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Chapter 1

General Introduction

originates from the mesothelium that lines the pleural cavity and lungs. The median 
age at diagnosis is 71 and 87% of patients is male. 1

varies from 5.7-18.4 months depending on treatment and stage of disease at time of 
diagnosis.1,2

Mesothelium

The mesothelium is derived from the mesoderm, which is one of 3 layers (ectoderm, 
mesoderm, endoderm) that make up the gastrula during embryonic development.3 
The mesothelium consists of squamous-like cells that form a thin membrane that 
line several body cavities and organs, such as the pleural cavity and lungs (pleura), 
abdominopelvic cavity and omenta (peritoneum), heart (pericardium) and testis (tunica 
vaginalis).3

smooth movement between the cavity and its organs (intracoelomic movement), 
e.g. the pleural cavity and lungs during breathing.4

mesothelioma cases.5-7

Etiology

Asbestos
Asbestos is a naturally occurring mineral composed of strong, heat and chemical 

8 Historically, asbestos 
was widely used in products varying from construction products to fake snow in movies. 
However, its use became controversial as evidence emerged linking asbestos exposure 

9,10

from 1960.11

shipyard working class people in 1969.12,13 The amount of asbestos exposure correlates 
14 but even minimal and brief exposure leads to 

15  16 

17 Although asbestos exposure does not lead 
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with hundredfold when combined with smoking.18

Other causes of PM

 
(BAP1), a tumor suppressor protein implicated in critical processes, including cell 
cycle regulation, gene transcription and DNA repair. Germline mutations in BAP1 are 

melanoma and various other malignancies.19 Despite the increased risk of developing 

20 Radiation exposure, including radiotherapy, is known to be carcinogenic. Research 
has shown that patients with breast cancer who were treated with radiotherapy had 

21

22

in the stones used to build houses. In this region the prevalence of malignant pleural 
mesothelioma is up to 70 times higher than in other regions in Turkey.23

Regulations and incidence of asbestos

Despite knowledge on the potential harm of producing and using asbestos since the 

only in 1993 a total ban of asbestos was welcomed.24,25

peak from 1955 till 1978.26,27

Strikingly, the current incidence worldwide is approximately 30.000 per year and not 
yet declining.28 This could be due to the fact that many countries (i.e. China, Kazakhstan, 
Russia) asbestos is still being produced in high numbers.29,30

naturally occurring asbestos, such as erionite in Turkey, is also a contributing factor to 
22 Use of asbestos declined since 1977 in the Netherlands 

as a consequence of regulations called “Het Asbestbesluit” and the median latency 

no decline was reported in the Netherlands so far27 and environmental exposure is 
hypothesized as a contributing factor.22

1
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leading to cycles of tissue damage and repair.31

by the mesothelial cells, prompting the release of chemokines (e.g. CCL2) to attract 
macrophages.32

than 5 μm33, resulting in frustrated phagocytosis and the subsequent formation on an 
34-36

nitrogen species that lead to DNA damage, which facilitates malignant transformation. 

contributing to tumor development.37

Pathology

consisting of polygonal cells; sarcomatoid consisting of spindle-shaped cells; and 
38

prognosis.39

1,40

Figure 1. Images of heamatoxylin and eosin (H&E) stained normal pleura (A), epithelioid 
(B) and sarcomatoid (C) mesothelioma subtypes. Created in https://BioRender.com
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Immunology in cancer

41 The interplay 
between the immune system and tumors is currently conceptualized as a continuous 
process of tumor death and immune cell activation, called the cancer immunity cycle 

42

Figure 2. Cancer immunity cycle. Chen et al. 

During carcinogenesis numerous genetic mutations disrupt normal cellular metabolic 
processes, which are essential for tumor development. These mutations cause 

antigens or cancer testis antigens on the cell surface. The amount of TAAs determines 
the tumor’s antigenicity and subsequently the potential of an anti-tumor response. 
The initiation of the cancer immunity cycle starts with immunogenic cell death (ICD) 

43 ICD causes 

44,45 The apoptotic cancer 
cells express calreticulin, which works as an engulfment signal for DCs.46 The DCs will 

1

Bob_BNW_V7.indd   13 29-07-2025   11:36



14

Chapter 1

engulf the TAAs and cross present antigen in major histocompatibility complex class 
47 Next, DCs migrate towards the lymph node 

II and I, respectively (step 3).42

critical signals: antigen presentation (signal 1), co-stimulation through surface molecules 

48

Figure 3. T cell priming. Created in https://BioRender.com

TAAs, ultimately leading to the destruction of tumor cells. (step 6,7).42

Hampering immune responses
Tumor cells or immunosuppressive immune cells can hamper the anti-tumor immune 
response during every step of the cancer immunity cycle. Tumors with a low tumor 

immune response (step 1).49 In the next two steps (step 2,3), antigen presentation 
without co-stimulatory signals will result in tolerance50,51 and stromal barriers can reduce 

52

T cell activity in the tumor and lymph node (step 3,7).53,54

anti-tumor immunity through Human Leukocyte Antigen - Loss of Heterozygosity (HLA-

6).55 HLA molecules are responsible for presenting tumor antigens on the cell surface, 
allowing T cells to recognize and destroy tumor cells. However, when tumor cells lose 

Bob_BNW_V7.indd   14 29-07-2025   11:36



15

General introduction 

Box 1. 

Immune checkpoints, such as programmed cell death protein 1 (PD-1) and 
cytotoxic T lymphocyte-associated protein 4 (CTLA-4), are molecules expressed 
on the surface of T cells that regulate the immune response.56 When these 
immune checkpoints interact with their respective ligands, such as PD-L1 
(programmed cell death ligand 1) expressed on tumor cells and antigen-
presenting cells (APCs), they suppress T cell activity, leading to immune evasion 
by cancer cells. Checkpoint inhibitors (CIs), including antibodies targeting PD-1 
and CTLA-4, disrupt these inhibitory interactions, thereby releasing the brakes 

leading to improved tumor control. CI therapy has shown remarkable success 
in several malignancies, particularly melanoma, renal cell carcinoma, and non-
small cell lung cancer (NSCLC), dramatically altering the prognosis of previously 
considered “untreatable” tumors.

B cell mediated anti-tumor immunity
T cells are known to have an important role in anti-tumor immunity as shown by the 

of tertiary lymphoid structures (TLS).57-61 In general, B cells can exert anti-tumor 
immunity through several mechanisms, such as enhancing T cell function, complement-
dependent cytotoxicity and antibody-dependent cellular cytotoxicity.62 However, the 
phenotype and function of B cells is determined by the maturity – presence of germinal 
centers - of TLS. Immature TLS induce regulatory B cells with immunosuppressive 

cells and secrete antibodies.63 The presence of TLS correlates with response to CI 
therapy in several cancers, including NSCLC.61

cells present in the tumor were found to be correlated with favorable outcome to CI 
therapy in melanoma and NSCLC.57,64 In peripheral blood, the number of B cells was 
also predictive of response to CI therapy in several tumors.65

response to CI therapy is scarce.

1
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The immune system in mesothelioma

Step 1: Low TMB and antigenicity potentially impairing anti-tumor 
immune responses

66,67

of neoantigens68 and thus low antigenicity and immunogenicity of the tumor, leading 

sequencing (mate-pair sequencing) instead of NGS showed a relative high occurrence 
of inter- and intra- chromosomal rearrangements.69,70 However, neoantigen formation 
from these genomic alterations has not yet been proven.19

might be higher than previously described, but it is still unclear if this leads to higher 
antigenicity with a suitable anti-tumor immune response.

Step 2,3: Impaired function of DCs
Similar to the immunogenicity of tumors, DCs are crucial for the induction of an anti-
tumor immune response. All major DC subtypes (type 1 conventional DC (cDC1), cDC2 

which could hamper the anti-tumor immune response.71

Step 6,7: Function of anti-tumor T cells and evasion by tumor cells

response to CI therapy. However, reports on the correlation between the number 

be attributed to the inter-70,72,73 and intra-tumoral74 heterogeneity in both the extent 

between 5.2% and 81.2%.73

The lack of correlation between response to CI therapy and the number of TILs may 
also be due impaired functionality of TILs. Cytotoxic CD8+ T cells can enter a state of 

responses.75,76

tissue from patients with pleuritis.77

during tumor progression in mesothelioma mouse models and subsequently produce 
78 The importance of functionality of T cells is supported 
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cells) correlates with response to CI combination therapy (anti-PD-1 and anti-CTLA-4).79

Tumor cells can evade T-cell cytotoxicity either through upregulation of PD-L1 and/
70

and is increased in tumors with high numbers of T cells.73,80

load, causing worse survival. 81 Thus, even when functional CD8+ TILs are present, 

Figure 4. Escape mechanisms in PM and working mechanism of anti-PD-(L)1. Created in 
https://BioRender.com

1
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Immune cells in the tumor micro environment that hamper anti-
tumor immunity

Tumor-associated macrophages (TAMs)

inhibitory signaling) macrophages. Created in https://BioRender.com

 72

 70 Although recent studies indicate 

82

72 allowing them 

83

Regulatory T cells (Treg)

Figure 6. Regulatory T cells can hamper anti-tumor immunity through secretion of im-
Created in https://BioRender.com

of Tregs in donor lung tissue was only 2.2%.72

84 Tregs can even suppress DCs and thereby hamper induction of an anti-
tumor immune response.84,85

Bob_BNW_V7.indd   18 29-07-2025   11:36
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72 It has been demonstrated that Treg gene expression is 
higher in neo-antigen rich, immunogenic tumors, which have generally more CD8+ 

86

77,87,88

models.89,90

91

antigen-independent inhibition of T cell responses.92

can ultimately cause T cell depletion and inhibition of T cell function.93

can attract Tregs through chemokine signaling (CCL4 and CCL5), secretion of IL-1094 and 
95

77

Myeloid derived suppressor cells (MDSC)

Figure 7. Myeloid-derived suppressor cells can hamper anti-tumor immunity through 
secretion of immunosuppressive cytokines, such as IL-10 and CCL4 and CCL5, and in-
hibitory signaling via PD-L1. Created in https://BioRender.com

Current therapies

T-cell therapy, vaccine therapies, and virotherapies, the scope of this thesis will be 

Systemic therapy

1
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of therapy.96 Since CI therapy revolutionized treatment outcomes in NSCLC and 
melanoma,97-99 many trials have been performed with either anti-CTLA-4 or anti-PD-1 
antibodies.100-107

100,108,109

therapy.110

to chemotherapy is notoriously bad.2

14.1 months.2

Surgery

controversy. Combining systemic treatment with surgery improves recurrence-free 

surgical treatment should only be performed as part of a multimodality approach in 
a clinical trial setting.111

Two surgical techniques for complete macroscopic resection of the visceral and parietal 

Extended pleurectomy/decortication (left), Extrapleural pneumonectomy (right). Created 
in https://BioRender.com

procedure carries a high risk of perioperative complications and mortality.112 In 

mesothelioma centers to shift towards eP/D.113-115

to 32 months, surpassing historical data with systemic therapy alone.112 However, this 
comparison is probably biased as patients are selected on high-performance status, 
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low tumor stage, and limited comorbidities for surgical treatment. In conclusion, eP/D 

approach. However, the potential for suboptimal outcomes and negative impact on 
quality of life116

117-119

Tumor-related parameters like nuclear atypia, mitotic rate, necrosis, BAP1 loss, and 
Ki67 expression also have prognostic value.120-127 Ki67, a marker of proliferation, is used 
in peritoneal mesothelioma to predict outcomes and guide treatment decisions. 128 

DC therapy

71 With DC therapy, monocyte-derived DCs 
(moDCs) can be activated and loaded with TAAs in vitro, circumventing this potentially 
hampered process in vivo.129

three biweekly vaccinations.129,131

from the time of diagnosis was 19 months.

130,133 Again 10 patients 

1 patient achieved a complete response (CR), 4 had stable disease (SD), and 2 

1
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Box 2.

It takes 10 days to produce activated and TAA-loaded moDC from monocytes. 

activated and TAA-loaded moDCs can be harvested. Two phase I studies on DC 

varying histological subtypes and TAAs were selected for the generation of 5 
tumor cell lines. The allogeneic tumor lysate (PheraLys) is created from 4 of 

injected intravenously and 1/3 is injected intradermally.

Figure 9. Production process of MesoPher, dendritic cell therapy. Created in https://
BioRender.com

Regrettably, the utilization of autologous tumor material for generating tumor lysate 
poses challenges in large-scale phase II/III trials due to the inconsistent quality and 
limited availability of tumor samples. Loading moDCs with allogeneic tumor lysate, 
serving as an ’of-the-shelf ’ source for antigen-loading material, was compared to 
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autologous tumor lysate-loaded moDC therapy in mice, and induced similar protection 
against tumor outgrowth.

132 Among these patients, two individuals 
achieved a partial response (PR), and two patients have demonstrated remarkable long-
term survival, with a duration of four years since the initiation of treatment. Notably, the 

comprehensive overview of the three phase I trials.134

Table 1. overview of phase 1 trials with dendritic cell therapy

Tumor lysate Additional therapy n Outcome Reference

Autologous None 10 3PR, 1SD, 6PD Hegmans et al. 2010

Autologous Ctx 10 1CR, 4SD, 2 PD* Cornelissen et al. 2016

Allogeneic None 9 2PR, 7SD Aerts et al. 2019

*Three patients underwent eP/D and therefore evaluating radiological response to DC therapy 
was not possible.

Aims and Outline of this thesis

introduced in the Netherlands starting from 1977 may eventually reduce the incidence 

yet shown a decline. In Chapter 2
survival, and incidence, and discuss the impact that asbestos regulations have had in 
the Netherlands.

a focus on DC therapy. Immunotherapy, particularly CI therapy, has revolutionized 

phase III trials, despite promising results in phase I/II trials. In Chapter 3, we analyzed 

(Chapter 4

1
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response to CI therapy, potentially enhancing our understanding of the mechanisms 
behind the lack of response to CI therapy.

Chapter 5. The primary endpoint of this 

In Chapter 6, we explored the mechanisms through which the tumor microenvironment 

combination is DC therapy with CI therapy. In Chapter 7, we analyzed this combination 
in a preclinical mouse model, incorporating extensive immunomonitoring of blood, 

patients treated with DC therapy followed by CI therapy.

In preclinical models, low tumor load prior to DC therapy enhances survival, and 

patients. Therefore, we initiated a phase I trial combining (neo)adjuvant DC therapy with 

collected before and after DC therapy, allowing for the evaluation of DC therapy-induced 

Chapter 8.

Unfortunately, recurrence of disease is quite frequent in patients undergoing eP/D, 
In addition surgery can decrease quality of life and even negatively impact clinical 

In Chapter 9

suggests potential directions for future research in Chapter 10.
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Abstract

Introduction

reviewed the Dutch population-based incidence, treatment, and survival since the 
national ban on asbestos in 1993.

Materials and methods

cancer registry. Annual percentage change (APCs) was calculated for (age- and sex-

Results

tumour treatment. The most common reasons for not undergoing anti-tumour 

overall survival improved from 7.3 (1993-2003) to 8.9 (2004-2011) and 9.3 months from 

Conclusion

incidence is declining in most age groups. The use of systemic chemotherapy increased 
from 2003, which likely resulted in improved overall survival over time. The majority of 
patients do not receive treatment, though, and prognosis is still poor.

Key messages

What is the key question?

What is the bottom line?

after the Dutch national ban on asbestos. While treatment advances have led to 
somewhat better survival, prognosis is still dismal.
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Why read on?

incidence sooner than earlier predicted, thereby supporting the notion that malignant 

patterns and survival outcomes we observed in over 12,000 mesothelioma patients, 
highlight the persistent need for better mesothelioma therapeutics.

2
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Introduction

pleura and, to a lesser extent, from the peritoneum. In sporadic cases, it originates 
from the pericardium or tunica vaginalis testis.1

2 
Recently, combination checkpoint inhibition (CI) therapy, consisting of nivolumab 
(anti-programmed death-ligand 1 (PD-1)) and ipilimumab (anti-Cytotoxic T-Lymphocyte 

months).3
4

5

6-8

9,10 This correlation 

was proven in 1960 by Wagner et al.11 Despite this discovery, production of asbestos 
peaked worldwide between 1970 and 1980 with a production of more than 4,000,000 
metric tons per year. The use of asbestos in the Netherlands also peaked in these 
years. Its use declined in the following decade due to new regulations, but the ban 

Kazakhstan, and China, are still mass producers of asbestos to this day, and others have 
only recently banned its use.12,13 

to the considerable variation in latency time (i.e. the time between asbestos exposure 

years.12,13 14,15 

implementation of asbestos regulations. Concurrently, it aims to identify patterns in 

Methods

Data collection

9053, and 9990 located in the pleura (C38.4) or peritoneum (C48.2) (International 
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rd edition, 1st revision). Incidence rates were 
available from 1989 to 2018. Data were extracted after the approval of the NCR 

in the Netherlands are collected by the NCR. De Boer et al. previously described their 
methods.5

Anatomical National Automated Archive (PALGA) and the National Registry of Hospital 
Discharge Diagnoses. Specialized personnel collect information on diagnosis, stage of 
the disease, and treatment from medical records. Information on vital status is updated 

st, 2020. Data were extracted and provided to the investigators 
by trained personnel that were not part of the study team.

current at the moment of diagnosis was used.16

17 

It is used by the NCR when no prevailing staging system is available. The location of 

to privacy regulations.

Incidence Analyses

18 This software 

logarithm of the incidence rates with the year of diagnosis as independent variable. 
APCs were calculated over the segment between two joinpoints or over the entire 
period when the number of joinpoints was zero.

Treatment Pattern Analyses

chemotherapy, surgery, radiotherapy, and best supportive care (BSC). Surgery included 
several procedures, such as debulking, cytoreductive surgery, decortication, and extra-

immunotherapy, including the angiogenesis inhibitor bevacizumab, tyrosine kinase 

2
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the anti-PD(L)-1 and anti-CTLA-4 agents nivolumab, pembrolizumab, and ipilimumab. 

Survival Analyses

included cases diagnosed from 1993 until 2003, the second period reached from 2004 
until 2011, and the third period comprised cases diagnosed from 2012 up to 2018. The 

phase III trial on combination chemotherapy with cisplatin and pemetrexed in that 
year.2 The following years were divided into two equal periods to assess if survival had 

stages of disease, only data from 2008-2018 were used, as the new and improved 7th 

by (selection) bias.

Statistical analyses

compared with the independent samples median test. Categorical variables are given 
as numbers with percentages and were compared with the chi-squared test. Survival 

groups was compared with the log-rank method in case of proportional hazards or 
generalized Wilcoxon in case of non-proportional hazards. Two-sided p-values smaller 

Armonk, NY, USA) and R version 4.0.2 (http://www.r-project.org). Incidence rates were 
calculated with SAS version 9.4.

Results

Patient and Tumour Characteristics

overview of patient and tumour characteristics at the time of diagnosis is provided in 
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the occurrence of histological subtypes over time failed due to the lack of pathological 

due to the large number of cases with unknown stage. This analysis revealed that the 
use of staging has slightly increased during the study period, but still for about one-

Table 1. Patient and Tumour Characteristics

MPM
(n=11,539)

MPeM
(n=629)

Total
(n=12,168)

p-value

Age 71 [64 – 77] 69 [61 – 76] 71 [64 – 77] 0.004

Male (n, %) 10,085 (87.4) 458 (72.3) 10,543 (86.6)

Histology (n, %)*

Sarcomatoid
Biphasic
Unknown

6,061 (76.2)
1,149 (14.5)
739 (9.3)
3,590

368 (88)
18 (4.3)
32 (7.7)
211

6,429 (76.8)
1,167 (13.9)
771 (9.2)
3,801

Side (n, %)*

Left
Right
Unknown

4,499 (40.4)
6,631 (59.6)
409

-
-
-

-
-
-

Stage

I
II
III

Unknown

2,840 (37.2)
918 (12)
1,971 (25.8)
1,897 (24.9)
3,913

-
-
-
-
-

-
-
-
-
-

Stage

1. In situ
2. Local Disease
3. Contiguous/invasive
4. Regional lymph nodes
5. Regional progression
6. Distant progression
Unknown

-
-
-
-
-
-
-

0
190 (40.8)
123 (26.4)
22 (4.7)
12 (2.6)
119 (25.5)
163

-
-
-
-
-
-
-

Metastases (n, %)** 610 (10.6)
149 (2.6)

54 (18.6)
11 (3.8)

664 (11)
160 (2.6) 0.021

2
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Table 1. Patient and Tumour Characteristics. (continued)

MPM
(n=11,539)

MPeM
(n=629)

Total
(n=12,168)

p-value

Most common metastatic 
sites (n,%)**

Lung
Lymph node
Bone
Liver
Peritoneum
Soft tissue
Adrenal glands
Pleura
Cutaneous
Brain

163 (2.8)
159 (2.8)
135 (2.3)
73 (1.3)
79 (1.4)
59 (1)
52 (0.9)
12 (0.2)
12 (0.2)
15 (0.3)

7 (2.4)
11 (3.8)
-
13 (4.5)
5 (1.7)
3 (1)
1 (0.3)
15 (5.2)
-
-

170 (2.8)
170 (2.8)
135 (2.2)
86 (1.4)
84 (1.4)
62 (1)
53 (0.9)
27 (0.4)
12 (0.2)
15 (0.2)

Incidence

was observed of -1.7% annually (95%CI -3.9 to 0.6).

from 1989 to 2007, thereby ranging between 2.4 and 3.5 cases per 100,000 person-

(95%CI -2.5 to 0.4)), with rates ranging between 3.3 and 3.8 cases per 100,000 person-

groups except for patients older than 80 years, for whom incidence increased during 

males between 0-54 years, there was an average decrease of 6.2% per year between 
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incidence was observed over the entire study period (APC for 65-79 years= 1.8% (95%CI 
0.9 to 2.6), APC for 80 and older=4.6% (95%CI 2.2 to 6.9).

Figure 1. Malignant pleural and peritoneal mesothelioma incidence per 100.000 person 
years (PY) (RESR) between 1989 and 2018 in the Netherlands. APC=Annual Percentage 

-
ma (both pleural and peritoneal mesothelioma), per 100,000 person years (PY) (RESR).  

the alpha=0.05 level.

2
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Treatment

radiotherapy was given in 8.8% of patients, and 3.4% of patients received a type of 
surgery. No information was registered whether a macroscopically complete resection 

patients were treated with a multimodality approach. Targeted therapy was used in 74 
cases (0.6%) and immunotherapy in 55 (0.5%).

Table 2. Treatment

MPM
(n=11,539)

MPeM
(n=629)

Total
(n=12,168)

All (n, %)*

Chemotherapy
Surgery
Radiotherapy
Immunotherapy
Targeted therapy
Best Supportive Care
Unknown

3,273 (28.4)
343 (3.0)
1,072 (9.3)
52 (0.5)
72 (0.6)
7,132 (61.8)
144 (1.2)

142 (22.6)
65 (10.3)
4 (0.6)
3 (0.5)
2 (0.3)
423 (67.2)
7 (1.1)

3,415 (28.1)
408 (3.4)
1,076 (8.8)
55 (0.5)
74 (0.6)
7,555 (62.1)
151 (1.2)

Multimodal treatment (n, %)

Chemotherapy and Surgery
Chemotherapy and Radiotherapy
Chemotherapy and Targeted therapy
Chemotherapy and Immunotherapy
Surgery and Radiotherapy
Surgery and Chemotherapy and Radiotherapy

Total

92 (0.8)
252 (2.2)
44 (0.4)
11 (0.1)
47 (0.4)
40 (0.3)
9 (0.1)
495 (4.3)

10 (1.6)
1 (0.2)
1 (0.1)
-
2 (0.3)
-
3 (0.5)
17 (2.7)

102 (0.8)
253 (2.1)
45 (0.4)
11 (0.1)
49 (0.4)
40 (0.3)
12 (0.1)
512 (4.2)

Reason no treatment (i.e. BSC) (n, %)**

Comorbidity
Performance status
Age
Patient preference
Disease too extensive
Deceased before start treatment

18 (2.1)
214 (25.3)
32 (3.8)
363 (42.9)
55 (6.5)
30 (3.5)
135 (15.9)

3 (5.9)
16 (31.4)
1 (2)
14 (27.5)
8 (15.7)
0 (0)
9 (17.6)

21 (2.3)
230 (25.6)
33 (3.7)
377 (42)
63 (7)
30 (3.3)
144 (16)

**Registered for 898 patients (847 pleural, 51 peritoneal), percentages based on registered cases.
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3A shows an increase in the use of systemic chemotherapy between 2002 and 2006 

of cases up to 2008, after which its use decreased to 4-5% of cases yearly. As can be 

from about 75% between 1993 and 1997 to about 65% from 2013 to 2018. The use of 
chemotherapy increased from around 2003 onward and peaked between 2008 and 
2012, after which its use decreased again. The role of surgery remained limited during 

Figure 3A-B. Treatment patterns for malignant pleural mesothelioma (MPM) per year 
(A) from 1993-2018. 

-
timodal treatment, or patients receiving other treatment.

2
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Figure 4. Kaplan Meyer actuarial overall survival curves with median OS [interquartile 
range] in months and numbers at risk. -
nant peritoneal mesothelioma. *Breslow (Generalized Wilcoxon) p-value, calculated for non-pro-

th edition of the 

Survival

about 2003, likely due to the introduction of combination-chemotherapy, together 

all patients was 9.3 months, compared to 7.3 months between 1993-2003. Patients with 

because they are subjected to selection bias.

Discussion

2010, and currently there is a strong trend towards declining incidence for the whole 
population. Historically, the Netherlands has been among countries with relatively high 

 9

monitored with some apprehension. 14 19 20

impact and mortality of mesothelioma in the Netherlands.14 15

most age groups in the Netherlands. Similar results have earlier been reported for 
Sweden, the US, and Australia.21-23

have banned the use of asbestos, such as the UK, these outcomes can further aid in 

Netherlands around the year 2020.14 However, this peak has already been reached, 

2
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with the complete ban on asbestos but also with measures that were implemented 
before 1993. The thesis of J. Stumphius (an occupational physician at a Dutch shipyard) 
that was published in 1969 unmistakably related asbestos exposure to mesothelioma 
in the Netherlands.24

governmental regulation in 1978, resulting in a decrease of approximately 75% in the 
amount of asbestos that was processed in the Netherlands in the 1980s compared 
to the 1970s. As the processing and use of asbestos plummeted from 1980 onwards 
and the latency time for mesothelioma is 30 years on average, the decline of incidence 
from 2010 onwards could have been expected. This also explains why we observed 
that incidence among patients younger than 55 years was already declining before the 
complete ban on asbestos in 1993.

incidence among most age-groups is currently declining, with the exception of male 
patients aged over 80 years and female patients aged over 65 years. These observations 
were to be expected, considering the latency time between asbestos exposure and 

13,25,26 Patients that are currently older than 80 years have likely been 
heavily (occupationally) exposed to asbestos in the past. However, the current decline 

cases will further diminish in the near future and the peak incidence lies behind us. 
The group of patients that have been heavily exposed to asbestos, will become smaller 
each year due to the ban on asbestos in 1993, and other earlier measures. The 80+ 
age group has relatively high incidence rates, but the group size is decreasing each 
year. Therefore, the weight of this age group on the total incidence rates diminishes. 
Combined with declining incidence rates among all other age groups, this causes the 

or less stable over time. This could imply that the link between asbestos exposure 
27 This also suggests that there are other 

therapy or germline mutations.27,28

This is lower than expected based on literature, where rates between 10-30% have been 
reported.27,29

explain the small proportion of observed cases in this cohort.27

With regard to treatment, between 2002 and 2006, there was an evident increase 

showed that platinum-pemetrexed treatment increased median overall survival by 
2 The increased treatment rate, 
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together with the fact that combination treatment prolongs survival, likely resulted in 
improved survival at a population level from 2003 onward.

patients that did not receive anti-tumour treatment, over 40% was due to patients’ 
preference. Perhaps, patients are reluctant to receive toxic therapy, especially when 

30

patients, it was more often due to poor performance status (31.4%) or extensive disease 

31,32

should be limited to local palliative use and pain control, because of the potentially 
33 In 2016 

randomized trials.34,35 These results might lead to a further decrease in its use.

In the current cohort, the use and thus the impact of immunotherapy and targeted 
therapy was minimal with less than one percent of patients treated with either modality. 
This is due to the fact that Checkpoint Inhibition (CI) therapy is not yet registered 
as a treatment option, and there have been no major advances regarding targeted 
therapy.36,37

3

38% in the immunotherapy group, compared to 8% in the chemotherapy group. As a 

4

38 Nonetheless, 
novel treatment options are still urgently required to improve survival in patients. An 
overview of new developments is given by Yap et al.39 Within our group, we are working 
on dendritic cell therapy both in pleural and peritoneal mesothelioma.40,41

6-8,42

6 This 
survival can partly be explained by patient selection. However, studies on the use of 

2
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systemic chemotherapy are also subjected to patient selection, but rarely show long-
term survivors.43-45

Strengths and limitations
The strengths of our study are the number of patients included, and the length of 
time in which the data were collected. There are also some limitations that need to 
be discussed. As with most population-based registries, the overarching theme of the 

no consequences for treatment as systemic chemotherapy is considered the golden 
standard. Patient selection for systemic chemotherapy is mostly based on performance 
status and patient preference, rather than stage of disease. Also, details regarding 
treatment were often missing. With regard to survival analyses, the cause of death 

the trends in treatment throughout time.

Conclusion

is currently declining, with the exception of males aged over 80 years and females 
aged over 65 years. The number of patients receiving treatment has increased since 
2003, although most patients did not receive any anti-tumour therapy. In this period, 
survival improved slightly, but the prognosis is still poor. Recent advances in therapy 
might change this perception.
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Supplementary

Supplementary Figure 1. Histological subtype trend analysis. 

Supplementary Figure 2. Stage at diagnosis trend analysis.
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Abstract

Background

real-world study, we investigated the clinical outcomes of nivolumab treatment in pre-

Methods

program were retrospectively analyzed. Treatment was independent of programmed 
death ligand 1 (PD-L1) expression on tumor samples. Univariable and multivariable 
analyses were performed to evaluate the relationship between clinically important 
factors, baseline peripheral blood parameters and survival. The landmark method 
was used to compare the outcome of patients according to their radiological response.

Results

After 12 weeks, the disease control rate (DCR) was 37% and the objective response rate 

Conclusions

phase II trials. However, exceptional survival rates were observed in patients who had a 
radiological response. Although we cannot determine whether prognostic or predictive, 
PD-L1 expression and albumin were associated with greater response rate and may 
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Introduction

low survival rates.1,2

with platinum and anti-folate agents,1,3 with the possible addition of bevacizumab.2 
Historically, no therapeutic agent has shown strong activity against mesothelioma 
in second or third-line treatment.4 The breakthrough of checkpoint inhibitors (CIs) in 

results in phase I/II trails with CIs, phase III trials investigating both single agent anti-
cytotoxic T-lymphocyte-associated protein 4 (CTLA4) and anti-programmed cell death 

5,6

randomized clinical trial (RCTs), comparing the PD-1 CI pembrolizumab to chemotherapy 
(gemcitabine or vinorelbine) as second-line treatment, failed to show superiority of 

6 The 

than in the chemotherapy arm (6%), but duration of response (DoR) and overall survival 

7-10 and is currently being tested 
in the context of phase III RCTs (NCT03063450, NCT02899299).

11

results which could be explained by the use of strict inclusion criteria in the clinical 
trials.8-10

7,11 The low predictive value of PD-L1 

markers.7,11 12,13 other tumor and patient characteristics, 

with nivolumab, to identify biomarkers for response.

opportunity to conduct a real-world analysis to investigate the outcome of nivolumab 

important factors, baseline peripheral blood parameters and clinical outcomes. The 

3
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impact of radiological response on outcome was also investigated. We present the 

dx.doi.org/10.21037/tlcr-19-686).

Methods

Patients

progression after at least one previous line of chemotherapy. Inclusion in the program 
was independent of PD-L1 expression on tumor samples, which was assessed by IHC 

or maintenance treatment. Patients with a follow-up shorter than 3 months were also 
excluded from the analysis, unless they progressed or died earlier. Niv olumab was given 
intravenously at a dose of 3 mg/kg every 2 weeks. Radiological tumor assessment was 
carried out 6 weeks (±1) after start of treatment and every 6 weeks (±1) until progression 
depending on previous computed tomography (CT) evaluation.

Data collection
Patient and tumor characteristics, as well as radiological response data and blood count 
parameters within 14 days before the initiation of nivolumab treatment were collected 
from the digital patient register. The following variables were collected and investigated 
in statistical analyses: age, gender (male vs female), histologic subtype (non-epithelioid 

of treatment (later-lines vs second-line), PD-L1 status (considered as positive if tumor 

platelet count (as continuous variable), and absolute counts for neutrophils, monocytes, 
eosinophils and lymphocytes were also collected.

initial progression of disease (PD), tumor assessment should be repeated 4 to 8 weeks 
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discontinued treatment, and the date of the initial CT scan was taken as the time of 

cause, censored at the last tumor assessment date for patients who were alive at the 

of patients who had a partial (PR) or complete response (CR) to therapy and DCR as the 
percentage of patients who achieved complete response, partial response and stable 

documentation of tumor response to disease progression.

Statistical analysis
Patient and disease characteristics were reported using count and percentage for 

correction was used for comparison between more than two groups. The landmark 
method was used for handling immortal time bias when comparing the outcome of 

patients who died before 12 weeks were excluded. A landmark of 12 weeks was chosen 

(including PS, histology, stage, gender, age, line of treatment, TTP to previous line of 
chemotherapy, PD-L1 status) were calculated using a univariable Cox proportional 
hazard model or a univariable logistic regression.

imputed ten times. In order to determine a subset of variables with the strongest impact 

neutrophils, monocytes, eosinophils and lymphocytes) were combined with clinically 
important factors and a Cox multivariable proportional hazard regression model or a 
multivariable logistic regression were performed on the imputed datasets. Since the 
number of candidate variables exceeded the number of events divided by 10, a ridge 

using Rubin’s rules.18

the complete case data (without imputed data).

3
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Associations between categorical variables were assessed by Pearson’s Chi-Square or 

reported p-values were two sided. Statistical analyses were performed using R 3.6.0 

“smcfcs” package and pooling was conducted.

Results

Patient characteristics

of Nivolumab. Among them, 107 patients were eligible for the analysis (Supplementary 
Figure S1
seven (90%) were treated in second-line. PD-L1 expression was determined in 33 
patients: 22 biopsies (66%) were PD-L1 negative and 11 (33%) were PD-L1 positive. 

p-value 0.004). The majority of patients (69%) had an advanced clinical stage of disease 
Table 1.

Figure 1. Kaplan-Meier curves of survival in the entire cohort of nivolumab treated MPM 
patients (median follow-up time of 10.1 months). 

At a median follow-up time of 10.1 months, 85 patients had progression of disease of 

Figure 1A and 1B). The disease control rate 
(DCR) was 37% (40 out of 107) after 12 weeks and 11 patients (10%) had an objective 
radiological response (all partial responders, no complete responses were registered). 
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Table 1. Patient baseline characteristics

Characteristics N (total = 107) %

Median age 69 Range: 34-84

Gender, male 95 87

ECOG PS at start of nivolumab

 0 20 19

 1 68 64

 2 6 5

Unknown 13 12

Histological subtype

78 73

22 20

 Unknown 7 7

Best response to previous platinum-based chemotherapy

PD 28 26

SD 46 43

PR 28 26

CR 1 1

Unknown (not reported) 4 4

Line of treatment

 2 97 91

10 9

Stage at start of nivolumab

 I/II 32 30

70 65

 Unknown 5 5

PD-L1 status

 Negative 22 20

 Positive 11 10

 Unknown 74 70

Data are presented as absolute number with according percentages, unless stated otherwise.

stable disease; PR, partial response; CR, complete response; PD-L1, programmed death ligand 1.

3
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Association of clinically important factors with survival outcomes
Univariable Cox proportional hazard regression analysis of clinically important factors 

1.6 vs 3.6 months [HR 1.82, 95% CI 1.11-3.01, log-rank p-value 0.02, Figure 2A]) but 

Figure 2B) compared to those with early stage (I/II). All other clinical factors were not 
Table 2).

patients with non-epithelioid and epithelioid histology (log-rank p-value 0.89, Figure 
2C

Figure 2D
Figure 2E) 

CI 0.27-1.64, log-rank p-value 0.39], Figure 2F).
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Figure 2. Kaplan-Meier curves of survival of subgroups based on stage of disease, his-
tological subtype and programmed death ligand 1 (PD-L1) status. (A) Progression-free 
survival and overall survival by stage of disease as determined by IASLC 8th

pleural mesothelioma. (B) Progression-free survival and overall survival by histology. (C) Pro-

programmed death ligand 1.

Impact of radiological response to nivolumab on outcome and 
association of clinically important factors with response

were still alive at 12 weeks and underwent radiological assessment at that time point 
were taken into account for the analysis. Remarkably, with a median follow up of 14.1 
months in the group of patients with PR, no deaths were reported and only 2 patients 
progressed (median DoR not reached, Figure 3A

for those with PD (log-rank p-value 0.0002, Figure 3B).

Figure 3. Kaplan-Meier curves of survival according to best overall radiological response. 
(A) Progression-free survival in patients with a partial response and stable disease as objective 

-

disease.

univariable logistic regression was PD-L1 status (Table 2). To note, data about PD-L1 
expression were only available in 6/11 PR, 8/29 SD and 19/67 PD patients (Figure 4).

3
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(Figure 4
Table 2).

Figure 4. Expression of programmed death ligand 1 (PD-L1) according to objective re-
sponse to nivolumab treatment. PR, partial response; SD, stable disease; PD, progressive 
disease; PD-L1, programmed death ligand 1.

Association of peripheral blood biomarkers with survival outcomes 
and response to nivolumab
After imputation for missing values (refer to Supplementary Figure S1 for the 
number of available blood samples at baseline), peripheral blood-derived parameters 
(albumin, platelets, absolute neutrophils, monocytes, eosinophils and lymphocytes) 
and clinically important factors (including PS, histology, clinical stage, gender and age) 
were used as covariates in multivariable analysis to identify independent factors related 

3.16, 95% CI: 1.56-6.37, p-value 0.001, Table 3
also by using non-imputed data (HR 3.78, 95% CI: 1.84-7.76, p-value 0.0002).

regression analysis with these variables (Table 3) showed that only albumin retained its 
prognostic value revealing that patients with a high albumin had a lower change of dying 

sensitivity analysis with non-imputed data (HR 0.88, 95% CI: 0.80-0.96, p-value 0.005).
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Table 3. Multivariable analysis of PFS and OS for peripheral blood derived parameters

Parameter PFS OS

HR 95% CI p-value HR 95% CI p-value

3.16 1.56-6.37 0.001

Albumin (mg/dL) 0.87 0.81-0.95 0.002

1.00 0.99-1.01 0.07

0.86 0.73-1.02 0.10

results were pooled using Rubin’s rules. Co-variables for ridge regression included PS, histology, 
stage, gender, age, eosinophils and lymphocytes.

not performed because of the low number of events (only 11 responder patients). 

Supplementary Table 
S1).

their baseline albumin values and their outcomes were analyzed. Patients in the lower 

other quartiles (HR 3.76, 95% CI: 1.93-7.31, log-rank p-value 0.003 with Bonferroni’s 
correction, Figure 5
38 was 2.5 months (95% CI: 1.9 - not reached) compared to 8.0 months (95% CI: 6.4-

(95% CI: 18%-65%) and 74% (95% CI: 62%-86%), respectively. In addition, 4 out of 20 

3/65 (4%) in the other three quartiles, with a 16% increase in the chance of getting a 

3
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Figure 5. Kaplan-Meier curves of survival in patient groups per quartile of albumin 
level. 

Discussion

PD-L1 negative tumors. We did not observe an association between time from diagnosis 
or response to chemotherapy and response to nivolumab. Strikingly, there seemed 

observe any deaths in these patients during a median follow-up time of 14.1 months.

11 the type of 
radiological assessment was not described. In our study, we retrospectively analyzed 

15,16

of PD with the option of continuing treatment if the patient was clinically stable. In 
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progression.

By comparing our data with those of clinical trials,6-10

which could be explained by the fact that there were no strict inclusion criteria in our 

6 
Conversely, long survival for patients with a PR in our analysis does suggest a clinical 

response rates. Analysis of those patients who achieved a PR to pembrolizumab in the 

Since retrospective data may be biased by underreporting of adverse events and 
misleading, we decided not to report safety data. Nevertheless, to avoid a potentially 

becomes crucial. This patient selection should probably be based on multiple 
parameters.

than patients with non-epithelioid tumors.19 However, in our retrospective analysis 

subtypes, suggesting that nivolumab might have had an impact on prognosis of non-

associated with objective response to immunotherapy.7 Unfortunately, our analysis on 
PD-L1 expression was limited because only 30% of biopsies were stained for PD-L1. 
Another limitation is that PD-L1 expression was often determined on the biopsy 
from diagnosis, because in most cases there was no biopsy taken prior to nivolumab 
treatment.

Looking at the role of baseline peripheral blood biomarkers, our study showed that 

3
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with an albumin level higher than 43 mg/dL had a 16% higher chance of responding to 

the nutritional status of cachectic patients and is described as a prognostic factor for 
many cancer types, including mesothelioma.20-22 Due to the lack of a control group, 

analysis. However, we showed that low levels of albumin might identify patients who 

consistent with previous studies.23,24 Burt et al. reported that pre-operative peripheral 

24

Conclusions

database compared to those of clinical trials, which could be due to a less selected 

to patients without a radiological response to nivolumab treatment. We also showed 
that PD-L1 expression and albumin were associated with higher response rate, yet 
the retrospective nature of our study and the lack of a control group prevent us from 

exploratory analysis plan based on the evaluation of peripheral blood parameters and 

from CI treatment.
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Supplementary material

Table S1. Univariable analysis of ORR for peripheral blood derived parameters

Parameter ORR

OR 95% CI p-value

Albumin (mg/dL) 1.02 1.00-1.03 0.03

0.99 0.99-1.00 0.42

0.98 0.96-1.00 0.28

1.00 0.93-1.06 0.99

0.98 0.78-1.22 0.89

0.75 0.44-1.28 0.30

derived parameters (with imputed data).

Figure S1. Flow diagram of study population. PD-L1, programmed death ligand 1.
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Highlights

•  Low number of B cells are correlated with lack of response to CI therapy in 
NSCLC.

• An abundance of Atypical B cells is associated with lack of response to CIs.

• Phenotypically these cells resemble exhausted B cells seen in chronic infection.
• Chronic antigen exposure could induce Atypical B cells.

Abstract

Introduction
Checkpoint inhibitor (CI) therapy has revolutionized treatment for non-small cell lung 
cancer (NSCLC). However, a proportion of patients do not respond to CI therapy for 
unknown reasons. Although the current paradigm in anti-tumor immunity evolves 
around T cells, the presence of tertiary lymphoid structures and memory B cells has 
been positively correlated with response to CI therapy in NSCLC. In addition, double 
negative (DN) (CD27- IgD-) B cells have been shown to be abundant in NSCLC compared 
to healthy lung tissue and inversely correlate with the intratumoral presence of memory 
B cells. Nonetheless, no study has correlated DN B cells to survival in NSCLC.

Methods
In this study, we evaluated the presence and phenotype of B cells in peripheral blood 

therapy and correlated these with clinical outcome.

Results
Non-responding patients showed decreased frequencies of B cells, yet increased 
frequencies of antigen-experienced CD21- DN (Atypical) B cells compared to responding 

therapy.

Conclusions
These data show that the frequency of CD21- DN B cells correlates with lack of response 
to CI therapy in thoracic malignancies. The mechanism by which CD21- DN B cells 

DN B cells resemble phenotypically identical exhausted B cells that are seen in chronic 
infection or function as antigen presenting cells that induce regulatory T cells.
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Introduction

Checkpoint inhibitor (CI) therapy has revolutionized treatment of non-small cell lung 
1 However, there are 

hampering response to CI is needed. The role of T cells in anti-tumor immunity has been 
well established and is documented as the paradigm of the cancer immunity cycle.2 

immunity through several mechanisms such as enhancing T cell function, complement-
dependent cytotoxicity and antibody-dependent cellular cytotoxicity.3 However, the 
prognostic role of intratumoral B cells remains variable and has been reported to be 
dependent on the organizational structure in which B cells reside.4,5 The phenotype and 
thereby function of B cells is determined by the maturity – presence of germinal centers 
- of tertiary lymphoid structures (TLS). B cells whithin mature TLS results in plasma cell 

5 which is correlated with favorable prognosis in 
NSCLC6 and correlates with response to CI therapy in melanoma, sarcoma and NSCLC.6-9 

outcome to CI therapy in melanoma and NSCLC.7,8 Immature TLS induce regulatory B 
cells with immunosuppressive capacities that have been correlated with worse clinical 
outcome in bladder cancer.5 In NSCLC, double negative (DN) B cells, lacking expression 
of CD27 and IgD, are abundant in the tumor compared to healthy lung tissue and 
negatively correlate with the number of memory B cells.10 Due to the unavailability of 
clinical response data, no correlation between the presence of intratumoral DN B cells 
and clinical outcome was made in that study.

DN B cells are part of a heterogeneous group of B cells, also described as atypical 
B cells (ABC), tissue-like memory B cells, or age-associated B cells. These cells are 
diversely characterized by (a combination of) phenotypic markers such as CD11c and 
T-bet expression, and the lack of CD27, IgD, and CD21.11,12 ABCs derive from naïve B cells 

interleukins and toll-like receptors that subsequently determine the functionality of 
the ABC.13,14 These ABCs have been described in elderly, auto-immunity and chronic 
infection and the functionality varies from hyperresponsive and auto-reactive to 
exhausted.12-17

Although literature on intratumoral B cells and cancer has become quite extensive, 
perturbations in B cell subtypes in peripheral blood of cancer patients and correlations 

B cells prior to therapy and a decrease in CD21- B cells after start of therapy has been 
correlated to worse clinical outcome.18,19

4
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Therefore, we studied B cells, with a focus on memory- and DN B cells, in the peripheral 
blood of responding (R) and non-responding (NR) NSCLC patients to anti-PD-1 CI 
therapy.

Methods

Study design

analyze pharmacokinetics and immune cells subsets in patients receiving CI therapy. 

kg every 3 weeks). Written informed consent was obtained from all participants prior 
to inclusion into the study.

Patient response evaluation
Radiological tumor evaluation was performed 6 weeks after start of therapy. Dependent 

Patient selection and data collection

2nd of December 2022. These patients were matched on age, histology, gender, PD-L1 
expression and treatment. R were patients with a partial response (PR) or complete 

for analysis. Clinical data was collected retrospectively.
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stainings were performed at 4°C following previously described procedures (20) and 

and stained intracellularly for 60 min. at 4°C (supplementary table 1). Acquisition was 

Statistics

between R and NR and did additional analysis to see if R or NR more likely resemble 

reported P-values were two-tailed. Statistical analyses were performed using R 3.6.0 

Results

Clinical parameters

was 1.6 months and 56.9 months for R. PD-L1 status was available in all pembrolizumab 

between R and NR.

4
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Table 1. NSCLC Patient baseline characteristics

R (n=11) NR (n=8) Total (n=19) HC (n=5)

Age (years) 68,7 68,4 68,6 29

Male 45% (n=5) 38% (n=3) 42% (n=8) 60% (n=3)

Histology 64% adeno (n=7)
27% squamous (n=3)
9% unknown (n=1)

50% adeno (n=4)
25% squamous (n=2)
12,5% mixed (n=1)
12,5% unknown (n=1)

61% adeno (n=11)
28% squamous (n=5)
5% mixed (n=1)
11% unknown (n=2)

NA

Therapy 45% nivolumab (n=5)
55% pembrolizumab 
(n=6)

38% nivolumab (n=3)
62% pembrolizumab 
(n=5)

42% nivolumab (n=8)
58% pembrolizumab 
(n=11)

NA

PD-L1% 72,5 (n=6) 78 (n=5) (p=0.91) 80,5 (n=11) NA

PFS (months) 56,9 months NA NA

OS (months) 73,9 months NA NA

Data are presented as percentage and absolute number, unless stated otherwise. The P values 

are for the comparison of the survival curves of R vs. NR. Abbreviations: R: responders, NR: 

applicable.

NR show decreased B cell frequencies, but increased frequencies of 
CD27- IgD- DN B cells
We studied circulating B cell subtypes in R and NR patients with NSCLC and in HC. 

compared to R, whilst R and HC showed similar frequencies in these B cell subsets. No 

the frequency of total B cells was lower in NR compared to R and HC, the frequencies 

showed that due to the lower abundance of B cells in NR patients, DN B cells as a 

associates with response to CI therapy. In addition, particularly the frequency of naive 
B cells as a fraction of total live cells was reduced in NR, compared with R and HC 
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A high frequency of antigen-experienced CD21- DN B cells is 
associated with a lack of response to CI therapy.
To phenotype the DN B cells in more detail, we analyzed CD21 expression in a subgroup 

of the CD21 marker. We found that the frequency of CD21- DN B cells was increased 

frequencies of CD21- DN B cells, are linked.

As ABCs are described to be antigen-experienced, we analyzed isotype distribution 

1A).

To further elucidate on the potential function of CD21- DN B cells, we looked at the 
expression of Ki67, HLA-DR and CD86 in comparison with their CD27+ counterpart; 

these markers on CD21- DN B cells did not correlate with response to CI therapy (data 
not shown).

4
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Figure 1. Perturbations of B cell subtypes in NSCLC. 
double negative (DN) B cells, naïve B cells, unswitched memory B cells and switched memory B 
cells (B). (C) Percentage of Ki67+ cells of B cells and B cell subsets. (D) CD21- DN B cells as fraction 

on CD21- DN B cells (left) and pie charts showing isotype distribution of CD21- DN B cells per 
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Increased frequencies of CD21- DN B cells in NR patients is not 
restricted to NSCLC
To explore whether high frequencies of CD21- DN B cells are also found in NR patients 

2C), indicating that CD21- DN B cells are more frequent in blood of patients with thoracic 
malignancies that do not respond to CI therapy.
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Figure 2. Perturbations of B cell subtypes in MPM. 

DN; double negative.

Discussion

associated with a lack of response to CI therapy and is inversely correlated with the total 

4
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number of B cells. CD21- DN B cells are mainly class switched towards IgG, indicating 
these B cells are antigen-experienced.

The correlation between the scarcity of peripheral B cells and lack of response to CI 
19 The abundance of CD21- DN B cells inversely 

correlating with the number of B cells, complements a study in melanoma in which an 
increase in CD21- B cells correlated with a decrease in the number of B cells.22 As ABCs 

CD95,23-28 we hypothesize that CD21- DN B cells in our study are short lived as well. NR 
have numerically higher frequencies of Ki67+ expression in all B cell subsets, especially 
in naive B cells, indicating their homeostatic proliferation.29

ABCs found in the elderly, auto-immunity and chronic infection.12-17 As our patients 
were age-matched and there was no correlation between age and the presence of DN 
B cells, it seems unlikely that the DN B cells found in cancer patients resemble classical 
age-associated B cells, but are rather induced by the tumor. To distinguish if ABCs in our 
study resemble ABCs in chronic infection or autoimmunity, one would have to look at 
their functionality. ABCs in autoimmunity are hyperresponsive to toll-like receptor (TLR) 

producing plasma cells.12-14

13,15,16,30 As ABCs in our study 
are subject to chronic tumor-antigen exposure and correlate with lack of response to CI 
therapy, it is most likely that they have functional similarities with ABCs seen in chronic 
infection, but this remains to be further investigated.

activation, CD21- DN B cells in our study express relatively high levels of CD86 and 

capable of increasing CD86 expression and are unable to activate T cells, leading to poor 
CD4 T cell activation and proliferation.31 However, research has shown that in NSCLC 
tumor tissue CD21- CD27- B cells are capable of presenting antigen to CD4 T cells, but 

32 In a pan-cancer study, a decrease of CD21- B cells after start of CI therapy is 
correlated with longer survival.18 In conclusion, lack of CD21 expression on B cells seems 
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DN B cells locally hamper a functional anti-tumor response. Secondly, due to limited 
sample availability, we were only able to analyze a small number of patients at one 
time point. Nonetheless, even with small numbers of patients we were able to identify 

availability prevented us from conducting functional studies on CD21- DN B cells, 
e.g. immunoglobulin secretion capacity upon stimulation, or additional phenotyping 

is recommended to determine if these cells can serve as a predictive biomarker. 

checkpoint inhibitors.5,22,33

In conclusion, the abundance of (IgG+) CD21- DN B cells in peripheral blood is correlated 

treated with CI therapy. We speculate that naïve B cells are skewed by the tumor 
microenvironment – together with systemic changes that might be induced by the anti-
tumor response – into CD21- DN B cells. This would parallel the proposed mechanisms 

responsible for the induction of ABCs. The pathways by which these CD21- DN (atypical) 
B cells subsequently hamper CI therapy remains unknown. However, we hypothesize 
that CD21- DN B cells either resemble phenotypically identical exhausted B cells that are 
seen in chronic infection or function as antigen presenting cells that induce regulatory 

is needed.

4
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Antibody Fluorochrome Manufacturer Catalogue number

CD38 PerCP-Cy5.5 BD 566445

IgD BD 561314

PD-1 APC Biolegend 329908

CD24 APC-Cy7 Biolegend 311132

CD3 Introgen 56-0038-42

CD27 BD 562513

BD 562977

CD86 BD 563412

CD19 BD 747083

CD40 BD 555589

HLA-DR BD 563696

CD21 BD 563474

IgA Biotin SouthernBiotech 2050-08

IgG BD 564230

Streptavidin BD 554062

Ki67 Invitrogen 11-5699-42

Aqua L/D eBioscience 65-0866-14

Table S2. MPM Patient baseline characteristics

R (n=6) NR (n=10) Total (n=16)

Age (years) 66,3 73,1 70,6

Male 83,3% (n=5) 90% (n=9) 87,5% (n=14)

Histology 50% epithelioid (n=3)
16,7% non-epithelioid (n=1)
16,7% mixed (n=1)
16,7% unknown (n=1)

90% epithelioid (n=9)
10% non-epithelioid (n=1)

75% adeno (n=12)
12,5% squamous (n=2)
6,3% mixed (n=1)
6.3% unknown (n=1)

PFS (months) 24,5 months 1,7 months p=0.0009 -

OS (months) Not reached 10,4 months -

Data are presented as percentage and absolute number, unless stated otherwise. P values for 
survival are created by comparing survival curves of R vs. NR. Abbreviations: R: responders, NR: 

4
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Gating strategy to identify the various B cell subsets. 

Next, doublets were removed and dead cells were excluded from the analyses. Subsequently, B 
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(A) Pearson correlation 
2) between age and frequency of double negative (DN) B cells in NSCLC patients 

2) between percentage 
of CD21- DN B cells and total B cells in NSCLC patients. (D) Percentage Ki67+ (left), CD86+ (middle) 

-

healthy controls, DN; double negative.
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Research in context

Evidence before this study

maintenance treatment in patients with pleural mesothelioma of both epithelioid and 
non-epithelioid histology using the search terms “mesothelioma” AND “maintenance” 

survival outcome with maintenance treatment compared with observation or placebo. 

when comparing switch maintenance treatment with gemcitabine versus placebo. Since 

chemotherapy with platinum–pemetrexed, resulting in a median overall survival of 12.1 

of 2.7 months with the addition of bevacizumab, which, from then onwards, could be 

show increased overall survival with combination immune checkpoint inhibition versus 
chemotherapy. Immune checkpoint inhibitors became the recommended treatment 
for eligible patients. Despite the improved survival, long-term overall survival in pleural 
mesothelioma is still poor.

Added value of this study

not meet its primary outcome of improved overall survival, we found broad immune 

numbers in the non-epithelioid group.

Implications of all the available evidence

mesothelioma showing the potential of activation of the immune system. However, 
an unmet need for improving long-term survival in most patients is present. Despite 
the fact that this study on cellular therapy was negative for its primary outcome, the 

the option to investigate combination treatments with immune checkpoint inhibitors 
and cellular therapy.
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Abstract

Background
Dendritic cell immunotherapy has proven to be safe and induces an immune response in 

therapy in patients with pleural mesothelioma.

Methods

four to six cycles of standard chemotherapy (with pemetrexed 500 mg/m² plus platinum 
[cisplatin 75 mg/m² or carboplatin area under the curve of 5]) were recruited from 

infusions, with treatment administered on days 1, 15, and 29, and weeks 18 and 30. 

thirds of the dendritic cells were administered intravenously and a third were injected 
intradermally). Best supportive care was per local institutional standards. The primary 
endpoint was overall survival, assessed in all participants randomly assigned to 
treatment (full analysis set) and safety assessed in all randomly assigned participants, 

registered with ClinicalTrials.gov, NCT03610360, and is closed for accrual.

Results
Between June 21, 2018, and June 10, 2021, 176 patients were screened and randomly 

68 years (SD 8), 149 (85%) of 176 were male, 27 (15%) were female, 173 (98%) were 

18.3 months (14.3–21.9; 59 [67%] of 88 died) in the best supportive care group (hazard 
ratio 1.10 [95% CI 0.77–1.57]; log-rank p=0.62). The most common grade 3–4 treatment-

two [2%] of 88 in the best supportive care group), dyspnoea (none vs two [2%]), anaemia 
(two [2%] vs none), nausea (none vs two [2%]), and pneumonia (none vs two [2%]). No 
deaths due to treatment-emergent adverse events were recorded. Treatment-related 
adverse events consisted of infusion-related reactions (fever, chills, and fatigue), which 

5
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(itch, erythema, and induration), which occurred in 73 (84%) patients, and all were grade 
1–2 in severity. No deaths were determined to be treatment related.

Interpretation

mesothelioma. Immune checkpoint therapy is now standard of care in pleural 

toxicities.

Funding
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Introduction

Pleural mesothelioma is a lethal disease that is causally linked to exposure to 

immunotherapy, often administered in the form of immune checkpoint inhibitors, 

pronounced in patients with pleural mesothelioma than for those with other tumour 
1 combination immune checkpoint inhibitor therapy with anti-

increase in median overall survival was found, from 14.1 months (95% CI 12.4–16.2) 
with chemotherapy to 18.1 months (16.8–21.4) with combination immune checkpoint 

in the chemotherapy group and 23.2% (18.4–28.2) in the immune checkpoint inhibitor 
therapy group.2 These overall survival estimates are lower than in other cancer types 
treated with immune checkpoint inhibitor therapy.

lymphocytes and are responsible for response to immune checkpoint inhibitor therapy. 

an essential step in cancer immunity. In a mesothelioma mouse model, we have shown 

causing only a short-lived immune response, similar to that seen in most patients with 
pleural mesothelioma.3,4

this progenitor exhausted T cell induction. Among these options, adoptive cell therapies 
are a potentially promising tool,5 one of which is dendritic cell therapy. Dendritic cells 
are the most potent antigen-presenting cells, stimulating both the adaptive and innate 
immune response. Dendritic cell therapy consisting of autologous monocyte-derived 

’s-Hertogenbosch, Netherlands), has proven to upregulate CD4+ PD1-positive T cells 
and induce an anti-tumour T-cell response, both in patients with pleural and abdominal 
mesothelioma as well as in those with pancreatic cancer.6,7 In a dose-escalating phase 

and feasible, induced a CD4+ T-cell response, and was associated with a promising 
outcome (median progression-free survival 8.8 months [95% CI 4.1–20.3], median 
overall survival not reached [not determined]) after a median follow up of 22.8 months 
(range 18.5–27.4).8

5
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treatment after chemotherapy compared with best supportive care in patients with 
pleural mesothelioma.

Methods

Study design and participants
In this open-label, randomised, phase 2/3 study, we planned to enrol participants 

adequate organ function, and had non-progressing disease after four to six cycles of 
chemotherapy (pemetrexed 500 mg/m² plus platinum [cisplatin 75 mg/m² or carboplatin 
area under the curve of 5]). Concurrent bevacizumab treatment during chemotherapy 
was allowed, but patients were only eligible if they stopped bevacizumab at the end 
of the chemotherapy period. Key exclusion criteria were an active serious infection 

of autoimmune disease, a previous malignancy (except adequately treated basal cell or 

for which they have been disease free for at least 3 years), any other serious chronic or 
acute illness, an organ allograft, and pregnant women were excluded, as well as anyone 
who had taken more than 10 mg prednisone or equivalent per day of treatment with 
an immunosuppressive agent during the 6 weeks before study. Patients who were 

half-lives from screening were not eligible for inclusion. A full list of eligibility criteria is 
provided in the protocol (appendix). Written informed consent was obtained before 
study enrolment. The study was performed in accordance with the guidelines of Good 
Clinical Practice and the principles of the Declaration of Helsinki and the protocol and 
amendments were approved by the ethical committees of the countries or institutes, 
depending on country legislation.

according to study protocol. Additionally, as a consequence of travel restrictions during 
the pandemic, four centres rather than six centres were involved in the study. After 

a sample size reduction was agreed on, which was approved by the Independent Data 
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study is registered with ClinicalTrials.gov, NCT03610360.

Randomization and masking
Patients were randomly assigned (1:1), via block randomisation (block size of 4) and 
a centralised interactive web-response system with a per-centre randomisation 

investigator at each site registered patients via the web-response system and assigned 
them according to the randomisation sequences generated by an independent third 
party. All patients, investigators, study site personnel, and the sponsor were aware of 
the treatment assignment because treatment itself was open label, but the treating 
physician was masked to the randomisation procedure.

Procedures
Patients were screened and randomly assigned to treatment groups after providing 
written informed consent, approximately 4 weeks after the start of the last cycle of 
chemotherapy (appendix p 6). Sex and race were self-reported during screening. 

session 5–8 weeks after the start of the last cycle of chemotherapy at the production 

days of production and then another 3 weeks for batch release procedures, including 
sterility checks, the vials were frozen and shipped to the investigational site, which took 
another week. Treatment had to start 9–13 weeks after the start of the last cycle of 
chemotherapy and the minimum number of treatments per protocol was three, with the 

1 [baseline], and thereafter on days 15, and 29, and weeks 18 and 30; appendix p 6). At 

cells were administered intravenously and a third were injected intradermally. Treatment 
was continued if no disease progression, unmanageable toxicity, or withdrawal was 
reported. No dose reductions were allowed. Dose interruptions were allowed in case 

care study group were managed with best supportive care according to the discretion 

care. If disease progression occurred, second-line treatment (including treatment with 
immune checkpoint inhibitors) according to institutional policy was allowed in both 
groups; data were collected on treatments received. CT scans were done 3 weeks 
after the start of the last cycle of chemotherapy (baseline scan) and 6 weeks after 
the start of treatment and every 12 weeks thereafter. CT scans were assessed locally 

5
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group, this was done at screening, on days 1, 8, 22, and 36, on weeks 18, 20, 30, and 

samples were collected at screening and on day 1 and weeks 6, 18, 30, and every 12 
weeks during follow-up.

Adverse events were collected during each outpatient visit. During treatment with 

After progression, patients were contacted via telephone or outdoor patient visit once 
every 3 months to follow up on death and adverse events. All adverse events and 
serious adverse events were collected up to and including the week 36 visit. Beyond 
this visit, only treatment related serious adverse events were collected until study 
termination or death. The verbatim terms as reported in the electronic case report form 

Regulatory Activities (version 19.0 or higher) and summarised by primary system organ 

version 4.03) was used to grade toxicity throughout the study. Treatment-emergent 

assignment to treatment.

Changes in quality of life were measured at screening (baseline) and 6 weeks after 

Peripheral blood samples for exploratory immune cell analyses were taken on days 1, 

analysis of co-stimulatory and co-inhibitory immune cell markers. Peripheral blood 

and all staining was done at 4°C.

derived dendritic cells were generated from monocytes in a 9-day culture protocol. 
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human serum (NHS; Sanquin, Amsterdam, Netherlands) and adhered overnight at 37°C, 
in an atmosphere of 5% carbon dioxide. The following day, half of the medium was 
refreshed with fresh medium supplemented with 2% NHS, 1600 IU/mL recombinant 

Biotec, Bergisch Gladbach, Germany). Cells were cultured for 3 additional days at 37°C, 
in 5% carbon dioxide. Hereafter, the immature monocyte-derived dendritic cells were 
transferred to six-well plates (1 million cells per well) in the presence of tumour lysate 

After 2 days of maturation, cells were harvested and quality controlled for sterility, to 
ensure cell cultures were free of endotoxins and mycoplasma, for at least 80% viability, 

class II CD11c cells (activation status), and at least 30% migration in transwell assay 
(potency).

Outcomes
The primary endpoint was overall survival, which was measured as time from 

or lost to follow-up, the overall survival time was censored on the last date they were 
known to be alive. Secondary endpoints were overall survival at 12 and 18 months after 
randomisation, progression-free survival, overall response rate, duration of response, 
disease control rate, and change in quality of life from baseline.

of the study or who were lost to follow-up were considered censored on the last day 
known to be alive. In the assessment of overall response, best disease response was 

progression or recurrence (including complete response, partial response, stable 

persist on repeat imaging performed more than 4 weeks after the initial documentation 

5
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complete response to disease progression or death. However, due to the low number 
of radiological responses, duration of response and overall response rate were not 

disease response of complete response, partial response, or stable disease. Changes 

samples.

Statistical analysis

treated with best supportive care alone, corresponding to a hazard ratio (HR) of 0.57 
for exponential survival times. We planned the total study duration to be 36 months 
with an expected accrual time of 24 months. We anticipated a dropout rate of 0.5% per 
month. Under these assumptions, a sample size of 115 patients per treatment group for 
a total of 230 participants would provide 90% power with a two-sided type 1 error rate 

would be necessitated to reach the hypothesised sample size, and hence longer follow-
up time of the patients who had already been recruited, the number of events would be 
increased. Together with a reduction in the power of the study from 90% to 80%, while 
maintaining the two-sided type 1 error rate at 5%, this decision allowed the study to 
reduce the number of patients to be included to 82 per treatment group (for a total of 

We summarised continuous variables using descriptive statistics (n, mean [SD], and 

We estimated the distribution of survival times and corresponding medians and 95% 
CIs for the overall survival (primary endpoint) time and for time to progression or 

(epithelioid vs other). There was no informative censoring and the number of censored 

supportive care alone group. We assessed the proportional hazards assumption visually 
using the log-log survival curve. We used a Cox proportional hazards model, including 
factors for centre and histology, to estimate the HR along with 95% CI. Several proposed 
subgroup analyses for overall survival and progression-free survival were described 
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for overall survival and progression-free survival using a similar Cox proportional 

tumour stage were amended post-hoc due to the distribution of patients in some 

overall survival times across treatment groups will be rejected should the probability 

progression-free between the treatment groups, by subgroup, using the log-rank test.

All patients randomly assigned to treatment were included in the full analysis set 

endpoints, patients who withdrew from the study were censored at that timepoint. 
Patients with clinical progression before CT scan was done were considered as having 
progressive disease. Patients who had no measurable disease at baseline could not 
be scored as having a partial response. The safety analysis set included all patients 

version 9.4).

Immunophenotyping was an exploratory endpoint. Immunomonitoring measurements 

(paired observations) t test, and for comparison of two independent groups we used 
the two-sample t test. We used the Satterthwaite approximation for degrees of 

did a regression analysis to investigate the linear relationship between a change from 

free survival.

Role of the funding source

data interpretation, and writing of the report.

5
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Results

Between June 21, 2018, and June 10, 2021, 176 patients were screened and subsequently 

176 randomly assigned to treatment groups (after 
starting last cycle of chemotherapy)

176 patients screened (after date of first cycle of 
chemotherapy known)

88 assigned to MesoPher plus best 
supportive care (full analysis set)

1 excluded due to disease 
progression

82 received injection 2 on day 15

2 excluded due to disease 
progression

80 received injection 3 on day 29

50 excluded due to disease 
      progression

30 received injection 4 on week 18

17 received injection 5 on week 30

13 excluded due to disease 
      progression

5 excluded
2 due to adverse events
3 due to disease 

progression

88 assigned to best supportive care alone 
(full analysis and safety analysis set)

87 underwent leukapheresis (safety 
analysis set)

82 received injection 1 on day 1 84 started treatment on day 1 

 4 excluded due to death

Figure 1. Schematic overview of the clinical procedure. 
number of subjects in the analysis set; SD, stable disease; CR, complete response; PR, partial 

Bob_BNW_V7.indd   106 29-07-2025   11:36



107

were male, 27 (15%) were female, 173 (98%) were White, two were Asian (1%), and one 
(1%) was other race. By initial chemotherapy regimen, carboplatin plus pemetrexed was 

and 16 (9%) patients for six cycles; cisplatin plus pemetrexed was administered to 38 

for six cycles; and a combination of either cisplatin or carboplatin plus pemetrexed and 
bevacizumab was administered to seven (4%) patients (three had six cycles of cisplatin, 
three had six cycles of carboplatin, and one had four cycles of carboplatin). 25 (14%) 
patients started on cisplatin but switched to carboplatin (eight patients switched after 
one cycle of cisplatin to then receive three cycles of carboplatin, four patients received 
two cycles of cisplatin and then switched to receive two cycles of carboplatin, and 

treated with carboplatin plus raltitrexed for four cycles. Two patients in each group 

supportive care alone group n=1 on day 246 and n=1 on day 393 after randomisation).

Table 1. Baseline demographic and clinical characteristics, full analysis set 

MesoPher plus best 
supportive care group (n=88)

Best supportive care 
alone group (n=88)

Age, years 68.8 (7.53) 67.2 (8.97)

23 (26%) 30 (34%)

48 (55%) 43 (49%)

17 (19%) 15 (17%)

85 0 0

Sex

78 (89%) 71 (81%)

10 (11%) 17 (19%)

Race

White 87 (99%) 86 (98%)

Asian 1 (1%) 1 (1%)

0 1 (1%)

ECOG performance status at baseline

0 38 (43%) 27 (31%)

1 50 (57%) 60 (68%)

2 0 1 (1%)

Time since most recent 
chemotherapy, weeks†

11.77 (1.33) 10.87 (1.05)

BMI at screening, kg/m² 25.98 (3.02) 25.66 (3.93)

5
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Table 1. Baseline demographic and clinical characteristics, full analysis set. (continued)

MesoPher plus best 
supportive care group (n=88)

Best supportive care 
alone group (n=88)

Histology

73 (83%) 75 (85%)

Sarcomatoid 7 (8%) 4 (5%)

Desmoplatic 0 0

Biphasic 8 (9%) 8 (9%)

0 1 (1%)

Stage at diagnosis

IA 25 (28%) 19 (22%)

IB 33 (38%) 25 (28%)

II 8 (9%) 13 (15%)

IIIA 5 (6%) 8 (9%)

IIIB 13 (15%) 14 (16%)

4 (5%) 9 (10%)

Partial response 27 (31%) 26 (30%)

Stable disease 60 (68%) 62 (70%)

Progressive disease 1 (1%) 0

Data are n (%) or mean (SD). Percentages may add up to more than 100% due to rounding. 

best supportive care group, and n=80 for best supportive care alone group.

Randomisation took place a median of 4.3 weeks (3.7–4.7) after the start of the last cycle 

(1%) of 88 patient had clinical disease progression before leukapheresis, one (1%) had a 
vasovagal collapse during leukapheresis and was not able to do a second leukapheresis 
within the time schedule, three (3%) had clinical progression of disease, and one 

care alone group, four (5%) of 88 patients had disease progression before day 1 and 
eventually died.
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59 [67%] of 88 in the best supportive care alone group). The cause of death was pleural 
mesothelioma for 119 (99%) of 120 patients and one patient (in the best supportive 
care alone group) died due to immune-related encephalitis caused by nivolumab (and 

in the best supportive care alone group (HR 1.10 [95% CI 0.77–1.57; log-rank p=0.62; 
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Best supportive care alone

16·8 (95% CI 12·4–20·3)
18·3 (95% CI 14·3–21·9)

1·10 (95% CI 0·77–1·57) 

Median progression-free
survival, months

Hazard ratio

MesoPher plus best supportive care
Best supportive care alone

5·4 (95% CI 3·2–5·8)
3·2 (95% CI 3·0–4·5)

0·90 (95% CI 0·66–1·23)

Figure 2. Overall and progression-free survival. 

survival.

the best supportive care alone group 78 had events [seven deaths and 71 disease 
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supportive care alone group). Best disease response is shown in table 2. Due to the 
low number of radiological responses, duration of response and overall response rate 
were not analysed. 14 (11%) of 176 patients had missing response evaluation data due 

and nine [10%] of 88 in the best supportive care alone group). The disease control 

supportive care alone group (35 [40%] of 88; p=0.020).

Table 2. Best disease response rate (full analysis set)

MesoPher plus best supportive 
care group (n=88)

Best supportive care alone 
group (n=88)

Disease control rate* 50 (57%) 35 (40%)

Complete response 1 (1%) 0

Partial response 4 (5%) 4 (5%)

Stable disease 45 (51%) 31 (35%)

Progressive disease 33 (38%) 44 (50%)

5 (6%) 9 (10%)

[3.0–5.5]; log-rank p=0.0034), whereas this was not the case for the best supportive 
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Best supportive care alone

Patients 
(events)

Median estimate
(95% CI)

Sex

Female

Male

Age (years)

18 to <65

65 to <75

75 to <85

Baseline ECOG performance status

0

1

Tumour stage

Stage I or II

Stage III or IV

Histology

Epithelioid

Other

Response to first-line chemotherapy 

Partial response

Stable response

Overall

17 (10)

71 (49)

30 (16)

43 (31)

15 (12)

27 (13)

60 (46)

57 (37)

31 (22)

75 (50)

13 (9)

26 (14)

62 (45)

88 (59)

18·3 (11·0–not estimable)

19·7 (13·5–21·9)

21·9 (11·5–not estimable) 

16·9 (10·1–21·2)

21·1 (13·5–27·6)

29·8 (11·5–not estimable) 

17·1 (12·0–21·1)

20·2 (15·0–23·3)

17·1 ( 9·4–21·2)

20·2 (14·3–22·8)

17·1 (7·3–not estimable) 

29·8 (6·9–not estimable) 

17·7 (14·2–21·7)

18·3 (14·3–21·9)

10 ( 7)

78 (54)

23 (15)

48 (31)

17 (15)

38 (21)

50 (40)

66 (47)

22 (14)

73 (52)

15 ( 9)

27 (19)

60 (42)

88 (61)

11·7 (3·2–not estimable)

17·0 (13·2–20·8)

13·2 (10·5–not estimable)

17·3 (10·1–25·0)

16·8 (9·5–19·4)

20·3 (14·9–31·0)

13·0 (9·8–17·0)

16·9 (13·2–20·3)

15·7 (7·1–not estimable)

16·8 (12·3–19·4)

17·0 (4·4–not estimable)

12·3 (9·8–25·0)

17·3 (13·2–20·8)

16·8 (12·4–20·3)

1·61 (0·56–4·60)

1·07 (0·72–1·58) 

1·26 (0·61–2·61)

0·84 (0·50–1·41)

2·64 (1·12–6·22)

1·51 (0·73–3·14)

1·11 (0·72–1·71)

1·16 (0·75–1·80)

1·08 (0·55–2·14)

1·16 (0·78–1·71)

0·84 (0·32–2·21)

1·36 (0·64–2·89)

1·01 (0·65–1·55)

1·10 ( 0·77–1·57)

0·51

0·83

0·52

0·42

0·075

0·36

0·50

0·49

0·76

0·49

0·72

0·32

0·91

0·62

MesoPher plus best supportive 
care alone

Patients 
(events)

Median estimate 
(95% CI)

A
Hazard ratio 
(95% CI)

Log-rank 
p value

Sex

Female

Male

Age (years)

18 to <65

65 to <75

75 to <85

Baseline ECOG performance status

0

1

Tumour stage

Stage I or II

Stage III or IV

Histology

Epithelioid

Other

Response to first-line chemotherapy 

Partial response

Stable response

Overall

17 (14)

71 (64)

30 (25)

43 (39)

15 (14)

27 (24)

60 (54)

57 (48)

31 (30)

75 (65)

13 (13)

26 (24)

62 (54)

88 (78)

5·9 (2·5–13·9)

3·3 (2·9–4·3)

3·6 (2·9–7·4)

3·1 (2·6–4·3)

3·3 (3·0–5·8)

4·4 (3·0–7·4)

3·3 (2·7–4·2)

4·2 (3·0–5·8)

3·1 (2·6–3·2)

3·4 (3·0–5·5)

2·9 (2·2–3·2)

4·1 (3·0–5·8)

3·2 (2·7–4·9)

3·2 (3·0–4·5)

10 ( 9)

78 (72)

23 (21)

48 (43)

17 (17)

38 (34)

50 (47)

66 (61)

22 (20)

73 (69)

15 (12)

27 (25)

60 (56)

88 (81)

5·1 (2·3–8·0)

5·4 (3·2–6·0)

4·6 (3·1–5·6)

5·8 (3·2–8·0)

5·5 (2·5–8·1)

8·0 (5·4–9·0)

3·2 (3·0–5·1)

5·7 (3·2–7·4)

3·5 (3·0–5·5)

5·1 (3·2–5·8)

5·7 (3·0–7·4)

4·0 (2·9–5·8)

5·5 (3·2–6·8)

5·4 (3·2–5·8)

2·00 (0·78–5·09)

0·81 (0·57–1·14)

1·11 (0·60–2·07)

0·67 (0·42–1·06)

1·20 (0·57–2·52)

0·81 (0·47–1·39)

1·03 (0·68–1·54)

1·04 (0·71–1·52)

0·72 (0·39–1·33)

1·05 (0·74–1·47)

0·27 (0·11–0·69)

0·80 (0·42–1·54)

0·82 (0·56–1·20)

0·90 (0·66–1·23)

0·16

0·24

0·83

0·094

0·51

0·38

0·84

0·58

0·43

0·73

0·015

0·87

0·40

0·60

Favours MesoPher plus
best supportive care

Favours best supportive 
care alone

0·1 0·25 0·5 1 2 4 6 8 10

B

Hazard ratio (95% CI)

Figure 3. Subgroup analyses for overall survival (A) and progression-free survival (B). 

According to the quality of life questionnaires, global health status results between 

(appendix pp 96–383). Results for each of the separate domain scores (ie, physical 
functioning, role functioning, cognitive functioning, social functioning, fatigue, nausea 
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and vomiting, pain, dyspnoea, insomnia, appetite loss, constipation, diarrhoea, and 

care alone group were assessable for safety (table 3). The most common grade 3–4 

group vs two [2%] in the best supportive care alone group), dyspnoea (none vs two 
[2%]), anaemia (two [2%] vs none), nausea (none vs two [2%]), and pneumonia (none 
vs two [2%]). No deaths due to treatment-emergent adverse events were recorded. 
Serious treatment-emergent adverse events were reported in seven (8%) patients in the 

the best supportive care alone group (including pneumonia, hip fracture, anaemia, 
dyspnoea, chronic obstructive pulmonary disease, and nausea; with some patients 
reporting more than one event). No treatment-related serious adverse events were 
reported. No deaths that occurred were determined to be treatment-related. The 
reported treatment-related adverse events were infusion-related reactions (fever, chills, 

site reactions (itch, erythema, and induration), occurring in 73 (84%) patients, all of 
which were grade 1–2 in severity. Dose reductions did not take place in the study and 
no patients discontinued study treatment due to treatment-emergent adverse events.

Table 3. Treatment-emergent adverse events, safety analysis set

MesoPher plus best 
supportive care group (n=87)

Best supportive care alone 
group (n=88)

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Injection-site reaction 73 (84%) 0 0 0 0 0

Infusion-related reaction 64 (74%) 0 0 0 0 0

Dyspnoea 13 (15%) 0 0 12 (14%) 2 (2%) 0

Chest pain 10 (11%) 3 (3%) 0 9 (10%) 2 (2%) 0

Arthralgia 12 (14%) 0 0 2 (2%) 0 0

10 (11%) 0 0 6 (7%) 0 0

Anaemia 0 2 (2%) 0 5 (6%) 0 0

Nausea 5 (6%) 0 0 0 2 (2%) 0

Renal impairment 0 1 (1%) 0 0 0 0

0 1 (1%) 0 0 0 0

Lipase increase 0 1 (1%) 0 0 1 (1%) 0

Decreased appetite 0 1 (1%) 0 0 2 (2%) 0

Anxiety 0 1 (1%) 0 0 0 0
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Table 3. Treatment-emergent adverse events, safety analysis set (continued)

MesoPher plus best 
supportive care group (n=87)

Best supportive care alone 
group (n=88)

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Headache 0 1 (1%) 0 0 0 0

Hypoacusis 0 1 (1%) 0 0 0 0

Bronchitis 0 1 (1%) 0 0 0 0

obstructive pulmonary 
disease

0 1 (1%) 0 0 1 (1%) 0

0 1 (1%) 0 0 0 0

Calculus urinary 0 1 (1%) 0 0 0 0

Pneumonia 0 0 0 0 2 (2%) 0

0 0 0 0 1 (1%) 0

Depression 0 0 0 0 1 (1%) 0

Hip fracture with 
arthroplasty

0 0 0 0 1 (1%) 0

Alanine aminotransferanse 
or aspartate 
aminotransferase increased

0 0 1 (1%) 0 0 0

Hypomagnesemia 0 0 1 (1%) 0 0 0

Treatment-emergent adverse events of grade 1 or 2 that occurred in at least 10% of participants 
and all grade 3–4 events are shown; no grade 5 events occurred. Treatment emergent adverse 

possibly related, probably related, or related to treatment.

Treatments received after progression are summarised in the appendix (p 4). 102 (58%) 
of 176 patients received at least one line of immune checkpoint inhibitor therapy as 

the best supportive care alone group), mainly anti-PD-1 antibodies.

T cells, and in the frequency of CD4+ T cells expressing the proliferation marker Ki67 

5
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These increases were most pronounced at day 8, and still present at day 36. The 

increased frequency of Ki67+ CD4+ T cells was present in both memory T cells and 

proliferation also correlated with progression-free survival (appendix p 8). We analysed 

and sequential samples from day 1 and day 8, and found that increase in Ki67-positive 
central memory T cells at day 8 correlated with longer progression-free survival (r²=0.26, 

Discussion

phase 1 data that found promising signs of overall survival and immunological activation 

follow-up of 22.8 months. Acknowledging the small sample size of this previous phase 
8-10 led us to 

as a maintenance treatment in patients with non-progressing disease after standard of 
care chemotherapy. This treatment plan was chosen because anticancer vaccines, and 

11-13 

trials and our current trial is the time interval between the administration of the last 

increased time interval was due to lengthy study procedures, such as screening and 
randomisation, and the extended sterility tests, which were much quicker or not done 
as part of the other studies.

When looking in detail at the progression-free survival curve, although no CT scans 
were taken during the period, we assume that a substantial proportion of patients had 
disease progression in the interval between completion of chemotherapy and day 1 

that in the best supportive care group 44 (50%) of 88 patients had a progression-free 

5
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shorten the interval in future trials, a work-up similar to that in the trial of Adusumilli 
and colleagues14 could be implemented, in which patient screening and leukapheresis 

by use of a rapid real-time PCR compared with the now performed method (direct 

of 88 patients in the best supportive care alone group had a partial response, which 

assessing pleural tumours.15-17

system (and so are able to mount a better response to injection) than those with 

of patients.

LAG-3 on CD8+ T cells.18 

CD4+ T cells in patients with pancreatic cancer.19 Similar results were seen in a phase 
II clinical trial for peritoneal mesothelioma.6

of CD4+ T cells and that the magnitude of increase in proliferation correlated with 
progression-free survival in the subset of patients in whom this analysis was performed. 

18 and results of the current study suggest that the magnitude of 

tumour response. CD4+ central memory T cells might not rapidly produce protective 

cells in secondary lymphoid organs.20

The increase in CD4+ T cells is considered to be one of the criteria for evaluation 
21 The role of CD4+ T cells in cancer immunology 

has been an area of increasing interest. Although most cancer immunotherapies 
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focus on the CD8+ T-cell response, CD4+ T cells have a pivotal role in developing and 

T-cell signalling is also essential for the formation and survival of memory CD8+ T cells, 
contributing to a durable immune-mediated tumour response.

In previous studies,22,23

induced a broader immune response also increasing expression of other markers such 

6,24 Currently, we are investigating the potential synergy 

(NCT05304208).

In Checkmate 743, patients with a non-epithelioid histology responded better to 
combination immune checkpoint inhibitor therapy, consisting of anti-PD-1 and anti-
CTLA-4 antibodies, than to chemotherapy. In our study, we found that patients with a 

free survival than those treated with best supportive care alone. However, no such 
association was found for overall survival. Notably, the small number of patients with 
non-epithelioid tumours means that these subgroup analyses should be interpreted 

fact that most patients received immune checkpoint inhibitor monotherapy (anti-PD-1) 
after progression.

when extrapolated from other published data in a similar patient population. In the 
switch maintenance study that compared gemcitabine with best supportive care, overall 
survival in the best supportive care group was 13.4 months (95% CI 12.4–17.8).16 In 

15 that compared defactinib with placebo, overall survival was 
12.7 months (95% CI 9.1–21) in the defactinib group and 13.6 months (9.6–21.2) in the 
placebo group. A potential reason for the longer overall survival in best supportive care 

II disease, whereas the other studies had a higher proportion of patients with a more 
advanced stage of disease. Another explanation might be that most patients received 
immune checkpoint inhibitor monotherapy after progression.19 Although progression-
free survival in the best supportive care group is similar to that in the placebo group in 

5
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related adverse reactions (ie, fever, chills, and fatigue) and injection site-related reactions 

for combination treatment with other types of immunotherapy. In fact, combining 
dendritic cell therapy with immune checkpoint inhibitor therapy has been shown to 
work synergistically in murine models and shows promising results in a clinical setting.4

given that mesothelioma is a rare disease and performing a randomised trial in cellular 

nature of the study, the heterogeneity of the patients included, and the second-line 

limitation is that in the best supportive care alone group blood samples were taken 

hampers between-group comparison.

resection. Immune checkpoint inhibitor combination therapy is now standard of care in 
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Supplementary Tables

Supplementary table 1. Used reagents

Product Fluorochrome Supplier Catalogue #

CD45RA Biolegend 304146

CD3 APC-Cy7 Invitrogen 47-0038-42

CD4 BD Biosciences 563877

CD8 Biolegend 344724

CCR7 Biolegend 353208

CD56 BD Biosciences 562780

eBioscience 12-4777-42

CD28 Biolegend 302926

CD137/4-IBB PerCP-Cy5.5 Biolegend 309814

PD-1 Biolegend 329928

HLA-DR APC BD Biosciences 559866

BD Biosciences 563832

Ki67 Invitrogen 11-5699-42

LAG-3 Biolegend 369310

Biolegend 345028

APC 130-118-335

CTLA-4 PerCP-Cy5.5 Invitrogen 46-1529-42

NA Biolegend 422302

eBioscience 65-0866-14

CS&T Research beads BD Biosciences 655051

NA BD Biosciences 644204

Abbreviations: NA, not applicable
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Supplementary Table 3. Treatment beyond progression

Treatment MesoPher + BSC BSC alone Total

n=88 (%) n=88 n = 176

Carboplatin/ pembrolizumab 6 (6.8) 11 (13.0) 17 (9.7)

Cisplatin/pembrolizumab 0 (0) 1 (1.1) 1 (0.6)

Ipilimumab 3 (3.4) 1 (1.1) 4 (2.3)

Ipilimumab/nivolumab 6 (6.8) 1(1.1) 7 (4.0)

Lenvatinib/pembrolizumab 4 (4,5) 3 (3.4) 7 (4.0)

Nivolumab 39 (44.3) 43 (48.9) 82 (46.6)

Pembrolizumab 5 (5.7) 3 (3.4) 8 (4.5)

Lurbinectidin 9 (10.2) 10 (11.4) 19 (10.8)

Gemcitabine 7 (8.0) 11 (13.0) 18 (10.2)

17 (19.3) 18 (14.8) 35 (19.9)

Abbreviations: BSC, best supportive care; n, number of subjects in the analysis set.
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Supplementary table 5. Timeline MesoPher production and treatment. The following 
table shows the timing of actions during the initial phase of the study

Start of last chemo Week - 11 (+/- 2 weeks)

Randomization Week -8 (+/- 2 weeks)

Leukapheresis Week -7 (+/- 2 weeks)

approx. 6 weeks

Day 1

Second vaccination Day 15

Third vaccination Day 29

CT-scan Week 6

Week 18

Week 30

Supplementary table 6. List of recruitment

Centre PI Number of inclusions

Robin Cornelissen 94

Netherlands cancer institute, Amsterdam Paul Baas 33

University Hospital Antwerp 33

Centre Hospitalier Régional Universitaire de Lille Arnaud Scherpereel 16

and progression free survival

CD4/
CD8

Subset Marker Comparison Arm A

PFS

CD4 Ki67 Change from baseline to day 8 p=0.0055
R2=0.1555

CD4 Change from baseline to day 8 p=0.0302
R2=0.0812

CD4 CD4+ Central memory T cells Ki67 Change from baseline to day 8 p=0.0007
R2=0.2575
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Abstract

Dendritic cells (DCs) are the most potent antigen presenting cells and are the key initiator 

where DCs are ex vivo loaded with tumor-associated antigens (TAAs) and used to induce 

a proportion of the patients. Tumor characteristics and the immunosuppressive tumor 

treatments could be a promising strategy. Initially, conventional cancer therapies, such 

Recent insights indicate that these therapies additionally augment tumor immunity. 

death (ICD) or blocking of inhibitory molecules. Therefore, combining DC therapy with 
registered therapies such as chemotherapy, radiotherapy or checkpoint inhibitors could 

of DC therapy.

Keywords: Dendritic cell-based therapy, chemotherapy, radiotherapy, checkpoint 
inhibitors, immunotherapy, tumor microenvironment, regulatory T-cells, myeloid 
derived suppressor cells, immunogenic cell death, macrophages
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Introduction

Dendritic cells (DCs) are professional antigen presenting cells (APCs) capable of 
inducing a potent immune response through presentation of exogenous antigens.1 

2 Upon encounter with these 
danger signals, DCs will upregulate costimulatory molecules (CD80, CD86, CD40) and 

to the lymph node to activate T-cells.3 T-cell activation will be induced by antigen 

cytokines (signal 3).4 In contrast, antigen presentation in the absence of signal 2 and 3 
will induce tolerance.5,6 In a tumor setting, both tumor cells and immunosuppressive 

7

In DC therapy production, DCs are often matured and loaded ex vivo, to circumvent the 

maturation. In addition, administration of autologous DCs could induce and improve 
the in vivo
reached its full potential.8-10

dependent on DC therapy related aspects, such as the choice of antigen, method of 
loading, or type of DCs used. Next to that, active immunosuppression by the tumor 

11-13

treatment modalities, such as chemotherapy, radiotherapy or more recently developed 
checkpoint inhibitors (CIs) in combination with DC therapy could improve DC therapy 

1,7,8,12,14-17

faces and potential synergistic immunomodulating treatment modalities. In addition, we 
review clinical trials that have combined DC therapy with additional treatments. Data 
regarding these conducted clinical trials were found using a search string of relevant 
terms, as described in the supplementary material.

Immunosuppressive mechanisms of the TME and tumor cells that 

of DC therapy through various mechanisms, such as expression of inhibitory molecules, 
secretion of inhibitory cytokines or enzymes, creation of a dense extracellular matrix 
and induction of tolerogenic cell death18, 19 Tumor cells recruit immunosuppressive 

20

6
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21,22

immunosuppressive immune cells interact synergistically with each other to maximize 

Tolerogenic and immunogenic cell death
Cancer cell death can be tolerogenic or immunogenic depending on the stimulus of 
apoptosis.23

1). Non-immunogenic cell death of malignant cells occurs without secretion of pro-

attraction of immunosuppressive phagocytes and induction of immunosuppressive 
phagocytosis.24 Tumor cells actively impair DC maturation through secretion of 
immunosuppressive cytokines, leading to the presentation of TAA by immature DCs. 
Presentation of antigens by immature DCs will induce T-cell anergy and activation of 

1,25-27.

Box 1. ICD in cancer cells

Cancer cells undergoing ICD start expressing calreticulin (CRT) on the cell 
surface due to stress on the endoplasmatic reticulum and excrete ATP 

of DCs into the tumor, CRT stimulates phagocytosis of antigens and 
+ T-cells. Through these 

processes DCs are matured and activate CTLs in the lymph node to engage 
cytotoxic activity on the tumor cells. 23, 120, 146 ICD can be induced by several 
chemotherapeutics, fractioned radiotherapy, oncolytic viruses and some 
targeted therapies. 1 

Regulatory T-cells

28 Tregs enable tumor progression by suppressing 

directly through cell-cell contact via inhibitory receptors, such as PD-1 or CTLA-4, or 

IL-2 consumption or pore-forming proteins, as granzyme and perforin.29

be induced upon DC therapy, such as CD8+ T-cells, CD4+ T-cells, NK cells, NK T-cells and 
B-cells. Additionally, Tregs can also suppress macrophages and DCs, thereby hampering 
the induction of an initial anti-tumor immune response.8, 14

cells than CD8+ + T-cells in 
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22 The Treg functions create a hostile and competitive environment for DC 
+ T-cells, hindering their cytotoxic functions.

Myeloid derived suppressor cells

chemokines secreted by the tumor cells.30-32

33,34

antigen independent inhibition of T-cell responses.18,35 The hypoxic environment of the 
hypoxia-inducible factor 1

35 Two 

and inhibit T-cell function.18,31,36,37

CCL5 production, secrete IL-1038 and upregulate PD-L1 on their cell surface, which 
39

40,41

Tumor associated macrophages

 and bacterial 

19

secretion of immunosuppressive cytokines by tumor cells or immune cells in the 
+ T-cell function.41

41,42

+ T-cell 
function18,43 These mechanisms hamper DC therapy induced anti-tumor immunity.

6
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Figure 1. Targeting the TME with conventional treatment modalities. A. Inhibitory mol-
-

vation in the lymphnode. Checkpoint inhibitors targeting (PD-(L)1, CTLA-4) can reinvigorate the 
anti-tumor immune response induced by DC therapy by blocking PD-(L)1 signaling in the tumor 
and CTLA-4 in the lymph node. B. Tregs exert their immunosuppressive mechanisms through 

-
-

which stimulates DC phagocytosis, antigen presentation, and migration. ICD can be induced by 
chemotherapeutics, cyclophosphamide, oxaliplatin, paclitaxel, docetaxel and anthracyclines and 
radiotherapy.
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Dendritic cell therapy

in vitro 
with tumor antigens and additional maturation stimuli. DC therapy can be historically 

1 In 

+ T-cell activation.44

therapy, moDCs were loaded with a tumor lysate, TAAs or synthetic peptides without 
additional maturation stimuli. Not surprisingly, without a proper maturation stimulus, 
clinical results were disappointing with tumor regression rate of 3,3%.45

In second-generation DC therapy, moDCs were additionally matured after loading 

and polyinosinic:polycytidylic

acid (poly(I:C)).46

type.9

with second generation DC therapy, which is the threshold for clinical relevance.9,46,47 

castration-resistant prostate cancer patients treated with sipuleucel-T (DC therapy) 
48

In next-generation DC therapy, naturally occurring DCs (nDCs), such as plasmacytoid 
DCs (pDCs) and conventional DCs (cDCs) are used for vaccination. cDCs can be divided 
into two main subtypes: cDC1 and cDC2.49 cDC1s are superior in cross-presenting 
antigens and thereby inducing CD8+ T-cell activation. Recent studies have shown 
that cDC1s are critically important for anti-tumor immune responses and that their 

in melanoma.50-52 Classically, cDC2s mainly activate CD4+ T-cells. The characterization 

markers such as CD11b and CD172a with macrophages and moDCs and has functional 
overlap with cDC1s.51

T-cells.53 However, pDCs have questionable antigen presenting skills, as CD123+ pDCs 
were found to be contaminated with pre-cDCs.54 Naturally occurring DCs can therefore 
be selected based on their superior functional properties, and can be obtained without 
an additional culture period, leading to reduced production costs.1

6
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DCs can also be targeted in vivo using Toll-like receptor (TLR) ligands, intra-tumoral 
55-57

mouse model.58,59 Clinical trials exploiting next generation DC therapy are currently 
performed and coming years will indicate whether the use of nDCs further improves 

60,61

response.62

Immune monitoring

Correlating these immunological parameters to clinical response remains challenging 

63,64

does not correlate with clinical outcome, or allergic reaction measured by the DTH skin 
test.63,65,66 However in some studies, immunological parameters have been correlated 
with clinical parameters in both hematological and solid malignancies.60,67,68

DTH skin tests have been shown to correlate with clinical outcome in DC therapy trials 
in melanoma and colorectal cancer patients.69-71

treated with DC therapy, two patients with a negative DTH skin test had progressive 
72 indicating that the DTH skin test could correlate 

with clinical outcomes. Additionally, in pancreatic cancer patients treated with WT1 I/II 

73 However, all other studies combining 
DC therapy and chemotherapy did not show any correlation between DTH skin testing 
and clinical outcome.63,65,66,73-75 The lack of correlation between DTH skin tests and 
clinical outcome, could be dependent on the timing of the DTH skin test, the evaluation 

a positive DTH skin test varies from 2-5 mm erythema, whilst one could argue that 
induration is a more important parameter.76 Also timing of DTH skin testing varies 
between studies or is not mentioned.
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Combination strategies to optimize DC therapy

Combining Checkpoint Inhibitors with DC therapy
Inhibitory molecules that hamper anti-tumor immune responses, such as PD-1, PD-L1 
and CTLA-4 can be expressed on both tumor cells and various immune cells.77,78 Blocking 

77 

function as potential targets for immunotherapy such as; lymphocyte activation gene-3 
(LAG-3), B and T lymphocyte attenuator (BTLA), programmed death-1 homolog (PD-1H), 

natural killer cell inhibitory receptor NKG2A.79-83

co-stimulatory molecules is currently investigated in preclinical and/or clinical studies, 
and will therefore not addressed in this review.

CTLA-4 blockage inhibits T-cell activation in the lymph node, whereas blocking the PD-1/
84 Anti-

CTLA-4 (ipilimumab, durvalumab), anti-PD-L1 (atezolizumab, durvalumab and avelumab) 
and anti-PD-1 (nivolumab and pembrolizumab) are registered for treatment of solid 

13,85-88

57% are reported in immunogenic cancers, such as melanoma, which is ascribed to a 
high mutational burden and high numbers of TILs.89,90 In tumors with lower mutational 

91 likely due to the relative low 
+ T-cells and 

upregulates PD-1 expression on these TILs, which could render tumors with low TIL 
numbers susceptible to anti-PD-(L)1 treatment.92-95

inhibit the signaling of these inhibitory molecules on the DCs administered during 
DC therapy, as DCs express both PD-1, PD-L1 and PD-L2.96

expression on DCs suppresses CD4+ and CD8+ T-cell proliferation and promotes Treg 
proliferation in various diseases, including cancer.8,97-102 This suggests that combining DC 
therapy with CIs can result in a two-sided synergy by targeting not only tumor cells and 

with certain DC subsets.103 The rationale for using CI in combination with DC therapy 

6
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ex vivo cultured 

limiting Treg expansion.104

blockade in mice bearing intracranial glioma tumors improved survival compared to 
both single treatments.92 In addition, PD-1 blockage on DCs administered in a breast 
tumor-bearing mice model that were subsequently systemically treated with anti-PD-1 
mAb, reduced tumor growth and increased survival compared to untreated mice.105

Clinical Trials combining Checkpoint Inhibitors with DC therapy
Until now, three clinical studies combined DC therapy with CI treatment. In all of these 
studies CTLA-4 mAb has been used. Clinical responses were retrospectively observed in 

progression after receiving at least 3 bi-weekly vaccinations with gp100 and tyrosinase 
loaded DCs.106

related adverse events were not increased in patients pretreated with DC vaccination 
(58%) compared to patients treated with ipilimumab monotherapy (61-70%).107

concurrent systemic treatment with a dose escalation of tremelimumab (3, 6, 10 mg/kg), 
an CTLA-4 blocking mAb.108

treatment, of which 2 patients developed a complete response (CR), and 2 patients a 
partial response (PR). This indicates that response rates upon combination therapy 
are promising compared to response rates to tremelimumab monotherapy (7-10% 

 108-111 9. Remarkably, responses were 
also observed in patients treated with only 3 mg/kg tremelimumab, achieving plasma 
levels of 30 μ/ml, which is below the target level determined by prospective clinical 
trials.109

analysis.109

A phase II open label single arm clinical trial combined ipilimumab treatment with DCs 
electroporated with Trimix-mRNA (CD40L, CD70, constitutive active TLR4) and mRNA 

112 Radiological responses were assessed with immune-related response 

showed CR and 18% had a PR. A disease control rate of 51% at 6 months follow-up 

ipilimumab as monotherapy.113

trials investigating combination therapy of ipilimumab and nivolumab.107 Immunological 
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analysis showed an overall increase of CD4+ and CD8+ T-cells in the peripheral blood 
 112

colitis or pneumonitis,114, 115 whereas combining DC therapy with CIs does not increase 

CTLA-4 mAb treatment are promising as compared to clinical trials that investigated 
these therapies as monotherapy. However, phase III randomized controlled clinical 

with DC therapy still needs to be evaluated in clinical trials. Immunological analysis 
was inconclusive in all studies and did not correlate with clinical outcome. Concurrent 
intensive immunological analysis of blood and tumor material could provide proof of 

parameters for immunotherapy. Currently, many phase I/II trials are being conducted 
that combine PD-(L)1 mAb with DC therapy.57,116 However, to date, there are no clinical 
phase III trials conducted to observe synergy of CI treatment in combination with DC 
therapy (https://clinicaltrials.gov/).117

Combining Chemotherapy with DC therapy

12 118

treatment was already observed in preclinical and clinical studies.11,12,17,23,119,120 
Such immunological changes were even associated with clinical response.120-124 

23,125

In most clinical trials, DC therapy was administered in combination with registered 
chemotherapy treatment. Therefore, studies that combined treatment of 
chemotherapeutics with DC therapy were not often designed to improve DC therapy 

63,66,73,126-128 

trials that investigated treatment of DC therapy in combination with chemotherapy in 
esophageal, prostate, pancreatic cancer, mesothelioma, glioblastoma and melanoma, 
are summarized in Table 1.

6
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Table 1. Overview of clinical trials combining moDC therapy with chemotherapy

Disease Peptide(s) of DC 
therapy

maturation 
cocktail

CTX (+ other 
additional 
treatments)

Immunomodulatory 
a

Immunological 
rationaleb

glioblastoma autologous tumor 
lysate

Treg depletion none

pancreatic 
cancer

WT1 peptide + S1 or S1 + gemcitabine 
dose not stated depletion

none

pancreatic 
cancer

WT1-I, -II, I/II peptide gemcitabine 1000 
mg/m2 depletion

none

glioblastoma autologous monocyte-
derived 
conditioned 

Treg depletion none

esophageal 
cancer

WT1 peptide DTX 50 mg/m2
skewing,
ICD induction

immune 
enhancement

melanoma WT1, gp100 carboplatin (AUC 5) 
and paclitaxel (175 
mg/m2)

Treg depletion Treg depletion 
and decrease 

secretion

prostate cancer PSA, PAP mRNA DTX 75mg/m2
skewing,
ICD induction

and ICD

melanoma p53, survivin, and cyclophosphamide 
50 mg

Treg depletion, ICD 
induction

Treg depletion

mesothelioma autologous tumor 
lysate IL-6

cyclophosphamide 
2x50 mg

Treg depletion, inducing 
ICD

Treg depletion

prostate cancer killed LNCaP 
prostate cancer 
cells

poly I:C 50 mg 
cyclophosphamide, 75 
mg/m2 DTX

skewing,
ICD induction

Treg depletion, 
enhancement 
of T and NK cell 
activation

melanoma autologous pulsed 
DC 2)3,000,000 IU/day

Treg depletion Treg depletion

melanoma autologous tumor 
lysate or survivan, 

IL-2, cyclophosphamide 
depletion

Treg depletion,

a.  
b. The immunological rationale for the use of the chemotherapeutic agent described in the respective article.  
c.
d.  
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CTX immune 
readoutc

DC therapy 
immune readoutd

n CO CO 
corresponding 
to IR

Reference

none 31 no Inoges 2018

none 8 4 PD
4 alive 2 years post-
treatment

correlated to 
Yanagi-shawa 2018

none 4/11 pos DTH 10 7 SD, 3 PD pos DTH positively 
correlated with 

Koido 2015

none
0 pos DTH

14 2 PR, 3 SD, 4 PD no Hunn 2015

none
3/7 pos DTH
3/7 pos tetramer
5/8 pos HLA

10 10 PD no

none 9 1 PR, 4 SD, 5 PD no

DC + DTX: 
decrease in 5/18 pos DTH

19 DTX 21 
DTX + DC

Decreasing levels 

correlated to 

Kong-sted 2017

CD4+ T-cell 
depletion

22 9 SD, 13 PD no Borch 2016

Treg depletion 8/10 pos DTH 10 1 CR, 4 SD, NA 3,
PD 2

no Cornelis-sen 2016

Treg depletion increased CD8+ 
T-cells,
increased PSA- 

production

24 no Podrazil 2015

Treg depletion 9/17 pos DTH 17 1 PR, 6 SD, 10 PD no

Treg increase, 

depletion

8/17 pos DTH at 
baseline
1/17 pos DTH after 
vaccination

28 16 SD, 12 PD no

6
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assay, DTH: delayed type hypersensitivity skin test, pos: positive, AUC: area under the curve, NA: 

432: penicillin-killed and lyophilized preparations of a low virulence strain (Su) of Streptococcus 
pyogenes

Targeting of immunosuppressive environment by chemotherapy

Regulatory T cells

a clinical and preclinical setting.12,17,119,120,129 Cyclophosphamide is the best known 

depleting chemotherapeutics in combination with DC therapy, in which 3 studies used 
cyclophosphamide65,72,74 75 Two other studies evaluated only 

and paclitaxel, in combination with DC therapy.

In a phase I clinical trial, melanoma patients were treated with six biweekly injections of 

dose cyclophosphamide (50mg/bidaily biweekly).130

of 22 patients had stable disease (SD). Tregs as well as total CD4+ T-cells were depleted 
upon cyclophosphamide treatment, questioning whether cyclophosphamide induced 

130 However, another clinical trial in mesothelioma patients 
that also combined concurrent low dose cyclophosphamide (2x50mg/day biweekly) 
with three biweekly injections of DCs loaded with tumor lysate did show selective 
depletion of Tregs.72 Unfortunately, depletion of Tregs was not correlated with a better 
clinical outcome. However, detailed analysis of naïve Tregs (nTregs, CD45RA+ int) 
and activated Tregs (aTregs, CD45RA- hi) showed a positive correlation between 

131 In addition, results from this clinical study 
are quite promising, with patients still alive up to 6 years after diagnosis.

Another phase II clinical study combined DC therapy loaded with tumor lysate or 

with metronomic cyclophosphamide (2x50 mg/day biweekly) and a Cox-2 inhibitor 
(200mg daily) in melanoma patients.74

therapy also showed increased numbers of Tregs after four vaccinations indicating that 

potency to increase Treg numbers. 132

decreased after four vaccinations, indicating that the combination treatment depletes 
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compared to a previous trial where DC therapy was only combined with IL-2.133

 75

In another study, patients with metastatic castration-resistant prostate cancer were 
treated with neoadjuvant metronomic cyclophosphamide (50mg/day for 1 week) 
followed by LNCaP (androgen-sensitive human prostate adenocarcinoma cells) loaded 

134,135

observed.126 Unfortunately, Treg numbers were not assessed in these clinical trials. Taken 
together, these clinical trials indicate that chemotherapy is capable of depleting Tregs 
and induce promising clinical responses in combination with DC therapy. Alterations in 
Treg numbers upon treatment could not be correlated with clinical outcome although 
nTreg frequencies at baseline were predictive of clinical response.72,74 However, further 
research is needed to determine whether this is also observed in other malignancies 

Myeloid-derived suppressor cells

12,74,119,120

than an immunosuppressive phenotype.136 This indicates that chemotherapeutics 
not only deplete immunoregulatory cells but can also change the phenotype of 
immunosuppressive cells. In contrast to the above described chemotherapeutics, 

in the peripheral blood of mice and human.137

cyclophosphamide can be counteracted by the addition of chemotherapeutics targeting 

Treg and GR1high 138

6
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loaded DC therapy and gemcitabine (1000mg/m2 three times every 28 days) showed 
that combining these treatments is safe and feasible.73 They also found a positive 

assessed in this study, so it remains inconclusive whether gemcitabine administration 

In a clinical study in patients with metastasized adenocarcinoma of the prostate, 
docetaxel (75mg/m2 every 3 weeks) mono-treatment was compared to combined 
treatment of docetaxel with DCs transfected with mRNAs encoding PAP (prostate 

65

but not upon docetaxel monotherapy, which suggests that docetaxel monotherapy 
65 Paradoxical, a preclinical 

monotherapy.136

136 Characterization 

cryopreservation.33

Immunogenic cell death

of these chemotherapeutics is also dependent on ICD.139-142 Current monitoring of ICD 
occurs via vaccination assays that are not applicable in clinical trials.142 This limits the 

often used as a rationale for combining chemotherapy and DC therapy (Table 1). A 
phase III clinical study in patients with metastatic castration resistant prostate cancer 
comparing docetaxel treatment combined with DC therapy docetaxel monotherapy 
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Combining Radiotherapy with DC therapy
Radiotherapy has been used as local tumor treatment for the last century. Recently, 

the upregulation of radiation-induced double-stranded DNA in the cytosol which serves 

by tumor cells will attract cDC1s to the tumor site, that canengulf the released tumor 
antigens and initiate an immune response.16,143 Therefore, radiation induced ICD can 
act as in situ vaccination.

Apart from inducing ICD, radiation induces upregulation of adhesion molecules on 
144 

+ T-cells to recognize the tumor cells and exert their 
145

146 However, the theoretical immunomodulatory 

147 This could be dependent on the 
irradiation dose used, radiation schedule and lack of additional immune stimulation. 
This is supported by a recent study in breast and colorectal tumor-bearing mice, where 

dose.148,149 High dose radiation is thought to indirectly downregulate cytosolic dsDNA 
and thus inhibit radiation dependent ICD.16

Clinical trials combining DC therapy with radiotherapy
In a phase I clinical trial, 14 patients with advanced hepatoma received immature DC 
therapy followed by 8 Gy radiotherapy. The clinical results varied, with 2 PR, 4 minor 
response, 3 SD and 4 PD.150 Seven out of ten immunologically evaluated patients 

clinical response.

In an observational study, patients with esophageal cancer that either received 
autologous tumor lysate loaded DC therapy in combination with concurrent 
radiotherapy (60Gy) were compared to radiotherapy alone. Two-year survival was 

radiotherapy treatment (33.3%).151 Additionally, in patients with metastatic solid tumors, 
radiotherapy (35Gy) combined with in situ

152

6
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These data suggest that regional radiotherapy can act synergistically when combined 
with DC therapy. The synergy likely depends on the release of tumor antigen that boosts 
the anti-tumor immune response, and should be further investigated in ongoing clinical 
trials. A recently registered trial for patients with metastatic melanoma will evaluate the 

32Gy), to autologous tumor lysate loaded DC therapy (NCT01973322).153 Additionally, 

patients with metastatic castrate resistant prostate cancer will be observed in a single 
arm study (NCT01818986). These studies will allow further investigation into the exact 
immunological mechanism of action of radiotherapy combined with DC therapy.

Other combination strategies: targeting tumor associated 
macrophages

154,155

156-162

163 In 

tumor reduction and increased survival.164 In contrast, in a mesothelioma mouse model, 

did not improve survival.156 However, when pexidartinib treatment was combined with 
DC therapy, improved survival was observed when compared to both monotherapies, 
which was accompanied by increased numbers of proliferating  

T-cells.156

phenotype using CD40 mAb may even hold more clinical potential, as CD40 mAb 

stroma depletion.165

Future Perspectives

Currently, most clinical trials that combine DC therapy with other treatments, such as 
chemotherapy, radiotherapy or CI often lack immunological rationale. This is likely due to 
already existing registrations of these treatments based on other rationales leading to 

setting, lack of consistency in dosing and schedule of treatments complicates the 
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72, 130 whereas Treg depletion is 
dependent on dose and schedule of chemotherapy.29 Separate studies should be 

targeted therapies and immunotherapies alone. During these studies, adequate 
reports of the used methods and analyzation strategy are necessary to facilitate 
standardization of type and timing of immunomonitoring assays.166 This will create 

116

subsets, dosage per injection and the interval or total amount of vaccinations makes 

DC therapy is mandatory to create the possibility to compare studies and evaluate the 

schedules or injection sites. Additionally, registration of DC therapies will enable the 

compared to DC monotherapy. This will inevitably lead to an increase in the number of 
randomized trials and rapid release and approval for registration of immunomodulatory 
therapies in combination with DC therapy. To date, sipuleucel-T is the only registered 
DC therapy.48 Phase III trials that could eventually lead to registration of DC therapy are 
ongoing for melanoma (NCT02993315), glioblastoma (NCT03548571), mesothelioma 
(NCT03610360) and colorectal cancer (NCT02503150).

Hopefully, trials combining DC therapy with other therapies, based on a solid rationale 
and performed with adequate immunomonitoring and uniformity in administration 
schedules, will lead to registration of already existing treatment modalities for new 
purposes. In this way chemotherapeutics, radiotherapy, CIs or other targeted therapies 

therapy in a personalized manner. In order to accomplish this, intensive cooperation 
between clinicians and basic scientists will be needed.

targets could all hypothetically be used as immune modulators in the future. However, 

phase III trials in humans.167

immunomonitoring data should already be obtained in an earlier stage, whereby the 

6
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Conclusion

registered therapies could improve response rates upon DC therapy. To accomplish 

DC therapy combined with other treatments and registration of DC therapy for multiple 
malignancies. Additionally, elucidating the underlying immunological mechanism of 

of DC therapy with other therapies. A better understanding will also lead to personalized 
combination therapy wherein DC therapy will be combined with other therapies based 

authors.
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Novelty and Impact

blockade in malignant pleural mesothelioma patients and a murine mesothelioma 
model. The results suggest that the combination treatment is safe and capable of 
improving anti-tumor immunity, pointing to a promising new treatment option for 
malignant pleural mesothelioma patients.
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Abstract

with DC therapy and sequential anti-PD1 treatment were collected and analyzed for 

were monitored in AC29 mesothelioma-bearing mice treated concurrently with the 
combination therapy; additionally, the role of the tumor-draining lymph node (TDLN) 

8.0 months, respectively. Grade 3 to 4 treatment-related adverse events had not been 
reported. Survival of the mesothelioma-bearing mice treated with the combination 
therapy was longer than that of untreated mice, and coincided with improved 
T-cell activation in peripheral blood and less T-cell exhaustion in end stage tumors. 
Comparable results were obtained when solely the TDLN was targeted. We concluded 

data support that PD-L1 treatment may reinvigorate the T-cell responses induced by 
DC therapy, which may primarily be the result of TDLN targeting.

7
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Introduction

The median survival after diagnosis for patients with malignant pleural mesothelioma 
1,2 Therefore, novel therapeutic strategies 

has shown remarkable responses in multiple cancer types. Anti-PD-1 therapy induces 

1,3-5 In combination with ipilimumab (anti-CTLA-4), 
response rates were even higher and more durable. Still, the majority of patients failed 

2,6

Dendritic cell (DC) therapy has been shown to be safe, feasible and able to induce 

model.

Material and methods

Patient data collection.

or third line with CI therapy after progression on treatment with autologous monocyte-
derived DCs (moDCs) loaded with allogeneic (n=8) or autologous (n=1) tumor lysate 

to DC therapy.

Patient treatment.
Intravenous anti-PD-1 treatment, consisting of nivolumab (3 mg/kg every 2 weeks) or 
pembrolizumab (2 mg/kg every 3 weeks) was administered, irrespectively of PD-L1 

10

Patient response evaluation.
Radiological tumor evaluation was done 6 weeks after start of treatment and every 4 to 
12 weeks thereafter; the interval depended on the previous CT evaluation. The tumor 

11
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of start of CI therapy until radiological progression or death of any cause. The overall 

In vivo experiment in murine AC29 tumor model.

6 AC29 
12 

produced and DCs were cultured as previously described.13

produced by disrupting frozen tumor cells by four cycles of freeze-thaw cycles with 

by loading with tumor lysate and activation with CpG (Invitrogen) on day 9 and injection 

Dependent on treatment arm, mice were treated with either 200 μg isotype (clone 2A3, 

Utrecht, the Netherlands) in 300 μl PBS in the peritoneal cavity. In case of intrapleural 
injection, 200 μL PBS was injected in the pleural cavity of mice that were under short-
term anesthesia. All experiments were performed with mycoplasma-free cells.

Preparation of single cell suspensions from mouse tissues.
Single-cell suspensions were generated from isolated inguinal lymph node (non-tumor 
draining lymph node (non-TDLN), mediastinal lymph node (TDLN), blood and tumor 
tissue of mice from each group as previously reported (13). In brief, 30 μl blood was 

Biotec) according to protocol.

Statistical analysis.

7
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Computing) or Graphpad Prism 8.0.

Results

in vitro matured patient-derived moDCs 
+ T-cell (CTL) 

CTLs and PD-L1 on both tumor cells and exogenous DCs, we investigated whether 
checkpoint blockade could re-induce T-cell mediated immunity and responses in 

stable disease, and one progressive disease; thus, the objective response rate was 

grade 3/4 adverse events.

PD-L1 expression on both transferred and endogenous DCs in the TDLNs of tumor-

with DC therapy and checkpoint blockade could enhance anti-tumor immunity. To 
investigate this, we concurrently treated mesothelioma-bearing mice with DC therapy 
and anti-PD-L1, enabling us to assess PD-1 expression on T cells following treatment. 
This combination treatment resulted in longer survival compared to untreated mice 

activation marker) on T cells in peripheral blood, followed by increased proliferation 

was most profoundly decreased following combination treatment, indicating a less-
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Figure 1. Rationale and clinical responses to treatment with checkpoint blockade upon 
progression to DC therapy. 
in vitro for therapy (A). CD8+

cells was assessed in AC29 bearing female CBA/J mice untreated (n=9) or treated with DC therapy 
(n=5) on day 15 (B). Correlation of PD-L1 expression on tumor cells and CD8+ T-cell levels and a 

2) (n=14) (C). Swimmer plot of patients treated 

We have previously shown a critical role for PD-L1-expressing DCs in suppressing anti-
tumor T cells in TDLNs of mesothelioma-bearing mice.12 This potentially suggests that 

established method in which anti-PDL1 is administered at a low dose in the pleural 
cavity (12). Blocking PD-L1 solely in TDLNs mimicked systemic anti-PD-L1 treatment for 

7
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the PD-1/PD-L1 axis in the TDLN, thereby resulting in improved T-cell priming by DCs. 

maximum anti-tumor T-cell capacity and provide a preclinical rationale for concurrent 
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Figure 2. Concurrent treatment with anti-PD-L1 and DC therapy results in improved sur-
vival and anti-tumor immunity. 
DCs in non-TDLN and TDLN of AC29 mesothelioma bearing CBA/J mice (n=6/group; total n=12) 

with DC therapy or PBS at day 15. At day 15, 18 and 21, mice were also treated with either isotype, 

and 20 and expression of early-activation marker CD69 and proliferation marker Ki-67 were 
determined for CD8+

reg cells and 
CD8+ T cells and the percentage of triple-positive (PD-1+ + CD39+

TDLN = non tumor-draining lymph node, TDLN = tumor-draining lymph node, CD4-Th = CD4 T 
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Discussion

In this study, we have shown that anti-PD-1 following DC therapy is safe and feasible 

are promising when compared to anti-PD-1 monotherapy. Still, the potential bias in 

the potential synergy, combining DC therapy with concurrent blockade of the PD-1/
PD-L1 axis reinvigorated T cells and prolonged survival in the mesothelioma-bearing 

PD-L1 expression on DCs in vivo and on moDCs given as DC therapy. The data suggest 

12,14 As we 

treated mice, these results could indicate that concurrent treatment may eventually 

sequentially with PD-1 blockade, our data indicate that clinical responses might even 
be further improved by concurrent treatment.

patients treated with DC therapy. This precluded investigation of the PD-L1 upregulation 

a murine treatment arm of DC- and anti-PD-L1 therapy administered sequentially. Lastly, 

mice were treated with antibodies blocking its ligand, PD-L1. Although both antibodies 
block the same axis, it has recently been demonstrated that anti-PD-1 and anti-PD-L1 

cis interactions with CD80 on 

treatment.15 Whether anti-PD-L1 leads to suboptimal anti-tumor immunity, compared 
to anti-PD-1, needs to be further investigated in our models.

In conclusion, our data from both patients and mice indicate that the combination of 
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Ethics statement
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List of abbreviations

CI checkpoint inhibiting

CTLA-4 cytotoxic T-lymphocyte associated protein 4
DC dendritic cell

i.p intraperitoneal
i.pl intrapleural
moDC monocyte-derived DC

PD-1 programmed death 1
PD-L1 programmed death ligand 1

PR partial response
TDLN tumor-draining lymph node
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Statement of translational relevance
In patients with early-stage pleural mesothelioma, surgical treatment via an extended 
pleurectomy decortication (eP/D) can be considered, but recurrence rates are high. 
We hypothesized that perioperative dendritic cell (DC) therapy after standard-of-care 

trial completed treatment according to protocol and has a very promising ongoing 

which were absent prior to treatment. These results are promising since they are highly 

contribute to better survival in patients with pleural mesothelioma.

Abstract

Introduction

extended pleurectomy decortication (eP/D) can be considered, but recurrence rates 
remain high. We initiated a trial to evaluate the feasibility of perioperative dendritic 

safety, and intratumoral immune response are assessed. This report presents the study 

Methods

after surgery, three adjuvant biweekly vaccinations are administered. Tumor material 

Results

treatment according to protocol and has an ongoing recurrence-free survival of 15 

there was an overlap in T cell receptor (TCR) clonotypes in the skin biopsy and tumor 
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Conclusions

response and induced TLS.

8
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Introduction

1

decortication eP/D can be considered if complete surgical cytoreduction is deemed 
feasible.2 Current guidelines recommend surgery only in the context of multimodal 
treatment (i.e. with systemic chemotherapy and/or radiotherapy) or a clinical trial. With 

3 However, 

are high.4,5 New combination strategies should aim to improve recurrence-free survival 

Dendritic cell (DC) therapy is a form of immunotherapy that is able to induce a tumor-
6 Treatment with monocyte-derived DCs (moDCs) loaded 

7,8 No severe 
DC-related toxicity was observed and patients showed radiographic responses and 
promising survival outcomes. In patients with a clinical response, DC therapy resulted 
in robust systemic immune cell activation and showed the potential to initiate tumor-

8,9 DC therapy has also been shown to be feasible 
following surgery.10

11 The 
discrepancy between the results of this trial and the earlier phase I trials might be 

administered at a later time point when the tumor is assumed to be already progressing, 
thus resulting in a higher tumor load and increased tumor-induced immunosuppression. 
This hypothesis is supported by a preclinical mesothelioma model, in which DC 

12 In line with 

after cytoreductive surgery, demonstrated that patients with complete macroscopic 

immunological response.13 These studies indicate that DC therapy is likely to be more 

of-care systemic chemotherapy. In this report, we present the study protocol and the 
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of DC therapy.

Methods

Study design

0669). A timeline of study procedures is provided in . The production of DC 

description is provided in the supplementary data.6

chemotherapy (pemetrexed and cisplatin/carboplatin), leukapheresis will be performed 

administration can be considered by the treating physician. Tumor material will be 
collected before starting neo-adjuvant DC therapy and at time of surgery. Pretreatment 
tumor material will be obtained via a computerized tomography (CT)-guided needle or 

in combination with Keyhole Limpet Hemocyanin (KLH) will be injected subcutaneously. 

be collected.

Figure 1. Timeline of study procedures. Patients with pleural mesothelioma will undergo 
perioperative dendritic cell (DC) therapy and eP/D after standard-of-care chemotherapy. A CT-

administration, and every 12 weeks thereafter until follow-up is completed. Tumor material will 

8
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Eligibility criteria

Patients who progress after chemotherapy will not be discontinued from the trial if they 
are still eligible for eP/D. A detailed description of the eligibility criteria is provided in 
the supplementary data.

Primary & secondary objectives
The primary endpoint of this study is to determine the feasibility of (neo-)adjuvant 

factors. Based on previous trials, we expect that roughly half of the patients will 
drop out of the study due to ineligibility for surgery after neo-adjuvant treatment or 
postoperative complications.4,14,15

due to a complete response. In total, we expect approximately 43% of patients to 
supplementary data).

A secondary endpoint of this study is to assess the safety of this treatment strategy, 
evaluated through the assessment of the adverse events, including injection site and 
infusion-related reactions, as well as surgical outcomes (supplementary data). The 

CT scans will be performed every 12 weeks thereafter. Tumor size will be assessed 
16 

Exploratory objectives
Immunohistochemical analysis will be done on tumor tissue collected prior to and after 

(TCR) sequencing will be performed on both tumor tissues as well as tissue derived from 
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Immunohistochemistry

stain for 8 minutes, followed by a blue coloring reagent for 8 minutes according to the 

TCR sequencing

17

was performed as described previously.18 Paired-end sequencing was performed using 

Diego, CA, USA). To increase library diversity, PhiX was spiked in at a 20% concentration. 

annotation and data exploration.19 After cleanup of primer dimers, a mean of 47,729 

among samples, clonotypes below 3 reads were removed in view of potential 
sequencing artefacts. 8

Bob_BNW_V7.indd   181 29-07-2025   11:36



182

Chapter 8

Results

Clinical outcomes

received four cycles of neo-adjuvant chemotherapy (radiological response stable 

patient underwent eP/D, with a macroscopic complete resection except for one part. 
As the phrenic nerve was not visible due to abundant mediastinal fat, In the area where 
the phrenic nerve was expected, a tiny spot of mesothelioma tissue was present. This 
was untouched to save the phrenic nerve function. The patient was admitted to the 
hospital for a total of seven days. No severe postoperative complications occurred. 

(i.e., fever, cold chills, malaise) and injection site reactions (i.e., erythema), all limited to 
Figure 2 shows 

a CT scan prior to surgery (after neo-adjuvant chemotherapy and two DC vaccinations) 

Image of a CT scan performed as a response evalua-
tion after neo-adjuvant chemotherapy and two DC vaccinations prior to surgery (A). The tumor 
location is indicated by the red outline. Image of a CT scan performed as a response evaluation 

appeared to be more abundant post DC therapy (

of CD8+ T cells into the tumor microenvironment.
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Paired tumor 

eP/D. DAB staining for CD8+ (brown) was performed. CD8+ T cells are present in the tumor prior 

(brown) in the tumor and in TLS.

TCR analysis shows overlapping TCR clonotypes

biopsy which was compared to the TRB gene repertoire in the tumor material both 
prior to and after DC therapy. TCR sequencing showed four overlapping TCR clonotypes 
between the skin biopsy and the tumor post-DC therapy that were absent prior to DC 

tumor ( ). Clonotypes overlapping between skin and tumor after treatment 

reads in the skin. The top three expanded clonotypes in the tumor prior to treatment 
remained expanded after treatment, suggesting the existing anti-tumor response was 
maintained after treatment. Shannon diversity of the TRB gene repertoire was largely 
stable after treatment (data not shown), suggesting that treatment potentially did alter 

towards a particular clonotype.

8
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Figure 4. TCR sequencing reveals overlapping TCR clonotypes. 

(purple), and in the tumor post-DC therapy (eP/D, dark green).

Discussion

treatment according to protocol without the occurrence of DC-related severe toxicity 

after DC therapy, in combination with overlapping TCR clonotypes between the skin 
biopsy and post-DC therapy tumor material that were absent prior to DC therapy, 

combined with surgery in patients with peritoneal mesothelioma.13

Since autologous DCs are loaded with allogeneic tumor lysate consisting of a wide 

20 

8,9 In 

surgery-induced CD4+ T helper cell proliferation as well as expression of co-stimulatory 

CD4+ regulatory T cells.13 In addition, an increase in the proportion of CD8+ terminally 

cells following DC therapy was observed in patients with pancreatic cancer.8 In addition, 
in vitro. In the 

memory T cells.11 In addition, the extent of the increase in proliferation correlated with 
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observed in earlier studies. We have, however, never investigated post DC-treatment 

overlap of TCR clones in the DTH skin test biopsy and in the tumor post-DC therapy 

induces not only systemic T cell activation and proliferation, but also migration into the 
tumor. Although these preliminary clinical results are promising, we have to wait for full 
inclusion to conclude on safety and feasibility, and to further explore the intratumoral 
immune response.

Conclusions

the intratumoral immunological response after DC therapy in this patient point towards 

8
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Data supplement

Production of MesoPher

Cancer Institute according to the protocol as published by Aerts et al.(6) Dendritic cells 

the Jonuleit cytokine cocktail.

Eligibility criteria

platinum-based chemotherapy. Patients with any previous malignancy are excluded, 

in situ cancer of the bladder or other cancer for which the subject has been disease-
free for at least three years. Patients with a history of autoimmune disease, except for 
diabetes mellitus type 1, are also excluded.

Sample size calculation

patients.

completion of the study protocol, and thus feasibility, such as progression during 
chemotherapy, post-operative complication, production failure of autologous treatment 

response. Based on previous trials, we expect that roughly half of the patients will 
drop out of the study due to ineligibility for surgery after neoadjuvant treatment or 
postoperative complications.(4, 14, 15) We expect that the occurrence of batch failures 
and the absence of tumor tissue available after chemotherapy will be rare. Assuming 
one batch failure and one patient with the absence of tumor tissue, we estimate that 
approximately 43% of all patients will be able to complete the DC therapy schedule (i.e., 

of 16 enrolled patients should complete the DC therapy schedule.
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Safety evaluation
Safety and tolerability will be evaluated through assessment of the adverse events 

and vital signs will be evaluated during treatment as well as performance status. All 

(SUSARs) related to the DC vaccination were monitored and reported.

8
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Abstract

Background

controversial. Current expert opinion is only to treat patients surgically as part of 

clinical parameters to identify prognostic markers for survival.

Methods

extended pleurectomy/decortication (eP/D) within a multimodality approach. Several 
tumor (immuno-)histopathological characteristics were determined on resected tumor 

analysis served to correlate clinical and tumor-related parameters to overall survival 

Results
 

curve analysis for Ki67 showed an area under the curve of 0.756 with a sensitivity of 

Conclusion

clinical parameters could assist in clinical decision making by identifying patients with 
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Introduction

1 

2 Addition of 

3

4

is only to treat patients surgically in a clinical trial setting as part of multimodality 
treatment.5

the standard operation of choice in patients eligible for surgery, but at the cost of 
considerable perioperative mortality and morbidity.6

7 Since a large 

most mesothelioma centers have shifted to eP/D.8-10

10.4 to 32 months.6

who are not operated. Nevertheless, this comparison is likely to be confounded by the 
selection of patients for surgery who have a high performance status, low tumor stage 
and limited comorbidities.11,12

life can be detrimental.13 Therefore, there is an unmet need to identify who will or will 

(e.g. Albumin, CRP, lymphocytes). Prognostic score models combine some of these 

14-16

to Lymphocyte Ratio (NLR).17

parameters.

general, such as: nuclear atypia, mitotic rate, necrosis, percentage of solid growth, BAP1 

9
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18-26 Ki67 antigen is exclusively expressed by cells in the active 
phases (G1,G2, S and mitosis) of the cell cycle and is used as a proliferation marker in 
analogy to the mitosis score. Ki67 is used as a predictive marker in several types of 
cancer including peritoneal mesothelioma.24

markers are not used for clinical decision making although many of these parameters 

treatment setting including eP/D. In addition, we report the results of our evaluation of 
the prognostic value of both tumor-related and clinical parameters to identify patients 

Methods

We retrospectively collected data from all patients surgically treated with eP/D at the 

research proposal was submitted to the medical research and ethical committee and 
no formal approval was required according to Dutch guidelines due to the retrospective 

multimodality approach consisting of eP/D with (neo-)adjuvant chemotherapy and/or 
adjuvant radiotherapy. Chemotherapy consisted of platinum-based chemotherapy and 

node involvement. All eP/D procedures had been performed according to the surgical 
9

above. If CT-scans for patients with follow-up in referring centers were not available, the 

death of any cause and censored at the last contact date for patients who were alive at 

until radiological progression or recurrence of disease or death of any cause.

Data Collection
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one line of treatment), neoadjuvant chemotherapy, adjuvant chemotherapy, adjuvant 
radiotherapy, in-hospital mortality and 90-day post-operative mortality. The following 
peripheral blood parameters were collected at baseline (0-6 weeks before surgery): 
CRP, leucocytes, platelets, neutrophils, lymphocytes, monocytes and albumin.

In addition, the following tumor (immuno-)histopathological characteristics were 
determined on resected tumor material during eP/D: histological subtype, extent of 
solid pattern, grading of nuclear atypia, mitotic rate, mitosis score, necrosis, combined 

expression and nuclear grading.

Both tumor (immuno-)histopathological characteristics and patient characteristics were 
evaluated in the statistical analysis.

Immunohistochemistry

 (Immuno-)histopathological Assessment

of growth pattern (epithelioid, mixed (mesenchymal and epithelioid) and mesenchymal 
(which can be divided into sarcomatoid and transitional)), grading of nuclear atypia on 

and combined mitosis+necrosis score (sum of necrosis and mitosis score; 0-2). Scoring 
was done according to previously published methods.23,26 Nuclear grading was scored 
in three categories as described by Kadota et al.23

9
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either present or absent in tumor cells (using surrounding stroma as a positive internal 
control).

Homogeneity of Ki67 expression within the tumor of MPM patients

slides of selected blocks of tumor material resected during eP/D. While expression 

expression has never been analyzed.27 Implementation of Ki67 in clinical decision 
making requires homogeneity to prevent unreliable outcomes of Ki67 expression 
determined on small tissue samples, such as CT-guided needle biopsies. To evaluate the 

randomly selected circular areas of 2mm matching the size of needle biopsies and 

three 2mm regions were available for analysis. If possible, 10 randomly picked regions 
within the tumor were assessed for levels Ki67. These were determined by digitally 
selecting, coding and randomly presenting these areas to the scoring pathologist 
to avoid scoring bias. Results of scoring these regions were compared (1) with other 
regions selected from the same specimen and (2) with the originally determined overall 

or low Ki67 expression) based on 2mm region Ki67 scores.

To test the reproducibility of Ki67 expression through time, sequentially collected tumor 

Analysis on sequential biopsies was not done if any form of therapy (chemotherapy, 
radiotherapy, immunotherapy) was given between the biopsy and the operation, as 

18

Statistical Analysis
Patient and tumor characteristics are presented as count and percentage for categorical 

(e.g. adjuvant radiotherapy, adjuvant chemotherapy, gender) were calculated using 

23
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16 Patients with an NLR above 3 were considered to have a 
high NLR, in accordance with recent literature.28

estimated in the same model. The Cox multivariable proportional hazard regression 
model was repeated until all parameters that met the requirements had been tested 
with each other. Ki67 and mitosis score are both parameters by which the proliferative 
capacity of tumor cells is measured. Therefore, the parameter representing proliferation 
with the highest HR and lowest p-value was applied in multivariable analysis.

statistical computing).

Results

with eP/D in a multimodality approach. Data of all patients were available for analysis. 

tumors. Neither inhospital mortality nor 90-day mortality was reported. All baseline 
characteristics are summarized in Table 1.

Table 1. Patient baseline characteristics

Characteristics

Total =27 n %

Median age 60 Range: 36-73

Gender, male 22 81

Histological subtype

20 74

Non-epithelioid 7 26

Mixed 6 22

Mesenchymal: Transitional 1 4

9
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Table 1. Patient baseline characteristics (continued)

Performance score (ECOG)

0 15 56

1 9 33

2 3 11

Weight loss

yes 3 11

no 23 85

Data unavailable 1 4

Perioperative treatment

2 7

Neo-adjuvant chemotherapy 9 33

Adjuvant chemotherapy 16 59

Neo-adjuvant or adjuvant chemotherapy + radiotherapy 8 30

Adjuvant radiotherapy 9 33

Median admission time (days) 11 Range 5-37

Tumor markers

BAP-1 loss 12 44

 16 59

10 Range 0-70

13 48

Peripheral blood parameters (median)

Albumin g/L 42 Range 32-48

CRP mg/L 17  Range 0,5-240

Hemoglobin mmol/L 8,4 Range 5,7-10,6

Data are presented as an absolute number with according percentages, unless stated otherwise.

prior to surgery.

At median follow-up time of 60.7 months, 21 patients had progressed of whom 17 
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Figure 1. Kaplan Meier curves of survival in the entire cohort of MPM patients treated 
within a multimodality approach including eP/D. (A) Progression free survival for the entire 

Association of clinically important factors with survival outcomes
Log-rank test and univariable Cox proportional hazard regression analysis of clinical 

p = 0.01, [HR 8.389, 95%CI 1.113- 
63.258, p p = 0.03, [HR 7.105, 95%CI 
0.930-55.86, p 

of leucocytes, lymphocytes, monocytes, platelets and neutrophils (data not shown). 

to survival (Table 2).

9
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Figure 2. Kaplan-Meier curves of survival for subgroups based on KI67, MTAP and gender. 
(A) Progression free survival and (B) overall survival by gender. (C) Progression free survival and 
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Table 2. Univariable analysis of PFS and OS for clinical and tumor-related parameters

Parameter PFS OS

HR 95% CI p-value HR 95% CI p-value

0.904 0.382- 2.142 0.819 0.8799 0.3367-2.3 0.794

8.389 1.113-63.258 0.039 7.105 0.930-55.86 0.062

0.6693 0.3313-1.352 0.263 0.6258 0.2777-1.411 0.258

Weight loss (Yes vs No) 1.544 0.4415-5.399 0.497 1.521 0.4252-5.441 0.519

Histology (epithelioid vs 
non-epithelioid)

0.338 0.132-0.868 0.024 0.7287 0.2308-2.3 0.589

Postoperative admission 
time (days)*

1.002 0.964-1.041 0.928 1.019 0.976-1.064 0.385

Neoadjuvant chemotherapy 
(Yes vs No)

1.260 0.498-3.190 0.625 1.295 0.461-3.642 0.624

Adjuvant 
chemotherapy**(Yes vs No)

0.509 0.213-1.220 0.130 0.467 0.178-1.230 0.123

Adjuvant radiotherapy  
(Yes vs No)

0.382 0.139-1.055 0.063 0.568 0.197-1.636 0.295

Solid pattern (Yes vs No) 2.061 0.855-4.967 0.107 1.977 0.685-5.702 0.207

Atypia 2vs1 2.070 0.724-5.919 0.175 2.793 0.862-9.056 0.087

Atypia 3vs1 6.800 1.434-32.257 0.016 4.954 0.768-31.941 0.092

3.216 1.217-8.497 0.018 3.881 1.284-11.73 0.016

Necrosis (Yes vs No) 2.040 0.706-5.900 0.188 1.026 0.290-3.624 0.968

3.052 1.127-8.268 0.028 1.677 0.555-5.073 0.360

4.373 0.864-22.127 0.075 3.796 0.734-19.641 0.112

BAP1 (Yes vs No) 1.298 0.548-3.075 0.553 2.364 0.896-6.236 0.082

0.313 0.124-0.788 0.014 0.373 0.136-1.021 0.055

6.301 2.200-18.047 0.001 6.594 1.998-21.754 0.002

Nuclear grade 2vs1 1.362 0.536-3.455 0.516 1.400 0.504-3.890 0.518

Nuclear grade 3vs1 4.753 1.151-19.620 0.031 2.731 0.511-14.600 0.240

0.961 0.3962-2.333 0.93 1.239 1.452-3.395 0.677

mGPS (0 vs 1 vs 2) 1.274 0.551-2.944 0.572 0.928 0.3715-2.319 0.873

NLR* 1.937 0.7681-4.884 0.161 1.512 0.5469-4.179 0.426

The univariable Cox proportional hazard model was used to calculate the HRs of tumor 

response.
*Continuous variable.
** n = 26, data of a patient who received adjuvant dendritic cell therapy removed for this analysis.

9
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Association of tumor markers with survival outcomes

A tumor with a score higher than 10% was considered a highly proliferating tumor. 
Log-rank tests and univariable cox proportional hazard analysis of tumor-associated 

p p = 0.0007, [HR 6.594, 95% CI 
1.998-21.754, p

HR and higher p value than Ki67 (Table 2). In multivariable analysis only Ki67 retained 

cells, Ki67 was used in further analysis as the marker for proliferation.

p = 0.0095, [HR: 0.313, 95%CI 0.124-0.788; p 

months log-rank p = 0.047, [HR 0.373, 95%CI 0.136-1.021; p

 p=0.02, 
[HR:0.338, 95%CI: 0.132-0.868; p
29.7 vs 22.0 months log-rank p=0.6 [HR: 0.464, 95%CI 0.182-1.184; p = 0.108]) compared 
to patients with a non-epithelioid histology. Nuclear grading, nuclear atypia and the 
mitosis-necrosis score all showed strong relations with the survival outcome and were 
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A B

C D

E

G

F

H

Figure 3. Illustrative stains of representative cases. A-D. Stains of a malignant pleural ep-

showing predominantly solid growth pattern with evident nuclear atypia (grade 3) and high mitotic 

Multivariable analysis and ROC curve

only markers with p

covariate and the lack of power prohibits adding this covariate to a multivariable model. 

variables (Table 3) showed that only Ki67 retained its prognostic value, indicating that 

9
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Table 3. Multivariable analysis of PFS and OS for gender and Ki67

Parameter PFS OS

HR 95% CI p-value HR 95% CI p-value

Gender
(M vs F)

6.394 0.829-49.33 0.075 5.373 0.649-44.48 0.119

Ki67
(>10 vs <10)

5.040 1.773-14.33 0.002 5.196 1.578-17.11 0.007

Parameter PFS OS

HR 95% CI p-value HR 95% CI p-value

MTAP loss
(no vs yes)

0.622 0.214-1.81 0.348 0.748 0.232-2.415 0.628

Ki67
(>10 vs <10)

1.578 1.469-15.96 0.009 5.581 1.436-21.68 0.013

Parameter PFS OS

HR 95% CI p-value HR 95% CI p-value

Gender
(M vs F)

6.246 0.786-49.62 0.083 5.726 0.689-47.585 0.106

MTAP loss
(no vs yes)

0.457 0.178-1.17 0.103 0.528 0.19-1.465 0.220

multivariable models. The multivariable Cox proportional hazard model was used to calculate 
the HRs of progression or death and the univariable logistic regression was used to calculate 
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Figure 4. Receiver operating curve. A receiver operating characteristic curve for showing the 

Homogeneity of Ki67 expression in MPM tumors
In total, 24 biopsies were available for additional IHC analysis to check for the similarity 
between the originally determined Ki67 expression on the resected material and the 
Ki67 expression in 2mm-wide, randomly selected circular areas of the tumor (Table 
S2). In 22 out of 24 cases, 9 or 10 2mm spots were available for analysis, and in the 2 
remaining cases, 5 and 8 2mm spots were analyzed, respectively. In 19 of 24 patients, 
determination of Ki67 on these 2mm spots resulted in a congruent categorization 

analysis were not congruent with the originally determined Ki67 expression on the 

was 30% and 70%, respectively. The originally determined Ki67 expression for patient 

original Ki67 expression of 25%, all additional focal analyses showed a Ki67 expression 

9
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below 10%. Importantly, patient 21 and patient 7, who both had a high Ki67 expression 

of 13.9 and 12.3 months. To conclude, 19 out of 24 patients would have been scored 
in the correct overall Ki67 expression category based on determination of Ki67 on 
randomly selected 2mm wide spots in the tumor. Two of 24 patients would have been 

IHC subanalyses were done, and 199 had a Ki67 expression that was congruent with the 
overall Ki67 expression determined originally on the resected tumor material, leading 
to a true positive score of 87%.

Distribution of Ki67 expression
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Figure 5. Distribution of Ki67 expression per patients. Boxplots of additional analysis of Ki67 
expression on randomly selected 2mm wide parts of tumor tissue per patient. The red diamonds 
show the expression of Ki67 determined originally on the resected tumor material.

because they had received chemotherapy between their biopsy and eP/D. Unfortunately, 
from the remaining patients, only 2 had sequentially collected tumor material that was 

analysis. The other patient (Patient A) was excluded from the overall analysis as this 
patient underwent a pleuropneumonectomy. Analysis of the biopsies and surgically 
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remained the same in these patients.

Table 4. Expression of Ki67 and MTAP in sequentially collected tumor material

Patient Material Date of material collection MTAP Ki67 (%)

21 19-12-2017 pos 20

21 eP/D 06-03-2018 pos 25

A Thorascopical biopsies 23-07-2001 pos 5

A Pleurapneumonectomy 06-02-2002 pos 1

Patient 21 is a patient that was in our original analysis cohort. Patient A was excluded from the 
original cohort because this patient got a pleurapneumonectomy. In both patients a similar Ki67 

Discussion

of Ki67 was 44.5 months. Pre-operative tumor sampling and immunohistochemical 

multidisciplinary setting. In this retrospective analysis, we were able to identify Ki67 as 
a prognostic marker. The predictive value of Ki67 is unfortunately not assassable, as a 
control group was lacking. A validation study of patients treated with either eP/D in a 
multimodality approach or chemotherapy alone could identify the potential predictive 
value of Ki67 for eP/D.

In several types of cancer, proliferation and thus Ki67 expression, is related to tumor 
growth and progression.29,30

and thus proliferation of cancer cells. In a study where patients were treated with neo-

chemotherapy was 20%, and 11.25% after chemotherapy.18 The survival analysis showed 

tumor samples collected after chemotherapy. In our study, some patients had received 
neoadjuvant chemotherapy. As all samples were collected during surgery, tumor 
samples of these patients were collected after chemotherapy, whereas for patients 
receiving adjuvant chemotherapy tumor samples were collected prior to chemotherapy. 

9
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In patients treated with neoadjuvant chemotherapy, Ki67 expression might have been 
higher prior to chemotherapy. Although we did not correct for this, there is still a 

clinically relevant for patients treated within a multimodality approach. In a study by 

adjuvant chemotherapy in combination with surgery, but neoadjuvant chemotherapy 

reason to limit the clinical implementation of neoadjuvant chemotherapy. Nevertheless, 
considering that chemotherapy decreases Ki67 expression, neoadjuvant chemotherapy 

neoadjuvant chemotherapy enhances the prognosis of patients whose Ki67 expression 
has been decreased by chemotherapy prior to surgery.

Several studies have shown the prognostic value of Ki67 in peritoneal and pleural 
18,22,24 In individual 

surgery alone.22 In peritoneal mesothelioma, pre-operative determination of Ki67 has 
already been implemented in clinical decision making.31

71%. Additionally, our data showed that patients with a Ki67 expression above 20% 

in future research on a large dataset derived from multiple centers. Determination 

If Ki67 is to be used as a negative selection marker in the future, determination of 
Ki67 in needle biopsy material should represent the Ki67 expression in the tumor. 
The expression throughout the tumor should thus be homogeneous. To check if Ki67 
expression in needle biopsies was congruent with the Ki67 expression throughout 
the tumor, we determined Ki67 expression in randomly selected 2mm wide circular 
areas of the tumor. Here we found that in 80% of the patients, all of the additional focal 

Bob_BNW_V7.indd   208 29-07-2025   11:36



209

Ki67 as a prognostic marker for surgery in pleural mesothelioma 

and is a potential candidate for surgery, additional tumor material could be collected 

Ki67 expression levels.

the pathologist who selects the regions of interest. By contrast, Ki67 staining is less 
dependent on morphological interpretation, and is relatively easy to recognize in a 

regions of the biopsy. A meta-analysis has shown that assessment of proliferation by 
Ki67 leads to a higher interobserver agreement than for mitotic count.32 Ki67 seems 
to be a better prognostic factor in our study and has been proven to be more reliable 
for multicenter use in clinical practice as well.

with a CDKN2A homozygous deletion. CDKN2A is a gene located on chromosome 
9 which encodes for the p16 protein. Homozygous deletion of CDKN2A detected 

19 CDKN2A homozygous deletion 

33 Importantly, 

which can be caused by a power issue with our small data set. In the multivariable 

the hypothesis was that combining both parameters might have an additive prognostic 

An obvious limitation of our study is the low number of patients, which can be explained 

rarely carried out, only in selected hospitals and after discussion in a multidisciplinary 
team or within a clinical trial. An extra parameter that can support the clinical decision 

9

Bob_BNW_V7.indd   209 29-07-2025   11:36



210

Chapter 9

for or against eP/D would be helpful. Due to the low number of events, a multivariable 
analysis for all collected parameters was not possible. Additionally, the low number of 
events resulted in low power for the analyses, resulting in covariates with high hazard 

p values. We were, however, 

treated with eP/D within a multimodality approach. Histological subtype is the only 
tumor-related parameter that is currently taken into account in clinical decision making. 

correlated with survival in univariable analysis. But, in a multivariable analysis with 

that Ki67 is a more accurate prognostic factor than the currently used and accepted 
prognostic parameters.

Clinical Implication and Surgical Decision Making

surgical treatment.34 35 and 
non-sarcomatoid tumor histology are potential candidates for surgery.34,36,37 However, 
their physical condition and frailty needs to be evaluated prior to major thoracic 
surgery.34,36,37 Several laboratory prognostic factors such as serum hemoglobin (Hb) 
level,38 serum albumin level,38 white blood cells count39 and platelet count39,40 have been 

Screening of the patient by a dedicated surgeon and anesthesiologist is an indispensable 

which should be the goal of the operation.34,36,37 The use of validated comorbidity scores, 
41,42

Surgery is not recommended in the presence of severe comorbidities such as: 
congestive cardiac failure, severe (peripheral) vascular disease, cerebrovascular 
disease (hemiplegia or paraplegia, dementia), chronic pulmonary disease, severe 
rheumatological disease, liver disease, diabetes mellitus with end organ damage, renal 

or severe mental disorders. In this study we, therefore, present our patient selection 

in larger cohorts.
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-
sion of Ki67. The parameters written in white are mandatory. The proposed parameters in black 

-

Society of Anesthesiologists Severe comorbidities: Previous heart / lung surgery, heart failure, 

/ severe renal disease, Diabetes with severe organ damage, Severe mental disorder

Conclusion

approach and is likely to be reliably assessable from needle biopsy-collected tumor 
material. Determination of Ki67 prior to surgery combined with the already available 
clinical prognostic factors could be helpful in clinical decision making by identifying 

9

Bob_BNW_V7.indd   211 29-07-2025   11:36



212

Chapter 9

retrospective studies on tumor material from surgically treated patients might lead 

mGPS and NLR, with tumor related parameters such as Ki67.
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Table S2. Ki67 expression per patient

Patient nr Ki67 
Surgery

TMA1  TMA2 TMA3 TMA4 TMA5 TMA6 TMA7 TMA8 TMA9 TMA10

1 1 5 3 2 5 2 1 2 2 1 1

2 0 1 1 1 2 2 5 1 1 1 1

3 20 25 30 30 15 25 10 5 1 1 15

4 1 3 1 2 3 2 1 2 1 1 1

5 20 30 40 30 25 20 25 40 40

6 30 40 20 25 25 20 15 15 30 30 20

7 15 5 5 2 5 2 1 5 5 5 5

8 40 50 40 30 50 40 25 30 20 30

9 5 5 5 10 10 10 10 10 5 2 3

10 1 2 1 1 1 1 1 1 1 1 1

11 5 3 5 2 5 2 5 2 5 2 1

12 5 10 10 2 5 3 5 5 2 5

13 10

14 70 95 80 90 80 70 70 80 70 80 70

15 10 5 3 3 5 5 5 2 2 2 3

16 5 3 2 1 2 5 2 1 1 2

17 10 10 5 10 5 10 5 3 5 5 5

18 20 20 30 15 25 40 5 50 30 40 30

19 5 5 2 2 2 5 2 1 1 1 2

20 60 50 50 50 40 50 50 50 50 40 60

21 25 3 10 5 3 1 2 1 3 1

22 30

23 60 30 25 60 40 30 50 25 20 30 25

24 20 5 5 20 5 20 15 5 5 5 10

25 2 5 5 1 1 1

26 5 3 2 2 1 2 2 2 2 2 2

27 60

Ki67 Surgery: determination of Ki67 expression originally done on the surgically resected tumor 
material.

material.

9
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score of Ki67 and MTAP.
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Summary

poor prognosis and limited response to conventional therapies, such as chemotherapy, 
radiotherapy and surgery.1-3 4 but due to a lengthy 
latency time (± 40 years),5 its incidence in the Netherlands was not yet reported to be 
declining, despite the ban on the use of asbestos in 1993. In this thesis we have shown 

regulations (chapter 2). However, the decrease in incidence is minor and environmental 
asbestos exposure will be a continuous risk factor in the future. Therefore, improvement 

therapy. In chapter 3, we showed that checkpoint inhibitor (CI) therapy (anti-PD-1) as 

(chapter 4).6 Dendritic cells (DCs), initiators of anti-tumor 
7 This might lead 

(chapter 6). The complexity and variability of DC therapy itself and the immune 
system leads to a boundless range of potential barriers and appropriate solutions. 

(chapter 7). In chapter 8,
and feasible, leading to promising survival outcomes in patients, with proven synergy 
when given as concurrent treatment in mice. Tumor load is associated with tumor-

adjuvant DC therapy has resulted in a promising ongoing recurrence-free survival of 15 
(chapter 9)

remains controversial, in chapter 10
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Discussion

Incidence and treatment patterns in PM

in 1977 culminating in the ban of asbestos usage in 1993. In chapter 2, we showed 

to a 30-40 year latency time and a ban since 1993. The regulatory interventions 
implemented in 1977, following the seminal thesis (1969) by J. Stumphius8 correlating 

shown decrease in incidence as a consequence of regulations serves as motivation for 
other nations still mass-producing asbestos to reduce exposure.

Germline mutations, notably BRCA1 associated protein 1 (BAP1), and aberrations in 
other genes such as BRCA2 and cyclin-dependent kinase 2 A (CDKN2A), are likely 

9

(2003), correlating with improved survival rates extending to 12 months. 1 Intriguingly, 
treatment was administered to only 40% of patients, with 42% actively opting against 
it. This observation suggests the presence of robust advanced care planning, with 

compromised quality of life. Notably, Damhuis et al.10 showed that chemotherapy was 

patients receive surgery in the USA,11

12-14

Improving CI therapy in pleural mesothelioma

1 CI therapy, targeting immune 

improving clinical outcomes in cancers like non-small cell lung cancer (NSCLC)15 and 

10
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melanoma16 by reinvigorating the anti-tumor immune response and is therefore been 
tested in other tumors as well.17

in phase I/II trials,18-22

trials.23,24 In chapter 3, we have showed that treatment with PD-1 inhibitor nivolumab 

as a whole and are inferior to those observed in clinical trials. The latter is probably 

up time of 14.1 months in patients who achieved a partial response (PR) to CI therapy, 

Popat et al. (2019) comparing pembrolizumab to single-agent chemotherapy in relapsed 

24 This absence of a 

The Checkmate 743 trial showed that combination CI therapy (anti-PD-1 and anti-
CTLA-4) compared to combination chemotherapy (antifolate and platinum) improved 

25 Unfortunately, long-lasting responses as seen 
in melanoma and lung cancer are less frequently seen. Why response to CIs is less 

none of these parameters are exclusively explaining the lack of response to therapy. 

discontinuation of treatment in 25% of patients.25 Therefore, there is an unmet need to 
improve clinical outcome through patient selection or by enhancing CI therapy through 

mechanisms behind therapy resistance should be elucidated.
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Shifting from response prediction to mechanistic 
understanding

response to CI therapy, acknowledging that durable responses are limited to a subset 
of patients. Some biomarkers are a measure of the antigeneic potential of the tumor 

15,26 We will discuss the following parameters in more detail: serum albumin, 

Albumin
In chapter 3
demonstrated that low albumin levels are correlated with poorer overall survival 

with CI therapy.27 Although the underlying mechanisms remain to be elucidated, a 
hypothesis suggests that CIs, which are based on IgG antibodies, share the same 

pharmacokinetic rate at which IgG antibodies are cleared from the system. In addition, 

28 This is why we initiated 

on the variability of clearance of pembrolizumab during a 12-week period in patients 
with non-small cell lung cancer and checking for immune activation status.

TMB

has approved the use of pembrolizumab.26

29

30 there have to be other factors explaining response 

linked to neoantigen formation.31 Unfortunately, these rearrangements did not correlate 

10
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with improved outcomes following CI therapy. However, these rearrangements were 
correlated with better outcomes when they were associated with gene signatures 
related to “antigen presentation and antigen processing.” This suggests that the 
neoantigenic potential of chromosomal rearrangements is dependent on the tumor 
cells’ ability to present neoantigens.32

metrics being assessed and to thoroughly understand their biological implications for 
the potential therapy being administered.

PD-L1 expression and histology
PD-L1 expression and histology should be discussed together as these parameters have 
been correlated with each other.33 PD-L1 expression is used in NSCLC to guide treatment 
decisions between CI monotherapy and combination therapy with chemotherapy. 

unclear. Several trials (Nivomes,20 23 and Promise-meso24) failed to show 
a positive correlation between PD-L1 expression and response to CI therapy, while 

21 In chapter 3, we showed that the 

the PD-L1 negative group. The heterogeneity of intratumoral expression of PD-L1 in 

the role of histology in predicting response to CI therapy remains ambiguous.23 Results 
from trials with CI combination therapy were more consistent as the Initiate,34 35 
and Checkmate 743 trial29 reported on an advantage of PD-L1 positive tumors receiving 
immunotherapy. Notably, the Checkmate 743 trial reported that non-epithelioid tumors 
did not show superior responses to immunotherapy compared to epithelioid tumors 
(18.1 months vs. 18.2 months), yet non-epithelioid tumors have a negligible response to 
chemotherapy compared to immunotherapy (8.8 months vs. 16.7 months). Collectively, 

(non-)responders. In this context, A lcala et al. (2019) introduced a novel and imperative 

36

encompassed mainly non-epithelioid tumors, categorized as either hot (PD-L1+ & CD8+) 

a subgroup of patients respond to CI therapy, even in the non-epithelioid group. This 
hypothesis is supported by the exploratory analysis of the Checkmate 743 trial, which 

and PD-L1) in baseline tumor biopsies who received combination immunotherapy had 

score (16.8 months).29

37 Therefore, expanding 
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our focus beyond histology and PD-L1 and integrating histological information into a 
comprehensive predictive score may enhance clinical outcomes through personalized 

DN B cells in peripheral blood

have also been studied extensively. Given that anti-PD-1 antibodies primarily 
act by reinvigorating CD8+ T cells within tumors or tumor-draining lymph nodes, 
immunomonitoring has concentrated on these cells. Despite correlations between 
various CD8+ T cell subsets and clinical responses,38 none have proven robust enough 
for clinical application. Given the complexity of the immune system and the dynamic 
interactions among various immune cell subsets, it is essential to investigate these 
and other immune cells in greater detail. This is not solely to identify a biomarker 
for response, which remains challenging, but also to gain a deeper understanding of 
the underlying biological mechanisms. Recent studies have highlighted the correlation 
between intratumoral memory B cells within tertiary lymphoid structures and response 
to CI therapy.39-42 Additionally, double negative (DN) (CD27- IgD-) B cells have been found 
to be abundant in non-small cell lung cancer (NSCLC) compared to healthy lung tissue,43 
and these cells inversely correlate with the presence of intratumoral memory B cells.43 
In chapter 4, we showed that a high frequency of B cells in the peripheral blood is 
correlated with response to CI therapy, but that a relative abundance of (CD21-) DN B 
cells is associated with a lack of response to CI therapy. Based on literature there are 

similar to atypical B cells observed in chronic infections, they might share functional 
traits as well. At the time of publication of our manuscript, atypical B cells in chronic 
infection were often, but not always, described as being exhausted and anarchistic.6,44,45 
A more recent study has evaluated B cells in chronic infection with single cell sequencing 

functional to anarchistic. We don’t know if any of these atypical B cell subtypes were 
overrepresented in our study, only that the clinical consequence is detrimental. Another 
hypothesis is based on a study that found that DN B cells function as antigen presenting 
cells that rather activate regulatory T cells than cytotoxic T cells. In conclusion, atypical B 
cells in peripheral blood correlate to bad prognosis or impaired response to CI therapy 

Despite the probability that the aforementioned parameters may not serve as 

response. Serum albumin and CD21-DN B cells seem to be surrogate markers 
for patients with a malnourished clinical status and exhausted immune system, 
respectively. This translates into a bad prognosis and dismal responses to CI therapy. 
It is perhaps the treating physicians’ responsibility to consult patients on the likelihood 

10
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of a good clinical response based on available clinical data, tumor tissue and peripheral 
blood analysis, enabling the patient to make a well-informed decision which can reduce 

cancer-induced deterioration is causing therapies to fail, an abundance of patients 

we always strive to improve outcomes for a broader patient population and CI therapy 
can potentially be enhanced by inducing an anti-tumor immune response in patients 

(DC) therapy, which can induce an anti-tumor immune response and has demonstrated 
46-49

DC therapy in pleural mesothelioma
In chapter 5

Comparing immune cell activation in pleural mesothelioma, peritoneal mesothelioma and 
pancreatic cancer

50,51

given as adjuvant treatment after surgery.

treatment, there was a notable increase in the proliferation of CD4+ T cells, accompanied 

 In pancreatic cancer, clinical outcomes were promising with a recurrence free survival 

treated with adjuvant chemotherapy. In this study, no correlation was seen between 

in vitro a strong 

sequencing demonstrated overlapping clonotypes between tissue from a metastasis 
and the vaccine, that were not present in the primary tumor. These results suggest DC 
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comparable, but potentially more extensive immune cell activation. Clinical results 

should be interpreted with caution as these are phase II trials. A potential reason for the 
more extensive immune activation could be due to the fact that these patients had to 

therapy.46

BSC (4.4 months vs. 3.2 months, p = 0.28). To see if reduction of tumor load could 

neoadjuvant DC therapy, which will be discussed later (chapter 8).

Improving DC therapy in pleural mesothelioma

Negative clinical results urge us to reassess our assumptions, revisit our methods and 

negatively impacted the clinical outcome of DC therapy was a long interval between 

proliferation or activation in peripheral blood, whilst CD8+ T cells are main contributors 
to tumor cell killing as well. It is important to note that the lack of CD8+ T cells in the 

tumor. In chapter 7, we discussed several options of optimizing DC therapy through 

improvements will be discussed below.

Timing of DC therapy
The decision to employ DC therapy as a maintenance treatment was based on 
the hypothesis that a non-progressive tumor would be associated with reduced 

of 26.7 months was accomplished (updated, yet unpublished data). Given the natural 

10
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disease progression within the 11.7-week interval. This is corroborated by the fact 

reaction (PCR) methods. Additionally, monocyte collection could be performed before 
the initiation of chemo, 52 or, alternatively, naturally occurring dendritic cells (nDCs) 
could be harvested to reduce the conventional culture time. However, these strategies 

initiation is sometimes delayed in patients with good performance status, due to the 

the rationale for early intervention with DC therapy.46

Non-epithelioid histology outperforming epithelioid histology

shown in the checkmate 743 study and chapter 3. These results are just scratching the 

previously in “CI therapy in PM”.

extensive CD4+ T cell activation and proliferation
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responses

CD4 Subset Marker Comparison Arm A

OS PFS

CD4 Ki67 Change at day 8 p=0.0281
R2=0.1005

p=0.0055
R2=0.1555

CD4 Change at day 8 Ns p=0.0302
R2=0.0812

CD4 CD4+ Central memory T cells Ki67 Change at day 8 Ns p=0.0007
R2=0.2575

marker.

Whilst CD8+ T cells have long been regarded as the central mediators of anti-tumor 
immunity, the role of CD4+ T cells has been historically underestimated, despite 
evidence as early as 1998 demonstrating their crucial role in a melanoma mouse model 
(B16).53

T lymphocyte (CTL) responses require CD4+ T cell assistance to sustain their anti-
tumor activity.54-57 These studies highlight the critical role of CD4+ T cells in anti-tumor 
immunity. The question remains how CD4+ T cells mediate anti-tumor immunity. Apart 
from CD8+ T cell activation,58 CD4+ T cells also play a pivotal role in antibody responses 
within tertiary lymphoid structures by activating B cells through CD40/CD40 ligand 

II antigen recognition on tumor cells.59,60 To conclude, CD4+ T cell activation seems to 
play a bigger role than we assumed in anti-tumor immunity. However, we can’t overlook 
the importance of CD8+ T cell activation, which should be a logical consequence of 
CD4+ T cell activation. There are three potential explanations for the observed lack in 

or the CD8+ T cells have migrated into the tumor. Alternatively, CD8+ T cells may not 

expression on the DCs. At last, the immune system has to be capable of mounting an 
immune response, which is perhaps impaired in patients with a low performance status 
or high tumor load as discussed earlier.

Choosing the right dendritic cells, optimal maturation cocktail and 
best pulse material
In our studies, monocytes are collected from the peripheral blood and then cultured 
ex vivo  them into monocyte-derived DCs 
(moDCs). Subsequently, moDCs are loaded with allogeneic tumor lysate and matured 

injected intravenously 
and intradermally (see introduction for a detailed description of our production process). 

10
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is always under debate. Some reports have suggested that culturing monocytes into 

moDCs is impaired due to overstimulation with IL-4.61,62

maturation, activation, and migratory potential.63,64

suggested that naturally circulating DCs (nDCs) could outperform moDCs in terms of 
migration and immune activating potential.65 These claims often come from preclinical 
studies or in vitro 
nDCs have to be isolated through positive selection using magnetic antibody-coupled 
beads, optionally preceded by depletion of monocytes and B cells and need to be 

approach.65,66 Lastly, DCs loaded with tumor cell lysate seem to outperform DCs loaded 
67 A 

meta-analysis showed that clinical responses in patients treated with DCs loaded with 

(8.3% vs 2.6%).68 A potential reason for this is that a lot of tumor associated antigens are 
unknown and not all tumor cells express the same antigen. Therefore, continuing to use 
tumor cell lysate seems the best option. Injection of DCs directly into the lymph node 
could circumvent migration issues to the lymph node, but this approach has a feasibility 

together, there are a lot of unanswered questions related to the production process 
as well as the injection method of DC therapy. Although the antigeneic potential of DC 
therapy has improved over the last decade, clinical results did not improve as expected. 
Perhaps the focus of future studies should be on clinical hurdles such as collection of 
naturally occurring DCs and injection methods.

Targeting the TME

48,69,70

we showed that we could deplete Tregs using low-dose cyclophosphamide and that this 
was feasible and safe in combination with autologous mo-DC therapy even leading to an 

48 The number of naïve Tregs before treatment negatively 
correlated to clinical outcome.69 Unfortunately, no correlation was made between the 

mesothelioma mouse model.70

by hypoxic cancer cells and promotes tumor growth by increasing neovascularization, 

71
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72

enhance the potential of DC therapy, but toxicity should be closely observed.

Combining DC therapy with CI therapy

exhaustion mediated by PD-1/PD-L1 signaling, we conducted a study investigation 
(chapter 7)

T cell response, thereby enhancing the therapeutic outcome. We showed that this 
treatment regime was safe without increased toxicity compared to monotherapy CI 

DCs upon in vitro culturing. Therefore, we extended our study with a murine model 

therapy enhanced survival. This combined approach not only aimed at preventing 
T cell exhaustion, but also at potentially enhancing the overall immune response by 

early as possible when tumor load is low and the condition of the patient is relatively 
good. The current consensus on vaccine therapies is to start as early as possible which 

of CI therapy.

Another way to circumvent immunosuppression through PD-L1 on DCs is through PD-L1 
64 CI therapy has already 

73 and a new 

antibodies and chemotherapy.74 Although chemotherapy could potentially harm DC 
therapy-induced T cell activity, the approach of starting DC therapy in an early stage 
is probably wise.

Surgery in combination with DC therapy

DC therapy (chapter 8)

10
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the tumor and formation of tertiary lymphoid structures, which could imply that there is 
CD8+ T-cell activation and that these cells have migrated to the tumor and are therefore 
not detectible in the peripheral blood after DC therapy. We also observed vaccine-

the tumor. Although these results seem to prove the principle of DC therapy- induced 

derived from one patient.

Improving pre-operative decision making with Ki67
The role of surgery in pleural mesothelioma remains highly controversial resulting in 

13,14

the great contrast in surgical practice between the Netherlands, where only 3% of 
patients undergo surgery, and the USA, where approximately 25% of patients receive 
surgical intervention.11 Given the high morbidity associated with surgery and the limited 

3

In this context, Ki67, a well-established prognostic marker in pleural mesothelioma, is 
75 Chapter 

10

addressing concerns previously raised in the literature.

accuracy of Ki67 assessment.76

A large study involving 940 patients demonstrated increased accuracy over Ki67 alone 
in a pathological grading system incorporating histology, necrosis, mitotic count, and 
Ki67 scoring.77 In contrast, recent analyses using digital imaging of the Ki67 index have 

comparable to the mitotic score, and suggesting its potential as a surrogate for tumor 
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grade.78 Given that nuclear grading and mitotic counting are labor-intensive, expensive, 
and subjective, Ki67 could serve as a viable alternative.

lung-sparing surgery as part of multimodality therapy. Patients with low Ki67 expression 

high Ki67 expression.79 However, these results should be interpreted with caution, as 
the surgical treatment also included tumor debulking, and the distribution of debulking 

require validation in a randomized controlled trial (RCT).

in patients who underwent surgery (19.3 months) compared to those who received 
chemotherapy alone (24.8 months).3 Additionally, surgery was associated with a 3.6-
fold increased risk of serious adverse events, higher costs, and fewer quality-adjusted 

with the Hippocratic oath.

to reconsider whether Ki67 is merely a prognostic marker. If possible, a thorough review 
of historical data is needed, focusing on patients eligible for surgery with low Ki67 
scores who were not operated on, and comparing their survival outcomes with those 

of tumor load reduction and thus impairment of immunosuppression, enhancing the 

Aggressive tumor growth and large tumor load are taken into consideration when 

as DC therapy, considering this might be a tumor with a less aggressive tumor growth. 

DC therapy and surgery. Whether this should be combined with CI therapy, DC therapy 
is up for debate. In addition, as chemotherapy is capable of reducing Ki67 expression, 

10
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one could argue if a chemotherapy-reduced Ki67 expression makes patients eligible 
for eP/D.

Future perspectives

This thesis sought to elucidate the biological mechanisms that hamper responses 

Given the multitude of biomarker studies and the limited number of biomarkers that 

this change leads to an improved or worse clinical response has greater potential to 

biomarkers. There is a crucial role for comprehensive immunomonitoring with a holistic 

performance predict outcome. In addition, we need to be willing to adjust to paradigm 
shifts, for example new histological subtyping of a tumor.

a promising 64% 2-year recurrence-free survival in pancreatic cancer when administered 
as adjuvant treatment after surgery. However, DC therapy has not yet reached its full 

can be targeted with systemic therapies and the DC product itself can be enhanced to 
improve outcomes to DC therapy. The most important improvement in outcome might 

the importance of initiating treatment at the earliest possible stage. However, the 
current research landscape primarily restricts the development of novel drugs when 
standard -of-care treatments have been administered. This requirement is sensible for 
systemic agents that should be given for months or until disease progression and have 
potential treatment-related adverse events that cause missing out on standard-of-care 

treatment-related adverse events, testing in earlier disease stages in combination with 
standard-of-care treatment might yield better results. The most logical and immediate 
step in the current treatment landscape would be to integrate DC therapy with CI 
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at the earliest stage possible and CI therapy might enhance induction of the anti-tumor 
immune response by blocking inhibitory signaling in the lymph node. The subsequent 

I would like to conclude with a minor remark on our role in medicine and medical 

overtreatment and therapeutic nihilism.” I cannot ignore the fact that we occasionally 
fail to adhere to this principle. I am not only referring to the issue of over-treatment of 
individual patients, but also to the repetitive studies using the same pharmaceutical 
agents. When we engage in mechanistic thinking and attempt to build upon previously 
conducted studies, there is no need to subject a large number of patients to investigate 
outcomes we already anticipate.
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Inleiding

sprake van asbest expositie in het verleden, daarom wordt het ook wel asbestkanker 

in aanmerking komen voor behandeling is dit iets langer. Ten tijde van de start van dit 

tussen de 12-14 maanden. Immunotherapie, met name de “checkpoint inhibitors” 
(CI), liet al prachtige resultaten zien bij de behandeling van niet-kleincellig longkanker 

schrijven van dit proefschrift is er een studie uitgekomen waarbij de CI, anti-CTLA-4 

verbetering van de mediane overleving tot 18 maanden ten opzichte van 14 maanden bij 

aanhoudende respons op therapie zoals bij NSCLC.

Het mechanisme van CI berust voornamelijk op ontketenen van een reeds bestaande 
immuun respons tegen de tumor. Hier is dus een actieve anti-tumor respons voor nodig 
met cytotoxische T cellen die de tumor herkennen en attaqueren. Hoe meer mutaties 

brengen, welke herkend kunnen worden door cytotoxische T celen. Deze cytotoxische 
T cellen moeten wel eerst in de lymfeklier geactiveerd worden door dendritische 
cellen. Deze dendritische cellen fagocyteren de necrotische tumor cellen en brengen 
vervolgens de tumor antigenen op hun eigen cel oppervlak tot expressie. Hierna 
migreren de dendritische cellen van de tumor naar de lymfeklier om de tumor antigenen 
te presenteren aan cytotoxische T cellen. Wanneer de cytotoxische T cel het tumor 
antigeen herkent, zal deze ook geactiveerd worden, zich prolifereren en de lymfklier 

en is er met name een verminderd aantal dendritische cellen, welke ook minder goed 

tumor respons moeten ontketenen middels CI, maar de anti-tumor respons moeten 

In dit proefschrift ligt de nadruk op het onderzoeken en begrijpen van het onderliggende 
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focussen op dendritische cel therapie. Daarnaast bekijken we retrospectief het verloop 
Hoofdstuk 2. 

Hoofdstuk 9.

Historisch besef en trends in incidentie  
en behandeling van PM

periode 30-50 jaar is. Gezien het feit dat er in Nederland sinds 1993 een verbod is op 
het gebruik van asbest, werd aangenomen dat de piekincidentie rond 2020 zou liggen. 
In Hoofdstuk 2 onderzochten we de trends in incidentie en behandeling van 1993 tot 

blootgesteld aan asbest, nog een stijging wordt gezien. In alle andere leeftijdsgroepen 

verwachten op basis van de latentie tijd en het asbest verbod in 1993. Het asbest 
gebruik is namelijk streng gereguleerd sinds 1978 waarbij de import en het verwerken 
van asbest sterk verminderde. Deze maatregelen werden genomen als gevolg van het 
proefschrift van J. Stumphius (1969) waarin onomstotelijk de correlatie tussen asbest 

Daarnaast hebben we in Hoofdstuk 2 

werd bewezen dat combinatie chemotherapie de mediane overleving met 3 maanden 

zijn van late diagnostiek ofwel goede “advanced care planning”. De rol van chirurgie is in 

over het klinische voordeel van chirurgie, wat heeft geleid tot positievere adviezen in 

kortere overleving en meer morbiditeit. Hierdoor lijkt de rol van chirurgie wellicht niet 

A
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Immunotherapie in PM

Checkpoint remming

verbetering van de mediane overleving liet zien. In deze periode is er in andere solide 
tumoren zoals melanoom en NSCLC enorme vooruitgang geboekt met CI. Derhalve 

tweede of derde lijn na progressie op chemotherapie. In hoofdstuk 3 laten we zien 
dat de mediane progressie-vrije overleving (2,3 maanden) en mediane overleving (6,7 

responderen op CI behandeling, kan dit zorgen voor verbetering van klinische 

hebben bij CI behandeling. In hoofdstuk 3

als gevolg van een verhoogd metabolisme. Dit verhoogde metabolisme kan mogelijk 
ook de oorzaak zijn van een snellere afbraak van CIs, waardoor deze minder hun werk 
kunnen doen.

We weten dat de rol van cytotoxische T cellen cruciaal is voor een anti-tumor respons. 
Daarnaast is inmiddels ook duidelijk dat de aanwezigheid van B cellen in en rond 
de tumor ook cruciaal is voor anti-tumor immuniteit, maar het exacte mechanisme 
waarmee de B cellen bijdragen aan de anti-tumor immuniteit is nog niet duidelijk. In 
NSCLC is er een positieve correlatie tussen geheugen B cellen in tertiaire lymfoïde 

relatief meer dubbel negatieve (CD27-IgD-) (DN) B cellen en minder geheugen B cellen 
dan in gezond longweefsel. Deze DN B cellen afkomstig uit NSCLC tumoren activeren 
ook meer regulatoire T cellen dan cytotoxische T cellen, wat theoretisch zorgt voor 
meer immunosuppressie dan anti-tumor activiteit. In perifeer bloed zijn DN B cellen 

zijn en worden beschreven als “uitgeput” en mogelijk verminderd functioneren. De 

beschreven. In hoofdstuk 4 laten we zien dat, zoals verwacht, het totaal aantal B 
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CD21- DN B cellen hebben in perifeer bloed. Het exacte mechanisme achter deze 
correlatie is nog onduidelijk en zou te maken kunnen hebben met de eerder verschenen 
literatuur over DN B cellen in NSCLC tumoren die regulatiore T cellen activeren. De rol 
van DN B cellen in chronische infecties zou ook nog een mogelijke verklaring kunnen 
geven voor de gevonden correlatie, waarbij de B cellen “uitgeput” zijn. Hierbij is de 

cellen.

Dendritische cel therapie
Het combineren van CI (anti-CTLA-4 & anti-PD-1) blijkt in 2021 wel te leiden tot langere 

tumoren beter reageren op de immunotherapie dan op de chemotherapie. Daarnaast 

in vitro activeren, matureren en 

ook een radiologische respons is op de DC therapie, wat uiteindelijk heeft geleid tot de 

In hoofdstuk 5
als onderhoudstherapie na standaard eerstelijns chemotherapie niet leidt tot een 

voor het eerst een correlatie aantonen tussen DC therapie-geïnduceerde immuun cel 

de verminderde DC therapie-geïnduceerde immuun cel activatie; te lang interval 
tussen de chemotherapie en DC therapie (onderhoudstherapie), gebrek aan CD8+ T 
cel activatie en/of onvoldoende migratie van de DCs naar de lymfeklier. Daarnaast kan 

remming van de tumor cellen middels PD-L1.

A
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Combineren van dendritische cel therapie met andere 
behandelingen

van DC therapie. Hierbij kan je denken aan verbetering van de activiteit van de 
DCs zelf of verbeterde migratie van de DCs naar de lymfeklier, maar ook aan de 

cellen. In hoofdstuk 6 bespreken we hoe we deze hordes kunnen nemen door gebruik 

lymfklier welke daarna migreren naar de tumor en in principe de tumor cellen zullen 
attaqueren. Wanneer de tumor cel de cytotoxische T cel probeert te deactiveren door 
middel van checkpoint remming (PD-L1), kunnen CIs deze remming stoppen waardoor 
de cytotoxische T cellen actief blijven.

in hoofdstuk 7, waarin we laten zien dat CI behandeling na DC therapie veilig en 

Daarnaast tonen we in muizen aan dat gelijktijdige behandeling middels DC therapie en 

behandeling, zou gelijktijdige DC therapie hier een aanvulling op kunnen zijn. Uiteraard 

De “tumor load”, en dus het aantal tumor cellen en potentieel immunosuppressieve 

wat resulteert in een remming van de anti-tumor respons. In muisstudies hebben we 
laten zien dat het vroegtijdig vaccineren, wanneer de “tumor load” lager is, resulteert 

we chirurgie combineren met DC therapie. In deze studie wordt DC therapie voor en 

Hoofdstuk 8 laten zien dat er 15 maanden na start van de behandeling nog geen 

cytotoxische T cellen in de tumor evenals een toename van tertiaire lymfoïde structuren 

voor een bevestiging van bovenstaande.
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Chirurgie in PM

een gerandomiseerde studie die het voor- of na- deel van chirurgie zou laten zien. In 

van een uitgebreide pleurectomie en decorticatie (eP/D) in combinatie met systemische 
therapie. De resultaten na chirurgie zijn zeer wisselend en wij wilden uitzoeken in 
Hoofdstuk 9

overleving heeft dan de groep met een hoge Ki67 expressie. Het is tot op heden nog 
onduidelijk of Ki67 alleen een prognostische marker is of dat het ook daadwerkelijk een 

een fase 3 gerandomiseerde studie, waarbij chemotherapie werd vergeleken met 
chemotherapie in combinatie met chirurgie. Hieruit blijkt dat chirurgie in combinatie met 

A
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Enhancing Dendritic Cell Therapy in Solid Tumors with Immunomodulating Conventional 
Treatment. Belderbos RA

A multicenter, randomized, phase II/III study of dendritic cells loaded with allogeneic tumor cell 
lysate (MesoPher) in subjects with mesothelioma as maintenance therapy after chemotherapy: 
DENdritic cell Immunotherapy for Mesothelioma (DENIM) trial. Belderbos RA, Baas P, 

Cellular Immunotherapy and Locoregional Administration of CAR T-Cells in Malignant Pleural 
Mesothelioma. Belderbos RA

Nivolumab in pre-treated malignant pleural mesothelioma: real-world data from the Dutch 
expanded access program. Belderbos RA#, Cantini L#, Gooijer CJ, Dumoulin DW, 

Ki67 (MIB-1) as a Prognostic Marker for Clinical Decision Making Before Extended Pleurectomy 
Decortication in Malignant Pleural Mesothelioma. Belderbos RA

In Response to “Intratumor Distribution of Ki-67 Antigen Beyond Labeling Index for Clinical 
Decision Making: A New Way of Counting”. Belderbos RA

Incidence, treatment and survival of malignant pleural and peritoneal mesothelioma: a 
population-based study. Belderbos RA#, van Kooten JP#, von der Thüsen JH, Aarts 

Combination of PD-1/PD-L1 checkpoint inhibition and dendritic cell therapy in mice models 
and in patients with mesothelioma. Belderbos B
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Atypical B cells (CD21-CD27-IgD-) correlate with lack of response to checkpoint inhibitor 
therapy in NSCLC. Belderbos RA

Dendritic cells loaded with allogeneic tumour cell lysate plus best supportive care versus 
best supportive care alone in patients with pleural mesothelioma as maintenance therapy 
after chemotherapy (DENIM): a multicentre, open-label, randomised, phase 2/3 study. 
Belderbos R,

OX40 agonism enhances PD-L1 checkpoint blockade by shifting the cytotoxic T cell 

Jochems SP, Belderbos RA

Hydrogen cyanide emission in the lung by Staphylococcus aureus. Neerincx AH, Linders 
Belderbos RA

27230439.

T cell receptor repertoire characteristics both before and following immunotherapy 
correlate with clinical response in mesothelioma Belderbos RA, 

High-intensity statins are associated with improved clinical activity of PD-1 inhibitors in 
malignant pleural mesothelioma and advanced non-small cell lung cancer patients. Cantini 

Belderbos RA, Lanese A, Copparoni C, Aerts S, Cornelissen R, 
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Immune-related Adverse Events of Pembrolizumab in a Large Real-world Cohort of Patients 
 

Belderbos RA

Belderbos RA, Bironzo P, Carnio S, Ricciardi S, Grieco 

C, Porzio G. Cancer Immunol Immunother. 2020 Nov;69(11):2209-2221. doi: 10.1007/
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af. Ik ben me bewust van het feit dat deze pagina’s moeten compenseren voor de vele 
ongelezen pagina’s elders in dit proefschrift en ik zal mijn uiterste best doen om het 
leeswaardig te maken.

maken met een vorm van fysieke zelfkastijding, wilde ik de mentale variant daarvan 
ook graag ervaren voor eenzelfde termijn. Wegens de onverwachte en bijzonder goede 
match tussen de wetenschap, basaal onderzoek en mijzelf, maar vooral vanwege lichte 

geduld, incasseringsvermogen en doorzettingsvermogen. Het gaat niet altijd zoals 

humor en een gezonde dosis relativeringsvermogen daarbuiten. Naast het feit dat ik 
ervan overtuigd ben dat interdisciplinaire samenwerking leidt tot grotere impact en 
verbetering van kwaliteit, had ik het überhaupt niet gekund zonder veel steun en hulp 
in het lab, de kliniek en buiten het ziekenhuis. Kortom, er zijn veel mensen die een 
directe of indirecte bijdrage hebben geleverd aan dit proefschrift en die ik daar graag 
voor wil bedanken.

alle patiënten en familie van patiënten bedanken voor 

hoogte dat ze geen behandeling kregen. Hoewel u zich kunt voorstellen dat deze kennis 

en diepgewortelde motivatie voor het verbeteren van de behandeling in de toekomst 
voor lotgenoten.

Beste Prof. Dr. Aerts, beste Joachim, 

studie, waarbij ik verder mocht gaan op een basis van 15 jaar onderzoek. Je enthousiasme 
is aanstekelijk en je eigen work-ethic net zo indrukwekkend als motiverend. Ik kon altijd 
bij je langs (als er niet al iemand in de kamer zat) om te brainstormen over vragen die 
het huidige onderzoek opwierpen en waar de mogelijkheden zaten voor verbetering 

iemand die zelfstandig kon werken, werd de mate van zelfstandigheid waar je naar 
vroeg mij duidelijk bij onze eerste meeting na een maand PhD, die jij in stijl opende 
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met: “zeg het maar…”. Samen met deze vraag naar zelfstandigheid, heb ik ook geleerd 
om een probleem altijd samen met een mogelijke oplossing te presenteren. Dit eigen 
initiatief werd dan vaak beloond met de ruimte om een idee uit te werken, concretiseren 

assertiviteit en organisatorische skills ook werden gewaardeerd naast de klassieke 
onderzoekskwaliteiten.

Bop en heb ik een bijzonder talent ontwikkeld voor het lezen en ontcijferen van 
cryptische teksten zonder interpunctie. Hierbij verdenk ik je zelfs van opzet bij de multi-
interpretabiliteit van de mails of opmerkingen in manuscripten om ons zelf te laten 
nadenken en de beslissing te laten maken.

Beste dr. Willemsen Marcella,
Ik was heel blij met je komst na een periode licht stuurloos zonder post-doc op het lab 
te hebben gezeten. Dank voor je hulp bij het ontcijferen van frequenties van frequenties 

experiment hier op het lab. Zonder jou geen B cel manuscript en geen immunologische 

hebt weten te brengen.

Prof. Hendriks, beste Rudi, 
Ik ben nog steeds onder de indruk van de berg aan kennis en je scherpe blik op 
onderzoeksresultaten. “Klopt het methodologisch wel?” Ik heb geleerd minder snel 

mij nog steeds het gevoel bekruipt dat ik niet volledig voldoe aan “de voorwaarden” die 
horen bij een Lab-promovendus, kan ik wel zeggen dat ik als eerste van de oncologie 
onderzoeksgroep (Thorr, tegenwoordig STIRR) gegrepen ben door de B cel (weliswaar 
binnen de oncologie). Dat is dan ook waar onze samenwerking is begonnen. De vele 
meetings en discussies over de rol van de B cel in de oncologie hebben een kwaliteits 
impuls gegeven aan het manuscript, waarvoor dank.

Beste dr. Vroman, Heleen,

nodig was. Daarnaast heb je mij geleerd dat paint niet echt de way-to-go is voor 
powerpoint presentaties. Bovenal was je mijn chatGPT voordat het bestond. Ik zeg niet 

gegeven om er wat van te maken. Ik vind het erg jammer dat ik de reis niet met je heb 
kunnen afmaken, maar weet dat je het naar je zin hebt in 0164.

A
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De leden van de leescommissie wil ik bedanken voor het lezen van het manuscript en 
de bereidheid om van gedachte te wisselen.

Beste DENIM team,
Wat een uitdaging, een fase III studie met ons in de “lead”. Super dat dit is gelukt en iets 

en personen, waarmee we aan verschillende aspecten van de studie hebben gewerkt.

Dear colleagues in other countries/cities,

prof. Paul Baas, prof. Jan van Meerbeeck, prof. Arnaud 
Scherpereel, prof. Dean Fennell, prof. Rossana Berardi, Jo Raskin, Annemie 
Hufkens, Rita Claes, Marie Grammont, Bodien Schilder and of course their entire 
departments.

Beste Jente,

groot project, met een zeer grote logistieke uitdaging (waar wij ons nog niet bewust 
van waren). Ik zal de lezer de details besparen, maar een gerandomiseerde studie met 

beloop van de studie, heel erg bedankt! Daarnaast dank voor de geweldige lay-out van 
dit proefschrift en lekenpraatje.

Beste ATMP team,

altijd even strak loopt. Juist om die reden is het indrukwekkend hoe strak de planning 

huidbiopten en bloed tot validatie experimenten met nieuw materiaal. Leerzaam voor 
een onderzoeksgroep om ook deze kant van onderzoek mee te krijgen. Dank Koen als 

Areg, Myrthe, Ilknur, M 
Vink, Hei-tung, Stephanie, Poe-Ying, Johan, Rowan, Madelief). Zeker ook blij dat 
jullie op vrijdag middag het bloed opwerkten tijdens mijn poli, zodat ik dat niet meer 
in de avond hoefde te doen.

Beste researchteam (Annemarie, Louise, Marjolein, Marloes, Gracia, Marloes, 
Femke, Barbara),
Dank voor het uitleggen van de spelregels van onderzoek, voor het helpen bij de 
monitor bezoeken, het organiseren van studie mappen en alle moeite die jullie hebben 

iets heb kunnen bijdragen aan de digitalisering binnen het researchbureau en daarmee 
de studiemappen lichter en tilbaar zijn geworden. Gracia, dank voor het gezelschap na 
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5 uur in de kantoortuin, de voorliefde voor Suriname en Borgou. Femke en Marloes, 
dank voor de eindeloze invoeruren vanuit hix of mappen in de database en het geduld 
wanneer er iets verkeerd stond of er een tijdstipt miste. Louise, dank voor de hulp bij 
uitvoering in de praktijk en Marjolein

Annemarie, dank voor je directe communicatie, 
uitleg omtrent studie regels en je realistische blik bij researchmeetings ten aanzien van 

Beste Rob en dr. Enninga, Ilona,
Wat ben ik blij dat we het project ondanks de primaire negatieve uitkomst wel positief 
hebben kunnen afsluiten met interessante immunologische resultaten en een blik naar 
de toekomst ook in peritoneaal mesothelioom en pancreas carcinoom. Jullie rol in het 
algemeen, maar in het bijzonder bij de laatste lootjes van het manuscript en de uiterst 
scherpe blik van Ilona zijn essentieel geweest voor dit resultaat.

Dank Robin, Daphne, Marthe

Robin
aan speciaal bier en een gezonde dosis humor. Robin en Daphne, dank voor je hulp 

Marthe, 

Beste secretaresses,
Dank voor het verwerken van alle correspondentie en beelden die we kregen 

Beste Lab,
Dank aan alle collega’s op het lab voor het verdragen van een clinicus op het lab. Ik heb 

Beste Thorr (STIRR) collegae,
In 7 jaar is het mooi om te zien hoe de meetings voor deze groep een steeds 
professioneler karakter hebben gekregen, waarbij nu andere specialismen zich 

eerste auteurschappen gedeeld. Luca, Job, Mandy, Michelle
samenwerking. Mandy, heel veel plezier met je nieuwe baan; een lease auto en 
Amsterdam gaan je zeker goed staan. Dank voor alle roddels en het uitwisselen van 
eettentjes waar we toch nooit naartoe gaan. Luca, thanks for the fun times and good 

protocol. Job
dat ik dat niet had verwacht toen we na het afronden van ieder coschap op het terras 

A
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Michelle

Floris, 
Ik heb genoten van de heerlijke uiteenzettingen tijdens de Thorr meeting, waarbij 
voor veel argumenten ook gelijk auteur, tijdschrift en jaar van publicatie genoemd 
worden. Het “mand” principe is jouw volledig ontgaan, maar je immunologische kennis 

Sai-ping Ralph en Odilia, dank 
voor jullie hulp en meedenken bij de B cellen in de oncologie.

Joanne en Denise,
De gezelligste kamer, waar ik moest wennen aan de PhD lifestyle, waarbij je in de eerste 
paar maanden toch zoekende bent naar je verantwoordelijkheden en taken. Ik heb 

Thomas, 
Het is zeldzaam om iemand te vinden met dezelfde voorliefde voor klassieke prent 
humor. Dank voor het up to date houden via WhatsApp en hierbij wil ik dan meteen 
Menno bedanken voor een prachtig stukje kunst.

Beste Vivian,

praatjes voor iemand die nog geen papers heeft (inmiddels had), luister ik graag naar 
Nina

like 4. Dank voor de gezellige borrels en op naar een nieuwe show van Henry van Loon.

Beste dr Burgers (Sjaak), dr. De Gooijer (Dianne) en Li-Anne,
Dank voor jullie samenwerking, ook al heeft dit helaas niet altijd het gewenste resultaat 
gehad. Ik denk dat het belangrijk is dat wij onderzoek tussen verschillende ziekenhuizen, 
in het bijzonder voor een zeldzame ziekte als mesothelioom, mogelijk blijven maken. 
Daarnaast kijk ik met veel plezier terug op een avondje Lille.

Beste dr. van der Thusen, Beste Jan,
“Begrijp je er niks van? Vraag het aan Jan.” Dank voor een super leuke en gezellige 
samenwerking met name in het Ki67 project. Ik heb een hoop van je geleerd en hoop 
nog veel meer te leren. Laten we beginnen met een feilloos Brits accent.
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Alle coauteurs wil ik bedanken voor de samenwerking, het kritisch lezen van de 
manuscripten en de goede suggesties die zijn gedaan hebben.

Beste longartsen en arts-assistenten uit het EMC, 
Allereerst bedankt voor de vrijheid vanuit de opleiding (Leon & Leonard) om 
wetenschap te combineren met de kliniek. Los van het opleiden tot klinische dokters, 
wordt individuele ontwikkeling op andere vlakken altijd gestimuleerd. Ik geniet van 
het educatief enthousiasme tijdens overdrachten en individuele overleggen, wat de 

gedeeld en staan we altijd voor elkaar klaar. Ik kijk nu al uit naar de laatste twee jaar 
van de opleiding hier en de nodige borrels bij Westkop of elders.

Beste Vrienden of collega’s (is maar net hoe je het noemt) uit het SFG,

als kers op de taart. In het bijzonder wil ik de intensivisten en IC-verpleegkundigen 
bedanken voor een super tijd, die mij mijn toekomst heeft doen overdenken. Hopelijk 
tot snel bij een tennistoernooi.

Beste Longartsen en assistenten uit Breda/Amphia,
Wat heb ik genoten van mijn tijd bij de longziekten in Breda en bij jullie is mijn 
enthousiasme voor het vak nog groter geworden. Zowel de sfeer binnen de 
assistentengroep, als de sfeer met de longartsen is echt super. Serieus werken met 

een leerzame periode. Dank allemaal.

Beste Inbetweeners ( JC Tucan),
Tegen alle verwachtingen in heeft iedereen er wat van gemaakt en kunnen wij bijzonder 

met serieuze zaken kan ook iedereen bij iemand terecht. Ik hoop dat we dat nog eens 
15 jaar vasthouden.

Beste Jeroen, Jeronimo,
Los van een naadloos begrip van elkaars matige gevoel voor humor, kunnen we 
ook goed praten over elkaars tekortkomingen. Ik zie onze vriendschap wel echt als 
synergistisch op veel vlakken, waarbij ik me kan voorstellen dat niet iedereen dat op 
elk vlak als een even groot succes ervaart. Toch denk ik daarom dat ook jouw rol als 
paranimf in dit geheel onmisbaar is. Lieve Jeroen en Nati, heel erg bedankt voor de 

A
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Beste Freek (de Teek) en Stuyt(erbal),
Maus en Lisa verdienen het eerste bedankje voor het meermaals uithouden met 

niet omdraaien voor een nieuw avontuur. Helaas heb ik het laatste avontuur aan me 

doet er mee?

Hent, gekkuuuhd,
Dank voor de wijze woorden: “met een snicker en een banaan het bos in worden 
gestuurd”. Deze staat in de top 3 spreekwoorden op het lab en beschrijft het gevoel 
van de gemiddelde PhD-er feilloos.

Beste Govert, Goof, Gilbert Goldglove,

Rundfunk, paling roken, Stobbe, een kleine greep van extra curriculaire activiteiten die 
mij in deze tijd op de been hielden. Nu als druk gezinsman met Annelien aan je zijde 
kijk ik met bewondering hoe jullie het managen en zijn jullie er altijd op de belangrijke 
momenten.

Beste Joost, Pwomp, mr. Waterpants,
Ik kijk uit naar discussies over de rol van technologie in de geneeskunde, waar je met 
de komst van AI wellicht toch je gelijk gaat krijgen.

Beste Wessel, Wesselientje,
“Vrienden zijn er voor altijd”, “Iedereen heeft maar een long”, “Quitten is voor Quitters”, “When 
You see it, you clean it”, “Ook al eet je elke dag biefstuk, heb je soms toch zin in een frikandel.” 

keer per week in een boot en samen wonen, waarbij jij zelfs voor de kapper niet meer 
de deur uit hoefde (kapper fersch). Dit alles zonder slaande ruzie, hoogstens passief 
agressieve stiltes, welke werden doorbroken door een slappe grap. Wanneer je met 

er zogezegd “stront aan de knikker” is.

Beste roeicoaches,
Discipline heb ik pas echt geleerd tijdens het roeien. Het is niet voor niets dat er toen 
pas studiepunten werden gehaald. Judith, Rens en Olaf dank en Olaf dank voor deze 
quote: “Grimassen tijdens fysieke inspanning is een vorm van zelfmedelijden.”

Bob_BNW_V7.indd   264 29-07-2025   11:36



265

Dankwoord

Lieve Pap en Mam,
Het klinkt cliché, maar ik vrees dat ik niet goed kan verwoorden wat jullie voor me 
betekenen. Ik ben zo’n onwijze bofkont met jullie. De onvoorwaardelijke steun voor 
elke keuze, begrip voor elke misser en vangnet voor de vrije val. Daarnaast is Breda 
voor ons alle drie nog steeds een veilige, gezellige en liefdevolle thuishaven, waar we 
met veel plezier naartoe komen om te lachen om (b)anale humor, uit te rusten of te 

Lieve Tim, Timscre-Wimsonibus, 
6 jaar ouder en een groot voorbeeld voor je kleine grote broertje. Zelfde school, 

hockey. Leraren teleurgesteld, tas snel weggegooid, watisdeplanningvedenu?, 2.4, 
landskampioen rechtsbank. Zoals de gymleraar het zei: “hoe kunnen jullie zoveel op 
elkaar lijken en zo anders zijn.” Gelukkig hebben we absoluut hetzelfde gevoel voor 
humor, fanatisme en behoefte aan sport en spel, waardoor we elkaar eindeloos kunnen 
vermoeien op de tennis/padel/squashbaan of zelfs met alleen een frisbee en een 
tennisbal op een grasveld (voor de spelregels verwijs ik u op de borrel naar Tim). 

Lieve Bo, Bidine, Bodini-Wihini, 

jou arriveer, word ik met open armen ontvangen. Terugblikkend geniet ik van een 
studententijd waarin onze wegen zich kruisten bij goede feestjes, een promotietraject 

tijden. Ik voel me sterker met jou aan mijn zijde en Ik kan me dan ook geen betere 
paranimf wensen.

Lieve Fleur,
Het geluk heeft de eigenschap pas zichtbaar te worden, als het voorbij is. Helaas is 

niks zeker weet en alles voorbij gaat, geloof ik wel in jou en mij. Kortom: je weet pas wat 
je hebt als je het verliest en ik hou van je.
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Curriculum vitae

1992 in Breda, the Netherlands. After graduating 
from secondary school (Stedelijk Gymnasium, Breda) 

Rotterdam. After he obtained his medical degree 
in 2017, the opportunity arose to do a PhD at the 

in Rotterdam, where he worked as a fulltime PhD 

interest in thoracic oncology, the PhD focused on 

He currently has 2 years left in his residency.

Between 2011 and 2014 Bob has rowed at a top-level at A.R.S.R. Skadi and was selected 

After stopping with rowing, Bob initiated a biking trip from Rotterdam to Barcelona to 
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