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Kunst

Wat we willen:
Momenten
Van helderheid
Of beter nog: van grote
Klaarheid

Schaars zijn die momenten
En ook nog goed verborgen

Zoeken heeft dus
Nauwelijks zin, maar
Vinden wel

De kunst is zo te leven
Dat het je overkomt

Die klaarheid, af en toe

Martin Bril
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Chapter |

INTRODUCTION

Tumor microenvironment

In 1889 the assistant surgeon Stephen Paget posed his ‘seed and soil’ hypothesis of the
spreading of cancer cells from the primary site to one or more sites elsewhere in the body
(metastasis). With this visionary paper he distanced himself from the then prevailing theory
that cancer cells can home in all tissues and persuade the surrounding cells to grow similarly '.
Paget proposed that the distant sites where travelling cancer cells,'seeds’, grow out are not
a matter of chance, but are influenced by the nourishment of the local ‘'soil'. His observation
that breast cancer metastasizes predominantly to the liver led to the hypothesis that some
organs provide a better ‘soil’ for certain cancer cells than others. Paget's statement that ‘the
ploughman's observation of the properties of the soil may also be useful’ was proven right
almost 100 years later by Hart and Fidler who showed, that the outcome of metastasis is
dependent on both tumor cell properties and host factors 2 That local properties of the
host don't only play a role in the determination of the distant metastasis site but also in the
outgrowth of the primary tumor has become clear during the past decade.

The path that a normal cell takes to become malignant is highly variable and depending on
several host factors, including environmental factors, polymorphisms and mutations in sus-
ceptibility genes, age and immunity. In addition, tumor development depends on factors in
the microenvironment; interactions between malignant cells, stromal cells, extracellular-matrix
components, various inflammatory cells, and a range of soluble mediators contribute to
tumor development and progression. Before tumors become clinically relevant, tumor cells
and their products have interacted with, and affected, host cells for a period of time. Tumors
of patients, especially in advanced-stage disease, consist of an intricate network of cell types,
like stromal cells and endothelial cells that comprise blood vessels. Also many immunological
cell types are attracted towards and penetrate into cancer cell areas. These recruited host
immune cells influence tumor responses in opposing ways and have shown to be a critical
regulator of tumor biology: this dual role of the immune system in cancer can either suppress
or promote tumor growth .

Tumors can evade potential immune destruction by the induction of an immunosuppres-
sive microenvironment via secreting factors or creating specific conditions (e.g. hypoxia).
In addition, it has become clear that the immune system can facilitate tumor progression
by sculpting the immunogenic phenotype of tumors as they develop *. The concept that
the immunogenicity of tumors changes due to the anti-tumor immune response is named
‘cancer immunoediting>©. The immunosurveillance concept is now accepted by the scientific
community and “avoiding immune destruction” is included as the latest hallmark of cancer .
Outgrowth of a tumor is divided in three phases often referred to as the three E's of immu-
noediting (Elimination, Equilibrium, Escape). In the first phase, tumor cells are recognized by
the immune system and eliminated or controlled in their growth. In the equilibrium phase
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the immune system iteratively selects and/or promotes the generation of tumor cell variants
with increasing capacities to survive immune attack. In the escape phase the immunologically
sculpted tumor expands in an excessive manner leading to physical symptoms of cancer by
the host &,

There is accumulating evidence that cancer cells can recruit and subvert normal immune
cells to serve as active collaborators in their neoplastic program °. This immunosuppressive
effect has also been described in thoracic malignancies '*'*. Intriguingly, immunotherapeutic
approaches have recently shown that modulation of the patients’immune system is possible
and can be of benefit for patients with lung cancer and mesothelioma '*-'8, Identification
and targeting of the factors and cell types that play a role in the tumor microenvironment is
essential to further improve and refine novel (immuno)therapies. In the microenvironment
of a progressing tumor, regulatory T cells, myeloid-derived suppressor cells (MDSCs) and
tumor-associated macrophages (TAMs) have an important role in facilitating tumor growth
and immune escape by suppressing antitumor effector cells '*'*22, Regulatory T cells and
MDSCs are regarded as immune suppressive, as they are capable of inducing T cell apoptosis
andT cell tolerance %23, TAMs are the major component of immune cell infiltration in the
tumor microenvironment 2"2+26 Recently, there is a lot of evidence emerging regarding the
clinical significance of these tumor-associated macrophages in various cancer types and TAM
infiltration is correlated with patient outcome in several malignant tumors -3

Macrophages and their role within tumors

Macrophages in general

Elie Metchnikoff was the first to describe in 1882 that there are leukocytes which are able
to engulf and destroy harmful bodies such as bacteria. His discovery of phagocytosis was
groundbreaking in a time where leukocytes were thought to take up bacteria in order to
spread disease and made him the co-winner (together with Paul Ehrlich) of the 1908 Nobel
Prize in Physiology or Medicine. Metchnikoff promoted the concept of natural, innate host
defense by cellular mechanisms such as phagocytosis and recruitment of phagocytes during
acute and chronic inflammation 3%, Since their initial description, macrophages are now
known to exert many essential functions in tissue development and homeostasis beside
phagocytosis.

Macrophages are present in all tissues in mammals and these tissue-resident macrophages
are derived from three sources; yolk sac, fetal liver and hematopoetic stem cells in the
bone marrow 3¢ The relative contributions of embryonic sources (yolk sac and fetal liver)
versus hematopoetic sources vary per tissue *. Tissue-resident macrophages are specialized
to perform many tissue-specific functions; e.g. osteoclasts (macrophages of the bone) are
specialized in bone resorption *, lung alveolar macrophages recycle surfactant molecules ¥
and splenic red pulp macrophages process heme and iron from senescent red blood cells
. In concordance, abnormality of tissue-resident macrophages can be linked to various
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pathologies such as osteopetrosis, alveolar proteinosis and a disturbed iron homeostasis.
Furthermore, macrophages are known to have a critical role in e.g. atherosclerosis ¥, type
2 diabetes *, fibrosis ** and cancer *. The maintenance of tissue-resident macrophages is
organ specific. However multiple studies have revealed that tissue macrophage compart-
ments are established prenatally and persist throughout adulthood through local proliferation
without substantial input from adult hematopoiesis “*. Substantial replacement of tissue-res-
ident macrophages by monocyte-derived cells has only been reported for specific organs
undergoing profound challenges such as the skin and gut which are constantly exposed to
microorganisms *. However, these data are currently only based on experiments in mice,
which have a limited lifespan.

When tissues are damaged during injury or infection, patrolling inflammatory monocytes
are recruited from the circulation and differentiate into macrophages once they infiltrate the
affected tissue 0. Depending on the local signals which the macrophage encounters, it can
adopt a variety of phenotypes ranging from a proinflammatory cytotoxic phenotype to a
phenotype capable of tissue remodeling and repairThe diversity and plasticity of phenotype
and function are characteristic and unique features of macrophages *'*. The mechanisms
that regulate the phenotypic switch in macrophages have a major impact on the progression
or resolution of many chronic diseases, like tumor formation.

Tumor-associated macrophages (TAMs)

In cancer, monocytes and myeloid progenitors infiltrate tumoral tissues and polarize in a
broad range of phenotypes depending on the local environment **, Macrophages in tumors
are usually referred to as tumor-associated macrophages and their presence can be substan-
tial (up to 60% of the tumor stroma) *>. A hallmark of macrophages is their plasticity, an ability
to either aid or fight tumors depending on the tumor environment, which has given them the
reputation of a double-edged sword in tumor biology . At the extremes of this spectrum
are the M| macrophages (classical activation) and M2 macrophages (alternative activation).
Although the terms M1 and M2 macrophages are an oversimplification, they can be used to
explain the opposing effects of different macrophage subsets. In general, M| macrophages
act as soldiers of the host and M2 macrophages act as workers of the host, as was illustra-
tively described by Solinas et al . M| macrophages defend the host from viral and microbial
infections, fight against tumors, produce high amounts of inflammatory cytokines, and activate
the immune response *”¢, M| macrophages originate upon encounter with interferon-y
(IFN—y) and microbial stimuli such as lipopolysaccharide (LPS) and are characterized by IL-12
and IL-23 production and consequent activation of polarized type I T-cell response, cytotoxic
activity against phagocytozed microorganisms and neoplastic cells, expression of high levels
of reactive oxygen species, and good capability as antigen-presenting cells. On the other
hand, M2 macrophages promote scavenging of debris, angiogenesis, remodeling and repair
of wounded/damaged tissues. Distinct types of M2 macrophages differentiate when mono-
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cytes are stimulated with e.g. IL-4, IL-10 or glucocorticoids. Hallmarks of M2 macrophages
are IL- 10 production, CCLI7,CCL22,and CCL2 secretion, matrix metallo-proteases (MMP)
production, high expression of mannose receptor (CD206), scavenger receptor (CD163)
and galactose-type receptor and poor antigen-presenting capability *”>.

In addition, M2 cells control the inflammatory response by downregulating M|-mediated
functions.The loss of equilibrium between M| and M2 cell numbers may lead to pathological
events: an M| excess could induce chronic inflammation, whereas numbers of M2 could

promote severe immune suppression °>?. The equilibrium between M| and M2 polarization
can in part be regulated by the bidirectional interaction with lymphocytes, as was reviewed

by Biswas and Mantovani (Figure ) %2

Figure |. The macrophage phenotype can be regulated by interactions with lymphoid cells. Thi: type | T
helper cell, Th2: type 2T helper cell, NK: Natural Killer cell, NKT: Natural Killer T cell, Treg: regulatory T cell. An
important hallmark of macrophages is their plasticity. Different lymphoid cell subsets are capable of skewing
macrophages towards the opposing ends of their phenotypic continuum [35]. M| polarization can be driven
by interferon-y production by Thl cells and NK cells. M| macrophages in their turn produce IL-12 which
stimulates the activation of these cells.M2 polarization can be driven by IL-4 and IL- | 3 production by Th2 cells
and IL-10 production by Tregs. The reciprocal production of IL- 10 and the chemokines CCL 17 and CCL22 by
M2 macrophages stimulates Tregs and Th2 cells respectively. NKT cells can induce both M| and M2 polarization,
depending on their activation status €.
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When myeloid cells are attracted to the tumor, they are influenced by several local signals
able to shape the cells as needed by the tumor: In an early phase of tumor development, the
TAMs mainly consist of an MI-like phenotype and later in the tumorigenic process, when
the tumor changes its local environment there is a skewing towards the M2 phenotype ',
This takes place especially at those regions in the tumor that are hypoxic (Figure 2) %6 A
subpopulation of TAMs gather in hypoxic sites in the tumor as a result of chemoattractants
produced by tumor cells *. Exposure to hypoxia in vitro stimulates TAMs to acquire a pro-an-
giogenic M2 phenotype with high production of pro-angiogenic factors like VEGF and MMP-9
¢ This preferential polarization is also a result of the absence of M| -orienting signals, such
as IFN-y or bacterial components in the tumor environment as well as the presence of M2
polarization factors. In addition to the formation of new blood vessels TAMs also play a role
in the formation of new lymphatic vessels ,

HYP&IC- $
" _ AREA
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killing Tumor prom?ifl

Figure 2 Opposing effects of M| and M2 tumor-associated macrophages (TAMs) in the tumor environment.
ROS: Reactive Oxygen Species, RNS: Reactive Nitrogen Species. The classically activated M| macrophages
and alternatively activated M2 macrophages are at the opposing ends of the polarization continuum and have
opposing effects in tumor biology. M2-TAMs are abundantly present within the tumor; especially in those areas
that are oxygen deprived.

Malignancies induce lymph angiogenesis, which leads to lymphatic and subsequently distant
metastasis. Many of the pro-angiogenic factors produced by TAMs of the M2 phenotype
can also contribute to lymh angiogenesis. The association between TAMs and lymph node

14



Introduction

metastasis has also been confirmed in multiple clinical studies ¢'.In addition to the secretion
of paracrine mediators, evidence is emerging on the potential of macrophages to transdif-
ferentiate into lymphatic endothelial cell progenitors (M-LECP) that structurally contribute
to sprouting lymphatic vessels €.

TAMs can influence fundamental aspects of tumor biology such as subversion of adaptive
immunity, promoting tumor angiogenesis and supporting cancer cell survival, proliferation,
invasion and tumor dissemination > 72 In concordance with the pro- and anti-tumor effects
that TAM s can elicit, clinical studies regarding the prognostic value of TAMs in multiple tumor
types have also shown contradictory results depending on the prevalent TAM phenotype.

Pulmonary oncology with emphasis on malignant mesothelioma

Malignant mesothelioma

Asbestos was named by the Ancient Greeks, its name meaning “inextinguishable”. It has
been said that the Greeks also noted its harmful effects: “sickness of the lungs’ in asbestos
quarry slaves or slaves that wove asbestos into cloth, leading to a recommendation not to
buy these slaves as they often "died young”.The use of asbestos declined during the Middle
Ages, but it regained popularity during the Industrial Revolution in the late 1800s. At the
turn of the twentieth century, researchers began to notice a large number of deaths and
lung problems in people living in asbestos mining towns and during these first decades of
that century, a growing number of articles appeared in medical journals 7*7>. Some authors
already suggested a link between inhalation of asbestos fibers and carcinogenesis 7. The
term mesothelioma entered the medical literature in 1931 when it was identified by Klem-
perer and Rabin 78, However, it was not until 1960 that the link between asbestos fibers and
mesothelioma became incontrovertible with an article published in Lancet entitled “Primary
Malignant Mesothelioma of the Pleura” by Eisenstadt and Wilson . Over the last decades,
the association between asbestos exposure and subsequent development of mesothelioma
has been extensively studied in multiple animal species via inhalation of, or subcutaneous,
intrapleural, and intraperitoneal inoculation with asbestos fibers 8%, Inhaled asbestos fibers
present within the lung cause infiltration of macrophages into the pleural space, which try
to phagocytose these inhaled foreign bodies #. In the effort to clear asbestos fibers, reactive
oxygen species are generated, causing DNA damage to nearby cells. Subsequently, inflam-
matory cytokines and increased recruitment of immune cells to sites of inflammation within
the pleura are induced 8, Given the large size of the asbestos fibers, macrophages fail to
clear the asbestos fibers, resulting in continued generation of reactive oxygen species and
secretion of pro-inflammatory cytokines, a process often called “frustrated phagocytosis” .
In addition to this pro-carcinogenic and pro-inflammatory substance release, asbestos fibers
can sometimes directly penetrate the cells and injure chromosomes *. Also, the retained
asbestos fibers may adsorb other carcinogens on their surface *'. As a result DNA alterations
occur, such as inactivation of pl6INK4a/p | 4ARF, NF2/Merlin, and LATS2, and the activation
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of YAP 92%,

Treatment options in mesothelioma are scarce and prognosis is poor, with a median sur-
vival of only 9-12 months *. The classic triad in cancer therapy; surgery, radiotherapy and
chemotherapy, is also applied in mesothelioma *. Surgery for mesothelioma is a controversial
subject. Only a minority of patients is eligible for surgical treatment and the performed clin-
ical studies are too limited and diverse to draw definite conclusions regarding the survival
benefit of surgery in mesothelioma 7%, Debates regarding the optimal surgical technique
and multimodality setting are ongoing *°. Radiotherapy is commonly used following surgery,
in the palliative setting or as a means to prevent local tumor outgrowth at intervention sites.
However, there is a distinct lack in randomized trials which support the clinical benefit of
radiotherapy in mesothelioma. Novel forms and multimodality settings of radiotherapy in
mesothelioma are currently being investigated and will hopefully lead to evidence-based
indications of this treatment option in mesothelioma. Currently, chemotherapy is the only
treatment for mesothelioma that has been proven to improve survival in randomized con-
trolled trials. The landmark study is the publication by Vogelzang and colleagues in 2003 in
which they compared cisplatin chemotherapy alone with a combination of cisplatin and
pemetrexed resulting in a survival of |0 months in the control group and |3.3 months in the
intervention arm '%.This led to the approval of the combination of cisplatin and pemetrexed
as 'standard of care’ for the treatment of patients with unresectable mesothelioma. It should
be noted that similar outcomes were reached with cisplatinum and raltitrexed compared
to cisplatinum alone, confirming that a combination of cisplatin and an antifolate is superior
to cisplatin alone in patients with mesothelioma '°'. In addition, no head-to-head chemo-
therapeutic comparison has been performed in mesothelioma, for example the comparison
between the current standard regimen of cisplatinum/pemetrexed to cisplatin/raltitrexed,
gemcitabine/cisplatinum, mitomycin, vindesine/cisplatin or vinorelbine. However, for every
separate agent previously studied, the survival improvement was modest.

Several targeted agents have been extensively studied in mesothelioma. Epidermal Growth
Factor Receptor (EGFR) inhibitors were thought to be a promising target for mesothelioma
therapy since studies showed that EGFR was highly expressed in malignant mesothelioma
102103 'However, most likely due to absence of sensitizing mutations in the EGFR tyrosine
kinase domain, the results of clinical trials were disappointing '* %, Among anti-angiogenic
agents, thalidomide is the most extensively studied drug. After many trials the phase 3
NVALT 5/MATES (Maintenance Thalidomide in Mesothelioma Patients) with thalidomide as
switch-maintenance in non-disease progressive patients after first line pemetrexed chemo-
therapy could unfortunately not prove a survival advantage '%. Phase 2 clinical trials of
Vascular Endothelial Growth Factor (VEGF) tyrosine kinase inhibitors have shown at best
modest activity in mesothelioma %% The addition of bevacizumab, a VEGF monoclonal
antibody, to standard chemotherapy has been recently shown to induce a modest but
significant survival benefit in a randomized controlled phase 3 trial in newly diagnosed
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mesothelioma patients '%. This result warrants routine use of bevacizumab in addition to
cisplatin and pemetrexed in unresectable mesothelioma ''% An increasing amount of pre-
clinical data highlighting the effectiveness of histone deacetylase inhibition in mesothelioma
cell lines and mouse xenograft models has led to a number of early phase clinical trials in
patients with mesothelioma ''".The results of these efforts initiated a multicenter, randomized,
placebo-controlled phase Ill study of the histone deacetylase inhibitor vorinostat in patients
with advanced mesothelioma, which, unfortunately, did not improve survival compared with
placebo as second-line therapy ''%. Furthermore, a recent randomized, placebo-controlled
phase Il trial investigating the Focal Adhesion Kinase inhibitor defactinib in mesothelioma
patients was discontinued due to lack of efficacy.

In conclusion, there is no promising chemotherapeutic or targeted agent at the horizon which
will profoundly improve survival in patients with mesothelioma. Clearly, there is a need for
a new approach in the treatment of mesothelioma.

Lung cancer

Lung cancer is the most common cause of cancer-related death among males and females
worldwide and non-small cell lung cancer (NSCLC) accounts for the majority of these
cases ''*, On average, the 5 year survival rate for NSCLC is approximately 7%, with a rate
around 70% for stage | ''*. The treatment of NSCLC is based on the patient’s clinical signs
and symptoms, tumor stage and subtype, medical and family history, and data from imaging
and laboratory evaluation. The majority of patients (70%) is diagnosed with advanced (stage
IV) disease, and until recently, palliative chemotherapy with platinum doublet therapy was the
optimal treatment for these patients ''*'"”. However, chemotherapy has a limited impact on
long-term survival of NSCLC patients and the five-year survival rate is poor %,

Recently the concept of driving mutations in NSCLC has dramatically changed the field of
lung cancer treatment. Identification of these genotypic anomalies including activating muta-
tions and fusion genes has set the stage for personalized medicine for distinct subsets of
genetically defined NSCLC ', It involves tailoring treatment according to the genetic profile
and molecular makeup of each patient, depending on the availability of targeted drugs.To
date, several prognostic and predictive mutations have been identified in NSCLGC; including
oncogenic activation of epidermal growth factor receptor EGFR (HER| / ErbB-1); transloca-
tion of EML4-ALK or CD74-ROS; point mutations in BRAF PIK3CA, and MEK; amplification
of MET 212 Patients with mutations have benefited from the development of target-specific
therapy; e.g. gefitinib or erlotinib are effective EGFR tyrosine kinase inhibitors; crizotinib is
used for ALK activation and sunitinib can be used when PDGFR is amplified '#* %, Objective
response rates of 55 to 90 percent are observed when patients were selected based upon
molecular criteria '2'. One of the most disappointing findings is the fact that tumors develop
resistance to these agents '%. The development of this resistance can either be mutation
dependent, for instance genetic alteration of the drug target, or mutation independent, for
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instance via transformation of histology.

Small cell lung cancer (SCLC) accounts for approximately 15% of the lung cancer cases '#
128 In general, SCLC is initially sensitive to chemotherapy and radiotherapy '¥. However,
responses are often short-term and recurrence rates are high ' 3% Unfortunately, approx-
imately 70% of patients diagnosed with SCLC have extended disease at presentation .
These patients are treated with platinum-doublet chemotherapy and have a median survival
of 10-12 months '*2 ' The development of targeted therapies for SCLC has proven to be
challenging, mainly due to the complex and not fully uncovered biology of SCLC 3313,
The limited treatment options and poor prognoses of lung cancer and mesothelioma empha-
size the need for novel treatments. Therefore, immunotherapeutic approaches are being
investigated in these pulmonary malignancies.

Immunotherapy in pulmonary oncology

Setting the stage for immunotherapy

Paul Ehrlich stated in 1909 that cancer would be quite common if it wasn't for the protec-
tive effects of the immune system '*. However; it were Richard Prehn and Joan Main who
showed in 1957 that tumors induced by chemical carcinogens in mice were recognized by
the immune system and rejected upon a secondary encounter with the same tumor %6, With
this observation, the potential of the immune system to eradicate tumors was demonstrated.
Cancer immunotherapy attempts to activate or enhance the anti-tumor response of the
immune system of the patient. Developments of therapeutic antibodies, cancer vaccines, and
cell-based immunotherapeutic approaches reveal both the promise and relative infancy of
these agents to extend the life of patients with cancer.In 2010, sipuleucel-T (Provenge; Den-
dreon Corporation) received the first FDA approval of a cancer vaccine for the treatment
of metastatic castration-resistant prostate cancer '¥’. It employs an adjuvant component to
enhance the function of antigen presenting cells and immune effectors such asT cells. This
was followed with the FDA approval in 201 | of the drug ipilimumab (Yelvoy, Bristol-Meyers
Squibb) for the treatment of metastatic melanoma through potentiating T cell activity '*.
Both agents, whose activity is discussed in more detail below, demonstrate improved survival
in randomized phase Il trails and reignited enthusiasm for the field of active immunotherapy.
With the many clinical programs currently underway, new approvals for therapeutic cancer
vaccines by FDA and other ruling authorities as EMA are expected in the coming years.
Immunotherapy is now considered as the fourth wave in cancer therapy after conventional
treatments and targeted agents.

Types of immunotherapeutic approaches

Immunotherapy attempts to stimulate or restore the body’s natural ability of the immune
system to fight cancer. There are various strategies to activate the immune system and these
are classified here into the following categories: biological response modifiers, monoclonal
antibodies, peptide or tumor cell vaccines, and cellular immunotherapy (Figure 3).There is
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no consensus regarding which of the four categories is the optimal approach for pulmonary
malignancies, this will probably be highly dependent on the tumor characteristics of each
individual patient.

I Peptide or tumor cell vaccinesl

LN ) —
°%°e
'Y XX 4 N
@ - - )\)\)\)\
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7 N

Tumor cell

I Cellular immunotherapyl

®
o®

APOPTOSIS

I Biological response modifiers

Figure 3 Immunotherapeutic approaches. Different immunotherapeutic approaches are currently being
developed for the treatment of lung cancer and mesothelioma. All approaches aim to elicit an anti-tumor
immune reponse and they can often work complementary and/or synergistically. Biological response modifiers
can nonspecifically enhance the immune response, either by directly stimulating the immune system and/or by
the direct induction of tumor cell apoptosis. Monoclonal antibodies bind specifically to one epitope and can
be directed against numerous tumor- or immune cell related targets. Tumor vaccines are designed to deliver
tumor antigens to antigen-presenting cells, which can subsequently induce a tumor specific immune response.
Cellular immunotherapy includes the adoptive transfer of autologous or allogeneic activated immune cells.

Biological response modifiers

Biological response modifiers are compounds, which can aspecifically, enhance the immune
response, either by directly stimulating the immune system and/or by the direct induction of
tumor cell apoptosis. These compounds can activate the anti-tumor immune response via
the direct stimulation of pro-inflammatory immune cells or via the inhibition of detrimental
suppressive immune cells like regulatory T cells or myeloid-derived suppressor cells. The
observation that lung cancer patients who developed an empyema after pneumonectomy
seemed to have a longer survival gave rise to studies involving different biological response
modifiers in the 1970’s '¥. The idea that bacterial infection in the area of the draining
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lymph nodes of the resected tumor could lead to immune destruction of residual tumor
cells provoked studies involving the intrapleural injection of bacterial antigens to induce
immune activation. Bacillus Calmette-Guerin (BCG) is a vaccine against tuberculosis that is
prepared from a strain of attenuated live bovine tuberculosis bacillus and its potential for
cancer immunotherapy has been thoroughly investigated. McKneally et al. were the first to
study the effect of postoperative injection of BCG into the pleural space of early stage lung
cancer patients '*°. Their observation that intrapleural BCG injection resulted in an improved
survival lead to numerous studies regarding aspecific immune stimulation with this vaccine.
Currently, BCG is most often investigated as an adjuvants instead as a single therapeutic agent
in lung cancer patients "' In contrast, in patients with superficial bladder cancer; the use of
intravesical BCG is now well-established '*. In addition to BCG, heat-killed mycobacterium
vaccae (SRL 172) has been investigated as a nonspecific immunostimulant in lung cancer and
mesothelioma patients in combination with chemotherapy '*'*, unfortunately no survival
benefits were reported. Mycobacterial adjuvant-based agents have been shown to activate
antigen-presenting cells and induce a Th|-type immune response, partly due to the binding
of components of the cell wall of Mycobacteria to Toll-like receptors (TLRs) '*. TLRs are
membrane glycoproteins and belong to a family of pattern recognition receptors (PRRs) that
recognize specific microbial molecular structures, pathogen associated molecular patterns
(PAMPs). Recognition of a PAMP belonging to a micro-organism by a TLR leads to activation,
maturation and induction of proinflammatory cytokines. Immature dendritic cells express
numerous TLRs and aspecific immune activation via the stimulation of these TLRs has been
extensively researched. In lung cancer specifically, TLR9 plays an important role and has been
described to be overexpressed in lung cancer tissue '*. Synthetic TLR9-activating compounds
(e.g.PF-3512676,CpG-ODN) have been clinically tested in combination with chemotherapy
in lung cancer patients, unfortunately no clinical benefit was found '* "*8, However, since
preclinical studies have shown that the use of the TLR9 agonist CpG-ODN as an adjuvants
in tumor vaccines reduces the number of regulatory T cells and increases the number of
effectorT cells, TLRs remain a potential target in the field of cancer immunotherapy '*.

In addition to compounds that aspecifically enhance inflammation, the administration of
cytokines has been amongst the earliest approaches in cancer immunotherapy. Interferons
have been one of the major cytokine families of interest given their direct antiproliferative
and immunopotentiating effects. In the 1980s, the first clinical trials were conducted in which
lung cancer patients were treated with different types of interferons (recombinant alpha and
beta) '°0 15!, Since then, the potential of interferon therapy in lung cancer patients has been
researched extensively in a number of clinical trials, however no clinical benefits were found
152155 Other proinflammatory cytokines of which their potential as a therapeutic target in
lung cancer patients has been investigated are interleukin-2 (IL-2) and tumor-necrosis factor
alpha (TNF-0). In general, treatment with the combination of IL-2 and TNF-o induced rela-
tively grave toxicities and no survival benefits'*¢. In mesothelioma patients, the local infusion
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of granulocyte/macrophage- colony-stimulating-factor (GM-CSF) has been studied with very
limited success '*”. Currently, the direct administration of proinflammatory cytokines in order
to enhance the anti-tumor immune response has been mostly abandoned in lung cancer and
mesothelioma patients with the exception of the use of colony-stimulating factors with the
purpose of the treatment of chemotherapy-induced neutropenia %8 %%,

Monoclonal antibodies

Monoclonal antibodies bind specifically to one epitope and their application as potential
immunotherapeutic agents has received a lot of attention recently. The use of monoclonal
antibodies directed against tumor growth related antigens on the tumor cell like epidermal
growth factor receptor (EGFR) and human epidermal growth factor receptor 2 (HER2)
has been well established in lung cancer patients '** !, In addition to the direct effect of
the inhibition of growth factors and/or their receptors, antibodies bound to the tumor cell
surface can induce antibody-dependent cell-mediated cytotoxicity (ADCC) 2 Mesothelin is
another tumor-specific antigen which is an attractive target for treatment with monoclonal
antibodies because of its expression on several epithelial tumors including mesothelioma
and lung cancer. Clinical studies with monoclonal antibodies against mesothelin are currently
ongoing in lung cancer and mesothelioma patients 61,

In addition to monoclonal antibodies directed against antigens specifically expressed by tumor
cells, antibodies that are directed against tumor products have been clinically implemented.
In lung cancer and mesothelioma patients, the monoclonal anti-VEGF antibody bevacizumab
has been extensively investigated in clinical trials. In a meta-analysis, Cui et al showed that
bevacizumab accompanied by chemotherapy improves clinical outcomes compared to other
targeted therapies in chemotherapy-naive lung cancer patients '®. Bevacizumab has been
developed in order to target blood vessel growth of tumors, however evidence shows that
bevacizumab also has an immunomodulating effect and enhances circulating CD8T cells in
treated cancer patients "% This two-fold effect makes bevacizumab an interesting compound
to study in combination with other immunotherapies.

The blockade of immune checkpoints using monoclonal antibodies can be considered one
of the major breakthroughs in cancer research of the past years '*’. In order to control
the immune response and to mitigate collateral tissue damage the immune system is har-
nessed with a negative feedback system.T cells have the capacity to upregulate co-inbitory
receptors in order to inhibit the immune response and mediate immune tolerance. Multiple
immune-inhibitory pathways (checkpoints) and their accompanying inhibitory co-receptors
have been identified. In chronic infection and in cancer, expression of these inhibitory co-re-
ceptors is enhanced and associated with an anergic state in T cells '8, Antibodies that bind
to these co-receptors can block inhibitory signals and therefore augment T cell activation
and proliferation.

The development of antibodies which bind to co-inhibitory molecules activated during T
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cell activation has led to the possibility to prevent T cell inhibitory mechanisms and there-
fore enhance the anti-tumor immune response '¢’. The first monoclonal antibody against
a co-inhibitory molecule that showed clinical efficacy in cancer patients was anti-cytotoxic
T-lymphocyte associated protein 4 (CTLA4, ipilimumab) '8 Currently, ipilimumab is approved
for the treatment of metastatic melanoma '”. Following the success in melanoma, numer-
ous clinical trials are being conducted investigating checkpoint inhibitors in lung cancer and
mesothelioma.The programmed death protein |-protein death ligand 1/2 (PD-1 —PD-L1/2)
pathway and CTLA4 are currently the most studied immunotherapeutic targets in these
malignancies. In non-small cell lung cancer (NSCLC), anti-PD- | antibodies have become part
of the approved treatment arsenal '”""'”2 In mesothelioma the efficacy of checkpoint inhibi-
tion has not yet been proven.The implementation of these immune checkpoint inhibitors is
hampered by serious immune-related toxicities (e.g. colitis, pneumonitis) and relatively low
response rates.Therefore, the development of robust, predictive biomarkers is pivotal for the
clinical implementation of monoclonal antibodies against co-inhibitory receptors. Interestingly,
in multiple cancers including lung cancer, the mutational landscape (e.g. neoantigen load) has
been demonstrated to determine the sensitivity to checkpoint blockade 774,

Tumor vaccines

The research regarding cancer vaccines has made great progress since the discovery of
human tumor antigens which can be recognized by T cell receptors > Tumor vaccines are
designed to deliver tumor antigens to antigen-presenting cells, which can subsequently induce
a tumor specific immune response by the adaptive immune system.These vaccines can con-
sist of various types of antigen sources (e.g. proteins, liposomal complexes and cell-based
vaccines).An antigen candidate needs to meet certain criteria in order to potentially be able
to elicit a specific anti-tumor immune response. Tumor specificity, frequency and homogene-
ous expression in tumor cells, role as an oncogene and intrinsic immunogenicity are essential
features of antigens which determine the success ¢ In lung cancer and mesothelioma, a
broad spectrum of approaches using various antigen sources have been undertaken to
develop cancer vaccines. Melanoma-associated antigen A3 (MAGE A3) is an antigen which
is specifically expressed by several human tumors, including NSCLC. Activation of the MAGE
genes is known to take place in early carcinogenesis of the lung, however the physiological
function of MAGE gene products is unknown '*'”7. MAGE A3 is detected in approximately
35-50% of NSCLCs and its expression has been shown to be inversely correlated with
survival %17 Vaccines composed of recombinant MAGE A3 (and adjuvants) have shown
promising results in lung cancer patients in phase 2 studies but unfortunately demonstrated
no survival benefit in a large phase 3 trial '® '8!, In addition to large proteins like MAGE,
smaller peptides can also be used in tumor vaccines. The WT1 (Wilms' tumor suppressor
gene |) peptide vaccine is composed of fourWT | analogue peptides.WT | can be expressed
in both lung cancer and mesothelioma and vaccination with this peptide has been shown
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to induce T cell mediated immune responses in lung cancer and mesothelioma patients 2.
Treatment of mesothelioma patients with a WT | vaccine demonstrated promising effects
183

in a phase 2 study'® and a phase 3 trial is currently being conducted. Liposomes are known
1o be potent vaccine delivery systems '8*.The best known cancer vaccine which makes use
of this delivery technique is L-BLP25 or Stimuvax. This liposomal vaccine aims to generate
an immune response against mucin | (MUCI), a cell surface glycosylated phosphoprotein
that is frequently overexpressed by epithelial tumors including NSCLC '® '8 The L-BLP25
contains the BLP25 lipopeptide and a liposomal delivery system, which facilitates uptake by
antigen-presenting cells '8 A phase 2 trial with advanced stage NSCLC patients showed sur-
vival benefits and paved the way for a large phase 3 trial (the START trial) '®”. Unfortunately,
Stimuvax failed to increase overall survival in this trial '® Viruses can be genetically modified
in order to express certain antigens and/or co-stimulatory cytokines and are therefore
useful as 'viral vaccines’ in cancer immunotherapy. The earlier described MUCI protein can
also be targeted by the TG4010 viral vaccine. This vaccine consists of attenuated vaccinia
virus Ankara which is genetically modified to express MUCI and IL-2 as adjuvants '#.In a
phase 2 study it was shown that TG40 10 enhances the effect of chemotherapy in advanced
NSCLC patients, a phase 3 trial is currently being conducted '**'?'. There is a variety of
cell-based vaccines under development for the treatment of lung cancer and mesothelioma.
Cell-based vaccines can be autologous or allogeneic and transfected or not with immunos-
timulatory compounds. Autologous tumor cell vaccines are ideal antigen sources because
they are capable of inducing an immune response to a large variety of antigens expressed
by the patient's tumor. However their practical implementation is complex and challenging
for large scale development '?2 An allogeneic tumor cell vaccine that reached phase 3
clinical trials in NSCLC is belagenpumatucel-L (Lucanix). Lucanix consists of four irradiated
NSCLC cell lines modified with transforming growth factor 2 (TGF-32) antisense plasmid.
TGF-R is known to be associated with the immune escape of tumors and increased levels
of TGF-B are associated with a worse prognosis in NSCLC patients '*> '%. The addition of
the TGF-R2 antisense plasmid aims to stimulate the vaccine-induced immune response by
inhibition of the production of TGF-R by the tumor: It is possible to use a combination of
tumor cell lines as vaccine cocktail because NSCLC tumor cell lines are described to share
immunogenic epitopes with primary tumors '¢. A phase 2 study showed clinical response
rates of 15% amongst advanced stage NSCLC patients '°. Unfortunately, in a phase 3 study
belagenpumatucel-L did not meet its predefined endpoint in the entire patient population '*.
However, in specific subgroups of patients marked improvements in survival were achieved
resulting in a current continued development of belagenpumatucel-L for specific indications.

Cellular immunotherapy
Cellular immunotherapy includes the adoptive transfer of autologous or allogeneic acti-

vated immune cells. Initially, adoptive immunotherapy was used for relapses after allogeneic
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bone marrow transplantation in leukemia patients '””. Recent advances have facilitated the
application and clinical success of this method in various solid tumors '*®. The most promi-
nent success story regarding cellular immunotherapy is sipuleucel-T, a vaccine for prostate
cancer that consists of autologous peripheral blood mononuclear cells (PBMCs) including
antigen-presenting cells that have been activated ex vivo with a recombinant fusion protein
(PA2024, a prostate antigen that is fused to GM-CSF) '¥/, After it was demonstrated in a
phase 3 clinical trial that sipuleucel-T prolonges survival in metastatic castration-resistant
prostate cancer patients, FDA approval followed in 2010.The general goal of adoptive cel-
lular immunotherapy is to induce a tumor-specific immune response via the infusion of e.g.
tumor-antigen loaded dendritic cells or specifically activated T cells. Dendritic cells (DCs) are
the professional antigen-presenting cells of the immune system and they have emerged as the
most powerful initiators of immune responses. Because of their capacity to engulf tumor anti-
gens and activate T cells in an antigen-specific manner, the use of DCs as immunotherapeutic
agents is very promising. In DC-based immunotherapeutic approaches, DCs are generated
ex vivo from monocytes and after arming with tumor-associated antigens, reinjected into the
patient with the intention to restore proper presentation of tumor-associated antigens and T
cell activation.This concept has been researched in NSCLC and has shown promising results
regarding the elicited immune response, safety and tolerability, despite the small sample sizes
of the trials "', In mesothelioma, treatment with autologous tumor-lysate pulsed DCs
was shown to be safe and elicited an anti-tumor immune response in two phase | clinical
trials 17292, A phase 3 clinical trial with allogeneic tumor-lysate pulsed DCs is currently being
conducted in mesothelioma patients.

Based on the principle that tumors can share common antigens, T cell therapy aims to
develop a‘universal' T cell which recognizes tumors in different patients 2%, Different sources
and activation procedures can be used in specifically harnessing the T cells response. Adoptive
transfer of T cells gene-engineered with antigen-specific T cell receptors (TCRs) has proven
its feasibility and therapeutic potential in the treatment of various malignancies 2%, Clinical
TCR-engineeredT cells currently tested in lung cancer and mesothelioma are directed against
e.g. MAGE-A3 and WT |. The adoptive transfer of tumor-specific T cells expressing chimeric
antigen receptors (CAR) is being extensively studied in multiple tumor types. Impressive
results have been achieved with CART cells expressing CD19 in patients with advanced B
cell malignancies; with up to 95% response rates 22%, In mesothelioma and lung cancer, the
potential of mesothelin-targeted CART cells is being studied 2.

Targeting the tumor microenvironment

Within this research field, there is much attention for activating effector and memory T lym-
phocytes because the release of their cytotoxic granules containing perforin and granzymes
upon stimulation can lead to death of tumor cells by apoptosis. Indeed, the infiltration of
NSCLC with effectorT cells (CD3+CD8+) and memory T cells (CD45RO+) is associated
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with longer disease-free survival and/or a better overall survival 22%%2'2 However, many other
leukocyte types infiltrate the tumor environment: natural killer (T) cells, neutrophils, B- and T
lymphocyte subsets, myeloid derived suppressor cells, macrophages and dendritic cells. The
net effect of the interactions between these various cell types and their secreted products
within the environment of an established tumor participates in determining anti-tumor
immunity, angiogenesis, metastasis, overall cancer cell survival and proliferation €. Therefore,
in addition to the activation of the anti-tumor T cell response, there is increasing inter-
est to modify this immunological balance, e.g. by targeting immune suppressive cell types
or factors. Different approaches are currently studied to overcome the earlier described
immunosuppressive environment and to enhance the cytotoxic T cell response. We devel-
oped dendritic-cell based therapy with the intention to potentiate the anti-tumor immune
response and ultimately improve outcome in mesothelioma patients. It was demonstrated
that this approach was safe and effective in mesothelioma patients '”2°22'%. However, in order
for patients to fully benefit from the potential of immunotherapy, optimal priming of the local
tumor environment is pivotal.

TAMs in malignant mesothelioma

After the introduction of asbestos fibers in the lung, macrophages are recruited and activated
in an attempt to clear the fibers. As the macrophages are unable to eliminate the asbestos
fibers, a chronic state of inflammation occurs during which the secretion of free radicals
causes genotoxic damage and the transformation of normal mesothelial cells to malignant
mesothelioma is facilitated, a process often called ‘frustrated phagocytosis' as stated earlier
. It is known that established mesothelioma tumors contain an abundance of intratumoral
leucocytes and the phenotype of these cells is topic of recent studies 2. Our group demon-
strated that the inflammatory cell infiltration is rich in macrophages '*.The massive abundance
of TAMs in the microenvironment of malignant mesotheliomas suggests a pivotal role for
these cells in the tumor biology of mesothelioma. It is known that normal human mesothelial
cells and established human mesothelioma cell lines can produce large amounts of cytokines,
including IL-6, IL-8, granulocyte-colony stimulating factor (G-CSF), and granulocyte-mac-
rophage-colony stimulating factor (GM-CSF) 2/>2'¢ These cytokines recruit monocytes and
MDSC to the tumor mass, where they can differentiate into macrophages. Unlike in NSCLC,
not much is known about the phenotype and function of these macrophages in malignant
mesothelioma. In vitro studies showed that interaction with mesothelioma cells shifts mature
macrophages toward a M2 phenotype. |zzi et al showed that upon cocultivation with meso-
thelioma cells, macrophages released a significant amount of prostaglandin E2, an arachidonic
acid metabolite with anti-inflammatory properties *>2!7 The production of this prostaglandin
stimulates the development of regulatory T cells, promoting an immunosuppressive tumor
microenvironment 2'®21°. Our group investigated the effects of macrophage depletion on
tumor progression in a murine model of mesothelioma 22, Liposome-encapsulated clodro-
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nate is readily taken up by phagocytic cells, including macrophages, and induces cell-specific
apoptosis after clodronate is set free into the cytoplasm of cells. Depletion of macrophages
with clodronate inhibited tumor growth, indicating that macrophages have a significant role
in the onset and progression of tumor in our murine mesothelioma model. This has been
confirmed by other studies 22!, In addition, we investigated the role of zoledronic acid (ZA),
a bisphosphonate with antitumor properties, on the myeloid differentiation to TAMs in our
murine mesothelioma model. ZA inhibits farnesyl diphosphate (FFP) synthase thereby leading
to a dysfunction of small GTPases which are necessary for normal function of macrophages
222 Despite the fact that ZA lead to a reduction in TAMs and impairment of polarisation
towards the M2 phenotype, no improvement of survival was observed 22°. This was most
likely due to the fact that the reduction of TAMs was associated with an increase in the
number of immature myeloid cells, another immunosuppressive cell type, illustrating the
complex interactions of immune cells in the tumor microenvironment.

Burt et al published a study in which they investigated the prognostic significance of circulating
blood monocytes and tumor-associated macrophages in 667 pleural mesothelioma patients
who underwent cytoreduction between 1989 and 2009 2 They found that higher numbers
of circulating monocytes are associated with poor survival in patients with both epithelial and
nonepithelial mesothelioma. In addition, higher densities of TAMs were associated with poor
survival in patients with nonepithelial mesothelioma. These TAMs demonstrated an M2-im-
munosuppressive phenotype with high expression of CD 163 and CD206 %2, Because of the
high amounts of TAMs present in mesothelioma, manipulation of these cells is a promising
therapeutic target in this lethal disease.

TAMs in non-small cell lung cancer

The link between lung carcinogenesis and chronic immune activation is well established.
Compelling evidence has accumulated that histological assessment of infiltration patterns
of different host immune response components in NSCLC specimens helps to identify dif-
ferent prognostic patient subgroups 22?2 TAMs have been implicated in promoting tumor
growth, progression and metastasis in various solid tumors #3!. Several studies investigated
the prognostic value of macrophage infiltration in NSCLC, however the results have been
contradictory. These discrepancies could reflect differences in the number, grade and stage
of tumors included in the various studies and the methods used to assess macrophage infil-
tration but most importantly the difficulties to differentiate between M| and M2 subsets,
which have varied considerably. Welsh et al were the first to recognize the importance of
the microanatomical localization of macrophages in the tumor 2%, They showed that the
infiltration of macrophages in tumor islets was related with a good prognosis in contrast to
infiltration in the tumor stroma, which was related with a bad prognosis in NSCLC. These
findings indicate that the localization of tumor-associated macrophages is critical in deter
mining the relationship to prognosis and this has been confirmed by other studies 2%/ In
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more recent studies the phenotype of TAMs related to survival has been taken into account.
Several studies have shown that macrophages in the tumor islets which are associated with
extended survival are mainly of the cytotoxic M| phenotype 2222%. This supports the view
that immune responses in the tumor islets play a crucial role in preventing NSCLC pro-
gression 228, On the other hand, TAMs of the M2 phenotype which are located in the tumor
stroma have been related to treatment response to epidermal growth factor receptor-ty-
rosine kinase inhibitors (EGFR-TKIs) and were shown to be independent negative predictors
of survival in advanced NSCLC treated with an EGFR-TKI 2, In addition, macrophages of
the M2 immunosuppressive phenotype were correlated with lymph node metastasis and
poor prognosis in NSCLC #2"2%2. More specifically, several studies have shown a possible
role for the expression of the immunosuppressive cytokine interleukin-10 (IL-10) by TAMs
in the progression and prognosis of NSCLC 2231 |L-10 is produced by a number of cells
including neoplastic cells and macrophages and II-10 production is a specific hallmark of TAMs
with the M2 phenotype. High production of IL-10 has been described to enable tumors to
evade immunosurveillance and the potential importance of IL-10 in cancer is supported
by reports of an association between high IL-10 levels in serum or in tumors and worse
survival in lung cancer patients 2. Zeni et al showed that high IL-10 expression by TAMs and
not by tumor cells was a predictor of advanced tumor stage and was associated with worse
overall survival 23> Wang et al showed similar results in their study reporting that high levels
of IL-10 in TAMs significantly correlated with stage, tumor size, and lymph node metastasis
24 In another study Wang et al showed that the expression of MMP-9 on TAMs isolated
from NSCLC samples was higher in patients with late stage disease compared to early stage
disease, which illustrates the importance of phenotypic analysis of TAMs and their potential
to create a microenvironment that facilitates tumor progression 2%,

The aforementioned studies show compelling evidence for the prognostic value of TAMs and
their role in the tumor progression of NSCLC, both beneficial and detrimental. To the best
of our knowledge there are no clinical studies available on the role of TAMs in small cell lung
cancer (SCLC).The low incidence (15% of all lung cancer cases) and fast progression resulting
in little opportunity to obtain histology are possible explanations for this lack in evidence '%.

TAM-targeted therapy

Given the emerging evidence regarding the prognostic value of TAMs in both mesothelioma
and NSCLC, the therapeutic targeting of macrophages represents a valuable strategy to
complement existing treatments. There is a rationale for re-educating the TAM compartment
and the (combined) treatment of cancer may benefit from therapies that interfere with the
attraction or the activation of M2 macrophages or polarize the M2 towards the M| subtype.
Influencing the number and functionality of M2 macrophages may improve survival when
combined with standard or other immunotherapeutic regimens.

Several strategies are currently investigated that influence TAMs at multiple levels. For exam-
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ple, blockade of factors and cytokines secreted by tumor or immune cells to limit the
induction of M2 macrophages have been studied.

These strategies include inhibition of prostaglandin E2 synthesis (cox-2 inhibitor #7), anti-
CCL2 %8, anti-TGF-b #? and anti-IL-6 (Siltuximab %), however these approaches are at a
preclinical stage or have met with only limited success so far. Targeting TAM recruitment with
CSFIR-signaling antagonists improves efficacy of cytotoxic therapies in murine models of
solid tumors 2*"2*, Drastic reduction in TAM density has been achieved using an oral DNA
vaccine encoding the entire murine Legumain gene (overexpressed by TAMs in murine
tumor stroma), this vaccine provided effective protection against tumor cell challenge in a
murine breast tumor model 2#2*. It has been shown that inhibiting IkB kinase (IKK) repro-
grammes the M2 phenotype to the M| subset #*2%, Also CD40 therapy seems to skew
tumorinfiltrating (not the resident) macrophages through CD40-ligation towards the M|
phenotype ¥, In addition, the TLR7 agonist Imiquimod has been associated with a switch
from M2 tot M| macrophages in a murine model for gynaecological tumors 28 Furthermore,
recently depletion of B cells has been demonstrated to be associated with a phenotypic
switch in macrophages leading to a CD8 recruitment . As stated earlier; the effects of bis-
phosphonates (Zoledronic acid) on TAMs were investigated but the impaired polarization
was associated with increased MDSC levels which diminished the effects on survival 2220,
U'Ren et al have recently shown in a murine tumor model that endogenously produced
type | interferons suppress the generation of TAMs %' Therapeutic administration of high
doses of recombinant IFN-y has been used to inhibit tumor angiogenesis and growth 2,
The study of U'Ren et al suggests that in addition to the direct inhibitory effect of IFN-y on
endothelial cell migration %2 the inhibition of tumor angiogenesis by recombinant IFN-y
may be due in part to inhibition of M2 macrophage generation. An important feature of
TAMs with the M2 phenotype is their ability to stimulate angiogenesis and thereby aid to the
evolution, invasion and metastasis of tumors. The abnormal vasculature of tumors impedes
the delivery of chemo- and immunotherapeutic agents. Moreover, the resulting abnormal
microenvironment with hyper- and hypoxic regions reduces the efficacy of radiation, chemo-,
and immunotherapies, selects for more malignant clones, and facilitates disease progression
5% Thus, restoration of the normal structure and function in blood vessels, referred to as
vascular normalization, is emerging as a new concept in cancer treatment 2°. As stated earlier;
exposure to hypoxia stimulates TAMs to acquire a pro-angiogenic phenotype and induces
the production of pro-angiogenic and tissue remodelling factors such as VEGF, placental
growth factor (PIGF), and MMP-9 2%¢. Rolny et al recently showed compelling evidence
that histidine-rich glycoprotein (HRG) is capable of polarizing M2 macrophages towards
a MI phenotype partly by downregulating macrophage-derived PLGF in multiple murine
tumor models »7. HRG is a multidomain plasma protein synthesized by hepatocytes and
has important function in regulation of tumor angiogenesis and immunity 28 After overex-
pression of HRG in cancer cells, tumor vessels became normalized, resulting in decreased
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hypoxia and improved delivery of chemotherapeutic agents and decreased metastasis 2.
Ciritically underlying this effect was the ability of HRG to skew TAM polarization away from
the pro-angiogenic and immunosuppressive M2-phenotype. Future studies will have to reveal
whether HRG can live up to its potential as an anticancer drug in humans.
Hypoxia-inducible factor (HIF) is one of the most important links between low oxygen pres-
sure and macrophage polarization and targeting of its signal transduction pathway could be
a potential novel therapeutic target ®.The hypoxic cytotoxin Tirapazamine which is activated
only at very low oxygen levels has been tested in lung cancer but showed no clinical benefits,
however the treatment success may depend on the selection of patients with high levels of
tumor hypoxia as we found in a study on hypoxia in NSCLC »% 2, Instead of the blockade
or manipulation of hypoxia-induced pathways as an attempt to influence macrophage polar-
ization another possible strategy is to directly decrease the hypoxic conditions in the tumor
microenvironment. Nitroglycerin, due to its vasoactive effects, tends to redistribute the blood
supply to the tumor; increasing tumor blood flow, hereby theoretically decreasing hypoxia.
In a randomized phase 2 trial by Yasuda et al nitroglycerin has been successfully combined
with chemotherapy in NSCLC, enhancing chemotherapy response, possibly due to better
delivery of the anti-cancer drugs in the tumor %" 252, However, a recent randomized phase
2 study investigating addition of nitroglycerin patches to first-line carboplatin-paclitaxel-bev-
acizumab showed no survival benefit in stage IV NSCLC patients 2. Whether treatment
with nitroglycerin patches can also influence macrophage polarization will have to be subject
of future studies.

Furthermore, an extensive review was published on the influence of aerobic exercise on
the polarization of macrophages in breast cancer %% Several animal studies have indirectly
shown the ability of exercise training to induce an anti-tumor effect of macrophages, how-
ever the exact mechanism and in vivo attribution of potential exercise-induced polarization
remains to be elucidated. A possible explanation could be the exercise-induced enhanced
tissue blood flow and inherent decrease of hypoxia, which skews the TAMs towards a more
MI-like phenotype.

The emerging understanding of TAM biology and in particular their plasticity has lead to
the development of num