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Malignant cells express antigens that can be harnessed to
elicit anticancer immune responses. One approach to achieve
such goal consists in the administration of tumor-associated
antigens (TAAs) or peptides thereof as recombinant proteins
in the presence of adequate adjuvants. Throughout the past
decade, peptide vaccines have been shown to mediate
antineoplastic effects in various murine tumor models,
especially when administered in the context of potent
immunostimulatory regimens. In spite of multiple limitations,
first of all the fact that anticancer vaccines are often
employed as therapeutic (rather than prophylactic) agents,
this immunotherapeutic paradigm has been intensively
investigated in clinical scenarios, with promising results.
Currently, both experimentalists and clinicians are focusing
their efforts on the identification of so-called tumor rejection
antigens, i.e., TAAs that can elicit an immune response
leading to disease eradication, as well as to combinatorial
immunostimulatory interventions with superior adjuvant
activity in patients. Here, we summarize the latest advances in
the development of peptide vaccines for cancer therapy.
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Introduction

It is now widely accepted that malignant cells do not go
completely unnoticed by the immune system. Indeed, in most if
not all cases, established neoplasms develop when natural immuno-
surveillance, i.e., the process whereby the immune system keeps
under control potentially malignant cells, fails.1-7 Such an escape
from immunosurveillance originate from several, non-mutually
exclusive mechanisms, including changes in the antigenic/immuno-
genic properties of cancer cells themselves as well as the establish-
ment of robust immunosuppressive networks that operate both
locally and systemically.8-14 Nonetheless, neoplastic cells often
express a set of polypeptides that differs from that of their normal
counterparts and, at least theoretically, can be harnessed to elicit a
relatively specific immune response.15-21 The peculiar antigenic pro-
file of cancer cells reflects (1) malignant transformation itself, which
is normally associated with primary genetic and epigenetic changes
that not only can result in the synthesis of mutant/fusion proteins,
but also influence gene expression at a global level;22-25 (2) genetic/
genomic instability, i.e., the tendency of neoplastic cells to accumu-
late additional genetic changes (be them punctual or of higher mag-
nitude), further increasing the amount of potentially immunogenic
polypeptides;26-30 (3) intracellular and microenvironmental factors
that promote adaptive responses linked to changes in protein trans-
lation and proteasomal degradation, and hence directly affecting
the so-called immunopeptidome, i.e., the set of peptides presented
on the cell surface in complex with MHC molecules.31-33 Thus,
malignant cells near-to-invariably express so-called “tumor-associ-
ated antigens” (TAAs), i.e., antigens that qualitatively or quantita-
tively differ from those expressed by normal cells of the
same type.18-20 Of note, TAAs can be (1) viral, in the case of virus-
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induced tumors (e.g., the E6 and E7 proteins of human papilloma-
virus type 16, HPV-16, which is associated with cervical and oro-
pharyngeal carcinoma); (2) unique, when they reflect a genetic
alteration that is proper of a single cancer cell and its progeny (e.g.,
the B-cell receptor expressed by some form of lymphoma); (3)
tumor-specific, when they are not expressed by normal cells but are
found in different neoplasms of the same type (e.g., the BCR-ABL
fusion protein, which is expressed by a vast majority of chronic lym-
phocytic leukemia); (4) shared, when they are expressed by malig-
nant cells as well as by non-transformed cells of some type.18-20,34

Shared TAAs include oncofetal antigens, which are expressed only
during embryonic development, as well as cancer-testis antigens,
whose normal expression is restricted to male germ cells in the
testis20,35-38

Several immunotherapeutic interventions have been devel-
oped throughout the past decade to harness TAAs for eliciting
tumor-specific adaptive immune responses of therapeutic
value.39-41 One of such approaches relies on the administration
of purified or recombinant TAAs (or peptides thereof) in the
presence of adequate immunostimulatory molecules (so-called
adjuvants).42-46 Accumulating preclinical and clinical data dem-
onstrate that TAAs or peptides thereof administered as stand-
alone adjuvanted interventions can indeed elicit tumor-targeting
immune responses. However, the antineoplastic activity of such
responses is often limited.47-49 On the one hand, this reflects
immunoediting, i.e., the fact that neoplasms become established
under the selective pressure imposed by a continuous interaction
with the immune system of the host.3,6,50-55 Immunoediting has
2 major consequences: (1) established malignant cells often
express very low levels of antigenic peptides and immunostimula-
tory signals on their surface; and (2) tumors normally generate a
complex immunosuppressive network that operate both locally
and systemically, involving soluble signals as well as cellular com-
ponents.8-12 On the other hand, the limited anticancer activity of
TAA-targeting vaccines originates from the fact that, contrary to
vaccines against infectious diseases (which are used for prophy-
laxis), these preparations are generally employed in a therapeutic
setting.47-49 Vaccines against an increasing number or infectious
agents are indeed highly effective as they generate humoral
immunity against one or a few exogenous antigenic epitopes.56-59

Although the importance of humoral immunity in anticancer
immunosurveillance is being reconsidered,60-62 tumor-targeting
humoral responses developing in a therapeutic setting are gener-
ally insufficient to mediate tumor rejection.63-66 Thus, anticancer
vaccines must elicit cellular responses that are (1) specific for an
endogenous (and in some cases potentially cross-reactive) anti-
gen; (2) sufficiently intense to mediate robust cytotoxic effects
against malignant cells; and (3) sufficiently broad to overcome
the intrinsic heterogeneity of neoplastic cells and mediate tumor
eradication rather than immunoediting only. Several approaches
have been developed to ameliorate the ability of TAAs and
peptides thereof to elicit therapeutically relevant anticancer
immune responses. Nowadays, great interest is attracted by
combinatorial regimens involving other immunostimulatory
interventions,67 including (but not limited to) immunogenic che-
motherapeutics,68-71 radiotherapy,72,73 and immune checkpoint

blockers.74,75 Importantly, immune responses against antigens
that are not directly targeted by the original vaccine formulation
can also develop as a consequence of “epitope spreading”.76-80

Epitope spreading may occur as cancer cells succumbing to vac-
cine-elicited T lymphocytes release potentially antigenic TAAs
along with damage-associated molecular patterns, which deliver
potent immunostimulatory signals.81-85 Of note, the repertoire
of T cells elicited in this setting is broad and relatively prone to
mediate bona fide therapeutic effects.86

As it stands, no anticancer vaccine based on recombinant/
purified TAAs or peptides thereof is approved by international
regulatory agencies for use in subjects affected by malignant con-
ditions. Indeed, Cervarix� and Gardasil�, 2 multivalent recom-
binant vaccines that have been approved by the US Food and
Drug Administration (FDA) for use in humans as soon as in
2009, constitute a prophylactic measure against infection by
HPV-16 and -18,87-89 and hence cannot be considered as bona
fide anticancer vaccines. In line with this notion, while Cervarix�

and Gardasil� efficiently protect young women against HPV
infections and hence the development of HPV-related cervical
carcinoma,56,87-89 they fail to mediate significant antineoplastic
effects in HPVC cervical carcinoma patients.47,48

Along the lines of our Trial Watch series, here we report
recent progress in the clinical development of recombinant/puri-
fied TAAs or peptides thereof as therapeutic interventions for
cancer therapy.

Literature Update

During the last 13 months, the results of no less than 60 clinical
trials investigating the safety and efficacy of recombinant/purified
TAAs or peptides thereof as therapeutic interventions in cancer
patients have been published in the peer-reviewed scientific litera-
ture (sources http://www.ncbi.nlm.nih.gov/pubmed and http://
meetinglibrary.asco.org/abstracts). Most of these studies relied on
the administration of one or more short (i.e., 8–12 residues),
MHC-restricted, TAA-derived peptides as standalone adjuvanted
interventions or in combination with one or more (immuno)thera-
peutic or immunostimulatory agents.90-142 These epitopes are
expected to bindMHCmolecules on the surface of antigen-present-
ing cells (APCs) and hence be directly presented to T cells.143-145 In
addition, a few clinical teams tested the therapeutic profile of full-
length TAAs,146 “synthetic long peptides” (SLPs), i.e., TAA-derived
peptides of 25–35 amino acids;147-150 or “carbohydrate-mimetic
peptides” (CMPs), i.e., synthetic polypeptides that mimic the struc-
ture of carbohydrate TAAs.151 The use of SLPs as therapeutic anti-
cancer vaccines presents several advantages as compared to that of
short TAA-derived peptides. Notably, it does not require patient
selection based on MHC profile.152 Still, SLPs must be taken up,
processed and presented by dendritic cells or other APCs for elicit-
ing an immune response.152 CMPs represent a novel approach to
harness non-protein TAAs for the activation of tumor-specific
immunity.153-155 Patients affected by virtually all types of neo-
plasms have been enrolled in these clinical trials, including (but not
limited to) various hematological malignancies,90,111,122,126
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melanoma,99,100,113,141 as well as breast,94,96,134,138,151 head and
neck,102,103 gastroesophageal,108,121,130 pulmonary,95,105,114,142

pancreatic,109,115,117,124,125,132,135,137,148 prostate,97,98,104,107,112,
119,139 ovarian,116,131 and colorectal91,120,129,136,140 carcinomas. In
a majority of cases, peptide-based vaccines were tested as standalone
adjuvanted interventions injected intradermally or intratumor-
ally,94,102,104,105,108-110,112,115,116,119,121,123,124,128,129,131,138,140-142,
146,147,149,156 the most common adjuvant being Montanide ISA-51
(an FDA approved water-in-oil emulsion).157,158 Alternatively,
recombinant TAAs or peptides thereof were administered in combi-
nation with Toll-like receptor (TLR) agonists like Picibanil� and
Hiltonol�;114,126,133,150 cytokines including interferon a (IFNa),
interleukin-2 (IL-2) and granulocyte macrophage colony stimulat-
ing factor (GM-CSF);90,98,99,103,107,118,126,127,132,134,135,137 immu-
nostimulatory antibodies such as nivolumab, which targets
programmed cell death 1 (PDCD1, best known as PD-
1);100,113,159 so-called “pan-DR binding peptide epitopes”
(PADREs), synthetic peptides that deliver robust help signals in
vivo;122,151,160-162 adoptive cell transfer;111,126 hormone ther-
apy;96,107 as well as conventional91,92,95,120,130,136 or immuno-
genic93,101,117,125,135,137 chemotherapeutics.

The TAAs specifically harnessed in these studies to elicit an
anticancer immune response include (but are not limited to)
v-erb-b2 avian erythroblastic leukemia viral oncogene homolog 2
(ERBB2, best known as HER2),94,112,139 which is expressed to
high levels by 20-30% breast carcinomas;163-169 telomerase
reverse transcriptase (TERT),135,137,142 which is often reacti-
vated/overexpressed in several types of cancer;170-172 baculoviral
IAP repeat containing 5 (BIRC5, best known as survivin),101,118

which is highly expressed by a wide panel of malignancies;173-175

Wilms’ tumor 1 (WT1),90,111,122,125 which is expressed to ele-
vated levels by (at least some variants of) colorectal carcinoma,
melanoma, acute myeloid leukemia.176-179 In addition, several
of these trials tested the safety and therapeutic activity of
mixtures comprising up to 12-15 distinct TAA-derived pepti-
des,91,100,102,103,105,106,113,120,121,123,124,128-130,133,136,140,141,147,150

or “personalized peptide vaccination” (PPV), i.e., the administra-
tion of one or more peptides derived from TAAs against which
the patient have previously (naturally or in response to
other therapies) developed an immune response.92,93,95-
97,104,109,119,131,138,148,156,180

Taken together, the results of these studies corroborate the
notion that TAA-derived peptides as well as full length TAAs
and SLPs are well tolerated by cancer patients, the most common
side effects associated with this immunotherapeutic paradigm
being skin reactions at the injection site, fatigue and nausea. In a
limited percentage of patients, Grade III-IV reactions develop,
but these are generally temporary and resolve spontaneously or
upon treatment interruption coupled to the administration of
corticosteroids in a few weeks.90-119,123-142,146-151,156 These stud-
ies also demonstrate that recombinant TAAs or peptides thereof
can elicit tumor-targeting immune responses.90-119,123-142,146-
151,156 Of note, with a few notable exceptions including a ran-
domized Phase III study testing a TERT-targeting peptide plus
gemcitabine and capecitabine (2 FDA-approved nucleoside ana-
logs with immunostimulatory activity)181,182 in 1062 individuals

with pancreatic carcinoma,122,135,137,147 such immune responses
mediate bona therapeutic effects, at least in specific patient
subsets.

Among recent preclinical studies dealing with peptide-based
anticancer vaccines, we found of particular interest the works of:
(1) Schumacher and colleagues (from the University Hospital
Heidelber; Heidelberg, Germany), who demonstrated that pepti-
des derived from a mutant variant of isocitrate dehydrogenase 1
(NADPC), soluble (IDH1),183 can be used to elicit therapeuti-
cally relevant immune responses in glioma-bearing mice;63 (2)
Liu and collaborators (from the Massachusetts Institute of Tech-
nology; Cambridge, MA, US), who engineered peptides and
adjuvants to bind endogenous albumin, resulting in superior
accumulation within sentinel lymph nodes, improved T-cell
priming, robust antineoplastic immune responses and limited
systemic toxicity;184 (3) Berezhnoy and co-workers (from the
University of Miami; Miami, FL, US), demonstrating that
aptamers targeted to tumor necrosis factor receptor superfamily,
member 9 (TNFRSF9, best known as CD123 or 4-1BB) can be
employed to specifically inhibit mechanistic target of rapamycin
(MTOR) complex 1 in activated T cells, driving robust memory
responses upon peptide vaccination but not impairing effector
cytotoxic functions;185 and (4) Hopewell et al. (from the Univer-
sity of South Florida; Tampa, FL, US), who proved that the acti-
vation of NF-kB in malignant cells is required for the full blown
antineoplastic activity of TAA-derived peptides,186 presumably
as it underlies the local production of several immunostimulatory
cytokines, including chemokine (C-C motif) ligand 2
(CCL2).187-189

Ongoing Trials

When this Trial Watch was being redacted (September 2014),
official sources listed no less than 19 clinical trials initiated after
September 1st, 2013 to evaluate the safety and efficacy of recom-
binant/purified TAAs or peptides thereof as anticancer vaccines
in patients (source http://www.clinicaltrials.gov). Of these stud-
ies, 13 rely on one or more TAA-derived short peptides injected
as such (NCT01949688; NCT01949701; NCT01950156;
NCT01961115; NCT01970358; NCT01989559;
NCT01989572; NCT02019524; NCT02077114;
NCT02126579; NCT02134925; NCT02149225;
NCT02193347), 2 on TAA-derived short peptides encapsulated
within liposomes (NCT01978964; NCT02065973), 1 on an
SLP (NCT02128126), 1 on a CMP (NCT02229084), 1 on a
full length, recombinant TAA (NCT02015416), and one on
purified TAAs complexed with heat shock protein 90kDa b
(Grp94), member 1 (HSP90B1, best known as gp96)190-194

(NCT02122822) (Table 1).
In particular, (1) mucin 1 (MUC1)-derived peptides are being

tested as standalone, Hiltonol�-adjuvanted or PET-Lipid A-
adjuvanted and liposome-encapsulated interventions in patients
with colorectal adenomas or other MUC1-expressing solid
tumors (NCT02134925; NCT01978964); (2) HPV-16 E6- and
E7-derived epitopes are being investigated as liposome-
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encapsulated adjuvanted interventions or combined with pegy-
lated IFNa, carboplatin (an FDA-approved platinum derivative
commonly used for the treatment of ovarian carcinoma)195-197

and paclitaxel (an FDA-approved microtubular poison employed
against various neoplasms),198,199 in women with histologically
confirmed cervical intraepithelial neoplasia or cervical carcinoma
(NCT02065973; NCT02128126); (3) peptides derived from

folate receptor 1 (FOLR1, also known as FBP)200,201 are being
tested as GM-CSF-adjuvanted standalone interventions in breast
and ovarian carcinoma patients (NCT02019524); (4) peptides
derived from HPV-16 E7 and premelanosome protein (PMEL,
best known as gp100) are being assessed as Montanide ISA-51-
adjuvanted standalone interventions in melanoma patients
(NCT01989559); (5) IDH1-derived epitopes are being tested as

Table 1. Clinical trials recently initiated to test the therapeutic profile of peptide vaccines in cancer patients

Type Indications Phase Status TAAs Notes Ref.

CMPs Breast carcinoma I/II Not yet recruiting GD2
LeY

Adjuvanted with PADRE- and Montanide
ISA-51, combined with standard
chemotherapy

NCT02229084

Encapsulated
TAA-derived
peptides

CIN I Enrolling by
invitation

E6
E7

As standalone adjuvanted intervention NCT02065973

Solid tumors I Enrolling by
invitation

MUC1 As PET-Lipid A-adjuvanted intervention NCT01978964

Full-length
TAAs

Solid tumors I Recruiting NY-ESO-1 As GLA-SE-adjuvanted intervention NCT02015416

Purified
TAAs

Glioma I Recruiting PPV Combined with standard chemotherapy NCT02122822

Short TAA-
derived
peptides

Breast carcinoma
Ovarian carcinoma

I/II Recruiting FOLR1 As GM-CSF-adjuvanted intervention NCT02019524

Colorectal adenoma II Recruiting MUC1 As Hiltonol�-adjuvanted intervention NCT02134925

Glioblastoma I Not yet recruiting PPV As Hiltonol�-adjuvanted intervention NCT02149225

Glioma I Not yet recruiting IDH1 As GM-CSF-adjuvanted intervention NCT02193347

Melanoma I Recruiting IDO1 Combined with ipilimumab or vemurafenib NCT02077114

I Recruiting PPV As Hiltonol�-adjuvanted intervention NCT01970358

I/II Recruiting n.a. Adjuvanted with Montanide ISA-51,
Hiltonol� , tetanus toxoid and
resiquimod

NCT02126579

II Recruiting Multiple Combined with an IDO1 inhibitor NCT01961115

III Completed Multiple As Montanide ISA-51- and GM-CSF-
adjuvanted intervention

NCT01989572

n.a. Completed E7
PMEL

Adjuvanted with Montanide ISA-51 NCT01989559

NSCLC I/II Recruiting LY6K Adjuvanted with Montanide ISA-51 NCT01949701

I/II Recruiting Multiple Adjuvanted with Montanide ISA-51 NCT01950156

Solid tumors I/II Recruiting FLT1
KDR

Adjuvanted with Montanide ISA-51 NCT01949688

SLPs Cervical carcinoma I/II Recruiting E6
E7

As IFNa-adjuvanted intervention,
combined with carboplatin and
paclitaxel

NCT02128126

Abbreviations: CIN, cervical intraepithelial neoplasia; CMP, carbohydrate-mimetic peptide; FLT1, fms-related tyrosine kinase 1; FOLR1, folate receptor 1; GM-
CSF, granulocyte macrophage colony-stimulating factor; IDH1, isocitrate dehydrogenase 1 (NADPC), soluble; IDO1, indoleamine 2,3-dioxygenase 1; IFNa,
interferon a; KDR, kinase insert domain receptor; LeY, Lewis Y; LY6K, lymphocyte antigen 6 complex, locus K; MUC1, mucin 1; n.a., not available; NSCLC, non-
small cell lung carcinoma; PADRE, pan-DR binding peptide epitope; PMEL, premelanosome protein; PPV, personalized peptide vaccination; SLP, synthetic
long peptide; TAA, tumor-associated antigen. *Based on clinical trials initiated after September 2014, 1st (source www.clinicaltrials.gov).
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GM-CSF-adjuvanted standalone interventions in subjects bear-
ing IDH1C recurrent Grade II gliomas (NCT02193347); (6) the
safety and efficacy of peptides derived from indoleamine 2,3-
dioxygenase 1 (IDO1)202-206 combined with the FDA-approved
immune checkpoint blocker ipilimumab (also known as
YervoyTM)207-212 and vemurafenib (an FDA-approved inhibitor
of mutant BRAF)213-217 are being evaluated in melanoma
patients (NCT02077114); (7) the therapeutic profile of a CMP
targeting ganglioside GD2 and the so-called Lewis Y antigen (2
non-peptide TAAs),218-220 employed as a PADRE- and Monta-
nide ISA-51-adjuvanted intervention in combination with stan-
dard chemotherapy, is being assessed in breast carcinoma
patients (NCT02229084); (8) full-length, recombinant cancer/
testis antigen 1B (CTAG1B, best known as NY-ESO-
1)107,221-224 is being tested as a standalone intervention adju-
vanted with GLA-SE, a synthetic TLR4 agonist,225-228 in subjects
with solid tumors (NCT02015416); (9) the safety and efficacy of
peptides derived from lymphocyte antigen 6 complex, locus K
(LY6K, also known as URLC10)105,108,229-231 administered as a
standalone Montanide ISA-51-adjuvanted intervention are being
evaluated in non-small cell lung carcinoma (NSCLC) patients
(NCT01949701); (10) epitopes derived from fms-related tyro-
sine kinase 1 (FLT1, best known as VEGFR1) and kinase insert
domain receptor (KDR, best known as VEGFR2) are being
tested as standalone Montanide ISA-51-adjuvanted intervention
in subjects affected by various solid tumors (NCT01949688);
(11) the clinical profile of a not-better defined peptide-based vac-
cine (LPV7) adjuvanted with Montanide ISA-51, Hiltonol�, the
tetanus toxoid (an FDA-approved adjuvant),232 and resiquimod
(a hitherto experimental TLR7 agonist)233-237 is being assessed in
melanoma patients (NCT02126579); (12) PPV approaches are
being tested as Hiltonol�-adjuvanted standalone interventions in
combination with standard chemotherapy in patients with mela-
noma, glioblastoma or glioma (NCT01970358; NCT02122822;
NCT02149225); and (13) the clinical profile of multipeptide-
based vaccines employed as standalone Montanide ISA-51-adju-
vanted intervention, as standalone Montanide ISA-51- and GM-
CSF-adjuvanted intervention, or combined with the IDO1
inhibitor INCB024360,202,238,239 is being tested in melanoma or
NSCLC patients (NCT01950156; NCT01961115; NCT
01989572). Of note, both NCT01989572 and NCT01989559
are listed as “Completed” on http://www.clinicaltrials.gov. How-
ever, to the best of our knowledge, the results of neither of these
studies have already been disseminated.

As for the clinical trials listed in our 2 previous Trial Watches
dealing with this topic,47,48 the following studies have changed
status since the publication of the latter: NCT01854099, now
listed as “Withdrawn;” NCT00624182 and NCT01264731,
now listed as “Suspended;” NCT00455572, NCT00977145 and
NCT01058850, now listed as “Terminated;” NCT00480025,
NCT00643097, NCT00694551, NCT00819806,
NCT00821652, NCT01149343, NCT01222221,
NCT01250470, NCT01355393, NCT01425749,
NCT01437605, NCT01462838, NCT01507103,
NCT01580696, NCT01592617, NCT01606241 and
NCT01632332, and now listed as “Active, not recruiting;”

NCT00911560, NCT00960752, NCT01220128,
NCT01307618, NCT01479244, NCT01526473,
NCT01532960, NCT01570036 and NCT01922921, now
listed as “Recruiting;” NCT00626015, NCT00655161,
NCT00773097, NCT00841399, NCT00854789,
NCT01639885 and NCT01673217, now listed as “Completed”
(source http://www.clinicaltrials.gov). NCT01854099 has been
withdrawn prior to enrollment following the decision of the inves-
tigator, while NCT01264731 has been suspended because the
study staff is out on medical leave. NCT00455572,
NCT00977145 and NCT01058850 were all terminated owing
to issues with patient accrual (source http://www.clinicaltrials.gov).

NCT00626015 (a Phase I trial) tested the safety and efficacy
of a peptide vaccine targeting the mutant epidermal growth fac-
tor receptor (EGFR) in combination with daclizumab (a mono-
clonal antibody specific for the IL-2 receptor a chain,
CD25),240,241 temozolomide (an immunogenic alkylating
agent)70,71,242 and radiation therapy72,243,244 in glioblastoma
patients.245 In this patient cohort, daclizumab provoked a decline
in the circulating levels of CD4CCD25CFOXP3C regulatory T
cells246 that correlated with the elicitation of humoral EGFR-spe-
cific immune responses.245 NCT00773097 (a Phase II trial)
tested the safety and immunological activity of a MUC1-derived
peptide administered in combination with a TLR3 ligand in 46
advanced colorectal carcinoma patients. In this setting, all
patients that completed the study (39 individuals) developed
anti-MUC1 antibodies. No severe (Grade III-IV) side effects
were recorded, but all patients experienced mild (Grade I-II) tox-
icities, notably skin reactions at the injection site (source http://
www.clinicaltrials.gov). NCT00841399 (a Phase I-II study)
investigated the clinical profile of an HER2-derived peptide com-
bined with GM-CSF in node-positive breast carcinoma patients.
Of 195 enrolled patients, 187 were assessable at the end of the
study, 108 of which were vaccinated as per compatible MHC
profile. Vaccination was well tolerated and associated with a dis-
ease-free survival rate of 89.7%, even though many individual
received suboptimal vaccine doses (80.2% among non-vaccinated
patients, 94.6% among optimally dosed patients).134 A random-
ized, Phase III clinical trial has been initiated to confirm these
results in a large patient cohort (NCT01479244, see above). To
the best of our knowledge, the results of NCT00655161,
NCT00854789, NCT01639885 and NCT01673217 have not
been released yet (source http://www.clinicaltrials.gov).

Concluding Remarks

Accumulating data indicate that recombinant/purified TAAs
and peptides thereof administered as standalone adjuvanted
interventions are capable of triggering a TAA-specific immune
response in a sizeable fraction of subjects with cancer. Such
immune responses, however, are rarely sufficient to provide can-
cer patients with objective clinical benefits. On the one hand,
this reflects the emergence of cancer cells that do not express any-
more the antigenic epitopes targeted by vaccination (so called
antigen-loss variants).11,55,247-250 This is obviously not possible
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when tumor-specific immune responses are raised against a TAA
that is strictly required for the survival of malignant cells. Such
“tumor rejection antigens” (TRAs) are relatively rare, as the major-
ity of molecular functions required for the survival and prolifera-
tion of neoplastic cells is shared with their non-transformed
counterparts.20,251-253 At least in part, the emergence of antigen-
loss variants can be circumvent with vaccination strategies that
simultaneously target several TAAs. As it stands, however, the
identification of bona fide TRAs appears as a crucial goal for the
development of next-generation peptide-based anticancer vaccines.

On the other hand, the limited clinical efficacy of tumor-tar-
geting immune responses elicited by recombinant/purified TAAs
and peptide thereof reflects the ability of the tumor microenvi-
ronment to keep potentially oncolytic immune responses under
strict control.8-14,254 During the past decade, reversing the pro-
found immunosuppressive nature of the tumor microenviron-
ment has generated an intense wave of investigation, culminating
in the development of several immunostimulatory agents that are
currently being tested in clinical trials or already approved for use
in cancer patients.237,255-258 Perhaps the most successful
(immuno)therapeutic paradigm of this type is represented by so-
called immune checkpoint blockers, i.e., molecules that inhibit
the delivery of immunosuppressive signals to activated T lym-
phocytes and other immune effector cells.74,75,259-262 Besides
exerting clinical activity as standalone interventions against vari-
ous neoplasms, these agents, including the FDA-approved mono-
clonal antibodies ipilimumab, which targets cytotoxic T
lymphocyte-associated protein 4 (CTLA4),207-212 and pembroli-
zumab (also known as KeytrudaTM), which targets PD-1,263-265

significantly improve the antineoplastic profile of many

immunotherapeutics,266-268 including peptide-based anticancer
vaccines.100,113 Large, randomized clinical studies are urgently
awaited to identify the combinatorial immunotherapeutic regi-
mens that are best suited to boost the antineoplastic activity of
recombinant/purified TAAs and peptides thereof. In addition, as
for many other (immuno)therapeutic interventions, it will be
crucial to identify biomarkers that reliably predict the propensity
of individual patients to respond to peptide-based anticancer vac-
cines.269-273 Time will tell whether these avenues are those that
lead to the approval of peptide vaccination by international regu-
latory agencies for use in cancer patients.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Funding

Authors are supported by Ligue contre le Cancer (�equipe
labelis�ee); Agence National de la Recherche (ANR); Association
pour la recherche sur le cancer (ARC); Canc�eropôle Ile-de-
France; AXA Chair for Longevity Research; Institut National du
Cancer (INCa); Fondation Bettencourt-Schueller; Fondation de
France; Fondation pour la Recherche M�edicale (FRM); the Euro-
pean Commission (ArtForce); the European Research Council
(ERC); the LabEx Immuno-Oncology; the SIRIC Stratified
Oncology Cell DNA Repair and Tumor Immune Elimination
(SOCRATE); the SIRIC Cancer Research and Personalized
Medicine (CARPEM); and the Paris Alliance of Cancer Research
Institutes (PACRI).

References

1. Beg AA, Khan T, Antonia SJ. A new role for NFkap-
paB in immunosurveillance and its implications for
cancer immunotherapy. Oncoimmunology 2013; 2:
e25963; PMID:24404421

2. ArumCJ, Anderssen E, Viset T, KodamaY, Lundgren S,
Chen D, Zhao CM. Cancer immunoediting from
immunosurveillance to tumor escape in microvillus-
formed niche: a study of syngeneic orthotopic rat bladder
cancer model in comparison with human bladder cancer.
Neoplasia 2010; 12:434-42; PMID:20563246

3. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD.
Cancer immunoediting: from immunosurveillance to
tumor escape. Nat Immunol 2002; 3:991-8;
PMID:12407406; http://dx.doi.org/10.1038/ni1102-
991

4. Smyth MJ, Dunn GP, Schreiber RD. Cancer immu-
nosurveillance and immunoediting: the roles of
immunity in suppressing tumor development and
shaping tumor immunogenicity. Adv Immunol 2006;
90:1-50; PMID:16730260; http://dx.doi.org/
10.1016/S0065-2776(06)90001-7

5. Bui JD, Schreiber RD. Cancer immunosurveillance,
immunoediting and inflammation: independent or
interdependent processes? Curr Opin Immunol 2007;
19:203-8; PMID:17292599; http://dx.doi.org/
10.1016/j.coi.2007.02.001

6. Dunn GP, Old LJ, Schreiber RD. The immunobiol-
ogy of cancer immunosurveillance and immunoedit-
ing. Immunity 2004; 21:137-48; PMID:15308095;
http://dx.doi.org/10.1016/j.immuni.2004.07.017

7. Senovilla L, Vitale I, Martins I, Tailler M, Pailleret C,
Michaud M, Galluzzi L, Adjemian S, Kepp O, Niso-
Santano M, et al. An immunosurveillance mechanism
controls cancer cell ploidy. Science 2012; 337:1678-

84; PMID:23019653; http://dx.doi.org/10.1126/
science.1224922

8. Motz GT, Coukos G. The parallel lives of angiogene-
sis and immunosuppression: cancer and other tales.
Nat Rev Immunol 2011; 11:702-11;
PMID:21941296; http://dx.doi.org/10.1038/nri3064

9. Croci DO, Zacarias Fluck MF, Rico MJ, Matar P,
Rabinovich GA, Scharovsky OG. Dynamic cross-talk
between tumor and immune cells in orchestrating the
immunosuppressive network at the tumor microenvi-
ronment. Cancer Immunol Immunother 2007;
56:1687-700; PMID:17571260; http://dx.doi.org/
10.1007/s00262-007-0343-y

10. Rabinovich GA, Gabrilovich D, Sotomayor EM.
Immunosuppressive strategies that are mediated by
tumor cells. Annu Rev Immunol 2007; 25:267-96;
PMID:17134371; http://dx.doi.org/10.1146/
annurev.immunol.25.022106.141609

11. Olson BM, McNeel DG. Antigen loss and tumor-medi-
ated immunosuppression facilitate tumor recurrence.
Expert Rev Vaccines 2012; 11:1315-7; PMID:23249231;
http://dx.doi.org/10.1586/erv.12.107

12. Zou W. Immunosuppressive networks in the tumour
environment and their therapeutic relevance. Nat Rev
Cancer 2005; 5:263-74; PMID:15776005

13. Kochan G, Escors D, Breckpot K, Guerrero-Setas D.
Role of non-classical MHC class I molecules in cancer
immunosuppression. Oncoimmunology 2013; 2:
e26491; PMID:24482746

14. Manuel ER, Blache CA, Ellenhorn JD, Diamond DJ.
Survivin the battle against immunosuppression.
Oncoimmunology 2012; 1:240-1; PMID:22720256;
http://dx.doi.org/10.4161/onci.1.2.18180

15. Dougan M, Dranoff G. Immune therapy for cancer.
Annu Rev Immunol 2009; 27:83-117;

PMID:19007331; http://dx.doi.org/10.1146/
annurev.immunol.021908.132544

16. Palucka K, Banchereau J. Cancer immunotherapy via
dendritic cells. Nat Rev Cancer 2012; 12:265-77;
PMID:22437871; http://dx.doi.org/10.1038/nrc3258

17. Vanneman M, Dranoff G. Combining immunother-
apy and targeted therapies in cancer treatment. Nat
Rev Cancer 2012; 12:237-51; PMID:22437869;
http://dx.doi.org/10.1038/nrc3237

18. Mufson RA. Tumor antigen targets and tumor immu-
notherapy. Front Biosci 2006; 11:337-43; PMID:
16146735

19. Boon T, Cerottini JC, Van den Eynde B, van der
Bruggen P, Van Pel A. Tumor antigens recognized by
T lymphocytes. Annu Rev Immunol 1994; 12:337-
65; PMID:8011285; http://dx.doi.org/10.1146/
annurev.iy.12.040194.002005

20. Coulie PG, Van den Eynde BJ, van der Bruggen P,
Boon T. Tumour antigens recognized by T lympho-
cytes: at the core of cancer immunotherapy. Nat Rev
Cancer 2014; 14:135-46; PMID:24457417; http://
dx.doi.org/10.1038/nrc3670

21. Wilde S, Schendel DJ. High-quality and high-avidity
T cell clones specific for tumor-associated antigens
and how to find them. Oncoimmunology 2012;
1:1643-4; PMID:23264922; http://dx.doi.org/
10.4161/onci.21717

22. Wick DA, Webb JR, Nielsen JS, Martin SD, Kroeger
DR, Milne K, Castellarin M, Twumasi-Boateng K,
Watson PH, Holt RA, et al. Surveillance of the tumor
mutanome by T cells during progression from pri-
mary to recurrent ovarian cancer. Clin Cancer Res
2014; 20:1125-34; PMID:24323902; http://dx.doi.
org/10.1158/1078-0432.CCR-13-2147

e974411-6 Volume 4 Issue 4OncoImmunology



23. Overwijk WW, Wang E, Marincola FM, Rammensee
HG, Restifo NP. Mining the mutanome: developing
highly personalized Immunotherapies based on muta-
tional analysis of tumors. J Immunother Cancer 2013;
1:11; PMID:24829748; http://dx.doi.org/10.1186/
2051-1426-1-11

24. Kreiter S, Castle JC, Tureci O, Sahin U. Targeting the
tumor mutanome for personalized vaccination therapy.
Oncoimmunology 2012; 1:768-9; PMID:22934277;
http://dx.doi.org/10.4161/onci.19727

25. Castle JC, Kreiter S, Diekmann J, Lower M, van de
Roemer N, de Graaf J, Selmi A, Diken M, Boegel S,
Paret C, et al. Exploiting the mutanome for tumor
vaccination. Cancer Res 2012; 72:1081-91;
PMID:22237626; http://dx.doi.org/10.1158/0008-
5472.CAN-11-3722

26. Vitale I, Galluzzi L, Castedo M, Kroemer G. Mitotic
catastrophe: a mechanism for avoiding genomic instabil-
ity. Nat Rev Mol Cell Biol 2011; 12:385-92;
PMID:21527953; http://dx.doi.org/10.1038/nrm3115

27. Vitale I, Galluzzi L, Senovilla L, Criollo A, Jemaa M,
Castedo M, Kroemer G. Illicit survival of cancer cells
during polyploidization and depolyploidization. Cell
Death Differ 2011; 18:1403-13; PMID:21072053;
http://dx.doi.org/10.1038/cdd.2010.145

28. Negrini S, Gorgoulis VG, Halazonetis TD. Genomic
instability–an evolving hallmark of cancer. Nat Rev
Mol Cell Biol 2010; 11:220-8; PMID:20177397;
http://dx.doi.org/10.1038/nrm2858

29. Sieber OM, Heinimann K, Tomlinson IP. Genomic
instability–the engine of tumorigenesis? Nat Rev Can-
cer 2003; 3:701-8; PMID:12951589; http://dx.doi.
org/10.1038/nrc1170

30. Gorgoulis VG, Vassiliou LV, Karakaidos P, Zachara-
tos P, Kotsinas A, Liloglou T, et al. Activation of the
DNA damage checkpoint and genomic instability in
human precancerous lesions. Nature 2005; 434:907-
13; PMID:15829965; http://dx.doi.org/10.1038/
nature03485

31. Kumari S, Walchli S, Fallang LE, Yang W, Lund-
Johansen F, Schumacher TN, et al. Alloreactive cyto-
toxic T cells provide means to decipher the immuno-
peptidome and reveal a plethora of tumor-associated
self-epitopes. Proc Natl Acad Sci U S A 2014;
111:403-8; PMID:24344295; http://dx.doi.org/
10.1073/pnas.1306549111

32. Caron E, Vincent K, Fortier MH, Laverdure JP, Bra-
moulle A, Hardy MP, Voisin G, Roux PP, Lemieux S,
Thibault P, et al. The MHC I immunopeptidome con-
veys to the cell surface an integrative view of cellular regula-
tion. Mol Syst Biol 2011; 7:533; PMID:21952136;
http://dx.doi.org/10.1038/msb.2011.68

33. Admon A, Bassani-Sternberg M. The Human Immu-
nopeptidome Project, a suggestion for yet another
postgenome next big thing. Mol Cell Proteomics
2011; 10:O111 011833; PMID:21813418; http://dx.
doi.org/10.1074/mcp.O111.011833

34. Nizard M, Sandoval F, Badoual C, Pere H, Terme M,
Hans S, Benhamouda N, Granier C, Brasnu D, Tar-
tour E. Immunotherapy of HPV-associated head and
neck cancer: Critical parameters. Oncoimmunology
2013; 2:e24534; PMID:23894716

35. Kirkin AF,Dzhandzhugazyan KN, Zeuthen J. Cancer/tes-
tis antigens: structural and immunobiological properties.
Cancer Invest 2002; 20:222-36; PMID:11901543; http://
dx.doi.org/10.1081/CNV-120001150

36. Simpson AJ, Caballero OL, Jungbluth A, Chen YT, Old
LJ. Cancer/testis antigens, gametogenesis and cancer. Nat
Rev Cancer 2005; 5:615-25; PMID:16034368; http://dx.
doi.org/10.1038/nrc1669

37. Fratta E, Coral S, Covre A, Parisi G, Colizzi F, Dan-
ielli R, Nicolay HJ, Sigalotti L, Maio M. The biology
of cancer testis antigens: putative function, regulation
and therapeutic potential. Mol Oncol 2011; 5:164-
82; PMID:21376678; http://dx.doi.org/10.1016/j.
molonc.2011.02.001

38. Clark CE, Vonderheide RH. Cancer-testis antigens in
tumor biology and immunotherapy. Cancer Biol Ther

2006; 5:1226-7; PMID:17021387; http://dx.doi.org/
10.4161/cbt.5.9.3343

39. Bonifaz LC, Bonnyay DP, Charalambous A, Darguste
DI, Fujii S, Soares H, Brimnes MK, Moltedo B,
Moran TM, Steinman RM. In vivo targeting of anti-
gens to maturing dendritic cells via the DEC-205
receptor improves T cell vaccination. J Exp Med
2004; 199:815-24; PMID:15024047; http://dx.doi.
org/10.1084/jem.20032220

40. Kreutz M, Tacken PJ, Figdor CG. Targeting dendritic
cells–why bother? Blood 2013; 121:2836-44;
PMID:23390195; http://dx.doi.org/10.1182/blood-
2012-09-452078

41. Tacken PJ, de Vries IJ, Torensma R, Figdor CG.
Dendritic-cell immunotherapy: from ex vivo loading
to in vivo targeting. Nat Rev Immunol 2007; 7:790-
802; PMID:17853902; http://dx.doi.org/10.1038/
nri2173

42. Ricupito A, GrioniM, Calcinotto A, BelloneM. Boosting
anticancer vaccines: Too much of a good thing? Oncoim-
munology 2013; 2:e25032; PMID:24073378

43. Hailemichael Y, Overwijk WW. Peptide-based anti-
cancer vaccines: The making and unmaking of a T-
cell graveyard. Oncoimmunology 2013; 2:e24743;
PMID:24073366

44. Bijker MS, Melief CJ, Offringa R, van der Burg SH.
Design and development of synthetic peptide vac-
cines: past, present and future. Expert Rev Vaccines
2007; 6:591-603; PMID:17669012; http://dx.doi.
org/10.1586/14760584.6.4.591

45. Yaddanapudi K, Mitchell RA, Eaton JW. Cancer vac-
cines: looking to the future. Oncoimmunology 2013;
2:e23403; PMID:23802081

46. Schwartzentruber DJ, Lawson DH, Richards JM, Conry
RM, Miller DM, Treisman J, Gailani F, Riley L, Conlon
K, Pockaj B, et al. gp100 peptide vaccine and interleukin-
2 in patients with advanced melanoma. N Engl J Med
2011; 364:2119-27; PMID:21631324; http://dx.doi.org/
10.1056/NEJMoa1012863

47. Aranda F, Vacchelli E, Eggermont A, Galon J, Sautes-
Fridman C, Tartour E, Zitvogel L, Kroemer G, Galluzzi
L. Trial Watch: peptide vaccines in cancer therapy.
Oncoimmunology 2013; 2:e26621; PMID:24498550

48. Vacchelli E, Martins I, Eggermont A, Fridman WH,
Galon J, Sautes-Fridman C, Tartour E, Zitvogel L,
Kroemer G, Galluzzi L. Trial Watch: peptide vaccines
in cancer therapy. Oncoimmunology 2012; 1:1557-
76; PMID:23264902; http://dx.doi.org/10.4161/
onci.22428

49. Melero I, Gaudernack G, Gerritsen W, Huber C, Par-
miani G, Scholl S, Thatcher N, Wagstaff J, Zielinski
C, Faulkner I, et al. Therapeutic vaccines for cancer:
an overview of clinical trials. Nat Rev Clin Oncol
2014; 11:509-24; PMID:25001465; http://dx.doi.
org/10.1038/nrclinonc.2014.111

50. Dunn GP, Old LJ, Schreiber RD. The three Es of
cancer immunoediting. Annu Rev Immunol 2004;
22:329-60; PMID:15032581; http://dx.doi.org/
10.1146/annurev.immunol.22.012703.104803

51. Mittal D, Gubin MM, Schreiber RD, Smyth MJ.
New insights into cancer immunoediting and its three
component phases–elimination, equilibrium and
escape. Curr Opin Immunol 2014; 27:16-25;
PMID:24531241; http://dx.doi.org/10.1016/j.coi.
2014.01.004

52. Kim R, Emi M, Tanabe K. Cancer immunoediting
from immune surveillance to immune escape. Immu-
nology 2007; 121:1-14; PMID:17386080; http://dx.
doi.org/10.1111/j.1365-2567.2007.02587.x

53. DuPage M, Mazumdar C, Schmidt LM, Cheung AF,
Jacks T. Expression of tumour-specific antigens
underlies cancer immunoediting. Nature 2012;
482:405-9; PMID:22318517; http://dx.doi.org/
10.1038/nature10803

54. BalsamoM, Pietra G, VermiW,Moretta L,MingariMC,
Vitale M. Melanoma immunoediting by NK cells.
Oncoimmunology 2012; 1:1607-9; PMID:23264909;
http://dx.doi.org/10.4161/onci.21456

55. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoe-
diting: integrating immunity’s roles in cancer suppres-
sion and promotion. Science 2011; 331:1565-70;
PMID:21436444; http://dx.doi.org/10.1126/
science.1203486

56. Lehtinen M, Paavonen J. Sound efficacy of prophylac-
tic HPV vaccination: basics and implications.
Oncoimmunology 2012; 1:995-6; PMID:23162784;
http://dx.doi.org/10.4161/onci.20011

57. Dutta S, Dlugosz LS, Drew DR, Ge X, Ababacar D,
Rovira YI, Moch JK, Shi M, Long CA, Foley M, et al.
Overcoming antigenic diversity by enhancing the
immunogenicity of conserved epitopes on the malaria
vaccine candidate apical membrane antigen-1. PLoS
Pathog 2013; 9:e1003840; PMID:24385910; http://
dx.doi.org/10.1371/journal.ppat.1003840

58. Amanna IJ, SlifkaMK. Contributions of humoral and cel-
lular immunity to vaccine-induced protection in humans.
Virology 2011; 411:206-15; PMID:21216425; http://dx.
doi.org/10.1016/j.virol.2010.12.016

59. Remarque EJ, Roestenberg M, Younis S, Walraven V,
van der Werff N, Faber BW, Leroy O, Sauerwein R,
Kocken CH, Thomas AW. Humoral immune
responses to a single allele PfAMA1 vaccine in healthy
malaria-naive adults. PLoS One 2012; 7:e38898;
PMID:22768052

60. Ma Y, Xiang D, Sun J, Ding C, Liu M, Hu X, Li G,
Kloecker G, Zhang HG, Yan J. Targeting of antigens
to B lymphocytes via CD19 as a means for tumor vac-
cine development. J Immunol 2013; 190:5588-99;
PMID:23630363; http://dx.doi.org/10.4049/
jimmunol.1203216

61. Zhang J, Yang JM, Wang HJ, Ru GQ, Fan DM. Syn-
thesized multiple antigenic polypeptide vaccine based
on B-cell epitopes of human heparanase could elicit a
potent antimetastatic effect on human hepatocellular
carcinoma in vivo. PLoS One 2013; 8:e52940;
PMID:23308126; http://dx.doi.org/10.1371/journal.
pone.0052940

62. Dao T, Liu C, Scheinberg DA. Approaching untarget-
able tumor-associated antigens with antibodies.
Oncoimmunology 2013; 2:e24678; PMID:24073363

63. Schumacher T, Bunse L, Pusch S, Sahm F, Wiestler B,
Quandt J, Menn O, Osswald M, Oezen I, Ott M,
et al. A vaccine targeting mutant IDH1 induces anti-
tumour immunity. Nature 2014; 512:324-7;
PMID:25043048; http://dx.doi.org/10.1038/nature
13387

64. Michael A, Relph K, Annels N, Pandha H. Prostate
cancer vaccines. Expert Rev Vaccines 2013; 12:253-
62; PMID:23496665; http://dx.doi.org/10.1586/
erv.13.27

65. Peoples GE, Gurney JM, Hueman MT, Woll MM,
Ryan GB, Storrer CE, Fisher C, Shriver CD, Ioan-
nides CG, Ponniah S. Clinical trial results of a HER2/
neu (E75) vaccine to prevent recurrence in high-risk
breast cancer patients. J Clin Oncol 2005; 23:7536-
45; PMID:16157940; http://dx.doi.org/10.1200/
JCO.2005.03.047

66. Hannani D, Locher C, Yamazaki T, Colin-Minard V,
Vetizou M, Aymeric L, Viaud S, Sanchez D, Smyth
MJ, Bruhns P, et al. Contribution of humoral immune
responses to the antitumor effects mediated by anthra-
cyclines. Cell Death Differ 2014; 21:50-8; PMID:
23744294; http://dx.doi.org/10.1038/cdd.2013.60

67. Vacchelli E, Prada N, Kepp O, Galluzzi L. Current
trends of anticancer immunochemotherapy. Oncoim-
munology 2013; 2:e25396; PMID:23894726

68. Vacchelli E, Aranda F, Eggermont A, Galon J, Sautes-
Fridman C, Cremer I, Zitvogel L, Kroemer G, Gal-
luzzi L. Trial Watch: chemotherapy with immuno-
genic cell death inducers. Oncoimmunology 2014; 3:
e27878; PMID:24800173

69. Vacchelli E, Senovilla L, Eggermont A, Fridman WH,
Galon J, Zitvogel L, Kroemer G, Galluzzi L, et al.
Trial Watch: chemotherapy with immunogenic cell
death inducers. Oncoimmunology 2013; 2:e23510;
PMID:23687621

www.tandfonline.com e974411-7OncoImmunology



70. Zitvogel L, Galluzzi L, Smyth MJ, Kroemer G. Mech-
anism of action of conventional and targeted antican-
cer therapies: reinstating immunosurveillance.
Immunity 2013; 39:74-88; PMID:23890065; http://
dx.doi.org/10.1016/j.immuni.2013.06.014

71. Galluzzi L, Senovilla L, Zitvogel L, Kroemer G. The secret
ally: immunostimulation by anticancer drugs. Nat Rev
Drug Discov 2012; 11:215-33; PMID:22301798; http://
dx.doi.org/10.1038/nrd3626

72. Vacchelli E, Vitale I, Tartour E, Eggermont A, Sautes-
Fridman C, Galon J, Zitvogel L, Kroemer G, Galluzzi
L. Trial Watch: anticancer radioimmunotherapy.
Oncoimmunology 2013; 2:e25595; PMID:24319634

73. Bloy N, Pol J, Manic G, Vitale I, Eggermont A, Galon
J, et al. Trial Watch: radioimmunotherapy for onco-
logical indications. Oncoimmunology 2014; 3(9):
e954929.

74. Galluzzi L, Vacchelli E, Fridman WH, Galon J,
Sautes-Fridman C, Tartour E, Zucman-Rossi J, Zit-
vogel L, Kroemer G. Trial Watch: monoclonal anti-
bodies in cancer therapy. Oncoimmunology 2012;
1:28-37; PMID:22720209; http://dx.doi.org/
10.4161/onci.1.1.17938

75. Vacchelli E, Eggermont A, Galon J, Sautes-Fridman
C, Zitvogel L, Kroemer G, Galluzzi L. Trial Watch:
monoclonal antibodies in cancer therapy. Oncoim-
munology 2013; 2:e22789; PMID:23482847

76. Vanderlugt CL, Miller SD. Epitope spreading in
immune-mediated diseases: implications for immuno-
therapy. Nat Rev Immunol 2002; 2:85-95;
PMID:11910899; http://dx.doi.org/10.1038/nri724

77. Hu Y, Petroni GR, Olson WC, Czarkowski A, Smol-
kin ME, Grosh WW, Chianese-Bullock KA, Slingluff
CL Jr. Immunologic hierarchy, class II MHC promis-
cuity, and epitope spreading of a melanoma helper
peptide vaccine. Cancer Immunol Immunother 2014;
63:779-86; PMID:24756419; http://dx.doi.org/
10.1007/s00262-014-1551-x

78. Nobuoka D, Yoshikawa T, Takahashi M, Iwama T,
Horie K, Shimomura M, Suzuki S, Sakemura N,
Nakatsugawa M, Sadamori H, et al. Intratumoral
peptide injection enhances tumor cell antigenicity rec-
ognized by cytotoxic T lymphocytes: a potential
option for improvement in antigen-specific cancer
immunotherapy. Cancer Immunol Immunother
2013; 62:639-52; PMID:23143746; http://dx.doi.
org/10.1007/s00262-012-1366-6

79. Inderberg-Suso EM, Trachsel S, Lislerud K, Rasmus-
sen AM, Gaudernack G. Widespread CD4C T-cell
reactivity to novel hTERT epitopes following vaccina-
tion of cancer patients with a single hTERT peptide
GV1001. Oncoimmunology 2012; 1:670-86; PMID:
22934259

80. Blalock LT, Landsberg J, Messmer M, Shi J, Pardee AD,
Haskell R, Vujanovic L, Kirkwood JM, Butterfield LH.
Human dendritic cells adenovirally-engineered to express
three defined tumor antigens promote broad adaptive and
innate immunity. Oncoimmunology 2012; 1:287-357;
PMID:22737604; http://dx.doi.org/10.4161/onci.18628

81. Krysko DV, Garg AD, Kaczmarek A, Krysko O,
Agostinis P, Vandenabeele P. Immunogenic cell death
and DAMPs in cancer therapy. Nat Rev Cancer 2012;
12:860-75; PMID:23151605; http://dx.doi.org/
10.1038/nrc3380

82. Garg AD, Nowis D, Golab J, Vandenabeele P, Krysko
DV, Agostinis P. Immunogenic cell death, DAMPs
and anticancer therapeutics: an emerging amalgam-
ation. Biochim Biophys Acta 2010; 1805:53-71;
PMID:19720113

83. Galluzzi L, Kepp O, Kroemer G. Mitochondria: mas-
ter regulators of danger signalling. Nat Rev Mol Cell
Biol 2012; 13:780-8; PMID:23175281; http://dx.doi.
org/10.1038/nrm3479

84. Brenner C, Galluzzi L, Kepp O, Kroemer G. Decod-
ing cell death signals in liver inflammation. J Hepatol
2013; 59:583-94; PMID:23567086; http://dx.doi.
org/10.1016/j.jhep.2013.03.033

85. Senovilla L, Galluzzi L, Zitvogel L, Kroemer G. Immu-
nosurveillance as a regulator of tissue homeostasis.
Trends Immunol 2013; 34:471-81; PMID:23891238;
http://dx.doi.org/10.1016/j.it.2013.06.005

86. Hardwick N, Chain B. Epitope spreading contributes to
effective immunotherapy in metastatic melanoma
patients. Immunotherapy 2011; 3:731-3;
PMID:21668310; http://dx.doi.org/10.2217/imt.11.62

87. Agosti JM, Goldie SJ. Introducing HPV vaccine in
developing countries–key challenges and issues. N
Engl J Med 2007; 356:1908-10; PMID:17494923;
http://dx.doi.org/10.1056/NEJMp078053

88. Paavonen J, Naud P, Salmeron J, Wheeler CM, Chow
SN, Apter D, Kitchener H, Castellsague X, Teixeira JC,
Skinner SR; et al. Efficacy of human papillomavirus
(HPV)-16/18 AS04-adjuvanted vaccine against cervical
infection and precancer caused by oncogenic HPV types
(PATRICIA): final analysis of a double-blind, rando-
mised study in young women. Lancet 2009; 374:301-
14; PMID:19586656; http://dx.doi.org/; http://dx.doi.
org/10.1016/S0140-6736(09)61248-4

89. Quadrivalent vaccine against human papillomavirus
to prevent high-grade cervical lesions. N Engl J Med
2007; 356:1915-27; PMID:17494925

90. Brayer JB, Lancet JE, Powers JJ, List AF, Komrokji
RS, Balducci L, Pinilla-Ibarz J. Pilot trial of a WT-1
analog peptide vaccine in patients with high-risk mye-
loid neoplasms. ASCO Meeting Abstracts 2014;
32:3089.

91. Hazama S, Nakamura Y, Tanaka H, Tahara K, Shi-
mizu R, Sugiura F, Okuno K, Sakata K, Yoshimatsu
K, Takenouchi H, Tsunedomi R, Inoue Y, Kanekiyo
S, Shindo Y, Yoshino S, Shinozaki H, Furukawa H,
Fujita T, Kawakami Y, Oka M. Biomarkers for immu-
notherapy: Results from the analysis of an HLA-status
double-blind, biologically randomized phase II study
of five therapeutic epitope-peptides with oxaliplatin-
based chemotherapy as first-line therapy for advanced
colorectal cancer (FXV study). ASCO Meeting
Abstracts 2014; 32:3038.

92. Noguchi M, Matsumoto K, Uemura H, Arai G, Eto
M, Naito S, Ohyama C, Nasu Y, Tanaka M, Moriya
F, Suekane S, Matsueda S, Komatsu N, Sasada T,
Yamada A, Itoh K. Randomized phase II study of per-
sonalized peptide vaccination in patients with
advanced bladder cancer progressing after chemother-
apy. ASCO Meeting Abstracts 2014; 32:3092.

93. Sasada T, Yutani S, Matsueda S, Shirahama T,
Yamada A, Itoh K. Randomized phase II study of per-
sonalized peptide vaccination with cyclophosphamide
pretreatment in refractory advanced biliary tract can-
cer patients. ASCO Meeting Abstracts 2014; 32:3087.

94. Schneble EJ, Perez SA, Berry JS, Trappey AF, Vree-
land T, Hale DF, Sears AK, Clifton GT, von Hofe E,
Ardavanis A, Shumway NM, Ponniah S, Papmichail
M, Peoples GE, Mittendorf EA. Comparison of recur-
rent and nonrecurrent breast cancer patients undergo-
ing AE37 peptide vaccine therapy. ASCO Meeting
Abstracts 2014; 32:613.

95. Sugawara S, Yamada T, Matsueda S, Yoshiyama K,
Sakamoto S, Ishimoto O, Komatsu N, Yamada A,
Takamori S, Sasada T, Itoh K. Feasibility study of
personalized peptide vaccination for advanced non-
small cell lung cancer patients previously treated with
two or more chemotherapy regimens. ASCO Meeting
Abstracts 2014; 32:e19116.

96. Toh U, Iwakuma N, Mishima M, Takenaka M, Taka-
hashi R, Furukawa M, Fujii T, Ogo E, Nakagawa S,
Tanaka M, Sasada T, Itoh K, Akagi Y. Safety and
immunologic efficacy of personalized multiple HLA
class I-restricted peptide vaccines for breast cancer
patients in the adjuvant setting. ASCO Meeting
Abstracts 2014; 32:TPS3130.

97. Uemura H, Kimura T, Minami T, Yoshimura K,
Nozawa M, Egawa S, Fujimoto H, Yamada A, Itoh K.
Peptide vaccines with low-dose dexamethasone versus
dexamethasone alone for chemotherapy-naive

castration resistant prostate cancer: A randomized
phase II study. ASCO Meeting Abstracts 2014; 32:3.

98. Upadhyay V, Peace DJ. Vaccination with PSA146-
154 peptide for advanced prostate cancer: A 10-year
follow-up. ASCO Meeting Abstracts 2014; 32:
e14024.

99. Vence LM, Kim DW, Bassett RL, Cain S, Trinh V,
Patel SP, Papadopoulos NE, Bedikian AY, Kim K,
Hwu P, Overwijk W, Hwu W-J. Correlation of
immune response with clinical outcomes in melanoma
patients receiving adjuvant therapy of pegylated inter-
feron alpha-2b combined with gp100 peptide vaccine.
ASCO Meeting Abstracts 2014; 32:3026; PMID:
NOT_FOUND

100. Weber JS, Kudchadkar RR, Gibney GT, Yu B, Cheng
P, Martinez AJ, Kroeger J, Gallenstein D, Richards A,
Welsh E, Zhao X, Qu X, Chen A. Updated survival,
toxicity, and biomarkers of nivolumab with/without
peptide vaccine in patients naive to, or progressed on,
ipilimumab (IPI). ASCO Meeting Abstracts 2014;
32:3009.

101. Wilson M, Villella JA, Berinstein NL, Brown J,
Lheureux S, Haley A, Odunsi K, Karkada M, Nemu-
naitis JJ, Morse M, Pejovic T, Bentley J, Weir G,
MacDonald L, Sammatur L, Stanford M, Burzykow-
ski T, Nigam R, Mansour M, Oza AM. Phase I/Ib
clinical and immunologic assessment of immunother-
apeutic vaccine, DPX-Survivac in women with ovar-
ian, Fallopian tube, or peritoneal cancer (OC). ASCO
Meeting Abstracts 2014; 32:5555.

102. Yoshitake Y, Fukuma D, Yuno A, Hirayama M,
Nakayama H, Tanaka T, Nagata M, Kawahara K,
Nakagawa Y, Yoshida R, Ogi H, Hiraki A, Jono H,
Hamada A, Yoshida K, Tsunoda T, Nishimura Y,
Nakamura Y, Shinohara M. Phase II clinical trial of
multiple peptide vaccination for advanced head and
neck cancer patients with induced immune responses
and a prolonged OS. ASCO Meeting Abstracts 2014;
32:3094.

103. Zandberg DP, Rollins S, Goloubeva OG, Morales
RE, Tan MT, Taylor R, Wolf JS, Cullen KJ, Zimrin
A, Ord R, Lubek JE, Papadimitriou JC, Mann D,
Strome SE, Edelman MJ. A phase I dose escalation
trial of MAGE-A3 and HPV-16 specific peptide
immunomodulatory vaccines in patients with recur-
rent/metastatic (RM) squamous cell carcinoma of the
head and neck (SCCHN). ASCO Meeting Abstracts
2014; 32:e17014.

104. Pang X, Tashiro K, Eguchi R, Komatsu N, Sasada T,
Itoh K, Kuhara S. Haptoglobin proved a prognostic
biomarker in peripheral blood of patients with person-
alized peptide vaccinations for advanced castration-
resistant prostate cancer. Biosci Biotechnol Biochem
2013; 77:766-70; PMID:23563546; http://dx.doi.
org/10.1271/bbb.120893

105. Suzuki H, Fukuhara M, Yamaura T, Mutoh S, Okabe
N, Yaginuma H, Hasegawa T, Yonechi A, Osugi J,
Hoshino M, et al. Multiple therapeutic peptide vac-
cines consisting of combined novel cancer testis anti-
gens and anti-angiogenic peptides for patients with
non-small cell lung cancer. J Transl Med 2013; 11:97;
PMID:23578144; http://dx.doi.org/10.1186/1479-
5876-11-97

106. Matsueda S, KomatsuN, Kusumoto K, Koga S, Yamada
A,Kuromatsu R, Yamada S, Seki R, Yutani S, Shichijo S,
et al. Humoral immune responses toCTL epitope pepti-
des from tumor-associated antigens are widely detectable
in humans: a new biomarker for overall survival of
patients with malignant diseases. Dev Comp Immunol
2013; 41:68-76; PMID:23583523; http://dx.doi.org/
10.1016/j.dci.2013.04.004

107. Sonpavde G, Wang M, Peterson LE, Wang HY, Joe
T, Mims MP, Kadmon D, Ittmann MM, Wheeler
TM, Gee AP, et al. HLA-restricted NY-ESO-1 pep-
tide immunotherapy for metastatic castration resistant
prostate cancer. Invest New Drugs 2014; 32:235-42;
PMID:23609828; http://dx.doi.org/10.1007/s10637-
013-9960-9

e974411-8 Volume 4 Issue 4OncoImmunology



108. Ishikawa H, Imano M, Shiraishi O, Yasuda A, Peng
YF, Shinkai M, Yasuda T, Imamoto H, Shiozaki H.
Phase I clinical trial of vaccination with LY6K-derived
peptide in patients with advanced gastric cancer. Gas-
tric Cancer 2014; 17:173-80; PMID:23613128;
http://dx.doi.org/10.1007/s10120-013-0258-6

109. Yutani S, Komatsu N, Yoshitomi M, Matsueda S,
Yonemoto K, Mine T, Noguchi M, Ishihara Y,
Yamada A, Itoh K, et al. A phase II study of a person-
alized peptide vaccination for chemotherapy-resistant
advanced pancreatic cancer patients. Oncol Rep 2013;
30:1094-100; PMID:23784011

110. Tada Y, Yoshikawa T, Shimomura M, Sawada Y, Sakai
M, ShirakawaH,Nobuoka D,Nakatsura Tl. Analysis of
cytotoxic T lymphocytes from a patient with hepatocel-
lular carcinoma who showed a clinical response to vacci-
nation with a glypican3derived peptide. Int J Oncol
2013; 43:1019-26; PMID:23903757; http://dx.doi.org/
10.3892/ijo.2013.2044

111. Maeda T, Hosen N, Fukushima K, Tsuboi A, Mori-
moto S, Matsui T, Sata H, Fujita J, Hasegawa K,
Nishida S, et al. Maintenance of complete remission
after allogeneic stem cell transplantation in leukemia
patients treated with Wilms tumor 1 peptide vaccine.
Blood Cancer J 2013; 3:e130; PMID:23912610

112. Perez SA, Anastasopoulou EA, Tzonis P, Gouttefan-
geas C, Kalbacher H, Papamichail M, Baxevanis CN.
AE37 peptide vaccination in prostate cancer: a 4-year
immunological assessment updates on a phase I trial.
Cancer Immunol Immunother 2013; 62:1599-608;
PMID:23934022; http://dx.doi.org/10.1007/s00262-
013-1461-3

113. Weber JS, Kudchadkar RR, Yu B, Gallenstein D,
Horak CE, Inzunza HD, Zhao X, Martinez AJ, Wang
W, Gibney G, et al. Safety, efficacy, and biomarkers
of nivolumab with vaccine in ipilimumab-refractory
or -naive melanoma. J Clin Oncol 2013; 31:4311-8;
PMID:24145345; http://dx.doi.org/10.1200/JCO.
2013.51.4802

114. Iversen TZ, Engell-Noerregaard L, Ellebaek E, Ander-
sen R, Larsen SK, Bjoern J, Zeyher C, Gouttefangeas
C, Thomsen BM, Holm B, et al. Long-lasting disease
stabilization in the absence of toxicity in metastatic
lung cancer patients vaccinated with an epitope
derived from indoleamine 2,3 dioxygenase. Clin Can-
cer Res 2014; 20:221-32; PMID:24218513; http://
dx.doi.org/10.1158/1078-0432.CCR-13-1560

115. Asahara S, Takeda K, Yamao K, Maguchi H, Yamaue
H. Phase I/II clinical trial using HLA-A24-restricted
peptide vaccine derived from KIF20A for patients
with advanced pancreatic cancer. J Transl Med 2013;
11:291; PMID:24237633; http://dx.doi.org/
10.1186/1479-5876-11-291

116. Suzuki S, Shibata K, Kikkawa F, Nakatsura T. Signifi-
cant clinical response of progressive recurrent ovarian
clear cell carcinoma to glypican-3-derived peptide vac-
cine therapy: two case reports. Hum Vaccin Immun-
other 2014; 10:338-43; PMID:24252799; http://dx.
doi.org/10.4161/hv.27217

117. Suzuki N, Hazama S, Ueno T, Matsui H, Shindo Y,
Iida M, Yoshimura K, Yoshino S, Takeda K, Oka M.
A phase I clinical trial of vaccination with KIF20A-
derived peptide in combination with gemcitabine for
patients with advanced pancreatic cancer. J Immun-
other 2014; 37:36-42; PMID:24316554; http://dx.
doi.org/10.1097/CJI.0000000000000012

118. Tanaka T, Kitamura H, Inoue R, Nishida S, Takaha-
shi-Takaya A, Kawami S, Torigoe T, Hirohashi Y,
Tsukamoto T, Sato N, et al. Potential survival benefit
of anti-apoptosis protein: survivin-derived peptide
vaccine with and without interferon alpha therapy for
patients with advanced or recurrent urothelial cancer–
results from phase I clinical trials. Clin Dev Immunol
2013; 2013:262967; PMID:24363758

119. Noguchi M, Moriya F, Suekane S, Ohnishi R, Mat-
sueda S, Sasada T, Yamada A, Itoh K. A phase II trial
of personalized peptide vaccination in castration-resis-
tant prostate cancer patients: prolongation of prostate-

specific antigen doubling time. BMC Cancer 2013;
13:613; PMID:24373380; http://dx.doi.org/
10.1186/1471-2407-13-613

120. Sugiura F, Inoue K, Kogita A, Yoshioka Y, Hida J,
Okuno K, Sukegawa Y. Treatment outcome of peptide
vaccination for advanced colorectal cancer. Gan To
Kagaku Ryoho 2013; 40:1584-6; PMID:24393856

121. Higashihara Y, Kato J, Nagahara A, Izumi K, Konishi
M, Kodani T, Serizawa N, Osada T, Watanabe S.
Phase I clinical trial of peptide vaccination with
URLC10 and VEGFR1 epitope peptides in patients
with advanced gastric cancer. Int J Oncol 2014;
44:662-8; PMID:24398900; http://dx.doi.org/
10.3892/ijo.2013.2242

122. Uttenthal B, Martinez-Davila I, Ivey A, Craddock C,
Chen F, Virchis A, Kottaridis P, Grimwade D, Khwaja
A, Stauss H, et al. Wilms’ Tumour 1 (WT1) peptide
vaccination in patients with acute myeloid leukaemia
induces short-lived WT1-specific immune responses. Br
J Haematol 2014; 164:366-75; PMID:24422723;
http://dx.doi.org/10.1111/bjh.12637

123. Lennerz V, Gross S, Gallerani E, Sessa C, Mach N,
Boehm S, Hess D, von Boehmer L, Knuth A, Ochsen-
bein AF, et al. Immunologic response to the survivin-
derived multi-epitope vaccine EMD640744 in
patients with advanced solid tumors. Cancer Immu-
nol Immunother 2014; 63:381-94; PMID:24487961;
http://dx.doi.org/10.1007/s00262-013-1516-5

124. Okuyama R, Aruga A, Hatori T, Takeda K, Yama-
moto M. Immunological responses to a multi-peptide
vaccine targeting cancer-testis antigens and VEGFRs
in advanced pancreatic cancer patients. Oncoimmu-
nology 2013; 2:e27010; PMID:24498547

125. Nishida S, Koido S, Takeda Y, Homma S, Komita H,
Takahara A, Morita S, Ito T, Morimoto S, Hara K,
et al. Wilms tumor gene (WT1) peptide-based cancer
vaccine combined with gemcitabine for patients with
advanced pancreatic cancer. J Immunother 2014;
37:105-14; PMID:24509173; http://dx.doi.org/
10.1097/CJI.0000000000000020

126. Rapoport AP, Aqui NA, Stadtmauer EA, Vogl DT, Xu
YY, Kalos M, Cai L, Fang HB, Weiss BM, Badros A,
et al. Combination immunotherapy after ASCT for
multiple myeloma using MAGE-A3/Poly-ICLC immu-
nizations followed by adoptive transfer of vaccine-
primed and costimulated autologous T cells. Clin Can-
cer Res 2014; 20:1355-65; PMID:24520093; http://dx.
doi.org/10.1158/1078-0432.CCR-13-2817

127. Rahma OE, Hamilton JM, Wojtowicz M, Dakheel O,
Bernstein S, Liewehr DJ, Steinberg SM, Khleif SN,
et al. The immunological and clinical effects of
mutated ras peptide vaccine in combination with IL-
2, GM-CSF, or both in patients with solid tumors. J
Transl Med 2014; 12:55; PMID:24565030; http://
dx.doi.org/10.1186/1479-5876-12-55

128. Aruga A, Takeshita N, Kotera Y, Okuyama R, Mat-
sushita N, Ohta T, Takeda K, Yamamoto M. Phase I
clinical trial of multiple-peptide vaccination for
patients with advanced biliary tract cancer. J Transl
Med 2014; 12:61; PMID:24606884; http://dx.doi.
org/10.1186/1479-5876-12-61

129. Hazama S, Nakamura Y, Takenouchi H, Suzuki N,
Tsunedomi R, Inoue Y, Tokuhisa Y, Iizuka N, Yosh-
ino S, Takeda K, et al. A phase I study of combination
vaccine treatment of five therapeutic epitope-peptides
for metastatic colorectal cancer; safety, immunological
response, and clinical outcome. J Transl Med 2014;
12:63; PMID:24612787; http://dx.doi.org/10.1186/
1479-5876-12-63

130. Iinuma H, Fukushima R, Inaba T, Tamura J, Inoue
T, Ogawa E, Horikawa M, Ikeda Y, Matsutani N,
Takeda K, et al. Phase I clinical study of multiple epi-
tope peptide vaccine combined with chemoradiation
therapy in esophageal cancer patients. J Transl Med
2014; 12:84; PMID:24708624; http://dx.doi.org/
10.1186/1479-5876-12-84

131. Kawano K, Tsuda N, Matsueda S, Sasada T, Wata-
nabe N, Ushijima K, Yamaguchi T, Yokomine M,

Itoh K, Yamada A, et al. Feasibility study of personal-
ized peptide vaccination for recurrent ovarian cancer
patients. Immunopharmacol Immunotoxicol 2014;
36:224-36; PMID:24773550; http://dx.doi.org/
10.3109/08923973.2014.913617

132. Geynisman DM, Zha Y, Kunnavakkam R, Aklilu M,
Catenacci DV, Polite BN, Rosenbaum C, Namaky-
doust A, Karrison T, Gajewski TF, et al. A random-
ized pilot phase I study of modified carcinoembryonic
antigen (CEA) peptide (CAP1-6D)/montanide/GM-
CSF-vaccine in patients with pancreatic adenocarci-
noma. J Immunother Cancer 2013; 1:8;
PMID:24829746

133. Pollack IF, Jakacki RI, Butterfield LH, Hamilton RL,
Panigrahy A, Potter DM, Connelly AK, Dibridge SA,
Whiteside TL, Okada H. Antigen-specific immune
responses and clinical outcome after vaccination with
glioma-associated antigen peptides and polyinosinic-
polycytidylic acid stabilized by lysine and carboxy-
methylcellulose in children with newly diagnosed
malignant brainstem and nonbrainstem gliomas. J
Clin Oncol 2014; 32:2050-8; PMID:24888813;
http://dx.doi.org/10.1200/JCO.2013.54.0526

134. Mittendorf EA, Clifton GT, Holmes JP, Schneble E,
van Echo D, Ponniah S, Peoples GE. Final report of
the phase I/II clinical trial of the E75 (nelipepimut-S)
vaccine with booster inoculations to prevent disease
recurrence in high-risk breast cancer patients. Ann
Oncol 2014; 25:1735-42; PMID:24907636; http://
dx.doi.org/10.1093/annonc/mdu211

135. Staff C, Mozaffari F, Frodin JE, Mellstedt H, Liljefors
M. Telomerase (GV1001) vaccination together with
gemcitabine in advanced pancreatic cancer patients.
Int J Oncol 2014; 45:1293-303; PMID:24919654

136. Okuno K, Sugiura F, Inoue K, Sukegawa Y. Clinical
trial of a 7-peptide cocktail vaccine with oral chemo-
therapy for patients with metastatic colorectal cancer.
Anticancer Res 2014; 34:3045-52; PMID:24922671

137. Middleton G, Silcocks P, Cox T, Valle J, Wadsley J,
Propper D, Coxon F, Ross P, Madhusudan S, Roques
T, et al. Gemcitabine and capecitabine with or with-
out telomerase peptide vaccine GV1001 in patients
with locally advanced or metastatic pancreatic cancer
(TeloVac): an open-label, randomised, phase 3 trial.
Lancet Oncol 2014; 15:829-40; PMID:24954781

138. Takahashi R, Toh U, Iwakuma N, Takenaka M,
Otsuka H, Furukawa M, Fujii T, Seki N, Kawahara
A, Kage M, et al. Feasibility study of personalized
peptide vaccination for metastatic recurrent triple-
negative breast cancer patients. Breast Cancer Res
2014; 16:R70; PMID:24992895; http://dx.doi.org/
10.1186/bcr3685

139. Perez SA, Anastasopoulou EA, Papamichail M, Baxe-
vanis CN. AE37 peptide vaccination in prostate can-
cer: identification of biomarkers in the context of
prognosis and prediction. Cancer Immunol Immun-
other 2014; PMID:25052849

140. Hazama S, Takenouchi H, Tsunedomi R, Iida M,
Suzuki N, Iizuka N, Inoue Y, Sakamoto K, Nakao M,
Shindo Y, et al. Predictive biomarkers for the out-
come of vaccination of five therapeutic epitope pepti-
des for colorectal cancer. Anticancer Res 2014;
34:4201-5; PMID:25075047

141. Dillon PM, Olson WC, Czarkowski A, Petroni GR,
Smolkin M, Grosh WW, Chianese-Bullock KA, Dea-
con DH, Slingluff CL Jr. A melanoma helper peptide
vaccine increases Th1 cytokine production by leuko-
cytes in peripheral blood and immunized lymph
nodes. J Immunother Cancer 2014; 2:23;
PMID:25126421; http://dx.doi.org/10.1186/2051-
1426-2-23

142. Kotsakis A, Papadimitraki E, Vetsika EK, Aggouraki
D, Dermitzaki EK, Hatzidaki D, Kentepozidis N,
Mavroudis D, Georgoulias V. A phase II trial evaluat-
ing the clinical and immunologic response of HLA-
A2 non-small cell lung cancer patients vaccinated with
an hTERT cryptic peptide. Lung Cancer 2014;

www.tandfonline.com e974411-9OncoImmunology



PMID:25130084; http://dx.doi.org/10.1016/j.
lungcan.2014.07.018

143. Persaud SP, Parker CR, Lo WL, Weber KS, Allen
PM. Intrinsic CD4C T cell sensitivity and response to
a pathogen are set and sustained by avidity for thymic
and peripheral complexes of self peptide and MHC.
Nat Immunol 2014; 15:266-74; PMID:24487322;
http://dx.doi.org/10.1038/ni.2822

144. Chakraborty AK, Weiss A. Insights into the initiation
of TCR signaling. Nat Immunol 2014; 15:798-807;
PMID:25137454; http://dx.doi.org/10.1038/ni.2940

145. Castro M, van Santen HM, Ferez M, Alarcon B,
Lythe G, Molina-Paris C. Receptor pre-clustering and
T cell responses: insights into molecular mechanisms.
Front Immunol 2014; 5:132; PMID:24817867;
http://dx.doi.org/10.3389/fimmu.2014.00132

146. Gavilondo JV, Hernandez-Bernal F, Ayala-Avila M,
de la Torre AV, de la Torre J, Morera-Diaz Y,
Bequet-Romero M, S�anchez J, Valenzuela CM,
Mart�ın Y, et al. Specific active immunotherapy with a
VEGF vaccine in patients with advanced solid tumors.
results of the CENTAURO antigen dose escalation
phase I clinical trial. Vaccine 2014; 32:2241-50;
PMID:24530151; http://dx.doi.org/10.1016/j.
vaccine.2013.11.102

147. van Poelgeest MI, Welters MJ, van Esch EM, Stynen-
bosch LF, Kerpershoek G, van Persijn van Meerten
EL, van den Hende M, L€owik MJ, Berends-van der
Meer DM, Fathers LM, et al. HPV16 synthetic long
peptide (HPV16-SLP) vaccination therapy of patients
with advanced or recurrent HPV16-induced gyneco-
logical carcinoma, a phase II trial. J Transl Med 2013;
11:88; PMID:23557172; http://dx.doi.org/10.1186/
1479-5876-11-88

148. Yutani S, Komatsu N, Matsueda S, Yoshitomi M,
Shirahama T, Yamada A, Shirahama T, Yamada A,
Itoh K, Sasada T. Juzentaihoto failed to augment anti-
gen-specific immunity but prevented deterioration of
patients’ conditions in advanced pancreatic cancer
under personalized peptide vaccine. Evid Based Com-
plement Alternat Med 2013; 2013:981717;
PMID:23840274; http://dx.doi.org/10.1155/2013/
981717

149. de Vos van Steenwijk PJ, van Poelgeest MI, Ram-
wadhdoebe TH, Lowik MJ, Berends-van der Meer
DM, van der Minne CE, Loof NM, Stynenbosch LF,
Fathers LM, Valentijn AR, et al. The long-term
immune response after HPV16 peptide vaccination in
women with low-grade pre-malignant disorders of the
uterine cervix: a placebo-controlled phase II study.
Cancer Immunol Immunother 2014; 63:147-60;
PMID:24233343; http://dx.doi.org/10.1007/s00262-
013-1499-2

150. Wada H, Isobe M, Kakimi K, Mizote Y, Eikawa S,
Sato E, Takigawa N, Kiura K, Tsuji K, Iwatsuki K,
et al. Vaccination with NY-ESO-1 overlapping pepti-
des mixed with Picibanil OK-432 and montanide
ISA-51 in patients with cancers expressing the NY-
ESO-1 antigen. J Immunother 2014; 37:84-92;
PMID:24509171; http://dx.doi.org/10.1097/
CJI.0000000000000017

151. Makhoul I, Hutchins L, Emanuel PD, Pennisi A, Sie-
gel E, Jousheghany F, Karbassi-Monzavi B, Kieber-
Emmons T. Moving a carbohydrate mimetic peptide
into the clinic: clinical response of a breast cancer
patient after mimotope-based immunotherapy. Hum
Vaccin Immunother 2014; PMID:25140879

152. Melief CJ, van der Burg SH. Immunotherapy of estab-
lished (pre)malignant disease by synthetic long peptide
vaccines. Nat Rev Cancer 2008; 8:351-60; PMID:
18418403; http://dx.doi.org/10.1038/nrc2373

153. Kieber-Emmons T, Saha S, Pashov A, Monzavi-Kar-
bassi B, Murali R. Carbohydrate-mimetic peptides for
pan anti-tumor responses. Front Immunol 2014;
5:308; PMID:25071769; http://dx.doi.org/10.3389/
fimmu.2014.00308

154. Matsubara T. Potential of peptides as inhibitors and
mimotopes: selection of carbohydrate-mimetic

peptides from phage display libraries. J Nucleic Acids
2012; 2012:740982; PMID:23094142

155. Hennings L, Artaud C, Jousheghany F, Monzavi-Kar-
bassi B, Pashov A, Kieber-Emmons T. Carbohydrate
mimetic peptides augment carbohydrate-reactive
immune responses in the absence of immune pathology.
Cancers (Basel) 2011; 3:4151-69; PMID:24213131

156. Takahashi R, Ishibashi Y, Hiraoka K, Matsueda S,
Kawano K, Kawahara A, Kage M, Ohshima K, Yama-
naka R, Shichijo S et al. Phase II study of personalized
peptide vaccination for refractory bone and soft tissue
sarcoma patients. Cancer Sci 2013; PMID:23829867

157. Kumar S, Jones TR, Oakley MS, Zheng H, Kuppus-
amy SP, Taye A, Krieg AM, Stowers AW, Kaslow
DC, Hoffman SL. CpG oligodeoxynucleotide and
Montanide ISA 51 adjuvant combination enhanced
the protective efficacy of a subunit malaria vaccine.
Infect Immun 2004; 72:949-57; PMID:14742540;
http://dx.doi.org/10.1128/IAI.72.2.949-957.2004

158. Aucouturier J, Dupuis L, Deville S, Ascarateil S, Ganne
V. Montanide ISA 720 and 51: a new generation of
water in oil emulsions as adjuvants for human vaccines.
Expert Rev Vaccines 2002; 1:111-8; PMID:12908518;
http://dx.doi.org/10.1586/14760584.1.1.111

159. Peng W, Lizee G, Hwu P. Blockade of the PD-1 path-
way enhances the efficacy of adoptive cell therapy
against cancer. Oncoimmunology 2013; 2:e22691;
PMID:23524510; http://dx.doi.org/10.4161/onci.
22691

160. Alexander J, del Guercio MF, Maewal A, Qiao L,
Fikes J, Chesnut RW, Paulson J, Bundle DR, DeFrees
S, Sette A. Linear PADRE T helper epitope and car-
bohydrate B cell epitope conjugates induce specific
high titer IgG antibody responses. J Immunol 2000;
164:1625-33; PMID:10640784; http://dx.doi.org/
10.4049/jimmunol.164.3.1625

161. Franke ED, Hoffman SL, Sacci JB, Jr., Wang R,
Charoenvit Y, Appella E, Chesnut R, Alexander J, Del
Guercio MF, Sette A. Pan DR binding sequence pro-
vides T-cell help for induction of protective antibodies
against Plasmodium yoelii sporozoites. Vaccine 1999;
17:1201-5; PMID:10195633; http://dx.doi.org/
10.1016/S0264-410X(98)00341-7

162. Alexander J, Sidney J, Southwood S, Ruppert J, Oser-
off C, Maewal A, et al. Development of high potency
universal DR-restricted helper epitopes by modifica-
tion of high affinity DR-blocking peptides. Immunity
1994; 1:751-61; PMID:7895164; http://dx.doi.org/
10.1016/S1074-7613(94)80017-0

163. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong
SG, Keith DE, Levin WJ, Stuart SG, Udove J, Ullrich
A, et al. Studies of the HER-2/neu proto-oncogene in
human breast and ovarian cancer. Science 1989;
244:707-12; PMID:2470152; http://dx.doi.org/
10.1126/science.2470152

164. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich
A, McGuire WL. Human breast cancer: correlation of
relapse and survival with amplification of the HER-2/
neu oncogene. Science 1987; 235:177-82; PMID:
3798106; http://dx.doi.org/10.1126/science.3798106

165. Press MF, Bernstein L, Thomas PA, Meisner LF,
Zhou JY, Ma Y, Hung G, Robinson RA, Harris C,
El-Naggar A, et al. HER-2/neu gene amplification
characterized by fluorescence in situ hybridization:
poor prognosis in node-negative breast carcinomas. J
Clin Oncol 1997; 15:2894-904; PMID:9256133

166. Kallioniemi OP, Holli K, Visakorpi T, Koivula T,
Helin HH, Isola JJ. Association of c-erbB-2 protein
over-expression with high rate of cell proliferation,
increased risk of visceral metastasis and poor long-
term survival in breast cancer. Int J Cancer 1991;
49:650-5; PMID:1682277; http://dx.doi.org/
10.1002/ijc.2910490504

167. Lee HJ, Park SY. Reply to ’Intratumoral heterogeneity
of HER2 gene amplification in breast cancer: its clini-
copathological significance’. Mod Pathol 2013;
26:610-1; PMID:23542524; http://dx.doi.org/
10.1038/modpathol.2013.38

168. Seol H, Lee HJ, Choi Y, Lee HE, Kim YJ, Kim JH,
Kang E, Kim SW, Park SY. Intratumoral heterogene-
ity of HER2 gene amplification in breast cancer: its
clinicopathological significance. Mod Pathol 2012;
25:938-48; PMID:22388760; http://dx.doi.org/
10.1038/modpathol.2012.36

169. Tanner M, Jarvinen P, Isola J. Amplification of HER-
2/neu and topoisomerase IIalpha in primary and met-
astatic breast cancer. Cancer Res 2001; 61:5345-8;
PMID:11454672

170. Vinagre J, Almeida A, PopuloH, Batista R, Lyra J, Pinto
V, Coelho R, Celestino R, Prazeres H, Lima L et al. Fre-
quency of TERTpromoter mutations in human cancers.
Nat Commun 2013; 4:2185; PMID:23887589; http://
dx.doi.org/10.1038/ncomms3185

171. Horn S, Figl A, Rachakonda PS, Fischer C, Sucker A,
Gast A, Kadel S, Moll I, Nagore E, Hemminki K,
et al. TERT promoter mutations in familial and spo-
radic melanoma. Science 2013; 339:959-61;
PMID:23348503; http://dx.doi.org/10.1126/science.
1230062

172. Huang FW, Hodis E, Xu MJ, Kryukov GV, Chin L,
Garraway LA. Highly recurrent TERT promoter
mutations in human melanoma. Science 2013;
339:957-9; PMID:23348506; http://dx.doi.org/
10.1126/science.1229259

173. Altieri DC. Validating survivin as a cancer therapeutic
target. Nat Rev Cancer 2003; 3:46-54; PMID:
12509766

174. Andersen MH, Svane IM, Becker JC, Straten PT. The
universal character of the tumor-associated antigen
survivin. Clin Cancer Res 2007; 13:5991-4;
PMID:17947459; http://dx.doi.org/10.1158/1078-
0432.CCR-07-0686

175. Tsuruma T, Iwayama Y, Ohmura T, Katsuramaki
T, Hata F, Furuhata T, Furuhata T, Yamaguchi
K, Kimura Y, Torigoe T, et al. Clinical and
immunological evaluation of anti-apoptosis pro-
tein, survivin-derived peptide vaccine in phase I
clinical study for patients with advanced or recur-
rent breast cancer. J Transl Med 2008; 6:24;
PMID:18471305; http://dx.doi.org/10.1186/1479-
5876-6-24

176. Hohenstein P, Hastie ND. The many facets of the
Wilms’ tumour gene, WT1. Hum Mol Genet 2006;
15 Spec No 2:R196-201; PMID:16987884; http://
dx.doi.org/10.1093/hmg/ddl196

177. Bergmann L, Miething C, Maurer U, Brieger J, Kara-
kas T, Weidmann E, Hoelzer D. High levels of
Wilms’ tumor gene (wt1) mRNA in acute myeloid
leukemias are associated with a worse long-term out-
come. Blood 1997; 90:1217-25; PMID:9242555

178. Rodeck U, Bossler A, Kari C, Humphreys CW,
Gyorfi T, Maurer J, Thiel E, Menssen HD, et al.
Expression of the wt1 Wilms’ tumor gene by normal
and malignant human melanocytes. Int J Cancer
1994; 59:78-82; PMID:7927908; http://dx.doi.org/
10.1002/ijc.2910590116

179. Liu Z, Yamanouchi K, Ohtao T, Matsumura S, Seino
M, Shridhar V, Takahashi T, Takahashi K, Kurachi
H. High levels of Wilms’ tumor 1 (WT1) expression
were associated with aggressive clinical features in
ovarian cancer. Anticancer Res 2014; 34:2331-40;
PMID:24778040

180. Scanlon CS, D’Silva NJ. Personalized medicine for
cancer therapy: Lessons learned from tumor-associated
antigens. Oncoimmunology 2013; 2:e23433;
PMID:23734304

181. Amit M, Gil Z. Macrophages increase the resistance of
pancreatic adenocarcinoma cells to gemcitabine by
upregulating cytidine deaminase. Oncoimmunology
2013; 2:e27231; PMID:24498570

182. Waldron TJ, Quatromoni JG, Karakasheva TA, Sin-
ghal S, Rustgi AK. Myeloid derived suppressor cells:
targets for therapy. Oncoimmunology 2013; 2:
e24117; PMID:23734336

183. Galluzzi L, Kepp O, Vander Heiden MG, Kroemer
G. Metabolic targets for cancer therapy. Nat Rev

e974411-10 Volume 4 Issue 4OncoImmunology



Drug Discov 2013; 12:829-46; PMID:24113830;
http://dx.doi.org/10.1038/nrd4145

184. Liu H, Moynihan KD, Zheng Y, Szeto GL, Li AV,
Huang B, et al. Structure-based programming of
lymph-node targeting in molecular vaccines. Nature
2014; 507:519-22; PMID:24531764; http://dx.doi.
org/10.1038/nature12978

185. Berezhnoy A, Castro I, Levay A, Malek TR, Gilboa E.
Aptamer-targeted inhibition of mTOR in T cells
enhances antitumor immunity. J Clin Invest 2014;
124:188-97; PMID:24292708; http://dx.doi.org/
10.1172/JCI69856

186. Hopewell EL, Zhao W, Fulp WJ, Bronk CC, Lopez
AS, Massengill M, Antonia S, Celis E, Haura EB,
Enkemann SA, et al. Lung tumor NF-kappaB signal-
ing promotes T cell-mediated immune surveillance. J
Clin Invest 2013; 123:2509-22; PMID:23635779;
http://dx.doi.org/10.1172/JCI67250

187. Ma Y, Mattarollo SR, Adjemian S, Yang H, Aymeric
L, Hannani D, Portela Catani JP, Duret H, Teng
MW, Kepp O, et al. CCL2/CCR2-dependent recruit-
ment of functional antigen-presenting cells into
tumors upon chemotherapy. Cancer Res 2014;
74:436-45; PMID:24302580; http://dx.doi.org/
10.1158/0008-5472.CAN-13-1265

188. Ma Y, Adjemian S, Galluzzi L, Zitvogel L, Kroemer
G. Chemokines and chemokine receptors required for
optimal responses to anticancer chemotherapy.
Oncoimmunology 2014; 3:e27663; PMID:24800170

189. Li M, Knight DA, A Snyder L, Smyth MJ, Stewart TJ.
A role for CCL2 in both tumor progression and
immunosurveillance. Oncoimmunology 2013; 2:
e25474; PMID:24073384

190. Takakura Y, Takemoto S, Nishikawa M. Hsp-based
tumor vaccines: state-of-the-art and future directions.
Curr Opin Mol Ther 2007; 9:385-91; PMID:
17694451

191. McNulty S, Colaco CA, Blandford LE, Bailey CR,
Baschieri S, Todryk S. Heat-shock proteins as den-
dritic cell-targeting vaccines–getting warmer. Immu-
nology 2013; 139:407-15; PMID:23551234; http://
dx.doi.org/10.1111/imm.12104

192. Ciocca DR, Cayado-Gutierrez N, Maccioni M,
Cuello-Carrion FD. Heat shock proteins (HSPs)
based anti-cancer vaccines. Curr Mol Med 2012;
12:1183-97; PMID:22804241; http://dx.doi.org/
10.2174/156652412803306684

193. Murshid A, Gong J, Calderwood SK. The role of heat
shock proteins in antigen cross presentation. Front
Immunol 2012; 3:63; PMID:22566944; http://dx.
doi.org/10.3389/fimmu.2012.00063

194. Murshid A, Gong J, Calderwood SK. Heat-shock pro-
teins in cancer vaccines: agents of antigen cross-pre-
sentation. Expert Rev Vaccines 2008; 7:1019-30;
PMID:18767951; http://dx.doi.org/10.1586/
14760584.7.7.1019

195. Galluzzi L, Senovilla L, Vitale I, Michels J, Martins I,
Kepp O, Castedo M, Kroemer G. Molecular mecha-
nisms of cisplatin resistance. Oncogene 2012;
31:1869-83; PMID:21892204; http://dx.doi.org/
10.1038/onc.2011.384

196. Wheate NJ, Walker S, Craig GE, Oun R. The status of
platinum anticancer drugs in the clinic and in clinical tri-
als. Dalton Trans 2010; 39:8113-27; PMID:20593091;
http://dx.doi.org/10.1039/c0dt00292e

197. Natarajan G, Malathi R, Holler E. Increased DNA-
binding activity of cis-1,1-cyclobutanedicarboxylato-
diammineplatinum(II) (carboplatin) in the presence
of nucleophiles and human breast cancer MCF-7 cell
cytoplasmic extracts: activation theory revisited. Bio-
chem Pharmacol 1999; 58:1625-9; PMID:10535754;
http://dx.doi.org/10.1016/S0006-2952(99)00250-6

198. Leath CA, 3rd, Straughn JM, Jr. Chemotherapy for
advanced and recurrent cervical carcinoma: results
from cooperative group trials. Gynecol Oncol 2013;
129:251-7; PMID:23280089; http://dx.doi.org/
10.1016/j.ygyno.2012.12.035

199. Vici P, Mariani L, Pizzuti L, Sergi D, Di Lauro L, Vizza
E, Tomao F, Tomao S, Mancini E, Vincenzoni C, et al.
Emerging biological treatments for uterine cervical carci-
noma. J Cancer 2014; 5:86-97; PMID:24494026;
http://dx.doi.org/10.7150/jca.7963

200. Toffoli G, Cernigoi C, Russo A, Gallo A, Bagnoli M,
Boiocchi M. Overexpression of folate binding protein
in ovarian cancers. Int J Cancer 1997; 74:193-8;
PMID:9133455; http://dx.doi.org/10.1002/(SICI)
1097-0215(19970422)74:2%3c193::AID-IJC10%3e3.
0.CO;2-F

201. Walters CL, Arend RC, Armstrong DK, Nau-
mann RW, Alvarez RD. Folate and folate receptor
alpha antagonists mechanism of action in ovarian
cancer. Gynecol Oncol 2013; 131:493-8;
PMID:23863359; http://dx.doi.org/10.1016/j.
ygyno.2013.07.080

202. Vacchelli E, Aranda F, Eggermont A, Sautes-Fridman
C, Tartour E, Kennedy EP, Platten M, Zitvogel L,
Kroemer G, Galluzzi L. Trial watch: IDO inhibitors
in cancer therapy. Oncoimmunology 2014; 3(10):
e957994.

203. Lob S, Konigsrainer A, Rammensee HG, Opelz G,
Terness P. Inhibitors of indoleamine-2,3-dioxygenase
for cancer therapy: can we see the wood for the trees?
Nat Rev Cancer 2009; 9:445-52; PMID:19461669;
http://dx.doi.org/10.1038/nrc2639

204. Liu X, Newton RC, Friedman SM, Scherle PA. Indo-
leamine 2,3-dioxygenase, an emerging target for anti-
cancer therapy. Curr Cancer Drug Targets 2009;
9:938-52; PMID:20025603; http://dx.doi.org/
10.2174/156800909790192374

205. Platten M, Wick W, Van den Eynde BJ. Tryptophan
catabolism in cancer: beyond IDO and tryptophan
depletion. Cancer Res 2012; 72:5435-40;
PMID:23090118; http://dx.doi.org/10.1158/0008-
5472.CAN-12-0569

206. Creelan BC, Antonia S, Bepler G, Garrett TJ, Simon
GR, Soliman HH. Indoleamine 2,3-dioxygenase
activity and clinical outcome following induction che-
motherapy and concurrent chemoradiation in Stage
III non-small cell lung cancer. Oncoimmunology
2013; 2:e23428; PMID:23802083

207. Hodi FS, O’Day SJ, McDermott DF, Weber RW,
Sosman JA, Haanen JB, Gonzalez R, Robert C, Scha-
dendorf D, Hassel JC, et al. Improved survival with
ipilimumab in patients with metastatic melanoma. N
Engl J Med 2010; 363:711-23; PMID:20525992;
http://dx.doi.org/10.1056/NEJMoa1003466

208. Trial Watch: ipilimumab success in melanoma pro-
vides boost for cancer immunotherapy. Nat Rev Drug
Discov 2010; 9:584; PMID:20671754

209. Erdmann MK. Immunity unleashed in melanoma.
Lancet Oncol 2010; 11:108-9; PMID:20152761;
http://dx.doi.org/10.1016/S1470-2045(09)70400-0

210. Wolchok JD, Neyns B, Linette G, Negrier S, Lutzky
J, Thomas L, Waterfield W, Schadendorf D, Smylie
M, Guthrie T Jr, et al. Ipilimumab monotherapy in
patients with pretreated advanced melanoma: a rando-
mised, double-blind, multicentre, phase 2, dose-rang-
ing study. Lancet Oncol 2010; 11:155-64;
PMID:20004617; http://dx.doi.org/10.1016/S1470-
2045(09)70334-1

211. Sondak VK, Smalley KS, Kudchadkar R, Grippon S,
Kirkpatrick P. Ipilimumab. Nat Rev Drug Discov
2011; 10:411-2; PMID:21629286; http://dx.doi.org/
10.1038/nrd3463

212. Kroemer G, Zitvogel L, Galluzzi L. Victories and
deceptions in tumor immunology: Stimuvax.
Oncoimmunology 2013; 2:e23687; PMID:23483762

213. Cooper ZA, FrederickDT, Juneja VR, Sullivan RJ, Law-
rence DP, Piris A, Sharpe AH, Fisher DE, Flaherty KT,
Wargo JA. BRAF inhibition is associated with increased
clonality in tumor-infiltrating lymphocytes. Oncoim-
munology 2013; 2:e26615; PMID:24251082

214. Improta G, Pelosi G, Tamborini E, Donia M, Santi-
nami M, de Braud F, Fraggetta F. Biological insights
into BRAF mutations in melanoma patient: Not mere

therapeutic targets. Oncoimmunology 2013; 2:
e25594; PMID:24179707

215. Sapkota B, Hill CE, Pollack BP. Vemurafenib enhances
MHC induction in BRAF homozygous melanoma cells.
Oncoimmunology 2013; 2:e22890; PMID:23483066;
http://dx.doi.org/10.4161/onci.22890

216. Sosman JA, Kim KB, Schuchter L, Gonzalez R, Pav-
lick AC, Weber JS, McArthur GA, Hutson TE,
Moschos SJ, Flaherty KT, et al. Survival in BRAF
V600-mutant advanced melanoma treated with
vemurafenib. N Engl J Med 2012; 366:707-14;
PMID:22356324; http://dx.doi.org/10.1056/
NEJMoa1112302

217. Chapman PB, Hauschild A, Robert C, Haanen JB,
Ascierto P, Larkin J, Dummer R, Garbe C, Testori A,
Maio M, et al. Improved survival with vemurafenib in
melanoma with BRAF V600E mutation. N Engl J
Med 2011; 364:2507-16; PMID:21639808; http://
dx.doi.org/10.1056/NEJMoa1103782

218. Vincent M, Quemener A, Jacques Y. Antitumor activ-
ity of an immunocytokine composed of an anti-GD2
antibody and the IL-15 superagonist RLI. Oncoim-
munology 2013; 2:e26441; PMID:24349876

219. Modak S, Kushner BH, Kramer K, Vickers A,
Cheung IY, Cheung NK. Anti-GD2 antibody 3F8
and barley-derived (1 –>3),(1 –>4)-beta–glucan: A
Phase I study in patients with chemoresistant neuro-
blastoma. Oncoimmunology 2013; 2:e23402;
PMID:23802080

220. Westwood JA, Murray WK, Trivett M, Haynes NM,
Solomon B, Mileshkin L, Ball D, Michael M, Burman
A, Mayura-Guru P, et al. The Lewis-Y carbohydrate
antigen is expressed by many human tumors and can
serve as a target for genetically redirected T cells
despite the presence of soluble antigen in serum. J
Immunother 2009; 32:292-301; PMID:19242371;
http://dx.doi.org/10.1097/CJI.0b013e31819b7c8e

221. Filipazzi P, Pilla L, Mariani L, Patuzzo R, Castelli C,
Camisaschi C, Maurichi A, Cova A, Rigamonti G,
Giardino F, et al. Limited induction of tumor cross-
reactive T cells without a measurable clinical benefit
in early melanoma patients vaccinated with human
leukocyte antigen class I-modified peptides. Clin Can-
cer Res 2012; 18:6485-96; PMID:23032742; http://
dx.doi.org/10.1158/1078-0432.CCR-12-1516

222. Sabbatini P, Tsuji T, Ferran L, Ritter E, Sedrak C,
Tuballes K, Jungbluth AA, Ritter G, Aghajanian C,
Bell-McGuinn K, et al. Phase I 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; 18:6497-508; PMID:23032745; http://dx.doi.
org/10.1158/1078-0432.CCR-12-2189

223. Eikawa S, Kakimi K, Isobe M, Kuzushima K,
Luescher I, Ohue Y, Ikeuchi K, Uenaka A, Nishikawa
H, Udono H, et al. Induction of CD8 T-cell
responses restricted to multiple HLA class I alleles in a
cancer patient by immunization with a 20-mer NY-
ESO-1f (NY-ESO-1 91-110) peptide. Int J Cancer
2013; 132:345-54; PMID:22729530

224. Lai JP, Rosenberg AZ, Miettinen MM, Lee CC. NY-
ESO-1 expression in sarcomas: A diagnostic marker
and immunotherapy target. Oncoimmunology 2012;
1:1409-10; PMID:23243610; http://dx.doi.org/
10.4161/onci.21059

225. Schneider LP, Schoonderwoerd AJ, Moutaftsi M,
Howard RF, Reed SG, de Jong EC, Teunissen MB.
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; 30:4216-24; PMID:22542815; http://
dx.doi.org/10.1016/j.vaccine.2012.04.051

226. Behzad H, Huckriede AL, Haynes L, Gentleman B,
Coyle K, Wilschut JC, Kollmann TR, Reed SG,
McElhaney JE, et al. GLA-SE, a synthetic toll-like
receptor 4 agonist, enhances T-cell responses to influ-
enza vaccine in older adults. J Infect Dis 2012;

www.tandfonline.com e974411-11OncoImmunology



205:466-73; PMID:22147791; http://dx.doi.org/
10.1093/infdis/jir769

227. Coler RN, Baldwin SL, Shaverdian N, Bertholet S,
Reed SJ, Raman VS, Lu X, DeVos J, Hancock K,
Katz JM, et al. A synthetic adjuvant to enhance and
expand immune responses to influenza vaccines. PLoS
One 2010; 5:e13677; PMID:21060869

228. Bertholet S, Ireton GC, Ordway DJ, Windish HP,
Pine SO, Kahn M, Phan T, Orme IM, Vedvick TS,
Baldwin SL, et al. A defined tuberculosis vaccine can-
didate boosts BCG and protects against multidrug-
resistant Mycobacterium tuberculosis. Sci Transl Med
2010; 2:53ra74; PMID:20944089; http://dx.doi.org/
10.1126/scitranslmed.3001094

229. Kono K, Iinuma H, Akutsu Y, Tanaka H, Hayashi N,
Uchikado Y, Noguchi T, Fujii H, Okinaka K, Fukush-
ima R, et al. Multicenter, phase II clinical trial of cancer
vaccination for advanced esophageal cancer with three
peptides derived from novel cancer-testis antigens. J
Transl Med 2012; 10:141; PMID:22776426; http://dx.
doi.org/10.1186/1479-5876-10-141

230. Matsuda R, Enokida H, Chiyomaru T, Kikkawa N,
Sugimoto T, Kawakami K, Tatarano S, Yoshino H,
Toki K, Uchida Y, et al. LY6K is a novel molecular
target in bladder cancer on basis of integrate genome-
wide profiling. Br J Cancer 2011; 104:376-86;
PMID:21063397; http://dx.doi.org/10.1038/sj.bjc.
6605990

231. Ishikawa N, Takano A, Yasui W, Inai K, Nishimura
H, Ito H, Miyagi Y, Nakayama H, Fujita M, Hoso-
kawa M, et al. Cancer-testis antigen lymphocyte anti-
gen 6 complex locus K is a serologic biomarker and a
therapeutic target for lung and esophageal carcinomas.
Cancer Res 2007; 67:11601-11; PMID:18089789;
http://dx.doi.org/10.1158/0008-5472.CAN-07-3243

232. Petrovsky N, Aguilar JC. Vaccine adjuvants: current
state and future trends. Immunol Cell Biol 2004;
82:488-96; PMID:15479434; http://dx.doi.org/
10.1111/j.0818-9641.2004.01272.x

233. Miller RL, Meng TC, Tomai MA. The antiviral activ-
ity of Toll-like receptor 7 and 7/8 agonists. Drug
News Perspect 2008; 21:69-87; PMID:18389099;
http://dx.doi.org/10.1358/dnp.2008.21.2.1188193

234. Meyer T, Surber C, French LE, Stockfleth E. Resiqui-
mod, a topical drug for viral skin lesions and skin can-
cer. Expert Opin Investig Drugs 2013; 22:149-59;
PMID:23205468; http://dx.doi.org/10.1517/
13543784.2013.749236

235. Mark KE, Corey L, Meng TC, Magaret AS, Huang
ML, Selke S, Slade HB, Tyring SK, Warren T, Sacks
SL, et al. Topical resiquimod 0.01% gel decreases her-
pes simplex virus type 2 genital shedding: a random-
ized, controlled trial. J Infect Dis 2007; 195:1324-31;
PMID:17397003; http://dx.doi.org/10.1086/513276

236. Schon MP, Schon M. TLR7 and TLR8 as targets in
cancer therapy. Oncogene 2008; 27:190-9; PMID:
18176600; http://dx.doi.org/10.1038/sj.onc.1210913

237. Demaria S, Vanpouille-Box C, Formenti SC, Adams
S. The TLR7 agonist imiquimod as an adjuvant for
radiotherapy-elicited in situ vaccination against breast
cancer. Oncoimmunology 2013; 2:e25997;
PMID:24404422

238. Liu X, ShinN, KoblishHK, YangG,WangQ,WangK,
Leffet L, Hansbury MJ, Thomas B, Rupar M, et al.
Selective inhibition of IDO1 effectively regulates media-
tors of antitumor immunity. Blood 2010; 115:3520-30;
PMID:20197554; http://dx.doi.org/10.1182/blood-
2009-09-246124

239. Koblish HK, Hansbury MJ, Bowman KJ, Yang G,
Neilan CL, Haley PJ, Burn TC, Waeltz P, Sparks RB,
Yue EW, et al. Hydroxyamidine inhibitors of indole-
amine-2,3-dioxygenase potently suppress systemic
tryptophan catabolism and the growth of IDO-
expressing tumors. Mol Cancer Ther 2010; 9:489-98;
PMID:20124451; http://dx.doi.org/10.1158/1535-
7163.MCT-09-0628

240. Grimmig T, Kim M, Germer CT, Gasser M, Waaga-
Gasser AM. The role of FOXP3 in disease progression

in colorectal cancer patients. Oncoimmunology 2013;
2:e24521; PMID:23894712

241. Weiss VL, Lee TH, Jaffee EM, Armstrong TD. Tar-
geting the right regulatory T-cell population for
tumor immunotherapy. Oncoimmunology 2012;
1:1191-3; PMID:23170276; http://dx.doi.org/
10.4161/onci.20664

242. Iversen TZ, Brimnes MK, Nikolajsen K, Andersen
RS, Hadrup SR, Andersen MH, Bastholt L, Svane
IM. Depletion of T lymphocytes is correlated with
response to temozolomide in melanoma patients.
Oncoimmunology 2013; 2:e23288; PMID:23525955

243. Kershaw MH, Devaud C, John LB, Westwood JA,
Darcy PK. Enhancing immunotherapy using chemo-
therapy and radiation to modify the tumor microenvi-
ronment. Oncoimmunology 2013; 2:e25962;
PMID:24327938

244. Seung SK, Curti B, Crittenden M, Urba W. Radiation
and immunotherapy: renewed allies in the war on can-
cer. Oncoimmunology 2012; 1:1645-7; PMID:
23264923; http://dx.doi.org/10.4161/onci.21746

245. Sampson JH, Schmittling RJ, Archer GE, Congdon
KL, Nair SK, Reap EA, Desjardins A, Friedman AH,
Friedman HS, Herndon JE 2nd, et al. A pilot study
of IL-2Ralpha blockade during lymphopenia depletes
regulatory T-cells and correlates with enhanced
immunity in patients with glioblastoma. PLoS One
2012; 7:e31046; PMID:22383993

246. Pere H, Tanchot C, Bayry J, TermeM, Taieb J, Badoual
C, et al. Comprehensive analysis of current approaches
to inhibit regulatory T cells in cancer. Oncoimmunology
2012; 1:326-33; PMID:22737608; http://dx.doi.org/
10.4161/onci.18852

247. Sanchez-Perez L, Kottke T, Diaz RM, Ahmed A,
Thompson J, Chong H, Melcher A, Holmen S, Dan-
iels G, Vile RG. Potent selection of antigen loss var-
iants of B16 melanoma following inflammatory
killing of melanocytes in vivo. Cancer Res 2005;
65:2009-17; PMID:15753401; http://dx.doi.org/
10.1158/0008-5472.CAN-04-3216

248. Spiotto MT, Rowley DA, Schreiber H. Bystander
elimination of antigen loss variants in established
tumors. Nat Med 2004; 10:294-8; PMID:14981514;
http://dx.doi.org/10.1038/nm999

249. Matsui K,O’Mara LA, Allen PM. Successful elimination
of large established tumors and avoidance of antigen-loss
variants by aggressive adoptive T cell immunotherapy.
Int Immunol 2003; 15:797-805; PMID:12807818;
http://dx.doi.org/10.1093/intimm/dxg078

250. Uyttenhove C, Maryanski J, Boon T. Escape of mouse
mastocytoma P815 after nearly complete rejection is
due to antigen-loss variants rather than immunosup-
pression. J Exp Med 1983; 157:1040-52; PMID:
6187879; http://dx.doi.org/10.1084/jem.157.3.1040

251. Gilboa E. The makings of a tumor rejection antigen.
Immunity 1999; 11:263-70; PMID:10514004

252. Brandle D, Bilsborough J, Rulicke T, Uyttenhove C,
Boon T, Van den Eynde BJ. The shared tumor-spe-
cific antigen encoded by mouse gene P1A is a target
not only for cytolytic T lymphocytes but also for
tumor rejection. Eur J Immunol 1998; 28:4010-9;
PMID:9862337; http://dx.doi.org/10.1002/(SICI)
1521-4141(199812)28:12%3c4010::AID-IMMU
4010%3e3.0.CO;2-5

253. Finn OJ. Tumor-rejection antigens recognized by T
lymphocytes. Curr Opin Immunol 1993; 5:701-8;
PMID:8240731

254. Wathelet N, Moser M. Role of dendritic cells in the
regulation of antitumor immunity. Oncoimmunology
2013; 2:e23973; PMID:23734333

255. Weintraub K. Drug development: releasing the
brakes. Nature 2013; 504:S6-8; PMID:24352363;
http://dx.doi.org/10.1038/504S6a

256. Riley JL. Combination checkpoint blockade–taking
melanoma immunotherapy to the next level. N Engl J
Med 2013; 369:187-9; PMID:23724866

257. Graziani G, Tentori L, Navarra P. Ipilimumab: a
novel immunostimulatory monoclonal antibody for

the treatment of cancer. Pharmacol Res 2012; 65:9-
22; PMID:21930211; http://dx.doi.org/10.1016/j.
phrs.2011.09.002

258. Melero I, Hervas-Stubbs S, Glennie M, Pardoll DM,
Chen L. Immunostimulatory monoclonal antibodies for
cancer therapy. Nat Rev Cancer 2007; 7:95-106;
PMID:17251916; http://dx.doi.org/10.1038/nrc2051

259. Pardoll DM. The blockade of immune checkpoints in
cancer immunotherapy. Nat Rev Cancer 2012;
12:252-64; PMID:22437870; http://dx.doi.org/
10.1038/nrc3239

260. Brahmer JR. Immune checkpoint blockade: the hope
for immunotherapy as a treatment of lung cancer?
Semin Oncol 2014; 41:126-32; PMID:24565586;
http://dx.doi.org/10.1053/j.seminoncol.2013.12.014

261. Nowak AK. Immunological checkpoint inhibitors
enter adolescence. Lancet Oncol 2013; 14:1035-7;
PMID:24035406; http://dx.doi.org/10.1016/S1470-
2045(13)70401-7

262. John LB, Kershaw MH, Darcy PK. Blockade of PD-1
immunosuppression boosts CAR T-cell therapy.
Oncoimmunology 2013; 2:e26286; PMID:24353912

263. Robert C, Ribas A, Wolchok JD, Hodi FS, Hamid O,
Kefford R, Weber JS, Joshua AM, Hwu WJ, Gangad-
har TC, et al. Anti-programmed-death-receptor-1
treatment with pembrolizumab in ipilimumab-refrac-
tory advanced melanoma: a randomised dose-compar-
ison cohort of a phase 1 trial. Lancet 2014; 384:1109-
17; PMID:25034862; http://dx.doi.org/10.1016/
S0140-6736(14)60958-2

264. Galluzzi L, Kroemer G, Eggermont A. Novel immune
checkpoint blocker approved for the treatment of
advanced melanoma. Oncoimmunology 2014; 3(11):
e967147.

265. Ribas A, Hodi FS, Kefford R, Hamid O, Daud A,
Wolchok JD, Hwu W-J, Gangadhar TC, Patnaik A,
Joshua AM, Hersey P, Weber JS, Dronca RS, Zarour
HM, Gergich K, Li X, Iannone R, Kang SP, Ebbing-
haus S, Robert C. Efficacy and safety of the anti-PD-1
monoclonal antibody MK-3475 in 411 patients (pts)
with melanoma (MEL). ASCO Meeting Abstracts
2014; 32:LBA9000; PMID:NOT_FOUND

266. Besser MJ. Is there a future for adoptive cell transfer in
melanoma patients? Oncoimmunology 2013; 2:
e26098; PMID:24353909

267. Duraiswamy J, Freeman G, Coukos G. Replenish the
source within: Rescuing tumor-infiltrating lympho-
cytes by double checkpoint blockade. Oncoimmunol-
ogy 2013; 2:e25912; PMID:24404420

268. Madan RA, Heery CR, Gulley JL. Combination of
vaccine and immune checkpoint inhibitor is safe with
encouraging clinical activity. Oncoimmunology 2012;
1:1167-8; PMID:23170267; http://dx.doi.org/
10.4161/onci.20591

269. Senovilla L, Vacchelli E, Galon J, Adjemian S, Egger-
mont A, Fridman WH, Saut�es-Fridman C, Ma Y,
Tartour E, Zitvogel L, et al. Trial Watch: prognostic
and predictive value of the immune infiltrate in can-
cer. Oncoimmunology 2012; 1:1323-43; PMID:
23243596; http://dx.doi.org/10.4161/onci.22009

270. Ascierto PA, Kalos M, Schaer DA, Callahan MK,
Wolchok JD. Biomarkers for immunostimulatory
monoclonal antibodies in combination strategies for
melanoma and other tumor types. Clin Cancer Res
2013; 19:1009-20; PMID:23460532; http://dx.doi.
org/10.1158/1078-0432.CCR-12-2982

271. Lee AF, Sieling PA, Lee DJ. Immune correlates of
melanoma survival in adoptive cell therapy. Oncoim-
munology 2013; 2:e22889; PMID:23525606

272. Morse MA, Osada T, Hobeika A, Patel S, Lyerly HK.
Biomarkers and correlative endpoints for immuno-
therapy trials. Am Soc Clin Oncol Educ Book 2013;
PMID:23714525

273. van Duikeren S, Arens R. Predicting the efficacy of
cancer vaccines by evaluating T-cell responses.
Oncoimmunology 2013; 2:e22616; PMID:
23482345; http://dx.doi.org/10.4161/onci.22616

e974411-12 Volume 4 Issue 4OncoImmunology


