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Fig. 4. Enhancement of TAA-specific T-cell responses in HCC patients after treatments. (A) Summary of patients and peptides with a signifi-
cant increase of the number of {FN-y-producing T cells (black boxes). A significant change in the IFN-y response was defined as a more than 2-
fold increase and the presence of more than 10 specific spots in ELISPOT assay after HCC treatments. The assays were performed in 12 HCC
patients using 27 TAA-, HIV-, and CMV-derived peptides. Goal* shows the goal of HCC treatment. C and P denote “curative intention” and “palli-
ative intention," respectively. (B) Representative results of ELISPOT assay are shown. White and black bars indicate the frequency of T cells before
and after HCC treatments, respectively. *1, *2, *3, and *4 denote 53, 60, 80, and 121 specific spots, respectively. (C) Enhancement of TAA-
specific T-cell responses was also analyzed by cytokine secretion assay. Representative results are shown (patient 25). PBMCs were pulsed with
TAA-derived peptides (peptides 14, 21, and 24) for 16 hours and then analyzed for IFN-y production. (D) IFN-y-producing T cells were also
examined for naive/effector/memory phenotype by the criterion of CDA5RA/CCR7 expression. The number of cells was calculated from the
results of FACS analysis and is shown as a number per 300,000 PBMCs. White and black bars indicate the frequency of TAA-specific IFN-y-pro-
ducing T cells before and after HCC treatments, respectively. The experiments were performed in five patients and similar results were observed.

in Fig. 5B. The magnitude of TAA-specific T-cell
increase was statistically significant in four patients.

To examine the effect of CTLA-4 antibodies for
production of other cytokines by T cells, we measured
27 kinds of human cytokines and chemokines in
the medium of ELISPOT assay. Figure 5C shows the
results of cytokine production in the well with positive
T-cell responses against TAA-derived peptides. The
various cytokines consisting of IL-1f3, IL-4, IL-G,
IL-10, IL-17, eotaxin, G-CSE, GM-CSE, IFN-y, MIP-
1o, MIP-1f, RANTES, and TNF-o were increased in
the medium with CTLA-4 antibodies compared with
that without CTLA-4 antibodies. In contrast, increased

production of these cytokines in the well without posi-
tive T-cell responses against TAA-derived peptides was
not observed in medium either with or without

CTLA-4 antibodies (Fig. 5D).

Discussion

In recent years, specific TAAs and their CTL epi-
topes have been identified in many tumors.*’ Several
TAAs and their CTL epitopes, such as AFP, MAGE,
and human telomerase reverse transcriptase (hTERT)
have also been reported in HCC.'******! Although
AFP-targeting immunotherapy could induce TAA-

- 974 -



HEPATOLOGY, Vol. 53, No. 4, 2011 MIZUKOSHI ET AL. 1213
A Peptides C
- iL-1 1L-4 iL-6 1L-10 1L-17 Eotaxi 5-CS
4 1213 16 17 1920 21 22 23 24 25 26 (pg/ml) (p/ml) (ng/mh) (pg/mly (pami) (i e qp;:/nn(f cs®
1600 St 250 2304 800+ 500+ 2000
260 4 254 1254 125 EIHE 2504 L
=
2 £
2 - - L - 0 LB L 1]
: O g
= = GM-CSF IFN-y MIP-1a MIP-IB  RANTES TNF-a
= 5 ¢
£ - S (it (pg/mt) (gt} (ngimit) (pely (pfmt) Do
5 200 RUTHTE 25000 = 1509 RUDHE! EUHIEY Il"r'lTll .»\P‘!
- 2
EIWith peptide
and isotype
T 1004 25004 12500 754 15004 aon0 contral Ah
| ] = With popiide |
R -l i
L] I
Response (my 1 1 5 1 1 1 1 11 t 3 10 " " o o o o
frequency < N
per patiem(%)l()()l()()63 100 1001005010011 100 75100 0
B - D IL-18 iL-4 IL-6 fL-10 iL-17 Eotaxin G-CSF
r - 3 (pe/miy {pg/ml) (ng/mi} (piml) (paiml)y (pa/mit {pg/mil
25y X L T contzol Ab i i 250 Fn Hoq Sm T
. i BER with umi-CTLA- Ab
S wese
E 20 1 5 LI 2000 4 254 1254 125 004 2514 1000
=
& s e
; 15 4 "g y b |y..CLD... g PSP Fun Eone - W ‘)-DD-E. “
“ =
z £ GM-CSF  IFNey  MIP-la  MIP-Ip RANTES  TNFa_
2 10 4 2 (py/ml) (pe/nil) (ng/mi) tpsml) ) D“’,"l‘;g‘{'
@ S 2004 5000 25000 150 3000 5000+ [
2 ] 1
5 3 With peptide
g 5- :mg1".!:;,‘\':[(7::L
& 0 4 2500 4 12501 4 7 15004 aou 4 control Ab
2 g ok % B8 With pepride
0 - 2 A i 2 5 ; andant-CILA
. > S5
Patient 7 8 9 14 24 31 A008 (o0l jlcs oloce ol P M
Peptide 23 12 16 3 13 13

Fig. 5. Enhancement of TAA-specific T-cell responses in HCC patients by CTLA-4 antibodies. (A) Summary of patients and peptides with an
increase of the number of IFN-y-producing T cells. Black, gray, white, and hatched boxes indicate the immune responses with an increase of
more than 10 specific spots, an increase of 1-10 specific spots, without change and a decrease of 1-10 specific spots, respectively. (B) Repre-
sentative results of six patients are shown. Black and white bars indicate the results of assays incubated with CTLA-4 antibodies and mouse

1gG2a isotype control, respectively. Data are expressed as the mean
CTLA-4 antibodies on production of cytokine and chemokine. Cytokine

=+ SD of specific spots, except for patients 14 and 31. (C) Effects of
and chemokine levels in the medium of ELISPOT assay were measured

using the Bio-plex assay. The graphs indicate the concentrations of cytokine and chemokine in the medium of ELISPOT assay using PBMCs of

patient 31 and peptide 13 (medium in ELISPOT assay with enhanceme

nt of T-cell response) (see A,B). The increase of cytokines and chemo-

kines after incubation with anti-CTLA-4 antibodies was confirmed in another three experiments using PBMCs of three other patients. (D) The
graphs indicate the concentrations of cytokine and chemokine in the medium of ELISPOT assay using PBMCs of patient 31 and peptide 22 (me-

dium in ELISPOT assay without enhancement of T-cell response) (see A).

specific CTLs, no patients achieved an objective tumor
response; therefore, the search for TAAs as suitable tar-
gets for HCC immunotherapy and identification of
their epitopes are important issues in therapy develop-
ment. However, to date, T-cell responses to previously
identified TAAs or their epitopes have been measured
simultaneously and comparatively in only one study
involving several patients with HBV-related HCC, %
but no T-cell responses to the many other TAAs or
their epitopes have been evaluated.

In this study we performed a simultaneous, compar-
ative analysis of immune responses to 27 different
CTL epitopes derived from 14 previously reported
TAAs in the peripheral blood lymphocytes of 31
HCV-related HCC patients. We noted immune
responses to epitopes (peptides 4, 12, 13, 16, 17, 22,
24, and 27) derived from CypB, SART2, SART3,

p53, MRP3, AFP, and hTERT in more than two
patients (Fig. 1). These findings suggest the immuno-
genicity of these TAAs and their epitopes. In addition,
the frequencies of peripheral blood CTLs specific to
epitopes (peptides 4, 13, 16, 22, and 24) derived from
CypB, SART3, p53, MRP3, and AFD, as detected by
the ELISPOT assay, were high (>20 specific spots/
300,000 PBMCs), suggesting the high immunogenicity
of these TAAs and their epitopes.

Among these immunogenic antigens the expression
of p53, MRP3, AFP, and hTERT was reported in
HCC.'®#1%#% e also previously confirmed that the
expression of SART2 and SART3 was observed in
100% of human HCC tissue (data not shown). As for
CypB, this protein is well known to be widely
expressed in normal and malignant tissue’; therefore,
it is considered to be expressed in HCC.
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Regarding tumor immunotherapy, it has recently
been reported that strong immune responses can be
induced at an eatlier postvaccination time using, as
peptide vaccines, epitopes that frequently occur in pe-
ripheral blood CTL precursors.”® The epitopes (pep-
tides 4, 12, 13, 16, 22, 24, and 27) that were derived
from CypB, SART2, SART3, p53, MRP3, AFP, and
hTERT and considered to be highly immunogenic in
this study were capable of inducing epitope-specific
CTLs from the PBMCs of HCC patients, suggesting
that these epitopes can be candidates for peptide
vaccines.

Next, TAA-specific immune responses were com-
pared among three groups of subjects: HCC patients,
normal blood donors, and patients with chronic hepa-
titis C not complicated by HCC. The results showed
that there were no differences in the positive rate of
immune responses to CMV among the three groups
and no difference in the positive rate of immune
responses to HCV between chronic hepatids C
patients with and withour HCC. However, TAA-spe-
cific immune responses were observed frequently only
in HCC patients, indicating that these immune
responses are specific to HCC.

In the present study we also analyzed factors influ-
encing host immune responses to these TAA-derived
epitopes. Previous studies have reported that treat-
ments, such as RFA and TAE, enhance HCC-specific
T-cell responses.'®?”*® However, TAAs and their epi-
topes, to which these enhanced immune responses
occur, have not been identified. Thus, we simultane-
ously measured immune responses to 27 different epi-
topes derived from 14 TAAs in 12 patients who were
available for analysis before and after teatment. The
results showed that the antigens and their epitopes to
which treatment-enhanced T-cell responses occur were
diverse and some of them were newly induced after
HCC weatment, suggesting that HCC treatments
could induce d¢ nove T-cell responses and these TAAs
and their epitopes can be candidates as targets for
HCC immunotherapy.

Furthermore, it became clear that enhanced immune
responses to TAAs were induced not only by previ-
ously reported RFA and TAE, but also by cytotoxic
drug chemotherapy. The patients who received chemo-
therapy showed partial responses after the treatment;
therefore, we considered that it induced release of
TAA into the tumor environment by tumor necrosis
and/or apoprosis such as the mechanism reported in
RFA or TAE.'*??® Thus, our findings suggest that
combined cancer chemotherapy and immunotherapy is
useful as a treatment for HCC.

HEPATOLOGY, April 2011

Analysis of the memory phenotypes of the T cells
thus induced showed that the phenotypes of T cells
whose frequency increased were mostly CD45RA™/
CCR7% T cells (central memory T cells). Previous
studies have reported that T cells with this phenotype
differentiate into effector memory T cells and effector
T cells, and that they require secondary stimulation by
antigen to exert stronger antitumor effects.”” There-
fore, our findings suggest that the antitumor effect of
tumor-specific T cells induced by HCC treatment is
insufficient, and a booster with TAAs or epitope-con-
taining peptides is a suitable method to further
enhance antitumor effects.

Finally, we investigated the effect of ant-CTLA-4
antibodies, which have recently been in clinical trials
as drugs enhancing antiumor immunity, on the host
immune response to HCC. Regarding the mechanism
of the antitumor activity of anti-CTLA-4 antibodies, it
has been reported that they maximize the antitumor
effect by blocking CTLA-4 on the surface of effector
and regulatory T cells.*® Because the number of pe-
ripheral blood regulatory T cells has been reported to
increase in HCC patients,®> TAA-specific CTLs that
should be present but may not be detected by the ELI-
SPOT assay. Therefore, in this study anti-CTLA-4
antibodies were added along with peptides to examine
their effect on the ELISPOT assay.

The addition of anti-CTLA-4 antibodies resulted in an
increase in the frequency of TAA-specific T cells in 60%
of HCC patients. Although most patients showed an
increase of only 1-10 TAA-specific T cells, the increased
number of T cells was statistically significant. In addition,
an increase of more than 10 TAA-specific T cells and a
conversion from a negative to a positive response were
observed in four patients. These results suggested that the
anti-CTLA-4 antibodies unmasked IFN-y production by
CTLs. However, the functon might be limited because
the number of TAA-specific T cells was not changed and
even decreased in some patients.

The cytokine and chemokine profiling showed that
the addition of anti-CTLA-4 antibodies increased the
production of not only IFN-y but also cytokines, such
as TNEF-o, IL-1, and IL-6, and chemokines such as
MIP-1; therefore, we speculate that the increased pro-
duction of these antitumor immunity substances also
plays a role in the unmasking of TAA-specific CTLs
by anti-CTLA-4 antibodies. These results suggest that
anti-CTLA-4 antibody is promising as a drug to
enhance antitumor immunity, and that the ELISPOT
assay with this andbody may serve as a more appropri-
ate test tool to detect more HCC-specific TAAs or
their epitopes.
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On the other hand, recent studies have shown the
important role of CD4" helper T cells in optimal
function and proliferation of CD8% T cells.*® There-
fore, the lack of CD4" helper T cells or anergic
CD4™ T cells may explain the limited TAA-specific
CD8" Tecell responses in HCC. Further studies using
CD4" T-cell-depleted PBMCs or CD8" T cells
expanded with TAA-derived peptide may enable iden-
tification of more immunogenic HCC-specific TAAs
and their epitopes.

In conclusion, the results of this study suggest that
CypB, SART2, SART3, p53, MRP3, AFP, and
hTERT are promising TAAs in HCC immunotherapy,
that the administration of these TAAs or peptides con-
taining their epitopes as vaccines after HCC treatment
is likely to be effective, and that the concomitant use
of anti-CTLA-4 antibodies may further increase antitu-
mor immunity. We believe that the results of this
study provide useful information for the development
of immunotherapy for HCC.
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Abstract

Objective: This randomized phase Il trial compared the re-
sponse rates to treatment with interferon (IFN) combined
with hepatic arterial infusion of fluorouracil (FU) plus cis-
platin (CDDP) or FU alone in patients with advanced hepato-
cellular carcinoma (HCC). Methods: A total of 114 patients
with measurable advanced HCC were enrolled and random-
ized into 2 groups. FU (300 mg/m?, days 1-5, days 8-12) with
or without CDDP {20 mg/m?, days 1 and 8) was administered
via the hepatic artery. IFNo-2b was administered 3 times per
weekfor 4 weeks. Restis: The response rates were 45.6% for
the IFN/FU + CDDP group and 24.6% for the IFN/FU group.
The response rate was significantly higher in the IFN/FU +
CDDP group {p = 0.030). The median overall survival period
was 17.6 months in the IFN/FU + CDDP group versus 10.5
months in the IFN/FU group (p = 0.522). The median progres-
sion-free survival period was 6.5 months in the IFN/FU +

CDDP group versus 3.3 months in the IFN/FU group (p =
0.0048). Hematological toxicity was common, but no toxici-
ty-related deaths were observed. Conclusion: These results
show the dlinical efficacy of adding CDDP to the hepatic ar-
terial infusion of FU in combined chemotherapy regimens
with IFN. Copyright @ 2011 S. Karger AG, Basel

introduction

Hepatocellular carcinoma (HCC) is the 6th most fre-
quent type of cancer in the world and ranks third among
the various causes of cancer death. In recent years, the
incidence of HCC has been increasing in Western and
Asian countries [1-3],

Clinical practice guidelines for HCC are currently
available in Japan, and the number of early cases with an
early single tumor with a major diameter of 2 cm or less
detected by regular screening is generally increasing {4].
The treatment of early cases, including the use of hepa-
tectomy and local therapy such as radiofrequency abla-
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tion and percutaneous ethanol injection therapy, has pro-
gressed markedly, achieving a 5-year survival rate of 60—
70% [5]. Most patients with HCC experience the repeated
recurrence of tumors after treatment, and the disease
may eventually reach an advanced stage. Furthermore, it
is still not uncommon to find patients with symptomatic
advanced HCC who have not participated in regular
screening.

The efficacy of hepatectomy, local ablation therapy
and transarterial chemoembolization (TACE) is limited
for advanced HCC, and the prognosis of such cases is
poor. Under these circumstances, systemic therapy with
the molecular targeting drug sorafenib has shown a sta-
tistically significant survival benefit compared with pla-
cebo treatment in two large-scale phase III clinical trials
[6, 7). Based on these findings, this drug is now recom-
mended as a standard treatment for advanced HCC.
These trials did not compare sorafenib with other con-
ventional treatments of advanced HCC but with best sup-
portive care as the placebo treatment. Although a signif-
icant difference in the survival time was noted, the re-
sponse rate was as low as 2-3.3%, with no significant
difference from the results in the placebo arm (1-1.3%)
[6, 7.

As another optional treatment for advanced HCC, he-
patic arterial infusion chemotherapy (HAIC) has been
employed mainly in Japan and other Asian countries.
HAIC has been used not only for unresectable HCC ac-
companied by vascular invasion but also uncontrollable
cases of repeated recurrences within a short period of
time despite a number of sessions of TACE.

In recent years, fluorouracil (FU) and cisplatin
(CDDP) have been reported as the most commonly used
anticancer drugs for HAIC [8-17]. Favorable results with
an HAIC protocol using low-dose CDDP and FU have
also been reported [8, 14, 16, 17]. Similarly, combination
of interferon (IFN) with FU has demonstrated relatively
good results in HAIC [11, 13, 18].

With this background in mind and with the aim of
establishing the most effective HAIC protocol for ad-
vanced HCC, we planned a phase Il randomized clinical
comparative study to examine whether or not IFN com-
bined with HAIC consisting of FU and CDDP might be
associated with a higher response rate. Patients with ad-
vanced HCC were randomly allocated to two treatment
arms, L.e. IFN combined with hepatic arterial infusion of
FU with CDDP or IFN combined with hepatic arterjal
infusion of FU alone without CDDP. The results were
then compared with regard to the efficacy, safety and
prognosis.

282 Oncology 2011;81:281-290

Patients and Methods

Patients

Patients who had histologically or clinically diagnosed HCC
were included in this study. A clinical diagnosis of HCC was made
based on underlying chronic liver disease, radiologic findings and
elevation of tumor markers.

With regard to the tumor stage, the following patients
were included: patients who had (1) severe vascular invasion (.e.
vascular invasion found in the main trunk to the secondary
branches of the portal vein, or invasion in the right, middle or
left hepatic vein} and (2) intrahepatic multiple lesions (i.e. 5 or
more nodules in the left and/or right lobes as confirmed by ra-
diology).

Patients were eligible when they were 20 years old or older, had
an Eastern Clinical Oncology Group performance status of 2 or
less and had appropriate bone marrow, liver, kidney and cardiac
functions as determined by the following measurements obtained
within 1 week before enrollment: hemoglobin 28,0 g/dl; white
blood cell count =2,000/mm? platelet count =30,000/mm>
blood urea nitrogen <30 mg/dl serum creatinine <2.0 mg/dl;
percentage of prothrombin time =30%, and total bilirubin <5
mg/dl orless (excluding elevations caused by biliary tract obstruc-
tion as a result of HCC).

Assignment

The present study was an open randomized single-center
study consisting of a two-group comparison. All the patients who
satisfied the inclusion criteria were randomized to either of the
two treatments. The treatment protocol was approved by the eth-
ical committee of Kanazawa University (approval number 5169).
Patients were given full information regarding the details of the
clinical study and provided their written consent prior to partici-
pation in the study. This clinical study adhered to the Declaration
of Helsinki and good clinical practice.

Treatment Schedule .

A reservoir for hepatic arterial infusion was implanted prior
to HAIC. A catheter with a side hole was inserted from the right
femoral artery using an image-guided procedure, and the tip of
the catheter was placed in the gastroduodenal artery or splenic
artery. When more than one hepatic artery was present, the he-
patic arteries were unified to the original proper hepatic artery
alone. When blood flow into the gastrointestinal tract was con-
firmed by catheter angiography, the route was embolized to pre-
vent complications. The reservoir was placed beneath the skin in
the lower right abdomen. Medication was started at least 3 days
after implantation.

In the IFN/FU treatment group, patients underwent continu-
ous hepatic arterial infusion of FU (5-FU®, Kyowa Hakko, Tokyo,
Japan) at a dose of 300 mg/m?®/day for 5 days in the Ist and 2nd
weeks (for 120 h) using an infuser pump (Baxter Infusor SV18,
Tokye, Japan) in the same manner as described in previous re-
ports [18]. The maximum amount of FU infused over 5 days was
2,500 mg. ITFNe-2b (Intron A®, Schering-Plough, Osaka, Japan)
at a dose of 3,000,000 units was injected intramuscularly 3 times
a week for 4 weeks. In the IFN/FU + CDDP treatment group,
CDDP (Randa®, Nippon Kayaku, Tokye, Japan) at a dose of 20
mg/m? was given by hepatic arterial infusion over 1.5hon days 1
and 8 prior to the administration of FU and after appropriate hy-
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+/~ CDDP 20 mg/m?
arterial infusion for 1.5 h

Fig. 1. Treatment protocol. 3M = 3 million.

IFNe-2b 3M U
¥ ¥ \ 4

1st/2nd week [ 5-FU 300 mg/mZ/day continuous arterial infusion {day 1-day 5) }
IFNe-2b 3M iU

3rd/4th week ¥ v ¥

l Assessed for eligibility {n =155)

Excluded (n =41}
Wwithdrew consent (n = 5)
ineligible (n = 36)

LRandomized n=114) ‘
[

[ Allocated to IFN/FU + CDDP {n =57) l

r Allocated to IFN/FU (n = 57) }

l Analyzed for safety (n = 57) ‘

l Analyzed for safety (n= 57} l

Analyzed for efficacy (n = 54)
Incomplete therapy (n =3)

Analyzed for efficacy {n = 55)
Incomplete therapy (n=2)

Fig. 2. Consolidated Standards of Report-
ing Trials flow diagram.

dration and antiemetic medication. A treatment cycle comprised
4 weeks of drug administration including IFN administration
and a subsequent 2-week rest period {fig, ).

Sample Size

Based on previous reports in the literature [9, 19] and the re-
sults of our studies of HAIC for the treatment of HCC using sin-
gle-drug regimens, it was assumed that the response rate in the
IFN/FU treatment group would be 20% and that in the IFN/FU +
CDDP treatment group would be 50%. Based on the assumption
that the ratio of the numbers of patients was 1:1, the o« error was
0.05, the B error was 0.1, and 52 patients were necessary for each
treatment group. Therefore, the number of patients to be included
was 114, allowing a 10% dropout rate, which would result in a to-
tal of 104 patients for the two groups.

Response Assessment
The primary endpoint was the response rate, as determined
using dynamic computed tomography or magnetic resonance im-

Hepatic Arterial Infusion Chemotherapy
for HCC

aging performed at the end of each treatment cycle according to
the Response Evaluation Criteria in Solid Tumors, version 1.0
{20}

Secondary endpoints were the overall survival time, progres-
sion-free survival time and adverse events. The overall survival
time was defined as the period from the time of randomization
until death, and the progression-free survival time was defined as
the period from the beginning of treatment until confirmation of
progression or death. Adverse events were evaluated according to
the Common Toxicity Criteria for Adverse Events, version 3.0.

Statistical Analyses

The two treatment groups were compared using the Fisher di-
rect method and the Wilcoxon rank sum test. Response factors
were analyzed using logistic regression analysis. The cumulative
survival and prognostic factors were analyzed using the Kaplan-
Meier method, log-rank test and the Cox proportional hazard re-
gression model,

Oncology 2011;81:281-290 283
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Table 1. Patient demographics and baseline characteristics

.. . -IEN/EU+CDDP " ‘. » IFNJRU.. - . .. . pvalue _
Gender (male/female) 45/8 , 46/11 0.62*
Median age, years (range) 65 {40-82) 68 (40-82) 0270
ECOG PS (0/1/2) 36/19/2 34/21/2 0.92°
Primary/recurrence 20/37 23/34 0.70°
Prior TACE (+/-) 32/25 33/24 1.00°
Prior chemotherapy (+/-} 4453 3/54 1.002
HCV-Ab {positive/negative) 32/25 35/22 0.70*
HBsAg (positive/negative) 16/41 18/39 0.832
Liver cirrhosis (+/-} 46/11 47/10 1.00*
Child-Pugh class (A/B/C) 33/23/1 32/22/3 0.74%
LCSGJ TNM stage (II/III/IVA/IVB) 7126/1717 7/20/25/5 0.53®
UICC TNM stage (II/III/TV) 6/43/8 12/38/7 0.30%
BCLC stage (B/C/D) 33/23/1 23/31/3 0.13%
Median diameter of turnor, mm (range) 37 {10-250) 40 (11-200) 0.71>
Major portal vein invasion (+/-) 12/45 19/38 0.212
Lymph node metastasis (+/-) 2/55 4/53 0.68°
Distant metastasis {+/-) 7/50 552 0.76%
Treatment cycles, n 32126 2924 0.37°
Albumin, g/dl 3.36+0.6 349+0.5 0.22°
Total bilirabin, mg/dl L10+0.7 1.44+0.88 0.07°
Active prothrombin, % 78.6+18.9 74.9+13.8 0.22°
Platelet count, X 10%/pul 12364 11.0+54 0.26P
AST, TUN 83.1+744 825+51.8 0.47°
ALT,1U71 64.2£53.6 6851886 1.o0®
DCP (<100/2100 mAU/ml) 33/24 37/20 0.56
AFP (<400/2400 ng/ml) 24733 28/29 0.57
AFP-L3 (<30/230%) 22/35 27730 0.45°

Values represent numbers of patients or mean * SD, except where indicated otherwise. ECOG = Eastern Cooperative Oncology
Group; PS = performance status; HBsAg = hepatitis B surface antigen; LCSGJ = Liver Cancer Study Group of Japan; UICC = Union
for International Cancer Control; BCLC = Barcelona Clinic Liver Cancer; Major portal vein invasion = tumeor invasion in main trunk
or 1stbranches of portal vein; ALT = alanine aminotransferase; DCP = des-gamma-carboxy prothrombin; AFP = a~fetoprotein.

2 Fisher's exact test. ® Wilcoxon rank sum test.

Results

Patients

A total of 155 patients with advanced HCC were treat-
ed at our hospital between October 2003 and September
2007. Eventually, 114 patients were allocated to the IFN/
FU + CDDP treatment group or the IFN/FU treatment
group. Three patients in the IEN/FU + CDDP group and
2 in the IEN/FU group dropped out before the end of the
first cycle; therefore, a total of 109 patients, comprising 54
patients from the former group and 55 from the latter,
were included in the efficacy evaluation (fig. 2).

The baseline clinical features of the 114 patients are
shown in table 1. No significant differences in the clinical

284 Oncology 2011;81:281-290

features and test results were observed between the two
groups, with the exception of a slightly higher bilirubin
level in the IFN/FU group. The patients classified as hav-
ing Barcelona Clinic Liver Cancer stage B had 5 or more
nodules in the left and/or right lobes and were considered
to have disease that was difficult to control by TACE after
repeated TACE (68%) or multiple lesions that showed an
inadequate response to TACE.

Response to Treatment

Among the 57 patients in the IFN/FU + CDDP treat-
ment group, the best study response was a complete re-
sponse {CR) in 1 {1.7%); partial response (PR) was ob-
served in 25 (43.9%) patients, stable disease was observed
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Table 2. Comparison of best study response between treatment
arms

)" value
CR 1(1.7) 3(5.3)
PR 25 (43.9) 11 (19.3)
SD 15 (26.3) 19 (33.3).
PD 13 (22.8) 22 (38.6)
NE 3(5.3) 2(3.5)
RR (CR + PR) 26 (45.6) 14(24.6)  0.030
TCR(CR+PR+SD)  41(719) 33(579)  0.169

Values represent n (%). Between-group p values were deter-
mined using Fisher’s exact test. D = Stable disease; PD = progres-
sive disease; NE = not evaluable; RR = response rate; TCR = tumor
control rate,

in 15 (26.3%), and progressive disease was observed in 13
(22.8%). Among the 57 patients in the IEN/FU treatment
group, the response was CR in 3 (5.3%), PR in 11 (19.3%),
stable disease in 19 (33.3%) and progressive disease in 22
(38.6%). The response rate (CR + PR) was 45.6% in the
IFN/FU + CDDP group and 24.6% in the [FN/FU group;
the figure was significantly higher in the former group
(p = 0.030; table 2).

The only factor that improved the response to treat-
ment as indicated by a multivariate analysis was the ad-
dition of CDDP to the treatment [odds ratio 2.5, 95% con-
fidence interval (CI) 1.1-6.0; table 3].

Safety

Table 4 shows the major adverse events. Grade 3 or 4
adverse events were found in 75 of the 114 patients (65.8%).
Bone marrow suppression of any grade was found in 65~
90% of the patients. Leukopenia and neutropenia were
noted in about 70% of the patients, and no significant dif-
ference was found between the IFN/FU + CDDP group
and the IFN/FU group. An overall reduction in hemoglo-
bin was observed more frequently in the IFN/FU + CDDP
group than in the IEN/FU group (91.2 vs. 754%; p =
0.021), although the difference was not significant for he-
moglobin reductions of grade 3 or 4. No significant dif-
ference in all-grade thrombocytopenia was observed be-
tween the two groups, but thrombocytopenia of grade 3
or 4 was found significantly more frequently in the IFN/
FU + CDDP group (45.6 vs. 22.8%; p = 0.017). Howev-
er, no serious complications secondary to a reduction in
platelets occurred.

Hepatic Arterial Infusion Chemotherapy
for HCC

Nonhematologic toxicities including general malaise,
nausea, vomiting, stomatitis and elevation of serum cre-
atinine were significantly more common in the IFN/FU
+ CDDP group, but no intergroup difference was found
for grade 3 or grade 4 toxicities.

Peptic ulcer arising from the leakage of arterially in-
fused anticancer drugs into the gastrointestinal tract, a
complication characteristic of HAIC, was found in 6 pa-
tients (10.5%) in the IEN/FU + CDDP group and 1 patient
(1.8%) in the IFN/FU group; the incidence was higher,
but not significantly, in the IFN/FU + CDDP group (p =
0.06), and no grade 3 or grade 4 cases occurred.

Survival

The median overall survival period of the 114 patients
who underwent HAIC was 12.0 months {(95% CI 11.6—
12.4). In the IEN/FU + CDDP group, the median surviv-
al time {(MST) was 17.6 months (95% CI 9.9~25.3). In the
IEN/FU group, the MST was 10.5 months (95% CI 5.6—
15.4). Although the survival period tended to be longer in
the group given FU combined with CDDP, no statisti-
cally significant differences were observed between the
two groups {p = 0.522, log-rank test; hazard ratio 0.88,
95% CI 0.60-1.30; fig. 3a).

In the subgroup with the presence of major vascular
invasion, the MST was 5.8 months (95% CI 3.3-8.3) in the
IFN/FU + CDDP group and 4.7 months (95% CI -7.6 to
31.6) in the IFN/FU group. In contrast, in the subgroup
with absence of major vascular invasion, the MST was
20.0 months (95% CI 13.6-26.6) in the IFN/FU + CDDP
group and 12.0 months (95% CI 4.4-19.6) in the IFN/FU
group. Subanalysis according to the presence or absence
of major vascular invasion showed no significant differ-
ence between the two treatment groups (p = 0.571 in the
presence of major vascular invasion, p = 0.399 in its ab-
sence). In the subgroup with tumor stage II and IIJ, the
MST was 22.6 months (95% CI 0.4-44.7) in the [FN/FU
+ CDDP group and 12.0 months (95% CI 5.5-18.5) in the
IFN/FU group. In the subgroup with tumor stage [IVA
and IVB, the MST was 7.5 months {95% CI 5.7-9.3) in the
IEN/FU + CDDP group and 7.5 months (95% CI 0.4~14.5)
in the IFN/FU group. Subanalysis according to tumor
stage (stage II and III or stage IVA and IVB) also showed
no difference between the two treatment groups (p =
0.625 for stage Il and I11, p = 0.906 for stage IVA and IVB).

The median overall progression-free survival period
of the 114 patients was 4.5 months (95% CI 3.5-5.5). In
the IFN/FU + CDDP group, the median progression-free
survival time was 6.5 months (95% CI 2.6-10.4). In the
IEN/FU group, the median progression-free survival

Oncology 2011;81:281~290 285
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Table 3. Factorial analysis of predictors of response

Oddsrano .

- Multivariate -

R . : - analysis, pvaluet * = analysis; pvalue® -/ (95%CT) ©_
IFN/FU + CDDP/IFN/FU 45.6/25.6 0.0302 0.0268 2.5(1.1-6.0)
Gender (male/female) 35.8/31.6 0.7979
Age (<65/265 years) 31.1/39.6 0.4318
Primary/recurrence 32.6/36.6 0.6909
Prior TAGE (+/-) 35.4/36.7 1.00
Prior chemotherapy (+/-) 57.1/33.6 0.2382
HCV-Ab (positive/negative} 40.3/27.7 0.2315
HBsAg (positive/negative) 38.2/33.7 0.6722
Liver cirrhosis (+/-) 37.6/23.8 0.3134
Child-Pugh class (A/B, C} 41.5/26.5 0.115 '
LCSGJ TNM stage (11, III/IVA, IVB) 46.71222 0.0102 0.2877 1.3 (0.4-4.0)
Diameter of tumor (<50/250 mm) 44.0/17.9 0.008 0.1817 2.2(0.7-7.0)
Major portal vein invasion (+/-) 16.1/42.2 0.0143 0.1266 1.8 (0.5-6.8)
Lymph node metastasis (+/-) 33.3/35.2 1.00
Distant metastasis (+/-) 16.7/37.3 0.2098
Albumin (<3.5/23.5 g/dl) 27.6/42.9 0.1165
Total bilirubin {<1.5/21.5 mg/dl) 39.2/257 0.2038
Active prothrombin {<70/=70%) " 26.8/39.7 0.2203
Platelets (<10/210 X 10%/u)) 33.3/36.7 0.8444
AST (<80/=>80 1U/) 40.8/25.6 0.1096
ALT (<80/=80 TU/) 33.7/40.0 0.6372
DCP (<100/=100 mAU/ml) 42.5/57.5 0.5511
AFP (<400/2400 ng/ml) 38.7/30.8 0.4334
AFP-L3 (<30/230%) 46.6/22.4 0.00%4 0.2898 1.7 (0.7-4.4)

HBsAg = Hepatitis B surface antigen; LCSG]J = Liver Cancer Study Group of Japan; Major portal vein invasion = tumor invasion
in main trunk or 1st branches of portal vein; ALT = alanine aminotransferase; DCP = des-gamma-carboxy prothrombin; AFP = a- .
fetoprotein. * Fisher’s exact test. ® Logistic procedure model.

10+
= — IEN/FU + CDDP
Z os- B - IFN/FU
© .
g E3
[} 3
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0 T 1 Y T 1
0 10 20 30 40 50 60 70 0 10 2 30 40 50 60 70
, Survival time (months) Survival time (months)
Patients at risk (n} Patients at risk {n)
57 33 25 18 11 4 57 21 7 2
a 57 30 13 6 4 4 b 57 9 2 0

Fig. 3. Kaplan-Meier analysis of overall survival () and progression-free survival (b) according to the different
chemotherapeutic regimens.
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Table 4. Most common adverse events

B 'IFN}FU-l—CDDP @=57)-

R IEN/FU (n :7)

T CTC grade 3.4

P CTC grade3 4

3 f';'a.nygrade s . anygrade
Neutropenia 44 (77.2) 17 (29.8) 37 (64.9) 19(33.3)
Leukopemnia 43 (75.4) 12 (2L1) 38 (66.7) 18 (31.6)
Reduced hemoglobin 52(91.2)* 4(7.0) 43 (75.4)* 2(3.5)
Thrombocytopenia 50 (89.5) 26 (45.6)° 48 (84.2) 13 (22.8)
Prothrombin time 30(52.6) 3(5.3) 32(56.1} 1(1.8)
Asthenia 34 {59.6)* 1(1.8) 21(36.8) 3(5.3)
Fever 41 {71.9) 1{1.8) 37 {(64.9) 0
Nausea 32 (36.1)° 16 (17.5) 22 (38.6) 3(5.3)
Vomiting 15 (26.3) 4(7.0) 4(7.07 1(1.8)
Mucositis 22 (38.6)* 3(5.3) 9 (15.8) 1(1.8)
Liver function 42 (73.7) 4 (7.0 43 (75.4) 10(17.5)
Creatinine elevation 10 (17.5)2 i 2(3.5)%2 0
Peptic ulcer 6 (10.5) 0 1(1.8) 0

Values represent numbers of events with percentages in parentheses. * p < 0.05 (Wilcoxon rank sum test); ® p <
0.05 (Fisher’s exact test). CTC = Common Toxicity Criteria.

time was 3.3 months (95% CI -0.6 to 7.2). The progres-
sion-free survival period was significantly longer in the
IFN/FU + CDDP group than in the IFN/FU group (p =
0.0048, log-rank test; hazard ratio 0.57, 95% CI 0.38-0.85;
fig. 3b).

As predictors for survival, a multivariate analysis
showed that positivity for hepatitis C virus antibody
- (HCV-Ab), an albumin level of 3.5 g/dl or more and an
aspartate aminotransferase (AST) value of lower than 80
IU/1 were associated with improved survival (table 5).

Discussion

The present study showed that the addition of CDDP
to IFN combined with HAIC using FU significantly en-
hanced the antitumor effect from 24.6 to 45.6%. The re-
sponse rates obtained in previous studies of HAIC in-
volving at least 30 patients varied from 14 to 71% [8-17].
Regarding the use of IFN combined with HAIC using FU,
Obi et al. [13] used this treatment in patients with ad-
vanced HCC and a tumor embolus in the main trunk or
the first branch of the portal vein and achieved a response
rate of 52.6%. Ota et al. [18] also used IFN combined with
HAIC using FU for similar cases of advanced HCC and
reported a response rate of 43.6%. We previously reported
aresponse rate of 45% in 34 patients who underwent mul-
tidrug HAIC using FU and CDDP in combination with

Hepatic Arterial Infusion Chemotherapy
for HCC

1EN treatment [11]. Uka et al. [21] used IFN in combina-
tion with HAIC using FU in 55 patients who had a tumor
embolus of the portal vein and reported a response rate
of 29%. The response rates obtained in the present study
were similar to those obtained in the report by Uka et al.
[21] and lower than those obtained in the other two re-
ports. This discrepancy may be explained by the different
criteria used to evaluate antitumor efficacy, as Uka et al.
[21] suggested in their discussion. Obi et al. [13] and Ota
et al. [18] used the Eastern Clinical Oncology Group cri-
teria, whereas Uka et al. [21] and the present study used
the Response Evaluation Criteria in Solid Tumors.

The combined use of FU and IEN is reportedly benefi-
cial because IFN serves as a modulator to enhance the an-
titumor effect of FU. More specifically, IFN induces p53,
which enhances apoptosis by FU, and influences the cell
cycle via p27X%®! or apoptosis via BclxL [22, 23]. From a
clinical perspective, Takaki-Hamade et al. [24] and Eun et
al. [25] concluded that combined IFN treatment did not
have an incremental effect. Thus, the benefit of adding IFN
to HAIC with FU has not been proven clinically. However,
experimental data suggest that IFN should enhance the
antitumor effect of FU [22, 26], and this supports the cur-
rent use of IFN-combined HAIC in clinical practice.

On the other hand, with regard to the effect of CDDP
combined with FU in a clinical setting, Ando et al. [8]
used HAIC with FU combined with low-dose CDDP for
the treatment of patients with advanced HCC and a portal

Oncology 2011;81:281-290 287

- 985 -



Table 5. Factorial analysis of predictors of survival

Hazardratio.
b (95% CI)

IEN/FU + CDDP/IEN/FU

17.6/10.5
Gender (male/female) 12.0/12.0
Age (<65/265 years) 9.9/19.5
Primary/recurrence 7.7116.5
Prior TACE (+/-) 14.4/12.0
Prior chemotherapy (-+/-) 18.6/12.0
HCV-Ab (positive/negative) 19.5/7.6
HBsAg (positive/negative) 76/15.4
Liver cirrhosis {(+/-) 13.7/9.0
Child-Pugh class (A/B, C) 18.6/9.2
LCSGJ TNM stage (II, lII/TVA, IVB) 19.4/7.5
Diameter of tumor {<50/250 mm) 19.4/5.8
Major portal vein invasion (+/-} 5.1/18.6
Lymph node metastasis (+/-) 4.5/12.0
Distant metastasis {(+/-) 4.5/14.0
Albumin (<3.5/23.5 g/dl) 9.3/16.5
Total bilirubin (<1.5/21.5 mg/dl) 15.4/9,5
Active prothrombin (<70/>70%) 9.3/14.5
Platelets (<10/210 x 10%/pl) 16.5/10.5
AST {<80/=80TU/1) 194/7.4
ALT (<80/2801U/1) 13.7/9.5
DCP (<100/2100 mAU/ml) 20.0/8.4
AFP (<400/2400 ng/ml) 21.5/6.6
AFP-L3 (<30/230%) 20.8/7.5

0.0219 0.60 (0.39-0.93)

0.6326
0.1068
0.3203

0.87 (0.49-1.54)
0.64 (0.37-1.10)
0.73 (0.40-1.35)

0.60 {0.29-1.27)
0.50 {0.32-0.77)

0.1806
0.0017

0.0356 0.62 (0.39-0.97)

0.1588
0.0730

0.69 (0.41-1.16)
0.61 (0,35-1.05)

HBsAg = Hepatitis B surface antigen; LCSGJ = Liver Cancer Study Group of Japan; Major portal vein invasion = tumeor invasion
in main trunk or 1st branches of portal vein; ALT = alanine aminotransferase; DCP = des-gamma-carboxy prothrombin; AFP = -

fetoprotein,  Log-rank test, ® Cox proportional hazard model,

tumor embolus and reported a response rate of 48%. Fol-
lowing their report, several other reports on HAIC with
FU combined with low-dose CDDP were published, with
reported response rates ranging from 38.5 to 71% [14, 16,
17, 27]. Experimental studies have shown that low-dose
CDDP blocks methjonine transport into the cell, causing
a decrease in intracellular methionine and an increase in
reduced folic acid, thus serving as a modulator of FU to
enhance its antitumor efficacy [28]. It has also been re-
ported that low-dose CDDP is involved in the inhibition
of p53-mediated apoptosis and drug resistance [29]. The
present study used two agents, IFN and CDDP, in combi-
nation with FU. Although IFN and CDDP seem to en-
hance the antitumor effect of FU through these pathways,
alargeamount of basic experimental research on FU com-
bined with these two agents remains to be performed.
Our present study showed that the antitumor effect
was significantly greater and the progression-free surviv-
al time was significantly longer in the IEN/FU + CDDP

288 Oncology 2011;81:281-290

group. However, there was no statistically significant dif-
ference in the overall survival time. Subgroup analysis
also did not show survival benefit in the IFN + CDDP
group. Since there were no limitations on treatment after
the end of the protocol treatrent, 88 of the 114 patients
(77.2%) underwent some treatment subsequently, and 34
patients (59.6%) in the IEN/FU group received HAIC
(mainly IFN/FU + CDDP) eventually. This might have
had some effects on the results for overall survival.

The factors that improved survival in this study in-
cluded positivity for HCV-Ab, an albumin level of 3.5
g/dl or more and an AST value of lower than 80 TU/L Pre-
vious reports have documented the presence of response
to chemotherapy, the Cancer of the Liver Italian Program
score, the Okuda stage, the Child-Pugh score and a-feto-
protein as prognostic factors for HAIC in advanced HCC
[30, 31]. Obi et al. [13] also reported that positivity for
HCV-AD was a predictor of a CR to IFN combined with
HAIC using FU. Uka et al. [21] reported that positivity
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for HCV-Ab was a factor associated with the early antitu-
mor effect, progression-free time and overall survival af-
ter IFN combined with HAIC. Thus, positivity for HCV-

Ab was determined to be a factor that improved progno-~

sis. A possible explanation for this discrepancy may be
that viral differences between hepatitis B virus and HCV
may be involved in the heterogeneity of the anticancer
drug sensitivity of HCC, or differences in the cytokine
patterns of hepatitis B virus and HCV infections may in-
fluence the effect of IFN [32-35]. However, the true ex-
planation remains unclear. In connection with an AST
value of lower than 80 IU/L, Cheong et al. [36] also re-
ported that low levels of AST and alkaline phosphatase
were associated with long-term survival exceeding 8
months in a study examining chemotherapy including
HAIC for the treatment of patients with advanced HCC.
The basis of their findings requires further investigation.

Most patients with HCC have concomitant hepatic
cirrhosis and thus have pancytopenia. Therefore, with re-
gard to adverse events, we expected to see enhanced blood
toxicity when IFN and CDDP were added to FU. Thus,
this study showed a significantly higher frequency of cy-
topenia in the IFN/FU + CDDP group. However, as far as
severe hematologic toxicities of grade 3 or 4 were con-
cerned, thrombocytopenia alone was significantly more
frequent in the IFN/FU + CDDP group, but no compli-
cations secondary to thrombocytopenia occurred. Al-
‘though some nonhematologic toxicities were significant-
ly more frequent in the IEN/FU + CDDP group, these
adverse events were controllable. Thus, IFN combined
with HAIC using FU and CDDP seems to be tolerable
with regard to the occurrence of adverse events. The fre-
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Enhancement of tumor-specific T-cell responses by
transcatheter arterial embolization with dendritic
cell infusion for hepatocellular carcinoma
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Transcatheter arterial embolization (TAE) destroys a tumor by the induction of necrosis and/or apoptosis and causes
inflammation with cytokine production, which may favor immune activation and presentation of tumor-specific antigens. In the
current study, we attempted to identify the effect of TAE on tumor-specific T-cell responses and the additional effect of
dendritic cell (DC) infusion performed during TAE. The prevalence of tumor antigen-specific T cells was determined by
interferon-y enzyme-linked immunospot analysis using alpha-fetoprotein (AFP) and tumor antigen-derived peptides in 20 and
13 patients with hepatocellular carcinoma (HCC) who received TAE and TAE with DC infusion, respectively. The increased
frequency of AFP-specific T cells was observed in 6 of 20 patients after TAE. It was observed more frequently in patients with
DC infusion than in those with TAE alone. However, tumor recurrence was not completely prevented in patients albeit
displayed enhanced immune responses. The evidence that the enhanced immune responses were transient and attenuated
within 3 months was provided in time-course analysis. In conclusion, TAE with DC infusion enhances the tumor-specific
immune responses more effectively than TAE alone. Although the effect is not sufficient to prevent HCC recurrence, these
results may contribute to the development of novel immunotherapeutic approach for HCC.

Hepatocellular carcinoma (HCC) is one of the most common
malignancies and has gained major clinical interest because
of its increasing incidence. Although current advances in
therapeutic modalities have improved the prognosis of
patients with HCC, the survival rate is still unsatisfactory.’™
One of the reasons for the poor prognosis is the high rate of
recurrence after treatment.” Therefore, the development of
new antitumor therapies to protect against recurrence is im-
portant to improve the prognosis for HCC.

To protect against recurrence, tumor antigen-specific
immunotherapy is an attractive strategy. Several recent stud-
ies of cancer treatment causing tumor necrosis or apoptosis
have shown that they induce the activation of tumor-specific
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immune responses.'® The mechanism to activate host
immune responses against tumors is still unknown; however,
several studies in vifro or in vivo suggest that cytokine pro-
duction, attracting leukocyte infiltration, increase of tumor
antigen uptake by macrophages or dendritic cells (DCs) and
release of heat shock protein caused by inflammation at the
tumor site are associated with the phenomenon.''""’
Transcatheter arterial embolization (TAE) has been used
extensively in the Western world and Asia to treat unresect-
able HCCs.'®° Although several previous randomized con-
trolled trials have failed to show a survival benefit in patients
treated with TAE compared to untreated patients,?* recent
studies demonstrated a survival benefit for TAE versus con-
servative treatment in carefully selected patients.”®™°
Histological assessment of resected HCC after TAE shows
that the treatment induces necrotic and apoptotic changes in
the tumor.**"?® Moreover, it is reported that the serum levels
of macrophage-colony stimulating factor and the lipopolysac-
charide-stimulated production of interleukin-1 beta, IL-6 and
tumor necrosis factor-alpha in peripheral whole blood were
increased after TAE.*** Taken together with the previously
described knowledge of immune responses after treatment to
induce tumor necrosis or apoptosis, these observations sup-
port the hypothesis that the induction of apoptotic or ne-
crotic cell death and inflammatory cytokines by TAE favors
immune activation and induction of tumor-specific T-cell
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responses. In a previous study, we also made a preliminary
report that immune responses specific for tumor antigens
were enhanced after HCC treatments.”’® In addition, we
have recently developed a new immunotherapeutic approach
for HCC using DC infusion performed during TAE, showing
the potential to enhance tumor-specific immune responses.”

In the current study, we first attempted to identify the
effect of TAE for tumor-specific T-cell responses in patients
with HCC. Next, we examined the additional effects of DC
infusion to the tumor site after TAE. Finally, we analyzed the
relationship between clinical characteristics of patients and
T-cell responses after TAE and evaluated whether the activa-
tion of tumor-specific T-cell responses can prevent HCC
recurrence.

Material and Methods

Patient population

The study examined 33 patients with HCC, consisting of 25
men and 8 women ranging from 48 to 83 years old with a
mean age of 66 * 9 years, Twenty patients were treated by
TAE. Thirteen patients were treated by TAE with DC infu-
sion as a part of clinical study, which was approved by ethi-
cal committee of Kanazawa University Graduate School of
Medical Science and registered in September 2003. The
patients who received TAE with DC infusion were selected
according to the criteria we previously reported.” All subjects
were negative for Abs to human immunodeficiency virus
(HIV) and gave written informed consent to participate in
this study in accordance with the Helsinki declaration.

Treatment of hepatocellular carcinoma )
HCCs were detected by imaging modalities such as dynamic
CT scan, MR imaging and abdominal arteriography. The di-
agnosis of HCC was histologically confirmed by taking US-
guided needle biopsy specimens, surgical resection or autopsy
in 18 cases. For the remaining 15 patients, the diagnosis was
based on typical hypervascular tumor staining on angiogra-
phy in addition to typical findings, which showed hyperatte-
nuated areas in the early phase and hypoattenuation in the
late phase on dynamic CT.** The tumor size was categorized
as “small” (<2 cm) or “large” (>2 cm), and tumor multiplic-
ity was categorized as “multiple” (>2 nodules) or “solitary”
(single nodule). The TNM stage was classified according to
the Union Internationale Contre Le Cancer (UICC) classifica-
tion system (6th version).>*

Twenty patients were treated by TAE as previously
described.®*® In brief, after evaluation of the feeding arteries
and swrounding vascular anatomy, a microcatheter (Micro-
ferret, Cook, Bloomington, IN) was inserted into the segmen-
tal or subsegmental artery with a coaxial method using a
0.016-inch guidewire (Radifocus GT wire, Terumo, Tokyo,
Japan). A mixture of the anticancer drug and iodized oil was
administered, and the feeding artery was embolized with gel-
atin sponge particles (Gelfoam; Pharmacia Upjohn, Kalaman-

int. ). Cancer: 126, 2164-2174 (2010) © 2009 UICC
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z00, MI). The mixture of anticancer drug and iodized oil
contained 10-30 mg of Epirubicin (Farmorubicin; Kyowa
Hakko Kogyo, Tokyo, Japan), 1-3 ml of iodized oil (Lipiodol
Ultra Fluide) and 0.5-1.0 ml of iohexol (Omnipaque 300).

Preparation and injection of autologous DCs

DCs were generated as previously described.” In 6 patients,
DCs were pulsed with 0.1 KE/ml OK-432 (Chugai Pharma-
ceutical, Tokyo, Japan), which is a biological response modi-
fier derived from the weakly virulent Su strain of Streptococ-
cus pyogenes,*®*” for 3 days before injection. The cells were
harvested for injection; 5 x 10° cells were reconstituted in 5-
ml normal saline containing 1% autologous plasma, mixed
with gelatin sponge particles and infused through an arterial
catheter following iodized oil injection during TAE.

After TAE or TAE with DC infusion, 26 patients received
percutaneous tumor ablation by ethanol injection (PEIT),
microwave coagulation (MCT) or radiofrequency (RF).
Twenty-one patients were diagnosed with complete necrosis
of the tumor lesion using dynamic CT after the completion
of treatment. Follow-ups were conducted at outpatient clinics
using blood tests and dynamic CT every 3 months for 1 year.

Laboratory and virologic testing

Blood samples were tested for HBsAg and HCVAb by com-
mercial immunoassays (Fuji Rebio, Tokyo, Japan). HLA-
based typing of PBMC from patients was performed using
complement-dependent microcytotoxicity with HLA typing
trays purchased from One Lambda. The serum alpha-fetopro-
tein (AFP) level was measured by enzyme immunoassay
(AxSYM AFP, Abbott Japan, Tokyo, Japan), and the patho-
logical grading of tumor cell differentiation was assessed
according to the general rules for the clinical and pathologic
study of primary liver cancer.”® The severity of liver disease
(stage of fibrosis) was evaluated according to the criteria of
Desmet et al.®

Interferon-y enzyme-linked immunospot assay

The prevalence of tumor antigen-specific T cells was deter-
mined by interferon (IFN)-y enzyme-linked immunospot
(ELISPOT) analysis (Mabtech, Nacka, Sweden) as previously
described.’®™*® HLA-A24-restricted AFP-derived peptides
(10 pg/ml), which were AFP;s; (EYSRRHPQL), AFP4p;
(KYIQESQAL) and AFP,, (AYTKKAPQL)," and 20 pg/ml
AFP derived from human placenta (Morinaga Institute of Bi-
ological Science, Yokohama, Japan, purity >98%) were added
directly to the wells. These 3 AFP-derived peptides could
induce CTLs showing cytotoxicity against hepatoma cells and
were frequently recognized by PBMCs of patients with HCC
as we previously reported,’® and therefore, we selected them
as an immunogenic peptide. The HLA-A24-restricted AFP
and CMV-derived peptides were used only for HLA-A24 or
A23 positive patients. Other tumor antigen-derived peptides con-
sisted of MRP3sy; (LYAWEPSFL), MRP34s, (AYVPQQAWTI),
MRP3y6; (VYSDADIFL), hTERT 6, (AYQVCGPPL), hTERT5,4
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(VYAETKHFL) and hTERT 6 (VYGFVRACL), which we pre-
viously reported that they were useful for analyzing host
immune responses to HCC.***!

PBMCs were added to the wells at 3 x 10° cells/well. In
the assay using PBMC depleted CD4" or CD8" cells, the
number of cells was adjusted to 3 x 10° cells/well after the
depletion. Depletion of CD4™ or CD8" cells was performed
by MACS separation system using CD4 or CD8 MicroBeads
(Miltenyi Biotec, Auburn, CA) in accordance with the manu-
facturer’s instructions. After the depletion, 1 x 10° cells were
stained with CD4 and CD8 antibodies (Becton Dickinson,
Tokyo, Japan) and analyzed by FACSCalibur (Becton Dickin-
son, Tokyo, Japan) to confirm the ratio of CD4™" and CD8™"
cells. Data analysis was undertaken with CELLQuest™ soft-
ware (Becton Dickinson, San Jose, CA).

Plates were analyzed with a KS ELISpot Reader (Zeiss,
Tokyo, Japan). The number of specific spots was determined
by subtracting the number of spots in the absence of antigen.
Responses were considered positive if more than 10 specific
spots were detected and if the number of spots in the pres-
ence of antigen was at least 2-fold greater than the number
of spots in the absence of antigen. Negative controls con-
sisted of incubation of PBMCs with a peptide representing
an HLA-A24-restricted epitope derived from HIV envelope
protein (HIVenvsg,) and were always <5 spots per 3 x 10°
cells,*? The positive controls consisted of 10 ng/ml phorbol
12-myristate 13-acetate (PMA, Sigma) or a CMV pp65-
derived peptide (CMVPP65323).43 All peptides used in this
study were synthesized at Sumitomo Pharmaceuticals (Osaka,
Japan). ELISPOT analysis was performed before and 2-4
weeks after TAE. In patients receiving additional treatment
for complete ablation of tumor, analysis was performed just
before the additional treatment. An increase of antigen-spe-
cific T cells was defined as significant when T-cell responses
changed to positive or if the number of spots detected after
TAE was at least 2-fold greater than the number of spots
detected before treatment.

Statistical analysis

Unpaired Student’s t-test was used to analyze the effect of
variables on immune responses in patients with HCC.
Fisher’s exact test (2-sided p-value) was used to analyze the
frequency of positive immune responses in patients between
with TAE and TAE with DC infusion.

Results

T-cell responses to AFP in the patients who received TAE
The frequency of AFP-specific T cells before and after TAE
was tested ex vivo in an IFN-y ELISPOT assay. The serum
AFP level and number of peripheral lymphocytes and anti-
gen-specific T cells are shown in Table 1. Before treatment, 2
patients showed a specific T-cell response to AFP-derived
peptides and 3 patients to protein in 20 patients (Patients 1-
20). After treatment, a T-cell response to AFP-derived pep-

Enhancement of T-cell responses by TAE with DC

tides and protein was detected in 4 and 3 patients,
respectively.

When an increase of antigen-specific T cells was defined
as significant if T-cell responses changed to positive or the
number of spots detected after TAE was at least 2-fold
greater than the number of spots detected before treatment, 6
of 20 (30%) patients (Patients 4, 6, 7, 11, 18 and 20) showed
a significant increasing of AFP-specific T-cell frequency after
treatment. It was observed even in the patient (Patients 6, 7
and 18) who had no T cells specific to corresponding AFP-
derived peptides before treatment. When a decrease of anti-
gen-specific T cells was defined as significant if T-cell
responses changed from positive to negative or the number
of spots detected after TAE was less than half of the number
of spots detected before treatment, 4 of 20 (20%) patients
(Patients 5, 14, 15 and 16) showed a significant decreasing of
AFP-specific T-cell frequency after treatment.

AFP-specific IFN-y-producing T cells were also analyzed
by ELISPOT assay using PBMC depleted CD4% or CD8"
cells to determine what kind of T cells is responsive to whole
AFP. Depletion of CD4% or CD8" cells was performed by
MACS separation system, and the results were confirmed by
flow cytometric analysis (Fig. 1a). After depletion of CD4™
or CD8™" cells, the ratio of each cell population was decreased
to less than 0.1% of PBMCs. The IFN-y ELISPOT assay
showed that IFN-y-producing T cells against AFP consisted
of both CD8" and CD4% cells (Fig. 1b).

To confirm the effect of TAE for host immune responses
to HCC, we also examined the frequency of tumor antigen-
specific T cells in 4 patients (Patients 5, 8, 10 and 14) using
MRP3- or hTERT-derived peptides that we previously identi-
fled as useful for analyzing host immune responses to
HCC.***! A significant increasing of MRP3- or hTERT-spe-
cific T-cell frequency was observed in all patients after TAE
(Table 2).

T-cell responses to AFP in the patients who received TAE
with DC infusion

In 13 patients receiving TAE with DC infusion (Patients 21-
33), 2 patients showed a specific T-cell response with AFP-
derived peptides and 2 patients with protein before treatment
(Table 3). After treatment, 8 patients showed a specific T-cell
response to AFP-derived peptides and 3 patients to protein.

Next, we compared TAE with DC infusion with TAE
alone regarding the effect to AFP-specific immune response.
Table 4 shows the clinical features of patients with HCC who
received TAE and TAE with DC infusion and they were not
statistically different except liver function.

The frequency of patients who showed both positive and
increasing T-cell response with AFP-derived peptides or pro-
tein after treatment was significantly higher in patients
receiving TAE with DC infusion than in those receiving TAE
alone (p = 0.04) (Fig. 2a). On the other hand, the frequency
of patients who showed both positive and increasing T-cell
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Table 1. T cell response to AFP and AFP-derived peptides by ELISPOT assay before and after TAE

Before treatment

After treatment

Additional Complete AFP Lymph. AFP Lymph.

Patient HLA treatment ablation  (ng/m) (™)  AFPs5; AFP,os AFP,3, AFP CMVpp65s,5 TT  (ng/ml) U™  AFPy5, AFP,; AFP,y, AFP CMVppé5s,z TT
1 A2 RF C <10 1,600 ND ND ND 1 ND 0 <10 1,400 ND ND ND 0 ND 1
2 A26,A31 RF C 61 1,700 ND ND ND 0 ND 13 23 900 ND ND ND 0 ND
3 A11,A26 No - 100 1,700 ND ND ND 5 ND 1 50 1,500 ND ND ND 0 ND
4 A24 RF C 18 700 0 7 0 6 0 25 16 500 1 10 1 1 2 16
5 A24,A33 RF C 2,357 1,200 13 2 6 0 13 0 700 1,100 2 1 1 0 9 0
6 A24 RF C 14 1,800 0 0 0 0 0 42 <10 1,400 53 27 38 14 36 108
7 A23,A33 No - 96 500 0 0 0 5 291 0 138 800. 46 0 0 3 484 0
8 A24,A26 No - 142 600 1 0 0 0 0 0 126 500 2 0 0 166 1
9 A2,A24  RF C <10 700 6 1 0 0 9 0 <10 700 0 0 0 32 15

10 A24 PEIT C <10 1,300 8 4 8 8 146 5 <10 1,300 0 1 1 0 1 1

11 A24,A26 PEIT N 18 1,100 0 0 0 1 ND 0 13 400 0 0 0 15 10 55

12 A24,A33 RF N 11 800 3 2 0 4 94 10 11 700 0 0 0 0 24 0

13 A11,A24 PEIT C 52 1,300 0 2 5 1 2 0 24 1,200 0 0 0 0 3

14 A24 RF C 54 2,400 25 5 4 8 12 0 67 1,700 0 0 0 [¢] 0

15 A2,A24  RF N 62 1,200 0 3 0 25 2 3 14 800 0 0 0 8 0

16 A3,A24  RF C 2,876 900 (¢} 1 0 13 0 5 3,285 700 0 0 0 0 0

17 A24,A33 No = 205 400 4 2 3 26 9 220 100 2 1 0 1 39 1

18 A24,A30 RF C 18 1,100 4 0 3 14 7 13 900 1 16 1 5 12 0

19 A2,A24  RF C 330 1,500 2 Q 0 18 1 36 1,100 0 4 0 3 8 1

20 A2,A33 RF C 10 1,400 ND ND ND 10 ND 68 <10 800 ND ND ND 31 ND 101

Abbreviations: Lymph., number of lymphocytes; RF, radiofrequency ablation; PEIT, percutaneous ethanol injection therapy; No, no treatment; C, completed; N, not completed; -, not determined;
ND, not done. The bold letters show the positive responses in ELISPOT assays.
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Figure 1. IFN-y production of CD4- or CD8-depleted T cells against whole AFP. AFP-specific IFN-y-producing T cells were analyzed by ELISPOT
assay using PBMC depleted CD4™ or CD8™ cells to determine what kind of T cells is responsive to whole AFP. Depletion of CD4™ or CD8*
cells was performed by MACS separation system and the results were confirmed by flow cytometric analysis (a). IFN-y ELISPOT assay using

nontreated PBMCs and PBMC depleted CD4" or CD8™ cells showed that T cells producing IFN-y against whole AFP consisted of both CD8*

and CD4™ cells (b). Assays were performed in 5 patients and the representative result is shown.

Table 2. T cell response to other tumor antigen-derived peptides by ELISPOT assay before and after TAE

Before treatment

After treatment

Patient MRP3s53 MRP3g5, MRP3,¢s

hTERT;6; hTERT 35, hTERT,s; MRP3sp; MRP3g; MRP3,gs hTERTyg; hTERT 55, HTERT,e

5 2 7 8 0 3.5 7.5

8 6 6 1 3 ND ND
10 0 1 3 0 5 7
14 6 5 0 9 5 13

0 0 0 7 3 35
17 18 22 18 14 9

0 4 7 6 11
14 22 8 10 7

Abbreviation: ND, not done. The bold letters show the positive responses in ELISPOT assays.

response with CMV-derived peptide or tetanus toxoid was
not different between the 2 groups (Figs. 2b and 2¢).

In the comparison of the mean values of spots generated
with AFP-derived peptides, protein, CMV-derived peptides
or tetanus toxoid, no significant difference was observed
between patients with TAE alone before and after treatment
(Figs. 3a-3d). In contrast, the mean values of spots generated
with AFP-derived peptides were significantly higher in
patients after TAE with DC infusion than in those before
treatment (Fig. 3e). The mean values of spots generated with
protein, CMV-derived peptides or tetanus toxoid were not
significantly different between patients before and after TAE
with DC infusion (Figs. 3/-3h). Based on the above results,
we considered that the main difference between TAE alone
and TAE with DC infusion was the response to HLA-A24-re-
stricted AFP-derived epitopes. Therefore, to analyze the dif-
ference between TAE alone and TAE with DC infusion more
precisely, we selected the patients with HLA-A24 or A23 and

compared the clinical parameters of both groups. However,
there were no statistical differences except liver function in
the 2 groups (Table 5).

Enhancement of AFP-specific T-cell responses and

treatment outcome

To evaluate the effect of immune enhancement by TAE or
TAE with DC infusion for the treatment outcome, we ana-
lyzed the clinical course of 17 patients who received complete
ablation by additional RFA, PEIT or MCT after these treat-
ments and could be followed up using dynamic CT every 3
months (Table 6). Seven patients showed increasing specific
spots for AFP or AFP-derived peptides in ELISPOT assay af-
ter TAE. HCC recurrence within 3 months after complete
ablation was observed in 3 patients who showed increasing
AFP-specific T-cell responses after TAE. Furthermore, recur-
rence within 6 months after complete ablation was observed
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