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SUMMARY

Treatment of ovarian cancer has been improved and standardized over the last years. 
Major developments have been the focus on achieving complete removal of macroscopic 
tumor remains and; the implementation of neoadjuvant chemotherapy. More recently, 
maintenance therapy with poly (ADP-ribose) polymerase inhibitors (PARP-inhibitors) 
has come forward as a novel approach for reducing relapse rate. Nevertheless, overall 
survival has barely improved and ovarian cancer remains the deadliest gynecological 
malignancy worldwide. The majority of ovarian cancers is diagnosed at a late stage of 
disease and chemotherapeutic therapies are associated with high-toxicity. Moreover, 
recurring ovarian cancer is often chemotherapy-resistant. Altogether, these features 
underline the importance to develop an alternative approach. One promising approach 
that has recently gained considerable attention is immunotherapy. In this thesis we 
investigated several immune cell compartments in ovarian cancer patients including 
the tumor itself, peripheral blood and draining lymph nodes. 
In chapter 2, 3 and 4, we show that ovarian cancer tumors are characterized by 
activated, but exhausted immune cell populations, while tumor-draining lymph nodes 
are characterized by a quiescent immune cell signature. Our data suggest a lack of 
adequate priming of immune cells in the lymph nodes, possibly because of a lack of 
tumor-specific antigen presentation, resulting in a quiescent immune cell population 
unable to induce any cytotoxicity. In chapter 5 we thus propose a strategy to augment 
T cell activity via the delivery of CD40L to cancer cells to activate antigen-presenting 
cells in tumor-infiltrated tumor-draining lymph nodes. We show that binding of these 
protein-constructs led to the in vitro activation of dendritic cells and T cell proliferation, 
but is not yet tested in a preclinical in vivo model. As there is currently no adequate 
preclinical in vivo model that represents the complexity of the human immune system 
and the human ovarian tumor to validate immune system molding strategies like 
previously described, we aimed to develop an immune-humanized patient-derived 
xenograft model harboring both components. In chapter 6 we show that it is 
possible to establish an ovarian cancer patient derived xenograft model using ectopic 
tumor tissue implantation. However, the incorporation of human immune system 
components remained challenging. 
In addition to the limited activation of tumor-draining lymph nodes, we saw a 
significant decrease of the myeloid cell population in the peripheral blood of high-

grade serous ovarian cancer (HGSOC) patients during treatment with neoadjuvant 
chemotherapy, with a partial recovery upon completion of the chemotherapy. Therefore, 
chemotherapy treatment might potentiate immunotherapy through the depletion of 
myeloid cells, which are mostly known for their immunosuppressive properties. By 
contrast, we observed in chapter 3 that tumor-infiltrating immune cells appeared 
only to be of prognostic benefit in patients receiving primary debulking surgery and 
not in those who received neoadjuvant chemotherapy and thereafter chemotherapy. 
We show in chapter 4 that this might be explained by varying expression of major 
histocompatibility class I (MHC-I) in the two different patient groups. HGSOC tumors 
exposed to neoadjuvant chemotherapy are characterized by infrequent expression of 
MHC-I, in contrast to HGSOC tumors that are chemotherapy-naive expressing high 
levels of MHC-I. A prognostic benefit of tumor-infiltrating lymphocytes was observed in 
the chemotherapy-naïve tumor group, indicating the necessity of antigen presentation 
via MHC-I for activation of the immune system. To establish that these patients did 
indeed show tumor-reactive T cell infiltration that was inhibited by lack of antigen 
presentation, we established a platform of in vitro (e.g. cell cultures, polymerase chain 
reaction) and in silico (e.g. bioinformatics) identification of tumor-specific neoantigens. 
In chapter 6 we used this platform to identify neoantigen specific T cell responses for 
ovarian cancer patients.

  

DISCUSSION AND CONCLUSION

This thesis consists of fundamental studies on the immune cell populations in various 
immune cell compartments of ovarian cancer patients: the tumor, the peripheral 
blood, and draining lymph nodes. Moreover, the development of an in vivo model for 
the validation of novel immunotherapeutic strategies for ovarian cancer is discussed. 
In this section the research discussed in this thesis is related to current knowledge and 
developments within this area.

Tumor-draining lymph nodes as site of immune silencing in ovarian cancer.
It is clear that tumor-infiltrating lymphocytes are of great importance in ovarian cancer 
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prior to chemotherapy. Not just lymphocytes itself, also their differentiation status 
and location are crucial since not all immune cell subsets contribute to prognosis in 
the same manner. In general, the immune cell populations present within the tumor 
have been most extensively studied.  We expanded the existing data by including 
both markers for immune cell localization (CD103) and by performing a side-by-side 
evaluation of the immune contexture of tumor in both primary and neoadjuvant 
treated tumors, using both flow cytometry of primary fresh samples and retrospective 
tissue archived cohorts. While these data provided extensive novel insight, one caveat 
of the retrospective analysis is the use of tissue microarrays (TMAs). A major part of 
the data presented in chapter 2 and 3 is gathered using consecutive TMA-slides. 
TMAs contain small representative tissue samples of many different patients on one 
histological slide and aid to identify new diagnostic and prognostic markers and/
or targets in human cancers.1 TMAs are the solution to the otherwise costly, time-
consuming and laborious histological techniques. Although there only seems to be 
ample advantages of TMAs, one major concern may be the representative value of the 
small tissue samples to the whole tumor. Camp et al. and Parker et al. used TMAs to 
investigate respectively the proliferation status and estrogen receptor status in breast 
cancer and found 95-96% concordance compared to whole slide staining.2,3 Camp 
et al. revealed that analysis of 2 cores per sample resulted in 95% concordance.2 
Nocito et al.  proved the same for the proliferation status and histological grade of 
bladder cancer.4 Another point of criticism could be the presence of only one core 
per sample per microarray, in our study 3 cores per patient were present on a slide. 
A sample was only included in further analyses when two or more cores could be 
subjected to analysis, meaning a minimum of 20% of the core had to consist of tumor 
cells. Of course, still any core and/or sample could be completely negative for tumor 
cells or absent on any given microarray. In our approach, however, we analyzed many 
samples of an individual patient simultaneously to eliminate this bias. Finally, our side-
by-side analysis of both fresh tissue and full slides from the same patients as well as 
comparison of full slides by immunofluorescence and TMA cores of the same patients 
provide a highly correlated measurement, at least for T cells. While not exhaustively 
examined in detail here, considerable immune cell heterogeneity for TMAs has so far 
not been reported.
While the focus of most tumor immunology studies in ovarian cancer patients has been 
on the level of the tumor, most immune cells circulate between blood, lymph nodes 
and tissue. Therefore, we also investigated the immune status of these compartments 
to broaden our understanding of the immune system in ovarian cancer patients. 

Most research on lymph nodes within cancer patients has been done on sentinel 
lymph node resection and biopsies, in particular in breast cancer.5,6 Only a few studies 
have been done on the immune status of these lymph nodes.7,8 Here, like in cervical 
cancer, a quiescent immune cell population dominated the immune cells in the 
draining lymph nodes of ovarian cancer patients9, even when there was adequate 
MHC-I expression within the tumor. It is tempting to speculate that the inadequate 
presentation of antigens within the draining lymph nodes explains the relatively low 
responses to immune checkpoint inhibition of ovarian cancer patients. Indeed, mouse 
models have demonstrated a significant upregulation of PD-L1 in the draining lymph 
nodes of tumors when compared to the non-draining lymph nodes, a phenomenon 
suggesting active tumor-induced immune suppression of the initial priming.10 More 
importantly, when mice responsive to immune checkpoint inhibitors were subjected 
to a surgical resection of their draining lymph node, the therapeutic effect was 
completely abolished. These findings could be confirmed using a chemical inhibitor 
of T cell circulation, in line with our hypothesis that parallel evaluation of the various 
immune compartments is an essential feature of immune profiling. Future studies 
should thus focus on ensuring adequate tumor-specific antigen presentation to induce 
a proper immune response in the draining lymph nodes of ovarian cancer. 
Of note, a potential caveat of the current study was that the draining lymph nodes 
used in chapter 2 were visually identified by the surgeon (e.g. enlarged lymph nodes 
in proximity of the tumor), however their tumor draining status was not confirmed 
before resection. To reassure their draining status, prospective clinical studies should 
be performed in which the draining status of a lymph node is confirmed using a dye or 
tracer prior to resection.11 Nevertheless, we observed tumor-infiltration in a number 
of nodes consistent with their draining status.
As we identified a quiescent immune microenvironment in the draining lymph node 
which might explain the poor immune response to the tumor in ovarian cancer, 
future combination immunotherapy strategies should focus on creating a favorable 
immune lymph node microenvironment, such as vaccination or dendritic cell activating 
regimes. In chapter 5 we discuss one such approach with an in vitro validated 
strategy which enhances dendritic cell (DC) maturation locally by targeted delivery of 
the tumor necrosis factor family member CD40 ligand. CD40 is a crucial costimulatory 
molecule on DCs and a target for several agonistic monoclonal antibodies currently 
under active clinical investigation. Unfortunately, most of these antibodies suffer 
from an unfavorable toxicity profile, most notably severe liver toxicity. As a result, 
more targeted approaches such as those conferred by antibody-based fusions 
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(immunocytokines) would be of benefit. Several immunocytokines are currently under 
clinical development, mainly aimed at PD-L1 and/or CD25 (the IL-2 receptor). While 
traditionally more difficult to produce for clinical application, these molecules offer 
considerable advances in terms of local activity and toxicity profile. As discussed 
in chapter 5, CD40L activity could be almost completely made conditional on the 
presence of the target antigen molecule (EpCAM or CD20). As these molecules are 
site-specific and active at lower concentration, for clinical translation, could therefore 
envision bypassing the in vitro production and pursue an in vivo production step, such 
as that recently proposed for an mRNA platform.
Taken together, advances at the priming stage of the immune response may be key to 
overcoming immune dysfunction in ovarian cancer.

Standard-of-care treatment and immunotherapy in ovarian cancer
In addition to the above, our data have identified intriguing connections between the 
standard-of-care treatment and immune contexture of ovarian cancer. Currently the 
standard of care for ovarian cancer consists of chemotherapy combined with debulking 
surgery. Primary debulking surgery prior to six three-week cycles of platinum-
based chemotherapy is the standard. However, interval debulking is increasingly 
chosen over primary debulking surgery because it is associated with less surgery-
induced morbidity and improved surgical outcomes. Additionally, different ways of 
administration of chemotherapy gained interest. Intravenous chemotherapy is still 
the first choice, but intraperitoneal chemotherapy gains more interest, in particular 
hyperthermic intraperitoneal chemotherapy (HIPEC). HIPEC leads to a longer disease-
free period and overall survival in patients that have undergone complete or optimal 
debulking surgery and no higher level of toxicities.12 Recurrent ovarian cancers are 
in the end often platinum-resistant, these tumors can be treated with various other 
chemotherapies, e.g. topotecan, doxorubicin, gemcitabine. However results are 
marginal, only 12-15% percent of all patients will respond. Only one in three patients 
will have stable disease. The majority will still show progression of disease within 3-6 
months.13,14 
In chapter 2 we show that neoadjuvant chemotherapy does in fact decrease the 
number of MDSC present in the peripheral blood and does not affect the T cell 
populations present, this window of opportunity could be used to treat ovarian 
cancer with T cell mediated immunotherapy. A randomized controlled trial is currently 
planned which aims to evaluate the efficacy of Pembrolizumab in combination with 
standard of care treatment in patients with advanced ovarian cancer. Assuming that 

its administration will improve immune response leading to optimal surgery results 
(NCT03275506; estimated primary completion date: September 2021). However, a 
note of caution based on our data is warranted. As the beneficial effects of immune 
checkpoint inhibitors appear to be dependent, at least in part, on the involvement of the 
tumor-draining lymph node, the combination of pembrolizumab with chemotherapy 
may prove ineffective without proper up-front priming of the response. An alternative 
may therefore be the inclusion of a tumor antigen-specific vaccination into first-line 
chemotherapy treatment, followed by immune checkpoint inhibitor (maintenance) 
treatment. An ongoing study aims to address this approach by evaluating the 
combination of an mRNA vaccination during first-line chemotherapy treatment in 
ovarian cancer (2017-004585-10). The outcome of the trial may help development of 
follow-up randomized trials including immune checkpoint inhibitors.
Altogether, it is anticipated that combined chemo-immunotherapy will take center 
stage in ovarian cancer treatment for years to come.

Alternatives for the ovarian cancer patient-derived xenograft model
The majority of research in ovarian cancer is done in the syngeneic ID8 model and 
derivates of this model.15-17 But this model does not represent the heterogeneity of 
disease. Other alternatives to murine models would be the egg-laying hen or the jaguar.22 
Next to humans they are the only animals known for the spontaneous development 
of ovarian cancer, however using them for research purposes is far from feasible. 
These are laborious and time-consuming models, being an endangered species, and 
there are no reagents available for these species.18,19-21 With these obstacles in mind 
and increasing demands for animal-free drug development alternatives, Mucaki et al. 
designed an in silico method that accurately predicted 60.2% of disease recurrence 
and 61% of remission in ovarian cancer based on gene signatures and their response 
to chemotherapy.23 Although these developments are constantly improved they are 
not that developed they can replace in vivo models. Another point of critique is the low 
predictable value and the irreproducibility of preclinical research, which is reported to 
be between 51-89%.23 Illustrating the need for improved design of preclinical in vivo 
models, and at the same time the importance of animal welfare.24-26 In chapter 6, we 
analyzed the potential of a patient-derived xenograft (PDX) model for modeling anti-
tumor immunity. PDX models capture the heterogeneity of ovarian cancer and can in 
principle be combined with autologous immune cells in an adoptive cell transfer setting, 
or using HLA-matched cord blood humanized mice. Indeed, a recent study by Want 
et al. performed neoantigen profiling of ovarian cancer PDX and found a remarkable 
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correlation between primary tumor material and PDX material in terms of mutations.27 
These findings are in line with data from the group of de Jong establishing a conserved 
profile of mutations, copy number alterations and methylation profile of ovarian cancer 
PDX vs. primary tumors.28 Accordingly, Want et al. were able to demonstrate specific 
T cell responses against neoantigens present within the autologous PDX. Adoptive 
cell transfer (ACT) of neoantigen-specific clones resulted in potent tumor growth 
inhibition, suggesting the feasibility of an ACT approach for ovarian cancer treatment. 
Importantly, while the frequency of neoantigen specific T cells in peripheral blood 
was observed in only a subset of patients, Bobisse et al. demonstrate that parallel 
evaluation of both PBMC and TIL allowed neoantigen-specific T cell isolation in almost 
all patients tested, despite a low number of somatic mutations in these tumors 
opening the way to personalized immunotherapy for treatment of ovarian cancer.29

The optimal treatment for every patient
With the explosion of all novel immunotherapeutic options and their increasing 
specificity the necessity arises to find the optimal treatment for every individual 
patient with ovarian cancer: To obtain optimal treatment results but also to reduce 
costs and become cost-effective. This can be done by developing methods to select 
the right treatment for each patient (decision-making). In vitro models often fall 
short and most preclinical in vitro models are too time-consuming to serve clinical 
purposes therefore alternative approaches are sought. For example, the CIVO tumor 
microinjection platform, a handheld device that can hold up to eight needles capable 
of simultaneously delivering micro-dosages of potential therapeutics to subcutaneous 
tumors.30 A different device, however with the same rationale, was demonstrated 
by Jonas et al., an implantable device holding up to 16 reservoirs with therapeutics 
enabling high-throughput of in vivo testing.31 These devices are only suitable for 
subcutaneous tumors and in need of physical present tumor. Therefore, in silico 
prediction models gain interest to circumvent the need of tumors. Sun et al. designed a 
16-gene signature platform (IndividCRS), based on cell lines and ovarian cancer tumors 
from 25 independent datasets, to not only monitor response to chemotherapy but 
also predict the tumor sensitivity to chemotherapy.32 But like the previous mentioned 
method of Mucaki et al. both need to be improved before any clinical implications.33,34 
However, we approached it from another way: designing a platform enabling the 
development of unique therapeutics for every individual patient, this approach is also 
known as: personalized medicine. We designed a platform to identify neoantigens 
specific to the tumor of individual patients and thereafter select and expand 

neoantigen-specific T cells. In chapter 6 we discussed our strategy to select a patient-
specific immunotherapy, using various sequential techniques, including cell cultures, 
polymerase chain reaction, flow cytometry and bioinformatics. Unfortunately, we 
were not able to establish an immune competent ovarian cancer patient-derived 
xenograft. Nevertheless, as mentioned, Bobisse et al. managed to identify high avidity 
neoepitope specific CD8+ T cells in immunotherapy naïve ovarian cancer patients, 
showing the possibility to apply this also to tumors with a low mutational load, like 
ovarian cancer.29

Conclusion
The data presented in this thesis show that the immune system plays without a doubt 
a role in ovarian cancer, but it is influenced by the presence of the tumor and affected 
by the administered chemotherapy. In order to return its antitumor properties, an 
immune-activating therapeutic that enables the immune system to recognize and 
destroy the ovarian cancer cells is highly desired. Novel immunotherapies are widely 
investigated in vitro but to be validated in an immune-competent in vivo model for 
ovarian cancer and implemented within the current standard of care. However, a solid 
immune-competent in vivo ovarian cancer model is yet to be found. All efforts with the 
final aim to improve the disease free and overall survival of ovarian cancer patients.  
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