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Background: Breast cancer remains a leading cause of cancer death worldwide. There is evidence that immunotherapy
may play a role in the eradication of residual disease. Peptide vaccines for immunotherapy are capable of durable
immune memory, but vaccines alone have shown sparse clinical activity against breast cancer to date. Toll-like receptor
(TLR) agonists and helper peptides are excellent adjuvants for vaccine immunotherapy and they are examined in this

Methods: A vaccine consisting of 9 MHC class |-restricted breast cancer-associated peptides (from MAGE-A1, —A3, and
-A10, CEA, NY-ESO-1, and HER2 proteins) was combined with a TLR3 agonist, poly-ICLC, along with a helper peptide
derived from tetanus toxoid. The vaccine was administered on days 1, 8, 15, 36, 57, 78. CD8" T cell responses to the
vaccine were assessed by both direct and stimulated interferon gamma ELIspot assays.

Results: Twelve patients with breast cancer were treated: five had estrogen receptor positive disease and five were HER2
amplified. There were no dose-limiting toxicities. Toxicities were limited to Grade 1 and Grade 2 and included mild
injection site reactions and flu-like symptoms, which occurred in most patients. The most common toxicities were
injection site reaction/induration and fatigue, which were experienced by 100% and 92% of participants, respectively. In
the stimulated ELIspot assays, peptide-specific CD8" T cell responses were detected in 4 of 11 evaluable patients. Two
patients had borderline immune responses to the vaccine. The two peptides derived from CEA were immunogenic. No
difference in immune response was evident between patients receiving endocrine therapy and those not receiving

Conclusions: Peptide vaccine administered in the adjuvant breast cancer setting was safe and feasible. The TLR3
adjuvant, poly-ICLC, plus helper peptide mixture provided modest immune stimulation. Further optimization is required

Trial registration: ClinicalTrials.gov (posted 2/15/2012): NCT01532960. Registered 2/8/2012. https://clinicaltrials.gov/show/
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Background

Immunotherapy for the treatment of cancer is a rapidly
expanding field encompassing monoclonal antibodies,
bispecific antibodies, T-cell engineering, numerous types
of vaccines and an ever growing list of immune stimulat-
ing agents. Many of the contemporary immunotherapies
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in development have the same ultimate goal of inducing
anti-cancer responses in an otherwise immunosup-
pressed tumor microenvironment. Breast cancers utilize
several mechanisms to render the tumor environment
unfavorable to the effects of the human immune system.
Recently, clinical trials of several immunotherapy agents
have broken immune tolerance in patients with triple
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negative breast cancer, offering new promise for other
immune therapies [1, 2].

A current challenge in immunotherapy for breast cancer
is how to break immune tolerance, which is especially
challenging in estrogen receptor positive disease types.
One approach is the use of multi-peptide vaccines, which
have the potential to expand T lymphocytes against tumor
antigens. Peptide-based vaccines administered with appro-
priate adjuvants can induce antigen-specific T-cell re-
sponses against cancer-related antigens [3-7]. A key
component of an effective vaccine is a functional adjuvant
to enhance the ability of dendritic cells (DC) to generate
specific immune responses. In murine models, CD40 ago-
nists have all of these qualities [8—10]; however, CD40 ag-
onists are currently not available for clinical use. As an
alternative, we utilize a tetanus helper peptide known to
stimulate CD4" T cells [11, 12]. Stimulated CD4+ T cells
express CD40L, which in turn should bind CD40 on DC.

Pathogen recognition receptors, such as the TLRs, are
useful secondary adjuvant agents in peptide vaccines.
TLRs constitute a receptor family that recognizes a wide
variety of conserved microbial molecular patterns. TLR3
recognizes double stranded viral RNA, and when the
TLR3 receptor on a DC is bound, the DC is rapidly
activated to produce cytokines and upregulate co-
stimulatory receptors, resulting in vigorous T cell re-
sponses [13]. There are data for the use of TLR agonists
by topical, intradermal, subcutaneous, intramuscular and
systemic routes [13—16], which prompts the current inves-
tigation into use of poly-ICLC (a TLR3 agonist) by intra-
dermal and intramuscular routes.

To test the immunogenicity of this novel adjuvant sys-
tem, we designed a clinical trial combining poly-ICLC
with the tetanus helper peptide [11, 12]. Based on prior
clinic experience with a 9 peptide vaccine in breast can-
cer, the poly-ICLC and tetanus peptide were given in
conjunction with a 9 peptide mixture of breast cancer
associated antigens. The peptides represent portions of
the MAGE-A1, -A3, —-A10, CEA, NY-ESO-1, and HER2
proteins. One CEA peptide is modified at one amino
acid for major histocompatibility complex (MHC) bind-
ing affinity [17, 18]. Several of the peptides have already
demonstrated excellent immunogenicity in human patients,
and one peptide (HER2349_377) is in phase III trials as a
stand-alone peptide vaccine [19-25]. The peptides for this
study (Table 1) were previously employed in other cancer
vaccine trials in an emulsion of Incomplete Freund’s Adju-
vant (IFA), and they were found to be safe in combination
[26]. However, there has been concern from the Overwijk
group at MD Anderson that administration of vaccines
with IFA might result in antigen-specific T-cells homing
back to the vaccine site rather than tumor sites [27-29].
Thus, the adjuvant system described here was developed
without IFA.
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Table 1 Breast cancer related peptides employed in the 9
peptide vaccine and the tetanus peptide adjuvant

Allele Sequence Epitope

HLA-A1 EADPTGHSY MAGE-AT 161-169
EVDPIGHLY MAGE-A3 168-176

HLA-A2 KIFGSLAFL Her-2/neu 369377
YLSGADLNL CEA 571576"
GLYDGMEHL MAGE-A10 554262

HLA-A3 HLFGYSWYK CEA 5735
VLRENTSPK Her-2/neu 7s4-762
SLFRAVITK MAGE-AT g6 104

HLA-A3/HLA-A31 ASGPGGGAPR NY-ESO-T &3_6>

Tetanus toxoid-derived helper peptide
Binds to multiple AQYIKANSKFIGITEL
class Il alleles

*¥
P2830-844

*Asparagine to aspartic acid change at position 576
**An alanine residue was added to the N-terminus to prevent cyclization

We tested the hypothesis that vaccination with a
multi-peptide vaccine combined with poly-ICLC and a
helper peptide would be safe in the adjuvant breast can-
cer setting. We also hypothesized that the replacement
of IFA by Poly-ICLC as an adjuvant would increase the
proportion of participants with ELIspot positive re-
sponses to the vaccine. A sub-aim was to assess whether
the concurrent use of endocrine therapy had an impact
on immunogenicity of the vaccine.

Methods
This study was a single-arm, open label, pilot study of
safety and immune efficacy of peptide vaccination with
poly-ICLC and it was open to enrollment by patients
with stage IB-IV resected breast cancer (Table 2). In the
end, the trial actually enrolled a cohort of patients with
stage II and III disease. Participants must have completed
their last dose/treatment of any radiation, chemotherapy or
trastuzumab therapy between 45 and 180 days prior to en-
rollment. The study was approved by the University of Vir-
ginia Institutional Review Board on 11/2/2011 (IRB#15881).
All participants signed approved informed consent per insti-
tutional standards. The study was conducted in accordance
with declaration of Helsinki with good clinical practice as
defined by the International Conference on Harmonization.
For each vaccination, the participants received 100
mcg of each of the 9 peptides (Table 1), plus 200 mcg of
the tetanus toxoid peptide [12], plus 1 mg poly-ICLC.
[30-32] The nine epitopes in the vaccine were chosen
based on 1) their MHC restriction (approximately
60-80% of the breast cancer patient population ex-
press HLA-A1l, -A2, -A3, or -A31), 2) the frequency
of expression of the parent protein in adenocarcin-
omas of the breast, and 3) their proven immunogen-
icity in vivo.
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Table 2 Patient Characteristics

Characteristics Safety set Immunologic set
n=12 n=11
Age in years, median (range) 48 (31, 62) 49 (31, 62)
n (%) n (%)

Gender

Female 12 (100%) 11 (100%)
Race

Caucasian 12 (100%) 11 (100%)
Ethnicity

Non-Hispanic 12 (100%) 11 (100%)
Menopausal Status

Post-menopausal 8 (67%) 7 (64%)

Pre-menopausal 4 (33%) 4 (33%)
Pathologic Type

Ductal 11 (92%) 11 (100%)

Unknown 1 (8%)
Histologic Grade

Grade I 3 (25%) 3 27%)

Grade Il 8 (67%) 7 (64%)

Unknown 1 (8%) 1 (9%)
Stage

Il 3 (25%) 3 (27%)

Il 9 (75%) 8 (73%)
ER Status

Negative 5 (42%) 5 (45%)

Positive 7 (58%) 6 (55%)
PR Status

Negative 6 (50%) 6 (55%)

Positive 6 (50%) 5 (45%)
Her 2/Neu Status

Negative 6 (50%) 5 (45%)

Positive 5 (42%) 5 (45%)

Unknown 1 (8%) 1 (9%)
On Hormonal Therapy

No 6 (50%) 5 (45%)

Yes 6 (50%) 6 (55%)

Type

Arimidex 3 3
Tamoxifen 3 3

HLA type (may be multiple)

Al 7 (58%) 7 (64%)

A2 5 (42%) 4 (36%)

A3 6 (50%) 6 (55%)
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Dosing and vaccine preparation

Peptides were vialed under sterile condition per FDA
approval (BB-IND# 12761). The poly-ICLC (Hiltonol;
Oncovir, Inc; Washington, DC) was provided by the
Ludwig Institute (New York, NY) as a clinical grade re-
agent for experimental use in single-use vials contain-
ing 1 mL of a 2 mg/mL solution (IND 43984).

Peptides for vaccines were synthesized and purified (>
95%) under GMP (good manufacturing practice) condi-
tions (Multiple Peptide Systems, now Polypeptide Labora-
tories, San Diego, CA). The peptides were reconstituted
and vialed in single-use vials by either Merck Biosciences
AG Clinalfa (Laufelingen, Switzerland) (tetanus peptide)
or by the University of Virginia Human Immune Therapy
Center (9-peptide vaccine). Each vaccine was 1 ml of a
stable solution consisting of 100 mcg of each of the 9
Class I MHC restricted peptides, 200 mcg of the tetanus
helper peptide and 1 mg of Poly-ICLC.

Vaccines were administered on days 1, 8, 15, 36, 57,
and 78. The vaccine was administered intramuscular
(IM) (0.5 ml) and intradermal (ID) (0.5 ml) at one site,
alternating between the arm site opposite the breast can-
cer and an anterior thigh site. All participants were
closely observed for adverse events for at least 20 min
following each vaccination.

Participant selection
Eligibility requirements included age > 18 years, ECOG per-
formance 0-1, and expression of HLA-A1, —A2, or -A3. All
races and ethnic backgrounds were eligible. Staging was de-
termined using the Seventh Edition AJCC staging system.
Participants were permitted to receive hormonal therapy
at the time of study if hormonal therapy was a component
of the standard of care. Exclusion criteria included the
presence of autoimmune disease, HIV, Hepatitis C, poorly
controlled diabetes, pregnancy, known or suspected aller-
gies to vaccine components, or impaired hepatic or renal
function.

Clinical assessments

The study was conducted on an outpatient basis in the
University of Virginia Cancer Center with evaluations on
days 1, 8, 15, 36, 57, 78, 85 and 108. Participants were
off treatment follow-up approximately 4 months after
first vaccine administration.

Participants kept a daily diary of toxicities for days 1
through 85. The diaries were reviewed by a research
clinician prior to the next scheduled vaccine. The trial
was monitored continuously for treatment-related ad-
verse events, using NCI Common Terminology Criteria
for Adverse Events version 4.03. Dose-modification of
vaccine was indicated if grade 3 adverse events occurred.
Protocol treatment was to be discontinued for any grade
3 toxicity.
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Laboratory assessments

PBMC and serum were isolated from peripheral blood
(100-140 ml) at the time points shown in fig. 1. Lym-
phocytes were isolated using Ficoll gradient centrifuga-
tion, and cryopreserved in 10% DMSO/90% serum by
the Biorepository and tissue Research Facility at the
University of Virginia. The ELIspot assay was used to
evaluate CD8" T cell responses [33-36]. In this assay,
antigen-specific CD8" T cell responses are quantified
by IFNy production. Cytotoxic T-cells that are not
anergized should secrete IFNy after exposure to their
cognate antigen, especially if they have a memory pheno-
type. ELIspot assays can reproducibly detect functional
CTL responses to defined antigens at levels below
0.01%. The IFN-y production is based on the fact that
the assay was performed after stimulation with peptides
known to be restricted by Class I MHC. Responses to
tetanus peptide from CD4" cells were measured
similarly.

The ELIspot assays were performed directly ex vivo,
after cryopreservation (direct ELIspot) or after one in vitro
sensitization (stimulated ELIspot). Methods for the stimu-
lated ELIspot assay have been reported [35, 37]. For direct
ELIspot assays, 200,000 peripheral blood mononuclear
cells (PBMC) were plated per well, and pulsed with syn-
thetic peptide (10 mcg/ml), in quadruplicate. Controls
included irrelevant peptides, a mixture of viral peptides
(CEF peptide pool), PMA-ionomycin and PHA. Assess-
ment of immunologic response was based upon a fold-
increase over the maximum of two negative controls
and the following criteria. Evaluation of T-cell responses
was based on the definitions: N,,, = number T-cells
responding to vaccine peptide; Ny, = number T-cells
responding to maximum negative control; Ryax = Nyax/Npeg.
A patient was considered to have a T-cell response to vac-
cination (binary yes/no), by direct ELIspot assay only if all
of the following criteria were met: (1) Ny exceeded N,
by at least 20 cells / 100,000 CD4" or CD8" cells (0.02%),
where CD8 and CD4 counts were based on flow cytometric
evaluations of the PBMC samples. (2) Ryax = 2, (3) (Nyay — 1
SD) 2 (N + 1 SD), and (4) Ry, after vaccination 22 x Ry
pre-vaccine, as described. The same criteria applied for
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stimulated ELIspot assays except that the threshold for cri-
terion (1) was higher: such that Ny, had to exceed N, by
at least 100 cells / 100,000 CD4" or CD8" cells (0.1%).
Fold-increases less than one (e.g., control counts exceed
number of responding T-cells, or fold response compared
to baseline is less than one) were set equal to one to indi-
cate no response and to prevent overinflating adjusted fold-
increases due to pre-vaccine ratios less than one, or division
by zero, while not affecting the determination of response.
These methods are consistent with our prior analyses [38].
For the CEA peptide, both wild type peptide and modified
CEA were assessed.

This pilot study was designed to test for an immune
response rate by direct ELIspot of 45% (rate observed in
prior study) [26] versus an alternative rate of 75% with a
one-sided exact test providing >90% power (actual type
II error 0.0775) at an alternative positive rate of 75% as-
suming a one-sided 10% level test (actual type I error
0.0871) with a target accrual goal of 24 eligible partici-
pants. With this design the null hypothesis of a 45% im-
mune response rate would be rejected if 12 or more
responses by direct ELIspot were observed in 24
patients.

Results

Fifteen breast cancer patients consented to screen for
the study, and 13 patients were enrolled. One enrolled
patient was unable to receive study treatment because of
scheduling delays after a prior surgery. An unplanned in-
terim look of the data occurred after accrual of half the
target number of participants, thus, a total of 12 patients
were included in the safety analysis. One patient experi-
enced disease progression after 2 doses of vaccine and
withdrew from the study. Eleven patients completed all
vaccines and had research blood drawn at all designated
time-points (Fig. 1). The study was terminated early due
to the lack of observed responses by direct ELIspot assay
in the first 11 participants. Patient demographics and
clinical presentations were typical for a cohort of pa-
tients with mixed stages of breast cancer (Table 2). The
median age was 48. All patients were female, and all
were Caucasian. One-half of patients (6 of 12) were on

Screening, HLA-A1, -
consent and A2, -A3, or -
HLA typing | A31 positive

9 Peptide Vaccine+polylCLC
+ tetanus helper peptide

End of
treatment

Events / days

Research Blood

is shown

Vaccine/poly ICLC

Fig. 1 Schema. The general schema of treatment including the timing of the vaccine series and the times for blood draws for ELIspot analysis

T

36 57 78
36 57 78 108

1815
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adjuvant tamoxifen or aromatase inhibitor, and those six
patients remained on hormonal therapy during the vac-
cine series.

Treatment-related adverse events are detailed in Table 3.
The vaccines were very well tolerated and there were no
related late toxicities beyond 30 days post-vaccination.
There were no grade 3 or 4 adverse events or treatment-
related deaths. There were no dose-limiting toxicities. The
most common adverse event was an injection site reac-
tion, which was observed in 100% of participants. Vaccine
sites in the leg and arm were generally erythematous and
firm, but no ulceration was observed. Nine of the patients
had grade 2 injection site reactions, 3 were grade 1. Inter-
estingly the injection site reactions did not persist as long
in this study as in prior breast and melanoma vaccine
studies (most were less than a week in duration). Less
common events included fatigue, fever, chills, nausea,
arthralgia, myalgia and headache. Two patients described
flu-like symptoms.

Table 3 Toxicities and highest grade

BREAST 41 Toxicities (Related) N=12
Total
Category AE Gl G2
EAR AND LABYRINTH DISORDERS TINNITUS 1
GASTROINTESTINAL DISORDERS NAUSEA 3
GENERAL DISORDERS AND CHILLS 3
(DTN T e 6 s
FEVER 4
FLU LIKE 2
SYMPTOMS
INJECTION SITE 3 9
REACTION
IMMUNE SYSTEM DISORDERS AUTOIMMUNE 2
DISORDER
INJURY, POISONING AND BRUISING 1
PROCEDURAL COMPLICATIONS SEROMA .
METABOLISM AND NUTRITION ANOREXIA 3
DISORDERS
MUSCULOSKELETAL AND ARTHRALGIA 6
CONNECTIVE TISSUE DISORDERS MYALGIA 5
OTHER 1
NERVOUS SYSTEM DISORDERS DIZZINESS 3
HEADACHE 5 1
PSYCHIATRIC DISORDERS AGITATION 1
OTHER 2
SKIN AND SUBCUTANEOUS HYPERHIDROSIS 1
TISSUE DISORDERS
VASCULAR DISORDERS FLUSHING 1
OVERALL MAXIMUM 3 9
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The trial was designed with use of a direct ex vivo
ELIspot assay as the primary assay for evaluating CD8" T
cell responses to peptides in the vaccine. No responses
were observed to the 9 breast peptides in the direct ex
vivo ELIspot assays in the first eleven participants [90%
CI(0, 23.4%)] which indicated an immune response rate
below the null rate of 45%. Nine patients had responses
to tetanus helper peptide. As part of a secondary end-
point for the study, we used the stimulated ELIspot
assay. Four of the eleven evaluable participants had
CD8+ T cell responses with that assay. Two additional
patients had responses just below the cut-off for posi-
tivity. The four immune responders and two near re-
sponders are displayed, over time, in Fig. 2. Notably
patients 5, 7 and 12 had positive ELIspot assays at mul-
tiple time points, suggesting persistent immune recog-
nition. Three of the four responders had their first
ELIspot responses detectable by week 5. Two ELISpot
responses were observed in response to the modified
HLA-A2 CEAg;;_579 peptide (YLS-D antigen) and two
responses were observed in response to HLA-A3
CEA,;_35 (HLF antigen). One patient had a borderline
response to HLA-A3 MAGE-Algg_104 (patient 2). Sur-
prisingly neither of the HER2 peptides in this study
generated strong ELIspot response.

Discussion

Peptide vaccines are appealing both for prevention and
for treatment purposes of cancer. Their promise is that
they may activate and expand T cells capable of immedi-
ate tumor rejection and may generate T-cell memory to
provide long-term protection from tumor recurrence.
The challenges facing peptide vaccines in breast cancer
relate to overcoming the low immunogenicity of estrogen
receptor positive cancers, the locally immunosuppressive
microenvironment, poor DC activation and perhaps
tumor heterogeneity/plasticity [39]. This trial sought to
improve vaccine activity in breast cancer by the addition
of a TLR3 agonist and the limitation to patients without
high tumor burdens. We included a helper peptide as
a mechanism for activating helper T cells [40-45]. Re-
sponses to the tetanus helper peptide were observed
by ELIspot as expected (Fig. 2 and Additional file 1:
Figure S1).

The concept of the vaccine site as a depot, which may
attract activated T cells to home back to the vaccine site
rather than the tumor sites is a recently studied chal-
lenge to cancer vaccines [27-29]. The current trial was
designed to avoid both the T cell depot effects of IFA
and also to avoid the toxicity of using IFA as an adjuvant
(i.e. vaccine site ulceration/infection/pain in >30% of
patients) [46—48]. For these reasons IFA was excluded
from the preparation of this 9 peptide vaccine. In the
absence of IFA, the toxicity of this vaccine was
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Fig. 2 Stimulated ELIspot responses. Four confirmed responses and 2 near-responders to the multi-peptide vaccine following in vitro stimulated
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minimal; there were markedly low rates of local reac-
tions and no injection site ulceration was observed.
GM-CSF was considered for use an adjuvant, but given
a prior report showing negative impact on immunogen-
icity [49] it was omitted.

The results from the stimulated ELIspot assays in
this trial indicate that circulating T cell responses to
vaccinating peptides may be observed. The observa-
tion of response to the CEA peptide is encouraging
since CEA is somewhat aberrantly expressed by many
breast cancers, both ER positive and negative [50, 51].
This observation that T cells could be stimulated to
recognize CEA corroborates several prior CEA-based
vaccines [52-55], most notably a CEA DNA vaccine
resulted in clonal, CEA-specific T cell responses as
well as B-cell responses and helper responses [56].

Furthermore, the observation of ELIspot response to
MAGE-AL1 in breast cancer is intriguing since there are
recently reports of immunogenicity of MAGE-A1 for
breast cancer patients [57—-60]. It was previously re-
ported that 27% of breast tumors are positive for at least
one of the MAGE transcripts and MAGE expression
was more common in ductal breast cancer and Ki-67
high tumors [61]. Thus, our observation of MAGE-A1l
response in a small sample of ductal breast cancer pa-
tients and observation in both ER positive and ER nega-
tive patients adds support to future investigation of this
peptide for cancer vaccine research.

Notably the HER23¢9_3,, peptide is the same peptide
which was reported to generate robust immune responses
in several prior trials when combined with GM-CSF
[19-25]. We did not observe strong responses to the
HER?2 peptides, despite the fact that these peptides are
reported to generate T cell responses in other studies
[62]. The sample size of HLA A2/A3 patients for HER2
peptides is too small to draw a conclusion, but it is
probable that the adjuvant system employed in our
study was inadequate. It might also be a possibility that
with nearly half of the patients in this study showing
baseline overexpression of HER2, tolerance toward the
HER2 protein could pre-date vaccination. Indeed HER2
immunity has been reported to be lost in clinically
HER?2 positive disease and that may also explain our
observations [63].

Adjuvants have been employed in vaccines for over
80 years with varying degrees of benefit across many
disease types. Many TLR agonists have shown success
as adjuvants. Poly-ICLC is one TLR3 agonist which is
often combined with vaccine and cellular immunother-
apies in order to induce type I interferons and mimic
inflammatory response to systemic viral infection by
amplification of interferons alpha and gamma as well as
IL-1a and IL-6 [15, 30, 32, 64]. The addition of poly-
ICLC to immunotherapies generally seems to augment
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the breadth and strength of the CD8 T cell response and in
some cases generates anti-tumor activity [15, 30, 32, 64].
Poly-ICLC trials have acceptable safety profiles, even when
poly-ICLC has been given systemically [15, 32, 64—68].
Despite these compelling data, we were unable to deter-
mine whether the administration of poly-ICLC by intra-
dermal and intramuscular routes had an impact on vaccine
efficacy due to the low observed immune response rates in
this study.

Overall, the addition of a poly-ICLC and tetanus
helper to a multipeptide vaccine proved to be safe and
well tolerated in both estrogen receptor positive patients
and triple negative patients. As a pilot study, several
encouraging immune responses were observed by
stimulated ELIspot assays in both estrogen receptor
positive and estrogen receptor negative participants
(notably this trial was designed prior to an understanding
of triple negative breast cancer as a comparatively more
immunogenic subtype). Unfortunately, immune responses
to the direct ELIspot assay were below the levels observed
for a similar 9-peptide vaccine trial in breast cancer [26]
and were below the target threshold for progression to a
phase II study with this particular combination and ad-
ministration schedule. This pilot study was closed early
with a final sample size of 12 patients due to the absence
of immune response in direct ELIspot assays and per-
ceived futility of reaching the primary endpoint for im-
mune response. The response rates and final sample size
did not permit robust assessment of endocrine therapy,
although responses were observed in both endocrine-
treated patients and non-treated patients. No adverse
interaction between endocrine therapy and vaccine
therapy was observed.

This pilot study is one of several recent or ongoing vac-
cine studies administered in the post-surgical adjuvant set-
ting. Our peptide vaccine appears to be tolerable in this
adjuvant setting, in agreement with other vaccine studies
in the adjuvant setting (as opposed to the metastatic
setting) [69]. Several peptides were immunogenic in
this breast cancer population.

Future directions for this research will include the use
of novel phosphopeptide antigens, the use of daily poly-
ICLC, the addition of a CD40 antibody, the addition of
alternative TLR agonists and vaccination with larger
pools of helper peptides and analysis of Thl and Th2 re-
sponses (IL-10, IL-4, IL-5, etc) to a more robust helper pep-
tide approach. Furthermore, given the growing interest in
tumor microenvironment, it will be useful to assess
whether peptide vaccines impact on the macrophage, DC
and T cell infiltration and activation in and around the local
tumor sites. Results of tumor biopsy studies and pre-
operative vaccine studies will help guide future study
designs. Another direction may be the use of nanoparti-
cles for direct delivery of antigens or RNA to DC’s [70].
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Conclusion

This pilot study of immunogenicity of a TLR3 agonist in
combination with helper T cell stimulation as adjuvants
to traditional class I peptides showed that novel adjuvants
can be safely combined with multi-peptide vaccines in the
high risk breast cancer setting. Furthermore, the specific
peptides to CEA and MAGE-A1 were shown to be im-
munogenic in this population. The administration of vac-
cines in estrogen receptor positive patients was shown to
be feasible and safe. Some of the estrogen receptor posi-
tive patients were able to generate T cells response to pep-
tide vaccines. The design of future breast cancer peptide
studies should optimize the use of TLR agonists, IFA,
nanoparticles and helper peptides and should further
examine the tumor microenvironment in molding the
response or lack of response to peptide vaccines.

Additional file

[ Additional file 1: Supplemental Data. (DOCX 68 kb) ]

Abbreviations

BB-IND: Biologic based investigational new drug; DC: dendritic cell;

GMP: Good manufacturing practice; ID: Intradermal; IFA: Incomplete Freund’s
Adjuvant; IM: Intramuscular; MHC: Major histocompatibility complex;

PBMC: peripheral blood mononuclear cells; TLR: Toll like receptor; TLR3: Toll
like receptor 3

Acknowledgments

The authors thank the Biorepository and Tissue Research Facility for technical
assistance with assays. We appreciate the work of Marilise Berniger and Carmel
Nail for administering vaccines and managing patient toxicities. Appreciation also
goes to clinical research coordinators Kristy Scott, Emily Hall, and Jessica Zareno.
Dr. Andres Salazar is thanked for technical guidance on use of Poly-ICLC.

Prior presentation
Society for Immunotherapy of Cancer Annual Meeting; November 9-13;
National Harbor, MD, USA; Poster presentation (abstract number: 358).

Funding

Support for this work was provided by the University of Virginia Cancer Center
Support Grant (NIH/National Cancer Institute P30 CA44579: Clinical Trials Office,
Biorepository and Tissue Research Facility, Flow Cytometry Core, Biomolecular
Core Facility, Biostatistics Shared Resource). Additional philanthropic support
was provided by Alice and Bill Goodwin and the Commonwealth Foundation
for Cancer Research. Support was also provided by the Ludwig Cancer Institute
which provided the Poly-ICLC agent.

Availability of data and materials
The datasets used and analyzed during the current study available from the
corresponding author on request.

Authors’ contributions

PMD designed the trial, enrolled patients, analyzed data and drafted the
manuscript. DRB helped design the trial and enrolled patients and analyzed
data. KAC-B designed the trial, collected data and analyzed data. CLS designed
the trial, analyzed data, performed vaccine preparation and quality control and
co-wrote the manuscript. EHH consented patients and collected samples. GRP
and MSS were the biostatisticians who analyzed data and helped with
manuscript preparation. KTS performed vaccine preparation and quality control
and performed elispot assays. CJN consented, enrolled and administered the
vaccines. All authors read and approved the final version.

Page 8 of 10

Ethics approval and consent to participate

All patients provided written informed consent. The protocol was approved
by the institutional review boards or ethics committees of the University of
Virginia. The study was conducted in accordance with declaration of Helsinki
with good clinical practice as defined by the International Conference on
Harmonization.

Consent for publication
Not applicable.

Competing interests

Dr. Slingluff serves as an external advisor for Immatics, and as Pl for the
MAVIS vaccine trial run by Polynoma. UVA receives funds from those roles.
Dr. Slingluff receives licensing payments for patents on peptides used in
vaccines, but not for ones in this vaccine. Dr. Dillon has received research
funding on behalf of his institution from Merck Pharmaceuticals, Novartis
Pharmaceuticals, Eli Lilly and Company, and Pfizer Pharmaceuticals.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 21 December 2016 Accepted: 18 October 2017
Published online: 21 November 2017

References

1. Nanda R, Chow LQ, Dees EC, Berger R, Gupta S, Geva R, et al. Pembrolizumab
in patients with advanced triple-negative breast cancer: phase Ib KEYNOTE-012
study. J Clin Oncol. 2016;34(21):2460-7.

2. Emens L, Adams S, Loi S, Schmid P, Schneeweiss A, Rugo H et al. A phase lll
randomized trial of atezolizumab in combination with nab-paclitaxel as first
line therapy for patients with metastatic triple-negative breast cancer
(MTNBQ). Cancer res 76[4s]. 2-15-2016. Ref Type: Abstract.

3. Antonilli M, Rahimi H, Visconti V, Napoletano C, Ruscito |, Zizzari IG, et al.

Triple peptide vaccination as consolidation treatment in women affected by

ovarian and breast cancer: clinical and immunological data of a phase I/Il

clinical trial. Int J Oncol. 2016;48(4):1369-78.

Disis ML, Gad E, Herendeen DR, Lai VP, Park KH, Cecil DL, et al. A

multiantigen vaccine targeting neu, IGFBP-2, and IGF-IR prevents tumor

progression in mice with preinvasive breast disease. Cancer Prev Res

(Phila). 2013;6(12):1273-82.

5. Mittendorf EA, Ardavanis A, Litton JK, Shumway NM, Hale DF, Murray JL, et
al. Primary analysis of a prospective, randomized, single-blinded phase Il trial
evaluating the HER2 peptide GP2 vaccine in breast cancer patients to
prevent recurrence. Oncotarget. 2016;7(40):66192-201.

6. Mittendorf EA, Ardavanis A, Symanowski J, Murray JL, Shumway NM, Litton JK,
et al. Primary analysis of a prospective, randomized, single-blinded phase Il trial
evaluating the HER2 peptide AE37 vaccine in breast cancer patients to prevent
recurrence. Ann Oncol. 2016;27(7):1241-8.

7. Koski GK, Koldovsky U, Xu S, Mick R, Sharma A, Fitzpatrick E, et al. A novel
dendritic cell-based immunization approach for the induction of durable
Th1-polarized anti-HER-2/neu responses in women with early breast cancer.
J Immunother. 2012;35(1):54-65.

8. Hunter TB, Alsarraj M, Gladue RP, Bedian V, Antonia SJ. An agonist
antibody specific for CD40 induces dendritic cell maturation and
promotes autologous anti-tumour T-cell responses in an in vitro mixed
autologous tumour cell/lymph node cell model. Scand J Immunol.
2007;65(5):479-86.

9. Murphy WJ, Welniak L. Back T, Hixon J, Subleski J, Seki N et al. synergistic
anti-tumor responses after administration of agonistic antibodies to CD40
and IL-2: coordination of dendritic and CD8+ cell responses. J Immunol.
2003;170(5):2727-33.

10. Vonderheide RH, Flaherty KT, Khalil M, Stumacher MS, Bajor DL, Hutnick NA,
et al. Clinical activity and immune modulation in cancer patients treated
with CP-870,893, a novel CD40 agonist monoclonal antibody. J Clin Oncol.
2007;25(7):876-83.

11, Slingluff CL, Petroni GR, Smolkin ME, Chianese-Bullock KA, Smith K, Murphy C,
et al. Immunogenicity for CD8+ and CD4+ T cells of 2 formulations of an
incomplete freund's adjuvant for multipeptide melanoma vaccines. J
Immunother. 2010;33(6):630-8.

B


dx.doi.org/10.1186/s40425-017-0295-5

Dillon et al. Journal for InmunoTherapy of Cancer (2017) 5:92

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Slingluff CL Jr, Yamshchikov G, Neese P, Galavotti H, Eastham S, Engelhard VH,
et al. Phase | trial of a melanoma vaccine with gp100(280-288) peptide and
tetanus helper peptide in adjuvant: immunologic and clinical outcomes. Clin
Cancer Res. 2001;7(10):3012-24.

Wick DA, Martin SD, Nelson BH, Webb JR. Profound CD8+ T cell immunity
elicited by sequential daily immunization with exogenous antigen plus the
TLR3 agonist poly(l:C). Vaccine. 2011;29(5):984-93.

Chang BA, Cross JL, Najar HM, Dutz JP. Topical resiquimod promotes
priming of CTL to parenteral antigens. Vaccine. 2009;27(42):5791-9.
Giantonio BJ, Hochster H, Blum R, Wiernik PH, Hudes GR, Kirkwood J, et al.
Toxicity and response evaluation of the interferon inducer poly ICLC
administered at low dose in advanced renal carcinoma and relapsed or
refractory lymphoma: a report of two clinical trials of the eastern
cooperative oncology group. Investig New Drugs. 2001;19(1):89-92.
Schneider LP, Schoonderwoerd AJ, Moutaftsi M, Howard RF, Reed SG, de
Jong EC, et al. Intradermally administered TLR4 agonist GLA-SE enhances
the capacity of human skin DCs to activate T cells and promotes emigration
of Langerhans cells. Vaccine. 2012;30(28):4216-24.

Salazar E, Zaremba S, Arlen PM, Tsang KY, Schlom J. Agonist peptide from a
cytotoxic t-lymphocyte epitope of human carcinoembryonic antigen stimulates
production of tc1-type cytokines and increases tyrosine phosphorylation more
efficiently than cognate peptide. Int J Cancer. 2000;85(6):829-38.

Tsang KY, Zaremba S, Nieroda CA, Zhu MZ, Hamilton JM, Schlom J.
Generation of human cytotoxic T cells specific for human carcinoembryonic
antigen epitopes from patients immunized with recombinant vaccinia-CEA
vaccine. J Natl Cancer Inst. 1995;87(13):982-90.

Mittendorf EA, Clifton GT, Holmes JP, Schneble E, Van ED, Ponniah S, et al.
final report of the phase I/Il clinical trial of the E75 (nelipepimut-S) vaccine
with booster inoculations to prevent disease recurrence in high-risk breast
cancer patients. Ann Oncol. 2014;25(9):1735-42.

Schneble EJ, Berry JS, Trappey FA, Clifton GT, Ponniah S, Mittendorf E, et al.
The HER2 peptide nelipepimut-S (E75) vaccine (NeuVax) in breast cancer
patients at risk for recurrence: correlation of immunologic data with clinical
response. Immunotherapy. 2014;6(5):519-31.

Mittendorf EA, Clifton GT, Holmes JP, Clive KS, Patil R, Benavides LC, et al.
Clinical trial results of the HER-2/neu (E75) vaccine to prevent breast cancer
recurrence in high-risk patients: from US military cancer institute clinical
trials group study 1-01 and I-02. Cancer. 2012;118(10):2594-602.

Benavides LC, Gates JD, Carmichael MG, Patil R, Holmes JP, Hueman MT, et
al. The impact of HER2/neu expression level on response to the E75
vaccine: from U.S. military cancer institute clinical trials group study 1-01 and
1-02. Clin Cancer Res. 2009;15(8):2895-904.

Holmes JP, Gates JD, Benavides LC, Hueman MT, Carmichael MG, Patil R, et
al. Optimal dose and schedule of an HER-2/neu (E75) peptide vaccine to
prevent breast cancer recurrence: from US military cancer institute clinical
trials group study 1-01 and 1-02. Cancer. 2008;113(7):1666-75.

Mittendorf EA, Holmes JP, Ponniah S, Peoples GE. The E75 HER2/neu
peptide vaccine. Cancer Immunol Immunother. 2008;57(10):1511-21.
Peoples GE, Holmes JP, Hueman MT, Mittendorf EA, Amin A, Khoo S, et al.
Combined clinical trial results of a HER2/neu (E75) vaccine for the prevention
of recurrence in high-risk breast cancer patients: U.S. military cancer institute
clinical trials group study I-01 and I-02. Clin Cancer Res. 2008;14(3):797-803.
Brenin D, Chianese-Bullock K, Petroni G. Evaluation of the safety and
immunogenicity of a multiple synthetic peptide vaccine in patients with
advanced breast cancer. J Clin Oncol 28[15s]. 6-4-2010. Ref Type: Abstract.
Hailemichael Y, Overwijk WW. Cancer vaccines: trafficking of tumor-specific
T cells to tumor after therapeutic vaccination. Int J Biochem Cell Biol.
2014;53:46-50.

Hailemichael Y, Overwijk WW. Peptide-based anticancer vaccines: the making
and unmaking of a T-cell graveyard. Oncoimmunology. 2013;2(7):.€24743.
Hailemichael Y, Dai Z, Jaffarzad N, Ye Y, Medina MA, Huang XF, et al.
Persistent antigen at vaccination sites induces tumor-specific CD8(+) T cell
sequestration, dysfunction and deletion. Nat Med. 2013;19(4):465-72.
Butowski N, Lamborn KR, Lee BL, Prados MD, Cloughesy T, Deangelis LM, et
al. A north American brain tumor consortium phase Il study of poly-ICLC for
adult patients with recurrent anaplastic gliomas. J Neuro-Oncol. 2009;
91(2):183-9.

Rapoport AP, Aqui NA, Stadtmauer EA, Vogl DT, YY X, Kalos M, et al.
Combination immunotherapy after ASCT for multiple myeloma using
MAGE-A3/poly-ICLC immunizations followed by adoptive transfer of vaccine-
primed and costimulated autologous T cells. Clin Cancer Res. 2014;20(5):1355-65.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

48.

Page 9 of 10

Tsuji T, Sabbatini P, Jungbluth AA, Ritter E, Pan L, Ritter G, et al. Effect of
Montanide and poly-ICLC adjuvant on human self/tumor antigen-specific
CD4+ T cells in phase | overlapping long peptide vaccine trial. Cancer
Immunol Res. 2013;1(5):340-50.

Slingluff CL, Jr,, Petroni GR, Yamshchikov GV, Barnd DL, Eastham S, Galavotti H
et al. Clinical and immunologic results of a randomized phase Il trial of
vaccination using four melanoma peptides either administered in granulocyte-
macrophage colony-stimulating factor in adjuvant or pulsed on dendritic cells.
J Clin Oncol 2003; 21(21): 4016-4026.

Slingluff CL, Jr, Petroni GR, Yamshchikov GV, Hibbitts S, Grosh WW,
Chianese-Bullock KA et al. Immunologic and clinical outcomes of
vaccination with a multiepitope melanoma peptide vaccine plus low-dose
interleukin-2 administered either concurrently or on a delayed schedule. J
Clin Oncol 2004; 22(22): 4474-4485.

Slingluff CL Jr, Petroni GR, Chianese-Bullock KA, Smolkin ME, Hibbitts S,
Murphy C, et al. Immunologic and clinical outcomes of a randomized phase
II trial of two multipeptide vaccines for melanoma in the adjuvant setting.
Clin Cancer Res. 2007;13(21):6386-95.

Yamshchikov GV, Barnd DL, Eastham S, Galavotti H, Patterson JW,
Deacon DH, et al. Evaluation of peptide vaccine immunogenicity in
draining lymph nodes and peripheral blood of melanoma patients. Int
J Cancer. 2001;92(5):703-11.

Slingluff CL, Jr,, Petroni GR, Olson WC, Smolkin ME, Ross MI, Haas NB et al.
Effect of granulocyte/macrophage colony-stimulating factor on circulating
CD8+ and CD4+ T-cell responses to a multipeptide melanoma vaccine:
outcome of a multicenter randomized trial. Clin Cancer Res 2009; 15(22):
7036-7044.

Chianese-Bullock KA, Irvin WP Jr, Petroni GR, Murphy C, Smolkin M, Olson WC,
et al. A multipeptide vaccine is safe and elicits T-cell responses in participants
with advanced stage ovarian cancer. J Immunother. 2008;31(4):420-30.

Soysal SD, Tzankov A, Muenst SE. Role of the tumor microenvironment in
breast cancer. Pathobiology. 2015;82(3-4):142-52.

Chianese-Bullock KA, Pressley J, Garbee C, Hibbitts S, Murphy C,
Yamshchikov G, et al. MAGE-AT-, MAGE-A10-, and gp100-derived peptides
are immunogenic when combined with granulocyte-macrophage colony-
stimulating factor and montanide ISA-51 adjuvant and administered as
part of a multipeptide vaccine for melanoma. J Immunol. 2005;174(5):
3080-6.

Slingluff CL Jr, Petroni GR, Yamshchikov GV, Barnd DL, Eastham S, Galavotti H,
et al. Clinical and immunologic results of a randomized phase Il trial of
vaccination using four melanoma peptides either administered in granulocyte-
macrophage colony-stimulating factor in adjuvant or pulsed on dendritic cells.
J Clin Oncol. 2003;21(21):4016-26.

Slingluff CL Jr, Petroni GR, Yamshchikov GV, Hibbitts S, Grosh WW, Chianese-
Bullock KA, et al. Immunologic and clinical outcomes of vaccination with a
multiepitope melanoma peptide vaccine plus low-dose interleukin-2
administered either concurrently or on a delayed schedule. J Clin Oncol.
2004;22(22):4474-85.

Luheshi NM, Coates-Ulrichsen J, Harper J, Mullins S, Sulikowski MG,
Martin P, et al. Transformation of the tumour microenvironment by a
CDA40 agonist antibody correlates with improved responses to PD-L1
blockade in a mouse orthotopic pancreatic tumour model. Oncotarget.
2016;7(14):18508-20.

Soong RS, Song L, Trieu J, Lee SY, He L, Tsai YC, et al. Direct T cell activation via
(D40 ligand generates high avidity CD8+ T cells capable of breaking
immunological tolerance for the control of tumors. PLoS One. 2014;9(3):€93162.
Wong R, Lau R, Chang J, Kuus-Reichel T, Brichard V, Bruck C, et al. Immune
responses to a class Il helper peptide epitope in patients with stage lll/IV
resected melanoma. Clin Cancer Res. 2004;10(15):5004-13.

Harris RC, Chianese-Bullock KA, Petroni GR, Schaefer JT, Brill LB, Molhoek KR,
et al. The vaccine-site microenvironment induced by injection of incomplete
Freund's adjuvant, with or without melanoma peptides. J Immunother.
2012;35(1):78-88.

Salerno EP, Shea SM, Olson WC, Petroni GR, Smolkin ME, McSkimming C, et
al. Activation, dysfunction and retention of T cells in vaccine sites after
injection of incomplete Freund's adjuvant, with or without peptide. Cancer
Immunol Immunother. 2013;62(7):1149-59.

Soeda A, Morita-Hoshi Y, Kaida M, Wakeda T, Yamaki Y, Kojima Y, et al.
Long-term administration of Wilms tumor-1 peptide vaccine in combination
with gemcitabine causes severe local skin inflammation at injection sites.
Jpn J Clin Oncol. 2010;40(12):1184-8.



Dillon et al. Journal for InmunoTherapy of Cancer (2017) 5:92

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Slingluff CL Jr, Petroni GR, Olson WC, Smolkin ME, Ross MI, Haas NB, 68.

et al. Effect of granulocyte/macrophage colony-stimulating factor on
circulating CD8+ and CD4+ T-cell responses to a multipeptide
melanoma vaccine: outcome of a multicenter randomized trial. Clin Cancer

Res. 2009;15(22):7036-44. 69.

Saadatmand S, de Kruijf EM, Sajet A, Dekker-Ensink NG, van Nes JG, Putter H,

et al. Expression of cell adhesion molecules and prognosis in breast cancer. 70.

Br J Surg. 2013;100(2):252-60.

Sundblad AS, Pellicer EM, Ricci L. Carcinoembryonic antigen expression in
stages | and Il breast cancer: its relationship with clinicopathologic factors.
Hum Pathol. 1996,27(3):297-301.

Geynisman DM, Zha Y, Kunnavakkam R, Aklilu M, Catenacci DV, Polite BN, et
al. A randomized pilot phase | study of modified carcinoembryonic antigen
(CEA) peptide (CAP1-6D)/montanide/GM-CSF-vaccine in patients with
pancreatic adenocarcinoma. J Immunother Cancer. 2013;1:8.

Lesterhuis WJ, de Vries 1, Schreibelt G, Schuurhuis DH, Aarntzen EH. De BA
et al. immunogenicity of dendritic cells pulsed with CEA peptide or
transfected with CEA mRNA for vaccination of colorectal cancer patients.
Anticancer Res. 2010;30(12):5091-7.

Diaz CM, Chiappori A, Aurisicchio L, Bagchi A, Clark J, Dubey S, et al. Phase
1 studies of the safety and immunogenicity of electroporated HER2/CEA
DNA vaccine followed by adenoviral boost immunization in patients with
solid tumors. J Transl Med. 2013;11:62.

Vasir B, Zarwan C, Ahmad R, Crawford KD, Rajabi H, Matsuoka K, et al.
Induction of antitumor immunity ex vivo using dendritic cells transduced
with fowl pox vector expressing MUCT, CEA, and a triad of costimulatory
molecules (rF-PANVAC). J Immunother. 2012;35(7):555-69.

McCann KJ, Mander A, Cazaly A, Chudley L, Stasakova J, Thirdborough SM,
et al. Targeting carcinoembryonic antigen with DNA vaccination: on-target
adverse events link with immunologic and clinical outcomes. Clin Cancer
Res. 2016;22(19):4827-36.

Abd-Elsalam EA, Ismaeil NA. Melanoma-associated antigen genes: a new
trend to predict the prognosis of breast cancer patients. Med Oncol.
2014;31(11):285.

Joosse SA, Muller V, Steinbach B, Pantel K, Schwarzenbach H. Circulating
cell-free cancer-testis MAGE-A RNA, BORIS RNA, let-7b and miR-202 in the
blood of patients with breast cancer and benign breast diseases. Br J
Cancer. 2014:111(5):909-17.

Mrklic 1, Spagnoli GC, Juretic A, Pogorelic Z, Tomic S. Co-expression of
cancer testis antigens and topoisomerase 2-alpha in triple negative breast
carcinomas. Acta Histochem. 2014;116(5):740-6.

Adams S, Greeder L, Reich E, Shao Y, Fosina D, Hanson N, et al. Expression
of cancer testis antigens in human BRCA-associated breast cancers:
potential targets for immunoprevention? Cancer Immunol Immunother.
2011;60(7):999-1007.

Otte M, Zafrakas M, Riethdorf L, Pichimeier U, Loning T, Janicke F, et al.
MAGE-A gene expression pattern in primary breast cancer. Cancer Res.
2001;61(18):6682-7.

Woll MM, Fisher CM, Ryan GB, Gurney JM, Storrer CE, loannides CG, et al.
Direct measurement of peptide-specific CD8+ T cells using HLA-A2:lg dimer
for monitoring the in vivo immune response to a HER2/neu vaccine in
breast and prostate cancer patients. J Clin Immunol. 2004;24(4):449-61.
Datta J, Rosemblit C, Berk E, Showalter L, Namjoshi P, Mick R, et al.
Progressive loss of anti-HER2 CD4+ T-helper type 1 response in breast
tumorigenesis and the potential for immune restoration. Oncoimmunology.
2015/4(10):1022301.

Page 10 of 10

Rosenfeld MR, Chamberlain MC, Grossman SA, Peereboom DM, Lesser GJ,
Batchelor TT, et al. A multi-institution phase Il study of poly-ICLC and
radiotherapy with concurrent and adjuvant temozolomide in adults with
newly diagnosed glioblastoma. Neuro-Oncology. 2010;12(10):1071-7.
Stanton SE, Disis ML. Designing vaccines to prevent breast cancer
recurrence or invasive disease. Immunotherapy. 2015;7(2):69-72.

Kranz LM, Diken M, Haas H, Kreiter S, Loquai C, Reuter KC, et al. Systemic
RNA delivery to dendritic cells exploits antiviral defence for cancer
immunotherapy. Nature. 2016;534(7607):396-401.

Okada H, Butterfield LH, Hamilton RL, Hoji A, Sakaki M, Ahn BJ, et al.
Induction of robust type-l CD8+ T-cell responses in WHO grade 2 low-grade
glioma patients receiving peptide-based vaccines in combination with poly-
ICLC. Clin Cancer Res. 2015;21(2):286-94.

Sabbatini P, Tsuji T, Ferran L, Ritter E, Sedrak C, Tuballes K; et al. Phase | trial
of overlapping long peptides from a tumor self-antigen and poly-ICLC
shows rapid induction of integrated immune response in ovarian cancer
patients. Clin Cancer Res. 2012;18(23):6497-508.

Hartman LL, Crawford JR, Makale MT, Milburn M, Joshi S, Salazar AM, et al.
Pediatric phase Il trials of poly-ICLC in the management of newly diagnosed
and recurrent brain tumors. J Pediatr Hematol Oncol. 2014;36(6):451-7.
Butowski N, Chang SM, Junck L, Deangelis LM, Abrey L, Fink K, et al. A
phase Il clinical trial of poly-ICLC with radiation for adult patients with
newly diagnosed supratentorial glioblastoma: a north American brain tumor
consortium (NABTC01-05). J Neuro-Oncol. 2009;91(2):175-82.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Dosing and vaccine preparation
	Participant selection
	Clinical assessments
	Laboratory assessments

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Prior presentation
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

