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The paradigm of combinatorial anticancer 
therapy is nowadays deeply established into 
the clinical routine, reflecting the notion 
that–with a few notable exceptions–stand-
alone chemo- or radiotherapeutic regimens 
are always insufficient to completely eradi-
cate neoplastic lesions. Moreover, com-
bining agents with distinct mechanisms 
of action potentially results in synergistic 
antineoplastic effects. This not only allows 
for the use of decreased drug dosages, de 
facto limiting the incidence and severity of 
side effects, but also significantly reduces 
the likelihood that malignant cells may 
become chemo- or radioresistant.

Along with the development of ever 
more efficient strategies to elicit or boost 
anticancer immunity and with the real-
ization that most successful antineoplas-
tic agents operate–at least in part–by 
(re)activating tumor-specific immune 
responses, great interest has been attracted 
by the possibility to develop combinatorial 
immunotherapeutic interventions and/or 
to combine chemo- or radiotherapeutic 
regimens with immunotherapy.1–3 Thus, 
an ever increasing amount of literature 
describes preclinical and clinical studies 
investigating whether and under which 
conditions several distinct immunostim-
ulatory agents can be combined to each 
other or with conventional antineoplastic 
regimens to obtain improved therapeutic 
responses and/or reduced side effects.4–6

Intriguingly, both immunotherapeutic 
regimens and antineoplastic agents that 
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exert immunostimulatory effects can be 
classified based on their ability to promote 
anticancer immune responses by acting 
on cancer cells or on the immune system.1 

Thus, clinically employed and hitherto 
experimental agents can re(activate) anti-
cancer immune responses by (1) altering 
the MHC Class I immunopeptidome or 
by stimulating the presentation of tumor-
associated antigens on the surface of 
malignant cells (antigenicity); (2) by favor-
ing the emission of danger signals with 
adjuvant properties by neoplastic cells, 
resulting in the stimulation of innate and 
cognate immune effectors (immunogenic-
ity); or (3) by increasing the sensitivity of 
malignant cells to the cytotoxic functions 
of immune effectors (susceptibility).7 Just 
to mention a few examples, both cisplatin 
(a DNA damaging agent) and gemcitabine 
(a nucleoside analog) have seen shown to 
expand the repertoire of antigens eliciting 
tumor-specific immune responses in vivo 
(increase in antigenicity);8 anthracyclines 
(such as doxorubicin) reportedly cause an 
immunogenic variant of apoptosis that is 
associated with the emission of various 
damage-associated molecular patterns 
(DAMPs), some of which exert potent 
immunostimulatory effects (increase in 
immunogenicity);9,10 and several chemo-
therapeutics are known to stimulate the 
expression of death receptors (such as 
CD95) or activating ligands for natural 
killer (NK)-cell receptors, hence increas-
ing the propensity of malignant cells to be 

killed by CD95L-expressing CD8+ T cells 
and NK cells, respectively.11,12 Alternatively, 
anticancer immune responses can be (re)
instated by immunochemotherapy as 
a result of direct stimulatory effects on 
(1) cognate or (2) innate immune effec-
tors, as well as (3) following the inhibition 
of immunosuppressive networks, such as 
those established around regulatory T cells 
(Tregs) and myeloid-derived suppressor 
cells (MDSCs).7 For instance, metronomic 
cyclophosphamide (an alkylating agent) 
has been shown to promote the differentia-
tion of T

H
17 cells in vivo, both among cir-

culating and tumor-infiltrating leukocytes 
(activation of cognate immune effectors);13 
imatinib (an inhibitor of BCR-ABL and 
KIT currently employed for the treatment 
of chronic myelogenous leukemia and gas-
trointestinal stromal tumors) reportedly 
potentiates the effector functions of NK 
cells (activation of innate immune effec-
tors);14,15 and several chemotherapeutics 
including gemcitabine and cyclophos-
phamide have been suggested to medi-
ate MDSC- and Treg-depleting effects 
in patients (relief of immunosuppressive 
networks).16,17

To get some insights into the current 
trends of immunochemotherapy, we have 
identified among the articles published 
in OncoImmunology from January 2012 
to March 2013 (12 issues of the journal) 
all those describing or commenting the 
sequential or concomitant administra-
tion of distinct immunotherapeutic or 
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chemotherapeutic regimens (both in 
preclinical and clinical settings) and 
cataloged such combinatorial approaches 
based on the most prominent immunos-
timulatory activity of their constituents. 

Thus, monoclonal antibodies that exert 
antineoplastic functions mainly by trig-
gering complement-dependent cytotox-
icity and antibody-dependent cellular 
cytotoxicity (e.g., the HER2-targeting 

drug rituximab) have been classified as 
means of activating innate immune effec-
tors,18,19 peptide-, DNA- and dendritic 
cell-based vaccine as maneuvers to stimu-
late cognate immunity,20-22 and so on.

We next estimated the relative fre-
quency of each possible approach to 
immunochemotherapy among these stud-
ies, finding that (1) heterologous strategies, 
that is, the combination of therapeutic 
agents that (re)activate anticancer immu-
nity via distinct general mechanisms (see 
above), are largely preferred over homolo-
gous strategies, involving interventions 
that stimulate the same facet of antican-
cer immune responses (even when they 
do so via distinct molecular mechanisms); 
(2) the vast majority of immunochemo-
therapeutic regimens rely on agents that 
exert stimulatory effects on the immune 
system; (3) increasing the immunoge-
nicity of malignant cells is the preferred 
approach for the (re)establishment of anti-
cancer immune responses when tumor-
targeting agents are concerned; and (4) 
currently, the most investigated approach 
to immunochemotherapy involves the use 
of agents that activate cognate immune 
effectors coupled to interventions that 
inhibit immunosuppressive networks 
(Fig.  1). It will be interesting to see not 
only how these trends evolve in the forth-
coming years, but also whether any of the 
six major means to (re)activate anticancer 
immunity discussed above will turn out to 
constitute a conditio sine qua non for the 
elicitation of optimal clinical responses to 
immunochemotherapy.

Figure 1. Current approaches of anticancer immunochemotherapy. Among the articles published 
in OncoImmunology from January 2012 to March 2013, all those describing or commenting the 
sequential or concomitant administration of distinct immunotherapeutic or chemotherapeutic 
regimens (both in preclinical and clinical settings) have been identified, and such combinato-
rial approaches have been classified based on the most prominent immunostimulatory activity 
of their components. The size of inward bulges and the weight of central connectors reflects 
the relative proportion of homologous (involving the use of two distinct molecules that exert 
immunostimulatory effects via the same general mechanism) and heterologous (involving the 
administration of two agents that promote anticancer immune responses via distinct general 
mechanisms) combinatorial approaches to immunochemotherapy, respectively.

References
1.	 Galluzzi L, Senovilla L, Zitvogel L, Kroemer G. 

The secret ally: immunostimulation by antican-
cer drugs. Nat Rev Drug Discov 2012; 11:215-33; 
PMID:22301798; http://dx.doi.org/10.1038/nrd3626

2.	 Zitvogel L, Kepp O, Kroemer G. Immune parameters 
affecting the efficacy of chemotherapeutic regimens. 
Nat Rev Clin Oncol 2011; 8:151-60; PMID:21364688; 
http://dx.doi.org/10.1038/nrclinonc.2010.223

3.	 Prendergast GC. Immunological thought in the 
mainstream of cancer research: Past divorce, recent 
remarriage and elective affinities of the future. 
Oncoimmunology 2012; 1:793-7; PMID:23162746; 
http://dx.doi.org/10.4161/onci.20909

4.	 Lesterhuis WJ, Haanen JB, Punt CJ. Cancer immuno-
therapy--revisited. Nat Rev Drug Discov 2011; 10:591-
600; PMID:21804596; http://dx.doi.org/10.1038/
nrd3500

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

6.	 Baxevanis CN, Perez SA, Papamichail M. 
Combinatorial treatments including vaccines, chemo-
therapy and monoclonal antibodies for cancer thera-
py. Cancer Immunol Immunother 2009; 58:317-24; 
PMID:18704409; http://dx.doi.org/10.1007/s00262-
008-0576-4

7.	 Zitvogel L, Galluzzi L, Smyth MJ, Kroemer G. How 
conventional and targeted anticancer therapies reinstate 
immunosurveillance. Immunity 2013; In press.

8.	 Jackaman C, Majewski D, Fox SA, Nowak AK, Nelson 
DJ. Chemotherapy broadens the range of tumor 
antigens seen by cytotoxic CD8(+) T cells in vivo. 
Cancer Immunol Immunother 2012; 61:2343-56; 
PMID:22714286; http://dx.doi.org/10.1007/s00262-
012-1307-4

9.	 Kroemer G, Galluzzi L, Kepp O, Zitvogel L. 
Immunogenic cell death in cancer therapy. Annu 
Rev Immunol 2013; 31:51-72; PMID:23157435; 
h t t p : / / d x . d o i . o r g / 1 0 . 1 1 4 6 / a n n u re v - i m m u -
nol-032712-100008

10.	 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

11.	 Hellwig CT, Rehm M. TRAIL signaling and syn-
ergy mechanisms used in TRAIL-based combina-
tion therapies. Mol Cancer Ther 2012; 11:3-13; 
PMID:22234808; http://dx.doi.org/10.1158/1535-
7163.MCT-11-0434

12.	 Raulet DH, Gasser S, Gowen BG, Deng W, Jung 
H. Regulation of ligands for the NKG2D activat-
ing receptor. Annu Rev Immunol 2013; 31:413-41; 
PMID:23298206; http://dx.doi.org/10.1146/annurev-
immunol-032712-095951

13.	 Viaud S, Flament C, Zoubir M, Pautier P, LeCesne 
A, Ribrag V, et al. Cyclophosphamide induces dif-
ferentiation of Th17 cells in cancer patients. Cancer 
Res 2011; 71:661-5; PMID:21148486; http://dx.doi.
org/10.1158/0008-5472.CAN-10-1259

14.	 Borg C, Terme M, Taïeb J, Ménard C, Flament C, 
Robert C, et al. Novel mode of action of c-kit tyro-
sine kinase inhibitors leading to NK cell-dependent 
antitumor effects. J Clin Invest 2004; 114:379-88; 
PMID:15286804

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22301798&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22301798&dopt=Abstract
http://dx.doi.org/10.1038/nrd3626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21364688&dopt=Abstract
http://dx.doi.org/10.1038/nrclinonc.2010.223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23162746&dopt=Abstract
http://dx.doi.org/10.4161/onci.20909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21804596&dopt=Abstract
http://dx.doi.org/10.1038/nrd3500
http://dx.doi.org/10.1038/nrd3500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22437869&dopt=Abstract
http://dx.doi.org/10.1038/nrc3237
http://dx.doi.org/10.1038/nrc3237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18704409&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18704409&dopt=Abstract
http://dx.doi.org/10.1007/s00262-008-0576-4
http://dx.doi.org/10.1007/s00262-008-0576-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22714286&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22714286&dopt=Abstract
http://dx.doi.org/10.1007/s00262-012-1307-4
http://dx.doi.org/10.1007/s00262-012-1307-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23157435&dopt=Abstract
http://dx.doi.org/10.1146/annurev-immunol-032712-100008
http://dx.doi.org/10.1146/annurev-immunol-032712-100008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23175281&dopt=Abstract
http://dx.doi.org/10.1038/nrm3479
http://dx.doi.org/10.1038/nrm3479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22234808&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22234808&dopt=Abstract
http://dx.doi.org/10.1158/1535-7163.MCT-11-0434
http://dx.doi.org/10.1158/1535-7163.MCT-11-0434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23298206&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23298206&dopt=Abstract
http://dx.doi.org/10.1146/annurev-immunol-032712-095951
http://dx.doi.org/10.1146/annurev-immunol-032712-095951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21148486&dopt=Abstract
http://dx.doi.org/10.1158/0008-5472.CAN-10-1259
http://dx.doi.org/10.1158/0008-5472.CAN-10-1259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15286804&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15286804&dopt=Abstract


www.landesbioscience.com	 OncoImmunology	 e25396-3

15.	 Poggi A, Zocchi MR. Imatinib mesylate can help to 
direct natural immunity toward an anti-leukemic reac-
tivity by acting on the bone marrow microenvironment. 
Oncoimmunology 2012; 1:214-6; PMID:22720246; 
http://dx.doi.org/10.4161/onci.1.2.18112

16.	 Suzuki E, Kapoor V, Jassar AS, Kaiser LR, Albelda 
SM. Gemcitabine selectively eliminates splenic Gr-1+/
CD11b+ myeloid suppressor cells in tumor-bearing 
animals and enhances antitumor immune activity. 
Clin Cancer Res 2005; 11:6713-21; PMID:16166452; 
http://dx.doi.org/10.1158/1078-0432.CCR-05-0883

17.	 Malvicini M, Alaniz L, Bayo J, Garcia M, Piccioni F, 
Fiore E, et al. Single low-dose cyclophosphamide com-
bined with interleukin-12 gene therapy is superior to 
a metronomic schedule in inducing immunity against 
colorectal carcinoma in mice. Oncoimmunology 
2012; 1:1038-47; PMID:23170252; http://dx.doi.
org/10.4161/onci.20684

18.	 Vacchelli E, Eggermont A, Galon J, Sautès-Fridman C, 
Zitvogel L, Kroemer G, et al. Trial watch: Monoclonal 
antibodies in cancer therapy. Oncoimmunology 
2013; 2:e22789; PMID:23482847; http://dx.doi.
org/10.4161/onci.22789

19.	 Galluzzi L, Vacchelli E, Fridman WH, Galon J, Sautès-
Fridman C, Tartour E, et al. Trial Watch: Monoclonal 
antibodies in cancer therapy. Oncoimmunology 2012; 
1:28-37; PMID:22720209; http://dx.doi.org/10.4161/
onci.1.1.17938

20.	 Galluzzi L, Senovilla L, Vacchelli E, Eggermont A, 
Fridman WH, Galon J, et al. Trial watch: Dendritic 
cell-based interventions for cancer therapy. 
Oncoimmunology 2012; 1:1111-34; PMID:23170259; 
http://dx.doi.org/10.4161/onci.21494

21.	 Senovilla L, Vacchelli E, Garcia P, Eggermont A, 
Fridman WH, Galon J, et al. Trial watch: DNA 
vaccines for cancer therapy. Oncoimmunology 
2013; 2:e23803; PMID:23734328; http://dx.doi.
org/10.4161/onci.23803

22.	 Vacchelli E, Martins I, Eggermont A, Fridman 
WH, Galon J, Sautès-Fridman C, et al. Trial watch: 
Peptide vaccines in cancer therapy. Oncoimmunology 
2012; 1:1557-76; PMID:23264902; http://dx.doi.
org/10.4161/onci.22428

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22720246&dopt=Abstract
http://dx.doi.org/10.4161/onci.1.2.18112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16166452&dopt=Abstract
http://dx.doi.org/10.1158/1078-0432.CCR-05-0883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23170252&dopt=Abstract
http://dx.doi.org/10.4161/onci.20684
http://dx.doi.org/10.4161/onci.20684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23482847&dopt=Abstract
http://dx.doi.org/10.4161/onci.22789
http://dx.doi.org/10.4161/onci.22789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22720209&dopt=Abstract
http://dx.doi.org/10.4161/onci.1.1.17938
http://dx.doi.org/10.4161/onci.1.1.17938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23170259&dopt=Abstract
http://dx.doi.org/10.4161/onci.21494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23734328&dopt=Abstract
http://dx.doi.org/10.4161/onci.23803
http://dx.doi.org/10.4161/onci.23803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23264902&dopt=Abstract
http://dx.doi.org/10.4161/onci.22428
http://dx.doi.org/10.4161/onci.22428

