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Introduction

In 1891, the surgeon William B. Coley wrote in his paper, Contribution to the
Knowledge of Sarcoma [1]:

“While early operation gives a possibility of complete cure in a certain number of
cases, the large proportion of cases in which fatal and often speedy recurrence follows
operation, is sufficient to make the surgeon almost lose faith in his art in the treatment
of this dread disease.

There are certain types of sarcoma that seem almost hopeless from the start, and when
surgical skill, if called upon, only proves how utterly powerless it is. Is there nothing
else that can be done to stay the progress of this disease? This is a question that has
long occupied the attention of many of the best minds in the medical world, and at
no time has it received as much thought as it does today.”

Today, 132 years later, most sarcoma surgeons and oncologists can probably still
relate to this feeling of inadequacy, but also of hope.

William Coley, after having witnessed a case of tumor remission after an erysipelas
infection, developed heat-inactivated bacterial toxins and treated cancer patients.
Coley reported remarkable success with his toxins and published many papers on
the topic, although he was never able to fully understand the mechanisms by which
the toxins exerted their effect.

Since then, our understanding of the interplay between a tumor and the immune
system has improved greatly and led, in 2011, to a breakthrough with the approval
of the first immune checkpoint inhibitor, ipilimumab. While checkpoint inhibitors
have revolutionized the treatment of several tumor types such as melanoma or lung
cancer, other tumor types, such as soft tissue sarcoma, have not yet experienced the
same benefit.

Furthermore, and despite the good results obtained, many patients with melanoma
will not respond, or will progress on treatment with immunotherapy. Unfortunately,
predictive factors to help select which patients to offer this immunotherapy, with
potentially severe side effects, are lacking. As advances in systemic oncological
treatments lead to improved survival of patients with advanced stage malignancies,
the incidence of brain metastases has increased [2, 3]. No matter the histology, brain
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metastases are notoriously hard-to-treat and remain a major challenge in clinical
oncology.

It is now widely accepted that the aggressiveness of a malignant tumor is not only
determined by the genotype of the tumor cells, but also by their interactions with
the tumor microenvironment, which orchestrates the development of the tumor.
Deeper understanding the tumor microenvironment in sarcoma, as well as in brain
metastases, may provide keys to improve their treatment.
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Background

Tumor Microenvironment

The concept of the tumor microenvironment (TME) was first introduced when
Virchow proposed a relationship between inflammation and cancer in 1863. Paget
further developed this concept when suggesting metastatic colonization to be
dependent on organ specific properties, known as the “seed and soil” theory [4].

The TME includes cellular components such as cancer associated fibroblasts,
diverse immune cells, stromal and endothelial cells. Non-cellular components of the
TME encompass the extracellular matrix, growth factors, cytokines and other
signalling mediators [5]. The composition of the TME varies in relation to tumor
phenotype and genotype, as the TME is shaped and trained by cancer cells to
ultimately facilitate tumor progression, tumor invasion and formation of metastases

[6].

The emergence of immunotherapy as a pillar of cancer treatment, and the
understanding that response and resistance to immunotherapy are multifaceted,
deriving not only from tumor intrinsic factors, but also from the complex interplay
between cancer and its microenvironment, have prompted a new interest into the
TME (Figure 1).

Tumor immune microenvironment

Immune cells are a critical component of the TME. Tumors become infiltrated with
diverse innate and adaptive immune cells that can have both pro- and anti-
tumorigenic effects.

Innate immunity is a non-specific first line of defence mechanism. Immune cells of
the innate immune system include macrophages, dendritic cells, mast cells,
neutrophils and natural killer cells (NK-cells). The main components of adaptive
immunity system are lymphocytes, T- and B-cells, antigen specific cells able to form
an immunological memory.
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Figure 1. Schematic representation of the tumor microenvironment including infiltrating immune cells
such as B- and T-lymphocytes, macrophages, and dendritic cells as well as stromal cells such as
cancer-associated fibroblasts. Neovascularization, the formation of novel blood vessel is also an
important feature of the TME. All of these cells and features can contribute to tumor progression and
influence therapeutic response. Treatment strategies aimed at the TME are highlighted in the blue
boxes. Reprinted from [7] with permission from AACR.

It is now accepted that the TME plays a significant role in tumor immune
surveillance and immunological evasion.

The interplay between the tumor and the immune system is described as cancer
immunoediting, a concept introduced by Schreiber and colleagues [8, 9, 10]. The
process of immunoediting proceeds through three different phases, elimination,
equilibrium and escape [11].

During the elimination phase, the innate and adaptive immunity collaborate to
recognise and eliminate tumor cells. This phase is marked by recognition of tumor
cells by cells of the innate immunity, release of damage-associated molecular
patterns and tumor antigens, but also induction of chemokines in the TME and
production of interferon gamma (IFNY), which further activate the immune system.
Furthermore, activation of adaptive immunity, leads to recruitment and infiltration
of TME by tumor specific lymphocytes.
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During the equilibrium phase, tumor cells surviving elimination can coexist with
the antitumor response in a state of dynamic tumor dormancy. Adaptive immunity,
CD4" and CD8" T-cells, interleukin-12 and IFNYy are essential in this phase. During
this stage, mechanisms to evade the immune response are developed by the tumor
modelling the establishment of a suppressive TME ultimately leading to escape.

During the escape phase, tumor cells acquire insensitivity to immunologic processes
(detection/elimination) and begin to expand, allowing tumor progression. These
progressing cancer cells are usually poorly immunogenic and highly immunovasive
[11]. In this phase, processes such as down regulation of major histocompatibility
complex class 1, leading to loss of antigen presentation and impaired immune
recognition and upregulation of inhibitory immune signals such as expression of
immune checkpoint proteins (PD-L1, TIM-3, LAG-3, VISTA etc) contribute to the
escape from the immune response. Furthermore, immunosuppressive cells, such as
Tregs and myeloid derived suppressor cells are recruited in this phase.

Understanding the processes underlying cancer immunoediting provides the
framework for understanding immunotherapy, and how resistance to
immunotherapy is developed [12].

Tumor associated macrophages

Tumor associated macrophages (TAM) are derived from blood monocytes and are
considered part of the innate immune system. TAMs are attracted to the TME by
attractants and chemokines such as transforming growth factor beta and colony
stimulating factors [13]. In the tumor, TAMs can phagocyte tumor cells and act as
antigen presenting cells (APCs) to activate the adaptive immune response, but
TAMs can also contribute to cancer progression through stimulation of angiogenesis
and immune response suppression [14]. This dual activity is reflected in the TAM
phenotypes, MI1- polarized (classically activated, pro-inflammatory) and
M2-polarized (alternatively activated, anti-inflammatory, pro-tumorigenic). These
phenotypes represent extremes of a spectrum, as macrophages can switch
polarization in response to external stimuli.

High infiltration of TAM is generally associated with poor prognosis [15]. TAMs
have been shown to accumulate in hypoxic areas in different tumor types [16].
Indeed, hypoxia shapes and maintain M2 macrophage phenotype and TAM in
hypoxic niches are known to mediate resistance to anticancer treatment and promote
cancer progression.

T-cells

T-cells are the main effector cells of the adaptive immune system. T-cells traffic the
lymphatic system and blood stream, and are activated mainly by encountering APCs
i.e. dendritic cells, macrophages, or B-cells in lymph nodes. APCs present a group
of proteins on their surface known as major histocompatibility complex (MHC).
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MHC can be either class I, found on the surface of all nucleated cells presenting
endogenous peptides, or MHC class II found on the APC presenting exogenous
peptides. The function of MHC molecules is to bind and present peptide fragments
on the cell surface for recognition by T-cells.

Binding of the peptide-MHC molecule complex by the T-cell receptor (TCR) is the
first required signal for T-cell activation (signal 1). Activation of T-cells further
requires presence of co-stimulatory signals (signal 2) leading to activation,
increased survival, and proliferation of T-cells. Receptors on APC that can provide
this necessary second signal are called costimulatory receptors, members of either
the CD28 family of proteins or of the tumor necrosis factor receptor superfamily
(Figure 2).

Germinal centre

Signal 1 =) Q
Activation,
MHC I TCR proliferation, Y
— migration
—
= P
CD80/ CD28 D
86
Signal 2
e T cell T cell O Cq0 Cancer cell
Dendritic cell (naive) (effector) death

Figure 2. T-cell activation. Process of T-cell activation requires signal 1 MHC-TCR as well as signal 2 a
co-stimulatory signal. The activated T-cell can differentiate to a effector T-cell capable of killing tumor
cells upon appropriate antigen recognition. Created with BioRender.com

Following activation, the T-cell will differentiate to either a T-helper CD4" cell, or
a cytotoxic CD8" T-cell. CD8" cytotoxic T-cells are effector cells, whose main
function is to eliminate cells expressing the appropriate antigen. When activated, T-
effector cells destroy their target cell by inducing apoptosis [17]. Activation also
triggers proliferation of the activated of T-cell.

CD4" T-cells are helper cells, that show a broad range of functions that rely on
specialization through functional polarization. These subsets are characterized by
different effector functions, defined mainly by the production of distinct cytokines.
CD4" T-cells are central coordinators of the innate and adaptive immune response.
Regulatory T-cells (Tregs) are a subset of CD4" T-cells critical for control of
peripheral tolerance. Tregs suppress anti-tumor immune effector responses in the
TME, primarily by promoting an immunosuppressive microenvironment, thus
promoting tumor progression.
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Increased infiltration of Tregs in the TME have been linked to poor prognosis [18].
CD4" T-cells with a regulatory and activated phenotype are functionally dependent
and express FOXP3, which is also commonly used as a marker for this T-cell subset
[19].

B-cells and tertiary lymphoid structures

B-cells arise and mature in the bone marrow. Activation of B-cells takes place in
secondary lymphoid organs. Once activated, B-cells can present antigens (tumor
antigens) to T-cells through the MHC class II pathway or differentiate into antibody-
secreting plasma cells and memory cells [20]. In tumors, B-cells are rarely found on
their own but, rather, in association with other immune cells (e.g. T-cells, myeloid
cells) and mostly within tertiary lymphoid structures (TLS). TLSs reflect lymphoid
neogenesis occurring in peripheral tissue upon long-lasting exposure to
inflammatory signals mediated by chemokines and cytokines [21]. B-cells are
recruited to tumors by local production of lymphoid chemokines [22]. Within the
tumor, B-cells engage with the stroma and other immune cells, triggering the
formation of high endothelial venules, which in turn stimulate the production of
adhesion molecules and chemokines, notably CXCL13, CXCL12, CCL19 and
CCL21. These chemokines regulate the development and organisation of TLS,
containing B-cells and T-cells zones. TLS have been proposed as a functional
equivalent to secondary lymphoid organs, facilitating the recognition of antigens
and generation of adaptive immune responses. One of the main effector functions
associated with B-cells in TLSs is the production of disease-specific antibodies that
can mark antigen-expressing cells for opsonization, complement-mediated lysis, or
antibody-dependent cellular cytotoxicity[23]. Presence of TLS has been reported to
correlate to improved survival in several tumor types [24]. Presence of TLS has also
been correlated with response to immune checkpoint inhibitors [25, 26, 27].

Tumor microenvironment and hypoxia

Hypoxia is considered a hallmark feature of the tumor microenvironment. Hypoxia,
defined as an oxygen tension of less than 10 mmHg, arises when an imbalance
occurs between the supply of oxygen and its consumption by local cells. In tumors,
the presence of a defective vasculature limits the amount of oxygen available in the
TME. Tumor cells respond to hypoxia with various adaptations, one of the most
important being the activation of hypoxia-inducible factor (HIF) family of
transcription factors, mainly HIF-1a and HIF-2o [28].
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Figure 3. Overview of the hypoxia inducible factor (HIF) pathway. At normoxia, HIF-1a is hydroxylated
and binds to VHL, Von Hippel Lindau, leading to proteasomal degradation. During hypoxia, HIF-1a.
binds to HIF-1p, also known as aryl hydrocarbon receptor nuclear translocator (ARNT). This complex
enters the nucleus and binds to hypoxia responsive elements (HRE), resulting in subsequent
transcription of target genes. Created with BioRender.com

In normoxic conditions, HIF-1o is degraded. However, in hypoxia, HIF-1a
translocate to the cell nucleus where it couples with HIF-1[3 forming a complex that
binds to hypoxia responsive elements in target genes to activate transcription
(Figure 3). The genes transcribed are involved in a multitude of processes in the
tumor microenvironment and ultimately influence tumor progression and treatment
response through mechanisms such as immune escape, increased angiogenesis, and
accelerated DNA damage repair [29, 30].

Tumor microenvironment in Melanoma brain metastases

For long the brain has been considered as “immune privileged” a term coined in the
1940’s by Medewar to describe a tissue or organ where the introduction of foreign
antigen does not elicit an immune response [31]. This phenomenon has been in part
explained by lack of classic lymphatic vessels in the central nervous sytem (CNS),
but also by the existence of the blood-brain barrier restricting the passage of
molecules into the CNS. Recent studies have however shown that intracranial
tumors disrupt the integrity of the blood-brain barrier, making it more permeable
[32]. The remodelled barrier allows for facilitated crossing of immune cells and
macromolecules from the peripheral circulation.
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In the last decade, a lymphatic system has been identified in the mouse brain [33,
34]. Magnetic resonance imaging (MRI) studies have also identified a lymphatic
drainage from the brain to cervical lymph nodes in humans, supporting the existence
of a lymphatic system in the human brain [35]. This finding supports a possible link
between the peripheral and intracranial immune compartments. Indeed, recent
studies have shown significant relationship between peripheral and intracranial T-
cells suggesting an active crosstalk between peripheral and intracranial immune
compartments (Figure 4) [36, 37].

The brain TME includes astrocytes, pericytes and microglia, all brain-specific cells
with the possibility to exert stimulatory or suppressive functions [38]. Crosstalk
between cancer cells and astrocytes can promote tumor progression through direct
stimulation, or through cytokine release and inflammatory mediators [39, 40].
Microglia, tissue-resident macrophages of the CNS and spinal cord and primary
immune cells of the CNS, can contribute to metastatic colonization through direct
stimulation, or modulation of the microenvironment [41, 42, 43].

————————————————————————————————————————————————————
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Figure 4. Tumor mincroenvironment in a brain tumor, visualizing brain-specific features such as
functional lymphatic vessels, CNS antigen circulation to cervical lymph nodes and the ability of T-cells
to cross the blood brain barrier. Reprinted from Nature [44] with permission from Springer Nature.
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Studies have suggested melanoma brain metastases to be a more immunologically
cold and immunosuppressed, with less infiltrating T-cells than metastases at
extracranial sites [45, 46, 47, 48]. Moreover, further supporting the brain TME as a
more immunosuppressed environment are the findings of less T-cell receptor
diversity [48] and upregulation of markers of T-cell exhaustion such as PD-1 in
brain metastases (BM) [49].

Several studies on cohorts of mixed histology BM have yielded varying results on
the prognostic role of T-cell infiltration [50, 51, 52].

Nonetheless, in melanoma BM increased T-cell infiltration has been consistently
reported to be associated with improved OS [45, 48, 53, 54].

Although much remains to be learned about BM, current evidence suggests that the
brain TME is an immune specialised rather than immune privileged environment.

Tumor microenvironment in Soft Tissue Sarcoma

Immune microenvironment

Sarcomas have generally been regarded as “immune cold”. However, it is becoming
increasingly clear that this varies between sarcoma histotypes (Table 1). Studies
characterizing T-cell infiltration in STS have reported higher T-cell infiltration in
genetically complex sarcomas than in translocation sarcomas, and more abundant
CD8" T-cell infiltration than regulatory FOXP3" T-cells. [55, 56, 57, 58]. Data on
T-cell infiltration and its association to prognosis have been conflicting. In primary
undifferentiated pleomorphic sarcoma (UPS) high densities of infiltrating CD8" and
CD3" T-cells were associated to improved outcomes [59]. In synovial sarcoma (SS)
one study reported favourable outcome in patients with high CD8" T-cell infiltration
[58], whereas another study reported shorter metastases free survival [60]. Several
studies have reported no prognostic value of T-cell infiltrates [56, 61].

Most studies reporting CD20" B-cell infiltration using immunohistochemistry have
reported sparse staining with positive prognostic association [57, 62]. A study
characterizing the immune landscape of STS by analyzing transcriptomic data,
identified a subgroup of STS classified as “immune high”. This subgroup showed
an elevated expression of B-cell related gene signature that correlated to improved
survival and to response to checkpoint inhibitors present in 18% of the STS cohort
[25]. Immunohistochemistry revealed that this class of STS is characterized by
presence of TLS.
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Table 1. Summary of immune biomarker studies in STS. Boxes represent prognostic effect of each
biomarker. Green- positive, red-negative,grey-no prognostic effect

hisfc-)rl?)gy N CcD4* CcD8* FOXP3* CD20* CD163* PD-L1 ref
108 | | | (| [62]

. 203 [61]
Mixed STS 608 = [25]
33+265 . [57]

UPS 57 T [59]
ss 36 \ | | || | [58]
22 [ [ [60]

LMS 149 I [63]
52 ] [64]

LPS 56 \ | || | | 1 [56]
DDLPS 62 . [65]
SFT 113 [ [65]

UPS-undifferentiated pleomorphic sarcoma, SS- synovial sarcoma, LMS- leiomyosarcoma, LPS-
liposarcoma, DDLPS-dedifferentiated liposarcoma, SFT- solitary fibrous tumor

Studies addressing the prognostic value of PD-1/PD-L1 expression in sarcoma have
also reported conflicting results. However, a meta-analysis, showed that high
PD-L1 was associated with worse overall survival (OS) and worse event free
survival [66].

High infiltration of M2-polarised TAM (CD163") has been reported in UPS,
leiomyosarcoma (LMS), myxofibrosarcoma and dedifferentiated liposarcoma
(DDLPS) [63, 65]. The clinical significance and prognostic value of CD163" TAM
are however uncertain. Low infiltration of CD163" TAM were associated to
improved prognosis in SS and SFT [58, 65] but not in other STS subtypes.

Taken together, these data suggest that the TME in STS is diverse. Thereby, more
research is needed to better understand the impact of the TME on prognosis and
response to treatment.

Hypoxia in STS
Several studies have linked hypoxia to poor prognosis in STS (Table 2).

Different methods, direct or indirect, can be used to assess hypoxia. Direct methods
involves insertion of electrodes (Eppendorf method) directly into a tumor to
measure pO>. Indirect methods include tissue-based methods such as
immunohistochemistry to assess surrogate markers of hypoxia such as Carbonic
anhydrase 9 (CAIX), Glucose transporter 1 (GLUT-1) and HIF-1o.. Gene expression
profiling is another indirect tissue-based method to assess hypoxia through
monitoring alterations in the expression of hypoxia-associated genes.
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Table 2. Summary of trials investigating the prognostic importance of hypoxia in STS

. Outcome

STS histotype N Method Marker (p<0.05) Reference

Mixed STS 22 Eppendorf pO2 DFS [67]

Mixed STS 28 Eppendorf pO2 DFS [68]

Mixed STS 206 IHC GLUT-1 DSS [69]

Mixed STS 47 IHC CAIX oS [70]

Mixed STS 203 IHC CAIX DFS [71]

Mixed STS 49 IHC HIF-10 oS [72]

Mixed STS 55 IHC HIF-10 (OFS] [73]

MPNST 82 IHC HIF-10 (OS] [74]

Pleomorph . Hypoxia gene

STS 89 DNA microarray signature MFS [75]

Mixed STS 45 RT-qPCR Enajsile oS [76]
signature

Mixed STS 55+77 RT-qPCR Eens DSS [77]
signature

Mixed STS 183 RNAseq Cigfee MFS (78]
signature

. 228 + 6-gene
Mixed STS 255 RNAseq signature (05} [79]

MPNST-malignant peripheral nerve sheet tumor, IHC- immunohistochemistry, RT-qPCR- reverse
transcription polymers chain reaction, CAIX- Carbonic anhydrase 9. Glut-1 Glucose transporter1,
HIF-1a hypoxia inducible factor 1 aplha, DFS- disease free survival, DSS-disease specific survival,
MFS-metastases free survival, OS- overall survival

Immunotherapy

Efforts to exploit the immune system in cancer treatment can be divided in two main
categories, passive and active, based on their ability to (re-)activate the host immune
system against malignant cells [80]. Passive forms of immunotherapy, such as
tumor-targeting monoclonal antibodies and adoptively transferred T-cells have
intrinsic antineoplastic activity and are not dependent of the host immune system.
Oppositely, anticancer vaccines and immune checkpoint modulators, exert their
effects upon engagement of the host immune system, thus constituting forms of
active immunotherapy.

Immune checkpoints are proteins that regulate the activation and function of
immune cells, particularly T-cell activation. These pathways are important for
maintaining homeostasis and preventing autoimmunity, but they can also be
exploited by cancer cells to evade immune surveillance [81]. The two most well-
known immune checkpoint proteins are programmed death-1 (PD-1) and cytotoxic
T-lymphocyte associated protein 4 (CTLA-4).

PD-1 is expressed on activated T-cells, in particular in those that have become
exhausted by chronic antigen exposure. When engaged by one of its ligands, PD-
L1 and PD-L2, expressed by other immune cells, PD-1 exerts suppressive effects.
PD-L1 can also be expressed by tumor cells through upregulation or constitutively.
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Binding of PD-1 to its ligands inhibits T-cell activation and promotes T-cell
exhaustion [82].

CTLA-4, on the other hand, is expressed on the surface of activated T-cells and
competes with CD28, a co-stimulatory molecule on the T-cell surface, for binding to
B7-1 (CD80) and B7-2 (CD86), which are expressed on APCs. Binding of CTLA-4
to B7-1 or B7-2 results in inhibition of T-cell activation and proliferation [83].

Thus, blocking of PD-1 or PD-L1 can restore T-cell function and enhance anti-
tumor immune responses, while blocking CTLA-4 can enhance T-cell activation
and proliferation. Immunotherapy using antibodies targeting these immune
checkpoints have become standard of care for several malignancies. Since the
mechanism of action of immune checkpoint inhibitors relies on inhibition of
physiological tolerance mechanisms, these drugs are often associated off-target
effects, so-called immune related adverse events (IRAE).

During the last decade, several other targetable checkpoints such as TIM-3,
LAG-3, TIGIT, VISTA, SIRP-CD47 have emerged and are currently being tested
in clinical trials [84].

Predictive biomarkers

Despite impressive and durable responses observed in some patients, the majority
of patients do not respond to immune checkpoint inhibitors,, as demonstrated by
response rates rarely exceeding 15% in most cancer types [85]. Thus, identification
of biomarkers of sensitivity and resistance to immune checkpoint blockade are
needed.

PD-L1 emerged as an early biomarker to be tested in immunotherapy clinical trials
e.g. melanoma, lung cancer and head and neck carcinoma. However, PD-L1 as
evaluated by immunohistochemistry has limitations as a predictive tool, as
illustrated by analysis of PD-L1 predictive value in 15 different tumor types,
unveiling PD-L1 expression to be predictive in only about 30% of cases [86].
Different assays, scoring methods and thresholds, but also variable spatial and
temporal expression and regulation of PD-L1 expression, may lie behind these
results. Therefore, and despite its clinical indication in some tumor types, PD-L1
expression is not considered an universal predictive biomarker.

Tumor mutational burden, TMB, is representative of the number of non-
synonymous DNA mutations and considered to result in increased neoantigen
presentation. TMB as estimated by next generation sequencing based techniques,
has demonstrated predictive value across different tumor types. Indeed,
retrospective analyses have shown higher clinical benefit in patients with tumors
with high TMB than in those without high TMB [87].

Defective mismatch repair machinery (dIMMR) cause microsatellite instability
(MSI) which can result in genetic mutations leading to development of cancer. MSI-
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high is associated with a hereditary form of cancer, Lynch syndrome, but can also
occur in sporadic tumors, for example in sporadic colorectal cancer. MSI-high leads
to high mutational load and creates enrichment in tumor-specific neoantigens. The
latter is often accompanied by high lymphocyte infiltration and is highly predictive
for response to immune checkpoint inhibitors. NICHE-2 trial in locally advanced
colorectal cancer showed impressive responses in 99% of dAMMR tumors, of which
67% pathologic complete response. In this trial, patients received a short course of
neo-adjuvant treatment with ipilimumab and nivolumab on day 1, and nivolumab
monotherapy on day 15, as well as +/- celecoxib daily until the day before surgery
[88].

PD-1 inhibitor pembrolizumab has received tissue agnostic approval for tumors
with dAMMR/MSI-high as well as for tumors with high TMB (>10 mutations per
megabase DNA), confirming the predictive value of these markers.

Other factors that have been associated with response to immune checkpoint
inhibitors are MHC expression, T-cell receptor diversity, presence of tumor
infiltrating lymphocytes, as well as the gut microbiome [89].

No biomarkers for response to checkpoint inhibitors are currently in clinical use in
neither melanoma nor in sarcoma.

In soft tissue sarcomas, immune cell infiltration is generally sparse, TMB low and
MSI is rare [90].

Based on the results by Petitprez et al. suggesting TLS as a predictive marker for
response to immune checkpoint inhibitors [25], the PEMBROSARC study enrolled
a cohort (N=30) based on the presence of TLS. Patients were treated with
pembrolizumab and low-dose cyclophosphamide and reported overall response rate
(ORR) of 30%, and 6-month non-progression rate of 40% [91]. In comparison, in
the all-comer cohort of the same study, the ORR was 2.4% and 6-month non-
progression rate was 4.9%.

Predictive value of TLS has been demonstrated in melanoma [26, 92] as well as
several other solid tumor types [93]

Melanoma

Etiology and Epidemiology

Melanoma is a melanocyte-derived cancer, which most often is found in the skin
(cutaneous melanoma) but can occur in all organs harbouring melanocytes, e.g. the
ears, the eyes, the mucosal membranes (nose, oral cavity, anorectal mucosa and the
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genitourinary mucosa), the central nervous system (leptomeningeal melanoma) and
in the gastrointestinal tract.

Melanomas can arise de novo in the skin (about 70%) or have a common nevus or
a clinically atypical nevus as a precursor lesion (in about 30%) [94, 95].

In the western countries, incidence of cutaneous melanoma has increased over the
past decades. In Sweden, melanoma is the 5™ most common malignancy in both
men and women with an age adjusted incidence of 43.7/100000 in men and
38.1/100000 in women reported 2020 [96].

UV light exposure is considered the major etiologic factor in the development of
melanoma. Multiple studies support an etiologic association between UV irradiation
and melanoma and suggest that it mediates its effects by a combination of DNA
damage, inflammation, and immune suppression.

Several physical traits have also been linked to increased incidence of cutaneous
melanoma. These include blond or red hair, green or blue eyes, presence of multiple
(>100) melanocytic nevi, and more than five atypical nevi.

It has been estimated that approximately 10% of melanomas occur in high-risk
families with an autosomal dominant inheritance with incomplete penetrance. The
most frequent and highest penetrance melanoma susceptibility gene is a germline
mutation in CDKN2A [97, 98]. CDKN2A mutations have been reported in
approximately 25% of melanoma-prone families.

Prognostication

The best predictor of metastatic risk is the depth of invasion, measured with an
ocular micrometre, from the granular layer of the skin to the base of the primary
lesion, as originally described by Breslow. Depth of invasion or so-called Breslow
thickness remains an important factor in staging and prognostic stratification.
However, other histologic and clinical features have relevance for estimating the
risk of metastasis and mortality. These include age, angiolymphatic invasion,
mitotic rate, sex, and body site.

In melanoma, the eighth edition of the TNM AJCC staging system is currently the
most widely accepted approach to melanoma staging and classification and provides
accurate risk stratification essential to guide patient treatment [99].

Primary tumor (Breslow) thickness and ulceration represent important prognostic
factors for survival and define T-category strata in primary cutaneous melanoma.
The N-category reflects the number and extent of tumor-involved regional nodes.
Regional lymph nodes represent the most common first site of metastasis in patients
with primary cutaneous melanoma.
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Current guidelines recommend sentinel lymph node biopsy in patients with pT
>Imm and without clinical or radiographic evidence of regional lymph node
metastasis [100].

Metastatic disease is reflected in the M-category, which is defined by the site of
distant metastases and the level of serum lactate dehydrogenase (LDH).

Patients with non-visceral distant metastasis (distant cutaneous, subcutaneous,
nodal) are categorized as M1a, those with lung metastasis are categorized as M 1b,
those with non-central nervous system (CNS) visceral metastases as M1c. M1c no
longer includes CNS metastasis, and patients with distant metastasis to the CNS
with or without any other distant sites of disease are categorised as MIld.
M-subgroups from a to d represent increasingly poor prognosis.

Molecular profiles

Genetic alterations in the mitogen-activated protein kinase (MAPK) pathway is
central in the development of melanoma. There is evidence of MAPK activation by
defined point mutations in at least 70% of melanomas, resulting in constitutive
signalling leading to oncogenic cell proliferation and escape from apoptosis.

Typically, cutaneous melanomas are classified into one of four subtypes based on
the pattern of the most prevalent mutated genes: mutant BRAF, mutant RAS, mutant
NF1, and triple wild type. This last group included melanomas with KIT mutations
and focal amplifications and complex structural rearrangements.

Several studies have demonstrated that mutations found in extracranial metastases
and BM are concordant [101, 102, 103]. However certain genetic events have been
implicated in formation and progression of BM, such as loss of PTEN [104] and
upregulation of the PI3K-pathway in BM [101].

Medical Treatment

Immunotherapy

Figure 5 illustrates how the approval of immunotherapies in treatment of melanoma
has advanced since 2011. First out was the introduction of ipilimumab, a CTLA-4
inhibitor [105, 106], followed by PD-1 checkpoint inhibitors pembrolizumab and
nivolumab [107, 108, 109, 110, 111, 112]. In summary, treatment with PD-1
antibodies give more objective responses, shorter time to response and improved
progression free survival (PFS) compared to ipilimumab.
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SYSTEMIC TREATMENT FOR ADVANCED DISEASE

Ipilimumab + nivolumab +
nivolumab relatlimab
mPFS 11.5m mPFS 10.1 m
TRAEs* 59% TRAEs* 21.1%

dabrafenib + vemurafenib + encorafenib +
trametinib cobimetinib binimetinib
mPFS 11.0 m mPFS 12.3 m mPFS 149 m
TRAEs* 32% TRAEs* 37% TRAEs* 34%

nivolumab atezolizumab +
mPFS 5.1 m vemurafenib +
TRAEs* 16% cobimetinib
mPFS 15.1m
ipilimumab pembrolizumab TRAEs* 79%
mPFS 2.86 m mPFS 84 m
TRAEs* 23% TRAEs* 17%
ipilimumab nivolumab pembrolizumab
Stage Il Stage III/IV Stage ||
RFS, HR 0.75 RFS, HR 0.65 RFS, HR 0.61
pembrolizumab
Stage Il
RFS, HR 0.57
dabrafenib +
trametinib
Stage Il
RFS, HR 0.51

ADJUVANT TREATMENT FOR RESECTABLE DISEASE

BRAFi + MEKIi *TRAEs > Grade 3

m, months
Immunotherapy = mPFS, median PFS

Figure 5. Advances in management of melanoma. Modified from Cancers [113] under the terms of
http://creativecommons.org/license/by/4.0 HR- hazard ratio mPFS- median progression-free survival,
TRAE- treatment related adverse event
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Combination treatment with ipilimumab 3 mg/kg and nivolumab 1 mg/kg increases
objective responses, gives more long-lasting PFS but also substantially more
toxicity [114, 115, 116]. Flipped dose ipilimumab 1 mg/kg and nivolumab 3 mg/kg
does not significantly affect response rates or PFS, but significantly reduces grade
3-4 IRAE, 34% compared to 48% [117, 118, 119]. There are no clear-cut guidelines
on who to offer combination treatment, but good performance status, high tumor
burden, elevated LDH, BRAF-mutation and low PD-L1 expression support the use
of combination treatment.

Combination of PD-L1 inhibitor with BRAF and MEK inhibitor (BRAFi, MEKi)
showed improved PFS at 15.1 months, however with the price of increased toxicity
[120] and recently published data showed no OS benefit of the combination [121].

LAG-3 is a CD4 homolog which upon binding to MHC class II results in negative
regulation of T cell proliferation [122]. The LAG-3 inhibitor, relatlimab, has in
combination with nivolumab shown a mPFS of 10.1 months with favorable toxicity
[123].

In the adjuvant setting, treatment with PD-1 inhibitor leads to decreased risk for
relapse in patients with stage II and III melanoma [124, 125]. Most current
guidelines recommend one year of adjuvant treatment with PD-1 inhibitor for
patients in stage IIIB-D. There is no support for use of combination treatment with
ipilimumab and nivolumab over monotherapy PD-1 inhibitor in the adjuvant setting
[126, 127]. However, promising results have been reported in the
neoadjuvant/adjuvant setting, both with the latter combination and with
combination relatlimab and nivolumab [128].

Targeted therapies

For patients with BRAF V600 mutation, three combination regimens of ~ BRAF-
MEK inhibitors are approved: dabrafenib and trametinib, vemurafenib and
cobimetinib, and encorafenib and binimetinib. The combinations are comparable in
efficacy, with response rates between 60-70% and mPFS between 11.0-14.9 months
[129, 130, 131]. In the adjuvant setting, treatment with dabrafenib and trametinib is
approved in stage III melanoma [132].

Optimal choice of first-line therapy with checkpoint inhibitors or BRAFi-MEK:i for
BRAFV600 mutant metastatic melanoma has been addressed in two clinical trials.
Both studies strongly support the use of dual checkpoint inhibition as first-line
treatment. The Dreamseq study showed a 20% OS benefit at two years follow up in
favor of dual checkpoint inhibition, 72% OS for ipilimumab and nivolumab
compared to 52% for dabrafenib and trametinib [133]. The SECOMBIT trial, not
powered to compare the different treatment arms, reported two-year OS of 73% for
ipilimumab and nivolumab compared to 65% for encorafenib and binimetinib in
first line [134].
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Brain metastases

Development of BM is frequent in melanomas, clinically evident in 40-60% of
metastatic melanoma, in autopsy material as high as 75% [135, 136].

Historically, survival after diagnosis of melanoma BM has been poor, with median
survival between 4-6 months [137, 138, 139, 140]. Prior to introduction of targeted
therapies and checkpoint inhibitors, treatment of melanoma BM relied on surgery
and radiotherapy.

Whole-brain radiotherapy has been reported to improve neurologic symptoms but
fails to provide long-term disease control and improve survival (median survival of
only 14 weeks) [141], thus whole-brain radiotherapy has limited value and is now
rarely used in the management of melanoma BM.

Temozolomide, a chemotherapy agent that crosses the blood—brain barrier, has been
used for decades in patients with melanoma BM despite clinical trials demonstrating
intracranial clinical response rates of 3—7% [142].

Current management of Melanoma brain metastases

Local Management

Considerations for local therapy (surgery or radiation therapy) include whether the
metastases are symptomatic, the number and site of the metastases and the type of
systemic drug therapy available and its chance of providing a response in the brain
[143].

BM that are symptomatic or generate mass effect at presentation are usually treated
with surgery, which can rapidly relieve symptoms and maintain function.

For patients with a single or a small number of melanoma BM (usually up to four
with a maximum diameter of three cm), stereotactic radiosurgery (SRS) provides a
high rate of local control, comparable to surgical resection. Postoperative SRS to
the resection cavity can be considered after complete resection of melanoma BM
based on a randomised phase III study. This study, encompassing several tumor
histologies including melanoma, showed that addition of SRS to the surgical cavity
significantly improved the 12-month local control rate compared with observation
in patients with one to three completely resected brain metastases of several tumor
histologies, including melanoma [144].

Combining SRS with systemic therapies is appealing. Several retrospective studies
have demonstrated improved intracranial response rates, PFS and OS from
combination strategies [145, 146]. However, the optimal sequencing of systemic
therapy and SRS remains to be established and needs further prospective studies.
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Systemic therapies

Following the introduction of modern melanoma treatments, the overall survival
from time of diagnosis of melanoma BM has improved.

Recently, a single-institution retrospective analysis reported median OS from
melanoma BM diagnosis of 14.4 months in patients treated between 2014 and 20138,
as compared to 10.6 months for patients treated between 2009 and 2013 [147].

Originally excluded from clinical trials due to poor prognosis, several recent studies
focusing on melanoma BM have demonstrated intracranial responses to ICIs as well
as targeted therapies albeit lower than response rates reported for extracranial
disease.

The first clinical trial of a PD-1 inhibitor (pembrolizumab) in patients with active
brain metastases demonstrated an intracranial response rate of 26% and a 48%
overall survival at 24 months[148]. Two subsequent trials, on the combination
ipilimumab and nivolumab, have since then confirmed the intracranial activity of
ICIs. The CheckMate 204, showed an intracranial overall response rate of 56%, with
26% intracranial complete responses and 30% intracranial partial responses in
patients with asymptomatic brain metastases [149]. In the cohort of symptomatic
melanoma BM intracranial response rate was lower, 22% [150]. The three-year
follow-up showed an overall survival of 71.9% in asymptomatic patients compared
to 36.6% in the symptomatic patients [151].

The Australian ABC trial showed similar intracranial response rates of 46% with
ipilimumab and nivolumab in previously untreated asymptomatic patients with
melanoma BM [152]. Furthermore, a five-year intracranial PFS-rate of 46% was
reported [153]. BRAF mutated melanoma BM can benefit from combination of
BRAF and MEK inhibitors. In the COMBI-MB trial, combination of dabrafenib and
trametinib demonstrated intracranial response rates of 58%, although with a median
duration of intracranial response of 6.5 months in asymptomatic patients, and 4.5
months in symptomatic patients [154]. Other trials or small series showed similar
efficacy of other BRAF-MEK inhibitor combinations.

Management of melanoma BM has radically changed during the past decade,
particularly with the advent of targeted therapy and immunotherapy, along with
improved local therapeutic options such as SRS. Treatment with combination
immunotherapy can induce clinically meaningful and durable intracranial responses
and is often considered as first line therapy in melanoma BM. Still, further studies
are needed to determine the optimal sequencing and combination of the different
treatment modalities available.

30



Soft Tissue Sarcoma

Epidemiology and Etiology

Soft tissue sarcomas (STS) are rare tumors, accounting for less than 1 % of adult
cancers. In Sweden, the incidence of sarcomas has been relatively stable over time.
In 2020 the reported incidence of sarcomas in Sweden was 3.7/100 000 inhabitants,
thus corresponding to approximately 370 sarcoma cases [96]. Approximately 2/3 of
these are soft tissue sarcomas. However, the actual incidence may be an
underestimation, as cases of visceral sarcomas, e.g. gastrointestinal stromal tumors
(GIST) may have been classified with associated organ and not reported as
sarcomas.

STS are tumors that may show a wide range of differentiation, usually defined as
having primarily a mesenchymal origin, although their histogenesis has not been
clearly defined. Although no common cell of origin has been identified,
transformation from a common multipotent mesenchymal stem cell has been
suggested [155, 156, 157].

Most STS are sporadic and have no defined cause. However, in a small percentage
of cases, predisposing or associated factors have been identified. Hereditary genetic
syndromes such as germline mutations including NF1 (neurofibromatosis), TP53
(Li-Fraumeni) and RB (hereditary retinoblastoma) account for 2-4% of all sarcomas
[158]. Environmental exposures, such as chemical carcinogens, ionizing radiation
and viral infection have also been implicated in the etiology. [159].

Classification and molecular alterations

Classification of STS is based on pathological features and molecular alterations
[160]. Sarcomas are broadly classified in two major groups; those with distinctive
cytogenetic aberrations, most often chromosome translocations i.e. karyotypically
simple sarcomas or translocation sarcomas, and those with complex karyotypes
[161]. Translocation sarcomas represent approximately % of all sarcomas and are
characterized, and most often also diagnosed, on the basis of their translocation
[162]. Beside from the translocation they tend to have very little other genetic
aberrations. The translocations often involve genes encoding for transcription
factors or epigenetic modulators resulting in uncontrolled growth [163]. Common
translocation STS include synovial sarcoma (SS), myxoid liposarcoma, solitary
fibrous tumor (SFT) and alveolar soft part sarcoma (ASPS).

The genetically complex sarcomas typically show extensive chromosomal
rearrangements, duplications and deletions and are often copy-number driven.
Common STS subtypes in this group include Ileiomyosarcoma (LMS),
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dedifferentiated liposarcoma (DDLPS), angiosarcoma and undifferentiated
pleomorphic sarcoma (UPS).

Prognostication

Grading, based on intrinsic qualities of the untreated primary tumor, is one of the
most important pieces of information for therapeutic decision. The most commonly
used grading system, is the one proposed by the FNCLCC (Fédération Nationale
des Centres de Lutte Contre le Cancer) which considers three parameters: tumor
differentiation, tumor necrosis, and mitotic count [164]. Each factor is given a score,
and the scores are added to determine the grade of the tumor. Grade 1 is considered
low-grade, whereas grades 2 and 3 are considered high-grade.

Staging of soft tissue sarcomas is challenging. The AJCC/UICC version 8 is based
on primary tumor size and grade, lymph node involvement and distant metastasis.
However, it does not consider the fact that the oncologic outcome of STS is strongly
influenced by histologic subtype and site of tumor origin [165]. Hence, the
AJCC/UICC system is not commonly used in clinical practice. Several nomograms
to predict prognosis are available, for example the MSKCC nomogram and the
Sarculator [165, 166, 167, 168].

In Scandinavia, the SING system is used for prognostication of high-grade soft
tissue sarcomas [169, 170, 171]. This system considers tumor size (dichotomised at
8 centimeters), vascular invasion, presence or absence of necrosis, and growth
pattern defined as pushing or infiltrative. High-risk tumors are defined by either
presence of vascular invasion, or two out of three of the following criteria: tumor
size > 8 cm, infiltrative growth pattern and presence of necrosis.

Transcriptomic signatures

Advances is gene expression profiling techniques have led to development of
transcriptomic signatures aiming at improved prognostication.

The CINSARC, Complexity Index in SARComas, is currently under clinical
evaluation. It is a 67-gene signature, encompassing genes involved in mitosis and
chromosomal management. In retrospective studies, CINSARC signature has been
shown to predict metastasis better than FNCLCC grading [172, 173, 174].
Furthermore, the CINSARC signature has shown ability to identify poor prognosis
within the FNCLCC grade 2 group. This is highly relevant as the grade 2 group is a
large, heterogenous group that would benefit from better risk stratification.
Randomized phase III trials utilizing the CINSARC signature to identify high-risk
patients for treatment with adjuvant chemotherapy are ongoing (NCT03805022 and
NCT04307277).
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Genetic grade index, GGI, is a gene expression signature including 108 genes,
originally developed for early breast cancer prognostication. However, it has also
proved to have prognostic potential in a retrospective cohort of 678 STS [175].
Further validation in clinical trials is needed.

Surgery

Surgery, with wide resection of the tumor, is the mainstay of treatment for all
sarcomas and should be performed at a reference centre [176, 177]. Surgical margin
is related to risk of local recurrence. Different systems for reporting surgical margins
are used. Surgical margins, as defined by Enneking et al [178], are based largely on
the macroscopic findings during surgery, and termed intralesional, marginal, wide
and radical (compartmental). The R-classification for margins is also used and
represent an independent prognostic factor for local recurrence [179]. This system
is based mainly on microscopic findings. The R-classification is categorized as
R2 grossly positive, R1 microscopically positive or RO microscopically negative.

Radiotherapy

For STS of extremities and trunk wall, the value of radiotherapy in addition to
surgery for local control has been demonstrated in multiple trials [180, 181, 182,
183]. As a result, perioperative radiotherapy is considered standard of care for high
grade STS of extremity and trunk wall operated with marginal or intralesional
margin. However, no survival benefit has been demonstrated.

Optimal timing, and dosing, of radiotherapy is a matter of debate. In international
guidelines, postoperative doses up to 66 Gy are recommended, whereas 50 Gy are
recommended preoperatively [184]. However, in the Scandinavian study SSG XX
accelerated and hyperfractionated radiotherapy in doses equivalent to 50 Gy were
given postoperatively. Local recurrence at five years was reported in 14% of the
patients, with low rates of long-term toxicity, although the final results of the trial
have not yet been published [185]. Preoperative radiotherapy possibly improves
normal tissue sparing, but has been associated with more wound healing
complications [186]. In, addition, soft tissue sarcomas are heterogenous in terms of
radiosensitivity, and therefore there is a risk that preoperative radiotherapy may
delay necessary surgery. Postoperative radiotherapy will inevitably include more
normal tissue, potentially with significant risk for long-term toxicity. However,
available toxicity data is based on dated radiation techniques and long-term toxicity
with modern techniques, i.e. rotation techniques or proton therapy, is largely
unknown.

Current guidelines from the Scandinavian sarcoma group (SSG) recommend that
perioperative radiotherapy should be offered to all high-grade deep-seated tumors,
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irrespective of surgical margin, as well as following marginal and intralesional
margin surgery irrespective of tumor depth. Perioperative radiotherapy is further
recommended to all STS operated with intralesional margin, regardless of
malignancy grade.

For retroperitoneal sarcomas, the value of radiotherapy is less certain and the largest
reported randomized trial, showed no clear benefit of perioperative radiotherapy
over surgery alone [187].

Medical treatment of STS

Neoadjuvant and Adjuvant setting

There is no clear consensus on the benefit of adjuvant chemotherapy in STS as no
randomized phase 3 trial has showed a survival benefit of adjuvant chemotherapy.
However, most of the trials are now 20-40 years old and should be interpreted with
caution as the study populations are heterogenous especially with regards to grade
[188]. Two meta-analyses have been published. The first summarizing results from
14 anthracycline based trials, reported an hazard ratio for OS of 0.89 which was not
significant (p=0.12) [189]. The second, a later, pooled meta-analysis including four
additional trials, reported an odds ratio of 0.56 (p=0.01) in favor of doxorubicin plus
ifosfamide, corresponding to an absolute risk reduction of 11% [190].

A large, randomized phase 3 EORTC trial, often considered a landmark trial for
adjuvant chemotherapy in STS, failed to demonstrate a survival benefit of treatment
with doxorubicin and ifosfamide [191]. However, it should be noted that more than
50% of the patients included in this trial had low-risk STS when  risk-stratified
using the Sarculator nomogram [192]. In fact, in high-risk STS identified using the
nomogram Sarculator, a post-hoc analysis showed that adjuvant chemotherapy
halved the risk of death [192]. The Italian Sarcoma Group published an adjuvant
study including only large (>5cm) high-grade STS showing an absolute OS benefit
of 13% at two years, increasing to 19% at four years (p=0.04) in patients treated
with anthracycline and ifosfamide [193]. In summary, these data strongly suggest
that correct patient risk stratification is absolutely essential in the adjuvant setting.

In Scandinavia, the SSG XX study, a non-randomized phase 2 study, addressed the
benefit of adjuvant doxorubicin and ifosfamide in 150 patients with high-risk STS
according to the SING-system. In this study, the five-year metastasis-free survival
(MFS) was 70.4% and five-year OS was 76.1 %, comparing favorably to historic
data [185]. Based on the outcome of SSG XX, current Scandinavian guidelines
recommend combination chemotherapy with doxorubicin and ifosfamide in the
adjuvant setting in high-grade STS deemed as high-risk according to the SING-
system (see STS prognostication).
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Neoadjuvant chemotherapy has theoretical advantages, however its use in STS is
limited mainly due to difficulties in making a correct risk stratification based on a
core biopsy [194].

Advanced setting

In the metastatic setting, doxorubicin is considered the single most important drug
for most sarcoma histotypes. As single therapy, mOS for doxorubicin range between
12.8- 20.4 months, mPFS range between 4.1- 6.8 months and ORR between 12-
20% [195, 196, 197, 198, 199]. Addition of ifosfamide, or other drugs, to
doxorubicin remains somewhat controversial but is increasingly used. Even if
combination therapies have failed to prove an OS benefit, several combinations
have been shown to be clearly better in terms of PFS.

The largest phase 3 study on doxorubicin in combination with ifosfamide versus
doxorubicin monotherapy in the metastatic setting showed that combination
treatment was associated with significantly longer mPFS, 7.4 months vs 4.6 months
(p=0.003), as well as significantly increased overall response rate, 26% vs 14 %
(»<0.0006), however no OS benefit was proven [200]. For LMS, combination of
doxorubicin and dacarbazine has, in a retrospective trial, been associated with
significantly improved PFS and ORR compared to doxorubicin monotherapy and
doxorubicin and ifosfamide [201].

Furthermore, the value of combination chemotherapy is supported by a large
retrospective analysis showing a significant impact of combination therapy on OS
with a hazard ratio of 0.82 (»p=0.0003) [202].

Nonetheless, combination regimens have repeatedly been associated with additive
and thereby greater toxicity than with single-agent doxorubicin.

In second line treatment, choice of treatment largely depends on STS histotype.

Gemcitabine-docetaxel has shown similar PFS rates to single doxorubicin in first
line [199] but with greater toxicity profile. Thus, Gemcitabine-docetaxel is often
considered for second-line therapy in foremost, but not restricted to, LMS and UPS.

Trabectedin is a marine-derived anti-neoplastic agent with an dualistic mode of
action, acting both on tumor cells by binding to the minor grove of DNA, but also
exerting a direct effect on TME by inhibiting TAMs [203]. Trabectedin has shown
activity in both LMS and liposarcoma (LPS) [204, 205, 206]. In myxoid LPS
response rates of 50% and mPFS of 17 months have been reported in a retrospective
trial [207].

Eribulin, a microtubule inhibitor, has demonstrated improved OS compared to
single agent dacarbazine in LPS in a study including LMS and LPS [208, 209, 210].

Multi-target tyrosine kinase inhibitor pazopanib was evaluated in STS in the placebo
randomized phase 3 Palette trial, showing an improvement in median PFS from 1.6
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to 4.6 months (p<0.0001) [211]. Other multi-target tyrosine kinase inhibitors with
activity in STS are sunitinib [212], sorafenib [213, 214] and regorafenib [215]

To deal with the rarity of STS, most clinical trials to date have used an all-comers
approach. There is however a great heterogeneity among STS subtypes as
demonstrated by varying response rates to the same treatment across different STS.
Perhaps as a result of this subtype heterogeneity, agents with promising activity in
phase 2 trials, have notoriously failed to improve outcome in all-comer phase 111
trials [196, 198, 216].

Subtype related variations in response rates are also observed in trials exploring
immunotherapy in STS. Response rates to PD-1 inhibition typically vary between
10 and 20 %. However, certain subtypes, such as alveolar soft part sarcoma,
angiosarcoma and UPS, appear more responsive. In 2022, FDA has given the first
approval of a treatment for ASPS, to atezolizumab, a PD-L1 inhibitor. Much focus
is currently set on developing combination strategies with checkpoint inhibitors and
chemotherapy or small molecule inhibitors, as well as radiotherapy. An overview of
selected reported trials with checkpoint inhibitors in STS is presented in Table 3.
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Table 3. Summary of selected immune checkpoint inhibitor trials in STS
ORR mPFS

Treatment N % (months) Subtype (RR) Reference
ICI
Pembrolizumab 84 18 45 UPS 23%, LPS 10% Tawbi et al. [217]
D’Angelo et al.
Ipilimumab+nivolumab 38 16 4.1 UPS 29%, LPS 14.3% [218] Chen et al.
[219]
ASPS (40%) .
purvalimabs 57 12 28  chordoma (20%) AS [82‘;%1]"’“""“ etal.
(20%) UPS (20%)
ICl + chemotherapy
Pembrolizumab+ Toulmonde et al.
cyclofosfamide 57 2 14 1PRSFT [221]
Pembrolizumab+ 37 19 8.1 UPS 67% DDLPS Pollack et al.
doxorubicin ’ 50% [222]
Pembrolizumab+ 30 37 57 UPS 100% LMS 40% Livingston et al.
doxorubicin ’ LPS 28.7% [223]
Avelumab+ trabectidin 33 13 8.1 LMS (17%) ggg]”er citell
ICI + small molecule inhibitor
Pembrolizumab+ ASPS (54.5%), non- .
axitinib 33 25 4.7 ASPS (9.5%) Wilky et al. [225]
Nivolumab+ sunitinib 68 21 5.6 CRAS, PRs in AS, Martin-Broto et

EMC, SS, ASPS al. [226]

AS- angiosarcoma, ASPS-alveolar soft part sarcoma, CR- complete response, DDLPS-
dedifferentaited liposarcoma, , EMC- extraskelettal myxoid chondrosarcoma, ICI- immune checkpoint
inhibitor, LPS-liposarcoma, PR- partial response, SFT- solitary fibrous tumor, SS- synovial sarcoma,
UPS-undifferentiated pleomorphic sarcoma

Liposarcomas

Liposarcomas (LPS) represent approximately 20% of STS, making it one of the
most common STS subtypes. Further, LPSs are divided in four subgroups that differ
in genetic alterations, clinical behaviour, and optimal treatment strategies.
Myxoid/round cell LPS are characterized by reciprocal chromosomal translocation
t(12;16)(q13;p11), resulting in the FUS-DDIT3 chimeric gene and are usually
responsive to both chemotherapy and radiation therapy. Pleomorphic LPS are
genetically complex without pathognomonic alterations. Well differentiated
liposarcomas (WDLPS) and dedifferentiated liposarcomas (DDLPS), are usually
considered to represent the broad spectrum of one disease, where the WDLPS
subtype is regarded as mainly locally aggressive, but usually slow growing and with
low metastatic potential. WDLPS can however undergo a process of
dedifferentiation, where the tumor cells lose their specialized features and as a result
become more aggressive. Indeed, DDLPS have a more aggressive biology, with a
high rate of local recurrence and metastatic potential [227]. Genetically, both
WDLPS and DDLPS are characterized by amplification in chromosome 12 (12q13-
15), harbouring mouse double minute 2 (MDM2), cyklin-dependant kinase 4
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(CDK4), and fibroblast receptor substrate 2 (FRS2) genes. These molecular findings
have unleashed new therapeutic options targeting the molecular alterations found in
WDLPS/DDLPS.

Medical treatment

The backbone in current management of advanced, inoperable WD/DDLPS is
doxorubicin, often in combination with ifosfamide. Doxorubicin monotherapy
typically results in a PFS of 4 -5 months, whereas combination treatment with
doxorubicin and ifosfamide has reported mPFS of up to 12 months [228]. Treatment
beyond first line can include eribulin, trabectedin, ifosfamide, gemcitabine and
docetaxel, and pazopanib. However, response rates are generally low and there is a
great unmet need for effective treatment alternatives in this group of patients.
Studies supporting current management of WDLPS/DDLPS are summarized in
Table 4.

Table 4. Summary of Clinical trials for WDLPS/DDLPS
mPFS, mOS,

Treatment N ORR % months months Reference
First line (all retrospective)
Anthracycline (n=48) o
. overall 9 4 19 Stacchiotti et
Anthracyclinebased combo 109
(n=18) Other(n=43) (D+l 22) (D+112) (D+l 31) al. [228]
Anthracycline (n=7)
Anthracyclinebased combo Livingston et
(n=67) 84 21 4 29 al. [229]
Other (n=10)
Anthracycline (n=92)
Anthracyclinebased combo Italiano et al.
(n=79) 208 12 4.6 15.2 [230]
Other (n=36)
Anthracycline (n=32)
Anthracyclinebased combo Langmans et
(n=16) 100 17 N/A 9.7 al. [231]
Other (n=9)
Beyond first line
Gemcitabin-Docetaxel Thirasastr et
(n=65) Gemcitabin (n=7) e £ oz 1853 al. [232]
- Demetri et al.
Trabectidin 45 N/A 2.2 N/A [205]
S Demetri et al.
Eribulin 31 0 2.0 18.0 [233]
Pazopanib 41 2.4 4.4 12.6 Samuels [234]

D - doxorubicin, | - ifosfamide, N/A- not reported

Emerging results from recent targeted therapy trials with MDM2 or CDK4/6
inhibitor are summarized in Table 5. Most promising results were obtained with the
MDM2 inhibitor BI907828, with a disease control rate in the DDLPS cohort of 89%
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with long lasting responses seen among responders [235]. Results with CDK4/6
inhibitors in monotherapy have been less convincing, and different combination
strategies are currently being explored, as shown in Table 6.

In addition to the studies presented in Table 5, two studies in WDLPS/DDLPS were
recently reported. Sanfilippo et al. in a phase 2 non-randomised study, reported
benefit of chemotherapy cabazitaxel in 38 DDLPS reaching an ORR of 8%, a mPFS
of 6 months and mOS of 21 months [236]. Gounder et al. reported a large, phase II-
III placebo-randomized trial on DDLPS (n=188), exploring the effect of selinexor,
an inhibitor of nuclear export, demonstrating an ORR of 2,7 %, a mPFS of 2,8
months and a mOS of 10 months [237].

Table 5. Recently completed early trials targeting MDM2 or CDK4/6 in WD/DDLPS

Treatment N ORR %  mPFS (months) Reference
45LPS .
BI907828 (MDM2) (29 DDLPS 111 8.1* S°h°‘[*g§§i el
16 WDLPS)
Milademetan (MDM2) 53 DDLPS 3.8 7.2 G°“’Eg§g]et al.
Palbociclib (CDK4/6) ?708\:/\%85'52)8 16 4.1 D'C"[SZOS”Q]‘" el
Ribociclib (CDK4/6) von Mehren et al.
+ Everolimus (mTOR) 21 PDLPS 9.5 3.7 [240]
Abemaciclib Dickson et al.
(CDKA/6) 30 DDLPS 3.3 7 o]

*unconfirmed, presented at ESMO 2022. DDLPS- dedifferentiated liposarcoma, LPS-liposarcoma,
WDLPS- well differentiated liposarcoma

Ongoing trials in WDLPS/DDLPS including targeted therapies are summarized in
Table 6. Several Phase III trials with MDM2 inhibitors are ongoing. Treatment
combinations with CDK4/6 inhibitors and PD-1 inhibitors are also being explored,
spurred by data suggesting that CDK4/6 inhibitors have an immunomodulatory
effect [242, 243, 244].

In summary, the increased understanding of the specific genetic alterations in
DDLPS has unfolded a new and exciting field of treatment options/strategies with
targeted therapies. Ongoing and future studies will further address treatment
strategies exploring possible combinations with immunological therapies.
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Table 6. Ongoing clincal trials DDLPS.

Trial name
MDM2 inhibitors
MANTRA - Treatment of
Mildematan vs Trabectidin in
Patients with advanced
DDLPS- NCT04979442)

Brightline-1: BI907828 vs
Doxorubicin (NCT05218499)

CDKA4/6 inhibitors
SARCO041-Abemaciclib vs
placebo (NCT04967521)
Palbociclib + Retifanlimab
(PD1) (NCT04438824),
Palbociclib + Cemiplimab
(PDL1) (NCT05694871)

Status*

Recruitment completed Aug-22

Recruiting

Recruiting
Recruiting

Active, not yet recruiting

Primary outcome and phase

PFS (phase Ill)

PFS (phase Ill)

PFS (phase lIl)

Best overall response rate
(phase II)

PFS (phase II)

*as per clinicaltrials.gov February 6" 2023. PFS-progression free survival
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A1ims

The overall aim of this thesis work was to investigate the tumor microenvironment
in soft tissue sarcomas and melanoma brain metastasis, papers I-I11I, and to address
potential new treatment strategies, paper IV.

The specific aims of each paper are listed below:

e To map the tumor microenvironment, linking tumor associated
macrophages, hypoxia and neovascularity to outcome in high grade STS

(paper I)

e To characterize the immune landscape in STS with correlation to prognosis
(paper II)

e To explore differences in the immune microenvironment in melanoma brain
metastases compared to extracranial metastases (paper I1I)

e To design a clinical phase II trial for advanced DDLPS combining a
fibroblast growth factor receptor inhibitor (pemigatinib) with a PD-1
inhibitor (retifanlimab) (paper 1V)
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Material and Methods

Patient cohorts

Papers I and II are based on retrospective cohorts of soft tissue sarcomas located
in extremities and trunk wall, operated on at the Skane University Hospital, in Lund
(Sweden), between 1979 and 2005.

Paper I included high-grade tumors, corresponding to FNCLCC grade 3, of which
63 were LMS and 10 UPS. Patients with metastases at diagnosis were excluded. No
patient had received preoperative treatment.

Paper II included 65 LMS, 47 LPS and 22 SS. Of the 134 included tumors, 113
were high-grade, corresponding to FNCLCC grade 3. All low or intermediate grade
tumors were liposarcomas. Patients with metastases at diagnosis were excluded. No
patient had received preoperative treatment.

In both papers, clinical data was retrieved from the Scandinavian Sarcoma Group
registry, as well as from medical charts.

Paper 111 is based on a retrospective cohort of 22 patients who had been submitted
to neurosurgery for brain metastasis of melanoma at the Skane University Hospital,
in Lund (Sweden) between 2012 and 2019, with available formalin-fixed paraffin
embedded (FFPE) tissue from at least one lesion. When available, matched tissue
samples from extracranial metastases were also retrieved. For five patients, tissue
was available from multiple resected brain metastases. In total, tissue from 28 brain
metastases, 13 lymph nodes metastases and 3 extracranial metastases was available
for analysis. Clinical data was retrieved from medical charts.

The cohort is probably not fully representative of all melanoma brain metastases, as
only selected patients are candidates for neurosurgery The patients in this cohort
were young, had a good performance status and the majority were treatment naive
at the time point of neurosurgery.
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Tissue Microarray and Immunohistochemistry

Tissue microarray (TMA) is an important tool in biomarker research. First described
by Kononen et al. in 1998, it allows high-throughput examination of protein
expression in tissue [245]. Tumor cores, usually of 0.6-2 mm in diameter, are taken
from FFPE tissue and transferred to a recipient block, the TMA (Figure 6). The
TMA can be cut in thin slices and mounted on microscope slides and further used
for, as in our studies, assessment of protein expression. Advantages of the TMA
technique include minimal use of antibodies and time-efficient staining and
evaluation. Moreover, intra-laboratory variation is minimized as all tissue samples
are stained simultaneously. Concerns have been raised on the representativity of
TMA, as only a small part of the tumor is examined. However, good reproducibility
has been shown when comparing TMA data to data collected from whole tissue
sections in STS [246, 247, 248]. One way to increase reproducibility and minimize
loss of TMA sections is to use multiple cores from each donor block. In our studies,
duplicate cores were used, except for the TMA on synovial sarcomas in which
triplicate cores were used.

biopsies obtained from recipient paraffin block slides for
donor paraffin block with an array of biopsies analysis

Figure 6. Schematic overview of the tissue microarray technology. Created with BioRender.com

Immunohistochemistry (IHC), the use of antibodies to localise antigens in a tissue,
is the backbone of diagnosis and classification of most neoplasms. After the tissue
is fixated with formalin, it is dehydrated and placed in paraffin where it can be cut
in thin sections. To allow antibodies to react against the target antigen(s), the so-
called process of antigen retrieval is performed. The latter involves deparaftination,
rehydration and then pre-treatment with heat or microwaves to unveil the antigen
epitope(s). A primary antibody is then used, which can be either monoclonal,
recognizing only one epitope of the target antigen, or polyclonal, recognizing
several epitopes of the target antigen.
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The primary antibody can be visualized directly, or as in the indirect IHC technique,
a secondary antibody that binds to the primary antibody can be used (Figure 7). The
secondary antibody is conjugated to an enzyme labelled with color, visible in light
microscope, when a chromogen is added [249].

TMA were used in papers I-111 for IHC evaluations. IHC stainings used the indirect
IHC technique with well validated primary monoclonal antibodies.

:.. DAB

HRP-polymer j °

Secondary antibody Je" Brown
k o precipitate
Primary antibody 2\
Antigen Q N> Ve Tissue layer

7

Figure 7. Schematic presentation of the indirect antibody technique. Created with BioRender.com

In situ hybridisation (ISH), is a technique which instead of detecting a protein, as
IHC, detects a gene sequence using a complementary sequence (probe). The probe
is labelled typically with fluorescent or chromogenic dye which can be detected in
microscope. This technique was used in paper I, for evaluation of colony
stimulating factor-1 (CSF-1) due to lack of reliable antibodies.

Nanostring

In paper I11, the Nanostring GeoMx Digital Spatial Profiler platform was used. This
technology allows measure of the expression levels of multiple proteins in a single
tissue or cell sample. In addition to quantification of protein expression it can also
provide information on spatial resolution.

Tissue slides, for example TMA, are stained with oligo-conjugated probes and the
region of interest (ROI) is defined and selected. Using UV exposure,
oligonucleotides are cleaved off the antibody in the ROIs. Released oligonucleotide
tags are collected and counted. Read-out is performed using the nCounter® Pro
Analysis platform (if less than 96 samples) or using the Next-Generation
Sequencer® platform (if more than 100 samples). The counts can be mapped back to
the corresponding tissue location, yielding a spatially resolved digital profile of tags
abundance (Figure 8).
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Image siide and select UV-cleave oligos
Regions-of-Interest (ROls) off antibodies in ROI

Aspirate oligos
with microcapilary

Figure 8. Nanostring GeoMx workflow. Printed with permission from Nanostring Technologies

As part of the Nanostring GeoMx Digital Spatial Profiler workflow, used in paper
I, TMA slides were stained with antibodies against CD3 (T-cells), CD20 (B-cells),
and PMEL17 and S100B (tumor cells) and visualised with immunofluorescence for
selection of ROI (Figure 9).

Figure 9. TMA used in paper lll stained with antibodies for PMEL17 and S100B, CD3 and CD20
visualised with immunofluorescence used for selection of region of interest.
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Approximately 50 immune-related proteins were analysed on tumor cells and CD3"
cells. CD20" cells were sparse and too few to be analysed. A complete list of
analysed proteins is given in Table 7.

Table 7. Protein modules included in the GeoMx profiling. All abbreviations according to www.uniprot.org

Reprinted with permission from Nanostring technologies

Protein Module

Immune cell profiling
panel

Immune cell typing

Immune activation
status

Immuno Oncology
drug targets

Pan-Tumor markers

Description

Includes key immuno-oncology
targets and markers of immune cell
types, including T-cells, B-cells,
macrophages, NK cells, epithelia,
and stroma.lt also includes
controls needed to run any GeoMx
DSP experiment.

Includes an expanded set of cell
type markers to more deeply
profile immune cell types covered
in the Immune Cell Profiling Core
and measure additional immune
cell types, including T-cell subsets

Includes additional checkpoint
molecules that modulate T-cell
activation

Includes drug targets in
development within the
immunooncology space, including
checkpoint molecules and
metabolic mediators of immune
function.

Includes markers for detecting
EMT or cells of epithelial origin,
and an expanded set of targets for
detecting specific tumor types,
including ER+/HER2+ breast
tumors, hematopoietic
malignancies, and melanoma

Marker

B2M, CD3, CD56, CTLA-4,
GZMB, PD-1, CD11c, CD4,
CD68, Pan-CK, HLA-DR, PD-
L1, CD20, CD45, CD8,
fibronectin, Ki-67, SMA
Controls: Rb IgG, Ms IgG1, Ms
19G2a, Histone H3, S6,
GAPDH

CD14, CD163, CD34, CD45ro,
CD66b, FAPalpha, FOXP3

CD127, CD25, CD27, CD40,
CD80, CD44, ICOS, PD-L2,,
PD-1, PD-L1, CD45ro
4-1BB, LAG3, OX40L, Tim-3,
VISTA, B7-H3, ARG1, IDO1,
STING, GITR, CTLA4

MART-1, NY-ESO-1, Bcl-2,
EpCAM, ERBB2/HER2, PTEN,
ER-alpha, PR

Statistical Methods

Associations and group comparisons

Associations between categorical and/or categorised prognostic factors were
evaluated using the 2 test. (paper I). One-way Anova was used to compare means
between groups (paper II). Associations between IHC scores and categorized
prognostic factors were analysed using logistic regression in paper II and I1I.
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In paper III, matched-pair analysis extracranial and brain metastases was
performed using the nonparametric Wilcoxon matched-pairs signed-rank test. The
nonparametric two sample Wilcoxon rank-sum test was used to compare differences
between two independent groups, for example unmatched analysis of extracranial
and brain metastases. Non-parametric tests do not require assumption of a normal
distribution, however, they are less powerful than parametric tests, thus requiring
larger differences between groups or larger sample sizes to reject the null
hypothesis.

Correlations

Whereas an association simply refers to the presence of a relationship between two
variables, a correlation is a specific statistical measure that also quantifies the
strength and direction of that relationship. Notwithstanding, it is important to note
that a correlation does not imply causation. Spearman’s rank correlation coefficient
is a non-parametric test used to assess the correlation between variables that are not
normally distributed, or when the data is ordinal. In paper II and III, the
Spearman’s rank correlation coefficient was used to determine the correlation
between the different immune cell markers. A Spearman correlation coefficient
between 0.7 and 1 was considered as a strong association, while a correlation
coefficient between 0.5 and 0.7 was considered a moderate association, and a
correlation coefficient of below 0.5 as a low association.

Survival analysis

Survival analysis is an important tool in oncological research, used to assess
effectiveness of treatments, predict outcome, and inform clinical decisions.

The Kaplan-Meier (KM) survival estimate is a method to investigate differences in
survival (or time-to-event). The Kaplan-Meier survival estimate is particularly
useful when the data is censored, i.e. some patients have not experienced the event
of interest by the end of the study or are lost to follow-up, as censoring does not
affect the estimate of survival probability [250].

The statistical significance of the difference between groups, i.e. comparison of the
survival curves, can be tested using the nonparametric logrank test or the Cox
proportional hazards regression. The Cox-regression can be used to analyze a
relationship between one or more predictor variables and the time-to-event outcome.
The Cox regression model estimates the hazard ratio, which is the ratio of the hazard
rate between groups.

Overall survival time was defined as time from diagnosis until end of follow-up or
death from any cause. Metastasis-free survival was defined as the time from
diagnosis until development of metastases.
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In paper I, the Kaplan-Meier survival estimate method was used to determine and
demonstrate survival proportions, and the logrank test was used to assess statistical
significance. Plots of Kaplan-Meier curves were terminated when less than five
patients remained at risk. Risk for metastasis was analysed and reported using the
cumulative incidence curve estimate of metastasis, handling death of other cause as
a competing event. Differences in OS and MFS were evaluated using (cause-
specific) Cox regression. Due to non-proportional hazards over time, the HRs
generated by Cox regression should be interpreted as mean HRs over the given time
period. All tests were two-sided, and effect measures were reported with 95% CI.

In paper II differences in MFS and OS were evaluated using the Cox proportional
hazards model. In the multivariate analysis, each factor was added to the established
prognostic factors.

All statistical testing was performed with a two-sided p<0.05 considered significant.

Statistical analyses were generated using STATA 16.1 (Stata LP, College Station,
Texas, USA) except for analysis of GeoMx data in paper III and power calculations
in paper IV (PERELI trial), which were performed using R Core Team (2022). R:
A language and environment for statistical computing. (R Foundation for Statistical
Computing, Vienna, Austria; URL https://www.R-project.org/R4.0.5).

Statistical considerations in clinical trial design

Choice of endpoint(s) in phase 2 clinical trials

In clinical trials, the choice of appropriate endpoints, in particular of the primary
endpoint is critical as it determines the success or failure of a trial. PFS and OS are
two commonly used endpoints in clinical phase 2 trials.

PES is defined as the time from inclusion or randomization until objective tumor
progression or death, whichever occurs first. The precise definition of tumor
progression should be detailed in the clinical trial protocol. PFS is often used in
cancer trials because it is a measurable endpoint that can be determined by
radiological or clinical assessments.

OS, is defined as the time from inclusion or randomization until death from any
cause and is measured in the intent-to-treat population. OS is usually considered a
direct measure of the treatment's ability to prolong life and is often considered the
gold standard endpoint in oncology trials and a common endpoint in phase III trials
[251, 252]. OS may be difficult to interpret if several treatments, with potential
impact in OS, are available for the disease being studied.

The choice of the optimal endpoint(s) for a clinical trial depends on the specific
disease being studied, the stage of the disease, the type of treatment being tested and
the type of trial. PFS is typically used as the primary endpoint in phase 2 trials
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because it can reflect tumor growth and be assessed before the determination of a
survival benefit, thus providing results faster and its determination is not
confounded by subsequent therapy [253]. PFS is considered a surrogate endpoint
for OS, denoting that improvements in PFS can indicate improvements in OS.
However, there is usually insufficient data to allow a robust evaluation of the
correlation between effects on OS and PFS [253].

Response Evaluation Criteria in Solid Tumors (RECIST) is a set of guidelines used
to evaluate the changes in tumor size in response to therapy in solid tumors in
clinical trials. The size of the tumor is measured using imaging techniques such as
computed tomography (CT) or magnetic resonance imaging (MRI). The RECIST
criteria provide a standardized method for measuring the size of the tumor and
categorizing the response as complete response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD), Thus, the RECIST criteria provide a
uniform methodology of evaluating response to treatment in different clinical trials.

Simon’s two-stage design

Simon's two-stage design is a statistical method commonly used in clinical phase 2
trials. It is efficient as it allows the study to terminate early if the treatment is
unlikely to be effective [254] thereby reducing the number of patients needed to be
enrolled in the study and the cost and time of the trial. From an ethical perspective
it is also appealing as it can reduce the number of patients exposed to ineffective or
harmful treatments.

The sample size and power estimation in the phase II PERELI trial (paper 1V), is
based on the primary outcome PFS only, as PFS allows an objective and timely
evaluation of the effect of treatment.

Enrollment will continue until the required sample size has been reached. The null
hypothesis that the true PFS rate is 20% will be tested against a one-sided
alternative. In stage one, 18 evaluable patients will be accrued. If < 4 patients are
progression-free at 24 weeks among these 18 patients, the study will be stopped.
Otherwise, 15 additional patients will be accrued in stage two, for a total of 33
patients. The null hypothesis will be rejected if 210 of the 33 fully evaluable patients
are progression-free at 24 weeks. The type I error will be 5% and the study will have
80% power to reject the null hypothesis when the true PFS-rate is 40%.

Ethical considerations

Papers I-III are exploratory studies in retrospective cohorts in patients who have
given their consent to biobanking, and performed after approval by the ethical
committee, thus not raising any ethical considerations.
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When designing the PERELI trial, described in paper IV, several ethical aspects
were considered. Advanced DDLPS have a poor prognosis. Beyond anthracycline-
based first line therapy, the treatment options are sparse, motivating inclusion in a
clinical trial in second line or later.

Treatment schedule was decided in discussion with Incyte, based on the
pharmacology and toxicity profile of the drugs used in the trial. Even though no
additive toxicity has been noticed in trials with pemigatinib in combination with
PD-1 inhibitor, toxicity from both drugs can be expected.

The expected toxicity profile associated with immunotherapy, so-called immune
related adverse events, is broadly known. Toxicity of pemigatinb, approved in
FGFR2 mutated cholangiocarcinoma, is however less known. This limited
knowledge determined the design of the trial with a six-week induction phase with
monotherapy pemigatinib. This design allows detection and management of
pemigatinib toxicity before adding retifanlimab.

A CT-scan is scheduled after the induction phase, to allow detection of progression,
although the protocol allows patients to continue if deemed to potentially benefit
the patient (by the investigator).

Prior to enrollment in the PERELI study patients will give their written consent,
after receiving study information by their oncologist. The patients will undergo
tumor biopsies, the first at screening (can be replaced by archival tissue), at week 7
before start of combination treatment and at week 15. Blood for correlative studies
will be taken prior to each treatment cycle. These study procedures can cause pain
or discomfort and tissue biopsy can be associated with a risk for bleeding.

Overall, a major concern during the trial design was to ensure that the declaration
of Helsinki and the Good Clinical Practice (GCP) guideline were followed when
designing and planning the trial. The trial will be conducted according to ICH E6
(R2).
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Results and Discussion

All results herein discussed are presented in detail in the original papers and are
therefore only briefly summarized in this section. Paper IV is a clinical trial protocol
not yet recruiting. Hence, only the rational and design of the trial will be addressed.

Paper I

In this study we mapped factors in the tumor microenvironment of STS linking
tumor associated macrophages, hypoxia and angiogenesis.

The prognostic impact of a stromal signature derived from macrophage response to
colony stimulating factor-1 (CSF-1) was suggested by previous reports [255, 256,
257]. A link between CSF-1 response signature and neoangiogenesis had also been
suggested, as well as a prognostic role of hypoxia in STS [258, 259, 260, 261].

These findings prompted us to evaluate the prognostic impact of biomarkers in the
TME in STS, linking tumor associated macrophages, hypoxia and angiogenesis:
CSF-1, CD16, CD163, HIF-1¢ and microvessel density (MVD).

In this cohort of high-grade tumors (LMS and UPS), 56% (41/73) of the patients
developed distant metastasis and 22% (16/73) developed local recurrence during
follow-up. The relatively high occurrence of distant metastases and local recurrence
is thought to reflect the aggressive behavior of high-grade tumors included in the
cohort. Post-operative radiotherapy was administered to 45% (33/73) of the patients,
whereas only 10% (7/73) patients received adjuvant chemotherapy. Considering
current guidelines, if diagnosed today, more patients would have been offered
chemotherapy.

Concordant expression of CSF-1, CD16 and CD163 was defined as CSF-response
signature and was positive in 31% (22/71) of the tumors. No prognostic impact of
macrophage infiltration nor of positive CSF-1 response signature was observed.
These findings were rather surprising, given previous published data. One
explanation for this could be that our cohort included only grade 3 FNCLCC tumors,
whereas in the LMS cohort used by Lee et al. and by Espinosa et al, only =20% (30
of 149) were FNCLCC grade 3 tumors [63, 255]. Moreover, the latter cohort
included both gynaecological and non-gynaecological LMS. A subsequent study,
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from the same group, in a cohort of LMS more similar to ours, encompassing 52
mostly high-grade non-gynaecological LMS, also failed to confirm the previous
findings [64]. Thus, further suggesting that the difference observed may be
explained by the cohort composition, and that relevance of =~ CSF-1 response
signature may vary between high-grade and intermediate/low-grade tumors.

HIF1o. was positive in 66% (48/73) of the tumors and correlated to necrosis.
Multivariate Cox regression identified a prognostic role of HIF-1o with a hazard
ratio of 3.2 for MFS (p=0.004, CI[1.4-7.0]) and a hazard ratio of 1.8 for OS (p=0.05
CI[1.0-3.4]) in multivariate analysis including known risk prognostic factors (size,
depth, necrosis and vascular invasion dichotomized as in SING).

In the HIF-1a positive group 71% of the patients developed metastasis compared
with 35% of the patients in the HIF-10 negative group (Figure 10).
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Figure 10. A. Cumulative risk for metastasis B. Kaplan- Meier estimates of overall survival in relation to
HIF 1o expression

In this cohort, the prognostic effect of HIF-1a positivity (as evaluated by IHC) on
risk for metastases and OS was comparable to well-established prognostic factors
currently used, suggesting that HIF-1ow could be incorporated in current STS
prognostic models. Still, methodological issues such as lack of uniform criteria for
determination of HIF-la expression, standardization of IHC antibodies and
dilutions need to be addressed before a potential clinical use.

Besides the potential of HIF-low as a prognostic biomarker, other clinical
applications of hypoxia are currently being explored.

Hypoxia is a hallmark of the TME and considered one of the major causes of
resistance to radiotherapy as well as chemotherapy and immunotherapy [262].
Furthermore, hypoxia plays a significant role in shaping and maintaining TAM
niches, known to contribute to anticancer resistance.
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Hypoxia has proven to be a difficult treatment target [263]. Targeting hypoxia, using
hypoxia-activated prodrugs (HAP), has been addressed in clinical trials without
major success [264]. As an example, a phase 111 trial in STS addressed the addition
of the hypoxia-activated pro-drug evofosfamide to doxorubicin and failed to show
benefit of the combination over doxorubicin monotherapy [198]. It should be noted
that no hypoxia biomarker was used for patient selection. HIF-inhibitors are also
being explored in clinical studies. In 2021 belzutifan, a HIF-2o inhibitor, was
approved for the treatment of patients with certain types of Von Hippel-Lindau
disease-associated tumors. Hypoxia is also being exploited in new imaging
techniques such as PET with hypoxia-tracers, that could possibly be used to guide
radiotherapy planning with higher doses to hypoxic areas [265, 266].

Paper 11

In paper II, we explored immune cell infiltration in a cohort of 134 mixed STS,
including LMS (n=65), LPS (n=47) and SS (n=22). Of the 134, 113 tumors were
high grade (grade 3 FNCLCC). Markers for T-cells (CD3, CDS§, FOXP3) B-cells
(CD20) and TAMs (CD163) were analyzed on TMA (Figure 11).

The most frequently observed immune cell type in this cohort was CD163"
macrophages. High CD163 expression was overall identified in 49% of the tumors
(66% of LMS, 46% of LPS and only 9% of SS) and was more frequent in high-
grade tumors than in low-grade tumors (53% of high-grade STS compared to 28%
of low-grade STS).

Infiltration of CD20" B-cells was sparse and identified in only 14% of STS. No
difference in infiltration was observed between the various histotypes. The presence
of TLS was not evaluated.

T-cell infiltration, CD3" and CD8" as well as regulatory FOXP3" T-cells, were more
prevalent in LMS than in LPS and SS. CD3" and CD8" cell infiltration was more
frequently observed than FOXP3" infiltration.
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Figure 11. Microscope (x20) photograph of immunohistochemistry for immune cell markers in
leiomyosarcoma.

Survival analysis only included the 113 high-grade tumors to allow prognostic
consistency. As expected, established prognostic markers, tumor size larger than 8
cm, presence of necrosis and presence of vascular invasion were associated with
shorter MFS. Of the immune cell markers, high expression of CD163" macrophages
predicted shorter MFS (HR 1.81 p=0.040 CI [1.03-3.19]). When analyzing each
histotype separately this trend was strongest in LPSs (HR 3.93 p=0.084 (CI [0.83-
18.62)).

Since the survival analysis only included high-grade tumors, the difference observed
on the effect of macrophage infiltration cannot be explained by tumor grade, and is
therefore more probably related to intrinsic histotype features.

When adjusting for size, necrosis and vascular invasion in multivariate analysis,
infiltration of CD163" macrophages did not significantly predict MFS or OS. These
results could possibly be explained by the correlation between CD163"
macrophages and the known prognostic factors necrosis and vascular invasion
(please see paper 11, Table 3).

Multivariate Cox regression analysis taking into account known prognostic factors
(size, necrosis and vascular invasion) and CD20" B-cells, showed that infiltration of
B-cells predicted longer MFS in LMS (HR 0.36 p=0.023 CI [0.15-0.87]). B-cell
infiltration was significantly associated with improved OS in the entire cohort (HR
0.35 p=0.003 CI [0.18-0.71]) and this effect was greater in the LMS subgroup (HR
0.26 p=0.002 CI [0.11-0.6]). These results are in line with other published reports
[25, 62].
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Presence of T-cell infiltration was not found to correlate to prognosis, independently
of the T-cell subtype. LMS showed the highest TIL infiltration but also the highest
macrophage infiltration, suggesting that the infiltration of T-cells might be
counterbalanced by immunosuppressive CD163" TAMs and FOXP3" Tregs.

Taken together these findings motivate further studies of the STS microenvironment
and investigation of optimal treatment combinations. Given the
immunosuppressive effect of TAMs, treatments targeting TAMs in combination
with immunotherapy is interesting and such efforts are ongoing [13]. Furthermore,
as noted in the introduction Table 3, multi-therapeutic approaches, such as
chemotherapy or small molecule inhibitors in combination with immunotherapy
appears as a promising way forward in management of STS.

Although limited by the small sample size, these results also reinforce the existence
of histotype specific features (immune infiltration, tumor microenvironment)
strengthening the need for histotype specific or histotype stratified clinical trials.

Paper III

In this paper we investigated the immune microenvironment in melanoma BM
compared to matching samples from extracranial metastases.

Twenty-two patients with melanoma BM were included in this study. Sixteen (73%)
of the were male and six (27%) were female. Median age at diagnosis of brain
metastases (BM) was 56.5 years.

In 18 patients, BM were diagnosed at the time of diagnosis of stage IV disease. Of
these, nine patients had concomitant manifestation(s) of extracranial disease. And
nine patients had intracranial disease only.

At the time of BM diagnosis 17 patients presented with a solitary BM, four patients
with three BM and one patient with four BM.

Most of the patients were naive to treatment and had not received any systemic
medical treatment nor radiotherapy at time of BM surgery. Five patients underwent
repeated neurosurgeries and, in those cases, tissue from multiple BM were included
(Figure 12).
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Figure 12. Patient clinical and pathological data (GeoMx data refers to availability of GeoMx data, on
steroids refers to treatment with steroids at time of neurosurgery, long-term survivors defined as alive
longer than 26.5 months after diagnosis of BM).

We examined infiltration of immune cell populations, CD3, CD8, CD20 as well as
tumor cell expression of PD-L1 using immunohistochemistry. Infiltration of CD20"
B-cells was sparse but noted in 60% of the tissue cores; no tertiary lymphoid
structures were observed. Infiltration of T-cells, both CD8" and CD4", was present
in all tissue cores.

Using the Wilcoxon matched-pairs signed-rank test, no statistically significant
difference in tumor infiltrating lymphocytes (TIL) was observed between matched
samples from BM and lymph node metastases (LNM). CD3" and CD20" showed a
non-significant trend towards higher infiltration in LNM. The interpretation of this
results is hampered by the small sample size (n=13) and the semi-quantitive
evaluation of TIL infiltration which may have impacted the results.

Positive PD-L1 expression, defined as present in more than 5% of tumor cells, was
observed in 41% of the tumors. 28% of the evaluable BM (7/25) were PD-L1

positive.

Using the Nanostring GeoMx digital spatial profiler methodology, we further
evaluated the expression of 54 immune-related proteins in tumor and tumor
infiltrating T-cells.

We first performed a supervised unmatched analysis of protein expression in BM
compared to extracranial metastases. This analysis revealed a higher expression of
Ki-67 in tumor cells in BM, suggesting that brain metastases are more proliferative
than extracranial metastases.

Furthermore, we found markers for T-cell activation (ICOS, CD25 and CD45) to
have a lower expression in BM than in extracranial metastases. In addition, we
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found lower levels of HLA-DR protein, a MHC class Il isotype, in BM (as compared
to extracranial metastases suggesting less antigen presentation in BM. No difference
between BM and extracranial metastases was detected in T-cell exhaustion markers
(PD-1, TIM-3, CTLA-4).

We then performed a supervised analysis with matched pairs of BM and LNM from
the same patient.

Data from nine pairs of metastases (BM-LNM) was available for analysis of tumor
cell markers. Higher expression of beta-2-microglobulin (B2M) and IDO1 was
found in LNM as compared to BM. This finding is interesting, as loss of B2M has
been linked to resistance to immunotherapy. Absence of B2M leads to loss of
surface MHC class I expression, which is known to hinder the functionality of the
MHC class I T-cell receptor complex and consequently limits tumor control by T-
cells [267, 268, 269]. IDOI1 has previously been reported to be lower in melanoma
metastasis compared to primary melanomas, possibly indicating a less inflamed
tumor microenvironment [270, 271].

T-cell markers could be evaluated in seven matched pairs of BM and LNM. Higher
levels of both CD3" and CD4" T-cells were observed in LNM compared to matched
BM. Again, markers of T-cell activation (CD25, CD45, and ICOS) were higher in
LNM whereas no difference in exhaustion markers was observed.

In this cohort, median time from diagnosis of BM to last follow-up was 26.5 months.
Patients alive longer than 26.5 months were defined as long-term survivors. We next
compared the immune profiles of BM from long-term survivors to those from non-
long-term survivors. Of note, this analysis was performed in a very limited sample,
including only 10 patients, of which six were long-term survivors.

Interestingly, higher levels of T-cell activation, such as ICOS, CD45, CD40 were
found in the T-cells of long-term survivors. Moreover, signs of higher IFNy
response (HLA-DR, B2M and PD-L1), and T-cell presence were observed in tumor
cells regions in long-term survivors. IFNYy response is known to play an important
role in response to immunotherapy. None of the six long-term survivors had
extracranial disease at time of BM neurosurgery, thus the higher immune activation
status seen in the long-term survivors does not seem to correlate to extracranial
immune activation.

Given the importance of steroids in the management of oedema and its known
association with lower response rates to immunotherapy in patients with brain
metastases [272], we addressed the potential effect of steroid on the tumor immune
microenvironment. To this end, we compared BM specimens from patients under
treatment with steroids at the time of neurosurgery with those from steroids-free
patients. Only patients naive to systemic treatment were included in the analysis to
allow a homogenous sample set and avoid any potential effects of systemic
treatment on the tumor microenvironment.
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As steroids are known to be immunosuppressive and lymphotoxic [273], it was
surprising to observe higher T-cell infiltration markers and higher levels of immune
response markers such as ICOS, HLA-DR and GZMB in specimens from patients
with on-going steroid treatment. Given that administration of steroids is associated
with inferior response to immunotherapy, it is tempting to speculate that these
immune cells do not represent a tumor-specific immune response, but rather
represent non-specific bystander lymphocytes. These results require further studies,
for example characterization of tumor infiltrating lymphocytes in specimens from
patients with ongoing steroid treatment, using single cell profiling.

The results presented should be considered exploratory given the small size of the
samples set. Still, our data suggest, in accordance with previous studies, that the
tumor microenvironment in BM is immune-infiltrated however with reduced T-cell
activation. BM from long-term survivors show signs of increased immune
infiltration and T-cell activation, suggesting a more inflamed tumor
microenvironment.

Paper IV

The PERELI trial is a phase II single arm, open label, multicenter study exploring
the combination of pemigatinib, a selective fibroblast growth factor receptor
(FGFR) inhibitor in combination with retifanlimab, a PD-1 inhibitor in advanced
dedifferentiated liposarcoma.

It is now appreciated that the tumor microenvironment plays a significant role in
tumor immune surveillance and evasion and contributes to, or determines, the
therapeutic efficacy of immunotherapy [274]. Targeting the tumor
microenvironment in combination immunotherapy, may therefore improve response
rates. Indeed, combining immune checkpoint blockade with small-molecule kinase
inhibitors and have, in several studies, shown to elicit anti-tumor immune responses
and enhance tumor immunogenicity by regulating antigen processing and
presentation [275].

In soft tissue sarcomas, amplifications of FGFR, gene fusions involving FGFR, and
activating mutations in FGFRs have been shown [276, 277, 278, 279]. Fibroblast
Growth Factor Receptor Substrate 2 (FRS2) is an adaptor protein activating
downstream signaling cascades (Figure 13).
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Figure 13. FGFR signaling pathway

The FRS2 gene is located in the same amplicon as MDM?2 of chromosome 12q13-
15, leading to amplification of FRS2 in >90% of DDLPS [280, 281, 282]. Preclinical
studies have shown promising therapeutic effect of pan-FGFR inhibitors in DDLPS
patient xenograft models [283, 284, 285], providing a preclinical rationale for
exploring FGFR inhibition in patients with advanced DDLPS.

Immunomodulatory effect beyond the possible antitumoral effect, has been suggested
also for FGFR inhibitors. Studies have shown that treatment with FGFR-inhibitor and
PD-1 inhibitor leads to immunomodulation of the tumor microenvironment, with
reduction of immunosuppressive macrophages and regulatory T-cells [286] as well as
increase in T-cell infiltration through reactivation of the IFNy pathway [287].

Activity of immunotherapy in DDLPS has been shown in both the Sarc028 and the
Alliance trial [219, 288], as described in paper IV.

Taken together, these data suggest that inhibition of FGFR signaling in combination
with immunotherapy could improve response to immunotherapy, and constitute the
rational for this trial.

PERELLI is the first study to assess if the selective FGFR inhibitor, pemigatinib, has
antitumor activity in DDLPS in combination with immune checkpoint blockade,
retifanlimab. Translational analyses from tumor samples collected during the
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PERELI study are expected to contribute to the understanding of the role of FGFR
signaling in DDLPS and the effect of FGFR inhibition on the tumor
microenvironment.
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Main conclusions

Based on our findings in paper I- III we suggest that
e HIF-la is a prognostic marker in STS (paper I)

e Tumor associated macrophages are a common infiltrating immune cell type
in STS, however with unclear prognostic relevance (paper I and II)

e Immune cell infiltration varies between STS subtypes (paper II)

e Melanoma brain metastases are more immune excluded than extracranial
metastases (paper I1I)

In paper IV we hypothesize that

e Inhibition of fibroblast growth factor receptor signaling in combination with
PD-1 inhibition can enhance response to immunotherapy and improve
treatment in advanced DDLPS.
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Future perspectives

The tumor microenvironment is currently seen as a complex ecosystem
encompassing tumor cells and non-tumor cells. The cellular composition of the
tumor microenvironment is known to vary extensively depending on the intrinsic
features of the cancer cells as well as tumor stage and patient characteristics [289].

Data presented in papers I-III suggesting that the tumor immune microenvironment
is histotype and organ specific, is probably a reflection of these differences.

Furthermore, current therapeutic strategies do seldomly incorporate tumor
microenvironment or organ specific approaches. While addressing the tumor
microenvironment in STS we found that tumor associated macrophages are the most
common infiltrating immune cell type (paper I and II). These findings require
further validation, but noteworthy, tumor associated macrophages have recently
emerged as therapeutic targets and several treatment strategies are currently being
evaluated in clinical trials. Evaluation of new therapeutic approaches targeting
tumor associated macrophages in STS may thus be relevant to consider in the future.

As suggested in paper I1I, melanoma brain metastases seem to have a distinct tumor
immune microenvironment compared to their extracranial counterparts. It is
possible that the suggested immune-excluded tumor microenvironment of brain
metastases impacts on responses to immunotherapy. In the future, therapeutic
approaches specifically taking into consideration the tumor immune context of brain
metastases may improve outcomes. Specifically, strategies to improve immune
infiltration and activation may be worth to investigate.

Tumor microenvironment associated biomarkers are attractive given the role of
tumor microenvironment in tumor progression and response to therapy. In paper 1,
we confirmed a prognostic role of hypoxia (HIF-1a) in STS. Unquestionably,
prognostication in STS is a clinical challenge. New biomarkers to help assist in
correctly selecting patients for, potentially toxic, therapies are needed. Available
evidence of hypoxia as a prognostic marker motivates a prospective translational
study to fully address hypoxia’s role in STS prognostication.

While deciphering the tumor immune microenvironment seems crucial to achieve
better treatment outcomes, defining adequate biomarkers for patient selection and
prognostication is essential for development of personalised treatment strategies.
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Moving forward from the first rather disappointing trials of immune checkpoint
inhibitors in STS, trials exploring combination strategies with chemotherapy or
small molecule inhibitors have reintroduced some hope in the field. STS are a
heterogenous group of tumors, and increasing evidence suggests that this
heterogeneity also applies for the tumor microenvironment in STS. Thus, for future
trials to be successful they need to be histotype or biomarker driven.

In line with this, we have designed a clinical phase 2 trial exploring the combination
of a fibroblast growth factor receptor (FGFR) inhibitor with a PD-1 inhibitor. The
rationale for the study is outlined in paper IV.

Together, the works presented in this thesis describe some of the aspects of the
tumor microenvironment. Hopefully this work is a small contribution to the
characterization of a rather complex and broad field. In addition, we hope that the
PERELI trial will contribute to better understanding and improved clinical
management of advanced DDLPS.
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Popularvetenskaplig sammanfattning

En tumor kan beskrivas som ett helt ekosystem av inte bara tumorceller, utan ocksé
blodkaérl, stodjeceller, immunceller och signalmolekyler som tillsammans utgor det
som kallas for tumormikromiljo. Genom att forstd hur tumormikromiljon &r
uppbyggd och paverkar tumortillvaxt kan vi ocksé hitta nya behandlingsmetoder.
Ett exempel pé det dr immunterapi, dvs att aktivera immunsystemet mot tumoren.
Behandling med immunterapi har det senaste decenniet visat sig vara effektivt for
vissa sorters tumorer, exempelvis malignt melanom, medan andra har liten effekt av
sddan behandling, exempelvis mjukdelssarkom.

Mjukdelssarkom dr en ovanlig och mycket heterogen sjukdomsgrupp, med dver 70
olika subgrupper. Vid spridd sjukdom erbjuds behandling med kemoterapi, men
effekten &r ofta kortvarig och prognosen dalig. TumoOrmikromiljon i1
mjukdelssarkom &r otillriackligt studerad och resultaten varierar beroende pa vilken
sorts mjukdelssarkom det dr som studerats. Okad kunskap kan bidra inte bara till
nya behandlingar, men ocksa till att vélja ut ratt patient till ratt behandling.

Nér en tumor tillvaxer dr det vanligt att det bildas omraden i tumdren med lag
syresittning, hypoxi. Tumorcellerna maste da anpassa sig till att Gverleva i dessa
forhéllanden och hypoxin medfor dessutom fordndringar i tumoérmikromiljon med
rekrytering av t ex makrofager, en sorts immunceller. I studie I studerade vi med
hjélp av immunhistokemi uttryck av proteiner kopplade till hypoxi och makrofager
i en kohort av 73 hogmaligna mjukdelssarkom. Vi kunde visa att hogt uttryck av
HIF-10, en markor for hypoxi, var kopplat till 6kad risk for metastasering. Av de
som hade hogt HIF-1a utvecklade 71% metastaser jamfort med 35% av de som hade
lagt uttryck av HIF-1ca.. Overlevnaden var ocksa simre for de som hade hogt uttryck
av HIF-10. Makrofager var vanligt forekommande men vi kunde inte notera ndgon
koppling mellan makrofager och forsdmrad prognos.

I studie II fortsatte vi att studera tumormikromiljon i mjukdelssarkom. I denna
kohort ingick 134 mjukdelssarkom. Med immunhistokemi studerade vi infiltration
av olika sorters immunceller: T-celler (CD3", CD8" och FOXP3"), B-celler (CD20")
och makrofager (CD163"). Vi kunde pdvisa en skillnad i immuncellsinfiltration
mellan de olika subtyperna av mjukdelssarkom. Leiomyosarkom innehdll mest T-
celler, men ocksd mest makrofager. Det var séllsynt med infiltration av B-celler,
bara 15% av tumdrerna vi studerade hade det, men forekomst av B-celler var kopplat
till forbattrad prognos.
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Sammanfattningsvis bidrar dessa studier till 6kad kunskap om tumdérmikromiljé i
mjukdelssarkom.

Malignt melanom, elakartad hudcancer, har visat sig svara sirskilt bra pa behandling
med immunterapi. Vid spridd, metastaserad, sjukdom var den fOrvintade
overlevnaden tidigare kort, nu lever ca 30% av patienterna med spridd sjukdom 1
mer dn 5 ar. Spridning till hjdrnan ar vanligt vid malignt melanom, och d& ar
prognosen samre.

Kliniska behandlingsstudier med immunterapi har visat att hjdrnmetastaser svarar
sdmre pa behandling dn metastaser pd andra lokaler. I studie III samlade vi in
tumorvavnad fran hjarnmetastaser och lymfkortelmetastaser av malignt melanom.
Studien inkluderade 22 patienter och fran dessa hade vi vivnadsmaterial fran 28
hjirnmetastaser och 13 lymfkortlar. Materialet analyserade vi med hjilp av
immunhistokemi och GeoMx, ett sitt att méata uttryck av immunrelaterade proteiner
i tumorceller och immunceller. Vi kunde se att hjairntumorcellerna hade hogre
uttryck av Ki67, ett métt pa celldelning, vilket innebar att tumorceller 1 hjarnan delar
sig (tillvdxer) snabbare dn tumorceller i lymfkortlar. Vi kunde vidare se att det fanns
mer T-celler i lymfkdrtlar &n i hjdrnmetastaser och att de T-celler som fanns i
hjdrnmetastaser inte var lika aktiverade som de som fanns i lymfkdrtlar. Detta &r i
linje med vad tidigare studier forslagit, att immunmiljon i hjirnan dr mer himmande
vilket i sin tur kan bidra till att behandling med immunterapi fungerar sémre. Hos
de med ling Overlevnad, kunde vi se tecken till att immuncellerna var mer
aktiverade, men det var ett litet material och stor osdkerhet 1 dessa resultat.

Studie IV ér ett protokoll for en klinisk fas II studie vid en typ av mjukdelssarkom,
liposarkom. Patienter med avancerat dedifferentierat liposarkom kommer erbjudas
behandling med immunterapi, retifanlimab (PD-1hdmmare), i kombination med en
hdmmare av fibroblast growth factor receptor (FGFR), pemigatinib. Pemigatinib har
forutom en potentiell tumorcellshimmande effekt dven en forvéntad positiv effekt
pa tumormikromiljon. Totalt 33 patienter kommer att inkluderas i denna studie vid
sarkomcentra i Sverige, Norge och Danmark.

65



Acknowledgement

I am very grateful to everyone who has supported me in this work. I would
especially like to thank:

Main supervisor Ana Carneiro, Santa Fatima! Working with you has been such a
great inspiration. Your knowledge in oncology, clinical trials and research is
enormous. | am privileged to have had you by my side through this work. Thank
you for dancing on deadlines with me. Muito obrigada!

Co-supervisor Mef Nilbert and Emelie Styring. Mef- for bringing me on as a PhD-
student many years ago. Your enthusiasm and energy are inspiring. Emelie- for help
with the register data, and for cheering me on!

Kjetil Boye- for great cooperation on the PERELI trial. How this happened I still
can’t really understand. Thank you setting up all the Zoom-meetings. Looking
forward to exciting times to come!

Goran Jonsson and Martin Lauss -for great collaboration on the melanoma brain
metastasis project.

Charlotta Hedner- for assistance with the immunohistochemistry in the melanoma
brain metastasis project.

Mats Jonsson and Bjorn Nodin- for excellent lab work with TMA and
immunohistochemistry stainings.

Linda Werner Hartman and Pdr-Ola Bendahl- for help in the jungle of medical
statistics.

SSG- Scandinavian Sarcoma Group, all subinvestigators, thank you for supporting
the PERELI trial. Look forward to working more with you all!

Co-authors not previously mentioned- thank you for valuable contributions.

The lymphoma/sarcoma (dream)team-. Working with you is a such a joy. I cannot
imagine a more stimulating environment to work in. With you all is possible! Mikael
Eriksson, Mr Sarcoma- our guru! Thank you for bringing me in to the wonderful
and frustrating world of sarcoma. You are always available and ready to share your
vast expertise and knowledge. Carolina, Marie and Henrik- my beautiful work-
family! Sorry for being MIA for a while, ’'m coming back home now!

66



My clinical colleagues- You are the best. I look forward to working with you all
again!

Sarcoma team at SUS. Jacob Engellau, Fredrik Vult von Steyern, Emelie Styring,
Camila De Mattos, Pall Hallgrimson, Martin Almqvist, Erik Nordenstrom. Pehr
Rissler, Emilia Gottberg, Jan Koster and Ingvar Kristiansson. You are such a great
team to work with.

Bo Baldetorp and Mikael Bodelsson, former and present Head of the Department of
Clinical Sciences Lund for providing a stimulating research environment.

Silke Engelholm and former Heads of the Department of Oncology, for making it
possible to combine clinical work with research.

KFE and Forum Séder- for support and help with PERELI. Without you I would be
completely lost.

When you, like I, have worked on something for a really long time, it becomes
almost impossible to sort out everyone who has mattered in the process. So, thank
you all my amazing colleagues who I have shared time at MV and Kamprad (and
the clinic) with. Especially: Jenny, Emelie, Henrik II, Laura, Sofie thank you for
blowing off steam when needed. Gabriel- Kamprad and clinical friend, thank you
for much needed coffee breaks and chats.

Olof and Helga- my Icelandic sarcoma sisters. Oljf- thank you for constant
enthusiasm and never-ending supply of Icelandic candy. A Djupur a day keeps the
doctor happy!

My dear friends, Karin- for always being there. Inspiring/forcing you to become an
oncologist might be my best move so far. Alexander- for eminent assistance in
navigating the research world, and also for really good drinks and coffee. Kristin,
Linda, Lisa, Hanna and Ulla- thank you for great friendship and support!

Mom and Dad, thank you for endless support is in all projects, be it house
renovations or thesis writing. You are always there when we need it the most, with
fresh seafood and love.

Chrille, Klara and Iris, my Q@ Q@ Q@ Chrille- Without your support, I never would
have made it. Thank you for that and many other things in life. Klara and Iris, you
are my constant source of happiness.

67



References

10.

11.

12.

13.

14.

15.

68

Coley WB. II. Contribution to the Knowledge of Sarcoma. Ann Surg.
1891;14(3):199-220.

Eichler AF, Chung E, Kodack DP, Loeftler JS, Fukumura D, Jain RK. The biology
of brain metastases-translation to new therapies. Nat Rev Clin Oncol. 2011;8(6):344-
56.

Rostami R, Mittal S, Rostami P, Tavassoli F, Jabbari B. Brain metastasis in breast
cancer: a comprehensive literature review. J Neurooncol. 2016;127(3):407-14.
Maman S, Witz IP. A history of exploring cancer in context. Nature Reviews Cancer.
2018;18(6):359-76.

Patel H, Nilendu P, Jahagirdar D, Pal JK, Sharma NK. Modulating secreted

components of tumor microenvironment: A masterstroke in tumor therapeutics.
Cancer Biol Ther. 2018;19(1):3-12.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011;144(5):646-74.

Bejarano L, Jordao MJC, Joyce JA. Therapeutic Targeting of the Tumor
Microenvironment. Cancer Discov. 2021;11(4):933-59.

Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting. Annu Rev
Immunol. 2004;22:329-60.

Dunn GP, Old LJ, Schreiber RD. The immunobiology of cancer immunosurveillance
and immunoediting. Immunity. 2004;21(2):137-48.

Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting: from
immunosurveillance to tumor escape. Nat Immunol. 2002;3(11):991-8.

Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immunity's
roles in cancer suppression and promotion. Science. 2011;331(6024):1565-70.
O'Donnell JS, Teng MWL, Smyth MJ. Cancer immunoediting and resistance to T
cell-based immunotherapy. Nat Rev Clin Oncol. 2019;16(3):151-67.

Mantovani A, Allavena P, Marchesi F, Garlanda C. Macrophages as tools and targets
in cancer therapy. Nature Reviews Drug Discovery. 2022;21(11):799-820.

DeNardo DG, Ruffell B. Macrophages as regulators of tumour immunity and
immunotherapy. Nature Reviews Immunology. 2019;19(6):369-82.

Gentles AJ, Newman AM, Liu CL, Bratman SV, Feng W, Kim D, et al. The
prognostic landscape of genes and infiltrating immune cells across human cancers.
Nature medicine. 2015;21(8):938-45.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Henze A-T, Mazzone M. The impact of hypoxia on tumor-associated macrophages. J
Clin Invest. 2016;126(10):3672-9.

Waldman AD, Fritz JM, Lenardo MJ. A guide to cancer immunotherapy: from T cell
basic science to clinical practice. Nat Rev Immunol. 2020;20(11):651-68.

Plitas G, Rudensky AY. Regulatory T Cells in Cancer. Annual Review of Cancer
Biology. 2020;4(1):459-77.

Rudensky AY. Regulatory T cells and Foxp3. Immunol Rev. 2011;241(1):260-8.
Laumont CM, Banville AC, Gilardi M, Hollern DP, Nelson BH. Tumour-infiltrating

B cells: immunological mechanisms, clinical impact and therapeutic opportunities.
Nat Rev Cancer. 2022;22(7):414-30.

Sautés-Fridman C, Petitprez F, Calderaro J, Fridman WH. Tertiary lymphoid
structures in the era of cancer immunotherapy. Nat Rev Cancer. 2019;19(6):307-25.
Rubio AJ, Porter T, Zhong X. Duality of B Cell-CXCL13 Axis in Tumor
Immunology. Front Immunol. 2020;11:521110.

Schumacher TN, Thommen DS. Tertiary lymphoid structures in cancer. Science.
2022;375(6576):eabf9419.

Sautes-Fridman C, Lawand M, Giraldo NA, Kaplon H, Germain C, Fridman WH, et
al. Tertiary Lymphoid Structures in Cancers: Prognostic Value, Regulation, and
Manipulation for Therapeutic Intervention. Front Immunol. 2016;7:407.

Petitprez F, de Reynies A, Keung EZ, Chen TW, Sun CM, Calderaro J, et al. B cells
are associated with survival and immunotherapy response in sarcoma. Nature.
2020;577(7791):556-60.

Cabrita R, Lauss M, Sanna A, Donia M, Skaarup Larsen M, Mitra S, et al. Tertiary
lymphoid structures improve immunotherapy and survival in melanoma. Nature.
2020;577(7791):561-5.

Helmink BA, Reddy SM, Gao J, Zhang S, Basar R, Thakur R, et al. B cells and
tertiary lymphoid structures promote immunotherapy response. Nature.
2020;577(7791):549-55.

Wang GL, Jiang BH, Rue EA, Semenza GL. Hypoxia-inducible factor 1 is a basic-
helix-loop-helix-PAS heterodimer regulated by cellular O2 tension. Proc Natl Acad
Sci U S A. 1995;92(12):5510-4.

Semenza GL. Defining the role of hypoxia-inducible factor 1 in cancer biology and
therapeutics. Oncogene. 2010;29(5):625-34.

Wicks EE, Semenza GL. Hypoxia-inducible factors: cancer progression and clinical
translation. The Journal of clinical investigation. 2022;132(11).

Medawar PB. Immunity to homologous grafted skin; the relationship between the
antigens of blood and skin. Br J Exp Pathol. 1946;27(1):15-24.

Arvanitis CD, Ferraro GB, Jain RK. The blood-brain barrier and blood-tumour
barrier in brain tumours and metastases. Nat Rev Cancer. 2020;20(1):26-41.

Louveau A, Smirnov I, Keyes TJ, Eccles JD, Rouhani SJ, Peske JD, et al. Structural
and functional features of central nervous system lymphatic vessels. Nature.
2015;523(7560):337-41.

69



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

70

Aspelund A, Antila S, Proulx ST, Karlsen TV, Karaman S, Detmar M, et al. A dural
lymphatic vascular system that drains brain interstitial fluid and macromolecules. J
Exp Med. 2015;212(7):991-9.

Albayram MS, Smith G, Tufan F, Tuna IS, Bostanciklioglu M, Zile M, et al. Non-
invasive MR imaging of human brain lymphatic networks with connections to
cervical lymph nodes. Nature Communications. 2022;13(1):203.

Alvarez-Breckenridge C, Markson SC, Stocking JH, Nayyar N, Lastrapes M,
Strickland MR, et al. Microenvironmental Landscape of Human Melanoma Brain

Metastases in Response to Immune Checkpoint Inhibition. Cancer Immunology
Research. 2022;10(8):996-1012.

Smalley I, Chen Z, Phadke M, Li J, Yu X, Wyatt C, et al. Single-Cell
Characterization of the Immune Microenvironment of Melanoma Brain and
Leptomeningeal Metastases. Clin Cancer Res. 2021;27(14):4109-25.

Quail DF, Joyce JA. Microenvironmental regulation of tumor progression and
metastasis. Nat Med. 2013;19(11):1423-37.

Quail DF, Joyce JA. The Microenvironmental Landscape of Brain Tumors. Cancer
Cell. 2017;31(3):326-41.

Seike T, Fujita K, Yamakawa Y, Kido MA, Takiguchi S, Teramoto N, et al.
Interaction between lung cancer cells and astrocytes via specific inflammatory
cytokines in the microenvironment of brain metastasis. Clin Exp Metastasis.
2011;28(1):13-25.

Rodrigues G, Hoshino A, Kenific CM, Matei IR, Steiner L, Freitas D, et al. Tumour

exosomal CEMIP protein promotes cancer cell colonization in brain metastasis. Nat
Cell Biol. 2019;21(11):1403-12.

Chuang HN, van Rossum D, Sieger D, Siam L, Klemm F, Bleckmann A, et al.
Carcinoma cells misuse the host tissue damage response to invade the brain. Glia.
2013;61(8):1331-46.

Blazquez R, Wlochowitz D, Wolff A, Seitz S, Wachter A, Perera-Bel J, et al. PI3K:
A master regulator of brain metastasis-promoting macrophages/microglia. Glia.
2018;66(11):2438-55.

Sampson JH, Gunn MD, Fecci PE, Ashley DM. Brain immunology and
immunotherapy in brain tumours. Nature Reviews Cancer. 2020;20(1):12-25.

Kluger HM, Zito CR, Barr ML, Baine MK, Chiang VL, Sznol M, et al.
Characterization of PD-L1 Expression and Associated T-cell Infiltrates in Metastatic
Melanoma Samples from Variable Anatomic Sites. Clin Cancer Res.
2015;21(13):3052-60.

Weiss SA, Zito C, Tran T, Heishima K, Neumeister V, McGuire J, et al. Melanoma
brain metastases have lower T-cell content and microvessel density compared to
matched extracranial metastases. J Neurooncol. 2021;152(1):15-25.

Conway JW, Rawson RV, Lo S, Ahmed T, Vergara IA, Gide TN, et al. Unveiling the
tumor immune microenvironment of organ-specific melanoma metastatic sites. J
Immunother Cancer. 2022;10(9).



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Fischer GM, Jalali A, Kircher DA, Lee WC, McQuade JL, Haydu LE, et al.
Molecular Profiling Reveals Unique Immune and Metabolic Features of Melanoma
Brain Metastases. Cancer Discov. 2019;9(5):628-45.

Farber SH, Tsvankin V, Narloch JL, Kim GJ, Salama AK, Vlahovic G, et al.
Embracing rejection: Immunologic trends in brain metastasis. Oncoimmunology.
2016;5(7):e1172153.

Berghoff AS, Ricken G, Widhalm G, Rajky O, Dieckmann K, Birner P, et al.
Tumour-infiltrating lymphocytes and expression of programmed death ligand 1 (PD-
L1) in melanoma brain metastases. Histopathology. 2015;66(2):289-99.

Zakaria R, Platt-Higgins A, Rathi N, Radon M, Das S, Das K, et al. T-Cell Densities
in Brain Metastases Are Associated with Patient Survival Times and Diffusion
Tensor MRI Changes. Cancer Res. 2018;78(3):610-6.

Harter PN, Bernatz S, Scholz A, Zeiner PS, Zinke J, Kiyose M, et al. Distribution
and prognostic relevance of tumor-infiltrating lymphocytes (TILs) and PD-1/PD-L1
immune checkpoints in human brain metastases. Oncotarget. 2015;6(38):40836-49.

Hamilton R, Krauze M, Romkes M, Omolo B, Konstantinopoulos P, Reinhart T, et
al. Pathologic and gene expression features of metastatic melanomas to the brain.
Cancer. 2013;119(15):2737-46.

Fischer GM, Guerrieri RA, Hu Q, Joon AY, Kumar S, Haydu LE, et al. Clinical,
molecular, metabolic, and immune features associated with oxidative
phosphorylation in melanoma brain metastases. Neurooncol Adv.
2021;3(1):vdaal77.

Dancsok AR, Setsu N, Gao D, Blay JY, Thomas D, Maki RG, et al. Expression of
lymphocyte immunoregulatory biomarkers in bone and soft-tissue sarcomas. Mod
Pathol. 2019;32(12):1772-85.

Yan L, Wang Z, Cui C, Guan X, Dong B, Zhao M, et al. Comprehensive immune
characterization and T-cell receptor repertoire heterogeneity of retroperitoneal
liposarcoma. Cancer Sci. 2019;110(10):3038-48.

Tsagozis P, Augsten M, Zhang Y, Li T, Hesla A, Bergh J, et al. An
immunosuppressive macrophage profile attenuates the prognostic impact of CD20-
positive B cells in human soft tissue sarcoma. Cancer Immunol Immunother.
2019;68(6):927-36.

Oike N, Kawashima H, Ogose A, Hotta T, Hatano H, Ariizumi T, et al. Prognostic
impact of the tumor immune microenvironment in synovial sarcoma. Cancer Sci.
2018;109(10):3043-54.

Boxberg M, Steiger K, Lenze U, Rechl H, von Eisenhart-Rothe R, Wortler K, et al.
PD-L1 and PD-1 and characterization of tumor-infiltrating lymphocytes in high
grade sarcomas of soft tissue - prognostic implications and rationale for
immunotherapy. Oncoimmunology. 2018;7(3):e1389366.

van Erp AEM, Versleijen-Jonkers YMH, Hillebrandt-Roeffen MHS, van Houdt L,
Gorris MAJ, van Dam LS, et al. Expression and clinical association of programmed
cell death-1, programmed death-ligand-1 and CD8(+) lymphocytes in primary
sarcomas is subtype dependent. Oncotarget. 2017;8(41):71371-84.

71



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

72

Nafia I, Toulmonde M, Bortolotto D, Chaibi A, Bodet D, Rey C, et al. IDO Targeting
in Sarcoma: Biological and Clinical Implications. Front Immunol. 2020;11:274.

Sorbye SW, Kilvaer T, Valkov A, Donnem T, Smeland E, Al-Shibli K, et al.
Prognostic impact of lymphocytes in soft tissue sarcomas. PLoS One.
2011;6(1):e14611.

Lee CH, Espinosa I, Vrijaldenhoven S, Subramanian S, Montgomery KD, Zhu S, et
al. Prognostic significance of macrophage infiltration in leiomyosarcomas. Clin
Cancer Res. 2008;14(5):1423-30.

Ganjoo KN, Witten D, Patel M, Espinosa I, La T, Tibshirani R, et al. The Prognostic
Value of Tumor-Associated Macrophages in Leiomyosarcoma. American Journal of
Clinical Oncology. 2011;34(1):82-6.

Dancsok AR, Gao D, Lee AF, Steigen SE, Blay JY, Thomas DM, et al. Tumor-
associated macrophages and macrophage-related immune checkpoint expression in
sarcomas. Oncoimmunology. 2020;9(1):1747340.

Zheng C, You W, Wan P, Jiang X, Chen J, Zheng Y, et al. Clinicopathological and
prognostic significance of PD-L1 expression in sarcoma: A systematic review and
meta-analysis. Medicine (Baltimore). 2018;97(25):e11004.

Brizel DM, Scully SP, Harrelson JM, Layfield LJ, Bean JM, Prosnitz LR, et al.
Tumor oxygenation predicts for the likelihood of distant metastases in human soft
tissue sarcoma. Cancer Res. 1996;56(5):941-3.

Nordsmark M, Alsner J, Keller J, Nielsen OS, Jensen OM, Horsman MR, et al.
Hypoxia in human soft tissue sarcomas: adverse impact on survival and no
association with p53 mutations. Br J Cancer. 2001;84(8):1070-5.

Smeland E, Kilvaer TK, Sorbye S, Valkov A, Andersen S, Bremnes RM, et al.
Prognostic impacts of hypoxic markers in soft tissue sarcoma. Sarcoma.
2012;2012:541650.

Maseide K, Kandel RA, Bell RS, Catton CN, O'Sullivan B, Wunder JS, et al.
Carbonic anhydrase IX as a marker for poor prognosis in soft tissue sarcoma. Clin
Cancer Res. 2004;10(13):4464-71.

Forker L, Gaunt P, Sioletic S, Shenjere P, Potter R, Roberts D, et al. The hypoxia
marker CAIX is prognostic in the UK phase 11l VorteX-Biobank cohort: an important
resource for translational research in soft tissue sarcoma. Br J Cancer.
2018;118(5):698-704.

Shintani K, Matsumine A, Kusuzaki K, Matsubara T, Satonaka H, Wakabayashi T, et
al. Expression of hypoxia-inducible factor (HIF)-1alpha as a biomarker of outcome
in soft-tissue sarcomas. Virchows Arch. 2006;449(6):673-81.

Kim JI, Choi KU, Lee IS, Choi YJ, Kim WT, Shin DH, et al. Expression of hypoxic
markers and their prognostic significance in soft tissue sarcoma. Oncol Lett.
2015;9(4):1699-706.

Fukushima S, Endo M, Matsumoto Y, Fukushi JI, Matsunobu T, Kawaguchi KI, et
al. Hypoxia-inducible factor 1 alpha is a poor prognostic factor and potential

therapeutic target in malignant peripheral nerve sheath tumor. PLoS One.
2017;12(5):e0178064.



75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

7.

88.

&9.

90.

Francis P, Namlos HM, Muller C, Eden P, Fernebro J, Berner JM, et al. Diagnostic
and prognostic gene expression signatures in 177 soft tissue sarcomas: hypoxia-
induced transcription profile signifies metastatic potential. BMC Genomics.
2007;8:73.

Hoffmann AC, Danenberg KD, Taubert H, Danenberg PV, Wuerl P. A three-gene
signature for outcome in soft tissue sarcoma. Clin Cancer Res. 2009;15(16):5191-8.

Aggerholm-Pedersen N, Sorensen BS, Overgaard J, Toustrup K, Baerentzen S,
Nielsen OS, et al. A prognostic profile of hypoxia-induced genes for localised high-
grade soft tissue sarcoma. Br J Cancer. 2016;115(9):1096-104.

Yang L, Forker L, Irlam JJ, Pillay N, Choudhury A, West CML. Validation of a
hypoxia related gene signature in multiple soft tissue sarcoma cohorts. Oncotarget.
2018;9(3):3946-55.

XuR, Qi L, Ren X, Zhang W, Li C, Liu Z, et al. Integrated Analysis of TME and
Hypoxia Identifies a Classifier to Predict Prognosis and Therapeutic Biomarkers in
Soft Tissue Sarcomas. Cancers. 2022;14(22):5675.

Galluzzi L, Vacchelli E, Bravo-San Pedro J-M, Buqué A, Senovilla L, Baracco EE,
et al. Classification of current anticancer immunotherapies. Oncotarget.
2014;5(24):12472-508.

Butterfield LH KH, Marincola FM. Cancer immunotherapy principles and practice:
Demos medical publishing; 2017.

Sun C, Mezzadra R, Schumacher TN. Regulation and Function of the PD-L1
Checkpoint. Immunity. 2018;48(3):434-52.

Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nature
Reviews Cancer. 2012;12(4):252-64.

Marin-Acevedo JA, Kimbrough EO, Lou Y. Next generation of immune checkpoint
inhibitors and beyond. Journal of Hematology & Oncology. 2021;14(1):45.

Haslam A, Prasad V. Estimation of the Percentage of US Patients With Cancer Who
Are Eligible for and Respond to Checkpoint Inhibitor Immunotherapy Drugs. JAMA
Netw Open. 2019;2(5):¢192535.

Davis AA, Patel VG. The role of PD-L1 expression as a predictive biomarker: an
analysis of all US Food and Drug Administration (FDA) approvals of immune
checkpoint inhibitors. J Immunother Cancer. 2019;7(1):278.

Yarchoan M, Hopkins A, Jaffee EM. Tumor Mutational Burden and Response Rate
to PD-1 Inhibition. N Engl J Med. 2017;377(25):2500-1.

Chalabi M, Verschoor YL, van den Berg J, Sikorska K, Beets G, Lent AV, et al.
LBA7 Neoadjuvant immune checkpoint inhibition in locally advanced MMR-
deficient colon cancer: The NICHE-2 study. Annals of Oncology. 2022;33:S1389.
Morad G, Helmink BA, Sharma P, Wargo JA. Hallmarks of response, resistance, and
toxicity to immune checkpoint blockade. Cell. 2021;184(21):5309-37.

Zhu MMT, Shenasa E, Nielsen TO. Sarcomas: Immune biomarker expression and
checkpoint inhibitor trials. Cancer Treat Rev. 2020;91:102115.

73



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

74

Italiano A, Bessede A, Pulido M, Bompas E, Piperno-Neumann S, Chevreau C, et al.
Pembrolizumab in soft-tissue sarcomas with tertiary lymphoid structures: a phase 2
PEMBROSARC trial cohort. Nat Med. 2022;28(6):1199-206.

Griss J, Bauer W, Wagner C, Simon M, Chen M, Grabmeier-Pfistershammer K, et al.
B cells sustain inflammation and predict response to immune checkpoint blockade in
human melanoma. Nature communications. 2019;10(1):4186-.

Vanhersecke L, Brunet M, Guégan JP, Rey C, Bougouin A, Cousin S, et al. Mature
tertiary lymphoid structures predict immune checkpoint inhibitor efficacy in solid
tumors independently of PD-L1 expression. Nat Cancer. 2021;2(8):794-802.

Bevona C, Goggins W, Quinn T, Fullerton J, Tsao H. Cutaneous melanomas
associated with nevi. Arch Dermatol. 2003;139(12):1620-4; discussion 4.
Shain AH, Bastian BC. From melanocytes to melanomas. Nat Rev Cancer.
2016;16(6):345-58.

Socialstyrelsen. Statistik om cancer Stockholm: Socialstyrelsen; 2020 [Available
from: https://www.socialstyrelsen.se/statistik-och-
data/statistik/statistikamnen/cancer/.

Soura E, Eliades PJ, Shannon K, Stratigos AJ, Tsao H. Hereditary melanoma: Update
on syndromes and management: Genetics of familial atypical multiple mole
melanoma syndrome. J Am Acad Dermatol. 2016;74(3):395-407; quiz 8-10.

Goldstein AM, Chan M, Harland M, Hayward NK, Demenais F, Bishop DT, et al.
Features associated with germline CDKN2A mutations: a GenoMEL study of
melanoma-prone families from three continents. ] Med Genet. 2007;44(2):99-106.

Gershenwald JE, Scolyer RA, Hess KR, Sondak VK, Long GV, Ross M, et al.
Melanoma staging: Evidence-based changes in the American Joint Committee on
Cancer eighth edition cancer staging manual. CA Cancer J Clin. 2017;67(6):472-92.

Wong SL, Balch CM, Hurley P, Agarwala SS, Akhurst TJ, Cochran A, et al. Sentinel
lymph node biopsy for melanoma: American Society of Clinical Oncology and
Society of Surgical Oncology joint clinical practice guideline. Annals of surgical
oncology. 2012;19(11):3313-24.

Chen G, Chakravarti N, Aardalen K, Lazar AJ, Tetzlaff MT, Wubbenhorst B, et al.
Molecular profiling of patient-matched brain and extracranial melanoma metastases
implicates the PI3K pathway as a therapeutic target. Clin Cancer Res.
2014;20(21):5537-46.

Capper D, Berghoff AS, Magerle M, Ilhan A, Wohrer A, Hackl M, et al.
Immunohistochemical testing of BRAF V600E status in 1,120 tumor tissue samples
of patients with brain metastases. Acta Neuropathol. 2012;123(2):223-33.

Niessner H, Forschner A, Klumpp B, Honegger JB, Witte M, Bornemann A, et al.
Targeting hyperactivation of the AKT survival pathway to overcome therapy
resistance of melanoma brain metastases. Cancer Med. 2013;2(1):76-85.

Zhang L, Zhang S, Yao J, Lowery FJ, Zhang Q, Huang WC, et al.
Microenvironment-induced PTEN loss by exosomal microRNA primes brain
metastasis outgrowth. Nature. 2015;527(7576):100-4.



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al.
Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J
Med. 2010;363(8):711-23.

Robert C, Thomas L, Bondarenko I, O'Day S, Weber J, Garbe C, et al. Ipilimumab
plus dacarbazine for previously untreated metastatic melanoma. N Engl J Med.
2011;364(26):2517-26.

Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al. Nivolumab in
previously untreated melanoma without BRAF mutation. N Engl J Med.
2015;372(4):320-30.

Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B, et al. Nivolumab
versus chemotherapy in patients with advanced melanoma who progressed after anti-
CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-label, phase 3
trial. The Lancet Oncology. 2015;16(4):375-84.

Larkin J, Minor D, D'Angelo S, Neyns B, Smylie M, Miller WH, Jr., et al. Overall
Survival in Patients With Advanced Melanoma Who Received Nivolumab Versus
Investigator's Choice Chemotherapy in CheckMate 037: A Randomized, Controlled,
Open-Label Phase III Trial. J Clin Oncol. 2018;36(4):383-90.

Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, et al.
Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-refractory
melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol.
2015;16(8):908-18.

Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, et al.
Pembrolizumab versus Ipilimumab in Advanced Melanoma. N Engl J Med.
2015;372(26):2521-32.

Schachter J, Ribas A, Long GV, Arance A, Grob J-J, Mortier L, et al.
Pembrolizumab versus ipilimumab for advanced melanoma: final overall survival
results of a multicentre, randomised, open-label phase 3 study (KEYNOTE-006). The
Lancet. 2017;390(10105):1853-62.

Knight A, Karapetyan L, Kirkwood JM. Immunotherapy in Melanoma: Recent
Advances and Future Directions. Cancers (Basel). 2023;15(4).

Larkin J, Hodi FS, Wolchok JD. Combined Nivolumab and Ipilimumab or
Monotherapy in Untreated Melanoma. N Engl J Med. 2015;373(13):1270-1.
Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL, et
al. Overall Survival with Combined Nivolumab and Ipilimumab in Advanced
Melanoma. N Engl J Med. 2017;377(14):1345-56.

Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et al. Five-
Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma.
N Engl J Med. 2019;381(16):1535-46.

Lebbé C, Meyer N, Mortier L, Marquez-Rodas I, Robert C, Rutkowski P, et al.
Evaluation of Two Dosing Regimens for Nivolumab in Combination With
Ipilimumab in Patients With Advanced Melanoma: Results From the Phase IIIb/IV
CheckMate 511 Trial. J Clin Oncol. 2019;37(11):867-75.

75



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

76

Lebbe C, Meyer N, Mortier L, Marquez-Rodas I, Robert C, Rutkowski P, et al. Two
dosing regimens of nivolumab (NIVO) plus ipilimumab (IPI) for advanced (adv)
melanoma: Three-year results of CheckMate 511. Journal of Clinical Oncology.
2021;39(15_suppl):9516-.

Long GV, Robert C, Butler MO, Couture F, Carlino MS, O'Day S, et al. Standard-
Dose Pembrolizumab Plus Alternate-Dose Ipilimumab in Advanced Melanoma:
KEYNOTE-029 Cohort 1C, a Phase 2 Randomized Study of Two Dosing Schedules.
Clin Cancer Res. 2021;27(19):5280-8.

Gutzmer R, Stroyakovskiy D, Gogas H, Robert C, Lewis K, Protsenko S, et al.
Atezolizumab, vemurafenib, and cobimetinib as first-line treatment for unresectable
advanced BRAF(V600) mutation-positive melanoma (IMspire150): primary analysis
of the randomised, double-blind, placebo-controlled, phase 3 trial. Lancet.
2020;395(10240):1835-44.

Ascierto PA, Stroyakovskiy D, Gogas H, Robert C, Lewis K, Protsenko S, et al.
Overall survival with first-line atezolizumab in combination with vemurafenib and
cobimetinib in BRAF(V600) mutation-positive advanced melanoma (IMspire150):
second interim analysis of a multicentre, randomised, phase 3 study. Lancet Oncol.
2023;24(1):33-44.

Huo J-L, Wang Y-T, Fu W-J, Lu N, Liu Z-S. The promising immune checkpoint
LAG-3 in cancer immunotherapy: from basic research to clinical application.
Frontiers in Immunology. 2022;13.

Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, Matamala L, Castillo Gutiérrez
E, et al. Relatlimab and Nivolumab versus Nivolumab in Untreated Advanced
Melanoma. N Engl J Med. 2022;386(1):24-34.

Weber J, Mandala M, Del Vecchio M, Gogas HJ, Arance AM, Cowey CL, et al.
Adjuvant Nivolumab versus Ipilimumab in Resected Stage III or IV Melanoma. N
Engl J Med. 2017;377(19):1824-35.

Eggermont AMM, Blank CU, Mandala M, Long GV, Atkinson V, Dalle S, et al.
Adjuvant Pembrolizumab versus Placebo in Resected Stage 111 Melanoma. N Engl J
Med. 2018;378(19):1789-801.

Livingstone E, Zimmer L, Hassel JC, Fluck M, Eigentler TK, Loquai C, et al.
Adjuvant nivolumab plus ipilimumab or nivolumab alone versus placebo in patients
with resected stage IV melanoma with no evidence of disease IMMUNED): final
results of a randomised, double-blind, phase 2 trial. Lancet. 2022;400(10358):1117-
29.

Long GV, Schadendorf D, Vecchio MD, Larkin J, Atkinson V, Schenker M, et al.
Abstract CT004: Adjuvant therapy with nivolumab (NIVO) combined with
ipilimumab (IPI) vs NIVO alone in patients (pts) with resected stage [1IB-D/IV
melanoma (CheckMate 915). Cancer Research. 2021;81(13_Supplement):CT004-
CT.

Amaria RN, Postow M, Burton EM, Tetzlaff MT, Ross MI, Torres-Cabala C, et al.
Neoadjuvant relatlimab and nivolumab in resectable melanoma. Nature.
2022;611(7934):155-60.



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Long GV, Stroyakovskiy D, Gogas H, Levchenko E, de Braud F, Larkin J, et al.
Dabrafenib and trametinib versus dabrafenib and placebo for Val600 BRAF-mutant
melanoma: a multicentre, double-blind, phase 3 randomised controlled trial. Lancet.
2015;386(9992):444-51.

Dummer R, Ascierto PA, Gogas HJ, Arance A, Mandala M, Liszkay G, et al. Overall
survival in patients with BRAF-mutant melanoma receiving encorafenib plus
binimetinib versus vemurafenib or encorafenib (COLUMBUS): a multicentre, open-
label, randomised, phase 3 trial. The Lancet Oncology. 2018;19(10):1315-27.

Ascierto PA, McArthur GA, Dreno B, Atkinson V, Liszkay G, Di Giacomo AM, et
al. Cobimetinib combined with vemurafenib in advanced BRAF(V600)-mutant
melanoma (coBRIM): updated efficacy results from a randomised, double-blind,
phase 3 trial. Lancet Oncol. 2016;17(9):1248-60.

Dummer R, Hauschild A, Santinami M, Atkinson V, Mandala M, Kirkwood JM, et
al. Five-Year Analysis of Adjuvant Dabrafenib plus Trametinib in Stage III
Melanoma. New England Journal of Medicine. 2020;383(12):1139-48.

Atkins MB, Lee SJ, Chmielowski B, Tarhini AA, Cohen GI, Truong TG, et al.
Combination Dabrafenib and Trametinib Versus Combination Nivolumab and
Ipilimumab for Patients With Advanced BRAF-Mutant Melanoma: The DREAMseq
Trial-ECOG-ACRIN EA6134. J Clin Oncol. 2023;41(2):186-97.

Ascierto PA, Mandala M, Ferrucci PF, Guidoboni M, Rutkowski P, Ferraresi V, et al.
Sequencing of Ipilimumab Plus Nivolumab and Encorafenib Plus Binimetinib for
Untreated BRAF-Mutated Metastatic Melanoma (SECOMBIT): A Randomized,
Three-Arm, Open-Label Phase II Trial. Journal of Clinical Oncology.
2023;41(2):212-21.

Davies MA, Liu P, Mclntyre S, Kim KB, Papadopoulos N, Hwu WJ, et al.
Prognostic factors for survival in melanoma patients with brain metastases. Cancer.
2011;117(8):1687-96.

Kenchappa RS, Tran N, Rao NG, Smalley KS, Gibney GT, Sondak VK, et al. Novel
treatments for melanoma brain metastases. Cancer Control. 2013;20(4):298-306.

Sampson JH, Carter JH, Jr., Friedman AH, Seigler HF. Demographics, prognosis,
and therapy in 702 patients with brain metastases from malignant melanoma. J
Neurosurg. 1998;88(1):11-20.

Raizer JJ, Hwu WJ, Panageas KS, Wilton A, Baldwin DE, Bailey E, et al. Brain and
leptomeningeal metastases from cutaneous melanoma: survival outcomes based on
clinical features. Neuro Oncol. 2008;10(2):199-207.

Fife KM, Colman MH, Stevens GN, Firth IC, Moon D, Shannon KF, et al.
Determinants of outcome in melanoma patients with cerebral metastases. J Clin
Oncol. 2004;22(7):1293-300.

Frinton E, Tong D, Tan J, Read G, Kumar V, Kennedy S, et al. Metastatic
melanoma: prognostic factors and survival in patients with brain metastases. J
Neurooncol. 2017;135(3):507-12.

Rate WR, Solin LJ, Turrisi AT. Palliative radiotherapy for metastatic malignant
melanoma: brain metastases, bone metastases, and spinal cord compression. Int J
Radiat Oncol Biol Phys. 1988;15(4):859-64.

77



142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

78

Agarwala SS, Kirkwood JM, Gore M, Dreno B, Thatcher N, Czarnetski B, et al.
Temozolomide for the treatment of brain metastases associated with metastatic
melanoma: a phase II study. J Clin Oncol. 2004;22(11):2101-7.

Gutzmer R, Vordermark D, Hassel JC, Krex D, Wendl C, Schadendorf D, et al.
Melanoma brain metastases - Interdisciplinary management recommendations 2020.
Cancer Treat Rev. 2020;89:102083.

Mahajan A, Ahmed S, McAleer MF, Weinberg JS, Li J, Brown P, et al. Post-
operative stereotactic radiosurgery versus observation for completely resected brain
metastases: a single-centre, randomised, controlled, phase 3 trial. Lancet Oncol.
2017;18(8):1040-8.

Amaral T, Kiecker F, Schaefer S, Stege H, Kaehler K, Terheyden P, et al. Combined
immunotherapy with nivolumab and ipilimumab with and without local therapy in
patients with melanoma brain metastasis: a DeCOG* study in 380 patients. J
Immunother Cancer. 2020;8(1).

Ahmed KA, Abuodeh YA, Echevarria MI, Arrington JA, Stallworth DG, Hogue C, et
al. Clinical outcomes of melanoma brain metastases treated with stereotactic
radiosurgery and anti-PD-1 therapy, anti-CTLA-4 therapy, BRAF/MEK inhibitors,
BRAF inhibitor, or conventional chemotherapy. Ann Oncol. 2016;27(12):2288-94.

Hasanov M, Milton DR, Bea Davies A, Sirmans E, Saberian C, Posada EL, et al.
Changes In Outcomes And Factors Associated With Survival In Melanoma Patients
With Brain Metastases. Neuro Oncol. 2022.

Kluger HM, Chiang V, Mahajan A, Zito CR, Sznol M, Tran T, et al. Long-Term
Survival of Patients With Melanoma With Active Brain Metastases Treated With
Pembrolizumab on a Phase II Trial. J Clin Oncol. 2019;37(1):52-60.

Tawbi HA, Forsyth PA, Algazi A, Hamid O, Hodi FS, Moschos SJ, et al. Combined
Nivolumab and Ipilimumab in Melanoma Metastatic to the Brain. N Engl ] Med.
2018;379(8):722-30.

Tawbi HA, Forsyth PA, Hodi FS, Lao CD, Moschos SJ, Hamid O, et al. Safety and
efficacy of the combination of nivolumab plus ipilimumab in patients with melanoma
and asymptomatic or symptomatic brain metastases (CheckMate 204). Neuro Oncol.
2021;23(11):1961-73.

Tawbi HA, Forsyth PA, Hodi FS, Algazi AP, Hamid O, Lao CD, et al. Long-term
outcomes of patients with active melanoma brain metastases treated with
combination nivolumab plus ipilimumab (CheckMate 204): final results of an open-
label, multicentre, phase 2 study. Lancet Oncol. 2021;22(12):1692-704.

Long GV, Atkinson V, Lo S, Sandhu S, Guminski AD, Brown MP, et al.
Combination nivolumab and ipilimumab or nivolumab alone in melanoma brain
metastases: a multicentre randomised phase 2 study. The Lancet Oncology.
2018;19(5):672-81.

Long GV, Atkinson V, Lo S, Guminski AD, Sandhu SK, Brown MP, et al. Five-year
overall survival from the anti-PD1 brain collaboration (ABC Study): Randomized
phase 2 study of nivolumab (nivo) or nivo+ipilimumab (ipi) in patients (pts) with
melanoma brain metastases (mets). Journal of Clinical Oncology.
2021;39(15_suppl):9508-.



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Davies MA, Saiag P, Robert C, Grob J-J, Flaherty KT, Arance A, et al. Dabrafenib
plus trametinib in patients with BRAFV600-mutant melanoma brain metastases
(COMBI-MB): a multicentre, multicohort, open-label, phase 2 trial. The Lancet
Oncology. 2017;18(7):863-73.

Rodriguez R, Rubio R, Menendez P. Modeling sarcomagenesis using multipotent
mesenchymal stem cells. Cell Res. 2012;22(1):62-77.

Lye KL, Nordin N, Vidyadaran S, Thilakavathy K. Mesenchymal stem cells: From
stem cells to sarcomas. Cell Biol Int. 2016;40(6):610-8.

Genadry KC, Pietrobono S, Rota R, Linardic CM. Soft Tissue Sarcoma Cancer Stem
Cells: An Overview. Front Oncol. 2018;8:475.

Farid M, Ngeow J. Sarcomas Associated With Genetic Cancer Predisposition
Syndromes: A Review. Oncologist. 2016;21(8):1002-13.

Burningham Z, Hashibe M, Spector L, Schiffman JD. The epidemiology of sarcoma.
Clin Sarcoma Res. 2012;2(1):14.

Board WCoTE. Soft Tissue and Bone Tumours: International Agency for Research
on Cancer; 2020.

Schaefer IM, Cote GM, Hornick JL. Contemporary Sarcoma Diagnosis, Genetics,
and Genomics. J Clin Oncol. 2018;36(2):101-10.

Nakano K, Takahashi S. Translocation-Related Sarcomas. Int J Mol Sci.
2018;19(12).

Helman LJ, Meltzer P. Mechanisms of sarcoma development. Nat Rev Cancer.
2003;3(9):685-94.

Trojani M, Contesso G, Coindre JM, Rouesse J, Bui NB, de Mascarel A, et al. Soft-
tissue sarcomas of adults; study of pathological prognostic variables and definition of
a histopathological grading system. Int J Cancer. 1984;33(1):37-42.

Callegaro D, Miceli R, Mariani L, Raut CP, Gronchi A. Soft tissue sarcoma
nomograms and their incorporation into practice. Cancer. 2017;123(15):2802-20.
Callegaro D, Miceli R, Bonvalot S, Ferguson PC, Strauss DC, van Praag VVM, et al.
Development and external validation of a dynamic prognostic nomogram for primary
extremity soft tissue sarcoma survivors. EClinicalMedicine. 2019;17:100215.

Voss RK, Callegaro D, Chiang YJ, Fiore M, Miceli R, Keung EZ, et al. Sarculator is
a Good Model to Predict Survival in Resected Extremity and Trunk Sarcomas in US
Patients. Ann Surg Oncol. 2022.

Kattan MW, Leung DH, Brennan MF. Postoperative nomogram for 12-year sarcoma-
specific death. J Clin Oncol. 2002;20(3):791-6.

Carneiro A, Bendahl PO, Engellau J, Domanski HA, Fletcher CD, Rissler P, et al. A
prognostic model for soft tissue sarcoma of the extremities and trunk wall based on
size, vascular invasion, necrosis, and growth pattern. Cancer. 2011;117(6):1279-87.

Gustafson P, Akerman M, Alvegard TA, Coindre JM, Fletcher CDM, Rydholm A, et
al. Prognostic information in soft tissue sarcoma using tumour size, vascular invasion
and microscopic tumour necrosis—the SIN-system. European Journal of Cancer.
2003;39(11):1568-76.

79



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

80

Engellau J, Samuelsson V, Anderson H, Bjerkehagen B, Rissler P, Sundby-Hall K, et
al. Identification of low-risk tumours in histological high-grade soft tissue sarcomas.
Eur J Cancer. 2007;43(13):1927-34.

Chibon F, Lagarde P, Salas S, Perot G, Brouste V, Tirode F, et al. Validated
prediction of clinical outcome in sarcomas and multiple types of cancer on the basis
of a gene expression signature related to genome complexity. Nat Med.
2010;16(7):781-7.

Lesluyes T, Delespaul L, Coindre JM, Chibon F. The CINSARC signature as a
prognostic marker for clinical outcome in multiple neoplasms. Sci Rep.
2017;7(1):5480.

Italiano A, Lagarde P, Brulard C, Terrier P, Lac M, Marques B, et al. Genetic
profiling identifies two classes of soft-tissue leiomyosarcomas with distinct clinical
characteristics. Clin Cancer Res. 2013;19(5):1190-6.

Bertucci F, De Nonneville A, Finetti P, Perrot D, Nilbert M, Italiano A, et al. The
Genomic Grade Index predicts postoperative clinical outcome in patients with soft-
tissue sarcoma. Ann Oncol. 2018;29(2):459-65.

Gustafson P, Dreinhofer KE, Rydholm A. Soft tissue sarcoma should be treated at a
tumor center. A comparison of quality of surgery in 375 patients. Acta Orthop Scand.
1994;65(1):47-50.

Gutierrez JC, Perez EA, Moffat FL, Livingstone AS, Franceschi D, Koniaris LG.

Should soft tissue sarcomas be treated at high-volume centers? An analysis of 4205
patients. Ann Surg. 2007;245(6):952-8.

Enneking WF, Spanier SS, Goodman MA. A system for the surgical staging of
musculoskeletal sarcoma. Clin Orthop Relat Res. 1980(153):106-20.

Gundle KR, Kafchinski L, Gupta S, Griffin AM, Dickson BC, Chung PW, et al.
Analysis of Margin Classification Systems for Assessing the Risk of Local
Recurrence After Soft Tissue Sarcoma Resection. J Clin Oncol. 2018;36(7):704-9.
Trovik CS, Bauer HC, Berlin O, Tukiainen E, Erlanson M, Gustafson P, et al. Local
recurrence of deep-seated, high-grade, soft tissue sarcoma: 459 patients from the
Scandinavian Sarcoma Group Register. Acta Orthop Scand. 2001;72(2):160-6.
Jebsen NL, Trovik CS, Bauer HC, Rydholm A, Monge OR, Hall KS, et al.
Radiotherapy to improve local control regardless of surgical margin and malignancy
grade in extremity and trunk wall soft tissue sarcoma: a Scandinavian sarcoma group
study. Int J Radiat Oncol Biol Phys. 2008;71(4):1196-203.

Albertsmeier M, Rauch A, Roeder F, Hasenhiitl S, Pratschke S, Kirschneck M, et al.
External Beam Radiation Therapy for Resectable Soft Tissue Sarcoma: A Systematic
Review and Meta-Analysis. Annals of Surgical Oncology. 2018;25(3):754-67.

Yang JC, Chang AE, Baker AR, Sindelar WF, Danforth DN, Topalian SL, et al.
Randomized prospective study of the benefit of adjuvant radiation therapy in the
treatment of soft tissue sarcomas of the extremity. J Clin Oncol. 1998;16(1):197-203.
Gronchi A, Miah AB, Dei Tos AP, Abecassis N, Bajpai J, Bauer S, et al. Soft tissue
and visceral sarcomas: ESMO-EURACAN-GENTURIS Clinical Practice
Guidelines for diagnosis, treatment and follow-up¥. Annals of Oncology.
2021;32(11):1348-65.



185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Sundby Hall K, Bruland OS, Bjerkehagen B, Zaikova O, Engellau J, Hagberg O, et
al. Adjuvant chemotherapy and postoperative radiotherapy in high-risk soft tissue
sarcoma patients defined by biological risk factors-A Scandinavian Sarcoma Group
study (SSG XX). Eur J Cancer. 2018;99:78-85.

O'Sullivan B, Davis AM, Turcotte R, Bell R, Catton C, Chabot P, et al. Preoperative
versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: a randomised
trial. Lancet. 2002;359(9325):2235-41.

Bonvalot S, Gronchi A, Le Péchoux C, Swallow CJ, Strauss D, Meeus P, et al.
Preoperative radiotherapy plus surgery versus surgery alone for patients with primary
retroperitoneal sarcoma (EORTC-62092: STRASS): a multicentre, open-label,
randomised, phase 3 trial. Lancet Oncol. 2020;21(10):1366-77.

Casali PG. Adjuvant Chemotherapy for Soft Tissue Sarcoma. American Society of
Clinical Oncology Educational Book. 2015(35):e629-e33.

Adjuvant chemotherapy for localised resectable soft-tissue sarcoma of adults: meta-
analysis of individual data. The Lancet. 1997;350(9092):1647-54.

Pervaiz N, Colterjohn N, Farrokhyar F, Tozer R, Figueredo A, Ghert M. A
systematic meta-analysis of randomized controlled trials of adjuvant chemotherapy
for localized resectable soft-tissue sarcoma. Cancer. 2008;113(3):573-81.

Woll PJ, Reichardt P, Le Cesne A, Bonvalot S, Azzarelli A, Hoekstra HJ, et al.
Adjuvant chemotherapy with doxorubicin, ifosfamide, and lenograstim for resected
soft-tissue sarcoma (EORTC 62931): a multicentre randomised controlled trial. The
Lancet Oncology. 2012;13(10):1045-54.

Pasquali S, Pizzamiglio S, Touati N, Litiere S, Marreaud S, Kasper B, et al. The
impact of chemotherapy on survival of patients with extremity and trunk wall soft
tissue sarcoma: revisiting the results of the EORTC-STBSG 62931 randomised trial.
European Journal of Cancer. 2019;109:51-60.

Frustaci S, Gherlinzoni F, De Paoli A, Bonetti M, Azzarelli A, Comandone A, et al.
Adjuvant chemotherapy for adult soft tissue sarcomas of the extremities and girdles:
results of the Italian randomized cooperative trial. J Clin Oncol. 2001;19(5):1238-47.

Pasquali S, Gronchi A. Neoadjuvant chemotherapy in soft tissue sarcomas: latest
evidence and clinical implications. Ther Adv Med Oncol. 2017;9(6):415-29.

Judson I, Verweij J, Gelderblom H, Hartmann JT, Schoffski P, Blay J-Y, et al.
Doxorubicin alone versus intensified doxorubicin plus ifosfamide for first-line
treatment of advanced or metastatic soft-tissue sarcoma: a randomised controlled
phase 3 trial. The Lancet Oncology. 2014;15(4):415-23.

Ryan CW, Merimsky O, Agulnik M, Blay JY, Schuetze SM, Van Tine BA, et al.
PICASSO III: A Phase III, Placebo-Controlled Study of Doxorubicin With or
Without Palifosfamide in Patients With Metastatic Soft Tissue Sarcoma. J Clin
Oncol. 2016;34(32):3898-905.

Tap WD, Jones RL, Van Tine BA, Chmielowski B, Elias AD, Adkins D, et al.
Olaratumab and doxorubicin versus doxorubicin alone for treatment of soft-tissue
sarcoma: an open-label phase 1b and randomised phase 2 trial. The Lancet.
2016;388(10043):488-97.

81



198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

82

Tap WD, Papai Z, Van Tine BA, Attia S, Ganjoo KN, Jones RL, et al. Doxorubicin
plus evofosfamide versus doxorubicin alone in locally advanced, unresectable or
metastatic soft-tissue sarcoma (TH CR-406/SARCO021): an international, multicentre,
open-label, randomised phase 3 trial. The Lancet Oncology. 2017;18(8):1089-103.

Seddon B, Strauss SJ, Whelan J, Leahy M, Woll PJ, Cowie F, et al. Gemcitabine and
docetaxel versus doxorubicin as first-line treatment in previously untreated advanced
unresectable or metastatic soft-tissue sarcomas (GeDDiS): a randomised controlled
phase 3 trial. The Lancet Oncology. 2017;18(10):1397-410.

Judson I, Verweij J, Gelderblom H, Hartmann JT, Schoffski P, Blay JY, et al.
Doxorubicin alone versus intensified doxorubicin plus ifosfamide for first-line
treatment of advanced or metastatic soft-tissue sarcoma: a randomised controlled
phase 3 trial. Lancet Oncol. 2014;15(4):415-23.

D'Ambrosio L, Touati N, Blay JY, Grignani G, Flippot R, Czarnecka AM, et al.
Doxorubicin plus dacarbazine, doxorubicin plus ifosfamide, or doxorubicin alone as
a first-line treatment for advanced leiomyosarcoma: A propensity score matching
analysis from the European Organization for Research and Treatment of Cancer Soft
Tissue and Bone Sarcoma Group. Cancer. 2020;126(11):2637-47.

Savina M, Le Cesne A, Blay JY, Ray-Coquard I, Mir O, Toulmonde M, et al.
Patterns of care and outcomes of patients with MET Astatic soft tissue SARComa in a
real-life setting: the METASARC observational study. BMC Med. 2017;15(1):78.

D'Incalci M, Badri N, Galmarini CM, Allavena P. Trabectedin, a drug acting on both
cancer cells and the tumour microenvironment. Br J Cancer. 2014;111(4):646-50.

Demetri GD, Chawla SP, von Mehren M, Ritch P, Baker LH, Blay JY, et al. Efficacy
and safety of trabectedin in patients with advanced or metastatic liposarcoma or
leiomyosarcoma after failure of prior anthracyclines and ifosfamide: results of a
randomized phase II study of two different schedules. J Clin Oncol.
2009;27(25):4188-96.

Demetri GD, von Mehren M, Jones RL, Hensley ML, Schuetze SM, Staddon A, et al.
Efficacy and Safety of Trabectedin or Dacarbazine for Metastatic Liposarcoma or

Leiomyosarcoma After Failure of Conventional Chemotherapy: Results of a Phase
IIT Randomized Multicenter Clinical Trial. J Clin Oncol. 2016;34(8):786-93.

Patel S, von Mehren M, Reed DR, Kaiser P, Charlson J, Ryan CW, et al. Overall
survival and histology-specific subgroup analyses from a phase 3, randomized
controlled study of trabectedin or dacarbazine in patients with advanced liposarcoma
or leiomyosarcoma. Cancer. 2019;125(15):2610-20.

Grosso F, Sanfilippo R, Virdis E, Piovesan C, Collini P, Dileo P, et al. Trabectedin in

myxoid liposarcomas (MLS): a long-term analysis of a single-institution series. Ann
Oncol. 2009;20(8):1439-44.

Schoffski P, Chawla S, Maki RG, Italiano A, Gelderblom H, Choy E, et al. Eribulin
versus dacarbazine in previously treated patients with advanced liposarcoma or

leiomyosarcoma: a randomised, open-label, multicentre, phase 3 trial. Lancet.
2016;387(10028):1629-37.



2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Blay J-Y, Schoffski P, Bauer S, Krarup-Hansen A, Benson C, D’ Adamo DR, et al.
Eribulin versus dacarbazine in patients with leiomyosarcoma: subgroup analysis from
a phase 3, open-label, randomised study. British Journal of Cancer.
2019;120(11):1026-32.

Demetri GD, Schoffski P, Grignani G, Blay J-Y, Maki RG, Van Tine BA, et al.
Activity of Eribulin in Patients With Advanced Liposarcoma Demonstrated in a
Subgroup Analysis From a Randomized Phase I1I Study of Eribulin Versus
Dacarbazine. Journal of Clinical Oncology. 2017;35(30):3433-9.

van der Graaf WT, Blay JY, Chawla SP, Kim DW, Bui-Nguyen B, Casali PG, et al.
Pazopanib for metastatic soft-tissue sarcoma (PALETTE): a randomised, double-
blind, placebo-controlled phase 3 trial. Lancet. 2012;379(9829):1879-86.

Mahmood ST, Agresta S, Vigil CE, Zhao X, Han G, D'Amato G, et al. Phase II study
of sunitinib malate, a multitargeted tyrosine kinase inhibitor in patients with relapsed
or refractory soft tissue sarcomas. Focus on three prevalent histologies:
leiomyosarcoma, liposarcoma and malignant fibrous histiocytoma. Int J Cancer.
2011;129(8):1963-9.

von Mehren M, Rankin C, Goldblum JR, Demetri GD, Bramwell V, Ryan CW, et al.
Phase 2 Southwest Oncology Group-directed intergroup trial (S0505) of sorafenib in
advanced soft tissue sarcomas. Cancer. 2012;118(3):770-6.

Santoro A, Comandone A, Basso U, Soto Parra H, De Sanctis R, Stroppa E, et al.
Phase II prospective study with sorafenib in advanced soft tissue sarcomas after
anthracycline-based therapy. Ann Oncol. 2013;24(4):1093-8.

Mir O, Brodowicz T, Italiano A, Wallet J, Blay JY, Bertucci F, et al. Safety and
efficacy of regorafenib in patients with advanced soft tissue sarcoma (REGOSARC):
a randomised, double-blind, placebo-controlled, phase 2 trial. Lancet Oncol.
2016;17(12):1732-42.

Tap WD, Wagner AJ, Schoffski P, Martin-Broto J, Krarup-Hansen A, Ganjoo KN, et
al. Effect of Doxorubicin Plus Olaratumab vs Doxorubicin Plus Placebo on Survival
in Patients With Advanced Soft Tissue Sarcomas: The ANNOUNCE Randomized
Clinical Trial. Jama. 2020;323(13):1266-76.

Tawbi HA, Burgess M, Bolejack V, Van Tine BA, Schuetze SM, Hu J, et al.
Pembrolizumab in advanced soft-tissue sarcoma and bone sarcoma (SARC028): a
multicentre, two-cohort, single-arm, open-label, phase 2 trial. The Lancet Oncology.
2017;18(11):1493-501.

D'Angelo SP, Mahoney MR, Van Tine BA, Atkins J, Milhem MM, Jahagirdar BN, et
al. Nivolumab with or without ipilimumab treatment for metastatic sarcoma (Alliance
A091401): two open-label, non-comparative, randomised, phase 2 trials. The Lancet
Oncology. 2018;19(3):416-26.

Chen JL, Mahoney MR, George S, Antonescu CR, Liebner DA, Tine BAV, etal. A
multicenter phase II study of nivolumab +/- ipilimumab for patients with metastatic
sarcoma (Alliance A091401): Results of expansion cohorts. Journal of Clinical
Oncology. 2020;38(15_suppl):11511-.

83



220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

84

Somaiah N, Conley AP, Parra ER, Lin H, Amini B, Solis Soto L, et al. Durvalumab
plus tremelimumab in advanced or metastatic soft tissue and bone sarcomas: a single-
centre phase 2 trial. Lancet Oncol. 2022;23(9):1156-66.

Toulmonde M, Penel N, Adam J, Chevreau C, Blay JY, Le Cesne A, et al. Use of
PD-1 Targeting, Macrophage Infiltration, and IDO Pathway Activation in Sarcomas:
A Phase 2 Clinical Trial. JAMA Oncol. 2018;4(1):93-7.

Pollack SM, Redman MW, Baker KK, Wagner MJ, Schroeder BA, Loggers ET, et al.
Assessment of Doxorubicin and Pembrolizumab in Patients With Advanced
Anthracycline-Naive Sarcoma: A Phase 1/2 Nonrandomized Clinical Trial. JAMA
Oncol. 2020;6(11):1778-82.

Livingston MB, Jagosky MH, Robinson MM, Ahrens WA, Benbow JH, Farhangfar
C]J, et al. Phase II Study of Pembrolizumab in Combination with Doxorubicin in
Metastatic and Unresectable Soft-Tissue Sarcoma. Clin Cancer Res.
2021;27(23):6424-31.

Wagner MJ, Zhang Y, Cranmer LD, Loggers ET, Black G, McDonnell S, et al. A
Phase 1/2 Trial Combining Avelumab and Trabectedin for Advanced Liposarcoma
and Leiomyosarcoma. Clin Cancer Res. 2022;28(11):2306-12.

Wilky BA, Trucco MM, Subhawong TK, Florou V, Park W, Kwon D, et al. Axitinib
plus pembrolizumab in patients with advanced sarcomas including alveolar soft-part
sarcoma: a single-centre, single-arm, phase 2 trial. The Lancet Oncology.
2019;20(6):837-48.

Martin-Broto J, Hindi N, Grignani G, Martinez-Trufero J, Redondo A, Valverde C, et
al. Nivolumab and sunitinib combination in advanced soft tissue sarcomas: a
multicenter, single-arm, phase Ib/II trial. J Immunother Cancer. 2020;8(2).

Schoffski P. Established and Experimental Systemic Treatment Options for
Advanced Liposarcoma. Oncol Res Treat. 2022;45(9):525-43.

Stacchiotti S, Van der Graaf WTA, Sanfilippo RG, Marreaud SI, Van Houdt W1J,
Judson IR, et al. First-line chemotherapy in advanced intra-abdominal well-
differentiated/dedifferentiated liposarcoma: An EORTC Soft Tissue and Bone
Sarcoma Group retrospective analysis. Cancer. 2022;128(15):2932-8.

Livingston JA, Bugano D, Barbo A, Lin H, Madewell JE, Wang WL, et al. Role of

chemotherapy in dedifferentiated liposarcoma of the retroperitoneum: defining the
benefit and challenges of the standard. Sci Rep. 2017;7(1):11836.

Italiano A, Toulmonde M, Cioffi A, Penel N, Isambert N, Bompas E, et al. Advanced
well-differentiated/dedifferentiated liposarcomas: role of chemotherapy and survival.
Ann Oncol. 2012;23(6):1601-7.

Langmans C, Cornillie J, van Cann T, Wozniak A, Hompes D, Sciot R, et al.
Retrospective Analysis of Patients with Advanced Liposarcoma in a Tertiary Referral
Center. Oncol Res Treat. 2019;42(7-8):396-404.

Thirasastr P, Lin H, Amini B, Wang WL, Cloutier JM, Nassif EF, et al. Retrospective
evaluation of the role of gemcitabine-docetaxel in well-differentiated and
dedifferentiated liposarcoma. Cancer Med. 2022.



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

Demetri GD, Schoffski P, Grignani G, Blay JY, Maki RG, Van Tine BA, et al.
Activity of Eribulin in Patients With Advanced Liposarcoma Demonstrated in a
Subgroup Analysis From a Randomized Phase I1I Study of Eribulin Versus
Dacarbazine. J Clin Oncol. 2017;35(30):3433-9.

Samuels BL, Chawla SP, Somaiah N, Staddon AP, Skubitz KM, Milhem MM, et al.
Results of a prospective phase 2 study of pazopanib in patients with advanced
intermediate-grade or high-grade liposarcoma. Cancer. 2017;123(23):4640-7.

Schoeffski P, Yamamoto N, Bauer T, Patel M, Gounder MM, Geng J, et al. 4520 A
phase I dose-escalation and expansion study evaluating the safety and efficacy of the
MDM2-p53 antagonist BI 907828 in patients (pts) with solid tumours. Annals of
Oncology. 2022;33:S743.

Sanfilippo R, Hayward RL, Musoro J, Benson C, Leahy MG, Brunello A, et al.
Activity of Cabazitaxel in Metastatic or Inoperable Locally Advanced
Dedifferentiated Liposarcoma: A Phase 2 Study of the EORTC Soft Tissue and Bone
Sarcoma Group (STBSG). JAMA Oncol. 2022;8(10):1420-5.

Gounder MM, Razak AA, Somaiah N, Chawla S, Martin-Broto J, Grignani G, et al.
Selinexor in Advanced, Metastatic Dedifferentiated Liposarcoma: A Multinational,
Randomized, Double-Blind, Placebo-Controlled Trial. J Clin Oncol.
2022;40(22):2479-90.

Gounder MM, Bauer TM, Schwartz GK, Weise AM, LoRusso P, Kumar P, et al. A
First-in-Human Phase I Study of Milademetan, an MDM2 Inhibitor, in Patients With
Advanced Liposarcoma, Solid Tumors, or Lymphomas. J Clin Oncol.
2023:Jc02201285.

Dickson MA, Schwartz GK, Keohan ML, D'Angelo SP, Gounder MM, Chi P, et al.
Progression-Free Survival Among Patients With Well-Differentiated or
Dedifferentiated Liposarcoma Treated With CDK4 Inhibitor Palbociclib: A Phase 2
Clinical Trial. JAMA Oncol. 2016;2(7):937-40.

Mehren Mv, Movva S, Handorf EA, Merriam P, Morgan JA, Choy E, et al.
Outcomes in the dedifferentiated liposarcoma cohort of SAR-096, a phase II trial of
ribociclib in combination with everolimus in advanced dedifferentiated liposarcoma
(DDL), and leiomyosarcoma (LMS). Journal of Clinical Oncology.
2021;39(15_suppl):11515-.

Dickson MA, Koff A, D'Angelo SP, Gounder MM, Keohan ML, Kelly CM, et al.
Phase 2 study of the CDK4 inhibitor abemaciclib in dedifferentiated liposarcoma.
Journal of Clinical Oncology. 2019;37(15_suppl):11004-.

Goel S, DeCristo MJ, Watt AC, BrinJones H, Sceneay J, Li BB, et al. CDK4/6
inhibition triggers anti-tumour immunity. Nature. 2017;548(7668):471-5.

Zhang J, Bu X, Wang H, Zhu Y, Geng Y, Nihira NT, et al. Cyclin D-CDK4 kinase
destabilizes PD-L1 via cullin 3-SPOP to control cancer immune surveillance. Nature.
2018;553(7686):91-5.

Schaer DA, Beckmann RP, Dempsey JA, Huber L, Forest A, Amaladas N, et al. The
CDK4/6 Inhibitor Abemaciclib Induces a T Cell Inflamed Tumor Microenvironment
and Enhances the Efficacy of PD-L1 Checkpoint Blockade. Cell Rep.
2018;22(11):2978-94.

85



245.

246.

247.

248.

249.

250.
251.

252.

253.

254.

255.

256.

257.

258.

259.

86

Kononen J, Bubendorf L, Kallioniemi A, Barlund M, Schraml P, Leighton S, et al.
Tissue microarrays for high-throughput molecular profiling of tumor specimens. Nat
Med. 1998;4(7):844-7.

Engellau J, Akerman M, Anderson H, Domanski HA, Rambech E, Alvegard TA, et
al. Tissue microarray technique in soft tissue sarcoma: immunohistochemical Ki-67
expression in malignant fibrous histiocytoma. Appl Immunohistochem Mol Morphol.
2001;9(4):358-63.

Nilbert M, Engellau J. Experiences from tissue microarray in soft tissue sarcomas.
Acta Orthopaedica Scandinavica. 2004;75(sup311):29-34.

Lee ATJ, Chew W, Wilding CP, Guljar N, Smith MJ, Strauss DC, et al. The
adequacy of tissue microarrays in the assessment of inter- and intra-tumoural
heterogeneity of infiltrating lymphocyte burden in leiomyosarcoma. Sci Rep.
2019;9(1):14602.

Warford A, Akbar H, Riberio D. Antigen retrieval, blocking, detection and
visualisation systems in immunohistochemistry: a review and practical evaluation of
tyramide and rolling circle amplification systems. Methods. 2014;70(1):28-33.

Kirkwood BR. Essential Medical Statistics: Blackwell Science Ltd; 2003.

Delgado A, Guddati AK. Clinical endpoints in oncology - a primer. Am J Cancer
Res. 2021;11(4):1121-31.

Committee for Medicinal Products for Human Use EMA. Guideline on the clinical
evaluation of anticancer medicinal products [Available from:
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-
evaluation-anticancer-medicinal-products-man-revision-6_en.pdf.

Food Drug Administration Center F. Clinical Trial Endpoints for the Approval of
Cancer Drugs and Biologics- Guidance for Industry 2018: FDA Maryland; 2018
[Available from: https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/clinical-trial-endpoints-approval-cancer-drugs-and-biologics.

Simon R. Optimal two-stage designs for phase II clinical trials. Control Clin Trials.
1989;10(1):1-10.

Espinosa I, Beck AH, Lee CH, Zhu S, Montgomery KD, Marinelli RJ, et al.
Coordinate expression of colony-stimulating factor-1 and colony-stimulating factor-
1-related proteins is associated with poor prognosis in gynecological and
nongynecological leiomyosarcoma. Am J Pathol. 2009;174(6):2347-56.

Beck AH, Espinosa I, Edris B, Li R, Montgomery K, Zhu S, et al. The macrophage
colony-stimulating factor 1 response signature in breast carcinoma. Clin Cancer Res.
2009;15(3):778-87.

Espinosa I, Catasus L, E DA, Mozos A, Pedrola N, Bertolo C, et al. Stromal
signatures in endometrioid endometrial carcinomas. Mod Pathol. 2014;27(4):631-9.
Tomlinson JB, S. H.; Nelson, S.; Singer, S.; Pezeshki, B.; Lee, M. C.; Eilber, F.;
Nguyen, M. Different Patterns of Angiogenesis in Sarcomas and Carcinomas.
Clinical Cancer Research. 1999;5:3516-22.

Espinosa I, Edris B, Lee CH, Cheng HW, Gilks CB, Wang Y, et al. CSF1 expression
in nongynecological leiomyosarcoma is associated with increased tumor
angiogenesis. Am J Pathol. 2011;179(4):2100-7.



260.

261.

262.

263.

264.

265.

266.

267.

268.

2609.

270.

271.

272.

273.

274.

Saenz NCH, M. J.; Adsay, V.; Lewis, J. J.; Leung, D. H.; LaQuaglia, M. P.;
Brennan, M. F. Neovascularity and Clinical Outcome in High-Grade Extremity Soft
Tissue Sarcomas. Ann Surg Oncol. 1998;5(1):48-53.

Yudoh KK, M.; Ohmori, K.; Yasuda, T.; Aoki, M.; Kimura, T. Concentration of
vascular endothelial growth factor in the tumour tissue as a prognostic factor of soft
tissue sarcomas. Br J Cancer. 2001;84(12):1610-5.

Fu Z, Mowday AM, Smaill JB, Hermans IF, Patterson AV. Tumour Hypoxia-
Mediated Immunosuppression: Mechanisms and Therapeutic Approaches to Improve
Cancer Immunotherapy. Cells. 2021;10(5).

Zhuang Y, Liu K, He Q, Gu X, Jiang C, Wu J. Hypoxia signaling in cancer:
Implications for therapeutic interventions. MedComm (2020). 2023;4(1):e203.

LiY, Zhao L, Li X-F. Targeting Hypoxia: Hypoxia-Activated Prodrugs in Cancer
Therapy. Frontiers in Oncology. 2021;11.

Huang Y, FanJ, Li Y, Fu S, Chen Y, Wu J. Imaging of Tumor Hypoxia With
Radionuclide-Labeled Tracers for PET. Frontiers in Oncology. 2021;11.

Gérard M, Corroyer-Dulmont A, Lesueur P, Collet S, Chérel M, Bourgeois M, et al.
Hypoxia Imaging and Adaptive Radiotherapy: A State-of-the-Art Approach in the
Management of Glioma. Front Med (Lausanne). 2019;6:117-.

Zaretsky JM, Garcia-Diaz A, Shin DS, Escuin-Ordinas H, Hugo W, Hu-Lieskovan S,
et al. Mutations Associated with Acquired Resistance to PD-1 Blockade in
Melanoma. N Engl J Med. 2016;375(9):819-29.

Nielsen M, Presti M, Sztupinszki Z, Jensen AWP, Draghi A, Chamberlain CA, et al.
Coexisting Alterations of MHC Class I Antigen Presentation and IFNy Signaling
Mediate Acquired Resistance of Melanoma to Post-PD-1 Immunotherapy. Cancer
Immunol Res. 2022;10(10):1254-62.

Torrejon DY, Abril-Rodriguez G, Champhekar AS, Tsoi J, Campbell KM, Kalbasi
A, et al. Overcoming Genetically Based Resistance Mechanisms to PD-1 Blockade.
Cancer Discov. 2020;10(8):1140-57.

Gide TN, Allanson BM, Menzies AM, Ferguson PM, Madore J, Saw RPM, et al.
Inter- and intrapatient heterogeneity of indoleamine 2,3-dioxygenase expression in
primary and metastatic melanoma cells and the tumour microenvironment.
Histopathology. 2019;74(6):817-28.

Lynch KT, Gradecki SE, Kwak M, Meneveau MO, Wages NA, Gru AA, et al. IDO1
Expression in Melanoma Metastases Is Low and Associated With Improved Overall
Survival. Am J Surg Pathol. 2021;45(6):787-95.

Jessurun CAC, Hulsbergen AFC, de Wit AE, Tewarie 1A, Snijders TJ, Verhoeff JIC,
et al. The combined use of steroids and immune checkpoint inhibitors in brain
metastasis patients: a systematic review and meta-analysis. Neuro Oncol.
2021;23(8):1261-72.

Taves MD, Ashwell JD. Glucocorticoids in T cell development, differentiation and
function. Nat Rev Immunol. 2021;21(4):233-43.

Tang T, Huang X, Zhang G, Hong Z, Bai X, Liang T. Advantages of targeting the
tumor immune microenvironment over blocking immune checkpoint in cancer
immunotherapy. Signal Transduction and Targeted Therapy. 2021;6(1):72.

87



275.

276.

2717.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

88

Ahn R, Ursini-Siegel J. Clinical Potential of Kinase Inhibitors in Combination with
Immune Checkpoint Inhibitors for the Treatment of Solid Tumors. Int J Mol Sci.
2021;22(5).

Crose LE, Etheridge KT, Chen C, Belyea B, Talbot L], Bentley RC, et al. FGFR4
blockade exerts distinct antitumorigenic effects in human embryonal versus alveolar
rhabdomyosarcoma. Clin Cancer Res. 2012;18(14):3780-90.

Kiinstlinger H, Fassunke J, Schildhaus HU, Brors B, Heydt C, Ihle MA, et al. FGFR2
is overexpressed in myxoid liposarcoma and inhibition of FGFR signaling impairs
tumor growth in vitro. Oncotarget. 2015;6(24):20215-30.

Ishibe T, Nakayama T, Okamoto T, Aoyama T, Nishijo K, Shibata KR, et al.
Disruption of fibroblast growth factor signal pathway inhibits the growth of synovial
sarcomas: potential application of signal inhibitors to molecular target therapy. Clin
Cancer Res. 2005;11(7):2702-12.

Napolitano A, Ostler AE, Jones RL, Huang PH. Fibroblast Growth Factor Receptor
(FGFR) Signaling in GIST and Soft Tissue Sarcomas. Cells. 2021;10(6).

Wang X, Asmann YW, Erickson-Johnson MR, Oliveira JL, Zhang H, Moura RD, et
al. High-resolution genomic mapping reveals consistent amplification of the
fibroblast growth factor receptor substrate 2 gene in well-differentiated and
dedifferentiated liposarcoma. Genes Chromosomes Cancer. 2011;50(11):849-58.

Jing W, Lan T, Chen H, Zhang Z, Chen M, Peng R, et al. Amplification of FRS2 in
atypical lipomatous tumour/well-differentiated liposarcoma and de-differentiated
liposarcoma: a clinicopathological and genetic study of 146 cases. Histopathology.
2018;72(7):1145-55.

Jing W, Lan T, Qiu Y, Peng R, Lu Y, Chen H, et al. Expression of FRS2 in atypical
lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma:
an immunohistochemical analysis of 182 cases with genetic data. Diagn Pathol.
2021;16(1):96.

Hanes R, Munthe E, Grad I, Han J, Karlsen I, McCormack E, et al. Preclinical
Evaluation of the Pan-FGFR Inhibitor LY2874455 in FRS2-Amplified Liposarcoma.
Cells. 2019;8(2).

Dadone-Montaudie B, Laroche-Clary A, Mongis A, Chamorey E, Mauro ID, Chaire
V, et al. Novel Therapeutic Insights in Dedifferentiated Liposarcoma: A Role for
FGFR and MDM2 Dual Targeting. Cancers (Basel). 2020;12(10).

Hanes R, Grad I, Lorenz S, Stratford EW, Munthe E, Reddy CC, et al. Preclinical
evaluation of potential therapeutic targets in dedifferentiated liposarcoma.
Oncotarget. 2016;7(34):54583-95.

Palakurthi S, Kuraguchi M, Zacharek SJ, Zudaire E, Huang W, Bonal DM, et al. The
Combined Effect of FGFR Inhibition and PD-1 Blockade Promotes Tumor-Intrinsic
Induction of Antitumor Immunity. Cancer Immunol Res. 2019;7(9):1457-71.

Adachi Y, Kamiyama H, Ichikawa K, Fukushima S, Ozawa Y, Yamaguchi S, et al.
Inhibition of FGFR reactivates [IFNgamma signaling in tumor cells to enhance the
combined antitumor activity of lenvatinib with anti-PD-1 antibodies. Cancer Res.
2021.



288.

2809.

Burgess MA, Bolejack V, Schuetze S, Van Tine BA, Attia S, Riedel RF, et al.
Clinical activity of pembrolizumab (P) in undifferentiated pleomorphic sarcoma
(UPS) and dedifferentiated/pleomorphic liposarcoma (LPS): Final results of
SARCO028 expansion cohorts. Journal of Clinical Oncology.
2019;37(15_suppl):11015-.

de Visser KE, Joyce JA. The evolving tumor microenvironment: From cancer
initiation to metastatic outgrowth. Cancer Cell. 2023;41(3):374-403.

&9









LUN

UNIVERSITY

FACULTY OF
MEDICINE

Department of Clinical Sciences, Lund

Lund University, Faculty of Medicine
Doctoral Dissertation Series 2023:58
ISBN 978-91-8021-398-1

ISSN 1652-8220

Printed by Media-Tryck, Lund 2023 % NORDIC SWAN ECOLABEL 3041 0903



