SHORT COMMUNICATION

Dendritic Cell Vaccines Against Non-small
Cell Lung Cancer — an Emerging Therapeutic

Alternative

Dendritické bunécné vakciny proti nemalobunéénému karcinomu

plic — nova terapeuticka alternativa

Mendoza L.
INC Research, Prague, Czech Republic

Summary

Many clinical trials have been carried out or are in progress to assess the therapeutic potential
of dendritic cell-based vaccines on cancer patients. Herewith, we describe the clinical trials of
non-small cell lung cancer (NSCLC) published in the literature. Although the number of clini-
cal trials and NSCLC patients enrolled in these studies is small, it is possible to conclude that
the administration of dendritic cells (DCs) by any route is safe and that a clinical benefit after
their administration can be observed. These initial results encourage continued investigation
in clinical trials into the benefit of DCs along with different strategies to enhance their immune
response in this deadly disease.
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Souhrn

Rada klinickych studii byla realizovana nebo v sou¢asnosti probiha s cilem ovéfit terapeuticky
potencial vakcin na bazi dendritickych bunék (dendritic cell - DC) u pacientd se zhoubnymi na-
dory. V tomto sdéleni se zabyvame publikovanymi vysledky uvedenych klinickych studii u pa-
cientl s nemalobunécnym karcinomem plic (non-small cell lung cancer - NSCLC). Prestoze se
nejednd o velké pocty studii a i pocet zafazenych pacientd je limitovany, z dosazenych vysledkd
je mozné dojit k zavéru, ze podavani DC, a to jakymkoliv zplsobem, je bezpecné, a Ze existuji
pacienti, u kterych byl po aplikaci pozorovan klinicky pfinos. Tyto pocatecni vysledky podporuji
pokracovani vyzkumu s DC, v ramci kterého jsou testovany rlizné strategie pouziti DC, které by
vedly k co nejvétsi imunitni odpovédi proti tomuto smrtelnému onemocnéni.
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Lung cancer is the leading cause of can-
cer-related morbidity and mortality, re-
sulting in more than 1 million deaths per
year worldwide [1]. Approximately 85%
of cases are non-small cell lung cancer
(NSCLC), and the majority of patients
are diagnosed at an advanced stage, be-
cause there is no efficient method to im-
prove early diagnosis [2] and this fact has
a huge impact on treatment outcomes.
In spite of aggressive treatment with sur-
gery, radiation, chemotherapy and tar-
geted therapies, long-term survival for
patients with NSCLC still remains low.
Even patients with early stage disease
often succumb to lung cancer due to
the development of metastases (5-year
survival rates average 17% for patients
with early disease and 4% for patients
diagnosed with metastatic disease), in-
dicating the need for effective and
new therapeutic modalities for this
condition [3].

Dendritic cells (DCs) are critical for the
antigen-specific priming of T cells and
activate the immune system against
cancer. DCs constitute a heterogeneous
population of cells [1], and although the
precise ontogeny of DCs remains to be
elucidated, they can be differentiated
from both bone marrow (BM) and peri-
pheral blood precursors [2]. DCs are rea-
dily obtained in large numbers from pe-
ripheral blood or CD34* bone marrow
progenitors expanded in vitro in me-
dium containing various combinations
of cytokines, including GM-CSF, interleu-
kin 4 (IL-4), c-kit ligand and tumor necro-
sis factor a (TNF-a).

The application of autologous DCs to
cancer therapy has received much inte-
rest [3-5]. Animal models have clearly
documented the ability of syngeneic
BM-derived DCs pulsed with tumor-de-
rived peptide epitopes or genetically
engineered to express immuno-sti-
mulatory cytokines to serve as effec-
tive immunogens of antitumor CTLs
invivo [6-11].

Historically, NSCLC has not been con-
sidered sensitive to immune-based the-
rapies; however, data show lung tumors
are recognized by the immune system,
and a more robust antitumor immune
response is associated with better sur-
vival. Several tumor-associated antigens

(TAAs) known to be expressed in a range
of tumor types are also found in patients
with NSCLC. As examples of such TAAs,
there are melanoma-associated anti-
gen A3 (MAGE-A3) [12], mucinous gly-
coprotein-1 (MUC1) [13], the epider-
mal growth factor receptor (EGFR) [14],
Wilms’tumor gene 1 (WT1) [15], and the
carcinoembryonic antigen (CEA) [16]
among others [17]. A reasonable ap-
proach to activate the immune system
is to utilize the faculty of DCs to intake
the TAAs and present them to the T cells.
This situation, which naturally occurs
in vivo, can be mimicked in vitro puls-
ing DCs with these antigens or with the
tumor cells lysates, which express the
tumor antigens and prepare the vacci-
nes against NSCLC.

DCs have been tested in cancer im-
munotherapy clinical trials for two de-
cades. Over this time, the methods of
DC culture (or manufacture) have evol-
ved. The early clinical trials of DC-ba-
sed cancer immunotherapy established
the general safety and feasibility of this
cancer vaccine strategy. The good im-
mune response observed in vivo in pa-
tients treated with DC-based vaccines
did not correlate with modest clinical re-
sponses. This initially learned experience
brought many discussions concerning
three aspects: preparation of the most
efficient DCs in vitro and antigen loa-
ding, dose and route of administration,
and the avoidance of late-stage metasta-
tic patients that were heavily pretreated
with conventional chemotherapeutic
drugs [18]. Tab. 1 shows the accumula-
ted experience of DC-based vaccines in
NSCLC. We will expand the information
regarding them in the order they were
published.

In 2004, Hirschowitz et al [19] delive-
red autologous matured DC vaccines in
vitro with interferon-gamma to 16 in-
dividuals with stage IA and IlIB NSCLC
treated with multimodality therapy.
To generate a pluripotent vaccine, the
adenocarcinoma cell line 1650 was used
as a source of TAAs. 1650 overexpresses
Her-2/neu, CEA, MAGE 2, WT-115 and
survivin to pulsed DCs. A self-limited
wheal and flare skin reaction appeared
at the injection site 24-48 hours after
immunization in 10 of 16 subjects dur-

ing at least one of the two immuniza-
tions. Two individuals noted a more pro-
found reaction with the second vaccine.
Maximal reaction was 6 cm. Three indi-
viduals noted minor fatigue for one to
two days following the vaccine. Remark-
ably, it was reported that one indivi-
dual with stage IB NSCLC and solitary
brain metastasis survived 15 months
following surgical resection of stage IV
disease and 17 months postvaccine.
Another two individuals with unresecta-
ble stage Il NSCLC showed no signs of
disease progression at 35 and 23 months
from chemoradiation, respectively.
One individual with resected stage IlIB
bronchoalveolar cell carcinoma also re-
mained tumor-free 28 months post-sur-
gical resection and 19 months post-
vaccine. Years later, the same group
reported a continuation study with simi-
lar inclusion criteria, immunization pro-
tocol, and analysis, using an immature
DC vaccine in an additional 14 NSCLC
patients [20]. There were no related ad-
verse events. The best responses were
observed in three patients with unre-
sectable stage Il disease who had radio-
graphically stable disease at 23, 27 and
51 months following initial therapy. The
data also indicate that immature DC pul-
sed with apoptotic tumor cells have si-
milar activity to matured DC preparation
delivered in a similar clinical protocol.
In another experiment [21], NSCLC pa-
tients with positive pathologically dia-
gnosed lymph node (N2) were trea-
ted with activated killer cells and
DCs obtained from tissue cultures of
tumor-draining lymph nodes (TDLN) or
from TDLN co-cultured with peripheral
blood lymphocytes, which were used
for the adoptive transfer of immunothe-
rapy. The patients received four courses
of chemotherapy along with immuno-
therapy every two months for two years
intravenous. From 28 cases treated, the
main toxicities were fever (78.0%), chill
(83.4%), fatigue (23.0%) and nausea
(17.0%) observed on the day of cell
transfer. The 2- and 5-year survival rates
were 88.9% and 52.9%, respectively.
Since this was not a randomized study,
it was not possible to analyze the bene-
fit of DCs concomitantly with activated
killer cells but the prognoses of the se-
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Tab. 1. Clinical experience of dendritic cells in patients with NSCLC.

Number
of NSCLC
patients

16 after multi-
modality
therapy

14 inoperable
or post-opera-
tory relapsed

31 locally-
-advanced
(N2)

5 advanced

22 loco-
-advanced or
metastatic

62 inoperable
or post-opera-
tory relapsed

Dose, frequf:an.cy an.d route Safety Efficacy Reference
of administration
16 prime injections with self-limited wheal
~9x 107 pulsed DC and flare skin reac- favourable
and 16 boost injections with  tion (83%), mild fa- clinical [19]
~8x 107 pulsed DC given tigue for 1 outcome
1 month apart intradermally or 2 days (13%)
14 prime and 14 boost injec-  mild erythema and favourable cli-
tions given 1 month apart induration atthe  nical outcome 120]
with ~ 8 x 107 pulsed DC injection site post-  comparing
given intradermally 24 hours historical data
every 2 months for 2 years, fever (78%), szu?:SaSI Zzi?s
the mean number of cells (DC chills (83.4%),
. . were 88.9% [21]
and AKC) for a patient was fatigue (23%), and 52.9%
5% 3.410° (12.5-221.6) IV nausea 917%) =
respectively
1 patient develo-
ped fatigue and favourable
5x 107 given SCand IV chills G2, leukope-  clinical out- [22]
2 times at 2-week intervals  nia G3, thrombocy- come in 60%
topenia G3 and hy- of patients
ponatremia G3
5 vaccinations weekly interval
and additional vaccination . SD (32%)
. . mild moderate
3 weeks after the 5™ vaccine 3 months
. o events and 1 case [23]
intradermal, additional 4 vac- . after the first
_— P of fatigue G3 S
cinations were given if either vaccination
SD or PR or CR was achieved
CR (2.3%),
PR (9.1%),
. L on
‘1 x 10 c'eIIs/doseadm!nlstra fever grade 1 (21%), S.D (57%) in
tion was intradermal biweekly patients who re-
. L fever grade 2 (3%), . [24]
near the axilla and/or inguinal ceived > 5 va-
erythema G1 (42%) S
lymph node ccinations at
3 months survi-
val benefit
PBMC - peripheral bone marrow cell, OK-432 - lyophilized incubation mixture of group A Streptococcus pyogenes of human ori-
gin, HER2 — human epidermal growth factor 2, CEA - carcinoembryonic antigen, WT1 — Wilms tumor 1, MAGE2 — melanoma anti-

gen family E, 2

Preparation
of the vaccine

PBMC-derived DC pul-
sed with apoptotic bodies
from adenocarcinoma cell

line 1650

PBMC-derived DC pul-
sed with apoptotic bo-
dies from adenocarcinoma
cell line 1650 that over-ex-
presses HER2, CEA, WTT1,
MAGE?2 and survivin

dendritic cells obtained
from tumor-draining

lymph nodes with activa-
ted killer cells (AKC)

PBMC-derived DC diffe-
rentiated with interferon
gamma and pulsed with
WT1, CEA, MAGE-1 and
HER-2 peptides

PBMC-derived DC pulsed

with allogeneic cell lysate

prepared from melanoma
cell line DDM-1

PBMC-derived DC stimu-
lated with OK-432 and
prostaglandin E2 pul-

sed tumor lysate or one or
more antigen peptides

lected N2 patients were comparable to
historical data. In that experience, it was
noted that prognoses of the patients
who received more than 5 x 10" cells
were better than those of patients who
received less, indicating that the effect
is dependent on the number of admi-
nistered cells. In a small pilot study with
five patients with inoperable stage Ill or

IV NSCLC after chemotherapy treatment
were selected to receive two doses of
5 x 107 DC cells administered subcuta-
neously and intravenously two times at
two week intervals [22]. The DCs were
pulsed with different tumoral peptides:
WT1 peptide (RMFPNAPYL), CEA peptide
(YLSGANLNL), MAGE-1 peptide (KVAEL-
VHFL), and HER-2 peptide (KIFGSLAFL)

at day 9 of the culture. A prime vaccine
and a single boost were given 15 days
apart. For each dose of vaccine, two
aliquots were prepared in separate sy-
ringes with saline solution (500 pl/dose)
containing 5 x 107 cells. First, a dose was
subcutaneously administered in the arm
and one hour later, a second dose was
given intravenously in the other arm.
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No local reaction was observed at the
vaccine site of application. One patient
presented systemic reactions with fever
and chills that required hospitalization
after immunotherapy. Although it was
too small a study to reach conclusions,
it was observed that three of the pa-
tients had a longer survival time than
expected for their TNM stage and two
of these survived almost twice as long
as the expected average. A recent pub-
lication, Noerregaard et al, sponsored
by a Denmark biotech company (Dan-
drit Biotech, Copenhagen, Denmark),
reported the clinical and immunolo-
gical effects of autologous DCs which
were pulsed with a MAGE contain-
ing allogeneic melanoma cell lysate in
pre-treated loco-advanced or metasta-
tic NSCLC patients not eligible for fur-
ther treatment [23]. Twenty-two pa-
tients participated in the vaccination
program, consisting of 10 vaccinations.
The treatment was well tolerated and
only minor adverse events were repor-
ted. Seven patients remained in stable
disease (SD) three months after the first
vaccination. After ten vaccinations (six
months), four patients still showed SD
and continued vaccinations on a month-
ly basis. These four patients received
a total of 12, 16, 26 and 35 vaccina-
tions, respectively. Five patients showed
an unexpectedly prolonged survival.
Another recent publication reported
that a large number of Japanese pa-
tients with inoperable disseminated
or postoperative relapse NSCLC had
been treated with pulsed DC vaccine
intradermally and biweekly near the
axillar and/or inguinal lymph nodes. DCs
were pulsed with autologous tumor ly-
sate (50 lg/mL) or, if that was not avail-
able, with one or more peptide antigens
according to the HLA-A pattern [24].
No serious adverse event related to the
vaccination was observed. Transient
Grade 1-2 fever within a few days after
vaccination was observed in 15 patients.
Transient erythema at the vaccinated
sites was also observed in 26 patients
within a few days, and all of them were
categorized as grade 1. Clinical respon-
ses based on response evaluation crite-
riain solid tumors (RECIST) were found in
31 (50%) patients at three months after

the first DC vaccine (complete response:
1(1.6%), partial response: 4 (6.5%), sta-
ble disease: 26 (41.9%)). Median survi-
val time was 27 months (82% in one year
and 54% in two years) from initial dia-
gnosis, and that was 12 months (48% in
one year and 22% in two years) from the
first DC vaccination.

None of the above mentioned clinical
trials, which studied the in vitro immu-
nological assessment of DC efficacy, re-
ported a correlation of such results with
the clinical outcome. This observation
has been reported in different DC trials
in different malignancies. This is prob-
ably related to the breadth and quality
of the induced T cell response, resulting
in the frequent observation of induc-
tion of anti-vaccine immune responses
in the absence of an objective clinical re-
sponse [25]. However, what seems clear
from these trials is that DC vaccination
by any route is safe and that a clinical be-
nefit has been reported. From these stu-
dies, it is also possible to suggest that
an antigen-pulsed DC vaccine could de-
monstrate a survival benefit in patients
with advanced NSCLCs and that DC-ba-
sed cancer vaccines offer the potential
for an effective, non-toxic, and outpa-
tient-based approach to cancer therapy.
What has been shown in NSCLC patients
so far is that DCs pulsed with tumor ly-
sate and with known tumor antigen pep-
tides are efficient. However, future clini-
cal trials should investigate the efficacy of
DCs pulsed with tumor epitopes derived
from newly identified tumor-associated
peptides, RNA, apoptotic bodies or gene-
tically modified with cDNAs encoding, for
example, immunostimulatory cytokines,
such as IL-12 to augment the generation
of effective anti-tumor CTL responses, or
with full-length cDNAs encoding TAAs.
Although there are many paradigms still
to be resolved, such as the best route and
schedule of DC administration, other ap-
proaches to enhance theimmune therapy
of DCs are being investigated, including
the concomitant use of bevacizumab and
metronomic chemotherapy [26]. Many
academic centers around the world to-
gether with a few biotech companies
are searching for the answers to these
questions. We firmly believe that re-
sults from future clinical trials will con-

firm the benefit of DC-based vaccines
against NSCLC.
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