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GENERAL INTRODUCTION 
 

For most cancers, the only treatment option with a chance of a cure is early 

surgical resection of the tumour. Unfortunately, in the years following 

resection of the primary tumour, there is a high risk of the appearance of 

metastases, even when no residual tumour cells can be detected at the time 

of surgery. This course of events implies that microscopic spread through the 

body has already occurred before resection of the primary tumour. Thus, the 

radical surgical removal of the primary tumour will often prove to be 

insufficient to save the patient’s life. Over the past twenty years the concept 

of systemic treatment, in combination with surgical local tumour control, has 

been shown to improve the survival of patients with solid tumours by 

eliminating micro-metastases. A number of chemotherapy cycles, given after 

resection of the primary tumour to patients at high risk for micro-metastases, 

not only reduces the recurrence rate but also improves survival. This so-

called adjuvant treatment is nowadays considered standard therapy for 

several tumour types, including breast-, colon, lung and ovarian cancer. 

When metastatic disease becomes clinically apparent treatment options aim 

for prolongation of life and relief of discomfort caused by the disease. 

However, in this situation cure is only rarely possible.  

 

The classic chemotherapeutics act by interference of the drug with the 

processes necessary for cell division. Because of their generally higher and 

uncontrolled replication rate, tumour cells are usually more vulnerable to 

cytotoxic agents than normal cells. However, in clinical practice many 

tumour cells appear to be, or become, resistant to chemotherapy while the 

side effects on normal tissues are often severe and limiting to the treatment. 

Particularly cancer cells with a low rate of replication during systemic 

treatment may be resistant to cytotoxic drugs. 

 

Knowledge of tumour biology and the immune system has increased 

considerably over the past decades. In this thesis several studies are 

presented that make use of new insights in tumour immunology for the 

treatment of patients with cancer. This strategy utilises the individual 

characteristics of the patient’s (primary) tumour to optimise control of life-

threatening (micro)-metastases. The aim of these studies is to modulate the 

patient’s adaptive cellular immune system, targeting it towards the patient's 

own tumour cells to eradicate residual disease following local treatment. In 

one approach this is done by autologous tumour cell vaccination as adjuvant 
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treatment for stage III colon cancer patients in a combination with 

chemotherapy and in a second approach by autologous tumour cell 

vaccination to patients with stage III or stage IV metastatic melanoma.   

 

 

The immune system and cancer 
 

Traditionally the human immune system has been divided into an innate and 

an adaptive component, each with different functions and roles. Among the 

major players in the adaptive immune system are the T-lymphocytes. Since 

each T-lymphocyte displays a single kind of structurally unique receptor, the 

repertoire of antigen receptors in the entire population of lymphocytes is 

very large and extremely diverse. The size and diversity of this repertoire 

enable the immune system to recognise virtually any possible antigen. 

Binding of antigen to the T cell receptor triggers activation and proliferation 

of the T lymphocyte. This process, called clonal expansion, accounts for an 

element of memory of the adaptive immune system, i.e. when a stimulus is 

encountered for a second time, the immune response will normally be faster 

and more efficient [1]. 

 

To initiate an efficient cellular immune response the T-cell has to recognise 

an antigen-derived peptide fragment (= epitope) that is presented in 

combination with major histocompatibility complex (MHC) molecules on 

the cell surface of an antigen presenting cell (APC). Another prerequisite for 

T-cell activation is sufficient co-stimulation by specialised molecules such as 

B7 (CD80 and CD86) and CD70 which should interact with CD28 and 

CD27 respectively, on the T cell surface. Stimulation of the T cell receptor 

in the absence of co-stimulatory signals induces T cell anergy and peripheral 

immunotolerance to antigens.  

 

In terms of providing (co-)stimulation an important group of players in the 

adaptive immune system are the professional antigen presenting cells of 

which dendritic cells (DCs) are the most efficient examples known to date. 

DCs not only initiate immune responses but also regulate the type and the 

duration of antigen-specific T-cell responses. Antigens that are released from 

cells by secretion or lysis can be taken up by an APC after which they are 

processed and presented on its cell surface. Generally extracellular antigens 

are presented in the context of MHC class-II, while intracellular antigens 

(for example in case of a viral infection) are presented with MHC class-I. 
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However, DCs are uniquely able to present extracellular antigens in the 

context MHC-I, a process named cross-presentation [2].  

 

Grossly two types of T cells can be identified: T helper (CD4+) cells and 

cytotoxic (CD8+) T cells. Cytotoxic- and helper-T-cells selectively 

recognise epitopes presented in MHC class-I and II molecules, respectively. 

The context of the presentation/stimulation, including the MHC type, the 

presence of co-stimulatory receptors like B7 and the production of cytokines 

determines the nature of the immune response. At least two reciprocal types 

of CD4 T-helper (Th) cell responses can be recognised based on their 

cytokine production. A Th1 type response with among others interferon-γ, 

TNF-α and -β,  Interleukin (IL)-2 and GM-CSF production, resulting in a 

cell mediated immune response, and a Th2 type response with IL-4, IL-5, 

IL-6 and IL-13 production causing a predominantly humoral response. Th2 

cells lack the ability to stimulate cytotoxic CD8+ cells to attack their target 

cells [3]. The balance between these responses is skewed by IL-12, IL-18 

and IL-23 to a Th1 type response and by IL-4 and possibly IL-10 to a Th2 

type response. The amount of antigen and the avidity of the interactions 

between APC and T-cells also determine the effector response. The exact 

biological mechanisms involved in the polarising process of DCs are still 

elusive. However, it is known that certain stimuli can promote the 

production of IL-12. An example of an external stimulus that can induce IL-

12 excretion by DCs is the Bacillus Calmette-Guerin (BCG), an attenuated 

strain of Mycobacterium bovis [4]. BCG is used as an immune stimulating 

adjuvant in many clinical immunotherapy programs, including the studies 

described in this work.  

 

In cancer immunology, activated cytotoxic T-cells are probably the most 

important effector cells besides Natural Killer (NK) cells and Macrophages. 

In addition, memory helper T-cells are also important for maintaining 

protective immunity [5,6].   

 

The role of the immune system in the development of cancer has been the 

topic of lively discussions. Proponents argue that mutations leading to 

malignant transformation are common, and that without immune 

surveillance, cancer would be a much more common disease. Opponents 

point out that although the incidence of cancer is increased in immune 

suppressed individuals such as recipients of organ transplants, this increase 

is largely limited to lymphoid tumours. Although the extent of immune 
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surveillance remains unknown, it is clear that some tumours are 

immunogenic in their host in the sense that they present antigenic 

determinants that can be recognised by receptors on T- and B-cells, resulting 

in immunological responses [7]. 

 

These so-called tumour associated antigens (TAA) can be categorised into 

four groups [8]: 1) Tissue-specific differentiation antigens that are shared 

between tumour cells and the normal tissue from which the tumour arose. 2) 

Over-expressed TAA that are present in low amounts in normal cells and 

often over-expressed in tumour cells. 3) tumour specific antigens (including 

cancer testis antigens), that are expressed by a variety of human tumour 

types but not on normal tissue cells, except testis.  4) Unique tumour-specific 

antigens that are not present on normal cells and are only expressed by the 

tumour cells of a specific patient. This last category of TAA is thought to 

contain the most immunogenic antigens, which are therefore considered 

most useful for immunothereuptic anticancer therapies [9,10,11].  

 

Besides the few currently recognised antigens, it is likely that thus far 

unknown antigens play a role in cancer immunity. But even if we do not 

know the exact target antigen, knowledge of the working mechanisms of the 

immune system may make it possible to clinically use these unknown 

antigens for eliciting an anti-tumour response. 

 

 

Tumour Escape Mechanisms 
 

In the case of growing cancer the immune surveillance has apparently failed. 

The question why tumour cells are not rejected, despite the expression of 

tumour-specific antigens, is of major interest for tumour immunologists. 

Several routes have been identified for cancer cells to escape from 

elimination by the immune system [12,13]. For example, activation and 

proliferation of antigen-specific lymphocytes is frequently hampered due to 

the fact that cancer cells often lack production of sufficient co-stimulatory 

molecules to be effectively recognised by the immune system. Even in the 

case of successful activation of lymphocytes efficient eradication of cancer 

cells is not guaranteed since genetic instability of the cancer cells can lead to 

down-regulation of tumour-associated antigens or MHC molecules which 

make the tumour cells “invisible” for the lymphocytes. Moreover, tumour 

cells often produce cytokines like IL-10 and Transforming Growth Factor 
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(TGF)-β that suppress the immune system. Lastly, Fas-FasLigand interaction 

is one of the main mechanisms of T-cell induced apoptosis of target cells. 

Several tumour types however have been found to excrete large amounts of 

FasLigand, which can lead to Fas-FasLigand induced apoptosis of the T-

cells, after binding to Fas which is expressed in low quantities on the T cell 

surface [14]. In case of absence of sufficient co-stimulatory signals, 

engagement of the T-cell receptor can lead to anergy, or even apoptotic 

death of the T-cell [5,13].  
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IMMUNOTHERAPY FOR CANCER 
 

The aim of immunotherapies is to induce an adequate immune response 

towards the tumour antigens that are present on tumour cells, in such a way 

that cancer cells are selectively killed, while other cells are left unaffected. 

Several strategies have been developed for reaching this goal, and three 

categories can be identified 1) non-specific immune therapy, 2) passive 

specific immune therapy and 3) active specific immune therapy.  

In the pas decades an overwhelming amount of clinical and preclinical 

studies have been published in the field of cancer immunology which makes 

it virtually impossible to give a complete overview of all work that has been 

done. The objective of this introduction section therefore is to discuss a 

selection of the most interesting concepts of immunotherapeutic approaches 

as well as a selection of some of the most relevant clinical studies, focussing 

on clinical trials assessing immunotherapy for patients with colon cancer or 

melanoma.  

 

 

Non-specific immune therapy 
 

More than 100 years ago Dr. William Coley, a New York surgeon, observed 

that some of his sarcoma patients had clinical disease remissions following a 

bacterial infection. He hypothesised that the general activation of the 

immune system that resulted from the infection caused the immune cells to 

kill tumour tissue. Subsequently he started injecting his patients with extracts 

of pyogenic bacteria; this was the first example of immunotherapy for cancer 

[15].  

 

Based on the same principle, in the 1960s and 70s several clinical trials were 

performed with injections of Bacillus Calmette-Guerin (BCG), a non-

virulent strain of tuberculosis. Activation of the immune system with BCG 

was thought to be able to overcome the natural tolerant state of the immune 

system towards the tumour. The most interesting results were seen in 

melanoma patients, when BCG was injected directly into metastases. 

Following this injection some patients not only showed shrinkage of the 

injected metastasis, but metastases at other sites in the body disappeared as 

well. Apparently some form of systemic immunity had been developed [16]. 

Unfortunately large randomised trials have never shown BCG monotherapy 

to be effective for the treatment of melanoma or other cancers [17].  
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Immunostimulatory cytokines like IL-2 and Interferon-α have also been 

tested extensively for their ability to activate immune cells towards cancer. 

Despite the fact that efficacy has been proven in various clinical trials, 

particularly in renal cell carcinoma and melanoma, the utilisation of these 

cytokines in clinical practice is limited by their inherent systemic toxicity 

[18].    

 

 

 

  
 

 

Fig 1. After taking up antigen, the Antigen Presenting Cell (APC) processes the 

antigen after which peptide fragments are presented on its cell surface in the context 

of MHC I or MHC II for binding to the T cell receptor (TCR) of Cytotoxic- and 

Helper T-cells respectively. Binding of the co-stimulatory molecules, (e.g. B7 to 

CD28) is a second prerequisite for proper T-cell activation. However, several 

tumour escape mechanisms have been characterised such as the production by 

tumours of cytokines like IL-10, VEGF and TGB-β that suppress immune 

stimulation.  
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Passive specific immunotherapy 
 

Monoclonal antibodies 

The identification of tumour-associated antigens (TAA) lead to the 

development of monoclonal antibodies (mAbs) directed to these specific 

antigens. No antigens are known which are present on all tumour types. 

Also, most antigens that are present on tumour cells are also present on 

normal cells. Carcino-Embryonic Antigen (CEA), Her-2-neu and Epcam are 

examples of known antigens over-expressed on several solid tumour types. 

For these -and other- antigens, monoclonal antibodies have been produced 

and tested in clinical trials with some success.  

 

Edrecolomab 

Riethmuller et al. extensively tested the usage of an anti-Epcam mAb 

(Edrecolomab) for the adjuvant treatment of colorectal cancer patients [19]. 

After initial randomised studies showed adjuvant treatment with 

Edrecolomab to be superior to no treatment for patients with stage III 

colorectal cancer, a consecutive study with 2700 patients showed it to be 

inferior to 5-Fluorouracil based chemotherapy, at that time considered 

standard adjuvant therapy for stage III colon cancer. Unfortunately the 

addition of Edrecolomab to 5-FU did not offer an advantage over 

chemotherapy [20]. In stage II colon cancer Edrecolomab did not show any 

activity [21]. 

  

Cetuximab 

Cetuximab is another example of a monoclonal antibody that has been used 

for anti-cancer therapies. Cetuximab is a human chimeric monoclonal 

antibody that successfully blocks the binding of epidermal growth factor 

(EGF) and transforming growth factor (TGF) to the EGF-receptor (EGFR) 

[22]. This antibody competes with natural ligands for binding to the receptor, 

inhibits ligand-induced activation of tyrosinases, and inhibits the growth of 

human xenografts that express EGFR. The possible mechanisms of action of 

this antibody are inhibition of cell cycle progression, enhancement of 

apoptosis, inhibition of angiogenesis and potentiation of chemotherapy [22]. 

Fan et al. showed that antitumor activity against xenografts of human cancer 

cells is retained by the F(ab')2  portion of cetuximab, suggesting that the 

efficacy in vivo is not dependent on immune mechanisms [23]. The primary 

activity of this monoclonal antibody appears to be delivered through 

inhibition of EGF receptor-mediated signalling pathways. EGFR is 
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expressed on normal epithelium and often overexpressed on epithelial 

cancers, including colorectal cancer, breast cancer and non-small cell lung 

cancer. In patients with metastatic colorectal cancer who had progressive 

disease after second line therapy with irinothecan, the addition of cetuximab 

to irinothecan resulted in a 23% response rate and a significant extension of 

time to progression. In patients with advanced non small cell lung cancer the 

addition of cetuximab to first line treatment with standard chemotherapy has 

been explored in two phase I/II studies. Robert et al added cetuximab to 

carboplatin and gemcitabin and found a response rate of 28% as well as 

stable disease in over 50% of the treated patients [24]. Thienelt et al found 

similar results after addition of cetuximab to first line therapy with 

carboplatin and paclitaxel [25].  

 

Cetuximab is currently being investigated in several tumour types and 

particularly combination treatment with chemotherapy and radiotherapy 

looks promising. For example, in patients with locally advanced head and 

neck cancer, the addition of cetuximab to radiotherapy resulted in a 

significantly improved local control and overall survival [26].  

 

Trastuzumab 

The most successful recombinant humanized monoclonal antibody clinically 

applied is trastuzumab (Herceptin) that targets an epitope in the extracellular 

domain of the human epidermal growth factor receptor 2 (HER2) protein. 

HER2 is a member of a family of four trans-membrane receptor tyrosine 

kinases that regulate cell growth, survival, and differentiation via multiple 

signal transduction pathways. Over-expression of HER2 or amplification of 

the HER2 gene occurs in 20%-30% of human breast cancers. Preclinical 

models have demonstrated that this antibody has significant antitumor 

activity as a single agent, and it also acts synergistically with certain 

chemotherapeutic drugs.  

 

Slamon et al. performed a randomized phase III trial in metastatic breast 

cancer patients over-expressing HER2. They randomly assigned 234 patients 

to receive standard chemotherapy alone and 235 patients to receive standard 

chemotherapy plus trastuzumab. Patients who had not previously received 

adjuvant (postoperative) therapy with an anthracycline were treated with 

doxorubicin (or epirubicin in the case of 36 women) and cyclophosphamide 

alone (138 women) or with trastuzumab (143 women). Patients who had 

previously received adjuvant anthracycline were treated with paclitaxel 
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alone (96 women) or paclitaxel with trastuzumab (92 women). The addition 

of trastuzumab to chemotherapy was associated with a longer time to disease 

progression (median, 7.4 vs. 4.6 months; P<0.001), a higher rate of objective 

response (50 percent vs. 32 percent, P<0.001), a lower rate of death at 1 year 

(22 percent vs. 33 percent, P=0.008) and a longer overall survival (median 

survival, 25.1 vs. 20.3 months; P=0.01) [27]. 

 

Vogel et al studied the use of Trastuzumab monotherapy as a first-line 

treatment in 114 metastatic breast cancer patients with Her2/neu 2+ or 3+ 

overexpression. The objective response rate was 26% (95% confidence 

interval (CI) 18.2% to 34.4%), with seven complete and 23 partial responses. 

Response rates in 111 assessable patients with 3+ and 2+ HER2 

overexpression by immunohistochemistry (IHC) were 35% (95% CI, 24.4% 

to 44.7%) and none (95% CI, 0% to 15.5%), respectively, stressing the 

importance of a high level of overexpression of the HER2 receptor for 

clinical efficacy of trastuzumab [28].  

 

Several phase II clinical trials have been performed in women with 

metastatic breast cancer overexpressing Her2 using trastuzumab in 

combination with chemotherapy as a first-line therapy. Combining 

Trastuzumab with Vinorelbine Burstein et al found a response rate of 68% 

(CI 54-80%) in 54 metastatic breast cancer patients [29]. Tedesco et al 

reported comparable results after combining trastuzumab with Docetaxel as 

first line treatment for 26 HER2 overexpressing women with metastatic 

breast cancer [30]. 

 

More recently the results of three very large randomized phase III studies 

were published reporting the addition of trastuzumab to adjuvant 

chemotherapy in HER2-overexpressing breast cancer patients. The HERA-

trial compared one or two years of trastuzumab given every three weeks with 

observation in 5081 patients with HER2-positive and either node-negative or 

node-positive breast cancer who had completed locoregional therapy and at 

least four cycles of neoadjuvant or adjuvant chemotherapy. At the first 

interim analysis after a median follow up of 1 year results were published of 

the comparison of 1 year of trastuzumab versus observation since impressive 

clinical results were noted. 347 events had occurred, 220 in the observation 

arm and 127 in the trastuzumab group. The hazard ratio for an event for the 

trastuzumab group was 0.54 as compared with the observation arm, 

representing an absolute benefit in disease free survival after 2 years of 
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follow up of 8.4%. No statistically significant differences in overall survival 

were found [31].  

 

Romond et al. studied the use of trastuzumab in the adjuvant setting in 

combination with an anthracyclin, cyclophosphamide and paclitaxel in 

women with surgically removed HER2-positive breast cancer. The results of 

two comparable trials were combined. The National Surgical Adjuvant 

Breast and Bowel Project trial B-31 compared doxorubicin and 

cyclophosphamide followed by paclitaxel every 3 weeks (group 1) with the 

same regimen plus 52 weeks of trastuzumab beginning with the first dose of 

paclitaxel (group 2). The North Central Cancer Treatment Group trial N9831 

compared three regimens: doxorubicin and cyclophosphamide followed by 

weekly paclitaxel (group A), the same regimen followed by 52 weeks of 

trastuzumab after paclitaxel (group B), and the same regimen plus 52 weeks 

of trastuzumab initiated concomitantly with paclitaxel (group C). The studies 

were amended to include a joint analysis comparing groups 1 and A (the 

control group) with groups 2 and C (the trastuzumab group). Group B was 

excluded because trastuzumab was not given concurrently with paclitaxel. In 

March 2005 the study was stopped early. At that time 394 events (recurrent, 

second primary cancer, or death before recurrence) had been reported of 

which 133 were in the trastuzumab group and 261 in the control group 

(hazard ratio, 0.48; P<0.0001). The absolute difference in disease-free 

survival between the trastuzumab group and the control group was 12 

percent at three years. The absolute overall survival difference at three years 

was 2.6% (91.7% vs 94.3%) (P=0.015) [32]. 

 

In conclusion, impressive results have been obtained with trastuzumab in the 

treatment of breast cancer patients with tumours overexpressing HER2, both 

in the adjuvant and in the palliative setting. As a consequence Herceptin has 

become part of the standard of care for these patients.      

 

 

Adoptive T cell immunotherapy 

Adoptive T cell immunotherapy is another passive specific 

immunotherapeutic approach. Adoptive cell transfer therapies try to achieve 

anti-tumour immune responses by the ex vivo expansion of autologous 

tumour-reactive T-cell populations to large numbers followed by the transfer 

of these cells back into the patient [33,34,35,36]. For this purpose tumour-

infiltrating T-lymphocytes (TIL) are collected and cultured. Subsequently 
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each T-cell clone is tested by cytokine release assays for antigen specificity 

and tumour reactivity. Active TIL cultures are further expanded using IL-2 

and an anti-CD3 antibody.  

 

Dudley et al performed a clinical study in 13 metastatic melanoma patients 

which all had shown progressive disease during systemic treatment with IL-

2. Prior to re-infusion of the ex vivo expanded autologous T-cells all patients 

received a lymphodepletive chemotherapeutic regimen consisting of 

cyclophosphamide and fludarabine. Depletion of immune cells was applied 

since this is thought to markedly improve the anti-tumour efficacy of 

transferred CD8+ T-cells through three mechanisms: 1. elimination of 

immunosuppressive CD4+CD25+ regulatory T cells, 2. the depletion of 

endogenous cells that compete for activating cytokines and 3. the increased 

function and availability of antigen-presenting cells [33,35,36].   

On the day following the last dose of fludarabine all patients received an 

infusion of autologous tumour-reactive, ex-vivo expanded TILs in 

combination with high-dose IL-2. Out of 13 treated patients, 6 had a long 

lasting partial remission, while 4 others had a mixed response to this 

treatment. Five of 13 patients developed vitiligo or uveitis, apart from side-

effects that resulted from the chemotherapeutical conditioning regimen [35]. 

In a second paper an expanded group of 35 melanoma patients was presented 

with similar results [36]. 

 

Recently, the same group of investigators of the National Cancer Institute 

lead by Rosenberg published a paper exploring the possibilities of 

genetically transduced autologous T lymphocytes for the treatment of 

malignant melanoma. Using retroviruses encoding a T cell receptor with a 

very high affinity for specific TAA autologous tumour-reactive T cells were 

engineered. After lymphodepletive chemotherapy adoptive transfer of these 

T cells into 15 melanoma patients resulted in long lasting engraftment and 

remission of melanoma lesions in two patients [37].      

 

 

Active specific immunotherapy 
 

In contrast to passive specific immunotherapy approaches, active specific 

immunotherapy (ASI) aims at inducing the in vivo development of an 

immunological reaction coming from the patient’s immune system itself. 

Several immunisation strategies have been developed, which can be 
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categorised into 3 broad subgroups 1) tumour-cell based vaccines 2) 

vaccines with defined antigens and 3) DC-based vaccines.  

Several of the most interesting clinically applied strategies will be discussed 

here.  

 

Whole cell vaccines 

Live autologous tumour cells are seemingly the ideal source of TAA’s for 

vaccination purposes, since, by definition, all relevant epitopes are presented 

to the host’s immune system. The concept of vaccination with irradiated 

tumour cells has been extensively explored in animal models in the 1970s 

and 1980s. Hanna has been one of the pioneers in this field by making use of 

irradiated tumour cells from a hepatocellular carcinoma cell line in a guinea 

pig model. He found that vaccination with tumour cells which had been 

inactivated by means of irradiation admixed with BCG as an immune 

stimulating adjuvant resulted in protective immunity against a subsequent 

injection of syngeneic non-irradiated tumour cells [38]. Dosage of both 

tumour cells and BCG-organisms appeared crucial for success of vaccination 

[39]. 

 

On the basis of these pre-clinical studies Hoover et al. conducted a trial 

using irradiated autologous tumour cells and BCG in patients with stage II 

and stage III colorectal cancer [40]. After surgical resection of their primary 

tumours, patients were randomized to vaccination or observation and 

stratified by both disease type and stage. Three to 4 weeks after surgery 

patients were vaccinated with two weekly vaccinations with tumour cells 

and BCG. One week later a third vaccine was administered, not containing 

BCG. An intention-to-treat analysis showed no significant clinical benefit, 

but a subgroup analysis of overall and disease-free survival in colon cancer 

patients showed a significant trend for ASI being superior to surgery alone. 

Immunized patients showed delayed type hypersensitivity reactions to 

autologous tumour cells that were stronger than background responses to 

autologous mucosal cells, suggesting the presence of tumour-specific 

immunity. The absence of a survival benefit in the rectal cancer group was 

thought to be caused by the radiotherapy that was given close to the 

vaccination draining lymph nodes. Side effects were minimal and the most 

prominent were ulcerations at the site of the first two vaccinations caused by 

BCG.  
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These promising results were further investigated in a large phase III study 

with stage II and stage III colon cancer patients conducted under the 

auspices of the Eastern Cooperative Oncology Group (ECOG) [41]. This 

study differed from the Hoover study in that, due to the large number and 

wide geographic distribution of sites involved, each site performed its own 

vaccine manufacturing. In an intent-to-treat analysis of all randomized 

patients, there were no significant differences between the two treatment 

arms in time to recurrence or overall survival. In the ECOG study, 12% of 

all vaccines failed to meet quality control specifications (cell 

number/viability), and 15% of the vaccinated patients failed to have 

adequate DTH reactions. It was hypothesized that the poor quality of some 

of the vaccinations could have caused the disappointing results of this study. 

Therefore, a survival analysis was performed on patients who were treated 

with vaccines that met standardized criteria and developed anti-tumour 

immunity (DTH response to third vaccine > 5 mm) and compared to control 

patients. In this subgroup analysis a significant improvement in overall 

survival was demonstrated in patients treated with ASI, suggesting that 

optimal immunization strategies are essential for a successful adjuvant 

treatment of colon cancer patients. This was supported by the observation 

that the size of DTH response to autologous tumour cells correlated with 

survival [41]. 

 

A third phase III study was conducted at the Vrije Universiteit medical 

centre in the Netherlands involving 254 patients with stage II and stage III 

colon cancer [42]. This pivotal study differed from the previous clinical 

trials in that treated patients received a booster with irradiated tumour cells 

alone, administered 6 months after surgical resection. In contrast to the 

previous study a centralized manufacturing laboratory supported the 12 

participating hospitals, which prepared 98% quality approved vaccines and 

97% of the vaccinated patients had DTH responses greater than 5 mm. In an 

intent-to-treat analysis, ASI significantly reduced the rate of disease 

recurrence by 44% in patients with stage II and stage III colon cancer, but 

the overall survival was not significantly better. The major impact was seen 

in stage II disease in which there was 61% risk reduction for recurrences and 

a trend toward improved overall survival. These data may indicate that the 

centralized method of vaccine manufacturing, or a facility that makes 

vaccines on a daily basis, is very important for vaccine quality and 

successful immunization. It is also possible that the extra vaccination after 6 

months may have contributed to the positive results in the latter trial.  
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Fig 2. Cellular events that are thought to take place following intracutaneous 

injection of autologous tumour cells and BCG. The BCG activates the dendritic cells 

(DCs) that are present in the skin in large quantities. Activated DCs take up the 

antigen and move towards a regional lymph node. In the lymph node, DCs present 

antigens on their MHC I and MHC II molecules to naive CD8+ and CD4+ T cells, 

respectively. When naive T cells recognise antigen they become activated. 

Following activation, the T cells are capable of lysing cells that contain the antigen 

that they recognise. 

 

 

A meta-analysis was performed which included the above mentioned three 

randomized trials [43]. In the intent-to-treat meta-analysis of all 723 patients 

who received either a three- or a four-vaccine regimen, recurrence-free 

survival was significantly improved by ASI. In the meta-analysis of patients 

who met quality control specifications and protocol eligibility, recurrence 

free survival was significantly improved and disease-specific survival 

approached significance when compared with controls. In general, patients 
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with a distant recurrence will eventually die from colon cancer. However, 

despite the fact that recurrences were significantly reduced by ASI, no 

significant survival benefit could be demonstrated in the intent-to-treat meta-

analysis.   

 

In conclusion, these studies showed that ASI as an adjuvant treatment for 

patients with colon cancer has minimal side effects and that the most 

pronounced clinical benefit can be seen in stage II colon cancer patients, 

although no significant effect of vaccinations on overall survival has been 

observed yet.  

 

Currently, a new multi-centre randomized clinical trial is being prepared for 

stage II colon cancer patients, in which patients will be randomized to 

receive adjuvant autologous tumour cell vaccinations or observation only 

(source: www.intracel.com). The vaccine production will be somewhat 

different from the studies mentioned above, since nowadays it is an FDA-

prerequisite that vaccines should be sterile whereas previously vaccines 

could contain colonic bacterial contamination. Details of vaccine production 

have not been made public yet. 

 

Haptenated autologous tumour cell vaccines 

Berd et al. have put much effort in the development and clinical testing of an 

autologous melanoma cell vaccine, haptenated with dinitrophenyl (DNP) 

while using BCG as an immunostimulatory adjuvant. After an inclusion 

period of more than 10 years they recently published a non-randomized trial 

including 214 stage III melanoma patients in which they found a 5-year 

relapse free survival of 33% and an overall survival of 44%, what is 

considered slightly superior to historical controls. Interestingly, they found 

an association of overall survival and disease free survival with  the 

induction of  a positive delayed-type hypersensitivity skin test to unmodified 

(non-haptenated) autologous melanoma cells while no such relation was 

observed for reactivity to PPD (which might result from the administration 

of BCG) [44]. 

 

Allogeneic vaccines 

To overcome the necessity of producing a unique vaccine for every 

individual patient Morton and co-workers developed an allogeneic 

polyvalent tumour cell vaccine expressing several common TAA (Canvaxin) 

for melanoma patients. In stage IV melanoma patients the postsurgical 
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adjuvantly administered vaccines resulted in improved 5-year overall 

survival rates compared to historical controls (39% vs 20%) [45]. Moreover, 

vaccinated patients developed delayed type cutaneous hypersensitivity 

(DTH) skin reactions to the vaccine of which the size corresponded with 

clinical outcome, whereas no correlation was seen between survival and 

DTH to purified protein derivative (PPD), a control protein. In 935 

adjuvantly treated stage III melanoma patients 5-year OS rates were 49% 

whereas in a historical control group of 1667 more or less matched stage III 

melanoma patients 5-year OS was 37% [46]. Based on these results two 

randomized studies were initiated, one for stage III melanoma patients, and 

one for stage IV melanoma patients. Disappointingly, the both trials were 

prematurely halted due to lack of likelihood of significant benefit [47].       

 

Several investigators have developed allogeneic cancer vaccines which have 

been genetically modified to produce granulocyte-macrophage colony 

stimulating factor (GM-CSF). The GM-CSF will activate DC and create a 

micro-environment that is optimal for successful tumour antigen uptake and 

DC maturation.  

Jaffee et al tested an allogeneic pancreatic cancer vaccine as an adjuvant 

therapy after pancreaticoduodenectomy in a phase I dose-escalating study 

and found no noteworthy toxicity. Some patients showed increased DTH-

skin reactivity to autologous tumour cells [48].  

 

GVAX is an experimental allogeneic GM-CSF producing cancer vaccine. A 

small phase I/II trial was done in hormone therapy-naive patients with a 

prostate-specific antigen (PSA) relapse following radical prostatectomy and 

absence of radiological metastases. Treatments were administered weekly 

via intradermal injections of 1.2 x 10(8) GM-CSF gene-transduced, 

irradiated, cancer cells for 8 weeks. Twenty-one patients were enrolled and 

treated. Toxicities included local injection-site reactions, pruritus, and flu-

like symptoms. One patient had a partial PSA response of 7-month duration. 

At 20 weeks post first treatment, 16 of 21 (76%) patients showed a 

statistically significant decrease in PSA velocity (slope) compared with 

prevaccination (P < 0.001) [49].  

 

Currently the vaccine is being tested in metastatic prostate cancer patients in 

two phase III randomized studies. In the first study GVAX is compared to 

Docetaxel plus prednisone and in the second study GVAX in combination 

with the taxane is compared to chemotherapy alone. Previously, the same 
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vaccine has been used in pancreatic cancer patients in a phase II study of 

which accrual has been completed and of which results are awaited.  

 

Tumour lysates 

Mitchell and co-workers used a melanoma vaccine consisting of polyvalent 

cell lysates of two cell lines derived from metastases of two different 

melanoma patients. These vaccines (Melacine) contain various TAA, 

including Tyrosinase, gp100, Mart-1, S-100 and MAGE-1, -2 and -3. A 

randomized observation-controlled adjuvant phase III trial was performed 

for stage II melanoma patients with a primary tumour thickness of 1.5-4.0 

mm. A huge effort was made by including 689 patients of which 600 were 

eligible, but disappointingly, after a median follow-up period of 5.6 years in 

the vaccinated group 107/300 patients had recurrent disease/died while in the 

observation arm 114/300 patients had progressed, which was a statistically 

non-significant difference (p = 0.51) [50].  

 

Interestingly however, a subgroup analysis was made for HLA-type, based 

on the knowledge that peptides bind with widely varying specificity to 

different HLA-antigens. HLA-analyses were done retrospectively and a 

subgroup was formed by patients expressing ≥2 of the following HLA-

antigens: HLA-A2, HLA-A28, HLA-B44, HLA-B45 and HLA-C3. It 

appeared that the subgroup of 97 patients with expression of HLA-A2 and/or 

HLA-C3 had a 5-year recurrence free survival of 83% while control-patients 

with expression of these same HLA-antigens had a 5-year relapse free 

survival of only 59% (p = 0.0002), possibly indicating that individuals with 

certain HLA-profiles have a superior possibility to mount adequate 

immunological anti-tumour responses to this vaccine [51].  

 

Heat shock proteins 

Heat shock proteins (HSP) are intracellular proteins that function as 

chaperones for peptides, including peptides derived from TAA. DC express 

CD91, a specific receptor for HSP which after ligand binding induces DC 

maturation [52]. Both HSP and peptide are a necessary source of antigen for 

efficient DC cross-priming of CD8-T cells [53]. HSP and the peptide which 

is “chaperoned” can be isolated and used as a polyvalent autologous cancer 

vaccine with undefined TAA with the HSP acting as a natural adjuvant [54]. 

A phase II study in metastatic (stage IV) melanoma patients has been 

performed, using autologous HSP gp96-peptide complexes which resulted in 
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2 complete remissions in 28 patients with measurable disease without 

inducing treatment-related toxicity [55].   

   

Ganglioside-based vaccines 

Immunogenic epitopes of TAA include glycosphingolipids (such as 

gangliosides) and glycoproteins, which can be either overexpressed by 

cancer cells, or are unique TAA originating from the altered glycosylation of 

mucins associated with tumour progression [52,56]. A randomized phase III 

adjuvant clinical trial in stage IIB/III melanoma patients was performed 

comparing autologous GM2-KLH/QS21-vaccines with adjuvant Interferon-

alpha-2b, resulting in a survival advantage for the Interferon-group. 

However, patients with a humoral response to the vaccine showed a trend 

toward better clinical outcome than did non-responders (p = 0.060) [57]. 

Currently a phase III clinical trial is being performed under the auspices of 

the EORTC. 

 

Sialyl-Tn is a carbohydrate associated with MUC1. It is a unique TAA, 

present on many adenocarcinomas including breast-, ovarian-, colorectal-, 

gastric- and pancreatic cancers. A randomized phase III trial using a vaccine 

based on Sialyl-TN (Theratope) has been completed in women with 

metastatic breast cancer but results are still awaited [58]. 

 

Anti-idiotype antibody vaccines 

CEA is a 180 kD oncofetal glycoprotein present predominantly in fetal gut 

and is expressed by endodermally derived neoplasms including cancers of 

the gastrointestinal and respiratory tract [59]. It has also been identified in 

small amounts in normal adult colonic mucosa. CEA is a self-antigen and 

patients with CEA-positive tumours are immunologically tolerant to CEA. 

The murine monoclonal antibody CEA Vac mimics a highly restricted CEA 

epitope that has no cross-reactivity with CEA expressed by normal human 

tissues. This antibody can act as a surrogate tumour antigen, inducing anti-

CEA antibody responses and specific T cell responses, and was 

demonstrated to have a major anti-tumour effect in a murine tumour model 

[60]. In a study of 23 patients with advanced colorectal cancer, 17 generated 

anti-anti-idiotype responses, and 13 of these were proven to be true anti-

CEA responses [61]. Toxicity was limited to local swelling and minimal 

pain at the vaccination site, but unfortunately none of the patients had 

objective clinical responses.  
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CEA Vac has also been evaluated in the setting of adjuvant therapy of high 

risk colorectal cancer. Thirty-two patients were included in this study, 4 

stage II, 11 stage III, 11 completely resected stage IV and nine stage IV 

patients with minimal residual disease. Fifteen patients received 5-FU-based 

chemotherapy, simultaneously with the CEA Vac. All patients had high-titer 

polyclonal anti-CEA responses which were not negatively affected by 

chemotherapy. No clinical responses were observed [62].  

 

In 119 patients with advanced ovarian carcinoma the anti-idiotype vaccine 

ACA125 (mimicking CA125) was tested in a non-controlled phase II study. 

In 68% of vaccinated women an anti-idiotype antibody titer developed, 

while anti CA125 antibodies were induced in 51% of patients, and antibody-

dependent-cell-mediated cytotoxicity could be demonstrated in 26% of 

vaccinated individuals. Although no clinical responses were reported, an 

interesting observation was that development of humoral immunity showed a 

strong positive correlation with survival time [63]. 

 

Studies with similar immunological results have been performed in 

metastatic breast cancer patients, metastatic melanoma patients and in 

nasopharyngeal cancer patients with various anti-idiotype vaccines, without 

induction of clinical responses [64,65,66]. Making definitive conclusions on 

the clinical efficacy of anti-idiotype vaccinations is not possible however, 

since published phase III studies are lacking.   

 

Recombinant protein vaccines 

Recombinant proteins can be produced in a molecularly defined way. Use of 

these proteins for vaccination purposes is appealing since it leaves the 

immune system with the task to identify relevant HLA-class I or –class II-

restricted peptides. In contrast to the use of peptides, use of recombinant 

protein vaccines circumvents the need to know the exact sequence of 

immunogenic epitopes in the proteins [52].   

 

Samanci et al. cloned the CEA gene from human colon adenocarcinoma 

cells and introduced it into a baculovirus which was used for the production 

of recombinant CEA. This protein was used for the vaccination of colorectal 

cancer patients without macroscopic disease. One group was vaccinated with 

GM-CSF as an immunostimulatory adjuvant, and the control group was 

vaccinated without GM-CSF. All patients in the GM-CSF group developed a 

strong rhCEA-specific proliferative T cell response, whereas patients 
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vaccinated without GM-CSF showed a weak response. A cellular response 

against native human CEA could be found in 8/9 patients in the GM-CSF 

group, although at a significantly lower level than against recombinant CEA 

[67]. 

 

Recombinant virus vaccines 

Viral infections can lead to the presentation of viral peptides in association 

with MHC class I and class II molecules on the surface of infected cells, 

which has lead to active specific immunotherapy strategies using viruses as 

immunisation vehicles [52]. 

 

Recombinant expression of CEA by a modified virus is one of the 

approaches used in patients with solid malignancies. The induction of T cell 

responses upon CEA protein vaccination is weak. Therefore, co-presentation 

of CEA with a strong immunogen such as a virus might increase its 

immunogenicity and induce strong anti-CEA immune responses [68]. 

Vaccinia viruses are highly immunogenic and stimulate both humoral and 

cellular mediated immune responses. In a phase I trial, immunization with a 

CEA-encoding recombinant vaccinia (rV-CEA) was investigated over a 

limited dose range [69]. Toxicity was limited to modest local inflammation 

at the inoculation site as well as low grade fever and fatigue. Unfortunately, 

there was no evidence of CEA-specific T cell proliferation, antibody 

responses or DTH responses.  

 

Because vaccinia virus proteins are highly immunogenic, vaccinia 

recombinants can only be administered once or twice due to the induction of 

neutralizing antivaccinia immune responses. By using a different 

immunization strategy Marshall et al. were able to demonstrate CEA-

specific T cell activation [70]. Patients with stage IV disease but without 

radiological evidence of disease were randomized to receive either rV-CEA 

followed by three avipox-CEA vaccinations, or three times avipox-CEA 

followed by rV-CEA. The first schedule was superior to the second in the 

generation of CEA-specific T cell responses, measured by an ELISPOT 

assay. When GM-CSF was given with subsequent vaccinations a further 

increase in CEA-specific T-cell precursors was observed. Survival was 

unrelated to pre-treatment T cell levels, while higher post vaccination T cell 

levels were associated with better survival.  
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In a subsequent phase I study by the same investigators the safety and 

clinical efficacy of a modified vaccine was explored. Modification consisted 

of addition of the transgenes for the T-cell co-stimulatory molecules B7-1, 

ICAM-1 and LFA-3 to the viruses. Fifty-eight patients with advanced CEA-

expressing tumours were included in this study and no serious toxicity was 

observed. Eleven patients had decreasing or stable levels of CEA while 1 

patient showed a complete pathological remission [71]. 

 

Dendritic cell vaccines 

The above mentioned active specific immunotherapeutic anticancer 

approaches try to make use of the unique ability of DC to take up and 

process antigens in the peripheral blood and tissues, after which the DC 

migrate to a regional draining lymphoid organ to present the antigens to 

naïve T-cells. Very small numbers of activated DC are highly efficient at 

generating immune responses against viruses and other pathogens [72].  

 

In recent years DC vaccinations have become one of the most intensively 

investigated approaches to the development of anti-cancer immunity. DC 

vaccines consist of DC loaded with antigen, such as tumour associated 

antigens. The idea behind this approach is that the need of the essential in 

vivo step of antigen uptake can be bypassed by loading the DC with the 

antigen(s) of interest in vitro, after which the loaded vaccines are 

administered to the patient. Upon administration of the DC vaccine into 

patients, the vaccine induces an antigen-specific T-cell response towards the 

tumour associated antigen(s) investigated. Numerous clinical studies using 

DC vaccinations for cancer patients have been reported to date and likely 

many will follow [73].  

 

Since less than 0.2% of circulating white blood cells are DC, for a long time 

it has been difficult to obtain sufficient numbers for clinical approaches. 

Since immature myeloid DC can be generated from monocytes relatively 

easily, by incubating the monocytes with GM-CSF and IL-4 for a period of 5 

to 7 days [72,74,75], monocyte-derived DC have been the most frequently 

used DC-subtype in clinical trials in recent years. 

 

Loading of the DC with the appropriate antigen(s) can be performed in 

various ways. The technique mostly used is the incubation of DC in medium 

containing the epitopes of interest allowing the antigen to directly bind to 

class I- and class II MHC molecules on the cell surface. An alternative 
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technique is the incubation of DC in medium containing tumour lysates or 

recombinant protein allowing the DC to endocytose and proteolytically 

process the antigen after which its processed epitopes can be endogenously 

bound to HLA class I and class II molecules.            

 

A third possibility is the transfection of DC with RNA encoding tumour 

antigens or derived from tumours, enabling the expression of TAA in the DC 

itself, after which the appropriate class I and class II epitopes can be 

presented in the corresponding MHC molecules. 

 

Several routes of administration have been explored for the ex-vivo loaded 

DC including intradermal, subcutaneous, intravenous, intratumoural and 

intralymphatic injections as well as injections directly into a lymph node. 

Immature DC tend to migrate less effectively than mature DC, of which after 

an intracutaneous injection only 1-5% reach the draining lymph node [76]. 

Intralymphatic or intranodal injection might therefore circumvent suboptimal 

lymph node migration of the DC [76,77].   

 

In recent years several excellent review articles have been published that 

give a complete overview of all DC vaccination studies that have been 

performed (for example [73] and [78]. Here we discuss only three of the 

highlights of the clinical DC vaccination experience.    

 

As one of the first DC vaccine investigators Nestle et al reported highly 

promising results in metastatic melanoma patients in 1998. Vaccines 

consisting of autologous DC pulsed with autologous tumour lysates or a 

cocktail of tumour associated antigens known to be recognised by CTLs 

were administered intracutaneously on an outpatient basis. Keyhole limpet 

hemocyanin was co-injected as a CD4-helper antigen and an immunological 

tracer molecule. Positive DTH-reactions to peptide-pulsed DC could be 

observed in 11/16 patients, and peptide-specific CTLs could be isolated from 

the DTH-site while no signs of autoimmunity were seen. And, most 

importantly, in 5/16 patients objective tumour regressions were noted [79].  

 

Based on these impressive results a randomized phase III study was initiated 

in which pulsed DC-vaccinations given at two-weekly intervals were 

compared to DTIC chemotherapy as first line treatment for stage IV 

metastatic melanoma patients. After enrolment of 98 patients a first interim 

analysis was performed which showed a response rate of 5.5% in the DTIC 
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group and an response rate of 3.8% in the vaccination group, after which the 

study was prematurely ended due to lack of efficacy. A reason for the 

inconsistency between these studies might have been an inferior DC quality 

in the latter trial due to the use of serum free medium [80]. 

 

Su et al investigated feasibility and toxicity of autologous tumour-RNA 

pulsed DC-vaccinations in 10 metastatic renal cell cancer patients in a phase 

I study. In 6 of 7 evaluable patients an expansion of circulating antigen-

specific CTL was noted. The vaccine induced T-cell reactivity directed 

against a broad set of renal tumour-associated antigens, but not against self 

antigens expressed by normal renal tissue. No objective responses were 

reported [81]. Results of other trials exploring RNA-pulsed DC vaccinations 

are awaited.   

 

Conclusion 

In the past two decades the knowledge of immunologic processes has 

increased tremendously. Based on new insights tumour immunologists are 

being/have been exploring numerous approaches aiming to direct the host’s 

immune system towards malignant cells.  

 

At this stage in time no consensus exists as to which of these approaches are 

most likely to result in major clinical benefit for (large groups of) cancer 

patients. Moreover, apart from clinical efficacy, feasibility -including costs- 

is an issue that should be kept in mind.  

 

In this thesis studies are described that make use of autologous tumour cell 

vaccinations for patients with melanoma and colon carcinoma. The reason 

for using autologous tumour cells as a source of antigens is that these cells 

inherently express all TAA relevant for the individual patient, hopefully 

resulting in a significant anti-cancer immune response.  
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Outline of this thesis 

 

This thesis describes clinical and pre-clinical studies with autologous tumour 

cell vaccinations in the VU University Medical Center in Amsterdam over 

the past 20 years. 

  

Chapter 2 

In this chapter a phase II clinical study is presented of 81 stage III and stage 

IV melanoma patients who received autologous tumour cell vaccinations in 

the months after surgical resection of one or more melanoma metastases. 

Most patients received the vaccines as an adjuvant treatment after radical 

surgical resection of all visible tumour tissue, while another group had 

macroscopic residual disease. Clinical responses, time to recurrence, overall 

survival and delayed-type hypersensitivity reactions were recorded.  

 

Chapter 3 

Here we investigate the relationship between autologous tumour cell 

vaccinations and numbers of circulating tumour-associated-antigen specific 

cytotoxic T-cells (TAA-specific CTL) in the melanoma patients described in 

chapter 2. We also explore the presence of TAA-specific CTL in melanoma 

tissue and correlate these data with TAA-specific CTL in the circulation and 

with prognosis. 

 

Chapter 4 

Preclinical data show that chemotherapy and immunotherapy might work 

synergistically under certain conditions. In this chapter a phase II clinical 

study for stage III colon cancer patients is described in which 56 patients 

received an adjuvant treatment consisting of four autologous tumour cell 

vaccinations in combination with 5-Fluorouracil/Leucovorin, the 

chemotherapeutic regimen considered standard therapy at that time. Aims of 

this clinical trial were to test feasibility and toxicity as well as exploration of 

the potential immunosuppressive influence of chemotherapy on T-cell 

mediated immunity induced by the previously administered tumour cell 

vaccines.  

 

Chapter 5 

A prerequisite for a strong CTL proliferation is presentation of antigen by 

professional antigen presenting cells (like dendritic cells) that co-express 

immunostimulatory molecules like CD83 and CD86. Induction of this 
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“mature” DC phenotype can be established by co-injection of immunological 

adjuvants at the time of tumour cell vaccination. In chapter 5 we explore the 

effects of the classic BCG adjuvant compared to the more defined bacterial 

component adjuvants LPS and CpG on the DC phenotype using a human 

skin explant model.   

 

Chapter 6 

In this chapter the results presented in this thesis are discussed and 

hypotheses for improvement are formulated. 
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ABSTRACT 

 

Background: currently there is no standard adjuvant treatment following 

surgical resection of metastatic melanoma. We investigated whether surgery 

followed by autologous tumor cell-BCG vaccination was beneficial for 

malignant melanoma patients. In this study we focus on the prognostic value 

of DTH response following vaccination therapy.  

 

Patients and methods: 81 patients with AJCC stage III and IV melanoma 

were selected. Whenever feasible, radical metastasectomy was performed. 

ASI was initiated by the administration of three weekly intra-cutaneous 

vaccinations with 10
7
 irradiated autologous tumor cells, starting four weeks 

after surgery. Depending on the size of DTH response to the first 3 

injections, subsequent vaccinations were planned. The first two vaccines also 

contained 10
7
 BCG organisms as an immune stimulatory adjuvant.  

 

Results: induration as well as erythema correlated strongly with survival (p < 

0.0001 and p = 0.0004). After radical metastasectomy in stage III melanoma 

patients a 5-year survival of 48 % was observed. In stage IV disease, a 5-

year survival of 34 % was seen, after radical surgery had been performed. 

When macroscopic disease was present at start of vaccination treatment, no 

clinical responses occurred. Apart from transient skin ulceration at the site of 

BCG-containing vaccinations, no serious side effects were observed. 

 

Conclusions: this study shows that large-scale preparation of autologous 

melanoma cell vaccines is feasible, while vaccination results in DTH 

responses that correlate significantly with survival. ASI seemed to be 

beneficial in stage III and stage IV melanoma when given in the adjuvant 

setting, while causing only very mild side effects.  
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INTRODUCTION 

 

Malignant melanoma shows a world-wide increase in incidence of 5% per 

year. At the moment only radical surgery in early stages of disease can be 

curative. When the thickness of the melanoma is < 1.5 mm (stage I 

melanoma according to the American Joint Committee on Cancer [AJCC]) 

5-year survival is > 90%. In stage II disease (melanoma thickness ≥ 1.5 mm) 

this survival rate is 75%, and in case of lymph node metastases (stage III), it 

is 10-50% depending on the number of nodes involved. After 

haematogenous spread of the disease (stage IV) median survival is as low as 

4 to 8 months and 5-year survival rate is less than 5 % [1].  

 

Recently, high-dose interferon alpha has been registered in the United States 

and several European countries for adjuvant treatment after surgery of stage 

IIb and III melanoma. This was based on the results of a relatively small trial 

showing a slight improvement in recurrence-free and overall survival, but 

with high toxicity [2]. In a recent analysis of a much larger trial by the same 

investigators it was demonstrated that treatment with interferon alpha 

resulted in improved recurrence-free survival, but failed to affect  overall 

survival of high-risk melanoma patients [3]. Chemotherapy has a limited 

activity in melanoma. Cytotoxic drugs with a proven effect in the adjuvant 

setting are currently not available. Dacarbazine, the most frequently used 

palliative cytotoxic drug in stage IV disease shows a response rate of only 

15-20% and the duration of remissions is generally short [4].  

 

The observed biological behavior of malignant melanoma suggests that this 

malignancy is more immunogenic than other types of cancer. In fact, 

occasionally spontaneous complete remissions occur and in 3 to 15% of all 

melanomas only metastases are found and no primary tumor, most likely the 

result of spontaneous resolving of the primary lesion, although in rare cases 

the metastasis will be a non-cutaneous primary melanoma [1,5]. Moreover, 

humoral and cellular immune reactivity towards melanoma cell antigens 

have been reported on several occasions and lymphocytic infiltration was 

associated with regression of melanoma metastases [6]. Non-specific 

immunotherapy with IL-2 and/or interferon alpha showed response rates 

comparable to chemotherapy, but was accompanied by relatively high 

toxicity and is now under investigation in combination with chemotherapy. 

The first reports about this combination regimen showed markedly increased 
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response rates. However, toxicity was significant, while no impact on 

survival was observed [7,8,9].  

 

Active Specific Immunotherapy (ASI) is a technique which aims at 

enhancing a specific immune response against malignant cells. Various 

vaccine types have been investigated, such as allogeneic melanoma cell 

lysates [10], allogeneic whole cell mixes [11], autologous whole cells [12], 

combinations of synthetic melanoma antigens [13], genetically modified 

autologous whole melanoma cells [14] and synthetic-peptide pulsed 

autologous dendritic cells [15].  

 

The potential advantage of employing autologous whole cell vaccines is that 

such vaccines most likely contain all tumor antigens present on the cell 

surfaces of the individual patient’s tumor and have a perfect HLA match. 

This might be of particular importance since it is still unknown which 

antigens are most relevant for the development of protective anti-tumor 

immunity.  

 

Recently, we demonstrated that ASI induced a significant reduction of tumor 

recurrence in stage II colon carcinoma patients in a multicentre randomized 

trial [16]. In the present study, we again used an autologous whole cell 

melanoma vaccine and bacillus Calmette-Guérin (BCG) as an immune 

stimulatory adjuvant for AJCC stage III and stage IV melanoma patients. 

Whenever possible, all clinically evident metastases were resected before 

vaccination, as there is evidence that immunotherapy may be most effective 

in a minimal residual disease setting [17]. In this report we focus on the 

delayed type hypersensitivity reaction (DTH) to autologous vaccines as an 

early predictor of clinical outcome.  

 

 

MATERIAL AND METHODS 

 

Patients 

Patients with at least one surgically resectable melanoma metastasis were 

selected for this study. Whenever possible, radical metastasectomy was 

performed. After confirmation of the diagnosis was done, all tumor tissue 

obtained during this procedure was used for vaccine preparation. A WHO 

performance status of 0 or 1 was required. Patients were only eligible when 

sufficient tumor cells were available for the production of a minimum of 
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three vaccines, indicating that the metastases needed to have a volume of at 

least 1 cm
3
. The use of immune suppressive drugs was a reason for exclusion 

from this trial as was the participation in any other study. Patients that had 

previously been subjected to systemic anti-melanoma therapy were only 

eligible when showing progressive disease. The absence of macroscopic 

residual disease was assessed by pathology, a total physical examination and 

radiological examination of the abdomen and chest. All patients signed 

informed consent forms prior to immunization.  

 

Vaccine preparation 

Nine Dutch hospitals participated in this study. Surgery was performed in 

the referring hospital. Immediately after surgery the part of the tumor tissue 

not required for pathological examination was excised and transferred to the 

vaccine production laboratory of the University Hospital Vrije Universiteit, 

Amsterdam. The tumor was dissociated as previously described [17,18,19]. 

After this procedure a bacteriology control was performed and viability was 

tested using trypan blue exclusion. Cells were then aliquotted (15-20 x 10
6
 

viable cells per vial) and cryopreserved using a linear freezer. Vials were 

stored in liquid nitrogen until vaccination. For each patient an attempt was 

made to produce as many vaccines as possible with a minimum number of 

three.  

 

Vaccination procedure 

Vaccination started four to five weeks after surgery to minimize the possible 

immune suppressive influence of surgery and anesthesia. If post-surgical 

radiotherapy was given, the vaccination procedure was postponed until four 

weeks after this treatment.  

 

On the day of vaccination, after thawing, cells were counted and viability 

was assessed. The cells were irradiated (200 Gy) and to the first two 

vaccines 10
7
 viable fresh-frozen BCG organisms were added. Patients with a 

medical history of tuberculosis received half the dosage of BCG. The final 

volume of the vaccines was 0.2-0.3 ml. 

 

Vaccines were administered intra-cutaneously near sites of regional lymph 

nodes, excluding sites were regional lymph node dissection had been 

performed. Generally the first two vaccines, containing BCG were injected 

on the right and left anterior thigh respectively at an interval of one week. In 

the following week the third vaccine was given in one of the upper arms. 
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Further vaccinations were given in alternating arms at different intervals, 

depending on the DTH response to the preceding vaccination. Response to 

the vaccines not containing BCG was measured by the size of induration and 

erythema 48 hours after injection. This was always done by the same 

investigator (HEG). Induration was assessed by the pen method [20]. For 

measurement of induration a line was drawn with a pen from 1 to 2 cm away 

from the margin of the skin test reaction towards the lesion. The pen is held 

at a 45° angle and moderate pressure is applied. The pen is advanced until 

resistance is met, indicating the edge of the area of induration. This 

procedure is performed in 4 directions.  

 

In general, if induration was less then 10 mm, the next vaccine was given 

within one to four weeks. If induration was more then 10 mm the interval 

was two to six months. When tumor recurrence or progression was observed 

vaccinations were stopped. 

 

Statistical Analysis  

Cox’ proportional hazards model and the log-rank test for linear trend were 

used to determine the relationship between DTH and survival. Survival 

curves were estimated by the non-parametric Kaplan-Meier method. The 

log-rank test was used for determining differences between survival curves. 

Student’s T-test was used for analyzing differences between the maximum 

induration in patients with and without evidence of residual disease at start 

of vaccination treatment. Calculations were made with SPSS 9.0 for 

Windows software. 

  

  

RESULTS 

 

Patients 

Between 1987 and 1998, tumors of 139 patients were processed for vaccine 

preparation. Of these 139 patients 81 could be immunized with autologous 

melanoma tumor cells, following surgical resection of metastases. Reasons 

for not receiving vaccination therapy were lack of sufficient tumor cells (N = 

35), refusal of the patient to participate in this clinical trial after prior 

approval (N = 16), and very rapid disease progression between the operation 

and the planned date of the first vaccination (N = 7).  In October 1999 data 

were collected for follow-up of all vaccinated patients. The median follow-

up time for all patients was 17.1 months. For patients still alive median 
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follow-up was 37.6 months. Patient characteristics are shown in table 1. 

Patients were divided into four subgroups depending on stage (AJCC stage 

III or IV) and on evidence of residual disease after metastasectomy. During 

surgery three patients with regional node metastases appeared to have nodal 

tumor growth into inoperable structures (brachial plexus x 2, femoral artery). 

These patients were classified as III ED.  
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TABLE 1   PATIENT CHARACTERISTICS 

 stage III (N = 

38) 

stage IV (N = 43)  

median age 

(range) 

52.8 

(21.1-73.3) 

51.7  

(21.7-76.8) 

male/female 20/18 31/12 

ED/NED* at start of ASI  

3/35 

 

29/14 

number of positive lymph 

nodes 

1 

2 

≥≥≥≥3 

 

24 

  9 

  5  

 

- 

extranodal growth   7 - 

metastatic sites:** 

visceral (+ non-visceral) 

 

non-visceral 

 

 

  - 

   

  - 

 

 

ED   : 15 

NED: 3 

ED   : 14 

NED: 11 

median number of removed 

metastases per patient (range) 

  -   

   

NED: 2 (1-7)  

ED   : 1 (1-4) 

median number of residual 

metastases after 

metastasectomy (range) 

 

  - 

 

ED   : 3 (1-10+) 

additional therapy preceding 

ASI 

radiotherapy 

IL-2 

DTIC 

interferon-alpha 

 

  7 

 

 

  

12 

  5 

  1 

  2 

*  ED = evidence of disease at start ASI  

 NED = no evidence of disease at start ASI 

**  Sites of visceral metastases. NED: lung 2x, duodenum 1x, ED : lung 

6x, mediastinum 1x, CNS 3x, bone 2x, generalized 3x 
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The median number of vaccinations was four, ranging from two to sixteen. 

In nineteen patients start of vaccination was postponed because of 

radiotherapy. Preceding ASI, eight patients had been given systemic therapy 

(IL-2, IFN-alpha, DTIC). For these patients the time between the last 

systemic treatment and surgery was 3.2 months (range 2.3-7.1). Two patients 

received an adjusted dosage of BCG because of a medical history of 

tuberculosis. 

 

Vaccine Quality 

The average weight of tumor received from the patients that could be 

vaccinated was 5.3 (range 0.9-19.4) grams. The average yield of tumor cells 

per gram of tissue was 37 (range 1.1-281) x 10
6
. The average viability of the 

tumor cells after thawing was 86% (range 66-100). A tumor weight of two 

grams was normally sufficient for producing three vaccines. All tumors were 

sterile. 

 

Side effects 

53 patients (65%) developed some degree of ulceration after the first two 

injections, containing BCG, most of which healed within three months. The 

immunizations without BCG did not cause ulceration. A few patients 

developed painful swollen lymph nodes near the sites of vaccine injection. 

Systemic reactions such as fever and chills were occasionally seen after the 

BCG-containing injections. No serious adverse effects were observed and 

admission to the hospital was never necessary. 

 

Survival 

There was a statistically significant difference in survival between stage III 

and stage IV patients (p < 0.0001). In stage III patients as well as in stage IV 

patients ED was associated with decreased survival compared to NED (p < 

0.0001 and p = 0.0016). Survival for stage III NED and stage IV NED 

patients did not differ statistically significant (p = 0.076) as was the case for 

stage III ED and stage IV ED (p = 0.46). After radical surgery for regional 

nodes, a 5-year survival rate of 48 % was observed. For these patients 

median overall survival is 38.1 months. Stage IV patients who had 

undergone radical metastasectomy showed a 5-year survival rate of 34 % 

and a median survival of 15.8 months.   

Patients with evidence of residual disease had a median survival of 

less than 1 year. Events and survival data are summarized in table 2. Figure 
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1 shows overall survival curves for all patients. Figure 2 shows disease-

free/progression free survival for all patients. 
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Stage III ED (3)

Stage IV NED (14)

Stage III NED (35)

Fig 1. Cumulative overall survival curves according to Kaplan-Meier for stage III 

and stage IV melanoma patients with (ED) and without (NED) evidence of disease 

at start of vaccination treatment.  
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Fig 2. Cumulative recurrence/progression free survival according to Kaplan-Meier 

for stage III and stage IV melanoma patients with (ED) and without (NED) evidence 

of disease at start of vaccination treatment. 
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TABLE 2   SUMMARY OF EVENTS AND SURVIVAL BY STAGE 

 

 

 

 

III NED**  

(N = 35) 

 

III ED*  

(N = 3) 

 

IV NED  

(N = 14) 

 

IV ED  

(N = 29) 

Recurrences/ 

progression 

19 (56 %) 3 (100 %) 12 (86 %) 29 (100 %) 

recurrence/ 

progression free 

survival 

36.4 months 2.1 months 3.9 months 0.7 months 

Deaths 16 (47 %) 3 (100 %) 9 (64 %) 29 (100 %) 

median overall 

survival 

38.1 months 15.0 

months 

15.8 months 7,1 months 

5-year overall 

survival 

48 % 0 % 34 % 0 % 

*   ED    = evidence of disease at start ASI 

** NED = no evidence of disease at start ASI 

 

 

 

DTH assessment 

All patients developed some degree of induration and erythema at the site of 

the first two vaccinations, containing BCG. Of all the patients, 93 % had a 

maximum induration of more than 5 mm and 80 % had a maximum 

induration of more than 10 mm after vaccinations not containing BCG. The 

maximum DTH response was defined as the size of the largest skin reaction 

after any of the consecutive vaccinations in a patient. The median maximum 

induration was 14 mm and was reached on average after 3.9 vaccinations. 

Median maximum indurations of patients with known residual disease was 

10 mm, while the patients with no evidence of disease had median maximum 

indurations of 16 mm (p = 0.013) (table 3). There was a clear relationship 

between size of DTH response and clinical outcome. Figure 3 shows that 

improved survival was observed with increasing maximum induration size 

when all patient groups were taken together (p < 0.0001). Induration after 

the third vaccination also correlated with survival (p = 0.047). 

 

Within each of the four separate patient groups no significance was reached 

for the correlation between maximum induration and survival (III NED: p = 

0.071, III ED: p = 0.49, IV NED: p = 0.53, IV ED: p = 0.43). Combining the 
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data of both NED groups showed a significant correlation for induration and 

survival (p = 0.026). 
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20 mm < DTH < 30 mm (13)

10 mm < DTH < 20 mm (40)

DTH < 10 mm (18)

 

Fig 3. The relationship between maximum size of induration after vaccination and 

cumulative overall survival. Patients with large indurations have a better prognosis 

than patients with small indurations after vaccination (P < 0.0001). The choice for 

10 mm cut-off limits for induration was empirical and for reasons of visibility.  

 

 

 

TABLE 3   MAXIMUM DTH RESPONSES 

 III NED 

(N = 35) 

III ED 

(N = 3) 

IV NED 

(N = 14) 

IV ED 

(N = 29) 

Induration 

median (range) 

16 mm 

(9-105) 

14mm 

(10-31) 

17 mm 

(7-30) 

10 mm 

(0-47) 

Erythema 

median (range) 

48 mm 

(10-250) 

42 mm 

(40-70) 

47 mm 

(23-155) 

42 mm 

(0-135) 
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Median maximum erythema was 42.6 mm after an average of four 

vaccinations. Again, a significant correlation between maximum size of 

erythema and overall survival was observed (p = 0.004). The size of 

erythema after the third vaccination did not correspond significantly with 

survival (p = 0.20). 

 

In table 4 we summarised the data of median size of induration after each 

consecutive vaccination in stage III NED patients that have been free of 

tumour recurrence until end of follow-up. 

 

TABLE 4   INDURATION AFTER CONSECUTIVE VACCINATIONS  

Vaccination 

number 

3  

(N = 15)                                        

4 

(N = 14)    

5 

(N = 10)          

6 

(N = 7)                   

Median size of 

induration (range) 

16.0 mm 

(0-37) 

14.7 mm 

(0-30)  

15.0 mm 

(0-48)  

10.5 mm 

(0-50) 

 

 

DISCUSSION 

 

In this study an evaluation is presented of 81 patients treated for metastatic 

melanoma by means of aggressive surgery, followed by autologous tumor 

cell vaccination using BCG as an immune stimulatory adjuvant. To our 

knowledge, this is the largest series of metastatic melanoma patients treated 

according to this strategy ever published. In this study we show a clear 

relationship between the size of DTH reaction and clinical outcome (Fig 3). 

For both maximum erythema and maximum induration the correlation with 

survival was significant.  

 

Previous studies have already suggested that strong DTH responses during 

vaccination therapy in melanoma patients is of strong prognostic value [21]. 

Harris and colleagues showed a correlation between DTH response and both 

disease-free and overall survival in colon cancer patients given adjuvant 

vaccination with an autologous vaccine [22].  

 

The observation that DTH-responses and survival correlate significantly 

could indicate that patients with strong DTH-reactions develop strong anti-

tumor immunity after vaccination. However, our data show that the ability of 

patients to respond to immunization is dramatically decreased for patients 

with residual tumor at start of vaccination. This lack of response is likely the 
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result of the secretion of immune suppressive factors such as IL-10, TGF-ß, 

VEGF or an acquired defective T cell/dendritic cell function [23]. 

Additionally, no significant relationship could be observed within each of 

the four separate patient groups, possibly because of small numbers. 

Therefore, it cannot be ruled out that the strong correlation observed 

between size of induration and survival is merely a reflection of the patients 

general immune status.  

 

In this study ASI seems to be effective in melanoma patients with a minimal 

residual disease setting, following metastasectomy. With this approach a 5-

year survival rate of almost 50% in stage III melanoma patients and more 

than 30% in stage IV disease was observed what is higher than with surgery 

alone [1].  

 

Berd et al. suggested that tumor-induced suppressor T cells might play an 

important role in the lack of response of the immune system of cancer 

patients. They demonstrated, in melanoma patients with clinical evidence of 

metastases, that the administration of cyclophosphamide, three days prior to 

vaccination with autologous tumor cells, was able to break the immunologic 

tolerance and significantly increase the DTH response against these tumor 

cells [12,24]. This cyclophosphamide-induced immune potentiation might be 

an explanation for the relatively high response rate (4 CR, 1 PR) observed in 

their 40 vaccinated patients. In the study presented here no clinical responses 

were observed in the patients with evidence of disease, most likely due to 

tumor induced immune suppression, as suggested by the low DTH 

responses. Our data suggest that ASI is not effective in patients with residual 

disease when no additional treatment is given.  

 

The combined administration of  chemotherapy, which reduces tumor load 

and may overcome immune tolerance, and cytokines, which may restore and 

enhance immunological competence, could be an important tool in the 

development of new vaccination therapies. In accordance with this theory, 

Leong et al. not only gave systemic cyclophosphamide prior to vaccination 

but also administered rhGM-CSF locally at the site of induration in the 5-day 

period following vaccination, by giving daily injections. This strategy 

resulted in an objective response rate of 20% in stage IV melanoma patients, 

including 2 complete remissions [25].  
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The number of vaccinations that should ideally be given has yet to be 

clarified. Different groups have administered different numbers of injections. 

Morton, using an allogeneic tumor cell vaccine, continues giving 

vaccinations for many years [11,26]. In a vaccination study for colon 

carcinoma patients, performed at our institution, it was shown that giving a 

booster injection after six months resulted in a stronger DTH response and 

an improved disease-free survival compared to studies not using this booster 

injection [16]. Theoretically, the possibility exists that the continuation of 

the administration of antigens, without giving immune stimulatory 

adjuvants, could induce immunologic tolerance [27]. We evaluated the data 

of this trial to investigate whether the number of vaccinations was important 

for the development of anti-tumor immunity. We hypothesized that if 

continuing giving vaccinations would be better, the size of the induration 

after each vaccination should increase [28]. For this reason we collected the 

data of the stage III patients without evidence of residual disease at start of 

ASI treatment and no sign of tumor recurrence after vaccination therapy (N 

= 15). In these patients the effect of tumor-induced immune suppression on 

DTH responses is unlikely. As is shown in table 4, the average size of 

induration failed to increase after consecutive vaccinations, suggesting that 

the effectiveness of extra vaccinations administered without immune 

stimulatory adjuvants is limited.  

 

In conclusion, our results show that large-scale preparation of autologous 

melanoma cell vaccines is feasible, while vaccination results in the 

development of DTH responses that correlate strongly with survival. Radical 

surgery, followed by ASI seems to be beneficial in stage III and stage IV 

melanoma patients, warranting further investigations for this non-toxic 

treatment modality.  
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ABSTRACT 

 

Purpose: To study the effect of autologous tumour cell vaccinations on the 

presence and numbers of circulating CD8
+
 T cells specific for tumour-

associated antigens (TAA) in metastatic melanoma patients. 

To investigate the correlation between the presence of tumour infiltrating 

lymphocytes (TIL) and circulating TAA-specific CD8
+
 T cells before and 

after autologous tumour cell vaccination with overall survival.  

 

Experimental design: Twenty-five stage III and resected stage IV metastatic 

melanoma patients were adjuvantly treated with a series of intracutaneously 

injected autologous tumour cell vaccinations, of which the first two 

contained BCG as an immunostimulatory adjuvant. Tumour samples and 

blood samples obtained before and after vaccination of these patients were 

studied for the presence of TAA-specific T cells using HLA-tetramers and 

results were correlated with survival.  

 

Results: In 5 of 17 (29%) melanoma patients circulating TAA-specific T 

cells were detectable prior to immunizations. No significant changes in the 

frequency and specificity were found during the treatment period in all 

patients. Presence of circulating TAA-specific T cells was not correlated 

with survival (log rank, p = 0.215).  

Inside melanoma tissue, TAA-specific tumour-infiltrating T lymphocytes 

could be detected in 75% of 16 available tumour samples. In case of 

detectable TAA-specific TIL median survival was 22.5 months compared to 

median survival of 4.5 months in case of absence of TAA-specific T cells 

(log rank, p = 0.0094).  

In none of the patients TAA-specific T cells were found both in tumour 

tissue and blood at the same time.  

 

Conclusions: These data suggest that the presence of TAA-specific tumour-

infiltrating T lymphocytes forms a prognostic factor predicting improved 

survival in advanced-stage melanoma patients. The absence of TAA-specific 

T cells in the circulation suggests that homing of the tumour-specific T cell 

population to the tumour site contributes to the effectiveness of anti-tumour 

immunity. 
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INTRODUCTION 

 

Specific immunotherapy for solid tumours, such as peptide, dendritic cell or 

autologous or allogeneic tumour cell vaccinations, is unlikely to be 

successful in disease situations with a massive tumour burden (Reviewed in 

[1]). Probably the preferable clinical setting for new immunological 

therapies in humans is a minimal residual disease situation as in resected 

stage III or IV disease. However, in these disease states the efficacy of the 

treatment cannot be evaluated by measuring responses according Response 

Evaluation Criteria In Solid Tumours (RECIST), but only by measuring 

time-to-progression, disease-free-survival or overall survival [2]. To show a 

benefit of adjuvant treatment elaborate randomized clinical trials with large 

numbers of patients and long follow-up periods are required. Therefore, the 

development of tests that accurately predict the response to immunotherapy 

would be of great value. Available tests at present are measurement of 

immunotherapy-induced specific anti-tumour T cell responses by MHC 

tetramer analysis and/or ELISPOT assays and delayed type hypersensitivity 

(DTH) reactions to the vaccine. In most ongoing immunotherapy trials 

immunomonitoring is being performed with these tests [3, 4].  

 

The Cancer Research Institute has launched the Cancer Vaccine 

Collaborative (www.cancerresearch.org/cvc2002/index.html) for NY-eso-1 

directed clinical immunotherapy strategies that all use exactly the same 

immunomonitoring tests to allow comparison of efficacy between trials. This 

initiative underscores the importance of standardized tests for evaluating 

immunological responses to immunotherapy. 

 

Previously we have shown that DTH reactions to autologous tumour cell 

vaccines were highly predictive for long-term survival [5]. Here, in the same 

set of patients we set out to study the presence of melanoma-specific T cells 

in peripheral blood before and during immunotherapy using validated HLA-

tetramers. In addition, we had the opportunity to study the presence of 

melanoma-specific tumour-infiltrating lymphocytes (TIL) in metastases that 

were used for vaccine preparation. It has been demonstrated that melanoma-

specific T cells are most often directed against tumour-associated antigens 

(TAA) MART-1/melanA, tyrosinase and gp100 [6-12]. The majority of the 

HLA-tetramers used for the analysis in this study contained an HLA-A2 

restricted epitope from one of these melanosomal proteins. 
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Although several studies have shown that TAA-specific T cells are 

detectable in peripheral blood samples from many stage III and stage IV 

melanoma patients [13-15], the presence of circulating melanoma-specific 

CD8
+
 T cells is not correlated with prolonged survival[16]. Here, we show 

that the presence of TAA-specific T lymphocytes in the tumour infiltrating 

subset of the T cell compartment does appear to be predictive of prolonged 

survival in a cohort of resected stage III and IV melanoma patients treated 

with active specific immunotherapy .  

 

 

MATERIALS AND METHODS 

 

Patients 

The patient population included in this study was selected from patients with 

metastatic melanoma referred to the Department of Medical Oncology of the 

Free University Medical Centre for participation in our Active Specific 

Immunotherapy (ASI) trial between 1994 and 1999. All patients included 

were treated with autologous tumour cell vaccinations after having signed 

informed consent. Results and techniques that were used have been reported 

elsewhere [5]. For the current work, stage III and stage IV metastatic 

melanoma patients were selected that all had undergone a radical 

metastasectomy and were thereby macroscopically rendered free of tumour.  

 

Vaccine preparation and administration 

Single tumour cell suspensions were generated by enzymatic digestion of 

resected metastatic tumour fragments using DNAse and Collagenase. Cells 

were stored in liquid nitrogen and thawed and irradiated (200 Gy) on the day 

of vaccination. Each vaccine contained 10
7
 viable tumour cells and to the 

first two autologous vaccines 10
7
 life BCG organisms were added as an 

immune stimulatory adjuvant. One month after surgery, the vaccination 

procedure was initiated with three weekly intradermal injections in the upper 

legs and arms. Up to 10 booster vaccinations were administered with 3-

monthly intervals provided cells were available and disease progression 

absent. Forty-eight hours after each non-BCG containing injection DTH skin 

reactions were measured.  

 

Blood/sera/tumour samples for investigation 

In the hour before the first tumour cell vaccination blood was taken from all 

patients. From immunization 3 onward blood samples were obtained 48 
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hours after each consecutive tumour cell injection. Serum was obtained by 

centrifugation of whole heparinized blood samples and stored at –20 C. 

Peripheral blood mononuclear cells (PBMC) were isolated by centrifugation 

on Ficoll-Hypaque gradient (Pharmacia, Sweden) and subsequently 

cryopreserved in liquid nitrogen until analysis. Tumour samples were 

obtained and treated as those for vaccine preparation (vide supra), except for 

BCG addition and irradiation, and cryopreserved.  

  

Preparation of HLA-tetramers 

HLA class I tetrameric complexes were prepared as previously described 

with some modifications [17]. Peptide complexes were generated with the 

following antigenic peptides: HLA-A2.1: MART -1 26-35, ELAGIGILTV 

(A27L variant) [7, 18]; tyrosinase 368-376, YMDGTMSQV (N370D variant) 

[11, 19, 20], gp100 280-288, YLEPGPVTA [8, 12] and gp100 154-162 

(KTWGQYWQV) [6]. HLA-A3: MAGE-A1 96-104[21]. In brief, cDNA 

encoding amino acid 1-276 of the HLA-A2.1 or HLA-A3 heavy chain was 

cloned in the expression plasmid pET3a upstream of a sequence containing 

the BirA enzymatic biotinylation site. HLA class I heavy chain and β2-

microglobulin (2m) were separately expressed in Escherichia coli and 

were isolated as inclusion bodies. The inclusion bodies were first dissolved 

in 100 mM Tris (pH 8), 8 M urea. 2m was refolded by dialysis against 20 

mM Tris (pH 7), 150  mM NaCl.  Heavy chain and peptide were refolded 

together with β2m by dilution in 100 mM Tris. (pH 8), 400 mM L-arginine 

HCL, 5mM reduced glutathione, 0,5 mM oxidized glutathione, 2mM EDTA 

and Protease inhibitors. HLA class complexes were subsequently purified, 

biotinylated by BirA, converted to tetramers by the addition of PE labelled 

or APC labelled streptavidin (Molecular Probes) and stored at -20°C. All 

MHC tetramers have been validated and titrated using specific patient-

derived T cell lines [16, 21]. In case of MART-1 tetramers we chose to use 

the 10-mer modified version (ELAGIGILTV) in stead of the wild-type 

(EAAGIGILTV), because it was shown that the first is able to detect low 

avidity MART-1 specific CD8
+
 T cells [22]. 

 

HLA-tetramer staining of PBMC and tumour cells 

First, dead cells were selected and sorted out by means of propidium iodide 

staining. Second, for investigation of PBMC, 0.5 x 10
6
 T-cells per sample 

were incubated for 15 min. with 2 µg/ml APC- or PE-labelled MHC-

tetramer in combination with FITC-labelled anti CD8 mAb at 37 °C [23].  
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For investigation of tumour material, vials containing 5,0 x 10
6
 dissociated 

metastatic tumour cells (i.e. non-irradiated vaccines) were analyzed for 

presence of TAA-specific CTL using the same technique as described above 

for PBMC.  

 

No in vitro T cell expansion was performed, to be able to compare 

percentages of TAA-specific TIL with TAA-specific CTL in the circulation.  

 

Samples were analyzed by flow cytometry using a FACScalibur and Cell 

Quest software (Becton Dickinson). Forward and side scatter parameters 

were used to define lymphocyte populations. For every analysis at least 

250.000 cells within the lymphocyte gate were required. Results were 

considered negative in case the frequency of MHC tetramer-positive cells 

was below 0,02% of CD8
+
 T cells or in case of high background in the CD8-

negative population. 

 

Histological assessment of TAA-expression 

In case histological slides were available (N = 13), expression of the tumour-

associated-antigens gp100 and MART-1 was assessed using the monoclonal 

antibodies HMB45 (DAKO, 1:100) and  MelanA (Novocastra, 1:50) 

respectively.  

 

Statistical analysis 

Survival curves were estimated by the non-parametric Kaplan-Meier 

method. The log-rank test was used for determining differences between 

survival curves. Univariate and multivariate tests according to Cox 

proportional hazards model were used to study the relationship between 

DTH and survival as well as the presence of TAA-specific TIL and survival. 

Pearson’s exact test was used to study the relationship between DTH and 

presence of TAA-specific TIL. Statistical analyses were performed with 

SPSS software version 9.0 for Windows.  
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RESULTS 

 

Patients  

Blood and/or tumour samples of 33 resected stage III and stage IV 

melanoma patients were available. Twenty-five patients were typed positive 

for HLA-A2 and/or HLA-A3, enabling HLA-tetramer analyses. The median 

age was 48.3 years (range 21.1-73.3 years), and the sex distribution was 14 

males and 11 females. Eighteen patients had surgically treated stage III 

metastatic melanoma; 7 had stage IV disease and had undergone radical 

metastasectomies (lung 3x, soft tissue 4x) [Table I]. No patient had 

previously received any form of anti-melanoma treatment, apart from 

surgery.  

 

Blood and tumour material for investigation 

From 17 out of 25 patients blood samples could be collected both before 

start of vaccination therapy as well as 48 hours after consecutive autologous 

tumour cell vaccinations. Dissociated tumour cell vaccines that had not been 

used for vaccination therapy were available from 16 patients. From eight of 

these patients both tumour tissue and blood samples were present.  
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Table I Patient characteristics 

Pt Sex Age Stage Resected 

tumour 

Expr. of TAA on 

histol. slides 

DTH  

after  

3rd vac. 

(mm) 

TTP  OS  Status 

1 M 64 IV Lung MART-1/gp100 10 3.7 48.2 D 

2 F 53 III LN MART-1/gp100 12 1.4 11.5 D 

3 M 23 III LN MART-1/gp100 13 6.0 14.9 D 

4 M 48 III LN MART-1/gp100 28 72.2 72.2 NED 

5 F 57 III LN no expression 31 2.2 18.3 D 

6 M 24 III LN - 11 15.7 22.5 D 

7 M 52 IV Skin no expression 17 0.2 2.8 D 

8 M 51 III LN MART-1/gp100 13 9.8 17.6 D 

9 M 46 III  LN MART-1/gp100 37 84.4 84.4 NED 

10 F 43 III LN gp100 15 98.4 98.4 NED 

11 M 21 III LN MART-1/gp100 28 8.0 18.6 D 

12 F 31 III LN - 28 92.1 92.1 NED 

13 F 72 III LN - 17 21.0 62.1 D 

14 M 44 III LN no expression 21 9.4 92.6 AWD 

15 M 62 III LN - 35 33.0 33.0 NED 

16 F 22 III LN no expression 13 5.6 29.7 D 

17 M 56 III LN - 30 39.9 39.9 NED 

18 M 73 III LN - 12 20.6 22.0 D 

19 F 28 III LN - 30 75.7 75.7 NED 

20 M 28 IV Skin - 22 23.3 113 AWD 

21 F 61 IV Lung MART-1/gp100 18 20.7 66.7 D 

22 M 58 IV Lung - 18 4.0 87.2 D 

23 M 37 IV Soft tissue - 10 1.7 16.6 D 

24 F 25 IV Soft tissue - 15 3.5 4.5 D 

25 M 59 III LN - 12 16.5 19.5 D 

Table 1, abbreviations:  

TAA = tumour associated antigen, DTH = delayed type hypersensitivity 

reaction, LN = lymph node, NED = no evidence of disease, AWD = alive 

with disease, TTP = time to progression (in months), OS = overall survival 

(in months), D = died 
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TAA-specific CD8
+
-cells in blood 

Percentages of tetramer-positive T-cells in peripheral blood samples were 

generally very low. Samples were considered to be positive in case a distinct 

population of ≥ 0.02% of CD8
+
 T cells was stained with HLA-tetramers. In 

pre-vaccination blood samples from 5 out of 17 patients (29%) one or more 

populations of tetramer-positive T-cells could be discerned, all with a high 

expression of CD8. Of all tetramers tested, only T cells specific for MART 

26-35 and tyrosinase 368-376 were detected. MHC tetramer measurements after 

consecutive vaccinations revealed that over time frequencies of melanoma-

specific T cells were more or less constant [Table II].  

 

Table II  HLA-tetramer analyses on PBMC before and after vaccination 

therapy. 

 Preceding vaccination therapy Following 3rd tumor cell vaccination  

Patient TAA-specific CTL % TAA-specific CTL % 

1 MART 26-35 0.07 MART 26-35 0.05 

2 All negative 0 All negative 0 

3 All negative 0 All negative 0 

4 All negative 0 All negative 0 

5 All negative 0 All negative 0 

6 All negative 0 All negative 0 

7 All negative 0 All negative 0 

8 All negative 0 All negative 0 

9 MART 26-35 +  

Tyrosinase 368-376 

0.02 

2.10 

MART 26-35 +  

Tyrosinase 368-376 

0.03 

1.56 

10 MART 26-35 0.11 MART 26-35 0.16 

11 MART 26-35 0.05 MART 26-35 0.04 

12 MART 26-35 0.44 MART 26-35 0.39 

13 All negative 0 All negative 0 

14 All negative 0 All negative 0 

15 All negative 0 All negative 0 

16 All negative 0 All negative 0 

17 All negative 0 All negative 0 

 

Table II. Percentages of circulating TAA-specific CTL before and after vaccination 

therapy as compared to the total number of circulating CTL.  

Abbreviations: PBMC = peripheral blood mononuclear cells. TAA-specific CTL = 

tumor associated antigen specific cytotoxic T lymphocytes. 
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Compared with tetramer-negative patients, no difference could be found for 

patients with tetramer-positive T cells concerning tumour stage, site of initial 

metastases, age, disease free survival (p = 0.227), site of recurrent disease or 

overall survival (p = 0.215) [Fig 1].  
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Fig 1: Overall survival of advanced-stage melanoma patients with and without 

circulating tumor-associated-antigen (TAA) specific cytotoxic T-lymphocytes 

(CTL).  

 

 

TAA-specific CD8
+
-cells in tumour tissue 

CD8
+
 tumour-infiltrating lymphocytes were detected in all patients, but the 

variability between patients was high. As a percentage of all viable cells in 

the tumour tissue, tumour infiltrating CD8
+
 lymphocytes ranged from 5.4% 

to 27.9% (mean: 13.5%). For stage III patients the median percentage of 

CD8+ lymphocytes inside tumour tissue was 14.2%, while for stage IV 

patients this was 9.9% (p = 0.06). No correlation was observed between the 

percentage of CD8
+
 TIL and clinical outcome. 

 

Using HLA-tetramers, TAA-specific T-cells were identified in 12 of 16 

(75%) available tumour samples. T cells recognizing the HLA-A2 epitopes 
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MART 26-35 (6/15), gp 100 154-162 (3/15), gp 100 280-288 (3/15) and tyrosinase 

368-376 (1/15) were encountered, while T cells specific for the HLA-A3 

epitope MAGE-A1 96-104(0/4) could not be detected. In general, percentages 

of TAA-specific CTL were much higher in tumour tissue than in peripheral 

blood [Table III].  

 

 

Table III  HLA-tetramer analyses of tumor infiltrating lymphocytes 

Patient TAA-specific TIL TIL as a percentage of 

live cells in melanoma 

tissue 

TAA-spec TIL as a 

percentage of all TIL in 

melanoma tissue 

1 gp 100 280-288 10.7 1.5 

2 MART 26-35 10.2 6.6 

3 Tyrosinase 368-376 19.0 0.2 

4 MART 26-35 +  

gp 100 154-162 

13.9 1.7 

0.8 

5 MART 26-35 +  

gp 100 154-162 

18.7 0.3 

4.1 

6 gp 100 154-162 13.3 3.5 

7 All negative 7.5 - 

8 All negative 5.4 - 

18 MART 26-35 +  

gp 100 154-162 +  

gp 100 280-288 

14.2 1.4 

2.8 

3.7 

19 MART 26-35 21.6 4.2 

20 MART 26-35 9.9 0.9 

21 gp 100 154-162 

gp 100 280-288 

16.5 0.8 

0.9 

22 gp 100 280-288 8.2 1.6 

23 gp 100 280-288 11.6 1.7 

24 All negative 7.8 - 

25 All negative 27.9 - 

Table III. The percentage of TIL compared to the total number of cells present inside 

the melanoma tissue (third column) and the percentage of TAA-specific TIL 

compared to the total number of TIL (fourth column).  

Abbreviations: TAA-specific TIL = tumor associated antigen specific tumor 

infiltrating lymphocytes. 
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Presence of TAA-specific tumour-infiltrating T-lymphocytes correlated with 

overall survival (p = 0.0094); [Fig 2]. In case TAA-specific TIL were 

present, the median OS was 22.5 months, while in case of their absence this 

was only 4.5 months.  
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Fig 2: Overall survival of advanced-stage melanoma patients with and without 

presence of tumour-associated-antigen (TAA) specific tumour infiltrating T-

lymphocytes (TIL) inside melanoma metastases. 

 

 

We did not find correlations between the presence of TAA-specific TIL in 

tumour and stage of disease, patient age, nor with delayed type 

hypersensitivity reactions to autologous tumour cells. We could not find a 

statistically significant relationship between the presence of TAA-specific 

TIL and time to recurrence of disease (p = 0.208). This may be due to an 

artefact of small numbers. For eight patients both blood and tumour tissue 

were available for investigating the presence of TAA-specific CTL. For six 

of these patients TAA-specific CTL were either found in blood or in tumour, 

but in none of these patients T cells could be detected for the same epitope in 

both blood and tumour tissue simultaneously (Table IV).  
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Table IV  Comparison of TAA-specific CTL in blood and tumor 

Patient Circulating TAA-specific CTL 

preceding vaccination 

TAA-specific TIL 

1 MART 26-35 gp 100 154-162 

2 All negative MART 26-35 

3 All negative tyrosinase 368-376 

4 All negative MART 26-35 +  

gp 100 154-162  

5 All negative MART 26-35 +  

gp 100 154-162  

6 All negative gp 100 154-162 

7 All negative All negative 

8 All negative All negative 

Table IV shows results of tetramer analyses in patients of which both blood and 

tumor tissue were available. Preceding vaccination therapy, in no patient CTL were 

found for the same TAA in both blood and tumour tissue.  

Abbreviations: TAA-specific CTL = tumour-associated-antigen specific cytotoxic T 

lymphocytes 

 

 

As reported earlier, DTH reactions to non-BCG containing vaccinations 

correlated with TTP (p = 0.037) and OS (p = 0.051) [5]. In a multivariate 

Cox regression analysis, TAA-specific TIL (p = 0.069) and DTH (p = 0.099) 

appeared to have independent prognostic value for overall survival although 

statistical significance was not reached.   
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DISCUSSION 

 

Here we show that the presence of melanoma-specific tumor-infiltrating T-

lymphocytes may correlate with the clinical outcome of patients with 

resected metastatic melanoma. In this cohort of 16 metastatic melanoma 

patients of which tumor material was still available for HLA-tetramer 

analyses, we found that the presence of intratumoral tumor-associated 

antigen (i.c. MART-1 and gp100) -specific T cells was associated with a 5 

fold increase in median survival compared to patients with no TAA specific 

TIL. Although this survival difference was statistically significant, the study 

is small and needs confirmation from larger studies.   

 

In various other tumor types, including breast, prostate, renal cell, 

esophageal, colorectal and ovarian cancer, the overall presence of tumor-

infiltrating lymphocytes has been correlated with better prognosis [24-29]. 

This suggests that also in less immunogenic tumors immune responses may 

actively participate in the body’s defense against cancer. However, it cannot 

been excluded that there is no causal link between prognosis and the 

presence of a lymphocytic infiltrate in these tumors. Here, we describe for 

the first time that the presence of tumor-associated-antigen-specific tumor-

infiltrating T cells is correlated with improved survival in vaccinated 

melanoma patients. Presence of tumor-specific T cell infiltrates in tumor 

tissue may reflect an ongoing immune response against melanoma.  

 

However, a recent study investigating melanoma-infiltrating MART-1 

specific CTL showed the majority of antigen-specific TIL not to be able to 

produce IFN-γ after an antigenic stimulus, representing functional tolerance 

[15]. Vaccination of patients with immunogenic autologous tumor cells may 

boost the anti-melanoma T cell reactivity, resulting in a better survival. 

Alternatively, survival may already be longer due to the presence of 

melanoma-specific TIL notwithstanding vaccination. Since all patients in 

this study underwent vaccination, its role in the improved survival in the 

group of patients with melanoma-specific TIL remains uncertain. 

 

In this small-scale study, no correlation was found between overall survival 

and the absolute number of tumor-infiltrating CTL, while others have 

reported such relations (for instance [30]). This could indicate that it is rather 

the quality of the response, i.c. specificity for tumor-associated antigens, 

than the quantity that determines the observed correlation between TAA-
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specific TIL and survival. Since the majority of the HLA-tetramers were 

specific for melanosomal antigens MART-1, tyrosinase and gp100, we 

cannot exclude the possibility that despite the immunodominance of 

spontaneous T cell reactivity against these antigens, the outcome would be 

different with another set of HLA tetramers. Moreover, due to limited 

availability of tumor tissue from most patients, we cannot rule out that we 

overlooked TAA specific CTL populations present at precursor frequencies. 

 

In this study we did not find a correlation between the presence and 

specificity of melanoma-specific T cells in peripheral blood samples and 

melanoma tissue. Few studies investigated the simultaneous presence of 

melanoma-specific T cells at metastatic sites and peripheral blood. Disparity 

in frequencies between melanoma-specific T cells in tumor-involved lymph 

nodes and peripheral blood have been found [31, 32], although it is unclear 

whether this is a common phenomenon.  

 

During the course of the vaccination treatment of the melanoma patients we 

did not observe significant changes in numbers of circulating TAA-specific 

CTL. To rule out that the absence of a post-vaccination frequency change 

resulted from a lack of antigen in the vaccines, expression of MART-1 and 

gp100 on tumor tissue was assessed by immunohistochemistry showing that 

these antigens were expressed on 8 and 9 of 13 investigated tumor samples, 

respectively (Table 1).  

 

No correlation was found between the presence of circulating melanoma-

specific T cells and clinical outcome which is in line with our recent report 

describing a cohort of 62 HLA-A2-positive stage IV melanoma patients in 

which circulating melanoma-specific T cells did not have impact on survival 

[16]. In contrast, in this small retrospective study in melanoma patients we 

show that the presence of MART-1, tyrosinase and gp 100-specific tumor-

infiltrating lymphocytes in metastatic lesions appears to be predictive of a 

favorable outcome. One explanation may be that circulating melanoma-

specific CTL lack homing capacities that are essential for the establishment 

of an effective anti-melanoma immune response. Unfortunately, the limited 

availability of patient material did not allow combining MHC tetramer 

analyses with immunophenotyping (expression of CD62L, CLA, CCR7 etc), 

so that we could not address this issue properly.  

 

 



Chapter 3 

 80

In conclusion, presented data suggest that the presence of TAA-specific TIL 

predicts improved survival in advanced-stage resected melanoma patients. 

Secondly, circulating TAA-specific CTL do not reflect the intra-tumoural 

situation and therefore peripheral blood appears to be an inadequate source 

of tissue material to perform immunomonitoring studies. Biopsies from DTH 

skin reaction to the vaccine, however, may better reflect the intra-tumoural 

situation. DTH reactions have been shown to harbour tumour- or vaccine-

specific T cells [33]. These T cells are more likely to share properties with 

TIL because of similar homing capacities and effector functions. 

Furthermore, since taking biopsies from tumour tissue will not always be 

feasible, biopsies from DTH skin site may be an alternative tissue source to 

monitor vaccination trials. Based on our preliminary results, future adjuvant 

vaccination trials should address surrogate endpoints like the presence of 

tumour-specific T cells in tumour or DTH site biopsies by incorporating 

MHC tetramer analysis and ELISPOT assays to confirm its predictive value 

for survival. In addition, this will allow studying the immunological impact 

of vaccination on survival as well, providing further incentive for vaccine-

based studies. 
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ABSTRACT 

 

Background: Active Specific Immunotherapy (ASI), using vaccines with 

autologous tumor cells and BCG, significantly reduces the rate of tumor 

recurrence in stage II colon cancer patients, while no clinical benefit has yet 

been observed in stage III patients. Adjuvant treatment with 5-

FU/Leucovorin is now considered standard therapy for stage III colon 

carcinoma and results in an absolute survival benefit of approximately 10%. 

Yet, the 5-year overall survival rate of stage III colon cancer patients is only 

55-65%. Combining chemotherapy and immunotherapy might improve 

prognosis for stage III patients, especially when considering that ASI and 

chemotherapy have shown synergistic effects in pre-clinical tumor models.  

 

Methods: We performed a phase II study with 56 patients, using the 

combination of ASI and chemotherapy as an adjuvant therapy in stage III 

colon cancer patients to assess the influence of 5-FU/Leucovorin on anti-

tumour immunity induced by autologous tumour cell vaccinations. Anti-

tumour immunity was measured before and after chemotherapy by means of 

delayed type hypersensitivity reactions (DTH), taken 48 hours after the third 

and the fourth vaccination. We also investigated the toxicity of this 

combined immuno-chemotherapy treatment. 

 

Results: DTH-reactions before chemotherapy had a median size of 20.3 mm, 

while after chemotherapy DTH size was 18.4 mm (p = 0.01), indicating that 

chemotherapy hardly affected anti-tumour immunity. The severity of ulcers 

at the BCG vaccination sites was comparable to previous studies. In 30% of 

the patients grade III or grade IV chemotherapy related toxicity was seen; 

this is comparable to what is normally observed after adjuvant chemotherapy 

alone.   

 

Conclusion: This study shows that the ASI-induced anti-tumour immune 

response is only minimally impaired by consecutive chemotherapy and that 

the combined treatment of stage III colon cancer patients with ASI and 5-

FU/Leucovorin does not cause unexpected toxicity. 
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INTRODUCTION 

 

Colon cancer is one of the most prevalent malignancies in the industrialised 

world, with approximately 240,000 new cases diagnosed each year in the 

USA and Western Europe. When colon cancer is detected early, in stages I 

or II (Dukes A or B), the 5 year survival rate with surgery alone is 60-90%, 

depending on the depth of invasion of the tumour into the bowel wall. When 

the cancer has spread to the regional lymph nodes, or stage III (Dukes C), 

the 5 year survival rate is 25-60%. Important prognostic factors in stage III 

colon carcinoma include the number of positive nodes, extra-nodal growth, 

invasion of adjacent organs, grade of histological differentiation and post-

operative CEA level. When distant metastases are diagnosed, stage IV 

(Dukes D), the 5 year survival rate is less than 5% [4]. 

  

Currently most patients with stage III colon carcinoma receive an adjuvant 

treatment with 5-Fluorouracil (5-FU) and Leucovorin. Several large studies 

have shown that this chemotherapeutic regimen reduces the relative death 

rate of stage III patients by 30-40% [7,12,1516,22].  

 

Our efforts have focussed on active specific immunotherapy (ASI), which 

makes use of the patient’s own tumour to elicit a long-term anti-tumour 

immune response, as adjuvant therapy. Recently, we demonstrated in a 

randomised phase III study that adjuvant treatment with ASI, using 

autologous tumour cells and BCG, resulted in a significant reduction in the 

rate of recurrence in stage II and III colon cancer patients[21]. Results were 

most pronounced in stage II patients, whereas in stage III colon cancer 

patients no clinically significant benefit was observed. The absence of a 

clinical effect in stage III colon cancer might be explained by the lack of 

statistical power of this study, as only 83 stage III patients were included. 

Furthermore, the residual tumour load in stage III patients is probably larger 

than in stage II patients, which could be relevant since it is known that ASI 

is more effective in a minimal residual disease setting [2,9,20].  

 

In pre-clinical models ASI and chemotherapy were shown to have a 

synergistic anti-tumour effect. Apart from the capacity to directly destroy 

micro-metastases, ASI has been demonstrated to disrupt the 

characteristically compact structure of metastatic foci, enabling 

chemotherapy to reach deeper into the cancer tissue. In addition, 
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chemotherapeutically killed tumour cells will disperse large amounts of 

intracellular antigens to an awaiting immune system. Furthermore, 

chemotherapy reduces the tumour burden, thereby increasing the chances of 

ASI subsequently eliminating the residual malignant cells [10].  

 

Several studies have demonstrated that the size of Delayed Type 

Hypersensitivity reactions (DTH) after autologous tumour cell vaccinations 

correlates strongly with recurrence and survival of cancer. The presence of a 

DTH response to tumour cells, 48 hours after the vaccination regimen, is a 

measure of immunogenicity and reflects the adequacy of the vaccination and 

the general immune status of the patient. So far, DTH has been the only 

suitable parameter for the evaluation of anti-tumour immunity and the best 

early predictor of clinical efficacy of vaccination therapies [2,3,11,14].  

 

Different strategies to test anti-tumour immunity have been investigated by 

other groups, often with disappointing results [3]. Theoretically, 

peptide/MHC-tetramer staining of lymphocytes, with the purpose of 

detecting antigen specific cytotoxic T-lymphocytes, is the optimal method to 

evaluate the development of anti-cancer immunity [1]. However, only a few 

tumour antigens have been identified for colon carcinoma, and it is still 

elusive which cancer antigens are most important for the development of a 

clinically relevant immune reaction. Moreover, studies investigating the 

correlation between the development of tetramer-positive CTL’s and clinical 

prognosis have shown contradictory results [6,8,13]. Therefore, at this 

moment we consider the DTH response to be the most reliable parameter for 

the evaluation of the development of an immunological anti-tumour response 

in colon cancer patients after active specific immunotherapy with autologous 

tumour cells.  

 

In preparation for a large randomised trial we investigated in this study 

whether the combined anti-cancer treatment with chemotherapy and ASI can 

be safely administered in colon cancer patients and whether 5-FU/LV affects 

the efficacy of ASI. Endpoints were toxicity and the size of DTH to 

autologous tumour cell vaccinations before and after chemotherapy. 
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PATIENTS AND METHODS 

 

Patients 

Patients undergoing a colon resection for a histologically proven or clinically 

suspected adenocarcinoma of the large bowel were selected. Distant 

metastases were excluded by means of pre-operative chest X-rays and liver 

ultrasound or CT-scanning. Patients with stage III colon cancer were eligible 

for this clinical trial. A WHO performance status of 0 or 1 was required. 

Patients with rectal cancer, perforated tumours, Crohn’s disease, Ulcerative 

Colitis, previous malignancies, using immune suppressive medication, as 

well as pregnant and lactating women were excluded. Pathology reports 

were routinely reviewed on all patients. All patients gave written informed 

consent.  

 

Vaccine preparation 

Six Dutch hospitals participated in this study. Surgery was performed in the 

referring hospital. Immediately after surgery part of the tumour tissue not 

required for pathological examination was excised and transferred to the 

vaccine production laboratory of the University Hospital Vrije Universiteit, 

Amsterdam. The tumour was dissociated as previously described [9,17]. 

After this procedure viability was tested using trypan blue. Cells were 

aliquotted (15-20 x 10
6
 viable cells per vial) and cryopreserved using a linear 

freezer. Vials were stored in liquid nitrogen until vaccination. For each 

patient four vaccines were produced.  

 

Vaccination procedure 

Vaccination started four to five weeks after surgery to minimise the possible 

immune suppressive influence of surgery and anaesthesia. On the day of 

vaccination, after thawing, cells were counted and viability was assessed. 

For every vaccine 10
7
 viable autologous tumour cells were irradiated (200 

Gy) and to the first two vaccines 10
7
 viable fresh-frozen BCG organisms 

were added. Vaccines were administered intra-cutaneously near sites of 

regional lymph nodes. The first two vaccines, containing BCG, were injected 

on the right and left anterior thigh respectively, at an interval of one week 

(fig 1). In the following week the third vaccine was given in the right upper 

arm. Eight months after the third vaccination, and at least four weeks after 

the last cycle of chemotherapy, a booster vaccination was administered in 

the left upper arm.  
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surgery

Vaccines 1,2,3

vaccine 4

Chemotherapy
5-FU 425 mg/m2 day 1-5, x 6

Months     1               2               3               4    5               6               7              8     9

ASI ASI

Figure 1. The treatment schedule that was used in this trial, showing that chemotherapy was 

preceded by three weekly tumour cell vaccinations. One month after the last gift of 5-

FU a booster vaccination was administered.   
 

Chemotherapy 

Two weeks after the third vaccination, i.e. about nine weeks after surgery, 

the first cycle of chemotherapy was given. Chemotherapy was administered 

in the referring hospital and normally consisted of 5-Fluorouracil 425 mg/m
2
 

and Leucovorin 20 mg/m
2 

as a bolus injection for five consecutive days, 

every four weeks for six cycles.  In one of the participating hospitals, 

treating twelve of the patients described here, the chemotherapy was given in 

a one day per week schedule for six months, using 5-Fluorouracil 600 mg/m
2
 

and Leucovorin 20 mg/m
2
. 

 

Patient charts were audited for all patients. Toxicity of the chemotherapy 

was measured using the National Cancer Institute Common Toxicity Criteria 

for Cancer Clinical Trials, version 2.0.  

 

DTH assessment  

Response to the vaccines not containing BCG was measured by the size of 

induration 48 hours after injection. Induration was assessed by the pen 
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method (Sokal, 1975). For measurement of induration a line was drawn with 

a pen from 1 to 2 cm away from the margin of the skin test reaction towards 

the lesion. The pen is held at a 45° angle and moderate pressure is applied. 

The pen is advanced until resistance is met, indicating the edge of the area of 

induration. This procedure is performed in four directions. In this report the 

average of the two perpendicular diameters was used as the size of 

induration. 

 

Statistical Analysis  

Wilcoxon’s matched pairs test was used for analysing differences between 

DTH-values. Calculations were made with SPSS 9.0 software. 

 

 

RESULTS 

 

Patients 

Between March 1996 and December 1999 colon tumours of 104 stage III 

patients were processed. For 78 (75%) patients adequate vaccines could be 

produced. Fifty-six patients received the autologous vaccines of which 53 

had finished their immunisation procedure at follow-up in June 2000. 

Reasons for not receiving vaccination therapy although having a stage III 

tumour were refusal of the patient to participate in this clinical trial (N = 11), 

postoperative complications (N = 4), the use of corticosteroid medication (N 

= 2), alcoholic liver insufficiency (N = 1), Ulcerative Colitis (N = 1) and 

advanced age (N = 3). The median follow-up time was 21.7 months. Patient 

characteristics of all vaccinated stage III patients are shown in table 1.  

 

Vaccine Quality 

The median weight of tumour received by our laboratory was 6.45 grams 

(range 1.61-19.47 grams). The median yield of tumour cells per gram of 

tissue was 17.9 x 10
6
 (range 4.0-39.7 x 10

6
). 
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TABLE 1.  Patient characteristics. 

Patient characteristics Vaccinated stage III colon cancer 

patients (N = 56)  

Median age at start of ASI treatment 

(range) 

64.3 years 

(25.5-78.8) 

Sex  

male 

female 

 

26 (46%) 

30 (54%) 

Location of primary tumour  

right colon 

left colon 

 

18 (33%) 

38 (67%)  

Depth of invasion  

T1 

T2 

T3 

T4 

 

0 

6   (10%) 

43 (80%) 

7   (10%) 

Stage of differentiation  

well 

moderate 

poor 

 

12 (21%) 

33 (59%) 

11 (20%) 

Number of positive lymph nodes  

0 

1-3 

4-7 

≥≥≥≥ 8 

 

1   (2%) 

35 (62%) 

15 (23%) 

5   (9%) 

Extra-nodal growth 24 (43%) 

 

 

 

Side Effects 

In all patients ulcers developed at the site of the first and second vaccination, 

normally after a period of two to three weeks. Size of these ulcers ranged 

from 1 to 3 cm in diameter. All ulcers healed spontaneously after a median 

time of 2.6 months (range 0.8-7.1 months). Twenty-two patients (39%) 

noticed a fever and flu-like symptoms within 48 hours after vaccination and 

eight patients (14%) mentioned tender regional lymph nodes during several 

days following the vaccinations. 
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In table 2 the toxicity occurring during chemotherapy treatment is presented. 

Seventeen patients (30%) experienced grade III or grade IV toxicity. A dose 

reduction was required in twenty patients (36%), of which eight (14%) could 

not finish all scheduled cycles due to toxicity.  

 

TABLE 2. Moderate and severe toxicity  

TOXICITY grade II grade III grade IV 

diarrhoea 3 (5%) 5 (9%) 3 (5%) 

nausea 6 (11%) 1 (2%) 0 

vomiting 4 (7%) 1 (2%) 0 

ileus 0 0 2 (4%) 

mucositis 5 (9%) 4 (7%) 1 (2%) 

febrile neutropenia 0 2 (4%) 0 

deep vein thrombosis 0 1 (2%) 0 

conjunctivitis 1 (2%) 0 0 

skin rash 1 (2%) 0 0 

 

 

One patient, a 60-year old male, developed grade IV mucositis and a 

paralytic ileus after the first cycle of chemotherapy. Colonoscopy showed 

diffuse ischemia and ulcers, while the surgical anastomosis was intact. 

Shortly thereafter, a multiple organ failure syndrome developed and the 

patient died. Seven blood cultures showed no bacterial growth. Autopsy was 

not performed. Death of this patient is considered to result from toxicity of 

5-FU. 

 

 

 

 

 

 

 

 

 



Chapter 4 

 94
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Figure 2. The diameter of the Delayed Type Hypersensitivity Reactions after the 3

rd
 

and the 4
th

 autologous tumour cell vaccination, measured 48 hours after injection. 

 

 

Delayed Type Hypersensitivity Reaction (DTH)  

In each patient some form of local reaction was seen, 48 hours after the third 

and fourth vaccinations. This consisted of erythema and induration. As 

shown in figure 2, the mean diameter of the induration after the third 

vaccination was 20.3 mm (SD 6.4). After the fourth vaccination this was 

18.4 mm (SD 10.9). These values showed a statistically significant 

difference (p = 0.01). In one patient ulceration occurred after the third 

vaccination, healing spontaneously within three weeks. The same was 

observed in another patient after the fourth vaccination.  
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DISCUSSION 

 

This is the first study using the combined treatment of chemotherapy and 

autologous tumour cell vaccinations for the adjuvant treatment of colon 

cancer. The most important result presented here is that the DTH-reaction 

after the fourth autologous tumour cell vaccination is still strong, despite the 

fact that 5-FU/Leucovorin was administered between the third and the fourth 

vaccination. This is important because DTH-reactions indicate the 

development of specific cellular immunity and correlate strongly with 

survival [2,11,14]. A recently published study with autologous colon tumour 

vaccines has shown that DTH-reactions with a diameter exceeding 10 

millimetres should be considered to reflect successful vaccination therapy 

and predict relatively good survival rates [11].  

 

Thus, the chemotherapy regimen used in our protocol seems not to have a 

clinically important suppressive influence on the anti-tumour immunity 

induced by vaccination with tumour cells. However, other types of 

chemotherapy might have a more pronounced negative effect on anti-tumour 

immunity than 5-FU, so future combinations of immune therapy and 

chemotherapy will have to be carefully tested too, before applied on large 

scale in a clinical setting. 

 

Toxicity after the tumour cell vaccinations, consisting of ulcers after the first 

two injections and low grade fever in a minority of patients, was comparable 

to what we observed in our previous study, when no chemotherapy was used 

[21].  

 

Side effects of the chemotherapy regimen were considerable, with grade III 

or grade IV toxicity occurring in 30% of patients. Gastrointestinal toxicity 

and mucositis were most prominent. One patient died shortly after receiving 

the first course of chemotherapy. Clinically, the most likely cause of death in 

this patient was acute mesenteric ischemia, but this was not proven since an 

autopsy was not performed. Vascular toxicity is a known side-effect of 5-

FU/LV, most often presenting like coronary vasospasms, but solitary bowel 

ischemia has also been described [5]. The precise mechanisms behind these 

circulatory changes are unknown [18]. Overall, in this study the toxicity seen 

after chemotherapy was not different from the toxicity of previous studies 

using 5-FU/LV, and thus appears not to be influenced by the immunotherapy 

given in our clinical trial. 
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In conclusion, this study shows that the ASI-induced anti-tumour immune 

response is only minimally impaired by consecutive 5FU/Leucovorin and 

that the combined treatment of stage III colon cancer patients with ASI and 

chemotherapy does not cause unexpected toxicity. Therefore, we recently 

started a randomised international phase III study investigating the efficacy 

of ASI combined with 5-FU + Leucovorin as an adjuvant treatment for stage 

III colon cancer patients.  
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ABSTRACT 

 

Introduction: For decades intradermally (i.d.) injected Bacillus Calmette 

Guerin (BCG) has been known as a highly effective immune-stimulating 

agent. More recently, isolated bacterial components such as synthetically 

produced unmethylated CpG oligodeoxynucleotides (ODN) or bacterial cell 

wall constituents (e.g. Lipopolysaccharides [LPS]), known to trigger specific 

Toll-like receptors (TLR), have also been shown effective as 

immunostimulatory adjuvants. As the skin is a preferred site for vaccination, 

we set out to delineate the effect of whole bacteria (BCG) as opposed to 

bacterial fractions (CpG ODN and LPS) on dendritic cells (DC) within the 

cutaneous microenvironment.   

 

Methods: We made use of an organotypic human skin explant model, for 

which we obtained skin from healthy volunteers undergoing cosmetic 

surgery. Comparisons were made between i.d. injected BCG, E. coli-derived 

LPS, and the CpG-B ODN PF-3512676 (formerly known as CpG 7909), 

while a cocktail of GM-CSF plus IL-4 served as a DC-activating gold 

standard. Phenotypic and functional properties of skin-emigrating DC were 

studied by means of flow cytometry and mixed leukocyte reactivity (MLR) 

assays.  

 

Results: Upon i.d. injection BCG was found to counteract the 

immunosuppressive effects of IL-10, preventing the conversion of migrated 

DC to an immature macrophage-like phenotype. Both BCG and the TLR4-

ligand LPS induced significantly increased phenotypic maturation of 2-day 

skin-emigrated CD1a
+
 DC (i.e. up regulated levels of CD40, CD80, CD83 

and CD86) and prevented their conversion to an immature CD14
+
 

macrophage-like state over the next five days, whereas the selective TLR9-

ligand CpG-B ODN PF-3512676 did not. Similarly, i.d. injection of LPS and 

BCG, but not of PF-3512676, resulted in the increased induction of T-cell 

proliferation by skin-derived DC, as shown by MLR.  

 

Conclusion: In the confines of the human skin microenvironment, the 

immunostimulatory effects of i.d. delivered BCG, GM-CSF/IL4 and LPS are 

of comparable strength. In the human skin TLR4, but not TLR9, can be a 

useful target for inducing local DC stimulation.  
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INTRODUCTION 

 

The main function of the most potent antigen-presenting cell (APC) 

identified to date, the dendritic cell (DC), is to orchestrate an effective 

defence against pathogens. Immature DC reside in peripheral tissues to 

detect invasion of micro organisms. Exposure to so-called pathogen-

associated molecular patterns (PAMPs) can trigger DC to mature and 

migrate to secondary lymphoid organs where they interact with T cells in 

order to initiate a protective immune response.  

 

DC are also well equipped to initiate anti-tumour immune responses [2]. 

However, antigen encounter and uptake by DC in a context without pro-

inflammatory conditions (i.e. “danger signals”) may lead to immunological 

tolerance, either by T cell anergy or by clonal deletion of specific T cells 

[20]. Therefore, the use of a strong immunostimulatory adjuvant in tumour 

vaccination protocols is a prerequisite to overcome the naturally low 

immunogenicity of most tumour-associated antigens (TAA). Live Bacillus 

Calmette-Guerin (BCG) bacteria have successfully been employed as 

immunological adjuvant in cancer vaccination protocols [1,19,34] but 

unfortunately ulcer formation at the site of inoculation is a commonly 

encountered side effect.  

 

The strong adjuvanticity of Gram-negative bacteria resides in 

Lipopolysaccharide (LPS) constituents of the bacterial cell wall. Especially 

the Lipid A moiety has potent immunostimulatory properties through 

targeting of the TLR4 complex, resulting in the recruitment of antigen 

presenting cells and an immune response with enhanced cytokine secretion 

[17]. Tokunaga et al showed that the immunogenicity of the BCG bacillus in 

mice not only depends on endotoxins in the bacterial cell wall, but also 

results from the presence of bacterial DNA [32]. Bacterial DNA can 

stimulate innate immunity in both mice and man. This process is mediated 

by unmethylated CpG motifs that are abundantly present in microbes, but are 

underrepresented and selectively methylated in vertebrate DNA. In rodents, 

synthetically produced oligodeoxynucleotides (ODN) that contain 

unmethylated CpG motifs have been shown to have an equivalent 

immunostimulatory potential as DNA comprising the total bacterial genome 

[13].  
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CpG ODN exert their immunomodulatory effects through binding to 

intracellular TLR9, which in man is exclusively expressed by B cells and 

plasmacytoid DC (PDC). In man i.d. administration of the CpG Type-B 

(CpG-B) ODN PF-3512676 (formerly known as CpG 7909) has been found 

to induce a strong CD8+ T cell response in peptide-vaccinated melanoma 

patients [26].  Increased knowledge of the ways in which different bacterial 

constituents trigger DC activation through specific receptors, most notably 

various members of the Toll-like Receptor (TLR) family, may allow for the 

design of novel immune adjuvants based on these isolated bacterial 

components, that more specifically target DC without the unwanted side 

effects of adjuvants comprising whole bacteria.   

 

The dense concentration of DC in the skin, in combination with its easy 

accessibility, makes it a preferred site for various vaccination approaches, 

including experimental cancer vaccines. Ex vivo skin explant cultures have 

previously been used as a model system to study phenotypic maturation and 

migrational patterns of human skin-derived DC and were shown to be 

representative of active migration of dermal end epidermal DC through 

lymph vessels to the skin-draining LN [7,8,14,15]. In this model human skin 

explants are i.d. injected and placed in culture to determine the effects of the 

tested reagents on cutaneous DC maturation and migration. DC are allowed 

to migrate over the course of two days, by which time migration is maximal. 

At that time the explants are removed from culture and the migrated cells 

can be studied. DC that migrate over the course of two days from explants 

i.d. injected with plain medium display relatively low expression levels of 

the Langerhans cell (LC)-associated marker CD1a. Also present is a clear 

CD83
-
 immature DC subpopulation, that expresses the 

monocyte/macrophage marker CD14. DC migrated from medium-injected 

skin explants are further characterized by relatively low expression levels of 

the DC activation markers CD40, CD80, CD83, and CD86. Intradermal 

injection of IL-10 facilitates a DC-to-macrophage switch with significantly 

increased numbers of migrated CD14+ macrophage-like cells by day 2 of 

explant culture. In contrast, DC that are harvested 48h after i.d. injection of 

the cytokines GM-CSF plus IL-4 display a predominantly mature 

CD83
+
CD1a

+
CD14

-
 phenotype with high expression levels of CD40, CD80, 

and CD86. Thus, in this model, the intracutaneous balance of suppressive 

and stimulatory cytokines during the initiation of migration decides the post-

migrational fate of DC, with IL-10 accelerating and GM-CSF plus IL-4 
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preventing a phenotypic switch from a mature DC to an immature 

macrophage-like state with poor T cell-stimulatory ability [8]. 

 

Whereas we previously described the effects of cytokines on human DC 

migrating from skin explants, here we explored the effects of bacterially 

derived adjuvants. First, the immunostimulatory effects of whole cell BCG 

on skin DC were studied and subsequently the effects of LPS, as a defined 

TLR4-Ligand (TLR4-L), and of the CpG -B ODN PF-3512676, selectively 

binding TLR9. Our results indicate a superior efficacy of TLR4-L over 

TLR9-L as DC-targeted immunoadjuvants in the context of the human skin 

environment. 

 

MATERIALS AND METHODS 

 

Human skin explant cultures 

Human skin specimens were obtained after informed consent from patients 

undergoing corrective breast or abdominal plastic surgery, following hospital 

guidelines. The culture medium used throughout was IMDM (GIBCO 

Laboratories, Paisly, Scotland) supplemented with 50 U/ml penicillin-

streptomycin, 1.6 mM L-glutamine, 0.01 mM β-mercaptoethanol, and 5% 

complement-inactivated, normal human pooled serum (HPS, Centraal 

Laboratorium van de Bloedtransfusiedienst, Amsterdam, The Netherlands). 

GM-CSF (Schering-Plough, Madison, NJ), IL-4, IL-10 (Sanquin, 

Amsterdam, NL), Bacillus Calmette-Guérin (Intracel Corporation, Frederick, 

MD), LPS (Difco Laboratories, Detroit, MI), PF-3512676 (5′-TCG TCG 

TTT TGT CGT TTT GTC GTT-3) and CpG 2137 (5 -TGC TGC TTT TGT 

GCT TTT GTG CTT-3), a control ODN for PF-3512676, consisting of the 

same nucleotides but in a G(p)C rather than a C(p)G) sequence (both kindly 

provided by Dr. A.M. Krieg, Coley Pharmaceutical Group, Wellesley, MA), 

were diluted in serum-free IMDM  without supplements and used for i.d. 

injection.  

 

The human skin explant model has been described previously [7,8]. Briefly, 

investigational substances were injected into the dermis with an insulin 

syringe (29G) in the indicated amounts and in a total volume of 20 µL. At 

the site of injection an approximately 5-mm large urtica appeared and a 

punch biopsy of 6 mm was taken immediately after each injection. The 

biopsy was lifted from the specimen with a forceps and with scissors the 

dermis was cut at a depth of 2-3 mm to obtain skin explants. 
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Skin explants (12-20 samples per condition) were placed directly on 1 ml of 

culture medium (floating, with epidermal side up) in a 48-well culture plate 

(Costar, Corning, NY) and placed in a 37 
o
C incubator. After 48 hours all 

skin explants were discarded and the migrated cells were harvested at that 

time (day 2) and/or five days later (day 7), and pooled per test condition. 

FACS-analyses and MLR assays were subsequently performed.  

 

Flow Cytometry 

Cells were incubated on ice for 30 minutes in PBS with 0.1% BSA and 

0.01% NaN3 in the presence of appropriate dilutions of FITC- or PE-

labelled mAbs to CD1a, CD14, CD40, CD80, CD83 and CD86 (BD 

Pharmingen, San Diego, CA). The cells were subsequently analyzed using a 

FACS-Calibur four-colour analyzer and CellQuest FACS analysis software 

(BD Biosciences).    

 

Immunohistochemistry 

Cryostat sections of skin explants were cut at 4 µm and placed on poly-L-

lysine-coated slides, acetone-fixed for 10 minutes, preincubated with normal 

rabbit serum (1:20, CLB, Amsterdam, The Netherlands) for 10 minutes, and 

incubated for 1 hour with primary monoclonal antibodies directed against 

CD1a (1:20, Immunotech, Marseille, France), CD123 (1:100, Serotec, 

Oxford, UK), TLR9 (Imgenex; clone 26c593; San Diego, CA) or TLR4 

(eBioscience; clone HTA 125, San Diego, CA) or with appropriate isotype 

control antibodies. Subsequent incubation with rabbit anti-mouse- or goat-

anti-rat-biotin conjugates (1:150, DAKO, Glostrub, Denmark) for 30 

minutes, was followed by incubation with horseradish peroxidase-

streptavidine complexes (1:500; DAKO, Glostrub, Denmark). Staining was 

then visualized with 3-amino-9-ethyl-carbazol (ICN Biochemicals, Aurors, 

Ohio) in the presence of hydrogen peroxide. Slides were counterstained with 

haemotoxylin and mounted.  

 

Mixed Leukocyte Reactivity (MLR) 

Functional T cell-stimulatory capacity of the migrated DC was examined by 

MLR as previously described [7,8]. DC were added as stimulator cells to 

round-bottom 96-well tissue culture plates (COSTAR, Corning, NY) at 

graded doses, reflecting the indicated responder-stimulator ratios. Allogeneic 

plastic-nonadherent PBL, prepared as previously described [31] were used as 

a source of responder cells, and 1 x 10
5 

lymphocytes/well were added to the 

migrated skin DC. Stimulations were performed in duplicate or triplicate. 
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The cells were cultured for 5 days in medium containing 10% FCS (Life 

Technologies, Paisley, Scotland). During the last 18 h of culture, 

[
3
H]thymidine was added (0.4 µCi/well; Amersham, Aylesbury, U.K.), after 

which the cells were harvested onto fiberglass filters and [
3
H]thymidine 

incorporation was determined using a flatbed scintillation counter (Wallac, 

Turku, Finland). 

 

Statistical analysis 

Differences in the expression levels of DC maturation markers were 

compared between the various injection conditions using the paired 

Student’s t-test (two sided); differences were considered statistically 

significant when p < 0.05.  

 

RESULTS 

 

BCG  counteracts the suppressive effects of IL-10 on the maturation of 

skin-emigrated DC 

We previously demonstrated that intradermal (i.d.) co-injection of GM-CSF 

plus IL-4 counteracts the accelerated post-migrational DC-to-macrophage 

switch induced by IL-10 [8]. To measure of its utility as a DC-stimulatory 

adjuvant in tumour vaccine formulations, here we tested the ability of BCG 

to counteract this detrimental effect of IL-10, which is often released at high 

levels by tumours. As shown in figure 1a, i.d. IL-10 delivery indeed 

increased the number of CD14
+
 macrophage-like cells among 2-day skin-

emigrated DC and in particular the frequency of CD1a
+
CD14

+
 DC in an 

apparent transitional state between DC and macrophage (Figure 1a).  

These CD14
+
 cells were further identified as an immature CD83

-
CD40

+
 

population in addition to the otherwise predominant mature CD83
+
CD40

hi
 

population (figure 1a). Co-injection of BCG together with IL-10 

counteracted this effect, significantly increasing the frequency of 

CD1a
+
CD83

+
 DC in comparison to IL-10 mono-administration, both at day 2 

and day 7 after the start of explant culture (figure 1a and 1b). BCG clearly 

hampered the DC-to-macrophage conversion, which after i.d. injection of 

IL-10 was significantly  more pronounced by day 2 and uniformly complete 

with a near-total disappearance of mature CD1a
+
CD83

+
 DC  by day 7 (figure 

1b). In keeping with these phenotypic data, DC migrated from IL-10-

injected explants had completely lost their T cell-stimulatory ability in an 

allogeneic MLR by day 7 after the start of explant culture (figure 1c). 

Although to a slightly lesser extent than with the GM-CSF/IL-4 cocktail 
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(shown here as a “gold standard” and positive control) co-injection of IL-10 

with BCG resulted in a maintained T cell-stimulatory ability (figure 1c).  
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Figure 1 Intradermal co-injection of BCG counteracts the IL-10-induced loss of a mature DC 

phenotype and the increased accumulation of CD14+ cells with a reduced T cell stimulatory 

capacity among skin-emigrated DC. A)  FACS dot plots of skin-emigrated DC, showing 

expression of CD14 in relation to CD1a and of CD40 and CD83, two days after i.d. injection 

of the indicated immunomodulatory agents. Numbers shown in the quadrants denote 

frequencies of the total DC population. B) Mean percentages (± sd) of CD1a+CD14- (CD1a, 

open bars) and CD14+ cells (CD14, closed bars) among skin-emigrated DC (based on four 

experiments) for the indicated test conditions on day 2 versus day 7 after the start of explant 

culture. Asterisks denote significant differences between the BCG+IL-10 and the IL-10 

conditions, p<0.05. NB: Although not indicated, significant differences (p<0.05) were also 

observed for both the CD1a and CD14 frequencies in the BCG and IL-10 conditions as 

compared to the medium control -for BCG both at day 2 and day 7, for IL-10 at day 2 only. 

C) Allogeneic T cell stimulation in a mixed leukocyte reaction (MLR) by skin-emigrated DC 

at day 7 after the start of explant culture for the indicated test conditions. GM: GM-CSF.  

 
 

The effect of bacterially derived immunostimulants on the phenotype of 

skin-emigrated DC 

Before a direct head-to-head comparison of the various bacterially derived 

adjuvants was performed, the optimal dose of each of these was determined, 

defined as resulting in the highest percentage of CD1a
+
CD83

+
CD14

-
 skin-

emigrated DC after two days of explant culture (data not shown). Optimal 

dosages were: BCG, 10
6
 colony forming units (CFU)/skin explant and LPS, 

100 ng/skin explant. For PF-3512676 no significant differences were 

observed between 1, 10 and 100 µg/skin explant. In further experiments 100 

µg /skin explant (i.e. the maximum injectable dose) was used for PF-

3512676 as well as for the CPG 2137 negative control ODN. Functional 

activity of PF-3512676 in vitro was confirmed by TRAIL upregulation on 

monocytes upon overnight culture of peripheral blood mononuclear cells as 

described previously [12](data not shown). 

 

Among 2-day skin-emigrated DC, the frequency of cells with a mature 

CD1a
+
/CD83

+
/CD14

- 
 phenotype was significantly increased upon i.d. 

injection of either BCG and LPS as compared to medium (p<0.01; Figure 2a 

and 2b). In keeping with this increased maturation state, expression levels of 

CD40, CD83 and CD86 were significantly upregulated (p<0.01; Figure 2a 

and Table I). In contrast, upon injection of either PF-3512676 or the CPG 

2137 negative control ODN, no statistically significant phenotypic changes 

could be observed in comparison to the medium control (Figure 2a, 2b and 

Table 1).  
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Figure 2 Phenotype of skin explant-emigrated DC, 2 days after i.d. injection of the indicated 

immunostimulants. A) Representative data from flowcytometric analyses for the indicated 

markers and test conditions. Markers denote fluorescence range of corresponding isotype 

controls and Mean Fluorescence Intensity (MFI) for each of the shown histograms is listed in 
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the top right corner. Data shown are representative of at least five experiments. B) Mean 

percentages (± sd) of CD1a+CD14- (CD1a, open bars) and CD14+ cells (CD14, closed bars) 

among 2-day and 7-day skin-emigrated DC (based on a minimum of five experiments) for the 

indicated test conditions. Asterisks denote statistical significance in comparison to the 

medium controls in a two-sided paired T-test.  

Day 2: GM-CSF (GM)/IL4: p < 0.001 for CD1a and p < 0.001 for CD14. LPS: p = 0.006 for 

CD1a and p = 0.042 for CD14. BCG: p < 0.001 for CD1a and p = 0.003 for CD14.  

Day 7: GM-CSF/IL4: p < 0.001 for CD1a and p < 0.001 for CD14. LPS: p < 0.001 for CD1a 

and p = 0.002 for CD14. BCG: p < 0.001 for CD1a and p = 0.002 for CD14. 

 

 

Table 1a. Maturation marker expression on skin-emigrated DC on day 2 after i.d. 

injection
a
 

  

 

Medium GM-CSF / 

IL-4 

BCG LPS PF-

3512676 

CpG 2137 

CD40 

(sd) 

T-testb 

251 

(193) 

464 

(327) 

P=0.006 

489 

(293) 

p=0.004 

429 

(366) 

p=0.048 

378 

(228) 

NS 

256 

(152) 

NS 

CD80 

(sd) 

T-testb 

39 

(18) 

57 

(29) 

P=0.048 

67 

(5) 

NS 

51 

(30) 

NS 

54 

(34) 

NS 

40 

(22) 

NS 

CD83(sd) 

T-testb 

51 

(15) 

74 

(9) 

P=0.003 

68 

(8) 

p=0.002 

66 

(8) 

p=0.037 

61 

(14) 

NS 

49 

(15) 

NS 

CD86 

(sd) 

T-testb 

93 

(52) 

128 

(72) 

P=0.004 

210 

(85) 

p=0.046 

167 

(56) 

p=0.015 

123 

(88) 

NS 

108 

(67) 

NS 

 
Table 1b. Maturation marker expression on skin-emigrated DC on day 7 after i.d. 

injection
a
 

  Medium GM-CSF/ 

IL-4 

BCG LPS PF-

3512676 

CpG 2137 

CD40 

(sd) 

T-testb 

155 

(122) 

 

369 

(300) 

p=0.001 

452 

(339) 

p=0.007 

364 

(298) 

p=0.011 

177 

(175) 

NS 

141 

(121) 

NS 

CD80 

(sd) 

T-testb 

14 

(8) 

 

52 

(25) 

p=0.024 

42 

(12) 

NS 

36 

(15) 

p=0.034 

36 

(20) 

NS 

24 

(10) 

NS 

CD83 

(sd) 

T-testb 

19 

(18) 

 

52 

(17) 

p<0.001 

45 

(20) 

p=0.004 

49 

(23) 

p=0.010 

19 

(14) 

NS 

11 

(11) 

NS 

CD86 

(sd) 

T-testb 

108 

(76) 

 

228 

 (141) 

p=0.027 

248 

(143) 

p=0.012 

249 

(163) 

p=0.029 

153 

(119) 

NS 

98 

(74) 

NS 
a
Expression levels in Mean Fluorescence Intensity (MFI; CD40,CD86) or mean 

percentage positive cells (%; CD80,CD83) with standard deviation (sd).  

A minimum of 5 experiments were performed per condition.  
b
Paired T-tests, compared to medium, NS: not significant    
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BCG and LPS counteract a post-migrational switch of skin DC to an 

immature CD14
+
 phenotype 

The default DC-to-macrophage phenotype switch that DC undergo after 

migration from human skin explants was counteracted by i.d. injection of 

GM-CSF/IL-4 [8] as well as by BCG or the TLR4-L LPS, resulting in the 

preservation of a significantly higher frequency of mature CD1a
+
CD83

+ 
DC 

at day 7 after the start of explant culture, as compared to medium control 

(Figure 2b, Table 1). Injections with BCG and LPS resulted in a more stable 

mature DC-phenotype with significantly higher levels of CD40, CD80, 

CD83, and CD86 up to seven days after the start of explant culture (Table 1). 

In contrast, i.d. injection of the TLR9-L PF-3512676 could not prevent the 

post-migrational DC-to-macrophage switch. Accordingly, by day 7 after i.d. 

injection of BCG or LPS, skin-emigrated DC had maintained their T-cell 

stimulatory ability in an allogeneic MLR whereas DC migrated from 

medium- or CpG-injected explants had not. (Figure 3).  
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Figure 3 Allogeneic T cell stimulation in a mixed leukocyte reaction (MLR) by skin-

emigrated DC at day 7 after the start of explant culture for the indicated test conditions. Data 

from one experiment out of three are shown. MED: medium control, GM: GM-CSF. 

 

 
TLR4 and TLR9 expression in human skin  

In order to relate the observed divergent effects of LPS and CpG ODN to 

expression of their respective receptors TLR4 and TLR9, skin biopsies were 

immunohistochemically examined for the presence of  TLR4 or -9 positive 

cells (Figure 4). TLR4 was found to be strongly expressed in the epidermis, 

with epithelial staining obscuring a possible expression by epidermis-

resident LC. TLR4 was also present on dermally located cells associated 

with subepithelial vessels. In contrast, no TLR9 could be detected in the full-

thickness skin biopsies. As TLR9 in humans is predominantly expressed by 

CD123
hi
 PDC, the skin biopsies were also stained for CD123 (figure 4). 

Only few cells that were weakly positive for CD123 were detectable in the 

dermis, localized around subepithelial vessel-like structures. Their 

morphology and co-localisation with TLR4  (see arrowheads in figure 4), 

combined with their relatively low expression levels of CD123, suggest 

these cells to be dermal myeloid DC rather than PDC. Indeed, by triple 

staining for CD123, CD11c, and the PDC-specific marker BDCA-2, we were 

unable to demonstrate the presence of PDC among skin-emigrated DC, nor 

could we detect (PDC-derived) IFNα in the supernatants of skin explants or 

skin-emigrated DC upon i.d. injection of CpG ODN (data not shown). 

 

 
 

Figure 4 Immunohistochemical staining of uncultured skin explants for TLR4, CD123, and 

TLR9. Consecutive sections were used (magnification 400x). Representative results of three 

experiments are shown. Arrowheads indicate positively stained cells in the dermis. 

 

TLR4 TLR9 CD123 
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DISCUSSION 

 

In the context of tumour vaccination, BCG is a well-known, tried and tested 

bacterial immune adjuvant. Although the results obtained in cancer 

vaccination studies with BCG have been promising, ulcer formation at the 

site of inoculation (usually the skin) limits the use of BCG in clinical 

practice. The recognition of the importance of continued booster 

vaccinations, that can only be effective as long as an immune-stimulating 

adjuvant is co-injected, urges for the definition of powerful DC stimulants 

with a mild toxicity profile. Increased knowledge of the PAMPs that 

represent the active subunits of bacterial adjuvants and mediate their 

immune activating effects through binding to specific TLRs may allow for 

the design of such novel immune adjuvants.  

 

Two major bacterial constituents have been identified as important 

immunostimulatory PAMPs, i.e. lipopolysaccharide endotoxins and bacterial 

DNA containing hypomethylated CpG sequences. Bacterially derived LPS 

binds to TLR4 on myeloid DC and thus effects their activation, while CpG 

motifs bind to TLR9. TLR9 is essential for CpG DNA-induced immune 

activation: TLR9 deficient mice were shown to be refractory to CpG ODN, 

while TLR9 transfection of human kidney cells was sufficient to confer 

responsiveness to CpG [3,9,30]. In mouse models both LPS and CpG have 

proven to be powerful adjuvants with a type-1 cytokine profile skewing 

ability that is vital for the generation of effective anti-tumour immunity 

[4,10,29]. Indeed, TLR-binding PAMPs have been shown to be vital for 

sufficient T cell activation to drive T cells into the effector phase [27]. An 

important factor in this mechanism appears to be PAMP-induced and 

MyD88-dependent IL-12 production by myeloid DC upon appropriate TLR 

stimulation [27]. 

 

In human skin, TLR4 expression has been reported in myeloid DC, including 

epidermal LC, as well as in keratinocytes [11,22,25,35]. Consistent with this, 

we detected TLR4 expression throughout the epidermis and in scattered cells 

in the subepithelial dermis. In contrast, we were unable to detect any TLR9 

expression. This too is consistent with previous reports. In contrast to mice, 

in humans TLR9 is not widely expressed on DC and reported to be lacking 

on human myeloid skin DC [33]. The only human DC subtype that thus far 

has been found to respond to CpG is the TLR9-expressing CD123
hi
 PDC that 

releases large amounts of IFNα upon binding of CpG [13]. Under non-
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pathological conditions PDC are virtually absent from human skin [33]. The 

observed TLR expression patterns in the human skin are thus fully consistent 

with our observation that human skin DC cannot be activated by the CpG-B 

ODN PF-3512676. LPS and BCG on the other hand have strong 

immunostimulating effects on skin DC. From these observations we suggest 

that the stimulatory effects of bacterial adjuvants such as BCG on human 

skin DC do not result from TLR9-dependent recognition of bacterial DNA, 

as opposed to the situation in rodents, but most likely result from TLR4-

mediated activation by bacterial cell wall endotoxins, like LPS. 

 

Although we did not formally demonstrate the mature DC migrating from 

the explants to be epidermally derived Langerhans Cells (LC), their 

expression of CD1a is consistent with the recently defined phenotype for 

skin-emigrated LC as proposed by Morelli et al [18]. Beside LC, we recently 

described a population of CD1a
-
CD83

-
 cells that also migrated from human 

skin explants and displayed macrophage-like characteristics, expressing both 

CD14 and CD68, the latter diffusely distributed throughout the cytoplasm 

[8]. These cells expressed low levels of co-stimulatory molecules and were 

unable to prime allogeneic T cells. Of note, we found their number to 

increase over time subsequent to migration from the skin, unless a strong DC 

maturation signal was delivered intracutaneously prior to migration, e.g. 

GM-CSF and IL-4. This finding was confirmed and expanded upon in this 

study, with reduced rates of immature CD14
+
 cells and maintained 

expression of CD83, CD40, CD80, and CD86 following injection of either 

GM-CSF/IL-4 or the bacterial adjuvants BCG or LPS. For BCG we 

observed this effect even in the presence of IL-10, the most prominent 

cytokine suppressing DC maturation in tumour-conditioned environments 

[6,16,28] and shown to otherwise accelerate the accumulation of CD14
+
 

macrophage-like cells and the down-regulation of these DC maturation 

markers [8]. Of note, we previously demonstrated the maintained CD83
+
 

mature state of the skin explant-emigrated DC to be associated with the 

expression of CCR7 [8]. This is indicative of the DC’s capacity to migrate to 

the paracortical T cell areas of  skin-draining lymph nodes [24], another 

important prerequisite for the generation of effective anti-tumour T cell 

immunity following i.d. vaccination. Altogether these observations bode 

well for the use of GM-CSF/IL-4 and/or bacterial TLR4-L (such as LPS or 

its Lipid A component) as adjuvants for tumour vaccination, thus replacing 

BCG and preventing its ulcerative side effects.  
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Based on our current data we cannot exclude that the in situ DC-maturing 

effects observed for BCG and LPS were indirect and mediated through 

keratinocyte-derived cytokines rather than direct through binding to TLR4 

on LC. Indeed, we and others detected TLR4 expression in epidermal 

keratinocytes [22,25] and TLR4-mediated binding of LPS was reported to 

induce the nuclear translocation of NF-κB and the subsequent release of pro-

inflammatory cytokines (a.o. IL-1β) by keratinocytes [22,25], which might 

possibly account for the enhanced and prolonged maturation of subsequently 

emigrated LC as observed by us. This scenario would be fully consistent 

with our previous observation from cultures of separated epidermal and 

dermal layers that the cytokine-induced conservation of the CD1a
+
CD83

+
 

mature LC phenotype actually involved additional epidermis-derived 

endogenous maturing factors [8]. It would also explain why Zhang and 

colleagues found that LPS-matured DC, generated in vitro from murine bone 

marrow, did not maintain their mature DC phenotype, but differentiated to a 

CD11b
+
 macrophage-like state (with decreased levels of the characteristic 

DC markers CD11c and MHC class II and suppressed T cell activation) 

when cultured on a monolayer of stromal cells derived from the neonatal 

murine spleen [36]. In analogy to our findings, in order to prevent the DC-to-

macrophage switch, this might have required additional factors such as may 

be derived from LPS-stimulated keratinocytes. 

 

While others have previously reported on the necessity of pathogen-derived 

TLR ligands for the induction of the release of T cell stimulating cytokines -

most notably IL-12- by DC [27],  we failed to detect any IL-12p70 release 

by skin-emigrated DC following injection of either LPS or PF-3512676 (data 

not shown). We did previously detect relatively low levels of IL-12p70 

release following i.d. injection of GM-CSF in combination with IL-4 

(Sombroek et al., submitted). This apparent paucity of IL-12 release by the 

skin explant-emigrated DC may be attributable to the fact that the majority 

of these originate from LC, which are notoriously poor IL-12 producers 

[21,23]. 

 

Although the CpG-B ODN PF-3512676 failed to enhance and prolong DC 

maturation in ex vivo cultured human skin explants, nevertheless CpG ODN 

were reported to boost the generation of tumour-specific T cells by i.d. 

administered peptide-based vaccines in melanoma patients [26]. Indeed, the 

observation that PF-3512676 does not directly stimulate skin DC does not 

necessarily make intradermal injection of PF-3512676 useless for 
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vaccination strategies. Effects of PF-3512676 are apparently not established 

in the skin, but may very well be established either in the draining lymph 

node area and/or systemically. In keeping with this, in a clinical study on 

sentinel lymph nodes (SLN) of melanoma patients, we recently observed PF-

3512676-induced activation of both plasmacytoid and myeloid DC in the 

SLN draining the cutaneous primary tumour site, where PF-3512676 was 

injected intradermally (Molenkamp et al., submitted). Additional immune 

stimulation might also be provided at the T cell level through CTLA-4 

blockade, which in combination with subcutaneous CpG administration was 

also previously reported to constitute a promising tumour 

immunotherapeutic approach [5]. 

 

In conclusion, in the confines of the human skin microenvironment TLR4-

targeted bacterial adjuvants such as LPS are more effective DC activators 

than TLR9-targeted PAMPs such as CpG ODN. Nevertheless, combinations 

of a TLR9-L (e.g. the CpG-B ODN PF-3512676) with GM-CSF/IL-4 and/or 

a TLR4-L (e.g. the LPS-derived Lipid A moiety), may be suitable 

alternatives for BCG as adjuvants in future vaccination trials. Unlike BCG, 

these combinations will not result in ulcer formation, while optimal local 

skin DC activation is established through the use of GM-CSF/IL-4 [8] or 

LPS (this report), and PDC activation in the draining lymph nodes is induced 

by the CpG-B ODN .  
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6 
General discussion and future 

prospects 
 

In this thesis the concept of active specific immunotherapy is explored for 

cancer patients with solid tumours. Two clinical trials are presented in which 

patients are experimentally vaccinated with their own irradiated tumour 

cells; one for stage III and stage IV melanoma patients (chapter 2), and one 

for stage III colon cancer patients (chapter 4). Since these trials were both 

phase II studies, no definitive conclusions can be drawn about clinical 

efficacy.     

 

The challenge still facing cancer immunologists is to prove efficacy of 

vaccination therapies in well-controlled clinical trials. It is uncertain which 

clinical immunotherapeutic approach is most likely to result in large scale 

clinical success for cancer patients. Much can be said about theoretical 

advantages and disadvantages of each of the approaches discussed in chapter 

1. For example, autologous vaccines by definition contain all relevant 

tumour associated antigens presented in appropriate MHC molecules, i.e. 

both the antigens that are currently known and those still to be defined. For 

this method however, relatively large and resectable tumours are a 

prerequisite. On the other hand, allogeneic vaccines which are made of cell 

lines expressing high amounts of well-characterised tumour-antigens are 

likely to be able to mount an efficient immune response as well. The 

logistics of the allogeneic approach are relatively simple since no 

individualised vaccine has to be prepared for every new patient, inherently 

resulting in higher feasibility and lower costs when applied on large scale. 

The opposite can be said about the various DC-vaccine techniques, while 

these guarantee an optimal presentation of the antigen to the immune system. 

However, there is hardly any evidence for superiority of in vitro DC culture 

and loading with antigen in comparison to in situ maturation and antigen-

uptake in the tumour-bearing host. It should be kept in mind that despite all 
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efforts of cancer immunologists in the past decades thus far only two 

published randomized tumour vaccination trial have shown clinical efficacy, 

both using autologous tumour cells , similar to the studies presented in this 

thesis (1, 2). 

 

 

How to improve the clinical results of cell based 

immunotherapy? 

 
Host immune cells that act as inhibitory checkpoints or brakes on the 

immune system may have prevented more effective anti-cancer immune 

responses in the patients described in this work. Blocking one or more of the 

patient’s negative immunoregulatory mechanisms may result in strong and 

persistent immune responses towards malignant cells, especially when 

combined with autologous tumour cell vaccinations. In the following section 

several relevant new insights in tumour immunology will be discussed, all of 

which may act synergistically when combined with autologous tumour cell 

vaccinations as have been described in the previous chapters.  

 

Blockade of immunosuppressive cytokines 

Certain tumour cells produce immunosuppressive cytokines by which they 

can hamper immune effector functions. Examples of such 

immunosuppressive cytokines are IL-10, TGF-B and VEGF. Antibodies that 

block these cytokines have been developed and might be clinically useful 

when implemented in anticancer vaccination protocols (,3,4, 5,6). 

 

Lymphodepletion and blockade of regulatory T cells 

Another potentially useful approach could be the induction of 

lymphodepletion by administering chemotherapy prior to immunisation. The 

concept of suppressing “suppressor T cells” (as they were then called) has 

been explored in the eighties and early nineties (7) and has gained renewed 

interest once Sakaguchi identified the CD4+CD25+ regulatory T cells 

(Tregs) and showed them to be essential for the prevention of autoimmunity 

(8). CD4+ T cells which constitutively express high levels of the IL-2 

receptor α-chain (CD25) act in a regulatory way by suppressing the 

activation and function of CD8+ and CD4+ effector T cells. Expression of 

the FoxP3 transcription factor is of vital importance for proper functioning 

of Tregs (9). Their physiological role is to protect the host against the 

development of autoimmunity by regulating immune responses against 
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antigens expressed by healthy tissues. Since tumour antigens are largely self 

antigens, Tregs may also prevent the tumour-bearing host from mounting an 

effective  anti-tumour immune response. Elevated numbers of CD4+CD25+ 

Tregs can be found in advanced cancer patients (10).  In murine tumour 

models, the presence of Treg cells can inhibit the anti-tumour effectiveness 

of T-cell transfer and active immunization approaches. Treg adoptive 

transfer prevents or treats experimental autoimmunity in various models, 

while selective depletion of Treg cells with anti-CD25 mAbs exerts anti-

tumour effects in  mouse models (1112). 

Several human clinical trials exploring lymphodepletion have been 

published in recent years, and, although the exact mechanism of action is 

still elusive, it is clear that impressive results have been obtained with this 

technique (13, 14, 15). 

Apart from lymphodepletive chemotherapy several other techniques have 

been explored aiming to block the immunosuppressive effects of  

CD4+CD25+ regulatory T cells. For example, Dannull et al constructed the 

recombinant IL-2 diphtheria toxin conjugate DAB(389)IL-2 and showed it to 

be capable of selectively depleting CD25-expressing Tregs from the 

circulation of renal cell cancer (RCC) patients, without toxic effects on other 

cell subsets with low or intermediate expression of CD25. Moreover, 

DAB(389)IL-2-mediated elimination of Tregs followed by vaccination with 

RNA-transfected DCs significantly improved the stimulation of tumour-

specific T cell responses in RCC patients when compared with vaccination 

alone (16). Antihuman CD25 mAbs have previously been produced and may 

be developed further in human vaccination protocols (17).  

 

Blockade of CTLA-4 

One of the most promising breakthroughs in cancer immunotherapy in the 

past decade has been the development of antibodies against Cytotoxic T 

Lymphocyte-associated Antigen 4 (CTLA-4). CTLA-4 is a surface protein 

expressed only by activated T cells and by CD4+CD25+ regulatory T cells, 

belonging to the CD28 family of receptors. In fact, CTLA-4 shares its 

ligands with CD28, i.e. CD80 (B7-1) and CD86 (B7-2) (18). However, in 

contrast to the co-stimulatory activity of binding of CD28, binding of 

CTLA-4 inhibits cell cycle progression and cytokine secretion (19,20).  

Anti-CTLA-4 antibodies have been developed and tested in mice and man. 

Using an immunogenic colon carcinoma model in mice systemic treatment 

with anti-CTLA-4 antibody resulted in complete regression of established 

tumours through an immune response found to be dependent on the activity 
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of CTLs (18,21). Importantly, the effects of the anti-CTLA-4 mAb could be 

greatly augmented by combining its administration with treatments based on 

vaccinations with autologous tumour cells (22,23,24).   

Humanized anti-CTLA-4 antibodies have reached the clinic and the first 

results have been published. Hodi et al infused the antibody (MDX-CTLA4) 

in nine advanced cancer patients which all previously had received 

experimental vaccination therapy. The antibody induced massive tumour 

regression in 3/3 melanoma patients and resulted in reduction or stabilisation 

of CA-125 levels in 2/2 ovarian cancer patients, all of which had previously 

received irradiated autologous GM-CSF-secreting tumour cell vaccinations. 

Remarkably, in 4/4 melanoma patients that received the antibody after 

previously having been immunized with defined melanosomal antigens, no 

responses were seen (25). This last observation suggests that autologous 

tumour cells as a source of tumour associated antigens (TAA) in a 

vaccination setting are superior the use of defined TAA for the development 

of an effective anti-tumour immune reaction.   

In a study of the National Cancer Institute 14 metastatic melanoma patients 

received serial injections of a humanized anti-CTLA4 mAb in conjunction 

with s.c. vaccinations with two peptides of the melanoma-associated antigen 

gp-100. Apart from objective responses in 3 individuals (21%) severe 

autoimmune phenomena were observed in nearly half the patients, including 

dermatitis, enterocolitis, hepatitis and hypophysitis (26). Further studies have 

shown that hypophysitis is a frequently observed side effect of CTLA4 

blockade, the mechanism of which is still elusive (27). 

The above mentioned studies used a mAb dosage of 3 mg/kg. In an attempt 

to improve the clinical response rate of this treatment modality Maker et al 

performed an intrapatient dose escalation study in 46 metastatic melanoma 

patients, to a maximum of 9 mg/kg. Unfortunately this did not result in a 

higher response rate, yet side effects did increase significantly (28).  

 

CTL-stimulating cytokines 

Systemic administration of CTL-stimulating cytokines might clinically 

augment the anti-cancer response after tumour vaccination. IL-2 is a CTL-

stimulating cytokine that is registered for the treatment of metastatic 

melanoma patients. However, IL-2 not only has immune potentiating effects 

in anticancer immunity, since IL-2 can also induce activation induced cell 

death (29). Another negative side effect is the induction of maintenance of 

regulatory T cells which suppress an anti-tumour immune response. IL-15 

may be a cytokine that is superior to IL-2 in the treatment of cancer, 
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especially when applied as a component of vaccination therapy where a 

prolonged memory immune response is desirable. IL-2 and IL-15 have 

common subunits, like CD122 and CD132 and consequently they share a 

number of functions. However, in many adaptive immune responses IL-2 

and IL-15 have distinct and often competing roles (29). In contrast to IL-2, 

IL-15 is important for the maintenance of long lasting high avidity T cell 

responses to invading pathogens by supporting the survival of CD8+ 

memory T cells (29,30,31).  

 

Chemo-immunotherapy 

Several chemo-immunotherapy approaches have thus far been mentioned in 

this section. In this respect a recent discovery might have great influence on 

future study protocols. Casares et al found that immunogenicity of cancer 

cells dying due to chemotherapy is dependent on the type of chemotherapy 

used (32,33). In a mouse model they tested doxorubicin and mitomycin -both 

drugs that bind to DNA and induce apoptosis by intercalation- and found 

that apoptotic cells killed by doxorubicin in a caspase-3 dependent manner 

triggered an immune reaction whereas the apoptotic cells killed by 

mitomycin did not. It is unknown which antigens in dead cells are 

immunogenic and thus far no data have been published on DTIC, 5-FU, 

irinotecan and oxaliplatin, the cytotoxic drugs currently in use for patients 

with melanoma and colon cancer.  

Pinedo and others have explored the potential of chemoimmunotherapy by 

making use of the immunogenic properties of a primary tumour. While 

normally, if indicated, a patient receives adjuvant therapy after the primary 

tumour has been surgically removed, in this experimental approach the 

primary tumour is left in situ while the patient receives a chemotherapeutic 

treatment plus GM-CSF as a DC stimulator. The hypothesis behind this 

strategy is that tumour cells undergoing apoptotic transformation due to 

chemotherapy may release TAA which can be taken up by DC and 

transported towards draining lymph nodes where a cellular anti-tumour 

immune response may be initiated. Moreover, chemotherapy will facilitate 

immune therapy by reducing the tumour burden and inducing a reduction of 

the production of immunosuppressive factors by tumour cells. Impressive 

results have been obtained in a phase II study in which this concept was 

applied in patients with locally advanced breast cancer (34,35).  This thesis 

shows that chemotherapy and immunotherapy can be effectively combined 

without unexpected toxicities and without the occurrence of clinically 

relevant chemotherapy-induced immune suppression.   
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Much research has still to be done in this field, but this new insight may 

provide opportunities for future chemotherapeutic anti-cancer approaches.  

 

 

How to proceed? 

 
Tumour immunology has encountered some scepticism in recent years due 

to the absence of success of large clinical trials. Feasibility issues and high 

costs due to the need for individualised therapies have also diminished 

enthusiasm for cell based immunotherapies, while other innovative 

anticancer approaches like the tyrosine kinase inhibitors have shown 

impressive results. Yet, it may be very unwise to quit immunotherapeutic 

research at this moment in time, and this especially holds for autologous 

tumour cell vaccinations.   

 

The development of monoclonal antibodies that block down-regulation of 

immune responses is still in its infancy, yet impressive clinical tumour 

responses have already been observed, though unfortunately accompanied by 

toxic side effects. As described above, in preclinical models autologous 

tumour cell vaccines are able to induce cures in mice with large established 

tumours, provided vaccinations are combined with blockade of CTLA-4 and 

regulatory T cells (22,23,24). While currently only few reports, with few 

patients, have been published describing the use of CTLA-4 blockade in the 

human situation one of the most important observations thus far has been 

that administration of CTLA-4-blocking mAbs following autologous 

vaccinations resulted in a response rate of nearly 100 percent in melanoma 

and ovarian cancer patients, while a response rate of 0% occurred in 

melanoma patients receiving CTLA-4 blockade following peptide 

vaccinations (25). This concept deserves to be studied on a much larger scale 

and combining CTLA-4 blockade with autologous vaccines as described in 

this thesis might be ideal for this purpose. Additional steps may be the co-

administration of mAb’s blocking Treg-function and VEGF-function as well 

as systemic administration of IL-2 or IL-15.  

 

Historically one of the most appealing aspects of vaccine based 

immunotherapy has been the theoretical absence of severe side effects, 

sometimes compared to the concept of the magic bullet. However, along 

with increasing possibilities of blocking down-regulatory mechanisms, 

autoimmunity is becoming a serious danger of immunotherapy as recent 
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clinical trials have underscored (25,26,27,36). Assessing ways in which to 

manage these complications and learning how to balance anticancer 

immunity and adverse events will be one of the major responsibilities of 

cancer immunologists in the near future. In this respect, the story of the 

platinum-based chemotherapies should be kept in mind. Although initial 

experiments with platinum resulted in major tumour responses research was 

halted since the treatment was considered too toxic for clinical application. 

In later years simple techniques (i.e. i.v. water) were found to manage 

toxicity, and nowadays platinum-containing chemotherapy is the basis of 

many anti-cancer treatment protocols. Therefore, it may be an acceptable 

strategy to accept severe side effects at the initial stages of the development 

of new immunological therapies, provided clinical responses are 

simultaneously observed. Once a treatment is found to be clinically active, a 

next step should be to try and reduce/manage toxicity.  

 

After new immunotherapies have been found efficacious in animal models, 

they should preferably be tested in early stage cancer patients since this is 

the most likely setting for clinical success. This thesis shows that DTH-skin 

reactions may be used for monitoring of anti-cancer immune responses and 

that it is of no clinical use to monitor cellular immune responses in the 

circulation. However, the definition of more reliable surrogate 

immunological study endpoints is of the utmost importance since as long as 

these endpoints are lacking, in the adjuvant setting proof of clinical efficacy 

can only be obtained with large -expensive- randomized clinical trials. In 

this respect, monitoring of cellular immune responses in DTH-skin reaction 

or in serially taken tumour biopsies may be a promising approach.   

 

 

Conclusion 

 
In conclusion, the concept of autologous tumour cell vaccinations deserves 

further clinical testing, provided it is combined with potent T cell enhancers 

like anti-CTLA-4 and blockade of regulatory T cells, and when frequent 

booster vaccinations are applied using an effective immunostimulatory 

adjuvant. There are certainly reasons for optimism!  
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7 
Summary 

 
According to the theory of immune surveillance the immune system is able 

to detect and eliminate cells that are in the process of malignant 

transformation. Although the actual extent of immune surveillance in daily 

practice is unknown, it is clear that some tumours are immunogenic in their 

host in the sense that they present antigens that can be recognised by T and B 

cell receptors, resulting in immunological responses. The widespread 

success of vaccines for the prevention of viral diseases has provided a 

considerable base of immunologic information as well as a theoretical 

framework for immunisation against cancer antigens. Tumour cell 

vaccination is appealing since vaccines are easily administered on an 

outpatient basis and generally do not cause severe side effects.  

In this thesis studies are described in which strategies are explored that try to 

maximise the immunological reaction of the tumour bearing host towards 

his/her own cancer cells by means of vaccinations with irradiated autologous 

tumour cells.  

 

Chapter 1 provides an overview of the relationship between the immune 

system and cancer. Various immunotherapeutic anti-cancer approaches are 

discussed that have been explored in human clinical trials.   

 

Chapter 2 describes a clinical study performed with 81 stage III and stage 

IV metastatic melanoma patients. Forty-nine of these patients had no sign of 

residual disease after metastasectomy, although the chances of tumour 

recurrence were considered high. After metastasectomy tumour cell vaccines 

were produced of the resected tumour tissue. In aid of vaccine production the 

tissue was cut into small pieces, after which a single cell suspension was 

produced by means of the addition of various enzymes. Cells were aliquotted 

to 10e7 cells per vaccine and lastly 200 Gy of irradiation was administered 

leaving the tumour cells alive yet unable to proliferate. One month after 

surgery the first of three weekly administered vaccines was given 
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intracutaneously in one of the lower extremities. To the first two vaccines 

10e7 live BCG organisms were added as an immunostimulatory adjuvant. At 

three monthly intervals booster vaccinations were given in the upper 

extremities, provided vaccines were available. Side effects of these 

vaccinations consisted of ulcer formation after BCG-containing injections in 

65% of patients. In some patients mild systemic side effects were observed 

consisting of low grade fever and chills. In patients with evidence of disease 

during the vaccination period (N = 38) no clinical responses occurred and 

survival was not better than what could have been expected in case no 

vaccinations would have been given. In patients without evidence of disease 

(stage III, N = 35 and stage IV, N = 14) 5-year overall survival was around 

45%, which is superior to historical controls. However, since this was a non-

randomized trial no definitive conclusions can be drawn on clinical efficacy.  

Following the non-BCG-containing injections, i.e. vaccinations three and 

further, a local non-ulcerating inflammatory skin reaction could be discerned 

consisting of erythema and skin induration. Importantly, the size of this 

Delayed Type Hypersensitivity (DTH) response was found to correspond 

positively with overall survival, possibly indicating that patients with strong 

DTH-reactions had developed anti-tumour immunity due to the vaccinations. 

However, since melanoma cells often secrete immune suppressive factors 

like TGF-β, IL-10 and VEGF an other possible explanation could be that a 

small DTH response is merely a reflection of a suppressed immune status 

due to a large tumour load. 

Finally, in this study it was observed that the size of DTH-reactions weaned 

after consecutive non-BCG-containing vaccinations, even in patients that 

after a follow up period of over five years proved to be free of melanoma. 

This may indicate that booster vaccinations can only be effective in case of 

co-administration of an immunostimulating adjuvant.  

 

Chapter 3 presents a subgroup of 25 melanoma patients included in the 

study described in chapter 2 which were analysed in more detail. Patients 

could be included in this analysis in case blood and/or tumour tissue was 

available and patients were macroscopically free of disease at the time of 

tumour cell vaccinations. Primary purpose of these analyses was to 

investigate whether the autologous melanoma cell vaccinations resulted in 

increased numbers of circulating tumour-associated-antigen-(TAA) specific 

cytotoxic T lymphocytes (CTL). To this end HLA-tetramers were used for 

the following peptides: MART-126-35, tyrosinase368-376, gp100280-288 

and gp100154-162 for HLA-A2 and MAGE-A196-104 for HLA-A3. In 
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blood taken before start of the vaccination procedure low numbers of TAA-

specific CTL were found in 5 of 17 patients of whom blood samples were 

available. After subsequent tumour cell vaccination no changes at all were 

observed in all 17 patients of which blood samples were available for 

research purposes. In none of the 12 patients without TAA-specific-CTL 

preceding vaccination such a population became apparent after any of the 

vaccinations during the immunization process. In the 5 patients in which 

TAA-specific-CTL were found preceding vaccination, these cell populations 

remained unchanged during the vaccination period.  

Subsequently it was hypothesized that effective TAA-specific CTL might 

not be found in the circulation, but might rather reside inside the tumour 

tissue. To further study this, we analyzed tumour cell vaccines that had been 

left over after the vaccination procedure. In 12 of 16 patients of which 

tumour vials were available for research purposes, TAA-specific CTL were 

found. Generally numbers of these cells were much higher than in 

circulating blood. Interestingly, a strong correlation was found between the 

presence of CTL in the tumour tissue and overall survival of the melanoma 

patients, whereas no such correlation was found for circulating TAA-specific 

CTL and survival. Possibly even more important, we found an inverse 

relation between the presence of TAA-specific CTL in blood and in tumour 

tissue, implying that measuring TAA-specific CTL in peripheral blood does 

not provide information on the immunological processes taking place inside 

tumour tissue. Unfortunately we could not study TAA-specific CTL in 

recurrent metastases since no such material was available for research 

purposes. In future studies it may be interesting to take serial biopsies from a 

single metastasis in melanoma patients receiving vaccination therapy.  

 

Chapter 4 describes a clinical trial with 56 stage III (Dukes C) colon cancer 

patients that received four autologous tumour cell vaccinations as well as 

adjuvant chemotherapy consisting of 5-fluorouracil (5-FU) and leucovorin. 

Aims of this trial were to investigate feasibility, toxicity and the effects of 

chemotherapy on vaccination induced anti-tumour immunity. Five weeks 

after surgery the first of three weekly vaccinations was given, of which the 

first two contained BCG as an immunostimulatory adjuvant. Two weeks 

after the third vaccination the first of six four-weekly cycles of 

chemotherapy was given. A few weeks after the last cycle of chemotherapy 

the patients received a fourth and final booster vaccination. The toxicity of 

this chemotherapy regimen was severe, with grade III or grade IV toxicity 

occurring in 30% of patients and even 1 toxic death. Toxicity from 
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chemotherapy in this study was similar to toxicity as reported in previous 

adjuvant colon cancer studies.  

Apart from ulcer formation after BCG containing injections no serious side 

effects of vaccination were observed. Median time for the ulcers to heal was 

2.6 months (range 0.8-7.1 months), being comparable to what had previously 

been seen in colon cancer patients that had not received chemotherapy.  

Anti-tumour immunity was measured before and after chemotherapy by 

means of delayed type hypersensitivity (DTH) reactions, taken 48 hours after 

the third and fourth vaccination. DTH-reactions before chemotherapy had a 

median size (induration) of 20.3 mm, while after chemotherapy DTH-size 

was 18.4 mm (p = 0.01), suggesting that chemotherapy hardly affected anti-

tumour immunity.  

 

Regular booster immunizations may maintain or even augment vaccination-

induced anti-cancer immunity. For booster immunizations to be successful 

vaccines should not only contain the antigens of interest, but also an 

immunostimulatory adjuvant. Instead of augmenting immunity, booster 

vaccinations without an adjuvant may even lead to immunological tolerance. 

In the clinical studies described in this work the adjuvant which was used 

was live Bacillus Calmette Guerin (BCG), a potent and well known immune 

stimulus. However, a major side effect of intracutaneous injections of BCG 

is the almost inevitable formation of slowly healing ulcers at the site of 

inoculation. For this reason the use of BCG as an adjuvant for frequent 

booster vaccinations seems far from optimal.  

For a long time it had been thought that cell wall constituents (i.e. 

endotoxins) of bacteria cause its immunogenicity. However, Tokunaga et al 

found the DNA-component of the BCG bacillus to be able to induce an 

immunological response as well. Further research led to the discovery that 

this immunogenicity resulted from unmethylated Cytosine-phosphate-

Guanosine (CpG) motifs in the bacterial DNA after binding with the Toll 

Like Receptor 9 (TLR9) on immune cells. In animal models the 

immunogenicity of intradermally injected synthetically prepared 

unmethylated CpG motifs equals the effects of BCG while in humans the 

only cells thus far known to directly respond to CpG are the plasmacytoid 

DC and B cells. Subcutaneously administered CpG has been reported to be 

an excellent immunological adjuvant in humans too. However, the 

expression of TLR9 on human skin DC and the reaction of human skin DC 

to CpG were unknown.   
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Chapter 5 describes a search for a less toxic but at least equally effective 

adjuvant compared to BCG. To this end the immunostimulatory properties of 

BCG and several bacterially derived Toll Like Receptor ligands on human 

skin DC were studied using a human skin explant model. Human skin 

samples from healthy donors, obtained through the department of plastic 

surgery, were injected with BCG, CpG 7909 (now called PF-3512676) and 

LPS, respectively. CpG was used for its ability to act through the  TLR9 

receptor, while LPS was used  for its known ability to act through the TLR4 

receptor. Comparisons were made with the immune-stimulating cytokines 

GM-CSF and IL-4.  

Immediately after the injections of the stimulus of interest, skin biopsies 

were taken at the injection site, and placed in culture medium enabling 

migration of DC into the culture fluid. After two days migrated DC were 

harvested and tested for maturation characteristics using flowcytometric 

(FACS) analysis. T cell stimulatory capacities were investigated by means of 

mixed leukocyte reactivity (MLR) assays. The same investigations were 

done with DC harvested seven days after the skin injections. 

Injections of BCG, LPS and GM-CSF/IL-4 all led to a long-lasting up-

regulation of the maturation markers CD40, CD80, CD83 and CD86, 

whereas injections of CpG did not result in any significant changes. 

Comparable results were seen investigating the T cell stimulatory capacity of 

the DC in MLRs. On human skin DC no expression of TLR9 was found and 

no plasmacytoid DC were encountered in the skin samples. We conclude 

that the immune potentiating properties of BCG and LPS on human skin DC 

are comparable to GM-CSF&IL-4, and that CpG  does not have a direct 

effect on these cells. The reported adjuvanticity of CpG 7909 in humans 

most likely results from PDC activation in draining lymph nodes.   
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8 
Nederlandse samenvatting  

 

Kanker 

Jaarlijks wordt in Nederland bij ongeveer 70.000 mensen de diagnose kanker 

gesteld. Kanker is een heterogene groep van aandoeningen die als 

gemeenschappelijk kenmerk hebben dat de regulatie van celgroei en/of 

celdood is verstoord, waardoor een pathologische (= ziekelijke) 

vermeerdering van cellen optreedt. Kwaadaardige tumoren (= maligniteiten, 

= kanker) houden zich niet aan de normale anatomische grenzen, maar 

hebben de neiging door te groeien in omliggende organen en weefsels. 

Daarnaast heeft het overgrote deel van de kwaadaardige tumoren de neiging 

uit te zaaien (metastaseren). Bij dit laatste proces raken cellen of celgroepjes 

los van de oorspronkelijke tumor waarna ze via de bloedbaan of via het 

lymfesysteem op andere plaatsen in het lichaam terecht komen, waar ze een 

nieuw tumorgezwel gaan vormen.  

 

Op dit moment is het zo dat in Nederland gemiddeld vier van de zeven 

mensen bij wie een kwaadaardige ziekte wordt geconstateerd hieraan 

uiteindelijk komt te overlijden. Gemiddeld is na tien jaar nog 40% in leven, 

wat een redelijke schatting geeft van de kans op genezing. De kans op 

genezing is per soort kanker overigens sterk verschillend. Bij sommige 

vormen van kanker bedraagt de kans op genezing bijna 100%, terwijl dit bij 

andere maligniteiten zo goed als 0% is. Daarnaast is de vraag hoever de 

ziekte al is gevorderd op het moment van ontdekking (het ziektestadium) 

vaak van groot belang voor de kans op genezing. Op enkele uitzonderingen 

na kan gesteld worden dat de kans op genezing vaak groot is als de ziekte in 

een vroeg stadium wordt ontdekt, en dat de kans op genezing vrijwel nihil is 

als de ziekte in een zeer vergevorderd stadium aan het licht komt. 

Het immuunsysteem en kanker 

Een belangrijke rol van het immuunsysteem is het onschadelijk maken van 

indringers van buitenaf, zoals bacteriën en virussen. Het immuunsysteem 
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kan deze taak uitvoeren doordat het in staat is onderscheid te maken tussen 

lichaamseigen eiwitten en lichaamsvreemde structuren. Hoewel tumorcellen 

van oorsprong lichaamseigen cellen zijn, gedragen zij zich anders dan 

normale lichaamscellen, en zien ze er ook enigszins anders uit. Dat een 

tumorcel anders is dan een gewone lichaamscel is een gevolg van het feit dat 

er in de tumorcel op DNA-niveau veranderingen zijn opgetreden, waardoor 

er andere eiwitten door de tumorcel gemaakt worden dan door gezonde 

cellen. Het idee achter immunotherapie bij de bestrijding van kwaadaardige 

ziekten is dat er zich op/in tumorcellen eiwitten bevinden die zodanig 

afwijkend zijn van eiwitten die normaalgesproken voorkomen, dat delen van 

deze eiwitten door het immuunsysteem als lichaamsvreemd beschouwd 

zouden kunnen worden. Eiwitten die het immuunsysteem als 

lichaamsvreemd beschouwt worden antigenen (enkelvoud: antigeen) 

genoemd. 

 

De theorie van de “Immune Surveillance” 

Op basis van ditzelfde idee is de theorie van de “immune surveillance” 

(wellicht te vertalen als continue immunologische bewaking) gebaseerd. 

Volgens deze theorie ontsporen er in het menselijk lichaam continu cellen in 

de richting van kwaadaardigheid. Maar, doordat het immuunsysteem deze 

ontsporingen vrijwel altijd in een zeer vroeg stadium kan opsporen en 

uitschakelen zou kanker een relatief zeldzame aandoening zijn. Naast veel 

voorstanders kent deze theorie echter ook tegenstanders. Deze baseren zich 

onder andere op de waarneming dat bij mensen met een zeer slecht werkend 

immuunsysteem (bijvoorbeeld mensen met een HIV-besmetting of patiënten 

die immuunonderdrukkende medicijnen gebruiken) weliswaar vaker kanker 

voorkomt dan gemiddeld, maar dat dit slechts bepaalde vormen van kanker 

betreft. Het is dus niet zo dat bij mensen met een slecht werkend 

immuunsysteem alle vormen van kanker gemiddeld vaker voorkomen. Hoe 

het ook moge zijn, uit vele onderzoeken is inmiddels duidelijk geworden dat 

het immuunsysteem in sommige gevallen in staat is tumorcellen te 

herkennen en onschadelijk te maken.  

 

Het aangeboren en het verworven immuunsysteem 

Het immuunsysteem kan grofweg ingedeeld worden in twee subgroepen: 1) 

het aangeboren (innate) immuunsysteem en 2) het verworven/adaptieve 

(adaptive) immuunsysteem. Een belangrijk verschil tussen het aangeboren en 

het adaptieve immuunsysteem is dat bij een adaptieve immuunreactie, in 

tegenstelling tot aangeboren immuunreacties, deze specifiek aan een 
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bepaalde ziekteverwekker (= pathogeen) is verbonden. Verworven 

immuunreacties worden bovendien bij elke volgende ontmoeting met 

hetzelfde pathogeen steeds effectiever, en dit is bij het aangeboren 

immuunsysteem niet het geval.  

 

Een voorbeeld van een celtype dat onderdeel uitmaakt van het aangeboren 

immuunsysteem is de neutrofiele granulocyt. Dit is een zeer 

veelvoorkomende witte bloedcel, en deze behoort tot de groep van de 

fagocyterende cellen. Fagocyterende cellen zijn in staat om bacteriën die 

zich buiten lichaamscellen bevinden te herkennen en te fagocyteren (= 

opeten).  

 

Bij immunotherapie ter bestrijding van kanker is vooral het adaptieve 

immuunsysteem van belang, en daarom zal hierop wat dieper worden 

ingegaan. Binnen het adaptieve immuunsysteem spelen een drietal celtypes 

een hoofdrol: antigeen-presenterende cellen, T-lymfocyten en B-lymfocyten. 

Antigeenpresenterende cellen (APC) (waarvan de dendritische cellen (DC) 

de meest krachtige zijn) bevinden zich overal in het lichaam en zijn in staat 

cellen en celbestanddelen op te nemen, waarna de APC migreert naar een 

nabij gelegen lymfoïde orgaan, bijvoorbeeld een lymfeklier. Na opname van 

het celmateriaal knipt de APC de opgenomen eiwitten in kleine stukjes, en 

“presenteert” deze aan de T-cellen en B-cellen van het lichaam. Alle B- en 

T-cellen zijn in staat om precies één specifiek niet-lichaamseigen stukje 

eiwit (antigeen) te herkennen. De B- en T-cellen zijn tijdens hun eigen 

ontwikkelingsproces zodanig geselecteerd dat elke cel die een lichaamseigen 

stukje eiwit herkent in een vroeg stadium te gronde gaat. Doordat er in ons 

lichaam een gigantische hoeveelheid B- en T-cellen aanwezig zijn, is het op 

theoretische gronden aannemelijk dat vrijwel elk antigeen door een of 

meerdere B- of T-cellen herkend zal kunnen worden. Nadat een antigeen is 

herkend door een B-cel gaat deze antistoffen produceren tegen dit antigeen. 

Als deze antistoffen vervolgens op een andere plaats in het lichaam dit 

antigeen tegenkomen zullen ze hieraan binden, waarna een immunologische 

cascade op gang komt waardoor de cel die dit antigeen bevat te gronde gaat. 

Als het antigeen wordt herkend door een T-cel worden allerhande 

immuunstimulerende stoffen aangemaakt, en transformeert de aanvankelijk 

naïeve T-cel tot een zogenaamde cytotoxische T cel. Deze laatste is in staat 

om cellen die het betreffende antigeen bij zich hebben te identificeren en te 

doden.  
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Het effect van de antigeenpresentatie aan T en B cellen door de APC is voor 

een belangrijk deel afhankelijk van de staat van gealarmeerdheid van de 

APC (maturation). Is de APC in staat van grote opwinding, dan zal dat veel 

eerder leiden tot een sterke immunologische reactie dan bij afwezigheid van 

maturatie. In dat laatste geval zal zelfs vaak tolerantie voor het betreffende 

antigeen gaan optreden, wat betekent dat een eventuele reeds aanwezige 

immunologische reactie uitdooft.   

 

Vaccinatie 

Zoals gezegd is het grote onderscheid tussen het aangeboren 

immuunsysteem en het adaptieve immuunsysteem dat als een bepaald 

antigeen voor de tweede keer wordt herkend door B- of T-cellen, het 

adaptieve immuunsysteem in staat is om veel sneller te reageren dan 

wanneer het antigeen nooit eerder is “gezien”. Er bestaat een soort 

“geheugen” in het adaptieve immuunsysteem. Door dit mechanisme is het 

bijvoorbeeld zo dat we kinderziektes maar eenmaal in ons leven hoeven door 

te maken.  

Op het principe van deze “geheugen”-functie zijn vaccinaties tegen 

infectieziekten gebaseerd. Bij vaccinaties wordt een verzwakt micro-

organisme -of een deel daarvan- toegediend waardoor het immuunsysteem in 

staat wordt gesteld een immunologische reactie te ontwikkelen tegen 

antigenen die aanwezig zijn op dat micro-organisme, zonder dat dit met de 

ziekmakende verschijnselen van een daadwerkelijke infectie gepaard gaat. 

Doet zich later een echte infectie met hetzelfde micro-organisme voor, dan 

zal de gastheer hiertegen in een mum van tijd een adequate reactie op gang 

brengen -want het immuunsysteem herinnert zich immers de betreffende 

antigenen- waardoor de infectie in de kiem gesmoord wordt, en de 

patiënt/gastheer hiervan niets merkt. 

 

Tumorcelvaccinatie 

Op dit principe van vaccinatie zijn de onderzoeken in dit proefschrift 

gebaseerd. In de studies die hier beschreven worden zijn vaccins gebruikt die 

gemaakt werden van de tumorcellen van patiënten met kanker, te weten 

melanoom (een agressieve vorm van huidkanker) of colon carcinoom (dikke 

darmkanker). Patiënten ondergingen een operatie waarbij een gezwel werd 

verwijderd. Tumorcellen uit dit verwijderde gezwel werden vervolgens 

verwerkt tot vaccin en met een injectie in de huid van de patiënt toegediend. 

Voor toediening werden de vaccins met radioactiviteit bestraald, waardoor 

de tumorcellen niet langer in staat waren zich te vermenigvuldigen en 
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voorkomen werd dat zich als gevolg van het vaccin nieuwe tumoren op de 

injectieplaats zouden kunnen vormen. 

Aan een deel van de vaccins werd een immuunstimulerende hulpstof 

toegevoegd om er voor te zorgen dat de APC in de huid in maximale staat 

van paraatheid werden gebracht. Hiervoor werd de bacterie Bacillus 

Calmette Guérin gebruikt, kortweg BCG. Deze verzwakte bacterie is 

verwant aan de bacterie die tuberculose veroorzaakt, en wordt om die reden 

soms gebruikt om te proberen mensen te immuniseren tegen TBC. Die 

effecten staan los van de reden waarom het hier gebruikt is.  

De gedachte achter het geven van tumorcelvaccinaties is dat gehoopt wordt 

dat deze vaccinaties leiden tot vorming van cytotoxische T-cellen welke in 

staat zijn specifiek een immunologische reactie op gang te brengen tegen 

eiwitdelen van tumorcellen welke als lichaamsvreemd beschouwd zouden 

mogen worden (tumor-geassocieerde antigenen: TAA). De hoop is erop 

gevestigd dat deze cytotoxische T-cellen er vervolgens voor zorgen dat 

tumorcellen die ondanks de operatie toch nog in het lichaam van de patiënt 

aanwezig zouden zijn -hetzij in het operatiegebied, hetzij als uitzaaiing- 

opgeruimd worden. In figuur 2 van de inleiding (hoofdstuk 1) van dit 

proefschrift staat dit proces grafisch weergegeven. 

 

In hoofdstuk 1 wordt een overzicht gegeven van de verschillende 

immunotherapeutische strategieën welke in de loop der jaren door andere 

onderzoekers voor de bestrijding van kanker zijn toegepast.  

 

In hoofdstuk 2 wordt een onderzoek beschreven dat werd uitgevoerd bij 81 

patiënten met een uitgezaaid melanoom. Bij 38/81 patiënten waren de 

metastasen beperkt tot het lymfeklierstation in de buurt van de 

oorspronkelijke tumor (stadium III); bij de rest bevonden de uitzaaiingen 

zich verderop in het lichaam (stadium IV). Alle patiënten ondergingen een 

operatie waarbij tumorweefsel werd verzameld voor de productie van 

tumorcelvaccins. Indien technisch enigszins haalbaar, werd geprobeerd 

tijdens de operatie al het zichtbare uitgezaaide tumorweefsel te verwijderen. 

Bij 49 van de 81 patiënten was er na de operatie geen tumorweefsel meer 

detecteerbaar. Toch werd de kans als heel groot (>>50%) geschat dat er zich 

in het lichaam van de patiënt nog tumorcellen zouden bevinden, hetzij in het 

operatiegebied, hetzij in de vorm van andere uitzaaiingen die op dat moment 

nog niet de detectiegrens van 1 cm hadden bereikt. Uitzaaiingen die nog te 

klein zijn om met de huidige beeldvormende technieken te kunnen worden 

waargenomen worden micro-metastasen genoemd.  
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Een maand na de operatie kregen de patiënten hun eerste vaccin toegediend, 

bestaande uit 10 miljoen tumorcellen en 10 miljoen BCG bacteriën. Een 

week later werd een tweede vaccin toegediend waaraan eveneens BCG was 

toegevoegd, en weer een week later het derde, ditmaal zonder BCG. Verdere 

vaccinaties -alle zonder BCG- werden gegeven met 3-maandelijkse 

intervallen. Alle vaccins werden in de huid ingespoten; de eerste twee in de 

benen, de rest in de armen. De bijwerkingen van deze behandeling bestonden 

uit het ontstaan van een zweer op de plaats van BCG toediening bij het 

merendeel van de patiënten. Verder voelden veel patiënten zich kortdurend 

wat grieperig. Ernstige bijwerkingen deden zich niet voor.  

Bij alle patiënten die ondanks de operatie nog waarneembare uitzaaiingen 

hadden, leken de vaccins geen effect te hebben. Al deze patiënten overleden 

spoedig aan de ziekte, en bij geen van hen kon een tijdelijke verkleining van 

de uitzaaiingen waargenomen worden. Van de 49 patiënten bij wie er na de 

operatie geen zichtbare tumoren meer waren, bleek na 5 jaar 45% nog in 

leven, het overgrote deel ziektevrij. Dit resultaat is enigszins beter dan op 

basis van historische gegevens verwacht had mogen worden. Maar, omdat 

dit een onderzoek zonder controlegroep was (met alleen een operatie, en dus 

zonder vaccinaties) is het niet gerechtvaardigd op basis van deze gegevens 

harde conclusies te trekken.  

 

Van dit onderzoek kon echter wel iets belangrijks geleerd worden. Het bleek 

namelijk zo te zijn dat zich in de huid van de patiënten óók een 

ontstekingsreactie voordeed in aansluiting op vaccinaties waaraan geen BCG 

was toegevoegd. In de vaccins waaraan geen BCG was toegevoegd zaten dus 

alleen bestraalde tumorcellen. In tegenstelling tot de BCG-bevattende 

vaccinaties ontstond hier geen zweervorming, maar een soort uit de kluiten 

gewassen muggenbult. Indien deze bestraalde tumorcellen zouden zijn 

toegediend aan patiënten die géén voorgaande BCG-vaccinaties hadden 

gekregen, dan zou zich in de huid geen zichtbare ontstekingsreactie hebben 

voorgedaan. Het feit dat er wél een ontstekingsreactie zichtbaar werd, 

suggereert dus herkenning van de tumorcellen door het immuunsysteem, als 

gevolg van de voorgaande vaccinaties. Nog interessanter was dat de grootte 

van de ontstekingsreactie in de huid zeer sterk bleek te correleren met de 

overlevingskans van de patiënten. Hoe groter de ontstekingsreactie, hoe 

groter de kans om na 5 jaar nog in leven te zijn. Ook dit kan uitgelegd 

worden als een sterke aanwijzing voor het ontstaan van een sterke anti-

tumor-immuniteit als gevolg van de vaccinaties. Helemaal zeker is dit laatste 

echter niet, omdat het zo is dat tumorcellen vaak allerlei stoffen produceren 
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die het immuunsysteem onderdrukken. Het is dus niet onmogelijk dat het zo 

is geweest dat een kleine ontstekingsreactie er een uiting van is geweest dat 

zich in het lichaam van deze patiënten een grote hoeveelheid 

(immuunonderdrukkende stoffen producerende) tumorcellen hebben 

bevonden. In dat geval is de huidreactie dus geen afspiegeling geweest van 

het al dan niet ontstaan van een krachtige immunologische anti-tumor 

reactie, maar een afspiegeling van onderdrukking van een immunologische 

reactie.  

 

Tot slot viel op dat de grootte van de huidreactie niet toenam na de 

verschillende vaccinaties, en vaak zelfs wat afnam. Dit zou er mogelijk op 

kunnen duiden dat de vaccinaties waar geen immuunstimulerende hulpstof 

aan was toegevoegd geen verdere versterking van de anti-tumorimmuniteit 

bewerkstelligden. Mogelijk hebben ze zelfs aanleiding gegeven tot het 

ontstaan van immunologische tolerantie.  

 

In hoofdstuk 3 wordt nader onderzoek beschreven dat werd gedaan naar de 

immunologische reacties die zich voordeden bij de patiënten die meededen 

aan het in hoofdstuk 2 beschreven onderzoek. Hiertoe was bloed en/of 

tumormateriaal noodzakelijk, en dit bleek van niet alle melanoompatiënten 

voorradig. Primair doel van dit onderzoek was om te testen of de 

tumorcelvaccinaties daadwerkelijk hadden geleid tot grotere aantallen 

cytotoxische T cellen in het bloed van de patiënten, gericht tegen 

tumorantigenen (antigeen-specifieke cytotoxische T cellen: ASCTC). Om 

verstoring van de gegevens door immuunonderdrukkende stoffen zoveel 

mogelijk te vermijden werden alleen de patiënten geselecteerd die na hun 

operatie ogenschijnlijk ziektevrij waren. Uiteindelijk kon van 25 

melanoompatiënten bloed en/of tumormateriaal onderzocht worden. Van 9 

patiënten was er alleen bloed voorradig; van 8 alleen tumor, en van nog eens 

8 zowel bloed als tumor.  

Met behulp van een speciale techniek werden vergelijkingen gemaakt tussen 

bloed dat was afgenomen voorafgaand aan de eerste vaccinatie en bloed 

afgenomen na de 3e vaccinatie. Voorafgaand aan de eerste vaccinatie 

werden bij 5/17 melanoompatiënten ASCTC aangetroffen in het bloed, in 

kleine aantallen. Echter, in tegenstelling tot wat we aanvankelijk verwacht 

hadden, bleek de situatie na de derde vaccinatie volkomen ongewijzigd. Het 

was dus niet zo dat er als gevolg van de vaccinaties steeds grotere 

hoeveelheden ASCTC in het bloed aangetroffen werden. Er leek feitelijk 

helemaal niets te gebeuren. Daarnaast bleek het wel of niet aanwezig zijn 
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van ASCTC in het bloed geen enkele voorspellende waarde te hebben voor 

het klinisch beloop van de patiënten.  

 

Vervolgens bedachten we dat adequaat functionerende ASCTC eigenlijk 

helemaal niet in het bloed zouden moeten voorkomen, maar in plaats 

daarvan “aan het werk” zouden moeten zijn in de tumor. Om hier meer 

informatie over te krijgen hebben we tumormateriaal onderzocht dat was 

verkregen bij de eerdergenoemde operaties. Dit materiaal bestond uit 

tumorcelvaccins welke niet voor vaccinatie waren gebruikt. Doel van dit 

deel van het onderzoek was te bekijken of er 1) een correlatie bestaat tussen 

ASCTC in de tumor en ASCTC in bloed en 2) om te kijken of de 

hoeveelheid ASCTC in de tumor een relatie heeft met klinische prognose.  

In 12/16 tumorspecimens konden ASCTC aangetoond worden, en over het 

algemeen in veel grotere aantallen dan in bloed. Belangrijk was de 

constatering dat de aanwezigheid van intra-tumorale ASCTC een positieve 

correlatie met overleving liet zien, terwijl een dergelijke relatie, zoals 

gezegd, eerder niet gevonden werd voor ASCTC in het bloed en overleving. 

Mogelijk nog belangrijker was de vondst dat ASCTC voor bepaalde 

antigenen nooit tegelijkertijd in bloed en tumor voorkwamen. Er bestond 

hiertussen een omgekeerde correlatie, wat bewijst dat het na immunotherapie 

voor kanker zinloos is om in bloed onderzoek te doen naar ASCTC.  

 

In hoofdstuk 4 wordt een onderzoek beschreven dat werd uitgevoerd bij 56 

patiënten met dikke darmkanker. Al deze patiënten ondergingen een operatie 

waarbij het aangedane stuk darm door de chirurg werd verwijderd. Standaard 

worden bij een dergelijke operatie ook een aantal lymfeklieren mee 

verwijderd. Als zich in deze lymfeklieren uitzaaiingen bevinden maakt dit de 

kans op aanwezigheid van micro-metastasen op een andere plaats in het 

lichaam een stuk groter dan wanneer deze lymfeklieren tumorvrij blijken te 

zijn. In het eerste geval is de kans op micro-metastasen 40-80%, afhankelijk 

van het aantal aangedane klieren, in het laatste geval ongeveer 25%. Aan dit 

onderzoek deden alleen darmkankerpatiënten mee met uitzaaiingen in de 

lymfeklieren (Stadium III, Dukes C).  

De patiënten kregen in totaal 4 vaccins toegediend, waarbij aan de eerste 

twee wederom BCG was toegevoegd als immuunstimulerende hulpstof. De 

eerste drie vaccins werden in week 5-7 na de operatie toegediend. Een vierde 

en laatste booster- (“oppepper”) vaccinatie werd 9 maanden na de operatie 

gegeven. Echter, naast de vaccinatiebehandeling kregen de patiënten ook de 

standaardbehandeling die patiënten met Dukes C darmkanker altijd krijgen, 
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te weten 6 chemokuren met het middel 5-FU. Deze chemotherapie heeft als 

doel micro-metastasen om zeep te brengen, en daardoor de kans op 

uiteindelijke genezing te vergroten. Dat deze vorm van chemotherapie 

(adjuvante chemotherapie) bij dit stadium van darmkanker klinisch effectief 

is, is in meerdere grote onderzoeken onomstotelijk vast komen te staan.  

Het huidige onderzoek had enerzijds als doel te onderzoeken of zich 

onverwachte bijwerkingen zouden voordoen, maar vooral om te bekijken of 

de anti-tumorimmuniteit die wordt opgebouwd door de 

vaccinatiebehandeling niet teniet wordt gedaan door de chemotherapeutische 

behandeling. Immers, chemotherapie heeft vaak (tijdelijk) een sterk 

destructief effect op het immuunsysteem. Het effect van chemotherapie op 

het geheugen van het adaptieve immuunsysteem lijkt echter beperkt, wat 

onder andere blijkt uit het feit dat zich bij mensen die chemotherapie hebben 

gehad bijvoorbeeld niet opnieuw kinderziektes voordoen. Hoe dan ook, 

omdat het plan bestond een heel groot (en kostbaar) onderzoek naar de 

combinatiebehandeling van chemotherapie plus vaccinatietherapie bij 

patiënten met Dukes C darmkanker te starten, was het van belang zekerheid 

te verkrijgen over deze eventuele negatieve effecten.  

 

Onverwachte bijwerkingen deden zich niet voor, al werd de 

chemotherapeutische behandeling door veel patiënten als erg belastend 

ervaren. Bij één patiënt waren de bijwerkingen van de chemotherapie zelfs 

zodanig heftig, dat deze de dood tot gevolg hadden.  

 

De opgebouwde anti-tumor-immuniteit is heel erg lastig te onderzoeken, 

zoals onder andere uit hoofdstuk 3 moge blijken. De tot op heden als meest 

betrouwbaar beschouwde parameter voor anti-tumorimmuniteit is de grootte 

van de ontstekingsreactie in de huid na toediening van antigeen, wat, zoals in 

hoofdstuk 3 beschreven, een sterke correlatie vertoont met de kans op 

overleving. Om het effect van de chemotherapie te onderzoeken werden 

daarom de huidreacties na vaccinaties 3 en 4 met elkaar vergeleken. Immers, 

daartussenin hadden de patiënten de 6 kuren chemotherapie gekregen. Na 

vaccinatie 3 was de huidreactie gemiddeld 20.3 mm groot, en na vaccinatie 4 

was deze gemiddeld 18.4 mm. Hoewel dit een statistisch significant verschil 

bleek te zijn, mag toch geconcludeerd worden dat chemotherapie slechts een 

zeer beperkt negatief effect heeft op door vaccinatie geïnduceerde anti-

tumorimmuniteit. We hebben geen gegevens over het lange-termijn klinisch 

beloop van de 56 patiënten.  
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In de loop der jaren is het steeds duidelijker geworden dat het van groot 

belang is om bij elke vaccintoediening een immunologische hulpstof mee te 

injecteren. In de hier beschreven studies werd zoals gezegd voor dit doel 

BCG gebruikt, een krachtige immuunstimulerende hulpstof waar veel 

ervaring mee is opgedaan. Echter, de huidzweren die BCG vrijwel 

onvermijdelijk tot gevolg heeft maken dat het middel niet erg geschikt is om 

met grote regelmaat aan dezelfde patiënt toe te dienen. Het is niet helemaal 

duidelijk welk bestanddeel van bacteriën resulteert in de sterke 

immunologische reactie. Lange tijd is gedacht dat het vooral bacteriële 

celwandbestanddelen waren die hiervoor zorgden. Enige tijd geleden is 

echter vast komen te staan dat ook bacterieel DNA rechtstreeks aanleiding 

kan geven tot immuunstimulatie, zowel bij muizen als bij mensen. Het is 

echter onduidelijk of deze bacteriële DNA-fractie zijn effecten (ook) sorteert 

via de menselijke huid, of dat deze op andere plaatsen in het lichaam 

ontstaan. Voor het ontwikkelen cq selecteren van een bruikbare hulpstof die 

met grote frequentie toegepast kan worden, is het dus van belang om meer 

kennis te vergaren over de mechanismen waarmee bacteriën 

immunologische activatie van APC (in dit geval dendritische cellen) in de 

huid bewerkstelligen.  

 

In hoofdstuk 5 worden verschillende potentiële alternatieven voor BCG met 

elkaar vergeleken in een menselijke-huidmodel. Hiervoor werd gebruik 

gemaakt van lappen gezonde menselijke huid die we verkregen via de 

afdeling plastische chirurgie, van patiënten die een borstverkleiningsoperatie 

of een buikwandcorrectie hadden ondergaan. In deze huid werden de 

volgende stoffen met elkaar vergeleken: Medium (het standaard 

oplosmiddel; de negatieve controle), BCG, GM-CSF + IL4 (een combinatie 

van immuunstimulerende stoffen die de laatste jaren als de “gouden 

standaard” bij dit soort experimenten beschouwd wordt), LPS (een 

representant van de bacteriële celwand) en CpG (een representant van 

bacterieel DNA). Onmiddellijk nadat deze stofjes in de huid waren 

ingespoten in het laboratorium werd op de plaats van de injectie een biopt 

genomen, waarna het biopt in een kweekvloeistof werd gelegd. De eventueel 

geactiveerde dendritische cellen (DCs) in de huid werden hierdoor in staat 

gesteld vanuit de huid naar de kweekvloeistof te migreren. Na activatie gaan 

DCs immers normaalgesproken op reis naar een regionaal lymfoïde orgaan, 

zoals bijvoorbeeld een lymfeklier. Na 48 uur werden de huidbiopten 

verwijderd, en konden de DCs uit de kweekvloeistof worden geïsoleerd voor 

verdere analyse.  
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Deze onderzoeken lieten zien dat BCG en LPS ongeveer even sterk 

activerend effect op de DCs hadden, en dat CpG geen verschil liet zien ten 

opzichte van de negatieve controle met medium. Daarnaast werd bekeken of 

de receptoren voor LPS en CpG, respectievelijk Toll Like Receptor (TLR)-4 

en TLR-9 in de huid aanwezig waren. TLR-4 was in ruime mate 

aantoonbaar, maar TLR-9 werd niet gevonden, overeenkomend met de 

verschillen die eerder bij de activatieproeven waren gevonden. 

Geconcludeerd kon dus worden dat, wanneer men op zoek is naar een 

vervangende huid-DC-stimulator in plaats van BCG, stoffen die activatie 

bewerkstelligen via TLR-4 te verkiezen zijn boven stoffen die werken via de 

TLR-9 receptor.  

 

Tenslotte worden in hoofdstuk 6 een aantal strategieën beschreven die 

mogelijk in de toekomst zouden kunnen leiden tot verbetering van de 

resultaten die in dit proefschrift werden beschreven. Vooral een aantal 

combinatiebehandelingen, waarbij de vaccinatiebehandeling wordt 

gecombineerd met toediening van stoffen die T cellen oppeppen, en/of er 

voor zorgen dat deze langere tijd actief blijven, worden als veelbelovend 

beschouwd. Bij proefdieren hebben dergelijke combinatiebehandelingen tot 

verbluffende resultaten geleid, die zeker navolging verdienen in 

experimenten bij de mens.  

 

Samenvattend moet gesteld worden dat er nog geen definitieve conclusies 

getrokken kunnen worden over het klinische nut van tumorcelvaccinaties, al 

dan niet in combinatie met andere behandelingen. Om hier wel zekerheid 

over te krijgen is nog heel veel onderzoek nodig. Dat neemt niet weg dat er 

zeker redenen zijn voor optimisme.  
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DANKWOORD 

 

Een proefschrift is het product van de inspanningen van velen. Graag wil ik 

iedereen die heeft bijgedragen aan het tot stand komen van dit boekje heel 

hartelijk bedanken. Een aantal personen wil ik graag met name noemen. 

 

Allereerst wil ik graag prof.dr. H.M. Pinedo bedanken. Zeer geachte 

professor Pinedo, beste Bob, u bent de grote inspirator geweest van het 

onderzoek beschreven in dit proefschrift, en ook degene die het allemaal 

mogelijk heeft gemaakt. Uw gedrevenheid, energie, niet-aflatende 

optimisme en vooral uw pogingen me te stimuleren “lateraal” te denken 

hebben een diepe indruk op me gemaakt. Daarnaast heb ik de periodes dat ik 

u mocht helpen bij uw patiëntenzorg, als plaatsvervanger van de “personal 

assistants”, als heel enerverend en leerzaam ervaren. Uw inventiviteit bij het 

bedenken van oplossingen voor de problemen van oncologische patiënten zie 

ik als een soort gouden standaard. 

 

Prof.dr. R.J. Scheper, beste Rik, je positieve, creatieve instelling en schier 

onophoudelijke ideeënstroom met plannetjes voor nieuwe experimenten -met 

vulpotlood geschetst in je onafscheidelijke agenda- hebben me in de 

afgelopen jaren regelmatig over een dood punt heen geholpen. Ook je 

belangstelling voor meer persoonlijke zaken heb ik altijd erg gewaardeerd.  

 

Dr. A.J.M. van den Eertwegh, beste Fons, tijdens het grootste deel van het in 

dit proefschrift beschreven onderzoek was jij mijn vaste begeleider. Jij hebt 

me de basisbeginselen van het klinisch oncologisch onderzoek bijgebracht. 

Samen hebben we geprobeerd van de ASI-studie voor Dukes C patiënten een 

succes te maken. Hoewel de studie voortijdig gestopt diende te worden, heb 

ik van deze periode het meest geleerd, en ook het meest genoten. Je 

nuchtere, relativerende en kritische blik op onderzoeksresultaten is vaak 

verhelderend voor me geweest. Onze dagelijkse bijpraatbabbeltjes op de 10
e
 

heb ik altijd erg leuk en interessant gevonden.      

 

Dr. T.D. de Gruijl, beste Tanja, jij bent welhaast de belichaming van de 

ideale toponderzoeker. Briljante ideeën, onvermoeibare werklust, “gouden” 

handjes, groot schrijftalent, prachtige presentaties en dat met grote 

persoonlijke belangstelling en altijd een lach. Ik zie jou nog wel eens in 

Stockholm een prijsje ophalen… 

 

Dr. S.M. van Ham, beste Marieke, je komst naar de VU was een zegen voor 

het ASI-lab. Je scherpe analyses zorgden er telkens voor dat juridisch-

regulatoire zaken (waar we helaas veel tijd aan moesten besteden) maar ook 

wetenschappelijke vraagstukken snel vlotgetrokken konden worden. In no 
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time wist je van het ASI-lab een hecht team te maken. Ik denk met heel veel 

plezier terug aan onze vele gesprekken en de wetenschappelijke 

samenwerking. Ik vind het heel leuk dat je in mijn promotiecommissie zit. 

 

Ook Sander, Robbert, Anke, Tineke, Liesbeth, Marjon en Marcel, de andere 

medewerkers van het ASI-lab, wil ik graag bedanken. 

 

Zonder de research verpleegkundigen zouden de klinische studies een 

rommeltje zijn geworden. Vooral Helen Gall is van zeer grote betekenis 

geweest voor de praktische uitvoering van de in dit boekje beschreven 

klinische onderzoeken.  

 

De stafleden van de afdeling Medische Oncologie, Beppe, Cees, Winald, 

Elsken, Epie, Klaas, Jan en Bart wil ik graag danken voor de belangstelling 

voor mijn onderzoek en de vele inspirerende suggesties.     

   

Ook de secretaresses van de afdeling Medische Oncologie, met name Joke, 

Ans, Maartje en Monique wil ik niet ongenoemd laten.     

 

Een belangrijk deel van het onderzoek beschreven in dit proefschrift werd 

verricht in de laboratoria van de afdeling Pathologie. Van velen heb ik in de 

loop der jaren hulp gekregen, waarvoor mijn grote dank. A special thanks to 

Sinead, who taught me the basics of the skin explant model and whose 

invaluable help has been critical to nearly every aspect of the work described 

in chapter 5.   

 

Het merendeel van het werk beschreven in hoofdstuk 3 werd verricht in het 

Nederlands Kanker Instituut. De inspirerende hulp van Raquel Gomez, 

Pauline Weder en John Haanen is van onschatbare waarde geweest. Beste 

John, jou wil ik ook graag bedanken voor je bereidheid zitting te nemen in 

de promotiecommissie.  

 

Ook de overige leden van de promotiecommissie, te weten prof.dr. R.H.J. 

Beelen, prof.dr. S. Meijer, prof.dr. W.J. Mooi en prof.dr. G. Ossenkoppele, 

wil ik graag hartelijk danken voor hun inspanningen.   

 

Graag wil ik Dr. M.G. Hanna Jr. bedanken voor de belangrijke lessen over 

de ethische valkuilen bij door de farmaceutische industrie gesponsord 

klinisch onderzoek. Ik heb veel van u geleerd. 

 

Mijn kamergenotes Jorien en Linda, waarmee ik jarenlang ver weggestopt in 

een achterafkamertje in de faculteit aan dit onderzoek heb gewerkt. Dames, 

ik dank jullie voor de vele prachtige momenten die we samen hebben gehad. 



                                                                      Dankwoord 

 159

Jullie hebben je onderzoek inmiddels al succesvol verdedigd; nogmaals van 

harte gefeliciteerd. Nu ik nog! 

Jorien, ik ben heel blij dat je paranimf wilt zijn. 

 

Erik van den Berg. Trouwe vriend, jaarclubgenoot, oud-huisgenoot, zwager, 

en dan vergeet ik vast nog een paar zaken. Fantastisch dat je daarnaast nu 

ook paranimf zal zijn. 

 

Mijn schoonouders, Jan en Marja van den Berg wil ik graag danken voor 

alles wat ze de afgelopen jaren voor me hebben gedaan. Daarnaast wil ik 

Marja graag heel hartelijk danken dat ik het prachtige schilderij wat op de 

kaft is afgebeeld mocht gebruiken voor dit boekje. 

 

Mijn ouders, lieve Henny en Dick, jullie wil ik graag bedanken voor de 

heerlijke jeugd die ik door jullie heb gehad. Jullie warme belangstelling, 

steun en onvoorwaardelijke liefde heb ik altijd gevoeld. Van jongs af aan 

hebben jullie me gestimuleerd het beste uit mezelf te halen, en dit boekje is 

daar een van de resultaten van. Ik begin langzamerhand zelf een oude kerel 

te worden, maar nog altijd zie ik jullie als een veilige basis waarop ik altijd 

terug kan vallen.  

 

Lieve Henny, jou wil ik daarnaast graag speciaal bedanken voor je grote 

gebrek aan kennis op het gebied van de immunologie en oncologie, want 

zonder jouw kritische commentaar was de Nederlandstalige samenvatting 

van dit boekje vast nooit zo leesbaar en duidelijk geworden als hij nu is.  

 

Mijn broer en zus Michiel en Linde. Lieve schatten, ik wil jullie graag 

bedanken voor jullie niet-aflatende belangstelling voor de vorderingen van 

mijn onderzoek, en voor het vertrouwen dat jullie in me hadden. Ik ben heel 

blij en trots dat jullie mijn broertje en zusje zijn; ik denk dat wij een band 

hebben waar niemand tussen kan komen. 

 

Lieve Marit, in de afgelopen jaren heb je me altijd gesteund en daar ben ik je 

heel dankbaar voor. Ik vind dat we een heerlijk leven hebben samen, en ik 

kijk uit naar onze toekomst. Ik hoop dat we na 12 oktober nog meer tijd 

samen door kunnen brengen, als ik niet meer elke avond en elk weekend 

achter de computer hoef te kruipen. Ik hou van je.  

 

Lieve Thijmen en Iris, mijn prachtkinderen, mijn engeltjes, zonnestraaltjes 

van mijn hart. Jullie zijn mijn grote trots en volgens mij het allermooiste wat 

een mens kan overkomen.        



Dankwoord 

 160

 

 



                                                             Curriculum vitae 

 161

CURRICULUM VITAE      

 

Achternaam:   Baars 

Voornamen:   Arnold 

Geboortedatum:  26 Augustus 1972 

Burgerlijke staat: Samenwonend met Marit van den Berg 

Kinderen:  Thijmen (2005), Iris (2006) 

 

1984-1990  Gymnasium ß; St. Jacobus college, Enschede  

 

1990-1991  Biologie; Universiteit Utrecht  

 

1991-1998  Geneeskunde; Universiteit Utrecht 

Artsenbul: 27 Februari 1998 

 

98
3
-98

8
   Poortarts. ‘t Lange Land Ziekenhuis, Zoetermeer 

 

98
9
-99

8
 AGNIO Interne Geneeskunde. St. Antonius 

Ziekenhuis, Nieuwegein. Opleider: dr. H.C. Haanen 

 

99
9
-03

4
 AGNIO Geneeskundige Oncologie. Project: active 

specific immunotherapy (ASI) for solid tumours; 

Vrije Universiteit Medisch Centrum, Amsterdam.  

Promotoren: prof. dr. H.M. Pinedo en prof. dr. R.J. 

Scheper. Copromotoren: dr. A.J.M. van den 

Eertwegh en T.D. de Gruijl. 

 

03
5
-06

4
 AIOS Interne Geneeskunde. Meander Medisch 

Centrum, Amersfoort 

Opleiders: dr. A. v.d. Wiel en dr. C.A. Gaillard  

 

06
5
-heden AIOS Interne Geneeskunde. Universitair Medisch 

Centrum Utrecht. Opleider: mw. prof. dr. E. v.d. 

Wall.  

 

07
1
-heden Aandachtsgebied Medische Oncologie. Universitair 

Medisch Centrum Utrecht. Opleider: Prof. dr. E.E. 

Voest. 

 


