cell.

ARTICLE HIGHLIGHTS

Research background
Hepatocellular carcinoma (HCC) has been revealed as the second most common cause of cancer-
related deaths worldwide. The introduction of cell-based immunotherapy, including dendritic
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cells (DCs) and cytokine-induced killer cells (CIKs), has brought HCC patients an effective
benefit. However, the efficacy and necessity of cellular immunotherapy after different
interventional therapy remain to be further explored.

Research motivation

Only patients with early to intermediate stage of HCC can benefit from curable interventions.
Unfortunately, tumor recurrence within 5 years occurs even with curable treatment. As the
introduction of immunotherapy has brought beneficial effects to HCC treatment, better strategies
with combined interventions would help to improve the outcomes of HCC patients.

Research objectives

A systematic review and meta-analysis were performed in this study to investigate the efficacy
of cellular immunotherapy, involving DCs, CIKs and DC/CIK combination therapy combined
with different treatments of HCC.

Research methods

A literature search was performed on PubMed and Web of Science up to February 15, 2019.
Long-term efficacy (overall survival and recurrence) and short-term adverse effects were
investigated to assess the effectiveness of immunotherapy with DCs and/or CIKs. Review
Manager 5.3 was used to perform the analysis.

Research results

A total of 22 studies involving 3756 patients selected by eligibility inclusion criteria were
forwarded for meta-analysis. Combined with the conventional clinical treatment,
immunotherapy with DCs and/or CIKs was demonstrated to significantly improve overall
survival at 6 mo, 1 year, 3 years and 5 years. Recurrence rate was significantly reduced by
cellular immunotherapy at 6 mo and 1 year. Adverse effect assessment addressed that
immunotherapy with DCs and/or CIKs was accepted as a safe, feasible treatment.

Research conclusions

Combination immunotherapy with DCs, CIKs and DC/CIK with various routine treatments for
HCC was evidently suggested to improve patients’” prognosis by increasing overall survival and
reducing cancer recurrence.

Research perspectives

This meta-analysis indicated that the combination of conventional therapy and the intervention
of immunotherapy with DCs, CIK and DC/CIK could pave the way for a promising approach
for HCC treatment. Further assessment of the efficacy of novel immune checkpoint inhibitors
based on clinical trials will help us to better identify immunotherapy strategies to treat HCC.
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