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Abstract
Glioblastoma (GBM) remains an orphan cancer disease with poor outcome. Novel treatment

strategies are needed. Immunotherapy has several modes of action. The addition of active

specific immunotherapy with dendritic cell vaccines resulted in improved overall survival

of patients. Integration of DC vaccination within the first-line combined treatment became

a challenge, and immunogenic cell death immunotherapy during chemotherapy was intro-

duced. We used a retrospective analysis using real world data to evaluate the complex com-

bined treatment, which included individualized multimodal immunotherapy during and after

standard of care, and which required adaptations during treatment, and found a further

improvement of overall survival. We also discuss the use of real world data as evidence. Novel

strategies to move the field of individualized multimodal immunotherapy forward for GBM

patients are reviewed.

List of abbreviations
ATMP advanced therapy medicinal product

AYLL average years of life lost

BBB blood brain barrier

CAR chimeric antigen receptor

CMV cytomegalovirus

CPI checkpoint inhibitor

DAMPs damage-associated molecular patterns

DC dendritic cell

EBV Epstein-Barr virus

EVs extracellular vesicles

GBM glioblastoma

GM-CSF granulocyte/macrophage colony-stimulating factor

GMP good manufacturing practice

HHV-6 human herpesvirus 6

HMGB1 high-mobility group box 1
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HPV human papillomavirus

HRQoL health-related quality of life

ICD immunogenic cell death

IDH1 isocitrate dehydrogenase 1

IFN interferon

IL interleukin

IMI individualized multimodal immunotherapy

MDSC myeloid-derived suppressor cells

mEHT modulated electrohyperthermia

MGMT O6-methylguanine-DNA methyltransferase

NDV Newcastle disease virus

NK natural killer

OS overall survival

OV oncolytic virus

PFS progression-free survival

PGE2 prostaglandin-E2

POH perillyl alcohol

R&D research and development

RCT randomized controlled trial

RWD real world data

TLR toll-like receptor

TMB tumor mutational burden

TME tumor microenvironment

TMZ temozolomide

TMZm maintenance chemotherapy with TMZ

TNFa tumor necrosis factor-α
Treg regulatory T cell

TTF tumor treating field

VOL viral oncolysate

wt wild-type

In the invitation to contribute to a new thematic edition in Methods in Cell Biology

(MCB), entitled “Cell-based Cancer Immunotherapy,” the guest editor suggested

to write a chapter with the putative title “Methods behind oncolytic virus-based

DC vaccines in cancer,” because of the “existing expertise and outstanding contri-
butions to the field.” The book chapter should provide “a systematic overview of
proven, state-of-art techniques, along with relevant historical background and
theory, to aid researchers in efficient design and effective implementation of
experimental methodologies.”

1 Introduction
Cancer is the second leading cause of death worldwide, accounting for almost

20 million new cases and about 10 million deaths in 2020 (Ferlay et al., 2021;

World Health Organization, 2022). The International Agency for Research on Cancer
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provided in their All-Cancer-Factsheet 2020 (The Global Cancer Observatory:

International Agency for Research on Cancer, 2020) further details on the prevalence

of types of newly diagnosed cancers in patients: Breast (11.7%), Lung (11.4%),

Colorectum (10%), Prostate (7.3%), Stomach (5.6%), Liver (4.7%), Cervix (3.1%),

Oesophagus (3.1%) and others (42.9%). A slightly different distribution was present

when looking to cancer-related fatality: Lung (18%), Colorectum (9.4%), Liver

(8.3%), Stomach (7.7%), Breast (6.9%), Oesophagus (5.5%), Pancreas (4.7%),

Prostate (3.8%) and others (35.7%). These are identified as the big cancer types, sub-

stantiating the main economic interest and thus directly influencing health policies.

A completely different distribution of important cancer types emerged when looking

to the average years of life lost (AYLL) due to cancer (Burnet, Jefferies, Benson,

Hunt, & Treasure, 2005). The term “Years of life lost” reflects the difference in years

between the life expectancy age for a given sex in a given community and the effective

age of death due to cancer. The AYLL for all cancers was 12.5 years. Prostate cancer

had the lowest AYLL (6.1 years), while brain tumors had the highest AYLL (20 years).

When plotting the sorted simple percentage of death for the different types of cancer

versus the percentageAYLL due to that particular cancer type, four types of cancer had

a higher contribution in the percentage AYLL than compared to the simple percentage

of death from that tumor. The population burden for Brain tumors, Cervix and Ovary

cancers, and Melanoma, exceeded their simple mortality ranking. Of note comparing

AYLL to research spending pointed to high individual cancer burden but low research

spending for Brain tumors, Cervix and Kidney cancers, and Melanoma. Rouse et al.
confirmed the particularly high cancer burden calculated as years of life lost for brain

tumors relative to other cancers in adults (Rouse, Gittleman, Ostrom, Kruchko, &

Barnholtz-Sloan, 2016).

The remarkable community burden of brain tumors is not only based on the years

of life lost being highest of all cancers, but also due to the morbidity caused by the

disease itself and the treatment modalities. Co-morbidity emerges sometimes right

from the diagnosis on, sometimes later as irreversible long-term sequelae in survi-

vors. One extra challenge is the growing insight in the biology of brain tumors, which

requires a repetitive update of their categorization (Kleihues et al., 2002; Louis et al.,

2007, 2016, 2021).

In this chapter, we aim to meet the goals of the inviting editor. We explain the

specific characteristics and challenges of glioblastoma (GBM), a grade 4 malignant

glioma in the central nerve system. We review how dendritic cell (DC) vaccination

entered the clinical field as a therapeutic option, and what evidence is obtained. We

explain how DC vaccination became an experimental intervention studied during the

first-line combined treatment for GBM, and the challenges faced, both biologic and

clinical as regulatory and financial. We introduce how immunogenic cell death

(ICD) became a critical mechanism within a multimodal immunotherapy strategy,

and how exciting improvements in overall survival (OS) for patients with GBM

were reached. At this stage we have to reflect about the notion of “evidence” of

the therapeutic role of individualized multimodal immunotherapy (IMI) as part

of the combined treatment for GBM patients and how health-related quality of life
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(HRQoL) came into the picture as part of the assessment of treatment effectiveness.

Finally, we outline further strategies in the domain of adoptive anticancer immuno-

therapy that we plan to set-up and implement in the near future.

2 Methods
Literature data and own experiences were summarized in a narrative and educative

review. The domain of “Oncolytic virus-based DC vaccines in cancer” is very broad.

That is the reason why we focussed on GBM. GBM as disease entity has been

described with highlight in relation to immunotherapy aspects. Similarly, the differ-

ent modes of immunotherapy have been described only with a focus to GBM.

The DC vaccination trials for GBM have been sampled from January 2000 till

March 2023 from a weekly personalized update of the literature by PubMed

with Search: (“glioblastoma”[MeSH Terms] OR “glioblastoma”[All Fields]) AND

(“immunotherapy”[MeSH Terms] OR “immunotherapy”[All Fields]). Since about

10 years, a personalized update of the literature is obtained with Search: (“Oncolytic

Viruses”[Mesh] OR “Oncolytic Virotherapy”[Mesh]) AND “Glioblastoma”[Mesh],

and with Search: “Newcastle disease virus”[Mesh]. We focussed on the methods

to produce these vaccines. More importantly from a clinical point of view, we

focussed on the method to implement DC vaccines into clinical reality as part of

the first-line treatment of patients with GBM, and how scientific clinical research chal-

lenges and regulatory issues played a role.We reviewed the available literature on ICD

immunotherapy, and how and why ICD immunotherapy became scheduled in connec-

tion to maintenance chemotherapy, and again after DC vaccination. The obtained OS

data were put in the light of available OS data derived from randomized controlled

clinical trials. It became necessary to introduce the readership into public health frame-

works that allow individualized treatments, and to explain how clinical research

evidence might be different from but strengthened by medical evidence.

3 Glioblastoma
GBM is the most frequent primary malignant brain tumor in adults, with the worst

prognosis. GBM belongs to the diffuse gliomas. The incidence is no higher than 4 to

5 patients per 100.000 adults per year (Thakkar et al., 2014). Although GBM can be

part of cancer predisposition syndromes (Ostrom et al., 2014), most GBM are

sporadic. Only brain irradiation has been identified as a potential cause of brain tumors

like GBM (Izycka-Swieszewska et al., 2018) and meningiomas (Timmermann &

Kortmann, 2022). Alternatively, aging, immunosuppression, viral infections like

cytomegalovirus (CMV), or prolonged exposure to higher doses of non-ionizing irra-

diation are associated with the incidence of GBM, though without proof of causality

(Batich et al., 2017; Hardell, Carlberg, & Hansson, 2013; Ladomersky et al., 2019). In

spite of the extreme poor prognosis and high community burden, there is almost no

53 Glioblastoma
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evolution in the standard of care to improve the prognosis. This is certainly due to the

orphan disease status, making big investments for innovative treatments not lucrative.

However, the particular biology of GBM, including the relative low tumor mutational

burden (TMB) in untreated tumors (Alexandrov et al., 2013), the tumor heterogeneity

itself (Aum et al., 2014; Dirkse et al., 2019; Jain, 2018; Suter, Rodriguez-Blanco, &

Ayad, 2020), the role of glioma cancer stem cells (Johnson, Laterra, & Lopez-Bertoni,

2022; Lombard et al., 2020;Maugeri-Sacca, DiMartino, &DeMaria, 2013), the blood

brain barrier (BBB) (Papademetriou & Porter, 2015) and the tumor microenvironment

(TME) (Zhang et al., 2022; Zhao et al., 2022), makes the development of new thera-

peutic approaches very challenging. Indeed, there are much more gaps to be bridged

than only killing tumor cells. Finally, the high plasticity and dynamic character of

GBM, the dynamic changes in the TME, and the changes in the systemic compartment

in the patient, challenge the value of the standard and generally accepted clinical trial

methodology, which is principally based on comparisons of fixed treatment protocols

in an adapted trial design (Sprenger, Schirrmacher, Stucker, & van Gool, 2020; Van

Gool et al., 2021).

Immunotherapy in cancer has become a hot topic in general for basic science,

translational, and clinical research, and for GBM in particular. The introduction

of the domain of immunology in oncology has been extremely facilitated by provid-

ing the Nobel Prize for Medicine 2011 to Ralph Steinman for his discovery of the DC

and its role in adaptive immunity, and to Bruce Beutler and Jules Hoffmann for their

discoveries concerning the activation of innate immunity. The American Association

for the Advancement of Science appointed cancer immunotherapy as the break-

through of the year 2013, with the appropriate cover in Science. Finally, the Nobel

Prize for Medicine 2018 was awarded to James Allison and Tasuku Honjo for their

discovery of cancer therapy by inhibition of negative immune regulation.

The recognition that the brain is an immune-special site instead of an immune-

privileged site, and that the central nervous system undergoes constant immune

surveillance (Louveau et al., 2015), supports research to target GBM with immuno-

therapeutic strategies. Recent advances in oncolytic virotherapy and immunotherapy

create a glimmer of hope in the search for an effective therapy for GBM

(Stepanenko & Chekhonin, 2018). In this chapter, the authors, who treated the first

GBM patients with DC vaccines in Europe (De Vleeschouwer et al., 2004;

Rutkowski et al., 2004), describe the evolution of the DC vaccine approach for

GBM, the introduction of oncolytic viruses (OVs) and modulated electrohyperther-

mia (mEHT) in the IMI concept, the development of a combined treatment strategy

for GBM, the level of Evidence-based Medicine reached thus far, and some perspec-

tives for the future.

4 Anticancer immunotherapy
Immunotherapy is defined by the American Cancer Society as “a treatment that

uses a person’s own immune system to fight cancer. Immunotherapy can boost or

change how the immune system works so it can find and attack cancer cells”
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(American Cancer Society, 2019). Anticancer immunotherapy consists of a lot of

different immunotherapy modalities, amongst which the term “cellular immuno-

therapy” covers a few of them. Therefore, it is extremely important to understand

about which modality of immunotherapy physicians talk when using the term

“immunotherapy” (Table 1).

1. Restorative immunotherapy consists of the administration of cytokines with the

aim to generate an aspecific immune activation, thereby also reaching anticancer

effector cells. Multiple applications for the treatment of GBM have been used in

the past (reviewed in (De Vleeschouwer, Van Gool, & Van Calenbergh, 2005)).

The common characteristic of these approaches is the high adverse reactions in

patients with a low efficacy profile, due to which most of these approaches are

nowadays abandoned.

2. For passive immunotherapy, monoclonal antibodies are used against one specific

target on the tumor cells. With this opsonization, complement-mediated

cytotoxicity or antibody-dependent cell-mediated cytotoxicity mechanisms

against the target cells are generated. Nimotuzumab and Cetuximab targeting

epidermal growth factor receptor (EGFR) are the best known antibodies used for

the treatment of GBM (Hasselbalch et al., 2010; Li et al., 2017). Because the BBB

hinders antibody transport into the brain, different delivery systems using

nanoparticles and routes like intra-arterial administrations for antibody therapy

have been explored (Ferreira et al., 2021; Kulason et al., 2018). The concept of

targeting membrane structures with antibodies has moved toward adoptive

immunotherapy with Chimeric Antigen Receptor (CAR) technology, whereby

scFv binding domains and modified Fc parts are transduced into T cells and

coupled to a T cell activating machinery (Zhang, Zhang, & Ji, 2022). Further

developments in the domain of passive immunotherapy are immunotoxins, in

which immune-active substances are bound to radioactive substances or to

chemotherapeutic drugs, thereby bringing the anticancer treatment activity close

to the target-positive tumor cells (Han & Kim, 2022; Sharma & Debinski, 2018).

3. A third immunotherapy modality is the ICD immunotherapy. ICD is a separate

mechanism of cell death, belonging to Regulated Cell Death. As a

consequence of ICD, an immune response is generated against antigens of dying

cells (Galluzzi et al., 2018, 2020). A great variety of medical interventions

Table 1 Modes of immunotherapy.

Mode of immunotherapy Non-cellular—Cellular immunotherapy

1. Restorative immunotherapy Non-cellular

2. Passive immunotherapy Non-cellular

3. Immunogenic cell death immunotherapy Non-cellular

4. Modulatory immunotherapy Non-cellular

5. Adoptive immunotherapy Cellular

6. Active specific immunotherapy Non-cellular or cellular

74 Anticancer immunotherapy
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can cause ICD, including OVs (Brown et al., 2017; Donnelly et al., 2013;

Fournier, Arnold, Wilden, & Schirrmacher, 2012; Koks et al., 2014; Liikanen

et al., 2013; Qu et al., 2018), chemotherapeutics (Obeid et al., 2007), epigenetic

modifiers (West et al., 2013), targeted therapies (Liu et al., 2019), and

numerous physical interventions, such as ionizing irradiation (Golden et al.,

2014), mEHT (Minnaar, Kotzen, Ayeni, Vangu, & Baeyens, 2020; Vancsik et al.,

2018), tumor-treating electric fields (TTF) (Voloshin et al., 2020), photodynamic

therapy (PDT) (Garg et al., 2016). Several mechanisms play a combined role

in ICD, like the production of danger signals, release of “find me”-signals,

increased membrane expression of “eat me”-signals, and increased expression

of tumor antigens (“recognize me”-signals).

4. The final non-cellular immunotherapy is the modulatory immunotherapy.

Nowadays, this is the best known type of immunotherapy, because the immune

checkpoint blockers (ICB), also called immune checkpoint inhibitors (ICI) or

checkpoint inhibitors (CPI), belong to this modality (Korman, Garrett-

Thomson, & Lonberg, 2021). The immune system is regulated by a large number

of checkpoints, both at the activation and the effector phase of the immune

response. The best known checkpoints are the interaction between CD28 and

CTLA4, and the interaction between PD1 and PDL1. Currently, several

monoclonal antibodies are produced and applied in patients to combat the

immune resisting abilities of the tumor and its microenvironment (Arrieta et al.,

2023; Kreatsoulas et al., 2022). The prerequisite here is that functional immune

cells are present and an anticancer immune response occurs but is blocked by

immune checkpoints exhibited by the tumor to evade the immune system. The

metronomic dosing of cyclophosphamide to deplete regulatory T cells (Le &

Jaffee, 2012), or of capecitabine to deplete myeloid-derived suppressor cells

(Peereboom et al., 2019) are other immune modulatory strategies. Further

approaches that fall under the category of modulatory immunotherapy are

bisphosphonates, aimed to stimulate gamma-delta T cells (Fowler, Copier,

Dalgleish, & Bodman-Smith, 2014; Lo Presti et al., 2017), and anti-histamine

receptor H1 blockers which block M2-like macrophages and stimulate M1-like

macrophages (Li et al., 2022). Administration of Cox2 inhibitors (Exley,

Garcia, Zellander, Zilberberg, & Andrews, 2022) and/or curcumins (Paul & Sa,

2021) is also aimed to influence the inflammatory myeloid compartment

in tumors.

All these treatment strategies are non-cellular immunotherapies. The fifth and

the sixth modality of immunotherapy belong almost exclusively to the category

of cellular immunotherapy.

5. The fifth modality of immunotherapy is the adoptive immunotherapy. For this,

anti-cancer effector cells are created and/or expanded ex vivo, and re-infused.

Again, this category is comprised of several distinct approaches.

Lymphokine-Activated Killer (LAK) cells and Tumor-Infiltrating Lymphocytes

(TIL) have been explored in the past and showed some efficacy (Vauleon, Avril,

Collet, Mosser, & Quillien, 2010). Novel approaches of adoptive cellular

immunotherapy consist of CAR-transduced T cells, T cell receptor

8 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



(TCR)-transduced T cells, CAR-transduced natural killer (NK) cells, expanded

NK cells, expanded NKT cells and expanded gamma-delta T cells (Wang &

Wang, 2022). Because of a potential role of CMV in the pathophysiology of

GBM, expanded CMV-specific T cells have been used to treat GBM patients

(Duinkerken, van Kooyk, & Garcia-Vallejo, 2016; Schuessler, Walker, &

Khanna, 2014; Smith et al., 2020; Soderberg-Naucler & Johnsen, 2012;Weathers

et al., 2020).

6. The last modality of immunotherapy is the active specific immunotherapy. In this

modality of immunotherapy, an antigen is injected into the patient, with the aim

that the patient actively creates an anticancer immune response to that specific

antigen. Three critical factors have to be considered: (i) the antigen, (ii) the

vehicle to bring the antigen into the body, and (iii) the danger signal generated to

set up the immune response. The antigen used consists of well-defined amino-

acid sequences linked to particular tumors (Dutoit et al., 2018; Phuphanich

et al., 2013; Pollack et al., 2016; Wen et al., 2019), or predicted specifically for a

given tumor and presented in the context of a given MHC class I and MHC

class II phenotype of a single patient (tumor-specific neo-antigens) (Keskin et al.,

2019; Shraibman et al., 2018). The selected antigen can also be a mixture of

known and unknown antigens derived from tumor tissue (Bota et al., 2022; Rapp

et al., 2018; Van Gool, 2015). The amino-acid content of short and/or long

peptides can be generated based on DNA (Adhikari et al., 2022; InSug,

Blaszczyk-Thurin, Shen, & Ertl, 2003), RNA (Wu et al., 2022), ex vivo generated
peptides (Sampson et al., 2009), or proteins derived from tumor lysate or

apoptotic tumor cells (Bota et al., 2022; Rapp et al., 2018; Van Gool, 2015). The

vehicle and the danger signals can be separated when using antigen vaccines

with an adjuvant like Poly-ICLC (Dutoit et al., 2018; Keskin et al., 2019) or

Montanide+Poly-ICLC (Pollack et al., 2016). A 50μg granulocyte/macrophage

colony-stimulating factor (GM-CSF) adjuvant injection can be given as danger

signal, eliciting a response against the vaccine (Bota, Taylor, Lomeli, et al.,

2022). The vehicle and the danger signals come together in the form of

Dendritic Cells, primed with antigens and stimulated with selected danger

signals ex vivo to become mature DCs for appropriate antigen presentation

accompanied by essential signals from costimulatory molecules and cytokines.

DCs serve as antigen-presenting cells specialized for the induction of a

primary T cell response (Banchereau & Steinman, 1998). These cell-based

anti-cancer vaccines are a broadly used type of cellular immunotherapy

for different types of cancer (Figdor, De Vries, Lesterhuis, & Melief, 2004).

5 The immune-editing in GBM
Using autologous tumor antigens in DCs might raise questions in view of the

classical hypothesis of Elimination–Equilibrium–Escape of tumor cells in inter-

action with a functioning immune system. This hypothesis is summarized as cancer
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immune-editing (Dunn, Bruce, Ikeda, Old, & Schreiber, 2002). A similar hypothesis

has also been proposed for malignant glioma (Dunn, Fecci, & Curry, 2012). The

possibility of cancer immune-editing in glioma has been re-discussed later-on

(Arrieta et al., 2018; Sonabend, Stupp, Lee-Chang, &Okada, 2021). Several immune

escape mechanisms have been suggested, and all belong to the complex and dynamic

interaction between tumor and host in the TME (Pearson et al., 2020; Virtuoso et al.,

2022). Part of these mechanisms are located at the side of the tumor, like low TMB in

GBM, downregulation of MHC class I molecules, upregulation of PDL1 and other

potential checkpoint molecules, and secretion of immunosuppressive substances

like interleukin (IL)-10, Transforming Growth Factor-b (TGFb), indoleamine

2,3-dioxygenase (IDO), or Prostaglandin-E2 (PGE2). Part of the mechanisms are

located at the side of the host, with the particular role of resident microglia, the influx

of immune suppressive myeloid cells like myeloid-derived suppressor cells

(MDSCs), and the influx of regulatory T cells (Tregs). The influx of tumor-

promoting macrophages aids further cancer development. Remarkably, epigenetic

subtypes of GBM and even intracellular signaling pathways affect the cellular influx

of immune cells in the TME (Dejaegher et al., 2021) and how the tumor-host inter-

action can be modulated (Arrieta et al., 2021). Finally, Glioma Cancer Stem Cells are

located in the poorly accessible subventricular zone and have a strong immuno-

suppressive potency (Johnson et al., 2022; Lombard et al., 2020; Maugeri-Sacca

et al., 2013). This all raised the hypothesis that due to the immunosuppressive

TME, the weakly expressed tumor antigens in GBM are less immune-edited and

hence more immune-naı̈ve. The use of tumor lysate from primary GBM tumor tissue

can therefore likely be used as source of not-immune-edited tumor antigens, to which

the immune system can still be stimulated when the appropriate danger signals are

provided. It might also explain why modulatory immunotherapy with only CPI did

not provide the expected result in tumor control (Adhikaree, Moreno-Vicente, Kaur,

Jackson, & Patel, 2020), except in hypermutant GBM where an anti-cancer immune

response had occurred and the escape mechanismwas based on checkpoints (Bouffet

et al., 2016), or in relapsed GBM where Temozolomide (TMZ)-induced hypermuta-

tion had occurred (Daniel et al., 2022). The classic immune-editing that occurs

during and after passive and/or active immunotherapy, with the appearance of

new tumoral subclones with different antigens, is meanwhile also a recognized

and researched technical challenge (O’Rourke et al., 2017; Sampson et al., 2010;

Van Gool et al., 2023).

6 Dendritic cell vaccines as active specific
immunotherapy for GBM
In the period 1995 to 2000, the standard of care for GBM was neurosurgery and

radiotherapy. At that time, phase I and phase II trials were running to detect the

toxicity and efficacy of TMZ in patients with relapsed malignant glioma (Bower

et al., 1997; Newlands et al., 1992). It was evident that novel treatment strategies

10 Methods behind oncolytic virus-based DC vaccines in cancer
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had to be developed, and neuro-oncology clinical researchers took advantage by the

translational and clinical research on DC vaccination performed for other cancer

diseases like lymphoma (Hsu et al., 1996), melanoma (Nestle et al., 1998), prostate

cancer (Murphy, Tjoa, Ragde, Kenny, & Boynton, 1996) and renal cell carcinoma

(Holtl et al., 1999). In pre-clinical models, bone marrow-derived DCs were loaded

with tumor extracts or tumor RNA (Ashley et al., 1997), acid-eluted tumor antigens

(Liau et al., 1999) or tumor homogenate (Heimberger et al., 2000) and these vaccines

elicited an immune response against orthotopic glioma. The know-how to culture

human DCs was already established in 1994 (Romani et al., 1994). Patient-derived

T cells could be stimulated with patient-derived DCs loaded with lysate from patient-

derived GBM tissue, and showed a tumor-specific MHC-restricted cytotoxicity

against patient-derived cultured GBM tumor cells or MHC class I-compatible

cell lines (De Vleeschouwer et al., 2001, 2005; De Vleeschouwer, Spencer,

Ceuppens, & Van Gool, 2007). Although the preclinical evidence and mechanistic

insights were still extremely limited at that time, the first clinical report came out,

already in 2000, demonstrating the clinical efficacy of a DC vaccine loaded with

peptides eluted from a primary allogeneic MHC class I-matched GBM cell culture

(Liau et al., 2000). One year later, two phase I trials were published, one from Tokyo,

Japan, where DCs were fused with autologous tumor cells (Kikuchi et al., 2001), and

one from Los Angeles, California, where DCs were loaded with autologous MHC

class I peptides (Yu et al., 2001). A group from Niigta, Japan, presented their phase

I/II study in 2003, and used DCs loaded with tumor lysate (Yamanaka et al., 2003).

The group from Los Angeles published a larger series of GBM patients vaccinated

with DCs loaded with tumor lysate (Wheeler et al., 2003). That cascaded into a

whole series of case reports and phase I, phase I/II and phase II clinical trials,

summarized in Table 2.

Reviewing the literature, we detected in total 77 reports on clinical trials, of

which one was originally designed as a phase IIb randomized controlled trial

(RCT) but ultimately reported as a phase III study with an external control arm

(Liau et al., 2018, 2023). These publications were derived from 31 research groups

located in 15 countries in 5 of the 7 continents. One can conclude that world-wide

research in this domain has occurred. The median number of patients reported was

22, ranging from 1 till 366. Results from DC vaccination as part of first-line treat-

ment or at time of relapse were reported in 56 respectively 41 publications. Hence

21 publications described results reached in both patients treated in first-line and

patients treated at time of relapse. In almost all papers, DCs were differentiated

out of monocytes in the presence of GM-CSF and IL-4. One group in Japan included

Tumor Necrosis Factor-α (TNFa) at this stage (Kikuchi et al., 2001, 2004). A Russian

group used the combination of GM-CSF and interferon-α (IFNa) (Leplina et al., 2007).
In one paper, the cytokine mixture was optimized but kept proprietary (Parney et al.,

2022). As far as the authors know, only monocyte-derived DCs have been used till

now. We did not find publications using purified conventional DC1 (Bottcher &

Reis Sousa, 2018) for immunotherapy for GBM, although such cell-based products

are used for treatment of high risk melanoma (Bhardwaj et al., 2020).
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Table 2 Reports on DC vaccination for patients with glioblastoma (two studies: DC vaccination for DIPG).
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Table 2 Reports on DC vaccination for patients with glioblastoma (two studies: DC vaccination for DIPG).—cont’d
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CMV, cytomegalovirus; DC, DC vaccination; DIPG, diffuse intrinsic pontine glioma; GM-CSF, granulocyte macrophage colony stimulating factor; IFN, interferon; IL, interleukin; LPS,
lipopolysaccharide; MoCM, monocyte-conditioned medium; N/A, not applicable; NDV, Newcastle disease virus; PGE2, prostaglandin E2; RCT, radiochemotherapy; RT, radiotherapy;
S, surgery; TNFa, tumor necrosis factor-a; TV/EV, tumor lysate/extracellular vesicles.
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In 54 publications, DCs were loaded with tumor lysate. Loading with peptides

was reported in 7 studies. Irradiated tumor cells and cell fusion technologies were

used in 5 studies, and RNA loading was used in 3 studies. Loading with mRNA

for CMV was used in 2 studies. Our team from Cologne reported in 6 studies the

technology of loading DCs with ICD immunotherapy-induced serum-derived anti-

genic extracellular microvesicles and apoptotic bodies. The rationale for this will

be worked out later in the text. All reports, except one (Pinho et al., 2022), used

autologous DCs as carrier for the antigens. In 28 papers, we could not deduce if

maturation signals were used, half of them being published before 2010. In 49 papers,

the use of DC maturation signals was described. Maturation signals were diverse but

consisted of cytokines, without or with Toll-Like Receptor (TLR) signaling.

Since 2014, 6 meta-analyses and systematic review papers have been published

covering in median 8 reports on DC vaccination for GBM patients, ranging from 6 to

15 (Cao et al., 2014; Cozzi et al., 2022; Eagles et al., 2018; Lv, Huang, Xi, & Zhou,

2020; Vatu et al., 2019; Wang et al., 2014). In total, 23 of the 77 publications (30%)

were included in at least one meta-analysis or systematic review, 7 original papers

were included into 2 reviews, 1 paper was included into 3 reviews, 2 papers were

mentioned by 4 reviews, and 4 papers were included in 5 review papers. Table 2

shows which publication (row) is included in which meta-analysis or systematic

review (column 7 to 12). Three major conclusions can be drawn when reviewing

the literature and the reviews. (1) The literature clearly points to a significant pro-

longation of the OS in patients who received DC vaccination in comparison to

the available control population. The repetitive finding of the significant effect in

systematic reviews on OS offers level 2a evidence for efficacy according to the

Oxford Criteria for Evidence-based Medicine (Centre for Evidence-Based

Medicine, 2009). (2) One meta-analysis explicitly mentioned the lack of increase

of adverse events as compared to the data in the control group (Lv et al., 2020).

A significant prolongation of OS by a treatment without additive toxicity is an

extremely important point in the context of a cancer disease with virtually no chances

for long-term OS. (3) No paper discussed a potential difference in the progression-

free survival (PFS), induced by the DC vaccination. This is partially due to the

potential induction of pseudoprogression due to DC vaccination, which makes the

interpretation of magnetic resonance images very challenging. Several publications

illustrated this topic and provided guidelines for clinicians (Aquino, Gioppo,

Finocchiaro, Bruzzone, & Cuccarini, 2017; Heugenhauser et al., 2022; Okada

et al., 2015).

7 The changing landscape of immunotherapy of GBM
Since the hallmark publication in 2005, the standard of care for GBM patients chan-

ged from neurosurgery+radiotherapy toward neurosurgery+radiochemotherapy+

maintenance chemotherapy with TMZ (TMZm) (Stupp et al., 2005, 2009). The vital

role of the O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation
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status was demonstrated (Hegi et al., 2005), showing that MGMT promoter-methylated

GBM patients have a better prognosis than MGMT promoter-unmethylated patients.

The higher MGMT enzyme activity in promoter-unmethylated patients neutralizes

the genetic damage of radiotherapy and chemotherapy, resulting in a worse prognosis.

Researchers had to take the new standard of care of combined treatment into account

when bringing DC vaccination into first-line treatment. It became a point of consider-

ation to stratify randomizations for MGMT promoter-methylation status, to use this

status as inclusion or exclusion criteria in a study, or to perform post-hoc analyses using
this prognostic factor.

Another major challenge occurring in the same period was the installation of the

EU Directive 2001/83/EC and EU Regulations 726/2004 and 1394/2007, and their

implementation in the Member States in the next years. These regulations appointed

DC vaccines as Advanced Therapy Medicinal Products (ATMP), to be produced un-

der strict Good Manufacturing Practice (GMP) conditions. In the same period, the

Clinical Trial Directives 2001/20/EC and 2005/28/EC also entered the medical field,

referring to Good Clinical Practice (GCP) for conducting clinical trials. The way how

DC vaccination of GBM patients had started in the beginning would never have been

possible after the implementation of the current combination of directives and

regulations. Increasing the quality at the level of DC vaccines production and their

clinical testing was aimed to increase the benefit for patients. In reality, especially the

administrative burden and costs to conduct clinical trials with ATMPs increased,

so that it became extremely difficult for academic and industrial researchers alike.

The uncontrolled not-evidence-based permanent increase of quality requirements

actually resulted in reduced accessibility for patients. This is exemplified in the

industry-driven studies with DCVax®-L (NCT00045968), which could not recruit

patients for years due to financial issues (Liau et al., 2018, 2023). Another example

of an industrial DC vaccine trial of which completion failed due to financial reasons

is the ICT-107 phase III trial (NCT02546102). Similarly, the academia-driven phase

IIb RCT HGG-2010 (EudraCT 2009-018228-14) was prematurely terminated by the

sponsor without comments. Fortunately, the high quality data from this trial were

published later on under the name of Glioma Translate Study, and demonstrated

favorable OS in comparison to published data (Stupp et al., 2005, 2009), even in

the worst epigenetic subgroups of mesenchymal and RTK I GBM (Dejaegher

et al., 2021).

8 Integration of DC vaccination within the first-line
combined treatment for GBM
Active specific immunotherapy reportedly has the best results in minimal residual

cancer disease status (De Vleeschouwer et al., 2008; Lasky III et al., 2013). This sta-

tus is usually reached at best after the first neurosurgery and radiochemotherapy.

This clinical condition makes patients with first-line GBM diagnosis the optimal

patient group to perform larger RCTs, in which DC vaccination as experimental
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treatment is included in a combined treatment approach. The available experiences

with DC vaccination in relapsed patients supported the step to study DC vaccination

as part of the first-line combined treatment. Reviewing all clinical trials in which DC

vaccination was given as part of first-line combined treatment, DC vaccination

was given mostly after radio(chemo)therapy, and was continued during the TMZm.

Multiple arguments have been discussed in placing DC vaccination after radio-

chemotherapy (Van Gool & De Vleeschouwer, 2012). In addition, other data sug-

gested increased sensitivity of GBM to TMZ after DC vaccination (Wheeler

et al., 2004), making the sequence of the treatment modalities in the combined treat-

ment approach obvious. In spite of the observed significant shift in OS demonstrated

in the meta-analyses, the overall clinical benefit from DC vaccination for OS, when

given as part of combined first-line treatment after radiochemotherapy, remained

disappointing. This might be due to the hematotoxic effect of TMZ impeding

primed T cells multiplication during their proliferative phase (Buchroithner et al.,

2018; Dutoit et al., 2020). Furthermore, radiochemotherapy is associated with

changes in regulatory and effector peripheral blood mononuclear cells that tilt the

balance toward an immunosuppressive state (Fadul et al., 2011). Only in the phase

IIb HGG-2010 trial (EudraCT 2009-018228-14) (Antonopoulos et al., 2019;

Dejaegher et al., 2021; Van Gool, 2015), patients were randomized between DC vac-

cination after radiochemotherapy and boost vaccines during TMZm, versus a similar

immunotherapy schedule after the 6 TMZm cycles. The final results for the primary

question, PFS, were not published. The OS data were published for different epige-

netic subgroups irrespective of the randomization arm (Dejaegher et al., 2021). As

part of the European project Computational Horizons in Cancer (Stamatakos et al.,

2014), a subset of OS data from patients, including information about their random-

ization, became available (Antonopoulos et al., 2019). In both the complete resected

and less than complete resected subgroups of patients, there was a trend for better

2-year OS when the DC vaccines were given after the chemotherapy instead of

before and during chemotherapy. These findings are compatible with the suggestion

that TMZ might affect the T cell response upon vaccination (Buchroithner et al.,

2018; Dutoit et al., 2020). DC vaccination was thus definitively placed after

chemotherapy.

9 Challenges to design randomized clinical trials with
dendritic cell vaccines as part of first-line treatment of GBM
For the design of an optimal combined treatment strategy that includes neurosurgery,

radiochemotherapy, maintenance chemotherapy, different modes of immunother-

apy, and complementary medicines, several considerations and challenges came

together.

1. The low numbers of immune cells and the T cell dysfunction at time of diagnosis

(Brooks, Roszman, Mahaley, & Woosley, 1977; Chongsathidkiet et al., 2018;
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Dunn, Dunn, & Curry, 2007) and the urgent clinical need to start pre-operative

steroids in this patient group should be taken into account as such, and especially

when designing combined treatment strategies with immunotherapy as

experimental arm. An association of the global composition of the peripheral

immune compartment with the ultimate OS was suggested in the phase IIb

HGG-2010 trial (EudraCT 2009-018228-14) (Antonopoulos et al., 2019).

2. The unpredictable effect of radiochemotherapy and maintenance chemotherapy

on the immune function of each patient (Buchroithner et al., 2018; Dutoit et al.,

2020) has not only an impact for designing the best combination when DC

vaccination is aimed to be included into the first-line treatment; it also strongly

complicates the set-up of RCTs with immunotherapy as experimental arm,

because the same unpredictable and uncontrolled effect is present in the

control arm.

3. Similarly, the eventually transient but certainly unpredictable clinical need for

steroids at a certain time point during first-line treatment might affect results

when immunotherapy is the experimental intervention, and its effect on OS has

to be analyzed in an RCT. So far, steroid requirement causes patients to drop-out

of the study, affecting the representability of the study population.

4. A major consideration in the domain of GBM is the dynamic evolution of the

tumor cells and the TME during treatment (Jain, 2018; Suter et al., 2020).

Subclones of GBM tumor cells change over time, all having potentially different

antigens. Radiotherapy and chemotherapy with alkylating agents like TMZ or

Lomustin can increase the TMB in tumor cells and hence their antigenic

profile (Daniel et al., 2022). These are all biologic processes that cannot be

controlled in control arms of RCTs.

The authors acknowledge that these elements are all supposed to be so-called

equally distributed in both control and experimental arms of RCTs. Still, due to

these dynamic changes of the tumor, the tumor-host interaction and the host

during treatment, the question arises whether highly dynamic biologic processes

can be treated with a priori fixed treatment protocols to obtain the best outcome,

and whether comparing an experimental protocol with a control protocol in an

RCT is the best method in clinical research to move the field forward. Do

we interpret differences in treatment efficacy, or are we still at least partially

mislead by uncontrolled differences in the biologic kinetics in each patient,

in spite of stratified randomizations? Therefore the set-up of RCTs for

immunotherapy to treat patients with GBM has been challenged (Van Gool et al.,

2021). This particular concern may not only be implied as unique to

immunotherapy, but applies to any experimental anticancer therapy.

5. One further consideration at the technical level arises when the tumor is not

completely resected. GMB tumor cells always infiltrate into the brain

parenchyma, most likely even beyond the radiotherapy field. These cells might

also become resistant to chemotherapy. Similarly, glioma cancer stem cells are

supposed to be resistant to radiotherapy and chemotherapy, and are the

potential source of newly emerging tumor cell clones. When using a vaccine in
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which tumor antigens used are derived from the resected tumor, one might miss

part of the antigens on tumor cells that are still in the body and that persist in spite

of radiochemotherapy and chemotherapy. Adding to this problem, the swift

development of GBM heterogeneity and the effects of tumor treatment on tumor

composition, combined the time it takes between resection and actual

application of tumor lysate in treatment, mean not all current tumor cells can be

targeted with past tumor lysate.

6. Finally, if data suggest that the placement of DC vaccines is probably better after

TMZm, then the tumor control during the period of monotherapy with TMZm has

to be strengthened. This could be realized with the addition of ICD

immunotherapy during TMZm chemotherapy.

10 Immunogenic cell death immunotherapy for GBM
ICD is recently described as a specific form of Regulated Cell Death, which causes

an adaptive immune response specific for endogenous (cellular) or exogenous (viral)

antigens expressed by the dying cells (Galluzzi et al., 2018, 2020). Several cell-

killing mechanisms can induce ICD, like viral infections, some chemotherapeutics

(like anthracyclines), particular techniques of radiotherapy, hypericin-based PDT,

and electromagnetic waves (TTF or mEHT). The mechanism of ICD is based on

timely release of Damage Associated Molecular Patterns (DAMPs) whose recogni-

tion by Pattern Recognition Receptors (PRR) expressed by innate and adaptive com-

ponents of the immune system warns the organism of a situation of danger, resulting

in the elicitation of an immune response generally associated with the establishment

of immunological memory. Six DAMPs seem to play a crucial role for ICD:

(1) expression of calreticulin on the membrane (“eat me”-signal for phagocytosis

by macrophages, neutrophils and DCs), (2) secretion of ATP (“find me”-signal

for macrophages and DC precursors), (3) secretion of high-mobility group box 1

(HMGB1) which binds mainly on TLR4 (“approach me”-signal), (4) secretion of

broadly immune stimulatory type I interferon (IFN), (5) release of cancer cell-

derived nucleic acids which are taken up by DCs, macrophages and neutrophils,

and (6) annexin A1 (ANXAI) which specifically engages DCs via Formyl Peptide

Receptor 1 (“recognize me”-signal). Of note, dysregulated cancer cells usually make

less IFN type I, a mechanism that can be used through oncolytic Newcastle Disease

Virus (NDV) to target a broad spectrum of solid tumors (Bommareddy, Shettigar, &

Kaufman, 2018).

10.1 Newcastle disease virus
NDV is a single strand RNA virus. It binds to TLRs in particularly TLR3, 7 and 8.

NDV also binds to the cytoplasmic Retinoic acid Inducible Gene I (RIG-I) receptors

which ultimately causes an IFN type I response (Fournier, Wilden, & Schirrmacher,

2012). Healthy human cells use this mechanism to protect them against NDV,
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whereas cancer cells fail and remain sensitive to the lytic effect (Bommareddy et al.,

2018). At the same time, one can use this mechanism in DCs to polarize the mature

DCs toward a DC1-type response (Fournier, Arnold, & Schirrmacher, 2009; Qian

et al., 2017).

This all means that NDV can be used as ICD immunotherapy in patients, even-

tually during TMZm chemotherapy, and as an ex vivo danger signal for making DC

vaccines thereby also delivering NDV antigens into the DCs. The use of OVs as plat-

form to target DC-activating pathways emerges in preclinical models and clinical

applications (Zheng et al., 2023).

The first report of a cancer response in acute leukemia after exposure to NDVwas

published in 1964, almost 60 years ago (Wheelock & Dingle, 1964). Since then, a lot

of basic scientific knowledge, translational work and clinical experiences have been

realized (Schirrmacher, 2016). NDV is a member of the Avulavirus genus in the

Paramyxoviridae family (Zamarin & Palese, 2012). There are three pathotypes,

depending on the severity of the respiratory and gastrointestinal disease that it causes

in birds: lentogenic (avirulent), mesogenic (intermediate) or velogenic (virulent)

types. The latter two types are oncolytic. The reported inability of human cancer cells

to produce type I IFN mean they cannot mount a primary defense against this type of

virus (Bommareddy et al., 2018).

About 30 years after its discovery as an oncolytic virus, the first research letter

about the use of intravenous NDV for the treatment of an adolescent with GBM was

published (Csatary & Bakacs, 1999). Five years later, the same group published a

first small series of 3 children (12 year, 12 year, 1.5 year) and one adult (42 year)

with GBM treated with intravenous NDV (Csatary et al., 2004). In the same year,

a small non-randomized study was published which demonstrated beneficial effects

(induction of immune response and improvement of OS) of an intratumoral applica-

tion of autologous tumor cells, which were ex vivo expanded and lysed with NDV

(Steiner et al., 2004). The first more formal phase I/II trial for the use of intravenous

NDV in patients with recurrent GBM was published two years later (Freeman et al.,

2006). The combined intravenous and inhalation route was used in a pediatric GBM

patient (Wagner et al., 2006). Overall, there was no maximal tolerated dose, and an

obvious absence of major toxicity beyond grade II, conclusively appointing NDV as

a safe and effective treatment for GBM patients.

While GBM patients, including children, had already profited from NDV treat-

ment, studies to understand the working mechanisms of NDV against GBM tumor

cells came later. It became clear that the treatment of tumor cells with NDV induced

the requirements necessary for the induction of an anticancer immune response

(Fournier, Arnold, et al., 2012; Koks et al., 2014; Qu et al., 2018), reflecting ICD.

Immunologic insights were then worked out in several different strategies for clinical

use in different cancer types (Schirrmacher, 2015). In one strategy, cultures of tumor

cells were infected with NDV, and viral oncolysates (VOL) were used as vaccine.

A variant strategy was the use of autologous irradiated tumor cells modified by in-

fection with non-lytic lentogenic NDV, called autologous-tumor-vaccine-NDV

(ATV-NDV). The major challenge in this strategy is a GMP-approved culture of
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autologous GBM tumor cells, which should keep the antigenic profile of the in vivo
tumor during in vitro culture passages. Therefore, in vivo ICD induction creating in
vivo VOL and triggering an in vivo immune response seemed to be a more relevant

approach, and in fact supported the already available older clinical experiences

(Csatary et al., 2004; Csatary & Bakacs, 1999; Freeman et al., 2006; Steiner

et al., 2004; Wagner et al., 2006). The application of oncolytic NDV is now consid-

ered an effective immunotherapeutic strategy against GBM (Cuoco, Rogers, &

Mittal, 2021; Meng et al., 2021). NDV mediates tumor cell killing, regulates autop-

hagy by tumor cells, counteracts the immunosuppression in the TME, and activates

the immune response (Huang et al., 2022; Schirrmacher, van Gool, & Stuecker,

2022). NDV can even be manipulated to enhance and direct the immune response

(Vijayakumar, McCroskery, & Palese, 2020; Xu, Sun, Mei, Liu, & Zhao, 2018).

Of particular interest is the discovery that NDV enhances the growth-inhibition

and pro-apoptotic effects of TMZ on GBM cells (Bai et al., 2018).

10.2 Electromagnetic fields
In the search to find new treatment modalities against GBM, the use of radio-

frequency electromagnetic fields became of interest. Electromagnetic fields induce

thermal and non-thermal effects on cancer cells (Minnaar & Szasz, 2022;Wust et al.,

2022). Alternating electric fields induce cell cycle arrest in human GBM tumor cells

(Kirson et al., 2007). The use of TTF (100 to 300kHz with a minimum field intensity

of 1 to 3V/cm for >85% of the time) entered the clinical field, and a RCT could

demonstrate its efficacy in GBM patients (Branter, Basu, & Smith, 2018; Stupp

et al., 2017). The effect of TTF in combination with TMZm did raise the question

about its working mechanism, because the induction of cell cycle arrest in combina-

tion with TMZ, which requires cell cycling for its effect, remained unclear. Later on,

increased membrane permeability in GBM cells (Chang et al., 2018), the induction of

ICD (Voloshin et al., 2020), and the activation of inflammasomes to induce adjuvant

immunity (Chen et al., 2022) emerged as potential working mechanisms.

A similar attempt to induce an anticancer effect was performed with local mEHT

(13.56MHz with a power of 40 to 100Watt for 20 to 60min). The rationale and

mechanisms to kill cancer cells have been worked out (Hegyi, Szigeti, & Szasz,

2013; Szasz, 2007, 2019), the mechanism of ICD due to mEHT has been reviewed

(Lee et al., 2018), and preclinical models (Vancsik et al., 2018) and clinical experi-

ences (Minnaar et al., 2020) have demonstrated the ICD effect. The first experiences

with mEHT for GBM were already presented almost two decades ago (Fiorentini

et al., 2006). More recently, this same group published an update of their experiences

(Fiorentini et al., 2018). Of note, the combination with alkylating chemotherapy

showed safety, feasibility and efficacy (Roussakow, 2017; Wismeth et al., 2010).

10.3 ICD immunotherapy at the IOZK
Both intravenous bolus injections with NDV (1 to 10x107 infectious particles), and

sessions of mEHT (40 to 60Watt for 50min), are applied together as ICD immuno-

therapy (Van Gool et al., 2023). For GBM patients, 100mLMannitol 10% is infused
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immediately before NDV administration in order to facilitate blood brain barrier

penetration. The bolus injection of NDV is aimed to reach a high peak concentration

for the infection of tumor cells, because the virus is cleared out of the blood very fast

after injection. The mEHT sessions were originally performed over three consecu-

tive days, but for about 5 years 5-day treatment cycles are given.

11 Extracellular microvesicles and apoptotic bodies: A new
source of tumor antigens for DC vaccines?
Communication between cells in an organism is crucial for regulation of all biologic

processes, survival of the cells and ultimately the organism. Besides intercellular

communication via hormones, cytokines and chemokines, and released molecules,

a complete new domain of extracellular vesicles (EVs) opened in the last decennium

(Hendrix, 2021). Their notable role in tumor biology has been recognized (Willms,

Cabanas, Mager, Wood, & Vader, 2018). Because of their novelty and complexity,

the International Society of Extracellular Vesicles (ISEV) classified the diverse types

of EVs based on size, occurrence and function as exosomes (30–100nm), extra-

cellular microvesicles (100–1000nm), and apoptotic bodies (>1000nm). Different

biologic roles of the different EVs should be interpreted in the light of the accurate

definition. EVs play a role in GBM biology (Broekman et al., 2018; Giusti, Di

Francesco, & Dolo, 2017), in particular a role in immune suppression in the TME

(Domenis et al., 2017; Himes et al., 2020, 2021; Ricklefs et al., 2018; Wang, Jia,

Cui, Peng, & Jiang, 2021). The release of small exosomes can have pro-

inflammatory and anti-inflammatory effects (Othman, Jamal, & Abu, 2019). On

the other hand, EVs can be used as anti-cancer therapeutics (Jurj et al., 2020;

Lener et al., 2015). Finally, the plasma concentration of EVs can be used to obtain

information about diagnosis, response to treatment and identification of relapse in

GBM, independently from the GBM molecular subtype (Ab Razak, Ab Mutalib,

Mohtar, & Abu, 2019; Del Bene et al., 2022; Osti et al., 2019). The potential trans-

lation of plasma EV concentration in a clinical setting has been called “vesiclemia”

(Sabbagh, Andre-Gregoire, Guevel, & Gavard, 2020). In this context, liquid biopsy

for diagnostics and disease monitoring was redirected by the authors to include liquid

biopsy for therapy. Upon ICD, EVs are released, which potentially contain tumor

antigen/MHC molecules on membrane fragments as well as DAMPs like HMGB1,

heat shock proteins and S100 proteins (Abu, Rus Bakarurraini, &Nasir, 2021). These

microvesicles and apoptotic bodies can serve as source of tumor antigens (Van Gool

et al., 2021) obtained without the need for tissue sampling. Most interestingly,

antigens yielded through ICD immunotherapy reflect the current antigenic spectrum

of the tumor cells in the body.

For vaccine production, monocytes are purified via adherence, and are differen-

tiated toward immature DCs in the presence of IL-4 and GM-CSF. Immature DCs are

then loaded with tumor antigens derived either from tumor lysate, but mostly from

ICD immunotherapy (5 NDV intravenous bolus injections plus 5 sessions of mEHT)-

induced serum-derived antigenic extracellular microvesicles and apoptotic bodies.
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Finally, loaded DCs are matured in the presence of IL1b, TNFa, IL-6 and NDV. This

is our IO-Vac® vaccine. IO-Vac® is to be administered intradermally. The IOZK

received the formal approval to produce this patient-specific vaccine as ATMP

for use in human at 27/05/2015: “specific autologous anti-tumor dendritic cell

vaccine for intradermal application: patient-autologous monocyte-derived dendritic

cell, loaded with tumor antigens from lysates from autologous tumor cells and

matured with danger signals from Newcastle Disease Virus” (Authorization

numbers: DE_NW_04_MIA_2015_0033 and DE_NW_04_MIA_2020_0017).

12 Individualized multimodal immunotherapy as part
of first-line multiphase combined treatment for GBM
Taking all the above-mentioned considerations into account, we designed a

rational novel combined treatment strategy for GBM patients, starting from the

standard of care (neurosurgery, radiochemotherapy, TMZm). The standard of care

was strengthened with IMI, and includes three treatment phases (Schirrmacher,

Lorenzen, Van Gool, & Stuecker, 2017; Van Gool, Makalowski, Domogalla,

et al., 2020; Van Gool et al., 2018, 2021, 2022, 2023).

1. The first phase is aimed to optimize anti-cancer activity beyond monotherapy

with only alkylating agents. Whereas TMZ with or without Lomustin kills tumor

cells via genetic damage and subsequent cell killing during cell cycling, ICD

immunotherapy with bolus injection of NDV and sessions of mEHT kills tumor

cells via their specific ICD mechanisms. Combination therapies with other OVs

different from NDV for the treatment of GBM have been reviewed (Qi, Long,

Liu, & Cheng, 2022), pointing to the general principle behind the treatment

strategy. Already in this phase, inflammation should be maximally suppressed by

treatment with Curcumin, which we can deliver as an oil-holding spray for

buccal resorption resulting in high blood concentrations. The beneficial role of

curcumin in polarization of myeloid cells has been suggested in preclinical

research models for GBM (Mukherjee et al., 2016). The use of the

Cyclooxygenase-2 inhibitor Celecoxib is well known, and has been included as

part of combination drugs in a recent phase Ib/IIa clinical trial (Halatsch et al.,

2021). Blockage of M2 macrophages is reached with Histamine Receptor-1

antagonists (Li et al., 2022), and the potency of this strategy for GBM treatment

was suggested (Chryplewicz et al., 2022).

2. The second phase starts after all chemotherapy is finished, and is the

immunization phase. DC vaccines are generated and administered intradermally.

By loading autologous monocyte-derived DCs with ICD immunotherapy-

induced serum-derived antigenic extracellular microvesicles and apoptotic

bodies, the antigenic spectrum of in vivo existing tumor cells, which persist in

spite of radiochemotherapy and TMZm, is covered by the vaccine. Recently, this

antigenic spectrum has been further expanded with long-peptide vaccines

covering some more generally present tumor antigens (Cheever et al., 2009) like
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WT1 (Hashiba et al., 2007) and survivin (Chakravarti et al., 2002), in

combination with local application of NDV and imiquimod. Both WT1 (Sakai

et al., 2015) and survivin (Ahluwalia et al., 2022) have been explored as antigens

in vaccines for patients with malignant glioma.

Besides the active specific immunotherapy with vaccines, modulatory

immunotherapy is implemented during this phase. The inflammation remains

blocked with the combination of Curcumin, Celecoxib and anti-histamin

Receptor-1 blockers. Bisphosphonates trigger gamma-delta T cells to target

monocytes and down-modulate inflammatory homing (Fowler et al., 2014; Lo

Presti et al., 2017). Finally, if PDL1 is detected on tumor tissue, or if the mRNA

expression for PDL1 is increased in comparison to mRNA expression for the

housekeeping gene GAPDH, the use of pembrolizumab in its standard dose is

recommended (Arrieta et al., 2023; Kreatsoulas et al., 2022).

3. The third phase of treatment is aimed to maintain the anticancer immune control,

and to expand the covered antigenic spectrum. Repetitive 5-day ICD

immunotherapy courses keep targeting and killing new developments of tumor

cell clones. Since 2021, a boost vaccine, at least 6 months after the second

IO-Vac®, is recommended to increase a memory response to tumor antigens.

During this phase, the modulatory immunotherapy strategies continue as well.

The proof of principle for this multiphase combined treatment strategy, which ulti-

mately resulted in the generation of a tumor neo-antigen-specific immune response

without the use of tumor lysate and without the use of tumor neo-antigen-specific

neo-peptides, has been published (Van Gool et al., 2021). In this case report, neuro-

surgery, radiochemotherapy and chemotherapy with TMZm alone did not result in

anti-tumor immune responsiveness. The addition of ICD courses in connection to

further TMZm chemotherapy courses, and one vaccination with IO-Vac® in which

ICD immunotherapy-induced serum-derived antigenic extracellular microvesicles

and apoptotic bodies were used as antigen, could induce a tumor neo-antigen-

specific immune response to some peptides as predicted in the original tumor tissue.

The combined treatment strategy against GBM aims to kill tumor cells, build up

an anti-GBM immune response and change the local TME to allow immune access to

the tumor cells, and finally to maintain and expand the anticancer immune protec-

tion. We implemented several further complementary treatment strategies, which

we do not consider as effective against GBM on their own, but which might be of

help in controlling GBM. (1) A combination of metformin, atorvastatin and meben-

dazole has been suggested as metabolic treatment strategy useful in patients with

GBM (Agrawal et al., 2019; Shah & Stonier, 2019). The effect of gabapentin on

the enzymes in metabolic pathways of glutamate and GABA is to be considered

(Goldlust, Su, Welty, Taylor, & Oxender, 1995). (2) The interaction between neu-

rons and glioma cells via AMPA receptor-dependent neuron-glioma synapses

(Keough &Monje, 2022; Venkatesh et al., 2019) lead to the investigation of the role

of drugs like Perampanel in the treatment of GBM patients (Salmaggi et al., 2021;

Venkataramani et al., 2019). (3) The psychoneuroendocrine immunotherapy might

contribute to improved OS (Lissoni, Messina, Lissoni, & Franco, 2017).
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Outside the combination of the standard of care, IMI and the complementary

treatment strategies, some further combination treatment approaches, for which

the authors gained experience, are worth to be mentioned. (1) Whereas most chemo-

therapies affect the immune functioning, the intranasal application of perillyl alcohol

(POH) does not, and has been successfully combined with IMI. The working mech-

anism of POH on glioma cells is diverse (Chen, Fonseca, & Schonthal, 2015; da

Fonseca et al., 2016). Its effect to control malignant glioma and so prolong OS

has been described (da Fonseca et al., 2011, 2013). During intranasal POH inhalation

treatment, IMI can be delivered without additional toxicity. In our hands, such com-

bined treatment could induce disease stabilization and even response to treatment in

several patients (unpublished data). (2) Another interesting combination is the

application of IMI together with Bevacizumab. It is known that Vascular Endothelial

Growth Factor (VEGF) creates an immune suppressive TME through four mecha-

nisms: inhibition of antigen presentation and DC maturation, inhibition of CD8+

T cell proliferation trafficking and infiltration, promotion of aberrant tumor vascu-

lature and recruitment of immune suppressive cells like MDSC, Tregs and M2

macrophages (Hack, Zhu, &Wang, 2020). This knowledge creates a strong rationale

to combine different modes of immunotherapy with Bevacizumab treatment.

(3) Dietary measurements like ketogenic diet can influence GBM tumor growth

in combination with IMI (Hirschberger et al., 2021; Santos et al., 2018; Seyfried

et al., 2019; Woolf, Syed, & Scheck, 2016).

13 IMI integrated during and after standard of care improves
OS in adults with IDH1 wild-type GBM
Whereas all patients were treated on an individualized basis (“individueller
Heilversuch,” a German legal framework that will be explained below) in a single

private non-profit day-care facility, we were able to retrospectively analyze data

of a group of 50 adults with isocitrate dehydrogenase 1 (IDH1) wild-type (wt)

GBM (Van Gool et al., 2023). The data reflect real-world data (RWD). Patient

characteristics are described in Table 3. The methodology to limit biased selection

of patients, and the data on the treatment details are available (Van Gool et al., 2023).

We now aim to put the data on OS of this real-world patient group in the light of OS

data reported in RCTs that focussed on the efficacy of TMZ (Stupp et al., 2005,

2009), of TTF (Stupp et al., 2017) and of DC vaccination (Liau et al., 2018,

2023). They all fall back on the basis RCT to introduce TMZ as part of the standard

of care published by Stupp et al. in 2005 and 2009 (Stupp et al., 2005, 2009). The

standard of care with TMZ served as basis for the new RCT with TTF as experimen-

tal arm (Stupp et al., 2017). Although treatment is basically similar, the median OS

and 2-year OS increased from 12.6 months respectively 14.8% to 14.7 months

respectively 22.1% for the MGMT promoter unmethylated patients (Table 4). This

might be due to better treatment at relapse, thereby causing a slight prolongation of

the OS. In contrast, the median and 2-year OS for MGMT promoter-methylated
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Table 3 Patient characteristics in the selected publications.

Reference
Number
of patients

Median
age (year)

F/M
(%)

Median
KPI

Meth
(%)

Unmeth
(%)

Macroscopic
complete
resection (%)

<Macroscopic
complete
resection (%) ND (%)

Gilbert (Gilbert et al., 2013) 411 >50 42/58 >90 30 62 46 44 0

Gilbert (Gilbert et al., 2014) 309 >50 37/63 >90 28 69 59 41 0

Stupp (Stupp et al., 2017) 229 57 31/69 90 42 51 54 46 0

Weller (Weller et al., 2017) 374 58 39/61 >70 35 58 56 44 0

Wen (Wen et al., 2019) 43 60 28/72 >90 42 56 74 26 0

Liau (Liau et al., 2018, 2023) 232 56 41/59 >90 39 56 63 37 0

Van Gool (Van Gool et al., 2023) 50 48 46/54 80 44 56 28 52 20

F, female; KPI, Karnofsky performance index; M, male; Meth, MGMT promoter-methylated; ND, not documented; Unmeth, MGMT promoter-unmethylated.
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patients did not change: 23.4 months respectively 48.9% in 2009 and 21.2 respec-

tively 37.7% in 2017. The first and only phase III RCT for DC vaccination, published

by Liau et al. (2018, 2023), used an external control arm for comparison, including

the TTF RCT (Stupp et al., 2017), besides others (Gilbert et al., 2013, 2014; Weller

et al., 2017; Wen et al., 2019). Reported results on the expected OS with standard

of care treatment, at time of writing this manuscript, are marked in bold and gray

background in Table 4.

Overall, our real-world patient group was a bit younger than the patients in the

RCTs, with a slightly higher percentage of females. On the other hand, the Karnofsky

performance index (KPI) was lower, and the proportion of less than macroscopic

complete resected patients was higher. The extent of resection is an important prog-

nostic factor (Stummer et al., 2006). The dynamics of immune variables and tumor

characteristics over time during treatment are nicely illustrated (Van Gool et al.,

2023). Table 4 shows the published median OS and percentage 2-year OS of the

patient groups reported (Liau et al., 2023; Stupp et al., 2009, 2017; Van Gool

et al., 2023). TTF significantly prolonged the median OS and percentage 2-year

OS in both MGMT promoter-unmethylated and -methylated patients. Induction of

ICD by TTF (Voloshin et al., 2020) combined with the standard of care might explain

this effect. DCVax®-L during standard of care appeared to significantly improve the

median OS and percentage 2-year OS in MGMT promoter-methylated patients,

but not in MGMT promoter-unmethylated patients. The retrospectively sampled

real-world data on OS of patients in which the standard of care was combined with

IMI, including both ICD immunotherapy and DC vaccination in a unique combina-

tion approach, and administered with personalized adaptations during treatment, are

included in Table 4. Though no scientific research evidence can be drawn out of the

RWD from this retrospective analysis of patients treated within the “individueller
Heilversuch,” the clinical meaning is obvious.

Table 4 Overall survival reported in selected publications.
Unmethylated Methylated

Reference mOS (m) 2y OS (%) mOS (m) 2y OS (%)
Stupp (Stupp et al., 2009)
RCT

S + RT 11.8 1.8 15.3 23.9
S + RCT + CT 12.6 14.8 23.4 48.9

Stupp (Stupp et al., 2017)
RCT

S + RCT + CT 14.7 22.1 21.2 37.7
S + RCT + CT + TTF 16.9 26.8 31.6 59.1

Liau (Liau et al., 2023)
ECA

S + RCT + CT 14.6 21 21.3 42
S + RCT + CT + DCVax®-L 14.9 19 30.2 58

Van Gool (Van Gool et al., 2023)
RWD

S + RCT + CT + IMI 22.1 39 37.7 80.5

IMI, individualized multimodal immunotherapy; m, months; mOS, median overall survival; RCT,
randomized controlled trial; RDW, real-world data; S+RT, surgery+radiotherapy; S+RCT+CT,
surgery+ radiochemotherapy+chemotherapy; TTF, tumor-treating fields; 2y OS, 2-year overall survival.
Expected OS with standard of care treatment anno 2023 are marked in bold and gray background.

28 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



14 Individualized multimodal immunotherapy in the
current health care systems
In most countries, the standard of care is organized and paid for by the community.

How the national health insurance is organized differs from country to country. Once

the standard of care is not giving an appropriate solution toward cure anymore, the

patient moves to a new level of care: palliative treatment, euthanasia, or inclusion

into a clinical trial (Fig. 1). Palliative treatment and, nowadays available in some

countries, euthanasia, are considered as belonging to the standard of care and are

again paid for by the society. In contrast, pre-clinical and clinical research is paid

for by the researcher who receives the necessary funds to do research. Research

can be done by industry or academia. Clinical trials are usually financed by the phar-

maceutical or biotech company developing the drug or medical device being tested.

The cost of conducting clinical trials can be substantial, running into millions of

dollars, and companies generally cover these costs themselves or with the help of

investors. In some cases, government agencies or non-profit organizations may also

provide funding for clinical trials. Study-selected patients become an anonymized

number to allow unbiased gain of knowledge for the researcher. By definition, the

patient can or cannot profit from the research, being randomly assigned to the test

or control group without their knowledge. It is ethically correct that the patient

delivers the data from their own body as an alternative method of payment for the

research-treatment. Clinical trial participants may receive compensation for their

time and expenses. The extreme high costs for the use of a GMP facility, production

FIG. 1

The health care system.
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of DC vaccines for each individual patient, and corresponding clinical trial chal-

lenges and documentation, make it virtual impossibility to further develop DC vac-

cination for GBM in large scale RCTs for both industry, here usually functioning as

contract manufacturing organization, as well as academia (Van Gool et al., 2021).

In the last decade, it became clear that the progress to combat cancer with the

existing methodologies is insufficient. However, patients in need of future treatment

today, as well as patients who do not fit a narrowly defined trial inclusion profile,

should have the right to be treated, the right to try, because they have a deadly tumor.

In the US, The Cancer Moonshot initiative was launched in 2016 to accelerate

scientific discovery in cancer, foster greater collaboration and improve sharing of

cancer data (National Cancer Institute, n.d.). The “Right To Try Act” was signed

May 30th 2018, creating a uniform system for terminal patients seeking access to

investigational drugs that passed Phase I clinical trials and are scheduled for further

clinical research (Agarwal & Saltz, 2020; Walker, 2020). When the patient and the

drug meet the qualifications of the federal law, the drug can be provided. The federal

law bans companies from making a profit on any drug or treatment that has not been

approved by the FDA, but the law does allow companies to recover costs that are

directly related to providing the individual treatment. Insurance companies and

taxpayer-funded healthcare programs are thus not required to cover the costs of

investigational treatments in the context of Right To Try, but may choose to do

so (Goldwater, 2014).

A prior-existing solution for these patients in Germany is the German legislation

framework of the “individueller Heilversuch”: individualized treatment (Huber,

2014). In this framework, a patient and a doctor discuss together all possible treat-

ment options, design a treatment plan agreed upon by both sides, and sign the

informed consent and treatment contract, so that treatment can be given. Such per-

sonalized treatment is aimed to be of maximal benefit for the individual patient.

There are no scientific questions to be answered during treatment. Only through

retrospective analyses of treatment results on these patients, reflections about the

approach in the context of “individueller Heilversuch” can be obtained.

Whereas the standard of care is paid for by the society/insurance, and research

being paid for by the researcher, treatment within “individueller Heilversuch” is

usually paid for by the patient. In this way, the three financial schemes for the three

different frameworks for medical care are clearly distinct (Fig. 1). One question

remains: who pays the researcher? Academic research is usually funded by grants

or charities, money from the society. Sometimes, academia research is supported

by industry. In turn, industry can be supported through grants and investments: again

from the society. Most industrial research and development (R&D) is taken on at

own risk with private investments. However, once a medicinal product comes on

the market, a strong return of investment, including all investments in unsuccessful

R&D, is realized. This is again paid for via national health systems by the society.

This means that all successful developments of medicinal products, but also all failed

R&D, are ultimately paid for by the society. In the “individueller Heilversuch,” all
failed individualized treatments without clinical benefit are paid for by the individual
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patient. However, all successful treatments with good clinical results, allowing pa-

tients with deadly cancer disease to return to a normal life, are paid for exclusively by

the patient, without solidarity or support from the society. The question emerges

whether that is ethically correct. Usually, the discussion about reimbursement of

successful (individualized) treatment is reduced to the specific evidence defined

by the national health systems and insurance companies.

15 The evidence
The fundamental aim of healthcare is to improve overall health of the population by

providing state-of-the-art healthcare for individuals at an affordable cost. The foun-

dation for this system is largely referred to as “Evidence-basedMedicine.” Evidence-

based Medicine is defined as the “conscientious, explicit, judicious and reasonable

use of modern, “best” evidence in making decisions about the care of individual

patients,” and integrates clinical experience and patient values with the “best” avail-

able research information (Sackett, 1997). In practice it means integrating individual

clinical expertise and patient values with the best available external clinical evidence

from systematic research (Masic, Miokovic, & Muhamedagic, 2008). Important to

note, however, is that external clinical evidence can inform, but can never replace,

individual clinical expertise, and it is this expertise that decides whether the external

evidence applies to the individual patient at all, and, if so, how it should be integrated

into a clinical decision (Masic et al., 2008). Evidence-based Medicine constitutes a

complex process to allow doctors and patients to select the best possible solutions

for each individual patient.

The Oxford Centre for Evidence-based Medicine—Levels of Evidence are

typically referred to as standard to assess the level to which a clinical intervention

meets scientific evidence (external clinical evidence from systematic research).

The levels range from 5 (expert opinion without critical appraisal, based on physi-

ology, bench research or “first principles”) to 1 (systematic review of RCTs or

pivotal RCT) (Centre for Evidence-Based Medicine, 2009).

Policy makers tend to only accept level 1 evidence for decision-making on

“standard of care,” and subsequent cost reimbursements or coverage (Jones &

Podolsky, 2015). The original intent of the term “Standard of Care” was to define

a minimum level of care considered acceptable and without committing malpractice.

Over time, the term has evolved to be considered the “appropriate” or “best” care, a

level of care that balances risk and benefit, outcomes and costs, and legal fears, and

that is based on scientific evidence. Because the RCT, and especially the systematic

review of several RCTs, is commonly accepted as the highest level of scientific

evidence, it has become the “gold standard” for judging whether a treatment does

more good than harm. With this justification, regulators and insurers are (too) often

connecting reimbursements of treatment costs to data retrieved from RCT (Marshall,

2006). However, evidence-based guidelines are sometimes untrustworthy when

their reliability is measured (Iannone et al., 2017).
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A few reflections on why individualized medicine and real-world data should

guide decision-making in addition to and beyond RCT methodology:

1. Traditional RCTs focus on hypothesis testing by comparing an experimental arm

(e.g. therapeutic intervention) to a control arm (no intervention). By nature, these

are study designs, not treatment designs. Aside the financial and logistical

complications (such trials take years to design and run, time these patients simply

do not have), it implies that patients in the control arm that might benefit from a

promising experimental intervention are restricted to the best available treatment

and hence refrained such promising benefit, in order to meet scientific design

criteria. This is a pertinent ethical concern, given that the Helsinki Declaration

requires that “the well-being of the individual research subject must take

precedence over all other interests” (Kyr, Svobodnik, Stepanova, & Hejnova,

2021; Nardini, 2014).

2. As RCTs are study designs in support of Evidence-based Medicine, it is

important that “all” evidence should be available, both published and non-

published, to avoid performing Evidence-biased Medicine. It is often mentioned

that about 50% of research is not published, with a vast majority of the

publications reporting positive effects, which means that at least half of the

research results we can access is biased (publication and reporting bias

(EUnetHTA JA2 Authoring Team, 2015)).

3. Traditional clinical trials produce “average” results for a given outcome variable,

and sometimes do not answer questions related to why therapies work in some

situations and not in others. Ironically, these questions are of most interest to

clinicians and of most benefit to patients, especially in oncological research

where the idea of proceeding from the genetic and molecular hallmarks of

common diseases in order to situationally design and administer the least harmful

and most effective treatment (tailored treatment) gains momentum out of

apparent necessity (Ellis et al., 2014; Sackett, Rosenberg, Gray, Haynes, &

Richardson, 1996).

4. Traditional clinical trials require clear (and multiple) eligibility criteria to ensure

that the study population is similar in all baseline factors that may affect the

potential benefits and risks from the intervention studied. This not only requires

large study populations, with a tendency to get bigger and larger, but it also

implies that patients considered at greater risk of adverse events from the trial,

and patients not expected to benefit, will be excluded. This might make sense to

eliminate bias and balance for unknown covariates. However, overly strict

eligibility criteria can cause a lower patient accrual rate. This becomes a

challenge for orphan diseases like GBM, where the sample sizes are small and

overall survival is low. The result is increased length, complexity and costs

of the trial. Ultimately, it can lead to trial results to be less generalizable. These

are all pertinent issues in oncology research, resulting in study populations to be

unrepresentative of the actual clinical population of patients with cancer,

misrepresenting concerns and complications occurring in real-life treatment and
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limiting patient access to new treatments (Deaton & Cartwright, 2018; Jin,

Pazdur, & Sridhara, 2017; Kyr et al., 2020; Skaga et al., 2021).

5. Traditional clinical trials do not consider the rapidity of advances in tumor

biology, which is slicing and dicing cancer into ever smaller subsets. Indeed, an

assumption is made that all randomized individuals are, and will remain,

homogenous, and that no change within the set of investigated subjects occurs

during the study period except the changes due to treatment. This is not true for

cancers, which are known to evolve through continuously accumulating

additional genomic alterations through highmutation rates. This calls for smaller,

shorter, and more focused approaches (Catani, Riechelmann, Adjemian, &

Strauss, 2017; Rodon et al., 2015). Especially in oncology, the current strict

clinical trial design paradigm needs to be revisited. An extra argument is the hard

fact that the “Standard of Care” oncology treatments are associated with over

90% mortality at two years for some metastatic cancers, despite a multitude

of clinical trials (Stewart & Kurzrock, 2013).

So, with the objective of increasing the magnitude of treatment effects, there is

steadily growing interest in tailoring assessments and interventions to better match

individual needs (Lawler et al., 2022; Schork, 2015). Accrual to trials as set out

above is slow, if feasible. This calls for innovation and so-called precision-oncology

“to offer the right drug for the right patient at the right time” (Subbiah & Kurzrock,

2018). This is possible as we have entered into a new era, with novel insights leading

to new, more effective treatment options with higher success rates. This includes

opportunities for advanced malignancies, which improve HRQoL, are less toxic,

are tailored to specific patient and disease characteristics, and are potentially less

expensive.

Lead authorities such as the US Department of Health and Human Services—

Food and Drug Administration (US FDA, responsible for all approvals of clinical

studies in the US) and the EU Policy Department for Economic, Scientific and

Quality of Life Policies therefore called for a review of the current decision-making

process on the basis of clinical trials, and recommended—amongst others—for data

collected in a non-RCT setting and for well-designed retrospective studies to be con-

sidered in future decision making (Couespel & Price, 2020; Food and Drug

Administration, 2017). RWD collected at an individual level provide critical evi-

dence that can be used to inform health care decisions, improve treatment, or refine

theories (Ismail, 2022). First and foremost, RWD include findings from patients that

are often not eligible for trial participations (for reasons explained above). Such data,

however, are of utmost importance and relevance for daily clinical practice. Second,

RWD can also be used to monitor new systemic treatments, such as interventions for

rare diseases (too small samples for trials), awaiting study trial outcomes (given

length of study and associated costs), or in case of dynamic pathology processes

(e.g. oncology). Therefore, information on real-world effectiveness of treatments

is key for daily clinical practice, health technology assessment bodies and insurers,

since a broader—more representative—population in clinical practice is treated
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using these therapies. Both the FDA and the EU make reference to the rate at which

innovative therapies—including immunotherapy—are being developed as an exam-

ple where RWD shows great value. The current report (Van Gool et al., 2023) about

50 adults with IDH1 wild-type GBM treated with IMI in connection to the standard

of care should be considered in this context.

16 Quality of life
The application of Evidence-based Medicine, as defined above, implies decision-

making to maximize the individual patient’s health. The aim of a medical interven-

tion should indeed no longer be to just extend peoples’ lives, but also to improve or

maintain their HRQoL. Longer-term surviving patients with cancer often have a

chronic disease that requires long-term treatment with potential negative effects

on patient’s quality of life. HRQoL is defined as “a patient’s general subjective per-

ception of the effect of illness and intervention on physical, psychological and social

aspects of daily life” (EUnetHTA., 2013). Indeed, professionals and patients are first

and foremost interested in the dimensions of life that are affected by a disease, and

will be affected by an intervention. Including HRQoL in clinical or epidemiological

studies and in clinical practice therefore (1) facilitates an understanding of the

patient’s perspectives on what is lost or gained as a result of a disease or a medical

intervention; (2) can give insight into the balance between therapeutic benefits and

adverse effects of an intervention from the perspective of patients; and (3) may aid in

defining response in the absence of quantifiable endpoints such as tumor regression

(Bottomley, 2002; Cella, Chang, Lai, &Webster, 2002;Wiklund, 2004). Inclusion of

HRQoL therefore might be particularly relevant to oncologic treatment, where the

downside of intense chemotherapeutic protocols as worldwide standard of care

contains multiple side effects both short- and long-term (Niraula et al., 2014), has

associated compliance problems (Mooney, Berry, Whisenant, & Sjoberg, 2017),

and offers only marginal gains with (expensive) new drugs (Haslam, Herrera-

Perez, Gill, & Prasad, 2020).

Challenged by many patients thanks to an increasing number of therapeutic

options and personalized approaches as never before, it is becoming increasingly im-

portant to address treatment value from a holistic perspective with careful attention

given to patients’ subjective experience and HRQoL (Reale et al., 2020). As such,

HRQoL data have been found to be strong predictors of survival (Sprangers,

2002). A multicenter quality study (Sibeoni et al., 2018) revealed that treatment side

effects were the (sole) factor negatively affecting patient’s quality of daily life during

treatment. These side effects were outweighed by the benefits of having optimal

supportive care that make patients feel good. The subjective perception of the effi-

cacy of the anticancer treatment, and the positive effects of good supporting relation-

ships, including with the treating physician, were listed as positive contributions to

quality of life. Casali already stated in 1997: “Thus, when a clinical choice is to be

made from among different treatment options, the ethical principle of respect for the
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patient’s autonomy would require that the patient be informed of their possible

respective outcomes, and allowed to provide his/her own assessment of the quality

of life associated with these outcomes” (Casali et al., 1997). Health state data, com-

bined with data on duration of life, becomes increasingly important as a measure of

clinical effectiveness of interventions.

IMI is usually well tolerated and without serious adverse events (Schirrmacher,

2020). The systematic recording of HRQoL was introduced before and during

treatment at our institution since October 2021. The registration of self-reported

multidimensional health outcomes are important novel assets to evaluate patient

welfare, quality of life, and quality of survival. Future research and policy recom-

mendations should consider not just short-term HRQoL outcomes but HRQoL out-

comes until the end of life (Haslam et al., 2020). They should be incorporated in

global assessments of treatments by medical associations and health insurance

companies.

17 Perspectives
IMI in connection to the standard of care was shown to be effective to improve OS in

adults with GBM, without increase of adverse reactions. However, the promise of

IMI does not stop there. Two innovative and promising adoptive immunotherapies

require the development of novel ATMPs: oncogenic virus-specific T cells, and

tumor-specific memory T cells derived from bone marrow.

17.1 Tumor-associated virus-specific T cells
The infiltration of tumor-reactive T cells, especially CD8+ T cells, strongly corre-

lates with tumor regression and improves prognosis in cancer patients (Clemente

et al., 1996; Gooden, de Bock, Leffers, Daemen, & Nijman, 2011; Kawai et al.,

2008; Nakano et al., 2001; Schumacher, Haensch, Roefzaad, & Schlag, 2001;

Sharma et al., 2007; Shibuya et al., 2002; van Houdt et al., 2008; Webb,

Milne, & Nelson, 2014). Tumor immunosuppressive qualities reduce tumor-reactive

T cell infiltration, and those few present have often become anergic (Azimi et al.,

2012; Clark et al., 1989; Pages et al., 2010; Sharma et al., 2007; van Houdt et al.,

2008; Webb et al., 2014). Autologous T cells can be reactivated through adoptive

T cell therapy, during which T cells are extracted from patient blood, reactivated

and expanded in vitro, and transferred back into patients (Besser et al., 2013;

Dudley et al., 2008; Rosenberg et al., 2011; Schumacher et al., 2001; Somerville &

Dudley, 2012). As the generation of tumor-specific infiltrating T lymphocytes has

proven complex and time-consuming, tumor-associated viruses provide an alternative

tumor-specific target.

CMV is a contributing factor to tumor expansion and progression, shown to

exclusively occur in cancer tissue (Cinatl, Scholz, Kotchetkov, Vogel, & Doerr, 2004;
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Cobbs et al., 2002; Johnsen, Baryawno, & Soderberg-Naucler, 2011; Klyushnenkova

et al., 2012; Michaelis et al., 2011; Qiu et al., 2015). A DC vaccine pulsed with

autologous tumor lysate elicited a robust CD8+ CMV-specific T cell response

(Prins et al., 2008), and low levels of CMV presence have been associated with

significantly improved GBM survival rates (Ghazi et al., 2012). Together, this led

to the development of CMV-specific adoptive T cell therapy (ATCT): the isolation,

in vitro restimulation and expansion of CMV-specific T cells for patient reintroduc-

tion. Cell-based immunotherapy directed against human CMV has been studied

(Duinkerken et al., 2016; Schuessler et al., 2014; Smith et al., 2020; Soderberg-

Naucler & Johnsen, 2012;Weathers et al., 2020). A broad spectrum of CMVpeptides

to cover all potential CMV antigens and further T cell modulation is considered

mandatory to improve the success of this approach (Weathers et al., 2020).

CMV-targeting adoptive T cells have been administered to patients in multiple

consecutive rounds within RCTs. Cancer patients treated with the CMV-specific

adoptive T cells tolerated the T cell infusions well with no to minor serious adverse

events related to the treatment (Brestrich et al., 2009; Einsele, Kapp, & Grigoleit,

2008; Mackinnon, Thomson, Verfuerth, Peggs, & Lowdell, 2008; Peggs et al.,

2003; Riddell & Greenberg, 1997; Schuessler et al., 2014; Smith et al., 2019, 2020;

Weathers et al., 2020). The CMV-expanded T cells can additionally be loaded with

NDV, to transport the virus directly to the tumor (Pfirschke & Schirrmacher, 2009).

Other than CMV, Epstein–Barr virus (EBV), Human herpesvirus 6 (HHV-6: a

roseolovirus), Adenovirus, Herpes simplex virus type 1 and 2 (HSV 1 and 2), Human

papillomavirus (HPV), John Cunningham Virus (JCV: a polyomavirus) and Simian

Virus 40 (SV40) have been linked to central nervous system tumors like gliomas

based on various molecular biology techniques (Akhtar, Vranic, Cyprian, & Al

Moustafa, 2018; Moore & Chang, 2010). For HPV and EBV, adoptive T cell therapy

has already been published (Shibata et al., 2021; Straathof et al., 2005; Yang, Farmer,

Lin, Wu, & Hung, 2017), as well as a broad-spectrum approach, in which within

a single culture an adoptive virus-specific T cell therapy was prepared against 12

immunogenic antigens from 5 different tumor-associated viruses (EBV, adenovirus,

CMV, BK virus, and HHV-6) (Papadopoulou et al., 2014).

17.2 Bone marrow-derived T cells
Tumor immunosuppression causes T lymphocyte dysfunction, which is especially

severe in GBM patients (Brooks et al., 1977; Chongsathidkiet et al., 2018; Dunn

et al., 2007). Where most people have an average blood-circulating CD4 helper

T cell count of 962 cells/μL, a substantial number of GBM patients (24.7% compared

to 10.9% of control patients) suffer from lymphopenia, with on average 411 cells/μL,
of which 15% even had levels comparable to HIV patients, of <200 cells/μL. CD8+
T cells are also severely diminished in number. Lymphoid organs are depleted of

immune cells and decreased in size. The missing T cell population was found

sequestered in the bone marrow. The sequestered cells lack cell surface receptor

S1P1, key to exiting the bone marrow (Chongsathidkiet et al., 2018).
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The bone marrow is capable to recruit antigen-loaded DCs from peripheral sites,

prime T cells against local and systemic antigens, and generate and recruit memory

T cells. Its pivotal role in orchestrating a highly effective antitumor response was

defined after detection of tumor antigen-reactive cytotoxic and type-1 memory

T cells. Upon restimulation, these cells exert a particularly high proliferative poten-

tial and sustain the generation of secondary effector T cells to mediate long-term

tumor regression.

Adoptive bone marrow-derived T cell therapy is a highly relevant adjuvant ther-

apy for cancer patients in general and GBM patients in particular. T cells are directly

extracted from bone marrow, reactivated using a heterogeneous mix of tumor-

antigen pulsed DCs and/or tumor-associated viruses, and expanded in vitro before

intravenous patient reapplication. Multiple murine and clinical studies have already

demonstrated the potential of this approach, which resulted in an increased activated

circulating type-1 tumor-reactive T cell population (Domschke et al., 2013; Feuerer

et al., 2001, 2003; Schuetz et al., 2009).

18 The model of multiphase combined treatment for
patients with GBM
Although GBM is an orphan disease, the community burden is highest amongst all

cancer types (Burnet et al., 2005; Rouse et al., 2016). Over the last two decades, only

little progress has been made to improve OS with good HRQoL. This is due to the

complex biology of the tumor. Old-fashioned clinical research methodologies and

excessive regulations and costs in the field of translational and clinical research hin-

der fast development of scientific innovations. Still, developing a smart combination

of treatment approaches with focus on the tumor, on the TME and on the patient

might offer a glimpse of hope (Fig. 2). Such combined treatment should be individ-

ualized at all possible levels, and each component of the combined treatment should

be prone to adaptations along the complete treatment period because of the dynamic

character of the tumor, the tumor-host interaction, and the host. The latter requires

not only very careful monitoring of the patient with imaging technologies, but also

with repetitive liquid biopsies, with attention to molecular biology of the tumor and

to all components of the immune system. One should not anymore treat dynamic

tumors in dynamic environments with fixed treatment protocols. The three estab-

lished standard of care anticancer pillars remain of utmost importance: neurosurgery,

radiochemotherapy and chemotherapy, but complete treatment should include a

fourth pillar composed of novel anticancer strategies in the form of targeted thera-

pies, including immune-targeted therapies (adoptive T cell therapy modalities).

A fifth anticancer pillar consists of the physics therapies (electromagnetic waves)

and the biologic treatments (OVs), both inducing ICD of cancer cells. All compo-

nents of these five anticancer pillars are aimed to kill tumor cells and reduce the

tumor load. They might already induce an anticancer immune response with the
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generation of anticancer immunity. Unfortunately, in almost all cases, this is not

enough to sustain control of GBM. That is why we believe that a new layer of treat-

ment is needed after the first phase of anticancer treatment: a second phase of active

immunization with vaccines against the cancer. At time of minimal cancer burden,

the physician should train the immune system with active specific immunotherapy

using current tumor antigens yielded from ICD immunotherapy-killed tumor cells.

This layer of treatment has been supported by the Nobel Prize awarded in 2011 to

Bruce Beutler, Jules Hoffmann and Ralph Steinman. On top of that, a third layer

of treatment should be designed: the modulatory immunotherapy. The generated

immune response against the cancer should be modulated so that it can function

at the cancer site. This layer of treatment has been supported by the Nobel Prize

awarded in 2018 to Tasuku Honjo and James Allison. After the anticancer phase

and immunization phase, the maintenance and expansion of the anticancer immune

protection is the third phase in the treatment model proposed in this chapter. Finally,

a lot of patients are treated with complementary medicines and repurposed drugs.

These might only facilitate the multiphase combined treatment efficacy within the

body, but cannot be considered as anticancer treatment as such.

The role of RWD in the development of innovative anticancer treatment and in

Health Technology Assessment later-on remains a matter of debate (Ismail, 2022).

The generation of RWD based on such multiphase combined treatment model

should be recognized for its own scientific and clinical value, given the strengths

and weaknesses on how they were generated. RWD should be analyzed and reported

FIG. 2

The model of multiphase combined treatment for patients with GBM.
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so that the medical community ultimately can make progress in controlling GBM in

patients, and that multiphase combined treatment approaches can enter the public

health environment. The medical community should inform the patients about

treatment strategies documented by RWD, certainly when the patient has a life-

threatening disease, so that ultimately the patient can make an independent informed

decision about treatment.

Acknowledgments
The authors thank the GMP laboratory for producing all IO-Vac® dendritic cell vaccines, the

Immune Diagnostic Laboratory of the IOZK for the patient blood analyses, and the clinical

staff in the Praxis f€ur Immun-onkologie und Translationale Medizin for treating all patients.

The authors thank the Weloveyouconnie foundation (www.weloveyouconnie.com) and the

Stiftung f€ur Immunologisch-onkologische Forschung gGmbH (www.iozk-stiftung.org) for

support.

References
AbRazak, N. S., AbMutalib, N. S., Mohtar, M. A., &Abu, N. (2019). Impact of chemotherapy

on extracellular vesicles: Understanding the chemo-EVs. Frontiers in Oncology, 9, 1113.
Abu, N., Rus Bakarurraini, N. A. A., & Nasir, S. N. (2021). Extracellular vesicles and DAMPs

in cancer: A mini-review. Frontiers in Immunology, 12, 740548.
Adhikaree, J., Moreno-Vicente, J., Kaur, A. P., Jackson, A. M., & Patel, P. M. (2020). Resis-

tance mechanisms and barriers to successful immunotherapy for treating glioblastoma.

Cell, 9(2).
Adhikari, A. S., Macauley, J., Johnson, Y., Connolly, M., Coleman, T., & Heiland, T. (2022).

Development and characterization of an HCMV multi-antigen therapeutic vaccine for

glioblastoma using the UNITE platform. Frontiers in Oncology, 12, 850546.
Agarwal, R., & Saltz, L. B. (2020). Understanding the right to try act. Clinical Cancer

Research, 26(2), 340–343.
Agrawal, S., Vamadevan, P., Mazibuko, N., Bannister, R., Swery, R., Wilson, S., et al. (2019).

A new method for ethical and efficient evidence generation for off-label medication use

in oncology (a case study in glioblastoma). Frontiers in Pharmacology, 10, 681.
Ahluwalia, M. S., Reardon, D. A., Abad, A. P., Curry, W. T., Wong, E. T., Figel, S. A., et al.

(2022). Phase IIa study of SurVaxM plus adjuvant temozolomide for newly diagnosed

glioblastoma. Journal of Clinical Oncology, JCO2200996.
Akasaki, Y., Kikuchi, T., Homma, S., Koido, S., Ohkusa, T., Tasaki, T., et al. (2016). Phase I/II

trial of combination of temozolomide chemotherapy and immunotherapy with fusions

of dendritic and glioma cells in patients with glioblastoma. Cancer Immunology, Immu-
notherapy, 65(12), 1499–1509.

Akhtar, S., Vranic, S., Cyprian, F. S., & Al Moustafa, A. E. (2018). Epstein-barr virus in

gliomas: Cause, association, or artifact? Frontiers in Oncology, 8, 123.
Akiyama, Y., Oshita, C., Kume, A., Iizuka, A., Miyata, H., Komiyama, M., et al. (2012).

alpha-type-1 polarized dendritic cell-based vaccination in recurrent high-grade glioma:

A phase I clinical trial. BMC Cancer, 12(1), 623.

39References

ARTICLE IN PRESS



Alexandrov, L.B., Nik-Zainal, S.,Wedge,D.C., Aparicio, S. A., Behjati, S., Biankin, A.V., et al.

(2013). Signatures of mutational processes in human cancer. Nature, 500(7463), 415–421.
American Cancer Society. (2019). The American Cancer Society medical and editorial content

team. Immunotherapy. Available from: https://www.cancer.org/content/dam/CRC/PDF/

Public/6678.00.pdf.

Antonopoulos, M., Van gool, S. W., Dionysiou, D., Graf, N., & Stamatakos, G. (2019). Immune

phenotype correlates with survival in patients with GBM treated with standard

temozolomide-based therapy and immunotherapy. Anticancer Research, 39(4), 2043–2051.
Aquino, D., Gioppo, A., Finocchiaro, G., Bruzzone, M. G., & Cuccarini, V. (2017). MRI in

glioma immunotherapy: Evidence, pitfalls, and perspectives. Journal of Immunology
Research, 2017, 5813951.

Ardon, H., De Vleeschouwer, S., Van Calenbergh, F., Claes, L., Kramm, C.M., Rutkowski, S.,

et al. (2010). Adjuvant dendritic cell-based tumour vaccination for children with

malignant brain tumours. Pediatric Blood & Cancer, 54(4), 519–525.
Ardon, H., Van Gool, S., Lopes, I. S., Maes, W., Sciot, R., Wilms, G., et al. (2010). Integration

of autologous dendritic cell-based immunotherapy in the primary treatment for patients

with newly diagnosed glioblastoma multiforme: A pilot study. Journal of Neuro-
Oncology, 99, 261–272.

Ardon, H., Van Gool, S. W., Verschuere, T., Maes, W., Fieuws, S., Sciot, R., et al. (2012).

Integration of autologous dendritic cell-based immunotherapy in the standard of care treat-

ment for patients with newly diagnosed glioblastoma: Results of the HGG-2006 phase I/II

trial. Cancer Immunology, Immunotherapy, 61(11), 2033–2044.
Arrieta, V. A., Cacho-Diaz, B., Zhao, J., Rabadan, R., Chen, L., & Sonabend, A. M. (2018).

The possibility of cancer immune editing in gliomas. A critical review. Oncoimmunology,
7(7), e1445458.

Arrieta, V. A., Chen, A. X., Kane, J. R., Kang, S. J., Kassab, C., Dmello, C., et al. (2021).

ERK1/2 phosphorylation predicts survival following anti-PD-1 immunotherapy in recur-

rent glioblastoma. Nature Cancer, 2(12), 1372–1386.
Arrieta, V. A., Dmello, C., McGrail, D. J., Brat, D. J., Lee-Chang, C., Heimberger, A. B., et al.

(2023). Immune checkpoint blockade in glioblastoma: From tumor heterogeneity to

personalized treatment. The Journal of Clinical Investigation, 133(2).
Ashley, D. M., Faiola, B., Nair, S., Hale, L. P., Bigner, D. D., & Gilboa, E. (1997).

Bone marrow-generated dendritic cells pulsed with tumor extracts or tumor RNA induce

antitumor immunity against central nervous system tumors. The Journal of Experimental
Medicine, 186(7), 1177–1182.

Aum, D. J., Kim, D. H., Beaumont, T. L., Leuthardt, E. C., Dunn, G. P., & Kim, A. H. (2014).

Molecular and cellular heterogeneity: The hallmark of glioblastoma. Neurosurgical
Focus, 37(6), E11.

Azimi, F., Scolyer, R. A., Rumcheva, P., Moncrieff, M., Murali, R., McCarthy, S. W., et al.

(2012). Tumor-infiltrating lymphocyte grade is an independent predictor of sentinel lymph

node status and survival in patients with cutaneous melanoma. Journal of Clinical
Oncology, 30(21), 2678–2683.

Bai, Y., Chen, Y., Hong, X., Liu, X., Su, X., Li, S., et al. (2018). Newcastle disease virus en-

hances the growth-inhibiting and proapoptotic effects of temozolomide on glioblastoma

cells in vitro and in vivo. Science Reports, 8(1), 11470.
Banchereau, J., & Steinman, R. M. (1998). Dendritic cells and the control of immunity.

Nature, 392, 245–252.

40 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Batich, K. A., Reap, E. A., Archer, G. E., Sanchez-Perez, L., Nair, S. K., Schmittling, R. J.,

et al. (2017). Long-term survival in glioblastoma with cytomegalovirus pp65-targeted

vaccination. Clinical Cancer Research, 23(8), 1898–1909.
Benitez-Ribas, D., Cabezon, R., Florez-Grau, G., Molero, M. C., Puerta, P., Guillen, A., et al.

(2018). Immune response generated with the administration of autologous dendritic cells

pulsed with an allogenic tumoral cell-lines lysate in patients with newly diagnosed diffuse

intrinsic pontine glioma. Frontiers in Oncology, 8, 127.
Besser, M. J., Shapira-Frommer, R., Itzhaki, O., Treves, A. J., Zippel, D. B., Levy, D., et al.

(2013). Adoptive transfer of tumor-infiltrating lymphocytes in patients with metastatic

melanoma: Intent-to-treat analysis and efficacy after failure to prior immunotherapies.

Clinical Cancer Research, 19(17), 4792–4800.
Bhardwaj, N., Friedlander, P. A., Pavlick, A. C., Ernstoff, M. S., Gastman, B. R., Hanks, B. A.,

et al. (2020). Flt3 ligand augments immune responses to anti-DEC-205-NY-ESO-1

vaccine through expansion of dendritic cell subsets. Nature Cancer, 1(12), 1204–1217.
Bommareddy, P. K., Shettigar, M., & Kaufman, H. L. (2018). Integrating oncolytic viruses in

combination cancer immunotherapy. Nature Reviews. Immunology, 18(8), 498–513.
Bota, D. A., Taylor, T. H., Lomeli, N., Kong, X. T., Fu, B. D., Schonthal, A. H., et al. (2022).

A prospective, cohort study of SITOIGANAP to treat glioblastoma when given in

combination with granulocyte-macrophage colony-stimulating factor/cyclophosphamide/

bevacizumab/nivolumab or granulocyte-macrophage colony-stimulating factor/cyclo-

phosphamide/bevacizumab/pembrolizumab in patients who failed prior treatment with

surgical resection, radiation, and temozolomide. Frontiers in Oncology, 12, 934638.
Bota, D. A., Taylor, T. H., Piccioni, D. E., Duma, C. M., LaRocca, R. V., Kesari, S., et al.

(2022). Phase 2 study of AV-GBM-1 (a tumor-initiating cell targeted dendritic cell

vaccine) in newly diagnosed glioblastoma patients: Safety and efficacy assessment. Jour-
nal of Experimental & Clinical Cancer Research, 41(1), 344.

Bottcher, J. P., & Reis Sousa, C. (2018). The role of type 1 conventional dendritic cells in

cancer immunity. Trends Cancer, 4(11), 784–792.
Bottomley, A. (2002). The cancer patient and quality of life. The Oncologist, 7(2), 120–125.
Bouffet, E., Larouche, V., Campbell, B. B., Merico, D., de Borja, R., Aronson, M., et al.

(2016). Immune checkpoint inhibition for hypermutant glioblastoma multiforme resulting

from germline biallelic mismatch repair deficiency. Journal of Clinical Oncology, 34(19),
2206–2211.

Bower, M., Newlands, E. S., Bleehen, N. M., Brada, M., Begent, R. J., Calvert, H., et al.

(1997). Multicentre CRC phase II trial of temozolomide in recurrent or progressive

high-grade glioma. Cancer Chemotherapy and Pharmacology, 40(6), 484–488.
Branter, J., Basu, S., & Smith, S. (2018). Tumour treating fields in a combinational therapeutic

approach. Oncotarget, 9(93), 36631–36644.
Brestrich, G., Zwinger, S., Fischer, A., Schmuck, M., Rohmhild, A., Hammer, M. H., et al.

(2009). Adoptive T-cell therapy of a lung transplanted patient with severe CMV disease

and resistance to antiviral therapy. American Journal of Transplantation, 9(7), 1679–1684.
Broekman, M. L., Maas, S. L. N., Abels, E. R., Mempel, T. R., Krichevsky, A. M., &

Breakefield, X. O. (2018). Multidimensional communication in the microenvirons of

glioblastoma. Nature Reviews. Neurology, 14(8), 482–495.
Brooks, W. H., Roszman, T. L., Mahaley, M. S., &Woosley, R. E. (1977). Immunobiology of

primary intracranial tumours. II. Analysis of lymphocyte subpopulations in patients with

primary brain tumours. Clinical and Experimental Immunology, 29(1), 61–66.

41References

ARTICLE IN PRESS



Brown, M. C., Holl, E. K., Boczkowski, D., Dobrikova, E., Mosaheb, M., Chandramohan, V.,

et al. (2017). Cancer immunotherapy with recombinant poliovirus induces IFN-dominant

activation of dendritic cells and tumor antigen-specific CTLs. Science Translational
Medicine, 9(408).

Buchroithner, J., Erhart, F., Pichler, J., Widhalm, G., Preusser, M., Stockhammer, G., et al.

(2018). Audencel immunotherapy based on dendritic cells has no effect on overall and

progression-free survival in newly diagnosed glioblastoma: A phase II randomized trial.

Cancers (Basel), 10(10).
Buchroithner, J., Pichler, J., Marosi, C., Widhalm, G., Seiz-Rosenhagen, M., Novosielski, M.,

et al. (2014). Vascular endothelia growth factor targeted therapy may improve the

effect of dendritic cell-based cancer immune therapy. International Journal of Clinical
Pharmacology and Therapeutics, 52(1), 76–77.

Burnet, N. G., Jefferies, S. J., Benson, R. J., Hunt, D. P., & Treasure, F. P. (2005). Years of

life lost (YLL) from cancer is an important measure of population burden—and should be

considered when allocating research funds. British Journal of Cancer, 92(2), 241–245.
Cao, J. X., Zhang, X. Y., Liu, J. L., Li, D., Li, J. L., Liu, Y. S., et al. (2014). Clinical efficacy

of tumor antigen-pulsed DC treatment for high-grade glioma patients: Evidence from a

meta-analysis. PLoS One, 9(9), e107173.
Caruso, D.A., Orme, L.M.,Neale,A.M.,Radcliff, F. J., Amor, G.M.,Maixner,W., et al. (2004).

Results of a phase 1 study utilizingmonocyte-derived dendritic cells pulsedwith tumor RNA

in children and young adults with brain cancer. Neuro-Oncology, 6(3), 236–246.
Casali, P., Licitra, L., Costantini,M., Santoro,A.,Viterbori, P., Bajetta, E., et al. (1997).Quality

of life assessment and clinical decision-making. Annals of Oncology, 8(12), 1207–1211.
Catani, J. P. P., Riechelmann, R. P., Adjemian, S., & Strauss, B. E. (2017). Near future of

tumor immunology: Anticipating resistance mechanisms to immunotherapies, a big

challenge for clinical trials. Human Vaccines & Immunotherapeutics, 13(5), 1109–1111.
Cella, D., Chang, C. H., Lai, J. S., & Webster, K. (2002). Advances in quality of life measure-

ments in oncology patients. Seminars in Oncology, 29(3 Suppl. 8), 60–68.
Centre for Evidence-Based Medicine. (2009). Levels of evidence: Oxford centre for evidence-

based medicine. Available from: https://www.cebm.ox.ac.uk/resources/levels-of-evi

dence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009.

Chakravarti, A., Noll, E., Black, P. M., Finkelstein, D. F., Finkelstein, D. M., Dyson, N. J.,

et al. (2002). Quantitatively determined survivin expression levels are of prognostic value

in human gliomas. Journal of Clinical Oncology, 20(4), 1063–1068.
Chang, C. N., Huang, Y. C., Yang, D. M., Kikuta, K., Wei, K. J., Kubota, T., et al. (2011).

A phase I/II clinical trial investigating the adverse and therapeutic effects of a postoper-

ative autologous dendritic cell tumor vaccine in patients with malignant glioma. Journal of
Clinical Neuroscience, 18(8), 1048–1054.

Chang, E., Patel, C. B., Pohling, C., Young, C., Song, J., Flores, T. A., et al. (2018).

Tumor treating fields increases membrane permeability in glioblastoma cells. Cell Death
Discovery, 4, 113.

Cheever, M. A., Allison, J. P., Ferris, A. S., Finn, O. J., Hastings, B. M., Hecht, T. T., et al.

(2009). The prioritization of cancer antigens: A national cancer institute pilot project for

the acceleration of translational research. Clinical Cancer Research, 15(17), 5323–5337.
Chen, T. C., Fonseca, C. O., & Schonthal, A. H. (2015). Preclinical development and clinical

use of perillyl alcohol for chemoprevention and cancer therapy. American Journal of
Cancer Research, 5(5), 1580–1593.

42 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Chen, D., Le, S. B., Hutchinson, T. E., Calinescu, A. A., Sebastian, M., Jin, D., et al. (2022).

Tumor treating fields dually activate STING andAIM2 inflammasomes to induce adjuvant

immunity in glioblastoma. The Journal of Clinical Investigation, 132(8).
Cho, D. Y., Yang, W. K., Lee, H. C., Hsu, D. M., Lin, H. L., Lin, S. Z., et al. (2012). Adjuvant

immunotherapy with whole-cell lysate dendritic cells vaccine for glioblastoma multi-

forme: A phase II clinical trial. World Neurosurgery, 77(5-6), 736–744.
Chongsathidkiet, P., Jackson, C., Koyama, S., Loebel, F., Cui, X., Farber, S. H., et al. (2018).

Sequestration of T cells in bone marrow in the setting of glioblastoma and other intracra-

nial tumors. Nature Medicine.
Chryplewicz, A., Scotton, J., Tichet, M., Zomer, A., Shchors, K., Joyce, J. A., et al. (2022).

Cancer cell autophagy, reprogrammed macrophages, and remodeled vasculature in glio-

blastoma triggers tumor immunity. Cancer Cell, 40(10), 1111–27 e9.

Cinatl, J., Scholz, M., Kotchetkov, R., Vogel, J. U., & Doerr, H. W. (2004). Molecular mech-

anisms of the modulatory effects of HCMV infection in tumor cell biology. Trends in
Molecular Medicine, 10(1), 19–23.

Clark, W. H., Jr., Elder, D. E., Dt, G., Braitman, L. E., Trock, B. J., Schultz, D., et al. (1989).

Model predicting survival in stage I melanoma based on tumor progression. Journal of the
National Cancer Institute, 81(24), 1893–1904.

Clemente, C. G., Mihm, M. C., Jr., Bufalino, R., Zurrida, S., Collini, P., & Cascinelli, N.

(1996). Prognostic value of tumor infiltrating lymphocytes in the vertical growth phase

of primary cutaneous melanoma. Cancer, 77(7), 1303–1310.
Cobbs, C. S., Harkins, L., Samanta, M., Gillespie, G. Y., Bharara, S., King, P. H., et al. (2002).

Human cytomegalovirus infection and expression in human malignant glioma. Cancer
Research, 62(12), 3347–3350.

Couespel, N., & Price, R. (2020). Strengthening Europe in the fight against cancer—Going

further, faster: European parliament’s committee on the environment. Public Health
and Food Safety. Available from: http://www.europarl.europa.eu/supporting-analyses.

Cozzi, S., Najafi, M., Gomar, M., Ciammella, P., Iotti, C., Iaccarino, C., et al. (2022).

Delayed effect of dendritic cells vaccination on survival in glioblastoma: A systematic

review and meta-analysis. Current Oncology, 29(2), 881–891.
Csatary, L. K., & Bakacs, T. (1999). Use of Newcastle disease virus vaccine (MTH-68/H) in a

patient with high-grade glioblastoma. Journal of the American Medical Association,
281(17), 1588–1589.

Csatary, L. K., Gosztonyi, G., Szeberenyi, J., Fabian, Z., Liszka, V., Bodey, B., et al. (2004).

MTH-68/H oncolytic viral treatment in human high-grade gliomas. Journal of Neuro-
Oncology, 67(1-2), 83–93.

Cuoco, J. A., Rogers, C. M., & Mittal, S. (2021). The oncolytic Newcastle disease virus as

an effective immunotherapeutic strategy against glioblastoma. Neurosurgical Focus,
50(2), E8.

da Fonseca, C. O., Khandelia, H., Salazar, M. D., Schonthal, A. H., Meireles, O. C., & Quirico-

Santos, T. (2016). Perillyl alcohol: Dynamic interactions with the lipid bilayer and impli-

cations for long-term inhalational chemotherapy for gliomas. Surgical Neurology Interna-
tional, 7, 1.

da Fonseca, C. O., Simao, M., Lins, I. R., Caetano, R. O., Futuro, D., & Quirico-Santos, T.

(2011). Efficacy of monoterpene perillyl alcohol upon survival rate of patients with

recurrent glioblastoma. Journal of Cancer Research and Clinical Oncology, 137(2),
287–293.

43References

ARTICLE IN PRESS



DA Fonseca, C. O., Teixeira, R. M., Silva, J. C., Fischer, J. D. E. S. D. A. G., Meirelles, O. C.,

Landeiro, J. A., et al. (2013). Long-term outcome in patients with recurrent

malignant glioma treated with perillyl alcohol inhalation. Anticancer Research, 33(12),
5625–5631.

Daniel, P., Meehan, B., Sabri, S., Jamali, F., Sarkaria, J. N., Choi, D., et al. (2022). Detection

of temozolomide-induced hypermutation and response to PD-1 checkpoint inhibitor in

recurrent glioblastoma. Neurooncology Advances, 4(1), vdac076.
De Vleeschouwer, S., Ardon, H., Van Calenbergh, F., Sciot, R., Wilms, G., Van Loon, J., et al.

(2012). Stratification according to HGG-IMMUNO RPA model predicts outcome in a

large group of patients with relapsed malignant glioma treated by adjuvant postoperative

dendritic cell vaccination. Cancer Immunology, Immunotherapy, 61(11), 2105–2112.
De Vleeschouwer, S., Arredouani, M., Ade, M., Cadot, P., Vermassen, E., Ceuppens, J. L.,

et al. (2005). Uptake and presentation of malignant glioma tumor cell lysates by

monocyte-derived dendritic cells. Cancer Immunology, Immunotherapy, 54, 372–382.
De Vleeschouwer, S., Fieuws, S., Rutkowski, S., Van Calenbergh, F., Van Loon, J., Goffin, J.,

et al. (2008). Postoperative adjuvant dendritic cell-based immunotherapy in patients with

relapsed glioblastoma multiforme. Clinical Cancer Research, 14(10), 3098–3104.
De Vleeschouwer, S., Spencer, L. I., Ceuppens, J. L., & Van Gool, S. W. (2007). Persistent

IL-10 production is required for glioma growth suppressive activity by Th1-directed ef-

fector cells after stimulation with tumor lysate-loaded dendritic cells. Journal of Neuro-
Oncology, 84(2), 131–140.

De Vleeschouwer, S., Van Calenbergh, F., Demaerel, P., Flamen, P., Rutkowski, S.,

Kaempgen, E., et al. (2004). Transient local response and persistent tumor control of

recurrent malignant glioma treated with combination therapy including dendritic cell

therapy. Journal of Neurosurgery. Pediatrics, 100, 492–497.
De Vleeschouwer, S., Van Gool, S. W., & Van Calenbergh, F. (2005). Immunotherapy for

malignant gliomas: Emphasis on strategies of active specific immunotherapy using autol-

ogous dendritic cells. Child’s Nervous System, 21, 7–18.
De Vleeschouwer, S., Zheng, Y., Ad�e, M., Wolff, J. E. A., Ceuppens, J., & Van Gool, S.

(2001). In vitro generation of tumor-specific CTL against glioblastoma tumor cells.

Medical and Pediatric Oncology, 37, 201.
Deaton, A., & Cartwright, N. (2018). Understanding and misunderstanding randomized

controlled trials. Social Science & Medicine, 210, 2–21.
Dejaegher, J., Solie, L., Hunin, Z., Sciot, R., Capper, D., Siewert, C., et al. (2021). Methylation

based glioblastoma subclassification is related to tumoral T cell infiltration and survival.

Neuro-Oncology, 23(2), 240–250.
Del Bene, M., Osti, D., Faletti, S., Beznoussenko, G. V., DiMeco, F., & Pelicci, G. (2022).

Extracellular vesicles: The key for precision medicine in glioblastoma. Neuro-Oncology,
24(2), 184–196.

Dirkse, A., Golebiewska, A., Buder, T., Nazarov, P. V., Muller, A., Poovathingal, S., et al.

(2019). Stem cell-associated heterogeneity in glioblastoma results from intrinsic tumor

plasticity shaped by the microenvironment. Nature Communications, 10(1), 1787.
Domenis, R., Cesselli, D., Toffoletto, B., Bourkoula, E., Caponnetto, F., Manini, I., et al.

(2017). Systemic T cells immunosuppression of glioma stem cell-derived exosomes is

mediated by monocytic myeloid-derived suppressor cells. PLoS One, 12(1), e0169932.
Domschke, C., Ge, Y., Bernhardt, I., Schott, S., Keim, S., Juenger, S., et al. (2013). Long-term

survival after adoptive bone marrow T cell therapy of advanced metastasized breast

cancer: Follow-up analysis of a clinical pilot trial. Cancer Immunology, Immunotherapy,
62(6), 1053–1060.

44 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Donnelly, O. G., Errington-Mais, F., Steele, L., Hadac, E., Jennings, V., Scott, K., et al. (2013).

Measles virus causes immunogenic cell death in human melanoma. Gene Therapy, 20(1),
7–15.

Dudley, M. E., Yang, J. C., Sherry, R., Hughes, M. S., Royal, R., Kammula, U., et al. (2008).

Adoptive cell therapy for patients with metastatic melanoma: Evaluation of intensive mye-

loablative chemoradiation preparative regimens. Journal of Clinical Oncology, 26(32),
5233–5239.

Duinkerken, S., van Kooyk, Y., & Garcia-Vallejo, J. J. (2016). Human cytomegalovirus-based

immunotherapy to treat glioblastoma: Into the future. Oncoimmunology, 5(9), e1214791.
Dunn, G. P., Bruce, A. T., Ikeda, H., Old, L. J., & Schreiber, R. D. (2002). Cancer immunoe-

diting: From immunosurveillance to tumor escape. Nature Immunology, 3(11), 991–998.
Dunn, G. P., Dunn, I. F., & Curry, W. T. (2007). Focus on TILs: Prognostic significance of

tumor infiltrating lymphocytes in human glioma. Cancer Immunity, 7, 12.
Dunn, G. P., Fecci, P. E., & Curry, W. T. (2012). Cancer immunoediting in malignant glioma.

Neurosurgery, 71(2), 201–222.
Dutoit, V., Migliorini, D., Ranzanici, G., Marinari, E., Widmer, V., Lobrinus, J. A., et al.

(2018). Antigenic expression and spontaneous immune responses support the use of a se-

lected peptide set from the IMA950 glioblastoma vaccine for immunotherapy of grade II

and III glioma. Oncoimmunology, 7(2), e1391972.
Dutoit, V., Philippin, G., Widmer, V., Marinari, E., Vuilleumier, A., Migliorini, D., et al.

(2020). Impact of radiochemotherapy on immune cell subtypes in high-grade glioma

patients. Frontiers in Oncology, 10, 89.
Eagles, M. E., Nassiri, F., Badhiwala, J. H., Suppiah, S., Almenawer, S. A., Zadeh, G., et al.

(2018). Dendritic cell vaccines for high-grade gliomas. Therapeutics and Clinical Risk
Management, 14, 1299–1313.

Einsele, H., Kapp, M., & Grigoleit, G. U. (2008). CMV-specific T cell therapy. Blood Cells,
Molecules & Diseases, 40(1), 71–75.

Elens, I., De Vleeschouwer, S., Pauwels, F., & Van Gool, S. W. (2012). Resection and immu-

notherapy for recurrent grade III glioma. ISRN Immunology, 2012, 1–9.
Ellis, L. M., Bernstein, D. S., Voest, E. E., Berlin, J. D., Sargent, D., Cortazar, P., et al. (2014).

American society of clinical oncology perspective: Raising the bar for clinical trials by

defining clinically meaningful outcomes. Journal of Clinical Oncology, 32(12),
1277–1280.

Erhart, F., Buchroithner, J., Reitermaier, R., Fischhuber, K., Klingenbrunner, S., Sloma, I.,

et al. (2018). Immunological analysis of phase II glioblastoma dendritic cell vaccine

(Audencel) trial: Immune system characteristics influence outcome and Audencel

up-regulates Th1-related immunovariables. Acta Neuropathologica Communications,
6(1), 135.

EUnetHTA JA2 Authoring Team. (2015). Levels of evidence—Applicability of evidence for
the context of a relative effectiveness assessment. Guidance Document. Diemen (NED).

Available from: https://www.eunethta.eu/.

EUnetHTA. (2013).Guideline: Endpoints used for relative effectiveness assessment—Health-
related quality of life and utility measures. Eurpean network for Health Technology

Assessment. Available from: https://www.eunethta.eu/wp-content/uploads/2018/01/End

points-used-for-Relative-Effectiveness-Assessment-Health-related-quality-of-life-and-

utility-measures_Amended-JA1-Guideline_Final-Nov-2015.pdf.

Exley, M. A., Garcia, S., Zellander, A., Zilberberg, J., & Andrews, D. W. (2022). Challenges

and opportunities for immunotherapeutic intervention against myeloid immunosuppres-

sion in glioblastoma. Journal of Clinical Medicine, 11(4).

45References

ARTICLE IN PRESS



Eyrich, M., Schreiber, S. C., Rachor, J., Krauss, J., Pauwels, F., Hain, J., et al. (2014).

Development and validation of a fully GMP-compliant production process of autologous,

tumor-lysate-pulsed dendritic cells. Cytotherapy, 16(7), 946–964.
Fadul, C. E., Fisher, J. L., Gui, J., Hampton, T. H., Cote, A. L., & Ernstoff, M. S. (2011).

Immune modulation effects of concomitant temozolomide and radiation therapy on

peripheral blood mononuclear cells in patients with glioblastoma multiforme. Neuro-
Oncology, 13(4), 393–400.

Fadul, C. E., Fisher, J. L., Hampton, T. H., Lallana, E. C., Li, Z., Gui, J., et al. (2011).

Immune response in patients with newly diagnosed glioblastoma multiforme treated with

intranodal autologous tumor lysate-dendritic cell vaccination after radiation chemother-

apy. Journal of Immunotherapy, 34(4), 382–389.
Ferlay, J., Ervik, M., Lam, F., Colombet, M., Mery, L., & Pineros, M. (2021). Global cancer

observatory: cancer today. Lyon: International Agency for Research on Cancer. [Avail-

able from: https://gco.iarc.fr/today.

Ferreira, N. N., de Oliveira, J. E., Granja, S., Boni, F. I., Ferreira, L. M. B., Cury, B. S. F., et al.

(2021). Nose-to-brain co-delivery of drugs for glioblastoma treatment using nanostruc-

tured system. International Journal of Pharmaceutics, 603, 120714.
Feuerer, M., Beckhove, P., Bai, L., Solomayer, E. F., Bastert, G., Diel, I. J., et al. (2001).

Therapy of human tumors in NOD/SCID mice with patient-derived reactivated memory

T cells from bone marrow. Nature Medicine, 7, 452–458.
Feuerer, M., Beckhove, P., Garbi, N., Mahnke, Y., Limmer, A., Hommel, M., et al. (2003).

Bone marrow as a priming site for T-cell responses to blood-borne antigen. Nature
Medicine, 9(9), 1151–1157.

Figdor, C. G., De Vries, I. J. M., Lesterhuis, W. J., & Melief, C. J. (2004). Dendritic cell

immunotherapy: Mapping the way. Nature Medicine, 10, 475–480.
Fiorentini, G., Giovanis, P., Rossi, S., Dentico, P., Paola, R., Turrisi, G., et al. (2006). A phase

II clinical study on relapsed malignant gliomas treated with electro-hyperthermia. In Vivo,
20(6A), 721–724.

Fiorentini, G., Sarti, D., Milandri, C., Dentico, P., Mambrini, A., Fiorentini, C., et al. (2018).

Modulated electrohyperthermia in integrative cancer treatment for relapsed malignant

glioblastoma and astrocytoma: Retrospective multicenter controlled study. Integrative
Cancer Therapies, 18. 1534735418812691.

Fong, B., Jin, R., Wang, X., Safaee, M., Lisiero, D. N., Yang, I., et al. (2012). Monitoring of

regulatory T cell frequencies and expression of CTLA-4 on T cells, before and after DC

vaccination, can predict survival in GBM patients. PLoS One, 7(4), e32614.
Food and Drug Administration. (2017). Use of real-world evidence to support regulatory

decision-making for medical devices. Guidance Document: FDA. Available from:

http://www.fda.gov/BiologicsBloodVaccines/

GuidanceComplianceRegulatoryInformation/Guidances/default.htm.

Fournier, P., Arnold, A., & Schirrmacher, V. (2009). Polarization of human monocyte-derived

dendritic cells to DC1 by in vitro stimulation with Newcastle Disease Virus. Journal of
BUON, 14(Suppl. 1), S111–S122.

Fournier, P., Arnold, A., Wilden, H., & Schirrmacher, V. (2012). Newcastle disease virus in-

duces pro-inflammatory conditions and type I interferon for counter-acting Treg activity.

International Journal of Oncology, 40(3), 840–850.
Fournier, P., Wilden, H., & Schirrmacher, V. (2012). Importance of retinoic acid-inducible

gene I and of receptor for type I interferon for cellular resistance to infection by Newcastle

disease virus. International Journal of Oncology, 40(1), 287–298.

46 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Fowler, D. W., Copier, J., Dalgleish, A. G., & Bodman-Smith, M. D. (2014). Zoledronic acid

causes gammadelta T cells to target monocytes and down-modulate inflammatory homing.

Immunology, 143(4), 539–549.
Freeman, A. I., Zakay-Rones, Z., Gomori, J. M., Linetsky, E., Rasooly, L., Greenbaum, E.,

et al. (2006). Phase I/II trial of intravenous NDV-HUJ oncolytic virus in recurrent glioblas-

toma multiforme. Molecular Therapy, 13(1), 221–228.
Galluzzi, L., Vitale, I., Aaronson, S. A., Abrams, J. M., Adam, D., Agostinis, P., et al. (2018).

Molecular mechanisms of cell death: Recommendations of the Nomenclature Committee

on Cell Death 2018. Cell Death and Differentiation.
Galluzzi, L., Vitale, I., Warren, S., Adjemian, S., Agostinis, P., Martinez, A. B., et al. (2020).

Consensus guidelines for the definition, detection and interpretation of immunogenic cell

death. Journal for Immunotherapy of Cancer, 8(1).
Garg, A. D., Vandenberk, L., Koks, C., Verschuere, T., Boon, L., Van Gool, S. W., et al.

(2016). Dendritic cell vaccines based on immunogenic cell death elicit danger signals

and T cell-driven rejection of high-grade glioma. Science Translational Medicine,
8(328), 328ra27.

Ghazi, A., Ashoori, A., Hanley, P. J., Brawley, V. S., Shaffer, D. R., Kew, Y., et al. (2012).

Generation of polyclonal CMV-specific T cells for the adoptive immunotherapy of glio-

blastoma. Journal of Immunotherapy, 35(2), 159–168.
Gilbert, M. R., Dignam, J. J., Armstrong, T. S., Wefel, J. S., Blumenthal, D. T.,

Vogelbaum, M. A., et al. (2014). A randomized trial of bevacizumab for newly diagnosed

glioblastoma. The New England Journal of Medicine, 370(8), 699–708.
Gilbert, M. R., Wang, M., Aldape, K. D., Stupp, R., Hegi, M. E., Jaeckle, K. A., et al. (2013).

Dose-dense temozolomide for newly diagnosed glioblastoma: A randomized phase III

clinical trial. Journal of Clinical Oncology, 31(32), 4085–4091.
Giusti, I., Di Francesco, M., & Dolo, V. (2017). Extracellular vesicles in glioblastoma: Role in

biological processes and in therapeutic applications. Current Cancer Drug Targets, 17(3),
221–235.

Golden, E. B., Frances, D., Pellicciotta, I., Demaria, S., Helen Barcellos-Hoff, M., &

Formenti, S. C. (2014). Radiation fosters dose-dependent and chemotherapy-induced im-

munogenic cell death. Oncoimmunology, 3, e28518.
Goldlust, A., Su, T. Z., Welty, D. F., Taylor, C. P., & Oxender, D. L. (1995). Effects of an-

ticonvulsant drug gabapentin on the enzymes in metabolic pathways of glutamate and

GABA. Epilepsy Research, 22(1), 1–11.
Goldwater. (2014). The right to try. Available from: https://www.goldwaterinstitute.org/

right-try/.

Gooden, M. J., de Bock, G. H., Leffers, N., Daemen, T., & Nijman, H. W. (2011). The prog-

nostic influence of tumour-infiltrating lymphocytes in cancer: A systematic review with

meta-analysis. British Journal of Cancer, 105(1), 93–103.
Hack, S. P., Zhu, A. X., & Wang, Y. (2020). Augmenting anticancer immunity through com-

bined targeting of angiogenic and PD-1/PD-L1 pathways: Challenges and opportunities.

Frontiers in Immunology, 11, 598877.
Halatsch, M. E., Kast, R. E., Karpel-Massler, G., Mayer, B., Zolk, O., Schmitz, B., et al.

(2021). A phase Ib/IIa trial of 9 repurposed drugs combined with temozolomide for

the treatment of recurrent glioblastoma: CUSP9v3. Neurooncology Advances, 3(1),
vdab075.

Han, M. H., & Kim, C. H. (2022). Current immunotherapeutic approaches for malignant

gliomas. Brain Tumor Research Treatment, 10(1), 1–11.

47References

ARTICLE IN PRESS



Hardell, L., Carlberg, M., & Hansson, M. K. (2013). Use of mobile phones and cordless

phones is associated with increased risk for glioma and acoustic neuroma. Pathophysiol-
ogy, 20(2), 85–110.

Hashiba, T., Izumoto, S., Kagawa, N., Suzuki, T., Hashimoto, N., Maruno, M., et al. (2007).

Expression of WT1 protein and correlation with cellular proliferation in glial tumors.

Neurologia Medico-Chirurgica (Tokyo), 47(4), 165–170. discussion 70.

Haslam, A., Herrera-Perez, D., Gill, J., & Prasad, V. (2020). Patient experience captured by

quality-of-life measurement in oncology clinical trials. JAMA Network Open, 3(3),
e200363.

Hasselbalch, B., Lassen, U., Hansen, S., Holmberg, M., Sorensen, M., Kosteljanetz, M., et al.

(2010). Cetuximab, bevacizumab, and irinotecan for patients with primary glioblastoma

and progression after radiation therapy and temozolomide: A phase II trial. Neuro-
Oncology, 12(5), 508–516.

Hegi, M. E., Diserens, A. C., Gorlia, T., Hamou, M. F., de Tribolet, N., Weller, M., et al.

(2005). MGMT gene silencing and benefit from temozolomide in glioblastoma. The
New England Journal of Medicine, 352(10), 997–1003.

Hegyi, G., Szigeti, G. P., & Szasz, A. (2013). Hyperthermia versus oncothermia: Cellular

effects in complementary cancer therapy. Evidence-based Complementary and Alternative
Medicine, 2013, 672873.

Heimberger, A. B., Crotty, L. E., Archer, G. E., McLendon, R. E., Friedman, A., Dranoff, G.,

et al. (2000). Bone marrow-derived dendritic cells pulsed with tumor homogenate induce

immunity against syngeneic intracerebral glioma. Journal of Neuroimmunology, 103,
16–25.

Hendrix, A. (2021). The nature of blood(y) extracellular vesicles. Nature Reviews. Molecular
Cell Biology, 22(4), 243.

Heugenhauser, J., Galijasevic, M.,Mangesius, S., Goebel, G., Buchroithner, J., Erhart, F., et al.

(2022). MRI response assessment in glioblastoma patients treated with dendritic-cell-

based immunotherapy. Cancers (Basel), 14(6).
Himes, B. T., Geiger, P. A., Ayasoufi, K., Bhargav, A. G., Brown, D. A., & Parney, I. F.

(2021). Immunosuppression in glioblastoma: Current understanding and therapeutic

implications. Frontiers in Oncology, 11, 770561.
Himes, B. T., Peterson, T. E., de Mooij, T., Garcia, L. M. C., Jung, M. Y., Uhm, S., et al.

(2020). The role of extracellular vesicles and PD-L1 in glioblastoma-mediated immuno-

suppressive monocyte induction. Neuro-Oncology, 22(7), 967–978.
Hirschberger, S., Strauss, G., Effinger, D., Marstaller, X., Ferstl, A., Muller, M. B., et al.

(2021). Very-low-carbohydrate diet enhances human T-cell immunity through immuno-

metabolic reprogramming. EMBO Molecular Medicine, 13(8), e14323.
Holtl, L., Rieser, C., Papesh, C., Ramoner, R., Herold, M., Klocker, H., et al. (1999). Cellular

and humoral immune responses in patients with metastatic renal cell carcinoma after

vaccination with antigen pulsed dendritic cells. The Journal of Urology, 161(3), 777–782.
Hsu, F. J., Benike, C., Fagnoni, F., Liles, T. M., Czerwinski, D., Taidi, B., et al. (1996).

Vaccination of patients with B-cell lymphoma using autologous antigen-pulsed dendritic

cells. Nature Medicine, 2, 52–58.
Hu, J. L., Omofoye, O. A., Rudnick, J. D., Kim, S., Tighiouart, M., Phuphanich, S., et al.

(2022). A phase I study of autologous dendritic cell vaccine pulsed with allogeneic

stem-like cell line lysate in patients with newly diagnosed or recurrent glioblastoma.

Clinical Cancer Research, 28(4), 689–696.

48 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Huang, F., Dai, C., Zhang, Y., Zhao, Y., Wang, Y., & Ru, G. (2022). Development of molec-

ular mechanisms and their application on oncolytic newcastle disease virus in cancer

therapy. Frontiers in Molecular Biosciences, 9, 889403.
Huber, F. (2014). Individueller Heilversuch und klinisches Experiment [Inaugural-

Dissertation zur Erlanung des Grades eines Doktors der Rechte der Juristischen Fakult€at
der Universtit€at Augsburg]: Universit€at Augsburg.

Hunn, M. K., Bauer, E., Wood, C. E., Gasser, O., Dzhelali, M., Ancelet, L. R., et al. (2015).

Dendritic cell vaccination combined with temozolomide retreatment: Results of a phase

I trial in patients with recurrent glioblastoma multiforme. Journal of Neuro-Oncology,
121(2), 319–329.

Iannone, P., Montano, N., Minardi, M., Doyle, J., Cavagnaro, P., & Cartabellotta, A.

(2017). Wrong guidelines: Why and how often they occur. Evidence-Based Medicine,
22(1), 1–3.

Inoges, S., Tejada, S., de Cerio, A. L., Gallego Perez-Larraya, J., Espinos, J., Idoate, M. A.,

et al. (2017). A phase II trial of autologous dendritic cell vaccination and radio-

chemotherapy following fluorescence-guided surgery in newly diagnosed glioblastoma

patients. Journal of Translational Medicine, 15(1), 104.
InSug, O., Blaszczyk-Thurin, M., Shen, C. T., & Ertl, H. C. (2003). A DNA vaccine expressing

tyrosinase-related protein-2 induces T-cell-mediated protection against mouse glioblas-

toma. Cancer Gene Therapy, 10(9), 678–688.
Ismail, R. K. (2022). Real-World Data in cancer treatment. Bridging the gap between trials

and clinical practice [PhD]. Utrecht: University of Utrecht.

Iwami, K., Shimato, S., Ohno, M., Okada, H., Nakahara, N., Sato, Y., et al. (2012).

Peptide-pulsed dendritic cell vaccination targeting interleukin-13 receptor alpha2 chain

in recurrent malignant glioma patients with HLA-A*24/A*02 allele. Cytotherapy.
Izycka-Swieszewska, E., Bien, E., Stefanowicz, J., Szurowska, E., Szutowicz-Zielinska, E.,

Koczkowska, M., et al. (2018). Malignant gliomas as second neoplasms in pediatric

cancer survivors: Neuropathological study. BioMed Research International, 2018,
4596812.

Jain, K. K. (2018). A critical overview of targeted therapies for glioblastoma. Frontiers in
Oncology, 8, 419.

Jan, C. I., Tsai, W. C., Harn, H. J., Shyu, W. C., Liu, M. C., Lu, H. M., et al. (2018). Predictors

of response to autologous dendritic cell therapy in glioblastoma multiforme. Frontiers in
Immunology, 9, 727.

Jie, X., Hua, L., Jiang, W., Feng, F., Feng, G., & Hua, Z. (2012). Clinical application of a

dendritic cell vaccine raised against heat-shocked glioblastoma. Cell Biochemistry and
Biophysics, 62(1), 91–99.

Jin, S., Pazdur, R., & Sridhara, R. (2017). Re-evaluating eligibility criteria for oncology clin-

ical trials: Analysis of investigational new drug applications in 2015. Journal of Clinical
Oncology, 35(33), 3745–3752.

Johnsen, J. I., Baryawno, N., & Soderberg-Naucler, C. (2011). Is human cytomegalovirus a

target in cancer therapy? Oncotarget, 2(12), 1329–1338.
Johnson, A. L., Laterra, J., & Lopez-Bertoni, H. (2022). Exploring glioblastoma stem cell

heterogeneity: Immune microenvironment modulation and therapeutic opportunities.

Frontiers in Oncology, 12, 995498.
Jones, D. S., & Podolsky, S. H. (2015). The history and fate of the gold standard. Lancet,

385(9977), 1502–1503.

49References

ARTICLE IN PRESS



Jurj, A., Pop-Bica, C., Slaby, O., Stefan, C. D., William, C. C., Korban, S. S., et al. (2020). tiny

actors in the big cellular world: Extracellular vesicles playing critical roles in cancer. In-
ternational Journal of Molecular Sciences, 21(20).

Kawai, O., Ishii, G., Kubota, K., Murata, Y., Naito, Y., Mizuno, T., et al. (2008). Predominant

infiltration of macrophages and CD8(+) T cells in cancer nests is a significant predictor of

survival in stage IV nonsmall cell lung cancer. Cancer, 113(6), 1387–1395.
Keough, M. B., & Monje, M. (2022). Neural signaling in cancer. Annual Review of Neurosci-

ence, 45, 199–221.
Keskin, D. B., Anandappa, A. J., Sun, J., Tirosh, I., Mathewson, N. D., Li, S., et al. (2019).

Neoantigen vaccine generates intratumoral T cell responses in phase Ib glioblastoma trial.

Nature, 565(7738), 234–239.
Khan, J. A., & Yaqin, S. (2006). Dendritic cell therapy with improved outcome in glioma

multiforme—A case report. Journal of Zhejiang University. Science. B, 7(2), 114–117.
Kikuchi, T., Akasaki, Y., Abe, T., Fukuda, T., Saotome, H., Ryan, J. L., et al. (2004). Vacci-

nation of glioma patients with fusions of dendritic and glioma cells and recombinant

human interleukin 12. Journal of Immunotherapy, 27(6), 452–459.
Kikuchi, T., Akasaki, Y., Irie, M., Homma, S., Abe, T., & Ohno, T. (2001). Results of a phase

I clinical trial of vaccination of glioma patients with fusions of dendritic and glioma cells.

Cancer Immunology, Immunotherapy, 50(7), 337–344.
Kirson, E. D., Dbaly, V., Tovarys, F., Vymazal, J., Soustiel, J. F., Itzhaki, A., et al. (2007).

Alternating electric fields arrest cell proliferation in animal tumor models and human brain

tumors. Proceedings of the National Academy of Sciences of the United States of America,
104(24), 10152–10157.

Kleihues, P., Louis, D. N., Scheithauer, B. W., Rorke, L. B., Reifenberger, G., Burger, P. C.,

et al. (2002). The WHO classification of tumors of the nervous system. Journal of
Neuropathology and Experimental Neurology, 61(3), 215–225.

Klyushnenkova, E. N., Kouiavskaia, D. V., Parkins, C. J., Caposio, P., Botto, S.,

Alexander, R. B., et al. (2012). A cytomegalovirus-based vaccine expressing a single

tumor-specific CD8+ T-cell epitope delays tumor growth in a murine model of prostate

cancer. Journal of Immunotherapy, 35(5), 390–399.
Koks, C. A. E., Garg, A. D., Ehrhardt, M., Riva, M., De Vleeschouwer, S., Agostinis, P., et al.

(2014). Newcastle disease virotherapy induces long-term survival and tumor-specific

immune memory in orthotopic glioma through the induction of immunogenic cell death.

International Journal of Cancer, 136(5), e313–e325.
Korman, A. J., Garrett-Thomson, S. C., & Lonberg, N. (2021). The foundations of immune

checkpoint blockade and the ipilimumab approval decennial. Nature Reviews. Drug
Discovery.

Kreatsoulas, D., Bolyard, C., Wu, B. X., Cam, H., Giglio, P., & Li, Z. (2022). Translational

landscape of glioblastoma immunotherapy for physicians: guiding clinical practice with

basic scientific evidence. Journal of Hematology & Oncology, 15(1), 80.
Kulason, K. O., Schneider, J. R., Chakraborty, S., Filippi, C. G., Pramanik, B., Wong, T., et al.

(2018). Superselective intraarterial cerebral infusion of cetuximab with blood brain barrier

disruption combined with Stupp protocol for newly diagnosed glioblastoma. Journal of
Experimental Therapeutics & Oncology, 12(3), 223–229.

Kyr, M., Klement, G. L., Zdrazilova-Dubska, L., Demlova, R., Valik, D., Slaby, O., et al.

(2020). Editorial: Precision/personalized pediatric oncology and immune therapies:

Rather customize than randomize. Frontiers in Oncology, 10, 377.

50 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Kyr, M., Svobodnik, A., Stepanova, R., & Hejnova, R. (2021). N-of-1 trials in pediatric on-

cology: From a population-based approach to personalized medicine—A review. Cancers
(Basel), 13(21).

Ladomersky, E., Scholtens, D. M., Kocherginsky, M., Hibler, E. A., Bartom, E. T., Otto-

Meyer, S., et al. (2019). The coincidence between increasing age, immunosuppression,

and the incidence of patients with glioblastoma. Frontiers in Pharmacology, 10, 200.
Lasky, J. L., III, Panosyan, E. H., Plant, A., Davidson, T., Yong, W. H., Prins, R. M., et al.

(2013). Autologous tumor lysate-pulsed dendritic cell immunotherapy for pediatric

patients with newly diagnosed or recurrent high-grade gliomas. Anticancer Research,
33(5), 2047–2056.

Lawler, M., Davies, L., Oberst, S., Oliver, K., Eggermont, A., Schmutz, A., et al. (2022). Eu-

ropean groundshot-addressing Europe’s cancer research challenges: A lancet oncology

commission. The Lancet Oncology.
Le, D. T., & Jaffee, E. M. (2012). Regulatory T-cell modulation using cyclophosphamide in

vaccine approaches: A current perspective. Cancer Research, 72(14), 3439–3444.
Lee, S., Son, B., Park, G., Kim, H., Kang, H., Jeon, J., et al. (2018). Immunogenic effect of

hyperthermia on enhancing radiotherapeutic efficacy. International Journal of Molecular
Sciences, 19(9).

Lener, T., Gimona, M., Aigner, L., Borger, V., Buzas, E., Camussi, G., et al. (2015). Applying

extracellular vesicles based therapeutics in clinical trials—An ISEV position paper. Jour-
nal of Extracellular Vesicles, 4, 30087.

Leplina, O. Y., Stupak, V. V., Kozlov, Y. P., Pendyurin, I. V., Nikonov, S. D.,

Tikhonova, M. A., et al. (2007). Use of interferon-alpha-induced dendritic cells in the

therapy of patients with malignant brain gliomas. Bulletin of Experimental Biology and
Medicine, 143(4), 528–534.

Li, M., Song, X., Zhu, J., Fu, A., Li, J., & Chen, T. (2017). The interventional effect of

new drugs combined with the Stupp protocol on glioblastoma: A network meta-analysis.

Clinical Neurology and Neurosurgery, 159, 6–12.
Li, H., Xiao, Y., Li, Q., Yao, J., Yuan, X., Zhang, Y., et al. (2022). The allergy mediator

histamine confers resistance to immunotherapy in cancer patients via activation of the

macrophage histamine receptor H1. Cancer Cell, 40(1), 36–52 e9.

Liau, L. M., Ashkan, K., Brem, S., Campian, J. L., Trusheim, J. E., Iwamoto, F. M., et al.

(2023). Association of autologous tumor lysate-loaded dendritic cell vaccination

with extension of survival among patients with newly diagnosed and recurrent glioblas-

toma: A phase 3 prospective externally controlled cohort trial. JAMA Oncology, 9(1),
112–121.

Liau, L. M., Ashkan, K., Tran, D. D., Campian, J. L., Trusheim, J. E., Cobbs, C. S., et al.

(2018). First results on survival from a large Phase 3 clinical trial of an autologous den-

dritic cell vaccine in newly diagnosed glioblastoma. Journal of Translational Medicine,
16(1), 142.

Liau, L. M., Black, K. L., Martin, N. A., Sykes, S. N., Bronstein, J. M., Jouben-Steele, L., et al.

(2000). Treatment of a glioblastoma patient by vaccination with autologous dendritic cells

pulsed with allogeneic major histocompatibility complex class I-matched tumor peptides:

Case report. Neurosurgical Focus, 9. on line.

Liau, L. M., Black, K. L., Prins, R. M., Sykes, S. N., DiPatre, P. L., Cloughesy, T. F., et al.

(1999). Treatment of intracranial gliomas with bone marrow-derived dendritic cells pulsed

with tumor antigens. Journal of Neurosurgery, 90, 1115–1124.

51References

ARTICLE IN PRESS



Liau, L. M., Prins, R. M., Kiertscher, S. M., Odesa, S. K., Kremen, T. J., Giovannone, A. J.,

et al. (2005). Dendritic cell vaccination in glioblastoma patients induces systemic and

intracranial T-cell responses modulated by the local central nervous system tumor micro-

environment. Clinical Cancer Research, 11(15), 5515–5525.
Liikanen, I., Ahtiainen, L., Hirvinen, M. L., Bramante, S., Cerullo, V., Nokisalmi, P., et al.

(2013). Oncolytic adenovirus with temozolomide induces autophagy and antitumor

immune responses in cancer patients. Molecular Therapy, 21(6), 1212–1223.
Lissoni, P., Messina, G., Lissoni, A., & Franco, R. (2017). The psychoneuroendocrine-

immunotherapy of cancer: Historical evolution and clinical results. Journal of Research
in Medical Sciences: The Official Journal of Isfahan University of Medical Sciences,
22, 45.

Liu, P., Zhao, L., Pol, J., Levesque, S., Petrazzuolo, A., Pfirschke, C., et al. (2019). Crizotinib-

induced immunogenic cell death in non-small cell lung cancer. Nature Communications,
10(1), 1486.

Lo Presti, E., Pizzolato, G., Gulotta, E., Cocorullo, G., Gulotta, G., Dieli, F., et al. (2017).

Current advances in gammadelta T cell-based tumor immunotherapy. Frontiers in Immu-
nology, 8, 1401.

Lombard, A., Digregorio, M., Delcamp, C., Rogister, B., Piette, C., & Coppieters, N. (2020).

The subventricular zone, a hideout for adult and pediatric high-grade glioma stem cells.

Frontiers in Oncology, 10, 614930.
Louis, D. N., Ohgaki, H., Wiestler, O. D., Cavenee, W. K., Burger, P. C., Jouvet, A., et al.

(2007). The 2007 WHO classification of tumours of the central nervous system. Acta
Neuropathologica, 114(2), 97–109.

Louis, D. N., Perry, A., Reifenberger, G., von Deimling, A., Figarella-Branger, D.,

Cavenee, W. K., et al. (2016). The 2016 World Health Organization classification of

tumors of the central nervous system:A summary.Acta Neuropathologica, 131(6), 803–820.
Louis, D. N., Perry, A., Wesseling, P., Brat, D. J., Cree, I. A., Figarella-Branger, D., et al.

(2021). The 2021 WHO classification of tumors of the central nervous system:

A summary. Neuro-Oncology.
Louveau, A., Smirnov, I., Keyes, T. J., Eccles, J. D., Rouhani, S. J., Peske, J. D., et al. (2015).

Structural and functional features of central nervous system lymphatic vessels. Nature,
523(7560), 337–341.

Lv, L., Huang, J., Xi, H., & Zhou, X. (2020). Efficacy and safety of dendritic cell vaccines for

patients with glioblastoma: A meta-analysis of randomized controlled trials. International
Immunopharmacology, 83, 106336.

Mackinnon, S., Thomson, K., Verfuerth, S., Peggs, K., & Lowdell, M. (2008). Adoptive

cellular therapy for cytomegalovirus infection following allogeneic stem cell transplanta-

tion using virus-specific T cells. Blood Cells, Molecules & Diseases, 40(1), 63–67.
Marshall, J. (2006). The standard of care in oncology is unacceptable. Oncology (Williston

Park, N.Y.), 20(7), 806.
Masic, I., Miokovic, M., & Muhamedagic, B. (2008). Evidence based medicine—New

approaches and challenges. Acta Information Medicine, 16(4), 219–225.
Maugeri-Sacca, M., Di Martino, S., & De Maria, R. (2013). Biological and clinical implica-

tions of cancer stem cells in primary brain tumors. Frontiers in Oncology, 3, 6.
Meng, Q., He, J., Zhong, L., & Zhao, Y. (2021). Advances in the study of antitumour immu-

notherapy for Newcastle disease virus. International Journal of Medical Sciences, 18(11),
2294–2302.

52 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Michaelis, M., Baumgarten, P., Mittelbronn, M., Driever, P. H., Doerr, H. W., & Cinatl, J., Jr.

(2011). Oncomodulation by human cytomegalovirus: Novel clinical findings open new

roads. Medical Microbiology and Immunology, 200(1), 1–5.
Minnaar, C. A., Kotzen, J. A., Ayeni, O. A., Vangu, M. D., & Baeyens, A. (2020). Potentiation

of the abscopal effect by modulated electro-hyperthermia in locally advanced cervical

cancer patients. Frontiers in Oncology, 10, 376.
Minnaar, C. A., & Szasz, A. (2022). Forcing the antitumor effects of HSPs using a modulated

electric field. Cell, 11(11).
Mitchell, D. A., Batich, K. A., Gunn,M. D., Huang,M. N., Sanchez-Perez, L., Nair, S. K., et al.

(2015). Tetanus toxoid and CCL3 improve dendritic cell vaccines in mice and glioblas-

toma patients. Nature, 519(7543), 366–369.
Mooney, K., Berry, D. L., Whisenant, M., & Sjoberg, D. (2017). Improving cancer care

through the patient experience: How to use patient-reported outcomes in clinical practice.

American Society of Clinical Oncology Educational Book, 37, 695–704.
Moore, P. S., & Chang, Y. (2010). Why do viruses cause cancer? Highlights of the first century

of human tumour virology. Nature Reviews. Cancer, 10(12), 878–889.
Mukherjee, S., Baidoo, J., Fried, A., Atwi, D., Dolai, S., Boockvar, J., et al. (2016). Curcumin

changes the polarity of tumor-associated microglia and eliminates glioblastoma. Interna-
tional Journal of Cancer.

Muller, K., Henke, G., Pietschmann, S., van Gool, S., De Vleeschouwer, S., von Bueren, A. O.,

et al. (2015). Re-irradiation or re-operation followed by dendritic cell vaccination? Com-

parison of two different salvage strategies for relapsed high-grade gliomas by means of a

new prognostic model. Journal of Neuro-Oncology, 124(2), 325–332.
Murphy, G., Tjoa, B., Ragde, H., Kenny, G., & Boynton, A. (1996). A phase I clinical

trial: T-cell therapy for prostate cancer using autologous dendritic cells pulsed with

HLA-A0201-specific peptides from prostate-specific membrane antigen. The Prostate,
29, 371–380.

Nakano, O., Sato, M., Naito, Y., Suzuki, K., Orikasa, S., Aizawa, M., et al. (2001).

Proliferative activity of intratumoral CD8(+) T-lymphocytes as a prognostic factor in

human renal cell carcinoma: Clinicopathologic demonstration of antitumor immunity.

Cancer Research, 61(13), 5132–5136.
Nardini, C. (2014). The ethics of clinical trials. Ecancermedicalscience, 8, 387.
National Cancer Insitute.Cancer Moonshot℠Unknown. Available from: https://www.cancer.

gov/research/key-initiatives/moonshot-cancer-initiative.

Nestle, F. O., Alijagic, S., Gilliet, M., Sun, Y., Grabbe, S., Dummer, R., et al. (1998). Vacci-

nation of melanoma patients with peptide- or tumor lysate-pulsed dendritic cells. Nature
Medicine, 4, 328–332.

Newlands, E. S., Blackledge, G. R., Slack, J. A., Rustin, G. J., Smith, D. B., Stuart, N. S., et al.

(1992). Phase I trial of temozolomide (CCRG 81045: M&B 39831: NSC 362856). British
Journal of Cancer, 65(2), 287–291.

Niraula, S., Amir, E., Vera-Badillo, F., Seruga, B., Ocana, A., & Tannock, I. F. (2014). Risk

of incremental toxicities and associated costs of new anticancer drugs: A meta-analysis.

Journal of Clinical Oncology, 32(32), 3634–3642.
Obeid, M., Tesniere, A., Panaretakis, T., Tufi, R., Joza, N., van Endert, P., et al. (2007).

Ecto-calreticulin in immunogenic chemotherapy. Immunological Reviews, 220, 22–34.
Okada, H., Kalinski, P., Ueda, R., Hoji, A., Kohanbash, G., Donegan, T. E., et al. (2011).

Induction of CD8+ T-cell responses against novel glioma-associated antigen peptides

53References

ARTICLE IN PRESS



and clinical activity by vaccinations with {alpha}-type 1 polarized dendritic cells and

polyinosinic-polycytidylic acid stabilized by lysine and carboxymethylcellulose in pa-

tients with recurrent malignant glioma. Journal of Clinical Oncology, 29(3), 330–336.
Okada, H., Lieberman, F. S., Walter, K. A., Lunsford, L. D., Kondziolka, D. S., Bejjani, G. K.,

et al. (2007). Autologous glioma cell vaccine admixed with interleukin-4 gene transfected

fibroblasts in the treatment of patients with malignant gliomas. Journal of Translational
Medicine, 5, 67.

Okada, H., Weller, M., Huang, R., Finocchiaro, G., Gilbert, M. R., Wick, W., et al. (2015).

Immunotherapy response assessment in neuro-oncology: a report of the RANO working

group. The Lancet Oncology, 16(15), e534–e542.
O’Rourke, D.M., Nasrallah, M. P., Desai, A.,Melenhorst, J. J., Mansfield, K., Morrissette, J. J.

D., et al. (2017). A single dose of peripherally infused EGFRvIII-directed CAR T cells

mediates antigen loss and induces adaptive resistance in patients with recurrent glioblas-

toma. Science Translational Medicine, 9(399).
Osti, D., Del Bene, M., Rappa, G., Santos, M., Matafora, V., Richichi, C., et al. (2019). Clinical

significance of extracellular vesicles in plasma from glioblastoma patients. Clinical
Cancer Research, 25(1), 266–276.

Ostrom, Q. T., Bauchet, L., Davis, F. G., Deltour, I., Fisher, J. L., Langer, C. E., et al. (2014).

The epidemiology of glioma in adults: A "state of the science" review. Neuro-Oncology,
16(7), 896–913.

Othman, N., Jamal, R., & Abu, N. (2019). Cancer-derived exosomes as effectors of key

inflammation-related players. Frontiers in Immunology, 10, 2103.
Pages, F., Galon, J., Dieu-Nosjean, M. C., Tartour, E., Sautes-Fridman, C., & Fridman, W. H.

(2010). Immune infiltration in human tumors: A prognostic factor that should not be ig-

nored. Oncogene, 29(8), 1093–1102.
Papademetriou, I. T., & Porter, T. (2015). Promising approaches to circumvent the blood-brain

barrier: Progress, pitfalls and clinical prospects in brain cancer. Therapeutic Delivery,
6(8), 989–1016.

Papadopoulou, A., Gerdemann, U., Katari, U. L., Tzannou, I., Liu, H., Martinez, C., et al.

(2014). Activity of broad-spectrum T cells as treatment for AdV, EBV, CMV, BKV,

and HHV6 infections after HSCT. Science Translational Medicine, 6(242), 242ra83.
Parney, I. F., Anderson, S. K., Gustafson, M. P., Steinmetz, S., Peterson, T. E.,

Kroneman, T. N., et al. (2022). Phase I trial of adjuvant mature autologous dendritic

cell/allogeneic tumor lysate vaccines in combination with temozolomide in newly diag-

nosed glioblastoma. Neurooncology Advances, 4(1), vdac089.
Paul, S., & Sa, G. (2021). Curcumin as an adjuvant to cancer immunotherapy. Frontiers in

Oncologia, 11.
Pearson, J. R. D., Cuzzubbo, S., McArthur, S., Durrant, L. G., Adhikaree, J., Tinsley, C. J.,

et al. (2020). Immune escape in glioblastoma multiforme and the adaptation of immuno-

therapies for treatment. Frontiers in Immunology, 11, 582106.
Peereboom, D.M., Alban, T. J., Grabowski,M.M., Alvarado, A. G., Otvos, B., Bayik, D., et al.

(2019). Metronomic capecitabine as an immune modulator in glioblastoma patients

reduces myeloid-derived suppressor cells. JCI Insight.
Peggs, K. S., Verfuerth, S., Pizzey, A., Khan, N., Guiver, M., Moss, P. A., et al. (2003).

Adoptive cellular therapy for early cytomegalovirus infection after allogeneic stem-cell

transplantation with virus-specific T-cell lines. Lancet, 362(9393), 1375–1377.
Pellegatta, S., Eoli, M., Cuccarini, V., Anghileri, E., Pollo, B., Pessina, S., et al. (2018). Sur-

vival gain in glioblastoma patients treated with dendritic cell immunotherapy is associated

54 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



with increased NK but not CD8(+) T cell activation in the presence of adjuvant temozo-

lomide. Oncoimmunology, 7(4), e1412901.
Pellegatta, S., Eoli, M., Frigerio, S., Antozzi, C., Bruzzone, M. G., Cantini, G., et al. (2013).

The natural killer cell response and tumor debulking are associated with prolonged sur-

vival in recurrent glioblastoma patients receiving dendritic cells loaded with autologous

tumor lysates. Oncoimmunology, 2(3), e23401.
Pfirschke, C., & Schirrmacher, V. (2009). Cross-infection of tumor cells by contact with

T lymphocytes loaded with Newcastle disease virus. International Journal of Oncology,
34(4), 951–962.

Phuphanich, S., Wheeler, C. J., Rudnick, J. D., Mazer, M., Wang, H., Nuno, M. A., et al.

(2013). Phase I trial of a multi-epitope-pulsed dendritic cell vaccine for patients with

newly diagnosed glioblastoma. Cancer Immunology, Immunotherapy, 62(1), 125–135.
Pinho, M. P., Lepski, G. A., Rehder, R., Chauca-Torres, N. E., Evangelista, G. C. M.,

Teixeira, S. F., et al. (2022). Near-complete remission of glioblastoma in a patient treated

with an allogenic dendritic cell-based vaccine: The role of tumor-specific CD4+T-cell

cytokine secretion pattern in predicting response and recurrence. International Journal
of Molecular Sciences, 23(10).

Pollack, I. F., Jakacki, R. I., Butterfield, L. H., Hamilton, R. L., Panigrahy, A., Normolle, D. P.,

et al. (2016). Antigen-specific immunoreactivity and clinical outcome following vaccina-

tion with glioma-associated antigen peptides in children with recurrent high-grade glio-

mas: Results of a pilot study. Journal of Neuro-Oncology, 130(3), 517–527.
Prins, R. M., Cloughesy, T. F., & Liau, L. M. (2008). Cytomegalovirus immunity after vac-

cination with autologous glioblastoma lysate. The New England Journal of Medicine,
359(5), 539–541.

Prins, R. M., Soto, H., Konkankit, V., Odesa, S. K., Eskin, A., Yong, W. H., et al. (2011). Gene

expression profile correlates with T-cell infiltration and relative survival in glioblastoma

patients vaccinated with dendritic cell immunotherapy. Clinical Cancer Research, 17(6),
1603–1615.

Prins, R. M.,Wang, X., Soto, H., Young, E., Lisiero, D. N., Fong, B., et al. (2013). Comparison

of glioma-associated antigen peptide-loaded versus autologous tumor lysate-loaded den-

dritic cell vaccination in malignant glioma patients. Journal of Immunotherapy, 36(2),
152–157.

Qi, Z., Long, X., Liu, J., & Cheng, P. (2022). Glioblastoma microenvironment and

its reprogramming by oncolytic virotherapy. Frontiers in Cellular Neuroscience, 16,
819363.

Qian, J., Xu, X., Ding, J., Yin, R., Sun, Y., Xue, C., et al. (2017). Newcastle disease virus-like

particles induce DC maturation through TLR4/NF-kappaB pathway and facilitate DC

migration by CCR7-CCL19/CCL21 axis. Veterinary Microbiology, 203, 158–166.
Qin, K., Tian, G., Li, P., Chen, Q., Zhang, R., Ke, Y. Q., et al. (2012). Anti-glioma response of

autologous T cells stimulated by autologous dendritic cells electrofused with CD133(+) or

CD133(-) glioma cells. Journal of Neuroimmunology, 242(1-2), 9–15.
Qiu, Z., Huang, H., Grenier, J. M., Perez, O. A., Smilowitz, H. M., Adler, B., et al. (2015).

Cytomegalovirus-based vaccine expressing a modified tumor antigen induces potent

tumor-specific CD8(+) T-cell response and protects mice from melanoma. Cancer Immu-
nology Research, 3(5), 536–546.

Qu, Y., Zhan, Y., Yang, S., Ren, S., Qiu, X., Rehamn, Z. U., et al. (2018). Newcastle disease

virus infection triggers HMGB1 release to promote the inflammatory response. Virology,
525, 19–31.

55References

ARTICLE IN PRESS



Rapp, M., Grauer, O. M., Kamp, M., Sevens, N., Zotz, N., Sabel, M., et al. (2018).

A randomized controlled phase II trial of vaccination with lysate-loaded, mature dendritic

cells integrated into standard radiochemotherapy of newly diagnosed glioblastoma

(GlioVax): Study protocol for a randomized controlled trial. Trials, 19(1), 293.
Reale, M. L., De Luca, E., Lombardi, P., Marandino, L., Zichi, C., Pignataro, D., et al. (2020).

Quality of life analysis in lung cancer: A systematic review of phase III trials published

between 2012 and 2018. Lung Cancer, 139, 47–54.
Ricklefs, F. L., Alayo, Q., Krenzlin, H., Mahmoud, A. B., Speranza, M. C., Nakashima, H.,

et al. (2018). Immune evasion mediated by PD-L1 on glioblastoma-derived extracellular

vesicles. Science Advances, 4(3), eaar2766.
Riddell, S. R., & Greenberg, P. D. (1997). T cell therapy of human CMV and EBV infection in

immunocompromised hosts. Reviews in Medical Virology, 7(3), 181–192.
Rodon, J., Soria, J. C., Berger, R., Batist, G., Tsimberidou, A., Bresson, C., et al. (2015).

Challenges in initiating and conducting personalized cancer therapy trials: Perspectives

from WINTHER, a Worldwide Innovative Network (WIN) Consortium trial. Annals of
Oncology, 26(8), 1791–1798.

Romani, N., Gruner, S., Brang, D., Kaempgen, E., Lenz, A., Trockenbacher, B., et al. (1994).

Proliferating dendritic cell progenitors in human blood. The Journal of Experimental Med-
icine, 180, 83–93.

Rosenberg, S. A., Yang, J. C., Sherry, R.M., Kammula, U. S., Hughes, M. S., Phan, G. Q., et al.

(2011). Durable complete responses in heavily pretreated patients with metastatic

melanoma using T-cell transfer immunotherapy. Clinical Cancer Research, 17(13),
4550–4557.

Rouse, C., Gittleman, H., Ostrom, Q. T., Kruchko, C., & Barnholtz-Sloan, J. S. (2016). Years

of potential life lost for brain and CNS tumors relative to other cancers in adults in the

United States, 2010. Neuro-Oncology, 18(1), 70–77.
Roussakow, S. V. (2017). Clinical and economic evaluation of modulated electrohyperthermia

concurrent to dose-dense temozolomide 21/28 days regimen in the treatment of recurrent

glioblastoma: A retrospective analysis of a two-centre German cohort trial with systematic

comparison and effect-to-treatment analysis. BMJ Open, 7(11), e017387.
Rudnick, J. D., Sarmiento, J. M., Uy, B., Nuno, M., Wheeler, C. J., Mazer, M. J., et al. (2020).

A phase I trial of surgical resection with Gliadel Wafer placement followed by vaccination

with dendritic cells pulsed with tumor lysate for patients with malignant glioma. Journal of
Clinical Neuroscience, 74, 187–193.

Rutkowski, S., De Vleeschouwer, S., Kaempgen, E., Wolff, J. E. A., Kuhl, J., Demaerel, P.,

et al. (2004). Surgery and adjuvant dendritic cell-based tumour vaccination for patients

with relapsed malignant glioma, a feasibility study. British Journal of Cancer, 91,
1656–1662.

Sabbagh, Q., Andre-Gregoire, G., Guevel, L., & Gavard, J. (2020). Vesiclemia: Counting on

extracellular vesicles for glioblastoma patients. Oncogene, 39(38), 6043–6052.
Sackett, D. L. (1997). Evidence-based medicine. Seminars in Perinatology, 21(1), 3–5.
Sackett, D. L., Rosenberg, W. M., Gray, J. A., Haynes, R. B., & Richardson, W. S. (1996).

Evidence based medicine: What it is and what it isn’t. BMJ, 312(7023), 71–72.
Sakai, K., Shimodaira, S., Maejima, S., Sano, K., Higuchi, Y., Koya, T., et al. (2017).

Clinical effect and immunological response in patients with advanced malignant

glioma treated with WT1-pulsed dendritic cell-based immunotherapy: A report of two

cases. Interdisciplinary Neurosurgery: Advanced Techniques and Case Management, 9,
24–29.

56 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Sakai, K., Shimodaira, S., Maejima, S., Udagawa, N., Sano, K., Higuchi, Y., et al. (2015).

Dendritic cell-based immunotherapy targeting Wilms’ tumor 1 in patients with recurrent

malignant glioma. Journal of Neurosurgery, 123(4), 989–997.
Salmaggi, A., Corno, C., Maschio, M., Donzelli, S., D’Urso, A., Perego, P., et al. (2021). Syn-

ergistic effect of perampanel and temozolomide in human glioma cell lines. Journal of
Personalized Medicine, 11(5).

Sampson, J. H., Archer, G. E., Mitchell, D. A., Heimberger, A. B., Herndon, J. E., Lally-Goss,

D., et al. (2009). An epidermal growth factor receptor variant III-targeted vaccine is safe

and immunogenic in patients with glioblastoma multiforme.Molecular Cancer Therapeu-
tics, 8(10), 2773–2779.

Sampson, J. H., Heimberger, A. B., Archer, G. E., Aldape, K. D., Friedman, A. H.,

Friedman, H. S., et al. (2010). Immunologic escape after prolonged progression-free

survival with epidermal growth factor receptor variant III peptide vaccination in patients

with newly diagnosed glioblastoma. Journal of Clinical Oncology, 28(31), 4722–4729.
Santos, J. G., Da Cruz, W. M. S., Schonthal, A. H., Salazar, M. D., Fontes, C. A. P., Quirico-

Santos, T., et al. (2018). Efficacy of a ketogenic diet with concomitant intranasal perillyl

alcohol as a novel strategy for the therapy of recurrent glioblastoma. Oncology Letters,
15(1), 1263–1270.

Schirrmacher, V. (2015). Oncolytic Newcastle disease virus as a prospective anti-cancer

therapy. A biologic agent with potential to break therapy resistance. Expert Opinion on
Biological Therapy, 1–15.

Schirrmacher, V. (2016). Fifty years of clinical application of newcastle disease virus: Time to

celebrate! Biomedicine, 4(3).
Schirrmacher, V. (2020). Cancer vaccines and oncolytic viruses exert profoundly lower side

effects in cancer patients than other systemic therapies: A comparative analysis. Biomed-
icine, 8(3).

Schirrmacher, V., Lorenzen, D., Van Gool, S. W., & Stuecker, W. (2017). A new strategy

of cancer immunotherapy combining hyperthermia/oncolytic virus pretreatment with

specific autologous anti-tumor vaccination—A review. Austin Oncology Case Reports,
2(1), 1006.

Schirrmacher, V., van Gool, S., & Stuecker, W. (2022). Counteracting immunosuppression in

the tumor microenvironment by oncolytic Newcastle disease virus and cellular immuno-

therapy. International Journal of Molecular Sciences, 23(21).
Schork, N. J. (2015). Personalized medicine: Time for one-person trials. Nature, 520(7549),

609–611.
Schuessler, A., Walker, D. G., & Khanna, R. (2014). Cellular immunotherapy directed against

human cytomegalovirus as a novel approach for glioblastoma treatment. Oncoimmunol-
ogy, 3, e29381.

Schuetz, F., Ehlert, K., Ge, Y., Schneeweiss, A., Rom, J., Inzkirweli, N., et al. (2009). Treat-

ment of advanced metastasized breast cancer with bone marrow-derived tumour-reactive

memory T cells: A pilot clinical study. Cancer Immunology, Immunotherapy, 58(6),
887–900.

Schumacher, K., Haensch, W., Roefzaad, C., & Schlag, P. M. (2001). Prognostic significance

of activated CD8(+) T cell infiltrations within esophageal carcinomas. Cancer Research,
61(10), 3932–3936.

Seyfried, T. N., Shelton, L., Arismendi-Morillo, G., Kalamian, M., Elsakka, A., Maroon, J.,

et al. (2019). Provocative question: Should ketogenic metabolic therapy become the stan-

dard of care for glioblastoma? Neurochemical Research, 44(10), 2392–2404.

57References

ARTICLE IN PRESS



Shah, R. R., & Stonier, P. D. (2019). Repurposing old drugs in oncology: Opportunities with

clinical and regulatory challenges ahead. Journal of Clinical Pharmacy and Therapeutics,
44(1), 6–22.

Sharma, P., & Debinski, W. (2018). Receptor-targeted glial brain tumor therapies. Interna-
tional Journal of Molecular Sciences, 19(11).

Sharma, P., Shen, Y., Wen, S., Yamada, S., Jungbluth, A. A., Gnjatic, S., et al. (2007). CD8

tumor-infiltrating lymphocytes are predictive of survival in muscle-invasive urothelial

carcinoma. Proceedings of the National Academy of Sciences of the United States of
America, 104(10), 3967–3972.

Shibata, T., Shah, S., Evans, T., Coleman, H., Lieblong, B. J., Spencer, H. J., et al. (2021).

Expansion of human papillomavirus-specific T cells in periphery and cervix in a therapeu-

tic vaccine recipient whose cervical high-grade squamous intraepithelial lesion regressed.

Frontiers in Immunology, 12, 645299.
Shibuya, T. Y., Nugyen, N., McLaren, C. E., Li, K. T., Wei, W. Z., Kim, S., et al. (2002).

Clinical significance of poor CD3 response in head and neck cancer. Clinical Cancer
Research, 8(3), 745–751.

Shraibman, B., Barnea, E., Melamed Kadosh, D., Haimovich, Y., Slobodin, G., Rosner, I.,

et al. (2018). Identification of tumor antigens among the HLA peptidomes of glioblastoma

tumors and plasma. Molecular & Cellular Proteomics.
Sibeoni, J., Picard, C., Orri, M., Labey, M., Bousquet, G., Verneuil, L., et al. (2018).

Patients’ quality of life during active cancer treatment: A qualitative study. BMC Cancer,
18(1), 951.

Skaga, E., Skretteberg, M. A., Johannesen, T. B., Brandal, P., Vik-Mo, E. O., Helseth, E., et al.

(2021). Real-world validity of randomized controlled phase III trials in newly diagnosed

glioblastoma: To whom do the results of the trials apply? Neurooncology Advances, 3(1),
vdab008.

Smith, C., Beagley, L., Rehan, S., Neller, M. A., Crooks, P., Solomon, M., et al. (2019).

Autologous adoptive T-cell therapy for recurrent or drug-resistant cytomegalovirus com-

plications in solid organ transplant recipients: A single-arm open-label phase I clinical

trial. Clinical Infectious Diseases, 68(4), 632–640.
Smith, C., Lineburg, K. E., Martins, J. P., Ambalathingal, G. R., Neller, M. A., Morrison, B.,

et al. (2020). Autologous CMV-specific T cells are a safe adjuvant immunotherapy for

primary glioblastoma multiforme. The Journal of Clinical Investigation, 130(11),
6041–6053.

Soderberg-Naucler, C., & Johnsen, J. I. (2012). Cytomegalovirus infection in brain tumors:

A potential new target for therapy? Oncoimmunology, 1(5), 739–740.
Somerville, R. P., & Dudley, M. E. (2012). Bioreactors get personal. Oncoimmunology, 1(8),

1435–1437.
Sonabend, A. M., Stupp, R., Lee-Chang, C., & Okada, H. (2021). Glioma immunoediting, a

driver of tumor evolution, and the next battle for immunotherapy. Oncotarget, 12(1), 8–9.
Sprangers, M. A. (2002). Quality-of-life assessment in oncology. Achievements and

challenges. Acta Oncology, 41(3), 229–237.
Sprenger, T., Schirrmacher, V., Stucker, W., & van Gool, S. W. (2020). Position paper:

New insights into the immunobiology and dynamics of tumor-host interactions require

adaptations of clinical studies. Expert Review of Anticancer Therapy, 1–8.
Stamatakos, G., Dionysiou, D., Misichroni, F., Graf, N., van Gool, S., Bohle, R., et al. (2014).

Computational horizons in cancer (CHIC): Developing meta- and hyper-multiscale

58 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



models and repositories for in silico oncology—A brief technical outline of the project. In

2014. Proceedings of the 2014 6th Int Adv Res Workshop In Silico Oncol Cancer Investig
(p. 2014).

Steiner, H. H., Bonsanto, M. M., Beckhove, P., Brysch, M., Geletneky, K., Ahmadi, R., et al.

(2004). Antitumor vaccination of patients with glioblastoma multiforme: A pilot study to

assess feasibility, safety, and clinical benefit. Journal of Clinical Oncology, 22, 4272–4281.
Stepanenko, A. A., & Chekhonin, V. P. (2018). Recent advances in oncolytic virotherapy and

immunotherapy for glioblastoma: A glimmer of hope in the search for an effective ther-

apy? Cancers (Basel), 10(12).
Stewart, D. J., & Kurzrock, R. (2013). Fool’s gold, lost treasures, and the randomized clinical

trial. BMC Cancer, 13, 193.
Straathof, K. C., Bollard, C.M., Popat, U., Huls, M. H., Lopez, T., Morriss, M. C., et al. (2005).

Treatment of nasopharyngeal carcinoma with Epstein-Barr virus—Specific T lymphocytes.

Blood, 105(5), 1898–1904.
Stummer, W., Pichlmeier, U., Meinel, T., Wiestler, O. D., Zanella, F., & Reulen, H. J. (2006).

Fluorescence-guided surgery with 5-aminolevulinic acid for resection of malignant

glioma: A randomised controlled multicentre phase III trial. The Lancet Oncology,
7(5), 392–401.

Stupp, R., Hegi, M. E., Mason, W. P., van den Bent, M. J., Taphoorn, M. J., Janzer, R. C., et al.

(2009). Effects of radiotherapy with concomitant and adjuvant temozolomide versus

radiotherapy alone on survival in glioblastoma in a randomised phase III study: 5-year

analysis of the EORTC-NCIC trial. The Lancet Oncology, 10(5), 459–466.
Stupp, R., Mason, W. P., van den Bent, M. J., Weller, M., Fisher, B., Taphoom, M. J., et al.

(2005). Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma.

The New England Journal of Medicine, 352, 987–996.
Stupp, R., Taillibert, S., Kanner, A., Read, W., Steinberg, D., Lhermitte, B., et al. (2017).

Effect of tumor-treating fields plus maintenance temozolomide vs maintenance temozo-

lomide alone on survival in patients with glioblastoma: A randomized clinical trial.

Journal of the American Medical Association, 318(23), 2306–2316.
Subbiah, V., & Kurzrock, R. (2018). Challenging standard-of-care paradigms in the precision

oncology era. Trends Cancer, 4(2), 101–109.
Suter, R., Rodriguez-Blanco, J., & Ayad, N. G. (2020). Epigenetic pathways and plasticity in

brain tumors. Neurobiology of Disease, 105060.
Szasz, A. (2007). Hyperthermia, a modality in the wings. Journal of Cancer Research and

Therapeutics, 3(1), 56–66.
Szasz, O. (2019). Bioelectromagnetic paradigm of cancer treatment—Modulated electro-

hyperthermia (mEHT). Open Journal of Biophysics, 9, 98–109.
Thakkar, J. P., Dolecek, T. A., Horbinski, C., Ostrom, Q. T., Lightner, D. D., Barnholtz-Sloan,

J. S., et al. (2014). Epidemiologic and molecular prognostic review of glioblastoma.

Cancer Epidemiology, Biomarkers & Prevention, 23(10), 1985–1996.
The Global Cancer Observatory: International Agency for Research on Cancer. (2020). Avail-

able from: https://gco.iarc.fr/today/data/factsheets/cancers/39-All-cancers-fact-sheet.pdf.

Timmermann, B., & Kortmann, R. D. (2022). Meningioma risk following treatment for child-

hood cancer. A pooled analysis. Strahlentherapie und Onkologie.
Valle, R. D., de Cerio, A. L., Inoges, S., Tejada, S., Pastor, F., Villanueva, H., et al. (2012).

Dendritic cell vaccination in glioblastoma after fluorescence-guided resection. World
Journal of Clinical Oncology, 3(11), 142–149.

59References

ARTICLE IN PRESS



Van Gool, S. W. (2015). Brain tumor immunotherapy: What have we learned so far? Frontiers
in Oncology, 5, 98.

Van Gool, S., & De Vleeschouwer, S. (2012). Should dendritic cell-based tumor vaccination

be incorporated into standard therapy for newly diagnosed glioblastoma patients? Expert
Review of Neurotherapeutics, 12(10), 1173–1176.

Van Gool, S.W.,Makalowski, J., Bitar, M., Van de Vliet, P., Schirrmacher, V., & Stuecker,W.

(2022). Synergy between TMZ and individualized multimodal immunotherapy to improve

overall survival of IDH1 wild-type MGMT promoter-unmethylated GBM patients. Genes
and Immunity, 23(8), 255–259.

Van Gool, S. W., Makalowski, J., Bonner, E. R., Feyen, O., Domogalla, M. P., Prix, L., et al.

(2020). Addition of multimodal immunotherapy to combination treatment strategies for

children with DIPG: A single institution experience. Medicines (Basel), 7(5).
Van Gool, S. W., Makalowski, J., Domogalla, M. P., Marko, M., Feyen, O., Sprenger, K., et al.

(2020). Personalised medicine in glioblastoma multiforme. In A. Szasz (Ed.), Challenges
and solutions of oncological hyperthermia (pp. 126–158). Newcastle upon Tyne: Cam-

bridge Scholars Publishing.

Van Gool, S. W., Makalowski, J., Feyen, O., Prix, L., Schirrmacher, V., & Stuecker, W.

(2018). The induction of immunogenic cell death (ICD) during maintenance chemother-

apy and subsequent multimodal immunotherapy for glioblastoma (GBM). Austin Oncol-
ogy Case Reports, 3(1), 1010.

Van Gool, S. W., Makalowski, J., Fiore, S., Sprenger, T., Prix, L., Schirrmacher, V., et al.

(2021). Randomized controlled immunotherapy clinical trials for GBM challenged. Can-
cers (Basel), 13, 32.

Van Gool, S. W., Makalowski, J., Van de Vliet, P., Van Gool, S., Sprenger, T.,

Schirrmacher, V., et al. (2023). Individualized multimodal immunotherapy for adults with

IDH1 wild-type GBM: A single institute experience. Cancers (Basel), 15(1194).
van Houdt, I. S., Sluijter, B. J., Moesbergen, L. M., Vos, W. M., de Gruijl, T. D.,

Molenkamp, B. G., et al. (2008). Favorable outcome in clinically stage II melanoma pa-

tients is associated with the presence of activated tumor infiltrating T-lymphocytes and

preserved MHC class I antigen expression. International Journal of Cancer, 123(3),
609–615.

Vancsik, T., Kovago, C., Kiss, E., Papp, E., Forika, G., Benyo, Z., et al. (2018). Modulated

electro-hyperthermia induced loco-regional and systemic tumor destruction in colorectal

cancer allografts. Journal of Cancer, 9(1), 41–53.
Vatu, B. I., Artene, S. A., Staicu, A. G., Turcu-Stiolica, A., Folcuti, C., Dragoi, A., et al.

(2019). Assessment of efficacy of dendritic cell therapy and viral therapy in high grade

glioma clinical trials. A meta-analytic review. Journal of Immunoassay & Immunochem-
istry, 40(1), 70–80.

Vauleon, E., Avril, T., Collet, B., Mosser, J., & Quillien, V. (2010). Overview of cellular im-

munotherapy for patients with glioblastoma. Clinical & Developmental Immunology,
2010.

Venkataramani, V., Tanev, D. I., Strahle, C., Studier-Fischer, A., Fankhauser, L., Kessler, T.,

et al. (2019). Glutamatergic synaptic input to glioma cells drives brain tumour progression.

Nature, 573(7775), 532–538.
Venkatesh, H. S., Morishita, W., Geraghty, A. C., Silverbush, D., Gillespie, S. M., Arzt, M.,

et al. (2019). Electrical and synaptic integration of glioma into neural circuits. Nature,
573(7775), 539–545.

60 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Vijayakumar, G., McCroskery, S., & Palese, P. (2020). Engineering newcastle disease virus as

an oncolytic vector for intratumoral delivery of immune checkpoint inhibitors and immu-

nocytokines. Journal of Virology, 94(3).
Vik-Mo, E. O., Nyakas, M., Mikkelsen, B. V., Moe, M. C., Due-Tonnesen, P., Suso, E. M.,

et al. (2013). Therapeutic vaccination against autologous cancer stem cells with

mRNA-transfected dendritic cells in patients with glioblastoma. Cancer Immunology,
Immunotherapy.

Virtuoso, A., De Luca, C., Cirillo, G., Riva, M., Romano, G., Bentivegna, A., et al. (2022).

Tumor microenvironment and immune escape in the time course of glioblastoma.

Molecular Neurobiology, 59(11), 6857–6873.
Voloshin, T., Kaynan, N., Davidi, S., Porat, Y., Shteingauz, A., Schneiderman, R. S., et al.

(2020). Tumor-treating fields (TTFields) induce immunogenic cell death resulting in en-

hanced antitumor efficacy when combined with anti-PD-1 therapy. Cancer Immunology,
Immunotherapy, 69(7), 1191–1204.

Wagner, S., Csatary, C. M., Gosztonyi, G., Koch, H. C., Hartmann, C., Peters, O., et al. (2006).

Combined treatment of pediatric high-grade glioma with the oncolytic viral strain MTH-

68/H and oral valproic acid. APMIS, 114(10), 731–743.
Walker, S. (2020). Expanded access versus right-to-try. Hospital Pharmacy, 55(2), 79–81.
Walker, D. G., Laherty, R., Tomlinson, F. H., Chuah, T., & Schmidt, C. (2008). Results of a

phase I dendritic cell vaccine trial for malignant astrocytoma: Potential interaction with

adjuvant chemotherapy. Journal of Clinical Neuroscience, 15(2), 114–121.
Wang, M., Jia, J., Cui, Y., Peng, Y., & Jiang, Y. (2021). CD73-positive extracellular vesicles

promote glioblastoma immunosuppression by inhibiting T-cell clonal expansion. Cell
Death & Disease, 12(11), 1065.

Wang, Q. T., Nie, Y., Sun, S. N., Lin, T., Han, R. J., Jiang, J., et al. (2020). Tumor-associated

antigen-based personalized dendritic cell vaccine in solid tumor patients. Cancer Immu-
nology, Immunotherapy, 69(7), 1375–1387.

Wang, G., & Wang, W. (2022). Advanced cell therapies for glioblastoma. Frontiers in Immu-
nology, 13, 904133.

Wang, X., Zhao, H. Y., Zhang, F. C., Sun, Y., Xiong, Z. Y., & Jiang, X. B. (2014). Dendritic

cell-based vaccine for the treatment of malignant glioma: A systematic review. Cancer
Investigation, 32(9), 451–457.

Weathers, S. P., Penas-Prado, M., Pei, B. L., Ling, X., Kassab, C., Banerjee, P., et al. (2020).

Glioblastoma-mediated immune dysfunction limits CMV-specific T cells and

therapeutic responses: Results from a phase I/II Trial. Clinical Cancer Research,
26(14), 3565–3577.

Webb, J. R., Milne, K., & Nelson, B. H. (2014). Location, location, location: CD103 demar-

cates intraepithelial, prognostically favorable CD8(+) tumor-infiltrating lymphocytes in

ovarian cancer. Oncoimmunology, 3, e27668.
Weller, M., Butowski, N., Tran, D. D., Recht, L. D., Lim, M., Hirte, H., et al. (2017). Rindo-

pepimut with temozolomide for patients with newly diagnosed, EGFRvIII-expressing

glioblastoma (ACT IV): A randomised, double-blind, international phase 3 trial. The
Lancet Oncology.

Wen, P. Y., Reardon, D. A., Armstrong, T. S., Phuphanich, S., Aiken, R. D., Landolfi, J. C.,

et al. (2019). A randomized double-blind placebo-controlled phase II trial of dendritic

cell vaccine ICT-107 in newly diagnosed patients with glioblastoma. Clinical Cancer
Research, 25(19), 5799–5807.

61References

ARTICLE IN PRESS



West, A. C., Mattarollo, S. R., Shortt, J., Cluse, L. A., Christiansen, A. J., Smyth, M. J., et al.

(2013). An intact immune system is required for the anticancer activities of histone

deacetylase inhibitors. Cancer Research, 73(24), 7265–7276.
Wheeler, C. J., Black, K. L., Liu, G., Mazer, M., Zhang, X. X., Pepkowitz, S., et al. (2008).

Vaccination elicits correlated immune and clinical responses in glioblastoma multiforme

patients. Cancer Research, 68(14), 5955–5964.
Wheeler, C. J., Black, K. L., Liu, G., Ying, H., Yu, J. S., Zhang, W., et al. (2003).

Thymic CD8(+) T cell production strongly influences tumor antigen recognition and

age-dependent glioma mortality. Journal of Immunology, 171, 4927–4933.
Wheeler, C. J., Das, A., Liu, G., Yu, J. S., & Black, K. L. (2004). Clinical responsiveness of

glioblastoma multiforme to chemotherapy after vaccination. Clinical Cancer Research,
10, 5316–5326.

Wheelock, E. F., & Dingle, J. H. (1964). Observations on the repeated administration of

viruses to a patient with acute leukemia. A preliminary report. The New England Journal
of Medicine, 271, 645–651.

Wiklund, I. (2004). Assessment of patient-reported outcomes in clinical trials: The example of

health-related quality of life. Fundamental & Clinical Pharmacology, 18(3), 351–363.
Willms, E., Cabanas, C., Mager, I., Wood, M. J. A., & Vader, P. (2018). Extracellular vesicle

heterogeneity: Subpopulations, isolation techniques, and diverse functions in cancer

progression. Frontiers in Immunology, 9, 738.
Wismeth, C., Dudel, C., Pascher, C., Ramm, P., Pietsch, T., Hirschmann, B., et al. (2010).

Transcranial electro-hyperthermia combined with alkylating chemotherapy in patients

with relapsed high-grade gliomas: Phase I clinical results. Journal of Neuro-Oncology,
98(3), 395–405.

Woolf, E. C., Syed, N., & Scheck, A. C. (2016). Tumor metabolism, the ketogenic diet and

beta-hydroxybutyrate: Novel approaches to adjuvant brain tumor therapy. Frontiers in
Molecular Neuroscience, 9, 122.

World HealthOrganization. (2022). Available from: https://www.who.int/news-room/fact-

sheets/detail/cancer.

Wu, C., Qin, C., Long,W., Wang, X., Xiao, K., & Liu, Q. (2022). Tumor antigens and immune

subtypes of glioblastoma: The fundamentals of mRNA vaccine and individualized immu-

notherapy development. Journal of Big Data, 9(1), 92.
Wust, P., Veltsista, P. D., Oberacker, E., Yavvari, P., Walther, W., Bengtsson, O., et al. (2022).

Radiofrequency electromagnetic fields cause non-temperature-induced physical and

biological effects in cancer cells. Cancers (Basel), 14(21).
Xu, X., Sun, Q., Mei, Y., Liu, Y., & Zhao, L. (2018). Newcastle disease virus co-expressing

interleukin 7 and interleukin 15 modified tumor cells as a vaccine for cancer immunother-

apy. Cancer Science, 109(2), 279–288.
Yamanaka, R., Abe, T., Yajima, N., Tsuchiya, N., Homma, J., Kobayashi, T., et al. (2003).

Vaccination of recurrent glioma patients with tumour lysate-pulsed dendritic cells elicits

immune responses: Results of a clinical phase I/II trial. British Journal of Cancer, 89,
1172–1179.

Yamanaka, R., Homma, J., Yajima, N., Tsuchiya, N., Sano, M., Kobayashi, T., et al. (2005).

Clinical evaluation of dendritic cell vaccination for patients with recurrent glioma: Results

of a clinical phase I/II trial. Clinical Cancer Research, 11(11), 4160–4167.
Yang, A., Farmer, E., Lin, J., Wu, T. C., & Hung, C. F. (2017). The current state of therapeutic

and T cell-based vaccines against human papillomaviruses. Virus Research, 231, 148–165.

62 Methods behind oncolytic virus-based DC vaccines in cancer

ARTICLE IN PRESS



Yao, Y., Luo, F., Tang, C., Chen, D., Qin, Z., Hua, W., et al. (2018). Molecular subgroups and

B7-H4 expression levels predict responses to dendritic cell vaccines in glioblastoma: an

exploratory randomized phase II clinical trial. Cancer Immunology, Immunotherapy.
Yu, J. S., Liu, G., Ying, H., Yong, W. H., Black, K. L., & Wheeler, C. J. (2004). Vaccination

with tumor lysate-pulsed dendritic cells elicits antigen-specific, cytotoxic T-cells in

patients with malignant glioma. Cancer Research, 64, 4973–4979.
Yu, J. S., Wheeler, C. J., Zeltzer, P. M., Ying, H., Finger, D. N., Lee, P. K., et al. (2001). Vac-

cination of malignant glioma patients with peptide-pulsed dendritic cells elicits systemic

cytotoxicity and intracranial T-cell infiltration. Cancer Research, 61, 842–847.
Zamarin, D., & Palese, P. (2012). Oncolytic Newcastle disease virus for cancer therapy: Old

challenges and new directions. Future Microbiology, 7(3), 347–367.
Zhang, P., Zhang, Y., & Ji, N. (2022). Challenges in the treatment of glioblastoma by chimeric

antigen receptor T-cell immunotherapy and possible solutions. Frontiers in Immunology,
13, 927132.

Zhang, X., Zhao, L., Zhang, H., Zhang, Y., Ju, H., Wang, X., et al. (2022). The immunosup-

pressive microenvironment and immunotherapy in human glioblastoma. Frontiers in
Immunology, 13, 1003651.

Zhao, R., Pan, Z., Li, B., Zhao, S., Zhang, S., Qi, Y., et al. (2022). Comprehensive analysis of

the tumor immune microenvironment landscape in glioblastoma reveals tumor heteroge-

neity and implications for prognosis and immunotherapy. Frontiers in Immunology,
13, 820673.

Zheng, H., Yu, X., Ibrahim, M. L., Foresman, D., Xie, M., Johnson, J. O., et al. (2023). Com-

bination IFNbeta and membrane-stable CD40L maximize tumor dendritic cell activation

and lymph node trafficking to elicit systemic T-cell immunity. Cancer Immunologic
Research.

63References

ARTICLE IN PRESS


