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Tumor vaccine against recurrence of hepatocellular carcinoma

Bao-Gang Peng, Li-Jiang Liang, Qiang He, Ming Kuang, Jia-Ming Lia, Ming-De Lu, Jie-Fu Huang

Bao-Gang Peng, Li-Jiang Liang, Qiang He, Ming Kuang, Jia-
Ming Lia, Ming-De Lu, Jie-Fu Huang, Hepatobiliary Surgery
Department, The First Affiliated Hospital, Sun Yat-Sen University,
Guangzhou 510080, Guangdong Province, China

Supported by the Natural Science Foundation of Guangdong Province,
No. 021889

Correspondence to: Bao-Gang Peng, Hepatobiliary Surgery Department,
The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou
510080, Guangdong Province, China. pengbaogang@163.net
Telephone: +86-20-87755766-8096 Fax: +86-20-87755766-8663
Received: 2004-02-02  Accepted: 2004-02-21

Abstract

AIM: To investigate the effects of autologous tumor vaccine
on recurrence of hepatocellular carcinoma (HCC).

METHODS: Sixty patients with HCC who had undergone
curative resection, were randomly divided into HCC vaccine
group and control group. Three vaccinations at 2-wk intervals
were performed after curative hepatic resection. Delayed-
type- hypersensitivity (DTH) test was performed before and
after vaccination. Primary endpoints were the time of recurrence.

RESULTS: Four patients in control group and 6 patients in
HCC vaccine group were withdrawn from the study. The
vaccine containing human autologous HCC fragments
showed no essential adverse effect in a phase II clinical
trial and 17 of 24 patients developed a DTH response
against the fragments. Three of 17 DTH-positive response
patients and 5 of 7 DTH- negative response patients had
recurrences after curative resection. After the operation,
1-, 2- and 3-year recurrence rates of HCC vaccine group
were 16.7%, 29.2% and 33.3%, respectively. But, 1-, 2- and
3-year recurrence rates of the control group were 30.8%,
53.8% and 61.5%, respectively. The time before the first
recurrence in the vaccinated patients was significantly longer
than that in the control patients (P<0.05).

CONCLUSION: Autologous tumor vaccine is of promise in
decreasing recurrence of human HCC.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide, and its incidence is inceasing!?. Although
curative treatments such as hepatic resection, orthotopic liver
transplantation or percutaneous regional treatments offer the

only chances of cure, the long-term results are still disappointed
because of the high frequency of postoperative recurrence*?.,
Recurrence control is the primary goal of novel approaches for
HCC treatment. Active specific immunotherapy using the
patient’s own tumor to elicit a long-term cell-mediated immune
response has been successfully applied to melanoma, renal
carcinoma and colon cancer!'”,

Tumor vaccines have been used to enhance T-cell responses
in many forms!"''%, such as whole tumor cells, tumor cell lysates,
genetically modified tumor cells and peptide-pulsed autologous
dendritic cells. Tumor cells themselves might be used as
immunogens because it is believed that tumor cells could express
a set of tumor-specific peptide-MHC complexes recognized by
cytotoxic T lymohocytes (CTL) . It has been reported that highly
specific autologous CTL are induced from peripheral blood on
formalin-fixed paraffin-embedded tumor sections!""'®. Using a
formalin-fixed autologous tumor cell line as target cells, CTL
could continuously amplify. When T lymphocytes are stimulated
with formalin-fixed primary target cells derived from glioblastoma
multiformis as tumor antigens, human tumor-specific CTL are
expanded in vitro. HLA-A-2402-restricted and carcinoembryonic-
antigen (CEA)-specific CTL could be induced by culturing human
peripheral blood mononuclear cells (PBMC) with autologous
formalin-fixed adhesive PBMC pre-loaded with CEA-bound latex
beads!"”!. These observations have led us to propose that solid
antigens in the size able to be phagocytosed by antigen presenting
cells (APC) is one of the efficient tumor vaccines?”. We here
reported a HCC vaccine against HCC recurrence.

MATERIALS AND METHODS

Patients

The following protocol was approved by the ethical authorities
of the First Affiliated Hospital of Sun Yat-Sen University. All
patients were histologically confirmed as HCC and underwent
hepatectomy. Eligibility criteria included International Union
Against Cancer (UICC) (1997, 5™ edition) clinical tumor-node-
metastasis (TNM) groupings of stages I, II, or IITA. No patient
received any immunosuppressive drugs including steroids
within one month prior to receiving the vaccine. Furthermore,
patients who had adequate hematologic, hepatic, and renal
functions (hepatic function Child-Pugh class A or B, white cell
count >3x10°/L, platelets >5x10'/L, and creatinine <88.4 pmol/L)
were enrolled, but those with any severe cardiac or psychiatric
disease or distant metastases were excluded, after written
informed consent was obtained. Exclusion criteria included
evidence of extra-hepatic metastases (stage III-B or IV), hepatic
function Child-Pugh C, other malignancies or history of other
malignancies in the past five years, postoperative dysfunction
of any organ for more than 2 wk, systemic active infections,
autoimmune diseases at any period of study, systematic steroid
therapy within one month prior to the vaccination and
chemotherapy, radiation therapy or biological therapy within
one month prior to the vaccination. Sixty patients with HCC
underwent curative resection between January 2000 and June
2003, 7 of them received left lateral lobectomy, 15 left hepatectomy,
6 right hepatectomy and 32 irregular hepatectomy. All patients
were randomly assigned into two groups. Thirty patients served
as control group with no adjuvant treatment but with regular
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follow-up observation in our hospital, and thirty patients treated
with HCC vaccination served as treatment group.

Preparation of tumor vaccine and method for injection
Lecithin solution was prepared by adding 0.5 mL of 99.5%
ethanol into 2.0 grams of lecithin, then dissolved at 45 °C in a
water bath for approximately 1 h and filtered with 0.22 pm pore-
size Milex-GV filters. a-tocopherol was dissolved at 45 “C in a
water bath for less than 30 min and filtered with Steradisc 13 y-
ray sterile 0.45 um filters. The two solutions were mixed.
Cholesterol solution was prepared by dissolving 25 mg of
cholesterol in 2 mL of 99.5% ethanol. Twenty-four microliters
of cholesterol solution was added to 0.6 mL mixture solution of
the o-tocopherol and lecithin, and then vortexed thoroughly to
mix the solution. Then 0.1 mL of 10" IU/mL human IL-2 and
human GM-CSF solution was added to 0.6 mL of the solution,
and mixed.

Resected and neutral formalin-fixed HCC tissues (2 g or more)
were homogenized. The fragments were filtered through 40 pm
nylon meshes, washed and sterilized with 70% alcohol, then
incubated in RPMI- 1640 medium at 37 ‘C for 2 d. The tumor
fragments were washed three times with saline, aliquoted into
50 mL per Eppendorf tube and stored at -80 °C until use.

HCC vaccine consisted of Vac-1 and Vac-2. Vac-1 contained
(doses per injected site) 10 uL of fixed HCC fragments, 1 000 ITU
of hGM-CSF, 1 000 IU of hIL-2 and 0.05 ug of tuberculin. Vac-2
cytokine-grease contained 6 000 IU of hGM-CSF and 6 000 [U
of hIL-2. Vac-1 (0.1 mL) was immunized by intradermal injection
into the upper arm per injected site. After thirty minutes, 0.1 mL
of Vac-2 was injected exactly into the Vac-1-injected site.
One month after hepatic operation, eligible patients had the
first vaccination. Autologous HCC vaccine was injected intra
dermally into the upper arm at a dose of 0.1 mL/site to 5 separate
sites. The patients received three vaccinations at two-week intervals.

Delayed-type hypersensitivity (DTH) test

Patients who underwent curative hepatic resection were
submitted to DTH test-1 before the first vaccination and to DTH
test-2 two weeks after the final vaccine injection. Peripheral blood
for PBMC preparation (10 mL) was taken for flow cytometry, and
then, a suspension (0.1 mL in saline) of the autologous tumor
fragments was injected intra-dermallyinto the left forearm. Fourty-
eight hours later, if erythema and induration shared a skin-area
of more than 10 mm in diameter, it was defined positive. Slight
responses (5-10 mm in diameter) though definitely observable,
were recorded as weakly positive.

Follow up

Hepatic ultrasonography and serum alpha-fetoprotein (AFP)
two weeks after DTH test-2 injection and then every two months,
computed tomography (CT) scan and chest radiography at
every six months after operations were performed. The protective
effects of postoperative vaccine therapy on recurrence of HCC
included the time to the first recurrence after operation, recurrence-
free survival and overall survival. Once the recurrence was
confirmed, follow-up was stopped, and routine treatments such
as second hepatic resection, ultrasound-guided intratumoral
ablation, transcatheter chemoembolisation (TACE) or systemic
chemotherapy were performed.

Evaluation of adverse events

Although safety was confirmed in the preceding phase I study?”,
when any of the following events happened during the vaccination
period, severe toxicity was considered. Using WHO grading of
acute and sub-acute toxicity for reference?!, the evaluation
standards for toxicity of vaccine therapy were as follows. The
toxicity to some main organs, such as heart, liver or kidney, reached

grade 3 or grade 4 of WHO standards, and the toxicity to skin
reached grade 3 or grade 4 of WHO standards in two of three
injections, acute fulminant hepatitis or any kind of autoimmune
diseases was established.

Flow cytometry

Suspended cells (1x10° cells/mL) were washed three times with
phosphate-buffered solution (PBS) (-), stained with monoclonal
antibodies for 30 min, and FITC-labeled goat anti-mouse IgG
polyclonal antibody for 5 min. The cells were again washed
with PBS(-) containing 4% fibrinogens in fetal bovine serum
(FBS), re-suspended in the same buffer at a concentration of
1x10° cells/mL and immediately analyzed by fluorescence-
activated cell sorter (FACS) (Becton Dickinson, Co.) as
previously described??. The proportion of CD3+, CD4+, CD8+,
CD16+, and CD56+ cells was determined using mouse anti-
human monoclonal antibodies.

Statistical analysis

The F-test was used to analyze the data using Excel software.
The prognostic relevance data of HCC tumor vaccine therapy
were analyzed using log-rank test. P value less than 0.05 was
considered statistically significant.

RESULTS

Base-line data of HCC patients

Four patients in the control group and 6 patients in the HCC
vaccine group were withdrawn from the study, because they
gave up tumor vaccine therapy or lost follow-up. Base-line
data of 26 control patients and 24 vaccinated patients are shown
in Table 1. No essential difference in the base-line data was
observed between the vaccinated and control patients. Age,
cause of liver injury, Child-Pugh classes, serum alanine-
aminotransferase level, percentage of patients with cirrhosis,
operation, American Joint Commission for Cancer (AJCC)
stages, blood loss and transfusion in the operation were all in
proximity. The major axis of resected tumor was 6322 mm and
56+36 mm in the vaccinated and control patients, respectively.

Table 1 Base-line data of vaccinated and control patients (mean+SD)

Vaccinated Control
(n =24, %) (n =26, %)
Age (yr) 5319 49+15
Male 22 (92) 21 (81)
Female 2 (8) 5(19)
Cause of liver injury
Hepatitis B 19 (79.1) 18 (69.2)
Hepatitis C 1(4.2) 2(7.7)
Unknown 4 (16.7) 6 (23.1)
Child-Pugh class A 23 (96) 24 (92)
Child-Pugh class B 1(4) 2 (8)
Alanine aminotransferase (U/L) 75£35 50%95
Cirrhosis 16 (67) 16 (62)
o-fetoprotein
=400 pg/L 17 (71.3) 16 (61.5)
<400 pg/L 7 (28.7) 10 (38.5)
Tumor size (major axis, mm) 6322 56136
AJCC stage | 4 (17) 2 (8)
AJCC stage II 20 (83) 24 (92)
Style of operation
Left lateral lobectomy 3 4
Left hepatectomy 8 5
Right hepatectomy 2 3

Irregular hepatectomy 11 14
Blood loss during operation (mL) 8124536 769+620
Blood transfusion during 542+521 638+612
operation (mL)
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Adverse events in patients

The ultimate aim of this study was to detect toxicity. The
vaccination was well tolerated and no severe adverse effect
was observed in all patients. Erythema, dry desquamation and
pruritus at the vaccinated sites were observed after each
vaccination. These adverse effects disappeared 2 wk later and
required no medical intervention. No exacerbation of cutaneous
toxicities such as moist desquamation, ulceration or necrosis
were observed. Lymphadenopathy and systemic reactions such
as fever or chills, or vaccination-related impairments of the
function of vital organs such as liver, kidney and bone marrow
were not found. Occurrence of autoimmune diseases and skin
toxicity was not observed. No patient withdrew from the study
because of the adverse effects.

DTH responses induced by HCC vaccine

Delayed-type hypersensitivity (DTH) test was performed before
vaccination and two weeks after the third vaccination. Negative
responses were observed in all patients before vaccination. All
patients demonstrated DTH responses two weeks after the
third vaccination. Seventeen of 24 patients had delayed-type
hypersensitivity (DTH) response to the HCC fragments, three
weak-positive responses and fourteen positive responses were
observed in the vaccinated patients. Seven patients showed a
negative DTH response.

Tumor vaccine against recurrence of HCC

After three vaccinations at 2 wk intervals, seventeen of 24
patients had delayed-type hypersensitivity (DTH) response
against the fragments. Three of 17-DTH positive response
patients had HCC recurrence 13, 15 and 16 mo after curative
resection. Five of 7-DTH negative response patients had HCC
recurrence 8, 9, 10, 10, and 16 mo after operation. After the
operation, the 1-, 2- and 3-year recurrence rates in HCC vaccine
group were 16.7%, 29.2% and 33.3%, respectively. But the 1-, 2-
and 3-year recurrence rates in the control group were 30.8%,
53.8% and 61.5%, respectively. The time before the first
recurrence in the vaccinated patients was significantly longer
than that in the control patients (P<0.05). The recurrence-free
HCC patients with or without tumor vaccine therapy is shown
in Figure 1. The difference of the two curves was statistically
significant (log-rank test, P<0.05).These data suggested that
vaccination of HCC patients with the autologous vaccine was
a well-tolerated treatment and could induce tumor fragment-
specific immunity.
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Figure 1 Recurrence-free HCC patients with or without tu-
mor vaccine therapy (Kaplan-Meier curves).

Flow cytometric evaluation of surface phenotypes of peripheral
blood lymphocytes

Twenty-four HCC patients who received the tumor vaccine
were analyzed for surface phenotypes of peripheral blood

lymphocytes before and after vaccination. After tumor vaccination,
the patients had a significantly higher number of CD3+ CD8+-
positive lymphocytes and number of CD4+/CD8+ significantly
lower (P<0.05 Table 2).

Table 2 Surface phenotypes of peripheral blood lymphocytes
(mean+SD)

Control Before After
(n=26) vaccination  vaccination
(n=24) (n=24)

CD3+ 73.5£5.8 70.4+7.2 71.9£6.5
CD3+CD4+ 45.249.7 48.3+7.6 49.0£9.2
CD3+CD8+ 29.3+9.8° 27.947.5° 39.9+10.5%
CD4+/CD8+ 2.02+0.39¢ 2.15+0.98¢ 1.03+1.13¢
CD3-CD16+56+ 18.5£3.9 16.9+8.3 19.7£9.3

aP<(0.05, <P<0.05 after tumor vaccination vs control or before
tumor vaccination.

DISCUSSION

The present results suggest that a vaccine comprised of fixed
HCC tissue fragments, cytokine controlled-release formulation,
and adjuvant could elicit anti-tumor immune responses in
human phase II clinical trials. The vaccine containing
autologously fixed HCC fragments has no essential adverse
effect; the time to the first recurrence in the vaccinated patients,
especially in the DTH-positive response patients, is significantly
longer than that in the control group (Figure 1).

In the clinical trial, we used DTH reaction, a monitoring
method, for detecting antigen-specific immunity. Vaccination
of patients with HCC fragments combined with hGM-CSF/hIL-2
controlled-release formulation and tuberculin was capable of
inducing antitumor cellular immune response. We investigated
DTH response to tumor fragments, which were processed by
APC for effective presentation to effector T cells. After three
vaccinations, 17 of 24 patients demonstrated postive DTH
response. Furthermore, anti-hepatocellular carcinoma immune
reaction was found to inhibit the recurrence. The results suggest
that fixed HCC vaccination is well tolerated and is able to induce
antitumor immunity, and should be considered for further clinical
evaluation to define its potential therapeutic efficacy.

The major advantage of the present human HCC vaccine is
that it contains personalized and very stable tumor antigens.
HCC vaccine consisted unidentified autologous tumour
antigens in fixed tumor tissues that can be preferably used in
many medical institutions where vaccine is prepared with MHC-
matched peptides and complicated recombinant techniques.
Compared to the tumor vaccine containing live dendritic cells,
which are considered the essential component, non-live cell-
containing stable vaccines are easy to handle at bedside, thus
increasing its use.

Active immunotherapy can induce tumor-specific cytotoxic
T lymphocytes (CTL) and achieve a long-term antitumor
immune response!'®!'#?. AFP, a HCC-associated antigen, could
serve as a target for T-cell immunotherapy in animals™2*, but
patients carrying matched major histocompatibility complex
(MHC) alleles could benefit from tumor-associated antigen-
based vaccine!'?!. Antigen pre-loaded dendritic cells (DCs)
could elicit strong antitumor immune response/**°!, but DC-
based approaches are cumbersome and expensive, and unsuitable
for large-scale clinical trials. Until HCC-specific antigens are
identified, the tumor cell itself is still the best source of tumor
antigen. With autologous formalin-fixed paraffin-embedded
tumor sections, we successfully induced tumor-specific
cytotoxic T lymphocytes (CTL) from the peripheral blood of
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tumor-bearing patients. From the present results, precise
mechanisms of the anti-tumor immune response are obscure.
However, we prepared fixed HCC as a fragment suspension in
the vaccine. Phagocytosis of the particular antigen might be an
important pathway to present the antigenic peptide on MHC-
class I molecules®?”", The present results suggest that antigens
in a particular form could elicit CD8+ MHC class I-restricted CTL
response (Table 2). Soluble antigens could elicit responses of
CD4" MHC class II-restricted lymphocytes®!. CD4" T cells
could then transfer their immune information to stimulate
antibody production. Therefore, direct induction of CTL against
soluble antigens is difficult, except when the antigenic peptide
is loaded on the antigen presenting dendritic cells®*?. However,
studies have also reported that macrophages could efficiently
induce CTL response in vitro when particular carriers are used
to deliver antigenic short peptides®™. In our hypothesis, fixed
tumor tissue can provide many tumor antigens that are
recognized by the immune system of patients and elicit a specific
antitumor response. Local use of hGM-CSF could activate
dermal antigen-presenting cells (APC), hIL-2 could expand the
proliferation of induced CTL, and the elicited antitumor immune
response is then amplified. Slow release of these cytokines
from cytokine controlled release formulation could maintain
long-term stimulation of the immune system and induce persistent
antitumor immunity.

Considering the simplicity in preparation, bed-side handling
of the tumor vaccine is one of the most important factors. In
this respect, vaccines including live cells in the formulation are
disadvantageous because of the complicated preparation
techniques. Tumor-associated antigenic peptides, DNA vaccines,
and tumor cell lysate, are therefore the attractive alternatives.
Unfortunately, peptides are only effective on patients carrying
matched major histocompatibility complex (MHC) alleles!*?.
Peptides and tumor cell lysate are also rather weak immunogens.
Antigen pre-loaded dendritic cells might be a promising
vaccine®,which also require live cell handling. DNA vaccines
could provide a definite amount of antigens**l.

In conclusion, HCC vaccine can significantly control early
post-operative recurrence of HCC and improve overall survival.
This cell-free immunization mode should be recommended for a
large-scale use in patients with HCC.
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