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INTRODUCTION

The number of cancer patients is increasing worldwide due to aging of the general 
population and lifestyle-related risk factors, resulting in an estimated 18.1 million new 
cancer cases annually.1 Cancer has become the leading cause of death in the Western 
world.2 Most cancers are treated with either surgery, radiotherapy, systemic therapy, 
or a combination of these treatments. Systemic therapies, including chemotherapy, 
hormonal therapies, targeted agents, and immunotherapy, provide treatment options 
in the adjuvant and advanced-stage setting. Treatment failure is often caused by tumor 
resistance to therapy, resulting in disease progression and death.3

Chemotherapy preferentially kills cancer cells by targeting their increased proliferation 
and decreased recovery potential compared to healthy cells. Chemotherapy is applied 
as standard of care for patients with many advanced cancer types.4,5 Several biological 
mechanisms that determine chemotherapy response have been discovered.3,4 More 
recently, studies into the biology of cancer have resulted in the discovery of cancer 
drivers, which can now be directly targeted using antibodies and small molecule 
inhibitors.6–8 Targeted therapies that improve clinical outcomes for patients and have 
become standard treatment, include the human epidermal growth factor receptor 2 
(HER2) inhibitors trastuzumab and lapatinib in patients with HER2 overexpressing 
breast cancer, and the epidermal growth factor receptor (EGFR) inhibitor erlotinib in 
patients with EGFR mutant non-small cell lung cancer (NSCLC).9–11 However, most breast 
cancers and NSCLCs do not harbor HER2 overexpression or EGFR mutations.7 Therefore, 
additional tumor targets for therapy need to be uncovered to provide treatment options 
for a larger number of patients.

Large scale analyses, such as efforts by The Cancer Genome Atlas (TCGA) project assess 
mutations, and alterations in copy number, methylation and gene expression to define 
and characterize subgroups of cancers.12 Importantly, most of this data is accessible 
through public repositories such as the Gene Expression Omnibus (GEO), enabling 
further research.13 These databases are steadily growing in volume and diversity, 
allowing for identification of new cancer drivers and molecular cancer subtypes.14 For 
example, this unveiled novel alterations in HER2, hepatocyte growth factor receptor, 
and guanosine triphosphate (GTP)-binding protein Ras Like Without CAAX 1 (RIT1) that 
are currently studied as treatment targets in NSCLC patients.15,16 Other cancer subtype-
related findings by the TCGA Research Network include the suggestion that over half 
the high grade serous ovarian cancers (HGSOC) harbor deficiencies in the homologous 
recombination pathway, greatly expanding the expected number of Poly (ADP-ribose) 
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polymerase (PARP) inhibitor sensitive HGSOC tumors.17 Subsequent clinical studies 
confirmed efficacy of PARP inhibitors as maintenance therapy following a response 
to platinum-based therapy in patients with HGSOC, which is now standard of care.18 
Although targeted therapies can induce rapid and strong responses, efficacy is often 
limited by recurrences with therapy-resistant disease.7,19 This indicates a need for more 
treatments with long-term efficacy.

Immunotherapy is a new treatment strategy that can induce long-term tumor responses 
in patients. These treatments include antibodies that block the function of immune 
checkpoint proteins, such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), 
programmed cell death-1 (PD-1), and programmed death-ligand 1 (PD-L1), reinvigorating 
the anti-tumor immune response.20,21 In aggressive tumor types, including advanced 
melanoma and NSCLC, immunotherapy can result in responses that persist after 
discontinuation of treatment.21,22 To improve immunotherapy response rates, patient 
selection can be performed, but this is still in an early stage. For instance, tumor cell PD-L1 
expression is used to select NSCLC patients for immune checkpoint inhibitor therapies. 
However, even from the patients with PD-L1 positive tumors 55% do not respond to 
these treatments, while 10% of patients with PD-L1 negative tumors respond.23–25 The 
poor predictive value of tumor PD-L1 expression may be caused by transient PD-L1 
expression or heterogeneity of PD-L1 expression within and between tumor lesions, 
none of which are taken into account when analyzing a single biopsy.26 Whole-body 
imaging techniques, such as positron emission tomography (PET), may provide more 
insight in PD-L1 expression and improve patient selection for immunotherapy, as 
shown for PD-L1 targeted treatment in NSCLC, triple negative breast cancer (TNBC), 
and bladder cancer.27 Moreover, the non-invasive nature of PET imaging enables serial 
analysis of target expression, allowing follow-up of PD-L1 expression in tumors. 

Currently, many trials are studying combination therapies in patients with various types 
of cancer to improve the efficacy of immunotherapy.28 Improved insight into immune 
checkpoint biology may guide the development of new combination therapies including 
immunotherapy, targeted therapies, and chemotherapy.

AIM OF THIS THESIS

Providing a biological rationale for potential combination therapies and patient selection 
tools to enhance efficacy of immunotherapy and other targeted therapies in patients 
with subtypes of breast cancer, NSCLC, and ovarian cancer. 
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GENERAL OUTLINE OF THIS THESIS

Breast cancer subtypes harbor diverse underlying biology, enabling the use of subtype-
specific therapies. In chapter 2, we review knowledge regarding immunotherapy in 
breast cancer. We perform a literature search including PubMed and the ClinicalTrials.
gov database and abstracts from the American Society of Clinical Oncology (ASCO) 
annual meetings, San Antonio Breast Cancer symposium, American Association of 
Cancer Research (AACR) annual meeting and the annual congresses of the European 
Society of Medical Oncology (ESMO). We focus on the differential immunogenicity of 
breast cancer subtypes and prognostic value of tumor infiltrating lymphocytes and 
immune checkpoints. Furthermore, we summarize the immunological effects of current 
therapies and describe upcoming additional immunotherapeutic treatment strategies 
in breast cancer.

Patients with NCSLCs without targetable driver mutations respond better to PD-1/
PD-L1 targeted immunotherapy. In chapter 3, we investigate regulation of PD-L1 in 
this subtype of NSCLC in the context of EGFR and interferon gamma (IFNγ) signaling. 
Using data from the TCGA and validated pathway activation signatures, we search for 
associations between activation of downstream EGFR and IFNγ pathways and PD-L1 
gene expression. Next, we validate our findings at the mRNA and protein level in lung 
adenocarcinoma cell lines using ligands and specific inhibitors. Additionally, we study the 
mechanistic basis of PD-L1 regulation in these cell lines using flow cytometry, Western 
blotting, MTT assays, and quantitative PCR.

For certain cancer types, PD-L1 immunohistochemistry is used to select patients for 
PD-1/PD-L1 targeted therapies, but performance of this biomarker is suboptimal. In 
chapter 4, we evaluate performance of a human-PD-L1-specific PET tracer. This 
adnectin-based, fluorine-18 labeled tracer, allows imaging on the day of administration. 
We characterize the tracer using human lung and ovarian cancer cell lines with different 
basal PD-L1 expression levels, and study binding and specificity of the tracer. Moreover, 
we evaluated in vivo usability of the tracer to detect basal PD-L1 expression levels and 
IFNγ- and the mitogen-activated protein kinase 1 and 2 (MEK1/2) inhibitor selumetinib-
induced changes of PD-L1 expression levels using xenograft models of these cell lines.

Despite the introduction of PARP and angiogenesis inhibitors, overall survival of patients 
with advanced high grade serous ovarian cancer remains poor. In chapter 5, we use 
independent component analysis to extract the transcriptomic footprints of biological 
signals from publicly available gene expression data from 1,125 epithelial ovarian cancer 
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samples, spanning all different histological subsets. We link known and unknown biology 
of the epithelial ovarian cancer subtypes to the uncovered transcriptomic footprints 
and relate these to prognosis of patients with platinum-treated serous ovarian cancer 
using survival tree analysis to uncover subtype-specific targets for therapy. 

Patients with advanced ovarian clear cell cancer have worse survival compared to 
patients with other ovarian cancer subtypes due to the platinum resistant nature of 
their disease. In chapter 6, we look deeper into targeted therapies for ovarian clear cell 
cancer. Using publicly available gene expression data from normal ovarian epithelium 
and clear cell ovarian cancer samples, we uncover enrichment for DNA repair signaling. 
Using MTT and clonogenic assays we study sensitivity of clear cell ovarian cancer cell 
lines to inhibition of the DNA damage response and cisplatin. To explain our findings, 
we look deeper into the induction and resolution of DNA damage and apoptosis after 
exposure to cisplatin using flow cytometry and immune fluorescence.

The findings of this thesis and the future perspectives are summarized in chapter 7.

Chapter 8 provides a summary in Dutch.
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