
doi: 10.1111/joim.12470

The immune system and cancer evasion strategies:
therapeutic concepts
S. Muenst1, H. L€aubli2,3, S. D. Soysal4, A. Zippelius2,3, A. Tzankov1 & S. Hoeller1

From the 1Institute of Pathology, University Hospital Basel; 2Division of Medical Oncology, University Hospital Basel; 3Department of
Biomedicine, Cancer Immunology Laboratory, University of Basel; and 4Department of Surgery, University Hospital Basel, Basel,
Switzerland

Abstract. Muenst S, L€aubli H, Soysal SD, Zippelius A,
Tzankov A, Hoeller S (University Hospital Basel;
and University of Basel, Basel, Switzerland). The
immune system and cancer evasion strategies:
therapeutic concepts (Review). J Intern Med 2016;
279: 541–562.

The complicated interplay between cancer and the
host immune system has been studied for decades.
New insights into the human immune system as
well as the mechanisms by which tumours evade
immune control have led to the new and innovative
therapeutic strategies that are considered amongst
the medical breakthroughs of the last few years.
Here, we will review the current understanding of
cancer immunology in general, including immune
surveillance and immunoediting, with a detailed

look at immune cells (T cells, B cells, natural killer
cells, macrophages and dendritic cells), immune
checkpoints and regulators, sialic acid-binding
immunoglobulin-like lectins (Siglecs) and other
mechanisms. We will also present examples of
new immune therapies able to reverse immune
evasion strategies of tumour cells. Finally, we will
focus on therapies that are already used in daily
oncological practice such as the blockade of
immune checkpoints cytotoxic T-lymphocyte anti-
gen 4 (CTLA-4) and programmed death-1 (PD-1) in
patients with metastatic melanoma or advanced
lung cancer, or therapies currently being tested in
clinical trials such as adoptive T-cell transfer.

Keywords: immune checkpoints, immune regulators,
immunoediting, immunosurveillance, siglecs.

Introduction to immune recognition of tumours

Immune surveillance and immunoediting

The concept of cancer immunosurveillance was
first proposed in 1909 by Ehrlich [1] who suggested
that evolving tumours are constantly identified and
eradicated by the host immune system even before
clinical manifestations occur. This concept was
refined by Burnet in 1970 with their proposal that
genetic changes leading to malignancy are common
in somatic cells and that the immune system is
responsible for eliminating or inactivating these
potentially dangerous mutant cells [2]. This con-
cept has now been experimentally confirmed, pri-
marily through demonstration of the increased
incidence of malignant tumours in immune-defi-
cient mice or humans [3, 4]. Studies have shown
that severely immunocompromised mice, with defi-
ciencies in the innate and the adaptive immune
system, have a significantly increased incidence of
tumours, suggesting that immunosurveillance is
essential to control the gradual development of
tumours [4]. These mice are also more susceptible
to carcinogen-induced tumours such as fibrosar-

comas [5]. In addition, patients receiving immuno-
suppressive therapy after organ transplantation
and HIV-positive patients display a high incidence
of malignancies [4].

However, the fact that malignant tumours also
develop in patients with a fully functional immune
system suggests that immunosurveillance is only a
part of the process, and as a consequence, the
concept of immunosurveillance has been adapted
and refined over the last 15 years into a theory
termed ‘immunoediting’ [6]. It is widely accepted
that immunoediting is a dynamic process that not
only involves tumour prevention, but also shapes
the immunogenicity of developing tumours. Three
separate steps of cancer immunoediting have been
proposed: elimination, equilibrium and escape [6]
(Fig. 1). However, these are not in fact separate
phases, but rather represent a continuum of the
interplay between tumour and immune system,
shifting between elimination, equilibrium and
escape depending on the state of the immune
system and genuine or acquired properties of the
tumour cells.
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Elimination, representing a modern view of
immunosurveillance, means that evolving tumours
are successfully rejected by the innate and the
adaptive immune systems by various mechanisms
[6]. In cases in which the evolving tumour is
completely destroyed, elimination represents the
end-point of immunoediting. However, if tumour
cells are not completely eliminated, they may enter
the equilibrium state in which the immune system
controls tumour outgrowth and tumour cells can
enter a dormant state for many years, as demon-
strated in experimentalmodels [7] and suggested by
data from transplantation patients [8]. Finally,
tumour cells may escape from immune control and
proliferate in an unrestricted manner, leading to
clinically apparent tumours [6]. This escape can be
mediated through various mechanisms, such as
reduced immune recognition, increased resistance
to attack by immune cells or the development of an
immunosuppressive tumour microenvironment [6].
Selection pressure by the immune system can lead

to tumour cells that are less immunogenic and/or
more resistant to lysis and consequently survive [9].
There is also increasing evidence that tumours are
able to create an immunosuppressive microenvi-
ronment and recruit specific immune cells that
favour tumour growth and progression [10, 11].

The initial evidence for cancer immunoediting was
providedby theobservation thatprimarycarcinomas
from immunodeficient animals were immunogenic
and regressed in immunocompetent hosts, whereas
primary carcinomas from immunocompetent hosts
were poorly immunogenic and escaped immune
responses when transplanted into immunocompe-
tent hosts [12]. In multiple mouse models, various
immune cell types, along with a number of effector
molecules, have been implicated in the processes of
immunoediting [5]. However, observations in mouse
models remain an indirect read-out of tumour elim-
ination, and the success of immunoediting varies
amongst experimental systems [5]. In humans, a
number of clinical observations provide evidence to
support the concept of immunosurveillance (elimi-
nation) [5]. Patients receiving chronic immunosup-
pressive therapy after organ transplantation or those
with HIV infection have a significantly increased
incidenceofmalignancies,bothvirallyandnonvirally
induced [4]. Additionally, the phenomenon of spon-
taneously regressingmelanomaswithaccompanying
clonal expansion of T cells provides strong evidence
that existing tumours can be eliminated as a part of
immunoediting in humans [5].

The discovery of T cells reactive to autologous
premalignant cells in patients withmonoclonal gam-
mopathy of unknown significance, which are not
detectable in patients with multiple myeloma, sug-
gests an initial T-cell response holding premalignant
cells in check (equilibrium), followed by the eventual
failure of this control (escape) and the resulting
transition to multiple myeloma [5]. Furthermore,
there is a clinical evidence that tumours can remain
dormant in patients for many years, and cases of
relapse after long periods are well known [5]. Also
supporting theconcept of theequilibriumandescape
phases in tumour immune editing is the fact that
transmission of tumours from organ donor to (im-
munosuppressed) organ recipient has been
described [5].Finally,studiesshowing that treatment
withavaccinetargeting thecancer/testisantigenNY-
ESO-1 in patients with melanoma led to the out-
growthor relapse ofNY-ESO-1-negative tumour cells
[13, 14] suggest that cancer immunoediting also
occurs as a consequence of immunotherapy [6].

Fig. 1 Schematic of immunoediting of cancer. Yellow cells
- unaffected cells; Blue cells - highly immunogenic (pre)-
cancer cells; Green cells - poorly immunogenic (pre)-cancer
cells or (pre)-cancer cells with acquired immunosuppres-
sive potential; Red cells - immune-cell.
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Immunoediting is now considered to be a ‘hallmark
of cancer’ [15], and understanding its mechanisms
has provided a basis for the development ofmultiple
new immunotherapies against malignant tumours.
Here, we discuss the specific mechanisms of immu-
noediting and examine the interplay between differ-
ent immune cell types, receptors, ligands and
tumour cells, as well as the potential clinical uti-
lization of these mechanisms. We will focus on
immunomodulatory therapies that influence immu-
noediting and aim to shift the balance from the
escape phase towards the equilibrium/elimination
phase. An overview of the different immune escape
mechanisms, their consequences and possible clin-
ical significance is provided in Table 1.

The immune system and its therapeutic targeting in anticancer
treatment

Immune cells

T cells
T cells play a critical role in both natural and
therapeutically induced immunoediting [16].
These cells include regulatory T cells (Tregs),
which co-express CD4, CD25 and the transcrip-

tion factor Foxp3, and effector and memory T
cells, which express CD4 or CD8 [16]. Effective
cancer immunosurveillance requires the expres-
sion of tumour-specific antigens (TSAs)
exclusively expressed on tumour cells and
encoded by mutant genes, and tumour-associated
antigens (TAAs) shared by normal and tumour
cells that are capable of stimulating T-cell expan-
sion [4, 16, 17]. For TSAs, the sensitivity and
specificity of T-cell recognition allow CD8+ T cells
to distinguish tumour-specific peptides with sin-
gle amino acid changes [18]. However, TSAs
naturally vary for every tumour, and their iden-
tification requires extensive sequencing for
tumour-specific mutations and identification of
immunogenic epitopes [19]. Studies have shown
the responsiveness of melanoma and other solid
cancers such as lung and bladder cancer to a
variety of immunotherapies, suggesting that
tumour-infiltrating lymphocytes (TILs) may specif-
ically target TSAs [20]. In support of this, another
study showed that increased mutational epitopes
were associated with increased patient survival
and were scarce in tumours without evidence of
cytotoxic TILs [21].

Table 1 Overview of immune escape mechanisms, their consequences and possible clinical solutions

General tumour escape

strategies Tumour escape mechanisms Clinical significance

Reduced immune

recognition

Absence of strong tumour antigens Experimental: enhancement via dendritic cell

manipulation/vaccination strategies

Loss of MHC class I (e.g. loss of

chromosome 6), class I-like and

co-stimulatory factors

Experimental: ex vivo-stimulated NK-/T-cell

transfer [93] or stimulation of NK cells via

fully humanized anti-KIR antibodies [94]

Increased resistance or

survival

Increased expression of STAT3

(↑ proliferation, ↓ apoptosis) or of

BCL-2 (↓ apoptosis), etc

Limited: drugs targeting STAT3 [203] or

BCL-2 [204]

Development of an

immunosuppressive

tumour environment

Expression of cytokines: VEGF, IL-10 or

TGFb

Limited: see section on NK and T cells and

macrophages

Expression of immunoregulatory molecules:

IDO, B7 family checkpoint molecules

(PD-1/PD-L1, CTLA-4, VISTA, B7-H4,

BTLA), TIM3/galectin9, LAG-3, sMICA, etc

Promising: B7 family checkpoint molecules

(see text)

Expression of CD73, adenosine receptors

(limiting antitumour T-cell immunity)

Experimental: anti-CD73/anti-CD39

monoclonal antibodies [205]

Adapted from Mittal D et al. (2014) [6]. MHC, major histocompatibility complex; VEGF, vascular endothelial growth factor;
IL, interleukin; TGFb, transforming growth factor-beta; IDO, indoleamine-2,3-dioxygenase; PD, programmed death; CTLA,
cytotoxic T-lymphocyte antigen 4; NK, natural killer; CD, cluster of differentiation; KIR, killer immunoglobulin-like
receptors.
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Regarding TAAs, studies in patients with mela-
noma have shown that the immune system can
recognize TAAs, such as NY-ESO-1 or the mutant
form of p53, and generate both tumour-specific
CD4+ and CD8+ T cells and antibodies against
TAAs. This recognition of TAAs by T cells may be
due to an overabundance of antigen or its
enhanced presentation as a result of tumour cell
death [22]. However, because cancer originates
from normal cells, the same immune mechanisms
that lead to self-tolerance also restrict the develop-
ment of an efficient antitumour immune response
[18]. These immunoregulatory mechanisms
include Tregs as well as expression of immune
checkpoints and enable malignant tumours to
escape immune control and proliferate.

Under physiological circumstances, Tregs protect
against autoimmune diseases by suppressing self-
reactive T cells; in the tumour microenvironment,
the presence of Tregs may result in inhibition of
effective antitumour immune responses [23]. For
example, Tregs specific for NY-ESO-1 are common
in the blood of metastatic patients with melanoma
[24], and the proportion of peripheral Tregs in the
blood is significantly increased in patients with a
wide range of cancers [24]. It is probable that Tregs
are selected by their T-cell receptor (TCR) affinity
for peptide – major histocompatibility complex
(MHC) class II complexes that are of intermediate
strength between positive selection and clonal
deletion [25].

Tregs are capable of suppressing a wide range of
immune cells, including CD8+ T, natural killer
(NK), B and antigen-presenting cells (APCs) [26],
and are attracted to tumour tissues by the secre-
tion of the chemokine (C-C motif) ligand 22
(CCL22) by tumour cells and macrophages.
CCL22 binds to the C-C chemokine receptor type
4 (CCR4) on Tregs [27]. In the tumour microenvi-
ronment, Tregs become activated through the
recognition of TAAs or self-antigens released by
dying tumour cells [27]. Once activated and
expanded, Tregs are able to selectively suppress
the activation of TAA-specific effector T cells
through various mechanisms, including inter-
leukin (IL)-10 and transforming growth factor
(TGF)-b production, and consequently prevent
tumour destruction [22, 27]. As an example, high
TGF-b expression by lung cancer is associated with
poor outcome [28]. Moreover, TGF-b secretion by
tumour cells can convert effector T cells into Tregs,
which in turn suppress other effector T cells [29].

The fact that experimental tumour models lacking
Tregs show both a robust antitumour immune
response and rejection of transplanted or primary
tumours underscores the critical role of Tregs in
immunoediting [30]. In humans, an increase in the
number of tumour-infiltrating Tregs is associated
with poor prognosis in ovarian, breast and gastric
cancers [31–33], but with better prognosis in
colorectal cancer and some lymphomas [34, 35].
This finding suggests that the function of Tregs in
tumours may be context dependent [18].

On the other hand, CD8+ effector T cells are
thought to prevent local tumour growth through
direct cytolytic killing of tumour cells or through
secretion of effector cytokines such as interferon
(IFN)-c or tumour necrosis factor (TNF)-a [9, 18].
Accordingly, a high number of CD8+ effector T cells
infiltrating the tumour are associated with a
favourable prognosis in melanoma as well as in
breast, ovarian and colorectal cancers [36–39].
However, the potency of CD8+ T cells is regulated
by the balance between co-stimulatory and co-
inhibitory signals at the so-called immune check-
points (see section on immune checkpoints) [40].

CD8+ memory T cells are involved in controlling
tumour cells. Studies in patients with colorectal
cancer show that a high percentage of CD8+
memory T cells protects against metastatic recur-
rence, suggesting that the local CD8+ memory T-
cell response is particularly effective in controlling
the emigration of potential metastatic tumour cells
[41]. Similar findings have been reported in a
variety of malignant tumours, such as head and
neck, prostate, lung and urothelial cancers [42–
46]. This has led to the development of an
immunoscore to assess the amount and location
of CD8+ memory T cells in patients with colorectal
cancer; the prognostic value of this score has been
confirmed in a limited series of patients [47].
However, recent studies suggest that other inflam-
matory and angiogenic components of the tumour
microenvironment, such as dendritic cells (DCs)
and vascular endothelial growth factor (VEGF),
modulate the impact of this immunoscore [48].

Therapeutic administration of T cells
The first successful cellular cancer immunother-
apy was performed by E. Donall Thomas and his
team at the Fred Hutchinsons Cancer Center in
Seattle between 1950 and 1970 [49]. Allogeneic
haematopoietic stem cell transplantation (AHSCT)
led to significant prognostic improvement for many
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patients with haematological malignancies, includ-
ing acute and chronic leukaemia [49]. One of the
main results of AHSCT, and the reason for its
success, is the graft-versus-leukaemia effect,
mainly executed by Th1 T-cell-mediated immune
responses [49]. Whilst AHSCT is effective for
different haematological cancers, it has not been
shown to be successful for solid cancers.

Isolation and expansion of TILs, which are then
activated ex vivo and re-introduced into the patient,
can be used in a therapy termed adoptive T-cell
transfer [50, 51]. This treatment relies on the
concept that removal of the TILs from their
immunosuppressive microenvironment and stimu-
lation ex vivomake it possible to overcome tumour-
induced T-cell dysfunction [50]. The initial trials of
adoptive T-cell transfer date back to the 1960s [50,
52]. Recent approaches have included whole exome
sequencing of tumour tissues from a patient and
identification of neoantigens [53]. Based on this
approach, expanded CD4+ T cells from a lung
metastasis, which were specific for a neoantigen
due to a nonsynonymous mutation in the gene for
ERBB2IP, were experimentally used for the treat-
ment of cholangiocellular carcinoma [53]. Although
this is a very interesting concept, it remains to be
determined whether it is an approach that can be
used for a broader patient population.

Autologous immune cells can also be genetically
manipulated to enhance their function or to specif-
ically target tumour antigens [50, 54]. T cells can be
genetically engineered to express either conven-
tional TCRs that specifically recognize tumour anti-
gens or chimeric antigen receptors [(CARs)
constructs of antibody domains fused to T-cell
signalling domains] [50, 54]. Transduction of T cells
with conventional TCRs targeting MART-1, gp-100,
NY-ESO-1 or p53 and subsequent adoptive transfer
induced tumour regression in somepatients [55]. As
another example of T cells engineered to express
conventional TCRs, Robbins et al. recently
described the treatment of HLA-*0201 patients with
NY-ESO-1-expressing metastatic synovial cell sar-
comaandmelanoma throughanadoptive transfer of
T cells retrovirally transduced with a TCR recogniz-
ing NY-ESO-1 [56]. The introduction of a CAR into
patient-derived T cells before re-infusionwas shown
to be highly successful in patients with refractory B-
cell leukaemia [57, 58]. Thirty children and adults
with acute B-cell leukaemia were treated with
autologous T cells that were transduced with a
CAR lentiviral vector coding for a CAR specific for

CD19 [57, 58]. In 27patients, complete responses to
the infusion of CAR T cells (CARTs) were observed,
including in 22 patients who showed no or minimal
residual disease [57]. Seven patients with complete
remission relapsed,whilst 19 remained in remission
[57]. In another recently published trial, T cells with
a slightly differently engineered CAR against CD19
were used successfully in patients with pre-B-cell
acute lymphoblastic leukaemia [59].Moreover, anti-
CD19CARTswere alsoused to treat advancedB-cell
lymphomas [60]. CARTs targeting other tumour
epitopes are currently in development [56].

Although CART therapy seems to be effective for
CD19-positive malignancies, other therapies
against shared epitopes can be quite toxic and
the choice of the antigen to be targeted remains a
central issue in the development of CARTs [50, 61].
An additional challenge is the persistence of CARTs
after lentiviral transduction and the possibility of
random insertion of transduced DNA into the
genomic DNA of T cells, which may be circum-
vented by the use of RNA electroporation. For
example, in patients with pancreatic cancer, elec-
troporation of T cells with RNA coding for a CAR
directed against mesothelin resulted in activity
with the limited toxicity [62]. In general, toxicity
of CART therapy is due to cytokine release and off-
target effects as a result of the expression of the
targeted antigen on other tissues. A case report of a
patient with metastatic colorectal cancer treated
with CARTs targeting human epidermal growth
factor receptor 2 (HER2) demonstrated an off-
target effect due to low-level expression of HER2
on lung epithelial cells with a cytokine storm
leading to the death of the patient [63]. Table 2
provides an overview of adoptive cell transfer for
cancer immunotherapy.

A significant step forward that improved the effi-
cacy of adoptive cell transfer was the development
of better conditioning regimens. Conditioning with
nonmyeloablative but lymphodepleting chemother-
apy with cyclophosphamide and fludarabine led to
an important objective response rate of 51% (18/35
patients) to TIL therapy together with high-dose IL-
2 in patients with melanoma [64]. Such regimens
cause less immune depression and less competi-
tion for cytokines such as IL-7 or IL-15 [65].

Recent approaches to mobilize antitumour T cells
also include engineering of bivalent antibodies with
one variable region targeting an antigen on the
tumour and another targeting CD3, as the
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engagement of T cells in close proximity to tumour
cells is believed to induce or enhance a tumour-
specific immune response [66]. The ‘trifunctional’
bispecific antibody catumaxumab is a mouse
IgG2a anti-EpCAM (epidermal cell adhesion mole-
cule) hemi-antibody paired with a rat IgG2b anti-
CD3 hemi-antibody [66]. Catumaxomab is
approved to treat malignant ascites in patients
with epithelial cancers [66]. Other technologies,
such as the bispecific T-cell engager (BITE) method
employed by Amgen, have been used to design
bispecific antibodies wholly lacking Fc [66]. Blina-
tumomab is a BITE antibody that was recently
tested in a Phase III trial in patients with refractory
or relapsed B-precursor lymphoblastic leukaemia
[67, 68].

Reduction of immuno-inhibitory Tregs could be an
alternative approach to improve antitumour
immune responses [69]. Initially, anti-CD25 anti-
bodies were used in a number of studies to deplete
Tregs in patients with cancer, but because CD25 is
also an activation marker on activated antitumour
T cells, these trials were not successful [27]. In
another approach, chemokine receptor antibodies
against CCR4 in combination with vaccination
against NY-ESO-1 were used to reduce infiltration
of Tregs into tumour tissues [70]. The cytotoxic
drug cyclophosphamide might also, to some extent,
selectively target Tregs, as low-dose cyclophos-
phamide was shown to reduce Tregs in tumours
[71]. Finally, cytotoxic T-lymphocyte antigen 4
(CTLA-4) on regulatory T cells can also be targeted
by checkpoint blockade with anti-CTLA-4 antibod-
ies [69].

NK cells
NK cells were the first innate lymphoid cells
discovered [72] and are capable of spontaneously
lysing tumour cells without requiring prior activa-
tion and without MHC restriction [72], properties
that appear to play an important role in tumour
immunosurveillance. This notion is supported by
data from a longitudinal study from Japan in
which subjects with a low natural cytotoxicity of
NK cells had a significantly higher incidence of
cancer over an 11-year period [73]. Moreover,
studies on a variety of solid tumours, such as
lung, gastric, colorectal and head and neck can-
cers, have shown that high intratumour NK-cell
infiltration is associated with a better prognosis
(reviewed in [74, 75]).

Cytolytic activity of NK cells is highly controlled
and is activated through a variety of cell surface
receptors, the so-called natural cytotoxicity recep-
tors (NCRs), which bind to ligands that are primar-
ily upregulated and expressed by ‘stressed’ cells
[72]. The best example of this is the recognition of
NKG2D ligands expressed by target cells via
NKG2D expressed on NK cells [76]. In recent years,
several tumour-specific cell ligands for NCRs have
been identified. One example is B7-H6 [72], which
is expressed in a variety of malignant neoplasms,
such as lymphomas, leukaemias, melanomas and
carcinomas [76].

NK cells also express a variety of inhibitory recep-
tors specific for MHC class I molecules [72]. As a
consequence, NK cells effectively lyse target cells
that have lost MHC I molecules, a phenomenon

Table 2 Overview of adoptive cell transfer for cancer immunotherapy

Method TAAs Cancer types References

TILs, ex vivo

expanded

Unselected, various different epitopes

(neoepitopes, tissue-differentiation antigens,

cancer–testis antigens, viral antigens)

Melanoma, leukaemia, cervical

cancer

[51,

206–211]

Tumour-antigen-

specific expanded

TIL

Neoepitopes (ERBB2IP), cancer–testis antigen

(NY-ESO-1), tissue-differentiation antigens

(WT-1)

Cholangiocarcinoma, melanoma,

leukaemia

[53,

212, 213]

Engineered TCR with

autologous T cells

Tissue-differentiation antigens (MART1),

cancer–testis antigen (NY-ESO-1)

Melanoma, synovial cell

sarcomas

[55, 56,

214, 215]

CAR T cells CD19, GD2, mesothelin ALL, CLL, B-cell lymphoma,

malignant pleural mesothelioma,

pancreatic cancer

[57, 59, 60,

216–221]

TAAs, tumour-associated antigens, TIL, tumour-infiltrating lymphocyte, TCR, T-cell receptor, CAR, chimeric antigen
receptor, ALL, acute lymphoblastic leukaemia, CLL, chronic lymphocytic leukaemia.
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that frequently occurs in tumour cells [72].
Through this mechanism, NK cells kill tumour
cells that have escaped the control of CD8+ cyto-
toxic T cells [77]. It has been shown that cancer
stem cells of colorectal carcinoma express the
reduced levels of MHC I and increased levels of
NK-activating ligands, and are thus preferentially
attacked by NK cells [78]. Through this mecha-
nism, NK cells might also modulate metastatic
disease by killing the cancer stem cells responsible
for metastatic dissemination [72].

Tumour cells escape the antitumour function of NK
cells through the two main mechanisms: (i) sup-
pression of the effector NK-cell function and (ii)
evasion through editing of poorly immunogenic
tumour cells [79]. Suppression of NK cells is
achieved by downregulation of NK-attracting
chemokines such as CXCL2 in the tumour
microenvironment [72, 80]. As a consequence, the
number of NK cells is substantially reduced in
tumour tissues compared with healthy tissues
[72]. The cytolytic function of NK cells is also
inhibited by mediators such as TGF-b, produced by
the tumour cells themselves, or by tumour stromal
cells that downregulate surface expression of NCRs
[77]. Another important phenomenon is NK-cell
exhaustion through continuous exposure to cer-
tain target antigens, similar to the situation in T
cells, leading to tolerance towards the continuously
expressed tumour antigens [79]. The hypoxic
milieu in the tumour microenvironment also acts
as a suppressive factor, as it significantly reduces
the expression of NCRs on NK cells, resulting in an
impaired ability to kill tumour cells [81].

In terms of immunoediting, tumour cells are able to
reduce the expression of ligands such as NKG2D
ligand to impair NK-cell recognition, whilst simul-
taneously inhibiting the expression of NCR [79,
82]. Moreover, tumour cells can increase the
expression of MHC I to inhibit NK cytotoxic func-
tions [82], a mechanism employed by melanoma
cells [83]. Another mechanism is regulation of NK
cells by Tregs, which limit the availability of IL-2 to
NK cells [82]; this competition for IL-2 between
Tregs and NK cells seems to be a significant
regulatory mechanism for both cell subsets [82].

In certain cancers, such as squamous cell carci-
noma of the lung and colorectal and breast
cancers, the tumour seems to have a direct effect
on NK-cell phenotype, repressing cytolytic func-
tions and polarizing the cells towards a proangio-

genic phenotype [72]. These altered NK cells
express high levels of VEGF, which results in
tumour promotion rather than tumour inhibition
[72]. In addition to direct cell interactions, it is
likely that this polarization is also induced by high
levels of TGF-b and hypoxia in the tumour
microenvironment. There is evidence that these
altered NK cells directly reduce the number of T
cells in the tumour microenvironment, thus also
inhibiting the immune response to tumours [82].
The notion of a possible tumour-promoting func-
tion of NK cells is supported by the finding of an
association between increased NK-cell infiltration
and poorer outcome in metastatic ovarian carci-
noma and invasive ductal carcinoma of the breast
[84, 85].

Therapeutic administration of NK cells and NK/T
cells
The use of NK cells for cellular immunotherapy
currently focuses on haematological malignancies
[86–88]. Treatment with alloreactive NK cells
dependent on their killer immunoglobulin-like
receptors (KIRs) in an early study after ex vivo
expansion with IL-2 led to a beneficial response in
some patients [89]. In a prospective Phase II study
at two different centres, alloreactive NK cells were
infused into 16 patients with high-risk leukaemias
after AHSCT; this treatment was associated with
survival of four patients at 5 years [90]. NK cells
were also used, apart from in the transplantation
context, in a study of haploidentical NK-cell infu-
sion in patients with acute myelogenous leukaemia
(AML) [91]. NK/T cells can be activated with alpha-
galactosylceramide [87], but direct injection of this
glycolipid did not result in clinically meaningful
outcomes [92]. However, combined infusion of
ex vivo-stimulated NK/T cells together with
alpha-galactosylceramide-pulsed DCs led to a clin-
ical beneficial response in patients with head and
neck tumours [93].

Another approach to mobilize NK cells against
tumours is the manipulation of activating or
inhibitory receptors on NK cells using fully human-
ized anti-KIR antibodies [94]. The 1-7F9 antibody
blocks KIR2DL 1, 2 and 3 receptors and showed an
antitumor effect in a mouse model [94]. A Phase I
trial has shown good tolerability in patients with
AML and multiple myeloma [95, 96], and a Phase II
trial of this antibody in patients with AML and a
Phase I trial of combinations with other
immunotherapies, including checkpoint inhibition
with nivolumab, are ongoing (NCT01687387 and
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NCT01714739). Finally, activation of NK cells via
bispecific antibodies, which bind to a target epitope
on cancer cells and to an activating NK-cell recep-
tor (similar to bispecific antibodies for T cells that
bind to CD3 and to a tumour epitope such as
EpCAM in the case of catumaxumab), is under
development [97].

Macrophages
Tumour-associated macrophages (TAMs) are par-
ticularly abundant amongst the inflammatory cells
of the tumour microenvironment, representing up
to 50% of the tumour mass, and are present at all
stages of tumour progression [79]. They originate
from circulating monocytes recruited to the tumour
site through tumour- or stroma-derived chemotac-
tic factors such as CCL2, or from tissue-resident
macrophages [79, 98]. Additionally, tumour
hypoxia promotes macrophage recruitment [98],
probably through factors such as VEGF.

In general, macrophages can be classified into two
subsets: (i) ‘classical’ M1 macrophages, which
produce Th1 cytokines such as IL-12 and TNF-a
and promote antitumour responses, and (ii) ‘al-
ternative’ M2 macrophages, which produce Th2
cytokines such as IL-6, IL-10 and TGF-b, associ-
ated with tissue remodelling, wound healing and
angiogenesis [72]. TAMs predominantly show an
M2-like profile, which is favoured by factors
secreted by immune cells such as DCs and Tregs,
and also by the hypoxic milieu surrounding the
tumour [79]. It has been shown that, during
tumour progression, TAMs can switch from an
M1 to an M2 phenotype and in turn provide a
favourable microenvironment for tumour growth
and angiogenesis by secreting VEGF [98]. This
polarization of macrophages towards an M2-like
phenotype occurs through a number of factors,
including IL-4 synthesized by T cells and growth
factors such as colony-stimulating factor (CSF)-1
produced by tumour cells [99]. M2-like TAMs are
characterized by poor antigen-presenting capabil-
ities and suppress T-cell immune responses by
releasing immunosuppressive factors such as IL-
10 and TGF-b [98]. It has been shown that TAMs
express programmed death ligand (PD-L)-1 and
are thus able to directly inhibit T-cell signalling
[99]. TAMs can also suppress T-cell activity by the
depletion of L-arginine in the tumour microenvi-
ronment through the secretion of arginase I [99].

Additionally, TAMs have been implicated in tumour
cell invasion and the formation of metastases, as

TAM-derived proteases degrade the surrounding
extracellular matrix and allow cancer cells to
migrate [98]. For example, matrix metalloproteases
(MMPs) have been implicated in tumour progres-
sion due to their capacity to degrade the basement
membrane and enhance angiogenesis [10]. Macro-
phages recruited to the metastatic site also
enhance extravasation of tumour cells by expres-
sion of VEGF, causing vascular permeability [99].
Accordingly, studies have shown that increased
TAM infiltration is associated with worse clinical
outcome in a variety of malignant neoplasms [100–
103]. By contrast, other studies have suggested
that the prognostic significance of TAMs can be
controversial, because they have been associated
with a better prognosis in colorectal cancer [104]
and diffuse large B-cell lymphoma. This effect
seems to largely depend on whether patients have
been treated with rituximab and anthracyclines,
but could also be related to their polarization
status [105, 106].

Therapeutic manipulation of macrophages
Macrophage polarization to an M2 phenotype
within the tumour stroma is a predictor of poor
prognosis in some cancers. The use of antitumour
therapies, such as radiotherapy, chemotherapy or
immunotherapy, can influence macrophage polar-
ization, and TAMs may therefore mediate resis-
tance to such treatments [107]. In preclinical
models, M-CSF (macrophage colony-stimulating
factor) binding to its receptor CSF-R1 [99] was
shown to be pivotal for the recruitment and polar-
ization of M2 macrophages. Blockade of this inter-
action by small molecules was demonstrated in a
mouse model of glioblastoma [108].

Antibodies directed against cancer-specific mole-
cules are important tools in clinical oncology.
Although some newer type II antibodies also
directly induce apoptosis of cancer cells, type I
antibodies such as rituximab rely on antibody-
dependent cellular cytotoxicity and complement-
dependent cytotoxicity. In addition to NK cells,
macrophages are important mediators of cellular
cytotoxicity, and approaches that increase macro-
phage-mediated cytotoxicity and improve macro-
phage-mediated phagocytosis could thus enhance
antibody therapy[107]. CD47 has been identified
as a ‘don’t eat me’ signal by Irving Weissman and
collaborators, and subsequent studies demon-
strated the achievement of improved antibody-
mediated cytotoxicity by targeting CD47 [109]. In
the light of these findings, clinical trials with an
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anti-CD47 antibody are currently planned (to-
gether with Celgene, e.g. NCT02367196).

DCs
DCs play an important role in the induction of
antitumour responses due to their ability to cross-
present antigens to CD4+ and CD8+ T cells [110].
However, an effective antitumour immune
response by T cells requires efficient antigen pre-
sentation by mature DCs. The maturation of DCs
depends on the local microenvironment and is
influenced by various factors [110, 111]. In the
tumour microenvironment, DCs often show an
immature/tolerogenic phenotype, which is
induced by factors such as VEGF, IL-8 and IL-10,
released by tumour cells or TAMs [79]. Tolerogenic
DCs themselves produce IL-10, TGF-b and indo-
leamine-2,3-dioxygenase (IDO) and have a poor
ability to stimulate T cells [79]. They also induce an
expansion of Tregs and can directly suppress T-cell
responses by inducing T-cell anergy [112]. Addi-
tionally, these tumour-associated DCs produce
proangiogenic factors and enhance endothelial cell
migration, thus actively promoting tumour growth
[113]. This proangiogenic property is suppressed
by DC maturation [113]. In fact, it has been shown
that infiltration of mature DCs into primary
tumour lesions is associated with fewer metastases
and better clinical outcome [114]. Collectively,
tumours can reprogramme DCs into immunosup-
pressive/tolerogenic and proangiogenic cells,
favouring tumour growth [112].

DCs can also activate NK cells and thus elicit a
potent cytotoxic immune response against tumour
cells [115]. Moreover, emerging evidence suggests
that DCs can also adopt a direct cytotoxic effector
function against cancer cells [115]. However, the
high effector:target ratios required for the detection
of cytotoxic activity of DCs support a more predom-
inant role as APCs rather than as effector cells [115].

DCs infiltrate a wide variety of tumours, including
skin, lung, colorectal and ovarian cancers, but
their effect on prognosis is not conclusive [115].

DCs and vaccinations
The ultimate goal of any approach in cancer
immunotherapy is to induce a strong and lasting
antitumour immune response to achieve long-term
control of the cancer and eventually cure the
patient. Active immunization by vaccination is
commonly used to prevent infection by pathogens.
As TAAs and TSAs are recognized by the adaptive

immune system, the use of different vaccination
methods to mobilize the immune system against
cancer and induce immune memory was also
tested [116]. Preparing a successful tumour vac-
cine requires careful consideration of various fac-
tors: the correct antigen needs to be selected and,
subsequently, the correct adjuvants to overcome
immune suppression within the cancer, as well as
the optimal delivery vehicle and administration
route [116]. Whilst the expression pattern in the
tumour and the healthy tissue should be consid-
ered for antigen selection, the adjuvants chosen
should induce a strong Th1 response, in contrast
to immunization for pathogens that usually
requires a Th2 response. The vaccine can be
delivered by injection, via an attenuated virus or,
logistically more challenging, via APCs, including
DCs. As many clinical trials have been conducted,
often with ambiguous results, only a few exemplary
vaccination strategies can be discussed here (for
review, see [116]).

Sipuleucel-T (Provenge) is a vaccine approved in the
USA by the Food and Drug Administration (FDA),
but not in Europe, for the treatment of castration-
refractory prostate cancer (CRPC) [117, 118]. Sip-
uleucel-T is based on patient-derived monocytes
that are activated ex vivo with the fusion protein
PA2024, which consists of an antigen, prostate-
specific phosphatase and granulocyte–monocyte
CSF that acts as activator [117, 118]. In a recent
clinical trial, CRPC patients with asymptomatic
bone metastasis, a Gleason score of 7 or less and
no visceral metastasis were treated with Sipuleucel-
T. The median survival was improved in the Sip-
uleucel-T arm to 25.8 months compared to
21.7 months in the placebo arm [117].

Tecemotide (L-BLP25), a vaccine consisting of
mucin 1 lipopeptide and monophosphoryl A, was
used in the START trial to treat patients with
unresectable stage III nonsmall-cell lung cancer
who had received radiochemotherapy [119].
Although no difference was seen for the entire
cohort, improved survival was noted in a pre-
planned analysis of a subgroup of patients receiv-
ing concurrent radiochemotherapy (overall survival
of 30.8 months vs. 20.6 months), but not in the
subgroup receiving sequential radiochemotherapy
[119].

In the DERMA trial, patients with resected stage
IIIB and C melanoma received a MAGE-A3-based
vaccine together with the immune adjuvant AS15
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(GSK1572932A) [120]. Although the primary end-
point of prolonging disease-free survival was not
met, a gene signature that predicts response to the
therapy was identified [120].

Algenpantucel-L is a combination of two allo-
geneic pancreatic cancer cell lines transduced
with murine alpha-1,3-galactosyltransferase
which has been tested in patients with pancreatic
cancer [121]. In a Phase II study, the survival of
patients treated with adjuvant chemotherapy after
resection was improved when they also received
algenpantucel-L, compared to historical controls
[121].

Taken together, despite the testing of various
vaccination strategies, clinicial success to date
has been limited. One explanation for the limited
success is the lack of potent immunostimulating
agents that would overcome the immunosuppres-
sive microenvironment. In this regard, the success
of blocking antibodies directed against immune
checkpoints on T cells could lead to an improved
immune response to vaccines. Another problem
could be vaccination with a single antigen, even if
this antigen is expressed strongly within the cancer
tissue. The development of an escape clone that
cannot be controlled by the immune system is very
likely, due to the genetic instability of tumour cells.

Ligands and receptors

Immune checkpoints
Upon recognition of an antigen presented on the
surface of an APC, T cells require at least two signals
to become fully activated [122]. The initial signal
through the TCR is antigen specific, and the second
is antigen independent and transduced by specific
co-receptors on the T cells belonging to the B7/
CD28 protein family, which can be either stimula-
tory or inhibitory [122]. Co-stimulatory receptors
such as CD28 promote T-cell activation, whilst co-
inhibitory receptors such as programmed death-1
(PD-1), CTLA-4 or B and T-lymphocyte attenuator,
also termed ‘immune checkpointmolecules’, inhibit
T-cell function, preventing inappropriately directed
immune reactions and limiting the extent and
duration of immune responses [123–127].

Regarding its structure, PD-1 is a type I trans-
membrane protein of the immunoglobulin super-
family [128]. It is composed of an extracellular
domain, similar to the variable region of an
immunoglobulin, with a transmembrane region

and a cytoplasmic tail [129]. In contrast to CTLA-
4, which forms homodimers, PD-1 exists as a
monomer on the cell surface. The cytoplasmic tail
contains an immunoreceptor tyrosine-based inhi-
bitory motif (ITIM) and an immunoreceptor tyro-
sine-based switch motif (ITSM) that are essential
for the transmission of inhibitory signals [123,
130]. Upon TCR stimulation and ligation with
either PD-L1 or PD-L2, the ITSM and ITIM undergo
phosphorylation, leading to recruitment of the
phosphatases SHP-1 and SHP-2, which, in turn,
leads to dephosphorylation of downstream sig-
nalling molecules with resulting inhibition of the
phosphatidylinositol 3-kinase [122, 123]. This is
followed by a net blockade of Akt signalling leading
to decreased cytokine production, T-cell prolifera-
tion and survival. Additionally, interaction between
PD-1 on T cells and PD-L1 on APCs and endothe-
lium inhibits the production of several cytokines
(IFNc, IL-2 and TNF-a). Simultaneously, T-cell
apoptosis is promoted through inhibition of the
survival factor B-cell lymphoma-extra large [131].

A negative feedback loop is created by cytokines
produced after T-cell activation, such as IFNc and
IL-4, which leads to upregulation of PD-1 ligands
that attenuates immune responses and limits
immune-mediated bystander tissue damage [132].

PD-1 is constitutively expressed on a subset of
thymic T cells and becomes upregulated on acti-
vated NK, T and B cells, monocytes and DCs, and is
particularly highly expressed on CD4+ follicular
helper T cells [132–135]. It binds two ligands, PD-
L1 (B7-H1, CD274) and PD-L2 (B7-DC, CD273),
which belong to the B7 protein family. PD-L1
seems to restrain effector T-cell function primarily
in nonlymphoid organs and may play a role in
protecting immune-privileged sites such as the
placenta, testis or eye from T-cell immune
responses, whereas PD-L2 functions primarily in
lymphoid organs [133, 136–139]. Evidence from
multiple studies has shown that binding of PD-L2
by PD-1 preferentially inhibits Th2 responses,
which could explain potential differences in the
clinical activity and toxicity profile of antibodies
against PD-L1 compared to those directed against
PD-1, such as decreased pulmonary toxicity for
anti-PD-L1 versus anti-PD-1 blockade. The PD-1/
PD-L1 pathway seems, therefore, to represent a
critical T-cell resistance mechanism in human
malignancies. PD-1 is significantly upregulated
on cancer-specific T cells, suggesting functional
exhaustion of these cells, and PD-L1 is expressed

S. Muenst et al. Review: Cancer evasion strategies and therapeutic concepts

550 ª 2016 The Association for the Publication of the Journal of Internal Medicine

Journal of Internal Medicine, 2016, 279; 541–562

David
Text Box
835

David
Text Box
840

David
Text Box
845

David
Text Box
850

David
Text Box
855

David
Text Box
860

David
Text Box
865

David
Text Box
870

David
Text Box
875

David
Text Box
880

David
Text Box
 885

David
Text Box
890

David
Text Box
895

David
Text Box
900

David
Text Box
905

David
Text Box
910

David
Text Box
915

David
Text Box
920

David
Text Box
925

David
Text Box
930



by a variety of epithelial cancers and haematolog-
ical malignancies, suggesting that these malignan-
cies may use the PD-1/PD-L1 signalling pathway
to attenuate or escape antitumour T-cell immunity
and thus facilitate tumour progression.

PD-1 is expressed on several lymphoma subtypes
(Fig. 2), such as angioimmunoblastic T-cell lym-
phoma, small lymphocytic lymphoma and diffuse
large B-cell lymphoma [132, 140–143]. However, in
breast cancer, melanoma, classical Hodgkin’s lym-
phoma and follicular lymphoma, PD-1 has also
been found on TILs [142, 144–148]. PD-L1 expres-
sion has been demonstrated in carcinomas of the
lung, breast, kidney, bladder, ovary and cervix as
well as melanoma, glioblastoma and various lym-
phomas and leukaemias [142, 144, 145].

It has been shown that PD-L1 in tumour cells can
induce resistance to T-cell-mediated killing and
inhibit tumour cell apoptosis induced by antigen-

specific T cells [149]. Accordingly, PD-L1 expres-
sion on tumour cells is associated with poorer
prognosis in various cancers, such as kidney,
oesophageal, bladder, ovarian, breast, gastric and
pancreatic cancers [138, 139, 146, 150–152],
which might partially explain why induction of
cancer-specific T cells in many trials of adoptive
cell therapies has not inhibited tumour growth [40,
153].

Clinical targeting of immune checkpoints
Ipilimumab (Yervoy), a fully human IgG1 blocking
antibody targeting CTLA-4, was approved in 2011
by the FDA as a ‘first-in-class’ drug to treat
metastatic melanoma progressing after first-line
chemotherapy with dacarbazine. After initial trials
showed CTLA-4 blockade [154, 155], two subse-
quent pivotal studies led to the approval of ipili-
mumab [156, 157]. One of these Phase III trials
investigated the effect of ipilimumab with or with-
out a gp100 vaccine in patients with metastatic

Fig. 2 In situ PD1 and PDL1 expression in different types of cancer. Upper left: Reed-Sternberg cell of classical Hodgkin
lymphoma strongly expressing PDL1 (clone E1L3N); DAB staining, 400x. Insert: The “immune check” - Reed-Sternberg cell of
classical Hodgkin lymphoma strongly expressing PDL1 (red color), surrounded by PD1+ T cells (brown color), 400x. Upper
right: Rosetting (“microscopic immunosuppressive wall”) around a Reed-Sternberg cell of classical Hodgkin lymphoma by
PD1+ T cells; AEC staining, 400x. Lower left: plenty of tumor-infiltrating PD1+ T cells in a case of a T cell-rich B-cell
lymphoma; note the few negative large tumor B cells; DAB staining, 200x. Lower right: Expression of PDL1 by a squamous
cell lung cancer; DAB staining, 200x.
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melanoma who had progressed after first-line
chemotherapy [156]. Patients who received ipili-
mumab with or without gp100 had a median
survival of 10 months compared to 6.4 months
for patients treated with gp100 vaccination alone
[156]. In the other Phase III trial, the concurrent
administration of ipilimumab and dacarbazine was
analysed in patients with untreated unresectable
or metastatic melanoma [157]. Survival was signif-
icantly improved in patients who received ipili-
mumab in combination with dacarbazine
compared to those treated with dacarbazine alone
(11.2 vs. 9.1 months) [157]. More importantly, an
analysis of the 10 years of experience from ipili-
mumab trials has demonstrated that about 20% of
patients achieved long-term remission, which sug-
gests that sustained immune control of metastatic
cancers can be achieved [158]. This result is even
more impressive as ipilimumab was used only
during the first 3 months of treatment in many of
these trials. The activity of ipilimumab in the
adjuvant setting was also proved by the findings
of a trial in which the drug was analysed as an
additional therapy after resection of high-risk
melanoma [159]. The findings of a recent study
suggested the possibility of identifying patients
likely to respond to CTLA-4 blockade [160], as an
analysis of the mutational landscape of responders
showed that melanoma patients with a high fre-
quency of somatic mutations responded better to
treatment with ipilimumab [160]. In silico predic-
tion of class I neoepitopes also identified a set of
antigens predictive of a good response, defined as
remission or stabilization for more than 6 months
[160]. Further analysis will be needed before
implementation of such analyses in clinical prac-
tice. However, the efficacy of CTLA-4 blockade is
accompanied by immune-mediated side effects (the
so-called ‘immune-related adverse events’), which
are primarily autoimmune reactions of the skin,
intestines and liver in ipilimumab-treated patients
[156, 157]. Combinations with tyrosine kinase
inhibitors for BRAF-mutated melanoma were ini-
tially halted due to liver toxicity [161], but more
careful dosing regimens and novel BRAF and MEK
inhibitors are currently being tested (e.g.
NCT01767454).

The second immuno-inhibitory pathway targeted
by FDA-approved drugs is the PD-1/PD-L path-
way. Nivolumab (Optivo) and pembrolizumab (Key-
truda), both fully human IgG4 blocking antibodies
against PD-1, were approved by the FDA in 2014
for the treatment of malignant melanoma progress-

ing after treatment with ipilimumab and, in the
case of BRAF V600 mutations, after treatment with
a BRAF inhibitor. Moreover, nivolumab was
approved in March 2015 for the treatment of
refractory or relapsed squamous nonsmall-cell
lung cancer. Nivolumab was successfully tested
in melanoma patients with progressive disease
after treatment with ipilimumab in a Phase III trial
(CheckMate-037), with resulting objective response
rates of 31.7% [162]. Only 5% of patients receiving
nivolumab experienced serious adverse events with
increased lipase and/or aminotransferase levels,
fatigue and anaemia [162]. Nivolumab was also
tested as a first-line treatment for patients with
non-BRAF-mutated metastatic melanoma [163].
The overall survival at 1 year was 72.9% in the
nivolumab group compared to 42.1% in the dacar-
bazine group [163] [164]. The CheckMate-017
Phase III study comparing nivolumab as a sec-
ond-line treatment against docetaxel chemother-
apy in patients with squamous nonsmall-cell lung
cancer was stopped and led to the approval of
nivolumab by the FDA due to a significant overall
survival benefit prior to publication of the study
results [165]. Nivolumab was also successfully
tested in patients with nonsquamous nonsmall-
cell lung cancer in the CheckMate-057 trial [166] It
has also been demonstrated in a Phase II trial that
nivolumab is active in patients with renal cell
cancer; overall response rates of 20–22% were
observed in 168 patients after the treatment with
at least one tyrosine kinase inhibitor [167].
Recently, a Phase III trial showed a significantly
longer survival of patients with metastatic clear cell
carcinoma of the kidney with nivolumab compared
to everolimus in second line [168]. Strinking
results were also obtained with nivolumab in a
Phase I trial including 23 patients with relapsed or
refractory classical Hodgkin’s lymphoma. In this
trial, an objective response rate of 87% was
achieved, and none of the patients showed pro-
gressive disease during nivolumab therapy [169].
One explanation of this impressive efficacy of
nivolumab could be the intrinsic upregulation of
PD-L1 in classical Hodgkin’s lymphoma [169].

Combination therapy of CTLA-4 blockade with
ipilimumab and PD-1 blockade with nivolumab in
patients with melanoma during a Phase I trial led
to an impressive objective response rate in 53% of
patients with tumour reduction of 80% or more
[170]. Recently released results from the trials in
which nivolumab together with ipilimumab was
compared with ipilimumab alone in patients with
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treatment-na€ıve metastatic melanoma [171]
showed a response rate of 61% in the combination
therapy compared to 11% in the ipilimumab group.
However, the fact that more than 50% of patients
also experienced severe adverse events suggests
that this combination therapy is probably the best
reserved for relatively younger and generally
healthier patients. Many trials that include
immunotherapy with nivolumab for the treatment
of other cancers are currently ongoing.

Pembrolizumab was recently approved for use in
patients with melanoma. Analysis of an expansion
cohort of the Keynote-001 Phase I trial [172]
showed an overall response rate of 26% in patients
progressing after ipilimumab therapy [172]. Pem-
brolizumab was also found to be more effective
than ipilimumab as first-line therapy in metastatic
melanoma patients, with a 6-month progression-
free survival of 47% vs. 26% [173]. Additionally,
pembrolizumab is active in other solid tumours,
such as lung, head and neck and triple-negative
breast cancer and renal cell carcinoma [171]. The
efficacy of pembrolizumab was recently evaluated
in another large expansion cohort of 495 patients
with non-small-cell lung cancer of the Keynote-001
trial and showed an overall response rate of 19%,
reaching 45% in patients with tumours with high
PD-L1 expression [174].

Blockade of PD-L1 is also currently being investi-
gated as an immunotherapy for various tumour
types [175, 176]. MPDL3280A, a PD-L1 blocking,
human IgG1 antibody with an engineered Fc por-

tion, was tested in a Phase I trial in patients with
urothelial cancer [176]. Overall response rates
were 43% with a mild toxicity profile [176]. This
treatment could become an important tool in hard-
to-treat patient cohorts. PD-L1 blockade is also
being tested in patients with advanced lung cancer
(e.g. NCT02031458) and in various combination
therapies. For example, the combination of obinu-
tuzumab (a type II anti-CD20 antibody) and
MPDL3280A for patients with relapsed and refrac-
tory follicular lymphoma is interesting
(NCT02220842). An overview of relevant clinical
trials of inhibitors for CTLA-4 and PD-1/PD-L1 is
provided in Table 3.

It has been suggested that the presence of PD-L1
on tumour and stromal cells within the tumour
microenvironment represents a predictive biomar-
ker for the response to PD-1/PD-L1 blocking
therapy [177]. However, because it can also be
upregulated upon stimulation with IFNc, PD-L1
does not represent a static value and should
therefore not be used as a sole indicator for PD1/
PD-L1 blockade. Furthermore, accurate determi-
nation of PD-L1 expression by immunohistochem-
istry is restricted by the fact that there are no fully
validated antibody assays and no clearly defined
cut-off values for PD-L1 positivity. Another predic-
tor of response to therapy is the presence of CD8+ T
cells at the invasive border of the cancer [178].

As other immunomodulatory receptors that influ-
ence antitumour immune responses in preclinical
models have also been identified [179], several

Table 3 Overview of relevant clinical trials of inhibitors of CTLA-4 and PD-1/PD-L1

Agent Target Cancer types References

Ipilimumab (Yervoy, BMS) CTLA-4 Melanoma [156, 157]

Pembrolizumab (Keytruda,

MSD)

PD-1 Melanoma, NSCLC, mismatch repair-deficient

cancers (CRC, etc), etc

[172–174, 222]

Nivolumab (Opdivo, BMS) PD-1 Melanoma, NSCLC, RCC, Hodgkin’s lymphoma,

HCC, etc

[162, 163, 165, 167, 169],

J Clin Oncol 33, 2015,

suppl; abstr LBA101)

Pidilizumab (CureTech) PD-1 NHL [223, 224]

Atezolizumab (MPDL3280A,

Roche)

PD-L1 Bladder cancer, NSCLC, melanoma, RCC, etc. [175, 176]

Nivolumab and ipilimumab PD-1 and

CTLA-4

Melanoma [171, 225]

PD, programmed death; PD-L1, programmed death ligand; CTLA-4, cytotoxic T-lymphocyte antigen 4; CRC, colorectal
cancer; NSCLC, nonsmall-cell lung cancer; RCC, renal cell carcinoma; HCC, hepatocellular carcinoma; NHL, non-Hodgkin
lymphoma.
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trials to investigate immune stimulation, via block-
ade of inhibitory receptors such as LAG-3 (e.g.
NCT01968109) or engaging activating receptors
such as OX40 or CD137, are ongoing [179]. In
addition to studies to determine the most efficient
combination therapy for immune stimulation in
cancer, further studies are needed to understand
why immune stimulation via current checkpoint
inhibitors is ineffective in some tumours, such as
prostate and colorectal cancers.

Sialic acids and sialic acid-binding immunoglobulin-
like lectins
During cancer progression, mutations and epige-
netic changes not only affect the protein composi-
tion within cancers, but also induce profound
changes in glycosylation [180–183]. One of the
hallmarks of altered glycosylation is the upregula-
tion of terminal sialic acids on secreted and cell
surface glycoconjugates. Moreover, increased
incorporation of the nonhuman sialic acid N-
glycolyl-neuraminic acid (Neu5Gc), but not the
normal human sialic acid N-acetyl-neuraminic
acid, is observed in various human carcinomas
including breast and colorectal cancers [184]. This
differential and increased sialylation has important
implications for cancer progression, including
upregulation of selectin ligands that influence
metastatic colonization [185], modulation of the
interaction with factor H and complement-
mediated tumour cell killing [186] and enhance-
ment of tumour-related inflammation by interac-
tions between anti-Neu5Gc antibodies and Neu5Gc
on tumour cells [184, 187]. Moreover, recent
experimental findings suggest that interactions
between hypersialylated ligands on tumour cells
and immunomodulatory sialic acid-binding
immunoglobulin-like lectins (Siglecs) on myeloid
cells and NK cells have a role in regulation of
cancer immunosurveillance and cancer-associated
immune suppression [188–191]. Upregulation of
ligands for Siglecs was observed in different types
of cancer, including melanoma and breast, pros-
tate and nonsmall cell lung cancers [188–190]. In
in vitro and mouse models, engagement of inhibi-
tory Siglecs on NK cells or neutrophils can mediate
immune evasion by cancer cells [188–190], and
binding of inhibitory Siglecs on macrophages influ-
ences their polarization to M2 macrophages [190].
Of note, improved early survival of nonsmall-cell
lung cancer patients with a polymorphism that
reduces the binding of Siglec-9 to sialylated ligands
was observed, indicating that Siglec-9 represents a
potential target in such patients [190]. Additional

analyses to investigate which cell types express
Siglecs and to determine their exact function
during different phases of cancer progression are
needed.

Immune regulators (IDO and IL)
IDO is one of the enzymes that control the
metabolism of tryptophan to kynurenine. In gen-
eral, IDO1 activity is low, with no or minor phys-
iological effects. However, under pathological
conditions (such as cancer, allergic inflammation
or infection), IDO1 is overexpressed in response to
inflammatory cytokines, including IFN-a, IFN-c,
lipopolysaccharide, IL-1 and TNF. In cancer, high
IDO1 expression stimulates an immunosuppres-
sive feedback loop that maintains the immunosup-
pressive microenvironment via subsequent
inhibition of T-cell responses [192, 193].

ILs are cytokines that mediate the complex cross-
talk between immune cells. Every IL has its own
spectrum of capacity, and many regulatory func-
tions thereof remain to be identified. Many ILs also
play a role in immunosurveillance and mainte-
nance of the microenvironment in tumours, which
is beyond the scope of this review. However, IL-2,
a cytokine regulating the growth and differentia-
tion of T cells and certain B cells, has recently
attracted attention in cancer immunotherapy (see
below).

Therapeutic manipulation of immune regulators
Targeting of IDO1 by small molecules such as
tryptophan-analogon d-1-methyl-tryptophan is
being studied in several clinical trials (e.g.
NCT01042535), and the generation of novel inhi-
bitors is ongoing [193]. After successful testing in
preclinical models, second-generation inhibitors
such as INCB024360 are also being investigated
in various cancers, either alone or in combination
with vaccination strategies or checkpoint blockade
(e.g. NCT02178722, NCT01961115 and
NCT02042430) [194].

IL-2 has long been used in cancer immunotherapy,
the first results having been published in 1985
[195, 196]. To date, it is primarily patients with
metastatic renal cell carcinoma who receive high
doses of IL-2, with a small subset of patients
achieving long-term remission [197, 198]. How-
ever, its toxicity is quite high, and only young
patients with a good performance status can be
treated with this modality. Recent findings suggest
that careful selection of patients and well-planned
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therapies can significantly reduce the side effects
of IL-2 therapy, thus rendering it a valid option for
an increased number of patients [199]. IL-2 is also
used to induce rapid expansion of T cells in
adoptive cell transfer therapies [20].

Stimulation of the immune system by treatment
with INF-a is within the guidelines for the adjuvant
treatment of locally advanced malignant mela-
noma [200]. The ECOG 1684 trial was the first to
show an improvement in overall survival using
INF-a, with a 5-year survival rate of 46% for
patients receiving 1 year of high-dose INF-a versus
37% for patients in the placebo arm [201]. In an
another trial, treatment with pegylated INF-a 2b
for 5 years improved disease-free and distant
metastasis-free survival in melanoma patients
with microscopic lymph node metastasis (N1a),
but not in those with macroscopic lymph node
metastasis (N1b) [202].

Summary

The interaction between the immune system and
cancer cells is complex, and the cancer microenvi-
ronment is far from being fully understood. Accord-
ingly, we have not covered all aspects of this
complicated interplay but focused on potential
therapeutically useful pathways and mechanisms
to guide clinicians through the array of new ther-
apy approaches that will soon be available in
clinical practice.
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