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Meeting the potential of immunotherapy: 
new targets provide rational combinations

The relationship between the immune system and 
tumors is complex and dynamic, and for immuno-
therapy to reach its full potential it will likely need to 

attack on multiple fronts. Here, we discuss some of the latest 
and most promising developments in the immuno-oncology 
field designed to build on the successes and address limitations.

The anti-tumor immune response
Cancer is a disease of genomic instability, whereby genetic 
alterations ranging from a single nucleotide to the whole 
chromosome level frequently occur. Although cancers 
derive from a patient’s own tissues, these genetic differ-
ences can mark the cancer cell as non-self, triggering an 
immune response to eliminate these cells.

The first hints of this anti-tumor immunity date back 
more than a century and a half and sparked the concept 
of mobilizing the immune system to treat patients.1-3 
Although early pioneers achieved little progress in this 
regard, their efforts provided invaluable insights into the 
complex and dynamic relationship between a tumor and 
the immune system that are now translating into real clini-
cal successes.

We now understand that the immune system has a dual 
role in both restraining and promoting cancer development 
and have translated this understanding into the theory of 
cancer immunoediting. Immunoediting has three stages: 
elimination, wherein the tumor is seemingly destroyed by 
the innate and adaptive immune response; equilibrium, in 
which cancer cells that were able to escape elimination are 
selected for growth; and escape, whereby these resistant 
cancer cells overwhelm the immune system and develop 
into a symptomatic lesion.4,5

Immuno-oncologists have also described the cancer 
immunity cycle to capture the steps that are required for an 
effective anti-tumor immune response and defects in this 
cycle form the basis of the most common mechanisms used 
by cancer cells to subvert the anti-tumor immune response. 
Much like the cancer hallmarks did for molecularly tar-
geted cancer drugs, the cancer immunity cycle serves as the 
intellectual framework for cancer immunotherapy.6,7

Exploiting nature’s weapon of mass 
destruction
Initially, attempts at immunotherapy focused on boosting 
the immune response using adjuvants and cytokines. The 
characterization of subtle differences between tumor cells 
and normal cells led to the development of vaccines and 
cell-based therapies that exploited these tumor-associated 
antigens (TAAs).1-6 

Despite the approval of a therapeutic vaccine, sipuleucel-
T, in 2010 for the treatment of metastatic prostate cancer, in 
general the success of vaccines has been limited. Marketing 
authorization for sipuleucel-T was recently withdrawn 
in Europe, and although it is still available in the United 
States, it is not widely used because of issues with produc-
tion and administration. Other vaccines, such as GVAX, 
which looked particularly promising in early-stage clinical 
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FIGURE 1 Genetic engineering of T cells. The ability to genetically engineer 
T cells is moving adoptive cell therapies closer to the mainstream by im-
proving and broadening its effects. 

Reference: Farkona S, Diamandis EP, Blaustig IM. Cancer immunotherapy: the beginning of 
the end of cancer? BMC Medicine. 2016;14:73.
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trials, failed to show clinical efficacy in sub-
sequent testing.8,9

Cell-based therapies, such as adoptive cel-
lular therapy (ACT), in which immune cells 
are removed from the host, primed to attack 
cancer cells, and then reinfused back into 
the patient, have focused on T cells because 
they are the major effectors of the adaptive 
immune response. Clinical success with the 
most common approach, tumor-infiltrating 
lymphocyte (TIL) therapy, has so far been 
limited to only one type of cancer – meta-
static melanoma – but ACT may be inch-
ing closer to the mainstream with the devel-
opment of techniques that allow genetic 
manipulation of the T cells before they are 
infused back into the patient.

Two key techniques have been developed 
(Figure 1). T-cell receptor (TCR) therapy 
involves genetically modifying the receptor 
on the surface of T cells that is responsible 
for recognizing antigens bound to major 
histocompatibility complex (MHC) mol-
ecules on the surface of antigen-present-
ing cells (APCs). The TCR can be altered 
to recognize a specific TAA or modified to 
improve its antigen recognition and binding 
capabilities. This type of therapy is limited by the fact that 
the TCRs need to be genetically matched to the patient’s 
immune type. 

A second method, called chimeric antigen receptor 
(CAR) T-cell therapy is more flexible in this respect and 
does not need to be matched to the patient’s immune type. 
CARs are artificial receptors formed by fusing part of the 
single-chain variable fragment of a monoclonal antibody 
to part of the TCR and one or more costimulatory mol-
ecules. In this way, the specificity of an antibody for a par-
ticular TAA is used to guide the T cell to a tumor, where it 
is activated by engagement of the TCR and costimulatory 
signal.10,11

Releasing the brakes
To ensure that it is only activated at the appropriate time 
and not in response to the antigens expressed on the sur-
face of the host’s own tissues or harmless materials, the 
immune system has developed numerous mechanisms for 
immunological tolerance. Cancer cells are able to exploit 
these mechanisms to allow them to evade the anti-tumor 
immune response. One of the main ways in which they do 
this is by manipulating the signaling pathways involved in 
T-cell activation, which play a vital role in tolerance.12 

To become fully activated, T cells require a primary sig-
nal generated by an interaction between the TCR and the 
antigen-MHC complex on the surface of an APC, fol-

lowed by secondary costimulatory signals generated by a 
range of different receptors present on the T-cell surface 
binding to their ligands on the APC. 

If the second signal is inhibitory rather than stimula-
tory, then the T cell is deactivated instead of becoming 
activated. Two key coinhibitory receptors are programmed 
cell death 1 (PD-1) and cytotoxic T-lymphocyte antigen 4 
(CTLA-4) and tumor cells are able to overcome the anti-
tumor immune response in part by expressing the ligands 
that bind these receptors to dampen the activity of tumor-
infiltrating T cells and induce tolerance.13

The development of inhibitors of CTLA-4 and PD-1 
and their respective ligands has driven some of the most 
dramatic successes with cancer immunotherapy, particu-
larly with PD-1-targeting drugs which have fewer side 
effects. Targeting of this pathway has resulted in durable 
responses, revolutionizing the treatment of metastatic mel-
anoma, with recently published long-term survival data for 
pembrolizumab showing that 40% of patients were alive 
3 years after initiating treatment and, in a separate study, 
34% of nivolumab-treated patients were still alive after 5 
years.14,15 More recently, PD-1 inhibitors have been slowly 
expanding into a range of other cancer types and 4 immune 
checkpoint inhibitors are now approved by the United 
States Food and Drug Administration (FDA): ipilimumab 
(Yervoy), nivolumab (Opdivo), pembrolizumab (Keytruda) 
and atezolizumab (Tecentriq).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2_NT_immunptherapy 
FIGURE 2 T-cell costimulatory and co-inhibitory receptors and their ligands. A diverse range 
of receptors are involved in the secondary signal required for T cell activation or inhibition, 
offering a plethora of potential therapeutic targets. 

Reference: Bakdash G, Sittig SP, van Dijk T, et al. The nature of activatory and tolerogenic dendritic cell-derived 
signal II. Front Immunol. 2013;4(53):1.
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 TABLE The expanding immune checkpoint market

Drug Manufacturer Target Most advanced clinical testing (clinicaltrials.gov identifier)

‘Putting the brakes on’
   IMP-321 Prima Biomed LAG-3 Phase 2 breast cancer (NCT02614833)
   BMS-986016 Bristol-Myers Squibb LAG-3 Phase 2 colon cancer (NCT02060188), RCC (NCT02996110), gastric 

cancer (NCT02935634), NSCLC (NCT02750514)
   LAG-525 Novartis LAG-3 Phase 1/2 advanced malignancies (NCT02460224)
   REGN-2767 Regeneron LAG-3 Phase 1 advanced cancers (NCT03005782)

   MGD-009 MacroGenics B7-H3 Phase 1 advanced tumors (NCT02628535)
   Enoblituzumab 
(MGA271)

MacroGenics B7-H3   Phase 1 in a variety of tumor types (NCT02923180, NCT02381314)

   TSR-022 Tesaro Inc TIM-3 Phase 1 advanced solid tumors (NCT02817633)
   MBG-453 Novartis TIM-3 Phase 1/2 advanced malignancies (NCT02608268)
   MTIG7192A Genentech TIGIT Phase 1 advanced/metastatic tumors (NCT02794571)
   BMS-986207 Bristol-Myers Squibb TIGIT Phase 1 advanced solid tumors (NCT02913313)

‘Hitting the gas pedal’

   MEDI-6469 MedImmune OX40 Phase 1/2 breast cancer (NCT01862900), prostate cancer 
(NCT01303705)*

   MEDI-6383 MedImmune OX40 Phase 1 advanced solid tumors (NCT02221960)*
   MEDI-0562 MedImmune OX40 Phase 1 advanced solid tumors (NCT02318394)
   PF-04518600 Pfizer OX40 Phase 1 advanced cancer (NCT02315066)
   MOXR0916 Genentech OX40 Phase 1 advanced solid tumors (NCT02410512)
   GSK3174998 GlaxoSmithKline OX40 Phase 1 advanced solid tumors (NCT02528357)
   INCAGN01949 Agenus/Incyte OX40 Phase 1/2 advanced solid tumors (NCT02923349)
   RO7009789 Roche CD40 Phase 1 advanced/metastatic solid tumors (NCT02304393)
   TRX518 GITR Inc. GITR Phase 1 melanoma or other solid tumors (NCT01239134)
   GWN323 Novartis GITR Phase 1 advanced malignancies and lymphomas (NCT02740270)
   MEDI-1873 MedImmune GITR Phase 1 advanced solid tumors (NCT02583165)
   INCAGN01876 Incyte GITR Phase 1 advanced solid tumors (NCT02697591)
   MK-4166 Merck GITR Phase 1 advanced solid tumors (NCT02132754)
   Urelumab Bristol-Myers Squibb 4-1BB Phase 2 muscle-invasive urothelial carcinoma of the bladder 

(NCT02845323)
   Utomilumab 
       (PF-05082566)

Pfizer 4-1BB Phase 1 advanced solid tumors/B-cell lymphomas (NCT02444793, 
NCT02179918*, NCT01307627, NCT02315066)

   Varlilumab Celldex CD27 Phase 1 low-grade glioma (NCT02924038)

Metabolic targets
   Indoximod NewLink Genetics/

Genentech
IDO Phase 1/2 AML (NCT02835729), pancreatic cancer (NCT02077881), 

metastatic melanoma (NCT02073123), NSCLC (NCT02460367)

   Epacadostat 
       (INCB024360)

Incyte IDO Phase 3 metastatic melanoma (NCT02752074)

Targeting other immune cells                                                                                                                                                                                                                                                                
   Lirilumab Innate/Bristol-Myers 

Squibb
KIRs (NK cells) Phase 2 AML, CLL, and MDS (NCT01687387*, NCT02399917, 

NCT02599649) 
   IPH4102 Innate KIRs Phase 1 CTCL (NCT02593045)
   Monalizumab (IPH2201) Innate/AstraZeneca NGK2A Phase 1/2 head and neck cancer (NCT02643550) and CLL 

(NCT02557516)

LAG-3, lymphocyte activation gene 3; RCC, renal cell carcinoma; NSCLC, non-small-cell lung cancer; TIM-3, T-cell immunoglobulin and mucin-domain containing 3; TIGIT, T-cell 
immunoreceptor with immunoglobulin and ITIM (immunoreceptor tyrosine-based inhibitory motif); GITR, glucocorticoid-induced TNFR (tumor necrosis factor receptor)-related protein; 
IDO, indoleamine-2,3 dioxygenase; AML, acute myeloid leukemia; KIRs, killer cell immunoglobulin-like receptors; CLL, chronic lymphocytic leukemia; MDS, myelodysplastic syn-
drome; CTCL, cutaneous T-cell lymphoma
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Six years on from the first approval in this drug class 
and an extensive network of coinhibitory receptors has 
been uncovered – so-called immune checkpoints – many 
of which are now also serving as therapeutic targets (Table, 
Figure 2).16 Lymphocyte activation gene 3 (LAG-3) is a 
member of the immunoglobulin superfamily of receptors 
that is expressed on a number of different types of immune 
cell. In addition to negatively regulating cytotoxic T-cell 
activation like PD-1 and CTLA-4, it is also thought to 
regulate the immunosuppressive functions of regulatory T 
cells and the maturation and activation of dendritic cells. 
T-cell immunoglobulin and mucin domain-containing 3 
(TIM-3) is found on the surface of helper and cytotoxic T 
cells and regulates T-cell inhibition as well as macrophage 
activation. Inhibitors of both proteins have been developed 
that are being evaluated in phase 1 or 2 clinical trials in a 
variety of tumor types.17

TIGIT (T-cell immunoreceptor with immunoglobu-
lin and ITIM [immunoreceptor tyrosine-based inhibitory 
motif ]) is a particularly interesting new addition to the 
immune checkpoint market. It is a member of a recently 
discovered arm of the immunoglobulin superfamily, the 
poliovirus receptor (PVR)-like proteins, and is similar to 
CTLA-4 in that it shares its ligand with a costimulatory 
receptor, CD226. When CD226 is bound to the ligand, 
CD155, it conveys an activating signal into the T cell, but 
when TIGIT is bound to CD155 the signal is inhibitory. 
In addition to being expressed on T cells, TIGIT is also 
found on natural killer (NK) cells and, as such, therapeu-
tic targeting of TIGIT could offer the unique potential to 
simultaneously boost both the adaptive and innate arms of 
the immune system.18

Indeed, although T cells have commanded the most 
attention, there is growing appreciation of the potential for 
targeting other types of immune cell that play a role in the 
anti-tumor immune response or in fostering an immuno-
suppressive microenvironment. NK cells have been a par-
ticular focus, since they represent the body’s first line of 
immune defense and they appear to have analogous inhibi-
tory and activating receptors expressed on their surface that 
regulate their cytotoxic activity.

The best-defined NK cell receptors are the killer cell 
immunoglobulin-like receptors (KIRs) that bind to the 
MHC class I proteins found on the surface of all cells that 
distinguish them as ‘self ’ or ‘non-self ’. KIRs can be either 
activating or inhibitory, depending upon their structure 
and the ligands to which they bind.19 To date, 2 antibod-
ies targeting inhibitory KIRs have been developed. Though 
there has been some disappointment with these drugs, 
most recently a phase 2 trial of lirilumab in elderly patients 
with acute myeloid leukemia, which missed its primary 
endpoint, they continue to be evaluated in clinical trials.20

The inhibitory immune checkpoint field has also 
expanded to include molecules that regulate T-cell activ-

ity in other ways. Most prominently, this includes enzymes 
like indoleamine-2,3 dioxygenase (IDO), which is involved 
in the metabolism of the essential amino acid tryptophan. 
IDO-induced depletion of tryptophan and generation of 
tryptophan metabolites is toxic to cytotoxic T cells, and 
IDO is also thought to directly activate regulatory T cells, 
thus the net effect of IDO is immunosuppression. Two 
IDO inhibitors are currently being developed.21 

Stepping on the gas
Despite their unprecedented success, immune checkpoint 
inhibitors are not effective in all patients or in all tumor 
types. Their efficacy is limited in large part by the require-
ment for a pre-existing anti-tumor immune response. If 
there are no T cells within the tumor microenvironment 
then releasing the brakes on the immune system won’t help.

More recently, researchers have returned to the idea of 
stimulating an anti-tumor immune response, this time by 
targeting the other side of the immune checkpoint coin, 
the costimulatory molecules. These drugs could prove 
more effective as they aren’t reliant on a pre-existing anti-
tumor immune response. A number of agonist antibodies 
designed to target these receptors have now been devel-
oped and are undergoing clinical evaluation.22 

Furthest along in development are those targeting OX40, 
a costimulatory molecule that is upregulated on the surface 
of T cells once they have been fully activated by the TCR 
signal and an initial costimulatory signal. OX40 is thought 
to be involved in a more long-term immune response and 
in the formation of a memory response. A mouse mono-
clonal antibody had a potent immune-stimulating effect 
accompanied by the regression of at least 1 metastatic 
lesion in 30% of patients treated in a phase 1 clinical trial, 
but was limited by the generation of anti-mouse antibod-
ies. 7 OX40 agonists are now in clinical development, 6 
fully human monoclonal antibodies and 1 OX40 ligand-Fc 
fusion protein, MEDI-6383.23

Combinations are key
Many researchers are now reaching the conclusion that 
combination therapy is likely to be key in expanding the 
scope of immunotherapy into currently unresponsive 
patient populations. Investigating rational combinations is 
already becoming a burgeoning area of the immuno-oncol-
ogy field, with a variety of different strategies being tested.

Now the question becomes what are the optimal com-
binations and the timing and sequencing of combina-
tion therapy is likely to be a paramount consideration. 
Developing combinations that have distinct mechanisms 
of action or target multiple steps in the cancer immunity 
cycle offers the greatest potential for therapeutic synergy 
since this is most likely to address potential mechanisms of 
resistance by blocking other paths to immune evasion for 
cancer cells (Figure 3).
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Chemotherapy, radiation therapy and targeted therapies all 
promote the release of TAAs and other immune-stimulating 
signals when they cause cancer cell death, thus combinations 
involving these drugs could help to boost step 1 in the cycle, 
while therapeutic vaccines could help to boost step 2.6 

Given the expanding network of immune-checkpoint 
inhibitors and agonists, the focal point of combination 
therapy has been combining immune checkpoint-targeting 
drugs with different mechanisms of action, including those 
that would simultaneously release the brakes and step on 

the gas pedal. The vast majority of ongoing 
clinical trials of approved checkpoint inhibi-
tors and the drugs in development listed in 
the table are combination trials.

These efforts yielded the first FDA-
approved combination immunotherapy reg-
imen in 2015; nivolumab and ipilimumab 
for the treatment of metastatic melanoma. 
Approval was based on the demonstration of 
improved ORR, prolonged response dura-
tion, and improved progression-free survival 
among 142 patients treated with the combi-
nation, compared to either drug alone.24

The results of a phase 1/2 trial evaluating 
the combination of a 4-1BB receptor ago-
nist urelumab with nivolumab in hemato-
logic malignancies and solid tumors found 
the combination to be safe and particularly 
effective in patients with advanced/meta-
static melanoma, with an ORR of 50%.25 
Nivolumab was also combined with the 
CD27 agonist varlilumab in a phase 1/2 
clinical trial of patients with solid tumors, 
for which data was also recently released. 
Among 46 patients enrolled, primarily those 
with colorectal and ovarian cancer the com-
bination had an acceptable safety profile and 
favorable changes in intratumoral immune 
biomarkers were observed. The phase 2 por-

tion of the trial is ongoing.26 
Meanwhile, Incyte’s IDO inhibitor epacadostat has 

recently been making waves in combination with pembro-
lizumab in patients with advanced solid tumors. It demon-
strated particularly promising clinical activity in patients 
with metastatic melanoma, with an overall response rate 
(ORR) of 57%, including 2 complete responses (CRs), 
prompting initiation of a phase 3 trial of this combination 
(NCT02752074).27
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FIGURE 3 Opportunities for rational immunotherapeutic combinations. Targeting other steps 
in the cancer immunity cycle offers the potential for synergy with the most successful form of 
immunotherapy, immune checkpoint blockade, and could expand this treatment option into 
previously unresponsive patient populations.

ACT, adoptive cellular therapy; MDSC, myeloid-derived suppressor cells; Treg, regulatory T cells; VEGF, vascular 
endothelial growth factor
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