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Abstract

Background & Aims: The prognosis of hepatocellular carcinoma (HCC) remains poor and available
treatment options are limited. This retrospective study evaluated the efficacy of Multiple Antigen
Stimulating Cell Therapy (MASCT) as an adjuvant therapy for the treatment of HCC after curative
treatment.

Methods: Patients who underwent HCC curative treatments were classified into two groups: the
MASCT group, in which patients received MASCT treatment after curative treatment (n = 47), and the
control group, in which patients did not receive any treatment after curative treatment (n = 99). Patients
who received 2 5 courses of MASCT treatment before recurrence or death (n = 26) were further
stratified into a subgroup (multiple-course MASCT group) for analysis. The primary endpoint was overall
survival (OS). The secondary endpoints were disease-free survival (DFS) and safety.

Results: Kaplan-Meier analysis showed no statistically significant difference in OS between the MASCT
group and the control group (P = 0.132), nor in DFS (P = 0.310) (median: 36.17 vs. 24.27 months).
However, when comparing the multiple-course MASCT treated group to the control group,
Kaplan-Meier analysis showed a significant difference in OS (P = 0.011), but not in DFS (P = 0.104)
(median: 47.10 vs. 24.27 months). The overall incidences of treatment-related adverse events in the
MASCT group and control group were 14.89% (7/47) and 19.19% (19/99), respectively. No MASCT
treatment-related serious adverse events were reported.

Conclusions: Although the MASCT group was not associated with significantly longer OS or DFS, the
multiple-course MASCT group showed significantly improved overall survival after curative treatment,
and the treatment procedures were well-tolerated. Multiple-course MASCT may therefore provide
another choice for patients with HCC after curative treatment.

Key words: hepatocellular carcinoma, dendritic cell vaccine, adoptive cell therapy, overall survival, disease-free
survival.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most ~ approximately 550,000 liver cancer-related deaths
common cancer in the world, accounting for 5.6% of  occur in Asia, and 55% of all HCC cases worldwide
all cancers. It is also the third most common cause of  occur in Chinal. Among the many risk factors
death due to cancer. Each year, nearly 82% of the identified, infection with the hepatitis B virus (HBV) is
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the cause of a large proportion of liver cancer cases
(63.9%; 65.9% among men and 58.4% among
women)?2.

Although much progress has been made, in
order to reduce death rates, HCC therapy still
requires early diagnosis and treatment, and the
postoperative outcome remains unsatisfactory. The
5-year recurrence and survival rates after liver tumor
resection are 68-73% and 34-81%, respectively3”.
Indeed, HCC researchers are constantly aiming to
find ways to prevent recurrence and improve
prognosis in patients who have had curative
treatment. In recent years, many studies have focused
on postoperative adjuvant treatments, such as
transcatheter arterial chemoembolization (TACE)310
and sorafenib!!-12, However, the benefit of these
therapies for postoperative adjuvant treatment
remains unclear.

Cell-based cancer immunotherapies, including
dendritic cell-based therapeutic cancer vaccines13 and
adoptive cell therapies (ACT)%4, have attracted great
attention in the clinical treatment of tumors in recent
years. As the most potent antigen presenting cell
(APC), DCs from the patient’s peripheral blood
mononuclear cells (PBMCs) can be loaded with
different forms of tumor antigens, activated in vitro,
and then injected into patients, therefore inducing the
expansion of circulating CD4+ T cells and CD8+ T
cells that are specific for tumor antigens>17. ACT-
based immunotherapies, such as chimeric antigen
receptors (CARs)-engineered T cell therapy, have
shown exciting clinical benefits in diverse types of
cancers'¥ 1819 Multiple antigen stimulating cell
therapy (MASCT), as the first application to combine
DC vaccine and adoptive T cell transfer in one
treatment, has been used to treat patients with
different phases of HCC in our clinicc. We have
previously demonstrated that T cells against multiple
antigens can be induced and proliferated in vivo by
MASCT for patients after liver tumor resection?. In
the present study, we retrospectively investigated the
efficacy and safety of MASCT for HCC patients after
curative treatment.

Materials and Methods

Patients

All the patients diagnosed as HCC in the
Hepatology Unit of Nanfang Hospital from July 2011
to July 2015 were screened in this study consecutively.
Patients received only symptomatic treatment or
traditional Chinese medicine were not recorded. As
recorded, 974 patients had received liver tumor
treatment during this period, including operation,
percutaneous ablation, TACE, sorafenib,
radiotherapy, and chemotherapy. Among them, 272

patients had received curative treatment. HCC
diagnosis was established according to the European
Association for the Study of the Liver (EASL)?! HCC
management guidelines. The collection of clinical data
was approved by the Ethics Committee of Nanfang
Hospital.

The inclusion criteria of the study were: (1)
treated with curative therapy between July 2011 and
July 2015, with regular follow-ups; (2) treated with
MASCT only, or no treatment, during the period from
curative treatment to recurrence or death; (3)
Barcelona Clinic Liver Cancer (BCLC) stage 0-B; (4)
Child-Pugh liver function stage A-B; (5) Karnofsky
(KPS) score 70-100; (6) life expectancy of > 3 months.

The exclusion criteria were: (1) diagnosis of
recurrence within 2 months of curative treatment,
confirmed by computed tomography (CT) or
magnetic resonance imaging (MRI); (2) treatment with
other adjuvant therapies (e.g. TACE) besides MASCT
during the period from curative treatment to
recurrence; (3) treatment with MASCT outside of the
period from curative treatment to recurrence or death;
(4) presence of other tumors at the time of HCC
diagnosis or during the follow-up period; (5) BCLC
stage C-D; (6) curative treatment with liver
transplantation, or accompanied by immune
deficiency or autoimmune diseases; (7) advanced liver
disease (as shown by Child-Pugh stage C liver
function), gastrointestinal bleeding, encephalopathy,
ascites, or other serious complications that were not
compatible with HCC treatment.

A total of 974 patients were screened and 146
patients (who met all of inclusion criteria with none of
the exclusion criteria) were included in the study. Of
these, 47 patients received MASCT and 99 did not.
Screening details and patient dispositions are shown
in Figure 1.

Baseline demographics, such as gender and age,
and clinical information were recorded, including:
Child-Pugh stage, BCLC stage, tumor burden (size
and number), HBV infection, HBV DNA, cirrhosis,
AFP, blood test results (WBC, LYM, PLT, ALP, GGT,
TBIL, ALT, AST, ALB, PT), time(s) of MASCT
infusion, OS, and DFS.

Study Protocol

Based on their adjuvant treatment after curative
treatment and before recurrence, HCC patients were
classified into two groups: the MASCT group, in
which patients received MASCT (n=47), and the
control group, in which patients did not receive any
adjuvant treatment (n = 99). Patients who received = 5
courses of MASCT before recurrence (n = 26) were
further stratified into the multiple-course MASCT
subgroup. The patients with OS < 5 months in the
multiple-course MASCT subgroup were excluded.
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July 2011- July 2015 (consecutively)
974 HCC patients were diagnosed and treated
in Nanfang Hospital

‘ 272 patients received curative treatment |

according to
adjuvant therapy

b l

Others (TACE, et al.)

Control (n=184
(s
Lost to Information Information Liver Treatment
Included follow-up incomplete Included incomplete transplantation information
(n=47) (n=5) (n=5) (n=99) (n=73) (n=1) incomplete
(n=11)
Excluded Excluded Excluded Excluded Excluded Excluded

Figure 1. Patient disposition

Curative treatment consisted of either surgical
resection or percutaneous ablation therapies,
including radiofrequency (RF), cryoablation, and
percutaneous alcohol injection (PEI)?% 23,

Table 1. Composition and characteristics of the HCC antigen

No. Antigen Overexpressed in HCC
1 hTERT +
P53 + (loss of function)

3 Suvivin +

4 NY-ESO-1 +

5 CEA +

6 CCND1 +

7 c-MET +

8 RGS5 +

9 MMP7 +

10 VEGFR +

11 AFP +

12 GPC3 +

13 HBV core antigen + (when HBV*)

14 HBV DNA polymerase + (when HBV*)

Treatment Procedures

Cell Preparation for MASCT

The cell preparation procedure for MASCT was
identical to our published study?. The patients
underwent leukapheresis and approximately
2x10° mononuclear cells were collected. The cells
were then subjected to density gradient centrifugation
using lymphoprep (Nycomed Pharma, Oslo, Norway)
to remove the red blood cells, which were
contaminated during the leukapheresis process.
PBMCs were then seeded into three 225 cm? culture

flasks and were kept at 37 °C in a saturated 5%
CO2 incubator for 1.5 hours. Afterwards, the adherent
monocytes were cultured in AIM-V medium with 500
U/mL IL-4 and 1000 U/mL GM-CSF, to differentiate
into immature DCs. The immature DCs were pulsed
by a peptide pool of multiple tumor antigens (1
pg/ml/peptide), followed by culture with a maturing
cocktail (IL-6, 1000 U/ml; TNF-a, 1000 U/ml; IL-1pB,
10000 U/ml; PEG2, 1 pg/ml; Poly I:C, 10 pg/ml), to
differentiate into antigen-presenting mature DCs. The
peptide pool of multiple tumor antigens used in
MASCT involved 14 antigens, including 12
tumor-associated antigens (TAAs) overexpressed in
cancerous hepatocytes (hTERT, p53, survivin,
NY-ESO-1, CEA, CCND1, c-MET, RGS5, MMF7,
VEGFR, AFP, GPC3), and 2 HBV-associated antigens
(HBV core antigen, HBV DNA polymerase) (Table 1).
A portion of the mature DCs were injected to patients
subcutaneously, and the remaining DCs were further
divided into two equal parts. One part was frozen for
the second subcutaneous injection, and the other part
was co-cultured with non-adherent cells for the
preparation of active T cells. To prepare the activated
T cells for infusion, the frozen non-adherent PBMCs
were co-cultured with antigen-loaded mature DCs.
The anti-CD3 antibody (50 ng/ml; eBioscience, Inc.,
San Diego, CA) was added 3 days after co-culturing,
then cells were cultured for about 3 weeks in the
presence of IL-2 (1000 U/ml; R&D Systems Inc,
Minneapolis, MN). Each  patient received
approximately 6x10° active T cells per infusion.
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Every patient underwent leukapheresis once,
and two blood draws were taken during a treatment
course. The PBMCs collected from each leukapheresis
and blood sample were used to prepare cells for 2 DC
subcutaneous injections and 3 active T cell infusions.
Two DC injections were administered to patients with
a two-week interval in the first month of the course,
and the active T cell infusions were administered to
patients every four weeks. The course was calculated
on the infusion of MASCT.

Follow-up and Outcome Measures

Follow-up began at the time of curative
treatment and ended at the time of death or at the last
follow-up. Data regarding the disease and survival
statuses of the patients were collected every 3 months
in the first 2 years, and every 6 months thereafter.

The primary endpoint was overall survival (OS),
which was measured from the date of curative
treatment, to the time of death or the last follow-up.
The secondary endpoints were disease-free survival
(DFS) and safety. DFS was measured from the date of
curative treatment, to either the time of first
recurrence or to the date of the last follow-up (for
patients with no recurrence). Tumor assessments
were performed using enhanced CT or MRI every 2-3
months. All scans were evaluated by two independent
radiologists on site, who had more than 5 years of
experience. Safety was assessed using version 4.03 of
the National Cancer Institute’s Common Terminology
Criteria for adverse events (CTCAE 3.0)%.

Statistical Analysis

Continuous data was expressed as mean values
+ SD, or as median values (P25-P75) as appropriate.
Discrete data was expressed as n (percentage).
Quantitative data in normal distributions were
compared by t-test, while quantitative data in
non-normal distributions were compared using the
Wilcoxon rank-sum test. Qualitative data were
compared using Pearson's chi-square test or Fisher's
exact test as appropriate. The Kaplan-Meier method
was used to estimate the survival curve for each
prognostic group. The log-rank test was used to test
whether significant survival differences were present
between different prognostic groups. A cox
proportional hazard analysis was performed to assess
the effect of baseline characteristics on each outcome
of interest. Hazard ratios (HRs), as well as their
confidence intervals, were estimated using the Cox
proportional hazards model. Adverse events (AEs)
were compared using either the chi-square test or the
Fisher exact test. Survival time was presented as the
median with a 95% confidence interval (CI). All
statistical tests were 2-sided and a P value < 0.05 was

considered statistically significant. All statistical
analyses were performed using SPSS version 20.0
(SPSS Inc., Chicago, IL, USA).

Results

Clinical Characteristics of Patients

Of the 146 patients included in this study, 122
(83.6%) were male and 24 (16.4%) were female. The
mean patient age was 51.94 years (range: 16 - 82
years). Most of the patients were affected by HBV
infection (90.4%), cirrhosis (89.7%), and good liver
function (Child-Pugh Stage A) (84.2%). The patient
distribution of BCLC stage was as follows: stage 0-A,
55.5%; stage B, 44.5%. The median follow-up times for
the MASCT group and the control group were 34.97
months and 30.50 months, respectively. Most of the
patients (46/47 in the MASCT group and 98/99 in the
control group) died due to HCC recurrence and
progression. In the MASCT group, the median
number of MASCT infusions was 6 (range: 1 - 15).
Eight patients were discontinued from MASCT
treatment after tumor recurrence.

The baseline characteristic of age was
significantly different between the two groups.
Compared with the control group, patients in the
MASCT group were young (Table 2). Similarly,
compared with the control group, patients in the
multiple-course MASCT subgroup were young (Table
3).

Efficacy in the MASCT Group Versus the
Control Group

Overall Survival

At the time of data cut-off, 8 patients (17.0%) in
the MASCT group and 28 patients (28.3%) in the
control group had died. There were no
treatment-related deaths. The median survival times
in both the MASCT group and the control group were
not reached. The cumulative survival rates at 1, 3, and
5 years were 95.7%, 85.1%, and 75.6% in the MASCT
group, and 92.9%, 73.2%, and 62.8% in the control
group, respectively (Table 4). The OS rates of the two
groups were not significantly different (P = 0.132 by
log-rank test) (Figure 2A). The HR for death in the
MASCT group vs. the control group was 0.551 (95%
CIL: 0.251 - 1.209), representing a 44.9% relative risk
reduction in the MASCT group compared with the
control group.

Upon multivariate analysis with a stepwise
selection method, tumor size and alkaline
phosphatase (ALP) were independent predictors of
OS for HCC treatment (Table S1.).
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Figure 2. Overall survival (OS) and disease-free survival (DFS) rates in MASCT and control groups. (A) OS curve showed no significant difference. (B) DFS curve showed no

significant difference

Table 2. Baseline characteristics of patients in the MASCT group Table 3. Baseline characteristics of patients in the
and control group. multiple-course MASCT subgroup and control group.
Variables (N; %) All patients MASCT group Control group P Variables (N; %) All Multiple courses of Control P

(n =146) n=47) (n=99) value patients MASCT group group value
Gender 0.896 (n=125) (n=26) n=99)
Male 122(83.6) 39 (83.0) 83 (83.8) Gender 0.938
Female 24 (16.4) 8 (17.0) 16 (16.2) Male 104 (83.2)  21(80.8) 83 (83.8)
Age, Mean +SD 51.94+11.90 48.60 +12.60 53.53+11.26  0.019 Female 21(16.8)  5(19.2) 16 (16.2)
Etiology 0.550 Age, Mean + SD 51.97 + 46.04+10.16 53.53 + 0.003
HBV infection only 132(90.4)  41(87.2) 91 (91.9) 11.42 11.26
HCV,HBVand HCV 14 (9.6) 6 (12.8) 8(8.1) Etiology 1.000
coinfection, others HBYV infection only 115(92.0) 24 (92.3) 91 (91.9)
Cirrhosis 0.848 HCV, HBV and HCV 10 (8.0) 2(7.7) 8 (8.1)
Yes 131 (89.7) 43 (915) 88 (88.9) coinfection, others
No 15 (10.3) 4(85) 11 (11.1) Cirrhosis 0456
Child-Pugh Stage 0.844 Yes 113 (90.4) 25 (9%.2) 88 (88.9)
A 123 (84.2) 40 (85.1) 83 (83.8) No 12.(9.6) 1(3.8) 11 (11.1)
B 23 (15.8) 7 (14.9) 16 (16.2) Child-Pugh Stage 0.191
BCLC Stage 0351 A 108 (86.4) 25 (9%6.2) 83 (83.8)
0-A 133 (91.1) 41 (87.2) 92 (92.9) B 17(13.6)  1(38) 16 (16.2)
B 13 (8.9) 6 (12.8) 7(7.1) BCLC Stage 0.238
Tumor number 0421 0-A 114 (91.2) 22 (84.6) 92 (92.9)
1 126 (86.3) 39 (83.0) 87 (87.9) B 11(8.8) 4(154) 7(71)
>2 20 (13.7) 8 (6.4) 12 (12.1) Tumor number 0.346
Tumor size 0334 1 108 (86.4) 21 (80.8) 87 (87.9)
<3cm 86(589)  25(53.2) 61 (61.6) 22 17(13.6)  5(192) 12(12.1)
>3cm 60 (41.1) 22 (46.8) 38 (38.4) Tumor size 0472
AFP*, Median (25%, 75%) 45.08 (6.24, 18.69 7385(9.23,  0.169 <3cm 75(60.0)  14(538) 61 (61.6)

414.83) (4.18,465.16) 414.67) >3cm 50 (40.0) 12 (46.2) 38 (38.4)
Antiviral therapy 0330 AFP*, Median (25%,  73.81 (8.36, 64.85(4.26,1365.63) 73.85(9.23, 0.804
Yes 131 (89.7) 40 (85.1) 91 (91.9) 75%) 433.60) 414.67)
No 15 (10.3) 7 (14.9) 8 (8.1) Antiviral therapy 0.869
Curative treatment 0.850 Yes 114 (91.2) 23 (88.5) 91 (91.9)
modality No 11 (8.8) 3 (11.5) 8(8.1)
Liver resection 70 (47.9) 22 (46.8) 48 (48.5) Curative treatment 0.403
Percutaneous ablation 76 (52.1) 25 (53.2) 51 (51.5) IEOdalitY 6 (0. 1567 15183

. . o . iver resection . . .

Data available in 145 (99.32%) patients. Percutaneous ablation 62 (49.6) 11 (423) 51 (51.5)

Abbreviations: MASCT: multiple antigen stimulating cellular therapy; HBV:

hepatitis B virus; BCLC: Barcelona Clinic Liver Cancer; AFP: alpha-fetoprotein.

*Data available in 124 (99.20%) patients.
Abbreviations: MASCT: multiple antigen stimulating cellular therapy; HBV:

hepatitis B virus; BCLC: Barcelona Clinic Liver Cancer; AFP: alpha-fetoprotein;
ETV: entecavir; RF: radiofrequency; PEI: percutaneous ethanol injection.
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Table 4. Survival analysis of patients in the MASCT group and
control group.

MASCT group (n = Control group (n=99) P

47) value
OS (median, 95% CI) (mo) Not reached Not reached 0.132
OS rate (%) - -
ly 95.7 92.9
3y 85.1 732
5y 75.6 62.8
DFS (median, 95% CI) 36.167 (15.235-57.098)  24.267 (14.937-33.597)  0.310
(mo)
DFS rate (%) - -
ly 70.1 71.7
3y 53.1 425
5y 38.5 26.7

Abbreviations: CI: confidence interval; MASCT: multiple antigen stimulating
cellular therapy; mo: month; OS: overall survival; DFS: disease-free survival; y:
year.

Table 5. Survival analysis of patients between multiple courses of
MASCT group and control group.

Multiple courses of MASCT Control group (n= P

group (n = 26) 99) value
OS (median, 95% Not reached Not reached 0.011
CI) (mo)
OS rate (%) - -
1y 100 92.9
3y 100 732
5y 92.9 62.8
DFS (median, 95%  47.100 (25.055-69.145) 24.267 0.104
CI) (mo) (14.937-33.597)
DFS rate (%) - - -
1y 76.9 71.7
3y 65.4 425
5y 43.6 26.7

Abbreviations: CI: confidence interval; MASCT: multiple antigen stimulating
cellular therapy; OS: overall survival; DFS: disease-free survival; y: year.

Disease-free Survival

At the time of data cut-off, 24 patients (51.1%) in
the MASCT group and 60 patients (60.6%) in the
control group experienced tumor recurrence. The
median DFS times in the MASCT and control groups
were 36.17 = 10.68 months (95% CI: 15.24 - 57.10

months) and 24.27 + 4.76 months (95% CI: 14.94 -
33.60 months), respectively. The cumulative
recurrence rates at 1, 3, and 5 years were 29.9%, 46.9%,
and 61.5% in the MASCT group, and 28.3%, 57.5%,
and 73.3% in the control group, respectively (Table 4).
The two groups were not significantly different in
terms of DFS (P = 0.310 by log-rank test) (Figure 2B).
The HR for recurrence of the MASCT group vs. the
control group was 0.783 (95% CI: 0.488 - 1.257),
representing a 21.7% relative risk reduction in the
MASCT group compared with the control group.

Efficacy in the Multiple-Course MASCT
Subgroup Versus the Control Group

Overall Survival

In the multiple-course MASCT subgroup, all 26
patients received = 5 courses of MASCT before death.
At the time of data cut-off, 1 patient (3.8%) in the
multiple-course MASCT subgroup, and 28 patients
(28.3%) in the control group had died. The median
survival times in both the multiple-course MASCT
subgroup and the control group were not reached.
The cumulative survival rates at 1, 3, and 5 years were
100%, 100%, and 92.9% in the multiple-course MASCT
group, and 92.9%, 73.2%, and 62.8% in the control
group, respectively (Table 5). The OS rate in the
multiple-course  MASCT group was significantly
higher than that in the control group (P = 0.011 by
log-rank test) (Figure 3A). The HR for death in the
multiple-course MASCT group vs. the control group
was 0.116 (95% CI: 0.016 - 0.852), representing an
88.4% relative risk reduction in the multiple-course
MASCT group compared with the control group.

. control _ ~control
- mutiple courses of _mmutiple courses of
A ~ MASCT B MASCT
1.05
1.0 o
Ty 2
@ * ~
= =y 0.8
& 081 iy, -
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Control 99 98 91 81 67 51 42 28 20 14 3

multiple courses of
MASCT 26 24 20 18 16 12 10 5 3 2 0
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Figure 3. Overall survival (OS) and disease-free survival (DFS) rates in multiple-course MASCT subgroup and control group. (A) OS curve for the multiple-course MASCT
subgroup was statistically significantly superior to that for the control group. (B) DFS curves showed no significant difference
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Multivariate analysis using a stepwise selection
method indicated that multiple-course MASCT
treatment was a significant prognostic factor for OS
(HR: 0.055, 95% CI: 0.007 - 0.445). Besides MASCT,
tumor size, ALP and albumin (ALB) were also
independent predictors of OS for HCC treatment
(Table S2.).

Disease-free Survival

At the time of data cut-off, 11 patients (42.3%) in
the multiple-course MASCT group and 60 patients
(60.6%) in the control group experienced tumor
recurrence. The median DFS times in the
multiple-course MASCT group and the control group
were 47.10 = 11.25 months (95% CI: 25.06 - 69.15
months) and 24.27 + 4.76 months (95% CI: 14.94 -
33.60 months), respectively. The cumulative
recurrence rates at 1, 3, and 5 years were 23.1%, 34.6%,
and 56.4% in the multiple-course MASCT group, and
28.3%, 57.5%, and 73.3%in the control group,
respectively (Table 5). The two groups were not
significantly different in terms of DFS rate (P = 0.104
by log-rank test) (Figure 3B). The HR for recurrence in
the multiple-course MASCT group vs. the control
group was 0.590 (95% CI: 0.310-1.123), representing a
41.0% relative risk reduction in the multiple-course
MASCT group compared with the control group.

Safety

Overall, AEs were reported for 26 patients
(17.81%). No serious adverse event (SAE) was
reported during the procedures. The overall
incidences of treatment-related AEs were 14.89%
(7/47) in the MASCT group, and 19.19% (19/99) in the
control group. There was no significant difference
between the two groups (P = 0.526). Overall, the most
common adverse events were fever (12 patients,
8.22%) and flu-like symptoms (8 patients, 5.48%)
(Table 6).

Table 6. Adverse events in patients who received MASCT and the
control group.

Adverse All patients (n =146) MASCT (n = 47) Control (n =99)
event Grade1 Grade2 Gradel Grade2  Gradel Grade2
Overall 18 8 5 2 13 6
incidence

Fever 9 3 2 1 7 2
Flu-like 5 3 1 0 4 3
symptoms

Liver 1 1 1 0 0 1
dysfunction

Allergic 0 1 0 1 0 0
reaction

Abdominal 1 0 1 0 0 0

pain

Ascites 1 0 0 0 1 0
Osteodynia 1 0 0 0 1 0

Discussion

In this study, the median DFS was 11.90 months
longer for patients in the MASCT group compared
with patients in the control group. Nevertheless,
when comparing these two treatment groups, there
were no statistically significant differences in OS (P =
0.132) and DFS (P = 0.310). For patients in the
multiple-course MASCT treated group (those who
received = 5 courses MASCT), the median DFS benefit
was 22.83 months longer than that of the control
group. The difference in OS between these two groups
was significant (P = 0.011), although the difference in
DFS was not (P = 0.104). These results suggest that the
survival of patients receiving MASCT, especially in
patients who received > 5 courses of MASCT, was
better than those in the control group. No serious
adverse events were reported in this study,
suggesting that MASCT was well tolerated by the
patients.

Many preclinical and clinical studies of the DC
vaccine and adoptive T cell immunotherapy have
been conducted over the last decade. The MASCT
methodology combines these two therapies to
improve the prognosis of HCC patients after curative
treatment. In MASCT, tumor cells are destroyed
through synergistic mechanisms; the DC vaccine
triggers the active immune response, and the infused
T cells evoke the passive immune response. The
injection of DCs pulsed with tumor antigens followed
by transferring with activated T cells stimulated with
these DCs, may not only help to generate
tumor-specific T cells in vivo'3, but also to transplant
ex vivo-prepared tumor-specific T cells to cancer
patients'®. In patients who received MASCT, T cells
can respond specifically to different antigens, and
efficiently activate an available T cell repertoire
against tumor. Patients who respond better to MASCT
experience a longer duration before tumor recurrence
and death?. In this study, the patients who received
MASCT tended to experience longer DFS and OS.
This was possibly caused by the presence of DCs that
were activated with multiple tumor antigens, as well
as restoration of the function of exhausted T cells, and
the prevention of immune escape in vivo? 2.
Furthermore, the patients who received multiple
courses of MASCT showed longer DFS and OS than
the other patients in this study, indicating that the
chance of a cumulative immune response is enhanced
by performing multiple courses of MASCT?Z. In
addition, the effects of immunotherapy (e.g. DC
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vaccine, ACT) on time-to-event endpoints such as
survival, may take several months to manifest, and
can lead to the delayed separation of Kaplan-Meier
survival curves?®3. This delay may explain the
statistically significant difference in OS, but not in
DEFS, between the multiple-course MASCT subgroup
and the control group in the present study.

The baseline characteristics were imbalanced.
This imbalance may have favored the MASCT group,
as the ages of patients in the MASCT group and in the
multiple-course MASCT subgroup were significantly
lower than that of the control group. In addition, it
should be noticed that in the clinic, young patients
tend to choose more positive treatment protocols,
which perhaps favored the MASCT group in this
retrospective study. Typically, older age is associated
with a higher prevalence of comorbidities, liver
dysfunction and serious immunological impairment.
However, the role of age on treatments and outcome
of HCC patients is still controversial. A demographic
survey of HCC incidence and liver cancer mortality
rates in the U.S. showed that the mortality rates were
lower in younger men (35-49 year old) than elder men
(50+ years)3!. Whereas, the results of propensity score
analysis indicated that survival was unaffected by age
after HCC treatment in some other retrospective
cohort study®? 3. Thus, whether the efficacy of
MASCT treatment can be affected by age still need
further study. Other key baseline characteristics,
including Child-Pugh score and BCLC stage, were all
balanced. For curative treatment, clinical prognosis
seems to be different in different modalities,
especially between liver resection and RF3. Following
the National Comprehensive Cancer Network
(NCCN) guidelines?, the percutaneous ablation
including RF, cryoablation and PEI were combined in
this study because of similar clinic prognosis®. The
baseline characteristics of liver resection and
percutaneous ablation were also balanced. Even for
age, in preplanned multivariate analysis and
subgroup analysis, this imbalanced baseline
characteristic was proven to have no significant
impact on the effectiveness of MASCT.

Limitations of this study remain, since it is a
retrospective study with a small sample size. The
efficacy of MASCT in HCC patients must be further
investigated. A prospective large-scale, randomized,
controlled clinical trial would provide more definitive
evidence on the efficacy and safety of MASCT.

Conclusions

This study is the first comprehensive
retrospective review of MASCT for HCC that has been
used in a clinical setting. It was demonstrated that
multiple-course (= 5) MASCT treatment can

significantly prolong OS in patients who have
undergone curative treatment for HCC, and that it is
well-tolerated by patients. This finding also proves
that the cumulative effect of MASCT immunotherapy
is necessary to prolong patient survival. Thus,
MASCT may be a valuable and safe therapeutic
strategy for HCC patients to prolong survival time
and improve prognosis. Further clinical studies on the
benefits of MASCT should be performed in the near
future.
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